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INTRODUCTION

In the techniqus of biologieal control of insect

| jpésts, tﬁé” megt’impartani‘ﬁhasé is the m&ss»ﬁrﬁedimg

of thé‘paraéitie“ana predacious species of iﬁggeﬁé ﬁﬁﬁer_'
artifical eonditions. Among the problems which one may
have to face in the maﬂa multi@lieation anﬁ'utilixatian» |
‘of parasites far applied biolegieal e@ntral are, laelk 4
of adequate and continudus supply of host m&terials, o
preservation of parasites in viable state for use dur«k‘
‘ing 1ean peri@ds end shipment of the aarasit@s to 1eng
daatamces‘ Extengion of the: periea of @xistenaﬁ of the
.Jparasitic @?ganism, graviﬁes a faivly satiafaetory
solutibn of th@sa yrablemaﬁ '

. @ne meﬁhod by which @%tensmnn sf th@ @eriad of
£ 1iving azistaﬁee of the pa?asite can b@ aca@mplishad, '
is by the tise -of low tammeratuv@s. It is well known thaﬁ
“when_ temgaraﬁuve is lowered, the life activities of
5  aygaﬂiams inelu&lag their rate of éev&lgpment are retatﬂ&é
or arrested, the—magnituda of retardation and ‘the p@riod :
?:’far vhich this ﬁﬁnﬁiﬁiﬂn can be naintained are. S
f depending on the temper&tare. céﬂéiﬁ%fébie anount of
" work has been done, by workers lik@ Lasuvoi (192@);
| Evans (1930); Peterson . (1930) Tieker (1931) Schredd and
'.Garman (1934) Kivit {19386) subrahmmnium (1@3?)Panasyuk .
(1937) Bymm (1937 Holer (1938) Hama (1938) Lapina
(1938) Berry (1939) Chatterjee (1939, 1@44) Ahamad and
. Gulamuilah (1939, 1941,1944) De Bach (1943) Ahamad and
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Mathur (1946) Wilkes (1946) G@més (1047) Vasilew (1947)
_ Romanova (1952) Venkataraman and. Govil. {1@523 Haslemikova
(1950) Lunr ot al (1960 Bzmidt {mﬁm Esgargeﬂe I»Q&?:«)
 and others on the effect of low %amp&raﬁmr@«an the rate
of g@ftali%y, f&@aﬂéigy, viability, %@ﬂgavitg, aexaxati@
'-( aﬁ§ marﬂhﬂlmgicél ai%ﬁ%%%iﬁﬁs of dszeyamt aga&iaa of DTG
"i itie is¢eaﬁs (?ﬁa@ ravi@w of lit@ratkre}t

: Irichosyil lug gﬁgiv&x& ér§1a§e~€%mlwgﬁiﬁaei hag
hoen proved %@ be an effective tﬁ@l in the %iﬁiagiﬁ&z
“control eff* “” By

_ ylnopa Meyp, %ﬂ@ eﬁﬂﬂnvt 1@&?
B eater§iliar¢ hy wOPKers li&e Apanthenarayanan: (19343

- dayarathan élﬂ&l) and Ramachondra E%ﬁ(ﬁ&w ﬁ&}.il@&&);
»;?In Kerala, this yarasite has bean a@plﬁgﬁé o emat”ai :
th@ pest from 1941 onwards {Jones 1948). From 1@55
onwerds a goh eme ig fuaat&wning in this ata%a o masau

 breed the ﬁwffﬂﬁﬁﬁﬁ parasites @f.ﬁ;  ““”"’ at va?iama

;iaaat?as and Miheyata than syﬁtamatie&¢1g ta ﬁentrml

‘~ltha ga&t aaé a% ‘present %ﬁiw work 1o being done at

. (? gentres in the sﬁ%ﬁ&; The bf@biémsaa %i@ﬁ@ﬁ'@aizai

| 1_;ﬁam@ often te be ﬁ@ﬁfﬁ@nﬁﬁﬁ in the wa&» %re&&inu of
Sz ;L“"~. and the ﬁ@ﬁ&xa@i&iﬁy of axtaﬂﬂiﬁg the living

'“§®ri@a of the g@gasit@ has Hoen falt geﬁaisﬁantlyg Xt

'"@lis iﬁ view of thz@ that the g?@ﬁ%ﬁt invwstigaﬁi@ns have

~:_ &@@n uﬂéer%ak@ﬂ»

?hs ai@ of th@se stuéias ig %o sysiar@ th& g@s&&», :

bi&ity of usiﬁ? Qw %&ﬂ@ﬁ%&tﬁ”@ o r@%&fé the r@t@ @f
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development and thus extend the overall life duration
of v pupivors. ¥o information ic availeble on this
aspect. In the studies sresentod, thg'a££ae@ of rafri-
geration at 10°¢ on davelopment of T puplyors within
2tra peponls  has besn ascertained

the host pupa of Fhut
by refrigsrating tuwo stages of the parasite,the egg

stage (24 hours after @arasitizaﬁiaa} and the pupal stage
{8 days after parasitizﬁfi@n). The axtent to which the
host pups Repanopls can be kept at é%is taayeraturé‘;
without undergolng d&ﬁ@r&a&a&i@@,a&aé,has basn ascertae
ined, Ths results appear tc be quite uzeful,

Literature on tho effect of 1¢w.tempargﬁura§

on garasitig insects has ﬁe@n-r@viauea-’

(000w



REVIBY OF

#pfect é: jow temperaturs on paresitie insects has
r@ﬁﬁﬁv@ﬁ much sitention frow vericus sﬁyaaws in the field
of porasitolosys This g neinly bocause %ﬁ low %ﬁﬁ@ﬁ?wﬁﬁf@y
| ﬁ@@%&@ﬁ@ﬁﬁ% of the styasite iz yelurded and g@v@i@ e
pePiod extonded and these are fostures which find puch
use in practiesl biolegical contrels  In the Folloving
pages %"ﬁﬁﬁi%wvﬁg &itéy@%ﬁf& boaring on thia ag?@@%'is
givon. - |

Logovol {1829} %?g@&?ﬁ to be the ﬁi@@% to initiate
%ﬁm&i@@ on the effect of lov %lﬂ?%fﬁ%ﬁ?ﬁ on ”’Sﬁ&@&. A
Ha i@ﬂﬁ@ that 4t was ?ﬁw@%ﬁ&@ & paterd the Aéﬁﬁiﬁgﬁﬁﬂﬁ

of the parasiie Yrichogeaums evenoseons uithidn the @a%asiw-

$ized host eppe of Lepidopera w%@n thoy a@%@ %@;ﬁ ﬁﬁk ey low
@%&ﬁéﬁ&~ﬂ§%g‘§ﬁ~ﬁh§ Gth cnd Oh day of g@ﬁg@xﬁatian and
they eould be praserved vhable fey wenths in this ua¥e.

ﬁf t&a“wa@¢ iézgﬂﬁ srus @f Yarathra brassicss Le kept

' unden lﬁﬁ‘ﬁgmyﬂﬁﬁ%ﬁfﬁg 454 15 gﬂﬁ @ gar conts ura@u.ﬁé
parvasitos when bopt for 3, 4 and a8 n@ﬂtﬁﬁ ?%ﬁy@%ﬁﬁ%@qu
Tho &%a%ga@iﬁﬁ&&si%@% vere vea: snd vmable %o ovipes o5

The paveciilzed oggs of Phulora %ﬁﬁﬁ?&&i&f&g which possnses

thiek ehopicn could %@ kept for & wonths in viable T L
L1000 &vamm {19 20 3 ehsorved in a&%%ﬁ&li& thot Srichopranng

GVERAEe oS ?ﬁwgaﬁg frrm hibernating perasitiged opgs of




¢olding moth, were too weak to oviposit on fresh host

aguss This f&eﬁ‘wag'gaﬁgtanﬁaﬁﬁeﬁ ay-aahééexagg DTG

sitized eges to temperature fluctuations of 1° € to 109 ¢

and thon u@iagVﬁhﬁ amerging parasites ﬁaéﬁsitgﬁe

fresh host oggs. Contrary to his earlier results, he )

Qaaiﬁ‘étm&in %ﬁaﬁﬁ&?‘@%ﬁ&ﬁiﬁ&& omerging from eges kept v'
;'aﬁ 3?~ﬁi_ Tueker {1951} fﬁﬁné’%ﬁ&t/aggs of latren
éae@h%&ijé ﬁgaﬁasﬁiﬁigﬁﬁ by richorrasma m@m, kept
.t 4% 7 to 480 F produced on the 6th and 7th doy en
SMerEonts of payaaiﬁas varyﬁng betwsen 80F and 90F with
an average. of B4l ‘

?@ﬁarﬁﬁa (19%93 conduc ted @x§ariman%s with

: tién~@ﬁ the sex ?aﬁﬁﬁ¢ lamgxmiﬁyranﬁ @%ﬁ@ﬁﬁ%£Vity-sf*the

?&?é%ﬁt@ @&1@.& ramng minutum Eﬁi@gw e found that the

parasitiz @é oges of tﬁa ﬁngaamﬂis grain moth would
f-ﬁ@t gurvive longer %nan«& to 6 woeks, and the adult _’
~ parasitc not lenger than two ﬁaekﬁ at 409 7, ﬁawaver be

was able to @?@ﬁﬁiﬂt&? oub @f-éﬁﬁ;&,&%&l@ﬁ species of




to April, ?h@ parasite. under rﬂfrzgaratinn did not liva

| vlangar than those ev@rwintaring in neturo. In the eggs of

Ihyropodter phemerseformis H, ths viahili%y of the

. parasite was matntained evan up to 6 monthse The morta-

’lity of the parasites in the hag WOTT unﬁer g@frigeratian
for 3 to 6 monthe was as high us 75 per cent as against s
negligibla»martslity in thnsa kept for 40 days. mhe .
suscegtibili ¥ of the parasitized 2ggs to low temperature
depended on the age of the parssitized egg. The greztesi
survival was nm%iﬁﬁé among egys in which the yarasize was
. ghout nﬁe'half doveloped. Hpgs noayly mature ané roady
to hatehy sulfered high“martﬁiiﬁy» In %hé e&&é of newly
parasitizeﬂ eges also, esaﬂiéarable e cﬁmylate mortality
eecur?aﬁ. T@mgaratar@ bolow freezing yeint* averaging
29° p w@re—mﬂeﬁ Rore ﬂetvim@ntal than those immaﬁiaxQZy
abave 34° Fo Mont satisfactory survival was obtained
between 40 and 4% P uitn fair hunldity. ‘Speoies possese

. 'sing yellow f@mal&a was able to ﬂithﬁtanﬁ longer and more

S8Yere rafzigaf&%ieﬁ than the 5§8€2@3 gesa@sging darvicer
- females vhen resred ir bag WOTE QEESs It was glso observed
that when r?araﬁ in baguworm eges, sex ratio of the parasits
which was nnxmally 2 males to cne f@mala, ﬁié not change

&8 a result of r&ﬁri@er@tiﬁn»

| Ebe&gscm and ?&rker (1955) found in Bulimeria
egasaif@mur. an i&partmnt garasite of &urapean ﬂarn\ﬁerer,



g
o votardetion of develupment &S & result of vefrigera-
tion at 18° G. The coucon of the larvee kept et 27° ¢
3raﬂueaﬁ aﬁuli in 11 days wherass thoss kﬁgt in 18“ & :
;xmﬁm@é parasitos only 'on 22nd daye )

Senrend and Garman (1934) conducted 1n?$$ti%&$igﬁg
to find out the resson why Tt ahios
%i%atra 8 0o

A Spe rearsd in t&a

eggs of gorealella could not be held success

fully in ordinary refrigeration for any groat length
'nx‘tima.f ﬂxﬁk‘g doya' preerafrigepstion developnent
“ana & days refrigerstion at 370 P gnd 60 ger cent Re H.,-
the.mortality was 12 per cent za: the 3@11QW‘strain,‘¢.

praetiosun and 45 per cent for dark species, J. pinutum,

4 & days ?ﬁf?ig&?ﬁﬁi&ﬁ«ﬂﬁ@@?-thﬁ'ﬁﬁmﬁ conditions gave

34 per csnt mortality in yollow species and 32 per cent
for dark ﬁpﬁﬁiﬁﬁﬁ ?eur days grr«xefrigefati@ﬁ deyslopnent
and B days reirigeration, gave 82 per c¢mmt mertality*

In - the eass of 3 day ylanrafrigaratien dsvelo;manty

80 yar>eant portality coeurred when refpigerated contls
nﬁusly'far 45 Gayss For en equel lﬁﬂgﬁh,ﬁ¢ refxigara*ian
preceded by 5 days gya-rnfrig@ratign developmsnt, there
&g 84 por cent mortality in the yellow straln. The
least sorballty at the t@r@in&ti@n af & 40 days rolyiEnra-
‘Eieﬁm development¥as B8O per z:mt for davk specles, with

4 duvs gfa-w@frigawatzmn ﬂ@vezapﬁgmt. But the morte=-
1ity of the yellow speecies f@r’%ka sepe pericd of
safrigevaticn and pre-refrigeration period was 77 per
conte With 4 days presrefrigeration ﬁ&velgyment
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and 7 days refrigeration at 449F, the wortality was

conly 4 ye?-e@mt which was aangiﬁeraé to be o ncrmel

. emergence undor ordinary condliions without refrigera=

tion. But with the seme prawrafrigavaiiﬁn ﬁ@?ﬂl@gmﬂrt
and refrigeration at 4%F gor 40 days, mortality was less
than 66 per cent ﬂh@r&&aﬁ uﬂd@r the gene ngnﬁiticns,
refrigeration for ﬁ@ ﬁayﬁ, @ent per e@ﬁ& mortality was.
‘obtained. A 4797 the yellow species survivad longer

' than the ﬁar& ap@aiﬁg anél therpowas 1less morkality for

agual periods of refrig&r&t&aﬁ. With * days' pre=

‘ refrigezatiﬁm ﬁev@l@@ﬁaﬁt and 7 days r@f@ig@ﬁaﬁi@n,

o9 g&r gont @f ?, g?@tiasum iy@il@@? emorgad, whereas in
the cage of dark specles 1t was 02 §@r cents Under the

same conditions, but 40 days refrigoration, cuergencs

wes only 10 por cent in the ca'e of Ts gya%iasum and

. 46 poy cent in the e&sa of %. @wﬁgggg With 4 days

' ; yr&-w&frig@yatian &eva&aﬁmgnﬁ iall@wt& by T days

vefrigeraﬁiﬁﬁ, the yellow gpacies gvaﬁuaa& 26 per gent
'em&rgaag@ and the dark ayaaies 76 per cent, - When the
p@?iﬁﬁ,@a r%f%ig%?&ﬁiéﬁ.lﬂﬂgﬁhéﬁéé to 40 ﬁays,‘th@
@a@rgaae@ wos B0 per cont and 21, per cent respectively
for v@ilmw~amﬁ dark species, e ! fountd thet the wartality
of tha parasites %&ﬁ'@?@%ﬁﬁﬁiﬁﬁatély ‘the sang for two

species, with & ﬁwya yreurerrigeraxieﬁ.éﬁvﬁluyaent‘

At 49 sftor one m@nﬁh, th@ emorgonce was B85

por cont for 4 deys, 86 per cent for 3 days and 73 per
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cent for 2 days prEarefrigeraﬁion development. For one
week of rafrigeration and 4, 3 and 2 days pre-refrigeration
periods, the pereentages of emergence wore 92, 91 and 94
respectively.- In the grain moth egzs, Zrichogramma were
capable éf_withstanding low temperature for long ar'shorﬁ
pemieds,éeyendiﬁg on the stage of develépment at the time
of refrigeration. The yellow species (I. pretiosum) |
eéald survive longer than I. minufunmat any single tomperas
ture except 27° P end a prenrefrigeratien dexelopment of

4 days. Lﬂﬁ temparature fraquently pradueaé & change

in sex ratio and below 4° Fy the sex ratio was upset,

the chaﬁge being evident in the generatian following

the refrigerated eggs.

| He found that refrigeration had its effects on
.tha wings of the parasites ewerging. The deformity‘of
the wings, was found to be highéer in blaék Species
than in the yellow species for the first 2 weelks of
refrigeration but after that peried there was no signi-
ficant difference between'thepercentageAef wing deformity
for equal period of rofrigeration between the several
strains of the tuwo species. Z.pretiosum showad,a@paréntly
25% less wing deformity than IV piputum. The percentage
of wing deformity was highertémang the females of
I. srotiomm. |

Flanders (1936) in his investigations in Teira-
&tichus sp on the eggs of Galleruccella mnszsﬂ.é&.elna,



- south eastern parls af"ﬁmrtﬁ Caucasus against 3
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a past of Wim trees, found %that under 38%F for 14 days
in tﬁanﬁit, the ﬁavelepmaat of the host embryo - anﬁ
preya@al sﬁaga of the @arasite, wa§e¢1nhib1tad,

- Kivit (i@ﬂﬁ} f@mnﬂ,that Aphelinns pall could

withstend the tenperature as low as 21 and 259C in -

HNovember znd December when they were iiberated in

{

1§§;£2£§ﬁ§

‘&a&aﬁyanskay&, Hedvedeva and Chernopaneviiana {1936)

1t

gbserved that the eges of the Limantrid J
gyﬂihgaﬁg, paraaitiﬁaﬁ with I+ evageseens vhen Kapt at 0-6 C
for % sa 8 menths, gave 1% to 6 per cent there belng no

BESTE

energence wh&n kept far longer porieds. He cmnalude& that
the best resﬂl ts would be ghtained hh&ﬁ they wWore raw
frigar&teﬁ é %@ 5 davs after garasitlzaﬁign at a gstape when

1arvaa are half grewn. Further it was found that the

egga>af &a;fste'a sticticalis parasitiged by s.evaheseens

W, were not affected by kecping them under snow for

7 days, the ﬁemﬁarature of snow being as low as 11°C.

“The effect of low temp@ratnre on adult garasites was

also obgerved and they found that the adults did not
suffer mortality even after keeping them for 24 hours .

'unﬁar a temperature not lower than 6.59C,. But when the
exposure wags ta £0°¢ msrtality -cecurred.
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" gubrhanoniam (1937) found that the flour moth eggs: |
when refrigerated ab 5 to 11°C for 30 to 35 days, five

) gave only .

days after §a$asitisaﬁinﬂ with Tpicheeramns
partial @m@rgaﬁﬁe‘ The ﬁarasitgs enmerged wers capable

of parasitizing frosh Flour Moth eggss Long agys of

. exposure to cold reduced the percentage of émargeﬁce

af'garasiﬁes. However in one instance, he recorded the
survival of parasites even sfter 90 days refrigevation.

But these yaéasites were inactive and woak and died

shoptly after emerpense. bs soon as the parasitized eges

were placed under low temperature, the aeveiaﬂmenﬁléf

the pavasite within the egz aeaéed and development was'

resumed when 1t was taken out and kept exposed under

thg_@r&ima?§~eanaitien,

R@eka (193?} in his investigations faun& that
ipenis .2, a eocoon parasite of Dioprion

kept in field cages, He ha& also ?ecordeé tha abilaty
of the garaaita to withstand the sovere winter iﬂ Qubec,

F@rty three ealenias of M ":;fa:~aaulﬁs were renoved

Dippion cocoons collected from ?ark Regerve in.

the fall of 1935 and similar collections in & '@étembar‘

1@3& ther@by showing that Mig

ean wﬁ.thsmné

the rigorous winter with 1ts low i;efmg;era‘é;uren

Bynum (193%) observed in anaii the “energence "t .0
N
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2 plerrvi Fy; after 30 days from Fggudocogous
fﬁgaiﬁgig {groy sugareane mealy bug) the host, collected

Gf -,G,ﬁse erin s

 after the temperaturs had dropped %o 24® F and ho was

" able to regav@y,ﬁﬁa yamasitas,éﬂ the summey following
an exceptionally cold snd vet winters In the ease of
adult parasitea agnfiﬁ&ﬁ zn o tube ‘and glaeed in the |
open uhere the temperature was 24° ¥, there was no mnr* ‘
tality. Panassyvk {1937) found that Trighodramma

produced larval ﬂiﬂp&ﬁga in spring and autumn vhen the
temperature ﬁragyaﬁ.ta-ll-ﬁ in the ?rcviﬁg@ af_Kia?;

~In gpite of ﬁh@-ﬁi&?&ﬁﬂﬁ, the parasite prodused B . |
penerations SvVery ysars Egmg {19372 céndueta@ exsrperiments -
" on the Géid storapge of eggs of ‘ ‘£§§;alla,yara$itiae&
with O janonica whieh is sn egg parazite

of Qgilg,giaglgz;ﬁha ?iae'é%@m,bﬁgarg in Japan. He observed
that the eggs about 20 hoars~a1é'wexa guitable for celé

9%9?&5@ and those 22 neﬁza old wvere satisfactory host
matermala after belng stored at 3§h for over & nonth th@ugh
they 4id not bateh aftsr 2 we@k¢ exposure, His experiments
proved that the refrigeration of parasitized eges reduced
tho gaﬂeenﬁava of e@e?ganea of aﬁuit garasita and their

© fecundity.

Johansso (1957) detected that the egg stage of
zaﬂgﬁasins_y;;eﬁigﬁr N , lasted 45 to BO days at a temperas
ture of 16 to 19°C ana tﬁat cf Lentoels tlpulas 5660
days b@%h being the parasit@s of wheat gall miages,




o

-,

o

g, O Pound

mat the }armite aiq not show a8Y aign of dewalupwent
yaiing. ploee bolev 139, tnoveby shouing 1A% ¢old Bas
s vatording effect. O g developmental petivitios of

tho perasites

@ﬁ.ar {wégi &isam%wé ghot Aphelinus palis
_&i%@raﬁt@&~whaﬁy%ha semperature Gropped &0 129 were
gnon gble to withstand pepperature as low as 25%¢
and pregumed developnent when the Hean temgorature reL-
ched 9%¢. He ghowed that ﬁh@-%@ﬁt.ﬁﬁnéiﬁiﬁ 3 Lor 3%5?&
coreslellis parasitized by
, were 1.29¢ and 80% Haib %h@m

ing egge of HiENLICTA

the @&f&,%‘ﬁiﬁﬁﬁ oggs with mature larvae vore pvofrlalis
%;#a& under these c@mitmﬁs for 1y B4 3 and "4 nonths ‘

| ghe emergentae of adult gwwmﬁs wave 92:8,; 860, a1

and 82 ner ﬁme Wagae%&%w . In the cascof @ggs SO~
l%&inmg the r:mg,aa of the porasite, the ecorresponding

| gﬁéﬁgam% wore 60.1, 45, 32 and 15 per cent. then the
parasitized sggs of Boheatie kubnielde were stored under
ﬁ%@.g sane conditionsy the percontages of yumssiﬁe oy BT EOTCas
| ware eorrespondingly lewry and mere me?waﬁl ai’ ver gterage

for 4 months.

e (1@383 hﬂh found t?mﬁ. when stored at 5.‘1@"@;

and 60 per cent »%.u.z, the mmanmge of mmshﬁism and

' pavasite pEerrencs wers hgh Por IR
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in eggs of Eﬁh@g&iﬁ,gﬂhnigllg, put eggs that had heen

xept at.a lower R.He weTe unsuitable for parasitisma

The fecundity of the female paragites reared from the ©BES

- were not affected by nomidity at which the 1atter had

been kopt but decreased when they had been kept in cold

étarage for long periods. The pvmgeﬁy of the female para=
sites peared in eggs that had beeu kept in cold storage,

was quite normals

Me Leod (1938) observed that in Cansda development

of Epcapsia formosa was reterded at low temperatures.

fund (1638) in his studies on the longivity and producti-
ity in Tpichosramma evaneseeng, found. abpoxmally ..ty

high propertions of female progeny at 1506} Me Leod (1938)
found that in Aohelinus maplaiti, the davelsgmental period .
jncreased more rapldly below 60°F and completely reduced
the vitality. Lapina (1§§9) observed,amaf Irichogramma
ovanesecens in its immature larval sﬁagé!lin the eggs B
of Sitotross cersealellsa and Ephegtis kKuehnjells when
stored at AQW'temperaLure,,the sox ratio Sas 1:3 éhile
the proportion was 1:1 when the pupal stage was subjected
to the same low temperature. Talemhorst (1939) in mis
experiments had shcwn_thét refrigeration haé different
effects on longevity on male and female parasites of
Iohneunon tersiug G, a parasite of ?inelﬁecmetrid. The
male and female parasites when fed on dilnte'heney, survived -
respectively for 57 and 90 days at 10°C, 54 and €5 days

at 15°C, 25 and 52 days at 20°C and 12 and 44 days at
G ,
25°C



15

25°¢, Berry (1939) ebaervea that ughgﬁlzﬁa‘xntigngllsﬁ
L, & pupal paraaite of European Pine Shoet Barér,

Bhvacinda buclisna developed normally vhen gsubjectoed
to high temperature, In an unheated inseﬁtarv, the
life ecyeles was longer than when it was in the field.
Pemale parasites liberated successfully at normal
winter temperatures, During the severe autumn of 1934
35 there g&a 10% mortality when the parasites were
held 1n‘wa§ﬁen boxes in an unheated insectory %here
the temperature dropped to 11%F. A fow of the late
emerging males had alua&s sarvived the winter§ In the
laboratory, very low mortality to the species occurred
during winter at temperatures, ranging from 32 to 38%
It was also found that tha female paragites reared. at
80°F or above began to avipﬁsit soon after emergence while
those insects developed at lower temperature of 50°F
to 65°F did not oviposit far a wveglz or two. rurther,the
parasites reared at high tampergtures and then refri-
gerated at 40°F for 7 days, could not aviposiﬁ until

4 to 7 days after they were subjected to 70° to 80° F.
v”he adults developing in Dcteber when the temperatuve
was low, weuld not oviposit in the following sgring
until they had been subjected to 50°F to 759 Fy for a
periad of 14 days. |

Chatterjec (1939) found that longivity of Apanteles
'mgghagzgzia ‘was prelanged for 2 and 1 day respectively
for male and female at 80-80°F to 26 and 10 days rospée
etively at 74°F Sauer (1939) observed that Eghealtes
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; nggzahys‘in paragitized cocoons of Mecpocentrus could
‘be kept for one month at 10+15° C and R.H.70%. Veval
(1942) noted that &ghigzyg ] 2 Hy a Erachonid
internal parasite af,ﬂzzgs‘ngzsigag, took 3~4 ‘days at
0°F and 7<9 days at 55% to hateh. The sarasite bacame
aluggish at lower temperaturas belaw'éoa F.

Rivany(1942) found' that nggsgaza‘agxnynga Ishi
produced 1essar number of eges at temperatures below

20%C. gome individuals survived An Psaudooc 00k,
for 5 days at anaﬂc. When exposed to 4-79C for 6-40 days,

the mcrtality of pupae was 10 per cent but the number of
offsgringsAreare& from the survivers decreased as the
exposure inereased. In the case of adults 50 percent
lived for 4 weeks at 15 to 29°G-bu£'they wére motionless
bel@w 15°C. Reproduction was nagligiblé'at 16% to 20°%C
and. gagsad'a1tbgether at'low@r‘tampééaturés. Callan(1942)
noted that I ;hggggig*glazinglgzgj paragitizing Qigﬁteg-spp-

" when placed in cold storage at 65°F - 75°F for a week,

its development was retmrded and praduced ne harmful effeuv
cts and he used thigs method for snipment of the parasite.
Ahamed and Gulamnllsh (1939, 1941) observed that in
Eigxgknaggn,latngzi, the threshold of éevelepment was - at

12%. In the laboratory ecntinued expnsure to temperaﬁures-?;f

13 % or below proved fatal to both *he par&site and its. :
host, Egziaa.ianla In the case of eggs tha usual incubae -




17

| t;fién pariod at 16% was 84 houvs. Fragh égg.s when
refrigarated at 139G {aileé to hatceh .thﬁugﬁ éhgy

could stand sh@rt'azyaanfés‘ta temparatures below thig
limits Hggs laid at 28e86"0 when exposed te 24 hours

at o 6 showad 59~1ﬁa por cant mnctaiihy, wheress those
oxposed to 12 hours hatched completely. In the gase of
grubs, the normal period st 16% C is Ge4 days and aén-tz!.w .
nuous 93@&3&?& bolow 12%¢ was fatal but the prub exposed
for a pericd of 36 hours to H0¢ and then brought hack

to 25 c, developed normally. The normal pupsl stage
avawagad.lﬁgie dayse & gmall per centage of pupae

could develop at a tém@araﬁur@ of 13~1$;5G@vaﬂﬁ the
subvivors tes: 1§ to 2 penths for devalopment. It was
further revealed that temparatuves clos9 to the thre=
‘shcla of Gﬁ%@l@p@&ﬂﬁ e 15-189C wern Pfound to be

the nost auziwulﬁ *ﬁr s*@ring the paw&si‘ﬁs, Any tehperse
tu?a lower theén th*d when 9#@?&&1&3@ Ter long porlods,
wag injurdcus Lo the 3y@wieﬁ and ausad ig&-m@é@&lﬁtyg
A% 13=18%C the aVﬁrage longivity of the a&ult .ﬁalélwés
33~49 days and for female 43 to 73 duys. The waximas
deration of life was found to be 79 and 11 days for

male and female reépecﬁively. Some of those females kept
‘fgr over- & ponths, couplated and laid a smaller mmber
of'egga when ﬁr@ught Back to sulteble t@%g@ﬁ@ﬁﬂt@;

These expeidments indiceted the possibility of eollecting
the parssites wmaﬁ:a@nnﬂant and sugcessfully storing
them under low tamgaratura fé:»ava? 4 months to paés over
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unfavoureble econditions of enviremment. At ﬁ@mp@mat&rés
eis&a %@'tha‘ghyesholﬁ of é@é@l@@ﬁ&ﬂﬁ, the féeﬁnéiﬁy
of the host abﬁVth@ parasite was reduced, but the
feeundity of the host was much more affected than that of
the parasite. At 16 % the 1nngivity of the adult was also
1@ngtﬁenaé- |

D Bach (1@&3) ﬁﬁﬁ@é that larvae of Mormonlel
u"xﬁszg“ngzg We on pupa of Muses domestigs seve rise ﬁa
adults . in 9 days at 283°C and in 28 days at lﬁﬁc, guyatea |
after 31 days at lﬁaﬂ’aaé,shﬂweﬁ no outward change aftep

| 21 days of ref@igeﬁati@n at 2 te 6%, %5@ fecanﬁiﬁy af
 the adults emerging from thoss, kepﬁ at =2 to 6 % was

the highest and the lowest frem those kept at 23°C or
16%.  The ratio of males to fomales was high in those

exposed to low temperature. Adults of Musei _
obtained from larvae vefrigerated at 4,4°C for 28 to 51
days or pupase fsﬁ 258 doys did not shawlaﬁy:agpraei&b&e
change in rapr@éuétiﬂg ea@a@iﬁy @risax:@§6i@Aéf tha BP0~
geﬁy« &ﬁ&lts‘af E@th spegios wiﬁ% a nafmai‘lﬁmaivity of
- 1=2 weeks, survived for 1.6 months when removed @vQEy

3=4 days and allowed to feed on honey, hut~martatity' was

fhagh after the longer expogures. Adulis of B

kept under similar condie

‘f;‘ié:m:a sﬂrt;iveﬁ up to 4 mani;hsi'

s alax,

- SBhell, (%944) obgerved that adults of kg
kept in a&ttan pluggeé

an egg @arasite of Anasa ja‘“
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vialg in’th@'laboratary and Ted deily with diluted
hénay, laid egys as long as iﬁ days, at a temperature
of 75 to 85°F, uhereas those kept in light stoppared

| ﬁials and. refrigerated at 45°F survi?ed for 5 to 6 weeks
without foocd or water. chattexjea {1944) noted that the
adults of Fupleetron Qarvulug_F.‘aurvived.fa; 13 days

at 8% to 159C and the cococns for 13 days and grubs

of the parasites failed to develop and died under the

same refrigeratinn.

" Taghkir Ahamed and Gulamuliah (1944) found that
at 16%¢, oﬁi@esitianlyﬁrieéAof Melcha pavarii in pupae

of Barias sp. varied betwsen 2 and 3 days, snd that
 the langévity on an average, the &axﬁmum being 69 and 49
days raegeotiﬁaly; Oviyasitian and fecundity w@ra fcund
to ba the hign@st at this temaeraﬁure. The mean incus
baticn period st 169C took: 2,19 duys and eggs laid at
this»tea@@ratﬁra failed ﬁé hatch when kﬁyﬁ at 13°C, The
larvel perdod at 10°C was found %o be 8.6 days. The

~ pupal period 1&stad 2847 -days at 13°%C, as sgainst 16,5
~days at 259,

Silveria Guido and Condejhn (1946) working with

Aphidius plantensis B, parasite of the aphiﬁ>g§3ngtaéa -

. graminum, observed that the pupae of the parasite kept

at §0¢ produced only 1 percent emergence.

Ahamad and Mathur (1946) noted in Melcohe

e?natiaﬁnniﬂ Cy a parasite of Seirpanhag“ nivella ¥,
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that under'eontrolied conditions of temperature and
humidity, the egg stage lasted 45«48 days, while under
119 it lasted for 13,5 days with an average viability

of B0 per eent. At 15 to 359C, the viebility was cent

per cent, Hefrigeration at larval stage at 11% for 13

' to 18 days, resulted in mortality., At 150C the larval
stage was €ompleted in 27.77 days. Refrigeration at 15°C
was fatal to the pupal stage. 4% 11°C and 15°C , the
insect was unable to emﬁ@lete iﬁs preimaginal develop~
ment, &t 11°C the average unfed male liVed.fer 5,6

days and fed ones for 11 davs. Unde:Aﬁhe same cold con-
dition, a female lived for'7 and 4 days fespeetimely¢

4% 18% the fed and unfed adult female parasite lived for f
18,6 and B.6 days respectively. 'The'earraspanding periodsg

for males were 12.6 and 7.3 days respectively.

| Wilkes (1946) succeeded in storing the cocoons of
'gnxmgﬁigxgﬁ,zgmiigxéngg parasite of spruece worm, at

32 to 34°F for 8 months. Gomes (1947) showed that the
anovlivors Roh separated from the
host Gpopimoschimg onerculells and kepﬁ at 5,10.5 and

17,2°C and 40% R.H. for 15 days, gave an emergence of 10

pupae of Haerocenty

and 9, 51 and 23, 34 and 40 per cent males and females

respectively for the eogfesp@nﬁing tem@eraﬁuﬁes. Storage
at low bemperatures in the pupal stage had no harmful effeet ;
on the fecundity of the adult female or the sex ratio of

the projeny.
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“asilev (1847) found that Lathram@rﬁs,bsaehaaiéa whien

ya%&sit&zaﬁ Ermahuﬁ gisaru Lag could ba glorsd in SEEs
of Briehug thaatum at § to 8°C for a long time so as
to liberate then when the ovop was in bBloow in tha field,

Grahan (1947) atagyﬁmg,?i&g;&_%u&&naziaﬁ ey & parasite .

intraduced in Canads to eontrel Hhyseionia hnslian& L

@n ping, showed that whan the p&z&ﬂiﬁﬁ was refrigarated
at 48°F to d&gﬁ,fﬁr:a days end et 32-349F, for more thsn
- eix months and thon tvansferred to 749P, thove was failure of
snorgence fros the last batoh. The best sxetgence was
frem pupas that had heen weopt ay 7% for 5 days b@ﬁﬁre
baing slaced in cold storage. “‘*
Neilsor (1949) sbserved that in P&&uratre,is “t&h!ﬁﬁiﬁg

a,pafasitﬁ of wﬁaatraﬁﬁm £iy, thore wae n@t mueh msrteliﬁy
amsny the edult PTG siﬁes am@rge& from thﬁse sefriaeraﬁa&
at 5 to 100 ¢ far ovesr 48 days., Larvae ¢@11E@£$% tr@m
seithdi 4n the field, ha@ an uaﬁar coaling of
sbout ~22,5% and the fresging uqatﬁ@x 414 not appesr to

‘Eg“é “gum

eavse such aortality. &arva%-egzia&gaﬁ from Brunus stubs
atersd in the laﬁar&tﬁmﬁ-&ﬁ 8% andt &atér‘axgasaﬁ to
" F‘ané 60 per centeage R pupated after a mean poriod
0 1845 ﬁ&?ﬂ;

Revanove and ?ﬁﬁﬁh@hﬁ €1951} notad thet in f&l@n@m&&

iaaviuﬁeutag, e ﬁ&%%sﬁﬁ% of walgaagamm ﬂagtrigg thek
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devalopment ecuid be rotarded during dyring an@ Summay
by aeaping the parasitized sggs at 4% € and 60470 per
centage R, ﬁ. Borg (1982} observed that Aphelinus &%11
averwiﬁt@reﬁ usually in its larvti sta@e uiﬁhin the dead
;hﬂat, g&v&mg praetieaily little uintar aort&lity of the
| paras ito. The loweat tﬂmp@?atufa at which aﬁult ‘amergod |
was abont 1 «59@ C. Venkatsraman and Govil (1@5“} found
that in A?i&h@ rames gvanezcens the mest suit&hjm 3%339
for calﬁvatﬁrage was the prepusal sﬁaya at 4 days after
parasitiza?ian and thaﬁ at this atoge, it could be
uueeasafﬂlly atoved at a temperature of 10 to 12% ¢ ang |
- 85 per cent R.H, fcr & poriod of 15 days, withnut affecte
iag the viability, langevity‘ané pex ratioc of the garasite.
The average per centage of viebility da&we&s&ﬁ as the
rin& of rafrigeration wag inemaasa& anﬁ ugte 16 days
of xﬁxfi@%?atiﬁﬂy yiability waa n@t &ﬁe&ragﬁ&y aflectod.
The Ingewity aﬂ&.feaunaxﬁj decreased as ghé1refgig@@atia§
@erigﬂ_waa iaeraﬁﬁad;-$har@'&$ng,na affaet a@to 15 days
of vefrigeration. Sﬁx‘xatiauuanagt»aff@étaﬂ u@ﬁa about
| 10 days refrigerition. Beyond this, there was a gradusl

incresse in the por centags of feamales,

‘Zinna (1658) found that the dovelopment of
Cratacpoidos russoi, & parasite of Dioryetria

splendidells H.y coased-vhen the temperature f2ll balow



'-1,149;8@ - De Bach (1956) found that in the perasites

.I;QBAghgtis ehrgsemghali M. ang &thti” lingnanénsi on

“:,.ﬁitrug Red scale, BO por cent of the adults dled by
, ra?rigmratian at 530 F for 7 and 4 days raspeatively.

.‘ Ih&rpenter (1956) found that Lizophags saccharalis,

- ‘parasitic en Biatrea gsaccharalis survived the winter 1n

1953 when the minimum temperature was 209 ¥,

" Kalubajn (19&8) sbserved that in Hega&ices 8pe.
7 Rcﬁtocern¢ spe and Jg‘galagharus spey the parasitﬂ of

f’_;_ tvao?raphus, there was only limiieé emargence when.

| ~?"izept at 5+26° ¢ and 65-85 per gent R;H; in summer-and

f'at 8-25% ¢ and 6%~?5 per c@nt R.h. in wiwter. Evanﬁuis

- {1958} invastigating on tk@ 8“010?1&&1 conditions of

briosema lanigerum 'an& 4% arasit@ Aphelinus mali, Ffound

~'that the parasite ﬁemylet@ﬁ its &@V@l@pﬁeﬂt in the
 mummified host in 44 days when the temperature wes lowered
to 15° € and in 14,5 deys at 25° €.  ood Jr. (1958)

vfaana that Aphelinus nigritis parasitized 1ts aphid hosts

. at temperatures as low as 420 F. Maslenikova (1959)

obgerved that in Trichogramma evansscens ﬁ.,refrig@ratian

at 1-aﬁ € fcr 1«& nonths caused total mertality. It-mas‘=

also observed that S5=-97 per cent of larvae' entered

' diapausevét 10° ¢, regardless of 1ight conditions, -6 per
.Qégf-at 20° C and none at 25° €. When the temperature was
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‘altered to 23° € by day and 4-6° C at night, thore uas
-é@mglata emorgence of ﬁ&?&ﬁiﬁﬁﬁ in 17«19 ﬁay&;v-mxpaximeﬂta
on cold hardiness showed that casling te:~.$ or «109 ¢

. cgused only negligiblﬂ mortality while lower Semporature

. of «15 and «~20° ¢ gaused @ﬁmﬁléﬁ@‘ﬁﬁtiﬁliﬁ?% Gervae in
diapauns, aﬁtﬁing te %cm@ératugelaagn 50 «23° ¢ cauzad
negligible mortality. The mortelity st -30° ¢ and ~360 ¢ .
| were 18 und 68 por cent respeotively. The effect of
inﬁger'gxybsuﬁeigf paragitized oggs to «20% ¢ for 48 hours
or laﬁ_haums'ﬁh@wﬁﬁ~camglat&'m@r$a1£ﬁ§~ﬁew nnimgl'l&rv%&
ané negligidle for thosa in éi&?ausé; It was concluded

- that lervas in diaganse was ﬁhe moat suiteble aﬁagaa for
pre 1onged sﬁaraga under ﬁ&f@ig@?ﬂﬁ&&ﬂ; '

Hetson axi{i Arthur (1959) haé found that Orgilus

gbsoupatar end Cra
paresite of } ggaiag& bnalian&, in Ontarie, @sﬁahliahed

atus interustor e, the most common

well ‘where minimum w&ﬁtar tamperature was lover than

-10 t0 0° 6. | -

Lung et al. (1@6@) found that ﬁﬁhélinu@ mali
overwintered aa‘a“fﬁll»faé larva within the munmified hoat
body at fsmper&turas 83 low as wlﬁ” giving 80 per sent
OMBLLONCEs Pupafiéﬁ'oéaurréﬁ in iate March when the
Leuperature re&ahaﬁ 6 to ¢ anﬂ the émﬂrg@nce aeauxred

at 10% ¢, The development psricd varied fvom 7 dsys in
mid August to 114 days in ¥intor Szmlat (1060) observed
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that & reduction in tenperature from 3744° € to sfw ¢
' re@ulhe& iﬁ an inersase of ?3 ﬁaya ia tha ﬁame&egm@at
| any e R with 5@~§$x'aemt
}m@rtality mf fﬂmﬂlﬁﬁw %hﬁ é&?ﬁlﬁ?ﬁﬁﬂﬁ of thﬁ y@?ﬁ@it@ﬁ ,‘;
varied bebween 18 te &0
days when kept at ﬁ%ﬁ@ ¢ and 16.9° € respectively. N

~ roared in Eﬁl&ﬁ?ﬂ%r@}@l@ﬂVQ"

. ﬁgag@vﬁe (1963) ﬁﬁtﬁ& that in,ﬂahaaﬁnﬂ@» a
1&%1@@, ) 1aghinaﬁ @&?&3&%@ of Fall wel werm; the

g&r&s&t@ yuyaa ayyaseﬁ te a low tomperature of ulﬂ@ ﬁ' N

, &ur g @varwiaﬁariﬁg, w@a&lﬁeé iﬁzmmwtaliﬁy* |

:-*t.wnw i Q}fé{;ﬁ}ﬁ? Q*ﬁmﬂ



ITI. MATERIALS AND METHODS

1. MATERIALS

=1

Parasite usged:

Trichosgiim« pupiyora Ferriers (Eulonmidae)

'u@ed for the experiment was obtained from the Parasite

Breedlng Station attached to the Division of ﬁntomolegy,

ﬁgrieultural College and Research Insﬁitute, Vellayani.

be Host materianl used:

Hvtametra (Plugie’) peponis Fe (Noctuidae)

The caterpillars were cuilected from leaves
p

of snakegourd raised in the College farmes They were taken

to the laboratory and reared on Iresh small gourd leaves.

When about to pupate, they were removed to separate

petridishes and were used when fully pupated.

c. RBefrige mg;ggf &n ordinary howsehbld reirige-

rator of Indian make (Aliuyn} with adjustment for regu’at-

ing low t@mger ture, was used for refrigeration.

d.

d.
ii.

Se

xlasswares :

Hurriecane chimneys - size 17 cms.x 1l ems.

Specimen tubes 7+5 cmgs X 1.3 CmS.
7«5 Criss X 2.5 CHS.

Cotton plugs: Plugs were made by rolling the

cotton wool into small balls each one of which was then

covered with a piece of clean sterile muslin cloth end

the top tied with a piece orf twine. The plug thus prepared
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was used to close the specimen tubes.

£ §;g§§;gg_§§2§g% Small strips of blotting paper
each of tnevsize;e.nga % 3.5 cms. were cut and inserted at
the bottom of esch tube to remove by absorption water that
might be formed when ﬁhe‘tubas wore placed inside the

fefrigeratﬂr,

gs Irays? Small iron trays of the size 18 cms. X
14 ecnsga X 4 eme, wore used to held the speciman.tubes vhen

h&y were placed,wzthan the wefrlgerator;

he Tﬁb@ stand: 135 ems. x 38 cms. to hold 72 tubes.
i. Eﬁhg;gggki' 45 cmse X 37 cmse to hold 30 tubes.
S+ Camel hair brush.

ke Biluted'haney for fleeding parasites.

2, METHODS
1. Rearing of Ehxt_me;m @m> mmis F. (Noctuidae)
catﬁrpillars ealleeted from enakeguurd cultivated

in the college farm and fields around Here rearad in the
laboratory on snakegourd lsaves. Rearings were done in
‘hurricane chimneys clesed with muslin cloth. Hvery morning
chimneys were clesned of the larval eéstinga and other
debris and fresh leaves supplied. The‘qateépillars in
prepupal stage were remeved,tn‘elean and dry petridishes;
The wetriaisbes and chimeneys were eceassienally cleanad |

in dilute mercurie chleride soluxion and after drying,
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03d since thair emergence from the host, were intrcdueed

. contained in specimen tubes are tapped down on a clean

the paraaites‘unﬂer its The work-table lamp which is a%

. perasites were then led into a specimen tube with the help

- against light, with & hand lens to ensure that the five

-garasi%és introduced were females.
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they were used again for rearing those whleh had not
reach@d yrepupal sﬁaga.

_ The yupae ﬁhich‘ferméd"out'ef the propupae
transferred to clean petriﬁishes, ‘were used for the

xpﬁrim&nts.

2. Maintaining a stcck culture ef ric ani

"gggivbra P,

A steek culture of L.Eaﬂivcra Was maintainaﬁ by
breeding it on pupae of P.peponiss '

Five famale parasites which were 1ess than 24 hours
into each specimen tube, For this, the parasites yhich -

white paper spread on the work-table and covered over

ssmedlately with a dry elean, sterile petridish confining

the farther end of the table was then switched on. Then
the side of the petridish towards the light was sliphtly ,
raised until snfficient nuzber of parasites mov@d out and

started to the light source. .The requirea number of the

of a.flﬂe.fresh camelnhair brushe The tube was then closed

with a cotton wool plug and the parasites were then examined
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The frashlv pupated hvst pupa was then gennly

. elaanad wvith a camelwhazr bruah and intraduaad inte the

- specimen tuhe contuining the five female p&rasiteu. 4

gmall strip of filter papep ﬂ*pged in dilut@ honey was
‘then placed inside the tube as tcea far the parasi%es.
The clesed specimen tubes were then placed onh tube racks,
@héir %@ttam.sﬂda with the pupae t@éar@s‘lighﬁ. Thisg
together with the narreﬁnesg of the tgbés éﬁéurgd
parasiiization to the maximum exxené. Theuﬁupae were
kenti@xgoéeé*té;tha'parasites until alllth@.parasiﬁéé
died or wpto the time limit of parasitizatian dsscribea

in,each exp@rimaptu

';Ehé parasitized gugag were‘takeu'aut'fram the
tubes,.cléanedfénﬁ'thea removed to. elean, dry and
sterile gpecinen tgbes (7.5 ems x 2.5 oms.) having filﬁe§‘4
paper strips inserted at the botbome ?h@ spoeimen tubes
were then closed with cetton wool plugs and placed
eiéher an'ﬁube rack or inside the ?&frigeratar,acearding
to the nature of the exgerimentw) B

3 ﬁetavmiﬂati@n ef the effect of reiriﬂerﬂﬁion on development

of M&E&Qﬂmm&%ﬁ mm

The studies on the effeqt'ef)rmftigeﬁ&ti&n on.
T.puplyops were csﬂd&c%ed at two gifferent gstages of
ﬁhe,parésite vize the egz and the pupal stage within
' the host pupa. | -



“In the f&rst coBo, frash gvpae less then 24 hsurs

'alﬁ were garmaitize& with female parasites, each for 24
:hnﬁrs and refrigerat&é as ﬁescribed far varyﬁng poriods.
At the ent af each refrigera%ien-periaé tb@ rasﬁeativu sets
of ubes . eantaining tne parasitizea pupae, ware ﬁaken out
fané kpet an the bubs stané,in tﬁe labﬁratar;. Th@ date

‘on whiﬁh ‘the fully develaga& adult @arasita eperged from
. the- shall of the host pupan uas *a&erﬁeu az the date of
'emaagencs. ﬁhen,sagrgenea of’thavparasita was compleoto,
tpey:were kiliéd wlth chlercfornm and counted under a

binceular miercscope 1ato'males and 2@@&1@3.

In the second case, %he parasitized pupae wers
mainﬁained under 1&borata§y ecnﬁitians for 8 days bafers
“ﬁéiﬂg vafrigarata& rsr Va?yiﬂg'psriuésa Preliminary obser-
vation had shown that by eight days of parasitiss all the
.parasite zQﬁV&e within the host pupae had pupated, After
‘rafrigeration for the different periods, the hast pupaa
 ;31th the garasita pugae within were transforred tn labora-
tory and the dates and of emargence of adults observeds

;uuuguﬂeﬁﬁ{_}f-q‘nﬁé-



IV. DEFAILS OF EAPERIMENTS AND RESULTS.

| Duration of pupal stage of Phytometra peponis F.

under laboratory conditions.

‘Expérimentel detailss

Number of pupa used= ' - 10

Age of pupat I Below 24 hourss
Peried of experiment? 9083 to 1840-63

Temperature during experiment: lnm. 78°F - g2OF

Mam. 8297 - 8e°F

Relative Humidity durlng %

" @ . g9 ¢
exporiment ¢ 0% - 92%

Procedure: Tén.fresh'g;gggg pupae, one each in a
specimen tube of 7.5 cms. X 2.5 ¢ps. vere
kept on a tube stand aftérlclmging‘thevmeuth
of thé'tubeg with eotton wool plugs and dates :

, of emergence and pupal peried.obseived.' |

| gggnggg: The vesults of the experiment are preseﬁted’in

Table I. It can be seen from the table that the pupal stage

of Phytdmetra &ﬁries from 7 to 9 days, the average pupal

stage heing 7.5 days.



PABLE I |
,?h t@n@tra Qaga F. under

Euratiaﬂ of pupal stage of
'  '» &absrat@r, cgnﬁitlans;

Serial Date of  Date of moth - Pzz%@;l wma
Nos pupation emergence ﬁays

> oY M ke

o <2 o>

0-8-63
9063

| DeDe63 .k

Pl D

) BuDmb3.
G063
949463
0mOm63

lﬁwgﬂﬁﬁ

17963 .
1&*‘3-65 '
| 16-9-63

17-0=63

1 7m0=63
16083 -
| 18=0-63

lﬁf%ﬁ‘ﬁ
178463

SHE-EE I B R A A

ki

100 9-9-63 |
KN Total - "5

average K1)

‘Vgx@ﬁrimenﬁ 23 | w'

fff%xpwimemal detailss

Number of pupas use§€ : 10

Agexof pupass .‘ Below 24 hours
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"s‘fumber of fewale parssites
used to gar&sitiga a 51&51@

pupa.

&

Ags of parasite used:  Below 24 hours
Perfod of experiments  20a0463 to 9~10-63
| Temperabure ‘during experitient: - Mum. 72° F - 827 ¥ o
B - Map. 82° F - 86° F
Relative Humidity during | S )
1 3 90 % « 92 %
experiment: I

Procedure: The newly Pormed pupae of P.peponis were

exposed te,thé'p&rasit@s'as-ﬁeseribed,unﬁér 
Methods, in specimen tubes vhich were kept on
tube racks in th@Alaﬁarat@ry and the develop=

ment period observed.

Besulitss The results are given in Table IL. It is seen
| that the period of development of the parasite in the host
pupae veries from 17 to 22 days, the average period being
16,3 ﬂﬁ?ﬁi,‘ih@ number of adult parasites Q@argiﬁg'freﬁ a
host pupa varies from 243 to 464 with éﬁ average of J88.9,

the sex ratio male 3 female being 13 28,

Experiment S

Effect of refriﬁérgtign at 10° © for 7 days en pups of

z,gaganisg

.Nuﬂh$r éfwymyaa usééa .10 .
Age of pupes - Balow 24 hourss
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TABLE II-

Period of development of T.pupive ra.rearad in P.gego nnder .

Lab@ratorv cenditien ..

Date of
5l., exposure
Ros of pupa to
. parasite,

Date of

removal
of parg-
8ites.

Date of
emeT e
ce of

_No. of parasites emerged

parasite

Male.

Female. Total

>Develop~

ment
perlod

in days

1. 20-9~63
2, 20~9-63

L i

A1wBub3.

21-9«63

. B1a0e63

21eQub3

DlwDub3
.ﬁﬁwgﬁﬁﬁ
B2.0.83

200463

22~0-63
' BRuOWED

 7“1@*65

10-10-63

810083

11-10-63 -

12-10«63
11=10=63

11-10-65.

9=10-63

10=10-63
921065

\ Tatél

Average

. Sex Hatio 3

1328,

14
18

16
18
10
14

12

13‘,.

302

4 41@?
sse
"432f
439"
366
f 4@1-
328
231
5

316
428
370

457

376

455
-

243
464

17

20
18

21

o2

20

20
15
19

. 136
13,6

3155
5953

3889

193
'I1§;3l

| Pefiﬁéﬁﬁf'ez@ééimenta

.Tempéré?ﬁre during eﬁyeriﬁant:

: Humi&ity during egyarimeéﬁz

23-9-63 to 6-10-63
Mrm, 720 T - 82° F

Mim, 82° F = 860 F
90 % - 92 % |
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- Procedure: Eaeh pupa was put in a clean s@eeimen tube
7«5 ems« % 2,5 ems, with blotting paper
lining its bottom. The speecimen tube was |
then elosed with‘cottén wool plug and
refrigarated.A

Resuliss Resulbs are given in Teble III, It may be

seen that all the pupae survive refrigeration for 7 days

and thet when taken back under 1&boratsry conditions,

The pupal peracﬂ subsequent to rafrigeration for 14

days varies from 6% days with an average of 6.5 days.

" Bxporviment 4.

Bffect of refriseration at 10° ¢ for 14 davs on hogt
bupa of P.nensnis.

gg@grimentai=ggtailss _
| Period of eéperiment'candactedt 2$-9~6 & to 17-10-65
Temperature during experiment: Mmm. 7207 - 82°F
| Mxm. 82°F - 8GOF
Relative humidity curing ) ,
- I 90% - 924
exporiments b '
Rest of the detalls as in Vzpnrlm@nt 3
Rosulls: The results of the experiment sre given.in
Table IV, It will show that all the pupa survive
refrigeration at 10°C for 14 days ané emerge as adults
vhen returned to Laboratory conditionse. %he bupal period
subsequent to refrigeration for 14 days varies from 6«7

days with an average of 6.5 days.
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TABLE

IXiT

‘Bffect of refriperation st 10° C for 7 days on

pupa of P. peponig.

Post refrie

Total

Date of  Date'of  Date of
Sle eXposure . removal energence geration pupal Romorks
Hoe o©f pupa to from Low of pupal per- stage
Low Temp. Tenps moth, lod (daye) 1in days
1, 22963 290635 6~10-32 7 14
B 22-9463 - 29.9-B2  5.10-63 5 15
B BB3-9-635  B0«B463  Bul0-63 8 15
4 23-0-83  30-0-63  7-10463 7 14
Ba  2849m68  30-9-63  7-10-63 7 14
6s 2420463  1-10-63  8-10-63 7 14
Ta Rd=8mB3 11063 B i0=83 b 14
Sa 2420065 110463 Bo10-63 7 14
9% pEF RN 5 1wi0nB3 D 1 ImBH 3 i5
100 24e0463  1-10-63 51063 (A
Total : el aa
Average ¢ 24s1

7.1
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Agerage -

TABLE IV
Biffect of refrigeration at 10° € for 14 days on host pupa af’
L-povonig. '
. Date of  Date of Date of Post refri- Total
1. exposure " removal weoth = geration PUPal  momesies
No. of pupa to from Low eonere pupal yeriocd period :
' Liow Temp. :Tﬁmp- £ONCES. in days in days
1 85-9-63 91063  15-10-63 6 26
2 25-9-65 - 9-10-63 16~10-63 i 21
B 050n63  0-10-63  I6-10m63 v 21
4  85=9=63  9-10-63 15*10-63' 6 20
B 25m0nB3  0wl0eG3 - 15-10-63 6 20
6 25-0eB3  9-10-63 15-10-83% = & 20
?  26-0e63 10~10263 16-10-63 7 21
8 26mPeb3  10=10-63  17+10-63 i 21
-9 26963  10-10-63 - 16~10-63 6 20
10 7 26-9463 . 10-10-63  17-10-63 7 | 21
“ Total “es . 205
6.5 20.5
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Bxperiwent 5.

'~_é§&tiaﬁ at_10¢ ¢ for 21 ﬁgzﬁ,uﬁ'gaga'

dotadlss .
Perdiod of axperiment: . Be10e53 30 4e1m83
E@myeratuga during sgperie § Mipes 789 F @'@a@'ﬁ'
ment o E Mem.a 7T8° P - 26°% 9
Relative .iwirﬁi‘w durdng ¥ g -
! 6% ~ 058
axyerﬂwsmta H

Proceduras The ﬁﬁpa@'wﬁra're?rigayataé cantintoudly fbé‘
31?ﬂag$-ﬁé in Experinent 4, |
- Rest as in Exporment 4, .
Dosulte:In Table ¥ s given the vesults. It will be cbsorved
that the @aﬁtaw@friﬂewatigﬁ pupal periea varias bwtwaen
6 to 8 éaya with an average of 6.8 éays. Ali the pwﬁaa
- rematng healthj and noral after eaa%xnn@ms rnfrmgeration

Tor 21 doys and healthy mothg omerged from thom. .

Effoet of refriderst

fon st 100 C for 28 days on pupe
.;ij«"xmmni.sa ' e

Period of esperiment: 2e12u83 to Belu6d
Tomperaturs during g . Enm. ?6959 - §4° F
exporiment:  § Ham, iii'!‘:’ F 86 F

Hiolative hurléfty during the I
| { 95% -~ 05 &
axporivents & :
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TABL E v.

Befect of pefriperation st lﬂ” ¢ for 21 days en pupa of
Poﬁm‘.kﬁ i‘f‘ia

Date of - Date ef Post refrie

81 gizgsﬁﬁé removal  moth geration igéﬁi
Bope of pupa to fr@m Low  omnors - pupal pericd stoge B@m_rws
Low Temp. Tenpe £ONCce. in ﬁay&. in days
1 S.30.63  24u10-63  Z0-10u63 é - av
% 401063  25=10-63  1a11-63 7 28
B 4el0=6%  25«10-63 3110463 . 6 27
4 4-10-63 25-3063  31-10-63 6 27
5 5w10~63  30e1063  Z=11e63 7 28
6 5-10e63  26e10-83 261363 " o8
7 5e10<63  £6.10-63 - 1-11-63 - & 27
B 6-1063 7.10-63  3mlle83 7 . 28
9 6-10e65 2710465  4ell-63 8 29
10 6a10a63  27-10e63  4mlle3 8 20
| Totel s e
Aversge . 6.8 27.8
.@ragﬁﬁugaz Tha pupas were razrigaxaﬁs& emntinuuual?‘f°? 28 dayss
| The rest &s in ﬁy&eriman% 4,
R@sults‘. The raauiim are ;fesamﬁed 15 ?able ?1. It $hews

that out of 310 pupas woths om@wgaé from eight only whon ?&tﬁrnea



&

to leboratory @ﬁ’ﬂﬁi‘ﬁiﬁé&é& aftar mﬁ‘mgam&mn of mm
a@ﬁﬁimu@ugzg-fﬁx 28 doyss The twb pupas gut of which ﬁat%z
did not energs, whan digosoted opon showed dend moths withine
%&z@ag@ﬁﬁwmﬁ?ﬁm@fa@mﬁ puptl peried varled betwoun 7 and: 8 |
é&&ﬁ with an a@@@&g@~@f %ﬁﬁ ﬁﬁ?ﬁi’

Ta %’* . B ¥vi .
ﬁi‘i"mﬁ of mi’ﬁg@mﬁ@ﬂ m 1%3’@ @ f@xv a8 %’Ei&?ﬁ on g&g@ @f »

ﬂﬁﬁ’“&ﬂ *"}g

o

Sle
Ree
‘ E,mss ?@xags. Tompe

Bato of Date of Date of Post vofri- Totsl _
axposurs renovel noth paration pupkl L
of pupa to fron Low smers pupal period poried . Remarks
in dors. in doys

© P WM G A W N

| BulfeB3  B0~10<60  Tulwdd

812463 31-12-65. 7.1-64
‘&éiguﬁﬁ y JOU S . 3. %ﬂiﬁﬁ%h

, —— “THoth foun fesd
ﬁﬁiﬁﬁﬁa Hekiabd  w. s dwithin pupa
2e18u63  BO~12663 Pulebd

2<10m63 3041083 G-1-84

Bel2eb3  20«1%+68 Gulefd -
Belfe68  Blel0e88 Gel-64

o o & 8 @ N W

égigﬁﬁﬁ Jeslesd  Galeld

i.,

roth fmam ﬁam wit
§ An pupih

Futal e
Average  T6 558

g* % g g g g % g g‘ g i i




Effect of rafrigeratian at 100 ¢ fwr 25 éays on

pupa of Fﬂgeganzs.

5E§erimentalidetailsz

' Period of axpariment: . 4=12-63 to 15164
' Tempera%ure during the A% Hnme %" P - 80a F
expariment i Mam, 81° P - 880 F

Relative Husildity auring § o
, § 89 % - 95 %
experinent., §

Procedure: The pupae were gcntinuoualv re;rigerated for
35 mays@'

Results: The resultg of the exyériment ere glven in Table

Vi, It is seen that none of the pugae'dgve;eged into moths
- whon transfeorred into 1ahoratar§ conditicns aftar’eaﬁtiﬁﬁous
- rafrigeraﬁimn for 55 dayse ALL the pupae when dissected ou
showaed dead moth within them.

Experiment 8.

Bffeet on developmehﬁ'of Trichospilus pupivors in pupa

-ef F.pﬁgqgig when host p upas exposad to tha parasites

for 24 hours are refvigerated at 1G° ¢ for 7 days..
Experimental details. _ :
Number of host pupae needs 10

Age of host pupaes Below 24 hourse

No. of female parasites used to I 5
parasi%ize a single host pupa
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Age of parasite s Below 24 hours.
6=12=63 to 2ul=64,

. Hnm, 789 F o ee“ F
¥am. 810 F - 86°

Period of Pxpariment3.

Temperature during ezperi~
‘ment

Relative Humidity during

experiments . | 90% - 95%

- qg@gcm' isc

Date of

Date of

Date of

Sl omosme zamwl mthwmers  Romris
: Low Temp; Tampg :
1 - 4-18-63  8+1-64 -

2 412-63  8-1-64 - 3
s eases st -
4 4-12-6 gelabt - : %
B 5e12-65  .9-1-64 = g
6. 5-12-63  9-1-64 - o
9 5=12-63 9164 - : %
B 5w12-63 UeleS4 = e
9  5-12-63 - 9-1-64 - ) % 8
10 5-12-63  9-1.64 = 23
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?roegﬂu@é: 'ﬂen fresh pupae af-F; pépenié: w&?e‘esﬁasad to
’ paxasiﬁizatiaa by 6 females eﬁ 2& ’
aach in sﬁaeimgn %ubgs as detailed under .
Hethods. After 24 hours of yaraéiﬁzatim, the
: paragitizé& gu@aa wepe refrigerated at 1@ ¢
- for 7 ﬁ&yg as alr@@éy degeribed. At the end
- of geven days the parasitized pupse under
rﬁfﬁig&zaﬁiﬁn-ﬁﬁré>takeavaut\ of the refrigera-
tor end kept in the laboratory till adult
paragltes smerged.

: i ‘The rasult% of the ez@grimant ﬁé given in
'?able Vili. The éata presented in the table show that the

post rﬁfwigayaﬁiaﬁ period of ﬁev%lagmen% of Z.pupivora

. varies from 16 to 19 éaya, the aﬂarage period being 17
days. The number of parasites sm&zg@ﬁ from iﬁéi@i&ual
?upé renges between 294 and 456 with an average of 385.6

| parasites per pupas The patio of @él@ to female parasites

L is soen to be 1s 25,

V“W% _
| Befect on éevalagmant of L. pupivora in pupa of

P.aggani g when hnsﬁ gu@&@ am?aseﬂ to tﬁ@ parasi%&&
for 24 hanrs,are z@friré aﬁmﬁ_&t 1ﬂ§§ Tor 14 ﬁag .

:"?erie& ﬁﬁ?iﬂ? mhieh ax@eriasnt | S S '
S § 7-12<1863 %o 11-1-1964.
o aonﬁuct@é, i o : -
- Temperature during experiment. % Nfm.769F to 80°F
B | 1 Mm,81OF to 86°F




v | ©ABLE VIIT

Egggcﬁ gg geve lopment O oi ¥ pupivors in pupn of L. noponis whon host pupse exposed to the paresiies fon
rrect en v 2¢: bours 21¢ zhz‘x’i&,ami;b& at 100C Lo 7 =y8.

Tate oF  iAte of Teto of FOST ToIri-  Total ,
exposume  SXpo3wre of removed Eate of goration. develop= No. Of prra- .
21, of marrgitized of vAYs- Gue e nee dovelopient rental - gites exorged, Pemarke
Ho. mensite. pupa 490 8iti2e4 of PRISe peried of period Yo-
Ho pupm iow Tempe pupr fro:z  sites, parasitos in ale peile Tobal
. LOW TOnD, 4n dnys, days. _
1 51265 91263 14=18-63  B31=1865 17 25 12 416 428
2 §=12=63 7=1R=63 14-1263  Benlewbd 19 27 18 435 43
5  6=12-63 7-18-63 1421363 - le-le~4 18 26 15 308 33
4  5.12-63 7e12a85 14-12-63  B0=12-05 16 25 17 344 361 .
5 B=12=63 7=12-63 14-1263 p B P T 18 26 i3 408 e
6  6a12-65  7-12-83 14-12-65  B1-12-65 17 25 o . 287 206
7 GelRe63 )63 14-12.63 ~ 51-12-63 A9 25 16, 366 - 382
8  g-12.68 7=12-63 | 14-12453  Lewleetd 18 26 15 399 ma
9 Gal2a53 7-12-63 14-12-65. © 30-12-63 16 ‘25 18 488 . 456
10 gulzap3  7-i2e5 14-12-63  Bl-12-6B 17 25 17 2% 315
wotel <170 285 148 8688 5036
Averags ~  17.0 5.5 1.8 36,8 - 585,6

Sex ratio;

185 4
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Relative Humidity dﬂring i . ,
o 1 89% to 957
experiment §

P"%Qﬁwm Pupae of Ps sponig parvasitised by ggggim;ﬂa

for 24 hourg vere ?@fxﬁ.gemmé' for 14 days
emﬁ;&m&s&m Regt as in  Experiment 8,

ii‘m data presented in fable IX show that
parasites em?gs& only fros four out of the otal of 10
pupae. e post rwfmggra‘bz;m ﬁ&;?ﬁl&:mﬁnt perlod ranged
from 1719 days, the avérage being 17,75 days. The total

'nmne" of ,;ams“ﬁ?s S amggsa‘& varies frsmz 201 to 359 from
each pupa ws.t,ix an averaze of 861 «28. The ratio of male
paraglies to femule parasites i 1:26.

Efi‘m% on dewelopment of ?a _gugivmz‘a in pupa of
2. ?aganis when mem m;sa ﬁﬁ&ﬁa@@ i t’w yaras:ztes fer :

éﬂig_;;gswmaxﬁa; d&#&i&a

Period of experiment. o 3@%1%3 to 1§~1~&§ﬁé.

'fem;;aamturea during mzperimntug Mnm, T76%F to a{}eﬁ‘

) | © ok Wam. 81°F to 86%

Relative Humidity g |

during experiment.

Procedures The ezperinent *-ms e@nﬁ&cﬁs& Just as Hxperimént 9
i with the ezception that the parasitized pupes
wyore yofl igaraﬁed for al duys. Rogt as in

Expeviment 8.




'.xﬁeei; on dnvelogm of T

pupivors in pupe ei‘_}_{. pepenis wien bost pu_gme exposcd o $he miasiﬁes £or B4 hrw,
‘ are refrigereted at 10% for 14 days,

imte of

Intz of

Date o;!‘"

Post 2oiTi- —
Ko, of peregites ensyzed

;é-g@regeﬁ‘ 172.75 51,7% 9,75 281.25 881.9
mmie s Resale mbic 1:3;

iate of  gormlion
exposure sxpogmre of  remowl of €O T - GoVOLIOPRENE m = ® w o= o - - —-- - :
fle of mpmgitized paresitized ©o of = period of Total wale ¥e Total Romnrks
Ko, parasite pups to Low  pupm from b ol poragites dovo- nale s
: to pups  Tomp. low, TOmpe sgites, in . loymens
, : . . inys, period
L pa12.65  8-12-63 221263 - »
2 7.18-63 81263 22-12-63 - o .
7.1m63 | 812-63  Zo-12-63  e-l-64 1 @ 9 2t 2B
4 91263 81285 22-12.63 == ) | .
5 7.12.63 81263  9oag.65 964 - 18 . B 14 33 =S
6 81263  9.12.63 | 2B12468 e *
7 Ba12463 91263 B5m12-63 - -
B BelleB3  Owll.S . BSwifebd e ) &
9 BB 812463 25.12:65 9166 17 - m B 195 200
10 8-12-63  9-12-63 25.12-83  11-1-64 19 s 8 225 235
L | . Totai 71 127 35 1005 1046 |

* No gorenes of ‘arMBiLes,

¥
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BResults: Table X gives the rosults of the experiment.

It will be ohserved that ne parasites ererged frem any

- of tho parasitized pupae refrigeratsd for 21 deys

© Experdment 31:

Igfect on ﬁavalegm@at of Te gupivors, in pupa ef
P ‘&]agi N ghen gk pupas p;”asit Zed 8 days
eayiia“ are refrigevﬁtea at 195 6 fer 7 da;s.'

- Exgsgimanhﬁz detailss

Period of oxperiment. : l.1=1864 to 85~1~1§6é;
Tenperaturs during 5 ¥rm. 76% to 80
‘experiment. i Hxm. &2% to 86%F
Relative Huﬁidﬁty auring - ¢

£ 628 to 95§

the axyarzﬂ@nt, ¢ .

Procedura:  Fyesh pupae af1§. poponis @era parasitized

with4§4:@ﬁgﬁ?ag§ ag described andkept under laboratery

| gonditions, for 8 é&ys » These wore thon
refvigerated at 10 °c continuwously, for a g&“i@ﬂ
of T days after uwhich they wape agaiﬂ returned
to the laloratory and e m&?geue@ gf ﬁul&.

parasites obaerved.

E§§§££§S= Results of the experiment aregiven in Teble XL,
‘I% may be seen that the post refrigeration development
- period of the parasiie ranges betuesn 4 and 7 days with an

average of 5.7 days a‘_%h@ total peried taken by the

paragites to complete their life cvels, including the parled ef



TABLE X

pefeet on Gevelonment of Te punivore of P. pepcnis when bogt pube exposcd o prresites for 24 hours
¥ z 2 I
. bmg boen rofrigerried =% 10°C for 21 @ys,

i - ” T3

mte ol morovel

tete of bats of Iete of .
&1, ginigure of gexpegure of : of Por-gitizZed caerEshce
Ho.- ernoifos pereaitized pupe pupn Lrom Low. ol PorA- Bemorke
Yo pup® " bp LOwW, LemD. . TomDe .sitesa,
N B18-67  0.12-65 30-12-63 -
3 18-85 9-12-63 | B0-12-63 -
3 8.12«83 9-18.63 - 30=18-83 -
4 B-12a563 01863 F0~10mb5 - §
5 9-12-63 10-18-63 311263 - ’?é .
6 9=12.63 1012463 B1ei2-63 - ' 5
7 91263 | 10-12-63  Bl-12-68 - i "
8 . 81885 10-12-68 811863 - %
) 9n12467 10~12-63 513563 - g
10 9-12-63 10=12-65 31-12-53 - 2

8%
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retrigofati n AVerages 80.7 d&y&. ??a nunmber of aduld
paragitas produced per pupa varies fron ?a to 408, the
average belng 206.2. The males {epule ?&tim of the parasites
redueed is 126,

Rrperiment 12.

Th@ ,arasi*%siﬁg vapaeltv 9? Z. pup v&re Fm&rging £ram
Regani rﬁfrifaﬁated 8 &avg aftﬁr parasitizatﬁon
at J0OC_far 7 deys. T

Fxparimantaﬂ det ailsa |
Perdod of experinant. L 0m1e64 1o 11eRe64.

Tomperature during ¥ Mom. 76°F to 82°F
exgaermmﬁﬁ % Muxe a2z to BSOP
\Relaﬁiva huaiéit? éﬂ?iag g em to o5t
ﬂzgarimaat. S i |

Procedure: Five *emalew Lo eaeh s@% of parasites iteg
eve ererging from  the 10 pupue in Expspriment 11,

wora used to @arasitiae 10 frosh hest pupas in
spacinen tubss and 2llowed to &pvﬂlap under

1aharatary conditions.

Hesults:  The peoults of the experiment era prosented in
. Teble XIX. Xt may be seon that  they have paratitised the
host pupas and developed in them normally; esch pupa ylelding

on. 8n sverasa 268,383 narsgites.




TABLE X,

- . " ~

ELPcet on dovelopment of ;.Ef‘_. pupivors, in pupe gf Po.. E@: o wWEn bgs'r: mma pernsitwm 8 doya e@r? ie:e, ~re
‘ | mmgexawaw 10°C £or 7 days,

. Imte of e:q:mtm zezzscvnl Dot of gembion | GeTBe _ gamsiﬁes .
81, prmme of prre.  of @M= emfe dovolopens . lope" ez‘m‘mﬁ-
Fo. eitizeti-n, oitized  sitized gEnde of ®riod of MORERL =B m m B - =2~ Rauerks
8 - . pupe ©0  pupe from - peresites.  permBites.  porddd . wple malS, Totml
towdemp, 1ow Tomp, -  indeys, | in @wys.
I 1-a-68  9-1-64  16-1-64  22-1.64 6 - 8 28¢ %02
5 1-l-8¢  g-l-64  16-1-64 ' 25.1.64 g 22 100 286 296
g 1-ie6&  Qol04  16-1-64  20-2-64 & 1@ s 29 218
.4 B.a-B4 11-i-64  ip-l-64  23-1254 5 2 - s am 188
5 4164 164 . 3060 25.1.64 6 21 18 76 90
6 . 4160 12-1-64 39364 28-1-68 5 0 10 245 253
TT9 4el-64 . 18-1-64 | 10-3.64  25-1-64 6 21 14 B4 595
8 - 4-1-64 12164  10.1-64  B6-1-84 7 = w s 39l
9 4,164 .  18e1-64  19-1-54  24-1.64 5 K i3 408 4BL
10 4-'1"54 R -2 2 10n1aBs - 25164 _ 6 zi . E 249- iw:’.‘ L
| B | | | gotel 297 104" 2662 2786

) wx ratio 3.: 36.. : :

. 08



§§@ariﬁent'13‘

Efr@eit~na develapm@nb of T. pagivaf& in pupa af

B g@gﬁg9ﬂ vhen host pz§a@ @arasitiged 8 &@ys aarlier,
are ‘refrigerated at 1000 for 14 ﬂaya” o

Experimental details:

Peried mﬁ\@zgefiﬁenta ’ _ dalutd t0 321964, -
Temserabure during the § Man.  76°F to 80%F
experiment . - £ Mm . 82°F to 8e°F.

The Belative Humi@ity dnring i
eflm@nt.

82% to 05 &

Procedures  Bave as  in Bxperiment 11 except that the
paratsitized pupae were refrigarated for |
~14—ﬁaysg Rest as iﬂ»gxpﬁvimbﬁéAllg

&g@,ﬁ@ ‘The results ars given in Table XIII, The
«r@fr&gmraﬁiaﬂ d%velopmenﬁ ge?i@é_af th@ parasite is
saen to he f@“ﬁ B éays with an averare &f‘&.ﬁ dayse
The 1life eyele of the paragite including tméfr@frigerati@n
perled iakes on aﬁ‘aveyaga aﬁ.ﬁ.dayﬁg The ?uﬁb@y of
. peragites eperging from & single pups variéﬂ from 268 to
452 with an average of 357.8. The sazraﬁia males f@m&l@
" being 1331, |
\
eriment 14. ‘
Parasitiging éap&éiéy @f X« pupivora emerging‘fram

‘g, paponis rafriga?aﬁaﬁ, & ﬁays aﬁter p&fﬂsxtﬂz&t on
at lﬂﬁﬁ for 14 days. T ﬁ




TA BL- B ZI1

e &l

TIL peresitizing capwiw of . pupivors SHOIE m? £rom Py poponis refrigemied B deys niber
papegiiization ot 109G for 7 dye.

‘L‘%s‘% of” Dot u& of Taze) Tevelomnsnd .
mo e guew  gmame ERG —_—
of pupm ' pax*ae?.it% ' datfa
1 20-2-6¢ 4gess . - s 1B
2 22.1-64 Be3a68 262 | 7
3 23=1-64 L 10~E-04 | : 80 . 18
‘4 3.1.6¢ ge2-64 - . 79 Y
5 20-1-54 10-2-64 - - mge 17
6 - 26164 . 9=Re88. s © 16
g ZBei-6t 0 lleZ.se . BB& 27
8 - 25164 L oseReea - 401 ‘ 15
4 - 25164 . wemees  ome 016
10 .25.1;64 - 13864 . - R )

fotsl 2685 .. 163
rvorage . 62,8 16,9

g’




pffect on development of T.

m in puva
sofricerated at 10%¢ far 14 days

?;BLE KII

nf P. Ecmnis m'r:n hoem gupae paraﬂiti zed 8 days eaﬂ.ier. a¥e

. . | PoBE reLrie
| Date of gke of  iate of gerabion Pobul . Fo. of para-
B Date of  oxposmye - remdval  emo¥e - Gevelopromnt dewolop-  Oites emsvged.
2. parasi- of para-  from gence period of menial me e mme="=oo= Pomarks
o,  bization. sitized 1ow of para=  pamasiiss perdod : lew .
- pupa to Fompe aites. in - in days ﬁalﬁ male Total
Low ‘m’mn. . ' GaySe .
1 4-1.64 15150  BG-1-62  Slele-64 5 27 ,3.'5* 393 %86
2 4.1-64 J2-1-64  26-1-64 1-2-64 6 28 11 2 498
B3 484 12-1-66  26=1-64  2.2-6¢ v 25 1B Mz a7 a
4 4e8E 12.1-64  26-1-G4  1-2eB8 & 25 e me g8
B 418 1ea-a  B6-1-64  2B-6A . 7 29 s =1 | 09
6 4-1-84 12.1-64  26a1-64 1268 6 2e W, 452 486
7 e.l64  18-1.64 26164 1.2-64 6 28 n e =
T8 5eleb4 13w1-64 BT-l-64 2284 6 28 B 45 418
40 5o1-64 = 15-1-64  27ml-64  2-B-6L 6 = 12 sv . 369
| Total ez - 28 117 5578 3690
© Average T B8 - 28,2 I1.7  C%57;3  369.0
_ fSox rabio: 1381
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B eriéentalldetails;

Period of ezperiment. o S1-1-1964 b 22.2.1964,
Temperature during 4 . Him, 76°F to 82°F
_experiment, I tom. 82°F %o 869F
- Relative Humigity aurinp i / .
1 1% to 96%
experinent . i

Rest as in Exyerimént 12,

fesults: Table XIV gives tho vosults. It will be seen that
the parasites develop normally taking 15 « 19 days (average

16.7 days) producing on an average £65,9 parasites per pupa.

Ex@erimeni 15.

ffect on devalapmnnt of T, uu&ﬂvbra in auy@ of § .neganiq
when h@s; au~a ;arasitlze& 8 days agrliex,i ‘rafriyﬁratad

bzperimental daﬁazlsz

Period of experiment: ~ . Glwl964 to 11-2.1964.

Ynm,  76°F to 82°F
Mam. 829 to 8e®F

Temperature during the

NG Yy :

exyariment,

Relative Bamem«,r ﬁuzing o
82%¢ te 95%

D S50 il

experiment. - ‘
Procedures’ As in Bxperiment 11 , except that the pavasitized
pupae were refrigerated for 21 days . Rest as -

in Txperiment. 11,




. TaBLE Xy |
?ami%iﬂag cameity of T, ﬁmﬂvm’a emu;'rinf: from ?. zmwuie l"c:fﬂ‘ retod, 8 dags after paragisization
| ap m%* for 14 days | . - ~

) Date of - Yate of - T;,ml . Devcloment

Sl.  pargei- -emelgEnessy ATRYitEs . pericd §n - : . o

No. tizasion o€ - omerged mys, - ’ Repazrhks,
of pupes - vpammsiies, B R ' TR R

81168 16-8.6 s 18
1264 15.2.68 T 15
1e86 - 18266 s om
ief-64 1o-2-64 © Eea 18
1262 weet 16
2266 17-2-64 T 2ea | 15

A N . I

2284 Ch2-64 88 19

2-2-64 - 19-2.64 T 7

2]

9 Segath i17-5-84 - 328 18
0 3.3-64 22256 8 19

Totel . 2889 167
Average - 26%.9 - 16,7

qS



56

i"%&%i The results of the experiment are given in
Table XV - It may bo observed that thepost- refrigeration
development period ﬁf’t&@ paragite ranges from 4«7 days,
“ averaging 5.6 davs. The total aevelggmenﬁ gariﬁﬁ of the
paragite ineluding rafrig@raﬁi@n period ia %é.s days on an
average. The number of adult parasltes produced per pupa
varies from a?ﬁita 426 ¢ the average being Sﬁﬁgé* Ihe males
femsle ratic of the parasite ?gmﬁue&éis 1#55.

| 'gégarimeat lﬁa

?avasitiziag_aaﬁaeity of - ﬁm E g vora emerging from pupae of
g. Ha@aﬂis safrigeraﬁa& B ﬁays @fﬁey ?a?asitatian at
at_ 100G for 21 days. |

§§perimenmal,é¢t&ilgs

Period of experiment : ~ 8-2-1964 B0 B-3-1964s

Temperature during experiment ‘Mpm. 80°F to 82 °F
" | Mam, 82°F to 88°F
Relative Humidity during

experinent

7% to 965

Rest as in Experiment 12.
Resultgs . Pable XVI glves the results. It may be seen
that the parasites develop normally, taking 1621 days, '
average belng 18.3 days, produeing on an avefaga 301,83 -

paragites per pupae



TABLE AV

tigect on devolopmont of ¥, pRoplivera in puwa of F._reponis whon hwet pupae rarasitized 8 days garlier, arc

refrigeratod as 10%C for 21 days,

Taie o S T08% Tuirie

ate of exXnosure Igie of Iato of gergbtion Total _
81, pamsi- of rame omoval ERR TES N devolop- eVe- - Fo, of pata-
Boe tization. siiized - from ¢ of veph poriod . looksnd - sites eworsed.
pum to 10w TOmp. para®ited. oOf marasitws perlol o o w = e 2w = o« - fouarks
Low Tesp,  {days} - in days, © Male _*¢  Total
1 6164 24-1-64 4uB-8¢  10-2-54 6 35 8 o216 zea
9 Gel-B4  14-1-B4  4u2=B4 | O-ieBl 5 i 31 43 a4w
3 6164 14.1eB8 - 45260 - 1l-B-64 7 36 11 598 409
4 6162 14264 8262 10264 & 35 9 88 B9?
5  6-1-64  14-1-84  4-2-64 CICI ) 4 33 . 6 286 294
8 6ml-68  14-1-B4  4eBaBd  GmBeB4 5 54 - 1 371 B8l
7 GulmBi  14wleB8  4wBeb4  10-BaB4 8 35 14 3% 4L
8 FelaBl  15-i=B& . 5282 11-Zmbl 6 ! 15 aps 4319
g Fuda6t  15-1-64  BaD-64 10~5-64 5 84 g 301 310 .
10 7-1-64¢  15-1-64  D.2-64 11264 8 . 3B B B9 317
Total 56 ' 246 . 101 3565 5669
. average B 24,6 10,1 356,8 365,9
5 .

sex raiio: L 3 @

48



@aﬁgw,m@

Earasimzing ca,{m@iﬁy of B nwﬁmm aw%&ﬂg W&& upa% ei’ B B Qwﬁ mfv&gﬁmtaﬁ, 8 iiaw atter
i Wiﬁimﬁon, a*' m% for 21 &a'gm ‘

' tate of | &am ofl . | o i“?fa‘!;a;i, : . ,smw:&@m; .
’533» “parasifae eus e Nees mimssites | pericd in - . Reparkts
‘Ko,  zatien of - enprged dryg - .
of paya Tarasites ‘ L o C o o
1 B2u68 £7a2m64 - S {
2 G264 - 20-7a64 408 S 8 - -
3 ous-ga  gy.2.ee 518 S 18 :
& F0-2-64 £8-2-64 . maw e
5  10-2a66 BimBebl 256 1.
6 10=2a52 20uBub4 . 19
7 10-B84 27-2a54 S & F 3 17
8 11-B.86 o S A %
.9 1i-Babs h 3Q3a6@ 486 - a8
10 IieBaB4 2564 826 -

Total 3013 . 183
Avaraid 8013 18,9

8¢
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Ex@efimnnt 12,

Effect on development of 1. pupivora in pupa of P.peponis

.when Tiost pupe parasitized B Gays garlier i refrigerated
107 for 2B dayse - '

Experimental detailg:

Pericd of espeviment. - 72121964 to 19-2-1963
Temperaturs during ¥ Mom. vspﬁ -~ 80°F
esperiment. o f Mmm. 829F - 86°F
Relative Huwnldity during i

1 - 7% to 96%
experiment. [ ’
- Procedure: As in Bxperiment 11, except that the parasiﬁizeé
pupte were refrlgeratad for 28 days. Regt as in

Experiment 1l.

Resultss The rosults of the experiment are given in

~ 9able XVII . It may be seen from the table that no adult

parasitis ﬁmafgad fron 2 of the 10 parasitized pupacsy wien

returnad to the laboratory eamé&ti&ﬂs ‘after refrigerating them

 continnously for 28 days. The WO pupae oul of which parasites
did not emerge, when dissectoed open found %o contain dead

parasites in thelr pupal stage. The table also shows that the

past-r@friﬂeyatiOﬁ develagment permoé of the paraslies

am@rgea raﬁged from 4 to ¢ days avefaging Be4 days, The

total develapment pericd of the parasgite inclwding refpi=

geration period is 41.4 days on an average. ‘The number of



TADLE IVIX
Effect on Govolopmons oi £. pupivora inm pupa of P, peponis wion host pupse parasitized B days aﬁruer, are
o refrigerated at 109¢ for 26 dayei

Date of ' . ' Pogt rofcie
. gxpesuxre Date of Ialte of semiion Total Ko, of para-
Sats of = OFf pazae WmOVAl  enere G0va 1ot develop= gitos erorped
8i, parati- - gitized foom sence went meriod . ment - e e oo o e o= = BOUATKS
Fo. tizatien, Dupa low of of MG~ .. peried . Few »
to Low TOmDe . parasites, sites in dagye. #alen mie  Tobal
‘ Tomps (days) : 3
1 7.1-64 - 15.1-64  12.2-64 17.2.8¢ 5. oa e - .21 278
2 7.1-54  151-64  12-2-64 16284 4 @ 8 348 356 K
: ' . . . (o2}
3 Pl 15.1-64  12:2-64 . = - - o . 3
£ 7.3.66  15-1e-86  1R.2-64 lE-2-8¢ 6 . 42 18 384 998
5 7.1-66  10wleB¢  12.2-64 - - . - - .=
6 8.1-64 162184  18.3-84 18284 5 41 10 ns 128
7 B-leBs - 16ai-8&  18-B6&  19.2-64 6 48 s Ba za8
§  8-ieG4  16-1e64  15-2-66 18264 3 & -9 3% 404
9 Bel-34 16-1-66  15.2-84 19-2.84 6 42 8 7% 80
10 Bi-64  16-1a54 13264  19mi-68 6 42 11 206 306
' Total = 48 231 7 2800 2275

averages @ B4 _ 21,4 9.4 275,0  284.4
Sex patio . s 29, : _ :

By . : . # - ’ '
b smepminpe of parasises,
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adult parasites produced per puba varies from 80-404, the
average being 284.4. The male: female ratio of the parasites

produced is 1829.

Experiment 183

Parasitizing capaelty of- I. pupivora emerging from pupa
of P. peponis refrigerated 8 days after parasitization
- 3t _109C for 28 dayss R

_ Exﬁerimental'deiailsz~'

Period of experiment. | 1621964 to 6=3-1964.
h Temperature\at'th@ time i e o
. S % Vom 26°F to 82°F
\ of ex@e‘igenﬁ- M « az°? .to*BaeF
Relative Humidify 4 ‘
; , Y ™% to 90%
- during experiment [ S

Rest as in Exyefiment 12.

Results. - Table KVIII aives the results. It may be
‘1observed that the ; parasites develag normaliy takino 14 to
‘16 days {an -average af 12.1 days) praﬁucing‘en an average
152.4 parasites per pupa.’ ‘ |

-Experimant 19.

lEffect on.develogment of Z. pupivora in pupa of P peponig.

'when host puga paraaztizea 8 days earlmer 1s refrlgerated
ath 1000 for 35 dayss . L

" l@ulwl%@ t0. 8522964,
ma. 2698 4o, 820 F
g Mzm, 820F to 880 P

Period of ezperiment.

[ ]
Temperature during

‘experiment.




TABLE XVIIL.

Parasitizing eapaciiy of I. pupovors ecmexging fron pupa of P, meponia refrigerated,
' 8 daye after parasitization, as 10°C for 28 daye.

Ttz of yte of Potal Pevolopnent

1. mim2iti- o TEonsy ®rasites pericd 4n E;ém:ka :
- B, - zatiom of emerged ??933
- pf pupa

1 16-2-64 Besebh 189 T

2 17=5-64 uBB4 s : 14

3 18-2-64 LoZinisdh ~ 80 i5
4 1memeBE . 5uBe6d % 1

5 18=2a6d 4864 59 . is

6 16mRa64 | 4Bess 216 14

7 19284 GaB B4 » 267 16

8 19+2-64 4364 - 8 14

Total 0 Twsae T T Tie T

ave rage 120.5 34,9

39
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Relative Humidity during &8 o

: I - 71% to 95%
experiment. X ’
Procedure:

As in Experiment 11, except that
the parasitized pupae were refrigerated

for 36 days. Hest as in Biperiment 11.

Eﬁﬁﬂéﬁéﬂ The results of the experiments are shown in
Table XIX. If may be observed that no adult parasites
emerged from any of the parasitizeé pupae when returned
" to the laboratory condition after refrigeration of them
continuousiy fnr'55 dzyse The nost pupae when ﬂiséeated
opers found to contain deéﬁ parasites in thelr pupal
stage. \ ) ’

o tonloo :.;-m.—,



TaBLE M%

A

_ Bffect on devolopment of T. pupivors, &n pupa of P. pevonis, wlen host pupas parasitized

& days earlier, are refrigevatedat 10°C for 35 days.

Laie of iate of ] late of ' tave of

81, parsSie - - eXposure rezoval - . emsyazencs | Borayke
Bo. tization of parasi- from Low, of yara= 7
: tiZed pupa - TonD. .. siies
to LOW TeNDe. -
1 30-1-8a - 18-1-64 22-2-64 - = e
o . ' .. )
2 -i-88 0 l8-l-64 22.2-6¢ - - g
S 10-1-64 18-1-6¢  22-2-64 - g
. *
L4 10-1-82 © 1B=)84 22.2.64 - % 2
5 I0=1-84 18-1-64¢ = 22.2.64 . . g%
. ) : s £
6  10-1-64 16-1-64 22566 - o
N . N - . - - -;3
7 12-)-64 £0=im08 24-8.68 - ‘ g%’
8  18-1.6¢ - © 20-1-64  24-2-64 - ' %é

10 2-3.64 | aC.1-64 - - 28,864 - e

¥9




DI SCUSSTION

. ; ration at 10°C ofi
the pupa of hggametra peponis,

Refrigeration.ef'thé alternate hést:@f Tyich§s§§1n5'

: gugiﬁbra at Iﬁoa, has shoun th&t.ths pﬂ§a’£s able to
'~,toleraté the_law tﬂmﬁératﬁza without any ill-aifects,

upto a period of 2&‘&ayé; iIn 28 dayég nbwevér 20; per cent
mortality of the » gupaa-oceurs,‘w%ila in 21 days, no
'm#rtality is observeds Continnnus refrigeratlan for 35
days appears fat&l to the pupae |

The average pupal pericd under laboratory eondl-
tiong of development is 7.5 days and the postererrigera=
'tiaﬁ pupal period also spproximates to thaﬁ,:with sligh%
variation between 7+6 and 6,5.days. ~This indleates that
éufing'refrigeratian for péﬁ&@dg ﬁ@‘ta 28 ﬂays,‘practicéﬁly
no development of the pupa takes place and that when
'retumnaé to iaharatury eonditions they revive and develop
intO“mcths'gbrmallya This 1s a'usefui Tinding because

it shows that on oecasians when exeess of hogt ?ﬁpae“
are available andnot enough parasites to p&réﬁizs thém,
these pupae can be safelﬁ stﬁr@&-aﬁ 10°¢ upto a pericd
of 21-28 days. - R

- 11, Bffect of refrigeratien at 10°C on the develapg :
ment of Z. Eugiwcra in pupa of B - peponis.

The effeet of low temperature (100C) og the -
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development of T ﬁuaivnra within pupa of P.peponis
‘,has beon aseevtained by*reﬁ?igeraﬁing'tne yarasites
at two pre~-imaginal stages &iz;'egg stag@ and pupsl stage.
Ananthanavayanen (1934) has ohserved from ﬂiséecti@ns
of the parasitized pupa after variaus.p@riads ef
parasitization, that 24 hours afier éﬂéosure os the
pupz to the parasites, the progeniss within are in
the eog stagé and that after & days of parasitism,
they are iﬂvariably'iﬁ the pupil stage. Hence the
réfxige@aﬁian‘sf %he rarasitized hpst pﬁpa@lhas been
done 24 héurs or B8 &ays after parasitism as the eésa

may Be. The r-sults of these are discussed bolows-

ﬁa&igﬁfect of refrigeration at 109G on the
development of 1. puplvors in the host
pupa of P. peponig exposed to the parasite
; BT —

Regults presénﬁed' (Table XX and Figure 1) show that
continuous refrigeraticn at 109C of the paragite eggs
~wiﬁhin the hest'yupae; for 7 days, does not advérsely’
affect the viabllity of the eggs and that they develop
nérmally when returned to 1ab@rat0ryf¢onditi§ns. - The
sex ratio bfithelpafasites ewerged alsc is not affected
materially, the ratio being 1:25 as against the ratdo
1:28 in the laboratory-rearsd parasites. When the
parasite eggs within the host pupae are refrigerated
continuwously for 14 days, the‘parasitQS'have besn obtained
-only frem 4 out of 10 pupae ané in thege pupae, the



6%
nwnber of @ar&sites é@u&lapﬁng appears to b@ rodueod
the avevare number h@iﬂg BE1.5 per pups &s againﬁt 38649

pavasites per pupa under jaberatory conditions. The

. TABLEB XX |
Effaet.af refrigarhtieﬁ of eggs gf ﬁaguniv@ra

AT at 30°C |
period of émevag@ ﬁ@, _ Sax rati@ Post refrigera~
reirigeras of parasis~. Mole: Femae tion devolop-
tion : tos emerging l&. ment peériod
(ﬁ&?u} per pupae ‘ - (days} .
ﬁarmal : _ _
eondition : 38849 . 1328 -
7 ) . BB3s6 - 1:25 17 1%
Cea . zel  1me . 1775
. 2}‘ ‘ . ‘ “ ) ‘ . .” - “ ” '

‘refyﬁgaraﬁian”af t@@‘gaxasi%a;infits agg'stéga for 21
'véays»éauﬁgs:’eamgleﬁé mortality in all the tan’eas@s

tried. In both cases of pefrigeration for 9 days and

14 daysy the @@gﬁ-rafriggﬂ&ﬂiﬁn é@v@l&pmental'@er&&&

of the paragite, remains more or less. similer %o

the normal egg yeﬁi@&,.%%@r@by"india@tiug that ne develops

ment of the :arasit@ takes plece during the perlod of
gefrigarati@n.
These results thus shov %haz I, ﬁUElVa?@ , dn’

its egg stage can withstanﬁ refrigeration at 10°C upto

-
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meven ﬁays without any 11l effects end u@t@ 14 days

with 60 per eent, reductizn in survivals ﬁﬂﬁﬁinuaﬁian
of refrigeration beyond this ?Bﬁiﬁﬁ appears %o .be lﬁthﬁi
-t@ﬁéil'p‘ °

‘ The rosults of thage eﬁggﬁimenﬁafare consclidated in
Table XAI, It will be seen that contlnuous exposure ta 10°C

TABLE XAT
Bffset of refeigeration on pupa of T.puplvora

L ?nriea &V@raﬁe \ ‘ Postrofri- éﬂ@yage nmmb@r
of re=- Wo.of -  Sex ratic garation of parasites
friégera~ paragites — Msles develop- - from second

tien. o eme?ging - Female. = nend peri- genevation of
day 3  per pups - off- refrigorated
S : (éays) - paragltes.

~ ‘eonditions 208:,9 128 T . —

e g6.6 136 5.7 262, 3
14 3690 181 6.2 . 265.9
o8 . 566,9 1335  Bab B0%e3
es . ®Bta . L2 B4 180,5

% BN -on o - R

;for'yerieds ﬁ@tc'ﬁg days, does not affeet materially the

“pevival of the parasites. Extension of the refrigeration




Figs 1.

Figo 2e

: Figq 3..

Fige 4+ -

LYo

Effect of refrigeration on vigbility of
T.pupivora 1negg stage.-

Bffect of refrigeration oﬁ viabllity of

IE,Eupivara in pupal stage.

Bffect of refrigeration on sex ratio eof

T._Pupivora in pupal stage.

Effect of réfrigeration on the fecundity
of progeny of T.pupivora.
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'to.Sﬁ»days K nowever, results in the ébmplete mortality
of the parasites within the host pupae. There is
indication that the number of parasites surviving low
temperature; is slightly reduced, but this téduction
'does not appear to be of any significance and neither
is it commensﬁéate with the increasing\periods of refri-

geration. (See Fg.2),

~The prépertion of female parasites is seen to
increase a little from 26 to 35 as the perlod of refri-
geration increases from 7 to 21 days. However, this
proportion again tends to dip as the refrigeration

period is increased further (Fig.3) . Schread and Garman

(1934) have also reported varying effects of Trichogramma
| ninutum when exposed to low temperature.

As regards the post;refrigeration development
pericd of the parasite pupae, it is seen that this period |
does not significantly vary from that of the unrefri-~ .
gerated péfasite pupa. This shows,that the developmental
activities within the pupae are completely étOpped at
- 10%. | | o

Further, it is also observed that the reprodu-
ction capacity of the adult parasite is impaired to some
éxtent as a result of refrigeration during the pupal stage.
' (Table XXI, Fig.4). A drastic reduction in the fecundity
‘is evidenced in the parasites emerging from pupae

fefrigeratéd for periods over 21 days.



% -

varallvgasiﬁieg.

The results diseuwgad above will show that it
is advantageous to zefrige?ateig pupivora, in its pupal
" gtage, than in its egg stage. ﬁhe maximus period for
which the development of the yarasite can be arrested
by exposing the egg stage to 10 c is 14 days uhiie
this @&fi@d in the papal.staga-af the parasite is
28 days., It is also observed that the adult parasites 3
emerging from p@péé,refrigera%ed upto this perloed,

are suitable for parasitizing fresh host pupad.

The preseat observation that th: pupal stage
of the parasite can %élerat@'mare the ill-effects of
“exposure to low temperature 'than the earlier pree
imaginal 5tagas, has ﬁarallela in the case of ot%ar
parasites also. ¥or exnmﬁla Chatterjee (1944) has
observed that the pupal stage of the parasite Euglecﬁron
~ parvulus F., is more rosistant to low temperature then
its grubs. Furt%er Gemes (1947) has shown that th@

pupal stnge of the parasite Macrceantrus ancvllvora

when stored at low temperature hasg no harmful effact
on the faeundity of the'adult female or th@ sex ratio
of the progenys :

It has thus become patﬁnt that 1t is possible
to postpone ecmergence af T. pupivorz to nearly one .
month wikhout impalring the repréductive‘ capagity

_of the emerging parasite, by keeping the parasitized
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host pupae at 10°G after 8 days of parasitizaﬁian-.
Purther the hnst pupa itsve has been found to remain
viable upto 28 days at 10°G. ‘These information are
usaful when exigen@ies arlwe far sta@ing the host

pupas cx the aarasit@s for . future @r aelaweﬂ use.

i 100000 Sormeianes
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Up=toedats literature on the effect of low temperas
Qt@@a on garasitiﬁ insa&%s has besn 2@vi@wﬁé¢
" ‘z‘af’f&et of mfzvigaxm.m at 10° ¢ on the survival of
e peponls Fey ﬁhﬂ alternate host. af

:,f-?hn frash ?a@a @f<2@n4:w;:;
'i 5fa$ 10° 3’&&@@ 31 deysy wvithout any‘illnaffaats and davela§s
| f‘ﬁﬁrmaliy to moth whon returned to laboratory. Continucts .
axp&aﬁra to th@ 10@ tonperature fﬁr 28 days esults in 20

| per ﬂﬁnt.m@r%alﬁsy am@ag tﬁa §apaac There 13 no revival

. of @uﬁae afﬁar 3& days of reffigﬁyﬁﬁiﬁﬁw The post -
re?riga?atiﬁa davelopment gerzad‘ef &urﬁiving pu@aa doas

o not ﬁiﬁfar fzam the ﬁaga& pgfi@ﬁ uﬂaex lahe?atary gondie

| "tions showing that the é&v@i@pmaﬁt ﬁf t&a pupse is completely
'ﬁﬁfiarvegt@é at 1@5 S@ ; '

| z}mmt of mi’rﬁg&mf:ﬁm at 10% C.on mm ﬁaw}.@gx—.
man% of xﬂi@hﬂs~ifu3 @Eﬁi? a within the hostpupa
. ?h4
(28 hﬁurs after parasitdzation p&ria&? at the
"‘gugal stage 3 é&ys after garaa&tisati@né h&s %aeﬁ

pepen is whaﬁ wagrigerat@ﬁ at the gges ﬁagg

~“&@£?a

aseﬁrtaiﬂaﬁ. The @gg stage of the gﬁrﬁﬁite Sﬁ&?i?@&
exgasurﬁvﬁ@ 10° ¢ for 7 days there being emorgence £rom

: all the gavasitigeé pupse. Lxposure fap 14 ﬁeys pesults
in the @araait@ fed1ing to. eRerge from-out of 10 host
pupee. u@il@ SEposSUre for 21 ﬂayg raaults iﬁ te%al ,
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martality of the paraaiﬁe. Bevalopmant of the o8 apﬁaara
to be completely arrested at 10° Gy

_ l_The pupal stage of 7. gngiﬂﬁga survives

"e;aaura to 10% ugtq 28 dayse. azposure for 3§ days ,'
 results in complete mortality of the parasite pupae

| witﬁin the host pupns Fregertien of femsle parasiﬁas;
dnerecses from 26 to 35 &3 the paricd of rerrigeratien‘

is ralsed frox 7 to 31 Gays. Farther rafrigerhtion results
in a decease of ﬁﬁa grapnrt nﬁ»ef fﬂﬁ@l@?n

Kharé 15 no signiffcant reduction in the number
of paragites sur#iﬁing'whiéhlis nelither commonsurate withu
‘the increasing periods of refrigerations Exposure to 10°C
results in the complete inhibltion of the development of
the parasite pupa. The reproduction cupacity of the parae
_3ité émergihg from refrigerated pupa is affaetéé to some .
exﬁaﬂt, a reduction heiug zonspleucusly &aan in the case

of rafrigeratiaﬁ over £l ﬁavs:

?ha-usefulness of these findings in storing. the
" host pupae or the parasite for future or delayed use is
indicated, ‘ |

00 QOO memen s
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