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CHAPTER-I
INTRODUCTION



INTRODVUCTION

L]
After being in the midst of pesticide syndrome for nearly
four decades, the world is now wasking to the hasards they pose to
environment and health, The futility of a \mt-dtrectimal. self-
perpetuating system to pest control is now becoming obvim. The
lessons of @anete valley of Peru (Smith, 1969) during 1943-1948 and
grape industry, in California in 1961 (Huffaker, 1969) ’ixu nh;wu un
how quickly an agricultural industry can recover’from the puucuo:
syndrome, The success of alternative past coatrol methods that are
more in harmony with nature has paved the way. Traditional methods
like crop rotation, soil and water management and biological control
methods, that employ natural enemies of insect pests to control thtn
are gaining a new respectability under the integrated pest mw«n@t

programmes.

Biological control already has proved itself to be a valuable
weapon sgainst insect pests. De Bach (19€1) indicated that on a mld
wide basis, there had been 214 cases in which pests had been ca‘pl» |
tely or partially controlled by this method. Twentyfour of these were
in Hawaii, where a combination of extensive research, inpemﬁcm
and 8 continucusly favourable climate has produced some eutnmi.w
successes. The sugarcane industry in Hawaii has since, 1904,made a |
concerted effort at biological control, with the mmlt me ti1l no
chemical control of sugarcane pests is necessary on ﬂuu islands |
(Pemberton, 1948).



Biclogical control attempts have not always been successful,
Summarie’ 0of national programs in the continental United States, Cana-
da, Australia, New Zealand, and the Pnilippines (Miller, Clark, and
Dubleton, 1936; Clausen, 1956; Wilson, 1980; Baltazar, 1964) revealed
that only about 1/4 th of the natural enemies introduced became estab-
lished.Beirne (1963) suggested that most past failures resulted from
a lack of essential ecological information. The current trend is toward
more detalled ecological studies prior to the introduction of natural

ensnies.
N

Biological control operations usually aim at sustained, self
-perpetuating control of a pest by introducing one or mere exotic
natural enemies. However, before importing natural enemies, it should.
be determined how existing natural control agents can be more oﬂi’u—
tively utiliszed. Native agents are already adapted to the host and its
environment, and their use does not involve the possible dangers asso-
ciated with international movement of living material, One important
approach is to better conserve native natural enemies by more judi.
cious use of mscéticidc’l. A more m’%ough knowledge of their ecology
may also reveal ways of enhancing their mutual abundance by various
cultural methods. Artificial supplementation of natural enemies by |
mass release, however, has limited value. The host-parasite or preda-
tor ratio is generally at a ceml;z level because of a complex intere “
action of environmental factors. Temporary ‘roaultt. at best, can be |
expected by artificlally changing that ratio. Mass releases to replate
natural enemiesg temporarily reduced by some unnatural phenomenon or to

improve their synchronisation with the host, are sometimes useful,



Since the results of this method are temporary. however, itcsmerits
must be compared with other temporary methods; for sxample, chemical
control. Use of biological control agents for temporary control is
regulated chiefly by the cost of obtaining the large numbers requ-
ired (Clausen, 1936).

In China, nearly 12 species of Irichogramma have been iden-
tified which selectively destroy eggs of Buropean corn worm, rice
leaf roller, pink boll worm, sugarcane borer etc. (Nanda, 198%). A
number of parasites are known to exist as strains which differ in
habitat, in physiological or psychological characters rather than in
morphological features. They exhibit differences in their adaptabli- |
lity to given pest eontrol situstion. The evidence that such udipttvu
differences occur presents important possibilities for turning many
failures of the past into successes, for improving upon partiully’
successful programs, and, of course, for the conduction of new o=
grammes. The importance of strains and races of antomolthagous inse-
cts has been recognised for many years (Clausen, 19367 Smith, 11415w
DeBach, 1953, 19%8; wilson, 1965). Unfortunately very little work
has besen underxtaken in this direction; the potentiality remains
largely unexplored.

It is evident from the available literatures that the occu~
rrence 0f adaptive differences exhibited by variocus -trntn’ involves
aspects of host selection, host immunity or climatic tolerxance (Huff=
aker, 1969). Several examples of host specific strains may be mentio-
ned in this context. The two different strains of Agpidiotiphagus



gitrinus (Craw) attack two different types of scale insect; two
strains of Metaphvous luteolus (Timberlake), ome attacking Saissetis
2leae., the other, Coggus hesperidum L.: ind two strains of Comperi- |
ella bifasciata attacking respsctively, California red scale and
yellow scale. The immune response of host insects to parasitoids may
be explained in the light of existance of various strains within a
species. Some strains of parasitec specits are able to attack a given
host species without inducing an immune response, whereas others,
which sre non-host-adapted strains, do invoke such responses in this
host. There are several examples of adaptive strains in which the
biological or ecological dtftcron«. betwesn them are known. One of
the earliest cmpln of elmtbeany adapted strains concerns
Irichogrammg minutum Riley, which has been found to contain strains |
which either dmldp at different nt.u; have varying longivities,
or take on different sizes, shapes or colour at different unpon-
ture and humidity levels (Flanders, 1931; Lund, 1934). The ﬁcld ,
value of such adaptive variations has not been demonstrated, perhaps
because the practical value of Tricheoqramma, itself, as a useful iu-

tural enemy in periodic colonisation programs remasins to be solved
(Huffaker, 1969),

Different species of Trichogramma are weyll -known agents of
bioclogical control and their importance in controlling various lepie-
| dopteran pests have long been recognised by many workers (Pemberton,
1948; Telenga, 1956; Metacalfe and Breniers, 1969), Among various
species, T.ghilonig is the most commonepk and has been used mest



extensively in India in the coﬁtrol of sugardane borers (Rso, 1969).
The results were, for the most part, inconclusive. In recent ysars,
successful control of various lepidopteran pests other than sugarcanc
borers has been achieved through the periodic edeoclonisation of
Ixichoaramma spp. (Peteanu, 1972; Dimitrov, 1975; Tsekhanovskaya,
19757 Lipa, 1976y Nikolov, 1983; Eremyant & Starovoitova, 1983),
Therefore, a renewed interest on the potentiality of Irichoqaramma
spp. is on the offing among biological control specialists throughe
out the world. It has been proved beyond doubt that most of the
Trichogrammg projects have failed due to the incomplete knowledge

on biology and scology of parasite as well as the species and strains
of Trighogrammg used in thess projects (Metcalfe and Breniere, 1969),

The present suthor has, thersfors, taken up these studies
to reveal the existance of vuriona strains/races/blotypes in Trighe- |
gramma ¢chilonis . if any, as well as to identify the dt!!c:anen‘ asso-
ciated in between the same species of Irxichoqramea oceurring in two
different geographical regions i.e., West Bengal and Delhi,iw owd
eouwtemp. The existance of various forms. within the same species of
Trichogramma may be strains or biotypes. Biotypes occupy different
scological niches within the same habitat and therefore selection of
a suitable biotype of a parasite would play a key tc;lc in the biolow-
gical control of a given species. A perusal of world literatures on
biolégical control of pests emphasises the need to study on different
forms found within a parasitic species. |
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REVIEW OF LITERATURE



REVIEW OF LITERATURE

The family Trichogrammatidee (Hymenoptera: Chalcidoidea)
contains strictly primary egg perasites of various insect species,
The most important genus of this family is Irichoqrampg which inclue
des members known for their diverse host range, the great ms jority
of which are lepidoptera (Clausen, 1940).

Most of the natural enemies periodically colonized in larxge
number to control pests primarily by the action of the individuals
released have been egg parasites. Among various egg parasites,
Trichogramma spp. have baen used most extensively in the control of
tissue borers throughout the world. The process is known as "Ixigho~
grameg method *, However, periodic colonisation of the parasite has
become a subject of considerable controversy and the process hic been
discarded in the U,8,A., though it is still continued in India and
the Far East (Metcalfe and Breniers, 1969). Evaluation of effective-
ness of Irichogramms method as a means of borer control demands am
understanding of the taxonomy, biology and ecology of various species

of Trichogramma.

3.1 Zaxonomy

Initially the identification of the n-mherl of the genus
Trichogramma was solely based on morphological characters like numbe
er and form of wing cilia and length of the fringes (Girault, 1912
Kryger, 1919). A thorough study on the taxonomy of different species



of Trichogramma (Marchal, 1927; Moutia and Courtotis, 1952) rewveal-
ed the presence of intermediate types and morphologically insspara=
ble races more or less adapted to particular hosts and environments
which created confusion in the correct identification of Zrichesramom
species. Subsequently, the works of Quadnau (1936) and Flanders ai
Quednau (1960) has helped to soclve the confusion to a great extent,
They adapted biological techniqus such as rearing of field eolleetpd
parasites on several hosts under defined rearing conditions ¢o na-
ess fecundity, ovipositional habits and rate of development, The
problem in the identification of Trighogramma get more complex

with the ever incrsasing number of species from Adifferent parts of
the world. However, the identification of the parasits was resolved
to a congiderable extent after the work of Nagarkatti gnd Nagaraja
(1971). Their descriptions of Irichogramma spp. were based on male
genitalia. The biotaxonomic studias undertaken by them in the subw
sequent year (1973) showed that the male genitalia may be consilered
as an important criteria. | |

2.2 Bloloqy

It has been reported that the development time of various
Trichoaxamma spp. on Corcyra cephalopigg staint, at 28°¢C would be
sround 8 days {(Breniere, 1963). The various cspscts of the life
cycle of Irichogramma have been investigated by variocus authors
(Marchal, 1936; Flanders, 1937; Moutia and Courtois, 1952), Fecun-
dity varies betwsen 20 and 120 eggs per female according to the



species, the host, and the longivity of the adult, availability

of host eggs, temperature, humidity, and the activity of the
female. Under identical conditions with Corevra egy as host, the
fecundity of T.australicum, T.fagciatum and T.minutum wers 43,67
and 76 , respectively (Breniere, 1965). The ovipositior habit also
varies with species. For example, T.fasciatum lays most of its eggs
in the ist 24 hours while Z.minutum does it within 2-3 days and
T.austcalicum over 10-12 days (Quednau, 1960).

2.2.1 Effect of maior sblotic factors on biology

Rate of development of Irichogramma bears & positive rela-
tionship with temperature but the exact.response varies with lptcici
(Quednau, 1957). The darkening of the body colour is intensified at
low rearing temperatures and is characteristic of different species.
The body colour of individuals reared at variable temperatures can
not be used as a dtagnoatié character (Quednau, 1957). He (1960)
established a colour spectrum based on the intensity of du’)uniug
when resred at temperature of 15,20,25, 30 and 35°C,

Adult ]

-~ are very susceptible to desieation, and
optimum humidity is between 80 to 100% varying slightly for altﬁz»
ent species (Lund, 1934). The immature stages «‘“ affected only %o
the extent that the hosts are, but host eggs laid on living leaves

are unaffected by humidity provided the plant is transpiring nor-

mally (Peterson, 1930).



Sex ratio is affected by several factors such as tempera-
ture, relative humidity, parental age, host etc,(Messenger and
Torce, 1963; De Bach, 1964). Sax ratio, although variable, is us-
ually in the order of two females to one males, females always
predominate (Quednay, 19%6). Somchoudhury (1978) reported that the
percentage of female in the sex ratio of I.ghilopnis (Delhi strain)
was 66.45 at 30°C and 60% r.h, when no food was supplied to the
adults. NO work had been undertaken to isolats the biotypes of

T.chilonis diologically.

Ixichogrammg adults show a well marked positive phototaxis,
and under natural conditions are found om the most lighted portion
of a pl,nt. Flanders (1929) viewed ltqh; intensity as a dominating
factor in the activity of W. Costas (1951) noticed that
parasitism was higher in light than shade, and attributed it ¢o
greater activity on the part of the adults rather than to better
visibility. On the other hand, Z.sYanesgens casn distinguish the
host and oviposit in complete darkness (Salt, 1937). Breniere(1968)
found that diffuse light caused a slight increase in oviposition,
Quednau (1957) stated that light has no effect on rate of develop-
ment, mortality or i&cmdtty. Stern and Bowen (1963) while inves-
tigating the bionomics of I.semifunatum observed no ewobvious diffe.
erence in emerxgencs time between those reared in d‘rkuou and those
reared with a distant light. Klink (1964) recorded shorter length of
life of Z.gacaccize under constant light and higher fecundity rate
with a 12 L (Light)s 12D (darkness) cycle than shwith either cone
stant darkness or constant light. Rounbehler and Ellington (1973)
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investigated the effect of 3 light regimes on I.zsmifumatum which
showed that length of ue- appearsd to increase with the length
of light period. Emergence of the adult was synchronised with light.

cycle.

Howard and Fiske (1911) were first to release large nume« |
bers of T.minutum against brown-tail moth. They also suggested the
possible control of greenhouse pests by releasing Trichogramma. The
mass release programme o0f the parasite took a great momentum affu:
the work of Flanders (1930) who reported §itotroqafa gersalella as
an excellent host of the parasite and the moth could be mass cul-
tured rather easily. Since then the method has been tried against
different pest insects in many countries. Therefore, voluminous
reports have been accumulated over the years on the parasites and
the present author would mention only a few of them \én studies ‘wvere

made more critically.

2.3.1 Sugarcane borers

Some reductions of borerf population by periodie colonisation
of Irjichogramma spp. was reported by various authors (Smyth, 1939;
Tucker, 1939; Babayan, Fuentes and Alvares, 1977). On the other hluq.
negative results from periodic colonisation were reported by mm:;
1ike Myexrs (1932), Box (1951) and Breniere (1960 & 1965). In India,
'gcupta (1951) reviewed the trials conducué here and remarked that ’
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the results obtained in Bihar is encouraging. He, hcwever, advoca-
ted that further large scale trials should be carried out p;rtieg-
larly with exotic strains and species of Trichogramma. stthaaanmap
Muthusamy and Durai (1973) reported the significant reduction in
the population of Chile inducus (Kapur) by release of I.australicul.

After reviewing the world literatures on Irichogramma
method, Metcalfe and Breniere (1969) remarked that eritical exanine~
tion of the data presented by many authors showsd many claims of
success as unjustified. There are still no data proving beyond all
doubt the efficacy of this method. Carefully controlled experiments,
together with data ¢n the natural host parasite £ balance, have I.hm
that liberations are of no value in the U.8.A., Barbados, Guyana and
Madagascar. They concluded,in saying, that at present the strong-
holds of the method is Peru, India and Far East, where the method
ohonl& be re-examihed mainly with the introduction of exotic species
or the potential strains of Irighogramma.

2.3.3 Lepidopteran pests other than
augaxcans borers

It is evident from the published l{tsratures that this method
is highly successful against many pest species. It has been reportsd
that Cydia pomonella (L.) and C.funebrana were successfully controlled
by release of Irichogramma species in Bulgaria and Poland (Karadshov,
197%; Lipa, 1975). Use of this method in the control of Heliothis
species and Flatyedra gossvplella Saund on cotton was reported as
Aighly ntufaetory (Castilla Chacon,1973; Bhanfutdinov‘mdﬁ Sali-
khov, 1973; Chiu, 1984; Glas and Hassah, 198%; ). Similarly, significai
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control of Mamestxa brassicas (L:) and Agrotis seqstum (Schifg)
by Irighogramma was obtained in U,8.8.R. and Bulgaria (Assaul,

1974; Karadszhov, 1974; Chekmenev, 1975; Goussev, Fedorintchik,
Chtchepetilnikova, 1978), The use of this group of parasite is
increasing aich year in the U.8.8.R. The effectiveness of these
parasites was, however, limited in certain parts of the U.S.8.R
where dry conditions prevailed in spring and early summer (Proke-
rof'Eva, 1976). The control of Ogtrinia nubilalig (Hubner) by ine
undative release of Trichogramma was oktained by Monclache and
Tiea‘(1973) in Rumania, and by Voegeale, Stengelm, Schubert, Daumal
and Pigzsol (1975) in France snd by Suter and Bobler (1976) in Swit-

serland,

A critical analysis of the literatures of the inundative |
release of Irichogramms sgainst different insect pests reveals that
various reasocns have been brought forwarded for the failuke of this
method. The release of parasites from superparasitised eggs (Kovae
leva, 1954; Iyatomi, 1958), reduction in ecological adnptibtiity
caused by continuous breeding in laboratory conditions (Kovaleva,
1954y Stein, 1960), poor searching and flight capacity (Tucker,
1932), lack of host spedificity (Tucker, 1932) Salt, 1935), early
larval mortality in high proportions hindering settlement of the
parasite (Myers, 1929, 1932; Box, 1933), irraticnal releass of para-
site without proper evaluation of the eeological conditions of the
released sites (Kovaleva, 1954) Gupta, 1951), imperfect seleetion
of strains or species (Kovaleva, 1954; DeBach, 1964), release of



large dosage of parasites resulting in superperasitism, (Kovaleva,
1984 Iystomi, 1938; Sendner, 1958) and lack of adequate host popu~
lation at the time of liberation (Narayanan snd Chacko, 1957); Net-
calfe and Breniere (1969), reviewing the world literatures oa Igis
ghogrammy wethod for dontrol of sugarcane moth borers remarked that
a very close relationship exists between Irichoqramma and its host,
largely as a kamu of the short life cycle and rapid di‘bpenul of
Irichogramma. Irichogrammg is undoubtedly an tmportant limiting fao-
tor on the maximal sise of horer populationa. Appraisal of ths bioe
logy and ecology of Irighagramma suggests that the chancas of usefull
integrating liberations of Ixighogramma are limited so short eritical
periods in spring in contgnental subtropical regions. |

2.4 Hopt selection

Host selection process passess through four phases 1 i}host
habitat finding, 11i) host f£finding, 1i1) host acceptance and iv) h;sti
suitability (Salt, 1938, 1937). Zxichoorasmma first attracted to p;:-
ticular habitats, the primary attractant usually being certain phné
upon which the host feeds (Salt, 193S; Laing, 1938; Menteith, 1938),
A particular plant axmxiu.my exert a ct:elig attraction for a pnd
sitie species even though suitable hosts are not present on it, Con
verssly, the parasite niay ignore suitable hosts ﬁmwing on plants
which 1t is not attracted (Sikiyett, 1947), Manjunath, Fhalak and
Subramanian (1970) observed that parasitisation of Relfothis egy 3’1
Izichograoms spp,differed with the hoak plants, Martin, Lingren,
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Greene and Ridgway (1976) recorded higher rate of parasitisa of
eggs of Heliothis sea (Boddie) on tomatoes and soybeans than that

of tobaceco.

It has been reported that adult Trighogrammsa tondi to
éoaqnqlu on the cxposid leaves of mgcréano plant wvhere pyralid
eggs are found, There is littlo or no attraction exerted over a
distance by the host, the parasites being drawn to the host envir- |
onment rather than to the host itself (Laing, 1938; Stein, 1961).
Jones, Lewis , Berosa, Bierl and Sparks (1973) demonstrated that
four chemicals extracted from the scale of Heliothig sea (Boddie)
were observed to be source of a mediator that stimulated the host
seeking response of the parasite in the ladoratory, green houss
and field. Under m&al conditions; the chances of the host being
found, depend not only on the sise of Irichogramma propulation, but
on the light and temperature which affect the general activity .of |
the parasite (Metcalfe and Breniere, 1969),

Searching capacity of a parasite hasg been accepted as the
single important attribute of an effective parasite (DeBach, 1964).
The searching behaviour of the parasite is a compromise between
random and non-random searching (Salt, 1934; Ulleyett, 1943,1947).
Laing (1938)reported that females of T.eyanegceng travelling in
fairly straight lines before they found hosts, made many short
radial turns immediately after leaving the hosts. Franz (1960)
reported the role of host on the searching capabllity of parasite.
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Salt (1934, 1938) stated that the critexia for aceepting
2 host include host odour, size, location and shape, The host para=
sits relationship may still not succeed if the potential host indie
vidual is immune or otherwise unsuitable, This matter of hest suie
tability {s, then, the fourth and final stepy in the process by
wvhich the host list of a parasitic species becomes restricted (Doue
tt, 19634). | | | 5

Smith (19431) pointed out thet there are races of insects
which sre not stvisibly distinguishadble from each other. They differ
in habitat, i{n physiological or psychological characters rather than
in structure or colour. With increasing experience in biological
control it {s evident that many so called spacies are often compo-
sed of races,strains or sibling species which are morrhologically
indistinguishable but are very destinct biologicslly, Thus, any
given parasitic species may hav; forma which are adapted to diff. %
ersent host species or to Aifferent habitats, Such forms may or m
not interbreed one with the other, and ususlly this exact gm;
status will be difficult to determine, The important thing 1is to
recognize that such forms exist and that from the viewpoint o! pra~
ctical biclogical control these £ernAm§y bhe just as important as
distinct species (DeBach, 1970),
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Aphelinus mali (Haldeman), the famous parasite of the
woolly apple aphid, Eriogoma lanigexum (Hausmann) exists in sev-
eral strains derived from different regions, and presumably dtﬁ-
erently adapted to climate (Lung gt al. + 1960, cited in DeBach
and Hagen, 1964). The tachinid parasite Metagonistvium minense
Townsend, which atuck/?ii the sugarcane borer in Brasil, is repor-
~ ted to exist in two eclimatic strains (Tucker, 1939). Other exam~
ples of climatically adapted strains or ecotypes of natural enemies
include the Korean and Japanese races of Tiphjia ropilliavora Rhhwer,
which aiffer importantly in reproductive capacity and adult emerw
gence time (Clausen, 1936).

Adverse effect of pesticides on Ixichoqxamma SRR.

Injurious effects of pesticides on parasites have been des-
exribed by various authors (Ullyett, 1947; Brown, 19515 Ripper, 195%6;
Bartlett, 1964), Assessment of potential effects of pesticides on De.
neficial anthropods has been recognised as one of the prersquisites
to the establishment 0f effective integrated pest control ;Stogrmo
(8tern, Smith, Van den Bosch and Hagen, 1989y Van deb Bosch and .
Stern, 1961),. T |

The importance of critical studies on the specific respon-
ses of parasites to pesticides has been emrhasized in reviews by
various authors (Croft, 1972; Georghious, 1972; Newsom, 1974), App»
1ied pest control literatures, for example, contain implications
that natural enemies characteristically susceptidble to broad am-‘
trum pesticides while it is only the pests which develop resistances
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Rewsom (1967, 1974) and Ferguson (1969) pointed out that the exis-
ting experimental evidence does not justify the assumption of any
physiological differences between the responses of pests and of
natural enemies to insecticides.

It is revealed from the available literatures that the oxder
of descending toxicity of some common insecticide to parasites are
i) endrin, daieldrin, alérin, lindane, DDTy 1i) panthicn'. malathion,
carbaryl, tgxaphom. phosphamidon, and iii) carbophenothion, trich-
lorbon, endosulfan, thiometon (Croft and Brown, 1975). The deleteri-
ous effect of insecticides to Trichogranma under cane field condi-
tions is eonttadimfy. Some workers reported that parasitism ad-
versely affected by DDT, BHC, chlordane, toxaphene, parathion (Hinds
and Spencer, 1928; Dugas and Concienne, 193%6). While Simmonds (198%)
re¢orded thatnthe level of parasitism was mot affected by Qusting
with DDT, This differential response indicates that judicious selee-
tion of L’%’S”*&L‘iﬁé‘f&gﬁ smmstbetdas could ¥ avold signifieant damne
ge to Irxichoaramma. Granular fofmulations of endrin, gusathion and
sevin 4id not harm Ixighogramms (Mansley, McCormick, Long aaccoa- |
cienne, 1961; Long, Hensley, Concienne and McCormick, 1961), vhile
studying the susceptibility of adult Irichogramma eyansscens to
insecticides, Xot (1970) observed the three insecticides to follow
the following order of toxicity as fenthion “ carbaryl ) methyl -
demgton, Kot and Plewka (1970) reported that 'stamd adults of
Z.eYanescong were almost tem times more susceptible to metasystox
than those fed on sugar syrup.
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B Paul, Mohanasundaram and Subrsmanisn (1978) while working
with 0.1X endrin, 0.5% parathion, 0.1% malathion, 0.1% endosulfan
and 0.1% BHC observed that endosulfan and BHC were least toxie to
the adults of I.sustralicum and IT.isponicum . They also found that
only parathion adversely affected emergence of adults from parasie
tised host eggs. Kostadinov (1919) reported that methyl parathion
(Wofatox), tetrachlorvinphos, phnmedemsy dimethoate and phosalone
(Zolone) were highly toxic to thelytokous race of I.embryophagum.
toxicity decrsasing in that order, Kim (1978) while studying the
effect of some insacticides on T. gyanagcensg found that when parse
thion, dimethoats, mevinphos, endosulfan were applied to different
stages of the parasite almost no effect observed on the larval stage
wvhile it was slightly toxie to the pupal stage but the sdult parasi-
tes showed high sensitivity to the insecticidal application, Som~
choudhury (1978) while working cn the effdct of eight insecticides
on T.qustralicun reported that thiodan is relatively none-toxie to
the pupal stage of the perasite, Paul, Dass, Ahmed and Prasad (1979)
studied the effect of six insecticides on the rate of parasitism of
eggs of Corevra cephalonica (stmt,) by Z.brasiliensis. They Qbﬂw
that no perasitism was obtained with bost eggs treated with uhthien
and parathion methyl while rate of parasitism and smergence of para-
site were high when the host egys were treated with phosalone and
monocrotophos, Tron (1985) reported that granular insecticides has

lass effect on ¢ Irichograsma.

The effect of insecticides on the bionomics of parasities
is considered important as length of life cycle, type of reproduction,
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sex ratio influence the development of resistance in parasites
(Croft snd Brown, 1973), Though no report on the effect of insece
ticides on the bionomics of the differeant blotypes of Z.gustralicum
is available, Krukierok, Plewka and Kot (1978) while working on two
scotypes of Trichogramma species recorded no significant difference 4
in susceptibility ¢o insecticides between the two ecotypes,



CHAPTER-IIZ
TERIALS



MATERIALS AND METHNODS

Studies were undertaken on Trichogramma chilonig to re-
veal various aspects of ecolcgy as well as tes—response $0 vari®is
-aspects—of-seclogy-ss—well s its response to various insecticides,
For the purpose of investigation various methods were employed.

3.1 YMaterials:

3.1.1 Eazasite

Investigations were undertaken on indigenous egg parasite
T.ghilonis collected from various crop ecosystem at Kalyani, Nadia,
West Bengal. The Delhi strain of I.ghilonis was also included in
the studies. The nucleus culture of the parasits was odbtained th-
rough the courtesy of Indian Agricultural Ressarch Institute, New
Delhi,

3.1.2 Hest of the paxasite
Eggs of the rice meal moth, Corevra gaphalonica Stainton
was used as host for rearing the egg parasites.

3.1.3 Plant matexials

Wheat flour was used as food for the mulkiplication of
Corsvkas ssphalonica. Various potted plants such as paddy, maise,
potato, ladies finger, jute, srhar were utilised to assess the
searching capacity of the parasites. To study the prevalence of
Trichogramma sp, thirteen crop plants vis., paddy, groundnut, maisas,
red-gram, citrus, moong, potato, ladies finger, jute, Lantana.msango.
bengal-gram and litchi were considered.
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3.1.4 ZInsscticides

The following insecticides which are generally used for the
eontrol of various crop pests were included in the schedule of inves~

tigation : .
flfe, commen Mape  Fonmwlahen ) source
1. Endosulfan 35 ¢ M/B Hoechst Pharmaceuticals
Ltd., Bombay,
2, Malathion RO E-C. M/8 Cyanamid (Indis)Ltde
Bombay.
3. Monc?croeophos 3LE. M/8 %«?{I@Y India Ltdn
4. Phosphamidon g5 EC -d0~
s, Dichlorvos 76 £ =do-
6. Quinalphos 25 E. C M/8 Sandos Indis Ltd.,India.
7. Formothion 25E¢c ~do=
8. Dimethoate 30E.cC M/8 Shaw Wallace India Ltd.,
Calcutta.,
9. Ethion 50£ < ~d0=
10, Carbofuran 3a M/8 Rallis India Ltd,,Bombay.
11, Phosalone 35Ec M/8 Voltag India Ltd,,Bombay.
12, Phorate /0 6 M/8 Cyanamid India Ltd,,
Bombay.
13, Vamidothion 4OEe M/8 Voltas India Ltd,,Bombay.
14. Fenitrothion S50£.C M/8 Rallis India Ltd,,Bombay.
18, Methyl demeton 5 £C ~d0=-
16. Aldicarb /0 & M/8 Union Carbide India Ltd.,
Bhopal.
17. Phenthoate SO E.C M/8 Motilal Pesticides Ltd,.,

Bangalore,
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3.2 Methods

3.2.1 Colleetion of Trighogramma sp.
Egg cards containing approxisately 30 freshly laid Corevra

eggs were tagged randomly on ventral and dorsal surfaces of leaves

at different height of crop plants. The colour of egg cards was same
as that of leaf. Thirteen plant species mentioned earlier in this
chaptexr each representing a particular ecosystem were choosen for the
experimsntation, Egg cards were tagged periodically at an interval of
7 days during the entire growth stages of sach of the thirteen cnép:a
Thus, the eggs were exposed to indigenous Trichogrumma for parasi-
tisation., There were six such egy cards/sq.meter, After an exposure
of 24 hours in the fields, cards were brought back in the laboratory
to néu the parasitisation., The parasitisation of the host eggs was
confirmed with the blackening of the eggs within 3-4 days. The rate
of parasitisation wvas recorded under each crop ecosystem, The paras-
sitised egy cards were then kept separatsly for the emergence of
adult parasites. The adult parasites emerged from parasitised eggs
were offered with corcyra eggs for multiplication. The parasites

were identified on the basis of male genitalia (R.Qnrkntti and Nagae

raja, 1971).

The nuceleus culture of the rice moth, g_.g.phalmica, a lado-
ratory host of Irichéersmma is being maintained in the Farasitology
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Ssction, Dept. of Agril.Entomology, Faculty of Agriculture, Bidhan
Chandra Krishi ¥ Viswavidyalaya, Kalyani, Nadia, West Bengal, Glass
jars (2% cm x 18 cm) were used for the mass rearing of the host.
Five hundred grams of wheat flour were used in each of the rearing
jars. wheat flour was sterilised at 58°C for 10 hours before use

to eliminate other insects, i€ any, Fresh Corcyra egys amounting

to 1/10th of a millilitre containing sbout 1,000-aggs were placed
in each rearing jar. The mouth of jars were covered with a piece
of eloth, Rearing jars were kept at 32°C without any regulation of
relative humidity. After emexgence of Corgvra adults, they were
collected and subsequently released for egg laying is a double
routhed black coloured glass cage (15 om x 12 em). Egg laying
cages were kept at 25°C and 60 ¥ r.h. Eggs were collected at 4iff.
erent intervals, according to the experimental requirement.

93
3.8.9 Mg

Bggs of Coreyra of not more than 12 hours old were sprin- |
kled on a card (15.5 om x 8 cm) smeared with a2 uniform thin layer
of 2% aquous solution o0f pure gum arabiec, The sprinkling of eggs
on the 'egg card' was done by mesnsg of a fine sieve (30 mesh) to
obtain an uniform single layesr cof Corgyrg eggs on the ‘egg card’.
Approximately 20,000 (1 CC ) eggs were glued on each card. One such
egg card was offered to the parasite in each rearing unit, The adult
parasites were fed on a2 1:1 (v/v) solution of honey and distilled

water 4drawn on the inner wall cof the rearing unit with one £ine
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brush so as to obtain fine streaks. Superparasitism was avoided by
providing larger number of host eggs to the lesser number of parae
sites. The egy cards was removed from the redting unit after 24
hours and a fresh egg card was offered againg for parasitisation and
the process was continued till 30 %X of the parasites were dead which
ware mostly males. Aftar the blackening of the parasitised eggs, esach
egy card was divided into small pieces and each piece vas kapt in
separate rearing units for the emsrgence of adult parasites. COXgYrA
larvae hatching out from eggs that cscaped parasitism were removed
as they tended to be predacious on parssitised eggs.

PR
3.3.4 ZIaxonowic observaticns
Permenent preparations of adult Iricheorzwmme were made in
Hoyer's medium (Water-50 gm, gum, arabic 30 gm, chloral hydrate-20 gm,
glycerine-20 gm) after prior treatment of individuals soon after their

death, in glacisl acetic acid for 12 hours for subsecuent microseopie

observation.

Permanent preparations of male and femsle genitalia of the
parasites were also made after dissegction and simultaneous mounting
of specimens in Hoyer's medium. Measurements of body parts of Trighg-
gEANR colleeted from different crop ecosystems were done by means of
an ogular attached in a binocular microscope.
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3.8.5 Biogyskematic studes
Reciprocal crosses i.e, the gross combinations of 1) Kalyani

strain of Trighoaxamma 6’{ x Irichogramma Dﬁlhi strain O 7 14)
Irichogramms Kalyani strain 0, x Trichogramma Delhi strain 0"as well
as between various types of Trichograsma collected from various

crop ecosystems and Delhi strain of Irichogrammg were released in
separate vials. Another set was maintained wherein only females of
each type of Irighogrampa were released without male to note their |
type of reproduction. 50 X honey soclution was supplied as food o
adult parasites. Each egg card containing 600 host eggs was placed
in each vial containing either ten pairs of cross combitions or ten
0, individuals of any of thes two strains of Irichogranma. Each egg
card was replaced by a fresh one at an interval of 24 hours till
death of females. The egy cards obtained from cachivnl were xept
separately for emsrgence of P, progeny. Sex and number of individuals
were subsequebtly determined, The whole experiment was conducted at
25°C and €0 % r.h. ané vere replicataed three tines,

1.5.6 Biology

Freshly emerged males and females of T.ghilopig (collected
from various crop ecosystems as well as of Delhi strain of Z.ghilonis
waere isolated and transferred in glass vials (4 dram size) with food
(50 % honey soluticn) and subsequently kept at 30 + 1°C, The biology
of the baruitns were worked out at three levels of relative humidity
i.e, 30, 60 & 90 %. Each pair from thirteen types along with the
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Delhi strain of Trichogramma received an egg card containing 60
corcyra eggs (L.e. & 60 eggs/ Q ) to oviposit for 24 hours afm
which the egg card was replaced by another fresh egg card. ﬁ‘hh p:o-
cess was continued till the female parasite died, Observaticns on the -
longivity of female and male parasites were taken at an mtcrv"ax“p‘l( .
4, 12 and 24 hours , To study the rate of parasitisation by the ‘
female individuals, the number of host eggs turned black on t:h.".é’y",
cards was counted, The blackened parasitised host eggs wers a‘l._lhnq N
to emerge and observations were taken on the 4th , 12th and chw
in every 24~hour cycle from the expected date of adult emergence for
obsérvations on the duration of life cycle of the parasite, A@or‘thq"
emergence of adult parasites, total number of females in progeny ot
the parasites and number of parasited eggs collapsed \?re recorded,

Experiments were replicated 15 times for each case. ’ !

3.2.7 Bielogical studies under field condition -t

To study the biology of the parasites under field eaaaiu&.
specially designed perforated plastic cylindrical cages as doleﬂhdd
by Somchoudhury and Dutta (1980) were used. Specially d?'im‘; parfor-
ated plastic cylindrical cages (7 cm in length and 4.8 cm in diameter)
with two round openings (2.5 cm diameter)in the middle of both the top
_and bottom surfaces were used. Small perforations (0.3 mm) were made’ -
on the body of the cage by msans of a fine needle to allaw Qvapotatién.
of moisture vapour from inside the cage. A suitable maise lcafgm‘
selected on thé top 15 cm of the plant. The eggs of Corcvra w
St. used as host were exposed to low temperature (8°C) for 48 hr se - |

i
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to kill the developing embryo in order to make them suitable for
parasitisation for a longer period . Three hundred C.gaphalonica

eggs were pasted on the underside of the leaf blade near its basal
portion and food for the pasrasites was provided through fine streaks
of 50 per cent honey solution of both the surfaces of leaf blade. The
leaf containing host eggs and food was iésortod inside the perforate¢d
plastic cage through the opening at the bottom end. It was adjusted to
enclose only bottom 7 cm of the leaf blade and the uncovered portion
of leaf blade remained outside the cage through the opening at thq
top (Fig.1). Bottom opening of the cage was plugged with a black al-
kathene covered cotton and a pair of freshly emergéd parasites (obta~
ined from the culture maintained continuously under field conditions)
was released inside the cage through the opening at the top which was
closed immediately after release by another black alkathene covered
cotton plug. Support was provided to the cage by means of a bamboo
stick to keep it in vertical position,

Two days after exposure of host eggs to the paranltnl; ano-
ther batch of 300 C.csphalopnlica eggs was pasted on the underside of the
same leaf blade, 3 cm away from the first cage along with stresks of
S0 per cent honey solution around the Corgvra eggs as food for the
adult parasite. Another similar cage was placed over these host eggs
(Fig.2) after removing the cotton plug of the opening at the top end
of first chc 80 that the bottom opening of the 2nd cage fitted with
the top opening of the first cage. This made a continuous passage for
parasites from the first into the second cage. Adhesive tape was used
at the junction between the two cagtl'to keep the second cage firmly
in contact with the first cage. The top opening of the second éag!
was plugged with black alkathene coversd cotton. To attract the
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phototropic parasites into the well lighted second cage, the first
#ret cage was darkened by covering it with a black alkathene lhcot.g
Similarly, after a given exposure period, third cage was placed
along with the second cage enclosing another 7 om portion of leaf
blade containing 300 host eggs as well as food for the adult pars-
site and then the second cage was also covered with black alkathene
sheet to allow the third cage to be the most lighted one amongst
the three cages placed in a row (Fig.3). This process was continued
till the female parasite died. Observations were recorded dally st
8,00 A.M, and 4,30 P.M, on the longevity of the female parasites.
The number of host eggs turned black were counted for rate of pars~
sitisation by the parasite, The parasites were allowed to emerge

from blackened parasitised host eggs indide the field cages and
daily observations at 8,00 A.M. and 4.30 P.M., were recorded on the
duration of the life cycle of parasites. After the death of adult
parasite, total number of females in the 21 progeny of parasites
and number of collapsed parasitised eggs were recorded. Each

experiment was replicated 10 times.



3.2.8. Searching capacity

To study the searching capacity of each type of I,.w |
spscially designed cages (30 cm x 25 cm) were used, The cages were
made of wire nets (30 mesh) and each cage was covered on the sides
with polythene sheets while the top of the cage was covered with a

sheet of fine cloth. Thersafter, each cage was placed over a pot

containing various crop plants mentioned earlier in this chapter
(Materials). Egg cards containing 50 COrgvra eggs were then tagged on
the lighted portion of plants. Thereafter, 5 pairs of each type of

T.ghilonia were released separately at the centre of each cage.
They were returned back to the laboratory after an exposure period of

eight hours to record the number of parasitised eggs. Experiments were

replicated five times in each case,

3.2.9. Laboxatory svaluation of some insecticides op T.chilonis

Insecticides menticned earlier in the chapter Material were
tested in the form of spray prepered by diluting the commercially ave

silable emulsifigble concentrates. Each insecticide was used in two

concentrations viz., 0.03, and 0.01 % a.i. against the pupal stage of

¥



T.chilopis. Tests vere carried out 30°C with 60 X r.h.

Each ¢Segg card containing around 100 Corevra egys was
offered to the parasites for qn hour to oviposit in the hoaticgg
after which the egg cards were removed and kept npanﬁly in glass
vials to follow the course of development of the parasites, At the
begining of the 3rd larval instar, the host egg turned black. The
parasiu was sllowed to complets three more days in itg life cyecls
so that it reaches the pupsl stage. Thus agg cards containing only
pupal stage of the para=zite were dipped in insecticidal solutions
and wers removed immediately. They were placed separately in glass
vials to allow the smergence of the adult parasites from the insec-
ticide treated host eggs. A similar set was maintained where egg care
ds vere dipped in wster to serve as contfol treatment, The mortality
of the parasites was recorded on the basis of parasitised host eggs
which failed to emexge. The mortality in the control experiment
varied between 10,.32-14,.86 per cent. The percent mortslity for each
obhw&tim was corrected by the use of Abbott's formula, Each eXPow |
riment was replicated three times with each estrain of T.ghilopis
and there ware 100 parasitised host eggs in each treatnent,

6. AP

g, it
The expsriment was conducted in a farmer's field loeatcd

near the campus of this Viswavidyalaya at Kalyani during boro, 1981.
82 using ‘Jaya’ variety in a randomised block design with therse
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mp;tcauem and seven trestments (imcluding control). The plot

' size was 5 x 4 m, with 20 x 10 cm spacing. First spraying was

. qiv&ayis DAT, followed by the second 30 DAT end the third at the
boot leaf stage. To record the incidence of the pest 't\vo Yows were
discarded on sll the sides as border rows. Then 20 hills were sele-
cted randomly on diagonals. Cbsarvations were recorded on the ineie
dence of stem borer as indicated by dead hearts at 35 DAT and white
ears at 55 DAT over 20 hills selected random. The amount of spray
fluid varied between 300-400 lit/ha. Fursdan and FPhorate granules
wore broadcasted into paddy water at 15 and 35 DAT,

To study the rate of parasitisation by T.ghilonig, freshly
laid Corevra e¢gs were tagged randomly cn the lighted portiom of the
plant at the rate six green coloured egg cards/sq.m. containing 10C

eggs/card. Then 6 hours old parasites were released at the rate of
50,000/ha at arcund 7.A.M. The tagged host eggs were teturned to the
laboratory after 3824 hours exposure to parasites to nots ehthe rate
of parasitisation in treated and contrel plots. The obsgervations were
based on five spots each consisting of one sq.m. area. The 1;»;3':umi;t:emi
were released once fifteen hours after first pesticidal application
vhich was done at 4 P.M, '

aate T badyls finger
The experiment was conducted in a farmer's field at Kalyani
during rabi, 1981.82 using 'Pusa Sawani' variety of bhindi in a ren-
domised block design with three replication and seven treatments
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(includigg control). The plot size has 5 x 4m. with 30 cm spacing
between plants and 45 cm between rows, The first aspplication of

the treatment was made with the initiation of incidence of the

pest and thereafter another three applications of pesticides were
given at 10 duy-‘intcrvals. The observations on the infested hhindiz
fruits in different treatment wers recorded at the time of harves-
ting. The quantity of water used per hegtars varied between 350=-400
1it. Two applications of furaden (3G) was made @ 20.75 kg in the soil
at 30 and 50 days after planting. The procedure of parasits libsra=
tion was same as followed in the zase of paddy.

Rxinial

The field trial was carried out on a variety faajpur' at
Krishnanagarxr, West Bengal during April to June, 1982 1n\rundaniaad
blocks with eight treatmants and two replications. The plot's size
wag 20.25 sq.m. Quantity of spray f£fluid varied between 650 to 700
lit/ha. The first sprayving was msde at 15 DAT followed by 30 and 45
DAT (total threes applications and no pesticides was applied after £16¢~
wering). Only one application of Temik and furadan was made 0,75 nnd;
1.2% kg AI/Ma in the soil at 30 DAT. Observations wer= recorded on
the X infestation of plants, shoots and fruit. The procedure of
parasite liberation and mode of observation was similar to those
undextaken in paddy ecosysten,
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Jute

The experiment was carried out in a simple randomiszed
block design in 3 replications in a farmor's field located near
the campus of Bidhan Chandra Krishi Viswavidyalayas, Kalyani,
West Bengal during May to July, 1980. The plot size was 3m x m,
There wers eight treatments vis., 21 =~ malathion S0EC @ 0.1% a.i.,
T, - SO0 EC @ 0.05 % a.i., Ty = Sevimol 40 LV @ 0.15 X acler Ty-
Malathion 50 EC + Sevimol 40 LW @ 0.1% + 0.15% a.i.; Tg~Ekalux
25 EC @ 0.05 % a.ie Tg = Malathion 50 EC + Ekalux 25 EC @ 0,1%
+ 0.05% a.i.7 Ty = Elsion 35 EC @ 0.05 % a.i.y Tg ~ Untreated conw
trol (water spray). Quantity of spray fluid was 500 lit/hes. The
first spray was given 35 days after sowing repeated on 50 and 70
days after sowing., MNine jute plants were selected randomly and the
number of semilooper was recorded on the top three leaves. The
observations were taken one day, 5 day and ten days after the app-
lication of pesticides as well as one day before the application,
The data obtaihed were analysed. The procedure of parasite libonuéa
was same as followed in the case of paddy.

Statiatical method
To analyse the data obtained during the course of investi-

gation, various statistical methods were used. Randomised block desi-
gn was used to find ocut the components of variation due to various
factors as in the case of morphological and toxicological studies
while completely randomised design was laid out in the €ase of
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biological expoxinohts. Prior to analysis, all the data on percent
were subjected to inverse since transformation (Fisher and Yates,
1938).

In the toxicological studies, percent mortality of the
parasites obtained due to the treatments of two ¢oncentrations of
various insecticides were corrected in respect to control mortality
by Abbott's formula (1925), P = 2:';'3'%:5 x 100, where P = % correctsd
mortality 7 P' = X observed mortality 7 C = X control mortality.
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RRSULTS AND DISCUSSION

A
Studies were undertaken to reveal the ecology of local
Ixichoarames sp. Pased on occurrence, distridusion and searching
capagcity under various crop scosystems. A comparative study bet-
ween the local and Delhi based Irichogrames based on the biologicsl
di:ionn«: was undertaken to identify them biologically. The possi«
bility of presence of various biotypes within a Irichogramms sp. wvas
also conzidered based on biological and morphometrical obsexvations,
Attempts were also made to screen out the selective insecticides |
considering the responses of the parasite yig-j-vig some t@munt
insects pests. The results obtained from various cxportnn;n have
been represented below,. ‘

To study the oceurrence of local Irichogrampa sp. on various
crop ecosystams , 13 plant species were selected representing annual |
and perenial plants with various height from low lying to tall tybes.
Observations were undertaken on the occurrence of Irichogramma sp.on
various arop ecosystems based on frequency of ocecurrence judged fyom
the percent parasitisation of tagged Corgyra eggs. The axnumuoh
-of muun. on the other hand, besed on .;hcfa- capaeity to parasiti-¢
sedt tagged corcyra eggs at different height of the plant, |

The data collectesd on the occurrence and sidistribution of
Irichogramma sp. under varéous erop ecosystems has been presented in
Table 4.1, It may be seen from Table that the frequency of occurrence
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Table 4.1 3 Occurrence and distribution of Trichograuma sp.
in variocus crop ecosystem.

. Period Frequency of %
(basta o8 crop Blant et fomaretgn THat
, tion observations)

. Low Paddy May=Aug, 3 50,1
Groundnut August- Oct. 2 28.3

- Moong March~ May 1 8,4

Bengal gram Jan-March - -

Potato Jan-March 2 21.8

Medium Maize May~Auge. 3 31.2
Redgranm May-Aug, 2 ¢ 22.54

.Jau May-Aug, 1 3.8

Lady's finger ﬁarch-nay 3 9,6

Lantana sp. May~Aug. - -

Tall Mango May-Aug, - -

Litechi May-Aug. - -

Citrus May~Aug, a 10.7
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of the parasite was maximum under certain crop ecosystem, vis.,
paddy, groundnut and maise etc. The minimum occurrence of the
parasite was noticed on crop plants like moong and jute. The total
absence of the parasite was noticed on various other plants like
bengal gram, lantana sp., mango and litehd,

It was observed that there was no parasitisation of ng
eggs when they were distributed above 8 metre hqtqht on any of the
crop ecosystem, Similarly no parasitisation of tagged gorgyra eggs
vas recorded vhenathey were placed near the ground level. The best
rate of parasitisation was provided when the host eggs were placed
between 1- 1} metre height provided the ares was a lighted portion
of the plant. The second best rate of parasitisation was obtained
from 2-3 metre height. A negligible parasitisation was obtained
vhen the COIQVIA €ggs were bDetween 4-7 metrs height.

It is revesled from the present investigation that the
occurrence of the egg parasits, Ixichoarssma sp. varied greatly
under various crop ecosystems, The parasits showed a clear preferw
snce for certain crop ecosystems, namely pa&dy. groundnut ctc.ﬂ ) 4 3
appears that they rarely visit certain crops like mango, litcohi,
Lantena and so on, It is now known that the parasite gets attractsd
to abparttcula: crop ecosystem in search of its hosts. Alternatiwvely,
. it prefers to live in certain ecological niche which might be found
only under certain crop ecosystems. It has alrsady been established
that W'u not a host smiﬁe type of parasite and it
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attacks a very wide range of eggs of various pests along with
spider eggs. Therefore, it may be postulated that all the 13 plant
species harvour one or other kind of insect eggs which may serve

as host of the parasite. In particular, certain plants like gram,
litchi and mango obviously contain various lepidopterian pests
during different seasons of a year. Therefore, the ﬁi"\raihbnuy
of Irichodramms sp. on these host plants can not be explainsd from
the view point of non existance of the host eggs. It is generally
ssid that the parasite prefers lopidoptcr;aa eggs and thers are no
dearth cof lepidopteran eggs on these plants. However, the phenome-
non of absence of Irichearasma may be explained in the light of non-
availability of preferred ecological niche. A perusal of availadle
literatures reveals that very limited informations are available in
this direction particularly on the preference difference of various
types of Trichogramems t© variocus crop ecosystems, The present suthor
feels that due to the Wmavailability of sufficient published litera-
tures the discussion could not be undertaken in depth,

The distribution of Irichogramma ip. in relation to various
cxop heights provided an interesting picture, It was observed during
present investigation that the parasite prefers low lying crops as

is evidenced from higher rate of egg parssitisation in between a
crop height ranging from 1-1-} metre . The parasite always prchr
the lighted areas of plant. Similar opnmueac have also been
re¢orded by other workers. - |
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It is evident that the parasite does not like dark areas found near
the ground level under a dense canopy of crop plants, Informations
relating to distribution of Trichogramma sp. at various crop hei-
ghts are mostly lacking. A more dstailed study in this direction
may throw light on the behaviouristic pattern of Irichogramma sp.

4.2 Iaxcpemical studies on vaxious C
Sypes of Ixichoaramma sp. (

.

The taxonomy of nine types of Irichogramma sp. colleeted |
from various crop ecosystenms was studied to confimm their identisy
on the basis of bhody colour and male genitalia which are considered
as major criteria in the identificstion of Irighogramma species,
(Girault, 1912, Nagarkatti and Nagarajax,1971). e

- It was observed that the pattern of body colour of the nine
types of Irighogrammg maintained a close resemblence among themsel-
ves. Adult males were yellowish in colour with darmk blackish abdow
men and mesoscutum, The structure of male genitalia showed a cloai
parity among various types. Dorsal expansion of gonobase ¢of the
qan!.talia:btrtmgulu with very prominent lateral lobes; chelate st-
ructure much below the lavel of tip of gonoforceps; median ventral
projection prominent, broad at base; median ehitinigzed ridge pairesd,
axtending anteriorly to about MM3/3rd of langth of genetalia; aedea~-
gus as long as apodemas both together slightly shorter than hind
tibia.



Fig.2 1 Diasgrsmmatic sketch of male genitalia of with
uzﬂu separated out. Explations to abb ationst DEG -
Do sexpansion of gonocbase; GRK - Gohoforeceps; CS-~chelats
;:mtun. MVP ~ Median ventral projection, CR-Central ridges;
« Gobobase.
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Adult females were also yellowish in colour with first three
abdominal terga black. Oviposititdd slightly loager than hind tibia.

» Nagarkatti and Nagaraja (1971) reported that the dorsal ex=
pansion of gonobase of the male genitalia of T.australicum ¢synm: Z.
ghilonis) bears a very prominent lateral lobes which, according to
them, are the most important characters to separats them from all
other arrhenotokous Irjichogramma. The characteristic features of male
genitalia of all the nine types of Trichegramma considered during the
present study are very similar ¢o that reported by Nagarkatti and Naga
raja (1971). Therefore, the present author confirms the identity of
Irichograemy collected from various ¢rop ecosystems as T.ghilonis
(synonym T.gustralicum). Similarly, the dorsal expansion of goncbase
of male genitalia of Trichogramms sp. obtained from Delhi has been
observed to bear prominent lateral lobes dus to presence of which it
could be established as T.ghilopis (Synonym T.australicum). Therefore.
the local Irichogramma and that obtained from Delhi are similar spe-

cies i,e. Doth are T.ghilonis.

4.3

It is revealed from the taxonomic studies mentioned in the
foregoing para that the local Irjichogramma and that obtained from
Delhi are similar species i.e. Poth are I.ghilopnis. In oxrder to as~
certain vheather these morphological similarities were due to the
fact that they belong to the same species, biosystematic studies in
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the form of reciprocal process were undertaken using both male and
female of local Irjichogramms and Delhi based Irichogramma sp. The
results obtained have been represented in Table 4.2. It appears

that in crosses between nine types of Irichogramma and Delhi based
Z.ghilonis 7 the progeny production varied Detween 633.28 - 798,81
individuals in !1 generation, and the percentage of female and male
ranged between 66,38 to 81,68 and 18,32 to 33,62 , respectively, But
in two cases of reciprocal cross combinations i.s. betwesen pdyde s.7c
#fingew x Dalhi and between citrus x Delhl , no progeny production iu

noticed.

Prequent matings were recorded in all the sets of experi-
ment, To study the type of reproduction known as arrhenotokus in the
case of ‘ﬁl‘_.ch!.lmia, an experiment was designed. Freshly emexged fe~
males of nine types of local Irighogramma and Delhi based T.ghilonis
were kept separately befors mating. They were allowed to parasitise
host eggs and the progeny emerged in 71 generation were subject to
test for sex identification. In thc case of local types, 59.13-84,14
individuals were cbtained and all of them were males. In the case of
Delhi based T.ghilonis, number of progeny obtained in F,generation
in such case were 104.88 and all of them were male members (Tablew

4.3).

The controversy surrounding the identification of Trighe-
dramea has not been !‘Ol@t?'d fully €till to-date. The existence of
intermediate types and morphologically inseparable sibling species
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Table 4.2 t Intraspecific crosses between local types and Delhi
strain of m_gemf.? at 25°C and 60% r.h. and the
¥, progenies obtain (Mean of 3 replications)

No.of pare  Mean nwber Hean male  Mesn ?QMT'

Cross combination ental 0 tx 0 of projeny in », pro~ 1in ¥y
g::igp obtained geny" (X) geny (%)
Paddy O, x Delhi 0 10 x 10 798,81 27.81 72,19
Delhi O+ x Paddy O 10 x 10 824.32 18.32 81,68
Groundnut O+x Delhi 0 10 x 10 763.12 29,64 70.36
Delhi 0+x Groundmut 0 10 x 10 718,54 31,47 68,53
Moong O4x Delhi 0’ 10 x 10 633,28 25,14 74,86
Delhi 0,x Moong O 10 x 10 698,04 27.58 72.42
Potato O,x Delhi ¢ 10 x 10 708.44 33.62 66,38
Delhi 0.x Potato’( 10 x 10 736.82 28.02 74.98
Maise O,x Delhi 0 10 x 10 784.88 18.96 81.04
Delhi 9 x Maisze O 10 x 10 713.36 28,64 71.36
Redgram O.x Delhi 0 10 x 10 703.39 31,69 68.31
Delhi Oux Red gram 0 10 x 10 699.18 29.16 70,04
Jute O4x Delhi 0 10 x 10 - - -
Delhi O4x Jute 0 10 x 10 - - -
Lady's fingerOy Delhi 0 10 x 10 699.18 28,82 71.18
Delhi O+x Lady's finger 0 10 x10 710.08 24.67 75.33
Citrus O4x Delhi 0’ 10 x 10 - - -

Delhi Ogx Citrus 0 10 x 10 - - -




‘Table 4.3 1 Reproduction in various typss of Z.ghilonis
without intervention of males at 30°C and 60X r.,h,
(mean of 3 replications)

Types No.of Mean number Mean number Mean number

parental of projeny of male in of female in
: ferale/ rszoganies 11 progenies

replication 4

Paddy 10 75.36 75.36 -

Groundnut 10 70.48 70.48 -

Moong 10 §9.26 59.26 -

Potato 10 72.92 72.92 -

Maise 10 79 .42 79.42 -

Red gram 10 73.62 73.62 -

Jute 10 59,13 $9.13 -

Lady's 10 82.24 82.24 -

finger

Citrus 10 84,14 84,14 -

Delhi 10 104.88 104.88 -
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and races and the body colour changing with the temperature, have
qereated confusion in the correst identification of various species
of Ixichoaramma « However, it has been resolved to a great extent
after the work of Hagarkatti and Nagaraja (1971) on male genitalis
though it is applicable only in Irighoaramsa srecies having arrhe-
notokous type of reproduction such as I.ghilonis. Z.pazkionsi. 2.
Saasiatun, T.japenicum etc. A critical observation by the present
author shows that the male genitalia of the local typn and that

of Delhi type are similar. The descariptions of the genitalia of the
two groups run very closs to those deseribed by Hagarkatti and Naga~

raja (1971) for T.austxalicum now synonymised with Z.ghilonis.

It vas found during present investigation that mtptonl
crosses between the local sypes and the Delhi type resulted both
male and female progenies, But when the females alone were kept in
isolation bnim mating, they produced only male members, This is
a clear indication of arrhenotokus type of reproduction in case of
both types of T.chilenis. T™his wmeans that Thghilonig will produce
only male progeny when istervention of male in mating will not taks
place. In other words, unfertilised eggs will produced male mewber
and fertilised eggs will produced female members alone, The results
depicted in Table 4,2 clearly demonstrate that successful mating |
followed by fertilisation of eggs in reciprocal crosses s resultsd
in female members. Thersfore, the two ecotypes may be synonimysed as
the same species as successful breeding and progeny production through
energence Of fenale members has taken place. This is in full confire
mity with the defination given to demarcateil a ‘species’,
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Morphometric studies were undertaken on nine types of I.chilo-
alig in order to compare their morphological characteristics. The
comparative biometrical data have been presented in Table 4.4.. Bio-
metrical data on body size revealed that the length and breadth of
nine types of ITrichogramma varied significantly among themselves. The
maximum size of Irichogramma was noticed when they were collected on
citrus followed by lady's finger, potato, maise, paddy and so on. The
minimum sized Irichogramma on the other hand, was obtained on moong
and red gram, Similarly, other characters like length of antennal hair
width of fore wing, length of aedeagus varied significantly among nine
types of Trichoorpamg. The segquence of decremant cm increment of len-
gth of various parte followed more Or lesgs same saguence as were obser-
ved in cases of body length and bregdth, The characters like width of
flagellum and ferewing, length of tibia and apodemes e 414 not show
significant difference among themselves vhen nine types of Irishoqramma
were considered. The length of fringe on tornus of forewing also 4id
not differ significantly among the nine types. Among the female body
charactears, Mon.tneal data on body length and width as well as len-
gth of hind tibia and ovipositor showed significant difference among
nine types of Trichogramma. Only the length of antennae was statisti-
cally at par in all the nine types. The maximum body length and was
recorded in lady's finger type followed by citrus, maise,ground nut
ete, It was minimum in jute and moong type. & The maximum width was
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noticed in citrus type followed by lady's finger, maise, potato
and s0 on, More or less similar sequence followed in the case of
other body parts. o

Various species of Trichogramma have locally adapted po-
pulations called ecotypes that are the result of selection by thou;
environment. Although different ecotypes and races of other parasi-
teic species have been studied though not in details by some wor-
kers (White, DeBach and Garber, 1970; Simond, 1947). Yet no bio=
metrical studies have been undertaken on Irichograwma. The present
investigation is a preliminary approach in the direction of estab-
lishing correlation between different ¢rop ecosystem and morphometyic
characters. This, in turn, would help in the identification of pure
ecotype/biotype of Irichogramma. Besides taxonomic implications, such
studies may » have a bearing on parasite selection and breeding pro-

grammes .

It is revealed from the present findings that certain key
characters like length of the longest antennal hair, width of foree
wing , and length of aedeagus varied significantly within the nine
types of Irichogramma . Therefore, their validity as key characters
may be questioned. Obviously, these charscters can not be used reli-
ably in the identification of different Irigchogramma species as they
varied widely among nine types collected from variocus crop ecosystems,



47

On the other handy length of fringe on tornus of forewing, width
6: flagellum, length of hind tibia and apodemes are stable charac-
ters and may be postulated as important key characters for their
identification, )

It is said that biotypes are morphologically identical,
But deviation has been recorded in the case of brown plant hopper
of paddy. The nmbor:i;pinu in hind basitarsus of adult, an impor-
tant key character, has been found to vary widely smong biotypes
(Sogawa, 1978), Mandal (1980) initiated a preliminary work for the
first time on the morphometric of various biotypes of Trichograpms
colleeted from various crop ecosystems. He reported that signifi-
cant difference was recorded ameng the four biotypes of T.ghilonia
in respect to their wings and antennal. The ratio detween the ma-
ximum length of fringe and maximum width of the fore wing, and
~ length of the longest antennal hair and maximum width of the antens.
sl flagellum varied from 1/6, 1/7 and 2-3} , respectively in four
biotypes collected from paddy, jute, lantanna sp. and Delhi type .
The f£indings of the present author lend further support to his work
though some differences were also observed. He reported that length
of fringes on tornus of forewing varied significantly smong four ty.
pes while it 4id not found to be =0 during the present investiga- |
tion, Timis may be attributed to the indepth studies undertaken by
the present author considering nine types of Irichogramma instead
of four taken by Mandal (1980).
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Experiments were laid out to study the biclogy of the nine
types of T.chilonis (Kalyani strain) wunder 30°C and 60% r.h, undex
laboratory condition. Among various parameters, longevity, rats of
parasitisation and emergence, duration of life cycle and percentage
of female in 2‘1 progeny of various types were taken into considers=
tion., No food was supplied to the adult parasites. The data have bemn
presented in Table 4.5,

4.5.1 Temale longevity

It showed that the longevity varied significantly among nine
types of Trighogramma. It was maximam in the parasites collected on
lady's finger followed by citrus, maize, peddy etc, It vas minimum
in moong followed by jute and groundnut and the last two types did
not differ significantly between them,

4.5.2 Rata of pazasitidation of host egda
It also varied significantly among nine types of parasite,
The maximum fecundity was noticed in citrus type followed by lady's

finger, red gram and paddy. The minimwm was recorded in moong :oll-
owed by jute.
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Table 4.5 : Longevity, rate of parasitisation and emerxgence,

duration of life cycle and percentage of female m
¥, progeny of various types of "i:.@*).m*l at 30
afd 60 % r.h. (mean of ten replications ’

“Temale  No.of host Duration of X female Rate of
Types longevity eggs para- life cycle in ¥ eme ce

(hour) sitised (days) proge&y (3'"
Paddy 45.2 40.3 6.0 75.36 1892
Groundnut 41,.8 37.9 6.0 71 .48 80.24
Moong 39.5 32.6 6.0 69.80 72436
Potato 43.6 38.1 6.0 72.48 82,67
Maire 46,8 41,5 6.0 79.36 85,62
Red gram 43,3 40.4 6.0 76.28 78.23
Jute 41,3 33.7 6.0 70.11 71.14
Lady's
finger 48,2 43.8 6.0 79.58 83.31
Citrus 47.7 45.9 6.0 80.36 86.88
'?* test sig. 8ig. N.8ig. 8ig. N,8ig,.
C.D.at 5% 1,02 2,37 - 1.89 -
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4.5.3 Purasion

There was no significent variation in the duration of life
cyels among nine types of T.ghilonis. It was found to be completed
within six days in all the cases at 30°C with 60 %X r.h,

4.5.4 Sex-xatio (X female)

S8ignificant variation was noticed among nine types of Iri-
ghouramma in respect to sex-ratio. The proportion of female was
maximum {n citrus type. But it 4id not differ significantly from
those observed in lady's finger and maize types. The minimum number
of females was recordsd im moong followed by jute and these two did
not vary significantly between themselves.

4.5.5 Rate of emergence

The maximum rate of emergence was noticed in citrus type
followed by maisze, lady's finger etc. However, the differences obser-
ved smong nine types were statistigally at par. However, the minimum
rate of emergence was observed in jute type. |

Most of the renowned workers in the field of Irighodramma
science have advocated the existence of various types/races within
a Ixighouaramma species. They may be inseperable morphologically
(Marchal, 1927; Flanders, 1930; Peterson, 1930). The identificatiom
of Irichodramma species based om morphological characters alone may
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lead to serious inacuracy. Quednau (1956) and Flanders and Que-
dnau (1960) explored the possibility of identification of differ-
ent species of Irichogramps biologically, i.e. on the basis of
fecundity, ovipositional habit and rate of development, He was

able to separate out different species of Irichoaxpmma based on
this system. It may be mentioned in this context that the fegundisty
of T.australicum (8yn: T.chilonis), Z.fasciatus and I.piputum was
43, €7 and 76, respectively (Breniere, 1868). The rate of parasi-
tisation is often used as an index of fecundity of Irichogramma
species, Significant variation in respect to fecundity was obsere
ved among nine types of Trighogramsa. Quednau (1930) further repor-
ted that the developmental periocd of Z.ainutum., I.fasglatup and
T.australicum were 148, 150 and 1350 hours, respectively at 30°C
and 80 % r.he and this may be utilised in the identification of
different species of Irichogragmg biologically. This character
could not be gonsidersd important in the separation of various types
of Trichoaramma as they 4id not vary significantly among nine types
during the present investigation. However, nx;ratto varied signi.
ficantly among various types. Again, rate of emergence of adult pae-
rasites from the parasitised eggs 414 not Aiffer significantly am-
ong nine types.



52

Messenger (1964) focused the importance of life table
studies to Aifferentiate various races of Irighogramma. Subse-
quently, orphanides and Gonsales (1971) undertock a detailed in-
vestigation on fertility and life table studies with Z.pretiosus
and T.zetorridup. They reported that wnder certain conditions, the
intrinstic rate of natural increase appears to oﬂ;r some potential
a8 a biological method for differentiating species and/or races of
Irichearamma that are biologically distinct. However, variations
obtained within the component variables of 'r' may be greater than
the actual differences between species especially for closely rela-
ted species,

Mondal (1980) took up some investigation on the biological
parameter of four biotypes of Irichoqrmamng. He reported that four
biotypes differed significantly in their rate of parasitisation of
host eggs. However, the duration of clz’;f;ﬁ ac’:»yelo and & m-nuq of
the four biotypes were auunuany/{m More or less similarx
observations were recorded during the present investigation, The
present author could not elaborate the discussion due to the absence
of published literatures. AemdiviuEBtreetiany:

4.6 W
sypes of I.

Experiments were designed to study the searching capaeity
of nine types of T.ghilenis, under caged condition, om four plant
spegies vis., paddy, maize , jute and red gram, with an exposure
period of eight hours to the tagged gorgyxra ¢gys. The data obtained |
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from the experiments have been presented in Table 4.7. It is

evident that on paddy plant, the maximum parasitisation of host eggs
was obtained with the relesss of paddy (11,23 X) or maise types
(11.88) which differed significantly im their rate of parasitisa-
tion from other types, In other wards, it may be said that paddy/
maize type were the best searcher on paddy plant, Similarly, on |
maize plant, type collected from maize plant provided the best
parasitisation of the host eggs. l'ﬁe second best mmlg wvas odbta~
ined with the paddy type. The difference in their rate of parasitisal
ion was statistically significant. The pattern was more or less simi.
lar in jute and red-gram where best paresitisation was obtained with
the relsase of jute and red-gram types, réspectively. Their perfor-
mance was much superior and statistically significant wvhen compared 7
with other types.

The searching capacity of a parasite has been accepted as
the single important attribute & of an effective parasites {DeBach,
1964). The searching capacity of the parasites involves primarily
the host habitat f£inding i.e. orientation of the pnrnitié species
towards the host plants of the phytophagus pests. It is revealed
from the present investigation that the rate of parasitisatiom will
be significantly higher when a given type of Irichouramma would be
released on the c¢rop plant from which it was recowered, For example,
ft may be mentioned that the padldy type would always provide higher
rate of parasitisation on paddy plant. Similarly jute type on jute
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plant and red-gram type on red gram plant.would give the best

result, It may be explained in the light of their adaptations

on such host plants from which they were collected, By virtus

of their long association on a preferred host, for example, paddy
type in the case of paddy plant, they could locate the host eggs much
earliier in comparison to other types. They could only realise their
full potentiality of searching capasgity only on such plant with which
they are associated for iang. But these types of 1n.fomltions are
relatively scarce on parasites. Mandal (1980) first reported that
the paddy biotype (ccllected from paddy ecosystem) was superior among
four biotypes in respect to their searching capacity of host eggs lo-
cated on paddy plant. Therefore, the f£indings recordsd during the
prcnx;t; investigation were in parity with that of Mandal(1980),

Investigationion the effect of relative humidity vix., 30,60
and 90 X under a constant temperature (30°C) on the female longevity,
rate of parasitisation, duration, rate of adult emergence and sex
nﬁoAWn‘ the lakoratory. The data obtained have been

presentad in Tabkle 4.8,
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4.7.1 Jemale longevity

It was observed that highly significant difference in the
longevity between the females of two straims (Kalyani and Delhi)
was observed., The longevity of female of Delhi strain was maximum
under 30% r.,h. followed 90/and 60 % . It was exactly reverse in
the case of Kalyani strain where maximum longevity was recorded
under 90 % followed by 30 and 60 % r.h,

4.7.2 Rate of parxasitisstion

It also varied significantly betwesn two strains as well as
omong three 1'9\'0'13 of relative humidity. The naximum parssitisation
of eggs by:m:in was re¢orded under 90 ¥ r.h. followed by 60 and
30 %¥. On the other hand, it was opposite in the case of Delhi strain
vhere the dascending order was 30,60 and 90 ¥ ., The difference obser-
ved between two levels of relative humidity always varied significe-

ntly between themselves.

4.7.3 Puration of life gvele

The duratioa of life cycle of the two strains of Trichograsms
also varied significantly among three level relative humidity. The
maximum duration was noticed at 90X followed by 30 and 60 % r.h,
in the case of Kalysni strain while it was 30, €0 and 90% in the
descending oxrder in the case of Delhi strain,
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4.7.4 Rate of amergencge of adult parasites

The emergence rate of the two strains of parasites alse
varied significantly among three levels of relative humidity. The
descending sequence was 90,60, 30 X r.,h. in the Kalysni strain
and the corresponding r.h. for Delhi strain was 30,60 and 90X r.h,

4.7.5 Sex ratio

The sex ratio of the two strains of the parasite again va-
ried significantly among three levels of relative gmauy. The
maximum number of female was found under 90 tonw:d by 60 and 30%
r.he in Kalyani strain, Similar trend of female production was also
noticed in the Delhi strain being maximum under 90 followed by 60
and 30 ¥ ©.3, \

The intension of the sbove investigation was to ascertain
the established contention that the parasite gets adapted or aceli~
matised under the ecological conditions vhere they occur. The plase
of investigation (Kalyani) is a costal area of West Bengal vhere
high humidity prevails throughout the year. It is possible that the
egg parasite, Irichogramma spp. which are under our condition may
have an inclination towards higher range of humidity. On the other
hand, the Delhi strain of Trichogramma comes from an arid sone
being situated far awvay from sea nearing to the s desert areas of
India. The Delhi strain, obviously may not prefer high humidity



‘89

conditions. Alternatively , it would perform in a much better way &h
than the Kalyani strain under low humidity range. It is evident from
the present investigation that Xalyani strain showed a clear incli-
nation and exhibited better performance under high humidity eondition
Similarly, the delhi strain of Irichogramma was much superior to
Kalyani strain undor:\fmidity condition. Somchoudhury (1978) while
working on the ecology of T.perkinsi and T.ghilonis (Delhi strainm)
observed that Delhi strain of T.chilopis had a clear preference

for lower humidity and T.perkingi for higher humidity. There arxe
several other examples of adaptive strains in which the biological
or ecological es differsnces between them are known . One of the
earliest examples of climatically adapted strains concerns T.ping-
fup which has been found to contain strains which either develop

at different rates, have varying dongevities or take on different
size, shapes or colour at different temperature and humidity levels
(Flanders, 1931; Lund, 1934). Aphelinus mall . the famous parasite
of the woolly apple aphid, Eriosoma lanigerum exists in several
strains derived from different regions.and presumably differently
adapted to climate (DeBach and Hagen, 1“4). The tachinid parasite,
Metagonistylum minense Townsend exists in two ¢limatic strains vis,,
‘wat ‘raee' and ‘dry race' , Other examples of climatically adapted
strains or ecotypes include Korean and Japanese races of Tiphia
popillisvora Rohwer, which differ importantly in reproductive capa-
sity and adult emergence time (Clausen, 1936).
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Female longevity, rate of parasitisatioa of host egg, dura-
tion of life cycle, rate of emergence from the parasitised eggs and
percentage of females in the total progeny of T.chilonis were inves~
tigated monthwise representing seasonal variation in climatic com-.
ditica for the two years from Jan., 1981 to Dec., 1982 in the field
in sepecially designed cages developed by Somchoudhury (1978). The
results have been presented in Table 4.6.

4.8.1 lLongevity of femals

The longevity of female varied significantly during differ-
ent months of the two years under observation, Maximum longevity
was Observed during the month of December followed by January and
February in both years. It was minimum during the months of Maye
June., Longevity of the parasites increased with the desrease in
temperature and therefore the maximum longevity was observed during
the month of December and January vhen the mean temperature was
around 18-19°C,

4.8.2 Rate of parasitisation
The rate of parasitisation reached its peak during the

months of March and November while the lowest ra¥gq vas recorded
during the June-~July. The lowest isxmkrate was observed in months
vhen temperature attained highest level around 33°C. The fall eof
temperature in the subsequent months help the parasits for its
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better realisation of fecundity. Significant difference was obser-
ved in the rate of parasitisation recorded during different months

of a year,

4.8,3 Duratien of Jife-cvgle

Wide variation in the duration of life-cycle during different
period of the year with similar wide variation in tgmperature was
noticed. Shortest duration was recorded during May-June (7.15 days)
when maximum temperature was noticed. With lowering of temperature
from the month of November onwards, the duration also prolonged,

4.8.4 Rats of emgrgence

The emergence rate of adult parasites varied significendly
among various months of a year. Rate of emexgence of T.chilonis
reached its peak during the months of January-March, Thereafter it
gradually declined till July, With the decrease in air temperatwre
and increase in huridity from the month of July, the emergence rate
again increased,

4.8.5 gSex-ratio

It also varied significantly among various months in a year.
It vas observed that maximum number of female in sex ratio was reecor-
ded during February-March as well as during September-Ogctober, it vas
minimem during July, It is evident that the higher percentage of female
in the total progeny of the parasite was directly related with mild
temperature with high to moderate relative humidity, The lower pro-
duction of female is associated with either higher temperature along
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with low percentage of relative humidity or moderately high temper-
ature along with high percentage of relative humidity.

A perusal of available literatures reveals that most of the
field studies on Trichogramma include inundative release of the pa~-
rasite for control of tissue borers. Detailed studies on the bio-
nomics of ITrichogrammg under field condition navéd mostly hc: ;cghc-
ted. As 2 matter of fact, fallure or success of Irighoaramma method
could not be explained logically in most of the cases.

Field studies reveal that longevity of female paraslite was
maximun during winter (Deg.-Jan.). Therefore longevity bears an
;nnrse relationaship with temperature. As regards pu:ul.thattm
of host, maximum could be found under wane temperature condisfon
prevailing during March and November, High temperature found during
June-July affectaed the reproductive potential - of the parasite nost.
adversely. It was further observed that hot condition of summer
months (May~July) initiated production of larger number of males qom-
pared to females. But condition reversed as the temperaturs deersased
during November , January and Mareh. The rate of emergence of para-
site was the highest under low temperature conditions found during
January-March and November-December, Duration of life cycle as
influenced by temperature, also revealed that warmer conditions
during May-June shortened the duration to minimum while cooler
conditions of Decmnbor«Jahmry caused maximum 1cnqtho;x1ng of life
cycle of parasite.
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It appears that the rate of multiplication of Trichogramma
will be slow during summer months due to low rate of fecundity, em
ergence and lower number of female in sex~ratio. But a period of
favourable condition would be found from July onwards due to low=
ering of temperature and increase in air humidity. The parasite
population again % at a low ebb during the maogths of Januaxy-
February due to longer life cycle in winter months, but the climatic

conditions of uarchulprtl become very favourable for rapid multipli-
cation of Trichoqramemy.

Effect of tielve pesticides namely, endogulfan, malathion,
monogrotophos, phosalons, formothion, Qulnnlphos, phosphamidon,
Fenitrothion, dimethoate, methyl demeton, dichlorvos and vamidothion
were tested in two concentrations viz. 0.03 and 0.01% a.i. on the
pupal stage of two strains of I.ghilopig under laboratory o!ondtuouQ

The effect on the mortality of pupae has been presented
in Tsble 4,9.

Highly significant difference on the mortality smong the
pupae of two strains was observed irrespective of insecticide and
their concentration,



Table 4.9 1 Effect of different insecticides on pupal stage of

two strains of T.chilonis at 25°C and 60% r.h.(mean
of three replications) —

Concen~ No.of Indl-  Corrected % mortallty
Insecticide tration viduals used
(X a.i,) /treatment Kalyani strain De
( paddytype)
Endosulfan 35£( 0,03 100 70,79 100,00
0,01 100 50,30 100,00
Malathion 50 ¢ 0403 100 100,00 100,00
0.01 100 93.82 100,00
Monocrotophos 0,03 100 60.66 100,00
BEEC 5,01 100 17.86 70,48
Phosalone 35FL 0,08 100 90,085 100,00
0.01 100 60.00 74.91
Formothion 25EL 0.03 100 100,00 100,00
0,01 100 92,48 100.00
Quinalphoe 2 5E.L0,03 100 100,00 100,00
0.01 100 82,92 100.00
Phosphamidon 850,08 100 100,00 100,00
0.01 100 98,35 60,72
ronitrothlgme 0,03 100 100,00 100,00
2055 .01 100 100,00 100,00
Dimethoate B0E.L0,03 100 100,00 100,00
0.01 100 18,62 30.16
Methyl Demeton 0.03 100 100,00 100,00
25.E-L 4 01 100 100.00 100,00
Dichlorvos F6EL 0,03 100 86,84 100,00
0.01 100 42,158 60,58
Vamidothion 40F(0.03 100 100,00 100400
0001 100 88.3‘ 190-‘00
Strain Ingecticide
‘'?* test 819. 8190
c.D. at 5 % 7.38 5.98
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Flg. BEFFECT OF DIFFERENT INSECTICIDES ON PUPAL STAGE OF TWO STRAINS OF T.chilonis AT 25

R.H. (MEANS OF THREE REPLICATIONS )
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In general, mortality of pupal form of Delhi strain was '
more than that of Kalyani strain. However, no difference in the
mortality was observed only when malathion (0.03%), formothion
(0.03%), Quinalphos (0.03%), phosphamidon (0.03), fenitrothion
(0,03% and 0.,01%), Dimethoate (0.03%X), methyl demeton (0,03 &

0.01%) and Vemidothion (0.03%) and in such cases wortality was total.
The difference inresponse -iffhc two strains to twelve pesticides
varied significantly among themselves.

The maximum pupal toxicity (100%) was recorded in the case

. of Kalyani strain under methyl demeton and fentrothion. Both the com-
centrations of the pesticde (0.03 and 0,01%)provided total mortality.
Various other pesticides like malsathion (0.03%), formothiog (0.03%),
Quinalphos (0.03%), phosphamidon (0.03%), dimethoste (0.03%) and |
venidothion (0.03) only at higher conosntration s@wo provided total
mortality of Kalyani strain of T.ghilonjis. On the other hand, the
pupel stage of Delhi strain was affected more adversely under pqatl.—
cidal application, Pesticides like endosulfan (0.03 8 & 0.01%),
malathion (0.03 & 0,01%) monocrotophos (0.,03%), phosalone (0.03%),
formothion (0,02 & 0,01%), Quinalphos (0,03 & 0.01%) phosphomidon
(0,03), fenitrothion (0.03 & 0.01), dimethoate (0.03X), methyl demee
ton (0.03 & 0.01%), dichlozvos (0.03%) and Vamidothion (0.03 & 0.01%)
gave total mortality of the parasite. It appears that endosulfan
(0.01), monoerotophos (0.01), dimethcate (0.,01) and dichlorvos (0.01)
were relatively safe for Kalyani strain of Irichogrammp while dimee
thoate alone (0.01%) was safe to the Delhi strain of Irichoqarapma.
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However, insectidides like phosrhamidon (0.01) and dichlorvos (0.0%1)
may also be considered as selective insecticide as they provided
60% mortality of the pupal stage of the parasite,

The descending orders of the toxieity of the twelve poltté'
cides aléng with the mortality data in parsntheses was as follews:
1) Kalyani strain : fenitrothion 0.03 (100.00) = femitrothion 0.0}
{(100.,00)= methyl demeton 0,03 (100,00) = methyl demeton 0,01(100,00)
Vamidothion 0,03 (100.00)= dimethoate 0.03(100.00)= phosphamidon 0,03
(10040)= Quinalphos 0.03 (100.,0) = formothion 0.03(160.0)' malathion
0.03 (100,0), phosphamidon 0.01(98,35), malathion 0.01(98.82), fore
mothion 0,01 (92.48), phosplone 0.03 (90.05), Vamidothion 0.01(88¢34)
dichlorvos 0.03(86.84), Quinalphos 0,01(82,92), endosulfan 0.03(70.‘
79)., monoerotophos 0.,03(60,66), phosslone 0.,01(60.00), endosulfan
0.01 (50.30), dichlorvos 0.01 (42.15), dimethoate 0.01(18.62), mono-
erotorhos 0.01 (17.86); 1i) Delhi strain: endosulfan 0,03(100,00)
=endosulfan 0,01 (100.0)= malathion 0,03(100,0)= malathion 0.01
(100,0) = monoerotophos 0,03% (100,0) = phosalone 0,03(100.0)=
formothion 0,03 (100,00) = formothion 0,01 (100.0)= Quinalphos 0,03
(100.0)=Quinalphos 0.,01(100,0)= phosphamidon 0,03(100.0)= fenitro-
thion 0.03 (100.0)= fenitrothion 0,01(100,0)= deimetheate 0.03(100.0
=methyl demetom 0.03 (100,0)= methyl demeton 0,01 (100,0)= dichlor-
vos 0.03 (100.0) = vamidothion 0.03(100,0): = vamidothion 0.01(;00.0)
phosalone 0,01 (74.91), monocrotophos 0.01 (70,48), phosphamidon
0,01 (60,72), dichlorvos 0.,01(60.58), dimethoate 0.01(30.16).
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It is evident from the available literatures that little
attention has been paid to study the quantitative aspect of the
effect of conmon insecticides usually recommended against the pests.
The need for more study of the specific responses of predators and
parasites to insecticides has been emphasised in reviews By (Croft,
1972; Georghious, 1972; Newsom, 1974). Applied pest control liter-
ature , for example, contains implications that natural enemies ch-
aracteristically are susceptible to broad-spectrum insecticideses
#hile it is only the pests which develop resistance., On the other
hand, Newsom (1967, 1974) and Ferguson (1969) pointed cut that the
existing experimental evidence does not justify the assumption of
any physiological differences betwesen the responsaes of pests and of
natural enemies to insesticides. According to Croft and Brown (1978),
the order of descending toxicity of the common insecticides to para-
site are as follows : 1) endrin, dieldrin, lindane, DDT ii) paxa=-
thion, malathion, carbaryl, toxaphens and iii) carbophenothion, endo-
sulfan, thiometon, Again, some workers have reported thaé parasitism
was adversely affected by DDT, BHC, Chlordane, parathion, toxaphene
(Minds and Spencer, 1928; Ingram Mathes, Wilson and Hayslip, 1981;
Dugas and Coneienne, 1956‘) o Kot (1970) remarked carbaryl €0 be more

e

toxic than methyl dmtonﬁ T.evanescens.

It was observed during the pressnt tnvo'lttqatien that feni-
trothion, ik methyl demeton formothion, phosphamidon, malathion, vami-
dothion and quinalphos %highly toxi¢c to the pupal stage of both
the strains of Irichogramma. The Kalyani strain showed a wide degree
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of y.elcmcc against some pesticides like endosulfan, monoceroto-
phos. But Delhi strain was highly susceptible to most of the pes-
ticides. However, some pesticides at lewer concentratiom (0,01 %~
a.l.) are relatively safe for the strain. These are phosphamidon
(60.72 %), dichlorvos (60.58) and m dimethoate (30.16). For Kalyani
strain, the coruapondinﬁ pesticides are endosulfan 0.01(50.30),
monogrotophos 0.03 and 0.01 (60,66 and 17.86), phosalone 0,01 (60.00)
dimethoate 0.01 (18.62). Somchoudhury (1978) while working on the
effeat of pesticides on two species of Trichogramma reported that
the order of susceptibility of different stages of the parasites

was 1 adult > pupa > larva. He further reported that pesticides &
likxe malathion, parathion, carbaryl are highly toxic to the parssi-
tes. While endosulfan and diasinon were relatively safe. Mandal (198
reported that the descending order of pupal toxicity of three poit-l-
cides as : carbaryl, BHC, monocrotophos. However, due to the availa-
bility of only limited informations in this regard, the present asu-
thor could hot eladorate the discussion into further depth,

In most of the holomethlolous natural enemies, the p:!-pupai
and pupal stages are relatively un% to all types of toxicant
(Bartlett, 1964)., But en opposite view has been expressed by Thurse
ton and Pox (1972). According to them, internal parasites become
more susceptible to poisoning as they approach pupation. Bartlett
(1964) has generalised that it is in the adult stages that predators
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abd parasites are the most susceptible to insecticide while eggs
are the least affected. The adult staqo has proved to ba the most
susceptible (Lingappa, Starks, ttkcabnxy. 19727 Lingren, Wolfen-
barger, Nosky and Dias, 1972), often being the only stage %o live
an exposed life. The present author, therefore, found it fit to
undertake some field trials to understand the adverse effedt of
pesticides under field conditions. The findings have been reported
in the subsequent paragraphs.

The types of pesticides are broadly characterised by d4iff.
erent degrees of selectivity. Both the physical and physiological
patterns of selectivity associated with each type. However, the
manner of use of the pesticide will determine the ultimate !avou-‘
rability of any individual toxicant in integrated control practice.
Critical studies on biocefficacy of various pesticides against peit
species yig-a~vis natural enemies under field condition would reveal

the true piature.

For the purpose of investigations, four crops vis., paddy,
lady's finger, brinjal and jute were selected where lepidopteran
tissue borers are most important. The data collected from various

experiments have been presented below ;
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4.10.1 Paddy

The results of the experiment have been presented in Table

4.10, It is revealsd that among the five pesticides tested on aga-
Seivpophaga ingertulesChalk)

inst ysllow stem hdii?faf'é%hdz,11.=ggztg rate px of parasitisation
of tagged gorevia eggs by T.ghilonis, dimethoate treated plats
showed the maximum rate of parasitisation (29.85) followed by Car-
bofuran (28,69); phosphamidon (26.16) and phorate(22.4%). The co-
rresponding figure for control plot was 33.21 %. The lowest rate of
parasitisation was observed in ethion treated plot. The patauttt:aﬁto:
rate was found to vary significantly tmcn§ various treatments. The
difference observed between the two best treatments was nos statis-

tically significant.

The data collected on the efficacy of pesticides on }t.n
borer showed that all the pesticidal application provided signifi.
cant reduction of the population of stem borer over the control as
is evidenced from the dond:&:Zf;hitaﬁﬁE::i symptomsg, It is also
revealed that carbofuran provided the most effective control of the
borer but it was statistically at per in its performances with phos-
phamidon and phorate. When the overall performance of the various
insecticidal treatments in reducing the infestation of the borer is
taken into consideration, the order of efficacy was : Carbofuran =

phorate = phosphamidon > dimethoate = ethion.
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4.10.2 Ladv's finger

The results obtained during the course of investigation
have been presented in Table 4.11. It shows that among the five
| pesticides considered during the present investigation ethion
treated plots showed the minimum rate of parasitisation (0.001)
while it was maxisum in carbofuran trested plots (19,34 %) foll.
owed by dimethcate (17.33%) phosphamidon (14.10 X) and dichloroves
(11,.89%) . The rate of parasitisation varied significantly among the
treated plots and the difference in rate of parasitisation between
carbofuran and contrel plot though significant was not worth men-
tioning.

9,
It 1s alsoc evident from Table 4,11 that all the pesticidal
applications bxought about a significant redugtion ot the shoot and
Eorins 'uiitella (F)
fruic bong)(pcpahtten. The best result was ebtainod with the appli-
cation of dimethoate , But similar reduction of the yut population
; od
was obtained with the aprplicatiorns of carbofuran, dimethoate JPhose
phamidon. The order of efficacy was 3 carbofuran = dtntkoau =

phesphu&dcu) dichlorvos = ethion,

4.10.3 Brinial N

The data have been presented in Table 4.12. It may be ssen
that among the five pesticides, carbofuran treated plots showed
maximum rate of parasitisation(15.27 %) followed by dimethoate
(13.77), aldicard (12.36)?:&0noctotophu (8.%52). The host eggs tagy-
ed on quinalphos treated plot showed no sign of parasitisation. The
rate of parasitisation varied significantly among various tresatment.
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The rate of parutthitton obtained in control and carbofuran trea~-

ted plot though statistically different may be comparable, It is

slsoc evident from Table 4.12 that carbofuran provided the most eff«
eusi v iS Guen.

ective control of the shoot and fruit bores, of brinjal when t?. rate

of infestation on plants, shoots and fruits were taken into consider-

ation, The néond best yield was recorded in the $ldicarb treated

plots followed by dimethoate treated plot.

4.10.4 Jyte

The results obtained from the experiment have been presented
in Table 4.13. It is evident that among six pesticides, only endosul-
fan treated plots showed very negligible rate of parasitisation of
tagged host eggs (1.86 %) while in other inseeticidal treated plots
the rate of parasitisation was nild. In untreated plots it was 9.17 %X.

It 13 also evident from the above mentioned Table that all
the treatments provided significant reduction of the population of r-Za
Angwﬁs S_'&b‘i‘f‘!ﬁﬂﬂ. o
mnooperﬂwcr the control. Endosulfan matpd plot provided the
best result fcllowed methyl parathion, carbaryl, malathion and qui~
nalphos. Fhenthoats provided the least control of the Jgu semilooper

though it provided far superior result in cumpareison to control plot.

The field experiments conducted to assess the adverse effect
of pesticides on T.ghilonis revealed some interssting informations,



Table 4.13 & Effect of insecticidal applications on the
;;to of pnraat%?sattan of tagged coxeyr? egg
.chilonis (jute type) yig-a-vig on jute
opper, A.gabulifara

Mean % reduction in

Ingacticide Concent~ % parasi- population after S
rations tisation days g
#
Endosulfan 0.04 1.86 93.82
B5F.C
Methyl parathion 0,08 - 73.58
50E.C
Carbaryl 0.1 - 69,43
50 w-P
Quinalphos 0.08% - : 61,17
L5 E.C
Malathion 0.08 - 68,18
50F.¢ -
Fhenthoate 0.03 - 50.7‘
bSoE.c .

Control Water spray 9.17 s.21
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Chemical control mcthodsjgzw oriented to achieve the preservation

of natural enemy while simultaneocus destruction of a satisfactory
portion of the pest speshes could algo be found. Natural enemies
vary greatly in their susceptibility to pasticides and manipula-
tions of treatments to take advantage of these tolerances to Des~
ticides offers favourable opportunities for integrated control pro-
grammes, Physiological selectivity is obtained when a pesticide is
preferentially nmore poisonous to pest species than to natural ane-
mies. In a general sense, this is not as frequent in occurrencd as
might be expected since many natural enemies are very susceptible

to small amounts of toxicants. Howaver, it is said that systemic
insecticides, when applied to seed or through soil(or in other
fashion)so as to avoid contact effect, are highly selective (DeBach,
1964) . Similar observations have been rucorded during the present
investigation, The systemic insecticides such as phorate, carbofuran
aldicarb etc when applied in soil provided the le;;t mortality of
the parasite as evidenced from the higher rate of pnr;nitluatioa of
host eggs. Similarly phosphamidon, dimethoate etc. which are applied
on leaf for systemaic action also selegtive in nature as their appli.
cations 41id not discourage the activity of the parasite to a great
extent. The rate of parasitisation under such situation was compara-
ble to those obtained under untreated plots. On the other hand, most
of the common insecticides were highly injuriocus to T.ghilonis as is
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revealed from the rate of prarasitisation found under such comdi-
tion. Such insecticides which were tested here are methyl parathion
carbaryl, quinalphos, malathion, phenthoate, ethion ete. Among con=
ventional insecticides only endosulfan showed some dogru?nlcetto
vity. Monoerotophos though systemiec in action is injurious to'*the |
parasite to a certain extent. Considering itihigh level of ogheacr
against several pest species, it may also be recommended in the
integrated control programme of pest species along with endosulfan

and granular pesticides.

It has been cloarly demonstrated during the variocus field
trials that cerxtain insecticides are least toxic to Z.ghilopis
but highly toxic to pest species. Therefore, crop wise following

recommendation may be made ;

i) Paddy s Fhorate, carbofuran, dimethoate my be conatd.m
as sslective insecticide to save Irigchogramma sp. sﬁ simltmm
destruction of the yellow stem borer.

1) Lady's finger s Carbofuran, dimethoate, phosphamidon may
<<
be considered as selective insecticide to save the parasite mf’u—-

*

multaneocus control of fruit and shoot borer.

iii) Brinjal 1 Carbofuran, dimethoate and aldicarb may be con-
sidered as selective insecticide to save the parasite cdfsmnw
nesous Adestruction of fruit and shoot boerer.
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iv) Jute t Endosulfan alone can be considered as selective
insecticide to save Ixighogrammp as well as to obtain a high degree
of control of pest species. According to DeBach (1964) ., mnimé
1ly a parasitic species show:exceptional tolerance to a wide toxi-
city spectrum pesticide, but, as with pest species, these parti-
cular responses do not follow any determinable pattern and meh fow
isolated cases as have been found are of little practical use where,
as is usually the case, many host ~parasite associations must de
eonlmcmd in the treatment of a ¢rop. Unless the parasites shoving
this exceptional tolerance to an othervwise wide~toxieity spectrum
pesticide are particularly effective against major pests on the erop,
the gains from their individual .preservation ordinarily will not out
~waight the overall loss from the destruction of other natural ene-

mies.
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v anae

i) Studies were undertaken to reveal the ecology of local
W sp. based on occﬁrrona; distribution and searching
“capacity under various crop cco.yntﬁ_:.\k comparative study between
the local and Dolhi.&% Tﬂahogrm;band on the biological §
differences was undertaken to identify them bioclogically. The poe
ssibility of presence of various biotypes within a Irichogrammg sp.
was considered based on biological and morphometrical observation;
Attenmpts were also made to screen out the selective insecticides
congidering the responses of the parasite yig-a-vig some important
insects pests. |

11) It was observed that l:lufro_qumcy of occurrence of the
Parasite was maximum under certain crop ecosystem; vis., paddyocr-
‘oundnut and maise ete, The minimum occurrence of the parasite was
noticed on crop plants like moong and jute. The total absense 'f tho

parasite was noticed on various other plants like bengal gram, m-_

it S SO

tana sp, mango and litehi.

e i et

¢ e AN B oA B

111) It appears from the investigation that no parasitisation
of host egg was observed when they were distributed above 8 metre |
hciqh’on any of the crop ecosystem. Similarly no parasitisation of
tagged COrcyra eggs was recorded vhen they were placed near the gre
ound level. The best rate of parasitisation was provided when the |
host eggs were placed between 1~1§ metre height provided the area
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was a lighted portion of tgh‘ plant. The second best rate of parasi~

tisation was odbtained mﬁa-s metre height, A negligible parasi-
plome—d

tisation was obtained when the Corgyxra e9gs were between 4-7 metre

~ height.

iv) A Qdetailed study on the structure of male genitalia of
nine types of Ixichograpma revealed that they belong to the IM
species i.e. I.ghilonis by virtus of the pressence of very promie.
nent lateral lobes on genitalia. Similarly, Delhi strain of Zrie
chograpma also possess similar structures oa‘qonttana revealing

its identity as I.chilonis.

v) In order to ascertain wheather morphological similari-
ties were due to the fact that they beslong to the same species,
reciprocal crosses wers undertaken using both male and female of
the each of thc nine type of local Irichogramma and Delhi type.

The progeny production varied between €33.28 - 798.81 and the per-
centage of female and male were between 66.38 to 81,68 and 18.32

to 33.62 , respedtively. Therefore, it indicates that successful
breeding has taken place and they are authantically the same species.

vi) To study the type of reproduction, the females alone were
nakkept in isolation before mating, In the case of local types, ss.iz
~84,14 individuals were obtained and the all of them were males,
Similarly in the Delhi type 104,88 individuals emerged and all nrr:



males theredy confirming arrhenotokous type of reproduction in

all the cases.

vii) The type of Irichogramma sp. collected on citrus was
maximum in sise (0,498 x 0,190 mm) followed by lady's finger (0.492
x 0,188 om), potato (0.482 x 0.188), maine (0.478 x 0.172), paddy
(0,471 x 0.176 mn) etc. The sise was ma minimum vhen the sample of
Trichoarasma obtained from moong (0.457 x 0.152 mm) and red gram
(0.453 x 0.161 ) . Similarly, other characters like length of ane
tennal hair, width of forewing, length of aedeagus varied signifi.
cantly among nine types of Irichoaxamma. The sequence of decrement
or increment of measurement of various body parts followed morxe or’
less same sequence as were observed in cases of body length and bre-
adth, However, the characters, like width oi)\ iiaf;um and forewing,
length of tibia and apodemes did not mp-tqniﬁcmt difference
among themselves in nine types of Ixighogramma sp.

vii) It 1s revealed from the studies undertaken on bio-
logy of nine tyfu of Irichogramma sp. that the lonmity' vpriod .
) hs!.g::ificahtijacng nine types of Ixighoasampa being ,n:d.m‘ tn
kiﬁy‘n finger (48,2 hours) followed by eitrus (47.7 hx)l 'miu
" (46.8 hr), paddy (545.2 hr). It was minimum in moong (39.5 hr).
The rate of parasitisation also varied significantly ameng nihe
types of Irichogramma, the fecundity being maximum in Gitrus (43.9

eggs) and minimum in wmoong (32.6 eggs) and jute (33.7), xuspendteNly



Thers was no aiqniﬂcant » variation in the duration of life cycle
among various types. It is completed in six days in all cases at
30°C with 60 % r.h. Similarly the rate of emergence 4id not differ
significantly among various types of Irichoarammp which » varied
between 71.14 - 86,88 X, But the sex ratio showed wide variation
among various types of Irichogramma being statistically significant.
The maximum percentage of female was noticed in citrus (80,36 X) and
the minimum Ak in moong (€9.80%) and jute (70.11 ).

ix) &wehtnq capaeity of ntne types of mgggm woro
:lavntigatgd 1n f.our types of crop vis.. paddy. miu. juu md qfn*

Ec mxim parasitisation of host eggs (used as an index for naz-
chinq capacity) was obtained with the releass of Paddy (11 23 I) or
maiao types (11 ;;) which differed significantly in their rate ol
paruit.iution tm other types. Therefore, it may be said that M
/maise type were the best searcher on paddy plant. Similarly, on
mﬁiu. type collected from maise plant provided the best parasiti-
sation (17.22 %) followed by paddy type (11.88%). Obviocusly., on
jute and red-gram, best parasitisation was obtained with the nlcui

of jute and red-gram types, respectively (9.13 % and 13.83 X).

'x) Conparattv. biology of the two strains of W
vis., Delhi snd Kalyani were studied at 30°C under three levels ot
rolttiv. humidity 1.e. 30,60 & 90 %, T!}e fenale longivity o£ thcd

tﬁé strains varied significantly between themselves. The 1«:9"“17}



_of female of Delhi strain was maximum under 30X r.h. followed ol

90 and 60 %. It wvas mcuy rovoru in tho cau of Rnlyant -mza
mn mim lengcvity was recorded under 90 %!oi‘lw;d ;io ;: |
60 % r.h.
The rate of parasitisation alsc varied significantly bet-
ween two strains as well as among three levels of relative humidity.
"X'hq Mnx‘im_u parq\si}»iuti.go of oqgl'hr Kalyani strain vas ncord:l
@or 90 %X r.h. followed by 60 and 30 %, On the other hand, tf vas
,om.t” m the case of Delhi :trntn vhere the descending ordc: wu
30. 60 and 90 ¥ +. The Aiffarance obnmd between two leyels ot
tslativc humidity alwvays varied significantly between thcmulvu.;
‘The duration of life cyale of the two strains of W
also vartoa ltqniﬂcmuy among three level of relative hmidity.
“The mxinm duration was roticed at 90 x followed by 30 and 60 S rJ\.

i 2

in the case of Kalyani strain vhuo it was 30, 60 and 90 x 1: thc

douccnding order in the case of Delhi stt,nin‘.‘(.

[T

The emergence ¢ rate of the two strains of parasitez adso
vadied significantly among three levels of relative humidity. The
descending seguence was 90, 60, 30 X r.Jh, in the Kalyani strain mﬂ
the corresponding r.h. for Delhi strain was 310,60 and 90 X r.h.

The sex ratio of tho two strains of the parasite again
varied i}iiéiemtly among three levels of zelativc hmidity. The
“maximum number of female was found uhder 90 followed by 60 and 30“



r.he in Kalyani strain, Similar trend of female production was
also noticed in the Delhi strain being maximum under 950 followed
by 60 and 30 % r.h.

xi) Blology of Kalyani strain of Z.¢hilonis was investi-
gated under field condition. The zmlo longevity, _nu 6! parasi-
tisation, duration of life cycle, rate of mrgonu»me sex ratio
of the parasite varied significantly among twelve months of cbser-
vations irn each of the two years. Maximum longevity was recorded-
during December and January(16.82 - 18,14 days) and the minimum
during May and June (3,14-3,74 days). Longevity increased with thé
decrease in temperature . The rate of parnitisatien of host eggs
was the lowest during June-July (28.13—36.18 eggs) and it was mi-
murm duxing March (88,21-92.75 eggs). The shortest duration of the
parasite was observed during May-June (7,15 days) aqd with lowere-
ing of tuapcutuxi from the month of November onwards, the duration
prolonged. The rate of emergence reached its peak during the months
of Jenuary to Maxch (87.08-95,00 X). The minimum was recorded during
May (38,45-42.62 X). The sex ratio ( % 0.), was maximum during
February-March (62.35-66,91) as well as during September=October
(66.30-71.67). It was minimum during July (67.54-64.18X), Higher
percentage of female prodnction‘ was directly nliﬁad with mild
temperature with high to moderate relative humidity., The lower
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production of female is associated with either higher temperature
along with low percentage of r.h. or modsrately high temperature
along with high percentage of r.h.

xii) Relative toxicity of twelve pesticides namely, endo-

P

)ggm. mlathien, mnocrotophon. rhoulmc. formothion, qatnalphet.

phonphufiéga’. fenitrothion, dimethoate, methyl .. demeton, diahlgvm;
;63 and vmtdotpton vers tested in two concentrations vis. 0,03 &
.oi % on the pupal itnqen of two strains of T‘chilenu wmder la- '

boratory condition. In general, Delhi strain of Trichogramma was

, it ihatininadt
most affected,

Pesticlides 1ike endosulfan (0.03 & 0,01 %), malathion (0.0)
and 0.01 %) monocrotophos (0.03 %), phosalona (0,03 %), formothion
(0,03 &-0,01%), Quinalphos (0.03 & 0.01X) phosphomidon (0,03), feni-
trothion (0,03 & 0.01), dimethoate (0.03%), methyl Jdemeton(0.03 &
0.01%X), dichlorvos (0.,03%) and Vamidothion (0,03 and 0.01 %) gave
total mortality of the parasite. It appears 1 that endosulfan (o.elh
monocro’cophos(o 01), dimethoats (:‘:"01; and dichlorvos (0.01};; h
ml&tivoly ntc for Kalyani strain of Trichogramma uhu.c dimthau
alone (0.01!‘) was safe to the Delhi strain of mm Hmvn‘o

LEaw——

.tnucticidu likc phosphamidon (0¢01) ané dichlorvo: (0.01) may nluo

B

be considemd as nlecti.ve insecticida as they provided 60 % merttn

lity of the pupal stage of the parasite.
%

xiii) Effect of putics.du oen T.ghilonis vis-a-vig impoxe
tant pest species revealed that on puddy mp dimethoats treated

R

plants shwod the maximum rate of pannuution (29.0! %) of uma




hcst egg followed by carbofuran (28.69 X), phosphamidon (26,16)

and ﬁhorltck(zﬁ.il). simtlarly the best control of the yellow stem
horar“af paddy was obtained with carbofuran (2,28) ﬁhOIphamidoa |
(3;62 x) and phorato (2.77 %). .The order of efficacy was earbo£§M%”

B

= Fhoxato phclphamidag// dinothoatn = ethjon,

St e

In 1:dy’l fing.r. the maximum para:ttiantiun of tnqqta hent

eggs, vns faund in ca:boiurua treated plots (1934 %) :ollow-d by
dimcthontt (17 ,33 %), phosphamidon (14,10%) and didhlorovos (11.095).
‘ii; best control of fruit and shoot borer of lady's ftngur vas ob-
tained with the application of dimethoate (5.40 %). The order of
efficacy was = carbofuran = dimethoate = phouphamido:;7 dichlorvos

= gthion.

on brtnjnl, the maximum rate of partaitiaatian (15.271) /
‘was ehmcrvnd in carbofuran treated plots tollow.d h! dimethoate
(13.77 %), aldicarb (12 36 x) and nanaetotopho: (8,52 S). Similarly,
cnrhofn:an provided the best control (28.74 %X) of the shoot and
fruit borer of brinjal, The second best result was obtained nith t&o

application of dimethoate (34.73).

On jute where mostly conventional pesticides were usod,iﬂ th-

et ——o

form of spray £luid, enly cndonulfan trcatad plots tlloqtd haqltgt-

v-—«..».m TR e

ble rate of para-itisation (1 86 %) whiln in other treated plotz it
“was nil. Similarly, endosulfan p:ovide& the best control of jute
semilooper (93.82). The semilooper efficacy of other pesticides
ageingt jute in deaccn&tng order was 1 methyl parsthion (73,58),
Carbaryl (69.43),malathion (68,18),0uninalprhis(61.17).



CHAPTER - VI



C ON CL V 8 I OWMN

L
It i3 evident from the results summerised in the fore-
going para that T.ghilonis do“exist in different forms which are
to be considered as blotypes. Various types collected from nine
different host plants.showed,vide degree of variation in their
biology. Furthermore, they are truely adnpud tg certain host
plant condition as is revealed from their searching capacity exhi-
bited on’the respective host plants from which they were collected.
Again, Irichogramma collected from the two nrfg(utant Places with
wide climatological variations appears to be two distinet strains |
and may be termed as climatologically adapted strain. Among the two
strains one obtained from arid part of the country and the othar
from the €ostal area showed clear piefgrence for a humidity range.
The costal strain would thrive better under high humid condition N
while the arid strain is better adapted under low to moderate humid
condition, The studies on field biology clearly demonstrated that the
optimum gonditions for multiplication of Ixichogramma are found during
Feb-April and September to November. Therefore, to obtain a good cone
trol of paddy stem borer, periodic max colonisation of W
would be required from the months of July to September en ':nag_‘ ‘
paddy. However, the prospect in achieving a good control of the pn#
on ‘Aus' crop is very much limited, Again, period colonisation éf |
T.ghilonis (paddy) on 'boro' crop would prov!.;c a highly effective
control of the paddy stem borer. '
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It is further evident from the present work that a good
eoftrol of fruit and shoot borer of lady's finger may also be obw
tained with the release of I.ghilopis as the period of pest oecu- |
rrence is highly favourable e to I.ghildnis. But the success would
obviously depend on the release of the particular type collected

on lady's finger alone.

The inclusion of Trichogramma in integrated pest control
programme woudld face with some limitation: Most of the conventiens)
pesticides when applied as direct spray on crop plant hindered the
activity of Irichogramma to a great extent, However, the answer
would bc/?;u of granular pesticides. Alternatively, systemic putieﬁ-
cides like dimethoate or monocrotophos which sprayed on the leaf
surfaces, may be incorporated in the integrated control schedule, |

It may benow be postulated that the entire 'Trichogramma’
method should be oriented to unilateral direction for identifica-
tion of biotypes and their subsequent periodic colonisation to make

the failure story into a success one.
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