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The dynamics of the root-knot nematode galls
S KANNAN and T CHANDRAGURU
Department of Zoology, Thiagarajar College, Madurai 625009, India
Abstract. The dynamic nature of the galls evoked by species of Meloidoqyne (root-knot
nematode) involves many hypersensitive reactions. Energy relations in the galls of the susceptible hosts reflect the combat capabilities centering around functional resistance. Factors
associated with resistance are indicated. The futurology of the problem of containing the
infection is discussed. Chemotherapy consisting of imparting resistance in susceptible hosts is
suggested, to achieve success in agricultural economy. Electrophysiological relations of
pathogenesis and the future implications of these studies in the understanding of the disease
are indicated.
Keywords. Functional resistance; enzyme accelerators; disaccharide analogues; resistance
elicitors.

1.

Introduction

Interfering with anchorage and absorption, the two primary functions of roots of
plants, the root-knot nematodes (Me/oidogyne spp) are of major interest in the field of
agricultural economy. Their economic effects in the agricultural front are now well
documented (Webster 1972). Extensive studies during the past three decades have
helped the understanding of this nematosis with regard to the environmental influence
on the host-pathogen combatibilities, the. nutritional stress on the host as a result of
infection, the histopathology, the biochemistry of the pathological metabolism, the
possible factors involved in resistance etc. Breeding for resistance, judicious agronomic
practices etc are all directed towards containing the infection, if not eradicate it. The
problem continues unabated and information also is flowing from different angles, the
sole object being one of controlling the economic loss. Since many excellent reviews
and books are available in these aspects (Kirkpatrick et 0/1964; Peacock 1966;Southey
1970; Barker and Nusbaum 1971; Castro and Thomason 1971; Nelmes et 0/1973;
Sasser and Jenkins 1975), only a concised acco.unt is given here, with a greater stress on
the futurology of the problem.

2. Environment-host-pathogen
Infection resulting in gall formation ultimately results in reduced production, the basic
cause being the nutritional stress created in the host during pathogenesis. Extremes of
environment (soil particle size, oxygen concentration, temperature, alkalinity etc)
impeding the plant growth also impede the pathogen's fecundity and population (Van
Gundy and Stolzy 1961;Van Gundy et 0/1964; Kirkpatrick et 0/1964; Dropkin 1969a;
Wallace 1969;Nardacci and Barker 1979). On the other hand a well-nourished plant
rallies round the infection by virtue of its nutritional status. Presumably, under field
conditions, judicious water management, fertilizer practices etc play in this direction.
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3. Gall dynamics
Galls evoked by the Meloidoqyne vary in their morphology and metabolism. Briefly
summarized (Owens and Novotny 1960; Wallace 1963; Dropkin 1969b, 1972; Endo
1971; Bird 1974; Jones and Dropkin 1975, 1976; Kannan 1977) the following features
reflect the dynamic nature of the gall and its bearing on the host-pathogen relations.
Galling reactions (expansion of protoplasm resulting in giant cell formations etc)
commence with the feeding activity of the infective juveniles. The root exudates
containing sugars, amino acids, electrolytes etc, influence the hatching of eggs and
positive taxis towards the growing root tips (Bird 1959). Enzymes (esterases,
acetylcholine esterase) observed in the amphidia1 pouches, nerves, body openings of
the juveniles guide in chaemotaxy and also in their final spatial relegation (Kirkpatrick
et aI1964) with respect to the vascular elements within the roots. A shift from the sugars
to nitrogenous components of the root exudates, following the entry ofjuveniles seem
to be a predisposing factor for other secondary infections (Van Gundy et a/1977). Cell
wall degrading enzymes and other hydrolases (Roy 1979, 1980) observed in the
juveniles account for the cell wall breakdown (Bird 1972) and nutrition of the juveniles.
The gall syncytium is truly dynamic in its nature and activity. The syncytial
boundary is very discrete with fortified wall ingrowths and with active polysaccharide
incorporation. The fortified walls exhibit (Jones and Dropkin 1976) pit fields with
sieve pore areas, the latter indicative of actively streaming plasmodesmata establishing
extraterritorial connections with transfer cells of transport region. Electrophysiological studies indicating electrolyte flow across the plasmodesmata reflect the
latter functioning as nutritive channels so that, the syncytium functions as the nutrient
sink, drained by the nematode. In this state, the nematode is the final metabolic sink
since, even remotely applied metabolites find their way into the gravid females and eggs
(Rohde and McClure 1975; Bird and Loveys 1975; McClure 1977). A mutual
relationship exists in this regard, the syncytium sustaining the nematode, the latter
maintaining the former, as the syncytium collapses if the nematodes move away or
when killed by pricking (Bird 1962).
The gall chemistry (Owens and Novotny 1960;Wallace 1963;Owens and Rubinstein
1966; Owens and Specht 1966; Karman 1967, I968a, b, 1977; Endo and Veech 1969;
Balasubramanian and Purusothaman 1972; Dropkin 1972; Giebel 1974; Jones 1980;
Das Gupta et a/1981; Kannan and Chandraguru 1981; Premachandran 1981) reveals
the following: starch disappears, sugars deplete, proteins increase along with varied
levels of other metabolites such as keto acids, phosphorylated intermediates, nucleic
acids, amide nitrogen and phenols. Excessive protein build-up indicates their synthesis
while the build-up of phenols indicate their possible role in defence mechanisms. The
enhanced activities of oxido-reductases indicate the energy relations involved, since
these' redox enzymes transmit energy.
The variations in the metabolites along with enhanced activities of redox enzymes
imply hypersensitive reactions during pathogenesis. Gall size, tissue damage etc
aS~bCiated with various degrees of susceptibility/resistance (Karman 1967, 1968a, b,
1977) can be correlated with varied chemical phenomena mentioned above. Such
events subscribe to the two Concepts viz (i) the redox theory of hypersensitivity, and
(ii) oxidative metabolism participates in diseases resistance (Goodman et 0/1967).
The .survival of the susceptible host during pathogenesis reflects its combat
capabilities, especially when lysis is initiated by the pathogen. Such capabilities should
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rest in the metabolic pool with its capacity for interconversion such as conversion of
glucose into ascorbic acid (Burns 1960),genesis of aminoacids from carbohydrate and
lipid sources etc. All these events amounting to salvaging operations running at a high
pitch, with the associated accelerated redox enzyme play, indicate the interplay of DPN
dependant enzymes (oxidases involved in catalysis) and TPN dependant enzymes
(reductases involved in synthesis).
Pathological metabolism is thus the resultant of the degrees with which these two
enzyme systems balance each other. The degree of this balance reflect thedegree of
pathogenesis viz susceptibility/resistance. This chemical dynamics at molecular level is
indicated by the degree of tissue damage.
The cumulative high energy output through the auxillary respiratory pathways
(Goodman et a/1967; Kannan 1967quoted by Wallace 1973~ presumably is connected
with the disease combat mechanics of the susceptible host.
To sum up, the pathological metabolism reflects the hypersensitive state of the host
during pathogenesis, which state, stemming from the molecular level has, not only
manifestations in the immediate zones of infection, but also has remote implications
observed in such features as wilting, stunting, etc. Such remote expressions leading to
the ultimate reduction in produce are now known to be centered around the hormonewater relations of the plant (Brueske and Bergeson 1972; Meon et a/1978a, b).

4. Futurology
While the observations given above reflect the events in pathogenesis, yet many issues
remain unresolved. These issues may prove, in the long run, towards a better
understanding ofthe susceptible/resistant relations which forms the key for the control
measures. Some such future possibilities in this direction are given below and
represented in figure 1.

4.1

The cell wall barrier

The initial stages ofplant infection involving the cell wall breakdown (Albersheim et a/
1969)is the resultant of the interaction between the enzyme molecules of the pathogen
and polysaccharides of the cell wall. Resistance/susceptible situations reflect some of
these reactions. Since data in this regard for nematode-induced pathogenesis are
wanting, experiences gained from other fields of pathogenesis require to be applied, to
understand whether parallel phenomena operate in this field also.
According to Cowling (1965), certain features of the organization of the cellulose of
the cell wall seems to have a bearing on the cell wall breakdown during pathogenesis.
Some of these features are: the moisture content of the cellulose fibres, the degree of
crystallinity and polymerization of the cellulose molecules, the size and surface
properties of the capillaries between the microfibrils of the cellulose, the nature of
substances associated with cellulose such as hemicellulose, lignin, pectin, protein etc
and the degree of co-polymerization of these polymers with cellulose, the accessibility
of the enzyme molecule of the pathogen to the hydroxyl locking sites of the cellulose
etc. The number of hydroxyl locking sites available for the pathogen's enzyme
determines the degree of breakdown of the cellulose.
The pathogen-polysaccharide (cell wall component) relations (Albersheim et a/
1969) in fungal and bacterial pathogenesis reveal the following:
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Granted that in all plant pathogenesis, the cell wall-degrading enzymes are a prerequisite, the pathogen's enzyme is influenced qualitatively and quantitatively by the
surrounding carbohydrate as well as its accessibility to the pathogen's enzyme. The
enzyme molecule (protein) is quick to recognise the substrate sugar moieties. Breeding
for resistance show that widely separated varieties have differences in their polysaccharides which exhibit varied resistance to pathogen's enzyme. Very closely related
varieties have almost similar polysaccharides, but yet have variations in glycosidic
linkages which alone can account for varied resistance exhibited to pathogen's
enzyme. The polymeric configuration of the polysaccharides with the linkages, offer
innumerable situations for the pathogen's enzyme. If new strains of hosts arise with
polysaccharide variations during breeding experiments, formations of new pathogen
strains with specific enzymic adaptations are also not ruled out.
The situations presented above show the complexities involved the possible
variations that can occur in the qualitative/quantitative aspects of the pathogen's
enzyme in specific set"UPS and also the origin of new pathogenic strains with enzymic
adaptations, as the substrate changes genetically in breeding experiments. Such
breeding experiments clearly indicate the pathogen's evolution running parallel with
the formation of new varieties of host's substrate i.e. polysaccharides.
An exciting feature of cellulose breakdown consists of the repression of the
breakdown process by free sugars. Horton and Keen (1966) have shown that glucose
when sprayed during pathogenesis (non-nematode infections) suppresses pathogen's
polygalacturonases and cellulase activities. Patil and Dimond (1968) with extensive
evidencesdemonstrated the repression of polygalacturonase activity by the addition of
glucose. The hypothesis that sugars are involved in the regulation of plant disease
development has also been documented (Horsfall and Dimond 1957). Albersheim et al
(1969) also view that disaccharides have a role to play in the inhibition of catalytic
enzymes of the pathogen and that disaccharide analogues may prove effective in
controlling the polysaccharide hydrolysis (cellulose breakdown) by the pathogen's
enzyme.
Such observations require intensive studies in nematode pathogenesis. According to
Cowling (1965),it would be worthwhile to find out whether resistant hosts have altered
cellulose configurations contributing resistance to pathogen's enzyme. Also, it is
necessary to understand how far the nematode's cell wall-degrading enzymes are
influenced in these altered situations. The possibilities of sugars and disaccharide
analogues inhibiting the pathogen enzyme, such that cellwall lysis is inhibited, require
attention. Breeding for nematode resistance calls for the investigations on the nature of
glycosidic linkages as postulated by Albersheim et al (1969).
Hahn et al (1981) isolating the uronic acid complexes (galactouronic acid etc) from
the wall polysaccharides of the host have suggested their role in eliciting defense
reactions in the presence of the pathogen's enzymes. Endogenous release of such
elicitors from pectic compounds (as a result of pathogen's pectic enzymes) seem to
suggest that the cell wall, in addition to its structural role, has a defensive role also
(Hahn er aI198l). In this connection it is to be noted that uronides of the cell wall occur
with glycosidic and phenolic complexes and that the role of phenols in defense
reactions are well admitted.
The role of uronides in defense reactions (Hahn et al 1981) show yet another
dimension involved in defense during pathogenesis and such feature requires further
elucidation with regard to nematode pathogenesis.
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Biochemistry of resistance

Increased levelsof proteins, ascorbic acid, phenols, antibiotics, isozymesetc have led to
the concept of their possible role in defense reactions during pathogenesis (Uritani
1961, 1971; Arrigoni 1979; Ganguly and Das Gupta 1979, 1981; Jones 1980; Das
Gupta et a11981; Premachandran 1981).
4.2a Proteins: One problem regarding the proteins pertain to the availability of
aminoacids. According to Howell and Krusberg (1966), the sources that satisfy the
protein requirement are: (i) greater translocation of aminoacids into the gall

(ii) increased rates of synthesis (iii) decreased rates of translocation out of the. gall
(iv) decreased rates of breakdown and (v) deposition by nematodes. Roy (1981)
however contends the deposition by nematodes and the aminoacid synthesis in the
galls to be the chief contributory sources for the protein in that region. The possible
translocation from extra-territorial zones to the galls is ruled out (Roy 1981) in view of
the fact that increased protein is observed in remote areas also. Such activity in remote
areas necessarily imply the possible local genesis of free aminoacids so that
translocation to the gall site cannot be a significant feature. Lewis and McClure (1975)
observed that the deposition by the root-knot nematodes amounted to less than 0.1 %'
so that their contribution to the increased protein build-up in the galls is insignificant.
The problem thus is narrowed down to the aminoacid synthesis and the precursors
necessary for this (Owens and Specht 1966).
.The glucogenic origin of aminoacids (Fruton and Simmonds 1959; West et a11968)
in the biological organization is an accepted feature. In plants, extensive glycogenic
residues are readily available in the glycosidic linkages of the polysaccharide
component of the cell wall. The possibility of conversion of such glycosidic residues
(produced by pathogenic enzyme activity) of the host into aminoacids require
attention with the help of tracer techniques.
Histone-like proteins are exuded from the buccal stylet of the nematode (Bird 1968).
Histones are of interest in view of their gene regulatory action as well as their
association with the DNA ofall eukaryotes. By virtue of their lysine/arginine ratio, they
are classified into four classes with varied molecular weight (11300-21000). It is
thought that they may have "a particular role in gene repression (Elgin and Bonner
1973). On this basis, Bird (1974) argued that if the buccal exudate of Meloidogyne
functions as a histone by keeping some of the genes in undifferentiated cells
incompetent (Zalokar 1964), this could explain the first step of syncytial formation,
namely a cessation of normal differentiation of root cells. In view of the small
quantities of the available material (enzymic histones of the pathogen), more sensitive
techniques will have to be developed to study the histone-like nature of these exudates,
their molecular weight etc. This is because no information is available on the nature of
these buccal exudates of the infective juveniles; beyond that they have antigenic
properties and appear to be proteins, resembling those produced by adult females.
New proteins like isozymes(Ganguly and Das Gupta 1979) are observed in resistant
varieties and these are attributed towards indexing the resistance. It is of interest to
note that even in susceptible varieties (Jones 1980; Ganguly and Das Gupta 1981),
variations in the protein/peptide patterns are observed. Both the situations involve the
interplay of pathogenic enzymes with the substrates of the hosts. Extending the view,
that the histone-like proteins of the pathogen's enzyme bring about a change in the
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gene regulation (Bird 1974), it follows that, it is the resultant of the interaction between,
nuc1eohistones (genetic material) of the host material, with the enzymic histones of the
pathogen. The phenomenon is similar to immunological reactions probably contributing to the views of the antigenic properties of the buccal exudates as envisaged by Bird
(1974). Just as immunological relations evoke defense reactions, such defense reactions
are probably implied in the protein build-up during pathogenesis. The protein build-up
then seems to reflect a state of redifferentiation (Bird 1974).
4.2b Growth hormones: Galling occurs with reference to specific cell components
and it is of interest to note that secondary root formation occurs away from the galls.
Such root formations distal to the galls indicate specificity of tissues, while the galled
cells are said to reflect a state of redifferentiation. Indole acetic acid (IAA), the product
of tryptophan metabolism accumulates in galls (Bird 1962; Yu and Viglierchio 1964;
Setty and Wheeler 1968;Viglierchio and Yu 1968) and is considered to be responsible
for galling reaction. Also gibberellic acid (GA) exerts a regulating influence over the
auxin levels in the meristematic tissues of healthy plant (Goodman et al1967), such
that, cellular differentiation is favoured. In the infected plant, the excessive IAA buildup seems to go out of control, of the GA, so that, differentiation is prevented and
hypertrophy is favoured leading to gall formation. The study of the kinetics of action
of GA over IAA will give the exact relations involved in the galling phenomena. Such a
question has also been raised in viral infection of plants (Goodman et aI1967), where
exogenous GA application partially overcomes virus induced stunting and where it is
believed that the metabolism of this hormone is changed in the infected plant.
Thus, the state of re-differentiation envisaged in the galls, reflects the complexity
involving GA/IAA relations, protein build up and histone-histone interactions, the last
factor being the interaction between the enzymic histones of the pathogen with the
host's nuc1eohistones. These situations seem to vary in susceptible/resistant relations,
as indicated by the variable types and quantities of proteins (isozymes), variable auxin
activity and also varied activity of the pathogenic enzyme. Degrees of such variations
will probably be indicative of degrees of susceptibility and resistance.
4.2c Ascorbic acid: The biogenesis of ascorbic acid from sugar sources have been
documented with tracer techniques (Bums 1960). The participation of ascorbic acid as
an auxilIary respiratory pathway yielding energy is also known (Mapson 1958).
Arrigoni et al (1979) have indicated the possible role of ascorbic acid in the defense
reactions of the nematode infected plants. Such a role of the ascorbic acid require
intensive studies with regard to its contribution to the dynamics of resistance as well as
its origin in vivo during pathogenesis.

4.2d Phenols: In resistant hosts, further oxidation of phenols (Kosuge 1969) seem
to be involved in resistance. The state of oxidation of phenols in susceptible/resistant
relations require exploration. It would be worthwhile to explore the possibilities of
promoting further oxidation of phenols in susceptible hosts, to simulate resistant
situations. Exogenous application ofphenolics to genetically susceptible varieties have
encouraging results (Feldman and Hanks 1971; Kannan et aI1983). Phenolics are
kn~wn to inhibit the activity of the pathogen's enzyme (Wallace 1973), thereby
preventing the utilization of nutrients by the pathogen. Such a situation seems to be
one indicating resistance, since the pathogenic effects are reduced Intensive explorations
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are required in this direction regarding the induction of resistance in susceptible hosts.
4.3

Chemotherapy and resistance

Aminoacids such as phenylalanine, alanine, serine, threonine (Krishna Prasad et a/
1976; Setty et a/1977) and methionine (Reddy et a/1975) have helped reducing the
infection. Maleic hydrazide (Nusbaum 1958; Peacock 1963; Davide and
Triantaphyllou 1968), thiourea (Kochba and Samish 1972), 6-azauridine and 5bromo-2-deoxycytidine (Bird and McGuire 1966), by inhibiting DNA synthesis and cell
division in the host cells, led to the reduced growth of the larvae. Such chemotherapeutic studies especially impairing larval activity, growth etc and influencing host
metabolism towards reducing gall formation, will throw greater insight into the
problem.
Since chemotherapic measures with nematicides have certain pollutary effects as
well as create problems of residual toxicity, breeding for resistance has become
necessary.
4.4

Genetics of resistance

Van der Plank (1963) introduced the concept of two kinds of resistance, vertical and
horizontal. Vertical resistance was considered to be controlled by few genes and to be
race-specific. Horizontal resistance was considered to be controlled by many genes and
to be species-specific. Most nematode-resistant varieties (Rohde 1972) exhibit vertical
resistance (by way ofnecrosis) controlled by one or two genes. Variations in this type of
resistance to different pathogenic populations are common and resistant-breaking
biotypes of pathogens also occur. Horizontal resistance is polygenic. Though it is
effective against all races of pathogens and more preferred, it is difficult to be
introduced since the polygenic play is difficult to recognise and assess. It is now
presumed (Ellingboe 1981) that the horizontal resistance is more of an artifact and is
dependant on manner of breeding experiments.
It is needless to point out that resistance is never a permanent feature, as it breaks
down in the long run. Environmental extremes such as temperature, are known to
break (Dropkin 1969a) the built-in resistance, so that breeding for resistance is one ofa
continued effort. Cytokinins are also observed to break the resistance leading to
susceptibility (Dropkin et a/1969). As the built-in (genetical) resistance seems to be
specific for specific situations only, it follows that other avenues are to be explored.
These avenues seem to centre around the energy relations during pathogenesis, which
relations presumably have a role in the disease combat.
4.5

Energy relations

The energy relations of the redox enzymes in the susceptible situations show high
energy output which is conceivably connected with combat mechanics (Karman 1967
quoted by Wallace 1973), since even under severe infection, the host continues to
thrive.
Auxiliary oxidative pathways (Goodman et a/ 1967), dormant under healthy
conditions, are geared into action during pathogenesis, resulting in a net high energy
output. In fact, according to Goodman et a/ (1967) the pattern of redox enzyme

Root-knot nematode galls

309

activities are same in resistant and susceptible relations except that, an irreversible
redox potential setting in, in the resistant situations, creates an unfavourable
environment for the pathogen, whose activity is suppressed. It is the redox balance that
seems to be favouring pathogenesis. This is the redox theory of hypersensitivity based
on the principle that, 'oxidative metabolism participates in disease resistance.'
That oxidative metabolism participates in disease resistance, is shown by the fact
that genetical resistance is broken down in the presence of oxidative enzyme inhibitors.
The very fact that susceptible hosts exhibit high energy relations with enhanced
redox enzyme activities and continue to thrive, show that resistance also operates in
these situations at functional level viz being brought to play during pathogenesis with
the interpolation of auxiliary respiratory chains (Karman 1967,1968a, b, 1977). Even
when the genetical resistance breaks (under certain environmental conditions, enzyme
inhibitors etc) leading to pathogenesis, functional resistance must operate. The
genetics of the susceptible relation should then be one of the resistance i.e. ability to
combat the infection being dormant genetically, which is brought to surface action by
pathogenic activity. This functional resistance thus is different from the genetical
resistance in that it will not break under any circumstances, but will only show varying
functional velocities which are the result of intricate pathological events. Thus one
more dimension to the concept of genetics of host-pathogen relations can be observed
and can be explored as follows:
If oxidative enzyme inhibitors diminish genetical resistance, will it be possible to
think of accelerators to boost redox enzyme activities? The need for such boosters is
that they can shoot the energy relations to a far extended manner to a region of
irreversible redox potential (as existing in genetical resistance) so as to create a
noncongenial situation for the pathogen.

5. Conclusion
In spite ofthe complexity of the situations involved, the events seem to centre around a
basic phenomenon of enzyme-substrate combatibilities. The greater the combatibility
the higher will be the pathogenic effect and vice versa, determining the susceptible/
resistance relations. Such enzyme-substrate associations, necessarily involve energy
bonding, coupled with lock and key mechanisms. The preponderance of energy
interplay during oxidative metabolism seems to facilitate such situations, more
favourably in susceptible relations. The magnitude ofenergy play can be inferred
through synthetic phenomena such as the build up of the proteins and reductase
activities. The reductases involved in synthesis probably draw the energy existing in the
pathogenic environment. Wet combustion studies and enhanced reductases activity
indicate the availability and utilization of large quantities of energy (Kannan and
Chandraguru unpublished data). Such studies have also shown the differences in water
relations/dry weight, metabolites and respiration. Similar varied metabolic activities
have also been reported (Ishibashi and Shimizu 1970), indicating the gall to be a site of
active metabolic sink. These results clearly indicate the energy relations existing in the
gall, reflecting the dynamic aspects of its metabolism.
Electrical energy playing an important role is responsible for the structural
organization as well as the functional aspects of the organism. Ranging from Van der
Waal's forces, hydrogen energy and covalent bonds, the energy is involved in both
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structure and metabolic functions. The permeability relations of the host plants centre
around ionic and water flux and electrophysiological studies show varied action
potentials (Jones et a11974) and changed permeability (Wang et a11975) with the onset
of infection. Such changed permeabilities are also reflected in the high dry weight
content in the galls, reduced water content in the xylem vesselswith reduced cytokinin
activity. Impaired transport of reduced cytokinins to the shoot system along with
reduced water and nutrients are ultimately reflected in wilting, poor growth and
reduced production. These features pertain to the absorption functions of the root
based on its permeability. Under such conditions, electrophysiological variations such
as changed action potentials induced by ions, acetylcholine etc, (Bird 1974) can be
envisaged. The host environment may then be pictured as a reservoir of energy, where
various forces of this energy may be involved in attraction and repulsion of the
different molecules suspended in the protoplasm. Polymerization (synthesis), depolymerization (catalysis), enzyme-substrate combinations etc all occurring in this
electrical environment facilitates the pathogenic enzyme (histones) to combine with the
nucleohistones of'the host to bring about an alteration in the genetic coding resulting in
a redifferentiation as seen in susceptible conditions and why the same pathogenic
histone protein is unable to have its full effect on the nucleoprotein of the host as
observed in resistant relations will be a very exciting field of study. It looks as ifit is the
electrical attraction or repulsion forces that seem to determine whether the pathogen's
enzyme molecule will have a full impact on the substrate or whether it is going to be
masked by intermediate break-down products like disaccharides etc. These electrical
forces have a bearing on the water relations of the host as well as its nutrition. Ions are .
electrically charged and ionic flux is always associated with water flux and ionic flux
creates an electrical flux. Thus the problem of thorough understanding of pathogenesis
and control measures to be employed seem to centre around the intricate electrophysiological relations, involving permeability, nutrition, enzyme-substrate combinations etc.
Goodman et al (1967) commenting on the pattern of events especially the activity of
redox enzymes through which electrical energy output takes place stated that the
events are common practically for all pathogenesis, irrespective of the pathogen and
also to be the same, when a mechanical injury is made. In all these cases including the
last one, it may be visualized that the situation is'one of the confrontation of a native
protein with the foreign protein similar to that, occurring in immunological relations.
The relative combatibility ofthese two molecules ultimately determine the pathogenic
relations and this combatibility again is determined by the electrical charges of the
molecular components.
It may then be visualized that any agent changing the electrical situation of the
environment will have an impact on the enzyme-substrate combatibilities. The various
chemotherapeutic studies, the possible significance of catalytic repression by breakdown products, the genesis of proteins, isozymes and phenolics etc., probably get
themselves involved in promoting/altering the electrical situation so as to vary the
kinetics of the pathogen's enzyme, such that its substrate combination combatibilities
are altered resulting in lesser catalysis which is expressed macroscopically as reduced
damage and which is interpreted in terms of resistance.
To sum up, it may be stated that the pathogenesis consists of complex events
involving intricate electrodynamic phenomena generated from within, by the interaction of molecules, so that the future of this problem of plant pathology seems to rest
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in the electrophysiological directions which will explain all phenomena pertaining to
the metabolism of the healthy host as well as the diseased one. Control measures
therefore require a thorough understanding of these aspects of electrodynamics of
metabolism.
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