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III. ABSTRACT

Resistance to the root-knot nematode, Me/oidogyne /zap/a, was systemically
induced on tomato and pyrethrum plants by advance inoculations with mildly
virulent M. incognita and M. javanica, respectively. The reproduction rate of M.

/zap/a was reduced by 84% on tomato (var. Celebrity), and by 72% on pyrethrum
(clone 223) in greenhouse experiments, and by 55% on pyrethrum plants in fieldplot experiments, relative to the non-induced controls.

The magnitude of induced resistance increased with increasing intervals between
the applications of resistance inducer and challenge nematode inocula from 0 to
10 day intervals then levelled off, for both tomato and pyrethrum. Induced
resistance increased also with increasing initial densities of inducer inoculum from

o to 5,000 infective juveniles per plant in 500 ml pots, for both tomato and
pyrethrum.
Advance inoculations of one halves of partially-split root systems with resistanceinducing nematodes resulted in protection of the other halves from challenge
nematodes. The observation indicated the systemic translocation of induced
resistance factors from sites of induction to remote plant parts. Advance
inoculations of host plants with the virulent M. /zap/a increased susceptibility in
the plants to secondary nematode inocula, such that the originally non-virulent M.

13

incognita and M. javanica subsequently attained enhanced reproduction rates
comparable to M. /zap/a.

Pyrethrum seedlings which received advance inoculation with M. javanica prior to
challenge with M. /zap/a had growth rates comparable to those of nematode-free
controls, while the unprotected M. hap/a-infected plants were stunted up to 33%,
in greenhouse experiments. In field plot experiments, the unprotected pyrethrum
seedlings were stunted up to 36%, relative to plants with induced resistance.

These results suggest that initial incompatible or compatible plant-nematode
interactions conditioned plants to increased resistance or susceptibility,
respectively, to subsequent invading nematodes. As such, advance inoculations of
plants with incompatible or mildly virulent nematodes could be a prospective
method of protecting plants against virulent nematodes.
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1. INTRODUCTION

1.1. Nature and economic importance of rootknot nematodes

Rootknot nematodes of the genus Meloidogyne Goeldi constitute a major group of
plant pathogens of considerable economic importance. Over 60 different species
of Meloidogyne have been identified from a wide range of plants the world over,
and it is considered to be the most widely distributed and destructive of all plant
parasitic nematodes (Mai, 1985).

Rootknot nematodes occur in virtually all vegetated soils. The microscopic,
vermiform, second-stage juveniles (J2) of the nematodes penetrate tips of plant
roots and establish feeding sites within the developing stele. Through their
feeding activities, they induce formation of giant cells and generalized swelling of
surrounding cortical tissues, thus causing characteristic conspicuous galls or root
knots, hence the name rootknot nematode (Hussey, 1985). Nematodes within the
roots directly and continuously rob the plants of nutrients. They also damage the
vascular system thus reducing the capacity of roots to absorb and transport water
and nutrients. Seriously infected plants show generalized symptoms of stunting,
low yields and low resistance to other pathogens and harsh environmental
conditions (Hussey, 1985; Webster, 1975).
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1.2. Current methods of controlling plant parasitic nematodes and the need for
new approaches

Currently, the conventional methods of controlling rootknot, as well as other plant
parasitic nematodes, include the use of chemical nematicides, crop rotations, and
resistant crop varieties (Duncan, 1991; Mendoza and Jatala, 1985; Roberts, 1993).
Though these methods of nematode control are generally effective, individually
they have limitations and problems. Nematicides normally effect immediate and
general control against most nematode species. However, they are expensive to
purchase and apply. And from environmental, ecological and social points of
view, they are, like most other chemical pesticides, indiscriminately toxic to nontarget organisms, may poison ground water sources, and leave dangerous residues
on food products (Thomason, 1987). For these reaSOIlS, use of nematicides is
being greatly limited such that a number of formerly popular fumigant
nematicides like ethylene dibromide (EDB) and 1,2-dibromo-3-chloropropane
(DBCP) have been de-registered, and are no longer available to farmers.

Crop rotation is the all-embracing age-old method of controlling many soilborne
crop pests and pathogens, including rootknot nematodes. But to be effective,
there should be 3 to 5 years of alternate crop production or fallow period
(Dancun, 1991). This may not be feasible on the majority of modern single crop
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farms or in tree crop production systems.

The use of resistant plant genotypes is often the most popular approach in crop
pest management. It is inexpensive to farmers and there are hardly any
undesirable side effects. However, resistant genotypes are not always available
against every nematode type in all areas, and conventional plant breeding is a
long term undertaking requiring 5 or more years before new varieties are released
(Mendoza and latala, 1985). Also, breeding for resistance may have a drawback,
in that positive agricultural traits like yields or nutritional quality may be
sacrificed for nematode resistance.

There have been several attempts at biological control of nematodes by the use of
antagonistic bacteria, fungi, or nematodes, or by addition of organic amendments
in order to boost suppressive ness of soil to nematode multiplication (Stirling,
1991). While research in this area is quite intense and very promising,
experimental results have been commonly inconsistent, and proven biological
agents for commercial nematode control are not yet available.

In view of the limitations of current methods of nematode control, it is highly
appropriate that new approaches should be explored. I therefore decided to
investigate the possibility of inducing resistance in plants against virulent
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nematode species by advance inoculation of the plants with mildly virulent or
host-incompatible nematode species, as is in immunization of animals and
humans.

1.3. Concept of induced resistance

Plants have evolved diverse traits and mechanisms by which they protect
themselves against numerous potential pathogens. The defensive traits may be
structural and preformed, or biochemical and inducible upon exposure to
potential pathogens (Daly, 1984; Giebel, 1982; Huang, 1985; Sequeira, 1983).

When plant varieties are inoculated with pathogens to which they are normally
resistant, they synthesize and accumulate a wide range of substances generally
referred to as pathogenesis-related (PR) substances, around and beyond the
infection sites. The substances have been reported to include hydrolytic enzymes,
peroxidases, phytoalexins and diverse polysaccharides and proteins (Lindegren et

aI, 1992; Kaplan et aI, 1979; van Peer et aI, 1991; Veech, 1982). The appearance
of these substances is normally associated with the deposition of callose, lignin
and hydroxyproline-rich glycoproteins on the cell walls, and the hypersensitive
reaction; all which limit the establishment of the pathogen in the host tissues.
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Although there is well documented correlative evidence suggesting that these
responses have an active role in disease resistance, the causal relationships are yet
to be determined.

The inducible defense-related PR substances occur in both incompatible or
resistant, as well as compatible in susceptible host-pathogen interactions.
However, in resistant plants, the PR substances normaJly appear much sooner and
accumulate to much higher concentrations, than on susceptible plants (Huang,
1985; Kaplan et ai, 1980).

Based upon these observations, it can be hypothesized that the expression of
resistance in plants against one or more pathogens is partly dependent on the
speed and magnitude at which the invaded plant synthesizes and accumulates the
defensive PR substances. And on the pathogen's side, it is also known that
successful infection is partly dependent on the speed and magnitude at which the
pathogen is able to produce its own PR substances which serve to counteract the
host's defense reaction (Kosllge and Yamada, 1987). As sllch, an encounter
which activates a plant's defense system in advance of the arrival of a pathogen
could result in successful establishment of induced resistance in the plant against
the pathogen.
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Induction of resistance in plants against certain viral, fungal and bacterial diseases
by prior inoculation with incompatible or weakly aggressive pathogenic-forms has
been reported by several workers. Ross (1964) demonstrated the cross-protection
of virulent viruses by closely related avirulent strains on tobacco, beans and
cowpea. Yarwood (1956) reported the induction of resistance to wheat rust fungi
by closely related rust fungi. Kuc and his coworkers have reported several cases
of systemic induction of resistance on tobacco, cucurbits, beans and carnations
against a number of fungal, viral and bacterial diseases (Caruso and Kuc, 1977;
1979; Kuc, 1982; 1983). They induced resistance with diverse inocula which
included, host-incompatible pathogens, actual pathogens, or components of fungal
cell walls.

Though from review of much of current literature I did not find any report on
induced resistance against plant parasitic nematodes, such a possibility was
apparent from several related reports. Veech and McClure (1977) reported that
cotton plants resistant to Meloidogyne incognita accumulated high levels of
terpenoid aldehydes and phytoalexins when infected by that nematode; whereas a
susceptible cotton variety produced very low levels of these defense-related
substances. Zacheo et ai, (1983) also reported that when M. incognita infected
resistant and susceptible tomato varieties, activity of peroxidase enzymes increased
substantially in the resistant plants relative to the levels in susceptible plants.
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Increased peroxidase activity was accompanied by the production of superoxidases
and their derivatives which are commonly associated with host defense against
pathogens.

Generally, infective rootknot nematodes locate and penetrate roots of both
susceptible and resistant plants equally. And, while they proceed to establish and
multiply in the susceptible plants, those which enter the resistant plants have been
observed to egress within 3 to 5 days or die therein (Griffin and Elgin, 1977;
Herman et aI, 1991; Huang, 1985). Herman et at, (1991) reported that after the
juveniles of Meloidogyne incogllita had penetrated the roots of resistant and
susceptible soybean plants in about equal ratios, some 87% and 4% emerged
within 5 days from resistant and susceptible varieties, respectively.

Emigration of the invading nematode juveniles from roots of resistant plants
shortly after penetration has been associated with post-infection production and
accumulation of antimicrobial compounds such as phytoalexins and a cascade of
pathogenesis-related substances (Kaplan et aI, 1979). Phytoalexins such as
glyceollin in soybeans and rishitin in potato have been found to accumulate
several fold in nematode-resistant cultivars relative to the quantities in nematodesusceptible cultivars, during time-course inoculation experiments (Huettel, 1986;
Huang and Baker, 1986). The exact roles and pathways of individual
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pathogenesis-related substances and how their interactions lead to host
recognition, genes activation, and pathogen inactivation are yet to be fully
understood.

It is my hypothesis that plant resistance to virulent or compatible nematode
species can be induced by advance inoculations with non-virulent, mildly virulent,
or incompatible nematode species.

I chose to test this hypothesis on varieties of

two crops which are highly susceptible to the rootknot nematode, Meloidogyne

/zapla, but are resistant to other common species such as Meloidogyne incognita, M.
javanica and M. arenaria. The crops were tomato (Lycopel:'iicon esculentum Mill.),
and pyrethrum (CllIysantlzemul1l (= TClIlClcetum) cinerariifolium Vis.).

Pyrethrum is a herbaceous perennial plant from which pyrethrin insecticides are
obtained. It is characterized by tufted woody stems that normally grow up to onehalf meter in height (Figures 1 and 2). It can be propagated from seeds but
commercial plantings are normally made from vegetative splits of superior clones
since seed-derived plants vary considerably in pyrethrin contents (Cassida, 1973;
Ikahu and Ngugi,1988). From the stems arise white composite flowers which are
harvested, dried and processed industrially for extraction of pyrethrins. Pyrethrinbased insecticides are preferred for use in public and livestock environments
because of their low persistence in the environment and minimal mammalian
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toxicity. Over 70% of the world's pyrethrum extracts are produced in Kenya, and
the USA is the principal buyer of the product (Robbins, 1984). Other major
producing countries are Tanzania, Rwanda, Ecuador, and Papua New Guinea.

The leading disease problem of pyrethrum and, therefore, a major limitation to
the crop's productivity is the rootknot nematode, Meloic/ogyne hapla (Anyango,
1988; Ogallo, 1986; Parlevliet and Brewers, 1971). High pyrethrin-content
pyrethrum is normaJly grown in cool wet climates with annual temperatures of 10
to 2S °C which is also the common habitat of M. hapla (Van Gundy,198S).
Currently there is no commercial pyrethrum clone with appreciable level of
genetic resistance to M. hapla (ParlevIiet and Brewers, 1971), and therefore any
new approach of tackling the ever-present nematode problem is worth pursuing.
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FIGURE 1.
Pyrethntm crop being harvested by a family in Kenya.
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FIGURE 2.
Vegetative splits of pyrethnlln used in commercial planting.
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2. OBJECTIVES

2.1. Broad objective

The broad objective of the research project was to induce plant resistance against
the virulent root knot nematode, Meloidogyne hapla, by advance inoculation with
non-virulent Meloidogyne species, on tomato and pyrethrum.

2.2. Specific objectives

a.

To determine appropriate non-virulent species of Meloidogyne for
use in induction of resistance against the virulent Meloidogyne Izapla
on tomato and pyrethrum.

b.

To determine the efficacy of induced resistance in relation to;

1.

Time interval between induction and challenge
inoculations.

2.

Density of induction inoculum

3.

Genotype of induction inoculum

4.

Genotype of test plant.
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3. MATERIALS AND METHODS

3.1. Induction of resistance on tomato

Experiments on induction of resistance in tomato against the rootknot nematode,

Meloidogyne hapla, were conducted at the University of Arizona, Tucson, Arizona,
USA. Tests were done on five commercial hybrid tomato varieties which were
purported to carry resistance genes (Mi genes) against most Meloidogyne species
but not to M hap/a (Roberts and Thomason, 1989). The varieties were Celebrity,
Lemonboy, Quickpick, Betterboy and Supersteak (Source: Harlows Nurseries,
Tucson). Initially, seedlings were grown on steam-sterilized sandy soil potted in
500 ml plastic containers in greenhouse. A slow-release granulated fertilizer
(Osmocote, N,P,K: 14-14-14) was applied. Soil was kept moist most of the time.
Greenhouse temperature ranged between 25 and 30°C. The seedlings were
grown for 30 days before start of inoculations.

Test nematodes were the four most common species of rootknot nematodes,

Meloidogyne hap/a Chitwood type A, M. illcognita (Kofoid and White) Chitwood
race 3, M. javanica (Treub) Chitwood and M. arenaria (Neal) Chitwood race 1.
Pure cultures of the nematodes were obtained from the collections of Professor
Michael McClure at the University of Arizona, Tucson. They were maintained
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and multiplied on potted eggplants (Solanum me[ongena) cultivar Black Beauty, in
greenhouse (Figure 3).

Species identity was re-checked by the perineal patterns method, and genetic
fingerprinting. Perineal patterns were prepared from some 20 mature females,
microscopically examined and checked against standardized published records
(Hartman and Sasser, 1985). Genetic fingerprinting was done by the analysis of
mitochondrial deoxynucleic acid (mtDNA) markers which were amplified by the
polymerase chain reaction (PCR) method, using specific oligonucleotide primers,
and the amplified DNA units were separated on an electrophoretic gel (Powers
and Harris, 1993).

3.1.1. Preparation of nematode inocula

Inoculation of tomato plants was done with freshly-hatched infective second-stage
juveniles (J2) of Meloiciogylle species. The inocula were processed by the sodium
hypochlorite (NaOCl) extraction method (Baker, 1985), as outlined below:
1.

Plant roots infected with rootknot nematodes were gently removed
from soil media, washed in a stream of water and then cut in 2 cm
segments.
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2.

The segments were placed in a flask containing 1% NaOCL (20%
Chlorox) and shaken vigorously for 90 seconds, which dissolved the
egg mass matrix and released individual eggs. It also reduced
microbial contamination of the eggs.

3.

The egg suspension was quickly passed through nested sieves of 100
(top), 200 and 500 (bottom) meshes. Larger plant particles were
caught on the two upper sieves while the nematode eggs were
caught on the 500 mesh sieve.

4.

Hypochlorite-treated roots were rinsed twice with water to recover
residual eggs.

5.

The eggs on the 500 mesh sieve were rinsed with a gentle stream of
distilled water for 3 minutes to remove residual NaOCL and
collected in a beaker by back-washing.

6.

The eggs were then placed on 500 mesh nylon sieves in a tray
containing 2 cm deep distilled water, for hatching. Most eggs
hatched within four to seven days. The hatched second stage
juveniles (J2) settled at the bottom of the

7.

tray.

The juveniles were collected in beakers from which 1 ml aliquots
were withdrawn and counted under a stereoscopic microscope.
Concentration of J2 were adjusted by dilutions to desired juvenile
concentrations.
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9.

Plants were inoculated by pipetting diluted nematode suspensions
into the root zone of the test plants (Figure 4).

3.1.2. Evaluation of nematode infectivity

Evaluation of tomato plants for infection by root knot nematodes was based on
root-gall indices, nematode reproduction ratios, and/or rate of vegetative growth
(Baker, 1985), as is outlined below:

1.

Potted plants were thoroughly wetted and gently removed to
minimize root loss. Adhering soil was eluted in a gentle stream of
water.

2.

The whole root system was examined macroscopically and rated for
infection by determining the extent of galling. Gall indices were
based on a scale of 0 to 5 as follows:

o : no galls seen
1 : lip to 20% of roots galled

2 : up to 40%

II

3 : up to 60% of roots galled
4 : up to 80%

II
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5 : up to 100%
3.

II

The roots were then cut into segments of approximately 2 cm, and
then placed in flasks.

4.

Eggs were extracted with NaOel as described in Section 3.1.1. and
the resulting suspension adjusted to 100 ml, from which aliquots of 1
ml were counted under a stereoscopic microscope.

5.

The egg counts were divided by the initial inoculum densities to
obtain the reproduction ratios. The magnitude of the reproduction
ratio is an indicator of the nematodes' rate of multiplication on the
host plant, as well as the level of host resistance or susceptibility to
the nematodes.
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FIGURE 3.
Experimental potted tomato and eg!'l})lant in greenhouse.
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FIGURE 4.
Plant inoculation with nematode suspension.
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3.1.3. Determination of infectivity of four species of Meloidogyne on five varieties
of tomato

Five varieties of tomato; Celebrity, Lemonboy, Quickpick, Betterboy and
Supersteak were raised singly in 500 ml plastic pots containing steam-sterilized
sandy soil. Thirty days after planting, the seedlings were inoculated with
nematodes at 5,000 J2 per pot. Every variety was inoculated separately with each
of the four species of Nleloidogyne, which were M. !zap/a, M. incognita, M. javanica
and M. arenaria. Each treatment in this factorial design comprising of a tomato
variety and a nematode species, was replicated five times. The units were
arranged in randomized complete blocks of varieties, on a table in a greenhouse.

Inoculated plants were maintained in the greenhouse for 60 days after which they
were evaluated for nematode infectivity as described in Section 3.1.2. The
experiment was done two separate times and the two sets of data pooled for
statistical analysis.

Based on the results of this test (Section 4.1), the M. incognita and variety
Celebrity were selected for subsequent lise as the nematode species and tomato
variety, respectively, for induction of resistance to the M. !zapla.
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3.1.4. Determination of infectivity of M. incognita and/or M. hap/a on tomato after
advance and challenge inoculations at increasing time intervals

This trial consisted of potted tomato variety Celebrity in two sets of five
treatments, the second being controls. The five treatments corresponded to five
intervals of 0, 5, 10, 20, and 30 days between advance or initial and challenge
inoculation. On the first set, all five treatments received advance inoculation with

M. incognita, then separately received challenge inoculation with M. !zap/a, on day
1, 5, 10, 20, or 30, after advance inoculation. On the second set, all five
treatments separately were inoculated with M. hap/a on day 1, 5, 10, 20, or 30.
Nematode inoculum density on all treatments was 5,000 J2 per 500 ml (6 inch.)
pot. Each treatment was replicated five times.

Sixty days after the last inoculation of each treatment, the plants were evaluated
for galling and nematode reproduction as described in Section 3.1.2. This
experiment was repeated and the two sets of data were pooled for statistical
analysis.

3.1.5. Determination of the influence of density of resistance inducing inoculum

on magnitude of resistance
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M. incognita was applied to four sets of potted tomato (var. Celebrity) plants at
inoculum densities of 0, 1,000, 5,000 and 10,000 J2 per pot. Ten days later, all
treatments were challenge-inoculated with 5,000 J2 of M. /zap/a, per plant. Each
treatment was replicated 5 times.

Plants were maintained in a greenhouse, and 60 days after challenge inoculation,
they were evaluated for nematode reproduction as described in Section 3.1.2. The
experiment was repeated and the two sets of data were pooled for statistical
analysis.

3.1.6. Determination of infectivity of M. hap/a on 5 varieties of tomato after
induction of resistance with M. incognita or M. javanica

Tomato varieties; Celebrity, Lemonboy, Quickpick, Betterboy, and Supersteak,
were separately inoculated with M. incogl1ita or M. javanica at 5,000 J2 per pot,
in advance, and ten days later, they received challenge inoculations with 5,000 J2
of M. hap/a. Each treatments was replicated 5 times, in greenhouse.

Sixty days after challenge inoculations, the plants were evaluated for nematode
infectivity as described in Section 3.1.2. The experiment was repeated and the
two sets of data pooled for statistical analysis.
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3.1.7. Determination of the systemic nature of induced resistance by split-root
methods

The systemic nature of induced resistance was determined by two different
methods in which single root systems of tomato plants were partially split halfway
into two portions to reduce mixing of inocula. Each portion was inoculated
separately with different nematode inocula.

The first method consisted of side-wise half-splitting of root systems (Figure 5 (I
and II». Plants were initially grown singly in six-inch pots for 50 days till the root
system had spread through the six-inch depth of the pots. The plants were then
removed from the pots and the lower section of the root system was half-parted
side-wise. The root system was re-potted such that the upper undivided portion
was fitted in a cut-out section of a pot, while the two lower portions were potted
separately and labeled "A" and "8". Twenty days after re-potting, advance and
challenge inoculations with M. /zap/a and M. incognita at 2,000 J2 per root portion
were applied under different treatments as indicated below.

The second method consisted of a cross-sectional split of root system into upper
and lower portions (Figure 5 (III). Initially a tomato seedling was raised in the
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upper pot, and the roots grew through a hollowed bottom into the lower pot. The
upper and lower pots were labeled "A" and "B", respectively. Twenty days after
the lower roots had grown in to pot B, both pots A and B were inoculated as
indicated below.

1.

Control; half-A roots received M. hap/a, while half-B roots did not
receive any inoculum.

2.

Control; half-A roots did not receive any inoculum, while half-B
roots received M. hap/a ten days after start of treatments.

3.

Half-A roots received M. hap/a, and ten days later half-B roots
received M. hap/a also.

4.

Half-A roots received M. hap/a, and ten days later half-B roots
received M. incognita.

5.

Control; half-A roots received M. incognita while half-B roots did
not receive any inoculum.

6.

Control; half-A roots did not receive any inoculum while half-B
roots received M. incognita ten days after start of treatments.

7.

Half-A roots received M. incognita and ten days later half-B roots
received M. incognita also.

8.

Half-A roots received M. incognita and ten days later half-B roots
received M. hap/a.
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Each treatment was replicated 5 times. Test plants were maintained in a
greenhouse and 60 days after the last inoculation of each treatment, the plants
were evaluated for nematode infectivity as described in Section 3.1.2. Each half
of the root system was evaluated separately.

The experiment was repeated three times and the three sets of data of each splitroot method separately pooled for statistical analysis.
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FIGURE 5.
Halfway-split root systems of tomato used to determine systemic nature of induced
resistance: (I) Sidewise splits, (II) Potted sidewise splits, (III) Potted storeywise splits.
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3.2. Induction of resistance on pyrethrum

Experiments on induction of resistance on pyrethrum against Meloidogyne /zapla
were conducted at Egerton University, Njoro, Kenya. Pyrethrum plants were
obtained from the plant nursery of the Pyrethrum Board of Kenya at Molo,
Kenya. Disease-free seedlings produced by tissue culture propagation were used.
They consisted of two clones, Number 223 and Number 487, which are widely
grown by Kenyan farmers. Seedlings were raised on steam-sterilized sandy loam
soil in greenhouse. Plant inoculation with nematodes were done on four monthold seedlings.

Test nematodes were Meloidogyne isolates collected from ecologically different
parts of Kenya. Source hosts included pyrethrum, potato, beans, tomato, tobacco,
egg plants and banana. They were identified to species level by three methods;
based on morphology, host preference and genetic fingerprinting, as were
described in Section 3.1.

In the case of preferred hosts, the isolates were llsed to inoculate pyrethrum
clones 223 and 487, and six differential host plants of the North Carolina
Differential Host Tests (Hartman and Sasser, 1985). The differential hosts llsed
were tomato

(Lycopel:~icoll

esculentul1l) var. Moneymaker, tobacco (Nicotiana
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tabacum) var. Heavy Western, cotton (Gos.\ypium hb:mtum) var. BPA 75, peanut
(Arachis hypogaea) var. Homabay, pepper (Capsicum frutescens) var. Kali), and
water melon (CitlUllus vulgaris) var. Yai. The varieties used here differed from the
ones suggested by the North Carolina group, and therefore could not identify the
Meloidogyne species to any of the known races.

Pyrethrum and differential host plants were raised on steam-sterilized sandy soil
in 500 ml plastic pots in a greenhouse. Nematode inoculum was extracted from
source-plants by the NaDCI method as described in Section 3.1.1. Inoculum
density of 10,000 J2 were applied per pot. Each treatment was replicated five
times. Inoculated plants were maintained for 60 days after which they were
evaluated for nematode infectivity as described in Section 3.1.2. The time
allocated for this study could not allow for repetition of this kind of experiment,
but confidence in the outcome was based on the supporting results from the other
two methods used to identify the same nematodes.

Based on the three identification studies, three species were found among the
Kenyan isolates, and they were Me/oidogyne hap/a, M. javanica and M. incognita.
The M. hap/a was most compatible with both pyrethrum clones 223 and 487. M.
javanica was hardly compatible, and M. incognita was moderately compatible with
both pyrethrum clones. Hence, M. javanica and clone 223, were selected for
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subsequent tests on induction of resistance to M. /zapla .

Time available for this research project did not permit raising and stocking of test
nematodes from single egg messes. Instead, regional isolates obtained from single
plants at specific sites were assumed to comprise single species to which they had
corresponded from identification tests. Inoculum was multiplied on roots of
eggpiants, Solanum melongena yare Black-beauty, grown in steam-sterilized sandy
soil in greenhouse. Eggplants were maintained for at least two months before
use, which enabled the nematodes to complete about two generations (Hussey,
1985).

3.2.1. Determination of infectivity of M. hapla and/or M. javanica on pyrethrum
in relation to induced resistance in greenhouse and field experiments

Greenhouse experiment comprised of eight treatments in which singly potted
pyrethrum plants were inoculated with 5,000 J2 of M. hapla and/ or M. javal1ica
at different times as described below:

1.

Plants inoculated with M. /zapla, only.

2.

Plants inoculated with M. lzap/a, and ten days later reinoculated with

M. /zapla.
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3.

Plants inoculated with M. !zap/a and M. javanica,

4.

Plants inoculated with M. javanica, only.

5.

Plants inoculated with M. javanica, and five days later reinoculated

combined.

with M. !zap/a.
6.

Plants inoculated with M. javanica, and ten days later reinoculated
with M. !zap/a.

7.

Plants inoculated with M. javClnica, and twenty days later
reinoculated with M. hap/a.

8.

Plants inoculated with M. javCll1ica, and thirty days later reinoculated
with M. hapla.

Each treatment was replicated ten times, the high replication number was used to
compensate for lack of time to repeat the experiment. Nematode infectivity on
the plants was evaluated 60 days after the last inoculation of each treatment, as
was described in Section 3.1.2.

The field plot experiment was conducted at a site where pyrethrum had been
grown for four years previously, and had a high natural infestation of M. hapla.
Level of natural infestation was assessed by a pre-plant soil sampling of

Meloidogyne species and other related plant parasitic nematodes (Table 7). The
plot consisted of three treatments:
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1.

Control; unprotected seedlings were transplanted in the field plot.

2.

Control; seedlings inoculated with 5,000 J2 of M. /zap/a ten days in
advance, were transplanted in the field plot.

3.

Protected plants; seedlings inoculated with 5,000 J2 of M.javanica
ten days in advance, were transplanted in field plot.

Each treatment was replicated ten times, again, the high replication number was
used to compensate for lack of time to repeat the experiment.

The plot was

irrigated daily in the evenings by watering cans. Nematode infectivity was
evaluated 60 days after transplanting. The ground was initially wetted for easy
removal of root systems without loss of roots. The extraction and enumeration of
nematode eggs was done as described in Section 3.1.2.

3.2.2. Determination of growth rate of pyrethrum seedlings in relation to induced
resistance in greenhouse and field experiments

Growth rate of pyrethrum seedlings was estimated by comparing the number of
expanded leaves on 30, 60, and 90 days after initial and challenge inoculations, to
the number of expanded leaves at the time of initial inoculation (0 day). In the
greenhouse experiments, inoculation of plants was done with 5,000 J2 per pot of

M javanica, and/or M. hap/a as indicated below:
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1.

Control; plants not inoculated with any nematode.

2.

Control; plants inoculated with M. javanica.

3.

Plants inoculated with M. hap/a.

4.

Plants inoculated with M. javanica in advance, and ten days later
with M. /zap/a.

Each treatment was replicated ten times, again, the high replication number was
used to compensate for lack of time to repeat the experiment. Plants were
maintained in the greenhouse as described in Section 3.1.1. The number of
expanded leaves per plant were counted at the beginning of the experiment and at
3D, 60, and 90 days later.

Estimation of growth rate of pyrethrum seedlings in field conditions was
conducted on the field plot treatments of Experiment 3.2.1. Counting of
expanded plant leaves was done as indicated above.

3.3. Statistical analysis

The data were statistically evaluated by the analysis of variance (ANOVA) for
global differences among treatment means, and by Dancun's multiple range test
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for pair-wise comparisons between means (Kuehl, 1991). Level of significant
differences among and between means was set at P
repeated experiments were pooled before analysis.

= 0.05. Means of data from
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FIGURE 6.
Experimental potted pyrethntm in greenhouse.
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FIGURE 7.
Experimental pyrethnllu seedlings in field plot.
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4. RESULTS

4.1. Infectivity of four Meloidogyne species on five tomato varieties

Among the four common Meloidogyne species tested on five tomato varieties, M.

hap/a was the most infective on all varieties. Reproduction ratios, after 60 days of
nematode development on roots of plants, ranged from an average of 80 on
variety Celebrity to 23 on Lemonboy, whereas the reproduction ratios of the other
three Meloidogyne species were low and statistically equal (P=0.05) with a mean
of 5, except on variety Supersteak. All four Meloic/ogyne species reproduced well
on variety Supersteak with an average reproduction ratio of 55. Root galling
indices were directly proportional to the reproduction ratios (Table 1).

Tomato variety Celebrity, which was highly susceptible to M. /zapla and at the
same time highly resistant to the other three Me/oic/ogYlle species, was selected for
use in subsequent experiments on induction of resistance. Similarly, M incognita,
which was least compatible or mildly virulent on variety Celebrity, was selected
for use in the subsequent experiments to induce resistance against M. hap/a.
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Table 1.

Infectivity of four Meloidogyne species on five tomato
varieties.
Root gall indices! (RI) and
reproduction ratios 2 (RR)

M.
/zapla

Tomato
variety

M.

M.

M.

incognita

javanica

arenaria

RR

RI

RR

RI

RR

RI

RR

, 4

80

1

5

1

8

1

10

Lemonboy

3

23

1

5

1

3

1

2

Quickpick

4

77

1

4

1

7

1

3

Betterboy

3

25

1

3

1

8

1

3

Supersteak

4

54

4

60

4

62

4

40

Celebrity

RI

Data are means of 5 replicates
! Rootknot indices scale: 0 (no knots) to 5 (100%) of roots knotted
Reproduction ratio is the count of nematode eggs in a root system, 60 days after
inoculation, divided by the initial
inoculum density.

2
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4.2. Infectivity of M. hap/a on tomato after advance inoculations with M.

incognita at increasing intervals

The infectivity of M. /zapla on variety Celebrity was greatly reduced after the
plants had been inoculated in advance with M. incognita. Increasing the interval
between advance inoculations with M. incognita and challenge inoculations with
M. Izapla by 5, 10, 15 or 20 days, resulted in a decrease in reproduction ratios of
36, 10, 7 and 6, respectively (Figure 8).

An interval of 5 days between advance and challenge inoculations reduced the
reproduction ratio of M. /zapla by about 37%. while an interval of 10 days reduced
it by about 82%. Though increasing the time intervals from 10 days through 15
and 20 days decreased the reproduction ratios by a few units, the values were not
significantly different (P= 0.05). Therefore, an interval of 10 days was selected
for use in subsequent experiments.
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Reproduction ratios

I_M. haplaalone IZlM. incognita, M. hapla I
80

60

40
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o
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IntervalS, in days

20

Figure 8. Nematode reproduction ratios (RR) on potted tomato vat Celebrity
inoculated with either M. hapla alone, or with M. incognita then M. hapla, at
increasing intervals. Reproduction ratios were nematode egg counts
at 60 days after inoculation, divided by initial inoculum density.
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4.3. Infectivity of M. hapla on tomato in relation to plant age

The infectivity of M. hapla on tomato plants decreased significantly (P = 0.05) with
increasing plant age. Starting with plants which were 30 days old, and thereafter
applying M. hapla inoculum on different sets of plants at; 0, 5, 10, 15 or 20 days
later, the nematode reproduction ratios were 77, 56, 45, 30 and 20 respectively
(Figure 8).

4.4. Effect of increasing inoculum densities of M. incognita on subsequent
infectivity of M. hapla on tomato plants

Increasing the inoculum density of M. incognita applied to tomato var. Celebrity
plants in advance of M. hapla resulted in correspondingly higher levels of induced
resistance, initially, but later the magnitude levelled out (Figure 9). For example,
increasing advance inoculum density from

a to

1,000, and from 1,000 to 5,000, J2

per potted plant resulted in decreases in reproduction ratios by 57% and 65%,
respectively. However, the inoculum density increase from 5,000 to 10,000 did not
result in any significant (P

= 0.05) change in

level of induced resistance. The

inoculum density of 5,000 J2 per potted plant of the avirulent M. incognita
therefore was selected as the appropriate density for induction of resistance
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against M. /zap/a in subsequent experiments.

4.5. Comparisons of levels of resistance induced by two Meloidogyne species,
separately, on five tomato varieties

Advance inoculations of tomato varieties; Celebrity, Lemonboy, Quickpick,
Betterboy, and Supersteak with either M. incognita or M. javanica reduced
subsequent infectivity of plants by M. /zap/a significantly (P=().05), except on var.
Supersteak.

Reproduction ratios were reduced by 89% on Celebrity, by 74% on Lemonboy, by
89% on Quickpick and by 70% on Betterboy. Variety Supersteak, however,
became more susceptible with respect to M. incognita (120% increase in
reproduction ratio), but unaffected with respect to M. javanica. (Table 2).
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4.6. Induced resistance on split-root systems of tomato

Advance inoculations with M. incognita on one-half of a partiaIly-split root system
resulted in reduced infectivity by chaIlenge inoculum of M. /zap/a on the other half
of the root system that was not inoculated with M. incognita. The nematode
reproduction ratio was reduced by 75%. Also, advance inoculation of one-half of
the roots with M. incognita induced resistance against challenge inoculation with
the same M. incognita in the other half by 50% (Table 3).

However, advance inoculation of one half the root system with M. /zap/a resulted
in increased infectivity by challenge inoculum of either M. /zap/a or M. incognita
on the other half root system which did not receive the advance inoculum.
Nematode reproduction ratios were increased by 400% with respect to M. /zap/a,
and 100% with respect to M. incognita (Table 3).
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Figure 9. Induced resistance to M. hapla in relation to increasing densities of
M. Incognita on potted tomato, var. Celebrity. Challenge inocula of
M. hapla was applied 10 days after advance inoculum of M. incognita.
Reproduction ratios were nematode egg counts at 60 days after
inoculation1divided by initial inoculum density.
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Table 2.
Reproduction ratios of M. hapla on five tomato varieties
after induction of resistance with M incognita or M

javanica.
Reproduction ratios! (RR) and
%RR reduction (%RRR)2
Induction species

Tomato
variety

No
induction

M incognita

M javanica

RR

RR

%RRR

%RRR

1. Celebrity

80

8

89

9

89

2. Lemonboy

23

5

78

7

70

3. Quickpick

77

9

88

8

90

4. Betterboy

25

7

72

6

76

5. Supersteak

54

65

(-20)

54

0

Data are pooled means of 2 repeated experiments, each with 5 replicates per
treatment.
Reproduction ratio is the count of nematode eggs in a root system 60 days after
inoculation, divided by the initial inoculum density.
1

2 %RR reduction = (1 - (RR of challenge nematode divided by the RR of the
nematode alone» x 100.

- - - - --------- - ...
_

----- ----------
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Table 3.
Nematode infectivities on partially split root systems of
tomato following advance and challenge inoculations with M.
incognita and M. hapla. \
Inocula in "A"
portion

Inocula in "B"
portion

Reproduction ratiosl, and
%RR reduction2
"An

"B"

22

-

%RRR2

2.

M. hapla

-

12

-

3. M. hapla

M. hapla

18

25

-100

4. M. hapla

M. incognita

21

20

-400

6

-

-

4

-

1. M. hapla

5.M.
incognita
6.

-

M. incognita

-

7.M.
incognita

M. incognita

6

2

50%

8.M.
incognita

M. hapla

5

3

75%

Data are pooled'means of 2 repeated experiments, each with 5 replicates per
treatment.

Reproduction ratio is the count of nematode eggs in a root system 60 days after
inoculation, divided by the initial inoculum density.
1

2%RR reduction = (1 - (reproduction ratio of challenge nematode on "B" divided
by RR of the nematode alone on the portion "B"» x 100.

-------

-----
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4.7. Identification and infectivity of three Me/oidogyne species on two pyrethrum
clones and six differential hosts.

Results from three different methods of identifying Me/oidogyne species
(morphology of perineal patterns, infectivity on differential hosts, and genetic
fingerprinting of mitochondrial DNA markers), all indicated that the rootknot
nematodes collected from different parts of Kenya consisted of three Meloidogyne
species; M hapla, M incognita, and M. javCll1ica (Table 4; Table 5; and Figure 8).

M. hapla was found on all pyrethrum and potato plants collected from cool areas
above 2,300 m in, while M. incognita was found on a wide range of crops,
including pyrethrum,potato, tomato, beans and tobacco, at all locations sampled
(400 m to 2,400 m above sea level). M. javanicCl also was found on a wide range
of crops but predominantly in warmer regions with mean annual temperatures
above 25°C and altitudes below 1,800 m.

M. hapla, was highly infective on both pyrethrum clones 223 and 487, and on
tomato, but less infective on tobacco, cotton, peanut, capsicum and watermelon.

M. javanica, was highly infective on tomato, tobacco and watermelon, but less so
on pyrethrum, cotton, peanut and capsicum. M. incognita was moderately
infective on pyrethrum, tomato and tobacco, but less so on cotton, peanut,
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capsicum and watermelon. Root gall indices were in direct proportion to
nematode reproduction ratios (Table 5).

Since pyrethrum clones 223 and 487 were equally susceptible to M. izapla, either
could be used in subsequent experiments, and the former was randomly chosen.
Since M. javanica was the species least compatible to pyrethrum plants, it was the
one used for induction of resistance to M. Izapla.
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1.7 kb

Lo kb
0.7 kb

1.7 kb

0.4 kb
0.3 kb
0.5 kb

A

pigure

B

1.0.

PCR amplification products of mtDNA of M. hapla, M. incognira, and

M. javanica.
A:

Products amplified with specific primers (5'-GGT CAA TGT TCA
GAA ATT TGTG GG-3' and 5'-TAC CTT TGA CCA ATC ACG CT-3'), and
separated on 1% agar rose gel.
The 0.52 kb product was
characteristic of M. hapla (lanes 2 and 3) while 1.7 kb was
shared by M. incognita (lanes 4 and 5) and M. javanica (lanes
7 and 8). Lanes 1 and 6 are 1 kb DNA ladder.

B:

Separation of M. incognita (lanes 2, 3 and 4) and M. javanica
(lanes 5, 6 and 7) after digestion of 1.7 kb fragment with
restriction enzyme Hinf. Lanes 1 and 8 are 1 kb DNA ladder.
The discriminating bands are 0.3 kb and 0.4 kb for M.
incognita, and 0.7 kb for M. javanica. Other indiscriminating
bands were either shared, undigested DNA, or unincorporated
primer.

The PCR protocol was according to Powers and Harris (1993).

-

.-----.---------
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Table 5.
Infectivity of three Me/oidogyne species on two pyrethrum
clones and six differential hosts.

Root gall indices l (RI) and
reproduction ratios2 (RR)

M. hap/a

M. javanica

M. incogn.

Host plant

RI

RR

RI

RR

RI

RR

Pyrethrum,
Clone 223

3

74

0

2

2

40

Pyrethrum,
Clone 487

3

72

1

2

2

44

Tomato

4

158

3

82

3

120

Tobacco

2

77

3

166

2

92

Cotton

0

0

0

2

1

26

Peanut

1

2

1

6

0

0

Capsicum

1

8

·1

18

1

20

W.melon

0

2

3

24

1

26

Data are means of 5 replicates.
1

Rootknot indices scale : 0 (no knots) to 5 (100%) of roots knotted.

Reproduction ratio is the count of nematode eggs in a root system, 60 days after
inoculation, divided by the initial inoculum density.
2

-
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4.8. Infectivity of M. hapla and M. javanica on pyrethrum in relation to induced
resistance treatments in greenhouse and field experiments

Advance inoculation of pyrethrum clone 223 with M. javanica resulted in
significantly (P=0.05) reduced infectivity of the plants by challenge inoculum of

M hapla. In the greenhouse experiment, nematode reproduction ratios decreased
with increasing intervals between advance and challenge inoculations, from 0 to
10 days, and remained statistically the same for the next 20 and 30 days intervals.
Level of induced resistance at the 10 day interval averaged 72%.

Advance inoculations with M. /zap/a followed by challenge inoculations with the
same M. /zap/a or with M. javanica, ten days later, resulted in increased levels of
susceptibility in the plants to challenge inoculum of either nematode species.
While initial inoculation with M. javanica resulted in reproduction ratio of only 2,
the challenge inoculation after advance inoculation with M. /zap/a was 40, which
was a 1,900% increase (Table 6). Induced susceptibility for M. /zap/a was 19%.

In the field plot experiments, pyrethrum seedlings which received advance
inoculation with M. javanica before transplanting in plots naturally-infested with

M. hap/a (Table 7) scored a mean nematode reproduction ratio of 21, compared
to 47 for those which did not receive the advance inoculum, indicating an induced

- - - - - - - - ---------------
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resistance of about 50%. However nematode reproduction ratios on plants which
had received an advance inoculation with M. hap/a before transplanting was not
significantly different (P = 0.05) from that of unprotected plants (Table 8).

4.9. Effect of induced resistance on the growth rate of pyrethrum seedlings in
greenhouse and field plot experiments

Advance inoculations of pyrethrum seedlings with M. javanica ten days before
inoculations with M. hap/a resulted in significantly higher (P=O.OS) growth rates
compared to controls which did not receive the advance inoculation.

In the greenhouse experiment, seedlings which were inoculated with M. javanica
in advance of M. hap/a inoculum scored a final mean growth rate of 8.5, which
was 34% higher than that on plants without the advance inoculation with M.

javanica. Growth rates were not significantly different (P=0.05) for the seedlings
which were inoculated with M. javal1ica alone or to those not inoculated at all
(Figure 11).

In the field plot experiment, pyrethrum seedlings which received advance
inoculation of M. javanica before transplanting in plots naturally infested with M.
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hapla scored a mean growth rate of 13.3, compared to 8.5 for those which did not
receive the advance inoculum, indicating reduction in growth rate by about 36%,
relative to growth rate of plants protected by advance inoculum of M. javanica.
Growth rate of plants which had received an advance inoculation with M. /zapla
before transplanting had the lowest growth rate with mean score of 6.7, which was
lower by 21 % and 100% relative to scores on plants which were inoculated with
M. javanica in advance, and those not inoculated at all (Figure 12).
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Table 6.
Reproduction ratios of M. javanica and M. hapla on pyrethrum after advance and
challenge inoculations at different
intervals, in greenhouse.

Meloidogyne spp.

Reproduction
ratio (RR)l

%RR reduction2

1. M. /zapla (H)
alone

36

-

2. M. javanica (J)

2

-

3. J and H,
concomitant

40

(-11)

4. J, then H
after 5 days

25

31

5. J, then H
after 10 days

10

72

6. J, then H
after 15 days

8

78

7. J, then H
after 20 days

7

79

8. H, then J
after 10 days

40

(-1,900)

9. H, then H
after 10 days

43

(-19)

alone

Data are means of 10 replicates.
1 Reproduction ratio is the count of nematode eggs in a root system 60 days after
inoculation, divided by the initial inoculum density.

%RR reduction = (1 - (RR of challenge nematode divided by the RR of the
nematode alone» x 100.

2
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Table 7

Pre-plant densities of Meloidogyne and other plant parasitic nematodes on the
field plot of pyrethrum.

Nematode genera

Count/200 ml soil

1. Meloidogyne

80

2. Pratylenchus

5

3. Helicotylenchus

60

4. Rotylenchus

86

5. Others

10

The nematode counts were made from 10 soil samples collected from 0.25 acre
plot. Nematodes were extracted by the floatation, sieving and centrifugation
method (Baker, 1985).
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Table 8.

Effect of induced resistance on the nematode-infectivity on pyrethrum in field
plot.

RRI

%RR reduction2

1. None

47

-

2. M. javanica

21

55

3. M. hapla

40

15

Advance inoculum

Data are means of 10 replicates.
Reproduction ratio is the count of nematode eggs in a root system 60 days after
inoculation, divided by the initial
inoculum density.
1

%RR reduction = (1 - (RR of challenge nematode divided by
the RR of the nematode alone» x 100.

2
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Figure 11. Effect of induced resistance on growth rate of
potted pyrethrum seedlings in greenhouse.
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Figure 12. Effect of induced resistance on growth rate of pyrethrum seedlings in field plot.
Advance inoculum of M. javanica was applied 10 days before transplanting.
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5. DISCUSSION

Resistance to the rootknot nematode, Meloidogyne hapla, was induced on varieties
of tomato and pyrethrum by advance inoculations with incompatible or mildly
virulent M. incognita and M. javanica, respectively. Roots of plants with induced
resistance supported much lower population levels of challenge nematodes, and
the seedlings grew much faster, in comparison to control plants which did not
receive the protective advance inoculum. This phenomena is comparable to
several reported cases of "cross-protection" in which mildly virulent strains of
viruses have been inoculated into plants to provide protection from related
virulent strains (Roberts, 1983; Ross, 1964), or induction of host resistance to
fungal and bacterial pathogens using other fungi or bacteria (Kuc, 1982; Sequeira,
1979; Van Peer et aI, 1991; Weller, 1988), or to the more familiar case of
immunization in animals and humans (Hood et aI, 1984).

The magnitude of induced resistance in both tomato or pyrethrum to M. hap/a
was found to be influenced by several factors including interval between
inoculations with inducer and challenge nematodes, density of inducer inoculum,
and genotype of both host plants and inducer nematodes. The optimum level of
induced resistance occurred about 10 days after the induction inoculation, in both
tomato and pyrethrum experiments. This is comparable to a reported observation
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of Zacheo et aI, (1983) in which they reported that the accumulation of the
inducible defence- associated peroxidase enzymes reached maximum levels in
tomato plants about 10 days after being inoculated with incompatible M incognita.
Apparently, the activation and expression of inducible resistance factors through
the plant root system is a gradual process requiring several days to reach full
efficacy.

While a longer interval between inducer and challenge inoculation resulted in
higher levels of induced resistance, the overall resistance was observed to be
affected by age of plants as well. Control treatment plants inoculated with M

hapla only supported higher rates of nematode multiplication in their early stages
of growth than at later stages (Figure 2). Increased levels of resistance to
nematodes has been observed in seedlings of several crops (Hussey, 1985;
McClure et aI, 1974), and is apparently due to the fact that older plants have
more tissues already differentiated of which the nematodes usually do not
penetrate. However, age of plants did not appear to affect levels of induced
resistance (Figure 3).

The intensity of induced resistance was also found to increase with increasing
density of inducer inoculum from 0 to 5,000 J2 per potted plant, but beyond that
there was no significant increase in level of induced resistance. This trend is
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similar to a case reported by Caruso and Kuc (1979) in which the extent of
induced resistance in cucumber to anthracnose fungus, Colletotrichum lagenarium,
by the fungus itself or other fungi, was found to be directly related to the
concentration of inoculum used until a saturation point was reached, after which
there was no further significant increase in resistance. These observations suggest
that the magnitude of induced resistance is initially proportional to the number of
sites on the host contacted and activated by the inoculum.

While the systemic translocation of induced resistance factors has been widely
documented (Elliston et ai, 1971; Kuc, 1982; Van Peer et aI, 1991), nearly all the
studies dealt with plant shoot systems. Results of my split-root studies indicate
that resistance-inducing factors generated in one portion of a root system were
eventually transported to distal portions which were not directly inoculated with
the advance inoculum and effected protection from challenge inoculum. The
observation suggests a systemic translocation of induced resistance factors from
sites of induction to probably all plant parts. This hypothesis was not tested due
to technical difficulties associated with infecting plant parts other than root tips.

Advance inoculations with the compatible M. /zapla induced susceptibility to the
originally incompatible M. incognita and M. javcll1ica, in both tomato and
pyrethrum plants, respectively. Similar cases of induced susceptibility have been
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reported by several workers including Ouchi et ai, (1974) who found that
preliminary inoculation of barley with its compatible powdery mildew fungus,

Erysiplze graminis, induced susceptibility to the melon fungus, Splzaerotlzeca
fuliginea, a non pathogen of barley. It appears that the virulence factors and
mechanisms by which the compatible pathogen overcomes its host can be so
broad and non specific in action as to be capable of suppressing the general host
resistance to many other potential pathogens, including non-host pathogens. This
phenomena is commonly evident in many cases of disease-complexes where
advance infections by Meloidogyne and other nematodes predispose host plants to
secondary infections by species of fungi, bacteria and viruses which normally do
not infect the plants in absence of the nematodes (Powell, 1971; Webster, 1985).

Along with reductions in nematode reproduction rates, plants with induced
resistance also attained much higher growth rates relative to unprotected controls.
While increase in growth and yields is the normal expectation from challenged
plants with resistance to a disease, this may not always be the case with induced
resistance. Cruickshank and Mandryk (1960) reported that while prior infection
of tobacco stems by the blue mold fungus, Peronospora tabacina, protected leaves
from later attack by the same fungus, protected plants suffered severe stunting. It
was speculated that the expression of induced resistance required considerable
energy from plants, which probably led to reduction in growth and yields.
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However, other workers have reported positive growth response from plants with
induced resistance. Caruso and Kuc, (1977) reported better growth performance
from field tests on plants of cucumber, watermelon and muskmelon which had
induced resistance to the anthracnose fungus Colletotriclzum lagenarium. The
resistance was induced by advance restricted infections of plants by the same
fungus.

Apparently growth responses of plants showing induced resistance may

be subject to diverse environmental influences which are yet to be explored.
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6. CONCLUSIONS, AND RECOMMENDATIONS FOR FUTURE RESEARCH

These results suggest that initial incompatible or compatible plant-nematode
interactions can condition plants to increased resistance or susceptibility against
subsequent invading nematodes. As such, advance inoculations of plants with
incompatible nematodes or by any other suitable agent capable of inducing
resistance, is a prospective method of protecting crops against more virulent
nematode species. This method of inducing resistance in plants can be more
readily used to protect seedlings from soilborne nematodes. The inoculum could
be applied to seeds or seedlings prior to planting or transplanting in nematodeinfested soils. Since induced resistance utilizes mechanisms of defence which
originate from host plants, it can be considered natural and, therefore, should be
environmentally acceptable as resistant plants developed through conventional
breeding methods.

After extensive review of current literature, I was not able to locate any previous
report on induction of resistance to plant-parasitic nematodes, which therefore
puts this study in a lead position, with the attendant need for validation through
more research. I do hope that those who read this report will share my vision for
the development and promotion of induced resistance as a method of protecting
plants from plant-parasitic nematodes. I suggest that further research should
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focus on at least the following areas:

1.

Alternative and more easily manipulable resistance-inducing agents.

2.

Influence of environmental and host plant factors on efficacy of induced
resistance.

3.

The spectrum and persistence of induced resistance in plants under natural
soil environments.

4.

Physiological processes of induced resistance at the molecular and cellular
level.
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8. ABOUT THE AUTHOR

I, Leopold Juma OgaIlo, was born in April 25, 1958, being the fifth child of
Petronela Amolo and Gaitano Ogallo, of Yimbo Location, Siaya District, Kenya.
From age five, like most other male age-mates, I started looking after my family's
livestock, which then consisted of about 20 head of cattle, 30 goats, and 15 sheep.
Monitoring the goats was particularly difficult for they would often slip from our
view and into crop fields. If owners of the grazed crop ever caught a herd-boy
whose animals had done the damage the herd-boy would be caned mercilessly
followed by a complaint to the parents. I dreaded being reported to my father for
that would earn me severe punishment by canning or if I managed to escape from
his grip and run off, then I would be denied dinner that night. I preferred the
later punishment because mother would always avail food to me, secretly, later at
night.
In 1964, at the age of 6, I started school in Standard One at Wambasa Primary
school, situated 2 km from home. The school was brand new and we were the
first enrolled pupils. It was built in the middle of a virgin bush and most of our
agricultural lessons and punishments were spent uprooting tree trunks. The
headmistress, Mrs. Dorcas Atieno Jang'olo, was a highly dedicated teacher who
performed her duties with so much zeal, a trait which she attributed to being a
born-again christian. In December 1971, I sat for the national Certificate of
Primary Education and qualified to proceed to a Government-supported
secondary school. From a class of 25 boys and 20 girls, only 8 boys and 4 girls
managed to qualify for entry in to these highly competitive Government schools.
It was an open secret that the national exams served more to screen off majority
of students from entering the Government schools which had very limited places.
Those who did not qualify for Government schools went to private or community
sponsored (Harambee) schools which generally had fewer facilities and charged
higher fees.
In January 1972, I started the 4-year secondary education at Ambira Secondary
School, about 100 km from home. My first day there was terrible. Instead of
welcoming us the Form One's, instead the veteran students cruelly bullied us. I
had not experienced any bUllying before and the whole thing shocked me. I
complained to the Headmaster, and when he appeared not to see the seriousness
of the issue I was more shocked for I could not understand how such beastly
behavior could be tolerated in school. Undiscipline and drunkenness among
students was quite prevalent in the school. I became very involved in extracurricular activities and led several clubs such as Boy Scouts, Young Farmers
Club, Debating Club, Geographical Club and Christian Union. In December
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1975, I sat for the national East African Certificate of Education, and from a class
of 45 I was among the 10 who qualified to join Government-supported High
Schools.
From May 1976 to December 1977 I was at Nakuru High School, and majored in
mathematics, chemistry and physics. The school was wonderful. The headmaster,
a former air-force pilot, Kenneth William Penn, maintained very high level of
discipline, and I loved it. Teachers were always prompt in coming to class to
teach, and were highly dedicated in their work. Spiritually I was at the height of a
religious experience, and was the chairman of Christian Union. In December
1977, I sat for the national East African Certificate of Advanced of Education and
was among the lucky few who qualified to join University of Nairobi, then the
only public university in Kenya. Then, the University could admit only 3,000 new
students per year, which was about 10% of the applicants.
From August 1978 to August 1981, I was at the University of Nairobi for a
Bachelor of Science in Agriculture degree. This was a most exciting time. We
received allowances nicknamed "Boom", in amounts which was quite a lot to most
of us who had never handled much money before. It was a Government loan and
I am now repaying it. Except for the examination times, life was socially hectic
and enjoyable. I became active in student politics and served as Faculty of
Agriculture representative in the University Students Council. Frequent conflicts
between students and the Government or with University administration almost
always resulted in University closures for few months, something which happened
almost every year. Quite a few student leaders were expelled, as for me, well, I
was not so militant and always survived through the conflicts. I graduated in
August 1981, and was very eager to go out in to the big world in search of more
adventures and money.
I was recruited by the Ministry of Agriculture and posted as a District Crops
Officer in Isiolo, an agriculturally marginal region of the country. Two months
later in October 1981, I was back to the University of Nairobi for a Master of
Science in Plant Pathology. My former lecturers, Dr Eliud Gathuru and Dr
Daniel Mukunya, had secured a few scholarships from the Ministry of Agriculture
for the program, and I was among their lucky student picks. After a year of
intensive course-work, I spent some eight months on field and laboratory research,
and wrote a thesis on "Response of tobacco varieties to infection by Meloidogyne
species in relation to nematode occurrence and infestation in western Kenya".
Even though I completed the study program in April 1984, the examination of my
thesis and graduation delayed, due to administrative problems, up to December
1986. This was a common problem in the University then. I hope current
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graduate students no longer suffer such inconveniences.
In April 1984, I returned to work with the Ministry of Agriculture and was
stationed at the National Agricultural Laboratories in the clinical Plant Pathology
section, in Nairobi. In May 5, 1986 I got married to my sweet-heart, Mary Awuor
Agingu. The event was celebrated with three grand ceremonies consisting of a
farewell party at the bride's rural home, Seme; a church wedding in All Saints
Cathedral, Nairobi; and a welcoming party at my rural home, Yimbo.
In October 1987, I joined Egerton University, Njoro, as a lecturer in Plant
Pathology, but also taught Microbiology, Plant Physiology, Crop Protection and
Crop Production. Number of students per class was always large, averaging 100,
which unfortunately minimized student-lecturer learning interactions. I found
teaching a very satisfying work. In December 28, 1990, my wife and I were
blessed with a precious daughter whom we named Nella, after my mother.
In August 1993, with support from the Rockefeller Foundation Sub-Saharan
African Dissertation Internship award, I returned to Kenya to conduct part of my
dissertation research there for about 9 months. In May 21, 1994, my wife and I
were blessed with a second precious daughter whom we named Michelle, after my
wife's mother.
Life in the USA has been exciting, but very busy. My academic supervisor
Professor McClure has always been ready to offer support whenever there was
need. University staff, and the general public in Tucson, have been friendly and
helpful. My wife has been able to advance her career in fashion design by
attending Pima Community College. We have made many useful friendships.
Academic work, together with the teaching responsibility, was intense and
sometimes stressful. Financially, the going has been hard. The pay from research
or teaching assistantship was insufficient for our needs. My wife had to take up
part-time jobs to supplement my income. It has been hard for both of us to
combine studies with work and family responsibilities. I hope that with my
doctorate degree done life will be a little easier.
Well, that is how it has been, in brief.

