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Integrated pest management (IPM)is baged on ccological principles and involves the mtegration
and synthesis of different components/control (nctics mto a pest management system. Many
components of IPM were developed in late 19th and 20th century. By oarly 19205, a highly
complex and sophisticated system mnvolving (he use of multiple component suppression techniques,
viz resistant varieties, sanitation practices and chomical trontments with caleium arsenate at fixed
population lovels, was clearly developed for the control of boll weevil on cotton 1 USA However
during the period from 19208 to 1940s, the emphasis in crop protection shifted from cultural and
biological control techniques to morganic chemical pesticides,

The discovery of insecticidal propertics of DDT rapidly followed by the manufacture of
other broad spectrum synthetic organic pesticides during 19408 and 19505 virtually echipsed all
other techniques. These insecticides were easy to apply and produced an almost immediate kill
Therefore, they became our first and only line of defence or attack ngamnst all insects, However,
even at that time, many scientists had warned regarding the consequences of exclusive reliance
on chemical insecticides ignoring ecological principles. Unfortunately, their sanc voices were
drowned in the euphoria generated by the mitial success of synthetic msechicides.

Since the middle of this century, the use of insccticides for the control of specific pests
on crops or the use of fungicides against discases has increased phenomenally Theirr use was
considered a necessity for ncreasing agricultural production at a reasonable cost. It was not
realized at first how polluted the environment would become and how these chemicals or therr
gredients would become accumulated in top soils. This realization came only when the recurrence
of pests with even a greator severity was evidenced, as a result of the death of natural enemies
alongwith the pests. The accumulation of chemicals in the soils also reduced crop productivity

In the last two decades, an altogther new approach to the control of pests and discases has
been developed. The rationale behind this new approach was that all the experts interested n crop
growth, i.c the entomologists, plant pathologists, weed specialists, systems analysts, ecologists,
economists, computer specialists and others should sit together and devise methods for the
control of pests and discases by using more than one agent of control so that minimum of natural
enemies would be killed. The dosage of the chemicals to be used, their time and frequency of
application and the possible after-efTects on natural enemics and ultimately the recurrence of the

pests, ete. were to be worked out by a systems approach. The quantitative data on the influencing

-
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factors was to be computenzed t© M;zwm{:::jsﬂ. resultng 10 gustained hlgl,.h Y“ﬂdﬁ of cropg
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To achueve thus end, : G 1
possible intuitively to analyse the whole comp e the cost/benefit re ationship. Ty
of a crop,  ois and discases, and 0 e should 7
ooy 4 :!:mc?‘:m] - T‘tt: the solution of such problems, °r°£°r.°jmitmn wr;pl}?;c the
wraditional farmer ‘sw who, based on his OWT experience an 2 ’ # Ovm
stcms A 1

3 m.::::::ﬁc termmologies and their accepted definitions will further elucidate the varigy,
principles mvolved in pest management.

Agroecosystems . e
According 1o NAS (1969) the ecosysters are self-sufficient and Self's"smm‘:ig habitats
where living organisms and the non- ving environment interact to cxhalllse ;qcngfan matter i
a contnuing cycle, hence they are self-regulating entities, the examp efld emg“ E:esls, ponds,
ficlds, etc. According to Odum (1971) ecosystem 1S axg unit that 1;10810 t?'lsataa ﬂosv Ogtgz;nnisms
i e community i ing with ical en s Crgy
( ommunity) In a given area interacting phys e matelnmal eyeles within Aot

leads to clearly defined trophic structure, biotic diversity

svsiem

The farm lands in which agriculture is practised regularly, represent the agroecosystems,
which have less diversity and are intensively manipulated by mat. Only a few major species, and
numerous minor species live in such a system. Since there is lack of diversity and consequently
fewer natural checks, agroecosystems can be more susceptible to pest damage through regular
or catastrophic outbreaks. In place of the natural diversity, therefore, agronomic practices can
serve as manipulating tools for pest management.

From the ecological point of view, the only good point in favour of agroecosystems secms
which to some extent dilutes the damage caused

(o be the high imtensity of plants per unit area,

by pests. By the use of tolerant or resistant specics and scientifically developed resistant varieties
of crops, the plants can withstand pest damage Or Suppress pest establishment and its further
uncrease. The planning of agroecosystem should, therefore, anticipate the possible pest problems

and the ways to solve them through proper pest management.
Pest Management

teractions W I

The use of toxic chemicals for the control of pests increased tremendousk '

: : y during the last
few decades. It was realized later that many of these chemicals were not biologically degradable
and they not only permgted in the environment but also became concentrated through the food
chains. With the c'onsclousness of using the chemicals judiciously to minimize the pollution
hazards, the scientists recommended that pests should be controlled by integrating the use of
blolog}cnl agents with the use of mm;;du; Based on this concept, Bartlett (1936) coined the
term Integrated Pest Control” which was defined as the blending of biological contol #"
with chemical control measures.

Later on in 1961, Geter and Clark advocated the ints :
: fini he integrated use of all availabl techniques
f?ﬁ:ﬁ C%HOI i 1:5 fc és tﬁ:g tl'::t c_oth ung only to the biological and ch:miialemethods
cantrol. They suggesic methods which are considered promising should firs! be
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evaluated and, f i 2
ound eff:
populabions Sm&c “:“.:mbc consolidated into a unified programme lo manage pest
pest management may be considered. an n L oS advocated by Geier (1970) Thus,
will ensure optimal economic ecol an mtolligent selection and use of pest control actions, that
spproaches ranging from Sll!ﬂ:le ogical and sociological benefits. Pest management includes all
control method A number of ;afmm' control method to the most sophusticated and complex
pest control (IPC) and integrated imtions have been proposed for the twin terms of integrated
Food and Agniculture Organizat pest management (IPM). According to the expert panel of the
the context of the associated en on, wtegrated pest control may be defined as a system that

all suitable techniques and vironment and the population dynamics of pest species, utilizes

: methods in as compatibl ' ;
populations at ) 3 patible a manner as possible and maintains the pest
level below those causing economic ijury (FAQ, 1967).

pest 8 : the Nl.llioml Academy of Sciences, IPM refers to an ecological approach in
management in which all available necessary techniques are consolidated in a unified programme,

so that population can be managed in such \ | i
B a manner that economic damage is avoided and
adverse side effects are minimized (NAS, 1969).

Smuth (1975) defined IPM as a multidisciplinary ecological approach to the management of
pest populations, which utilizes a "Bﬁl'\t)' of control tactics compatibly in a single co-ordinated
pest management system. Dr Ray F Smith and Dr Perry Adkisson have been awarded the 1997
World Food Prize for their pioneering work on development and implementation of IPM concept

Pedigo (1991) expanded the FAO definition to lay stress on the importance of socio-
economics, and defined IPM as a pest management strategy that, in the socio-economic context
of farming systems, the associated environment and the population dynamics of the pest species,
atilizes all suitable techniques and methods in as compatible a manner as possible, and maintains
the pest population levels below those causing economic injury.

Dhaliwal and Arora (2006) defined IPM as a dynamic and constantly evolving approach to
crop protection in which all the suitable management tactics and available surveillance and

) information are utilized to develop a holistic management programme as part of a

sustainable crop production technology.

Based on an analysis of 64 definitions spanning the past 35 years, Kogan (1998) defined

IPM as a decision support system for the selection and use of pest control tactics, singly or
harmoniously co-ordinated into a management strategy, based on cost/benefit analyses that take
into account the interests of and impacts on producers, society and the environment.

A special committee of the National Rescarch Council’s Board of Agriculture (NRC, 1996)
‘ecologically based pest management’ (EBPM), also called ‘ecologically based integrated

pest management’ (EBIPM), emphasizing on some key issues

e In EBIPM, programmes should emphasize on an understanding of the ecological
relationships between the host plant and the management practices like cultural control,
biological control and host plant resistance.

e Integration of management practices involves biological (¢.g. parasitoids, predators and
microbials), chemical (¢.g. selective pesticides and pheromones) and cultural (e.g. crop
rotation, planting date and acration)

o Sustainability implics durability over time.

e EBIPM programmes should minimize cconomic, environmental and health risks.

The idea behind EBIPM is to shift the IPM paradigm from focussing on pest management

strategies relying on pesticide management to a systems approach relying primarily on bi
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22 EBIPM programmes gh
knowledge of pests and their interston with the 1 ing biological cﬁf&fxﬂhcz:y%cal o
represent a sustanable approach 10 o ecOlogicni and sociologicd %0 ( hal‘“’al
cultaral tools to ensure favourable eoonomic, _ ;
and Koul, 2007) ibed @ series of phases 11 the evolution of an TPy
Huffaker and Croft (1976) have desct e
Y Pars . is generally placed on a-su?glc Pcs‘ihl;;l ;zmg e
(1) Single tactic phase Emphasis 1S gm [PM, but the {imitations 10 PProach mgy
tactic. This phase does not represe :
lead to its development. a varicty of tactics (f;ultural_, mechanieg)
(1) Mulniple tactic phase This phase embraces etc.) in manipulating peg
. physical, chemucal, biological, host resistance,
populations. a itoring of pest, natural enem;
: ces moni Bk o ACueg
(111) Biological monitoring phase- This phase m;us‘od ﬁl:e pasis for timing the application of
and host plant (phenology) populations
various control tactics. Jlization
(1v) Modelling phase. This involves the conceptu z8

management Systems through mental, pict
ity of data increase,

As the volume and complex
volves the construction of a functiona|

become necessary. )
) mi. hase. This process : : : :
(V) Mamagauiart 24t nm:zaﬁonupble subs:mm ‘optimizing the integration of this [P\

[PM system utilizing compa
system with the overall crop production system. , .
(vi) Systems implementation phase. This is the _ulﬁlflﬂte phase through which the optimal
systems are unified for delivery to and utilization by the farmer.
The ultimate aim of scientific pest management i to maintain a low level of pest population
the economic injury level but will also

which would not only maintain the damage lower than

support the growth and survival of its natural enemies. The concept s to suppress the pest but
not to annihilate it. For that very reason, the broad spectrum insecticides should not be used
because they often have the effect of eliminating the pest as well as its natural enemies, thus

upsetting the balancing of natural system of insect-parasitoid relationship.

For application in the field it is cssential in the first instance to understand the concept of
pest management and then to disseminate the knowledge among the practising farmers, translated
in terms of their own local conditions and specific farm operations. In other words, the philosophy
of pest management is (0 mainiai the population of a potential pest at a sub-threshold level that
to eradicate it. ’l_"hls phxlosp!ly 1S bas_ed on the observation that every plant can withstand a level
of population “_ruhout showiig S s _yteld or vigour. However, sometimes an insect may b¢ @
vector of a serious plant disease and in that case even extremely low levels of population ¢
be instrumental in complete loss of yield. To understand these concepts more clearly, quantiet™®
measurements are sometimes undertaken which define clearly the degree of damage and allowit"

damage. These studies include:

Economic Injury Level (EIL)

The critical factor that determines the damaging B o nscct 58

population Jevel. The concept of injury level was oron :
population at which an insect could cause dm_age'.mwzp;u:pded to enable us to identify %¥

of the processes mvolved in pegt
chart and methematical models

orial, flowchar ;
more sophisticated modelling techniqueg
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According to Stern et al (1959), it is the lowest pest ulation density that will cause
$:::1muc dnml::rc It 1s the level at wlu‘c_!l _dmungo can mla Ionggf be tolerated znd, therefore, at
point or before reaching that level, it is desirable to initiate deliberate control operations,
mjmx-mﬂm ?‘mp:;w:d d?fsﬁ :u]lzibcm of insects per unit area, the EIL, in reality, 1s a level of
ey e o ot .uh o n?o;surc i a field situation, however, numb;r of insccts are
of nducit: Th Shostind uml:).of mn),. scrcfom.l be more yscful to express EIL in slands_zrd units
i bc Sodandthy mjury are the mjmy‘cquwalcnl, ie ﬂ}e amount of injury }hal
u Vv one pest through its complete life cycle, and equivalency, i.¢. total injury
equivalents (for a population) at a pomt of time. If management action (insccl supression) can
be taken quickly and loss averted completely, EIL may be expressed as follows
C
EIL = ViD sea (1)
where EIL = No. of mjury equivalents per production unit (insects/ha)
C = Cost of management activity per unit of production (Rs/ha)
V = Market value per unit of product (Rs/kg)
[ = Crop injury per pest density
D = Damage per unit injury (kg reduction/ha)
These primary variables are affected by a.number of complex variables.
In instances, where some loss from the inscct is unavoidable, the relationship becomes
e :
Bl = XX DX K 2
where K represents proportionate reduction in injury (e.g. 0.6 for 60%)

Economic Threshold Level (ETL)

It 1s the pest density at which control measures should be applicd to prevent an increasing
pest population from reaching the ecnomic injury level. Control measures are taken at this stage
so that the pest does not exceed the ecnomic injury level.

ETL 1s the best known and most widely used index in making pest management decisions.
Although expressed in insect numbers, ETL is, in fact, a time parameter, with pest numbers
being used as index for when to implement management strategies. Just as with ElLs, ETLs can
also be expressed i insect equivalents.

ETL is a complex value based on EIL, population dynamics of the pest, weather forecasting,
and pest’s potential for injury. The relationship between ETL and EIL is shown in Fig. 9.1 When
no action is taken at ETL, population exceeds EIL, while when management steps for pest
suppression are taken as the population crosses ETL, the population is forced down before it
could reach EIL. ETL is a direct function of EIL and as such is subject to changes in EIL
variables. In addition, ETL varies with logistical considerations associated with time delays that
may vary from one situation to another.

The concept of EIL and ETL gained wide acceptability from the time it was presented.
However, implementation of the concept in practice has been very slow. This is due to a number
of serious limitations in the concept. Some of these limitations are given below

(/) The terms EIL and ETL are themselves misleading because both are defined in terms

of population densities, while former represents an njury level and the latter the time
for taking control measures. This limitation may be overcome by defining these levels
in terms of injury cquivalents. Moreover, it would then be possible to describe the

same type of injury for many pest species.
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that will justify the cost of con{TOI' of other production factors that can affy,

(iif) The EIL concept overlooks the ".’f?“";“ﬁ ut include interseasonal dynamics, biologigy
the crop/pest systems. The externalities lett O e, cnyironmental contamination b,
relationships with other pests and natural enemics, CHYH P uriug fields and ey
pesticides, resistance to pesticides, effect of control mn nel g calth
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(iv) Decision levels for management of some types of pests cannot be determined wiy
ElLs. Besides medical and veterinary posts, it includes most vectors. It is very difficu
to place a monetary value on the reduction in aesthetic value associated with a give
type of injury. A similar problem exists with respect to forest pests. Almost 4]
components of EILs are difficult to estimate for forest pests; accurate market value
are a problem, management costs may vary greatly and frequently include mer
environmental and social costs and the injury/crop response relationships may be
difficult to determine because the growth of the crop spans many years.

(v) The concept is unsuitable in case of attack of multiple pests on a single crop at th
same stage.

However, inspite of these li}nitations, EIL concept continues to offer a practical approach
to pest related decision making in a broad sense. The ETL values for major insect pests o
agricultural crops in India are presented in Table 9.1.

Environmental Economic Injury Levels (EEIL)

The challenge of attempting to decrease pesticide inp ,
environmentally based EILs and their concomitant ETL 8 e can bo mot by dovelops

: _ S. An environmental EIL is an EIL tha
evaluates a management tactic based on not only its direct costs and bencfits 1o the user bul 4l
: ation (equati ‘ : el
cfcmgnts, each of which may have a role makh(lquegtof:n:g Integrates many managcm:r:
sustainable. agement environmentally med

(i) Assigning realistic management costs (C). Co
i ith takin . \-J)- Lomponent cnls
Sk e
cause to increase proportionally. Generally, ¢ dies not R on, and creased ¢ .
costs associated with environmental risks; it is pog € Into account the cnvironmer™

EIL. ble to include these costs in vanable C°

e———.



Integrated Pest Mana gemant

228

Table 9.1 Economic threshold levels (ETLs) of major insect pests of

agricultural crops in India

Cereal crops
Maize

Rice

Wheat
Fruits
Grapes
Mango
Oranges
Oilseeds
Groundnut

Rapeseed

Sunflower
Pulses
Chickpea

Pigeonpea
Vegetables
Brinjal
Cabbage and
cauliflower

Tomato

Whitefly

Stem borer

Shoot fly
Earworm

Stem borer

Brown planthopper
Gall midge

Leaf folder

Aphid

Thrips
Hopper
Fruitflies

Aphids
Tobacco caterpillar
Aphid

Gram pod borer

Pod borer
Cut worm
Pod borer
Leaf webber

Diamondback moth

Tobacco caterpillar
Fruit borer

Fruit and shoot borer

Crop Insect pest ETLe
Common name ' Sclenlific name
Cash crops
o American bollworm Helicoverpa armigera (Hubner) 5-10% infestation in Noral forms
Pink bollworm Pectinophora Bossyplella (Saunders)] 5-10% infestation in floral forms
Spotted bollworms  |Earias wpp. $-10% infestation in floral forms
Whitefly Bemisia tabaci (Gennadius) 6-8 adults/lenf or sppearance of honey
: dew on 50% plants
Jassid Amrasca biguttula (Ishida) Appenrance of yellowing and curling
; on the leal marging in 50% plants
Aphid Aphis gossypii (Glover) Appearance of honey dew on 50%
; plants
Thrips Thrip tabaci Lindeman 5-10% infested plants
Jugaroap Shoat (borez Chilo infuscatellus (Snellen) 18-22% shoot damage at tillering phase
ToRRED Tobacco caterpillar 1-5% incidence

|Spodoptera litura (Fabricius)
B. tabact

Chilo partellus (Swinhoe)
Atherigona spp.

H. armigera

Scirpophaga incertulas (Walker)
Nilaparvata lugens (Stal)

Orseolla oryzae (Wood-Mason)
Cnaphalocrocis medinalis (Guenee)
Schizaphis graminum (Rondani)

Retithrips syriacus (Mayet)
Amritodus atkinsoni (Lethiery)
Carpomyia vesuviana (Costa)

Aphis craccivora (Koch)
Spodoptera litura (Fabricius)
Lipaphis erysimi (Kaltenbach)

H. armigera

H. armigera

Agrotis ipsilon (Hufnagel)
H. armigera

Maruca vitrata (Geyer)

Leucinodes orbonalis (Guence)
Plutella xylostella (Linnaeus)

S. litura

H. armigera

H. armigera

H. armigera

A. ipsilon

Maruca vitrata (Geyer)

L. orbonalis

FPlutella xylostella (Linnaeus)

5-10 adulta/leaf

5-10% infestation

5-10% dead hearts

25-30% damage to cobs

5% white ears/one egg mass per m’
10 hoppera/hill

5-10% silver shoots

10-15% infested plants

5-10% infested plants

20% foliar damage
20% hopper damage in inflorescence
1-2% incidence

5-10 aphids/terminal at scedling stage
20-25% defoliation at 40 days
50-60 aphids/10 c¢m terminal portion
of central shoot
0.5-10 cm terminal portion of central
shoot covered by aphids
40-50% infested plants
One larva’head

3 eggs or 2 small larvae/plant
5% plant mortality

5 egps or 3 amall larvae ‘plant
5 webs/plant

1-5% shoot or fruitl infestation
1-5% incidence

1-5% incidence

1-5% fruit damage

One larva/head

3 eggs or 2 small larvae/plant
3% plant mortality

5 webs/plant

1-5% ghoot or fruit infestation
1-5% incidence

S. litura

vy

1-5% incidence

Source: Dhaliwal

et al. (2003)
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. sts of pesticl ata gy

One approach for estimating m““"“’-mm.nl:g Wintersteen (1992). They ¢ tlr(nmbrCI the Jgyy

of contigent valuation was presented by .Hlsl? different environmental clcmcr:i slo 9}‘:’ A wayy

of sk posed by 32 field crop iwmd“m;als. beneficial insects, cchc‘]‘:mc _":““m healy

ground water, aquaic organisms, birds, M2t ated from survey datd the r S Portance
(acwte and chromic toxicity). They also ﬂ?&iﬂoﬂﬂ“)’ survey respondents (producers) indyey,

avouding nisk to each of these clements. A cither h}ghcl' pesticide costs (for §a[‘lcr Peslicidg,

o inch dhy wosld he %08 BN e (igh smdantlny ORD R 8 B8 D cat

::r .“0:;1'1 d l\;’t.;o I;L‘ilﬁdc::t tlhccwi:dividual environmental costs for cac clde. wery

a cide 1

calculated as below
PC + EC

Environmental EIL = - VDIK . be achieved by putting a higher Marky
(1) Manipulating crop market value (V). This collld &= uld depend on the consume’
value for a pesltcidc-—ﬁ'ee produce, The extent of increase WoO pe Cr'g
willingness to pay for a safer product. ] . .
(it1) Reducing damage per pest (D). Reducing D implics that l-essdlos:; : ﬁiﬁ for i
a given amount of injury. This is possible if plant is able to tolerate and compe njury,
Plants that can tolerate or compensate for injuryd do not Pltai‘-‘v@ f:l;cl;:?tnafgc:s:t;eiiaz?c pae:‘; |
lerance and compensation :
populations. Therefore, the benefits of tolerance e & 0D Thomeed for pesticide

permanent. Even partial tolerance will increase E !
and the risks to environment will be reduced correspondingly.

() Developing environmentally responsible K value. Modified K is the proportion of tota|
pest mjury averted by timely application of a management tactic. Increasing Ifhc‘ EIL to improve
environmental quality implies that we are willing to tolerate more pests. But this 1s not always the
casc. By reducing D or K, EIL can be increased even without causing increased losses or costs.

General Equilibrium Position (GEP)

It 1s the average population density of a pest over a long period of time unaffected by the
temporary interventions of pest control. The population fluctuates around a mean level as an
outcome of the influence of density dependent factors, such as parasitoids, predators, discases, clc

It may be undcrstor_:d that EIL may be at any level from well below to well above the GEP.
In certan insects GEP is well below the EIL or even ETL and never reaches the latter two
parameters. Such insects are rarely noticed physically but the damage caused by them through
the introduction of a virus or any other disease can be most significant

GEP touches EIL and ETL, approximately 2 to 5 years for many, in. _

‘ : ) 5 y msect pest speeies, Such
msects are called occasional pests’. The Increase in population may be due to t[li in‘p;ious effect
of pesticides or due to favourable weather conditions, For example, in Puniah Jb s
armyworm, Mythimna separata (Walker), on wheat, are recor ded’every :_!]ato, (S:ut er;::; S0

Sometimes; e contn?l TAsasuTes are equired frequently to bring doWn th GgP ‘ll below
the EIL and ETL. Such a situation has been observed in the i € well be

(Fabricius), which is a ‘regular pest’ of cruciferous vegetables caterpillar, Spodoptera litura

The known severe pests form another categony aloy ey, :
are below the GEP level. The maize borer, Chilo zﬂeuﬁ:ﬂ(‘g and, in 'thel‘r case, EIL and ETL
and its severity increases in some Himalayan valjeys Whero tho % ), is a severe pest of maize

h more severe on the hybrid com varieties (han on the | limate is mild. Morcover, it is

muc 3 _
| : > Comparatively low yiclding
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Cost/Benefit and Benefit/Risk

As we mmprove the capability for predicting pest appearance, we can determine precisely
the ETLs, and know exactly when to apply control measures. There is a need to emphasize costs
and benefits The preparation of crop life tables provides a solid foundation for analysis of pest
damage and. costbenefit ratio in pest management If a crop 1s grown more than once in a year
m the same ficld we should work out the crop-season life tables. In most pest control activities,
the benefits are wsually not known, because those cannot be measured, hence the cost of
prevention becomes the cost of production. In other words, the use of pesticides can rarely
contribute to increase in yicld and, at best, it can prevent the loss of yicld, making the benefit
both indirect and incalculable

Benefitnsk analysis provides the means for assessing relevant economics versus risks in
pest control The judicious use of insecticides should be the philosophy of pest management. It
'8 estimated that, generally, 1 per cent of the insecticide applied,reaches the target pest and the
rest merely contamunates the environment as residue or causes mortality of the non-target or
cven useful species. Some non-degradable insecticides, such as the chlorinated hydrocarbons,
atiain biological magnification in the environment through food chains. Thus, a grower while
ensuring safety in handling and applying a higher toxic pesticide, should also consider its injurious
effects in the environment.

INTEGRATION OF TACTICS

The pest management tactics are either preventive or therapeutic. Preventive practice
ulilizes tactics to lower environmental carrying capacity (reduce the general equilibrium position)
or merease tolerance of the host to pest injury. Prevention relies on an intimate understanding
ol the pest life cycle, behaviour and ecology. The preventive tactics involve natural enemies, hosi
resistance and cultural practices.In addition, quarantines are also an important component of
preventive tactics. Therapeutic tactics are applied as a correction to the system when necessary.
The objective of therapy is to dampen pest population below EIL. The only widely used therapeutic
tactic 1s the use of conventional insecticides but other approaches like microbial agents,
augmentation of natural enemies, use of insect growth regulators, etc. also play a vital role.

Actual mntegration involves proper choice of compatible tactics and blending them so that
each component potentiates or complements the other. Probably, the earliest example of integration
of techniques was the use of a combination of resistant varieties and sanitation practices as
prophylactic measures combined with application of calcium arsenate at high population level in
case of boll weevil on cotton in USA in early 1920s. Similar programmes were being developed
for other pests also but the advent of synthetic organic insecticides intervened and these techniques
were relegated to the background. The misuses and abuses of insecticides have again focused

our attention on ntegrated control measures.

Rhodes grass scale, Antonina graminis (Maskell) is a cosmopolitan insect feeding on over
100 hosts including 38 species of range grasses in Texas. A parasite introduced from India,
Neodusmetia sangwani (Subba Rao), was successfully established against the pest in Texas
However, during the June population peak of the pest, natural enemy population was lower duc
to general host unsuitability during May. The resistant Rhodes grass variety ‘Bell’ was fou_nd i
tolerate pest attack without appreciable damage. This variety, thus, provided rghef untll' tbj
parasite effectively reduced scale populations. The predation rate was highest on remstant'cultg@.'
and this was attributed to the greater movement of hoppers in search of suitable feeding site

AR e
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PRE-REQUISITES FOR DECISION MAKING

Thare are certain essen _
the pest management Opua:;d pre-requsttes which must be followed before deciding to employ
1. Correct i i
most important stcpd;n\?:kgl::cn of pest. The correct identification of the pest is the first
jead to complication of the probl next course of action depends. Mis-identification of a pest can
pest up to species level P ) em rather than solving it Efforts should be made to identify a
as closely related species differ with respect to several biological
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s :’_:::;l’cm T‘:;_ h;:lclc_lgc of the sequence of developmental stages (egg to adult),
it Bl I thc: El[ife c‘i & "_;::1“5 and method of overwintering is essential to know the
5 asgs of e m : s would help to aim control measures effectively at the most
mju: ui‘::::i The u:laiportam features of habits of pests which have a bearing on their control
s opmental stages responsible for plant mjury, mode of feeding, parts oi: the plants

atiacked whether the pest feeds externally or bores into the plant. Moreover, 1t is essential
to know whether the pest transmits any disease in addition to causing direct injury to the plant.

4. Host range. It is essential to know whether the pest is monophagous (feeds only on
one host plant), oligophagous (feeds on several plant species) or polyphagous (feeds on many
plant species). Moreover, the non-cultivated plants which may act as reservoir of nfestation
should also be known. Plant host range can help to decide the proper crop rotation to be followed
to keep the pest under check.

5. Natural regulating factors. Some pests can be kept under check by the activity of
natural controlling factors like parasitoids, predators and disease organisms. Their precise role
in specific circumstances should be understood to make the best use of natural mortality factors
and their integration with other control measures.

6. Reinfestation. It is important to know the capacity of a pest to re-infest an arca
following its elimination. Some pests are highly mobile and quick fliers, and capable of rapidly
re-invading the area. In contrast, some pests have very limited capacity to move and are very
slow to reinvest.

7. Crop value. Expenditurc on control measures can only be justified when increase n
marketable yield of the crop produced is worth more than the cost of the control. Control
measures should, therefore. only be initiated when they are economically justifiable. Usually,
costly controls can be applied more logically to florist and fruit crops than to field crops.

8. Consumer pressure. Consumer demands have an important bearing on pest control.
Certain fruits and vegetables may be rejected by the processor by mere presence of one or more
insects in the samples of the produce. Similarly, even slight blemishes may not be tolerated on
certain top-grade fruits.

g. Survey and detection. It is essential to carry out regular monitoring Surveys to
detect low-level pest infestations before they become damaging. It would help m devising
strategies to prevent the pests (o reach damaging levels. If the pest population tends to grow
beyond damage threshold, appropriate control measures can be undertaken.

10. Selection of management options. The choice of appropriate option is very

critical for the successful management of the pest. Before resorting to chemical Icqntrol. the
possibility of employing natural control agents, cultural practices and resistant varieties should

be explored. If insecticides are 10 be used, information on their toxicity. cost, effectiveness
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R e o decisions besed o specifio acquire the knowledge and skills
wnderstanding of local conditoms et e,k S o b et i e et
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: innovative = pest control i |
armer First' Wr.mwu ;':Cf:ntly applied for the implemcntaﬁ:n :ﬁ:&um i
farmers are divided into 1s being used for IPM on rice n Indo Tsagumes 15 tho
situation by identifying s:u::ll groups to monitor the crop and ll'lcn“;ach i method
required. At a combined key factors. Group members then decidcg::huqlrralym o
The tramer facilitates bymm- ’ lmh group presents and defends its summ S Soton 8
This process allows farmers to in questions or adding technical infogntt::)r? d}crﬂmum
tramners an oppurtunity to eval tegrate and practise their skills and knowled : 2t
atllizing this valuate the trainces’ ability. Th wledge, and gives
approach and it 1s be ; : ousands of farmers have b
the first post-training season msegled on a pilot scale. A survey among these I(? o
iy Agpgrlvi B revealed that they really decreased their fr siners duwing
A tly lower than tha equency of pesticide
not applying pesticides was also signi t of non-IPM farmers. The e
by i‘ e Slsm;icgntly higher among the trained onesp"fl:::lagc of farmers
and casily implune;atable appn;?;:hc;s needlza be m' pedmn t:lc non-IPM 'farm::::_ o‘gtl:crwc:.ﬁf;
holding size, low income and general li ed locally taking into account
iteracy level of the average farmer in the ma:'m e

Legislative Measures

[PM is &n inf . : :
to IPM 1s (hemindtsmmma' I !uogem:nrga:im adoption reduces pest control costs. The alternati
hil % : o spectrum synthetic organic pesticidc‘s Unfonun:tt(:re
chemucals, they pass on the environmen mm”m‘heﬁ‘“bmﬁ“fmmﬁwmoﬂhx
AT T T T
a more e ¢ use of these toxicants, they may find IPM
mwmc ' ternative. This could be achieved by enforcing switable
~ Secondly, in order
b s for an Il’,lt.\.;Ial programme to be successful, it must be followed
ot al [’umu'sm .gcogmphl .ho l;rca Ideally, all farmers may adopt an IPM progrby amost,
h'm'b of .m fu_ mer ’l;;“%;ﬂ' ~out. Such farmers called ‘spoiler holdouts’ may immme
red (0 1 the ing to adopt a necessary practice. Legislative measurespw
required : Te programmes upon an unwilling minority. ' y
~ Thurdly, -mpma;c: :d;i benefits of pesticides are being overemphasized by a multib
dollar industry utilizing ces of not only their salesmen but also agncultural sc




| Pasts of South Asia and Thelr Managemep,

: jon. Much im
in IPM information. Portan;
admunistrators and planners. There is not yet fPM.is. nok ;mmediately observable and 5
information which might induce a farmer to phi tive 10 recommend a programme thy
therefore, not sought by him A manufacturer has no —mccnlim.iwd range of pests. This distortion
uses less pesticides or even selective pesticides that kill &
could only be corrected by legislative action.

FRAMEWORK OF IPM PROGRAMME
alized subject areas of IPM ang

There has been a widespread tendency to work within specl eached its peak of ascendancy
this movement towards specialization among rescarchers it kills within a broader scientific
The need now is to place this specialist knowledge, abilities and sk ¢ this valuable resource. Th
framework. There ought to be better coordination and exploitationt of a common problem of
means that work of specialist groups dealing with different aspects f the framework of an
insect pest control needs to be coordinated and placed in the context o started at the to
integrated pest management programme. This integration needs fo be P; i
funding policy and reach up to the lowest level, in implementation. S0t all individ

(i) The funding authorities need to develop a coherent policy and ensure tha' . . T hu‘ﬂ
research groups working on similar cropping systems coordinate their approaches
There is a need to allocate funds for development of complete pest management
programmes. :

(i7) Secondly, there is an urgent need to develop conceptual and theoretical framework for

IPM. The present situation is that IPM is made up of a great many isolated parts. cach
of which can be developed internally but which is not clearly connected to anvthing
else, e.g farming systems, host plant resistance, natural enemies and decision-making
behaviour. These pieces ought to be combined in an integrated programmec This
requires a theoretical framework that will provide guidelines for pest managers The
framework will incorporate pest outbreak theory, a classification of pest types. their
hosts and farming systems, and to identify options most appropriate for managcment
strategies.

(#f) Thirdly, integrative level of research in the form of field trials to test combmnaticn of
control options for their compatibility and effectiveness is essential This integrative
research will require the combined input of all relevant disciplines to design. carm ou
and analyze the data from suitable factorial or multifactorial experiments. These
experimental designs will be necessary to assess the interaction between the +arious
treatments under test and arrive at a combination of options that produce higher + 1::1-:i-

(iv) Fourthly, integration is required at the level of organizational Ealol,
that appropriate organizational structures are developed beca

17 ; . use they are fundamental
to good management. Without them, integration of research will beeizsg hk;: lfnof.. :,l

and at a different level it may be found to affect vatian I "
decision making, and exacerbate conflict and mo;n ::g:::ig:,ﬁ;m‘ ation, morale and

(v) Ideally, IPM should involve integration of control onti i s
types of pests and not just insects. Insect pest (:,I::no:;c{::n ‘lh° Flli;iﬂagemcnt i s
subsystem of mtcgrlated‘ pest management (IPM). This il wl then just be 2
research encompassing u'fsccts, pathogens, weeds ol othar require muludxsc:pl:ngﬁ_

integrating the control of insects and pathogens js g bypem‘ The importance ¢
control of grape phylloxera on grapes in Europe. This exa:lp?:rg St?tr} m\-oi: ing
olten cited !

232 Agricultura

behaviour It is important
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tlustrate the impo

rtance of plant resistance. The oth of the story is not
known. Ironically p er part ry so well

ki ,!plaan introduced from North America carried the pathogen of
e hjé,hlv i €0 c_ll.)llhe causal agent of downy mildew to which European grapes
ph)'llotcra-b : cephible. The American root stock saved French vineyards from grape
ek nl;ﬂ:i:xp?s‘ad them to an even more dangerous risk. The devastating epidemic
o thcdc\-‘ 1thal followed lhreatgned wine productu_m thrqughout Europe.
i B Y, cvelopment of Bordeaux mixture.an early fungicide against the pathogen,
v uropean vineyards. This example underlines the need to consider the whole
pest complex and the implications of any management strategy.

(vi) L;‘fﬂ’" the development of an implementation strategy should not be lefi to the final
F ases of a research programme. It should initially be considered during problem
ormulation and then continually readdressed througout the research phase of the

programme bcc;use it is often at the point of implementation that many pest management
programmes fail.

PERSPECTIVES IN IPM

The strategy of exclusive reliance on insecticides for all pest problems created a number
of ecological and environmental problems. We now know that insccts possess a remarkable
ability to survive in the face of selection pressure exerted by insecticides and other forms of pest
control. To overcome these problems, integrated pest management based on ecological principles
was developed as a wiable and attractive alternative. Though the concept of IPM has been
universally accepted, there are as yet few IPM programmes functioning at the farmers’ level

A major limitation is the lack of a theoretical framework into which various components
of IPM can be fitted to develop a viable IPM system. There is an urgent need to develop IPM
systems for different crops, which are environmentally benign, conserve our plant and animal
genetic resources and are economically viable. This requires intensified rescarch efforts in
formulation, research and implementation phases of the IPM programmes.

The insecticides will continue to be essential components in most of the IPM programmes
but their use must be based on the concept of ETLs. With rapid development of insecticide
resistance and widespread occurrence of multiple and cross resistance.insecticide resistance

management (IRM) should also form an integral part of all IPM programmes. Methodology for
monitoring of insect pests and natural encmies needs to b.e refmed_ to obtain more accurate
information. Development of mathematical models will help in predictmg outbreaks of important
pests. Newer approaches based on biotechnological tools must be exploited for the development
of insect-resistant varicties and biopesticides. The‘role of allek_:chemnca!s and other substanc;s
in insect-plant interactions needs to be studied in casc of different inscct pests. Tntrpphlc
interaction involving natural encmies, phytophagous insccts and host plants should also be utilized
for increasing the effectiveness of natural encrmies. quelopme_nt of tcchnglogy for mass production
of promising parasitoids, predators and pathogens 1s essential for their large scale utilization.
Lastly, the farmers nced to be convinced of the benelits of IPM programmes so that these are
implcr;::cnted in truc letter and spirit. Innovations in farmers’ participation and training can help

to overcome many of the implementation problems.

EEEEEE



one another, it is called intra-specific competition.

b) When the individuals of different species compete one
another, it is called inter-specific competition.
The above both types of competitions reduce the insect
population.

ii) Parasites and Predators:
Parasite: The insects which live either on or in the body
of other insects for getting food are called parasites. [t
means, the parasites.are of two types:

a)  Parasites which live on the body of insect are called
ectoparasites or external parasites..

¢)  Parasites which live in the body of other insects are
called endoparasites or internal parasites.

The insects on which the parasites are living are called hosts.

Predator: The insects which catch and eat away the other
insects are called predators. The insects which are eaten
by the predators.are called preys.
Both the parasites and predators are harmful 1o insects
and greatly reducé their population.

iii) Diseases: Many organisms like protozoa, bacteria,
nematodes, _fungi,, virus etc., cause diseases in the {
insects and kill thgm and thus greatly reduce their :

population.

METHODS OF INSECT CONTROL . i
Insect control in its broad sense includes everything that

makes life hard for insects and tends to kill them and to prevent
their increase or spread over. The insect control implies the
regulation of insect activity with the best the interest of man.
There are two main methods of insect control:

|, NATURAL CONTROL /[ §Co/t Ui} Conticr
All control measures, which are in the hands of

nature, collectively constitute natural control. Natural

control has the following types: N |
Weather factors: e.g., Temperature, humidity, light,

rainfall, hail storm, wind etc.
10
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Diseases: M
- ANy organisms cause dj :
and kill them_ g use diseases in the insects

ARTIFICAL OR AppLIE AR
ED CO .
It has the following types: NTROL QF[:(MCJ bj

Cultqral Or agricultural control
Physical contro| |

Mechanical control
Biological control
Reproductive or genetic control

Legal control or legislative control
Chemical contro]

Integrated pest Mmanagement.

CULTURAL OR AGRICULTURAL CONTROL
CItis thg control of insect pests by performing

ordinary’ agricultural practices or operations. The

follow.mg fafm operations can control the insect pests
attacking Various crops.

Ploughing: Certain insect pests like crickets and grubs of
beetles are exposed in the sun by ploughing and thus thev
are eaten Py the birds. By ploughing the insect
hibernating In the soil are also exposed to birds etc., and
thus they are controlled. “

Hoeing or Interculture: Hoeing or inter-culture can also
destroy certain .insect pests e.g., the eggs of mango mealy
bug can be destroyed by hoeing under the mango trees.
By hoeing, the eggs are exposed to sun and also eaten by
birds and ants. Similarly, by interculturing the crops,
various insects and their eggs present in the soil are
exposed to birds etc.

Manuring: By putting fertilizer in the ficld, we make the
crop more healthy and vigorous. Such a crop can resist or

)
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withstand the attack of various jnsect pests:

or fertilizing has an indirect upon the inseCtgcldS, certain

4. Irrigation or Watering: By irrigating e n seedlings
insect pests like crickets arttacking the cotto qe. chilies
and the white ants attacking cotton, sugarca érop can
etc. can be driven out of the field and thus the '
be saved. :

7 Clean Culture of Eradication of Wweeds: The f:mpls’

which are not cle.ned and are fu]| of weeds, aré sex.r_lous[)sl

attacked by some insect pests For keeping the msech
away from the crop, the farmers should not allow the
weeds to_grow in their field. Some weeds act as food
plants and egg laying places for the insects like army

, worms and hairy caterpillars. .

b. Removal of stubbles: Stubbles of various Crops like
sugarcane, rice and maize should be uprooted because tl:ne
borers of these crops hibernate or hide themselves 1n
these stubbles.

7. Removal of affected crop plants and the fallen_fruits:
th?n there is attack of top borers of sugarcane at an
earlier stage of the crop, the damaged tops of the canes

can be pulled out along with the attacking insects.

Similarly when there is an attack of Gurdaspur borer in

the _sugarcane, the affected portions should be cut away

.to reduce the population of the insects. In the fallen fruits
of trees, the maggots of flies are present. By collecting
$L1..,Ch‘_fal,l_en fruits and destroying them by burning or b

burying them in the soil, the attack of the fruit flies caz
be _rzduced. This practice of removing the at‘fecfed plants
gifer; done also in rice crop against the attack of rice

C‘rop rota'tion: You should not grow a single cro e
atter year in the same field because the insects ‘ét"t'e[tacgi "
a particular crop remain ‘hibernated jp the soi] o

nate or

stubbles, and attack the crop when it is sown there in th
. B e
12
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has been especially Obseryeq :

is thing .
ar. Thi rice borers, maize borerg e '}case

ﬂcxt ye e borers,

of sugarcfiis sown every year after cotton, if gey the h,the |

hY cm} white ants of te_rmi} s . 4
attack O resistant varieties: The_ susceptibe
¢ the high attack of insect pests Where, "
CTOP” Carieties are least affecte.d by them. Ay b ]
resistan ¢ have any absolutely resistant Variety of 5
t\zv‘ft crfax?y varieties of crops have a comparative r
to an insect pest. ngr?' cotton va.netxes are more re
o the attack of sucking pests like cotton jassid, coy,
whitefly etc., than the non_-halr)f varieties. The Cane
varieties with hard skin or epidermis are more resistap,,

varse[ies

ESem
Cro
Stance
Slstam

the attack-of sugar cane borers than the varieties whjg
have a soft skin. The Basmati variety of rice is high),
susceptible to the attack of rice borers than the IR
varieties of rice which are least attacked by the borers
Similarly the rice Basmati variety is comparatively
resistant to the attack of rice leaf hoppers than the IRR]
varieties which are highly susceptible to the attack of
these leaf hoppers.

Growing of trap crops: Growing of Bhindi along th

outer border or in the neighborhood of cotton crop wil
greatly attract the cotton jassid and spotted boll worm of
cotton and thus cotton crop will be saved from the attack
of these insects. Similarly, arhar crop can be sown along
the outer borders of the cotton crop to attract the cottor
weeil, and thus the crop can be saved from this pest If
you li‘ke, you can control cotton weevil on arhar crop ¥
spraying,

PHYSICAL CONTROL
It is practicised by the manipulation of physical fafF?S
‘tff the environment by man’ The following PhY*"
actors are used for the control of insect pests:
Temperature: . %

13
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The insects €an carry gy thei
activity at a particy], -

r IEVE[ O
temp.) If the temperatyre Increases o d
Insects can’t perform their norm:n af:l‘:c'rcases, the
temperature becomes Very high or very | 1 'mes.- If the
are altogether killed. * - ¥ low. The tnsects

Use of Solar Ene‘rgy or Radiapx Energy: 1 Pakistan, it ;.
a common prfic.nce 10 spread the infested Brains i;x "1:
sun heat for killing Khapra erc. "
Use of high temperatyr

developmem and
temperatyre loptimum

e All stored BIin pests in the
by maintaining

& very high

..-54'0‘(‘ with the help of heating pipes
By this method. all insect Pests are killed within three
hours. | o

Use of low temperature:

It is common practice to keep
the food products (especially potatoes

: in a cold storage
to avoid the attack of insect pests,
cold storage is about 4 °C. and

cannot attack the stored products
Humidity:

i W F
AT lemperature ol
\ oF o

at 0§ °C »

b & “ ¥
CIOW nsects

Like temperature, there
humidity at which insects can ¢
development. Ay very high or
Insects cannot carry out their normal acuivity and they ar
killed (High humidity can be obtained b

oV NeAvVY
irrigations, and low humidity can be obtained by P20s
application, sun drying etc il
Light:

Light had been used for the control of many 1nsect
pests in_the form of light traps. If we hang a bulb ¢
lamp in the field at night time, most of the insects |1k
rrioths, beetles, crickets and grasshoppers will ‘rnj
attracted towards this light. We place 3 contmner of
kerosene oil below the source of light. When the nsact
are attracted towards this hght, they first sinke

¥ - YT 3 e v,
SGal L% 5 .31,.{.\:;

(¥ ]

ATV autl Therr BIow

1 1 i

2 " & 3 . Y -

vETY oW numidities. the
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f 4

.
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%
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iner. Thus

source of light and then fall down in the CO:::SC insects.
they are killed and the crop is saved fromdiatipn energy
Light is also being used in the form Of: ke ts. When the
or nuclear energy to kill or sterile the 1nS€C ré incapable
insects are treated, they become sterile and 2 _
of further reproduction. ‘
Sound: : crops

- High intensity sounds are used to Savtilitshgurpose
from the damage of certain insect pests. For sts on the
drums are beaten to avoid the sitting of locu '
plants, '

MECHANICAL CONTROL

. . . 12l deVicesv
It is the control of insect pest, by—special

machinery_and -manual operations ‘.which-al‘-e‘:ﬂnly mc?a:;
for killing the insects. The following mechanical devic
are done to_control the insects:
Hand Picking:

;‘xlt_'”jigh_e» picking up of insects with human hand and
then killing them by some method. In this case e.g., the
eggs, sluggish larvae, and adults of certain insects are

‘picked up and then destroyed e.g., egg pods of mango

mealy bug which are laid under the mango trees and are
collected by hands and destroyed.

Netting or bagging:
~ Same _insect pests are collected with insect

collecting hand nets or with very large ﬁel_d_bages and

then _they are Kkilled by .some method €.g., Tice

grasshoppers, rice bugs.

Trapping:

There are many types of traps which are used for
killing insects. The turnips are chopped and heaped in the
fields where there are cutworms. During night time,
cutworms come out to damage the crop, ang a¢ day
they hide in those chopped potatoes or turnips. D
day time, we can collect the cut-worms trom thesge h

15
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. Physical

| _ traps are g]
|| them. Pheromone réps are alsq
places and k! boil worms and fruit flies’ Ligp, trSe R

eyt cotton : . 1 aps
K or killing many insects especially the oq 0

P ts
rcane, rice, cotton and maize borers. 0f
suga - ' '

Barriers: . ers lik
|d times, physical barriers like Construgyj,

ing of deep tren.chés around the ﬁeldgna[?f
filling ,_them‘with water or using of tin sheetg or iro:
sheets around tne field, were used to check the entry o
a;my:worms, locust, hoppers etc.

Physical beating: ‘ '
In old times, some insects were Killed by thSical

beating e.g., locust, flies aré killed by this methoq,
Rope dragging:

Some insects are killed by rope dragging. Whep
there is attack of boll worms on cotton crop, two g,
drag a rope over the crop, in doing so the infested Lol
fell down on the ground. Later on , the field is ITrigateq
and the bollworms present in the bolls on the ground ar
drowned in the irrigation water.

Use of bands:

There are many types of bands which are used for
killing the insects. Out of these bands, the following two
are worth mentioning:

Sgcky Band: Any sticky material can be used around the
tree. tfunks in fruit orchards to prevent the insects from
chmbfng -up the tree. At present, two types of sticky
materials or bands are being used against the mango
mealybug.

Ostico Sticky Band s imported from America.

Nlmhgr Sticky Band js prepared trom following
materials.

In old
mud wa“S, dlgg

L 1b of castor oil

l1b of conc. H2504

2 Ibs of rosin powder
16

Scanned with CamScanner



stop the upward climbing of
iv. BIOLOGICAL CONTROL,

It is the control of jngect pest by éncouraging and

utilizing _living organisms
methods of biologicfmnal?by man. - There are four
- By v e s s fon troud
Yy against a particular insect
pest.

2. By collecting parasites and predators from one part of the
country and releasing them in an other part of the country
at the time of need.

3. By rearing parasites and predators in large numbers in
the laboratory and then releasing them outside in the field
against a particular pest.

4. By collecting parasitized stages of a particular pest (egg,
larva _and pupa) for emerging of parasites in the
laboratory and then releasing them in the field against
that particular pest.

The bilogical control can be done with the biological control
agents or many living organisms such as Entomophagous 7,

Catin4 insects, birds (e.g., sparrows, starling, rosy pestor ¢ic.)

Entomophagous Insects

The insects which feed upon other insects are called
entomophagous insccts. These are of two types:
i)  Parasites ii)  Predators
i)  Parasites: The insects living or in the body of e'tpef f
insects are called parasites. The insects, on which
£ parasites live, are called hosts. Parasites are o
17

the pests.

f two types:
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a)  Ectoparasites: Which. live on the body of insects.
b)  Endoparasites: Which live in the body of insects.

: .~ The act of parasitizing insects is called parasitism.
The _parasites may be primary parasites, secondary
parasites or_tertiary_parasites, The parasites living on
parasites are called hyperparasites_and this process is
known as .hyerparasitism e.g., Aphelinus mali is a

——

parasite which controls successfully the wooly apple
aphids on “apples. Some other parasites of cotton
 bollworms are Apenteles. Sp. Bracon greeni.

ii)  Predators: The insects which catch and feed upon other
insects are called predators. The insects on which they
feed are called preys e.g., Lady bird beetle and chrysopa
are predators which successfully controls aphids.

Difference between Predator and Parasite

PREDATORS PARASITES B
The insects that catch, The insects that live on or
tear, bite and eat in a in the body of insects
single meal, the-insects (host) which are stronger
which are smaller, weaker |and more intelligent.
and less intelligent.
Obtain ther food directly. Obtain their food
indirectly
Independent of the habitat. | Same habitat as of host. |
Each eats many individuals \Feeds on a single \

..+ | before maturity. individual till maturity. |

L

Important PredatorS

Predator J
Preying mantis B
Chrysopa |

Lady bird b§§‘ij_5'3 \
Dragonfly

Water bug o _.__l
13
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Important Parasites il
Ty e :
1. Gszgpﬁzx,s mursi (parasite of cotton boll-worms0, Family
. Bmﬂ.'ﬂmd.ae. Order: Hymenoptera. ites of
= Family Echniomonidae, Order: hymenoptera (parasite
; cotion boll-worm and parasites of sigarcance tOP borer.
Vg W A.pcnlles sp. (parasites ofLepidoPterus larvae.)
e il TV, LEGISLATIVE CONTROL
't i5 The control of insect_pest by—enacting and
enfOtC,mg J‘@§8§At>‘lﬁayv_s._by Lhe_G_,over_nment- There are four
types of insect laws in Pakistap like other countries of the
world. These are: -
. [:Eglslfatnon preventing the entry of pests from foreign
. countries (quarantine laws). : :
o Legislation preventing the spread of pest within the
country,
3. -¢gislation regarding the control of established pests.
4. Legislation governing manufacture and sale of

export of an agrxculture commd_l_ty_iﬂ_ﬁnsum_mam_ls Insect

oy i
P sttt oo
s i

{i___g.__mj_hf’\mlion =
p ' P -‘M
| T %Bectles e.g.,

[ dytiscus sp.

insecticides.

-~

p——

- 12 ATe Srve T e e o en A )

1
.

Qme Laws [o Checl e imp(;{j{—- o wd EYVOK{T O“p

el datilll L
Quarantine laws are those which govern the import and

The following quarantine laws and other insect |aws have been

framed by the government in the sub-continent g

nd our country

fr m tin.e to time:

Lﬂ\“‘l@i‘ Act of 1906 for checking the entry of mexican

cotton boll weevil.
i1)  Destructive Insects and Pests Act |l of 194 It stil]
S T e—

————

exists in our country,
iii) Reégulatory Order of 1940 for Preventing the spread
19
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of sanjose scale of apples in the Punja} Prou:
Vlnce

; Insect Legislation in Pakistan
| i)  Before one unit
In_Punjab_province, there was “The Punjah Des

/ a)
I BQLEC_SI_DISCHSC and Weed Control Act o Cliy
nse¢ f ]95
X m 9“ R
! In Sind Province, “The Sind Boll-worm Act of 1947
—_‘\ A1)

control boll-worm.
“The N.W.F.P. Sugarcane Pyrjjj, A
v — ct of

¢) In N.W.F.P., “Th
1950 to control the sugarcane pyrilla.

ii)  After one unit
t Pakistan Agricultural Pests Ordinance of |9s
739

T.
for controlling all serious pests of major crops Th
e
“ein

Government of Punjab has amended Rule-I of this ord ordmd-,,,
l.Qll_lZ&cordmg to this amendment, no occupier of any |,
shall sow Basmati or IRRI rice nurscrjcs earlier than 20" Mand

i ortransplant the nurseries later than 7" August.
f REPRODUCTIVE OR GENETIC CONTROL

Vi
: u,s__um_comr,oj oft 1nsccugcsts by relcm,mg

sterilized_males_into_their natural populations in ,

- ——

e merm .

B i —

fields. This methiod consists of:

1. Rearmg the insects in large number.

2. Sterilizing them and

3. Releasing them in _the field in_their natural
populations.

 STERILCIZING THE INSECTS
13- TchJMcd b) radiation, certain
micals and hybridization.
1) S_mul_lggﬂ_uy Radiation
The insects can he sterilized by cx:posinb cz £m 1o

alpha, beta and x-rays, but gamma rays have proved 1o be
the best. For gamma radiation, Co 60 and Cs ;, are
& 3

PR

5
'yl,‘\_,J

commonly used. Gencrally the dose of radiation is
,60.000_radiations. Any stage of the insect like egs.
larvae, -pupa and adult can be irradiated. The pests like
ryit-fly, oriental fruit-fly, cabbag
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looper etc., have been f:ontrolled by this method
.. Sterilization by chemicals |
if) * The_chemicals used for the sterilization

|
|
!
i
|
|
|
‘.
VTR T v P - N are o y
s DMP,Tepe, Metep s, Coein o g |
chemicals_can_be applied to the insects |
ipjection, by spraying etc. "% orally, by \.
hrid sterili ‘.
When_two clo§ely. related species are crossed. the
hyhbri e rile just like a mulMlled
hybrid sterility. /  ~did] ferm
vil. C L TROL )
Chemical control is the control of insect pests with
the_help of pesticides.
PESTICIDE

Any substance or mixture of substanse intended for

nting. Killing, repelling o lling any organism
which is declared pest. *

Clagsification of Pesticides

Pesticides can be claassified as: |
Insecticides.
Rodenticides. :
Acancndes.—_-i;fo Con¥ ‘é( Hé Mt » x
Weedicides. -

Fungicideds. Ay ) o . :

A. INSECTICIDES 1 Cid A =3To covtic) bl
Any material that disrupts he vital processes of insects by
chemical action is called an insecticide.

iii)

———

P,C,( f'(l! E;) ::>\”'-'})L(‘/" -

mo W

Classification of Insecticides

Classification can be done according to following:
Mode of Entry.
Mode of Action.

Mode of chemical Nature.

MOQDE OF ENTRY

Stomach Insecticides
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These ingecticides are ap “»T —des @

the chewing insects cat the plants-—— ™ 1)
wijth food enter into stomacW

-~
»

chemical action. e
Cantact Insecticides : .+ directly on t A
These insecticides are appli€ ~Crops- Sl;“’f

0

: s e
insects when they are damig,‘ff-;——,;m—bndy wa
ract wit These

insecticides when come in cont ;

the_insects, enter the body through d,] ts
insecticidwsW'

Sjﬂﬂf’_cﬂfecticides h the soil and
These insecticides are applied tl%nd other

by spraying. They are absorbed DY tH€ ==—"—"—% ¢
parts of plants, and franslocated to all parts Okoi’lled.
When the insects feed on such plants, they are best
These are actually the stomach poisons. Thesefare

against sucking insect pests.

Fumigants 4 A, -
{ ynlgg form of vapors

These insecticides are mos

& in the form of solids which give fumes into the air with
the ordinary temperature. These_enter the body of the

‘Examples:
Aluminum phosphide (Celphos,_detia, delicia, postoxin),
Ethylene dichloride carbon

by inhaling through spiracles.

insect

methyl-bromide, EDCT (

tetrachloride). _ —
MODE OF ACTION

Physical Insecticides

Those _insecticides _whijch
physical action.
Protoplasmic I icides

-

T T ——— - L —

their

Those insecticides which kill the insect through their

action on the protoplasm of cells.

3. “Respiratory in_sgcticides

Thse_are those insecticides which kill the ;
n of insects. hsects by

checking the respiratio
17
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4. Nerve Poisons ‘t:‘,i‘is:’:”r\lf' for N %
These are_those insecticides which kill the insecyg
(heir action on nervous system of insects. Y
. ” “—«——-—-." """"’"‘""'_""‘M_. P -
J. Mts:elfanmqsjnse‘chmdes

TpsectAttractants:e.g., Methyl eugenol, gypjy,,

a)

hexaplure ete.
h)  Tasect . Repellents: e.g., creosote, mercurgy,

chlotide, tricholorobenzene etc.
MODE OF CHEMICAL NATURE
According to the chemical nature, insecticides are

divided into two main groups:

1. [norgamﬂnsecticides
Some of (he first insecticide ever used are in thjs

category such as arsenics, sulphur, Paris green, sodium tloride

elC.

.

Organic Insecticides

1) Natural organics

A)  Animal Origin:

Qils: t‘iMl__Qﬂ%ﬁWare of two types:
Summer spray Oils: These are sprayed in spring when buds of
plant are sprouted. -

Dormant Spray Qils: These_are sprayed in winter-when buds

are dormant. Also called winter oils.
Mode of Action of Oils: Oils_action IS of( physical narture.

Spiracles of insects are filled by oils and blockage of air
inhalation cause suffocation which results in the death of
insects.

B) Plant Origin: _e.g., Rotenone, Nicotine, Ryania, Derris,
Pyrethrum etc. - &

(b)  Synthesized Organics

¢y Organochlorine Insecticides Chlorinated
hydracarbons); , (em

Salient Characteristics: This is group of synthetic' chemicals.
These take a long time to disappear from environment and

accumualte slowly in the bodies of insect.

X
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ge of Action: Ttunstabilize the perin ooy
N ey there Is DYRCTIOXIOY, DRralySTs amrtimy gy
T <pClS. \\ cath of
insec __
e Jotes: I sudden_poisoning occurs in hymap p.:
AL g antidotes of these chemicals suer oo o—ruP8, then

= ch as i

fallo¥ and milk etc. can be used, ————roPIne sulfate,
W ; Qe . :

g;ige of MF‘ Pest ln;sects. These insecticides are effectjve

gnst 8 variety of insects especially beetles, weevils.

+Equitoes_touse flies, ice, leas etc.

@1:: Toxaphene, BHC, Aldrin, Dieldrin, _Chlordane,

i :mggh}or, and _Endrin.

Organophosphorus Insecticides
b) Ore 10 |
lie cteristicsl. They are not as persistent as

chlorinated hydrocarbons. It may be contact, stomach or
Mﬂ. These insectides dor not accumulate in fat

badies of animals.

hese insecticides inhibit the production of cholinestrase
enzyme _which removes acetylcholine (liguid) from the
. synapse, due to an impulse will go on passing and disturb the
. insect continuously. Finally death of insect occurs.
" Toxicity: 1t varies in toxicity from extremely hazardous to
* slightly hazardous chemicals.
" Antidotes: Same as in case of chlorinated hydrocarbons.
-'.?vw,i_gsects: Theseare _applicable for
" may insects e.g, sucking insect pests of cotton. Bollworms,
* squash bug, aphids etc.
Eﬁmples: ’
Acephate (Orthene), Azinphos methly (Gusathion.M),

~ Cartap (Padan), Diazinon (Basudin), DW{IH’
= Carbicron), Dichlorvos (Nogos, DDVP, Vapopa), Fenthion
~ (Lebaycid), fenitrothion (Sumithion), Formothion (Anthio),
Malathionn, Mevinphos (Phosdrin), MICP (Mipcin), Parath“’t’;
ethyl (Folidol M), Phosphamidon (dimecron), Phora
| u  MethomedoDig)

07’9@ 0%}

o iats -
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(Thimet), Primiphos methyl (Actelhc) Triazephos (hostathion
Trichlorfon (Dlpterex), Dimethoate (Cygon, perfekthion,
Rogor), Disulfoton (Disyston) Monocroptophos (Azodrin,
Navacron), Oxydemeton Methyl (Metasystox,). Phosme:

(Imidan
c) Carbamates

Salient Characteristics: It is_the new group of synthetic

insecticides.

mnon These are similar to the or@ophosphates in
wachon

Antidotes: Same as in chlorinated hydrocarbons.

Rg_ge of Target Pest Insects: These are more effective than
previous, for insect pest ts, of different crops.

Examples: Ca¥ bo fFulaw, (‘c’(d"bd’gb‘i-ho;
~ Aldicarb (Temik), Carbaryl (Sevin), Carbaryl jlus

Gamma BHC (Sevidol), Carbofuran (Furadan) Methomy!

(Lannate) etc.
d) Synthetlc Pyrethroids

lient Character lstlcs These have low toxicity to man and

other vertebrate animals.
Mode of Action: Same as in organophosphates.

Antidotes: Same as in Organochlorines..
Range of Target Pest Insects: “These have a wide range of its

. effectiveness mcfudmg msect pests of cotton, wheat and other

ﬁeld crops.

Examples' |

. Win (Ripcord, Cymbush, Sherna, Atrivo),

. Cyermethrin  plus  profenofos (Polyt-in-C),  Permethrin
= (Ambush) Decamethrin (Decis), Fenvalevate (Sumicidin),
“'Nurelle. Danitol and Mavrik.

L. B. RODENTICIDES

TW the vital processes of rodents
(ratS Shrewswy_cj)ma_l action.

Examples'

Brodifacoum (Klerat), Coumatralyl (Racumin), Sodium

25
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ol dicides ol Yo
Mitiohi a'." psec b 108 . b r(() e /(f)/r/ '/"&".'3
(Thimet), Primiphos methyl (Actellic), Triazophos (imoéféthion;
Trichlorfon (DiptereX)._ Dimethoate (Cygon, perfekthion,
Rogor), Disulfoton (Disyston) Monocroptophos (Azodrin,
Nuvacron), Oxydemeton Methy]l (Metasystox,). Phosmet
(Imidar

¢) Carbamates

Salient Characteristics: It is_the new group of synthetic
insecticides. )

e of Action: These are Similar to ihe organophosphates in
QWaction. _ o
Antidotes: Same as in chlorinated hydrocarbons.

Range of Target Pest Insects: These are more effective than
previous, for insect pests, of different crops.

Examp_lgs: C'd)/bO M/a W (Mbd’g%(’/;lla i

" Aldicarb (Temik), Carbaryl (Sevin), Carbaryl plus
Gamma BHC (Sevidol), Carbofuran (Furadan) Methomy
(Lannate) etc. -

d) Synthetic Pyrethroids

Salient Characteristics: These have low toxicity to man and
other vertebrate animals.

Mode of Action: Same as in organophosphates.

Antidotes: Same as in Organochlorines.
- Range of Target Pest Insects: These have a wide range of its

effectiveness including insect pests of cotton, wheat and other
field crops.
Examples:

Win (Ripcord, Cymbush, Sherna, .Afrivo),

PR

Vo e

?‘ Cyermethrin plus profenofos (Polyt-in-C),  Permethrin
& (Ambush) Decamethrin (Decis), Fenvalevate (Sumicidin),
" Nurelle. Danitol and Mavrik.

..B.  RODENTICIDES

These chemicals disturb the vital processes of rodents

(rats, shrews, squirrels etc,) by chemical action.

% Examples:

Brodifacoum (Klerat), Coumatralyl (Racumin), Sodium
25
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A

tes @
nzrol the mites n‘

C. ACARICIDES
This_group_of chemicals is _used 10 co i
tLicks etc. ’ .

Examples: LKelthaﬂe)’ I;'thOP‘:

Propergite (omite), Tet-adifon (tedion -

ma
combinatio:s of control methods which re B
° — insect pests W

Chlorobenzilate _{Ajc_grk)_l_ﬂgigf}f‘?_]_,«"

P “It is the control © -
sult in le

wn
w
-
\m\
N
m,
ﬁ
w

B

. . i1 g_dg;rlg_i—t—lg"'l’—/
man and his environment.” In the beg! gical contrl

biolo

controlled by _parasites, predators i.e, by DP1O7"5 7
Thsects Were n

controlled by parasn;c_ﬁiandj{_eﬁd_q@_[s_,_‘ mi
apr'ied to control the pest at that place.
many methods of controi are combined to cont

nethods, and whenever and wherever

he chemical control wi

Now a days, general)

rol a panicu\l,
[01 i

pest to a particular crop.

_U).\].OU\JL(_,‘)'),__,

Cultural contro]
Physical contro!
Mechanical control
Biological control
Legal control
Reproductive control
Chemical control
Pheromonal control :

St

Harmonses: The secretions which are produced i

Elemntnts of Integraed Control :
s |
';

o a— W

/\-—-——.--——"’"—,
organisms into their blood, and they act at a }
place different from their place of origin are called harmoncsi

Pheromoner the secretions Which are thrown outside f
body are called pheomones. ——— ol
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