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INTRODTOCTION




Chepter 1

INTRODUCTION

Okra, Abelmoschug esculentus (L,) Moench is an
important vegetsble crop enltivated throughout India,
In Meharashtra State, it is grown on an area of 5,000
hectares (Anonymous, 1985). It is a good source of
vitenins, proteins and mineral elements. It is also
used in paper industry and in mamfacture of gur as a
clarifying agent. It has high medicinal value and is
used in cases of catarrhal infection, fever, irritation

of bledder, inflommations and coughs.

This orop is attacked by many pests both in
vegetative and fruiting stages the important amonget
them are jassid (Amrasca biguttula biguttula Ishida),

ephid (Aphis gossypii Glover) and fruit borer (Earias
vittella Fabriocing). Jassid and gphid infestation
affects the early stage of the erop and ocan csuse
reduection in yield. Jassid attack causes the leaves to
ocurl upwards along the tips and margins and to develop
necorotic eress which extend over entire leaf surface
remlting in hepper burn. JAphids reduce the vigour of
the plents, Heavy infestations of these pests in young
stage resmlt in stunted growth and gradual death of
plants. Caterpillars of E.vittella gain entry into
tender shoots, flowers, buds and developink fruites and



feed therein, cemsing thereby cessation of shoot growth
and shedding of buds and flowers. The affected fmits
are rendered unfit for human consumption, Beasides okra,
it has also been reported to feed on mumber of malvaceous
plants including cotton (Fletcher and Misra, 1920; Haroon
Khan et al., 1946).

The food plants play a vital role in developrent,
survival and reprodnctive potential of insects (Painter,
1951). It is one of the major eco-biological factoras
in building uwp its population. The host plants also

play an importent role in msintaining contimity of the
pest throughout the year,

Life tables are one of the tools most useful
in the study of inseet population dynamics. Tife tables
can bs used to mgke gquantitative and qnalitative evalua-
tion of different hoot plants., Tife tables may be
anelysed to determine the stage in the life cycle which
contributes the most to the population trend when a
series of life tableg is aveilable (Birch, 1948).
Perusal of literature reveals that  very acanty infor-
mation is available on the aspect of reproductive
potentisl of E., vittella on different hosts (Ambegaonkar

and Bilapate, 1982).



Completion of a given stage in the development
of inseot requires an accumlation of a definite amount
of heat energy known as the thermal oonstant (Uvarov,
1931). The knowledge of thermasl oonstant of a pest
gives information regarding the rmumber of generations
that a pest will complete and 1%s abundance within a
given period.

Insect injury consiste of the detrimental acts
of ingects which cemse demsge to the plants, Thise
would lnvolve insect population and inseot behaviour.
Plant damage is the effect of the inseot injury on the
plant, Plant damage may or nmay not result in crop
loes. In some cases, the damage may even be benefiocial,
The term ‘orop losses' implies qualitative and guanti-
tative reduection in yields, and the loss whioh can be
avoided by applying chemical control measures against
pests end diseases may be termed as 'avoidable loss'
(Khosla, 1980).

The assessment of orop losses due to pests is
a pre-requisite for any plenned programme of erop
proteotion, It helps in the prediction of crop produ-~
ction and development planning for future production.

It also helps to gnide research programmes,

It—x India, the efforts made to assess the losses

due to pests and diseasen of major orops are almost



negligible, The picture remains much the same from the
time Pradhan (1964) advocated assessment of losses due

%0 pesta, ingpite of the attempts made by several workers,
Appreciable crop losses are csused by insect pests in
okra (Rawat end Salm, 19753 Singh and Chopra, 1979;
Krishnaiah, 1980). But the reliable and objective
estimates of thelr incidence and consegquent crop losses
in respeot of biometric parameters and yield contribu-
ting faotors are not available,

Keeping in mind the sbove points, the present

investigations were ecarried out on the following aspeciss

1, Tife table atudies of E, vitiella on okra

and cotton in lsgboratory

2., Determination of thermal oconstant for
go vittella

3. Assessment of erop lossep due to major pests

im okra

4, Orop loss assessment dne to major pests

during various growth periods of okra.
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Chep ter 2

REVIEW OF LITERATTURE

The review of literature hera covers the biology
end life fecundity tebles of Eariess vittells PFab.,
methods and techniques in general for assessing orop

losses, crop loss asseasment techniques and losses due
to ingeot pests in okra and their impact on various
rlant characters.

2.1 Blology of E. vittella

2.1.1 Egg

Pletcher and Misra (1920) reported that the
incubation period of E. fabia was about 3 days during

April to September. Hussain and hial (1922) found that
the incubation period of E., lnsulana was 2 to 4 days

during summer and upto 9 days in winter,

According to Deshpande and Nadkarny (1936) the
inoubation period of the eggs of E. fabia and
E. insulena was 4 days elmost throughout the year execept
during the cold months of December and Jemuary, when it
ocoupied about 5 to 7 days,

The inonbation period of E. fabia was 11, 6.6, 4,
2.91 and 2.66 days at 16°, 20°, 25°, 30° ana 35%
temperatures, respectively (Ahmad and Ullah, 1939).



Pruthi (1939) reported that the egg period of E., fabia
and E. inoulsna on cotton Lasted for 11 to 12 days at
16°C temperatuve.

Patel et al. (1956) obeerved that the incubation
period of E. febia and E. insulana ranged from 4 to 7
days.

Yathom (1956) atated that the incubation period
of E. insnlena eggs was 3 days at 26-29°C temperature.
The inoubation period of E. vitiella was 5 to 4 days in
July to September and 8 to 9 days in Jameary and
Pebruary at Kampur (Pant, 1960).

Pruthi (1969) reported that the eggs are mimte
in size and green in colonr, laid singly at night on
the tender parts of plant and hatched in 4 to 5 days.

Grewal and Atwal (1969) observed that the incuba-
tion period of the eggs of E. insulena lasted for 4.6,
2.9, 2.4 and 2,1 days at 25°, 30°, 35° ana 40%
rospectively, There was 61.4, 65.2, 59.2 and 51.8
per cent hatohing of eggs at different termperatures,

respectively.

Moradashaghi (1971) reported that the egg siage
of B, insulana laated for 4 dsys. Assem et al. (1973)
found that the incubation period of E. insulana was
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4 to 5 deys at 30°C and 70 per oent relative humidity
and 5 to 10 daye at 15%°¢ and 50 per cent relative
humidity.

According to Atwal (1976), incubation period of
E. insulana and E. fabia was 5 to 4 days, Senapati et al.
(1978) observed that the egg stage on fruit and shoots
of okra and bolls and shoots of cotton lasted for 3 days
at 29 + 2°C and 2 days at room temperature (30.8 to
32.3°%0).

Hafeez and Ali (1983) found that the egg stage
of E, vittella lasted 3-4 daye under semi-natural

condi tions in the laboratory.

2.1.2 Tarva

Fletcher and Misra (1920) reported that the
larval duration of E. fabia was 9 to 11 days on cotton.
While Deshpande and Nadicarny (1956) stated that the
larval duration was 10 to 12 days on cotton and it
extended uptf: 14 to 16 deys during December and Jamary.

Ahmad and Mlah (1939) reported that the larval
duration was 34,96, 19,86, 11,92, 9.95 end 8.90 days
at 16, 20, 25, 30 and 35°C temperature, respectively.
According to Pruthi (1939) larval period was 35 days

on cotton at 16%¢,
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Yathom (1956) reported 9~10 days larvsl period
of E. inoulana at 26 to 29°C temperature. The larval
period ranged from 9 to 16 days (Patel et al., 1956).
Pant (1960) etated that the larval period of E. vittella
ranged from 10 to 12 days and 15 to 19 days in
laboratory and field conditions, respectively.

The larval duration of E. insulans varied from
gbout a week to more than two months (Pradhan, 1969).
Grewsl and Atwal (1969) found that the larval develop~
ment was faster at 35°C than at 30° or 25°C temperature
and the same was 10.62, 10.99 and 11.48 days,
regpectively.

Under Punjab conditions, Pruthi (1969) reported
that the larval period of E. insulene lasted from 10
to 16 days in summer and 50 to 60 days in winter,
Moradeshaghi (1971) found that the larval stage of
E. insulanag lasted for 14 deys. Liarval duration was 9
to 16 days on cotton bolls and 18 to 20 deys on cotton
twigs (Senspati et sl., 1978).

Hafeez and Ali (1983) stated that the larval
astage of E, vittella lasted for 5-16 days in semi-
natursl conditions.

Ambegaonkar and Bilapate (1984) reported that
the mean larval duration of E. vittella was shorter
(9.26 days) on okra fmite and longest (11.34 days) on



cotton flowers. The larval duration on other foods viz.
cotton bolls, okra seeds, end okra epicarp was 9.49,

9.81 and 9.98 days, respectively.
2.1.3 Pupa

Aooording to Deshpande and Nadicarny (1936),
pupation of E. fgbia and E. insulana generelly oocurs
in soil, 1In normal field conditions, the pupa ocourred
to a maximm depth of about 10 to 12 inches below the
soll surface. The pupsal period varied from 8-14 days.
The pupal period of E. fabia was 7 to 9 days in April
and October at Pusa-(shmad.and Ullsh, 1939).

Yathom (1956) stated that 1ife duration of
different stages depends upon climatic conditions. The
pupal duration of E. insnlana lasted for 8 to 10 days
at 26 to 29°C temperature. Patel et sl. (1956) reported
that full fed larva pupatsd in silken cocoon ountside the
bolls in which it remained for 8 to 14 days.

Grewal and Atwal (1969) recorded pupal duration
of 11.64, 8,98 and 7.52 daye at 25, 30 and 35°C
temperaturs, respectively, Murtuza and Visheed (1969)
reported that pupal duration of male and female was
9 and 8 days in July and 11 and 10 days in November.

Assen et al. (1973) observed that the pupal stage
lasted for 9 to 10 days at 30°C and 70 per cent
relative mmidity and 10 to 15 days at 15°C temperature
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and 50 per cent relative humidity. The pupal duration
of E. insulana was 10.1, 10.6 and 11,3 deye on unripe

cotton peeds, unripe okra saeds and milky meize geeds,
regpectively (Megahed et al., 1974).

Atwel (1976) reported that larvae pupated either
in the plents or in the ground among fallen leaves and
the moths emerged in 4 to 9 days. The pupal stage was
prolonged in winter and ocoupied 6 to 12 weeks,
Senspati et al. (1978) found 10 to 12 days pupal dura=-

tion on cotton bolla, .

Hafeez and All (1983) gtated thet the pupal stage
of B, vittella lasted for 6 to 15 deys.

Ambegaonkar and Bilapate (1984) observed that
the pupal stage of E. vittella lasted for 6.63, 8.49,
8.97, 10.58 and 11.41 deys when the larvae were reared
on cotion bolls, okra geeds, okra fruits, cotton flowers

and okra eplearp, respectively.

2.1.4 Tife Qyole

Deshpande snd Nadkerny (1956) reported that the
life cyole duration of E. insulana and E. fabia wes
22 days during Jameary. OChristidis and Harrison (1955)
obgerved that the whole life oyole of E., insuleng was
completed in 40 days on cotton,
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Khan and Rao (1960) stated that the entire life
oyole of E. ilneulena and E. vittella on cotton ocoupied
22 t0 35 days in Gujarat, 18 to 46 days in Maharashtra
and gbout 25 days in South India.

¥egahed gt al. (1973) found that the life cyecle
duration of E. insulana wes 21 to 28 days in Angust-
September on cotton and 74 to 97 days in December-March,
Reo (1980) obgerved thet the threshold temperature of
development for various stages ranged from 13,33 to
14.04°0. requiring 325.8 aayqug; completing a life
cyocle, The pest was computed to complete 13 generations

in a yeer.

Ambegaonkar (1981) recorded that the life oycle
duration of E. vittella when reared on cotton flowers,
cotton bolls, okra frmits, okra seeds and okra epicarp
wes 25.05, 19.05, 21.37, 20.85 and 25,86 days, respecti-
vely. Hafeez and ALl (1983) found that the life span
of E, vittella was 24 to 45 days in semi-nstural
conditions.

2.1.5 Adult
2.1.5.1 Preoviposition

Deshpande and Nadkarny (1936) stated that
preoviposition period of E. insnlanas and E. fa bia took
3 to 7 days on cotton., ahmad and Ullsh (1941) reported
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that the preoviposition period of E. fabis was 9 to 10
days (16°C), 4 to 6 days (20°0); 3 daye (257C) and
3.5 days (30°c) on cotton.,

Yathom (1956) reported that preoviposition
period of E. insulana was 3 to 6 days at 26-29°¢
temperature, Eggs were usually laid 2 to 11 days after
emergence on fruits of okra (Martuza end Waheed, 1969).

Anvwar et al. (1973) found that B. vittells
reqired 2 to 4 days, for the start of oviposition. The
preoviposition period of E. insulana on okra lasted for

% to 7 daye at 15°C and 50 per cent relative humidity
and 3-4 days at 30°C and 70 per cent relative humdity

(Assen et al., 1973).

The preoviposition period was 9, 5.2 and 12.4
days in unripe cotton seeds, unripe okra sceds and maige
seeds, respectively (Megahed et al., 1974). According
to Vishwpreni and Krishna (1974) the preoviposition
period of E, fabig ranged from 24 to 48 hours after
mating. Kehat and Gordon (1977) stated that the
preoviposition pericd of E. insulana was prolonged vpto

9 daye in unmated females.

Ambegeonkar (1981) reported that the mean
preoviposition period of E. vittella on cotton flowers,
cotton bolls, okra fruits, okra seeds and okra eplicarp
vas 1.2, 1.8, 1.2, 1.2 and 1.4 days, respeotively.

\



13
2.1.5.2 Oviposition

Deghpande end Nadkarny (1936) stated that the
moths of E, insulana end E. fabia d4id not lay eggs
during the day time irrespective of light or darknees
and the average oviposition period ranged from 5 to 15
days in mugust—Sep tember,

Yathom (1956) reported that 25-28°C temperature
renge was optimum for oviposition in E. insulana. The
females of E. vittella started laying egegs on either
the second night after emergence or the first night
following mating and the most oviposition oscurred from
2 to 7 days after emergence (Aawar et al., 1973).

Megahed et al. (1974) observed that the mean
oviposition period was 19.6 deys on unripe ocotton seeds,
17.5 daye on unripe okra seeds and 24 days on milky
maizo seeds, Vishwapremi and Xrishna (1974) reported
thaf. the oviposition period of E. faebia was 10 days on
whole fruit of okra, 13 days on epiocarp, 10 days on

megocarp and 14 deys on okra seeds respectively.

Ambegaonkar (1981) stated that the oviposition
period of E., vittella when reared on cotton flowers,
cotton bolls, okra fruits, okra seeds and epiocarp was
6.8, 6.4, 6.5, 6,5 and 6.4~ deys, respectively,
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2.,1.5.% Feoundlty

Deshpande and Nadkarny (1936) found that the
fecundity -of Barias spp. was 196, 342 and 451 from
the moths emerged when larvae were reared an cotton
flower buds, cotton bolls and okra fruit, respectively.
Ahmad and Ullah (1941) reported that the feoundity of
E. fabia was 29 at 16°C, 136 at 20°¢, 253 at 25°C and

163 eggs at 30°0 temperature respectively.

Chao et al. (1965) noted that E. cupreoviridis
laid 102~275 eggs in each generstion. Entwistle (1969)
reported that E. biplage adults when reared on Cacao

(Theobrome cacac) and fed with sucrose laid 95 eggs per

femele and the greatest mumber of eggs laid by a single

female was 461,

Grewal and Atwal (1969) observed thet fecundity
of E. ingulana was meximum (899 at 30°C and 70 per cent
relative humidity and minimam (49) at 25°C and 100 per
cent relative humidity.

Moradeshaghi (1971) reported that the mmber of
egga laid by E. insulana varied from 1 to 175, Mehta
(1971) found that the mmber of eggs laid by E. fabig
was higher in moths that had developed on okra than those

reared on other foods,
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Megahed et gl. (1975) found that the E. inenlana
laid maximam mamber of egge (422) in September-October
while the minimum (164 eggs) in July-iugust, Anwar
et al. (1973) observed that the mated females of
B. vittella laid on en average 259 eggs aduring its life
time,

Vishwapremi and Krishna (1974) noted that the
average fecundity of E. fabia when reared on whole fruits
of okra, okra epicarp, okra megocarp and seeds of okra
was 515, 1306, 342 and 638 eggs, respectively. The mean
minbers of eggs per mated females of E. insulena, were
164 for unripe cotton seeds, 168 for unripe okra seeds
and 152 for milky seeds (Megahed et al., 1974).

Ambegaonkar and Bilepate (1984) found that the
fecundity of E. vittelle when reared on cotion flowers,
cotton bolls, okra fruits, okra seeds and okra epioarp
was 272.8, 310.8, 295.2, 285.65 and 242.80, respectively.

2.1.5.4 Tongevity and Sex Differentiation

Deshpande and Nadkarny (1936) stated that the
average life of moths fed on honey or suger solution
was found to vary from 8 to 22 days.

Ahmad and U‘u.ah (1941) obgerved that the longevity
of E. fabis at 16, 20, 25, 30 and 35°C temperature was
20, 16.9, 16, 12.4 and 5.7 days, respectively and the
longevity of females was more than males,
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The E. vittella motha differed from E. insulana
in being slightly bigger (13.14 mm long) and having
fore winge with broad white stripes along coastal and
anal margins. Thus leaving only a wedge shsped green
band in middle (Butani, 1976).

Ambegaonkar (1981) reported that the longevity
of the adults on cotton flowers and cotton bolla was
6.4 daya, on okra frults and okra seeds, 6.00 days Gnd on
okra epiocarp, 6.1 days.

Sexes of the fledging moths were distinguished
easily on the basis of certain variations in the oolour
bands of their fore wings (Vishwgpremi and Krishna,
1974). In both males and femalea, there is a conspi-
cuous green band running along the centre of the fore
wving. In males, a distinot white strip flanks this
band on its upper portion all along its course while
the lower side of the green band is bordered by a
feintly brown or pinkish-red strip. But in females,
the portions of the forewing above and below the green
band are distinectly light brown or pinkigh-red in
colour, the iAtensity of whioh is greater than that
obgerved in the lower part of the fore wing of males.

Gupta (1978) noted that the main difference in
the pupae of E. fabia 1a the well developed oconical
knob at the anteriodorsal end of the male cocoon,

wvhich does not exist in the femgles.
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2.2 Tife Fecundity Tables of E. vittella

The populetion parameter known ag the intrinsic
rate of natursl inorease was first devised for the
study of human populsation by Lotka (1925), The para-
meter wae later adspted for a more general use in
animal ecology and was gpplied to stndies on vole
Microtus agrestis (Leslie and Ranson, 1940) and the

brown rat Rattus norvegious (Leslie, 1945). Birch
(1948) introduced this useful concept to the study of
insect populations, He defined the intrinsioc rate of

increase as the actual rate of inerease of s population
under gpecified oconstant environmental condition in
which apace and food are unlimited when there ere no
mortality factors other than physiologicel ones, He
further euggested that the term intrinsic rate of
natural increasge might be considered more gppropriate
than an plternative term *biotic potential'’ which is

more frequently used in relation to insect population.

Howe (1953) stated that a life tsble ean be
construoted by following the life history of a group
of insects from their birth (egg laying) to emergence
of adults and recording all deaths as they ocour
together with mex of those which die as adult.

It is not possible to know exactly the parameters,
the intrinsic rate of natursl inorease, but an estimate
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of its value can be made, This estimated valne
(otatistiocs) was oalled the innate capacity for increase
(rm) by Andrewarths and Birch (1954).

Watason (1964) stated that the rangs of climatioc
and blotio(food type) fLaotors will influence the value
of 'rm’ and suggested that becanse of the varlations
in the climatic conditions 'rm* could be used as bio-
climatic index in assegsing the pest potentialities

of an ingect when introduced into a new area.

Ambegaonkar snd Bilapate (1982) reported that
the net reproduotive rate of E. vittells when reared
on cotton flowers, bolls, okra fruits, seeds and
epiocarp was 95.17, 95.96, 114.50, 149.25 end 112,71
females per female per generation, regpectively. They
further ptated that on the basis of innate capacity
for inoreasse in mambers ‘rm’', the host plants could be
arranged as okra seeds (0.1569), okra epicarp (0.1384),
okra fmits (0.1%6%), cotton bolls (0.1365) end cotton
flowers (0.,1151). The meximm contribution towards
gtable gge diatribution was made by the immature stages.

2.5 Assegement of Orop Losses due to Insect Pesis in Okra

2.3.1 Methods and Techniques in Genersl for Assessing
Crop Lossos

Techniques for assessment of erop losses due to

pests have been ontlined by seversl workers (Pradhan,
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19643 Judenko, 1965, 19725 Smith, 19673 Strickland and
Bardner, 1967; Krishnaish, 19803 Veeresh, 19803 Kulkarni,
1983)., Various technigues of estimating losses due to
ingeet peats adopted by different workers are sas
followss

2.%.1.1 Comparison of Yields from a Mechanically

Protected Pest Free Crop with a Naturally Pest
Infested Crop

The ideal méthod for estimating orop lose would
be to compare yields under pest infested and pest free
conditions, Attempts were made by several workers to
get pest frée plote by differsnt methods as indicated
be lows

(a) Cage Studies

Technique involving cages is useful for conta-
ining the infestation o; ageoifio pests while elinming-
ting others and in oriticsl experiments to establish
the relationship between inseot intensity and yields.
Ceges of great varlaties were used to either exolude
or contain pest infestation (Judenko, 1965), to cover
a portion of field or plant (Smith, 19673 Krishnaiah,
1980) to prevent the oviposition (Raw and T.oety, 1957)
or to cover the soil to prevent the entrance of insects
into soil (Bardner and Griffiths, 1967).

(b) Artificial Removal of Pests

Hand plcking is ususlly employed to remove the
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pests from small areas (Judenko, 19583 Judenko et al.,
1952). Prasad (1963) used this method for assessing
the loes in casbbage plants by imported cabbage worms

Pieris rapee .« The game method was adopted by
Sheshu Reddy (1973) to estimate loss in red gram &ue
to Heliothis armigera.

(o) Chemiocal Treatments

Voluminous literature in economic entomology
conteins many examples of comparisons of treated and
untreated insect populations and the effect on orop
yield, Indeed, popular technique of crop loss assess-
ment is by using pesticides. 1In this, an effort is
nade to protect the experimental crop by best control
schedule known for a particular pest and the yield of
such orop is compered with the one whioch has been
exposed to normal inseot infestation. Though pesticides
cannot give true estimatea of losses from gpecific
pesis, this method has been adopted by several investi-
gators, Hunter (1924) estimated losses due to
Anthonomus grandis Bohman using this method.

LeClerg (1971) suggested paired plot experiments
end maltiple treatments experiments to know the increment
of loss per unit increase of pest intensity and the
competitive or interaction effects of more than one

pest on yield loas. Suryawanshi and Pawar (1980) nsed
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the paired plot technique for estimating the loases due
to the gphid, Dactynotus sonchi L, in safflower.
Krighnalah (1980) sugeested a randomised block design

instead of paired plot experiment, if the programme

aimg at assessing the loss at different crop stages or
due to more than one pests. Kulkarni (1983) modified
the method suggested by nLeClerg (1971) and used factorial
randomised block design instead of paired plot for
estimating the losses dne to cotton pest complex in two
cotton hybrids.

2.3.1.2 Evaluation of Damage Refore and After Intro-
duotion of a Pept into an Area
Munter (1924) and Smith (1959) have used this
method for boll weevil and spotted alfalfa gphid,
regpeotively.
2.,3.,1.3 Comparison of Yields from Artificially Infested
Crops with Pegt Free Crops
Artificial infestation can be established at the
different points on a plant (Chiang and Holdeway, 1959),
on different dates (Deay et al., 19493 Prasad, 1963),
on different sizes of the plant (Degy et gl., 1949) and
for different length of the time (Ortman end Painter,
1960), This method was sdopted for estimating the losses
due to H. armigera in sorghum (Buckley and Purkhardt,
1962), Spodoptera frugiperda (Smith) on maize (Morril

and Greene, 1974)3 H., armigera on red gram (Sheshu Reddy,
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1973), Empoagca fabse on soybean (Ogunlana end Pedigo,

1974) and E. vittells on cotton (Zaghoul, 1982).

2.5.1.4 Comparison of Naturally Infested Plants with
Naturslly Uninfested Plants
Pradhan (1964) described that, in this techunique
the plants from ithe same field are examined for the
degree of infestation and their individual yields are
determined.

Judenko (1972) suggested an analytical method
of caleulating loss based on comparison of yield from
two sets of plants that are precisely identical in all
regpects except that one is unattacked and the other is
attacked by specific pest, The economic loss was

computed by the following proecedurs:

Coefficient of harmfulness (C) = ég-‘l x 100

where, a = Mean yield per
uninfepted plant

b = mean yiela per
infegted plant

Percentage of economic loas (L) = 91%5}-?-
where, p = pereentage of plants
infested

Expected yield in the absence

100 (ACT)
of Pest (W) = "fm‘L—-':,

vhere, ACT = aotual yield
The economic loss (L.0S) w U = ACT
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2.,3.1.5 Simlated Damage

A mmber of investigators have attempted to
simlate pest injury either by removing leaves, repro-
ductive parts in a manner cansed by pest themselves %o
determine its effect on the orop losses caused (Duanam
et gl., 19453 Kincade et gl., 19673 Wilson et al., 1972;
Peldwin et al., 1974; Rehman, 1977; Wilson and Gutierrez,
19805 Wilson et al., 1982).

2.3.1.,6 Manipulation of Natural Enemies

The feasibility of this method is limited by
many potential secondary interaetions (Smith, 1967).

2.%.1.7 Average Amount of Damage Caused by Indivigusl
Inseot

This method is utilised by Pradhan and Peswani
(1961) to assess the losses cemsed by Hieroglyphus
nifroleptus (Boliver) in maize and by Plusia orichalcea F.
in cauliflower by Basu and Chatterjee (1969).

2.3.1.8 Subjective Estimates of Yield Loss

Estimation of losses oveyr large areas are often
made from the opinions of farmers and extension workers.

This method mgy be useful when damage is heavy.

Although, none of the foregoing methods and
techniques of assessing losses gives unequlvocal results,
estimates of losses oan be obtained that are of practical

value and thaet show the benefits of controlling pests.
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2.3.2 Crop Loss Assessment Technigques and L,ossee Caused
due to Major Pests in Okra

Rawat and Sghu (1973) carried out field tests
to egtimate logses in growth and yield of okra ocamsed
by Amragogs (Empoases) devestans Dist. and Earlias sp.
In one gset of plots, the pests were controlled by the
epplication of gramles containing 5 per cent dimethoate
at a rate of 20 kg/ha below the seed in the farrow
followed by 2 sprays of 0,02 per cent endrin and six
spraye of 0.v2 per cent carbaryl at 10 days interveal
starting 5 weeks after sowing, another set was left
untreated. Average losses in plant height, the mamber
of leavea per plant and the weight of heelthy frits
" were 49.8, 45.1 and 69 per cent, respeotively.

Singh and Chopra (1979) reported that the
per ocent reduction in the average plant height, average
mamber of leaves/plant, average mumber of total fruit(s)/S
plants, average weight of total frults/5 plants, average
mmber of healthy fruits/5 plants and averege weight of
heal thy fruits/5 plants in control plots in comparison
with malathion and leptophos treated plots was 18.30,
28.57, 27.61, 27.0, 40.65 and 37.58 and 21.62, 28.57,
30,27, 29,67, 44.89 and 43,24, respectively.

Krishnaiah (1980) conducted different ingecticidal
trials in paired plots for assessment of lossss due to
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major pests in okra from 1972-T4, From the yield data
collected from differont insecticidal trials he oceslou~ °

lated per cent avoideble loss,

mean yield of unproteoted plots

Per cent avoldable _

mean yield of proteoted plots -
X 100}
los8 mean yield of protescted plote

due to major pests in okra and recorded 40-56 per oent
gnd 49-74 per cent yield loss due to leaf hepper and
fmit borer, respectively.

In another experiment Lo compare the losses
due to fruit borer on okra by different methods vis.
cage method, chemicsl protection and individual plent
yield assessment the yield losees worked out were 46.1,
45.5 and %8.9 per ocent, regpectively, Thus he found
that other methods are also useful, ¥is efforts to
assess the yleld loss from naturslly infested plots
were not successful, as the variastion in fruit borer
infestation was very narrow with a range of 29 to

45 per ocent.,

He had also undertaken studies to establish
pest density of jassids and okra yield relationship for
the 15 da.va' old orop. Jassid nymphs at 1,5,5 and 7 per
leaf were released on plants grown in field and covered
by 6™ x 4" x 6" field cages. Insect mimbers were
maintained for a fortnight by releasing nymphe of 2nd
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and %rd instats, Tater, the plants were protected from
Jjassids by monoorotophos (0.05 per cent) spray and okra
fruit yields were recorded? Correlation between the
ingect mimber and yield {(gm/plant) was highly signifiocant
with a correlation coeffiocient of -0.717. The regression
equation (for yield 'y’ on insect mmber 'x') was worked
out to be Y = 121,925 -~ 5,521 x., The yield loss in okrs
due to 7 nymphs per leaf for a period of fortnight at
this growth stage was of the order of 32 per cent. In
his studies to estsblish relationship be tween intensity
of fruit borer and yield loss, he found that the rela-
tionship of fruit borer infestation (x) and yield loss
(y) follow a linear regression., The regression equation

worked out wass

Y= 1.624 L 1&149 X (1’ = 0-814)

Rao (1980) conducted studies on orop loss due
to ingecot pests of okre by differential protecotion, by
using two insecoticides viz, formothion (ageinst sucking
insects) and carbaryl (egainst fruit borer) and observed
that fruit borers inflieted greater losses (3%.10 to
45,035 per cent by pmumber and 21.11 to 39.26 per cent by
weight with 5.49 to 13.24 g/ha reduction in yield) as
compared to sucking insects (1.5 per cent by number and
3.76 per cent by weight with 7.2 g/ha reduction in yield).
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Srinivasan and Krishnskumar (1983) conduoted
field trials in randomised block design with four
replications for assessment of losses csused by suocking
pests and fmit borer in okra. They observed that the
percentage yield lossos following the treetments with
carbaryl (4.2 per cent), carbofuran + phosalone (4.1
per cent) and disulfoton ¢ carbaryl (2.9 per cent) were
lowest and were not significantly different from one
another, The game treatments produced meximm marke-
table ylelds. The loss ogmesed in the unprotected
control plot was 13.5 per cent and this was on par with
logses resulting from the spplication of oarbofuran
followed by disulfoton, The gpplieation of gramlar
insecticides to control sucking pests without controlling
fruit borer d4id not significently increase merketable
yields. Of the total yield, 19 per cent was lost to
Jasslde and sphids and 45 per cent was lost to the
fruit borer.

2.3,2.1 Plant Chargeters as Influenced by Pest
Infeatation
Palaniowemy et al. (1965) stated that the growth
rate of plants ss indicated by dally weight geina for
50 days was higher following treatment with aldicarb

and oarbofuran for the control of sphide on okra.
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Perumal et al. (1971) found increase in the
total dry matter production per plant, shoot weight/
root weight, petiole length, leaf ares and dry weight
and edvanced flowering by 3 days, following cerbaryl
spraying against okra pests. The shoot length/root
length was greatest in plants sprayed with endrin,
Prult length and weight were greater in the thiodemeton
treatment.

Rewat and Salm (1975) reported that the
average loss in unproteoted okra orop in plant height,
the mamber of leavea per plant and in the weight of
healthy fruits were 49,8, 45.1 and 69 per cent
respectively, Shentalumar et al. (1975) observed
vigorous growth, early flowering by 2«9 days and higher
yields by protecting the okra orop with carbofuran seed

treatment.

Saimbhi%(%979) stated that both fresh end dry
welighta of okra leaves, stem and fruits per plant and
geed yield per hectare inoressed by sppliocation of
phorate at 1.25 kg a.i,/ha. Singh and Chopra (1979)
observed significantly more height, number of leaves
and yleld in okra plots treated with 0.1 per cent
maelathion and leptophos 0.05 per cent for jassid control,



.

¥

Chapter %

Y

MATERIAL AND METHODS

)

OGS




Chapter 3

MATERIAL: AND METHODS

The details of the material used and methods
followed during the present investigation are described

hereunder:

%.1 Leboratory Studies

%.1.1 Rearing Technique of Fruit Borer, Earias vittells

The 1nitial culture of fruit borer, E. vitiella
vas obtained by collecting a large mamber of larvae in
the month of September, 1978 from the okra fields., The
larvae were reared individuslly in 5 x 5 em round plastic
boxes and Et'resh okra fruits were provided as food. The
boxes were kept clean end fresh food was provided to the
larvae every day until pupation. Sexing was done in the
adult stage (Vishwspremi and Krishna, 1974). The newly
emerged male and femgle moths (1:1) were placsd in an
oviposition cage (30 x 30 x 30 em) having a glass in the
front and muslin cloth on three sides with sleaves on the
two laeteral sides gnd the wooden base. The bottom of the
cage was cove;ed with one om thiok urethgne foam. Cotton

wool swebs dipped in five per cent honey solution were
suspended with the help of U pins from the top and sides
of the cage and also kept in the petri-dish placed on the
floor of the cage. The cotton wool swabs were replaced

daily. Tender okra fruits were kept in petri-dish as
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oviposition site, Soon after egg laying, the eggs were
collected in the petri-dishes (10 om diameter). The
neoneate larvae were carefully removed with the help of
wet camel hair brush and released on different fresh
foods viz, okre fruits, okra seeds, cotton squares and
cotton bolls, All the lervae were reared individnally
on different hosta, Food was renewed daif.y in the
morning until pupation. The i-earing was conduocted
through two consecuntive generstions on respective hosis
to acclimatise and thus the mucleus culture was mainteined
on respective hosts. From third generation, oculture wae
used for laboratory lnvestigations. All the laboratory
experiments were conducted in the Division of Entomology,
Marathwada Agricultural University, Parbhani at 27 « 2%
temperature.

3.1.2 Life Fecundity Tables

In order to construct the life fecundity tables,
100 eggs were placed in ten plastic boxes in batches of
ten each, The eggs were glued with the help of soft
wet camnel hair brush on the white paper in one row to
facilitate observation on hatching. After hatching, all
the larvae were reared individually on respective hosta.
Fresh food was supplied daily. Observations on hatching,
larval and pupal development, successiul adult emergence,
fecundity and age specific mortality in eggs, larwvae,
pupae and adults were recorded delly., For determining
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the age specific feoundity, the total mumber of adults

emerged on a partioular day were transferred to a separate
cage for egg laying. The healthy twigs of respective
host plants kept in the containers containing water were
put into the oages as oviposition site. As the sex

ratio was 1:1 the mumber of eggs laid per female was
divided by two to get the number of female births (“'x) ’

The following column headings proposed by EBirch
(1948) , elaborated by Howe (1955) and Atwal and Bains
(1974) were used for the construction of life fecuniity
tables under laboratory conditions.

x = Pivotal age in days

lx = Survival of females at age *'x°

m. = Age achednle for female births at age 'x*

3.1.2.1 Net Reproductive Rate

The values of °'x‘', ‘1x' and ’mx' were caloulated
from the date on life tables., The sum of the products
'lxmx' is the net reproductive rate (Ro) (Lotka, 1925).
'Ro' is the rate of mmltiplication of the populstion in
each generation measured in terms of femsles produced
per generation. The mimber of times a population would

miltiply per generation was caloulated by the formula,

Bo = 1l
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3.1.2.2 MNean Generstion Time

The spproximate value of cohort gensration time
(Tc) (the mean age of the mothers in a cohort at the
birth of female offspring) was caloulated as follows

S X lxmx

¢ Ro

3.1.2.3 The Innate Capacity for Increase in Mambers

The mmber of individuels survived at each age
interval and also the mean mumber of femsle offsprings
produced at each age interval were recordied, ¥From the
data on life table, the arbitrery ;ralue of r, (rc) wae
calounlated by using the formila (Lemghlin, 1965):

r = 1059 Ro

4]
‘BO

The intrinsic rate of naturasl increase (rm) was
then calonlated from the value of arbitrary 'rm' by
teking two trial velues arbitrarily seleocted on either
gide of it, differing in the second decimal places by
interpolation with the formmlas

-r X
T e nm lx“‘x = 1
The values of the negative exponent of e ¥m X
ascertalned from this experiment often lay outside the

range given in the tables found in most mathemstical
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handbooks., Yor this reason, both sides of the above

equation were multiplied by factor 87

(Rirch, 19483 Hatson, 1964):

to give an equation

> el % 1n = el = 1096.6

where,
e = 2 071 826

Tables were then constructed for each host plant
with columns *'x*' and 'lxmx' for each trial 'r ‘. The
two trial values of el Tp % 1,m_ were then plotted on
the horizontal axis against their regpective arbitrary
rm'e on the vertical axig. The points were joined to
give a line which intersected a vertical line drewn from
the desired value of T-e! Tm X Lm, = 1096.6, The point
of interseotion gave the value of the truse 'rm' » acourate
to four decimal places. The precise generation time (7T)
was then caloulated from the formlas

log. R
s % 7o

ol

3.1.2.4 The Finite Rate of Natural Increase ( \)

The finite rate of natural increasse (7\) il.e.

females per female per day was cosloulated ass

A\ = anti 1oge’-'m

and thus, the weekly multiplication of the population was
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caloulated. The numbey of days required to donble the
population as well as the hypothetical F2 females were

al so worked out.

3.1.2.5 8table Age Distribution

The stable ege distribution (per cent distribution
of various age groups) is the distribution which would be
approached by a population of steble age sohedule of
birth rate and death rate (i.e. m, and 1x are congtant)
when growing in unlimited space (Andrewartha and ERirch,
1954), The stable age distribution was worked out with
the knowledge of 'rm' and the life table (age specific
mortality of immature as well as mature stages). The
by (1ife table age distribution) was worked out from the

'l.x' table with the formlas

L, = l.x¢(1x¢1)
2

The T, wes mltiplied with eTn & * 1 nd the
percentage distribution of each pivotal age (x) was
worked out., By putting together the percentage under
each stege, viz, egg, larval, pupal and adult, the
expected peroentage contribution of each group (stage) in
a stable age distribution was ocalculated,
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3.1.3 Determination of Thermal Constani for E. vittella

The fruit borer, E. vitiella was reared on okra
fruits at constant temperature of 20 and 30°C and at
constant relative mmidity of 75 per cent obtained by
using sulphuric acid solution (Solomon, 1951). The
period of development. of different steges as well a8
total developmental period was recorded. TUsing this
data, threshold temperature of development of E., vittella
was worked out as per the method deseribed by Atwal and
Fains (1974), Similarly, the developmental period was
studied at ambient temperzture end relative humidity in
the laboratory. The prevailing temperature during the
period of study was recorded. From this, the effective
temperature for each dsy of development was calculeted,
The summation of daily effective temperature for the
nmamber of days taken by & particular stage gave the
thermel constant for that stage and similarly for all the
stages of the pest over the total developmental period,
summation of effeetive temperature of each dsy for one
year gave the heat aveilability in terms of day degrees
which when divided by dgy degrees required for the total
development, gave the mmber of generations that the

pest could complete within a year.

3.2 Field Experiments

The field experiments were conducted at Agrienl-~
tural School Farm, Marathwada Agricultural University,
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Parbhani. The city has sub-tropical climate where the
mean anmal rainfall is about 828,28 mm, mogstly during
June-Sep tember, The mean maximum temperature ranges
from 28,7°C during December to 41.2°C in May. The
minimim temperature varies from 11.32% to 25,77°C in
wvinter and summer, regpectively. Summer is hot and dry
while winter is cool. The mean relative m:;nidity ranges
from 30-90 per cent.

The investigations were undertaken in kharif
seasons of 1978, 1979 and 1981, The experirvents were
laid out on black cotton soil having medium fertility
and fairly good dralnage. Fields were well prepared by
giving one ploughing and two harrowings to bring the
soil to proper tilth, The crop was fertilised with
50 kg N, 50 kg P205 and 50 kg 'K,0 per hectare as a basal
dose and top dressed with 50 kg N/ha after e month,
Certified seed of Pusa Sawani variety of okrs was
obtained from National Seeds Corporation. Seeds were
sown by dibbling 2~3 seeds per hill in a row 45 cm gpart
by keeping 30 om distance between plants, Two hoeings
and three hand weedings were done to keep the plots free
from weeds. The orop was grown uander protective

irrigation,

3.2.1 Assessment of Crop Losses due to Okra Pest Complex

Popular technique of crop loss assessment by
using pesticides as per LeClerg (1971) was followed with
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nodifications in design to suit the requirements of
the present experiment i.e. instead of adopting paired
plot, randomised blook design was used to ealculate

the loases due to okra pest complex,

Two field trials were laid out guring the
rainy season of 1978 and 1979 (June-September) in a
randomised block design with ten treatments each
replicated four times. The individual plot sige was
5.4 x 3,0 n with twelve rows and ten dibbles in each
row, Net plot size was 4.5 x 2,4 m with 10 rows and
8 dibbles in each row. The experiment consisted of

following treatments

'.B1 Carbofuran 5 per cent seed treatment to
protect the orop during vegetative stage

T, Disulfoton at 1 kg a.i./ha applied at the
time of sowing %o proteot the erop during
vegetative stage

1.5 Honoerotophos 0.04 per cent goplied at 49,
50, 60 and 70 days after germination with
commencement of flowering

'.l‘4 Carbaryl 0.2 per cent gpplisd as 1:5 above

T5 Carbofuran 5 per cent seed treatment and
monoerotophos 0.04 per cent sprayed at the
commencement of flowering as T3 above
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TG Disulfoton at 1 kg a.l./ha gpplied at the
time of sowing and carbaryl 0.2 per cent
applied at the commencement of flowering

as T3 above
1'7 Carbofuran 5 per cent seed treatment and
malathion 0,1 per cent gpplied &s T3 gbove
Tg Malathion 0.1 per cent gpplied throughout

the growth period at an interval of 10 days
coumencing from 20 days of sowing, the time
of pest appearance

'J!g Carbaryl 0.2 per cent gpplied as TB above

1‘10 Tntreated throughont the growth period.

The details of the insecticides used in the gbove
treatments are given in Teble 1,

%.2+1.1 Method of Recording Observations

Observations were recorded on ten plants randomly
selected in each net plot. The observations recorded

during the experimentation are given here under,

3¢2.1.1.1 Population of Sucking Peats

Counts of Jessid nymphs and gphids were taken at
weekly intervael from six leaves (two each from top,
middle and bottom) on ten tegged plants selected at
random commencing from 15 to 40 dsys of sowing, The data

on the mamber of jassids and aphids were subjected to
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log (insect mumber + 2) transformation before statistiecal
analysis (Krishnaiash et al., 1976). The incidence of

other pests vas negligible, hence not recorded.

%.2.1.1.2 Infegtation of Fruit Borer

During each harvest carried out at four days
interval borer affeoted and healthy frulis from individusl
plots wers counted. The perocentege borer infestation
vwes oalculated on the basis of eumulative data for sll
the pickings. The data on percentage fruit borer
infeptation were transformed to arcsin velues before
statistical analysis (Little and Hille, 1978; Nageswar
Rao, 1983).

3.2,1.1.3 Biometrical Observations

Observationa on the plant height and mmber of
leaveé per plant were recorded at weekly interval
throughout the orop life.' The observations on the leaf
area per plant, fresh leaf weight per plant and fresh
sten weight per plent were recorded 40 days after sowing.
The leaf area per plant was recorded with digital leaf

area meter,
%.2.1.1.4 Yield and Yield Components

Obgervations on the number of healthy fruits per
plant and those infested by fruit borer were recorded
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from the cumilative data for all the pickings. Similarly,
the observations werse recordsd on the length and girth of
the fruits at each harvest from 10 randomly selected
plants. Observations on the weight of healthy fruits per
plot were recorded from the cumulative data for all the

pickinga,

3.2.1.2 Method used for Assessing per cent Crop L,oss
Judenko (1972) expressed the percentage yleld
loss per plant by the coefficient of harmfulness (C):

C = {a=b) x 100
a

where,
a = mean yleld of unattacked plants

b = mean yisld of attacked plants

The same method was adopted to assess the losses
in various parameters studied. The per cent loss was
calenlated by comparing the various treatments to the
treatment that afforded maximam protection and maximum
inorease in plant characters and yield, In such a

treatment the avoidable logs was considered as nil,

3.2.1.3 Statistical Analysis

The data were statistically analysed by standard
"Analysis of variance" method (Panse and Sukhatme, 1967;
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Snedecor and Cochran, 1967)., The mull hypothesis was
tested by 'F' test of significance to know whether the
observed treatment effects were real or not. PFrom the
data in which treatment effects were significant the
eppropriate standard error (S.E.) and eritical differencs
(C.D.) at five per cent lewel of probability were celcu-

lated for comparing the means of treatments.

%.2.1.3.1 Pooled Analyeis

The simple technique of analysis of variance aay
not be valid under two different seasonal conditions, if
the error vaeriance in the scasons are not of the same
order and intersction (treatment x season) is alao
significantly different., Hence, pooled anelysis of the
data of two years wams carried out as per the method
described by Panse and Sukhatme (1967).

3e2:1:3.,2 Correlation and Regression Studies

The correlations between okra pest complex
(jassids, gphids and frult borer), different plant
characters and merketagble frult yield were worked out
as per the method given by Panse and Sukhatme (1967).

Simple regression coefficients (b) were worked
out betwsen the characters mentioned as wnder as per the

method of Panse and Sukhatme (1967).
.

L <
o L. Mumber 'of jassids/leaf (x) and yield (¥)
‘0‘\ t-“.-/ "‘
Ll \’7\‘ . - 2.' Per cent fmit borer infestation (x) and
R yield (Y)
\ |

L |

-

Lo
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The values of regression coefficlents (b) were
tegted for their significance., The regreassion equation
Y=a-« bx was set up for zbove relationships and the
values of constant (a) were computed for prediction of

'Y' on 'x',
3.2.1.3.2.1 Multiple Regression Studies

Since the yield of marketsble fruits (Y) ia the
regultant of the ¢ ffect of more than one independent
variable (xn » the relations obtained by simple
regreosion analyais may not furnish so satlsfaotory
information, Hence, sn attempt wap made to study the

problem of miltiple regression analyels.

The yield contributing characters sach as plant
height, leaf area, mmber of fruits/plant, etc, have
a direct bearing on the crop yield., These characters
though directly affect yield, but are in turn affected
by pest incidences during the crop growth, Hence, the
yield contributing chargcters cannot be regarded as
'independent’ varisbles in formulating a yield relation~-
ship and hence the conventional regreasion spproach
cannot be gpplied in this situation.

The problem can be viewed through the similtaneocus
equation spproach, The gpproach iavolves formlating
a system of equations in the first stege and then
epplying snitable method of estimetion based on the
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ldentifiability of the system, In the pregent case,

the system can be developed ass

The major peats are Jassids (x.,) « 2phlds (xz)
end fruit borer (x3). These variables affeot the
yield contributing charscters, which in the present
case are identified to be plent height (y4). leaf area
(y,) and nuumber of fruits (y3).

The other varigbles viz. plant height at 45 days
of sowing, mumber of leaves, leaf weight, stem weight,
fruit length and fmit girth wvere not selected for the
maltiple regression studies as they exhibited strong
correlation between final plant height, leaf area and
number of heslthy frauits per plant. This inter-
correlation would ecmmse the estimation problem
"mlticollinearity". The joint impact of the selected

varisbles on crop yield can now be described as followss

T s f (Y Tpr Bg) e
¥y = £ (Xq9 Zp 3-5) oo 2
Yo = I (%44 X, ) .. 3
Y3 = £ (X4y Xp X5) oo 4

The gbove aystem of equations can be readily
verified for identification ag per the order condition
given by Koutisoyieanis (1978).
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As the yield equation ig exactly identified, its
estimation can be earried out by applying the method
of Indirect Teast Squares (ILS). The proecedure involves
estimating the equations (2, 3 znd 4) which contain..
only one dependent aﬁd,3 independent variables by
ordinary least squares (OLS) method. The estimates
of the dependent variables i.e, Ji0 Io and y5 are then
obtained from the estimated equations. These estimated
values which are no longer dependent variables are then
regressed on the yield (eqmation 1) for obtaining the
yield equation i.e., the proecedure containg the following

stepes
(1) Estimation of 31. 92 and 95 froms
§1I= aoéa1x1432x2+a323
Tp = By ¢ byxy ¢ box5
63 = 0p * 04Xq ¢ Op¥y ¢ Czxy
(2) ZEstimation of § froms

A A A A
T o= dg+ Q45 37, + a3,

3.2,2 Crop Loes Assessment due to Major Pests During
Various Plant Growth Periods of Okre
This experiment was oonducted with Pusa Sawani
veriety of okra in rendomised block design during the
kharif season of 1981 (June-September), There were
12 treatuents eaoh replicated thrice., The plot size



46

wae 5.4 x 5.0 m with 12 rows and 10 dibbles in each row.
The net plot size was 4.5 x 2.4 m with 10 rows and 8
dibbles in each row, The treatments were designed to
protect okra erop with ingseticide during different
plant growth periods., Each treated growth period had

a complemantary treoatment during which no ingeeticide
vas applied. Chemical protection during a particnlar
growth period consisted of spraying with monoocrotophos
0.04 per cent, The details of the treatments are

given in Teble 2.

3.2.2.1 Method of Recording Observations

Obgervations were recorded on the population of
jassids (nymphs), gphids, per cent fruit borer infesta~
tion, height of the plant, number of leaves per plant,
mumber of fruits per plant, length and girth of fmit
and yield of okra fruits., The method of recording

observations was same as given in earlier experiment.
%.2.2.2 Statistical Analysis

The data were statistioally analysed by standard
Analysis of variance method (Panse and Sukhatme, 13673
Snedecor and Cochran, 1967). The variance due to
treatments was compared against variance due to error
to test the mull hypothesis by *F*' teat of significance
at P = 0,05,
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Detalls of the treatments

Period with

No, of

Schedule of

- dinsectiocidal
Treat- 1nseoticiaa} ingecti epplication
nent ?%g§1oa§%ggu g;gf%o (days after
88 a-
sowing) tions sowing)
Ty 15~90 5 15
Ty 15-74 4
T5 15-59 3
T4 15-44 2 39
T5 15-29 1
Te Untreoated 0 45
T7 30~90 4
Ts 45-90 3 69
Tq 63-99 2
T10 75=-90 1 75
'T1 1 39-74 3
Ty4o 15-29 and 2

75-99







Chepter 4
RESULTS

The results obtainad in the present investigations
ere pregented under the following heads:

4.1 Tife fecundity tablea of Earias vittella (F.)
on okra and cotton

4.2 Determination of thermsl constant for
B, vittella

4,3 Assessment of crop losses due to major pests
in okra

4.4 Crop loss assegement due to major pests
during various plant growth periode of okra

4,1 Tife Fecundity Tables of E. vittella

4,1,1 Okra

4.,1.1.1 Okra Fruits

The deta regarding the survival of different
stages of E. vittella during development on okra frults
are pregented in Table 3, It was obgerved that the
maximam duration of egg, larva and pupa was 4, 1% and
12 days, respectively. The mumbey which survived between

egg and adult emergence was 80 out of 100,

The data regarding the life table showing the
survival (lx) end age specifio fecundity for E, vittella
when reared on okra fruits are presented in Table 4 and
Fig. 1.
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Teble 3., The survival of different stages of E. vittella
on okra fruits

Number surviving

kept
Wo. Egg stage bharvel stage Pupel stage
(0 days)  (9-4 daye)  (5-17 days)  (18-29 days)

1 10 9 8 8
2 10 8 8 7
3 10 10 9 9
4 1 10 10 9
5 10 8 7 7
6 10 9 8 8
7 10 8 8 8
) 10 10 9 9
9 1 19 10 8
10 10 7 | 7 7

Total 100 89 84 80
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Teble 4, Life teble (for females) and age specific
feeundity for E. vittella on okra fruits

Pivotal Survival of Age sohe-

age in femgles at dule for
days different fenale
age inter- births
vals
x i By 1By xl m,
0-29 0.80 ve Immature stages
%0-31 0.80 oo Preoviposition
period
%2 0,80 6.8 5.44 174.08
3% 0.80 24,1 19.28 656,24
34 0.80 3345 26.80 911.20
35 0.80 55.1 25.08 982.890
306 0.78 28,7 22,358 805.89
37 0.68 25.5 15.98 591,26
38 0.54 11.5 6.21 255.98
39 0.32 0.0 0.00 0.00

T, (Ro) Txlym,
= 124,17 = 4337.45
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It is evident from Teble 4 that the preoviposition
period ranged from 30th to 31at day of pivotal age.
The survival of immgture steges (lx) from egg to adult
emergence was 0.80 adults per individual, The first
female mortality was observed on %6th day (lx = 0.78) of
pivotal age. The highest contribution of femeles
(m, = 35.1) was observed on 35th day of pivotal age in
the life oyole. The net reproduotive rate (R,) repre-
senting the total femgle birthe was 124.17. Thus the
population of E. vittelle would be sble to multiply
124,17 times per generation on ckra fruits.

The data on innate rate of natursl increase (rm) *
generation time (T) and finite rate of increase in
mambers of :_1:3.. vittells are prasented in Table 5 and |
Fige 2.

It 1s gpparent from the Table 5 that the innate
capacity for inorease in mambers (rm) was 0.1585 females
per female per day and with a daily finite rate of
increase {( )\) 1.148 females per female per day, the
population would mltiply 2.63 times every week, It
took 5.004 days to double the population, The mean
generation time (T) was 34.81 days. The hypothetical
female population in IP2 generation was 15418.18.
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Table 5. Mean length of gensration, innate cepacity
for increasse in nmumbers and fiaite rate of
increase in mumbers of E. vittella on okra
frmite

Population growth statistics

Mean length of generation (To)

- ¥xl
2, - EXla% p—
(e]

Innate ogpacity for incresse in
numnbers (”e)

loge R
r, = -—g—?-—-—?- 0.1380 femaley
(4] female/day

Arbitrary r, 0.1 and 0.14
corrected r, Yo' *m ¥, Lm = 1096,6  0.1385 femaley

femzle/day
Corrected generation time (T)
log. R
Ta ——0 34,81 days
n
Finite rate of inorease in mumbers ()\)
(N\) = antilog, "m 1.148 femgols/
female/day
Weekly maltiplication of 2.63
population
Doubling time 5.074 days

Hypotheticeal F2 fenglesg 15418,18
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The contribution made by different developmental

stages towards the stable age distribution of E, vittella
was determined and the results obtained are presented in

'l‘a'ble 6 and Figo 30

Teble 6, Stable age dlstribution of E. vittella on okra

fraits (r; = 0.1585)

Lifte Percen~-
1;;; °§31 :221318- e Tm(%x*1) Ly @ n(x*1) ;:g:ri-
days stribu~- bution
tion
X Ly
1 2 3 4 5
0 1.00 0.8706 0.8706 14.183
1 1.00 0.7580 0.7580 12,349
2 1.00 0.6600 0.6600 10,752 gy
3 0.94 0.5746 0.5401 8.799 22+33
4 0.89 0.500% 0.4452 7.253
5 0.89 0.4356 0.3876 6.514
6 0.88 0.3792 0.3337 5.436
% 0.87 0.3302 0.2872 4,679
8 0.87 0.2875 0.2501 4,074
9 0.86 0.2503 0.2152 3.506 Larvee
10 9.86 0.2177 0.1874 3.053 39.64
11 0.86 0.1897 0.1631 2,657
12 0.85 0.1652 0.1404 2,287
13 0.85 0.1438 0.1222 1.990



Table 6 contd,

1 2 3 4 5
14 0.85 0.1252 0.1064 1.733
15 0.84 0.1090 0.0915 1.492
16 0.84 0.0949 0.0797 1.298
17 0.84 0.0826 0.0694 1,130
18 0.84 0.0719 0.0604 0.984
19 0.84 0.0626 0.0526 0.856
20 0.84 0.0545 0.0458 0.746
21 0.83 0.0475 0.0394 0.641
22 0.82 0.0413 0.0339 0.552
23 0.82 0.0360 0.0295 0.480 %?%%”
24 n.82 9.0313 0.D257 0.418
25 0.82 0.272 0.0223 0,363
26 N.82 0.0557 0.0194 0.316
27 0.82 0.0206 0.0169- 0.275
28 0.81 0,0180 0.1450 0.256
29 0.80 0.0156 0.12%0 0.293
30 0.80 9.0136 ° 0.0109 0,177
31 0.80 0.0118 n.0095 0.154
32 0.80 0.0103 0.0082 0.133
33 0.80 0.0090 0.0072 0,117 g?g;te
34 0.80 0.0978 0.0062 0.101
35 0.79 0.0068 0.0053 0.086
36 0.75 0.0059 0.0043 0.070
37 0.61 0.0051 9.0031 0.050
38 0.43 0.0045 7.0919 0.031
39 0.16 0.0039 0.0006 0.009




NOILLNBIYLSIA 39V FT78V.LS NI SIVNAIAIANI LNFD Hidg

S1108 NOLLODD ANV SIAdVNAOS NOLLOD ‘sa33S vad0 ‘Siinyd wvad0o NO

©|19331A "3 40 NOrLngidLs1d 3oy 379VLS IHL NI

S17089 NOLLOD

Ot
0e-
0¢g -
oV 1
06S 1

09 1

s3yvnds NOLLOD

$Q33S vAaio

STIVNAIAION] LN3ID ¥3id

Siindd valo

"¢ a4nbi4

AN3ID ¥3d

STYNAIAIAN]

NI

-{

NoiLNgId



55

It is evident from Pable 6 that the populatioen
of E. vittella on reaching stable age distribmution
compriged 99.04 per cent of imuature stages. The
contribution of verious stages viz, egg, larva, pupa and
adult towards the steble age distribution was 53.33,
39,64, 6,07 and 7.92 per cent, respectively.

4,1.1.2 Okrs Seeds

The data, on survival of different stages of
E., vittella duriné development on okra seeds are pragented
in Téble 7. The t;naximum daration of egg, larva and pupa
was 4, 11 and 12 da.vs, regpectively. The mmber whiech
surv.tved between egg and adnlt emergence was 89 out of
100,

Table 7. The survival of different steges of E. vittelle
on okra seeds

Namber surviving

sr, LE&ES

No. Jkept “Egg stege TLarval ptage Pupal stage

* (0 days) (0-4 days) (5—15 days) (16=27 days)
1 10 10 10 19
2 19 9 9 9
3 1 8 8 8
4 19 10 9 8
5 10 9 9 9
6 10 12 9 9
7 10 10 10 19
8 10 ‘9 9 8
9 10 9 9 9
10 1 1 9 9
Total 199 94 91 89
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The data on life tsble showing the survival (lx)
and age specific fecundity (mx) of B, vittella when
reared on okra seeds are presented in Teble 8 and Pig.t.

Table 8, Tife teble (for fomales) and age specific
feoundity for E. vittella on okra meeds

Survival -
Pivotal of females gﬁesggg
age in at differ-

A N

x 1y B Loy x 1,m,

0-27 0.89 .o Immature stages
28=-29 0.89 oo §:g:gép osition
30 0.89 5¢5 4.89 146,79
31 0.89 28.5 25.36 786,31
32 .89 37.6 33446 1070.84
3% 0.89 36,8 32.75 1080.81
54 0.89 28.4 25.27 859.38
35 0.84 18.7 15.70 549.78
36 0.59 6.9 4,07 146,55
37 0,38 0.0 J.00 0.7

1o (R) =x Lo,
= 141,50 = 464037
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The preoviposition period renged from 28th to
29th day of pivotal ege. The females started depositing
eggs from 30th day of pivotal age, The highest mean
progeny production per day of femeles (m,) vas 37.6
females por female and was observed on 32nd day of
pivotal age. The ovipositional period was 7 days. The
first female -mortality occured on 35th day (L, = 0.84)
of pivotal age after the emergence of females, The net
reproductive rate (Ro) repregenting the total female
births was 141,50, It was observed that the population
of E. vittellas would mltiply 141.50 times at the end

of each generation,

The mean generation time, innate cepacity for
inerease in nambers and finite rate of inersase in
mmbers of E. vittella on okra seeds are presented in
Table 9 and Flg. 2.

The meen guration of a generation (P) i.e. the
mean length of developmentsl and reproductive stages was
found to be 32,51 days for this cohort, The innate
cepacity (r,) and finite rate (\) for inereese in
mmbers were 0,152% and 1.164 females per female per day,
regpectively. At this rate the population of E. vittella
was capable of mltiplying 2.895 times per week under the
given set of conditions., The doubling time was 4.55 days.
The hypothetical F, female population was 20022.25.
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Table 9, Mean length of generation, innate cepacity for
increase in mimbers and finite rate of inorease
in numbers of E. vitiella on okra seeds

Population growth statistios

Mean length of generation (To)

T, = =x 1.m, 32,79 days
o

Innate capecity for increase in
numbers (r,) -

log. R
r, = % o 0.1510 femaley
'l'c female/day

Arbitrary ry 0.15 and 0.16

corrected r;, Te' 'm ¥ 1m = 1096.6 0.1523 female?
female/day
Corrected generation time (T)

log. R
‘: 0 32,51 deys

T =
m

Finite rate of increase in mumbers ( N)

(X)) = ani'.nogerm 1.164 female7
female/day
Weekly maltiplication of population 2.895
Doubling time 4.55 days

Hypotheticael F, females 20022.25
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The staeble age distribution of E. vittella was

worked out by observing the population schedule of
birth rate and death rate (mx and lx) under the given

set of conditions,

in Table 10 and Fig. 5.

The results obtsinsd are presented

Table 10. Stable age distribution of E. vittella on
okra seeds (rm = 0.1523)
Pivotal ?‘ﬁ ?hercen-
votal table - - e
ege in age e Tp (x+1) I, er, (x+1) dggtri-
days distri~- bution
bution
x I'x
1 2 % 4 5
0 1.00 0.8587 0.8587 14.778
1 1.9 0.7574 0.7574 12,699
2 1.00 0.63%2 0.6332 17.897 Igfgs
.99
3 0.97 0.5437 N.5274 9,076
4 0.94 0.4669 0.4389 7.553
5 0.94 1.4009 0.3769 6,486
6 .94 0.3443 N.3256 6.486
7 0.94 0.2957 N.2779 5.569
8 0.%4 0.2559 0.2386 4.782
9 0.95 2.2180 0.2027 4,106
T,arvae
10 0.93 0.1872 0.1741 3.488 37.N8
11 0.93 0.1607 0.1495 2,996
12 0.93 0.1%80 0.1284 2.572



Table 10 contd.

60

1 2 3 4 5

13 0.9% 0.1185 0.1102 2,209

14 0.92 0.1185 0.0936 1.896

15 0.91 0.0874 9.0795 1.368

16 0.91 0.9750 0.2683 1.175

17 0.9 0.0644 0.7586 1.008

18 0.91 0.0553 0.0593 7.865

19 0.91 0.0475 0.9432 1.74%

20 0.91 2.0408 0.9371 0.638

21 0.91 2.0350 0.0319 2.548

22 0.91 0.0301 0.9274 0.471 %?gge
23 0.91 0.9258 0.0235 2.494

24 0.91 7.0222 0.0202 0,347

25 0.91 7.0199 0.0173 9.297

26 7,90 0.0163 0.0147 7,252

27 0.89 0.0140 0.0125 0.215

28 0.89 2.0120 0.01n7 0.184

29 0.89 0.0103 0.1992 7,153

30 0.89 0.0089 0.0279 0.135

31 0.89 0.0076 0.0068 0.117

32 0.89 0.0165 0.7958 0.999 Adults
33 0.89 9.0156 9,295 9,086 *P
34 0.86 7.0748 0.9941 0.070

35 0.71 2.0041 0.7029 9,949

36 0.48 0,935 0.0017 0.029

37 0.19 0.0730 0.9005 14708
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Table 10 reveals that the adults contributed
only 0.9% per cent to the population of steble age
whereas eggs, larvee and pupse contributed 54.99, 37.08
and 6,96 per oent, respectively. The population
comprised approximately more than 99 per cent of
immature stages.

4,1.2 Cotton

4.,1.2.1 Cotton Squares

The maximm duration of egg, larva and pupa
when reared on cotton squares was 4, 16 and 15 days
regpectively. The mumber which survived from 100 eggs
to adult stage was 75 (Table 11),

Table 11, The survival of different stages of
E., vittella on cotton squares

Eggs Number surviving

gg' kept
* (0 doys) Egg stage Lervel stale Pupal stage
(0~4 daya) (5=-20 days) (21-33 days)

14}

10
10
10
10
10
10
10
10
10
19

Total 100

QW O oW Wy .
-
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The 1life table showing the survival (lx) and the
age specifio fecundity (mx) of E. vittella when reared
on cotton squares are presented in Teble 12 and Pig. 1.

Table 12, Life table (for femaleg) and age specific
fecundity for E. vittella on cotton squares

survival
Pivotal of females Age sche~-
age in at differ~ adule for

days ent age female
intervals births
x l.x V4 1.1mx b 4 lxmx
0-33 0.75 .e Immature steges
54~35 0.75 .o Preoviposition
period
36 0.73 5.6 4,08 146,88
37 0.7 29.5 21.5% 796,61
38 0.7 32.3 2557 895.66
39 0.7 30.1 21.97 856,83
40 0.75 21.2 15.47 618.80
41 0.73 11.7 8.54 550,14
42 0.65 6.4 4,16 174.72
43 0.35 N.0 D.00 .09

Tl.m (Ry) £x 1,m,
= 99032 = 3839.64
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The preoviposition period ranged from 34th to
35¢h day of pivotal age. The oviposition reached a
peak (mx = 32,3 females per female per day) on 38th day
of pivotal ege and then declined. The first female
mortality was observed on 10th day of adult emergenece,
The net reproductive rate (Ro) representing the total
female births per generation was 99.32.

The resulits obtained on mean generation time
and innate ogpacity for increase in mambers of
B. vittella ere presented in Teble 13 and Fig. 2.

Tsble 13 revesls that the moan time for comple-
ting a generation (T) was 38.48 dsys. The innate
cgpacity (r,) and finite rate (N\) for inereese in.
mnbers were 0,1195 and 1,127 females per female per
day, regpectively. At thia .rate the population of
E. vittells was cepable of multiplying 2.%1 times
every week, It took 5.8 days to maltiply the population
to two folds. The hypothetical F, females were 9864.46.

The stable age dia'br.ibution of E. vittella was
caelculated when reared on cotton aquares. The data
presented in Tdable 14 (Fig. 3) indicated that the con-
tribution mede by adults was only 0.92 per cent of the
population of steble age, The contribution made by other
immature steges viz. egg, larva and pupa was 49.65,

43,76 and 5.60 per cent, respectively.,
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Table 13. Mean length of mnération, innagte cepaocity
for increase in mambers and finite rate of
increase in nmumbers of E. vitiella on cotton

squeres

Population growth statistics

Mean length of gensration ('.ro)
. ::x lxmx
c i'io""""_

Innate ogpacity for incregse in
numnbers (rc)

loga R
(*)

e

Arbitrary e 0.11 and 0.12

corrected rmie7'rm x 1.0 = 1096.6

Corrected generation time (T)

l.oge Ro

T

Finite rate of increese in
nmumbers { X))

(*) = anti log, r

Weekly mltiplication of population
Doubling time

Hypothetical 1?2 females

38,65 days

0.1189 females/
femgle /day

0.1195 females/
female/day

38.48 days

1.127 females/
femnle/day

2.51
5.80 daya

9864 ,46
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Table. 14, Stable age distribution of E. vittells on
cotton squares (:.-m = 0,1195)

Perocen-
§é§°§§} Egéigis_ o~Tp (x+1) T e™"m (1) foel
ays tribn- bution
tion
X I’x
1 2 3 4 5
0 1.00 0.8873 0.88T3 12.936
1 1,00 0.7874 0.7874 11.480
2 1.99 0.6937 0.6987 10.187 f%?%s
3 0.92 0.6200 0.5704 8.316
4 0.84 0.5501 0.4621 6.737
5 0.84 0.4882 0.4101 5.979
6 0.84 0.4332 0,3639 5.325
7 0.83 0.3844 0.3190 4,651
8 0.82 0.3411 0.2797 4,073
9 0.81 0.3027 0.2451 3.573 ng;EG
19 2.89 0.2686 0.2148 %131
11 0.80 0.2383 0.1906 2.778
12 0.80 0.2115 0.1692 2.466
3 0.80 0.1876 0.1501 2.188
14 0.89 0.1665 0.1332 1.942
15 0.80 0.1477 0.1182 1.723
16 0.89 0.1311 0.1049 1.529
17 0.78 0.1163 0.09N7 1.322
18 0.77 0.1032 0.0795 1.159
19 0.77 0.0916  ~ 0.0705 1.027
20 .77 0.0813 0.0626 2.912
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-~

1 2 3 4 5

21 0.77 0.0721 0.0555 0.809

22 0.77 0.0649 0.0492 0,717

23 0.77 0.9568 .0437 0,637

24 0.77 0.0504 0.0388 0,565

25 0.77 0.7447 0.0344 0,591 Pupae
26 0.76 0.0396 0.0301 n.438 550
27 .76 040352 0.0267 0.389

28 0.76 0.0312 0.0237 0.345

29 0.76 9.0277 0.0210 0,306

30 0.76 0.0246 0.0187 0.272

31 0.76 0.0218 0.0165 04240

32 0.74 0.0193 8.9143 0.208

33 0.T3 0.0171 0.0125 0.182

34 0.73 0.0152 n.0111 0.161

35 0.73 0.0135 0.0098 0.142

36 0.73 0,0120 0.0087 0,126

37 0.73 0.0106 0.0077 7,112 Adults
38 0.73 0.0094 0.0069 om0 0
39 .73 0.0183% 0.0061 0.088

40 0,73 0.0074 0.0954 0.078

41 0.69 0.0066 0.0045 0,065

42 0450 0.0058 0.0029 0,042

43 0.17 040052 9.0008 0.011
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4.1.2.2 Ootton Bolls

The observations on the survival of different
stages of E, vittells during development on cotton bolls
are pregented in Table 15,

Taeble 15. The survival of different stages of
E. vittella on cotton bolls

Fambey emrviving

No. Egeg stage Tarval atage Pupal stege
(0 days) (374 days)  (5-18 daye) (19-30 deys)

1 10 7 6 6
2 1 8 7 7
3 10 10 9 9
4 10 7 5
5 10 7 6
6 10 10 9 7
7 ‘10 8 8 s
8 10 7 7
9 10 7 6
10 10 9 8 7
Total 100 65 75 68

The maximum duration of egg, larva and pupa
was 4, 14 and 12 days regpectively. The mamber vhich
survived from egg to edult was 68 out of 100.



68

The data regarding the life tzble and age speciflc
fecundity for E. vittella when reared on cotton bolls
are given in Teble 16 and in Fig. 1.

Table 16, TLife tszble (for females) and age specific
feoundity for E. vittella on cotion bolls

Survival
Plgo:zl of females Age sche-
ag at differ- adule for

days ent age female

N int:rvals births 1.m x ln

P

0~30 0.68 .o Inmature stages

31-33 0.68 .e Preoviposition
period

54 N.68 8.5 5.78 196,52
35 0.68 55,8 24,34 851.92
36 0.68 58,5 26,18 942,48
37 0.68 25.3 17.20 636,54
38 0.68 21.7 14,75 560,72
39 0.68 12.5 8.50 331459
40 .44 8.8 % .87 154 .88
41 0.35 0.0 0.00 0.09

= lxmx (Ro) P 4 lx”‘x
= 10062 = 3674.54

The survival of immature stages U‘x) from

egg to adult emergence was 0,68, The substantial
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contritntion (m, = 38.5 female births) in the 1ife
cycle was made by the females on 36th day of pivotal
age. The first female mortality ocourred on 40th day
(lz = 0.44) of pivctal age. The net reproduetive

rate (Ro) representing the total female births was
100,62, This indicated that 100.62 females were produ-
ced per female during one generation (Table 16).

Teblie 17 and Fig. 2 deplet the reemlts
obteined on mean generation time, innate capacity (rm)
and finite rate for inoresse in mumbers of E, vittells.

It is evident from the Table 17 that the
mean time required to complete one generation (T) was
35.77 days. The innate cepacily (r,) and finite rate
(\) for inoresse in mmbers were 0,1289 and 1.137
femgles per foemale per day, respectively. At this rate,
the population of £, viittella was cepsble of multiplying
2,456 timep per week. The population would multiply
two foids within 5,37 days. The hypothetical femgle
population in F2 generation was 10124.38,

The observations were recorded on the contri-
bution of regpective stages towards stable age digtri-
bution of E. vitiella by oaleulating the popriation
schedule of birth rate and death rate (mx and lx)
(Table 18 and Fig. %).
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Tgble 17. Mean length of generation, innate cspacity
for increase in mambers and finite rate of
inoreace in mumbers of E. vittella on
cotton bolla

Population growth statistios

Mean length of generation ('rc)

=x '
Io = -—%ﬁ 36.51 days

Innate capaoity for inoresgse in

numbers (rc)

log. R
o o 0.1265 femaley/
c female/day

Arbitrary r, 0.12 and 0,13

T=ry x 1.0, = 0.1289 femaley

corrected r v e 1096.6 femgle/day

Corrected generation time (T)

noga Ro
T = 35.77 days
Ty

Finite rate of inorease in
numbers ()\)

(M) =  anti log, r 1.137 fenmale/

A fe *m female/day
Weekly multiplication of 2.456
population
Doubling time 5.37 days

Hypothatical Fy fomales 10124 38
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Table 18, Stable age distribution of E. vitiella
on cotton bolls (rm = 0,1289)

Life Percen~
Pivotal table o Tn (x+1) 1 e"rm(xﬂ ) tage
R -+

X nx

1 2 3 4 5

0 1.00 0.8790 0.8790  13.668

1 1.00 0.7727 7727 12,015

2 1.7 0.6792 2.6792 19,561 218?'?2
3 0,92 0.5971 0.5493 8.541

4 0.85 0.5249 0.4461 6.936

5 0.85 0.4614 0.3922 6.098

6 0.85 0.4056 0.3447 54360

7 0.85 0.3565 0.3030 4.711

8 0.85 0.3134 0.2664 4.142

9 0.85 0.2755 0.,2342 3.041 Eﬁ;ge
10 0.85 0.2422 7.2958 3,200
1 0.84 0.2129 0.1788 2,780
12 N .83 0.1871 0.1553 2.414
13 0.8% 0.1645 0.1365 2.122
14 0.85% 0.1446 0.1200 1.866
15 0.82 0.1271 0.1042 1.620
16 0.81 02,1117 0.0905 1.407
17 0.78 0.0982 0.9766 1.191

18 0.75 0.0863 0.0647 1.006
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1 2 3 4 5
19 0.75 0.0759 0.0569  Ow
20 0.75 0.0667 0.0500  0.777
21 0.75 0.0586 0.0440  0.684
22 0.75 0.0515 0.0386 0,600 Pupas
73 .75 0.0453 0.0340 0,528
24 0.75 n.0398 0.0298 0,463
25 0.75 0.0350' 0,0262  0.407
26 0.75 0.0307 0.930  0.357
27 0.73 0.,0270 0.0197 0,306
28 0.72 0.0237 0.0171  0.265
29 0.70 0.0209 0.0146 1,227
30 7,68 n.0183 0.0125  0.194
31 0.68 9.0161 0.0109  0.169
32 0.68 0.0142 0.0096  7.149
33 0.68 0.0124 0.0084 0,130
34 0.68 0,0109 0,0074 0.115
35 0.68 0.0096 9.0065  ).101 Adults
36 0.68 0.0084 5.0057  0.088
37 0.68 0.0074 0.0050  0.077
38 0.68 0.0065 0.0044 0,068
39 0.56 0.0057 0.,0032 0.049
40 0.39 0.0750 0.0019 9,029
41 0.17 0.0744 0.0007  0.010




(F;

The data indicate that the adults shared only
.98 per cent of the population of stsble age, while
ezgs, larvae and pupee eontributed 51.72, 41.55 and
5.69 per cent, respectively.

4.2 Determination of Thermal Constant for B. vittella

,The data on the mean developmental period,
temperature threshold and dsy degrees required for
completion of various developmental stages and for totel
life are presented in Table 19,

Table 19, Determination of thermal constant for the
different stages of E. vittella

Mean developmental fempe-

period (days) rature
Stage 20%G 3000 PoOm tem- thre- degrees
perature shold "C
Eeg 8.10 3.20 4.2 1% .46 41,31
Larva 23,20 9.5 |, 12,5 13.06  113.%6
P‘Ilpa 22.1 8.9 12,0 13.25 135.87
Total  53.4 21.6 28,7 15.20 292,77

The mean developmental period for completion
of egg, larva and pupa and for total life at 20°C wes
longer than at 30°C and room temperature. The threshold
temperature for development of egg, larva, pupa and for
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total life was 13.46, 13.06, 13.25 and 13.20°C,

resgpectively.

Day degrees (thermal constants) required for
completion of egg, larva, pupae and for total life were
41,31, 113,36, 135.87 and 292.77, respectively. Thus,
B. vittells wonld complete 17 generations per gear.

4,5 Assessment of Orop Losses due to Major Pests in Okra

4,5.1 Population of Jassids

The data on the population of Jassids are
pregented in Talle 29.

The results indicated significant differences
in the insectiocidal treatments during both the seasons
in respect of jassid incidencs, Significantylowest
population of jassid nymphs waS. observed in the plots
treated throughout the growth period (‘1‘5. Tge T.,, 'I'8 and
Tg) and in the plots where the ecrop was protected during
vegetative stage (1‘1 and Tz) for control of sucking
pests in both the seasons. The Jassid population was
significantly low in the tregtments with earbaryl 0.2
per gent (‘.!!9) and disulfoton (T, and T;) followed by
carbofuran (TS' T, and '1‘7) and malathion 0.1 per cent
(Ts). The treatments viz, monocrotophos 0.04 per cent (T.j)
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Tgble 20, Effect of various treatments on the population
of Jassids
Mean number of jaseids/leaf at
Preatnents 40 days after sowing
1978 1979 Average

7, Carbofursn 5% 1.512 1.3562 1.437
geed treatment (0.545) (0.526) (2.539)

T, Disulfoton 1 kg 0.657 0.605 0,631
aoio/ha (0.422) (00415) (00418)

T Monoorotophos 0.04%6 5.270 4,125 4,697
during fraiting (0.857) {0.780) (D.818)
etage

T4 Carbaryl 0.2% 5.470 4,225 4.847
dnring fruiting (0.871) (0.791) (0.831)
stage \

Ty Carbofuran % 1.452 1.365 1.408
seed treatment + (0.537) {0.526) (0.551)
Monoerotophos
0,04%

Tg Disulfoton 1 kg 0.655 0.527 2,591
g8.1./ha + {(0.423) (00401) (0.412)
Carberyl 0.2% -

T., Carbofuran 5b 1.887 1.495 1.691
seed treatment e (0.586) (0.541) (0.563)
Malathion 0,1

'.I!B Mzl athion 0,154 1.650 1.920 1.785
spray throughout (0.559) {0.592) (9.575)

Ty Carbaryl 0.26 0,502 0.482 0.492
spray throughout (0.398) (0.394) (0.396)

'1‘10 Tatreated cheak 5.450 4,302 4.876
(0.87T1) (0.797) (0.934)

S.BE. * 0,031 0,052 0.015
CeDe (P = 0.05) 0.064 00065 0-045

Figures in parentheses are log (x+2) values
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and carbaryl 0,2 per cent (T4) receiving no protection
during vegetative stage and the untreated control ('1‘1,))

were at par with each other,

The pooled asnalysls revealed significantly
low population of jassid nymphs in the treatments with
carbaryl 0.2 per cent (‘29). disulfoton 1 kg a.i./ha ¢
carbaryl 0.2 per cent (T6) and dismlfoton 1 kg a.i./ha
('rz) over all other treatments and were at par with
each other, The treatments with carbofuran 5 per cent
+ monocrotophos 0.04 per cent ('J.'S). carbofuren 5 per eent
(1‘1), carbofuran 5 per cent + malathion 0.1 per cent
(1‘7) and malathion 0.2 per cent (Ig) were significantly
saperior over the treatments with no protection auring

vegetative stage (T—5. T, end Tm).

4.5.2 Population of Aphids

The data presented in Table 21 reveals that
during both the seasons, the treatment differences
vere not significant among the plots recelving protection
during vegetative ptage. The treatments with disulfoton
1 kg a.l./ha (I,) and carbaryl 0.2 per cent (Tg) recorded
comparatively low gphid populetion than all other
treatments. The incidence of gphid was lower in both

the seasons.
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Table 21, Effect of various treatments on the population
of gphids
Mean mambeyr of sphids/leaf st
Proatments 40 days after sowing
1978 1979 Average

T4 Carbofuran 5% 0.143 0.068 0.105
seed treatment (0.329) (0.313) {2.323)

T2 Disulfoton 1 kg 0.009 0,007 2,008
a.d ./ha (0 0303) (0o3{)2) (0 «332)

Ty Monocrotophos 0.04% 0,302 0,175 0.238
stage '

T, Carbaryl 0,2 during 0.433 0,223 9.329
fruiting stage (0.384) (0.346) (0.379)

T5 Carbofuran 56 seed 0,014 0,047 0.030
treatment (0.304) (0.311) (9.304)
monoerotophos 0.04%

'.l‘5 Disulfoton 1 kg 0.016 0.008 0.012
a.io/ha (0.504) (2.311) (0.305)
Carbaryl 0.2% .

To Carbofuran 5% seed 0.096 0.075 2.985
treatment ¢ (0-320) (0.516) (00320}
Malathion 0.1%

Tq Malathion 0.1% 0,033 0.026 0,029
spray thioughout €0.308) {0.306) (0.307>

Ty Carbaryl 0.26 dpray 0,005 0.025 0.014
throughout {2.301) (2.306) (0.%302)

T10 Untrea‘beﬂ. check OQ275 00195 00234
(0.354) (0.341) (0.352)

S.Ee b 0.019 3,007 0,904
C.D. (P = 0.05) 0.039 2,015 7,913

Figures in parentheses are log (x+2) values
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The pooled analysis lndicated that the aversge
population of sphids was minimim in the treatment with
carbaryl 0.2 per cent (Tg). but it did not differ
significently from disulfoton 1 kg a.i./ha (T2), carbo-
furan 5 per cent + monoorotophos 0.04 per cent (T5)’
disulfoton 1 kg a.i./ha + ocarbaryl 0.2 per cent (Tg)
end malathion 0.1 per cent (TB)' Thege treatments were
significantly superior in lowering the gphid population
over carbofuran 5 per cent {T1) and the trestments with
no protection during vegetative stage (Tg mad T4) and
control (T1o). Maximm number of ephids (0.3%28/plant)
was recorded in the treatment with no protection during

vegetative stage + carbaryl 0.2 per ceant (T4).
4.,3.3 Infestation of Fruit Borer, E. vittella

The data pertaining to the percentage fruit
borer infestation are presented in Table 22 and

grephically depicted in Fig. 4.

The results indlcated that the percentage
fruit borer infestation in gll the insecticidal
treatments including the plots untreated during fruiting
stage (T, and T,) was significantly low as compared %o
untreated control in both the seasons. The treatmeats
receiving protection with monocrotophos 0,04 per cent

(T3 and T5) and carbaryl 0.2 per cent (Tﬁ. Tg end T4)
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Table 22, Effeot of various treatments on infestation
of fruit borer
Percentage fruit borer infes~
Treatments tation
1978 1979 Average
1‘1 Carbofuran 5% 10.32 12.67 11.49
peed treatment (18,62) (20.80) (19.71)
Te Disulfoton 1 kg . T.90 9.50 8.70
a.i./ha (16.25) (17.91) (17.08)
T Monoorotophos N,04% 2,32 1.40 1.86
fruiting stage (11.30) (9.3%) (10.32)
Ty Carbofuran % seed
treatment < 2.75 1.80 2.27
monoorotophos 0.04% (9.54) (7.70) (8.62)
Tg Disulfoton 1 kg a.dl./ 3.37 2.20 2.78
ha + Carbaryl 0,26 ’ (10.56) (8.5) (9.95)
Top Carbofuran 5 geed 7.65 9,62 363
treatment « (15.99) (18.03) (17.71)
Mal.athiﬂn 0.1%
Tg Malathion 0.1% spray 8,85 7.95 8.40
throughout (11.08) (12.17) (17.63)
T.m Intreated check 17.12 23 .62 20.37
(24.42) (29.05) (26.74)
S.B. * 1.016 0.824 0.467
C.D. (P = 0.05) 2.086 1.691 1.327

Figures in parentheses

are angular transformetions
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during fruiting stege had significantly less infesta-
tion of fruit borer than all other treatments during
1978, - The treatments with malathion (1‘7) and 1‘8)
were at par with the treatment . with disulfoton

1 kg 8.i./ha (Tz) vhich was not protected during
fruiting stege. The treatment. with malathion 0.1
per cent (Ta) was at par with carbofnran 5 per cent
geed treatment (T1) during 1978.

During 1979, the treatments with malathion
0.1 per cont (T7 and TB) were at par with disulfoton
1 kg a.i./ha (TQ) but were signifiocantly superior over
carbofuran 5 per cent (T,) in reducing the fruit borer

infegtation.

The pooled anglysis revealed that the averagge
per cent fruit borer infestation was minimam in the
treatment with no protection during vegetative gtage
monoorotophoa 0.04 per ocent (ms) gnd maximam in
untreated control (T10)' The treatments with monocro-
tophos 0.04 per cent (25). carbofuran 5 per cent ¢
monocrotophos 0,04 per cent (TS)' disulfoton 1 kg a.i./
ha + carbaryl 0.2 per ceent (T6), carbaryl 2.2 per cent
during froiting stage (T,) and ocarbaryl 0.2 per cent (Ty)
were significantly superior over rest of the treatments
in reduecing the fruit borer infestation in order of
their merit.
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4.,3.,4 Plant Height and per cent Avoidable T,oss due to
Jasside and Aphids During Vegetative Stage

The data on the plant height end per eent
avolddable loas dne to Jassids and gphids during
vegetative stage are given in Teble 25 ond graphiesally
depicted in Fig. 5.

4.,3.4,1 Effect on Plant Meight

The effeoct of the insecticlidal treatments
on plant height during vegetative stage was significant
in both the semssons., The plant height in the treatments
with disulfoton 1 kg a.i./ha (T2 and Tg) and carbaryl
J.2 per cent ('.1!9) was significantly more than rest of
the treetments during 1978, The treatments with
carbofuran 5 per cent (T1) s Carbofuran 5 per cent +
monoorotophoa 9.04 per ceent (T5) and malathion 0,1 per
cent ('.l‘a) were gignificantly superior over carbaryl
0.2 per cent during fmitistage (T,), but did not differ
significantly from monoorotophos 0,04 per cent during
fruiting stage (T'.’a)' carbofuran 5 per cent + malathion
0.1 per oent (T7) and untreated control (Tm) during
1978. The above treatments (T, 'I.“5 end Tg) were
significantly superior over carbaryl 0,2 per cent during
fruiting stege ('.!34) and nntreated control (Tm) during
1979.
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Table 25, Per cent avoidable loss due to jassids and
cphids in plant height during vegetative

stage
Plantageight (em) at 40 Fe-rt
ce
Treatments days after sowing avﬁma_
1978 1979 Average ble
loss

T, Carbofuran 5% 1840 19.97 19.18 36,92
geed treagtment

T, Disulfoton 1 kg 29,75 31.07 30.41 Nil
aoio/ha

1'3 Monoorotophos 14.70 16,30 15.50 49,02
0.04% during
fruiting stage

'.lr4 Carbaryl 0.2 13.72 14.82 14.27 53 .07
during fruiting

stage

gseed treatment o
monocrotophos
0.04%

TG Disulfoton 1 kg 28,82 30,77 29.80 2,00
al/ha +
Carbaryl 0.2%

seed treatment +
Malathion 0.1%

Malathion 0.1% 18.20 19.77 18,98 37.58
spray throughout

Ty Cerbaryl 0.2 29,07 29.47 29,27 .74
sprey throughout

T10 Untreated cheek 14.50 15,35 14,92 50,93

S.E, hd 2.096 1.900 0,925
C.D. (P = 0.05) 40302 3.917 2.621
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The pooled asnalysis indicated significantly
more height in the treatments with dismlfoton 1 kg
8.i./ha (T,)s disulfoton 1 kg a.i./ha + carbaryl
0.2 per cent (Tﬁ) and carbaryl 0.2 per cent (Tg) ocver
all other treaitments., The treatmente with carbofuran
5 pey cent (T1 end TS) and malathion 0,1 per cent (Té)
were significantly superior over the treatments not
protected during vegetative stage (T3 and T,) end
control (TTO)’ but were at par with earbofuran 5 per
cent + malathion 0.1 per cent (I.).

4,3.4,2 Per cont Avoidable Loss in Plant Height due
to Jasside end Aphids

~

The ma;imum per cent avoideble loss was reocorded
in the treatménta with no protection dring vegetative
stage viz.'carbanyl 0.2 per cent during fruaiting stage
(T4) (53.07), untreated control (T,,) (50.95) end
monocrotophos 0,04 per cent during frating stage (13)
(49.02) . The per cent loss was minimum in the treatment
wvith disulfoton 1 kg a.i./ha (T,) followed by disulfoton
1 kg a.l./ha + carbaryl 0,2 per cent (Tg) » carbaryl
0.2 per cent (Tg). carbofuran 5 per eent + monoorotophos
0.04 per cent (Ts). carbofuran 5 per cent (21). malathion
0.1 per cent (Tb) and carbofuran 5 per cent ¢ malathion
0.1 per cent (T7) in order of their merit,
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4.3,5 PFinal Plant Height and Per cent Avoidable T,0ss
due to Pest Complex in Okra

The data on the final plant height and per cent
avoidable loss dune to pest complex in okra are presented
in Table 24 and grephically depicted in Fig. 5.

4.3.5.1 Effect on Final Plant Height

The results indicated that the differences in
the plant height were significant in both the seasons.
Plant height in carbofuren 5 per cent ¢ monocrotophos
2,04 per cent (Ts) and disnlfoton 1 kg s.i./ha +
carbaryl 0.2 per cent (T5) was significantly more than
all other treatments in both the seesons, however,
these treatments were at par with monoerotophos 0,04
per cent during fruiting stage (T3) in 1978, The
treatments monocrotophos 0,04 per cent (T.5). disulfoton
1 kg a.i./ha (I,), carbaryl 0.2 per cent (Tg) and
carbofuran 5 per cent ¢ malathion 0.1 per ecent (T7)
were significantly superior over carbofuran 5 per cent
(T.,). carbaryl 0.2 per cent ('.1'4) s malathion 0.1 per cent
(‘1‘8) and untreated control (Tm) s in inecreasing the
plant height,

The pooled analysis revealed similar trend as
in 1979 except that the treatment carberyl 0.2 per cent
during fraiting stage (’3;‘4) was significantly superior
over untreated control (Tm) but was at par with
carbofuran 5 per cent (T,) and malathion 0.1 per ceat ('1‘8).
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Table 24, Per cent avoldable loss in plant height at
final harvest due to pest complex in okra

Mean plant height at Per

finel hervest (cm) cent
Treatments ( avoi da-
1978 1979 Avergge ble loss
geed treatment
Ta Disulfoton 1 kg 76.36 T70.57 71.45 %1 .44
a.i ./ha

'.63 Monoerotophos 0,046 91,27 88,10 88,53 15,01
during fraiting
stage

during fruiting
stage

Ts Carbofuran 5% seed 108,30 103.50 104,23 Wil
treatment <
monocrotophos 0.04%

Tz Disulfoton 1 kg 97.47 102,65 101.85 2.28
g.i,/ha ¢ Carbaryl
0.2

T7 Carbofuran 5 seed 67.05 69.50 69.12 %% .68
treatment
Malathion 0.1%

1‘8 Malathion 0.1% 29,62 39,22 30,12 T1.10
spray throughout

1‘9 Carbaryl 0,25 71.45 76,72 T5.91 27.17
gpray throughout

1‘10 Untreated check 25.30 27.%2 27.01 74.938
S.B, * 9.714 4.147 2.7T01

GOD. (P 0005) 190933 8.511 7.488
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4,3.5.2 Per cent Avoidable Loes in Final Plant Height

The per cent avoidsble loss dne to okra
pest complex in untreated control (‘!10) was to the tune
of 74.08 per cent followed by malathion 0,1 per cent
(Tg) (71.19), carbofuran 5 per cent (Ty) (69,.56) end
carbaryl 0.2 per cent during fruiting stage (T,) (66.70).
The reduoction in plant height was minimum in carbofuran
5 per gent + monoorotophos 0.04 per cent ('l!s) followed
by disulfoton 1 kg a.i./ha + carbaryl 0.2 per cent (Tg),
monocerotophos 0,04 per cent (13) s Garbaryl 0,2 per cent
(). '

4.,35.6 Number of Leaves Per Plent and Per cent Avoidsble
B:ss due to Jassids and Aphids During Vegetative
Stage

The data pertaining to the mumber of leaves
per plant and per cent svoidable logs due to Jassids
and ephids during vegetative stage are given in Table 25
and grsphiozlly presented in Pige 5.

4,5.6,1 Effect on Nunmber of T,eaves Per Pl.ant During
Vegetative.Stage

The ressults revegled that the treatments with
’aisu!.foton. ('1.'2 and '1'6) and carbaryl 0,2 per cent (1‘9)
were gignificantly superior over all other treatments

in increasing the mmber of leavea per plant in both

the seasons. The treatments Ty, T5 and T7 which included
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Table 25, Per cent avoidable loss due to Jasside and
gphids in mamber of leaves per plant during
vegetative gstage

Number of leaves/plant Per
at 40 days after sowing cent

Treatments avoi~
1978 1979 Average dsbl2
1088
T, Carbofuran 56 8.12 9.75 8.9% 34.19
geed treatment
T2 Disulfoton 1 kg 1%.45 135.70 13 .57 NiiL
a.i./ha
Ty Monoorotophos 0,04% 5.20 5.82 5.51 59.%¢
during fraiting
stage
T, Oarbaryl 0.2 6.02 6.22 6.12 54.90
during frulting
stage

Tg Carbofuren 55 seed 9.85 10,57 10.21 24,76
treatment «
monoerotophos 0.04%

Tg Dismlfoton 1 kg 12,92 13.30 3.1 5438

a.l./ha ¢
Carbaryl 0.2%

T., Carbofuran 5% seed 9,35 9.85 9,60 29.25
treatment <
Malathion 0,15

Ta Malathion 0.1% T.47 T.97 Te72 43,10
gpray throughout

Tg Carbaryl 0.2% 13,62 135,52 13 .57 Nil
gpray throughout

T,o Untreated check 6.37 6.67 6.52 51,95
BB, ¢ 0.905 0,838 0,593

G.D. (P = 0095) 1 0859 10822 1 .682
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carbofuran 5 per cent as seed treatment were at par with
oach other and significantly superior over the treatments
not protected during vegetative stage (T.5 and T4) and
untreated control (f!.'m) in both the seasons, However,

the treastment with malathion 0.1 per cent (?.‘8) was at

par with untreated control (’210) and carbofurasn 5 per cent
(T9) in 1978, but it was elso equal to carbaryl 0.2

per cent during frulting stage (T4) in 1979.

The pooled anaglysis indlcated similar

obgervations as in 1979,

4,3.6,2 Per cent Avoidable Loss in L,eaf Namber Per Plant

The incidence of Jjasaslde and aphids had also
affected the mimber of leaves per plant., The maximum
number of leaves per plant was obgerved in the treatment
with disulfoton 1 kg a.i./ha (Ta) (13.57) and carbaryl
0.2 per cent (Tg) (15.57)s Maximam reduction in leaf
munber per plant due to jJassids and gphids was observed
to be 59,59, 54.90 and 51.95 per oent in the treatments
with no protection during vegetative stage viz,
monoorotophos 0,04 per cent during fruiting stage ('.1'3),
carbaryl 0.2 per cent during fmiting stage ('134) and
untreated control (Tm) s regpeotively., The per cent
avoldable loss was minimam in disulfoton 1 kg a.i./ha
(Ta) (nil) snd in ocarbaryl 0.2 per cent (Tg) (nil),
followed by disulfoton 1 kg a.i./ha + carbaryl 0.2 per cent
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(T5) (3.%28), carbofuran 5 per cent + monoorotophos
0.04 per cent ('.ns) (24.76) in order of their merit.

4,3,7 Number of Leaves Per Plant at Final Harvest and
Per cent Avoidable Loss due to Okra Pest Complex
The data on the mmber of leaves per plant
at final harvest and per cent avoidsble loss due to
okra pest complex are presented in Tsble 26 and
graphically depicted in Pig. 5.

4.,3.,7.1 Effect on Number of Lesves Per Plant at Finel
Harvest

The results indicated that all the treated
plots vere significantly superior over untreated control
in increasing the number of leaves per plant in both
the seasons. The tregtments, carbofuran 5 per cent +
monoocrotophos 9,04 per cent (T5) and monocrotophos
0,04 per cent (Ts) exhibited significantly increased
mmbey of leaves pexr plant than all other treatments
in both the seasons, The treatment with disulfoton
1 kg a.i./ha + carbaryl 0.2 per ceat (Tg) was significantly
superior over rest of the treatments except carbofuran
5 per oent ¢ monoorotophos 0,04 psr cent (Ts) and mono-
erotophos 0,04 per cent (‘r3) in both the seasons but
however, it was at par with carbaryl 0.2 per cent
during fruiting stage (Té) in 1978,
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Table 26, Per cent avoidable loss in mamber of léeaves
per plant at final harvest due to okra pest
complex

Mean mmber of leaves per Per
plant at final harvest cent

Tregtments aygi-

dable
1978 1979 Average ..o

T1 Carbofuran 55 10.05 10,62 10.49 32.79

geed treatment

T2 Dismlfoton 1 kg 9.75 10.79 12.33 33 .82

a.i./ha

T, Monocrotophos 0.04% 15.42 15,25 15.28 2,11

during fruiting
stage ]

7, Carberyl 0.2% during 12,57 12.60 12.59 19.34

fruiting stage
T Oarbofuren S5 seed 15.42 15,67 15.61 Wil
tregtment ¢ monoero-
tophos 0,04%

TG Disulfoton 1 % aoio/ha '13045 14.25 14.07 9.86
+ Carbaryl O.

T7 Carbofuran 5% sced 10.05 12.20 10.16 34,91
tregtnent ¢
malathion 0,1%

Tq Malathion 0.1% 9.95  9.57 9.65 38,18

gpray throughout
Ty Carbaryl 0.2 11.55 12.65 12.40 20,56
spray throughout

T10 ntreated cheok 8,00 B8.52 8.39 46,25
S.Be ¢ 0.840 0.444 0.277
C.D, (P = 0005) 1.725 0.91% 00769




91

The pooled analysis revealed similar results
as in 1979 except that the treatment with malathion
0.1 per cent (TS) was at par with disulfoton 1 kg a.i./ha
(TZ) besides carbofuran 5 per cent + malathion 0,1
per cent (T7) .

4.,3,7.2 Per cent Avoldable T,oss in Wumber of T.eaves
Per Plant at ¥Final Harvest

The per cent avoidable loss in leaf number
per plant was minimum in carbofuran 5 per cent ¢ mono-
erotophos 0,04 per cent (Ts) (nil) followed by monocro=-
tophos 0,04 per cent (T’.’v) (2.11), disulfoton 1 kg a,i.,/ha
+ carbaryl 0.2 per cent (TG) {9.86) and ocarbaryl 7.2
per cent during fruiting stage ('134) (19.34). The plots
not protected throughout the growth period (1'1 0)
recorded 46,25 per cent reduction in leaf mamber/plant

due to okra pest complex.

4,5.,8 Teaf Area Per Plant and Per cent Avoldable T,o0ss
m%e to Jasslde and Aphids During Vegetative
Stage

The data on leaf arsa per plant and per cent
avoidable loss due to jJassids and sphids in vegetative
stage are given in Toble 27 and grasphically presented
in Pig. 5.
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Table 27. Per cent avoidable loss in leaf areas per plant
due to jassids and sphides during vegetative

atage
Mean leaf areas/plant (sq cm) Per
at 40 days after sowing cent
Treatments gvgi-
able
1978 1979 Aversge | . .
T1 Carbofuran 5% 184.63 219,97 202.%0 29,77
seed treatment
a.i./ha
T3 Monoerotophos ° 116,13 122,97 119,55 58.50
0.,04% during
fralting stage ‘ .
T Carbaryl 0.2% 104.54 104,27 104,39 63,76
4 guring fraiting
stage .
Ty Carbofuran 5% 259,92 236,76 238.34 17.20
geed treatment e
monocrotophos
0.04%
T Disulfoton 1 kg 289,59 286,57 288,98 NiL
a.i./ha +
Carbaryl 0.2%
m7 Carbofuran 55 208,50 223,50 216,03 25,91
gead treagtment <
Melathion 0.1%
Tg Malathion 0.1% 215.46 217.91 216,68 24,78
spray throughout
Tq Carbaryl 0.2% 250,00 231,62 250.84 19,86
gpray throguhout
T,o Totreated check 111.06 111.47 111.26 61,37
C.D. (P = 0005) 71,029 550913 44,185
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4,%5.8,1 ' Effect on Leaf Area

The leaf area per plant was increased
significantly in gll the ingectiecidal treatments aas
compared to treatments not proteoted during vegetative
stage (T3 and ‘.94) and the untreated control in both
the seasons., Maximum leaf area per plant was observed
in diemlfoton 1 kg a.i./ha + carbaryl 0.2 per cent
(TG) (2.88,08 sq om) and it was at par with disulfoton
1 kg a.i./ha (’1'2). carbofuran 5 per cent + monocrotophos
0.04 per cent ('.['5) and earbaryl 0.2 per cent (Tg). The
treatments with carbofuran 5 per cent + monocrotophos
004 per cent (1‘5) » carbaryl G.2 per cent (Tg), malathion
0.1 per cent ('L‘B). carbofuran 5 per cent + malathion
0.1 per ceat (T-,) and cerbofuren 5 per cent (T1) wara
at par with each other during both the seasons but
these treatments were also eqeal to disulfeton 1 kg
a.i./ha (T,) in 1979,

The pooled analysis indicated that the
treatments with disnlfoton (T6 and Ta) recorded maxirmmn
leaf area and were significantly superior over rest of
the treaiments except carbofuran 5 per cent ¢ nmonoero-
tophos 0,04 per cent ('.335) and carbaryl 0.2 per cent
(Tg) .

4,%.8,2 Per cent Avoidsble T,0ss in L,eaf Ares Per Plant

The influence of suocking pests in reducing
the leaf area wag drastic. The reduction in leaf area
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per plant in the plots not protected from Jassids and
ephida was 63.76, 61.37 and 58.5 per cent in carbaryl
0.2 per cent (T4). untreated control (Tw) and monoorc-
tophos 0,04 per cent (Tﬁ) regpectively, The per oent
avoidable loss in leaf area per plant was minimam in
the treatment with dismlfoton 1 kg a.i./ha + carbaryl
0.2 per cent (T6) followed by dismlfoton 1 kg a.i./ha
(Tz), carbofuran 5 per cent ¢ monocrotophos 0.04 per

oent (T5) and carbaryl 0.2 per cent (Tg) 0

4.%5.,9 Tneaf Yeight Per Plant and Per cent Avoidable
TLoss due to Jassids and Aphids Dnring Vegetative

Stage
The datz on the leaf weight per plant and
per ocent avoidable loss dune %o jassids and sphids
during vegetative stage are presented in Table 28 and
graephiceally depicted in Pig, 6.

4.,5.9.1 Effect on Leaf Weight Per plant

The results indicated that the plots
tregted during vegetative gtage recorded significantly
higher leaf weight compered to the plots not protected
during vegetative stage (‘1‘.5. T, and Tm) in both the
soasonsi however, the treatusnt carbofuran 5 per cent
(T,) was equal to monoerotophos 0.04 per cent during
fruiting stage ('.L'3) in 1978, The treatment with
disulfoton 1 kg a.i./ha # carbaryl 0.2 per cent (Tj)
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Tsble 28, Per cent avoidsble loss in leaf weight per
plant due to jassids and sphids during
vegetative stage

Mean leaf weight/plant (g) Per cent
at 40 days after sowing avoida-

Treatments ble
1978 1979 Average loas
T, Carbofuran 5% 6.38 6,57 5.50 32.78
geed treatment
‘1‘2 Disulfoton 1 kg 8.25 8.32 8,29 14.27
a.l./ha
T3 Monoerotophos 4,19 % .80 3.90 59,66
0,044 during
fruiting stage
during friting
stage
T5 Carbofuran 5% 8,80 7.47 T3 17.99
geed treatment ¢
monocrotophos
0.04%
Tg Disulfoton 1 kg 10,05 9.47 9.67 Wil
g.l./ha +«
Carbaryl J.2h
Carbofuran % 6.75 6060 60 65 31 023

T
7 geed treatment +
Malathion 0.1%

Ts Malathion 0.1% 7.7 7065 7.66 20,78
gpray throughout
T4 Carbaryl 0.2% 8.52 8,67 8.61 10,96
spray throughout
T1o Untreated check 2.7 % .82 %.T9 60080
S.E. * 1.278 0.9%8 0.53%4

C.De (@ = 0.05) 2,622 1.924 1.482
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recorded significently inereased leaf weight per plant
over all other tregtments but it was at par with
carbofuran % per cent ¢ monoerotophos 0,04 per cent

(Ts), oarbaryl 9.2 per cent (Tg), dieulfoton 1 kg a.i./he
(Tz) and malathion 0.1 per cent (1:8) in 1978; however,

it was algo significantly superior over carbofuran

5 per cent + monoecrotophos 0.04 per cent (TS) during
1979.

The pooled analyasls revealed that the treat-
ments disulfoton 1 kg a..‘l../ha'«r carbaryl 0.2 per cent
(TG) s Carbaryl 0.2 per ocent ('.1‘9) and disulfoton 1 kg
a.i./ha (I,) were at par with each other and signifi-
cantly superior over rest of the treastments except
carbofuran 5 per cent + monocrotophos 0.04 per cent
(T5) and malathion 0.1 per cent (Ts)'. The plots
unprotected during vegetative stage (I;» T, and '.L‘m)
recorded significantly reduced leaf weight per plant
than gll other treatments.

4.5.9.2 Per cent Avoldsble Toss in T,eaf Weight Per
Plant due to Jassids and Aphids

The per cent avoidable loss in leaf weight per
plant wag maximam (6%,08) in carbaryl 0.2 per cent during
fruiting stags (24) » followed by untreated ocontrol (60.80)

and monoerotophos 0.04 per cent during fruiting stage
' (59.66), The per cent avoidsble loass in leaf weight per
plant was minimum in the treatment with disulfoton 1 kg
a.i./ha *+ carbaryl 0.2 per cea} ('26) followed by ecarbaryl
D.2 per cent (‘1'9) and disulfoton 1 kg a.i./ha (1,).



97

4.3.10 Stem weight Per Plant and Per cent Avoidsble Loss
dne to Jaseids and Aphids During Vegetative Stage

The data on the stem weight per plent and

per ocent avoidable loss as influeneced by Jassids and
aphids during vegetative stage are presented in Tsble 29

end grephically depicted in Fig. 6.
\

4,3,10.1 Stem Weight Per Plent

The stem weight was significantly inoreased in
the plots proteoted during vegetative stage than the plote
untreated during vag;atative atage ('r.5 and T4) and untreated
control (?m) + The treatments carbaryl 0.2 per ceant (Tg)
and disulfoton 1 kg a.i./ha (Tz) were significantly
suaperior over all other treatments except malathion 0,1
per oent (!1'8). carbofuran 5 per cent + monocrotophos
0.04 per ecent ('.!5) and disulfoton 1 kg a.i./ha ¢ carbaryl
0.2 per cent ('.1‘6) in both the seasons, The treagtments
monoerotophos 0,04 par oent (T3), carbaryl 0.2 per oent
during fraiting stnge ('.E4) and untreated control reglis-
tered significantly reduced stem weight than all other
treatments and were at par with each other,

The pooled analysis indicated similar results.
4.,5,10.2 Per cent Avoldcble T,oss in Stem weight Per Plant

The per cent avoidsble loss in stem weight
per plant in the treatments not protected during vegetative
stage viz. 75 end T, end untreated control was 65,63,
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Tsble 29, Per cent avoidsble loss in stem weight per
plant due to jassids and sphids during
vegetative stage

Mean stem weight/plant (g) Per cent

Trentments at 40 days after sowing g\{gida-

1978 1979 Average loss

seed treatment

T, Disulfoton 1 kg 6.35 6.57 6.49 Nil
a.l./ha

T3 Monoerotophos 2,15 2.27 2.23 65,63
2.04% during
fruiting steoge

Ty Cerbaryl 5.2% 2,95 2,32 2.23% 65.63
during fruiting
stage

T Carbofuran 5% 5.70 557 5.61 15.55
seed treatment o
monoc¢rotophos
0.04% :

Te mmlfcton 1 kg 5;60 6.17 5098 7.85
aoio/ha *
Carbaryl 0.2%

T, Carbofuran 54 4,85 5.25 5.11 21,26
geed treatment
Malathion 0.1%

TB Malathion 001% 6.05 6.12 6.09 6.16
spray throughout
Tg carbaryl O.% 6.60 6010 6.26 %454
spray throughout
T10 ntreated check 2.52 2,65 2.60‘ 59.95
S.E. hd 00624 0.438 0.255

C.D. (P = 0005) 10281 0.900 0.703
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65.6% and 59.95 per cent, respectively. The per cent
avoidable lose in stem weight per plant was minimum in
disul foton 1 kg a.l./hs (Tz) followed by carbaryl 0.2
per oent (Tg). malathion 0.1 per cent (Ta) and disulfoton
1 kg a.i./ha + carbaryl 0.2 per cent (T).

4,3.11 Fruit FNumber Per Plant and Per cent Avoidable
Loes due to Okra Pest Complex 3

The data on fruit nmumber per plant and per cent
avoideble loss due to okra pests are presented in Table 30,

4.,35.,11.1 ¥Fruit Namber Per Plant

The results indicated that the treatments
carbofuran 5 per ceant + monocrotophos 0,04 per cent (TS).
disulfoton 1 kg a.i./ha + garbaryl 0.2 per cent (TG) and
carbaryl 0.2 per cent (Tg) vere significantly superior
over all other treatments in increasing the number of
fruits per plant and were at par with each other in both
the ‘geasons, Treatments with monoerotophos 0.04 per oent
(T5)- disulfoton 1 kg a.i./ha (T,) and carbaryl 0.2 per
cent during fruiting staoge ('1'4) recorded significantly
higher mmber of £ralts per plant than carbofaran 5 per
cent (T1) and untreated  control (T10) but did not differ
significantly among themgelves during 1978, but these
treatments were also significantly superior over oarbo-

furan 5 per cent + malathion 0.1 per cent (te?) end
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Table 30, Per cant avolidable loss in mumber of fruits
per plant due to okra pest complex

Megn mumber of healthy fruits Per cent

Treatments | per plant gggida-
1978 1979 Aversge losa

T1 Carbofuran 5 2.40 %.22 2.81 46,74
seed treatment (1.54) (1.79) (1.72)

T, Disulfoton 1 kg 5.72 6.25 5.98 25.83
a.i./ha (2.39) (2049) (2046)

T Monoorotophos 6.40 7.20 6.70 20,12
0.04% during (2.48) (2.63) (2.58)
fruiting stage

T4 Carbaryl 0.2 537 6.17 5.77 25.37
during fruiting (2.30) (2.47) {2.42)
stage

Tg Carbofuran 5% 10.29 10.62 10.41 Nil
seed treatment ¢« (3.18) (3.25) (3.23)
monoerotophos
0.04%

g Disulfoton 1 kg 9.72 10.72 10.22 0,61
a.i-/ha + (.77010) (‘5026) (3-21)
Carbaryl 0.2

To Carbofuran 5% 4.00 4.45 4,22 %6,22
malathion 0.1%

Tg Malathion 0.% 3.80 4.37 4,08 36.84
gpray throughout (1.92) (2.08) (2.08)

Tg Garbaryl Oo% 808? 9022 9.04 7012
spray throughout (2.97) (3.02) (3.07)

'1’10 Untreated check 1.95 2.85 2.40 50.77
(1.39) (1.66) (1.59)
S.E. 0,207 0.126 0.076
C.D. (P L 0005) 00426 00259 00212

Pigures in parentheses are Y\n transformed values
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malathion 0,1 per cent (Ts) besides carbofuran 5 per
cent (T,) and untreated control ('1‘10) in 1979. The
treatment carbofuran 5 per ceant ('.L‘,) registered
significantly less mumbeyr of f£mits per plant and was
at par with untreated control (1'10) in both the seasons.

The pooled analysis indicated that all the
insecticidal treatments wore significantly superior over
untreated control execept carbofuran 5 per cent ('.21).

The treatment carbofuran 5 per cent < monocrotophos
N.,04 per cent (T5) recorded significantly higher mamber
of fruits per plant than rest of the treatments and was
at par with disulfoton 1 kg a.i./ha + carbaryl 0.2 per
ocent (‘1‘6). Ko significant differences were observed

be tween carbofuran 5 per cent (T1) and untreated control

(2y) -

4,5.11.2 Per cent Avoidable T0ss in Frult Number Per Plant

The resulis indicated that the per ocent
avoidable loss in fruit nunmber per plant in the untreated
check due to okra pest complex was %o the extent of
50,77 per cent, The per cent avoidable loss due to okra
pest complex in other treatments viz. carbofuren 5 per
cent + monoerotophoa 0,04 per cent (T‘j)' disulfoton 1 kg
a.l./ha + carbaryl 0.2 per cent (TG). carbofuran 5 per
cent + malathion 5,1 per cent (T.,), malathion 0.1 per cent
(1'3) and ocarbaryl 0.2 per eent ('1'9) was nil, 0,61, 356.22,
36.84 and 7.12 per cent, respectively.
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The per cent avoidsble lLoss in fruit mmber
per plant due to jassids and aphidse in the plots
unprotected during vegetative stage viz. monoorotophos
0.04 per cent during fruiting stage (T3) and ocarbaryl
0.2 per cent during frulting stage (T4) was to the
extent of 20.12 and 25.07 per oent, respectively.

The per cent avoidable loss in frult mumber
per plant due to fruit borer in the treatments unpro-
tected during frulting stage viz, earbofuran 5 per cent
(T4) and disulfoton 1 kg a.l./ha (T,) was to the extent
of 46,74 and 25.83 per cent,

4.3.,12 Prult Tiength and Per cent Avoidable T,08s-due
t0 Okra Pegt Complex
The data on the effect on £ruit length and
per oent avoidable loss due to okra pests are presented
in Table %1,

4.,5.12,1 PFruit Tength

Differences among verious treatmente in
influencing the frult length were not evident in both

the seasons,

The pooled analysis indieated that the
di fferences among various treatments in infiusncing the
fruit length were sgignificent. The treatments disulfcton
1 kg a.i./ha ¢+ carbaryl 0.2 per cent (T5) and disulfoton
1 kg a.l./ha (T,) were significantly superior over
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Table 31, Per ceant avoideble loss in fruit length due

to okra pest complex

Mean fruit length (em) Per cent
Treatments avoida-
1978 1979 Average ble loss
T1 Carbofuran 5b 11.88 12.12 12,06 2,26
seed treatment
T2 Disulfoton 1 kg 12.43 12,32 12,34 i1
aoiolha
T3 Monocrotophos 12.25 12,20 12.21 1.05
0.04% during
fruiting atage
T4 Carbaryl 0.% 12.17 12,20 12.19 1.21
during friting
atage
Tg Carbofuran 5% geed 12.26 12,22 12,22 1.78
treatment e
Monoerotophos 0.044
Tg Disulfoton 1 kg 12.49 12,30 12.34 Nil
aoio/ha *
carbaryl 0.2%
T7 Carbofuran 5% seed 12,13 12,07 12.08 2.10
treatuent <
malathion 0.1
Ta Malathion 0.1% 11.67 11.90 11.84 4.25
spray throughout
Tg Carbaryl 0,26 11.89 11.95 11.93 232
spray throughout
T19 Untreated check 11.42 11.87 11,76 4,70
S.E, ¢ 0.%84 0.215 0.133
CeDe (P = 0¢05) N;\S NS 00368
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ecaerbaryl 0.2 per cent (‘1‘9). malathion 0.1 per cent (Ij)
and untreated control (',!.'10) in inereasing the frmit
length, but they were at par with rest of the treatments.
The treatments carbofuran 5 per ceni + monccrotophos
0.04 per cent (TS). monocrotophos 0,04 per cent ('J.‘-’)

and carbaryl 0.2 per cent during fruiting stage ('1‘4)
vere aignificantly superior to unireated control ('J.‘1 O) .
The treatments carbofuran 5 per cent « malathion 0.1

per cent (I,), carbofuran 5 per cent (T,), carberyl

0.2 per cent (Tg) and malathion 0,1 per cent ('rs)
recorded minimn fruit length and were equal to untreated
‘control. (T4g) «

4.,3.,12,2 Per cent Avoidable Loss in Frult Tength aue

to Okrg Pepts

The per cent avoldsble loss in frmit length
due to okra pest complex in untreated control (210) was
to the extent of 4.70 per cent followed by malathion
0.1 per cent (TS) (4.05)), carbaryl 0.2 per ceat ('1‘9)
(3.%2), carbofuran 5 per aent + malathion 9.1 per cent
(T7) (2.1), ecarbofuran 5 per cent + monoerotophos 0,04
per cent (Ts) (1.73) and disulfoton 1 kg a.i./ha +
carbaryl 0.2 per cent (‘1?6) (nii).

The per cent avoidable loss in fruit length dne
to Jassids and sphids in the treatments unprotected during
vegetative stage  viz. monoorotophos 0,04 per cent (T._,,)
and carbaryl 0.2 per csnt (24) wag 1,05 and 1.21 per cent,
respectively.
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The treatments without protection during
fruiting stage viz, cerbofuran 5 per cent (T1) and
disulfoton 1 kg a.i./ha (T,) registered per cent
avoidable loss in £ruit length to the extent of 2,26
and nil respectively due to fruit borer,

4,3,1% Fruit Girth and Per cent Avoidable T,oss due %o
Okra Pests
The data on fruit girth and per cent avoidsble

loss due to okre pests are preseanted in Teble 32,
4,3.,13.,1 Pruit Girth

The treatments carbofuran 5 per cent ¢ mono-
crotophos 0.04 per oent (TE)’ disulfoton 1 kg a.l./ha +
carbaryl 0.2 per cent (T6) and earbaryl 0.2 per oeat
(Tg) recorded significantly inoreased fruit{ girth than
all other treatments, but were at par with dismlfoton
1 kg a.1./ha (T,) and among themselves in both the
seasons, The treatment carbofuran 5 per cent ¢ malathion
0.1 per cent (T.,) was signiﬂcantly superior over
untreated control (1'10) during 1978 but it was =t par
with untreated control (Tm) during 1979, No significant
differences were obgerved among the treatments with
monocrotophos 0,04 per cent (T3) » Melathion 0.1 per cent
(Te), carbaryl 0.2 per cent during fruiting stage ('.24) ’
carbofuran 5 per cent (T4) end untreated control (Tm)

in both the seasons,
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Table 32, Per cent avoideble loss in fmit girth due

to okra pest complex

Mean fruit girth (om) Per cent

Treatments avoldg~
1978 1979 Aversge ble loss

T, Cerbofuran % 3459 4.19 4.9 26.45
seed treatment

T, Disulfoton 1 kg 4,92 5.02 5.00 8.75
a.i./ha

Ty Monoorotophos 4.14 4,39 4,32 21.16
0.,04% during
fruiting stage

T4 Carbaryl 0,24 4,10 4.15 4.13 24,63
during fruiting
stage

25 Carbofuran 5% 5.62 5.41 5.47 D.18
geed treatment
monaerotophos
0.046

T Disulfoton 1 kg 5.61 5.4% 5.48 Nil
a.i./ha +
carbaryl 0.2%

T, Carbofuran 56 4.34 4.48 4,44 18,97
geed treatment +
Malathion 0,14

Tg Malathion 0.1 4,12 4.40 4.33 20.93
spray throughout

Ty Carbaryl 0.2% 537 5.42 5.40 1.45
spray throughout

T10 Untreated oheok %.20 % .89 3.7 52.29
S.B, ¢ 0.499 0.293 0,179
C.D. (P = 0005) 1-025 0.602 00496
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The pooled analysis indicated that the treat-
ment with disnlfoton 1 kg a.i./ha ¢ oarbsryl 0,2 per cent
(2g) s oarbofuran 5 per cent + monoerotophos 0,04 per cent
(TS)' carbaryl 0.2 per cent ('.1'9) and dieulfoton 1 kg &a.d./
ha ('.1‘2) were significently superior to all other
treatmente and were at par with each other, The treat-
ments oarbofuran 5 per oent ¢ malathion 0.1 per cent (T7) s
falathion 0.1 per cent (1'8) and monocroiophos 0.04 per ceant
(T'i) vere significantly superior over control ('.E.lo) and
equal among themselves. The differences in the treatments
with carbaryl 0.2 per cent during frulting stege (T4),
earbofuran 5 per cent ('.E1) and untreated ocontrol (Tm)

vere not evident,

4.3.,13.2 The Per cent Avoidsble Lioss in Fmit Girth

due to Okra Pests

The per cent avoidable loss due to okra pest
complex in untreaied control (T4,) in fruit girth wes
to the extent of 32,29 per cent. The treatments with
complete protection viz, malathion 0.1 per cent (TS) ’
carbofuran 5 per ocent ¢ malathion 0.1 per cent (TT) .
carbaryl 0.2 per cent ('.Eg), carbofuran 5 per cent +
monocrotaophos 0.04 per cent (1'5} and disulfoton 1 kg
a.i./ha ¢« carbaryl 0,2 per cent (T5) recorded 20,98,
18.97, 1.45, 0.18 and nil per cent loss, respectively
in fruit girth ave to okra pest complex,
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The treatments monocrotophos 7.04 per cent ('1‘3)
and earbaryl 0.2 per cent during frulting stage (m4)
which were unprotected during vegetative stage recorded
21.16 and 24,63 per cent loss in fruit girth due to
Jjassids and aphids,

The per cent loss in the treatments without
protection during fruiting staege viz. oarbofuran 5 per
cent (7;) and dismlfoton 1 kg a.i./ha (T,) were 26,45
and 8.7% per cent respectively in fruit girth due to
fruit borer,

4,35.,14 Yield of Marketable Frults and Per cent
Avoldable T,oss due to Okra Pests
The data on the marketable frmit yleld and
per cent avoidable loss due o0 okra pests are presented
in Table 33 and grgphically deploted in Fig. 7.

4.,3.14,1 Yield of Marketeble Fruits

The results indicated that significantly
increased yield of marketable frults was recorded in the
treatments carbofuran 5 per cent ¢ monoorotophos 0.04
per oent (T5) and disulfoton 1 kg a.i./ha + carbaryl
0.2 per cent ('1'6) than zll other treatmenta and were
at par with each other auring 1978, The treatments
carbaryl 0,2 per cent (1'9) monoorotophos 0.04 per cent
(T-5) and disulfoton 1 kg a.i./ha (T,) were equal ainong
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Table 3%, Per cent avoidsble loss in marketsble fruit
yield due to okra pest complex

Marketeble fwmuit yield (q/ha) Per

cent
reatments -
Trea 1978 1979 Average 928

loss

seed treatment

a.i./he

Ty Monosrotophos 50437 55 .50 52.9% 44.21
0.,04% during
fruiting stage

T, Carbaryl 0.2 40.94 47.10 44,92 5% .60
during fruiting
ptage .

Tg Oarbofuran 55 92,84 96,95 94 .89 Nil
seed treatment <
monogrotophos
0.04%

T6 Disulfoton 1 kg 80.59 88,50 84.54 10.90
a.i./ha ¢
carbaryl 0.2

T7 Carbofuran 55 50,05 32,92 %1.48 66,82
geed treatment <
malathion 0.1%

TB Malathion 0.1%4 20.06 24,15 22.10 76.79
spray throughout
P, Carbaryl 0.2% 57.40 61.50 59.45 37.34

9 spray throughout
T10 Untreated check 10.66 15.90 135.28 86.00

S.Ee * 6,041 5.352 2,860
C.D. (P = 0,05 12,396  10.98% 8.116
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themgelves and were significantly superior over the
treatments with cerbofuran 5 per cent + malathion 0.1
per cent (T7), malathion 0.1 per cent (Tg), carbofuran
5 per cent (T4) and untreated control (T,o). The
treatments malathion 0.1 per cent (Té) and carbofuran
5 per cent (T1) recorded significantly low yield of
frmits and were equal ito untreated control (T10) during
1978. Similar irend was observed in 1979,

The pooled analysig indicated that maximam
yield of 94.89 q/ha was recorded in the ireatment with
carbofuran 5 per cent seed treatment + monocrotophos
5,04 per cent (TB) end it was significently superior
over all other treatments., The treatment disumlfoton
1 kg a.i./ha + carbaryl 0.2 per oent (T6) was the
next best treatment in incregsing fruit yield snd was
also significantly superior io rest of the treatments.
The treatment oarbaryl 0.2 per cent (Tg) and monooro=
tophos 0,04 per cent (mz) yielded significantly more
than the earbofuran 5 per cent + malathion 0.1 per cent
(TT)' malathion 0.1 per ceat (Ig), carbofuran 5 per cent
{14) and untreated control (T10) and were equal among
themgelves. The treatment disulfoton 1 kg a.i./ha (Ta).
cerbaryl 0.2 per cent during fruiting stage (T4) and
earbofuran 5 per cent +« malathion 0.1 per eent (T7)
were significantly superior over malathion 0.1 per cent
(Ts). carbofuran 5 per cent (T,) and untreated control(m10).
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The treatment carbofuran 5 per cent (i‘1) yielded
significantly less and was at par with untreated oontrol

(Tyo)-

4.,5.14.2 Per cent Avoideble Tiogs in the Yield of
Marketeble Fruits due to Okra Pepta

The yield of marketsble fruits was drasticslly
reduoced dque to okra pests in the plots unprotected
during vegetative stage (1‘5 and 'L'4) and fruiting stage
(7, and T,) and untreated control (‘3310) . The per cent
evoldeble loss due to okra pest complex in untreated
control (Tm) in fruit yield was to the tune of
86,00 per cent.

The treatmenta with carbofuran 5 per cent +
monocrotophos 0,04 per cent (‘1‘5). disnlfoton 1 kg a.i./ha
+ carbaryl 0.2 per ecent (25), carbofuran 5 per oent +
malathion 0.1 per cent (1‘7) » Malathion 9.1 per cent ('!8)
and ocarbaryl 0.2 per cent (TQ) recorded nil, 190.990,
66.82, 76.70 and 37.%4 per cent loss, respectively in
fruit yisld due to okra pest complex.

The per oent avoidable loss due to Jassids snd
gphids glone in the treatments unprotecied during
vegetative stage viz., monocrotophos 0.04 per cent (T;)
and carbaryl 0.2 per oent (T4') was 44.21 and 53.60 per

cent, regpeotively,
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The peyr oent losa in frmit yield due to fruit
borer in the treatments without proteotion during
‘fruiting stege viz, carbofuran 5 per cent (T4) and
disulfoton 1 kg a.i./ha (T,) was to the extent of
78.22 and 49,57 per cent, respectively.

4.,5,15 Correlation Studies Between Okra Pegtes, Plant
Characters and Yield of Ckra
The data on the inter—correlation between okra
pests, plant characters and yield of okra are presented
in Table %4,

The results indicasted that significant negative
correlations were obgerved for all the pests and yield
relationshipa. The highest significant negative
corraelation was obgerved in the ocase of percentage frult
borer incidence followed by jasslids 2nd sphids.

In cage of mean haight of the plant, jessids
and ephids exerted negatively significant impact,

‘ The effect of jassids was more prominent then
that of gphids. Similar trend was observed in the case
of mamber of leaves per plent at 40 days but effect of
jeesids and ephids was non-significant at final harvest.
It wes observed that the jessids and ephide significantly
affected the legf area per plant, the effeect being
higher in oase of jassids than that of the latter,
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Similar trend waes also obmerved in case of leaf weight

and stem weight of plant,

All the three inseots viz. jassids, sphids and
fruit borer, indicated signifiocantly negative ocorrelas~
tionship with mambeyr of healthy fruits per plant, The
highest correlation was observed due to per cent frait
borer incidence followed by jassids and aphids, In
cage of sverege fruli length, the sphid did not affect
the fruit length whereas, the effect of jassids was
significanily negative, 8Significant negative correla-
tionship wes obgerved between the incidence of jassids
and ephids and the fmlt girth,

4.,3,16 Simple Regregsion Studies Between Okra Pests
end Yield of Okra
Simple regression studies were carried out
between Jassids, per cent fruit borer infestation and
yield of okra., The regresgssion coefficient 'b' and
constant 'a' were worked out and simple regression

equations were set up.
4,5,16.,1 Jaseids and Yield

The relationship between jassid incidence (x)
and yield of okra (Y) was found to be negative and
highly significant (» = =0.425##) (Table 34 and Fig.8a).
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The regresaion equation worked out was Y = 86,162 -
65.881x indieating that for every one Jassid nymph
per leaf the yield decreased by 65.88 g/ha.

4,3.16,2 Per cent Fruit Borer Infestation and Yield

The relationship between per cent fruit borer
infestation (x) and yield of okra (Y) was found to be
negative and highly significant (r = -0,759*#) (Table
34 and ¥ig, 8b), The regression equation worked out
was Y = 95,969 - 3,383x indiceting that for every one
per cont fruit borer infestation, yield decreased by
3.38 g/ha.

4.%.17 Maltiple Regression Studies Between Okra Pest
Complex, Plant Height, Leaf Area, Frult Number
gnd Marketable Prult Yield

The results of the multiple regression stndles
between okra pest complex (Jassids, sphlds and fruit
borer), plant height, leaf arsg, fmit mumber and
marke teble fmit yield are presented in Table 35.

The mltiple regression analysis between Jassids,
asphids and fruit borer as explanstory varigbles
(independent varigblesg) and plant height, leaf area and
fruit yield taking as dependent varisbless were esgtimated.
The linear mltiple regression analysis revealed
significant coefficient of mmltiple determination
(B2 = 0.16, 0,74, 0.61 and 0.68 respectively for height,
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Table 35, PFunotional relationship bvetween okra pest
complex, final plant height, leaf area,
mmber of healthy fruits and yield of okra

Bqua~ 2
1% on Regression equation R
0. ,
1. 11 = 57-085"670 245# 31 «51 o127 12 0.1 onn
(24.716) (148.597)
24 Yo = 357.197-398,72%%x, +241,542 x, 0, 74"

(33 .286) (207.000)

3. ¥3 = 3.855-1.690%* x4+ 1,574 x,-0.068%*X, 0.61+*
(0.379) (2.244) (0.008)

4. T = 4421.471 « 0.443%y,~0.052 y, ¢ 0,6a%*
28.425* 35

(0.217) (0.035) (11.140)

Figures in parentheses are standard errors of the
estinates,

#, #* gignificant at 5 and 1 per aent level of
significance regpectively.

¥4 Pinal plant height

Jo Leaf area

¥z Frulit mimber per plant

Y Yield

X4 Namber of Jassids

X, Nuamber of sphids

Xy Per cent fruit borer infestation

Ra Coefficient of mltiple determination
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leaf area, fruit number and yileld) camsing thereby
16.8, T43, 61.7 and 68,3 per cent variation in final
plant height, leaf area, fruii mamber per plant and
yield due to jamside, ephide and fruit borer.

In oase of final plant height, the Jassid has
given eignificant negative impmet at 5 per cent level
of significance whereas, the contribution of sphids

was non-gignificant,

The leaf area waa significantly affeoted by
Jassids whereas, the offect of aphids was nonsignificant.

In case of number of fruits per plant, the effeot
of Jasalde and fruit borer was significantly negative
whereas the effect of aphids was not significant

The plant height and number of fruite per plant
have positively contributed to the yield, whereas, the
effeot of leaf area was not evident, This indicates
that the oontribution of mumber of healthy fruits per
plant to the yiéld was highest followed by plant height,
implying thereby thet if losses in fruit mumber are
minimised, the yield could be inoreased.

It ip evident Zrom yield equation that yield is
dependent upon plant height (y1) and number of fruits
per plant (33). The plent height (y4) is dependent
upon number of jasselids {x4) per leaf whereas fruit
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namber per plant (‘73) is dependent upon both the number
of jassids (x.,) and percentage inoidence of fruit
borer (x.j). Thus, we see that the Jassid (x,) and
fxruit borer (x.j) are the feotors which ultimately
affect the yield. Though leaf area per plant (32) is
dependent upon jJassids (x,), since yield (Y) does not
depend upon leaf area (32). the Jjasside affect the
yield only through plant height (y,) and fruit mmbey
per plant (.75), but not the leaf area (y,). The jassid
tends to deorease plant height (y,) and fruit mumber
per plant (y;) end the fruit borer tends to decrease
fruit muber per plant (y3) which in turn jeorease the
yield,

4.4 Crop Loas Assessment due to Major Pests During
Various Growth Periods of Okra

4.4,1 Incidenace of Jagslds

1t is evident from the Tzble 36 that significant
differences were observed in various treatments. The
incideno® of Jessld population was significantly low in
all the traatments recaiving protection éuring 15~90
daya (Tqe !}32, '133. '.134. TS’ '137. Tq4 ond '312) of orop growth,
The trestments reeceiving protection during 45-90 days
of crop growth ('338. T9 and l’m) were at par with
unprotected control recording significently higher
Jessid incidence then gll other treatments.
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Teble 36, Inocidence of jassids and sphids in different
growth periods of okra

Treatmenta

{period with inseotioi~
dael applioations -
days after sowing)

Mean mamber Mean mamber
of iaualda}} of sphids/
lea leaf

7, (15-90) 0.009 0.003
(0.303) (0.301)

2, (15-74) 0.012 0,003
(0.303) (0.301)

T-5 {15-59) 0,009 0.003
(0.303) (0.30%)

T, (15-44) 0.009 9,001
(0.,304) (0.301)
(0.322) (0.309)

T (untreated 1,738 1,811
control) {(0.571) (0.580)

537 {30-90) 0.096 0.011
(0.321) (0.393)

g (45-90) 1.535 1,394
(0.548) (0.527)

Tg (60-90) 1.925 1.720
(0.592) (0.570)

240 (75-90) 1.866 1.624
(0.586) (9.558)

24, (30-74) 0.116 0,011
(0.325) (0.503)
75-90) (0.322) (0.309)

S.E. bt 00016 00017

C.D. (P = 0005) 0.033 00036

Plgures in parentheses are log (x¢2) values
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4.4.2 Incidencs of Aphlis

The =zphid population was significantly low in
all the insecticidal treatments than untreated control
(Tg) exoept the treatments protected during 60-90 days
(Tg) and 75-90 days (5210). The treatments protected
during 15-90 (T4) 4+ 1574 (T5)s 15-59 (Ix) s 15-44 (T,),
15-29 (Tg)» 30-90 (Ty), 30~T4 (T,,) and 15-29 and
75-90 days (T,,) were at par with each other, No
gignificent differences were observed in {reatments
receiving protection during 60-90 (Tg) s 75-90 days
(Tm) end untreated control (T5) (Table 36).

4,4,% 1Infestation of Fruit Borer :

The observations on the percentage fruit borer
infestation are presented in Toble 37 and graphically
“repregented in Fig. 9.

The peroentage infestation of fruit borer was
significently low during 15-90 (T,). 45-90 (Ta) and
30~-90 days ('J.'7) than all other treatments. However, the
treatments with protection during 30-90 days (T.,) vas
equal to 15~74 days (Ta) o« The treatments with 15-74
(Tg) end 30-74 days protection (T") vere signifioently
superior over the Ureatments 15-29 and 75-90 (T¢,),
15-59 (23), 15-44 (204 75-90 (Ty)s 15-29 (Tg) end
untreated control (TG) in reducing frnit borer infestation.
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Differences in treatments 15-44 (T,), 75-90 (Tm)a
untreated control (TE) and 15-29 ('1'5) were not significent,

Table 37, Infestation of fruit borer in different
growth periods of okra

Treatments
(periods with insecticidal
gppliocations ~ days after

Percentage fruit
borer infestation

sowing)
T, (15-74) (1';:—??7)
T;  (15-59) (} ; . gg)
Ty, (15-44) (;g:g)
I (2359
Tg (uatreated 15.40
control) (25.08)
o GO0 (5.7
Tg  (45-90) b
g (%050 (17:32)
Tip (75-90) (22:58)
T 15-29 and 10,70
12 G325 (19.08)
S.E. ha 1.44
C.D. (P = 0.05) 2099

Pigures in parentheses are angulsr transformations
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4.4,4 BEffect off Plant Height and Per cent Avoidsble
1088 due to Insect Pestis nuring Different Growth
Periods of Okras

The data rogarding influsnce of various
treatments on plant height and per cent avoldeble loss
are pregsented in Table 38 and graphiocally depicted in
Pig. 10.

4.4.4.1 Plent Height

The resulte indionted that the height of the
plant wae significantly increased in treatments with
15-74 (T,) and 15-90 (24) than all other treatments,
but they were at par with 30-90 (T'T) and 15-59 (T3)
treatments, Signifiocgnt inorease in plant height, was
obgerved in treatments 30~-90 (7T ) and 15-59 (sr.,) as
compared to others except 15-90 (%4), 15-74 ('J:a) and
15-44 (T,). No signifioant differences were observed
in 15-29 (T5)s 45-90 (Tg)s 15-29 and 75-90 (T4,),
60-90 (2g)s 75-90 (Ty,) and untreated oontrol (Tg).

4.4.4,2 Per oent Avoidable TLoss in Plant Height

Teble 38 indiocates that the reduction in
plant height in unprotected plots (336) was to the oxtent
of 43+25 per ocent. Avoidable loas in plant height was
minimim in the treatment receiving proteotion during
1574 days (nil) followed by 15-90 (6.30), 30~90 (8.54)
and 15-59 days (9.36).
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Teble 58. Plant height and per eent avoideble loss
due to ingect pests in different growth
periods of okra

(poriod with inseotioldal hesghs ab. Bor cent
gp;giigsauone - days after ?egil(gnax? losn
Ty  (15-90) 65.36 6.30
7, (15~74) 69.76 i1
T, (15-59) 63.23 9.36
T, (15-44) 55.56 20.35
5!5 (15-29) 48,59 30.47
T; (untreated control) ‘ 39.60 43,23
T7 (30~90) 63 .80 8.54
Tg (45-90) 43 .13 32.43
Tg {60~90) 42.16 39,56
Tq9 (75-90) - 42,03 39.75
T,y (30-74) 53 .46 73,36
T4p (15-29 and 46.80 32.91
75~90)
S.EBe » 4.27

C.De (P = 0.05) 8.86
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4.4.5 Rffect on Fumber of T.eaves Per Plant and Per cent
Avoidable Lioss due to Inesot Pests During
Differsnt Growth Periods of Okra
the data on influence of various treatments on

number of leaves per plant and per oent svoidable loss

are presented in Table 39 and grophically represented

in Pig. 10.

4.4.5.1 Effect on Number of nL,eaves Per Plant

Signiticantly highest wmmber c;f ZLeaves vere
observed in the treatments with 15-74 (Ty), 15-59 (Ts),
30-74 (T44)s 15-90 (T4) and 30-90 (T,) then untreated
control (Tg), 7590 (T4,) and 60-90 (T,), but these
treatments were at par with rest of the treatments. No
signifj:eant di ffaerences wore observed in treatments
45-90 (Tg), 15-44 (T,), 15-29 (Tg), 15-29 end 75-%0
(T.‘a) and untreated control (Tg).

4.4.5.2 Per cent Avoideble L,ose in Number of Leaves
Per Plani

The manbeyr of leaves per plant was not affected
by the okra pest complex, Maximum per cent production
in mamber of leaves per plant was observed in treatments
receiving protection auring 60-90 (13.17) followed by
75-90 (12.55) and untreated control (10.77). The
per cent loss in mumber of leaves per plant was low in
15=74 (nil) followed by 15-59 (1.04) end 30-74 (1.04).
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Table 39, Number of leaves per plant and per cent
avoideble loss dne to insect pests in
different growth periods of okra

%:gg{gggﬁsith inseeticidal ggagéggggir ﬂ;ﬁigzﬁfe
R
T, (15-90) 9.43 1.35
T, (15-74) 9.56 Nil
T, (15-59) 9.46 1.04
T, (15-44) 9,13 4.49
T5 (15-29) 9,05 5.23
Tg f(untreated control) 8,53 10,77
T,  (30-90) : 9.43 1.35
Tg (45-90) 9.23 3.45
g (60-90) 8.50 13.17
Tyo  (75-90) 8.36 12.55
T44 (50=74) 9,46 1,04
Tyo  (15-29 and 9,06 5.23
75-90)
S«Ee ¢ 0.37

C.J. (P = 0.05)

0.77




126

4,4,6 ©Effect on Number of Fruits Per Plant and Per cent
Avoidable T,oes due to Inseot Pests During
DLfferent Growth Periods of Okra
The data pertaining to the mumbey of frults

per plant and per cent avoideble loss as influenced by

ingect pegts during different growth periods of okra

are pregented in Table 40,
4.,4.6,1 Effect on Fruit Namber Per Plant

It ies evident from the Table 40 that all the
insecticidel troatments registered significantly higher
muaber of fralts per plant then the unprotected control
(Tg)e The treatments 15-90 (T4), 15-74 (T,) and 30~74
(Tﬂ) were gignificantly smperior over all other
treatments except 30-90 (T-,) e« The treatments 15-59
(T3). 45-90 (Tg) and 60-90 ('.cg) were at par with each
other and recorded significantly higher mamber of fruits
per plant than 15-29 (Ts). 75-90 ('.f.'m) and untreated
control (Tg).

4.,4,6,2 Per cent Avoidable Toss in Fruit Number Per Plant

The number of fmite per plant was drastically
reduoced in unproteoted plots dne to okra pest complex,
The per osnt loss in umproteoted plots (Tg) was to the
extent of 27.75. The per cent reduetion in fruit number
per plant was minimum in plots reesiving protection
during 15-90 (nil) followed by 15~74 (0.36), 30-74 (0.36)
and 30-90 days (2.55).
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Table 40, HNumber of fruits per plant and per cent
avoideble loss due to inssct pests during °

different growth periods of okra

Treatments
(period with insecticidsl ity eniaebre
:pm%ﬁz?tiona - days afier plant loss
2y (15-90) 7.60 Nil
(2.74)
. (2.73)
T5 (15-59) 6.56 6.93
(2.55)
(2.34)
(2.22)
T, (untreated control) 4.00 27.75
(1.98)
b {30=90) T7.20 2.55
7 (2.67)
T~ (45-90) 6.1% 10.21
8 (2.46)
Tq (60-90) 5.86 12,04
{2.41)
Tio (75-90) 4.80 20.43
(2.18)
(2.73)
75-90) (2.24)
S.E. : 0.08
Cc.D. (P = 0005) 0.17

Figures in parentheses are VA transformed values

4



128

4.4,7 Effect on Fruit Tength and Per cent Avoidsble
Loss due to Inseect Pepts Muring Different
Growth periode of Ckra

The data on the frait length and per cent
avoidable loss due to inseot pests during different
growth periods of okra are preagented in Table 41,

Tgble 41, PFruit length aend per cert avoideble loss
due to inseot pests during different growth
periods of okra

(peston with inseoticidal Yoaoth M vcidcbre
:pog litg)ations - daye after (om) 1088
T4 (15-90) 11.76 0.92
1‘2 (15-74) 11.57 2.52
TS (15-59) 11.78 0.75
Ty (15-44) 11.63 2.02
‘1‘5 {15-29) 11,68 1.60
Te (untreated control) 11.17 5.89
I, (50-90) 11.87 Nil
Tg  (45-90) 11.53 2.36
Tq (60-90) 11.61 2,19
Tyg (75-90) 11.44 5.92
Tqq (30-74) 1.74 1.09
Tqo (15-29 and 11.53% 2.86
75-90) '
S.B, * 0.05

C.D. (P = 0005) NS
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4.4.7.1 Bffect on Fruit Length

Differences in the fruit length in various
treatnents were not evident. The treatments 30~90 (T.),
15-59 (T3) end 15-90 () + registered comparatively
higher fmit length than rest of the treatmenta.,

4.4,7.2 Por cent Avoidable T,0oss in Fruit Length

Comparatively the per ocent avoldeble loss in
fruit length was minimum in the treatments 30-90 (T7)
followed by 15-59 (15) and 15-90 (%,).

4.4,8 Prait Girth and Per cent Avoidable L,oss due to
Inseot Pests During Different Growth Periods
of Okra
The data regarding the fmit girth and per ocent
avoidsble loss dne to insect pests during different

growth periods of okra are presented in Teble 42,
4.4,8,1 Effect on Fruit Girth

No significant differences were observed among
various treatments with regard to fruit girth. The
treatments 15-59 (73), 60-90 () end 15-29 and 75-90
(T4p) registered mwmericelly higher fruit girth than
other treatmenta.

4.,4.8,2 Per cent Avolideble Toss in Fruit Girth

The per cent loss in fmit girth was compara-
tively Low in the treatments 15-59 (ra). 60~90 (Tg) and
15~29 and 60-90 (§1 2).
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Table 42, Fruit girth and per cent avoidable loms dne
to inseot pests during different growth
periods of okra

Grifnie spun  ERS O,
sowing) 8
T, (15-90) 5.95 1,16
T,  (15-74) 5.85 2,82
‘3.‘3 (15~59) 6.02 Nil
T4 (15-44) 5.86 2,65
Es (15-29) 5.88 2.52
T (untreatsd control) +5.44 9.63
T,  (30-90) 5.92 1,66
Ty (45-90) 5.88 2,32
Tg (60~90) 6.01 0.16
Tyo  (75-90) 5.89 2,15
Ty (30-T4) 5.77 4.15
7,5 (15-29 end 6.00 0.33

75-90)
S.E. » 0.19

C.D. (P = 0005)

NS
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4.4.,9 Marketable Frult Yield and Per cent Avoidedle
Toss due to Insect Pests During different Growth
Periods of Okra

The Jata pertaining to the marketable fruilsg
yield and per cent avoidable loss dne to insect pests
during different growth pericds of okra are presented
in Tgble 43 and grephiocally depioted in Pig. 11.

4.4,9.1 Marketable Frmit Yield

+ It is evident from Table 43 that all the
protected plots were significantly superioer over
unprotectsd eontrol exeept 75-90 (T1 0) o Significantly
highest yields were registersed by 15-90 (T.l) and 15-74
(T,) over all other treatments. The treatments 30-90
(T7), 30~74 (T44) and 45-90 (Tg) were at par with each
other snd signifiocantly smperior over 60-90 (Tg) ’
15-44 (Tz)s 15-29 and 75-90 (Ty,) eud 15-29 (Tg). No
significent differences were obsgerved between 15-59
(T3) s 60-90 (Tg) end 15-44 (T,) and between 15-29 and
75-90 (I4,) end 15-29 ('.1'5) treatments, The treatment
75-90 (5:10) yielded equel to untreated control.

4.4,9.,2 Per cent Loss in Marketeble Fruit Yield

The per oent loss in marketgble fiuit yield was
to the tune of 58,57 per cent in unprotected plots, The
per cent reduotion in yield was low in treatments 15-60
(nil), 15~74 (7.46), 30~90 (17.34) end 30~74 (21.28),
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Maximum per cent loss in fruit yield was recorded in
u‘ntreatea gcontrol (58.57) followed by 75-90 (53.81),
15-29 (44.52), 15-29 end 75-90 (41.32) and 15-44 (33.85)
treatments, The yield loss in other treetments vig,
45-90 (), 15-59 (T5) and 60-90 (Tg) was 24.02, 27,32
and 32,26 per cent, respeotively,

Table 43, Marketable fruit yield and per cent avoidable
2 loas dne to inssct pests during different
growth periods of okra

Gonimeviin tnmouosga  JeSEle Teroent
sowing) (o/ha) losa

T, (15-90) 72.64 il
T, (15-74) . 67,22 T.46
T3 (15-59) 52,79 27.32
T, (15-44) 48.05  33.85
Ty - (15729) 40,30 44,52
T (untreated control) 30,09 58.57
Ty (50-90) 60,04 17.34
Tg  (45-90) 55419 24,02
74 (60-90) 49,20 32.25
Tig  (75-90) 33.55 53 .81
Ty (30-74) 57.18 21.28
Ty5 (15-29 and 42,62 41,32

75-90)

S.E. 2 ‘ 2.85

C.D. (P = 0;95) 5.88
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Chapter 5
DISCUSSION

Okra crop saffers severely from the attack of
Jassids and sphids in its early stage of development
and fruit borer (E, vittella) in the reproductive stege.
These peste cause heavy damage and loss in the yield of
okra., Present investigations were undsrtsken o study
the 1ife fecundity tables of E., vittella on okra and
cotton, determination of thermal oconstent for E, vittella,
agseasment of losses in growth and yield of okra due to
Jasslids, sphids and fmit borer, and inflnenos of pest
attack during varions plant growth periods on growth and
yield of okra. The resalts cbtained are discussed in
aceordance with the previous work in this chapter,

5.1 nife Feoundity Tebles of E. vittella

Life tebles can be used to make quantitative
and qualitative eveluation of different host plants.
Thus, the type of table developed by Morris (1963) ecan
be used to estimate the impaet of the faotors cemsing
mortality in the various life stages of insects under
field conditions, the type developed by Bireh (1948)
can be uged to obtain growth statistiocs that ocan be used
for both qualitative evaluation of the rearing procedures
and to estimate the projected potential inorease of
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insects reared on different food commodities. The innate
cspacity of increase has not been quantified for many
inseots (Wellik and Pedigo, 1978). In the present
investigations, the projected potential rates of \

increase of B, vittella on different host plants were \,\\f

computed by following the method desoribed by Biroh (1948)
snd e¥sborated by FHowe (1953) and Atwal and Bains (1974). |

-

On the basis of survival values ('Lx) of immature
stagea'of E., vittella, the different food plents omld be
arranged in descending order ass: okra seeds (0.89), -
okra fruits (0.80), cotton squares (0.73) and cotton
bolle (0.68).

Ambegaonkar and Bilgpate (1982) found 9,96,
0.92, 0.72, 0.68 and 0.59 survivalship values (1) of
imnature stages when rearsd on qkra seeds, okra eploarps,
okra fraits, cotton flowers and cotton bolls, respectively.

The net reproductive rate (Ro) of E, vittella
was 124,17 on okra fmits, 141.50 on okra seeds, 99,52
on cotton sgquares and 100.62 on cotton bolls at the end
of each generation (Table 44).

On the -basis of n;et reproduotive rate (R))
the host plants could be arranged as okra seeds )
okra fruits > cotton bolls > ocotton squarea, The
pattern of female births of B, vittelia was similar in
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all the host plants tested, the value of mn, raised
gredually and attained s peak followed by graidunal
deoreape (Fig. 1). In goneral, the contribution of
female towards the female birth ('“:) vas maximm on
the third day of oviposition, It is evident that the
okra seed proved to be mutritionally the most superior
from the point of view of pest mmltiplication under
the given set of oonditions.

Ambegaonkar and Bilepate (1982) observed that
the net reproduotive rate of E. vittells was 95.17,
93.96, 114.50, 140.25 and 112,71 when reared on cotton
flowers, cotton bolls, okra fruits, okra seeds and

okra epicarp, respectively.

The mean length of generation differed consi~
derebly on different hosts (Table 44)., It was maximam
(38.48) on cotton squares and minimm (32.51) on okra
geeds. The innate ocapacity for increase in mmbers
(rm) ranged between 00,1195 to 0.1525 females per femeole
per day. On the basis of 'rm' values, the descending
order of different foods for E, vittella wass okra seeds
(0.1523), okre fmits (0.1385), cotton bolls (0.1289)
and cotton squares (0.1195) (Table 44),

According to Birch (1948), the comparison of
two or more populationsby mesns of their net reprodu-

otive rates may be quite misleading unless the mean
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lengths of generation are the same, Two or more popu=
lations may have the same reproductive rats, but their
intrinslc rates of increase may be quike different,
becanse of adifferent lengths of thelr generation,

The innate ospaoity of the species for
inorease in mmbar (rm) has a mmber of component
variables viz. the length of development of immature
stagea, the adult life teble and the age specifie
fecundity., These componente have their own signifioance
and apply their respective weights (Birch, 1948),

The results obtained in the present investi-
gations are in agreement with the findings of Ambegaon-
ker and Bilapate (1982).

Tife tables giving the statistics on the
innate capacity of incresse in mmbers of a partionlaer
speclea provide insight into the characteristics life
patterns of different species, The application of
thege statistios is as diverse as the inseots for which
the life tables are developed. The differences observed
in the 'r, ' values in the prese}lt gtudies can be
attributed to a quantitative and quslitative differences
in the food planta tested. However, from the point of
view of pest multiplication, okra seed with high 'rm'
value would be the most snitable food. B. vittella

wonld maltiply 141.50 times per generation on okra seeds
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while the corresponding inorease in okra fmits, cotton
squares and cotton bolle will be 124.17, 99.52 and
100.62 times respectively, Several anthors stated that,
there is a range of innate ogpacity for indiviguels of
a population (Dewitt, 1954).

The data on ateble gge distribution of the
regpeciive stages; egg, larva, pups and adult for
different host plants gre grsphically depicted in
Fig. 5. ' The remlts in Teble 45 reveal that on resohing
a stable age distribution, the population of E. vittella
at egg, larva, pupe and adult stages oomprised, 55.%3,
39,64, 6,07 and 0,92 per cent on okra fruits, 54.99,
37.08, 6,96 and 0.95 per cent on okra seeds, 49.65,
43,76, 5,60 and 0,92 per cent on cotton sqares and
51.72, 41.55, 5.69 and 0.98 per cent on cotton bolls,
regpectively. A drastic decrease in the percentage
individuals occurred at pupal and adult stages.

Ambegaonkar and Bilepate (1982) reported that
on reaching a gtable sge distribution, the population
of E. vitiells at egg, larva, pupa and adult stages
comprised 55.59, 37.15, 3.94, 1.06 on cotton bolls,
55.2y 36,03, 5.62, 0,94 on okra fmits, 47.26, 43.68,
5.45, 1.05 on okrg seeds and 49,16, 43.53, 4.80 and
0.87 on eotton flowers, respectively.
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Table 45, Percentege contribntion of the various stages

to the atable gge distribution of E. vittella

on different hosts

Percentage contribution of various

stages
Host

Egg Larval Pupal Adnlt

slage stage stage stage
Okra fruits 55.33 39-64 6.07 0092
Okra seeds 54,99 37.08 6.96 D.9%
Cotton squeres 49.65 43 076 5.60 De92
Cotton bolls 51.72 41.55 5.69 0.98

Considering all the factors, it can be concluded

that the okra sesed provide z more mitritive food for the \
mltiplication of E, vittella than okra fruits, cotton

bolle and cotton squares in that order.

DLife table studles have also been ocarried out

on gebra oaterpiller, Ceramica piota when reasred on

sugar beet leaves (Tamaki et al., 1972) on Dichroeroois

punctiferalis Guen when reared on cestor, maize, brinjal,

okra, bottle gonrd and pomogranate (Bilspete, 1977,

1978) on H. armigera when reared on lucerne, lims bean,

pea sorgm egrhead and saflower (Pilgpate et al., 1977;
Bilapate et gl., 1978; Bilepate and Pawar, 19783
Bilapate and Pawar 1980; Bilapate et al., 1980).

£
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5.2 Determination of Thermal CGonstant for E. vittella

The complation of a given stage in the develop-
ment of an inseot requires an acoumlation of a definite
smount of heat energy known as thermal constant
(Uvarov, 1931). It is not practicable to measure this
constent in terms of heat caloriea. Another method of
the summgtion of temperature during a day or ‘day-
degrees® hag been used, For this purpose, the temperature
egbove the threshold of development or the effective
temperature ie taken into consideration. This concept
of 'thermal constant' expressed in 'dey degrees' sppears
to have been probably first developed by Simpson (1903).

In the present inveatigation, it was observed
that the temperature had a positive effect on the
various stoges of E. vittella., The threshold temperature
for the development of egg, larva and pupa was 1%.46,
13.06 and 13.25°0 respectively. Dey degrees (thermal
constant) required for completion of egz, larva, pupa
and for the life cyocle were 41,31, 113,36, 135.87 and
292,77, respectively, Ths it required 292,77 dayy for
ocompleting a oycle and with this rate the pest would

be able to complete 17 generations in a year.

Rao (1980) reported that the threshold temps-
rature of development for the various stages of
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E. vittella ranged from 13.33 to 14.04°C, requiring
323 .8 dayiwfré;s completing a oyole. The pest wes
computed to complete 1% generations in a year under
Bangalore conditions, Difference in the mumber of
gonserations observed in the present gtudy may be due
to the ‘higher temperatures in this reg.tm{.

Glenn (1922 and 1931) employed this conoept
of thermal constant to predict the appearance of
codling moth in nature, Again, Shelford (1927)
employed this method for his studies on codling moth,
Uvarov (1951) worked out thermal constant for the

Dytiscus marginslis for his stndles on rate of accele-

ration of development with rising temperature.

5.5 3zgessment of Crop Tosses due to Insecit Pesis in
B

5«3.1 Jassid Incidence

The jassid population was significantly low
in the plots treated throughout the growth period and
in the plotis protected during vegetative stage in
both seasonas. S8Significantly low population of jassids
wvas observed in the treatments with ocarbaryl 0.2 per
cent (Tg). disulfoton 1 kg a.i./ha + oarbaryi 0.2 per
cent (Tg), disulfoton 1 kg a.i./ba ('1.‘2) followed by
ocarbofuran 5 per cent + monocrotophos 0.04 per cent ('.rs) ’
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oarbofuran 5 per cent (T1). carbofuran 5 per oent +
malathion 0.1 per cent (1‘7) and malathion 0.1 per cent
(‘1‘8) . No significant differences were observed among
the untreated control and the treastmeats with no
protection during vegetative stage. The pooled analysis
indicated similar resalts,

Effective control of jazesid has been obtained
with carbaryl, dismlfoton, cerbofuran and malathion
by seversl workers, Ademuga (1971) found carbaryl to
be most effeotive for the control of Jassids. Rathore
et al. (1974) stated that epplication of disulfoton
5 per cent @ 26 kg/ha successfully controlled jassids

on okra.

Krighasigh et gl. (1976) reported thet soil
application of disulfoton and carbofuran 5 per cent
soed tremtment protected the okrs orop from jassids.
Effective oontrolr of jessids attacking okra with

WIBRE (L a0

dimlfoton has been reported by Rawat and | Jakhmola
(1976) .

Presont findings are in accordance with the
resalts of the sbove workers.

5.3.2 Populastion of Aphids

The agphid population was comparatively low
in both the ssasons. Significantly low gphid population
was obgerved in the treated plots than untreated control
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and the plots unprotected during vegetative atage. No
significent differences were observed among the
treatments which were protected during vegetative
stage. Other treatments with no protection during
vegetative stage (T.j and '.1‘4) were at par with untreated
control ('.cm). The pooled analysis revealed that the
treatments carbaryl 0.2 per ocent (Tg), disulfoton

1 kg g.d./ha (1‘2). carbofuran 5 per cent + monoorotophos
0.04 per cent (Ts) and disulfoton 1 kg a.l./ha +
carbaryl 0.2 per cent (Tg) were significantly superior
over all other treatments tut were at par with each
other and malathion 0,1 per cent (Ta) in reduecing the
aphid population,

Gopalan 2t al. (1974) reported good control
of aphide with dismlfoton and carbofuran. Dadheech
et gl. (1977) reported effective control of gphids on
okra with carbaryl and malathion, Kisha (1978) found
good ocontrol of A, gossypil on okra with disulfoton
and monoorotophos sprays and inerease yields by
97-119 per cent. BSangeppa €t al. (1978) reported
effective control of A. gossypii with carbaryl O.1

per cent on okra,.

5.3.3 Fruit Borer Infestation

The frait borer infestation ranged from 2,32
$0 17.12 and 1.4 to 23,62 per cent during 1978 and
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1979, regpectively, The infestation of frnit borer was
significantly low in all the insectieidal treatments
‘ than untreated control in both the seacons,

The pooled analysis indicated that the per cent
infestation was minimum in the treatments with monoecro-
tophos 0,04 per cent 1(1‘3 and T5) but it wae at par with
disulfoton 1 kg a.i./ha ¢ carbaryl 0.2 per cent (Tg).
The treatments disulfoton 1 kg a.i./ha + carbaryl 0.2
per oent ;ra) s carbaryl 0.2 per eent during fruiting
staga.(%) end carbaryl 0.2 per eent (‘J.‘g) did not{ differ
pignificantly among themselves and were significantly
superior over mglathion 0.1 per cent {'1‘8) s OCarbofuran
5 per ocent ¢ malathion 0,1 per cent (?7). dismlfoton
1 kg a.i./ha (T,), carbofuran 5 per cent (T,) and
untreated control (T, o

Effective control of E, vittella with monocro-
tophos and carbaryl was obtained by several workers
(Rathore et al.,19743 Krishnalah et sl., 19763 Daware
et al., 1978; Mote, 1980; Gupta and Dhari, 1980).

5.3.4 Plant Hoight and Per cent Avoldable Toms due
to Okra Pests

The treatments disulfoton 1 kg a.i./ha (I,),
disulfoton 1 kg a.i./ha ¢ oarbaryl 0.2 per cent (Tﬁ)
and carbaryl 0.2 per cent (5!9) recorded significantly
more height <than rest of the treatments during vegeta-
tive gtage. No significant differences were observed
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among the plots umprotected during vegetative stege
(T.5 and -r4). carbofuran 5 per cent seed treatments +

malathion 0.1 per cent (T7) and untreated control (Tm)
during vegetative stage. The pooled analysis also

revealed similar resmlts.

The per csnt avoidable loss during vegetative
stage in plant height due to Jassids and aphids was
maximm in treatmenta with carbaryl 0.2 per cent during
fruiting stage (T,) (55.07), untreated control (T4 0)
(50.93) and monogrotophos 0.04 per cent during fruiting
(T,) (49.02), The treatments with disulfoton 1 kg
g2.1./ha (T, and Tg) and earbaryl 0.2 per cent (rg)
regorded minimm loes in plant height during vegetative
stage.

As regards plant height at fingl harvest, the
treatuents ocarbofuran 5 per oent ¢ monocrotophos 0,04
per gent (Ts) and disnlfoton 1 kg a.i./ha ¢ carbaryl
0.2 per cent (T;) registered significantly more rlant
height then rest of the treatmenis tmt dld not differ
significantly from monocrotophos 0,04 per cent (13)
during 1978, Differences in the treatments with
carbofuran 5 per cent (T4)» carbaryl 0.2 per cent (T4).
malathion 0.1 per cent (TB) and untreated control (T1 0)
were not signifiocant,

The per cent avoidable loss in final pland®
height due to okra pest complex was maximum in the



146

untreated control (‘1'1 0) {(74.08) followed by malathion
0.1 per cent (Tg) (71.10), carbofuran 5 per cent ()
(69.56) and carberyl 0.2 per cent during fruliting stage
(T‘) (66.70) .

Rewat and Sahu (1975) reported 49.8 per ocent
loss in plant height in the unprotected okra plots due
to the okra pests ss compared to complete protection
with dimethoate gramles and endrin during vegetative
stage and carberyl during fruiting atage.

Singh and Chopra (1979) observed eignificantly
more height in okra plots treated with malathion 0.1
per cent and leptophos 0,095 per cent and reported 18,50
and 21.62 per osnt rednotion in plant height in control
in comparison to malathion and leptophos treated plots,
regpeoctively.

5.5.5 Number of Leaves Per Plani end Per cent Avoidable
Loss due to Okra Pests

The mumber of leaves per plant was significantly
increased in the treatments with disulfoton 1 kg a.i./ha
(T, and 26) and carbaryl 0.2 per cent (Tg) then oll
other treatments during vegetative stage in both the
seasons. The treatments with malathion 0.1 per ceat
(Ta) and carbaryl 0.2 per cent ('1.'4) and monocrotophos
0.04 per cent (T;) during frmaiting stage did not differ
significantly from the untreated control.
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The leaf mumber per plant was reduced to the
extent of 59.39, 54.9 and 51.95 per cent in monooro-
tophos 0,04 per cent during frulting stage (1'3).
carbaryl 0.2 per oent (‘1'4) and untreated control (T.,o) ’
regpectively during vegetative stege. The per cent
loss wes minimm in diemlfoton 1 kg a.i./ha (T,) (nil),
carbaryl 0.2 per ocent (Tg) (nil), disulfoton 1 kg a.i./ha
+ carbaryl 0,2 per cent (Tg) (5.36) followed by
oarbofuran 5 per oent + moncorotophos 0.04 per cent (T5)
(24.76), ocarbofuran 5 per cent +« malathion 0.1 per cent
(I7) (29.25) and cerbofuren 5 per cent (T,) (34.19).

Ap regards leaf mmber at final harvest, all
the insecticidal treatments were gignificantly superior
to untreated oontrol. The treatments carbofuran 5 per
cent ¢ monocrotophos 0,04 per cent (1'5) s monoorotcphos
0.04 per cent (‘1‘3) and disulfoton 1 kg a.i./ha ¢+ carbaryl
0.2 per cent ('.P.B) significantly lncreassd the mmter of
leaves per plant over rest of the treatments except

carbaryl 0.2 per ceant (T4).

Maximum rednotion in the mmber of leaves per
plant at final harvest was 46.25 per cent in the untreated
control ('1.‘10) due to okra pest complex., Minimum per oent
loss in mimber of leaves per plant was observed in
carbofuran 5 per cent + monoorotophos 0.04 per cent
(T5) (nil) followed by monoerotophos 0.04 per cent (T,)
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(2.11), disulfoton 1 kg s.l./ha ¢« carbaryl 0,2 per cent
(Tg) (9.86) and carbaryl 0.2 per ceny (Ty) (19.34).

Rawat and Salm (1973) reported 45.1 per ecent
loss in leaf mumber per plant in the unprotected plots
due to the okra peste when compared to complete
proteotion, Singh and Chopra (1979) reported slgniﬁ.-"
cantly more mumber of leaves per plant in plots treated
with 0,1 per cent malathion and 0.05 per cent leptophos
and recorded 28,57 per cent loss in untreated coantrol
plote in comparison with 0.1 per cent malathion and
0.05 per cent leptophos treated plots. Results obteined
in the present investigationg are in agreement with the
remlts of Rewat and Sam (1975).

5.3.6 Leaf Area Per Plant and Per cent Avoideble Loss
due to Jasslde and Aphids Daring Vegetative Stage
All the plots proteoted during ‘vegetative
stage were significantly superior over untreated ones
in increasing the leaf ares per plot. The maximm leaf
area was recorded by disumlfoton 1 kg a.i./ha + carbaryl
0.2 per cent (Té) followed by diamlfoton 1 kg s.i./ha
(1‘2), carbofuran 5 per cent ¢ monocrotophos 0,04 per cent
(TS) and carbaryl 0,2 per cent (*1'9) and these treatments
were at par with each other during both the seasons,
The pooled analysis, indicated that the tregtments with
dieulfoton 1 kg a.l./ha ¢ carbaryl 0.2 per cent (Tg)
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was signifiocantly superior over all other treatments
but did not differ significantly from dismlfoton 1 kg
a.i./ha (Ta)o

The higheat reduotion in the leaf area due to
Jjassids and sphids was observed to be 63,76 per cent
in the treatment with no protection during vegetative
stage + cerberyl 0,2 per cent during frulting stage (14)
followed by 61,37 per cent and 58.50 per ceat in
untreated control (Tm) and the treatment without
protection during vegetative stage + monoorotophos
0.04 per cent (T.’). regpeotively. The per cent
avoidable loss was minimam in disulfoton 1 kg a.i./ha
+ carbaryl 0,2 per cent (TG‘)‘ (nll) followed by disulfo-
ton 1 kg a.d./ha (T,) (7.75).

Perumal et gl. (1971) reported increase in
leaf area per plant following carbaryl spraying against
okra pests.

5.5.7 Leaf Weight Per Plant and Per oent Avolidable
Loss due to Jassides and Aphids During Vegetative

Stage

The treatment disulfoton 1 kg a.i./ha ¢ carbaryl
0.2 per ceat (T;) recorded significantly inoreased leaf
weight per plant over gll other treatments but it was
at par with carbofuran 5 per cent + monoorotophos 0,04
per ocent ('1'5). ecarbaryl 0.2 per oceat ('.Eg). disulfoton
1 kg a.i./ha (T,) end melathion 0.1 per cent (Tg) in
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1978 but it was significently superior over carbofuran
5 per cent + monocrotophos 0.04 per cent (3.‘5) during

1979. 8ignificantly reduced leaf weight was observed

in the treatments with no protection during vegetative
stage (T5 and '1'4) and uatreated oontrol (Tw). The se

trestnents were at par with each other,

The pooled anmlysis indicated that all the
plots receiving protection during vegetative stage
recorded significantly inoreased leaf weight per plant
than the unproteoted plants during vegetative stage
('3.'3 angd T4) and untreated ocontrol (T1 0). The treatments
with diemlfoton 1 kg a.i./ha (Tg and T,) and oarbaryl
0.2 per cent (Tg) were significantly superior to rest
of the treatments except ecarbofuran 5 per cent +
monoerotophos 0,04 per ecent (Ts) and malathion 0,1
per cent (‘.Ee).

The per cent avoideble loss was minimum in
disulfoton 1 kg a.i./ha + carbaryl 0.2 per cent (Tg)
(nil). The leaf weight per plant was reduced to the
extent of 63,08 per cent in the treatment with no
protection during vegetative atage + carbaryl 0.2
per cent ('.E‘) followed by untreated control (:E.m)
(60.80) and monocrotophos 0.04 peyr cent guring fruiting
stege (Ty) (59.66). The per cent loss in other
treatments ranged from 10,96 to %2.78.
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Perumal et al. (1971) reported lnoreased leaf
area and Ary weight following carbaryl spraying againast
okra pests. Saimbhi%(%?g) stated that both fresh and
dry weights of okra leaves were increessed by spplica-
tion of phorate 1.25 kg a.i./ha.

5.5.8 8tem Weight Per Plant and Per cent Avoidsble
gg:ge&ze to Jasaside and Aphids During Vegstative
During 1978 the treatments carbaryl 0,2 per
cent (Tg) and disulfoton 1 kg a.i./hae (T,) wers signi-
fioantly superior over all other treatments excspt
malathion 0.1 per cent (TB). carbofuran 5 per ceat ¢
monoorotophos 0,04 per cent (T5) and disulfoton 1 kg
a.i./ha + carbaryl 0.2 per cent (Tg) in increasing the
stenm welght. During 1979, the treatment disulfoton
1 kg a.i./ha (Ta) had also significantly inoreased the
stem welight, over carbofuran 5 per cent + monocrotophos
0,04 per cent (Ts). During both the seasons, the
treatments unprotected during vegetative gtage (15 and
T4) and untreated control recorded signifiocantly
reduoced . ‘' stem weight per plant end were st par with

each other,

Maximam per cent avoldgble loss due to jassids
and ephids in stem weight per plant was observed to be
65.65 in the plots unproteoted auring vegetative atage
(T; end T4). The per cent loss in stem weight was
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ninimum in disulfoton-1 kg s.i./ha (Tz) {nil) followed
by carbaryl 0.2 per cent ('.Eg) (53.54).

Perumal gt al. {1971) reported inorease in
shoot weight per plant following carberyl spraying

against okra pests.

5.3.9 Fruit Namber Per Plant and Per ocent Avoidable
L0858 due to Okra Peat Complex

The treatments carbofuran 5 per cent «
monocrotophos 0,04 per cent <T5)' disulfoton 1 kg
a.i./ha + carbaryl 0.2 per cent (Tg) and carbaryl 0.2
per cent (Tg) significantly increased the fruit mamber
per plant than reat of the treatments followed by
monocrotophos 0.04 per cent during fruiting stage (T5)’
disulfoton 1 kg a.i./ha (Tz) end ocarbaryl 0,2 per
cent during fraiting stege (T4) in both the seasons.
The treatment carbofuran 5 per cent (T1) recorded
rejuced mamber of fruits per plant and wae equal to

uatreated control (T,o) .

The pooled analysis indicated that the treat-
ment carbofuran 5 per eent + monocrotophos 0.04 per
cent (Ts) registered significantly higher mamber of
fruita per plant among gll the treatments but was
equal to disulfoton 1 kg a.i./ha + carbaryl 0.2 per
cent (TG) e« The treatments carbofuran 5 per cent (T1)

end untreated control were at par with each other with
lowest fruit mamber,
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The fruit mnber per plant was reduced to the
extent of 50,77 per oent due to ol'_.'ra pests in untreated
control (T.| 0) « The per cent avoidable loas due to
okra peat complex was miniman in the treatment with
carbofuran 5 per cent ¢ monoorotophos 0.04 per ocent
(TS) (nil) followed by disulfoton 1 kg a.il./ha +
carbaryl 0.2 per eent (Ig) (0.61).

The per oent loss due to sucking pests was 20.12
and 25,07 in monoorotophos 0.04 per cent during frulting
atage (TS) and earbaryl 0,2 per cent during fraiting
astage ('5.‘4). regpooctively. The loss in froit namber per
plant dne to frit borer slone was 46,74 and 23.83 per
cent in carbofuran 5 per cent (T1) and dismlfoton 1 kg
a.i./ha (T,), respectively.

Singh and Chopra (1979) reported 41.65 and
44,89 per cent loamses in mmber of fruits/S plante of
okra in untreated ocontrol in comparison with 0,1 per
cent melathion and 0,05 per cent leptophos treated
plotm, respectively.

ebat
Saimbhi, (1979) reported that fruits per plant
and sesd yield/ha were increased by epplicamtion of
phorate at 1.25% ks a.i./ha.

Rao (1989) stated that the ancking insects and
frait borer scoounted for loss in fruit mumber to the
extent of 1.5 and 33.10 %o 45.05 per cent, respeotively.
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5.3.,10 Frult Length and Per ocent Avoldable Toss due to

Okra Pest Complex

Differences among various treatments in influ-
enoing the fruit length were not significant in both
the seasongs. However, the pooled analysis indicated
significant differences among varicus treatments. The
treatments disnlfoton 1 kg a.i./ha + ocarbaryl 0.2 per
cent (Tg) and disuifoton 1 kg a.i./ha (T,) increased
frait length over carbaryl 2.2 per cent (Tg), malathion
0.1 per cent (TB) and untreated control (T1o) and they

wvere at par with each other,

Meximum loss of 4,70 per oent was obgerved in

untregted control dne to okra peat complex. The per cent

loss due to okra pest complex was minimum in disulfoton
1 kg a.i./ha +« carbaryl 0.2 per cent (Tg) (nil) and
disulfoton 1 kg 2.i./ha (Ta) {nil) followed by carbofuran
5 per oent ¢« monocrotophos 0.04 per cent (TS) (1.78)
and carbofuran 5 per cent + malathion 0,1 per cent
(T7) (2.1,

The per cent loss dune to jessids and aphids was
1.05 and 1.21 in monoerotophos 2.04 per cent (m5) and
carbaryl 0.2 per cent (T,), respectively.

Perumal et al. (1971) found that fruit length
and weight was greatly increseed in the thiodemeton

treatment against okre pests.
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5.5.11 Fruit Girth and Per cent Avoidable T.oss dne to
Okra Pest Complex

The fruit girth was meximum in carbofursn §
per cent + monocrotophos 0.04 per cent (TB) followed
by disulfoton 1 kg a.i./ha + carbaryl 0. .2 per oent
(Tg) and carbaryl 0.2 per ceat (Tg). All these treat-
ments were signifiocantly superior over others except
disulfoton 1 kg a.i./ha (T,). The pooled analysis
indicated that the fruilt girth in the above treatments
i.e, T5, Tgs Tg ineluding disnlfoton 1 kg a.i./ha (TZ)
was pignificantly more than sll other treatments.

Maximam loss due to okra pest complex in the
fmit girth was observed to be 32.29 per cent in
untreated ocontrol (';rm). The per cent avoideble loss
due to the okra pest complex was minimam in disunlfoton
1 kg a.i./ha + carbaryl 0.2 per cent (T) (nil) followea
by earbofuran 5 per cent + monocrotophos 0.04 per cent
(Ts) (0.18) and carbaryl 0.2 per cent (Tg) (1.45).

The per cent avoldable loss due to jassids and
ephids in fruit girth was 21,16 and 24.6% per cent in
sionocrotophos 0,04 per cent during fruiting stage (T3)
and carbaryl 0.2 per cent (24) during fmiting stage.

53.12 Pmit Yield and Per cent Avoidsble Tosa due to
Okra Pest Complex

The treatments carbofuran 5 per cent + monocroto-

phos 0.04 per cent (Ts) and disulfoton 1 kg a2.i./ha +
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¢arberyl 0.2 per ceat (TG) recorded maximum yield as
compared to rest of the treatments followed by carbaryl
0.2 per cent (Tg). monoerotophos 0,04 per cent (T5).
disulfoton 1 kg a.i./ha (Tz). carbaryl 0.2 per cent
(T4) and carbofuran 5 per cent + melathion 0.1 per cent
(T ). The treatments malathion 0.1 per cent (TB),
caZbofnran 5 per cent (T1) recorded lower yields equal

to that of untreated coutrol.

The pooled analysis indicated that the treatment
carbofuran 5 per ceat + monoerotophos 0.04 per cent (TS)
recorded significantly high yield than all other
treatments followed by disulfoton 1 kg a.i./ha + earbaryl
0.2 per cent (TG)' carbaryl 0.2 per cent (Tg), monooro-
tophos 0.04 per cent (T3)' disulfoton 1 kg a.l./ha (T2)
and carbaryl 0.2 per cent (T4).

‘The per cent avoldable loss dne to okra pest
complex in the unprotected control (T1O) was to the extent
of 86,0 per cent. The per cent loss due to okra pest
complex was lowest in carbofuran 5 per cent + monocro~
tophos 0.04 per cent (T5) (nil) followed by disulfoton
1 kg a.i./ha « ocarbaryl 9.2 per cent (Ts) (10.99),
carbaryl 0.2 per ceat spray (Tg) (37.34) , carbofuran
5 per cent « malathion 0.1 per ceat (T7) (656.82) and
malaethion 0.1 per cent (TB) (76.70) .
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The jassids and ephids caused loss to the sxtent
of 44,21 and 55.60 per cent in monocrotophos 0.04 per
cent during frulting stage (23) and carbaryl 0.2 par ceat
during fruiting stage (T4)3reapectively.

The seed treatment of carbofuran 5 per oceant (T,)
to control sucking pests without controiling fruit
borer did not significently increase marketsble yield.
On the other hand, soil sppliocation of disulfoton 1 kg
a.i./ha (Tz) alone gave equal yield to that of spraying
with monoerotophos 0,04 per cent (Tﬁ) and carbaryl 0,2
per cent (T4) during fmiting stage.

The fruit borer inflicted yield loss to the
extent of 78,22 per cont in carbofuran 5 per cent (T1)

and 49.57 per cent in disulfoton 1 kg a.i./ha (T5).

Rewat and Sabu (1975) reported 69 per cent loss
in weight of healthy fruits due to okra pests in
untreated control., Krishnaizh (19380) reported 40-56
per cent and 49~74 per cent yield loss due to leaf
hopper and fruit borer, respectively. Rao (1989)
observed that 3.76 and 21.11 to 39.26 per cent reduction
in yield due to sucking pests and fruit borer, respectively.
Srinivasan and Krishnakumar (1983) reported that of the
total yield, 19 per cent was lost due to jassids and
aphids and 45 per cent wes lost due to the fmit borer,
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In the pregent lavestigation it was observed
that the maximm loss due to sucking pests, fruit borer
and okrs pest complex was to the extent of 53,60, 78.22
and 86,00 per cent, respectively in the marketasble fruit
yield of okra., The yield loss due to fruit borer was
higher than that of sueking peat.

5.3.1% Correlation studies Between Okra Pests, Plant
Characters and Yield of Okra
The correlation between gll the three pesis
i.e. jeseid, aphid end the fruit borer and yield was
slgnificent and negative. It was highest in case of
fruit borer (~0.759) followed by jassid (~0.425) and
aphid (-0.235).

The Jassids and gphlids exerted negetively
gignificant impact in case of plent height and mamber of
leaves per plant at 40 days of sowing but effect of
jeselid and sphids was nongignificent for mamber of
leaves per plant at finel harvest., The leaf area,
fresh leaf weight and stem weight of plant was signifi-
cantly affected by jassids and gphids during the
vegetative stage.

Significantly higher correlation was obaserved
in case of fruit borer asnd mamber of healthy fruits per
plant (~0.685) followed by jasside snd ephids. In ocase
of fruit length, the impaot of jassid was significant
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and negative whereas the effect of gphid was not
significant. The correlation between jassid, sphids
and fruit girth was highly significant and negative.

Krishnaigh (1989) reported that the correlation
between the jJassid mamber end yield (gm/plant) was
highly significant with a correlation coefficient of
-0.717.

5.5.,14 Simple Regression Studies Between Okra Pests
gnd Yield of Okre

5¢3.14.1 Jassids gnd Yield

The simple regregsion studies between Jasaid
namber (x) and yield of okra was found Lo be highly
significanlt and negative, The regression equation wes
worked out to be Y = 86,162 ~ 65.881 x (r = =0.425)
indicating that for every one jassid nywph per leaf the
yield decreased by 65.88 g/ha.

Krishnalsh (1980) established a relationship
between jassid density snd okra yield for 15 days old
orop and reported that the correlation between the
jassid mumber and yield (gm/plant) was highly significant
with a correlation coefficient of -0.717. The regression
equation (for yield 'Y' on insect mumber x) worked omt
was Y = 121.975 - 5.521 x, The yield loss due to
7 nymphs per leaf for a period of fortnight at this

stage was of the order of %2 per cent,
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5.5.14.,2 Fruit Borer and Yield

The relationship betwsen per cent fruit borer
incidence (x) and yield of okra (Y) was highly signifi-
cant and negative (r = =0,759). The regression eguation
worked out was Y = 95.969 - 3,383 x indicating that for
every one per cent fruit borer infestation yield
decreased by 3.%8 g/ha.

Krishnaiash (1980) estsblished a relationship
betwesen fruit borer intensity (x) and yield loss (Y).
He found that the relationship of fruit borer infesta-
tion and yield loss follow a linear regression. The
regression equation worked out was Y = 1,624 + 1,149 x
(r = 0.814).

5.3.15 Maltiple Regression Studies Between Okra Pest
Complex, Plant Height, T.eaf Area, Fruit Number
and Marketeble Fruit Yield

The maltiple regression analysis between jassiis,
aphids and fruit borer as explanatory variables (inde-
peandent variables) and plant height, lLeaf ares and frit
yield ap dependent variables were estimated. The linegr
miltiple regression analysis revesled significex t
coefficiont of mmltiple determination (R? = 0.16, 0,74,
0.61, and 0.68 respectively for height, leaf area, frait
number and yield) csusing thereby 16.8, T4.3, 61.7 and
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68,3 per cent variation in final plant height, leef area,
fruit mmber per plant and yield due to jassids, sphids

and fruit borer,

The jassid inclidence indicated signifiocant
negative impact on finel plant height and leaf areas
whereas, the effeot of aphid we;s not evident, In case
of fruit mmber per plant, the effect of jassids and
fruit borer was significant and negative, vwhereas, the
effeet of aphids was not signifliocant,

The plant height and frmii mumber per plant have
positively contributed to the yield, whereas the effect
of leaf area was not evident, This indicates that the
contribution of frnit mumber per plant to the yleld was
highest followed by plant height, implying thereby that
if losses in fruit nmumber are minimiged the yield could
be inoreased. Indeed the jassld and the fruit borer
are the key pests which mainly influence the fmit
nunber and ultimately the yield.

Ajimal et al. (1979) conducted studies on 29
cnltivars of okra %o furnish the information on the
nature of sssoclation among different yield atuvributes
and their direet and indirect contribution towards yield.
Frult yield was positively and significantly correlated

with mumber of fruits and mumber of nodes,



162

Perngsl of literature shows no other pertinent

information available on these sspects,

5.4 Crop Loss Assessuent due to Major Pests During
Varions Growth Periods of Okra

Retional use of pesticides .i§ mandatory in
todays society both economically and ecologlcally.
DeBach (1974) estimates that 50 per cent or more of the
ingecticides used in agrionlture are unnecegsary ond
cites as an example of eotton production in V.S.A, where
the pesticide input can be reduced by 50 per oent
vithout lowering yield, Recent liierature emphasises
pesticide nse only vhen the pest population has reached
2 level where economic damgge will occur, i.e. the
economie threshold (Stern, 1975), However, plants differ
in their suseeptibility to insect damage saccording to
growth stages. Ogunlana and Pedigo (1974) reported that

the economic threshold populations for soybesns were

1 end 18 leaf hopper (Empoasca fobee) adults per plent
daring the seoond trifoliate leaf and the pod fill stage,

respectively.

The present study was conduoted to know the
extent of losses during various plant growth periods of
okra and to find out the most critical growth period of
okra using monoerotophos 0.04 per cent for protecting

a particular growth period,
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Efficacy of monocrotophos has been proved by
geversal workers for jessid (Guptz and Dhari, 1980;
Mote, 1980; Rameshbebu and Azem, 1981; Azem and
Balbhaskar, 19853 Awate et al., 1984), ephid (Krishnalsh
et al., 19763 Kislsy 1978; Rameshbzbu and Azam, 1981)
and fruit borer (Rathore et al., 19743 Krishnesiah et al.,
19763 Mote, 1980; Gupta and Dhari, 1980).

5.4.1 1Incidence of Jassids and Aphids

The jassid population ranged from 0,009 io
:!.925 per leaf in various trestments. The lowest jassid
population was recorded in the plots protected during
15-90 days (T1). Rest of the trestmenis receiving
protection during different growth periods were at par
with this treetment except that the treatments receiving
protection during 45-90 (‘138), 60-90 (Tg) and 75-90 days
(Tm‘) which were at par with uantreated control,

The gphid population ranged from N.001 to
1.811 per leaf. It was lowest in the itreatment with
protection during 15-44 days (T4) followed by 15-90
(7439 15-74 (T5), 15-59 (T3) s 37-90 (T4)s 30-74 (T44),
15-29 (Tg) and 15-29 and 75-90 days (7,) in order of
their merit.

5¢4.2 Fruit Borer Infestation

The pergentage fruit borer infestation ranged
from 4,10 to 15.85, It was minimum in the treatment
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with protection during 15-90 days (T,). Protection
during 45-90 (TB) and 30-90 (1‘7) days also recorded
similar incidence of the fruit borer, The maximum
fruit borer infestation was observed in the treatment

with protection during 15-29 days ('r5) R

5.4,3 Bifect on Plant Nleight and Per cent Avoidable
Loss due to Insect Peats During Different Growth
reriods of okra

Height of the plent varied from 39-60 to 69,76
cr, ‘leximam plent height was recorded in the treatment
nrotected during 15-74 days (‘1‘2). Protection during
15-74 (Tp)s 1590 (743, 30-90 (T,) and 15-59 days (%I3)
4id not meke any difference in increasing the plant
height, Protection during 15-29 (TE)’ 45-90 (‘BB),
15~29 and 75-30 (T4,)» 69-90 (’1‘9) and 7590 (%,,) has
not influenced the plent height and these treatments

were equal to untreated control (Tg).

Maximm per cent avoidable loss vias recordad
in untreated control ('336) (45.23). Protection during
15=74 days indicated minimum per cent avoidsble loss
(nil) followed by 15-90 (6.39) and 30-~90 (8.54).

Rewat and Salmi (1973) reporited 49.8 per oent
loss in plant height in the unprotected okra plots due

to okre pests when compared to complete protection.
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Influence of Jessid attack on plant height of okra

has been reported by Singh and Chopra (1979) and per
cent loss to the extent of 18.30 and 21,62 in untreated
control was observed in comparison with malathion and

lep tophos treated plots, respectively.

P Rraiants ome sk Taaeon Fosks Buring verions
Growth Periods of Okra
The treatments protected during 15-74 (T,),
15-59 (Tg)s 30-T4 (Tq4)s 1590 (Ty), 30-90 (Tp), 4590
(Ts) and 15-44 ('L‘4) recorded equnal mimber of leaves
per plant., Protecotion during 15-29 ('.1‘5), 15-29 and
75-90 (T4,)s 75-90 (T,,) and 60~90 (Ig) has nof influ-
enced the leaf number per plant snd these trestments

vere equal to untyreated control,

The per cent loss in leaf number per plant was
maximm in the treatment with proteotion auring 60-90
(Tg) (13.17). Protection during 15~74 days (T2)
recorded maximm mamber of leaves per plant (9.50) and
minimom loss (nil) in leaf number per plant followed
by 15-59 (T3)' 30-74 (T,4)» 15-90 (T,), 50-90 (’1‘7).
45-90 (TB)' 1544 (T4) and 15-29 (T5).

Rawat and Sahu (1973) reported 45.1 per cent
loss in leaf number per plant in the unprotected plots

due to okra pests when compared to complete protection.
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Singh and Chopra (1979) reported 28.57 per cent loss in
leaf mumber per plant in untreated control when compared

to malathion and leptophos treated plots.

5.4.5 BEffect on Namber of Pruits Per Plant and Per cent
Avoidgble TLoss due to Inseot Pests During
Different Growth Periods of Okra

The fruit nmoumber ranged from 4,00 in untreated
control to 7.60 per plant in the treatment receiving
protection auring 15-9) (T1) days, Proteotion during
15-90 dsys (T4), 15-74 (T,), 30-T4 (T44), 39-90 days
(T7) did not make any difference in increasing the
nomber of fruits per plant. The treatments protected
during 15-59 (T3), 45-90 (T5) end 60-90 (I,) days were
equal and recorded signifiocantly higher fruit mmber
than 15-29 (Tg). 75-90 (T10) and untreated control,

The reduction in the frnlt mmber per plent in
untreated plots was to the exteut of 27.75 per cent,
The per cent avoidable loss wag minimam in treatment
receiving protection during 15-90 days (T,) followed
by 15-74 (T,), 39-T4 (T4,) and 30-90 (T5) .

Saim‘bhj.%%l&ﬂm reported increese in the fruit
mmber per plant due to the protection from okra pests.
. Rao (1980) stated that the sucking insects and fruit
borer accounted for the loss in mumber of fruits per
plant to the extent of 1.5 and 3%.1 to 45.05 per cent,
regpectively.
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5.4.6 BEffect on Fruit Tyength and Per ocent Avoidable
Loss due to Insect Pests During Different Growth
Periods of Okra

Protection during various plant growth periods of
okra did not significantly influence the fruit length
of okra, The fruit length ranged from 11.17 to 11.87 cn.
Maximam per cent avoidsble loss in fruit leugth was
5.89 in wnprotected control (TG) end 1% wes minimum in
the treatment with protection during 30-90 days {T7) .

Proteotion ageinst okra pests with thiodometan
greatly increassd fruit length (Perumal et al., 1971).

9.4.7 Effect on Fruit Girth and Per econt Avoidasble
Tioss due to Insect Pegts During Different Growth
Poriods of Okra '

The frit girth ranged from 5.44 to 6.02 em in
various treatments. No significant differences were
observed among various treatments in influencing the

fruit girth,

Maximm per cent avoidsble loss in fruit girth
was 9.03 in untreated control and it was minimum in the

treatment with protection during 15-59 days

5.4.8 Effect on Yield of Marketable Pmits and Per eent
Avoidable Loss due to Insect Pests During
Different Growth Periods of Okra
The marketable fruilt yisld wvaried from 30.99 to

72.64 g/ha in various treatments. The maximum yield was



168

recorded in the treatment with protection during 15-30
daye (T4). Protection during 15-90 (T4) and 15-74 ('.1'2)
did not meke any difference in increasing the yield.
Similarly, treatments receiving protection during
30-90 (T,), 30-74 (T44) and 45-90 days (Ig) recorded
equal yields and were significantly superior %o prote-
ction during 69-99 (Tg). 15-44 (T4), 15-29 and 75-90
(T45) and 15-29 days ('1'5). Protection during 15-59
(TS)' 60-90 (Tg) and 15-44 days (T,) recorded equal
yield end also protection during 15-29 and 75-90 (T12) ’
and 15-29 (T5) did not make any difference. Protection
during T75-90 (Tm) has not added to the yield and it was

egual to untreated control.

The per cent avoidable loss in marketable fruit
Jield in the untreated control was to the extent of
58.57. Protection during 15-90 days (T,) recorded
ninimmn per cent loss in yield (nil) followed by
protection guring 15-74 (7.46) and 30~90 days (17.34).

Perusal of literature shows that no pertinent
information is available on yield losaes related to
different growth periods in okra. However, similar
studies have been carried out in other erops (Schoonhoven

et al., 1978, Rangaeich and Sehgal, 1984),

It was observed that protection during 15-90
(T4) and 15-74 days (T,) recorded minimum per cent
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avoideble loss in marketgble frmit yield of okra.
Maximim yield returns could be obtained with four sprays
during 15-74 days (Ta) of sowing. Protection after

75 days did not influence the yield, Application of
one gpray during 15-29 days (T5) gave increased yield
than untreated control (TG)' Application of two eprays
during 15-44 days (T4) yielded equal to the protection
during 60-90 (Tg) and 15-29 and 75-90 days (I4,) with
same mmber of sprays. Similarly, gpplication of

three eprays during 15-59 (T3). 45-90 (Ty) end 390-74
days (Tq4) gave equel yields. However, it was obgerved
that application of four sprays during 1574 days (Tz)
yielded significantly higher than same mmber of sprays
during 30~-90 days (T7).

It 15 evident from the foregoing discussion that
protection during 15~74 deys is a must to obtain maximm
yield returns, Henece, it oan be coancluded that this
growth period (15~74 days) is the critical growth period

for the okra crop.
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Chapter 6
STMMARY

Investigations were carried out at Marathwada
Agricul tural University, Parbhani to study the life

tables of Barias vittella on okra and cotton as well

as determination of thermal constant for E. vittella
in lgboratory. Similarly, field studies were under-
taken to amsess the crop losses due to Jassids, aphids
and fruit borer in growth and yleld of okra and to
study the influence of pest attack during various
plant growth periods on growth and yield of ckra.

6.1 nife Table Studies of E. vittella

On the basis of survival values (1,) of immature
stages of E. vittells, the different food plants could
be arranged in descending order as: okra seeds (0.89),
okra fruit (0.80), cotton squares (0.73) and cotton
bolls (0.68), The net reproductive rate (R, of
E. vittella was highest on okra seeds (141.50), followed

by okra fruits (124.17), cotton bolls (100.62) and
cotton squares (99.52). The mean length of generation

(T) ranged from 32,51 on okra seeds to 38,48 days on
cotton squares. The highest value of innate cgpacity
for increase in mmbers (rm) wag 0.,1523 on okra geeds
and lowest (D.1195) on cotton squarea. On the baais

of ry the food plants conld be arranged in descending
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order as okra seeds (0.1523), okra fiuits (0.1385),
cotton bolls (0.1289) and cotton squares (0.1195).
On reaching a stable age distribmtion, the population
of E., vittella at egg, larva, pupa and adult stages
comprised 55.3%, %9.69, 6.07 and 0.92 per cent on
okra fruits, 54.99, 37.708, 6.96 and 0.95 per ceant on
okra seeds, 51.72, 41.55, 5.69 and 0.98 per cent on
cotton bolls and 49,65, 43.76, 5.60 and 0,92 per cent

on cotton squares, regpectively.

Considering all the factors, it can be concluded
that the okra seed with high rn value would be the
most suitsble food for E. vittells followed by okra

fruits, ocotton bolls and cotton squares.

6.2 Thermal Constant for B, viittella

The threshold temperature for the development
of egg, larva and pupa was 13.46, 13.06 and 13.25%C,
regpectively. Day degrees (thermal congstant) required
for completion of egg, larva, pupa and total life
were 41.31, 113.36, 135.87 and 292.77, respectively.
It required 292.77 dayte’t%;s completing a cycle and
with this rate the pest wonld complete 17 generations
per year.

6.5 Assessment of Crop Losses due to Major Pests
in Okra

In order to mssess the losges czused by major
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ingeeot pegts in okra, ficld experiments were carried
out in tvo kharif seasons (1978 and 1979) in a
randomiged block design with ten treatments and four
reblioationa. The obgervations were recorded on *%he
incidence of jassid, aphid ond fruit borsr, hlometric
parameiers and yleld and yleld components of okra.

The jassid end gphid population was signifiecantly
low in the treatments with carbaryl 0.2 per cent (Tg)
and disnlfoton 1 kg a.l./ha (Tz). No significant
differences were observed among the untreated control
and the treatments with no protection during vegetative
stage i.e. monocrotophos 0.04 per cent (T3) and
carbaryl 0.2 per cent (T4). The fruit borer infeste-~
tion was minimum in the treatments wlth monocrotophos
0.04 per cent (m5 and T5) end disulfoton 1 kg a.i./ha
+ carbaryl 2.2 per cent (Tﬁ). The pooled analysis
indicated similar resultis.

The per cent avoideble losses due to jassids
end egphids in plent height, leaf mmber per plant,
leaf area per plant, leaf weight per plent, stem
welght per plant, frult mumber per plant, fruit length,
fruit girth and yield of okra were to the extent of
55427y 59.39, 63.76, 65,08, 65.65, 25.07, 4.70, 32.29
and 55.60, respectively. The fruit borer inflicted
losses in fruit ramber per plant and yield of marketable
fraits to the tune of 46,74 =and 78.22 per cent,
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respectively. The combined effeot of jasslds, gphids
and fruit borer ocamsed losses in plant height, leaf
namber per plant, frult mumber per plant and yield of
okra to the extent of 74.08, 46,25, 50,77 and 86.D

per cent, regpectively.

The correlations between jassid, sphid and fruit
borer and the yield were significant and negative,
The regression equation for yield 'Y’ on jassid

]

manber 'x' worked out was Y = 86,162 - 65.881 x \
(

(r = -0.425) indicating that for every one jaesid

nyﬁbh per leaf the yield deoreased by 65.88 g/ha. The \
regression equation for yield *Y' on fruit borer
infesgtation 'x*' worked out was Y = 95,969 - 3,383 x

(r = =0.759) indicating that for every one per cent

fruit borer infestation yield deoressed by 3.38 g/ha.

The Jassids and aphids exeried negatively
gignificant impact in case of plant height, leaf
number, leaf grea, leaf weight and stem weight per
plant during vegetative stage.

Tho effect of jassids and aphids was non-
significant for plant height and leaf mumber per plant
at final harvest. The correlation between all the
three pesis and mamber of healthy fruits per plant
vas significant and negative,
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The linear maltiple regresasion analysis
revealed significant coefficient of muliiple determi-
nation (R° = 0.16, 0.74, 0.61 and 0.68 respectively
for height, leaf area, fruit mumber and yield) causing
thereby 16.8, 74,5, 61.7 and 68,3 per cent variation
in finel plant height, leaf area, fruit mumber per
plant and yield due to jmssid, gphid and frait borer,
The Jjassid population exerted significantly negative
impaet on final plant height and leaf aree whereas
the effect of aphid was not evident., The Jjassid and
fruit borer gave significantly negative lmpact on
fruit mamber per plant whereas effect of gphids was
not gsignifieant. The plant height and fruit mumber
per plant positively contributed to the yield, whereas
the effeot of leaf area was not evident, implying
thereby that if losses in fruit marber per plant and
plant height eare minimised the yield could be increased.

6.4 Assessment of Crop Losses due to Major Pests
During Various Plant Growth Periods of Okra

A field experiment was condncted in randomisged
block design with twelve treatmenis each replicated
thrice to assess the losses due to different pests
during various plant growth periods of okra. Monoero-
tophos 0,04 per cent was used to protect the erop

during a partionlar growth period. Observations were
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recorded on the population of jessids and sphids,
£fruit borer infestation and various growth and yield

parameters of okra.

The Jassid and ai)hid population was significantly
higher in the treatments protected during 650-9{) (?9)
and 75-90 days ('.t‘m). These treatments were st par
with untreated check (TG). All other treatments
recorded lLower population of jasside and sphids. The
infegtation of frit borer ranged from 4.1 to 15.83
per cent, It was minimm in the trestments receiving
protection during 15-90 (T.') snd 45-90 daye (Ts).
Protection during 15-29 (Ts). 75-90 (T4,) and 15-44
days (T,) recorded maximmm frult borer infestation

and these treatments were equal to nntreated oheck (TG) .

The per cent avoidable losses due t0 okra pest
complex in plant height, leaf mamber per plant, fruit
mmber per plant and marketeble fmit yield were to
the extent of 43,25, 15.17, 27.7% and 58.57, respectively.
The fruit length and fruit girth was not significently
infiuvenced by the pest attack.

Protection aaring 15-90 (I1) and 15-74 days (Tz)
recorded minimm per cent avoidable loss in fmit
yield of okra.
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It was ovident that maximum yield retarns could
be obtained with four sprays daring 15-74 days (TQ).
Protection after 75 daya 4id not incresse the yield.
Application of two sprays during 15-44 days ('r‘)
yielded equal to the same number of spreys during
60~-40 ('rg) and 15-29 end 75-90 days (T4,). Simileriy,
epplication of three spreys during 30-74 (T“). 45-99
('rs) and 15-59 days (T3) gave egual yields. However,
it was cbserved that application of four sprays during
15-74 days (T2) yielded significantly higher than
gpplication of same mmbeyr of sprays daring 32-99 days
(T7). Hence, 1t cen be coneluded that the growth
period between 15~74 days is the eritical growth
period for the okra crop from the stand point of

darage die to insect pests.
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