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ABSTRACT

The root-knot nematode (Meloidogyne incognita) is one of the plant parasitic nematodes
that causes serious economic damage on tomato plant. Due to loss of effectiveness and
environmental hazard of chemical nematicide, the search for new agents of control has
become paramount. Therefore, nematicidal efficacy of soil fungal isolates on second stage
juvenile of Meloidogyne incognita was carried out. Soil samples for the isolation of fungi
and nematode were collected from botanical garden and infested soil of tomato farms.
Fungal species were isolated using serial dilution method while nematode was extracted
using pie-pan method. The in vitro antagonistic effects of fungi against M. incognita were
assessed in potato dextrose broth. /n vivo was carried out in screen house where healthy
and sterilized tomato seeds were sown in a 7 litre plastic buckets containing 5 kg of
sterilized loamy soil. The buckets were arranged in a completely randomized block design
on a bench with three (3) replicates. After germination of the tomato seeds, two weeks from
sowing,each bucket was thinned to one plant. One thousand (1000) juvenile second stage
(J2) M. incognita were inoculated in four holes round the stem of each plant in a bucket
and on the next day 10 ml of fungi culture filtrates was inoculated into the same hole. Four
fungal species isolated were; Aspergillus niger, Aspergillus nidulans, Penicillium
chrysogenum and Rhizopus stolonifer while nematode isolated was M. incognita. The
results of fungicidal activity against M. incognita after 24 and 48 hrs were A. niger (39.28
and 78.47 %), A. nidulans (29.12 and 57.49 %), P. chrysogenum (18.59 and 47.48 %) and
R. stolonifer (8.05 and 26.43 %). In in vivo experiment, A. niger gave the highest values
for average plant height at maturity, number of fruits per plant and number of leaves per
plant (46.43 cm, 10.33, and 69.67 respectively) and lowest value for number of galls per
plant root (3.67). Lowest values were recorded for R. stolonifer in average plant height,
number of fruits per plant and number of leaves per plant (26.13 cm, 5.33 and 46.33
respectively) and were the highest value for number of galls per plant roots (16.67). The
values recorded for A. niger and R. stolonifer differed significantly (P< 0.05). Disease
incidence was highest in the control at harvest after treatment with the value 39.49 % and 4.
niger had the lowest value of 7.18 % at harvest after treatment, the values recorded for the
control and A. niger differed significantly (P< 0.05). The results of this study conclude that
these fungal species could serve as biological agent for effective management of root-knot
nematodes and bio-fertilizer for the enhancement of plant growth parameters.
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CHAPTER ONE

1.0 INTRODUCTION

1.1 Background to the Study

Tomato (Solanum lycopersicum) is an annual crop belonging to the family solanaceae. It is
one of the most important vegetable crops which is being cultivated worldwide. The crop is
a rich source of lycopene, used in the cancer treatment especially in prostate cancer (Singh
et al., 2011). According to the National Cancer Institute, there is enough data to show that
people who consume large amount of tomato products have significantly decreased risk of
prostate, lung, and stomach cancer (Adam ef al., 2015). Nigeria is ranked to be the second
largest producer of tomato in Africa with an annual production of 17,500,000 metric tons
(FAO, 2012). However, large number of phyto-pathogens (sting caused by Belonolaimus
longicaudatus and stubby-root caused by Trichodorus spp.) have been reported to be
associated with reduction in tomato productivity. Among them, root-knot nematodes which
had been reported to be the major pathogen affecting the crop (Singh et al., 2011; Keshari

and Gupta, 2015).

Meloidogyne incognita causes root-knot disease in tomato plant by abnormal expansion of
root cell forming giant cells (Singh and Patel, 2013). M. incognita is one of the key
nematodes which is widely distributed (Siddiqui and Shaukat, 2014) and difficult to control
(Chitwood, 2016) because of its high reproduction rate, resulting into massive yield loss of
tomato fruits ranging from 32 to 40 % (Anwaar and Mckenry, 2012). M incognita has also
been identified as one of the three most economically damaging genera of plant parasitic
nematodes on horticultural and field crops. Obligate parasites of roots of thousands of plant
species, including monocotyledonous, dicotyledonous, herbaceous and woody plants. The
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genus includes more than 90 species (Moens et al., 2015), with some species having several
races. M. incognita occurs in 23 of 43 crops listed as having plant parasitic nematodes of
major importance, ranging from field crop, through pasture and grasses to horticultural,
ornamental and vegetable crops (Acquaah, 2012). If root-knot nematodes become

established in deep-rooted, perennial crops, control is difficult, and options are limited.

However, fumigant and non-fumigant nematicides have been developed for controlling this
nematode over years, but there are increasing concerns over risks of these chemicals on the
environment and human health which led to the withdrawal or restriction of some
chemicals, for instance methyl bromide, the most effective and widely used soil fumigant
has already been banned in developed countries (Nyezepir and Thomas, 2016). The use of
some non-fumigant nematicides organophosphates and carbamates based has been
restricted depending on the region, crop, and production system, such as integrated
production and organic farming. Consequently, the search for naturally occurring
compounds with nematicidal activity has been stimulated as an alternative to using existing
compounds (Chitwood, 2016). Soil fungi that inhabit the rhizosphere may serve as a source
for such compounds since they share the same environment as the nematodes and produce
metabolites as a strategy for protecting their habitat from plant-parasitic nematodes or other
organisms (Moosavi and Zare, 2012).

These fungi may release compounds that directly kill nematodes, suppress nematode
motility, reduce egg hatching and interfere with metabolic processes, through such
mechanisms, they could regulate nematode populations (Moosavi and Zare, 2012).
According to Kumar et al. (2010) who study the culture filtrates of Aspergillus niger and

were most effective against second stage juvenile followed by Fusarium moniliforme, F.



solani, F. oxysporum and P. debarianum. Satyandra and Nita. (2010) carried out in vitro
study to determine the efficacy of indigenous fungi Acremonium strictum, Aspergillus
terreus, A. nidulans, A.niger, Chetomium aubense, Chladosporium oxysporum, Fusarium
chlamydosporium, F. dimarum, F. oxysporum, F. solani, Paecilomyces lilacinus, Pochonia
chlamydosporia, Trichoderma viride and T. harzianumon egg parasitism, egg hatching,
mobility and mortality of root-knot nematode, M. incognita in which all tested fungi
showed varied effects against the nematode. Kalele et al. (2010) studied the bio-control

potential of Paecilomyces lilacinus on M. incognita on tomato under glasshouse conditions.

1.2 Statement of the Research Problem

Despite the production and market value of tomato, several reports indicated that
Meloidogyne incognita is the major problem in tomato growing areas which results in poor
growth, decline in quality and yield of the crop, whereby, a high level of damage can lead
to total crop loss (Esheteu et al., 2014). Chemical nematicides have been used for nematode
control for the last 50 years (Nyezepir and Thomas, 2016). However, the most limiting
factors in using synthetic nematicides in developing countries is that they are either too
expensive, sub-standard or due to lack of technical knowledge. Excessive use and poor
handling of these chemicals can lead to health hazard, nematode resistance and
destabilization of the ecosystem of the crop and reduced resistant to other stresses (e.g
drought, other diseases) (Huang, 2016). Therefore, there is an increasing requirement for
developing non-chemical alternative methods for the management of M. incognita.

1.3 Justification for the Study

Tomato is one of the most economically important crops majorly consumed worldwide and

worth a tremendous amount of money due to its massive yield (Abdissa et al., 2010).



Bio-management of root-knot nematode by Trichoderma spp. has been found safe for soil
biota, it is a well-known alternative to chemical nematicide specially for the purpose of
protecting crops against nematodes (Adam ef al., 2014).

Paecilomyces lilacinus isolates were comparatively effective in controlling the cyst
nematode and their use resulted in a significant increase in tomato yield (Ashoub et al.,
2018). Soil fungi that were commercially produced such as Pochonia clamydosporia,
Trichoderma longibrachiatum, Paecilomyces lilacinus, they revealed promising results as
effective biological control agents on root-knot nematode in tomato as reported by
Dallemole-giaretta (2014).

Fungi release compounds such as oxalic acid and kojic acid that directly kill nematodes,
suppress the nematode motility, reduce egg hatching and interfere with metabolic processes
and through such mechanism, they could regulate nematode populations (Moosavi and Zare,
2012).

It is therefore important to evaluate a secure alternative like the soil fungi which is harmless

to tomato and the environment.

1.4  Aim and Objectives of the Study
The aim of this study was to determine the nematicidal efficacy of soil fungal isolates

against the root-knot nematode (Meloidogyne incognita) of tomato (Solanum lycopersicum).

Objectives of this research are to:
1. isolate and identify the fungi from soil samples collected from the study site.
11 extract and identify Meloidogyne incognita from soil samples collected from tomato

vendor in Bosso market Niger State.



1il.

1v.

to evaluate efficacy of fungal culture against second stage juvenile (J2s) of
Meloidogyne incognita in vitro.
to find out the impact of these fungal culture on plant growth parameters of

tomato plants, root-gall formation and disease incidence in vivo.



CHAPTER TWO

2.0 LITERATURE REVIEW

2.1 Botany of Tomato

Tomato (Solanum lycopersicum L.) belongs to the Family Solanaceae, Order Solanales and
Genus Solanum. Tomato plants are vines, initially decumbent, typically growing 180 cm (6
ft) or more above the ground if supported, although erect bush varieties have been bred,

generally 100 cm (3 ft) tall or shorter (Sato ef al., 2012).

Tomato plants are dicots and grow as a series of branching stems with a terminal bud at the
tip that does the actual growing. When that tip eventually stops growing, whether because
of pruning or flowering, lateral buds take over and grow into other fully functional vines
(Peet, 2018). Tomato vines are typically pubescent, meaning covered with fine short hairs.
These hairs facilitate the vining process, turning into roots wherever the plant is in contact
with the ground and moisture, especially if the vines connection to its original root has been

damaged or severed (Sato et al., 2012).

Most tomato plants have compound leaves, and are called regular leaf plants, but some
cultivars have simple leaves known as potato leaf style because of their resemblance to that
particular relative of regular leaf plant, there are variations such as rugose leaves which are
deeply grooved and variegated, angora leaves which have additional colors where a genetic
mutation causes chlorophyll to be excluded from some portions of the leaves Tomaat (Lee
et al., 2019). The leaves are 10-25 cm (4-10 in) long, odd pinnate with 5-9 leaflets on
petioles each leaflet is up to 8 cm (3 in) long with a serrated margine, both the stem and

leaves are densely glandular hairy (Asare ef al., 2017). There flowers, appearing on the



apical meristem have the anthers fused along the edges forming a column surrounding the
pistil’s style. Flowers in domestic cultivars can be self- fertilizing, they are 1-2 cm (0.4-0.8
inches) across, yellow, with five pointed lobes on the corolla. Although in culinary terms,
tomato is regarded as a vegetable, its fruits are classified botanically as berry. As a true fruit,
it develops from the ovary of the plant after fertilization, its fresh comprising the pericarp
walls. The fruits contain hollow spaces full of seeds and moisture called locular cavities
and they vary among the cultivated species, types, cavities and globe- shaped varieties

(Munos et al., 2011).

2.2 Economic Importance of Tomato

Currently, about 40 % of the domestic market sales of products in Nigeria come from
horticultural crops in which tomato is one of the most important crops grown in the country
(Donkoh et al., 2013). Tomato is cultivated continuously throughout the year. In Nigeria,
the record confirmed that approximately 1.8 million metric tons of fresh fruits were
produced for domestic consumption, with national demand of about 2-3 million metric tons

annually and has demand gap of about 500,000 metric tons (FAO, 2010).

This sector, as a component of agriculture, employs large numbers of people. Other factors
that make tomato important so much in this country is that it has a constituent in almost all
diets. The fruit is eaten either raw or cooked in the form of soup, jam, ketch-up and salad,
among others (Bais ef al., 2016). It is a good source of vitamins and minerals which help to
make a balanced diet for children and pregnant women (Preedy and Waltson, 2019). The
leaf is used for medicinal purposes for example to cure ring-worm; a fungal disease that

affects the skin (Hassan et al., 2010).



2.3 Constraints in Tomato Production

Tomato production is adversely affected by several factors, which include high cost of
labour, climatic factors, inadequate marketing, storage systems and diseases (Hwang ef al.,
2014). It has been estimated that an average of over 40 % of the yield of tomato is lost
annually due to diseases. Disease pathogens do not only reduce the yield of tomato in terms
of quantity, but also reduce quality (Abubakar et al., 2016). Tomato is prone to infection by
many diseases right from the seedling stage to harvest. Several fungi, insects, viruses,

bacteria and nematodes frequently attack tomato plants as well as fruits (FAO, 2012).

Nematodes cause serious problems in all tomato growing areas, majority of the tomato
varieties, both cultivated and wild, are parasitized by one or several nematode species
(Yang et al., 2016). In Nigeria, Osei et al. (2011a) who observed higher populations of
plant-parasitic nematodes on tomatoes than on Velvet bean (Mucuna pruriens L.) and Tree
marigold Tithonia diversifolia (Hemsl.). Several species of nematodes attack the crop, but
the most predominant species is the root-knot nematode (Meloidogyne spp.) (Kwara et al.,

2014).

2.4  Rhizosphere Microorganisms

Productivity of plant community results from interactions of shoots and roots with the
environment. One of the more important and least understood biotic zones of interaction is
the soil immediately surrounding the roots and influenced by them: the rhizosphere. The
great majority of organisms in the rhizosphere belong to the micro-organisms and these
include representatives of all the major groups: bacteria, actinomycetes, fungi, protozoa and
microalga. In addition, microfauna, such as nematodes and mites, are found at significantly

elevated concentrations in the rhizosphere as compared to root-free soil (Xiang et al., 2017).



Microorganisms and processes in the rhizosphere profoundly influence plant growth
through effects on uptake, storage, and cycling of nutrients, suppression of pathogens and
development of soil structure. Protecting the functional biodiversity of rhizosphere
organisms through proper management practices is essential to maintaining ecosystem

health and resiliency (Benizri ef al., 2011).

2.5 Nematodes

Nematodes are the most abundant multicellular animals on earth. Numerically, between 80
and 90 % of all multicellular animals on earth may be nematodes (Compant et al., 2010;
Khan et al., 2019). Nematodes can be found in different environments, e.g soil, sea or fresh
water, as free-living, parasitic or predacious animals. Their food sources include plants,
algae, bacteria, fungi and other nematode species, as well as almost all vertebrates
including fishes, and invertebrates like insects and spiders. Large amounts of nematodes are

found within the top 10 cm of the soil, although some may be living much deeper (Cao et

al., 2011).

Nematodes are so abundant and relatively easy to sample they have been much used as
indicators of soil conditions (Yeates, 2011; Sohlenius, 2011; Ferris et al., 2019).
Nematodes have widely differing nutritional behaviors and therefore occupy several trophic
levels in soil food webs. They can be grouped according to the type of food they consume,
based on the morphology of their mouthparts. The most common groups are plant-parasitic,

fungivorous, bacterivorous, omnivorous and predatory nematodes (Bawa et al., 2014).

2.5.1 Plant-parasitic nematodes



Plant-parasitic nematodes obligatorily feed on plant tissue. They cause serious damage to
many crops worldwide. Their damages have exceeded $10 billion per year in the United
States (Mendes et al., 2013). Members of this group have a stylet in their mouth and use it
to penetrate the plant cells wall to absorb their contents. In addition to their direct effect on
plant health, nematodes can play different roles in disease complexes; they act as vectors
(e.g for several viruses), wounding agents, host modifiers, resistance breakers and
rhizosphere modifiers; they may cause increased root exudation, thereby affecting
microbial communities and activity in the rhizosphere (Brussaard et al., 2015; Desaeger et
al., 2019). These nematodes do not all have equal effects on plants. Nematodes that feed
shallowly on the root cortex or epidermis (e.g Helicotylenchus, Paratylenchus) usually
have far less effect on plant productivity and energetics than vascular parasites e.g
Meloidogyne, Heterodera (Anonymous, 2012). On the other hand, the plant species and
their ages affect the infection for example, seedlings are particularly exposed to damage by
nematodes because their tissues are more susceptible to attack by parasites and more

favorable for nematode development (Von et al., 2017).

2.6 Root-knot Nematodes

Root-knot nematodes Meloidogyne spp. are plant-parasitic nematodes. About 2000 plants
are susceptible to their infection and they cause approximately 5 % of global crop loss
(Hussey and Janssen, 2016). Root-knot nematodes infection starts when infective second-
stage juveniles (J2s) hatch from eggs in the soil and penetrate plant roots behind the root
cap and migrate intercellularly in the cortical tissue to the vascular cylinder and then
become sedentary. Then they inject secretions into five to seven undifferentiated

procambial cells in the vascular cylinder near the head of the J2 to become multi-nucleate

10



(Brussaard et al., 2015) and to form very specialized feeding cells called giant cells, on
which the second juveniles (J2) and later the spherical females feed (Brussaard et al., 2015).
Furthermore, cell size increases dramatically, walls are remodeled by formation of
ingrowths and the cytoplasm becomes dense with an increase in cell organelles (Diedhiou
et al., 2018). The nourishment from the giant-cells helps the root-knot nematodes complete
their life cycle. Females lay eggs into a gelatinous matrix outside the roots surfaces

(Bhattacharjee and Dey, 2014).

The infection of the root systems by phyto-parasitic nematodes of the genus Meloidogyne is
easily recognized by one formation of galls. These galls descend from the development of
the giant cells and the females inside the roots. Root-knot nematode damage results in poor
growth, a decline in quality and yield of the crop and reduced resistance to other stresses
(e.g. drought, other diseases). A high level of root-knot nematode damage can lead to total
crop loss. Nematode damaged roots do not utilize water and fertilizers effectively, leading
to additional losses. Infection of young plants may be lethal, while infection of mature
plants causes decreased yield. Meloidogyne species constitute the major nematode problem
in developing countries. The most common species is M. incognita (Kofoid and White)

Chitwood, which causes considerable losses in many crops (Meyer and Roberts, 2014).

Meloidogyne spp. can be managed by cultural practices, resistant cultivars and chemical
nematicides, one of the primary means of control for root-knot nematodes. Multiplication
of nematodes can also be regulated by soil microorganisms such as Bacteria,

Nematophagous, and Mycorrhizal fungi (Miyashita et al., 2014).

2.7 Distribution and Economic Importance of Root-knot Nematodes
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Root-knot nematodes (RKN) are plant parasites of the genus Meloidogyne, family
Heteroderidae. Their common name refers to the characteristic galls or root-knots
associated with nematode infestation. This genus comprises more than 90 species, with
some species having several races (Hunt and Handoo, 2016). It also includes some of the
most widespread and economically damaging nematodes worldwide, like M. incognita, M.
javanica, M. arenaria, M. hapla, M. chitwoodi and M. enterolobii. Root-knot nematodes
occur throughout the world with some species being primarily distributed in tropical and
sub-tropical climates such as M. incognita, M. javanica, M. arenaria while others are well
adapted to temperate or cool climates such as M. hapla, M. chitwoodi and M. fallax. 1000
root-knot nematode (RKN) populations collected in 75 countries, 53 % were identified as
M. incognita, 30 % as M. javanica, 8 % as M. arenaria, 8 % as M. hapla and 2 % as M.
exigua or other species (Siddiqui and Shaukat, 2014). However, discovery of Meloidogyne
species previously unknown will continue to appear as farming practices evolve and our
knowledge and expertise extends, especially into resource-poor areas, where information on
species identity and distribution is less than optimal. Meloidogyne spp. is also a difficult
group of nematodes to identify, but as diagnostic techniques improve, our ability to

accurately identify species and their distribution improves. (Castillo and Volvas, 2009)

Root-knot nematodes are obligate parasites which cause significant damage on roots of
many plant species (Nurul ef al., 2016). Damage caused by root-knot nematodes is related
to their population densities in soils at sowing and their reproduction potential (Heve et al.,
2015). Perry et al. (2019) stated that damage thresholds have been established for several
crops, where the average is approximately 0.5-2 juveniles/mL of soil (or from the lower

limits of detection, over 1000 individuals/500 cm? of soil). Janati et al. (2018) reported that

12



root-knot nematodes are particularly damaging to vegetables in tropical and subtropical

countries of the world and cause losses up to 80 % in heavily infested fields.

Many crops grown as vegetables mainly tomato, okra and eggplant are susceptible to root-
knot nematodes. Estimates of vegetable crop losses due to root-knot nematodes, mainly M.
incognita and M. javanica, have ranged from 17 to 20 % for eggplant and 24 to 38 % for
tomato (Wesemael ef al., 2011). According to Burkett ez al. (2009) damage caused by root-
knot nematodes on eggplant, tomato and okra were estimated at 18, 54 and 91 %,

respectively.

2.8  Life Cycle of Meloidogyne spp.

Mature females of root-knot nematode (RKN) remain with their head in the galled root
tissue and deposit up to 1000 eggs into a gelatinous matrix (egg sac or egg mass) that is
protruding to the posterior end of the female on the root surface. The gelatinous matrix

protects the eggs from dehydration and attack by microorganisms (Belay et al., 2016).

Within eggs the embryo rapidly develops to a first-stage juvenile (J1s) that molts within the
egg to the infectious second-stage juvenile (J2s). After hatching the J2s migrates through
the soil in search of a suitable host which can be the parent plant or a nearby new host.
Juveniles invade the root in the zone of elongation. With the help of their stylet they burrow
into the root with no obvious damage. From the site of penetration juveniles migrate inter-
cellularly towards the root tip where they turn around and move into the differentiating
vascular cylinder (Miyashita ef al., 2014). Once they have reached the zone of proto-xylem
development they initiate a feeding by injecting pharyngeal gland secretions (the saliva)

into root cells, which induces nuclear division without cytokinesis (Smant et al., 2018).
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This process gives rise to large, multinucleate cells causing dramatic physiological changes
in the parasitized cells, transforming them into giant cells, which seriously impair plant

nutrient and water uptake (Trudgill and Blok, 2014).

Concomitant with giant cell formation, the surrounding plant cells enlarge and divide
rapidly, resulting in the formation of a gall (Escober et al., 2015). At the site of penetration
and gall formation secondary roots can form resulting in extensive formation of lateral
roots. In further juvenile development, the metabolic capacity of the feeding site increases
funnelling plant resources to the feeding nematode (Escober ef al., 2015). Within few days
of feeding, the J2s grow thick like a sausage and undergo three more molts before
transforming into adults. The fourth-stage juvenile (J4s) already distinguishes between
male and female. The vermiform males emerge from the root and migrate into the soil.
Females keep swelling to become saccate or pear-shaped. At this stage, the female is large
enough to be seen with the naked eye when galled root tissue is teased apart. Although
sexual propagation does occur in some root-knot nematode (RKN) species, main
propagation is by parthogenesis and with egg deposition the cycle is completed, under
favourable condition, the life cycle may be completed within 30 days and several

generations can develop in one season (Castagnone-Sereno, 2014).
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Figure 1: Meloidogyne Life Cycle

Source: American Phytopathological Society (2012)

29 Means of Survival of Root-knot Nematodes

Root-knot nematodes are obligate parasites, therefore, the absence of suitable host plants
for long period ultimately leads to their death (Karssen and Moens, 2015). Survival
strategies of root-knot nematodes are dependent on abiotic and biotic conditions. In the

absence of susceptible crops, however, they often survive on alternative hosts such as
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weeds (Manzanilla ef al., 2017). In general, favourable condition for plant growth are also
favourable for Meloidogyne reproduction. Mao et al. (2017) found that the optimum
moisture levels for hatching of M. incognita juveniles from the egg were slightly above
field capacity. Survival is mainly influenced by moisture content of the soil and, to a lesser
extent, by temperature (Karssen and Moens, 2015). Under adverse condition, where host
plants are absent, juveniles will use their energy reserves in the soil as a means of survival
(Wang et al., 2019). Juveniles and eggs survive period of moisture stress in the state of an
hydrobiosis which enables long-term survival in stressful environments (Evans and Perry,
2018). In many genera, the eggs are the survival stage, being protected in a gelatinous
matrix (Regina et al., 2016). Egg masses collected from dry soil contain empty eggs and an
hydrobiotic eggs with second stage juveniles in diapause (Karssen and Moens, 2015). Most
nematodes can undergo temporary quiescence in response to environmental stress. The
incidence of diapause differs greatly between species of root-knot nematodes and between

populations of the same species (Evans and Perry, 2018).

2.10 Reproduction and Development of Root-knot Nematodes

Root-knot nematodes are associated with three types of reproduction, mitotic
parthenogenesis (apomixes), meiotic parthenogenesis (automixis) and cross fertilization
(amphimixis) (Holterman et al., 2009). Mitotic parthenogenesis is the most common type
of reproduction and it’s usually occurs in M. incognita, M. javanica and M. arenaria
(Castognone-Sereno, 2014). M. hapla undergoes facultative meiotic parthenogenetic
reproduction (Agrios, 2015). Phylogenetic analysis have shown that root-knot nematodes
can undergo asexual reproduction through obligate mitotic parthenogenesis (Holterman et

al., 2009).
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Females of root-knot nematode species lay eggs in gelatinous masses composed of
glycoprotein matrix by the rectal glands. The egg masses are usually found on the surface
of galled roots, although they may also be embedded within the gall tissue. The egg mass is
initially soft, sticky and hyaline but becomes firmer and dark brown with age (Perry ef al.,

2019).

Most of the root-knot nematodes species produce between 50 and 500 eggs, but a few
occasionally produce several thousand eggs per female (Crow and Dunn, 2018). The
juveniles progress through three moulting stages while continuing to feed on the cells of
their host plants. When mature, the adult females lay eggs to complete the lifecycle
(Westerdahl and Becker, 2011). The optimum soil temperature for root-knot nematode
development is 25-28°C. Within this range, the nematode requires three to four weeks to
complete its lifecycle. Although they may develop at lower temperatures, the development
will take more time (Westerdahl and Becker, 2011). According to Crow and Dunn (2018),
the length of reproduction cycle varies considerably depending on nematode species, host
plant and temperature of the habitat. When soil temperature is high (above 30°C), root-knot

nematodes complete their life cycles in about 30-35 days (Charchar and Santo, 2019).

2.11 Damage Symptoms of Root-knot Nematode Species in Tomato Plant

Typical symptoms of root-knot nematode damage can be observed on both above-ground
and below-ground plant parts (Noling, 2011). Foliar symptoms of root-knot nematode
infestation of roots generally include stunting, premature wilting and slow recovery to
improved soil moisture conditions, leaf chlorosis (yellowing) and symptoms characteristic
of nitrogen deficiency (Maria et al., 2014). An increased rate of ethylene production,

thought to be largely responsible for symptom expression in tomato, has been shown to be
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closely associated with root-knot nematode root infestation and gall formation (Kim et al.,

2019).

The most characteristic symptom of the disease which occurs below ground is the presence
of galls on the root system (Janati, 2018). Roots develop multiple small galls; these galls
often fuse to cause extensive swelling and distortion of the root system (Kennelly, 2014).
Gall size may range from a few spherical swellings to extensive areas of elongated,
convoluted, tumorous swellings which result from exposure to multiple and repeated
infestation (Nico et al., 2010). However, the size and the form of the gall depend on the
species involved, number of the nematodes in the tissue, and host and plant age (Crow and
Dunn, 2018). In tomato, the roots react to the presence of root-knot nematodes by the
formation of large, fleshy galls, whereas in most other vegetables, galls are large and firm
(Regina et al., 2016). The roots also become much shorter and bushier than those of healthy
plants (Kennelly, 2014). In addition, root-knot nematode infestation in young plants often
leads to hooking of the tap root due the presence of females on one side of the cortex

(Janati, 2018).

2.12  Control Methods of Root-knot Nematodes

Due to the prolific reproduction nature and the difficulty in controlling root-knot nematodes,
different management techniques are being employed by farmers to mitigate the problem.
The strategies used to control root-knot nematodes in the tropics include: nematicides, crop
rotation, soil solarization, flooding, biological control and soil amendments such as the use

of manure, plant parts, composts and wood ash (Blacket, 2019).
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2.12.1 Use of synthetic nematicides in controlling root-knot nematodes

To prevent huge crop losses, the control of root-knot nematodes is essential for food
security. The use of synthetic chemicals (nematicides) has been the most popular among
the farmers in developed countries (Greco, 2009) because some nematicides can quickly
control nematodes and prevent significant losses (Santhosh et al., 2016). Synthetic
chemical control methods encompass the use of different inorganic compounds in different
formulations to kill or interfere with the growth and reproduction cycle of root-knot
nematodes in infested fields (Strajnar and Sirca, 2011). The most common used chemicals
are those that act either as contact nematicides (non-volatile) or as fumigants (volatile)

(Asifet al., 2015).

2.12.2 Use of contact nematicides (non-volatile)

Most of the non-fumigant nematicides currently registered for use in vegetables are applied
in the soil, however, some can be applied on the foliar, for example, Vydate L (Buskov et
al., 2019). These compounds are uniformly incorporated into the soil to enhance contact
with the nematodes or in the case of systemics, to facilitate absorption by the plant (Gams
and Bisset, 2011). These nematicides are either oximecarbamate or organophosphate in
nature (Ardakani, 2012). Common examples of contact nematicides include: aldicarb,
cadusafos, calcium hypochlorite, carbofuran, 1,2-dibromo-3-chloropropane (DBCP),
ethephon, ethopropos, fensulphothion, formalin, isazophos, nemafos, oxamyl and thionazin
(Farahat et al., 2010). Applying these types of nematictdes on established crops, already
showing severe damage, is useless and may cause residues in the edible parts of the plants.
Their use is suggested when nematode soil population densities at planting are from low to

medium (Greco, 2009). The nematicides mentioned above were found to be effective on
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active stages of the nematodes but not on eggs (Meher et al., 2010). Consequently, there
can be resurgence of the population from the subsequent generation, thus causing pesticide
resistance and total yield loss. Therefore, concern has emerged regarding the use of non-
fumigants repeated use of non-fumigant types of nematicide decreases their efficacy

(Meher et al., 2010).

2.12.3 Use of carbofuran in the management of nematodes

Carbofuran is a broad-spectrum pesticide used in the control of arthropod pests and
nematodes (Jada et al., 2010). Carbofuran functions through contact and systemic activity
controlling soil and foliar insects and nematodes in many crops. It was recommended for
the control of rice water weevil in the USA (Jada et al., 2010). This was the only
insecticide that was effective for the control of the weevil. To date, rice water weevil
resistance to carbofuran has not been documented (Jada et al., 2010). In a separate research,
results indicated that application of carbofuran at planting of groundnut significantly
reduced the population of M. javanica, compared to the other treatments (Charegani ef al.,
2012). Also, Gitanjali and Bora, (2018) who reported that application of carbufuran
increased the multiplication of Trichoderma viride in the soil. The combined application of
carbofuran and Pseudomonas fluorescens or Trichoderma viride significantly improved the

growth of okra and reduced the population of M. incognita in the soil.

2.12.4 Use of fumigants (volatile nematicides)

Fumigant nematicides are formulated as liquids which rapidly volatalize to gas and move
through open air spaces in soil. Fumigant nematicides include methyl bromide, methyl
iodide, chloropicrin, 1,3 dichloropene, dimethyl dibromide, metam sodium and potassium

(Noling, 2011). The use of broad-spectrum fumigants effectively reduces nematode
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populations and increases vegetable crop yields, particularly when compared with non-
fumigant nematicides (Dias-Arieira ef al., 2012). Fumigant treatments are most effective in
controlling root-knot nematode when residues of the previous crop are either removed or
allowed to decompose. When plant materials have not been allowed to decay, treatment
may not be effective in decreasing the populations of root-knot nematodes in soil,

particularly when they are in egg stage (Hortic, 2017).

Substantial yield may be obtained from crops grown in nematicide-treated soil but, because
of the high rate of fecundity and development of root-knot nematodes, populations are rare
and totally eliminated by these chemicals (Garcia et al., 2018). The general soil sterilant,
methyl bromide is extensively used in intensive vegetable production systems to control
root-knot nematodes (Hunt and Handoo, 2016). However, this chemical has been banned in
several countries because of its negative effect on the environment (Noling, 2012).
Generally, the most limiting factor in using synthetic nematicides in developing countries is
that they are either too expensive, sub-standard or due to lack of technical knowledge. The
excessive use and poor handling of these chemicals can lead to health hazard, nematode

resistance and destabilization of the ecosystem (Youdeowei, 2014).

2.12.5 Soil solarization in management of root-knot nematodes

Soil solarization is a non-chemical technique in which transparent polyethylene tarps are
laid over moist soil for a six to 12 week period to heat non-cropped soils to temperatures
lethal to nematodes and other soil-borne pathogens (Bakr et al., 2013). Soil temperatures
are magnified by the trapping of incoming solar radiation under the clear, polyethylene
panels. To be effective, soils must be wet and maintained at high soil moisture content to

increase the susceptibility (thermal sensitivity) of soil-borne pests and thermal conductivity

21



of soil (Nico et al., 2010). Many types of fertilizers and organic amendments can increase
the pesticidal effects of solarization when incorporated in soil prior to heating by releasing

biotoxic volatile compounds (Bakr et al., 2013).

Certain plants have phenolic compounds which when released in the soil can kill or repel
root-knot nematodes. These plants could be incorporated into the soil and combined with
solarization to effectively control root-knot nematodes. For example, the combination of
Broccoli residues and solarization proved effective against root-knot nematodes (Buskov et
al., 2019). Solarization significantly reduced the number of juveniles in the soil, number of
galls, females and egg-masses of root-knot nematodes (Villian ef al., 2018). A reduction of
78 to 100 % of root-knot nematodes (M. javanica and M. incognita) at 15 — 30 cm deep
was observed (Buskov et al., 2019). Similarly, Bakr, ef al. (2013) reported that the highest
reduction (95 %) in the number of juveniles/250 mL soil compared with the control was
recorded in the solarized experiment. However, this method could not be effectively carried
out in some parts of the sub-region due to the fact that the period of the rainy season is
short (six months) and taking a month from the season would be a total failure for the
farmers. In addition, the price of the polythene sheet is expensive and this might not be

easily affordable to the farmers.

2.12.6 Use of crop rotation in the management of root-knot nematodes

Crop rotation is a very old practice for reducing root-knot nematode infestations. Many
root-knot nematodes can reproduce and survive on only specific crop species. Repeated
planting of the same crop in the field without interruption will enable any root-knot
nematode species to reproduce successfully (kokalis et al., 2013). For crop rotation to be

effective, crops unsuitable (non-hosts) for nematode infestation, reproduction and
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development must be introduced in the rotation sequence. In some cases, resistant crop
varieties have been used within the rotation sequence to minimize the infestation of some
root-knot nematode species. In tomato, a single dominant gene has been widely used in
plant breeding efforts and varietal development, which has shown resistance to most of the
economically important root-knot nematode species (Perry and Moens, 2013). Also,
cowpea (Vigna unguiculata L.) is well adapted to cultivation as a cover crop in the tropics,

and many cowpea cultivars are poor hosts to root-knot nematodes (Kokalis ef al., 2013).

The roots of marigolds exude chemicals that kill root-knot nematodes (Wang et al., 2019).
The cultivation of selected marigold varieties in the rotation consistently resulted in a yield
increase of 50 % and lowered root-galling by 30 % of the subsequently grown tomato
(Wang et al., 2019). Groundnut can also be used in rotation with susceptible tomato
varieties. According to Keshari (2015) revealed that groundnut is considered to be a good

trap crop for Meloidogyne spp.

Crop rotation requires careful planning but, majority of the farmers in the sub-region need
the necessary knowledge to carefully plan the cropping sequence in the field to avoid
excessive build-up of nematodes. In addition, rotations used for nematode management are
being altered drastically as a result of the increasing need for food, feed, fibre and more
recently, biofuel. Demand and higher prices are affecting crop selection, which then
changes the structure of traditional cropping systems and as a result, nematode densities in

the soil (Sikora and Fernandez, 2016).
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2.12.7 Biological control of root-knot nematodes

Soil microbial communities play an important role in plant health and disease suppression.
Beneficial microbes in the microbial communities could promote soil ecosystem health that
contributes to suppression of plant pathogens (Sharon ef al., 2011). Sikora and Fernandez
(2016) who indicated that tropical soils are rich in beneficial microbes and the biological
control potential of the resident microbial fauna and flora is under-exploited. Fungi are one
of the most commonly used biological control agents. More than 30 genera and 80 species
of fungi are known to parasitize root-knot nematodes (Sun ef al., 2011). Some fungi use
mycelial traps or sticky spores to capture nematodes, for example, Aspergillus spp.,
Arthrobotrys spp. and Monacrosporium spp. Other fungi parasitize eggs and root-knot
nematode females, for example, Pochonia chlamydosporia (Goddard), Paecilomyces

lilacinus (Thom.) and Trichoderma spp. (Mitkowski and Abawi, 2011).

Fungal species belonging to the genus Trichoderma are worldwide in occurrence and easily
isolated from soil, decaying wood, and other forms of plant organic matter. They are, for
the most part, classified as imperfect fungi, in that case their sexual state is unknown (Lee
et al., 2012). Rapid growth rate in culture and the production of numerous spores (conidia)
that have varying shades of green characterize fungi in this genus. The reverse side of
colonies is often un-coloured, buff, yellow, amber, or yellow-green, and many species
produce large quantities of thick-walled spores (chlamydospores) in submerged mycelium
(Sun et al., 2014). The potential of Trichoderma species as bio-control agents of plant
diseases was first recognized in the early 1930s (Lee ef al., 2012). This was confirmed by
Lee et al. (2012) who stated that different species of Trichoderma have been widely used as

antagonistic fungal agents against several pathogens as well as plant growth enhancers.
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Faster metabolic rates, anti-microbial metabolites, and physiological conformation are key
factors which primarily contribute to antagonism of these fungi (Lee et al., 2012). Dababat
and Sikora (2010) reported that results of field experiments showed a reduction of M.
incognita population by 36-40 % after application of several isolates of 7. viride (Pers) and
T. koningii (Oudem). All the Trichoderma strains had the ability to colonize M. incognita in

separated eggs and juvenile experiments (Dababat and Sikora, 2010).

Trichoderma. viride is one of the most commonly reported and widely distributed of all soil
fungi. Many physiological, antifungal, and insecticidal activities have been attributed to
this species (Domsch et al., 2010). 7. viride represents widely studied fungi that show
antagonistic activity towards soil-borne fungal pathogens and nematodes (Domsch et al.,
2010). The fungi control pathogens such as nematodes by colonizing the plant roots and
providing a physical barrier for the plant against the nematodes, and also enhance the plants
root growth and nutrient absorption (Senthilkumar and Ramakrishnan, 2011). Crawford and
Clardy (2011) who reported that nematicidal activity of 7Trichoderma viride may be due to
the eggs and larvae being infected through the increase in chitinase and protease activity.
As chitin is a major component of egg shell of nematodes, 7. viride penetrates the eggs,
leading to the reduction in population. According to Hussain and Zouhar (2017) who
studied direct parasitism of eggs through increase in extra cellular chitinase activity as
indicated by egg infection capability and inducing plant defense mechanism, leading to
systemic resistance, are the two possible mechanisms for the suppression of nematodes.
However, Belay et al. (2016) who reported that various mechanisms have been suggested
for the biocontrol activity of 7. viride against plant parasitic nematodes like antibiosis,

parasitism and enzymatic hydrolysis. Enzymes such as chitinase, glucanases and proteases
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seem to be very important in the parasitism process of the nematode eggs by 7. viride

(Dinesh and Maheshwari, 2013).

According to Jang et al. (2016) who evaluated the in-vitro experiment of Aspergillus niger
at various concentrations showed nematicidal activity against second juvenile stage (J2s)
and inhibited egg hatching. Its effects on killing J2s and suppressing egg hatching increased
in a dose-dependent manner. The J2s mortality rate was 25.3 % at 1.25 % culture filtrate
and >90 % at 2.5-20 % culture filtrate at 1 day after treatment. Complete inhibition of egg
hatching was observed at 5-20 % culture filtrate after 7 days of exposure as compared to
the control. The rate of inhibition of egg hatching was reduced to 77.5 % and 14.0 % at

2.5 % and 1.25 % culture filtrate, respectively.

Khan and Kounsar (2018) who studied the effect of fungal bio-agents on the growth of
mungbean (Vigna radiata). Root nodulation and root-knot disease caused by Meloidogyne
incognita was tested in field microplots. The nematode caused significant decreases in plant
growth and root nodulation. Application of fungal bio-agents controlled nematode
pathogenesis leading to a decrease of 4.8-26.5, 7.2-30.1 and 11.8-27.6 % in the number of
galls, egg masses/root system and J2/kg soil. Fungal bio-agents synergized root nodulation,
leading to 21.0-57.8 % increase in the number of functional nodules on nematode infected
roots. Mukhtar ef al. (2012) who reported that Trichoderma spp. individually or in
combination with caster or neem cake was able to parasitize the egg masses and ultimately
reduced the galling and nematode population of M. incognita. Application of Trichoderma
spp. starts penetrating the larval cuticle through hyphae and also the nematodes eggs
through some enzymatic activity which dissolves the chitin layer which is supposed to be

protective layer of the nematodes against many pathogenic agents inhabiting the soil. Also,
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Asaduzzaman, et al. (2010) who demonstrated that Trichoderma spp. reduced gall index
and nematode reproduction which advocates the high potential to control root-knot
nematode, M. incognita. T. harzianum can alter the physiology of roots including the root
exudates. According to the results of Abd Al-Fattah ef al. (2010) who noticed the highest
level of nematode mortality was obtained by Trichoderma harzianum, which produced
nematode mortality of 38 % compared with 14.3 % of water control. Also in the in vitro
experiment, exposing the nematode to culture filtrate of Trichoderma at a concentration of
90 % significantly decreased mobility of M. incognita J2s after 24 hours when compared to
the water control. Mortality after testing recovery of inactive nematodes in tap water was
still high and ranged between 14.3- 38.3 % in the treatments compared to 3 % and 9.7 % in

the water and media controls, respectively.

Muhammad et al. (2019) stated that under in vitro conditions, culture filtrate of Pochonia
chlamydosporia was active against the root-knot nematode, M incognita in egg hatch
inhibition and killing juveniles at a maximum of 58.17 and 76.3 % respectively whereas the
control (potato dextrose broth PDB) did not produce any negative impact on egg hatch
inhibition and mortality of juveniles. Also, in the in-vivo experiment of tomato plant,
Muhammad ef al. (2019) noticed significant increase in plant height (cm) (37.6 %), number
of galls/plant (22.1 %), number of fruits (34.6 %) and number of flowers (51.0 %) as
compared to control. The biocontrol effect against different pathogens in the presence of
Penicillium chrysogenum is reported in a wide range of plants and pathogens providing
evidence for the effect of P. chrysogenum on nematode infection. Dry mycelium enhanced
plant growth and reduced root galls to protect cucumber and tomato plants against M.

javanica (Devran et al., 2011). P. chrysogenum used alone and in the combination of two
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could boost plant growth and reduce reproduction of M. incognita in tomato (Liu et al.,
2011). Yao et al. (2014) who also reported that P. chrysogenum is one of the most

important fungi to control M. incognita in tomato.

Mascarin and Junior (2012) reported that Trichoderma harzianum efficiently decrease the
population of M. incognita in cucumber and enhanced plant growth under greenhouse
conditions. Fusarium oxysporum showed repelling effect towards M. incognita in tomato as
well as promoted plant growth (Selim, 2010; Terra et al., 2018). Devran et al. (2011)
reported that dry mycelium enhanced plant growth and reduced root galls to protect
cucumber and tomato against Meloidogyne javanica. Heve et al. (2015) reported that the
rhizosphere and rhizoplane of root-knot nematode infested tomato revealed consistent
association of Acremonium strictum and other fungal bioagents, Aspergillus niger,
Paecilomyces lilacinus, Rhizoctonia solani and Trichoderma harzianum isolated from egg-
masses of M. incognita, identified, maintained and were investigated through in vitro trails

for their potentiality against M. incognita.

The effect of culture filtrate of Alternaria humicola, Aspergillus niger, Curvularia lunata,
Sclerotium rolfsii, Trichoderma lignorum and T. viride obtained from rhizosphere of
tomato cv. Marglobe raised from seed coated with oilcakes, on the mortality and larval
hatching of Meloidogyne incognita was studied (Singh et al., 2011). The culture filtrates of
all the fungi tested proved to be nematoxic and inhibited the hatching of larvae of M.
incognita presumably because of the presence of higher amount of phenols. Aspergillus
niger, A. nidulans, Cladosporium oxysporum, Fusarium oxysporum, F. dimerum and
Paecilomyces lilacinus were tested in vitro for their potentiality against M. incognita

(Weimen et al., 2019). All these, A. niger, A. nidulans and F. dimerum were found toxic to
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nematode larvae. However, A. niger, A. nidulans and P. lilacinus showed inhibition of egg
hatching. C. oxysporum and P. lilacinus exhibited a very high egg parasitizing capacity and

larval mortality of M. incognita.

Sikandar et al. (2019) revealed that pathogenic level of root-knot nematode was also
observed in cucumber that the number of galls and egg masses was increased with increase
in inoculums level while seeds treated with Penicillium chrysogenum significantly reduced
compared to control. It also inhibited the development and rate of reproduction of
nematodes in the roots. Cucumber is susceptible and an excellent host for multiplication of
M. incognita but, seeds treated with P. chrysogenum significantly reduced the infection of
nematodes and galls at a different level of inoculums also enhanced biomass. Sharma (2018)
tested the efficacy of culture filtrate of eight biocontrol agents such as Paecilomyces
lilacinus, Pochonia chlamydosporia, Trichoderma harzianum, Trichoderma viride,
Latisariaar valis, Gliocladium virens and Bacillus subtilis along with nematicide, against
root-knot nematode affecting mulberry under in vitro condition. Results revealed that
culture filtrate of 7. harzianum, P. chlamydosporia at 100 % concentration showed high

larval mortality by the end of maximum exposure period.

Effect of six fungal filtrates, Aspergillus niger, A. flavus, A. ochrachus, A. nidulans,
Trichoderma harzianum and T. viride were studied under laboratory conditions against
Meloidogyne incognita larvae. All these fungal filtrates significantly affected nematode
mortality after 24 hrs. There was a degree of antagonism between the different tested fungal
filtrates on larvae percentages kill. Also they proved that the fresh fungal filtrates, without
storage were the most effective on percentage kill of Meloidogyne incognita larvae (Nagwa

et al., 2019). Culture filtrates of Aspergillus niger, Pythium debarianum, Fusarium
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oxysporum, F. solani and F. moniliforme were studied in vitro to see their influence on
mortality of second stage juveniles (J2s) of the root-knot nematode, Meloidogyne incognita.
Culture filtrates of A. niger were most effective against second stage juveniles followed by
F. moniliforme, F. solani, F. oxysporum and P. debarianum. However, this effect varied
according to the type of growth media, filtrate dilutions and time of exposure (Basyony,
2018). Kumar et al. (2010) conducted in vitro experiment to assess the nemato-toxic effect
of some opportunistic fungi isolated from the rhizosphere on Meloidogyne incognita.
Among the fungi Paecilomyces lilacinus recorded 72.76 % egg mass parasitization
followed by P. lilacinus (71.0 %). The fungi which were found effective against egg
masses were further evaluated on J2s. In case of juveniles, P. lilacinus isolate caused 93 %
and Pochonia chlamydosporium 84 % mortality in concentration of fungal filtrate after 72

hrs exposure period.

Kalele et al. (2010) studied the bio-control potential of P. lilacinus on M. incognita on
tomato under glasshouse conditions and discovered that the soil application of P. lilacinus
at 4 g/3 kg soil was found to be highly effective against M. incognita. It recorded the lowest
nematode population and increased plant growth such as shoot length (65.5 %), root length

(84.3 %), shoot weight (127.5 %) and yield (195.2 %).

Ashraf and Khan (2017) studied the effect of culture filtrates of four opportunistic fungi,
Paecilomyces lilacinus, Cladosporium oxysporum, Trichoderma virens and Talaromyces
flavus on the egg hatching and larval mortality of M. incognita. Among them, P. lilacinus
was most effective recording 100 % mortality of juveniles even in 10 times diluted culture
filtrate after 96 hours of incubation followed by Cladosporium oxysporum whose

performance was the same with Paecilomyces lilacinus. Culture filtrate of Pseudomonas
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fluorescens was found toxic to juveniles of Meloidogyne incognita, Heterodera cajani and
Rotylenchulus reniformis (Sankaranarayanan et al., 2016). At 48 hrs, there was 95 %
mortality of R. reniformis, 94 % mortality of M. incognita and 85 % mortality of H. cajani.
As the exposure time increased, there was an increase in the mortality of juveniles. Dababat
et al. (2011) tested Trichoderma harzianum and Trichoderma viride for their capacity to
reduce the incidence of the root knot nematode Meloidogyne incognita on tomato. In vitro
studies demonstrated that all tested isolates were effective in causing nematode mortality

compared with the control.

Ganaie and Ahmadkhan (2010) conducted an experiment to assess the nemato-toxic effect
of some opportunistic fungi on M. incognita, in vitro. Among the fungi, P. lilacinus (PIT1)
recorded 72.76 % egg mass parasitization followed by P. lilacinus (PIT2) 71.0 %. In case of
juveniles, P. lilacinus (PIT1) caused 93 % mortality in undiluted fungal filtrate at 72 hrs
exposure period. Ashoub et al. (2018) conducted laboratory experiment to evaluate the
ability of some fungi species. A proportional relation was found between mortality
percentage and tested fungal culture filtrate concentrations at different exposure times.
Trichoderma viride was the most effective species followed by Aspergillus niger and

Rhizoctonia spp. in parasitizing nematode eggs.

A study was carried out in vitro to determine the efficacy of indigenous fungi Acremonium
strictum, Aspergillus terreus, A. nidulans, A.niger, Chetomium aubense, Chladosporium
oxysporum, Fusarium chlamydosporium, F. dimarum, F. oxysporum, F. solani,
Paecilomyces lilacinus, Pochonia chlamydosporia, Trichoderma viride and T. harzianumon
egg parasitism, egg hatching, mobility and mortality of root-knot nematode, M. incognita

(Satyandra and Nita, 2010). All tested fungi showed varied effects against the nematodes.
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Culture filtrates of A. strictum was very effective against the nematode in regards to egg
parasitism (53 %), egg hatching inhibition (86 %) and mortality (68 %) compared to
controls. 4. terreus did not show egg parasitism but was found to be highly toxic against
second stage juveniles (J2s) causing high mortality (around 68 %). Dababat et al. (2011)
tested Trichoderma harzianum and Trichoderma viride for their capacity to reduce the
incidence of the root-knot nematode Meloidogyne incognita on tomato. Trichoderma
slightly reduced nematode damage to tomato in vivo. The isolates could not be isolated
from the endorhizal but, were successfully re-isolated from the rhizosphere 45 days after

fungal inoculation.

Kumar and Jain (2010) under take a screen house study for evaluating some fungal and
bacterial antagonists as seed dressing treatment against root-knot nematode, Meloidogyne
incognita infecting okra. The seeds of okra variety were treated with Trichoderma viride,
Trichoderma harzianum and Pseudomonas fluorescens each at 10 g/kg seed and
carbosulfan 25 (DS) at 3 % (w/w) was also included as treated check. Growth parameters of
okra plants were better and M. incognita populations were reduced in all the treatments
compared to inoculated control. Raveendra et al. (2011) conducted an experiment to test
the efficacy of organic amendment (neem), bio-control agent (7richoderma viride), trap
crop (Tagetes patula) and chemicals (carbofuran and phorate) as individual treatments and
in combinations on the growth of tobacco plants and on the development and multiplication
of root-knot nematode M. incognita. The bio-control agent, 7. viride significantly increased
the plant growth with respect to plant height, shoot weight, number of leaves, root length
and root weight of tobacco plant infested with M. incognita. It was concluded that the

improved plant growth was obtained in combination treatments than in individual
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treatments, which might be due to the additive and interactive effect of the treatment on

tobacco plants.

Xalxo et al. (2013) isolated twenty-seven different fungal isolates belonging to various
genera from different rhizosphere soil samples by using serial dilution method where the
most frequent was Aspergillus accounting 44.4 % of the total isolates with Aspergillus
niger being the frequent and abundant species. The second most common genera were
Trichoderma followed by Penicillium, Rhizopus and Fusarium. Xalxo et al. (2013) also
tested the in vitro experiment of those fungal isolate against Meloidogyne incognita and the

results were achieved and successful against M. incognita.
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CHAPTER THREE

3.0 MATERIALS AND METHODS

3.1 Experimental Site

This research work was carried out in the laboratory and Screen House of the Department
of Plant Biology, Federal University of Technology Minna, Nigeria.

3.2 Collection of Materials

Tomato seeds were obtained from tomato vendor in Bosso market Minna, in Niger State,
Nigeria. Soil, free from plant debris and pebbles, was collected in a sterile polythene bag
from Biological Garden of the Department of Plant Biology, Federal University of
Technology Minna, Nigeria and transported to Plant Biology Laboratory. Soil samples, free
from hard particles and infested with root-knot diseases (by examining these features:
wilted plant, yellowing leaves, root galls on tomato plants) were collected in a sterile
polythene bags from Fegyi Awodo tomato farm in Minna, Niger State and transported to
the laboratory in the department of plant biology.

3.3  Preparation of Potato Dextrose Agar (PDA)

Two hundred grams (200 g) of peeled irish potato were washed and boiled for 20 minutes
in 1000 mL of sterile distilled water. The supernatant was drained into one Litre flask and
made up to 1000 mL with sterile distilled water. Twenty grams (20 g) of agar powder and
20 g of glucose powder was weighed and added into the 1000 mL flask containing the
drained supernatant. The mouth of the conical flask was corked with cotton wool wrapped
in foil paper. The mixture was sterilized at 121°C for 15 minutes in an autoclave. After

sterilization, the mixture was allowed to cool down for 10 minutes, then, 0.5 mL drop of
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100 % concentration of chloramphenicol was added into each Petri plates that was
dispensed to prevent bacterial growth (Adebola et al., 2014).

34 Isolation and Identification of Fungi from Soil

Serial dilution was performed for the isolation of fungi as follows: One Gram (1 g) of soil
sample was aseptically suspended into 10 mL of sterile distilled water in test tubes and
vortexed properly to allow distribution of microorganism present in the sample. One
Milliliter (mL) dilution 10! mL and 10 mL was aseptically taken from the suspension and
transferred into sterile Petri plate, 0.1 mL of 100 % concentration of chloramphenicol was
added into the Petri plate after which, the plates were swirled gently and incubated at 27 +
2°C for 72 hours (Adebola et al., 2014). The fungal isolates were identified using cultural,
microscopic at X40 magnification and characterization as outlined by Cannon and Kirk
(2008). Stock cultured were preserved in PDA and refrigerated at 4°C.

3.5 Extraction and Identification of Nematodes from Soil

Pie-pan method was used in the extraction of nematode. The soil sample (25 g) was taken
in a container (basin) and mixed thoroughly by hand. Hard particles and stones were
removed by stirring the suspension and the soil was passed through a set of sieves of 20, 60
and 250 um pore sizes. A filter paper was placed in a plastic sieve/basket which was placed
on a plastic plate, and was ensured that the base of the sieve was fully covered by the filter
paper. The soil sample (25 g) was placed on the filter paper in the sieve, water was added to
the extraction plate (water will be poured gently into the plate between the edge of the sieve
and the side of the plate and not directly on the soil) containing enough water. This
assemble was kept for 48 hours or more if possible. After the extraction period, the sieve
was removed and soil was disposed. The nematode suspension from the plate was poured

into a labeled beaker and left to settle (Coyne et al., 2018). Different plant parasitic
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nematodes present in the suspension were identified to the genus level under a light
microscope at X40 magnifications according to their morphological characters (Yeates et

al., 2011; Panesar and Marshall, 2012; Mai and Mullin, 2018).

3.6  In vitro Efficacy of Fungal Isolates against Meloidogyne incognita (Second
Stage Juvenile J2s)

Agar discs from the 14 days old Potato Dextrose Agar cultures were inoculated into 300
mL flasks containing 200 mL Potato Dextrose Broth and shaken thoroughly which was
maintained at 25°C for 7 days. The culture filtrates was obtained by separating the liquid
from the mycelia using a filter paper and microspore filter (Hassan et al., 2010). In vitro
toxicity of the culture filtrate against M. incognita (J2s) was done by taken 5 mL culture
filtrates of each isolate of fungi and 200/mL of nematode suspension, M. incognita (J2s) in
a Petri dishes. The control was prepared by taken 5 mL distilled water and 200/mL
nematode suspension without fungal culture filtrate. Three replicates of each were prepared.
The percentage of immotile nematodes was viewed under light microscope at X40
magnification and calculated after 24 and 48 hours. Those that remained inactive were

considered dead (Meyer ef al., 2010). Mortality rate was calculated using Abbott’s formula:

_ Mt-Mc

M=
100 -Mc

x 100 3.1

Where Mt means mortality percentage in treatment and Mc means mortality percentage in

control.

3.7  Pathogenicity Test of Meloidogyne incognita on Tomato Plant
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The method of Coyne et al. (2008) was adopted for the test. Fresh healthy tomato seeds
were washed with sterile water for 5 minutes and dried on sterile plain sheet for 20 minutes.
The seeds were sown in 7 Litre plastic buckets containing 5 kg of sterilized loamy soil.
After 2 weeks of seed germination, plants in each bucket were thinned to one plant. The
inoculum was applied in four holes about a meter distance round the stem of each plant
with 1000 nematode suspension per 5 mL in each bucket and the control were inoculated
with distilled water. The plant samples were observed for symptoms after 10 days of

inoculation.

3.8  Invivo Evaluation of Isolated Fungi in the Control of Meloidogyne incognita on
Tomato Plant
Healthy seeds of tomato were surfaced sterilized with 0.1 % sodium hypochlorite solution
for two minutes followed by repeated washing in sterile distilled water. The seeds were
sown in 7 Litre plastic buckets containing 5 kg of sterilized loamy soil, arranged in a
completely randomized block design on a bench (Ogwulumba et al., 2010). After 2 weeks
of seed germination, plants in each bucket were thinned to one plant. The inoculum was
applied in four holes about a meter distance round the stem of each plant with 1000
nematode suspension per 5 mL in each bucket. A day after nematode inoculation, fungal
culture extract was inoculated into the same holes while in the control treatments only
distilled water was inoculated (Silva et al., 2017). Three replicate buckets were made per
each treatment as well as the control. The plants were nourished regularly with sterile

distilled water at 20 mL per bucket (Coyne ef al., 2008).

37



3.9  Data Collection

Data were collected after two weeks of seed germination and at harvest after 13 weeks of
maturity of the tomato plant. It was done by direct stand count and visual examination,
growth and yield data included average plant height (tape), number of fruits/plant (by
physical counting), number of galls/plant (by visual examination), number of leaves/plant

(by physical counting) and the disease incidence (%) were taken.

. . Number of infected leaves
Percentage disease incidence = x 100 3.2

3.10 Experimental Design

Buckets were laid in completely randomized block design (CRBD) on a bench in the screen
house with four treatments and control (distilled water) with three replicates each.

3.11 Data Analysis

The data obtained from both the in vitro and in in vivo were subjected to Analysis of
Variance (ANOVA) using Gen-Stat version 7.2 computer packages. Treatment means were

separated using Least Significant Difference (LSD) test at 5 % level of significance.
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CHAPTER FOUR

4.0 RESULTS AND DISCUSSION

4.1 Results

4.1.1 Frequency occurrence of fungi isolated from soil sample

Four filamentous species of fungi (Plate IA & IB, Table 4.1 and Table 4.2), belonging to
three different genera (Aspergillus, Rhizopus and Penicillium) were isolated from soil
samples using serial dilution method. Aspergillus niger (47 %) being the most frequent and
abundant species followed by Aspergillus nidulance (28 %), Penicillium chrysogenum

(16 %) and the least was Rhizopus stolonifer with (9 %) occurrence.

Table 4.1: Percentage Occurrence of Fungi Isolated from Soil

Fungi Percentage Occurrence (%)
Aspergillus niger 47.00+0.67¢
Aspergillus nidulans 28.00+0.17¢
Penicillium chrysogenum/notatum 16.00+0.67°
Rhizopus stolonifer 9.00+0.18*

Values are means of three replicates + standard error. *Values followed by the same letters along the column
are significantly different (P < 0.05).
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Table 4.2: Characterization of Isolated Fungi

Fungi

Characteristics Features

Aspergillus niger

Aspergillus nidulans

Penicillium chrysogenum

Rhizopus stolonifer

Rapidly growth colonies on potato dextrose agar (PDA)
with abundant submerged mycelium, carbon black/deep
brownish black conidial heads. Colourless to pale
yellow conidial on reverse Petri dish with an initial
globose and then radiate well defined columns (Plate
IA) (Plate IB)

Colonies fast growing reaching 6-7 cm diameter in 7
days, smooth walled conidiophores, small echinulate
conidia. Quick quickly ripening ascospores, purple
black in colour,with equatorial binding and large thick
walled, globose bodies termed hulled cells forming an
irregular layer aboutthe perithecia (Plate IA) (Plate IB)

Colonies are usually fast growing, green blue colour
with white ring at the margine, sometimes white,
mostly  consisting of dense  conidiophores.
Conidiophores is hyaline, erect, branched and
penicilately at the apexes with 2-3 metula, 3-4
verticilate phialides and catenulate conidia in each
phialides, forming rather compact cylindrical (Plate IA)
(Plate IB)

Colonies are very fast growing, 1-2 cm high, white at
first, pale grey, dark brown grey, brownish black.
Mycelium branched, non-septate, stolons and rhizoids
present,sporangiophores arise from these points,
sporangia globose, hemispherical, zygospores round or
oval (Plate IA)(Plate IB)

Source: Altalhi (2019)
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F (R o i
Aspergillus niger Aspergillus nidulans Rhizopus stolonifer Penicillium chrysogenum Pla

te JA: Culture Plates of Isolated Fungi

Source: Field Photograph

Aspergillus niger Aspergillus nidulans Rhizopus stolonifer  Penicillium chrysogenum

Plate IB: Microphotographs of Isolated Fungi

The black arrows indicate the SPORES while the red arrows indicate the MYCELIA.

Source:  Viewed under light microscope at X40 magnification
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4.1.2 Characterization of isolated Meloidogyne incognita

The extracted M. incognita (J2s) varied in length 200 to 300 um, labial region not offset,
elevated labial disc and absent of lateral lips. Stylet ranged from 11 to 25 pum in length,
basal knobs offset, rounded to transversely elongate. Hemizonid anterior or adjacent to
excretory pore. Tail ranged 15 to 60 um in length, tip rounded, anal body width 8 to 19 pm.

lateral lines four with incisures, phasmids subterminal, dot-like near cloaca aperture (Plate

).

Plate II: Meloidogyne incognita extracted from rhizospheric soil of infested tomato

The arrow indicates the intestine.

Source: Viewed under light microscope at X40 magnification
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4.1.3 In vitro efficacy of fungal isolates against second stage juvenile (J2s) of

Meloidogyne incognita

The results of the in vitro efficacy of fungal isolates against Meloidogyne incognita in
culture filtrate after 24 and 48 hours exposure period is presented in Table 4.2. From the
observations it was clear that there was a significant difference (P< 0.05) in the mortality of
M. incognita after 24 and 48 hours exposure to the fungal culture filtrates compared to
control group. Mortality of M. incognita was significantly highest at P< 0.05 significant
level in Aspergillus niger (39.28 %, 78.47 %) after 24 and 48 hours exposure period
respectively, followed by Penicillium chrysogenum (18.59 %, 47.48 %) whereas, the
minimum mortality was observed in Rhizopus stolonifer (8.06 %, 26.48 %) after 24 and 48
hours exposure period respectively, the recorded values of P. chrysogenum and R.
stolonifer were significantly different (P< 0.05). On the other hand, no mortality was
recorded in the control group after 24 hours exposure period however, 5.00 % mortality

was recorded after 48 hours exposure period.

43



Table 4.3: In vitro Assessment of Nematicidal Activity in Culture Filtrate of Different

Fungal Species against Second Stage Juvenile (J2s) of Meloidogyne incognita

Fungi Mortality of M. incognita after
24 Hours 48 Hours
Aspergillus niger 39.28+ 1.86% 78.47+ 0.56°
Aspergillus nidulans 29.12+ 1.524 57.49+0.51¢
Penicillium chrysogenum 18.59+ 1.53¢ 47.48+ 0.52°¢
Rhizopus stolonifer 8.06+ 1.52° 26.48+ 0.37°
Control 0.00+ 0.00° 5.00+ 0.00?

Values are means of three replicates + standard error. *Values in the same column followed by different
letters are significantly different (P<0.05).
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4.1.4 In vivo efficacy of fungal isolates against Meloidogyne incognita and growth
parameters of tomato crop

The results of the in vivo efficacy of fungal isolates against Meloidogyne incognita is
presented in Table 4.4 Plant height (cm) was highest in the group treated with Aspergillus
niger (46.43 cm); which was not significantly different (P> 0.05) from the plant height
recorded for the group treated with Aspergillus nidulans (42.23 cm). The study recorded the

lowest plant height in the group treated with Rhizopus stolonifer (26.13 cm) and the control

group.

Similarly, there was no significant different (P> 0.05) in the Number of fruits/plants in the
group treated with 4. niger (10.33) and 4. nidulans (9.33). The Number of fruits/plants
recorded for P. chrysogenum was significantly (P< 0.05) higher than that of control group,
there was no significant different in the Number of fruits/plants recorded for the group
treated with R. stolonifer (5.33) and the control group (3.67). On the other hand, the
Number of galls/plants recorded for the control group (28.33) was significantly higher (P<
0.05) than the records of other treatment. Both P. chrysogenum (12.67) and R. stolonifer

(16.67) recorded higher Number of galls than the two tested Aspergillus species.

The results of the Number of leaves/plants varies from 42.33 in the control group to 69.67
in the group expose to A. niger isolates. The study recorded no significant difference in the
Number of leaves/plants for plant treated with A. niger (69.67) and A. nidulans (62.67).
Similarly, the study recorded no significant difference in the Number of leaves/plants

recorded for the control group (42.33) and R. stolonifer (46.33).

45



Table 4.4: Effects of Fungal Isolate against Meloidogyne incognita and Growth

Parameters of Tomato Crop

Treatments Plant height Number of fruits  Number of galls ~ Number of leaves
(cm) Per plant per plant per plant

A.niger 46.43 +0.92¢ 10.33 £0.88¢ 3.67 +1.86% 69.67 £ 1.20°

A nidulans 42.23 +1.52¢ 9.33 £0.88¢ 5.33+£0.88% 62.67 £ 1.20%

P chrysogenum 33.43 & 3.44° 6.67 +0.33° 12.67 £ 1.45° 59.00 £2.31°

R. stolonifer 26.13 £1.39° 5.33 £0.33%® 16.67 +0.88° 46.33 £3.53°

Control 22.20 +1.08? 3.67 £0.332 28.33 £ 1.76° 42.33 +£2.85?

Values are means of three replicates + standard error. *Values in the same column followed
by different letters are significantly different (P< 0.05).
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4.1.5 Pathogenicity test of Meloidogyne incognita on tomato plant

The result from pathogenicity test showed that the tomato plants leave became yellowish in
colour and wilted, the roots were having enormous root galls and hairy roots after 10 days
of inoculation. This confirms that M. incognita is the actual causative organism of the root

galls of the tomato (Plate III).

Plate I1I: (A) Wilted tomato plant caused by M. incognita

(B) Enormous root galls caused by M. incognita

The arrows in A indicate the vine (short arrow) and the yellowish leave (long arrow)

The arrow in B indicates the galls.

Source: Field Photograph
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4.1.6 Disease incidence (%)

In table 4.5, the percentage disease incidence was 7.18, 9.55, 12.96, 20.31 and 39.46 % for
A. niger, A. nidulans, P. chrysogenum R. stolonifer and Control (distilled water),
respectively. The results recorded for Control (39.46 %) and A. niger (7.18 %) treatments

are significantly different (P< 0.05).

Table 4.5: Disease Incidence Percentage of Tomato Plants After Harvest

Inoculated with Meloidogyne Incognita Treated with Fungi Isolates in Screen house.

Treatments Disease incidence (%)
A. niger 7.18 £0.88*
A. nidulans 9.55+0.79%
P. chrysogenum 12.96 +2.28°
R. stolonifer 20.31 £2.19°
Control 39.46 + 1.53¢

Values are means of three replicates + standard error. *Values in the same column followed by different
letters are significantly different (P<0.05).
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Plates IV: (a) Photographs of untreated tomato roots (control) with enormous root
galls and hairy roots, (b) roots of tomato treated with 4. niger, (c) roots of tomato
treated with R. stolonifer, (d) roots of tomato treated with P. chrysogenum and (e)

roots of tomato treated with A. nidulans.

Source: Field Photograph
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4.2  Discussion

Based on the observable characteristics, four filamentous species of fungi, belonging to
three different genera (Aspergillus, Rhizopus and Penicillium) were isolated from soil
samples. Aspergillus niger had the highest percentage occurrence (47.00 %) followed by
Aspergillus nidulance (28.00 %), Penicilliun chrysogenum (16.00 %) and the least was
Rhizopus stolonifer with value of 9.00 %. The isolated and identified soil fungi were in
conformity with the work of Abou-Zeid et al. (2011). Altalhi (2019) reported the most
common genera of soil fungi are Aspergillus, Penicillium and Rhizopus. This finding is in
conformity with the observation made by Frisvad et al. (2011) that Aspergillus spp
contributed the broadest spectrum of species in the rhizosphere and Aspergillus niger the
most frequent fungi. This result is in agreement with Liu et al. (2011) who isolated
different fungal genera and species from the desert soils in Saudi Arabia. The present
results also agreed with Abou-Zeid ef al. (2011) who isolated 70 species and 31 genera of
fungi from soil sample of Taif, Saudi Arabia and the most common genera were
Aspergillus, Fusarium, Penicillium and Rhizopus. Xalxo et al. (2013) isolated twenty-seven
(27) different fungal isolates belonging to various genera from different rhizosphere soil
samples by using serial dilution method where the most frequent was Aspergillus
accounting 44.4 % of the total isolates with Aspergillus niger being the frequent and
abundant species. The second most common genera are Trichoderma followed by

Penicillium, Rhizopus and Fusarium.

The effect of culture filtrates on M. incognita differed according to nematode and fungal
biological groups as well as exposure time. In the present result, 4. niger and A. nidulans

has the highest rate of mortality of M. incognita after 24 and 48 hours (39.28, 29.12, 78.47
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and 57.49 % respectively) followed by P. chrysogenum (18.59 and 47.48 %) and the least
was R. stolonifer (8.06 and 26.48 %). The trend of mortality in the fungi filtrates observed
in this study agreed with the report of Basyony (2018) who reported that filtrate of
Aspergillus niger exhibited highest (100 %) mortality after 12 hours followed by
Aspergillus nidulans. Similarly, Siddiqui and Shaukat (2014) recorded maximum mortality
by filtrates of Aspergillus nidulans after 72 hrs. In concordance with Xalxo et al. (2013)
who reported that the nematicidal efficacy of each fungal filtrate increased with duration of
exposure. These results are in agreement with Marie et al. (2014) who reported that the in vitro
experiment was conducted by using bio-agents like Aspergillus niger, Paecilomyces
lilacinus, Rhizoctonia solani and Trichoderma harzianum of which A. niger was found
toxic to eggs of M. incognita. Also in another case, Basyony (2018) reported that the
culture filtrates of Aspergillus niger, Pythium debarianum, Fusarium oxysporum, F. solani
and F. moniliforme were studied in vitro to see their influence on mortality of second stage
juveniles (J2s) of the root-knot nematode, M. incognita and the filtrates of 4. niger was
most effective against second stage juveniles followed by F. moniliforme, F. solani, F.
oxysporum and P. debarianum. However, this effect varied according to the type of growth
media, filtrate dilutions and time of exposure. Nagwa et al. (2019) also reported the effect
of six fungal filtrates, Aspergillus niger, A. flavus, A. ochrachus, A. nidulans, Trichoderma
harzianum and T. viride were studied under laboratory conditions against M. incognita

larvae. All these fungal filtrates significantly affected nematode mortality after 24hrs.

Satyandra and Nita (2010) who studied an in vitro experiment to determine the efficacy of
indigenous fungi Acremonium strictum, Aspergillus terreus, A. nidulans, A. niger,

Chetomium aubense, Chladosporium oxysporum, Fusarium chlamydosporium, F. dimarum,
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F. oxysporum, F. solani, Paecilomyces lilacinus, Pochonia chlamydosporia, Trichoderma
viride and T. harzianum on egg parasitism, egg hatching, mobility and mortality of root-
knot nematode M. incognita, all tested fungi showed varied effects against the nematodes.
In concordance with Ashoub et al. (2018) who conducted laboratory experiment to evaluate
the ability of some fungi species. A proportional relation was found between mortality
percentage and tested fungal culture filtrate concentrations at different exposure times.
Trichoderma viride was the most effective species followed by Aspergillus niger and
Rhizoctonia spp. in parasitizing nematode eggs and growth inhibition. The inhibitory
activity of the Aspergillus genera could be attributed to their ability of producing toxins
which could be harmful to the survival of the nematodes. In this study, increased in

mortality rate was noticed as the duration time increases (Sankaranarayanan et al., 2016)

In the present study, the inoculation of A. niger, A. nidulans, P. chrysogenum and R.
stolonifer enhanced plant growth parameters and reduced number of galls on tomato plant
compared to the control in the screen house. The application of 4. niger and A. nidulans
filtrate significantly increased the average plant height (46.43 and 42.23 cm, respectively),
number of fruits/plant (10.33 and 9.33, respectively) and number of leaves/plant (69.67 and
62.67, respectively) of the tomato plant more than the rest of the treatments. The increased
plant parameters by the application of Aspergillus spp. could also be related to the decrease
value for number of galls/root plant recorded (3.67 and 5.33, respectively). P. chrysogenum
and R. stolonifer have a slight decrease for average plant height (33.43 and 26.13 cm,
respectively), number of fruits/plant (6.67 and 5.33, respectively) number of leaves/plant
(59.00 and 46.33, respectively) and an increase for number of galls/root plant. All the

treatments used enhanced the growth parameters of the tomato plant and reduced gall
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formation compared to the inoculated control. This result agrees with that of Jang et al.
(2016) who reported that the culture filtrate of A. miger was highly active against M.
incognita in inhibition of egg hatching and significant reduction in gall formation of tomato
plant by 58.8 and 70.7 % which suggested that 4. niger can be used as a microbial
nematicide for the control of root knot nematode disease. In agreement with Sun et a/ (2011)
who reported that incorporation of A. niger in seed coats suppressed gall formation and
increased yield in tomato plant. Similar observation were also reported by several research
workers in the past (Belay ef al., 2016; Terra et al., 2018; Muhammad et al., 2019;

Sikandar et al., 2019).

Based on the finding of the present study, indicated that P. chrysogenum significantly
shows an increase in Plant height, Number of fruits and for Number of leaves in the tomato
plant while a low value for Number of galls in the roots of the tomato plant was recorded.
This signifies that P. chrysogenum showed plant growth promoting characters as well as
have nematicidal activities with potential biocontrol agents against root knot nematode on
tomato under greenhouse condition, in agreement with Sikandar et al. (2019) who stated
that P. chrysogenum inhibited the development of nematodes at 60.30 %, reduce significant
reproduction rate at 69.46 % of M. incognita, interfered in gall formation in root and
enhanced plant growth parameters. Also, Siddiqui and Shaukat (2014) described that
antagonistic fungi (P. chrysogenum and A. niger) efficiently enhanced the tomato growth

and significantly reduced gall formation.
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CHAPTER FIVE

5.0 CONCLUSION AND RECOMMENDATIONS

5.1 Conclusion
The findings of this research study conclude that there were differential occurrences of

fungal species in soil samples.

It is also concluded from present research work that efficacy of the fungal culture filtrates
increased with the increase in duration of exposure against second stage juvenile (J2s)

Meloidogyne incognita.

Similarly, these fungal culture filtrates had differential effect on growth parameters of

tomato crop, root-gall formation and disease incidence of Meloidogyne incognita.

5.2 Recommendations

From the findings of the present research work, recommendations are made as follows:

1. Some fungal species have potential to improve the plant growth parameters which
could be used as bio-fertilizer.

ii. It is also recommended that some fungal culture filtrate have promising attributes to kill
nematodes which could be used as bio-nematicides for eco-friendly management of
plant parasitic nematodes especially root-knot nematodes.

iii. It is also recommended that there is need to carry out several research to find out active

ingredient that promote plant growth and inhibit nematode population.
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Sum of Mean
Squares Df Square F Sig.
PlantHeight ~ Between 1271.351 4 317.838 29.303 .000
Groups
Within Groups 108.467 10 10.847
Total 1379.817 14
Numoffruits  Between 91.600 4 22900 20.206 .000
Groups
Within Groups 11.333 10 1.133
Total 102.933 14
Numofgalls Between 1182.000 4 295.500 48.179 .000
Groups
Within Groups 61.333 10 6.133
Total 1243.333 14
NumoflLeaves Between 1561.333 4 390.333 22.606 .000
Groups
Within Groups 172.667 10 17.267
Total 1734.000 14
B. Anova of Disease incidence
Sum of SquaresDf Mean Square  F Sig.
Between Groups 2042.296 4 510.574 61.938 .000
Within Groups 82.433 10 8.243
Total 2124.729 14
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