[In the following pages, the author has reviewed briefly, how pests became a problem,
the limitations of availuble pesticides and aliernative methods of conirol, the difficulties
in discovering new pesticides with newer modes of action and the impact of Government!
regulatory restrictions on the introduction of pesticides, all of which directly affect plant
protection strategies of future and hence Jood production.]
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PESTS AND PESTICIDES

INTENSIFICATION of agriculture brought
about the prosperity of many pests. The
cultivars had enriched biopelymers but low
content of physiologically active substances that
deterred insects and thus improved biotic poten-
tial of many phytophagous specics. Man through
agriculture, influenced the.constitutents of agro-
hiocoenoses leading to the rapid development of
biotypes, unlike slow patural evolution of bio-
coenoses through the millenia,

Modern knowledge ol plant physiology and
biochemistry has contributed Lo the understand-
ing of the role of sccondary metabolites in regu-
jating the vital functions of plant pests. Plant
products that are similar to the juvenile har-
mones and their inhibitors, such as trecapen,
alter the iumeral regulation of many vital activi-
ties of insects and can influence sexual reproduc-
ion. Some substances stimulate or inhibit
oviposition!.

In the field of toxicity potentiation, the cllects
of pesticides are to be investigated in depth.
Related interaction in mammals may also
include pesticide-drug combinations and in{lu-
ence of pesticides on the immunity reactions. No
method is curtently known to circumvent the
problem ol resistance.

THE PESTICIDE INDUSTRY

Pesticide industry emerged between 1918 and

“The views expressed by theauthorare not necessa rily
_those of the Management.

1940. Pesticide use in agriculture was not popu-
1ar. Labour was cheap, food was abundant at
that time. The second world war stimulated pes-
ticide research. The usefulness of DDT, its wide
speetrum ol activity, its residual action, all
appearcd miraculous?.

The publication Silent Spring, appeared in
1962, Soon pesticides became morc suspect.
Rache! Carson's criticism was mostly emotional.
The cnvironmentalist became cven More vocal

Now, the chance of finding one commercially
uselul pesticide is 1 in 10,000 to 15,000. Warld-
wide, annually 200,000 pesticides are being
sereened. 1t takes 8-10 years and 20 million dol-
iars before all the data required by the regulatory
aulhoritics are provided., After this, the company
has only 810 years belore its patentexpires. Due
to enormous cosls involved in the pesticide
research, many companies have merged their
agrochemical rescarch interests, The pesticide
development programme i multidisciplinary
and considerable management skillsare required
to control and make a success of the programme.

PESTICIDES —THEIR LIMITATIONS
The criteria by which pest control methodsare
judged are:

Practical utility, efficacy, safety to crop, avail-
ability, ease ol application, attrition duc to
development of resistance, safety to mandur-
ing production, transport, storage, applica-
tion and effects fellowing application,
Ecological safety: Permanence, mobility after
application, biological spectrum and aboveall
the cost and risk bencfit to the user.
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The defects of pesticides are many. With (ungi-
cides, the control is often inadequate or lacking,
as in the post harvest fungal rots, bacterial dis-
eases, soilborne root rots, the vascular wilts and
virus diseases. Herbicidal control is unsatisfac-
tory with weeds like Cyperus, Cynodon, Digita-
ria, Salvinia, Eichhorniq, the parastic weeds
Striga, and Orobanche.

With insecticides, there is the problem of re-
sistance to many compounds.

Activity spectrum

An ideal pesticide should kill only the target
insect. This is not so in practice, Beneficial
insects are also affected by pesticides. Pest re-
surgence is not necessarily due to theelimination
ol predators and parasites.

Insecticides that are specific to pests are useful
but as they require greater developmental outlay
and fixed costs,are not attractive for the industry.

Target resistance

Resistance will occur when the population
already contains some individuals (propagules)
which arc ablc to survive pesticide fortuitously.
Organisms can acquire inheritable resistance in
the life-time, Pesticides can increase the muta-
tion rate?. Benomyl is mutagenic to Fusarium at
sublethal doses?. The resistance could be due to
detoxification of the chemicals by microsomal
enzymes, reduced uplake, or to altered site of
action, or the insect may avoid, the pesticide by
behavioural responses,

Cross resistance may occur in the same chemi-
cal group and also in chemically unrelated pesti-
cides. The molecular basis for cross resistance is
not futly understood®. The sequential pattern of
cross resistance which developed in the house fly
will be useful in planning strategies of efficient
sequence of use of pesticide on related pests™#,

There are over 360 pests which are resistant
to pesticides. Resistance has also been reported

in beneficial insects that are natural enemies of

pests?. The problem of resistance is being tackled
by developing more effective synergists at pres-
ent. Resistance to benomyl was found even
before its commercial introduction!®2, There

are a few reports of resistance to herbicides
also 1314, '

Human safety

The public can become exposed to pesticides
in the form of treated crops. The intake of pesti-
cided residues in/ or on tolerances based on toxi-
cological evaluation of acceptable daily intake
(ADI). ADI has a large safety margin.

The most important pesticide contaminants of
food are organochlerines'. DDT is the most
widely used insecticide in the world. Considering
that populations have been exposed-toitforlong
periods of time and that those in production had
exposures 200 times more than that received by
the public and that over 3 million tonnes have
been produced and used to date, it appears reaso-
nable to conclude that DDT is not hazardous to
man, DDT eliminated the threat of malaria
which killed over 1000 million people in the
world'®, Most of the preseat day pesticides are
not persistent in the environment, “There is, as
yet, no experimental or conclusive evidenece that
the survival of any species has been threatened by
the use of insccticides!s." Herbicides seem to
cause little direct harm to wild life.

Impurities in a product can cause problems
like TCDD in 2,4,5-T. There are reports of 80
ppm of dioxin in some cases of manufacture of
24.5-T. The acute oral LD, of dioxin is 0.002
mg/ kg to guinea pig!. Pesticides are not the only
poisons contaminating food. Toxicantscan be of
plant and animal origin also'f. Mycotoxins like
aflatoxin, patulin are potential carcinogens and
also some of the chitin moults of grain pests like
Tribolium castaneum which contain quinones?*,
Benzpyrene formed during burning of fossil fuels
is widespread in the environment and is also a
carcinogen2,

Economics

The avoidable losses due to pests, discases and
mites, and grain damage due to storage pesls,
rodents, birds, ete., are estimated at 5000 crores
per annum in India. Currently with Rs. 300
crores being spent on pesticides we are possibly
protecting crop loses upte Rs, 1000 crores, With
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the pesticides, the cost benefit varies from crop to
crop. The use of pesticides involves rclatively
small inputs of energy, probably less than 2% of
the total input in agriculture!,

METHODS OTHER THAN CHEMICAL
CONTROL

The future of pesticides depends on the

available alternative methods of control. Let us

sec their merits.,

Viruses

The best known insect viruses are in the bacu-
lovirus group. They are nuclear polyhedrosis vir-
uses (NPV) and the granulosis viruses (GV).
These affect 350 species of insects22, The cylo-
plasmic polyhedrosis viruses (CPV}), resemble
pathogenic viruses of vertebrates and may pose
salety risk.

In plant protection, Heliothis NPV isthe most
important?»?, Some of them have been com-
mercialised, These viruses are sensitive to UV
light, temperaturc and pH?526, They are slow to
act?’, Viruses being obligate, their production
requires live host, Mulliplying them in tissue
cultures holds promise. One is not certain that a
vi;al preparation iy [ree from contaminants,
which could be allergens.

The European rabbit has developed genctic
resistance to myxoma virus which was used in
killing i12%, Some naturally occurring straing of
insects may be resistant Lo viruses. A strain of
Pieris brassicae 1. wits a thousand times resistant
to granulosis virus than the susceptible strain,
Being host specific, viruses are safc to man,
There is a remote possibility of a recombination
between an inscet virus and genes of a vertebrale
virus2’,

For developing -a virus the initial costs are
greater in preliminary bioassay, testing for
pathogenicity on non-target organisms and field
trials. Absence of patent protection for virus was
a disadvantage, but now with advances in bio-
technology this aspect will be taken carc of. A
major difficulty will be in cstablishing if the virus
multiplied has not changed through the passage

of time. Serotyping will be useful for this pur-
pose. Multiplying viruses in yeasts or bacteria
through genetic engineering may simplify pro-
,duction technology.

Bacieria

Bacillus popilfiae Dutky, B. leniimorbus
Dutky and B. thuringiensis. Berliner arc in useat
present. Some of these are registered  as
pesticides,

The spores responsible for the biolgoical activ-
ity of B. thuringiensis contain crystals of an
endotoxin, a polypetide causing paralyses and
epithelial break down of the gut of lepidoptera,
in 10-20 minutesse, There is also an exotoXin.
This is an adenine nucleotide which isa competi-
tive inhibitor of RNA polymerasc. There aie
over 130 spp. of insccts susceptible to
B. thuringiensis.

These bacteria can be grown by the usual fer-
mentation methods, Field resistance has not
been observed, but in virre endotoxin resistance
has been demonstrated 3.

Bacteria once introduced into environment
may persist and there is the lurking fearabout the
human salety of bacteria, especially il mutants
appear?'?,

Fungi

Beauveria  bassiana  (Balsamo)  Vuillemin
causes the muscardine discasc of silkworms,
Metarhizium anisopliae (Metchinkoft) Sorokin
was used to kill beetie larvae by Russians’d,
There are over 35 genera of fungi which infeet
inscets. Recently, Hirswiella thomsoni is being
tested as a mycoacaricide in USA3, Rishbeth?
used asexual spores of Peniophora gigantea(Fr.)
Massce on the freshly cut pine stumps to prevent
infection by Fomes annosus (Fr.) Cooke in East
Anglia. Nematode capturing fungi- were studied
in detail but they are of little use?. Control of
skeleton weed Chondrilla juncea L. by Colletot-
richum gloeosporioides is very well known¥,
While there is not much of evidence on resist-
ance, the fungi can cause allergies, The results
with fungal control have been variable and hence
the future remains doubtiul,
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Ricketsiae, Protozoa and Nematodes

Rickettsiae have several disadvantages. They
are associated with diseases of man, like typhus
and trench fever. Rickeisiefla melolonthae which
infects cockehaler beetles can infect mammals
lethally. Protozoa pose difficultics as living hosts
are required for culturing them. They are debili-
tating parasites and there is no disruption of any
vital function by them and hence slow in action.

Nemalodes of mermethidae group are pro-
mising in mosquitoes. But, most trials indicated
unsatisfactory control,

Conrrol by insects

Many insect pests are controlled by parasites,
predators or both. The {irst attempt to control
weeds by insects was made in India in 18633, The
best known example is the control of Opuntia
inermis De Candolle in Austrialia by Cacto-
blastis cactorum Berg. Trichogramma is a well

.known egg parasite for controlling several insect

spp. inchuding Heliothis and Pectinophora of
cotton. According to De Bach4:4! nearly 120
spp. falling into ¢ major orders are controlled by
insects, 42 completely, 48 substantially and 30
indifferently. Over 30 weeds have been con-
trolled totally or partially by biological means,

For successful biological control the released
insects should have (a) good searching ability,
(b} high degree of host specificity, (c) high repro-
ductive capacity with reference to the prey, and
(d) adaptability over a wide range of conditions.

Genetic Control

Artificial sterialization of insecis, and releas-
ig them into wild population is the autocidal
iethod. Insecticides gencrally tend to be effi-
ient when the populations are large while the

sterile insect method becomes progressively
more efficient. The difficulty is in mass rearing of
insects®, The sterilization should not reduce the
competitiveness of the insect in copulation.
Insects are sterilized with gamma radiation.

" Chemical sterilantsare good but theyarealkylat- -

ing agents and possibly mutagenic42, The other
methods are dominant lethal mutation by

genetlc contrivance using translocation hetero-

zygotes, triploids, sterile hybrids or cytoplasmic
incompatability. The scope is vast but genetic
manipulation should be viewed with some
caution,

Breeding for resistance and cultural control

Resistant plants may become susceptible soon
and instances are many.

In cultural control, methods are simple liming
operations, crop rotation, plant sanitation
destruction of pest hosts, trap crops, water
management and other good farm practices.

Physical Methods of Control

Some mineral oils asphyxiate insccts, inert
dusts like tricalcium phosphate are abrasive,
there are others like drione acting on cuticle or
absorb water from the insect and kill them by
desiccation,

[rradiation of stored grains from a cobalt ot
cesium source has been used by Schgals?
reported that the irradiated wheat might cause
polyploidy in humans.

Sonic energy for grain pests and ultra high
frequency electromagnetic fields and microwave
radiations to kill weeds are most unlikely to
replace the chemical methods,

- IMPROVED USAGE OF PESTICIDES

With conventional methods most of the
pesticides applied on plants are wasted. The
insecticide actually taken by the insects varies
from 0.03% to 6% of the total pesticide
applied*:*5, Additives may play an important
part in future formulations and it is necessary to
define the partition coefficients for penetrating
the lipid barrier of plants, for herbicides. There is
an urgent need for improved spreaders, stickers,
wetting agents, dispersants, defoamers and
anticaking agents, Controlled release, or micro-
encapsulation of pesticides by interfacial
polymerization or other techniques will be
developed for toxic chemicals. Improved
methods of spraying like electrodyne and
electrostatic spraying are being tested, The
controlled droplet application recognized the
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concept of optimum droplet sizes and the lowest
effective diluent rate for a given crop/ pest situa-
tion. A new development is herbigation in which
herbicide is distributed through irrigation water.

1t is very unfortunate that there is a world-
wide lack of harmonization of safety testing
requirements, Some of the countries have
enforced these requirements without sufficient
scientific manpower or facilities to pohce the
legislation. 1t is earnestly felt that FAQ, WHO
will ultimalely harmonize the safety testing
reguircments.

NEW DEVELOPMENTS IN PLANT
PROTECTION CHEMICALS

Introduction of the chemothcrapeutant
benomyl in 1967 revolutionized the fungicidal
control of plant diseases. But, systemics being
largely single site action chemicals, there have
been many cases of resistance.

Systemics are not active against phycomy-
cotes. There are exceptions like metalaxyl,
pyroxychlor, and prothiocarb. Many arc
apoplastic in plants, while some are symplastic.

Recently a group of several fungicides has
been discovered which inhibit ergosterol biosyn-
thesis. They are triarimel, fenarimol, triforine,
trindimefon, biloxazol, clotrimazol, imazolil,
nuarimol, phenapronil, fluotrimazol, fenprope-
morph, prochloraz, and diclobutrazol®-+.

Phytoalexins, arc antifungal compounds eli-
cited by plants through infection by pathogens.
Over 100 different phytoalexins have been

characterised, Some of the isoflavonoid group of .

phytoalexins  are  kievitone, maackiain,
medicarpin, phaseolin, sativan and vestitol, A
fragment of B glucan from the cel! wall of soy-
bean pathogen could elicit the production of
glyccolloin, a soybean phytoalexinss’!, The
molecules require defined  stercoisomers for
activity rendering commercial scale praduction
difficult, expensive and hence unattractive to the
industry.

Herbicides and growith regulators

Some of the growth regulators are being used
for terminating the crop to prevent the build up

of pests. May be auxins, gibberillins, cytokinins,
abscissic acid, ethylenc wili be used in crops and
therc is a great need for antitranspirants for
crops in dry land farming and droughl-prone
arcas. There could also be investigation into
arcas for herbicide protectants and antidates for
application in field.

There are instances where plants release into
the rhizosphere chemicals (allelopaths) which
affect the growth of associated plants. Known
allelopaths are simple compounds. Probably
greater scarch is needed lor aliclopaths that can
be copied or modified ta be useful as herbicides.

Insecticides

The major insceticide groups arc organochlo-
rines, organophosphates, carbamales and
recently introduced synthetic pyrethroids. Car-
bamates and organophosphates mimic synaptic
transmitter acetylcholine and inhibit acetylcho-
line csterase. Resistance resulting from a modi-
fied ACHhE in mites and insects has been
reported 32, The fundamental studies on structure
activity relationships has led to the synthesis ol
permethrin, cypermcthrin, deltamethrin, fenval-
crate, cyfluthrin, vivithrin and cyhalothrin and
many others, These are very active
chemicals??»,

The synthetic pyrethroids, interfere with axo-
nal transmission. Rojakovick and March3 have
shown that chinomethionate, an acaricide/ lu-
gicide is a potent inhibitor of phosphodicsterase

‘which degrades cyclic AMP. This is an area ol

activity worth exploring further.

NEWER MODES OF ACTION

Juvenile Harmones

The harmone maintains the insect in a juvenile
state but when its secretion stops the inscel
matures®, An insect subjected to this harmone
at the wrong time in its life cycle will be alfected
jethally and hencc the time of application is
important. These may find useful application in
public health and animalhealth. Some plantsare
known 1o conlain chemicals which are antijuve-
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nile harmone in activity and they are antiallatro-
trophic chemicalss?. These chemicals can induce
precoicious metamorphosis {(precocenes).

Eedysis harmones

Ecdysone largely controls moulting in insects.
These are steroids and as the endocrine system of
humans is partly based on steroids safety testing
becomes important. Amongst these chemicals,
diflubenzuron has been commercialized. This
chentical interferes with moulting, The larvac arce
unabie to split the exuviac and come outst, UDP-
N-acetyl glucosamine the immediate precursor of
chitin accumulates in the presence of difluben-
zuron. Insccticides resislant to house flies have
shown cross resistance to diflubenzuron in
vitrod,

Attraciants and repeliants

Methyl eugenol, protein hydrolysate and far~
nesol in apple wax are all attractantssool, There
are many insect pheromones; some stimulate
nggregation, trail following, dispersion, sexual
behaviour, oviposition, alarm and specialized
behaviour in social colonies®?, The pheromaones
are mixtures and cross mating is possibly pre-
vented by the nature of these mixtures, Phero-
mones used on crops at a few grams per hectare
arc known to disrupt the mating for weeksdueto
habituations. They may also possibly attract
predators. The scope for repellants inagriculture
is not attractive. They may be useful in public
health and animal husbandry,

Chemosterilants

As most of the chemosterilants are alkylating
agents, they are mutagenic and hence unsafe and
possibly cannot replace irradiation for autocidal
control, They can be used with a lure to attract
insccts and sterilise them. By "Booby trapping”
the females, the copulating males are. contami-
nated. Inscet growth regulators have beenshown
to sterilize females and more rarely males®, Pro-
verbs reporied resistance  to chemosterilants
alsos,

INTEGRATED PEST MANAGEMENT

There has been great accent on the integrated
pest management recently to curtail the additive
load of pesticides in the environment, What is the
optimum strategy in any particular situation is
debatable. We require an integrated knowledge
of a vast amount of information on population
dynamics of the pest, its natural predators and
parasites, of ecology, epidemiology of disease,
gconomics of cropping systems, which are most
variable, and the complex interrelationships of
all the edaphic and biotic factors in the environ-
ment. This would necessitate newer advanced
approach involving introduction of systems
analysis and construction of mathematical mod-
els and the computerizing data which will reduce
to a large measure the empiricism which is plagu-
ing the development of integrated pest controlse,

THE OUTLOOK

Due to population and economic pressures it
is likely that the following trends in agriculture
will emerge with greater accent on pesticide
usage.

(i) Intensification of agriculture on existing
land and opening up of non-traditional
areas. _

(ii) The inputs dependent on non-renewable
source of energy will increase in cost
considerably.

(iii) In developed countries there will be a
marked shift from animal to crop produc-
tion programmes.

(iv) In developing countries with newer culti-
vars, there will be more of monoculture,
There will be greater accent on cash crops,
with emphasis on grain protection in
storage.

It is estimated the use of plant protection

- chemicals will increase by atleast five fold by the

turn of the century44, The future of pesticides is
bright. '
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