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Some Biochemical Factors of Disease Resistance in Plants.

By A. V. Varadaraja Iyengar, D.S¢., A.I.C., A.L.I.BC.
(Department of Bio-Chemistry, Indian Institute of Secience, Bangalore.)

HE ability of plants to withstand the effects
of extremes of climate or the invasion of
parasites is a highly variable quality. Thus, it
is common to find a few plants which are able to
resist these extraneous influences for considerable
lengths of time while others succumb readily.
The occurrence of such resistant types has been
made use of by botanists, physiologists and plant
breeders for diverse purposes. The factors that
contribute towards this capacity are of much
practical importance and way be classified under
the two main heads:—(«¢) morphological or
structural, and (b) physiological ot biocheraical.
Our knowledge of disease resistance is derived
mainly from animal pathology, in which rapid
advances have resulted in the development of
immuno-therapy, leading to the protection of
individuals from infection. The applications of
serum-therapy, chemo-therapy and vaccines are
the outcome of researches in the above field.
Unfortunately, these procedures do not lend
themselves to such fine manipulation with plants
as in the case of animals. The reason for this
lies in the essential difference between the two
groups indicated by Quanjer.” Blackman? and
considered in detail below. In the first place, the
nature of immunity itself varies in both the cases.
Thus, while acquired immunity plays a large
part in protecting animals including human
beings from cxternal infection, natural immunity
is the most important factor in vegetable life.
Secondly, the existence of a circulatory system
in animals makes possible the movement of
blood to the distant organs, in consequence of
which an infection is followed by a general bodily
reaction. In plants the lack of such a system
is perhaps mainly responsible for the localisa-
tion of disecase for considerable lengths of time.
Again, the existence of this circulatory system
in animals has rendered possible the utilisation
of serum-therapy technique, whereby immunity
acquired at one point is rapidly translocated to
different points in the body to control infection.
On the other hand, new organs are developing
very rapidly in plants and immunity induced
artificially at one point cannot be easily transfer-
red to other parts. Iwven if such a process is con-
ceived of, it is very much inferior to that of
animals, and the anti-bodies formed in the older
tissues are transmitted only with greatest diifi-
culty to the constantly forming ovgans. It is
obvious, therefore, that serum-therapy cannot be
successfully applied to plants. Although this is
true to a large extent, more recent investigations
by Carbone and Arnaudi,® Nobdécourt* and
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Chester have made® possible the application of
vaccination technique in plant protection. In
animals, moreover, general bodily reaction is so
effective that acquired immunity lasts for con-
siderable length of time, whereas in plants such
immunity is not long-standing, and is subject to
highly fluctuating external factors such as soil,
climate and nutrient supply. Furthermore, while
recovery from a discase protects normally an
animal from subsequent attacks of the same
malady, such recovery in plants does not ne-
cessarily immunise them from later invasions of
the parasite. lastly, instances of artificial immu-
nisation of a susceptible plant with a weak or
attenuated strain of a known virulent parasite
are still rare—--a phenomenon which is so success-
fully applied in the control of animal disecase.
The recent work of Kunkelt indicates the possi-
bhility of protecting plants from virus infection
such as that of mosaic in tobacco and aucuba
by inoculating them with attenuated strains of
the infective principle. The effect of these is,
however, visible on the plant, such as mottling,
ete. Purther work is necessary, therefore, to
define the conditions of this process.

Nature of disease resistant factors.—The factory
that control or modify infection by parasites
(including wviruses) are nainly two.fold -
(a) structural, and (J) biochemical. It is futile
to separate the two, since the distinction hetween
them is not well defined. It is important, how-
ever, to recognise that mechanical or anatomical
features play a large part in preventing the
parasite from gaining access into the plant
tissue, while the physiological condition of the
plant determines the establishment of nutritive
relations between the host and the parasite.
Thus, the plant juice exerts a direct biochemical
influence on account of its Immediate nutritive
value in the early stages of infection. It is
possible, therefore, that in some cases, the sap
may not be quite suitable for the proper develop-
ment of a parasite, while in others, the juice may
constitute an ideal medium for the vigorous
growth and rapid multiplication of the invader.
It is sullicient to refer to the work of Zimmer-
mann” in this connection. In the process of
resisting their entry, plants may exude, by
exosmsis. materials which may eithor hinder or
help the regeneration of the discase producing
agent. The application of poisonous chemicals
externally through dusting and spray ireatments
is based on the above principle, whercby the
poison is made readily available to the organism
in the process of feeding on such plants.

Isolution of imhibitory substances.—In Cabbage
rot Mallmann and Hemstreet® obscrved a lique-
faction and subsequent dissolution of the entire
tissue. The extract containing the dissolved ma-
terial was highly active, even when considerably
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chemical factors which determine susceptibility

to disease in plants.
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decrease with the onset of disease. Preliminary

study on the rble of lime on the apparent ease
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of plants determines their relative susceptibility
to insect pests.’ According to him, several cases
were noticed wherein insect attack was evident

due to profuse irrigation or following heavy rain-
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to plants has indicated the harmful effect of this
constituent in relation to disease transference.??
Turther evidence is adduced from the observa-
tions in diseased localities V&Ll}el‘e apphcatlon of

actually be a case of physiclogical drought due mised the rate or =fmpread of disease in them:

to defective soil aeration in spite of such large
supply of water. In an earlier publications?
Lees had shown that water and nitrogen contents
were interdependent. A defective root system
has invariably been recorded in diseased plants
including virus infected omes. It is of great
importance to correlate water halance as a factor
of resistance to insect attack. Thus, it has been
shown by Mumford that a disturbed water content
rendered the cotton plant more susceptible to
sap feeding insect pests.”* A similar condition
has been observed with sugarcane also: plants
suffering from water shortage were found to be
more attractive to the attacking thrips than
those receiving the mnormal supply. Recently
Mumford has analysed the different factorsss
and has classified them as being due to («) mor-
phological adaptations and (b) biochemical factors.
The former may include, among others, the forma-
tion of thickened epidermis or cuticle or the
development of hairs. In the latter case, the
action may be due to some condition of the cell
sap which will help to repel the invasion of insects
or to the presence of substances sach as certain
essential oils, alkaloids or organie acids or that
the composition of the sap mayv be so altered as
to be quite unsuited to insects for their food
requirements. The problem is highly compli-
cated that a detailed study is necessary before
any definite conclusion can be drawn. Carter
has shown that an extremely high sap concentra-
tions in beets are undesirable to and avoided by
the sugar beet leaf-hopper. the carrvier of curly
top of beets, if more suitable food is available in
the neighbourhood.?s Mumford could not oh-

serve any marked difference between the varieties
which are resistant and those which are susceptible
Similarly
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disease.

in fact, it is significantly high in those cases.
This is in conformity with the observation of
Laurent®? according to whom lime renders plants
susceptible to diseases.

It will be clear from this short survey that
no systematic study appears to have so far been
carried out, of the biochemical factors of disease
resistance in plants. The only entities that have
been counsidered of any significance by the plant
pathologist are the vewetable acids and tannins,
Even here our Lnowledcre is inadequate and much
more yet remains to be “done. It will be of greatb
interest to know how these defensive mechanisms
are brought about and the agency responsible for
the same. It appears that the respiratory pro-
cess as measured by the different oxidative
activities, such as oxidases, peroxidases and
catalase will throw considerable light on the
subject. This is particularly so since acids arise
also during respiration of the cell and tannins
appear to enormously influence their action.
Apother useful line of inquiry may be directed

- towards the presence of certain rare minerals

which modify the metabolic activities in a
strikingly remarkable manner. The biochemical
adaptations induced in plants, in consequence,
would help to elucidate, many unknown and at
present inexplicable phennmena. Certain experi-
ments of a purely preliminary character, carried
out by the author, indicated the possibility of
employing such elements below their toxic con-
centration, to immunise plants against plant
pathogens. Again, the feasibility of inactivating
the causative agent, particularly a virus present
in a diseased tissue without destroying the latter
by suitable and careful administration of sublethal

doses of plant poisons such as copper, arsenic,
rtace triad in the naca of onilra2T hot canld pot,




