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INTRODUCTIOM



INTRODVCTIOH

After being in the midst of pesticide syndrome for nearly
four decades* the world is no* voicing to the hasards they pose to
environment and health* The futility of a uni-directional* self-

vperpetuating system to pest control is now becoming obvious* The 
lessons of &nete valley of Peru (Smith* 1969) during 1943-1949 and 
grape industry* in California in 1941 (Huffaker* 1949) *has shown us 

how quickly an agricultural Industry can recover^from the pesticide 
syndrome* The success of alternative pest control 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 smploy natural ansmles of lnsact pests to control them 
are gaining a naw respectability under the integrated pest management 
programmes*

Biological control already has prevsd Itself to be e valuable 
weapon against insect pests* De Bach (1941) indicated that on a world 
wide basis* there had been 214 cases in which pests had bean cenplof 
taly or partially control lad by this method. Twentyfour of these wore 
in Hawaii* where a combination of extensive research* importation* 
and a continuously favourable climate has produced some outstanding 
successes* The sugarcane Industry in Hawaii has sines* 1904»made a 
concerted effort at biological control* with the result that till no 
chemical control of sugarcane pests is necessary on the** islands 
(Pemberton, 1948).
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Biological control attempts have not always been successful* 

Summaries of national programs In the continental United States, Cana­
da# Australia# New Zealand# and the Philippines (Miller, Clark# and 
Dubleton# 1936; Clausen# 1956; Wilson# 1960; Baltasar# 1964) revealed 
that only about 1/4 th of the natural enemies Introduced became estab­
lished rlelme (1963) suggested that most past failures resulted from 
a lack of essential ecological Information# The current trend is toward 
more detailed ecological studies prior to the Introduction of natural 
enemies#

*

Biological control operations usually aim at sustained# self 
-perpetuating control of a pest by Introducing one or more exotic 
natural enemies# However# before importing natural enemies# it should 
be determined how existing natural control agents can be more effec­
tively utilised# Native agents are already adapted to toe 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-

cclous use of insecticides# A more thorough 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 certain level because of a complex inter­
action of environmental factors# Temporary results# at best# can be 
expected by artificially changing that ratio# Mass releases to replace 
natural enemies temporarily reduced by sene unnatural phenomenon or to 
improve their synchronisation with toe host# are sometimes useful#
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Sines the result* of this Method ere temporary however* its merits 
must he compared with other temporary methods# for example# chemical 
control. Use of biological control agents for temporary control is 
regulated chiefly by the cost of obtaining the large numbers requ­
ired (Clausen# 1918).

Zn China# nearly 12 species of Trlchooramma have been iden­
tified which selectively destroy eggs of European corn worm# rice 
leaf roller# pink boll worm# sugarcane borer etc. (Nanda# 1985). 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 adaptabi­
lity to given pest control situation. The evidence that such adaptive 
differences oceur presents important possibilities for turning many 
failures of the past into successes# for improving upon partially 
successful programs# and# of course# for the conduction of new pro­
grammes • The importance of strains and races of entcmojhagous inse­
cts has been recognised for many years (Clausen# 1936# Smith# 1941# 
DeBach# 19S3* 19S8# Wilson# 1965). Unfortunately very little work 
has been undertaken in this direction# the potentiality remains 
largely unexplored*

Zt is evident from tee available literatures that the occu­
rrence of adaptive differences exhibited by various strains Involves

»

aspects of host selection# host immunity or climatic tolerance (Huff- 
aker# 1969). Several examples of host specific strains may be mentio­
ned in this context. The two different strains of Aapldiotlchaoua
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cltrlnus (M attack two different typos of scale insect; two 

strains of MfStBfoygfli iMfe9g.t,M (Tlniberleke), ono attacking ffliiltti 

2laUtt« the other* SfififflU ftilBirttti •»* strains of SfiBBUCir 
till telllifiiltl attacking respectively, California rad scala and 
yellow scala* The immune rasponsa of host insacts to parasitoids may 

ha axplainad in tha light of axistanea of various strains within a 
species* Some strains of parasitec species ara abla to attack a given 
host spacias without inducing an Immune response, whereas others* 

which are non-host-adapted strains* do invoke such responses la this 

host* Thera ara several examples of adaptive strains in which the

biological or ecological differences between than are known* One of
log*

the earliest examples of cllmattteally adapted strains concernsA
TrlChocrramma mlnutum Riley* which has bean found to contain strains 

which either develop at different rates* have varying longlvlties* 

or take on different sixes* shapes or colour at different tempera- 

ture and humidity levels (Flanders* 1931; Lund* 1934)* The field 

value of such adaptive variations has not been demonstrated* perhaps 

because the practical value of Triahocranraa* Itself* as a useful na­

tural enemy in periodic colonisation programs remains to be solved 
CHuffaker* 1949).

Different species of Trlehommna are we** -known agents of 
biological control and their importance In controlling various lepi- 
dopteran pests have long been recognised by many workers (Pemberton* 

1948; Telenga* 1956; Metaealfe and Breniere* 1969)« Among various 

species* T.chllonis is the most commons** and has beam used asm*
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extensively in India in the control of sugerdene borers (Rao, 1969) • 
Tha raaults were# for tha moat part# inconclusive. In raeant years# 
successful control of various lapidoptaran pasts ofhar than sugarcane 
borers has baan achieved through tha pariodie alcoIonisation of 
Trlehocramma spp. (Pataanu# 1972# Dimitrov# 1975# Tsekhanovskaya#
1975# Lipa, 1976# Nikolov# 1983# Bremyant 6 Starovoitova# 1983)*
Thera fora, a renewed interest on tha potentiality of Trlchocrrasem 
spp. is on tha offing among biological control specialists through­
out tha world. It has baan proved beyond doubt that most of tha 
Triohoaramroa projects have failed due to tha incomplete knowledge 
on biology and ecology of parasite as wall as tha species and strains 
of Trlchoaraama used in these projects (Metcalfe and Breniere# 1969).

The present author has# therefore# taken up these studies 
to reveal tha existence of various strains/reces/biotypes in Trlcho- 
ssasm ShUaall * if «ny# as well as to identify the differences asso­
ciated in between the same species of Trlchoqranroa occurring in two 
different geographical regions l.a. west Bengal and Delhi.in euft 
eouatey. The existence of various forms within the same species of 
Trichooramma may be strains or biotypes. Biotypes occupy different
ecological niches within the same habitat and therefore selection of

*

a suitable biotype of a parasite would play a key role in the biolo­
gical control of a given species. A perusal of world literatures# on 
biological control of pests emphasises the need to study on different 
forms found within e parasitic species.
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REVIEW 09P LITERATURE

The family Trichogrammatidae (Hymenopteras Chalcidoldea) 
contains strictly primary egg parasites of various insect species* 
The most important genus of this family is Trlehoetramrea which incite* 
des members known for their diverse host range# the great majority 
of which are lepidoptera (Clausen# 1940)*

Most of the natural enemies periodically colonised in large 
number to control pests primarily by the action of the individuals 
released have been egg parasites* Among various egg parasites# 
Trlchocrramma spp. have been used most extensively in the control of 
tissue borers throughout the world* The process is known as "Trlcho- 
oramma method "• However# periodic colonisation of the parasite has 
become a subject of considerable controversy and the process has been 
discarded in the U.S.A., though it is still continued in India and 
the Far Bast (Metcalfe and Brenlere# 1949). Evaluation of effective­
ness of Trichocramma method as a means of borer control demands an 
understanding of the taxonomy# biology and ecology of various species 
of TrtStoftqfflWfrt*
2.1 Taxonomy

Initially the identification of the members of the genus 
Trlchooramma was solely based on morphological characters like numb­
er and form of wing cilia and length of the fringes (Olrault# 1912} 
Kryger# 1919), A thorough study on the taxonomy of different species
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o« t&stosmmm (Merchal, 1927? Moutla and Courtotia# 1952) reveal­
ed the presence of intermediate types and morphologically insepara- 

bla ractaa mora or lass adapted to particular hosts and environment* 

which created confusion in the correct identification of *iH #*>«»*»»«■»» 
species* Subsequently# the works of Quednau (195$) and Flanders and 

Quednau (19S0) has helped to solve the confusion to a great extent* 

They adapted biological technique euch as rearing of field collected 

parasites on several hosts under defined rearing conditions to ass* 

ess fecundity# oviposltlonal habits and rate of development^ The 

problem in the identification of Trlchoaraama get more complex 

with the ever Increasing number of species from different parts of 

the world* However# the identification of the parasite wes resolved 

to a considarabla extant after the wotk of Nagarkattl and Nagareja 
(1971). Thair descriptions of Trichoqramma spp* were based on male 

genitalia* The blotaxonomlc studies undertaken by them in the suto- 
sequent yeer (1973) showed that the male genitalia may be considered 

as an Important crltarla*

2*2 llftlggg

It has baan reported that the development time of various

*PP« on Spam cerhalonlca staint. at 23*C would ba 
around 8 days (Brenlara# 198$) • The various aspects of ths Ufa 

cycle of tSlStoaaSMm *»**• been investlgeted by various authors
(Marchal# 1936; Flanders. 1937; Mentis mad Courtola# 1952)# Fecun~ 

dity varies between 20 and 120 eggs per female according to the



6

apaeiaa# the host# and the longlvlty of the adult# availability 
of boat agga# temperature# humidity# and the activity of tha 
female. Onder idantieal conditions with Corcvra agg aa boat# tha
faeundity of l.UUttSiUfiSffi' »»* X*liffa3aai «•** *****
and 76 # raapaetlvaly (Iraniera# 1965). *ha oviposition habit alao 
varies with apaelaa. Tor axampla# T.faaciatum laya moat of lta agga 
in tha iat 24 houra whila T.minutua^ doaa it within 2*2 daya and 
X'fl&l&ftUSSB war 10-12 daya (Quadnau, I960).

2*2.1 .ffilftg itetoUfi flfitogUffl

Rata of davalopmant of Trlchoaramma beara • positive rala- 
tionahip with tamparatura but tha axaet response variaa with apaeiaa 
(Quadnau# 1957). Tha darkanlng of tha body colour la intanalflad at 
low rearing tamparatura a and la characteristic of different apaeiaa. 
Tha body colour of lndivlduala reared at variable tamparaturaa can 
not be uaed a a a dlagnoatle character (Quadnau* 1957), Ha (1960) 
established a colour spectrum baaed on tha intanalty of darkening 
whan reared at tamparatura of IS# 20# 25# 10 and 3S*C.

***** Trichocramma are vary auaceptible to desicatlen# and
optimum humidity ie between 80 to 100% varying alightly for differ**

*<

ant apaeiaa U«und# 1934) • The immature atagee are affected only to 
tha extant that tha hoata are# but boat agga laid on living leaven 
are unaffected by humidity provided tha plant ia transpiring nor­
mally (Feteraon# 1930)#
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Sex ratio Is sffoetod by sovorsl factors such as tempera­
ture# relative humidity# parental age# host etc. (Messenger and 
Fores, 1963t Da BaCh# 1964)• Bax ratio, although variabla, is us­
ually in tha ordsr of two females to one stales, females always 
predominate (Quednasu 1916) • Somchoudhury (1978) reported that tha 
percentage of female in tha sax ratio of T.ehllonls (Delhi strain) 
was 66.45 at 30* *C and 60% r.h. when no food was supplied to tha 
adults* Mo work had bean undertaken to isolate the bio types of

biologically*

Trlchooramma adults Show a wall marked positive phototaxis, 
and under natural conditions are found on tha most lighted portion
of a plant* Flanders (1929) viewed light intensity as a dominating

*

factor in the activity of Trichoorarema. Costas (1951) noticed that 
parasitism was higher in light than shade# and attributed it to 
greater activity on the part of the adults rather than to better 
visibility. On the other hand# T.evaneacens can distinguish the 
host and oviposit in complete darkness (Balt# 1937)* Brenlere(1965) 
found that diffuse light caused a slight Increase in oviposition,
Quednau (1957) stated that light has no effect mi rate of dsvelop-

•#ment, mortality or fecundity* Stern and Bowen (1963) while inves­
tigating the bionomics of T. semlfunetum observed no ewobvious diff­
erence in emergence time between those reared in darkness and those 
reared with a distant light* Kllnk (1964) recorded shorter length of 
life of T.cacaeciae under constant light and higher fecundity rate 
with a 12 X* (Light) i 12D (darkness) cycle than thwith either con­
stant darkness or constant light. Bounbehler and Xllington (1973)
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Investigated the effect of 3 light vaginas on T.aamifumatum which 

showed that length of life appeared to increase with the length 
of light period* Emergence of the adult was synchronised with light 
cycle*

^•3 .mlti.it..ai.
fflilflilt. Mflfift. «

Howard and Flake (1911) were first to release large num­
bers of T*mlnutum against brown-tail noth. They also suggested the 
possible control of greenhouse pests by releasing Trlchoararena. The 

mass release programme of the parasite took a great momentum after 

the work of Flanders (1930) who reported Bltotrocfa gfretliUl hi 
an excellent host of the parasite and idle noth could be mass cul­

tured rather easily* Since then the method has bean 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 then w^re studies 'wars 

made more critically*

3*3.1 ffMfllffiiai torn*

Some reductions of borerff population by periodic colonisation 
of Trlehocraama spp* was reported by various authors (Smyth# 19J9| 
Tucker# 1939; Babayan, Fuentes and Alvares# 197?)• On the other hand#

, j'

negative results from periodic colonisation were reported by workers 
like Myers (1932), Box (1951) and Branlara (1960 6 1965)* In India* 
Gupta (1951) raviawad the trials conducted hare and remarked that
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the results obtained in Bihar is encouraging. He# however# advoca­

ted that further large scale trials should be carried out particu­

larly with exotic strains and species of Tsitimxmm* Slthanantham# 
Muthusamy and Dural (1973) reported the significant reduction in 

the population of Chile inducus (Kapur) by release of T.auetralleam.

After reviewing the world literatures on Trlchoaranma 
method# Metcalfe and Breniere (l9ft9) remarked that critical examina­

tion of the data presented by siany authors showed 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 on the natural host parasite < balance# have dhows 

that liberations are of no value in the 3.8 .A*# Barbados# Guyana and 

Madagascar. They concluded^ in saying# that at present the strong­

holds of the method is Peru# India and Far Bast# where the method 

should be re-examined mainly with the introduction of exotic species 

or the potential strains of Srtfiffrggtiani*

2.3.1 Deoidopteran pests other thaniagiKff»at.ton
Zt is evident from the published literatures that this method 

is highly successful against many pest species. Zt has bean reported 
that SX&ft PgBaitUft (**•> «od C.funabrana were successfully controlled 

by release of Trlchocremma species in Bulgaria end Poland (KeredAov, 

1975# Llpa# 1975). 3m of this method in the control of Hallothla 

epecies and qossvpiella saund on cotton was reported an

highly satisfactory (Caatllla Chacon#1973# Sharafutdlnov and Sali- 

Xhov# 1975# Chiu# 1904# Glas and Hassah# 1985# )• similarly# slgnlfleaf



control of MiffstlftCl tolllSRI iU) and MCS&1 fjgitell, (Schlff) 

toy SsIghfiggifflMI "»* Obtained In U.S.S.R. and Bulgaria (Asaaul, 
1974i Karadshov, 1974| Chekmenev# 1975; Goussev# Fedorlntchik, 

Chtehepetllnlkova# 1975) • The use of this group of parasite la 
Increasing each year In the U.S.S.R. The effectiveness of these 

parasites was* however* limited In certain parts of the g«S»S*R 
where dry conditions prevailed in spring and early simmer (Prok- 
rof‘Eva# 1975) • The control of Ostrlnla nubllalls (Hubner) by In*

undative release of Triteocramma was obtained by Monolache and
\

Tien (1973) in Rumania# and by Voegele# Stengel*# Schubert* Daumal 

and Pisaol (1975) In France and by Buter and Bobler (1975) in Swlt- 
serland.

A critical analysis of the literatures of the Inundative 
release of Trlchoaranma against different insect pests reveals that 
various reasons have been brought forwarded for the failure of this 
method. The release of parasites from superparasltlsed eggs (Rove* 
leva# 1954; Zyatoml# 1958)# reduction in ecological adaptibllity 

caused by continuous breeding in laboratory conditions (Kovaleva# 
1954; stela# 1950)# poor marching and flight capacity (Tucker# 
1932)# lack of host spedlflelty (Tucker# 1932; Salt* 1935)# early 
larval mortality in high proportions hindering settlement of tee 
parasite (Myers# 1929# 1932; Box# 1933)# irrational relearn of para­
site without proper evaluation of the ecological conditions of the 
released sites (Kovaleva# 1954; Gupta# 1951)# imperfect selection 

of strains or species (Kovaleva# 1954; Delate# 1954)# relearn of
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large dosage of paraaltca resulting la superparasitism* (Koralava, 
19S4i lyatomi* 19S8; Sandner# 1958) and leek of adequate host popu­
lation at the time of liberation (Harayanan and Chacko* 1917) 4 Met­
calfe and Breniere (1989), reviewing the world literatures ea trl». 
chocranna method for dontrol of sugarcane moth borers remarkad that 
a very close relationship exists Between Trlchooramna and its host, 
largely as a result of the short life cycle and rapid dispersal of 
Tri^wnnai* Trichogramna is undoubtedly an important limiting fac­
tor on the maximal sisa of boxer population a* Appraisal of the bio­
logy and ecology of Trlchoaramma suggests that the chances of useful] 
integrating liberations of Trlchoaramma are limited to short critics] 
periods in spring in continental subtropical regions.

2*4 Hgrt ffl+gttffl
Host selection process possess through four phases 1 Dhost 

habitat finding# ii) host finding# ill) heat acceptance and lv) host 
suitability (salt# 193S, 1937). *yiehyffrtffffl first attracted to per* 
ticular habitats, the primary attractant usually being certain plant 
up^ which the host feeds (Salt# 1935* being# 1918; Menteith, 1918),
A particular plant species may exert a strong attraction for a perJ 
sitie species even thou^ suitable hosts are net present on it. Con­
versely# the parasite may Ignore suitable hosts growing on plants tJ 

which it is not attracted (ttUyett# 1947;# ManJunatH, fhalafc and
<i«7o) ob»r*rt that paz.altla.tlon of H.Uothl* eg« * 

mawrUH •PP.differ.d with tha hoat planta. Marti., i,.,—,
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Qreane and ftldgway (1974) recorded higher rate of parasitism of 

aggs of Hcllothla m (Soddls) on tomatoes and soybeans thou that 
of tobaeeo.

It has been reported that adult Trlohoaranma toads to 

congregate on tha exposed leaves of sugareana plant whoso pyralld 

ogga aro found* Tharo la llttlo or no attraction axartad over a 

dlstance by tha host# the parasites being drawn to the host envir­

onment rather than to the host itself (being# 1938# Stein# 1941)* 

Jones# bowls # Berosa# Bierl and Sparks (1973) demonstrated that 

four chemicals extracted from the scale of Heliothis sea (Boddie) 

wore observed to be source of a mediator that stimulated the host 

seeking response of the parasite in the laboratory# green house 

and field. Under natural conditions# the chances of the host being 

found# depend not only on the sise of Trichoaramma population# but 

on the light and temperature which affect the general activity of 

the parasite (Metcalfe and Breniere# 1949)#

Searching capacity of a parasite has# bean accepted as the 

single important attribute of en effective parasite (DeBach# 1944)* 

The searching behaviour of the paresltc is a compromise between 
random and non-random searching (Salt# 1934# Vlleyatt# 1943# 1947)* 

being (1938)reported that females of T.evanescens travelling in 

fairly straight lines before they found hosts# mads many short 

radial turns immediately after leaving the hosts. Frans (1940) 

reported the role of host on the searching capability of parasite*



IS

Salt (1934, 193$) stated that ths criteria for accepting 

a host include host odour* slse* location and shape* The host para* 

site relationship may still not succeed if the potential host indi­

vidual is immune or otherwise unsuitable. This matter of hest sui­

tability is* then* the fourth and final stepd in the process by 

which the host list of a parasitic species becomes restricted (Dou- 

tt* 19(34)•

laiBfflfeaaii,9t am re-i&nflai
of natural enemies t -

Smith (1941) pointed out that there are races of insects 

which are not etrvislbly distinguishable from each other* They differ 

in habitat* in physiological or psychological characters rather than 

in structure or colour* With increasing experience in biological 

control it Is evident that many so called species ere often compo­

sed of races, strains or sibling species which are morphologically 

indistinguishable but are very distinct biologically* Thus* any 

given parasitic species may have forms which are adapted to diff­

erent host species or to different habitats* such forms may or may 

not interbreed one with the other* end usually this exact taxonomic 

status will be difficult to determine* The important thing is to 

recognise that such forms exist and that from the viewpoint of pro* 

etical biological control these forms may be Just as important as 

distinct species (DeBach, 1970)*



Aphelinus mall (Hal daman)# the famous parasite of tha 
woolly appla aphid, Krlosoma lanlaerum (Hausmann) exlets la saw* 
aral strains derived from dlffarant regions# and presumably diff­
erently adapted to climate (Lung §£ * 1960# cited la DeBech
and Hagan, 1964). The tachinid parasite Blasait
Townsend, which attack ^te the sugarcane borer In Brasil# Is repor­

ted to exist In two climatic strains (Tucker# 1919) • Other exam­
ples of climatically adapted strains or ecotypes of natural anemias 
include the Korean and Japanese races of Tluhla popllllavora Rbhwer# 
which differ importantly In reproductive capacity and adult emer­
gence time (Clausen# 1916).

frflsirfi.iflftfit, ft6.,P9gUffiaii..9& Tri^ggriraBi iaa.
injurious effects of pesticides on parasites have been des­

cribed by various authors (Ullyett# 1947; Brown# 1951; Upper# 1956; 
Bartlett# 1964)# Assessment of potential effects of pesticides on be­
neficial arthropods has been recognised as one of the prerequisites 
to the establishment of effective Integrated pest control programmes 
(Stem, Smith, Van den Bosch and Hagen, 1959; Van deb Bosch and 
Stem, 1962). <

The importance of critical studies on the specific respon­
ses of parasites to pesticides has been emphasised in reviews by 
various authors (Croft, 1972; Qeorghlous# 1972; Hewsom# 1974)# App­
lied pest control literatures# for example# contain implications 
that natural anamles characteristically auaoaptibla to broad spec­
trum pesticides while it is only tha pasta whl^i develop resistances*
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Newsom (1967, 1974) and Ferguson (1949) pointed out that tha axis* 
ting experimental evidence doaa not Justify tha assumptlon of any 
physiological diffaranoas between tha rasponsas of pasts and of 
natural enemies to insecticides#

It Is revealed frcm tha aval labia lltaraturas that tha ordar 
of descending toxicity of some common insaeticida to parasites axa
1) endrin# dieldrin# a1drin, lindane, DDT; 11) parathlon# melathion,

0carbary1# t^xaphene# phosphamidon# and 111) carbophenothion, trich- 
lorbon# endosulfan# thiometon (Croft and Broun# 197S)• Tha daleterl* 
ous affect of Insecticides to Trichocraiwaa under cans field condl- 
tions Is contradictory. Soma workers reported that parasitism ad* 
varsaly affected by DDT# BHC, chlordana# toxaphana, parathion (Hinds 
and Spencer# 1928; Dugas and Conclanna# 1956). while Slmmonds (1951) 
recorded thatnthe level of parasitism was not affected by dusting
with DDT# This differential response indicates that judicious sales-

)nMc.Vicicl<L^ tkn- W
tl« - «ota #•#.
ge to Trlchocramma. Granular fofsnalations of endrin# gusathloa and 
savin did not ham (Hensley, McCormick# Long and Con*
cianna, 1941i Long# Hensley# Conelenne and McCormick# 1941)» While 
studying the susceptibility of adult Trlchooraaawa evanescans to 
insecticides# Hot (1970) observed the three insecticides to follow 
the following order of toxicity as fenthion carbaryl raathyl 
demeton. Kot and Flewka (1970) reported that starved adults of 
T.evanescens were almost ten times more susceptible to metasystox 
than those fed on sugar syrup#



» Paul, Mohanaaundaram and Subramanian (1978) while working
with 0*1% endrin, 0*S% parathlon* 0*1% malathlon, 0*1* andoaulfaa 
and 0«1& BHC obsarved that andoaalfan and 8HC wara laast toxlo to 

tha adult# of »»« « '***7 »**> <ound that
only parathlon adversaly affaetad emerganca of adulta from paras1* 
tlaad hoat agga* Koatadinov (1979) raportad that mathyl parathlon 
(wofatox), ta trachlorvinphoa, ^Mnaftana* dimethoate and phoaalona 

(Zolona) wara hl$ily toxle to thalytokous raea of T. tmbrvephaauau 
toxicity daoraaaing in that ordar, Kim (1978) idtila atudying tha 

affect of soma lnaectlcidaa on £• awanaaeana found that whan para* 
thlon, dlmathoata, mevinphoa# andoaulfan wara appliad to different 

stage a of tha paraalta almoat no affaet obaervad on tha larval ataga 
while it waa a lightly toxie to tha pupal ataga bat tha adult paraei- 
tea ahowad high sansltlvity to tha inaacticidal application. Son* 
ehoudhury (1978) while working on the affdct of eight lnaectlcldee 
on T.auatralleum raportad that thiodan la relatively non-toxle to 
tha pupal ataga of tha paraalta* Paul, Daaa, Ahmed and Prasad (1979) 
studied tha affaet of six lnaectlcidaa on tha rata of parasitism of

eggs of Cgtsyn <Stnt,) by £«BnaUitB8ift» ™*7 obaarvad
'1

that no parasitism was obtained with hoat eggs treated with malathion 

and parathlon methyl while rata of parasitism and emergence of para* 
site wara high when tha hoat eggs wara treated with phoaalona and 
monocrotophos• Tran (1985) reported that granular insaeticidas had 

laaa affaet on © UXS^SmMft*

Tha affaet of inaeetieidaa on tha bionomics of paraaitia#
la eonsldarad Important as length of life eyele* type of repxod»etien<
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nx ratio Influence tha daveloppaant of rasistanea In paraaltaa 
(Croft and Broun* 1975}* Though no raport on tha affaet of insae* 
tieidai cm tha blonemlca of tha dlffarant biotypaa of T«anatrallm» 
la avallabia, Krukiarok, Plawka and Xat (1978) whlla working on two 
aeotypas of Trlchograwma apaolaa raaordad no significant dlffaranea 1 
In suseaptlblllty to Inaaatlcldaa batwaan tha two acotypaa*
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MATERIALS AMD METHODS

Studies were undertaken on Tglehocramma chllonls to 

veal various aspect a of ecology as well as ***

-aspects' ■ o£jBoalagy=efcf>ie3toEe its response to various insecticides* 

for the purpose of investigation various methods were employed*

3*1 ilftUElA&l*

3*1.1 gifUltHf

Investigations were undertaken on indigenous egg parasite 

T.chlIonia collected from various crop ecosystem at Kalyani# Madia# 

west Bengal. The Delhi strain of T. chi Ionia was also included in 

the studies. The nucleus culture of the parasite was obtained th­

rough the courtesy of Indian Agricultural Research Instltuta# Mew 

Delhi.

3.1.3 ma%.a*.fta.piniist
Eggs of the rice meal moth# Corcvra Stainton

waa used as host for rearing tha agg parasites.

3.1.3 glipi

idlest flour was ussd as food for the multiplication of 

Corcvta fffpjulflBlgj. Various potted plants such as paddy, malsa# 

potato# ladies finger# jute, axher were utilised to assess the 

searching capacity of tho parasites. To study ths prevelonco of 

Trlchocrsmma sp# thirteen crop plants vis.# paddy# groundnut# melse 

red-gram# citrus, moong# potato# ladies finger# Jute# Lantana*manco 

bengal-graaa end lltchi were considered.
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3.1.4 iMtflUflflll

The following insecticides which are generally used for the 
control of various crop pests wore included in tha schedule of laves* 
tigatlen t

Cowmb Name |ToH>r^^a.4nc)-| (f) Source

1. Endosulfan 3 ffc ■ c M/8 Hoechst Pharmaceuticals 
Ltd.. Bombay,

2. Malathlon 5"o E-C • M/8 Cyanamld (India) Ltd#* 
Bombay.

3. Monocrotophos M/S CXBJUGIXGY Xndla Ltd., 
Bombay.

4. Fhosphamidon Sp B'C* *do*
S. Dichlorvos r/6 *do*
6. Quinalphos 25 E.C M/s Sandos India Ltd.,India.
7. Formothion -do*
8* Dlmethoate BO M/8 Shaw Wallace India Ltd., 

Calcutta.
9. Bthion po £'£- —do*

10. Carhofuran 3& M/8 Rallis India Ltd.,Bcafeay.
11. Phosalone M/s Volta* India Ltd.,Bombay.
12. Phorate fQ & M/8 Cyanamld India Ltd., 

Bombay.
13. Vamidothlon tjCB.c M/s Voltas India Ltd.,Bombay.
14. Fenltro thlon $0E£ M/8 Halils India Ltd.,Bombay*
IS. Methyl demeton —do—
Id. Aldlcarb i 6 GL M/8 Union Carbide India Ltd., 

ftiopal.
17. Phenthoate $0£‘& M/8 Motllal Pesticides Ltd*, 

Bangalore.



3*2 Methods

at

3*2*a gf Tr^ofiriBwa »p*

Egg cards containing approximately 30 freshly laid Corcvra 
aggs wars 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 
chapter each representing a particular ecosystem mere ehoosen for the 
experimentation• Egg cards were tagged periodically at an interval of 
7 days during the entire growth stages of each of the thirteen crop* 
Thus# the eggs were exposed to indigenous Trlehogramma for perasi- 
tisatlon* There were six ouch egg cards/sg.meter* After an exposure 
of 24 hours in the fields# cards were brought back in the laboratory 
to note the parasitlsatloa • The parasitlaction of Idle host eggs was 
confirmed with the blackening of the eggs within 3-4 days* The rata 
of parasitlsatloa was recorded under cash crop ecosystem* The para­
sitised egg cards were then kept separately 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 (Kagarkatti and Nega­
ra Ja, 1971)*

3*2*2 Mafj.gguawn.af,,lfiitllllafeggiteiy,.halt
at Ijjgfcgamai

The nueeleus culture of the rice moth# C.cephalonlca# a labo­
ratory host of Trlchdorsmaa is being maintained in the Parasitology



section, Dept. of Agril .Entomology# Faculty of Agriculture# Bldhan 
Chandra Kriahi a Viswavidyalaya# Kaiyani, Nadia# Host Bengal. Glass 
jam (25 cm x 18 cm) war* usad for tha maaa rearing of tha heat.
Five hundred grama of wheat flour were uaed' in each of the rearing 
jars* Wheat flour waa atariliaed at 58*C for 10 houre before use 
to eliminate other insects# if any* Freeh Corcvra egga amounting 
to l/10th of a millilitre containing about l#000*egga were placed 
in each rearing jar. The mouth of jars were covered with a plena 
of doth* Bearing jars were kept et J2*S without any regulation of 
relative humidity. After emergence of Corcvra adults, they were 
collected and subsequently releaaad for agg laying ie a double 
mouthed black coloured glaes cage (IS ax 12 cm). Sgg laying 
cagee were kept at 25*C and SO % r.h. Eggs ware collected at diff- 
erent intervals# according to the experimental requirement.

'i- 3 •3.*.f gfrUwfa

Eggs of Coreyra of not mora than 12 hours old were sprin­
kled on a card (15.5 cm x 8 cm) smeared with a uniform thin layer 
of 2% aquous solution of pure gum arable. Tha sprinkling of eggs 
on the 'egg card* was done by means of a fine sieve (30 mesh) to 
obtain an uniform single layer of Corcvra eggs on the *egg card*. 
Approximately 20#000 (1 CC ) eggs ware glued on each card. One such 
egg card was offered to the parasite in each rearing unit. The adult 
parasites ware fed on a Is1 (v/v) solution of honey and distilled 
water draim on the inner wall of tha rearing unit with one fine
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brush so ss to obtain fine streaks* Superparasitism was avoided by 

providing larger number of host eggs to the lesser number of para** 
sites* The egg cards was removed from the re Siring unit after 24 

hoars and a fresh egg card was offered ageing for parasitiration and 
the process was continued till 90 % of the parasites were dead dhich 
were mostly males* After the blackening of the parasitised eggs# each 

egg card was divided into small pieces and each piece was kept in 
separate rearing milts for the emergence of adult parasites* Corcvra 
larvae hatching out from aggs that escapad parasitism were removed 
ee they tended to be predacious on parasitised eggs*

3*»*4 T«gngp|,g gfrltmUfflll

Permanent preparations of adult Trlehegramma were made in 
Hoyar*s medium (Water-50 gm* gum# arable 30 gm* chloral hydrate-20 gn# 
glycerine-20 gm) after prior treatment of Individuals soon after their 
death* In glacial acetic acid for 12 hours for subsequent microscopic 
observation.

Permanent preparations of male and female genitalia of the 
parasites were also made after dissection and simultaneous mounting 
of specimen* in Hoyer's medium* Measurements of body parts of Tridhow 
gramma collected from different crop ecoeystems were done by means of 
an ocular attached in a binocular microscope*
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0-'3.5.5 »tg>Yiliffi5U itwflll

Reciprocal crosses i*e, the cross combinations of 1) Kalyanl 
strain of Trlchoaramms 0 x Trlchoaramma Delhi strain 0+ i 11} 
Trichoaramma Kalyanl strain 0+ x Trichoqramma Delhi strain (f as cell 

as betwean various types of Trlchoaramma collected fro* various 
crop ecosystems and Delhi strain of Trlchoaramma were released In 
separate vials* Another set was maintained wherein only females of 
each type of Trichoaramma were released without male to note their 
type of reproduction. SO % honey solution was supplied as food to 
adult parasites* Sach egg card containing 800 host eggs was placed 
in each vial containing either ten pairs of cross comhitions or ten 
0+ individuals of any of that two strains of Trichoaramma. Sach egg 
card was replaced by a fresh one at an interval of 24 hours till 
death of females* The egg cards obtained from each Vial were kept 

separately for emergence of Fj progeny* Sex and number of individuals 
were subsequently determined* The whole experiment was conducted at 
25*C and 80 % r*h* and were replicated three times*

i \ f3*£.5 BlttlaSK
Freshly emerged males and fsmales of T.chiIonia (collected 

from various crop ecosystems as well as of Delhi strain of T.ehilonls] 
were isolated and transferred in glass vials (4 dram sise) with food 
(50 % honey solution) and subsequently kept at 30 + 1*C* The biology 
of the parasites were worked out at three levels of relative humidity 
i*e* 30* 80 St 90 %• Sach pair from thirteen types along with the
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* Delhi •train of Trlchoorarama received an egg card containing 60 
Corcvra agga (i.e. • 60 egg*/ $ ) to oviposit for 24 hours after 
which the agg card was replaced by another fresh egg card. This pro*
cess was continued till the female parasite died* Observations On the

*
•H * 'longlvlty of female and male parasites were taken at an Interval

*•

4, 12 and 24 hours • To study the rate of parasltlsatlon by the 
female Individuals# the number of host eggs turned black mi the* egg ,
cards was counted. The blackened parasitised host eggs were alllewe^

!, \to emerge and observations ware taken on the 4th • 12th and 24th Hdfor 
In every 24-hour cycle from the expected date of adult emergence for 
observations on the duration of life cycle of the parasite. A^ser the 
emergence of adult parasites# total number of females In progeny of 
the parasites and number of paraslted eggs collapsed were recorded* 
Experiments were replicated 15 times for each case. f

To study the biology of the parasites under field condition* 
specially designed perforated plastic cylindrical cages as desctrlbafd 
by somchoudhury and Dutta (i960) were used. Specially designed perfor­
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 ware used. Small perforations (0.3 mm) warm made 
on the body of the cage by means of a fine needle to allow evaporation 
of moisture vapour from inside the cage. A suitable malse leaf was 
selected on thO top 15 cm of the plant. The eggs of <S9SSXXM CTBhil8Blll 
St. used as host ware exposed to low temperature (8*C) for 48 hr e*
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mm

Fiq.3. Third plastic cage enclosing too \ *^ 
blade with host eggs and food fitted along ■••• 
also covered with black alkathene sri fv r>)i 
site pal fin the well lighted third c«:. -*.

7cm of 
itn- the
ett

the l£second cage 
sting the para-

Fig.l. bottom 7 cm of leaf-blade 
f containing a pair of freshly em- 
l «rged perfisites^host eggs# and 
food enclosed within the first 

I plastic cage with its ends plu- 
; gqed. '

Fig,2. becond plactic cage enclo­
sing the next 7 on of the leaf- 
blade with host eggs and food 
fitted along with the first cage 
(covefed with black alkathene 
sheet)for attracting the parasite 
pair in the well'lighted second 
cage.
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to kill tha developing embryo in order to make them suitable for 
parasltlsation for a longer period • Three hundred C.cenhalonlca 
eggs mere pasted on the underside of the leaf blade near its basal 
portion and food for the paerasltes was provided through fine streaks 
of 50 per cent honey solution o* both the surfaces of leaf blade. The 
leaf containing host eggs and food was Inserted Inside the perforate^ 
plastic cage through the opening at the bottom end. It was adjusted to 
enclose only bottom 7 on of the leaf blade and the uncovered portion 
of leaf blade remained outside the cage through the opening at the 
top (Flg.l)• Bottom opening of the cage was plugged with a black al- 
kathene covered cotton and a pair of freshly emerged 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 parasites# ano­
ther batch of 300 C.cephalonlca eggs was pasted on the underside of the 
same leaf blade# 3 cm away from the first cage along with streaks of 
50 per cent honey solution around the Corcvra eggs as food for the 
adult parasite. Another similar cage was placed over these host eggs 
(Flg.2) after removing the cotton plug of the opening at the top end 
of first cage so 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 cages to keep the second cage firmly 
In contact with the first cage. The top opening of the second cage 
was pluyyed with black alkathene covered cotton. To attract the



2* (b)

phototropic parasites into tha wall lighted second cage, the first . 
first cage was darkened by covering it with a black aikathene sheet. 
Similarly* after a given exposure periodf third cage was placed 
along with the second cage enclosing another 7 cm portion of leaf 
blade containing 300 host eggs as well as food for the adult para­
site and then the second cage was also covered with black aikathene 
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 daily at 
3,00 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 para- 
si tisation by the parasite. The parasites were allowed to emerge

from blackened parasitised host eggs lndlde the field cages and

dally 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 Fj progeny of parasites

and number of collapsed parasitised eggs were recorded. Each

experiment was replicated 10 times.
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3*2.8. fflftgfililnfl.ClBlfilfcE
* ■»

To study the starching capacity of aach type of T.ehllonlfi

specially dasignad cages (30 cm x 25 cm) war* used. Tha cages ware

made of wire nets (30 wash) and aach cage was covered on tha sides

with polythene sheets while the top of the cage was covered with a

sheet of fine doth. Thereafter* each cage was placed over a pot 
containing various crop plants mentioned earlier in this chapter

(Materials) • Egg cards containing 50 Corcrvra eggs were then tagged on

the lighted portion of plants. Thereafter* 5 pairs of each type of

T .chi Ion Is 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. frtfrggiiayf................... al.,«8«g.ingfsUciflfti ea £*<MtanU
* ♦

Insecticides mentioned earlier in the chapter Material were 

tested in the form of spray prepared by diluting the commercially av­

ailable emulsiflabia concentrates. Each insecticide was used in two

concentrations vis.* 0.03* and 0.01 % a.i• against the pupal stage of
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T.chllopis. Tests were carried out 30*C with 80 % r.h.

Each etegg card containing around 100 Corcvra aggs was 
offered to tha parasitaa lor $n hour to oviposit In tha host aggf
altar which tha agg cards wara ramovad and kept separately in glass 
vials to lollow tha course of development of the parasites* At tha 
beglning of the 3rd larval in star# tha host agg turned black* Tha 
parasite was allowed to complete three more dtys in its life cycle 
so that it reaches the pupal stage* Thus agg cards containing only 
pupal staga of tha parasite wara dipped in insecticidal solutions 
and were ramovad immediately* They ware placed separately in glass 
vials to allow tha emergence of tha adult parasitaa from tha Insec­
ticide treated host eggs* A similar sat was maintained where agg car­
ds wara dipped in water to serve as control treatment* Tha mortality 
of the parasitaa was recorded on tha basis of parasitised host eggs 
which failed to emerge* The mortality in the control experiment 
varied between 10*33-14*88 per cent* The percent mortality for each 
observation was corrected by the use of Abbott*s formula* Each expe­
riment was replicated three times with each estraln of T.chiIonia 
and there ware 100 parasitised host eggs in each treatment*

VI v .gL.gfrm-aiiUcffiii.mifrt
fo,at,3arag,kUiiU9iLias £.g&lgaU alattasxjji1or <EMme

Vi Faddr
The experiment wea conducted in a farmer's field located 

near the campus of this Viswavidyalaya at Kalyani during boro# 1981- 
82 using * Jays * variety in a randomised block design with there©
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replications and seven treatments (including control)* Tha plot 
aisa was 5 x 4 m. with 20 x 10 cm spaaing* First spraying was 
given 15 DAT, followed by the second 30 DAT and tha third at tha 
boot leaf stage* To record tha incidence of the past two rows ware 
discarded on all tha sides as border rows* Than 20 hills ware sele­
cted randomly on diagonals* Observations ware recorded on tha inel- 
dance of stem borer as indicated by dead hearts at 35 DAT and white 
ears at 55 GAT over 20 hills selected random. The amount of spray 

fluid varied between 300*400 lit/ha* Furadan and Phorate granules 
were broadcasted into paddy water at 15 and 35 GAT*

To study the rate of parasiti ration by T*ehllonle* freshly 
laid Coreyra eggs were tagged randomly cn the lighted portion of the 
plant at the rate aix green coloured egg cards/sq»m* containing 10C 

aggs/card. Then 5 hours old parasite a were released et the rate of 
SO#009/he at around 7.A.M. Tha tagged host eggs were returned to the 
laboratory after 3524 hours exposure to parasites to note ehthe rate 
of parasltisation in treated and control plots* The observations were 
based on five spots each consisting of one sq«m* area* Tha parasites 
were released once fifteen hours after first peeticidal application 
which was done et 4 P#M*

The experiment was conducted in e farmer's field et Kalyeni 
during rabl* 1981-82 using 'Puss Sawanl* variety of bhlndi in e ran­
domised block design with three replication and seven treatments
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(including control). The plot six• has 5 x 4a* with 10 ea spacing 
between plants and 45 ca between stows* Ths first application of 
ths traatasnt was mads with ths initiation of incidence of the 
pest and thereafter another three applications of pesticides wars 
given at 10 days intervals* The observations on the infested bhindi 
fruits in different treatment were recorded at the time of harves­
ting* The quantity of water used per hectare varied between 310-400 
lit* Two applications of furadan (30) was made t 20*75 kg in the soil 
at 30 and 50 days after planting* The procedure of parasite libera­
tion was easts as followed in the case of paddy*

2,_T, EXtHidl
The field trial was carried out on a variety "Raipur* at 

Krishnanagar# Watt Bengal during April to June* 1982 In randomised 
blocks with eight treatments and two replications* The plot’s else 
was 20*25 sq.m* Quantity of spray fluid varied between 650 to 700 
lit/ha* The first spraying was made at 15 DAT followed by 30 and 45 
DAT (total three applications and no pesticides was applisd after flo­
wering) . Only one application of Temik and furadan was made 0*75 and 
1*25 kg AX/ha In the soil at 30 DAT* Obsarvatlons were recorded on 
the % infestation of plants* shoots and fruit* The procedure of 
parasite liberation and mode of observation was similar to those 
undertaken In paddy ecosystem*
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^ ^ Jute

The experiment was carried out la a aimpla randomised 
block dasign la 3 replications la a farmer’s £lald located aaar 
tha campus of Bldhaa Chandra Krishi Viswavidyalaya# Kalyani,
Wait Bengal during May to July, 1980* Tha plot also was 3m x 3a* 
Thorn warn eight treatments vis*# T^ - malathlon 50BC • 0*1% a.l*#
T2 - 50 1C • 0.05 % a.i., T^ - Sevimol 40 LV • 0.15 % a.i.; T4- 
Malathloa 50 SC + Sevimol 40 LW • 0.1% + 0.15* a.i.; T§-Ekalux 
25 SC • 0.05 % a.i.; T0 - Malathlon 50 EC ♦ Skalux 25 EC • 0.1#
♦ 0.05% a.i.; T? - Elsion 35 SC • 0.05 % a.l.; Tg - Untroatad con­
trol (water apray). Quantity of apray fluid waa 100 llt/ha. Tha 
first apray waa glvna 35 daya aftar sowing rapaatad on SO and 70 
daya aftar sowing* Mina Juta planta warn aalaetad randomly and tha 
number of samlloopar waa raeordad on tha top thraa leaves. Tha 
observations ware taken one day. 5 day and tan days aftar tha app­
lication of paatlcidaa aa wall as one day before tha application.
Tha data obtalhad ware analysed. Tha procedure of parasite liberation 
waa same aa followed in tha ease of paddy*

o-v^' atittattfiilmtihafl
To analyse the data obtained during tha course of investi­

gation, various statistical methods were used. Randomised block desi­
gn was used to find out tha components of variation due to various 
factors as in tha ease of morphological and toxicological studies 
while completely randomised design was laid out in the Case of
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biological experiments. Prior to analysis# all tha data on pareant 
were. subjected to lnvarsa ainca transformation (Fisher and Yates# 
2918).

in tha toxicological studies# pareant mortality of tha 
parasites obtained due to tha treatments of two concentrations of 
various insecticides wara corrected in respect to control mortality 
by Abbott's formula (1925). P * * i00# P « % corrected
mortality ; P* * % observed mortality i C * % control mortality.



CHAPTER - IV 
RESULTS AND DISCTJSSIOH



mama* am mscQmtm

Studies were undertaken to reveal the ecology of local 
Tetehoane—ne *p. based on occurrence# distribution and searching 
capacity under various crop ecosystems* A comparative study hat* 
ween the local and Delhi based Trichocrawma based on the biological 
differences was undertaken to identify the* biologically* the possi­
bility of presence of various bio types within a Trichocrawma sp* was 
also considered based on biological and norFhaeietrical observations* 
Attempts were also made to screen out the selective insecticides 
considering the responses of the parasite vis-a-vis some important

ft1
insects pests* The results obtained from various experiments have 
bees represented below* *

4*1 Occurrence ___
Wk9h9MMm 11»am,ts9m%nm

latiUliUHaiUaB,.»&
imdtgyigmi

To study the occurrence of local Trlchocraaraa sp* ©a various' 
crop ecosystems # 13 plant species were selected representing annual 
and parental plants with various height from low lying to tail tyfees* 
Observations were undertaken on the occurrence of Trichocrawma sp.on 
various crop ecosystems based ms frequency of occurrence judged from
the percent par a si tl sat ion of tagged Corcrra eggs* The distribution

* %of parasites# on the ether hand# based on their capacity to parasltl-e 
se* tagged eorcyra eggs at different height of the plant*

The data collected on the occurrence and etdistrlbutlen of 
Trichooramma sp* under various crop ecosystems has been presented in 
Table 4*1* Xt may be seen from Table that the frequency of occurrence
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T«bl« 4.1 i Occurrence and distribution of Trlchoararcroa sp. 
in various crop ecosystem.

Crop typa 
(basad cm 

height)
Crop plant

Pariod
of

observa-
tlon

Fraquancy of 
ooourranoa 
(out of alght 
obsarvatlons)

%
parasitise-

tlon

Low Paddy May-Aug. 3 50.1

Groundnut August* Oat . 2 28.3

Moong March- May l 8.4

Bengal gram Jan-Mareh - -
Potato Jan-Mareh 2 21.S

Medium Mala* May-Aug. 3 31.2

Radgram May-Aug, 2 # 22.84

Guta May-Aug* 1 3.8

Lady's flngar March-May 2 9.8

Lantana sp. May-Aug. - -

fall Mango May-Aug. -
Litchi May-Aug. - - „
Citrus May-Aug, 2 10.7
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of tha parasite m maximum under certain crop ecoeyetam# iris*# 
paddy# groundnut and maisa ate. Tha minimum occurranca of tha 

paraaita was notlead on crop plant* Ilka moong and jute. Tha total 
abaanca of tha paraaita waa notlead on various othar plant* Ilka 
bangal gran# Lantana ap.# mango and lltehl•

It was observed that thara waa no parasitlsation of Corcvra 
aggs whan thay ware distributed above 8 raatra height on any of tha 

erop ecosystem. Similarly no parasitlsation of tagged eoreirra agga 
waa recorded Whenathey ware placed near tha ground level* Tha beat 
rata of parasitlsation was provided whan tha host aggs ware placed 
between 1- l|* metre height provided tha area was a lighted portion 

of tha plant. Tha second bast rata of parasitlsation was obtained 
from 2-3 metre height. A negligible parasitlsation was Obtained 
whan tha corcvra aggs ware between 4-7 metre height.

It is revealed from the present Investigation that tha 
occurranca of tha egg parasite# Trichocramna sp. varied greatly 
under various erop ecosystems* Tha parasite showed a clear prefer* 
ence for certain erop ecosystems# namely pai$r# groundnut etc* It 

appears that they rarely visit certain crops like mango# litcdii# 
Lantana and so on* It is now known that the parasite gets attracted 
to a particular crop ecosystem in search of its hosts. Alternatively# 
It prefers to live In certain ecological niche which might be found 
only under certain erop ecosystems* It has already been established 
that Trichocramna*is not a host specific type of parasite and it



attacks a very wide range of egg* of various pasta along with 
spidsr eggs. Therefore# it nay be poatulatad that all tha 13 plant 
apaeias harvour ona or othar kind of inaaot agga which may curve 
aa host of tha paras its. In particular* oartain plants lika gram* 
litchi and mango obviously contain various lapidoptarian pasts 
during diffarant saasons of a year. Therefore# tha unavailability 
Of frltimnmt *p- on thasa host plants can not ba axplainad from 
tha view point of non axistanca of tha host agga* It is ganarally 
said that tha parasita prafars lapidoptarian agga and thara ara no 
daarth of lapidoptaran agga on thasa plants. However# tha phenome- 
non of absanoa of Trichocramna may ba axplainad in tha light of non­
availability of preferred ecological niche. A perusal of available 
literatures reveals that very limited informations are available in 
this direction particularly on tha preference difference 0$ various 
types of tsMmxmm to various crop ecosystems. The present author 
feels that due to tha unavailability of sufficient published litera­
tures the discussion could not ba undertaken in depth.

The distribution of Trichocranwia ap. in relation to various 
crop heights provided an interesting picture. Zt was observed during 
present investigation that the parasite prefers low lying crops as 
is evidenced from higher rate of egg parasitisation in between a 
crop height ranging from 1-1^ metre • The parasite always prefer 

the lighted areas of plant. Similar observations have also bean 
recorded by other workers.
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Xt 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 Trlehocramma ip. at various crop hei­
ghts are mostly lacking. A more detailed study in this direction 
may throw light on the behaviourlstic pattern of Trlchocramaa sp.

4.2 Tgayiwwigil itoifliti,.w. Tdrtam

The taxonomy of nine types of Trichocramma sp. collected 
from various crop ecosystems was studied to confirm their identity 
on the basis of body colour and male genitalia which are considered 
as major criteria in the identification of Trlchocranma species• 
(Oirault# 1912# Magarkatti and Nagarajajf# 1971) • ,

Xt was observed thet the pattern of body colour of the nine 
types of Trishooramma maintained a close resemblance among themsel­
ves. Adult males were yellowish in colour with dermk blackish abdo­
men and mesoscutum. The structure of mala genitalia showed a eloaa 
parity among various types* Dorsal expansion of gonobase of the

}h>
genitalia triangular with vary prominent lateral lobes; chelate st~

A

mature much below the level of tip of gonoforceps; median ventral 
projection prominent# broad at baaa; median chitinlsed ridge paired# 
extending anteriorly to about lft2/3rd of length of geneteller aedea- 
gus as long as apodemes both together slightly shorter than hind 
tibia.



fig. 2 jrammtlc sketch of male genitalia of TrlchooraiqBa with 
aedsagas separated out. Expiations to abbreviations tdbo • 
Dorsal expansion of gonobase; Off - Gofcpforceps? cs-dtelate 
structure* MVP - Modi an ventral projection* CR-Central ridges;
OB • Gobobase.



38

Adult females were also yellowish in colour with first three 
abdominal terga black* OvlpositiQxi slightly longer than hind tibia*

Nagarkattl and Nagaraja (1971) reported that the dorsal ax* 
passion of gonobase of the male genitalia of T.austral1cum t*yn» X* 
chilonls) bears a very prominent lateral lobes which* according to 
them* are the most important characters to separate them from all 
other arrhenotokous Tyiehaornne. The characteristic features of male 
genitalia of all the nine types of considered during the
present study are very similar to that reported by Nagarkattl and Nags 
raja (1971)* Therefore* the present author confirms the Identity of 
lli&aaoeaft collected from various crop ecosystems as X.fi&UsoU 
(synonym • 8i*ilerly* the dorsal expansion of gonobase
of male genitalia of Trlchooramma sp* obtained from Delhi has been 
observed to bear prominent lateral lobes due to presence of which It 
could be established as T.chllonls (Synonym T.australleum?. Therefore* 
the local Trlchooramma and that obtained from Delhi are similar spe­
cies i*e. both are T.chllonls,

liosystematlc studies on local andkfiCLJiilfl 1
Zt is revealed from the taxonosiie studies mentioned is the 

foregoing para that the local Trlchooramma and that obtained from 
Delhi are similar species l*e* both are T.chllcBia. Zn order to as­
certain wheather these morphological similarities were due to the 
fact that they belong to the same species* blosystematle studies in
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the form of reciprocal process vara undertaken using both nolo and 

female of local TrlghOftriffiMI •»« D«U»i Trf gtffigriHMI »P*
results obtained have been represented In Table 4* 2* It appears 
that in crosses between nine types of Trlchomramma and Delhi based 
T.ahllonla ; the progeny production varied between 633.28 - 798.81 

individuals in generation, and the percentage of female and male 
ranged between 66.28 to 81.68 and 18*22 to 22.62 . respectively, lut 

in two eases of reciprocal cross combinations l.a. between ledpftdJ^ 
flOgae x Delhi and between citzus x Delhi « no progeny production was 
noticed.

Frequent matings ware recorded in all the sets of experi­
ment. To study the type of reproduction known as arxhenotokus in the 
ease of T.chllcnia. an experiment was designed. Freshly emerged fe­
males of nine types of local Trichocramma and Delhi based T.chiIonia 

were kept separately before mating. They were allowed to parasitise 
host eggs and the progeny emerged in Fj generation were subject to 
test for sex identification. In the case of local types. 39.13-84.14 
individuals were obtained and all of them were males. In the eese of 
Delhi besed T.chilonia. number of progeny obtained in F^generatlon 
in such esse were 104.88 and all of them mire male members (Table- 
4.3).

The controversy surrounding the identl fleet ion of Tridho- 
gramas has not boon resoved fully till to-deto. The existence of 
intermediate types end morphologically inseparable sibling spades
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Table 4.Il t Xntraspecific crosses between local types and Dalhl 
strain of TiT1 liftoff rOTITi *t 25#C and 60# r*h. and tha 

progenies obtained (Moan of 3 rapli cat tons)

Cross combination
No*of par- 
ental 0.x 0 

per repli­
cation

Mean mariner
of proJany 
obtained

Mean male
in F« pro­
geny (#)

Mean feneie
in Ft pro­
geny* (#)

Paddy 0+ x Delhi cf 10 x 10 798.81 27*81 72*19

Delhi 0+ x Paddy cf 10 x 10 824*32 18.32 81*68

Groundnut 0+x Delhi (f 10 x 10 783*12 29.84 70.36

Delhi 0+x Groundnut 0 10 x 10 718.54 31*47 68.53

Moong O4X Delhi 0 10 x 10 833.28 25.14 74*86

Delhi 0+x Moong 0 10 x 10 898.04 27.58 72.42

Potato 0+x Delhi (T 10 x 10 708.44 33.82 66*38

Delhi 0+x Potato'^ 10 x 10 738.82 25.02 74.98

Maise 0+x Delhi <f 10 x 10 784*88 16.96 81*04

Delhi $ x Maine 0 10 x 10 713.38 28.64 71.36

Redgraa 0+x Delhi 0 10 x 10 703.39 31*69 68*31

Delhi O4X Red gran 0 10 x 10 899.18 29.16 70.04

Jnte 0+x Delhi 0* 10 x 10 * m •
Delhi Q+x Jute 0r> 10 x 10 m -
Lady's finger0$ Delhi (f 10 x 10 899.18 28*82 71.18

Delhi 0+x Lady's finger 0 10 xlO 710.08 24.67 75*33

Citrus 0+x Delhi <f 10 X 10 • a» •

Delhi 0*x citrus <F 10 x 10 - -
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Table 4*1 » Reproduction la various typos of T.chilonlswithout Intervention of males at 30*C and 40% r.h. (moan of 3 ropllcatlons)

*ypo» No. Of 
parental female/ ropllcatlon

Moan number of progeny
Moan number 
of mala inPxprogenies

Moan numbor of fomalo in progenies

Paddy 10 75.34 75.34 m

Groundnut 10 70.48 70.48 mm

Moong 10 59.24 59.24 -

Potato 10 72.92 72.92 -
Mai so 10 79.42 79.42 -

Rod gram 10 73.42 73.62 mm

Juto 10 59*13 59.13 -

Lady'sfingor 10 82.24 82.24 -

Citrus 10 84.14 84.14 •
Dolhl 10 104.88 104.88 *
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and xmii and th« body colour changing with tha inprabm# h<w 
created eoafviloa in tha correct identification of varioui species 
of Trlchocr—ui « However# it haa boon resolved to a groat extant 
after tha work of Hagarkattl and Magaraja U971) on mala genitalia, 
though It ia applicable only in trichoaramma apeclea haying arrha- 
notokoua type of reproduction such aa T. chiIonia. t.perklnsl. J*. 
faatlatum. T.laponicun etc* A critical obeeration by tha preaant 
author ahowe that tha nila genitalia of tha local typaa and that 
of Delhi type are similar* the deacrlptiona of tha genitalia of tha 
two groupe run wary eloaa to thoaa daaerlbad by Nagarkatti and Magi* 
raja (1971) for f«niitr>llan now synenymieed with T.cfollonla*

Zt was found during present lnveatlgatlon that reciprocal 
exoaaaa between tha local typaa and tha Dalhl type raaultad tooth 
mala and faaiala progenies* Sut whan tha famalaa alone ware kept In 
Isolation before mating# they produced only mala members* this la 
a clear Indication of arrhenotekus type of reproduction In ease of 
both types of T.dhllonls* this swans that YMehllonls will produea 
only mala progeny whan intervention of mala la mating will not taka 
place* Zn other words* unfertilised eggs will produced sutle mother 
and fartlllaad agga will produced female members alone* tha results 
depleted la table 4*2 clearly demonstrate that aueoaaaful mating 
followed by fertilisation of agga in reciprocal crosses tssi raaultad 
In feswle members. Therefore* the two oeotypes may be synonlaysed as 
tha asms species as successful breading and progeny production through 
emergence of female members has takaa place* This is in full confirm 
mity with tha deflnatlon glean to demarcated a ‘species'*
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*•4 Bgnfwyitrtff.il.rtafllt«.-9a..nln«ton
ai X*&U«li calif «f A Iran.yisIoti
fiSW fOTfTltfl

Morphometric studies were undertaken on nine typos of T.chllo* 
nlf In order to compare tholr morphological characteristics• Tho 
comparative biometrical data have boon pro son tod in Table 4*4*) Bio­
metrical data on body sisa revealed that tho length and breadth of 
nine types of Trlchoetramma varied significantly among themselves • The 
maximum also of Trlchogramma was noticed when they were collected on 
citrus followed by lady's finger# potato# maise# paddy and so on. The 
minimum si sad Trlchogramma on the other hand# was obtained cm moong 
and red gram# Similarly, other characters like length of antennal hair 
width of fore wing# length of aedeagus varied significantly among nina 
types of Trlchogramma. The sequence of decrement on increment of len­
gth of various parts followed more or less same sequence as were obser­
ved In cases of body length and breadth# The characters like width of 
flagellum and forewing# length of tibia and apodemes e did not show 
significant difference among themselves when nine types of fridmucami 
wars considered# The length of fringe on tornus of forewing also did 
not differ significantly among the nine types# Among the female body 
characters# biometrical data on body length and width as well as len­
gth of hind tibia and ovipositor showed significant difference among 
nine types of Trlchograrame. Only the length of antennae was statisti­
cally at per in all the nine types# The maximum body length and was 
recorded in lady's finger type followed by citrus# malse#ground nut 
etc# It was minimum In jute end moong type# * The maximum width was
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noticed in citrus type followed lay lady's finger, melee, potato 
and ao cm* Mora or leaa similar sequence followed in the ease of 
other body parts* *■

Various species of Trlehocrremms have locally adapted po­
pulations called ecotypes that are the result of selection by their 
environment. Although different ecotypes and races of other paresis 
teie species have been studied though not in details by some wor­
kers (white, DeBach and Garber* 1970> almond, 1947). Yet no bio­
metrical studies have been undertaken on Trlchoarsmna. The present 
investigation is a preliminary approach in the direction of estab­
lishing correlation between different crop ecosystem and morphometric 
characters* This* in turn* would help in the identification of pure 
ecotype/biotype of Trlchocranma* Besides taxonomic implications, such 
studies may b 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 fere* 
wing , and length of aedeagus varied significantly within the nine 
types of Trichocramma • Therefore* their validity as key characters 
may be questioned* Obviously* these characters can not be used reli­
ably in the identification of different Trichooramma species as they 
varied widely among nine types collected from various crop ecosystems*
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On the other handy length of fringo on tomus of forewing# width 
of flagellum# longth of hind tibia and apodamas are stabla charae- 
tars and may ba poatulatad aa important kay charactara for thair 
idantifloation•

It ia aaid that biotypaa ara morphologically idantioal•
But deviation haa baan racordad in tha eaaa of brown plant hoppar 
of paddy* Tha number^ aplnaa in hind baaitaraua of adult# an impor­
tant kay character# haa baan found to wary widaly among biotypaa 
(Sogawa# 1978)* Mandal (1980) initiatad a prallminary work for tha 
first tins on tha morphomatrie of various biotypaa of Trichoarmana 
eollaetad from various crop ecosystems. Ha raportad that signifi- 
eant diffaranea was racordad among tha four biotypaa of T*chl lamia 
in raapact to thair wings and antennaC. Tha ratio batwaan tha ma­
ximum length of fringe and maximum width of tha fora wing# mad 
length of tha longest antennal hair and maximum width of tha antenn* 
al flagellum varied from 1/4# 1/7 and 2-2^ « respectively in four 

biotypaa collected from paddy# jute# lantanna ap. and Delhi type * 
The findings of tha present author land further support to his work 
though soma differences ware also observed. Ha raportad that length 
of fringes on tomus of forewing varied significantly among four ty< 
pas while it did not found to ba so during tha peasant investiga­
tion. This may ba attributed to tha indepth studies undertaken by 
tha present author considering nine types of Trichocramma instead 
of four taken by Mandal (1980).
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♦.5 ItotoggJ*.Btel-tYPiltStt

Experiments were laid out to study the biology of tho also 
typos of T.chilonls (Kalyani strola) under 30*C sad 40% r.h. uador 
laboratory condition. Among various paramo tors# longevity# rots of 
porasltisatlen sad omorgoneo# duration of life cycle sad percentage 
of female la f j progeny of various types mare taken into considera­

tion. Mo food was supplied to the adult parasites. The data have bean 
presented in Table 4.5.

4.9.1 tml* Imnrttr

Zt showed that the longevity varied significantly among alas 

types of Trlchooramma. Zt was maximum la the parasites collected on 
lady*s finger followed by citrus# maise# paddy etc. Zt was minimum 
In moong followed by jute and groundnut and the last two types did 
not differ significantly between them.

<•5.2 Rfjfcfl.liltidftl9B, ftLM«3L«gai

Zt also varied significantly among nine types of parasite* 
The maximum fecundity was noticed la citrus type followed by lady*a 
finger# red gram and paddy. The minimum was recorded in moong foll­
owed by jute.
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Table 4.5 i Longevity, rate of parasltination and emergence#
duration of Ufa cycle and percentage of female la 
?! progeny of yarloua type* of T.chllonla at 30*C 
and 60 % r.h. (mean of ten repllcatlone)

Type*
remale

longevity
(hour)

Mo,of boat
eggn para­
sitised

Puration of
life cycle 

(days)

% female
in r. 
progeny

Rate of
emergent

(*T

Paddy 4S.2 40,3 6,0 75.36 78.92

Groundnut 41,8 37.9 6,0 71,48 80.24

Moong 39,5 32.6 6,0 69,80 72,36

Potato 43*6 38.1 6,0 72,48 82,67

Mai so 46.8 42.5 6.0 79,36 83*62

Red gram 42,3 40,4 6,0 76,28 73.23

Jute 61,3 33.7 6,0 70.11 71,14

Lady*«
finger 48,2 43,8 6,0 79.38 83.31

Citron 47.7 43.9 6,0 80,36 86,88

*t* tent Sig, Sig. N.Sig. Sig. N.Sig,

C.D.at 5% 1,02 2.37 ee 1.89 m
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4.5.3 Duration

Them was no significant variation in the duration of Ufa 
cycle among nine types of T.chllonls. It was found to be completed 
within six days in all the eases at 30*C with SO % r.h.

.....IXn

Significant variation was noticed among nine types of Trl- 
checraama in respect to sex-ratio. The proportion of female was 
maximum in citrus type. But it did net differ significantly from 
those observed in lady's finger and maize types. The minimum number 
of females was recorded in noeng followed by jute 'and these two did 
not vary significantly between themselves.

a andK amvu.MUM.mjma
” ® * £iflUBfteeMCMb(MMB9MUUUSmdm

The maximum rate of emergence was noticed In citrus type 
followed by maise. lady's finger etc. However, the differences obser­
ved msong nine types were statistically at par. However, the minimum 
rate of emergence was observed in Jute type.

Host of the renowned workers in the field of Trlchocraama 
science have advocated the existence of various types/raees within 

• TrttihMtlMfHi species. They may be inseparable morphologically 
(Marchs1, 1927 f Flanders, 1930; Peterson, 1930)• The identification 

of Trtfltiffflrmi— epeeice based on morphological characters alone may



lead to serious inacuracy. Quadnau (1956) sad Plandara and Que- 
dnau (i960) axplorad tha poaciblllty of Identification of differ­
ent species of TrlfftlWrMIM biologically# i.e. on the basis of 
fecundity# ovipositional habit and rate of development. He was 
able to separate out different species of Trlchogrymma based on 
this aystem. It may be mentioned in this context that the fecundity 
of S.lUlffdlifUl <9ynt T.chilonls), *»6 ws
45* 6? and 76# respectively (Brenters, 1965) • The rate of parasi- 
tisatioa is often used as an index of fecundity of Trlchoaranma
species. Significant variation in respect to fecundity was obser-

%

ved among nine types of Trlchocranmn. Quadnau (1960) further report 
ted that the developmental period of T.adnutun. T.fasciatam and 
T.australlcum mere 148# 150 and 150 hours# respectively at 30*C 
and 80 % r.h. and this may be utilised in the Identification of 
different species of Trichoetramma biologically. This character 
could not be considered important in the separation of various type# 
O* mshafliaiai »* they did not vary significantly among nine types 
during the present investigation. However# sex-ratio varied signi­
ficantly among various types. Again# rate of emergence of adult pa*

\

rasltes from the parasitised eggs did not differ significantly am­
ong nine types.
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Massinger (1964) focused the importance of llfo table 
studios to dlfforentloto various racos of *oh»o-
quently, orphanides and Qonsalas (1972) undertook a detailed in­
vestigation on fertility and life table studies with y.pretlosun 
and T.rstorrldum. They reported that under certain conditions* the 
lntrlnstie rate of natural increase appears to offer some potential 
as a biological method for differentiating species and/or races of 
Trlchoorasma that are biologically distinct* However* variations 
obtained within the component variables of *r* nay be greater than 
the actual differences between species especially for closely rela­
ted species*

Mondal (1960) took up scene investigation on the biological 
parameter of four blotypes of *rtifftlCTJMfflffll- reported that four 
blotypes differed significantly in their rate of parasltisatlon of 
host eggs* However* the duration Of life cycle and 0 sex-ratio of 
the four blotypes were statistlcall^admsm More or less similar 
observations were recorded during the present investigation* The 
present author could not elaborate 10m discussion due to the absence 
of published literatures* tBndMHttsmaiBtHna1

SflPtgm 91 fttafifagpuf-gg Z«sMl«Ui
Experiments ware designed to study the searching capacity 

of nine types of T.chllonls. under caged condition, on four plant 
speeles vis** paddy* malse * jute and red gran, with an exposure 
period of eight hours to the tagged corcvra eggs* The date obtained
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from the experiments lists been presented la Table 4*7. It is 
evident that on paddy plant# the maximum parasitisation of host eggs 
was obtained with the release of paddy (11*23 %) or maise types 
(il.SS) which differed significantly la their rate of parasitisa­
tion from ether types* In other wards# it may be said that paddy/ 
maise type ware the best searcher on paddy plant* Similarly# on 
maisa plant# typa collected from maise plant provided the bast 
parasitisation of the host eggs* The second best result was obta­
ined with the paddy type* The difference in their rate of parasitised 
ion was statistically significant* The pattern was more or less slml« 
lar in jute and red-gram where best parasitisation was obtained with 
the release of jmte and red-gram types# respectively* Their perfor­
mance was match superior and statistically significant when compared 
with other typos*

The searching capacity of a parasite has been accepted as 
the single important attribute % of an effective parasite# (DeBaeh, 
1944). The searching capacity of the parasite# involve# primarily 
the host hsbitat finding i.e. orientation of the parasitic species 
towards the host plants of the phytophagus pests* It is revealed 
from the present investigation that the rata of parasltlaatiem will 
bo significantly higher whan a given typa of Trlchoaragwia would bo 
reloasod on tho crop plant from which it was recovered* For example* 
It may be mentioned that the paddy type would always provide higher 
rate of parasitisation on paddy plant* Similarly jute type on jute
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plant and rad-gran type on rad gram plant«would glvo tha beat 
reault. It may be explained in tha light of their adaptation! 
on such host plants from which they were collected. By virtual 
of thalr long aaaociation on a preferred hoot# for example# paddy 
type in tha case of paddy plant# they could locate tha host eggs much 
earlier in comparison to other types# Thsy coaid tally realise their 
full potentiality of Marching capacity only on such plant with which 
they are associated for long# But these types of informations are 
relatively scarce on parasites# Handql (1980) first reported that 
the paddy biotype (collected from paddy acosyatem) ms superior among 
four biotypes in respect to their searching capacity of host aggs lo­
cated on paddy plant# Therefore# the findings recorded during the 
preMnt investigation ware in parity with that of Handal(1980)»

mtoK Atom, laity gf .tawiaita
Investigation*,on the effect of relative humidity vix## 30, *0 

and 90 % under a constant temperature <30*0 on the female longevity# 
rate of perasitisation# duration, rate of adult emergence and sox 
wtt#A«Sg^atefeferto th. Uborrtorr. Th. am obfim h.« m.

presented in Table 4#8#
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4.?.1 TtIMll ImvatoSL

It was observed that highly significant difference la the 
leagevlty between tha fanalas of two strains (Kalyaal and Delhi) 
was observed. Tha longevity of female of Delhi strain was maxisnsa 
wader 30% r.h. followed 90‘/and 60 % • It was exactly reverse In 
tile ease of Xalyani strain where maximum longevity was recorded 
under 90 % followed by 30 and €0 % r«h*

4.7.3 bhh.

It also varied significantly between two strains as well as 
among three levels of relative humidity# The maximum parasitiration 
of eggs by^( strain was reeorded under 90 % r#h# followed by #0 sad 
30 %• On tiie other head# It was opposite la the case of Delhi strain 
where the descending order was 30,60 and 90 % . The difference obser­
ved between two levels of relative humidity always varied significa­
ntly between themselves#

4.7.3 .lift*..trait
The duration of Ufa cycle of the two strains of Trichooramma 

also varlad significantly among threa level relative hxnidlty# The 
maximum duration was notlead at 90% followed by 30 and 60 % r.h. 
in tha case of Kalyanl strain wttlla it was 30, <0 and 90% in tha 
descending order in the case of Delhi strain.
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4.7.4 Bait,m ,y«fnflt.,,gl ifluU purulSti

The emergence rate of the two strains of parasltas also 
varied significantly among thraa levels of relative humidity* Tha 
da scan ding sequence was 90,60, $0 % r.h. in tha Kalyani strain 
and tha corresponding r.h. for Delhi strain was 30,CO and 90% r.h*

4.7*5 gaaLnUfi

Tha sax ratio of tha two strains of tha parasite again va- 
riad significantly among thraa lavols of relative humidity, Tha 
maximum number of female was found under 90 followed by 40 and 30% 
r.h* in Kalyani strain* Similar trend of female production was also 
noticed in tha Delhi strain being maximum radar 90 followed by 40 

and 30 % r.fc*

The intension of the above investigation was to ascertain 
tha established contention that the parasite gets adapted or accll* 
matlsed under the ecological conditions where they occur. The place 
of investigation (Kalyani) is a costal area of West Bengal where 
high humidity prevails throughout the year* Zt is possible that the 

egg parasite, Trlchocramma spp. which are under our condition may 
have an inclination towards higher range of humidity* On the other 
hand* the Delhi strain of Trichooramma comes from an arid sons 
being situated far away from sea nearing to the e desert areas of 
India* The Delhi strain* obviously may not prefer high humidity



•*5#

conditions. Alternatively . it would perform la s stud! tetter way Hi 
then the Kalyani streln endar low humidity reage. It is evident from 
the present Investigation that Kalyani strain showed s clear ineli* 
nation and exhibited tetter performance under high humidity condition 
Similarly, the delhi strain of Trldioaramwa was much superior to

i oU>

Kalyani strain undar,humidity condition, Somchoudhury (1978) whlla 
working on the ecology of £.£S£&2Kl «Nl I.&Ufiail (Delhi strain) 
observed that Delhi strain of T.chiloals had a clear preference 
for lower humidity and <r. parkin si for higher humidity. There are 
several other examples of adaptive strains in which the biological 
or ecological et differences between them are known • One of the 
earliest examples of climatically adapted strains concerns T.sdnu- 
turn which has been found to contain strains which either develop 
at different rates, have varying longevities or take on different 
else* shapes or colour at different temperature and humidity levels 
(Slanders. 1931i Lund. 1934). Anhelinua mall . the famous parasite 
of the woolly apple aphid. Sriosoma laniaerum exists in several 
strains derived from different regions .and presumably differently 
adapted to climate (Detach and Hagen# 1984). The tachinid parasite# 
Metaconistvlnm mlnense Townsend exists in two climatic strains vis., 
'wet race* and *dry race* • Other examples of climatically adapted 
strains or ecotypes include Korean and Japanese races of Tlnhla 
popllilavora Rohwer. which differ Importantly in reproductive cape* 
sits end adult emergence time (Clausen. 1934).
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4.8
mta*L samSaLm

slsI

Female longevity, rate of perasitisation of host egg, dura- 
tion of Ufo cycle, roto of emergence frm tho poresltisod eggs sad 
percentage of females In tho total progeny of T.chllonls wore laves* 
tlgeted monthwise representing seesonel variation In ellnatle con­
dition for tho two years from Jan*, 1881 to Dec*, 1982 In the field 
in especially designed cages developed by somchoudhury (1978)* The 
results have been presented in Table 4*8*

4-8.1 DgjngtYlta.ar fffWll

The longevity of female varied significantly during differ­
ent Months of the two years under observation* Kaxinun longevity 
was observed during the Month of December followed by January and 
February in both years* It was ninlmun during the months of May* 
June. Longevity of the parasites increased with the decrease in 
temperature and therefore the Maximum longevity was observed daring 
the aonth of December and January when the mean temperature was 
around 18-19*C,

4-8.2 Rate of paraaltlnation
The rate of parasltlsatlon reached its peak during the 

Months of March and November while the lowest rafc^ gas recorded 
during the June-July. The lowest iminte was observed in months 
when temperature attained highest level around 33*C* The fall of 
temperature in the subsequent months help the parasite for its
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better realisation of fecundity, Significant difference was obser­
ved in the rate of pares!tlsation recorded during different Months 
of a year.

4.6*3 BinUgft 91

Hide variation in the duration of life-cycle during different 
period of the year with similar wide variation in temperature 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 BlU fff

The emergence rate of adult parasites varied significantly 
among various months of a year. Rato of emergence of T.chi Ionia 
reached its peak during the months of January-March. Thereafter it 
gradually declined till July. With the decrease in air temperature 
and increase in humidity from the month of July, the emergence rate 
again increased.

4.8.5 Sex-ratio

Zt also varied significantly among various months in a year*
It was observed that maximum number of female in sex ratio was recor­
ded during febroary-Mareh as well as during Septeraber-October. Zt was 
minimum during July. Zt 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 pareantaga of relative humidity*,

A paxuaal of aval labia lltaraturaa ravaala that moat of tha 
flald atudiaa on Trichogramma lneluda inuadativa release of tha pe- 
raaita for control of tissue borers. Data!lad atudiaa on tha bio* 
nomica of Trichogramma undar fiald condition hav# mostly ba^ neglec- 

tad* Aa a mattar of fact* failure or auecaaa of TrlirillHIflflllf aiathod 
could not ba explained logically in moat of tha oaaaa*

7laid atudiaa reveal that longevity of female parasite waa 
maximum during winter (Dee.-Jan*) • Therefore longevity beara an 
lnuerae relationship with temperature. Aa ragarda paraaltiaatiom 
of heat* maximum could ba found undar warm temperature condition 
prevailing during March and November. High temperature found during 
June-July affected the reproductive potential of the paraaite meat 
adversely. It was further observed that hot condition of summer 
months (May-July) initiated production of larger number of malos com­
pared to females. But condition reversed ea the temperature decreased 
during November # January and March. The rate of eamrgence of part* 
alto waa the highest undar low temperature conditions found during 
January-March and November-December. Duration of life cycle aa 
Influenced by temperature# also revealed that warmer conditions 
during May-June shortened the duration to minimum while cooler 
conditions of December-January caused maximum lengthening of life 
cycle of parasite.
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*t appear* that the rate of multiplication of Trlchoaramma 

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 inuSma at a low ebb during the months of January- 
February due to longer life cycle in winter months* but the climatic 

conditions of Mareh-Aprll become very favourable for rapid multipli­

cation of TgftgfrMlimi.

4.9 Bfltifii si.,witiqt.fff stntai ..ftf Tfite&aflCMBBfc
Effect of twelve pesticides namely* endosulfan* malathion* 

aonocrotophoa* pheaalone, formothion* Quinalphos, phosphamidon, 

Fenitrothion, dimethoate* methyl dene ton, dlchlorvos and vamidothlon 

were tested in two concentrations vis* 0*03 and 0*01% a*l« on the 

pupal stage of two strains of T.ehilonl* under laboratory eonditlon*

The affect on the mortality of pupae has been presented 

in Table 4*9*

Highly significant dlffarenea on tha mortality among the

pupaa of two strains waa obsarved irrespective of insecticide and 

their concentration.
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Tabla 4*9 « sffaet of diffarant insecttcides on pupal atop* of 

two strain* of £>c§iilo9iis at 2S*C and 40# r.h.(*ean 
of thraa replications)

Concen*
Insecticide tration

(% a.i«)

No .of lndi- Corraotad % mortality
viduals usad   (within,,,,hfiit jggl    ...  
/traatmant Kalyani strain Delhi strai

(paddytype)

Sndosulfan 35 EC 0*01 100 70*79 100*00
0.01 100 50*30 100.00

Malathion 50 0.03 100 100*00 100*00
0*01 100 93*82 100*00

Konocrotophos 0.03 100 40.44 100*00
3 G t il. 0.01 100 17.84 70*48

Phoaalone 35Ft 0*01 100 90.0S 100*00
0.01 100 40.00 74.91

Formothion £5 ft 0.03 100 100*00 100.00
0.01 100 92.48 100.00

Quinalphos ^£^0.03 100 100*00 100*00
0.01 100 82*92 100*00

Phosphamid<»i85ft0.03 100 108.00 100.00
0.01 100 98.35 40.72

7anitrothion 0.03
'°-£L 0.01

100 100*00 100.00
100 100*00 100.00

Dimathoate <3oH<-o,03 100 100.00 100.00
0*01 100 18*42 * 30.14

Methyl Dameton 6.03 100 100*00 100.00
0.01 100 100*00 100.00

Diehlorvos 0*03 100 84*84 100*00
0*01 100 42.15 40*58

Vamidothlon IjOBC 0.03 100 100*00 100*00
0*01 100 88.34 100*00

strain ipgftgttffiai
'T* tost Sig. Sig.
C.D. at 5 X 7.38 5.98
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In general# mortality of pupal form of Delhi strain was 1 
more than that of Kalyanl strain* However# no difference in the 
mortality was observed only when nalathion (0.03%), foxmothlon 
(0*03%)# Qulnalphos (0*03%), phosphamldon (0*03)« fenitroth ion 
(0.03% and 0«01%y# Dimethoate (0*03%)# methyl demeton (0*03 ft

0*01%) and Vemldothlon (0*03%) and In such cases mortality was total*
foThe difference inresponse wtk the two strains to twelve pesticides 

varied significantly among themselves*

The maximum pupal toxicity (100%) was recorded in the case 
of Kalyanl strain under methyl demeton and fen&rothion* Both the con­
centrations of the pesticide (0*03 and 0#01%)provided total mortality* 
Various other pesticides like maltathlon (0*03%)# formothlo# (0*03%)# 
Qulnalphos (0*03%)# phosphamldon (0*03%)# dimethoate (0.03%) and 
vemidothion (0*03) only at higher conoentretlon tfftao provided total 
mortality of Kalyanl atrain of T.chiIonia. On the other hand# the 
pupal stage of Delhi strain was affected more adversely under pesti- 
cldal application* Pesticides like endosulfan (0*03 • ft 0*01%)# 
malathion (0*03 6 0*01%) monocrotophos (0*03%)# phosalona (0*03%)# 
formothion (0*03 & 0*01%)# Qulnalphos (0*03 ft 0.01%) phosphomidon 
(0*03)# fen i troth ion (0*03 & 0*01)# dimethoate (0*03%)# methyl den- 
ton (0*03 ft 0*01%), didhlorvos (0.03%) and Vamldothion (0*03 6 0*01%) 
gave total mortality of the parasite* It appears that andosulfan 
(0*01)* monocrotophos (0*01)# dimethoate (0*01) and dichlorvos (0*01) 
were relatively safe for Kalyanl strain of Trlehoaramma while dima- 
thoate alona (0*01%) was safe to the Delhi strain of
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However* insecticides like phosphamldon (0.01) and dlchlorvos (0.01) 
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 pesti­
cides along with the mortality data in parentheses was as followst 
1) Kalyanl strain t fenitrothion 0.03 (100.09) * fenltrothloa 0*01' 
(100*00)“ methyl demeton 0.03 (100.00) * methyl demeten 0*01(100.00) 
Vamidothion 0.03 (100.00)* dlmethoate 0.03(100.00)* phosphamldon 0.03
(100.0) * Quinalphos 0.03 (100.0) * formothion 0.03(100.0)* malathion

30.03 (100.0)* phosphamldon 0.01(98.35)* malathion 0.01(98.62)* for* 
mothion 0.01 (92.48)* phosplona 0.03 (90.05)* Vamidothion 0.01(88*34) 
dlchlorvos 0.03(86.84)* Quinalphos 0.01(82.92)* endosulfan 0.03(70* 
79)* raonocrotophos 0.03(60.66)* phosalone 0.01(60.00)* endosulfan 
0.01 (50.30)* dlchlorvos 0.01 (42.15)* dlmethoate 0.01(18.63)* neao- 
crotophos 0.01 (17.86)j 11) Delhi straini endosulfan 0.03(100.00) 
“endosulfan 0.01 (100.0)* malathion 0.03(100.0)* malathion 0.01
(100.0) * monocrotophos 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)* phosphamldon 0.03(100.0)* fenitro­
thion 0.03 (100.0)* fenitrothion 0.01(100.0)* delmethoate 0.03(100.0! 
-methyl demeton 0.03 (100.0)* methyl demeton 0.01 (100.0)* diehlor- 
vos 0.03 (100.0) * vamidothion 0.03(100.0) * vamidothion 0.01(100.0) 
phosalone 0.01 (74.91)* monocrotophos 0.01 (70*48)* phosphsmldon 
0.01 (60.72)* dlchlorvos 0.01(60.58)* dJjMthoate 0.01(30.16).



It is evident from the available literature* that little 

attention haa been paid to study the quantitative aspect of the 

effect of common 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 % (Croft# 

1972i Oeorghious# 1972# Newsom# 1974)* Applied pest control liter­

ature # for example# contains implications that natural enemies ch­
aracteristically are susceptible to broad-spectrum insecticides*- 

Mhile it is only the pests which develop resistance* On the ether 
hand* Newsom (1967# 1974) and Ferguson (1969) pointed out t£mt the 

existing experimental evidence doea not justify tha assumption of 

any physiological differenoaa betwean the responses of pests and of 
natural anemias to insseticidss* According to Croft and Brown (197i) # 

the order of descending toxicity of the common insecticides to para* 

3ite are as follows < i) endrla* dlsldrln* lindane# DOT 11) para* 

thion# malathlon# carbary 1# toxaphene and Hi) c&xfeophenothian# endo- 

sulfan# thiometon. Again# some workers have reported that parasitism 

was adversely affected by DDT# BHC# Chlordane# parathion# toxaphana 
(Hinds and Spaneer# 1928# Ingram Hathes# Wilson and Haysllp# 1951# 

Dugas and Coneianna# 1996). Kot (1970) remarked caxbaryl to be more 

toxic than methyl demeton T.evanaseons*
A

It was obaarvad during tha present investlgation that feni* 
troth ion, Jtfc methyl dsmeton formothlbn# phoaphamidon# malathlon# vaml* 

dothlon and qulnalphos was highly toxic to the pupal stage of both

the strains of Trichocramma* The Kalyeni strain showed a wida degree
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of tolerance against some pesticides like endosulfan, monocroto- 
phos. But Delhi a train waa highly susceptible to moat of tho pes­
ticides. However# some poatleidaa at lower concantration (0*01 %~ 

a.i.) ara ralativaly aafa for tha at rain. Thaaa ara phosphamidon 
(60.72 %), diohlorvoa (60.38) and m dimathoata (10.16). for Kalyani 
strain# tha eorraapondlng paaticidaa ara endosulfan 0*01(30.30)# 
monocrotophoa 0.03 and 0.01 (60.66 and 17.86)# phosalone 0.01 (60.00) 
dimathoata 0.01 (18.62). Somchoudhury (1978) while working on tha 
effect of pesticides on two apaciaa of reported that
tha order of auaeaptltoility of different atagaa of the peraaitae 
waa i adult pupa larva. Ha further reported that paatloidaa t 
Ilka malathlon# parathion# earharyl ara highly toxle to tha parasl- 
taa. While andoaulfan and diaainon ware ralativaly aafa. Mandal (19801 
reported that tha deacendlng order of pupal toxicity of throe paati­
cidaa aa i earharyl# *HC, monocrotophoa. However# due to tha availa­
bility of only limited informations in this regard# tha present au­
thor could hot elaborate tha discussion into further depth.

In most of tha holometfcbolous natural anemias# tha pr6-pupal 
and pupal atagaa ara ralativaly lumen to all types of toxicant

tv

(Bartlett, 1964) • But an opposite view has bean expressed by Thurs­
ton and Fox (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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atod parasites are the moat susceptible to insecticide while egg*
•re the least affected* The adult stage has proved to toe the most

» *

suseeptitole (Lingappa, Starks, sikeUbery* 1972# Lingren* wolfen- 
toarger* Nosky and Dias* 1972)* often toeing the only stage to 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 keen reported 
in the subsequent paragraphs.

The types of pesticides are broadly characterised toy diff­
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 favour 
rablllty of any Individual toxicant in integrated control practice. 
Critical studies on toloefflcacy of various pesticides against pest 
species vis-a-vis natural enemies under field condition would reveal 
the true picture.

4.10 jgitffSi o* PtiUsJrflM 9R £.gh.U2Bll Sllstelll
pttf.mam, iiiifl.
For the purpose of investigations* four crops vis.* paddy* 

lady's finger* brlnjal and jute were selected where lepidopteran 
tissue borers are most important. The data collected from various 
experiments have been presented below r
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4,10.1 Paddy

The rasuits of tha experiment have been presented la Table
4.10. Xt Is revealad that among tha five pastlcldas tastad on aga-S&ir ?rveerH*l as C4aalfc5
Inst yellow stam borer of paddy, vis-a-vis rata m of parasltisatlcm 
of taggad jftggai aggs by £>gfrUfi#i«« <Jl»«thoate traatad plats 
showed tha maximum rata of parasltisatlon (29.85) followed by Car- 
bofuran (28.89)f phosphamldon (26.16) and phorata(22.45). Tha co­
rresponding figure for control plot was 33.21 %• Tha lowest rata of 
parasltisatlon was observed in athlon traatad plot. Tha parasitlsatloi 
rata was found to vary significantly among various treatments. Tha 
difference obsarvad between tha two bast treatments was not statis­
tically significant.

Tha data collected on tha efficacy of pesticides on stam 
borer showed that all tha pastlcidal application provided signifi­
cant reduction of tha population of atcm borer over tha control as

/L*s**f~ Ajz-o-JL
is avldanead from tha dead and white .heart symptoms. Xt is alsoA A
revealed that earbofuran provided tha most affective control of the 
borer but it was statistically at par in its performances with phos- 
phamidon and phorate. Whan tha overall performance of tha various 
insecticidal treatments in reducing the infestation of tha borer is 
taken into consideration, tha order of efficacy was t Carbofuran ■ 
phorate » phosphamldon dimethoate * athlon.
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feafliLU.Slnair.
The results obtained during the course of Investigation 

have baan presented in Table 4.11. It shows that among the five 
pesticides considered during the present investigation ethlon 
treated plots showed the minimum rate of parasitisation (0.001) 
while it was maximum in earbofuraa treated plots (19.34$%) foil* 
owed by dimethcate (17.33%) phosphamidon (14.10 %) and dlehlorovos 
(11.89%). The rate of parasiti sation varied significantly among the 
treated plots and the difference in rate of parasltlsatien between 
earbofuran and control plot though significant was net worth men* 
timing.

Zt is also evident from Table 4.11 that all the pestlnidal
*

applications brought about a significant redaction of the £*oet and£onjfl-S ‘’jiMUa O)
fruit bore ^population • The best result was ebtained^wlth the appli­
cation of dlmethoate • But similar reduction of the pest population 
was obtained with the applications of earbofuran* dlmethoate^phos* 
phamldon. The order of efficacy was s earbofuran * dlmethoate « 
phosphamidon dlchlorvos ■ ethlon.

4*10.3 itei.nllt v

The data have been presented in Table 4.13. Zt may be seen 
that among the five pesticides* earbofuran treated plots showed 
maximum rate of parasltisatlon( IS • 27 %) followed by dlmethoate 
(13.77)* aldlcarb (12.36)kmonocrotophos (8.92). The host eggs tagg* 
ed on quinalphos treated plot showed no sign of parasiti sation • Hie 
rate of parasiti sation varied significantly among various treatment.
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Tha rate of parasltlsation obtained In control end carbofuran tree* 
ted plot though statistically different may be comparable* Xt ie
also evident from Table 4.12 that carbofuran provided the moat eff-

Leu&iiTOdPs Q»bomUs Wen.
active control of the shoot and fruit bore^of brinjal teen rata 
of infestation on plants# shoots and fruits were taken into consider­
ation, The second best yield wan recorded in the ildiearb treated 
plots followed by dimethoate treated plot,

4,10,4 JUte

The results obtained from the experiment have been presented 
in Table 4,12, Xt is evident that among six pesticides# only endosul- 
fsn treated plots showed very negligible rate of parasitination of 
tagged host eggs (1,84 %) while in other insecticidal treated plots 
the rate of parasitisatlon was nill. In untreated plots it was 9,17 %*

Xt is also evident from the above mentioned Table that all
the treatments provided significant reduction of the population cf

Ammis soWi-tewt (Win,.
semilooper^over the control, sndosulfan treated plot provided the 
best result followed methyl parathlon# carbary 1# malathion and qui- 
nalphos, Fhanthoate provided the least control of the jute eenilooper 
though it provided far superior result in compare! son to control plot.

The field experiments conducted to assosa tee adverse effect 
of pesticides on T. chi Ionia revealed some Interesting informations,
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Table 4*13 i Kfftet of insaetieidal applications on the
rata of parasltlsatlon of tagged corcyra egg 
toy (Jntetype) tiisisaii <» Jwte
semilopper, A.sabullfara

Mean^reduetionin
Znseeticlda Concent- % parasi- population after S

rations ti sat ion days

£

Indosulfan
3 ££.£■

0.04 1.84 93.82

Methyl parathlon
&OE.C

O.OS e» 73.58

Caxbaryl
t6'0 H- 'P

0.1 - 69.43

Quinalphos O.OS • 61,17

Malathion
$o£.c

0.05 - 68.18

Fhenthoate
gOE.z

O.OS - 50.74
+.

Control Water spray 9.17 5.21
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Chemical control raethodsnow orlantad to achieve th® preservation 
of natural enemy while simultaneous dastructlon of a satisfactory 
portion of tha pest sf»jitnsc could also ha found. Natural enemies 
▼ary graatly In thalr susceptibility to pesticides and manipula­
tions of treatments to taka advantage of these tolerances to pes­
ticides offers favourable opportunities for Integrated control pro­
grammes. Physiological selectivity Is obtained when a pesticide is 
preferentially more poisonous to pest species than to natural ene­
mies. In a general sense* this is not as frequent In occurrence as 
might be expected since many natural enemies are very susceptible 
to small amounts of toxicants. However* It Is said that systemic 
insecticides* when applied to seed or through soil (or in other 
fashion) so as to avoid contact affect* are highly selective (OeBach* 
1984) • Similar observations have been recorded during the present
Investigation. The systemic Insecticides such as phorate* carbofursn

«

aldicarb etc when applied in soil provided the least mortality of 
the parasite as evidenced from the higher rate of parasltlsatlon of 
host aggs. Similarly phosphamldon* dlmathoata etc^ which are appliad 
on leaf for systematic action also selective in nature as thalr appli­
cations did not discourage tha activity of the parasite to a great 
extant. The rate of parasltlsatlon under such situation was compara­
ble to those obtained under untreated plots. On the other hand* most 
of the common insecticides were highly Injurious to T.chllonls as Is
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revealed from the rate of pwarasitisation found under such condi­
tion. Such insecticides which wan tastad hara ara methyl parathion 
carbexyl, qulnslphoa, malathion, phanthoata# athion ate* AMRf con- 
vantional insaeticidas only endosulfan showed sows degree, salaeti-

(r-

vity. Monoerotophos though systamie in action is injurious tooths
*•»

parasite to a certain extent. Considering itAhlgh level of efficacy 
against several past species# it may also ha recommended in the 
integrated control programme of pest species along with endosulfan 
and granular pesticides.

It has been clearly demonstrated during the various field 
trials that certain insecticides are least toxic to T.thllonls 
hut highly toxic to past specias. Therefore, crop wise following 
recommendation may be made ;

1) Paddy i Phorate, carbofuran, 
as sslective insecticide to save Tricho 
destruction of the yellow stem borer.

Usr !
mm sp. gttfc simultaneous

ii) Lady's finger t Carbofuran, d line tho ate, phosphamidon may 
be considered as selective insecticide to save the parasite si- 
multaneous control of fruit and shoot borer.

iii) Brinjal t Carbofuran, dimethoata and aldicarb may be con­
sidered as selective insecticide to save the parasite dTO^simulta- 

neous destruction of fruit and shoot bearer.

/
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iv) Jute t Endoaulfan alone can be considered as selective 
insecticide to am as well as to obtain a high degree
of control of pact species. According to DaBach (1984) # occasiona­
lly a paraaitie apaeiaa shows exceptional tolaranca to a vide toxi- 
city spectrum pesticide# but, aa with paat apaeiaa# thaaa parti­
cular raaponaaa do not follow any determinable pattern and auch few 
iaolatad caaaa aa have been found are of little practical use where# 
aa la usually the caaa# many heat -paraalte aaaoclatlona aiuat be 
eonaldered in the treatment of a crop* Unless the paraaitaa ahowing 
this exceptional tolaranca to an otherwlae wide-toxicity apactruai 
paaticida are particularly affective again at major paata on the crop* 
the gains from their individual .preservation ordinarily will not out 
-weight the overall loss fro* the destruction of other natural eae- 
mies.



CHAPTER - V 

SUMMARY



SUMMARY

1) Studies were undertaken to reveal the ecology of local 

Trlehocrraiama ap. based on occurrence, distribution and searching 

capacity under various crop ecosystems.^ A comparative study between

the local and Delhl^booed Trlchogrsmma based cm the biological S 
differences was undertaken to identify them biologically. The po- 

ssibility of presence of various biotypes within a Trlchoaramma an. 
was considered based on biological and morphometrleal observation! 

Attempts were also made to screen out the selective insecticides 

considering the responses of the parasite vis-a-vis some important 

insects pests.

li) Zt was observed that the frequency of occurrence of the 

parasite was maximum under certain crop ecosystem! vis., paddy, gr­

oundnut and maise etc. The minimum occurrence of the parasite was 

noticed on crop plants like moong and jute. The total absense of toe 

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

tana sp, mango and lltchl.

ill) Zt appears from the investigation that no parasitisatien 

of host egg was observed when they were distributed above 8 metre 
heighten any of the crop ecosystem, similarly no parasltlsatlon of 

tagged corcyra eggs was recorded when they were placed near toe gr­

ound level. Hie best rate of parasltlsatlon was provided when toe 
host eggs were placed between l-l|> metre height provided toe area
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wu a lighted portion of the pleat* The second beet rate of pares!*
Ov^

tieetioa wee obtained ftaeet 2*3 metre height* A negligible pareei- 
tieetioa wee obtained when the corcvra egge were^ between 4-7 metre 
height*

if) A detailed study on the structure of male genitalia of 
nine types of Trichocramma revealed that they belong to the same 
speeiee i*e* T.ehllonle by virtue of the presence of very proml* 
neat lateral lobes on genitalia* Similarly* Delhi strain of Trl*. 
ehoarassm also possess similar struetures on genitalia revealing 
its identity as T*chlloais.

v) Xn order to ascertain wheather morphological similarl- 
ties were due to the fact that they belong to the same species* 
reciprocal crosses were undertaken using both male and female of 
the each of the nine type of local Trlchograama and Delhi type*'

4

The progeny production varied between 633*28 - 798*81 and the per* 
centage of female and male were between 66*38 to 81*68 and 18*32 
to 33*62 * respectively* Therefore* it indicates that successful 
breeding has taken place and they are authentically the same species*

vi) To study the type of reproduction* the females alone wars 
natkept in isolation before mating* In the case of local types* S9*13 
*84*14 individuals wars obtained and the all of them were males* 
Similarly in the Delhi type 104*88 individuals emerged and all wart
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males thereby confirming arrhenotokous type of reproduction in

all the caret.

vil) The type of TrtfihgflflMMI «P* collected on citrus vu 

maximum la tire (0*498 x 0*190 am) followed by lady's finger (0*493 

x 0*188 chi)* potato (0*483 x 0*188)# malse (0*478 x 0*173)* paddy 

(0*471 x 0*178 am) ate* Tha sire was na minimum whan tha sample of 

T^fllWglffTTIH obtained from among (0*497 x 0*153 am) and red gran 

(0*453 x 0*181 ) • Similarly, other characters like length of an*

tennal hair# width of forewlng* length of aedeagus varied slgnlfl* 

oantly aamng nine types of Tft ft) Mr Will *b* segueneo of deoreomat 

or lnereoient of measurement of various body parts followed more or 

less same sequence as were observed In eases of body length and bre­

adth* However* the characters* like width of flagellum and forewlng* 

length of tibia and apodemes did not dJ&dere^significant difference 

among themselves in nine types of Tfflflftgqrflmi «P*

vlll) It Is revealed from the studies undertaken on bio­

logy of nine types of IrtfiftMCTBffll «P» that the longevity varied 

significantly among nine types of TrlChooramma being maximum to 
lady's finger (48*3 hours) followed by citrus (47*7 hr)} maise 

(48*8 hr)* paddy (#45*3 hr)* Xt was minimum In among (39*5 hr)*

The rate of parasltlnation also varied significantly among nlha 

types of Trlchooramma* the fecundity being maximum to Citrus (45*8 

eggs) and minimum In among (33*8 eggs) and jute (33*7)* wfnagstftjK^
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There was no significant b variation in ths duration of Ufa eye la 
aaong various typas. It is completed in six days, In all easas at 
30*C with 40 * r.h* similarly tha rata of amarganoa did not diffar 
significantly among various typas of yrichooramna which * varied 
hatwaan 71.14 - 84*88 *• But tha sax ratio showed wide variation 
among various types of Trichooramna being statistically slgnifiaant. 
Tha maximum percentage of female was noticed in citrus (80*14 *) and 
tha minimum 8k in moong (49.80*) and jute (70.11 )•

ix) Searching capacity of nine types of Trlchocrararoa wore 
Investigated in four types of crop vis., paddy, maise. Jute and glbm*
—' "  ~................................ ' ........................ * ' ......... -v’Hr

The maximum paracltisatlon of host eggs (used as an index for sear* 
chlng capacity) was obtained with tha release of paddy (11.21 *) or 
maise types (11.88)jwhioh differed significantly in their rate of 
parasitination from other types. Therefore, it may be said that paddy
/maise type were the best searcher on paddy plant. Similarly, cm

1maise. type collected from maise plant provided the best perasltl- 
nation (17.22 *) followed by paddy type (11.88*). Obviously, on 
jute and red-gram, best pares!ti nation was obtained with the release 
of jute and red-gram types,respectively (9.13 * and 13.81 *)•

x) Comparative biology of the two strains of Trlchocraama 
vis.. Delhi and Kalyani were studied at 10*C under three levels of 
relative humidity i«e. 30.60 4 90 *• The female longivity of the 
two strains varied significantly between themselves. The longevity
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of fomala of Delhi strain was maxima* undsr 3056 r.h, followed 
90 and CO %• It was exactly reverse In the case~of Kalyani strain 
where maximum longevity was recorded under 90 * followed by 30 and 
90 % r.h.

The rate of parasitlsation also varied significantly bet­
ween two strains as well as among three levels of relative humidity* 
The maximum parasltisatiod of eggs by Kalyani strain was recorded 
under 90 % r.h. followed by do and 30 %. On the other hand# it was 
opposite in the ease of Delhi strain where the descending order was 
30# do and 90 * . The difference observed between two legela of

'9relative humidity always varied significantly betwean themselves* |

The duration of lifo cycle of the two strains of Tri<hoordhima
also varied significantly among throo level of rolatlvo humidity.

♦ »

The maximum duration was noticed at 90 * followed by 30 end dO % r*h*
------------- ----- ~ "" '........ h ■

in the case of Kalyani strain while it was 30# do and 90 56 in the
descending order in the ease of Delhi strain, j

The emergence e rate of the two strains of parasites also 
vadled significantly among three levels of rolative humidity. The 
descending sequence was 90# do# 30 % r.h, in the Kalyani strain ami 
the corresponding r.h. for Dolhl strain was 30#dO and 90 * r.h.

The sex ratio of the two strains of the parasite again 
varied significantly among throe levels of relative humidity* The 
'maximum number of female was found uteder 90 followed by dO and 30*



r.h. in Kalyani strain. Similar trend of feaala production was 
also noticed in the Delhi strain being maximum under 99 followed 
by 90 and 30 % r.h.

xi) Biology of Kalyanl strain of T.chiIonia was invosti- 
gated under field condition. The female longevity# rata of pa real­
ties tion, duration of life cycle# rate of mergence and sex ratio 
of the parasite varied significantly among twelve months of obser­
vations in each of the two years* Maximal longevity was recorded* 
during December and January(16«82 - 18.14 days) and the minimum 
during Hay and June <3.14-3.74 days). Longevity increased with thd
decrease in temperature • The rate of pares!tisation of host eggs

' iwas the lowest during June-July (28.13-38.18 eggs) and it was maxi­
mum during March (88.21-92.75 eggs). The shortest duration of the 
parasite was observed during May-June (7.15 days) and with lower* 
ing of temperature from the month of November onwards# tha duration 
prolonged. The rate of emergence reached its peek during the months 
of January to March (87.08-95.00 %) • The minimum was recorded daring 
May (38.45-42.82 %). The aex ratio ( % 0+) # was maximum during 
Februaxy-Mareh (82.35-88.91) as wall as during September-Oetober 
(86.30-71.87). It was minimum during duly (67• 54-64.18%) , Higher 
percentage of female production wee directly related with mild 
temperature with high to moderate relative humidity. The lower
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production of female ie associated with either higher temperature 

along with low percentage of r.h. or moderately high temperature 

along with high percentage of r.h.

xii) Relative toxicity of twelve pesticides namely* endo- 

sulfan* malathion* monocrotophos, phosalone* formothion* quinalphos, 

phosphamidon* fenitrothion, dimethoate* methyl ^ demeton* diehlor- 

vos and vamidothion were tested in two concentrations via* 0*03 Jl 

0.01 % on the pupal stages of two strains of T« chi Ionia under la­

boratory condition. Zn general* Delhi strain of Trichogramma was 

most affected,.

Pesticides like endosulfan (0.03 & 0.01 %), malathion (0.03 

and 0.01 %) monocrotophos (0.03 %), phosalone (0.03 %) • formothion 

(0.03 & 0.01%), Quinalphos (0.03 * 0.01%) phoaphomidon (0.03)* feni- 

trothion (0*0) & 0.01), dimethoate (0.03%) # methyl deraaton(0.03 d 

0.01%), dichlorvos (0.03%) and Vamidothion (0*03 and 0.01 %) gave 

total mortality of the parasite. Zt appears that endosulfan (0.01); 

monocrotophos(0.01), dimethoate (0.01) and dichlorvos (0.01)were 

relatively safe for Kalyanl strain of Trichogramma while dimethoate

alone (0.01%) was safe to the Delhi strain of TFlfhftffTlffffiH- However*
..........- -■ •-

inseeticldes like phosphamidon (0*01) end dichlorvos (0.01) may also 

be considered as selective insecticide as they provided 60 % morta­

lity of the pupal stage of the parasite.
“v

xlil) Effect of pesticides on T.chilonla vis-a-vis impor­

tant pest species revealed that on paddy crop^dimethoate treated 

plants showed the maximum rate of perasltiaction (29.85 %)of tagged



host egg followed by carbofuran (28.<19 X), phosphamldon (26. if) 
and phorate (22.41), Similarly the beet control ..of-.the..fellow iUi ■ 
borer of paddy was obtained with carbofuran (2,28) phosphamldon 
<3,02 X) and phorate (2.77 X).The order of efficacy was carbofuran
• phorete s phosphamidon/ dimethoate » eth|on.

In lady's finger, the maximal parasitisation of tagged host
•v.—---—""' r— ,

eggs, was found in carbofuran treated plots (1934 X) followed by 
dimethoate (17,33 X), phosphamldon (14.10X) and dichlorovos (11.89X), 
The best control of fruit and shoot borer of lady's finger was ob­
tained with the application of dimethoate (5.40 X), The order of 
effieaey was * carbofuran * distethoate * phosphamldon y dichlorvos
* ethion, ^

On brlnjal, the maximum rate of parasitisation (1S.27X) 
was observed in carbofuran treated plots followed by dimethoate 
(13,77 X), aldiearb (12.36 X) and monocrotophos (8,52 X), Similarly, 
carbofuran provided the beat control (28,74 X) of the shoot and 
fruit borer of brinjal. The second best result wes obtained with the 
epplieetion of dimethoate (34,73),

On jute where mostly conventional pesticides were used in the 
form of spray fluid, only endosulfan treated plots alleged negligi­
ble rate of parasitisation (1,88 X) while in other treated plots it 

was nil. Similarly, endosulfan provided the best control of jute 
semllooper (93,82), The semilooper efficacy of other pesticides

Xagainst jute In descending order was t methyl parathion (73,58), 
Carbary! (69,43),malethlon (68,18),Queinalphis(61.17),
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CONCLUSION

Xt is evident from the results summarised in ths fora* 
going psrs that T.ehilonis doc%xist in different forms which trt 
to be considered as blotypas• Various types collected from nine 
different host plants-ahowedvvide degree of variation in their 
biology, furthermore# they are truely adapted to certain host 
plant condition as is revealed from their searching capacity exhi­
bited on the respective host plants from which they were collected. 
Again# Trichoaramma collected from the two far^i stent places with 

wide climatological variations appears to be two distinct strains 
and may be termed as climatologically adapted strain. Among the two 
strains one obtained from arid part of the country and the other
from the Postal area showed clear preference for a humidity range.

*,''

The costal strain would thrive better under high humid condition 
while the arid strain is better adapted under low to moderate humid 
condition. The studies on field biology clearly demonstrated that the 
optimum conditions for multiplication of Trichoaramma are £oun£ during 
feb-April and September to November, Therefore# to obtain a good con­
trol of paddy stem borer# periodic cam colonisation of Trichoaramma 
would be required from the months of July to September on 'amen* 
paddy. However# the prospect in achieving a good control of tha pest 
on 'Aus1 crop is very much 11mltad. Again# parlod colonisation of

t

T.ehilonis (paddy) on 'boro* crop would provide a highly affactlvo 
control of tha paddy atm borer.



90

It it further trident from the present work that a good 
control of fruit end ahoot borer of ledy*t finger may also be ob­
tained with the release of T. chi Ionia as the period of pest occu­
rrence is highly favourable e to T.chlldnis. but the success would 
obviously depend on the release of the particular type collected 
on lady*s finger alone.

The inclusion of TrichoaraHwa in integrated pest control 
programme woudld face with seme limitation; Most of the convention^ 
pesticides when applied as direct spray on crop plant hindered the 
activity of Trlchocramma to a great extent. However, the answer 
would bemuse of granular pesticides. Alternatively, systemic pesti­
cides like dimethoate or monocrotophos which sprayed on the leaf 
surfaces, may be incorporated in the integrated control schedule.

Zt may benow be postulated that the entire 'Trichogrunna* 
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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