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% I f B 0 B t C f I la M

1r tM teetoi^im© of M-©l0gi«?al mn%To%. ©f i»s@et-

pests, tfe© most' iiapoi?tant pfeas® i® tti# mss- tes®'©diag

©f the patasitie. aid pseiaeloms sp®ei@s:- ©f Inserts md©r

artlflesl eottiitloBs# -.Mmmg tti®!. proMeiis iMleh-mQ ©ay

to tm^ in tte sass iswltipMeatloa an<i iitliiBatSon •

\of ..parasites for'biolegi^al e'outfej.^art^ • .

•ot ai©tusts aiafl eo»ti»maa® mpp%f oi Imst •iiatwialsi,

l>r0S^TOti@» of is stat© f©f itt?-,

ing .lean ijeriois mA sMpfflent the ..parasites t© long -

distauees* Issteaiioii of •tti©-- p©i?i.©d of @^;st©«e -Of the-.

parssiti© ofganisBf .pS'O'Vifi©© s6,"feii3#a6%oi?F

solutid» 'Of thsise .gyeteiea®#

to® W itoleli @%t©iisiDB of %hm pepiafi ©f'•

'il^ug ©atistese-e of the parasite 'eaa b# aee^mpligliQis

Is •d".s©-©f low ifceopei'atttrs.s* It is w©ll kaow.. that

'•¥lie?|̂ tfiip«?at«FS is low©]pa«l|. the'life aett^ties ©f

©fgani^s^ tnelaaittg theia? mtB of il®vel©fB@»t f

m w@st©i>: th&. aagnjlii^ ^©ta^istioii • mi tli@- p-@fioi
foi^ yshiQh ibis .e,8|i fee fsaisitained are •.,

d©f®iaiag OB ,t©a|}©rati;##» Coasiierabie aa@mt,©f

wfe has lj©©iv.<iott@, wrfc@rs lik® .^esowi
.'Bi?aas'Xl9S0>| F0t®r0©n. (3.®S0> meh&v €19S1) Seli3?©dd an€ '

•0amaii <19M) liirit C.ltSS) Sa"brah©oiifi« Cl^S'fJFanasirHk

(If3^) Bjmm Cl9Sf M©i©r <lt38) Hana <1038)' ^apiiia
mm> B®ttw Clt39).©m.tt@F5©© (19399 1944) khmM md

• Qulamullali (1959, 1941jl944) D© Bacli (1943) fthasad and
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thm th@ ommll Itf© tostioa

^ .^Q^jgQg^* fe t® ©a -this

asp©et» ln'tfe# ©tsidiiii to ©t

g©irfi.ti©-n at 10®C- m !♦ wltliiB

th# host ptips ,of ib-^taia®tga tins aaceSftatH@S

by fw© stag^ss ©f tfae fiit&^ii©»tli©

stag# CM'feoi^s aft©? stag®

(8 iars pax'asiti^Ui'&lt) * to liMoh th©

host pa^ ^>yeaftMa- QgHB Mpt at this j

wlt&0ttt tsad^gMiig sties ,al0© hm few ascarta-

iii0€# Ssa ipesults apf^say t© b© quit#- •

yLtemtmw on ®iq #ff©ct ©f low t@®pft?ati«?98

OS psrssiti^ ins^tts hai
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• Mfmt ©f iotf tef©fate® m laseets tes
@at% mtm%im mrn^. rnmrnwrn^ mmm^.tn the ia©l-i

.ef pffi^aslfeteF- SMs ia eauaf fe^ansi-i.t-Im# teapsFati^tf
tIs® Isatastt© ts %m%uwmQ istMstepSsst -

&mmaB4 sai tisss© as?© festorcsi lAiefe i%n& isasU

usfi in pt'QSttQ§5. ^S©l.ogl.6#i t&s- i*elis%iisig"
p^f®s ®- f©ii.©s ftf Mtefati« %©ai'iBe is

te©«i • t# te tim^

steiids en mm eim^t Qt ©» fi^si-tes. ^

It® ,f»s»,i "11111% tt was fOisiiM® yti«tS tfeti

of frnMrnm^et emmmmM. tlie psirasi- •
ttg#<i ii®gt 'sggs ©f wto 'v»®- MMmw %m

«i tM i«i 81^ ^ pa3?g#itati©E e»^ ^

€1^14' li® gentiis is tliis mw*

Q'i tS8§ ISSMiiiiS

tm tM S .

pefasit®s feepi a©»liis fetiieetiwlF*
flisj ps'afsSlts 8e» ^®als to 'O^ipesit^ >
the ©iSS P©p3#ss

•a tliiste f^Un eoiiM Is^t ®®«^hs is
STOiis <iWS§'? ©laservcs^ is- Aas-^alls. that

sv«o«os«, sBei-gtee fem hi&sriiatlns pmiaitlBsa oess of
#..i.'aaj»aM.iii.nw ri96g^-!3»a«ipw<sa^



mmf mm mm m m fmm .

#ig»# " llsis hf

9MimA mm fiiietiiiiiiimt «f #•© te -l# e
sai tim tt^.sg tto# «»gi®g. patasit## t®

fWesli Mat «igs» to witipr ti@-

©%t®l.,R -utAtiiir f»«s ,

St # #• fmte -•iitmi f&iiai thm mm

B&mi%mm%lm fUfssliigti hf

?• %© 4i® f #a t&# itti mi f-lli. iay ^

©»rg«B# mi tafflif ^ti#©a i# «ii

a® S#«

ftteiea CiWi ©©B6aet^;®^#rf«it©'^tb

.tataiitttsQi'eiii «if 'ih©' •gfaim ®©t^t

'is^fititiflti^ 5^t 'SsaiES^a

»l#sta MmUf

^MAmi.tm& 2^1 mmm %«§ mvm

. rnrrnrniMMmmmAm S im tte #ff©et #f fifti-gs®©?*

• tltfn. « til# mi fati#* l^agie-Aty #f tji©

f iitasit# f^i€k#.gga»» ste»ti» 'Sil@y* tt® fern# tMt th@
pataiitli#4 tfSS- ^ Jaia^l# g#stii 'mt% wpttli

'.•-a#ib. ttia» 4 te #, silialt
a»t •tog#!' ttoSB %» mrns at F» m

"-ms- mM» -t© rn&mmm m% #f .y^llw sf@cl^ of
in til# -dgga ©f -ft'ttife m^-

gAtetift iffl^liig a» #ato0



to fm paras-it®', isftder MM not 3Sw
lang^i*- thm thos® evs&i^wiiittjpiug «at«r0» la fejj© ©gg®, ©f
.Itesijiltgsgc •-H. tm of
•paraslt® was fmitttairiad.. ©ir® up to # sjontte#* fli® so^pta- •

lity ©f th@- pafBtsites•in tte bag mm •m^m r^frigeratl,©!!
S i ffioatM -mn m litfli ai ?S>6t mtit as. •esaimss s' •

mgllgim^ in tirnm kB^ for m ThB

smcepUMMt^ m th^ pmmiUzM #tis to Im tampsrato©

1511 tfe®, ag@ &f. tiig paj?asii<ii®i' ®gg« flM gr©st#s%

sui'viwi WB3 ^i©;Rg in nh^eh th® pa;?asl^0-1^.3.

&bci3.t t>m imlt Sgfs n&mly Mtare mi rmdy

to Bvtffmrn mm •softsMtr*- M tb@ omm ot nmM^

egg® el®©, eensMeriibiftGmpl^tB aortaii^

oec«rr@tl* fQ®p»»at!irs b0%m fprnzmg poimf m&mgim

29®' F Kneh ,thm tmsw SrnmM.utm'̂ -
al3ov© $4® F» Mmt s'uS'irti®! iims :0fe-t»iae4 •'"

m hmaiittj. BpmUs posses-'
•Blng f&ilow tommies was .-afel.© •'to .aixd wm&

S0wr© thm ttm spdsi## posssgrlag d®2»k«e

fm^tm resfsd f.ri bag'if&m It ii®s .also

that istoeu ireas?®^. to egg.^:, g«» mtto mf the parasit#

ji&ilGh ms normally S'maX#a to om immtmf 4ii- mt ohmm

m a 3?esBit ©f tefrif

Thompson aM ?airk®r <19S®> foma ia •gullsiegia

.erasaif^ug-i m itauo^tant pafitsite ©f li^o|3©-a» %m B©f'#2*»



m mi m » ©f r#fflg^a-

-M^^r at M® C# til® em:6m M tfe# latm# 27^ 0

:s>rei«ie»3 'M«lt iii 11 k^pt |« 18^ e .
•pFd«ae49i pmmttm mlf fem I2^.d day. _ •

mi Qmmm i%9M}- mn^wst^

t& ttm <m tte mmim Mhf Mstesim »f« .Sb tto#

^®gga Si-totg0ga €s©«|:i' ft® t5«l«2 aaee#s3-

ftsIlF is oi?4ljigtr fm mf Muith
'of' Umn* ' MJLtii S iaifs'*

ami' «'day® ».t f

%hm-moT%mllW -mm is f^j? th# rtlle^' strain^ %*•
mi. 4S f&v- isi?^ -sp^s.#sf 1*

A 0•ds^g "y©^ii#f'itt4©» wii'®r tte mn&tttom ga" '̂

S4 p@P- e-«iit- tm

t0'w iarts sp©®i«i# fear iay# i.0^®lof^st
-toi ® aafs ]p«f^lg#mttcEi. fsta 2S pe?

fe-tlie ess# ©f 3 i&F .pr^-reffi-g^rmtioia

m '̂ m Qmt portjgliti" r^f?S.geJ^#t«a. e^nti-
pi>asly te 40 imf#* ti>ff- ®u. Irngm ^ mmg^rntlon

i m& w^mrngtmUm/^mlmmrn-t.

•yas '84 p®? cfiBt sBSi'tislitF' Stt f^Xlm the
im&t &t tm imm%mt%m

development®#

l%%f of tM apeei^s perle^
asi ms n p«2?

eeat. mtli 4 ^sr® pm^mfng^mUm
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aii4 7 dBfs arefriges&tiett at 4#F| the

.only 4 .per eeiit to®-a n©rBal
•@w^,gese© m^mw &mmty ©@n4lti©tts.

tioa#, Bmt til® s»@ f?@»r©frig©fat4©a
m 44% fm « m$f mTtmtf mn Ubs

tlaa 6i- f©f'e#!it iii@r®asj isiii©!^ .s®s©

refirigwataeii f0t i§ f mmt pm esai mtaitr w@.
-©fetetoei#. 4t lofig©?
than tu© ia^k m€ mmrnm Um iioriaMtF for
B^m% p®iPiofis- mtls. s Aafs*'
i'@f;rig#^att©ii .«ai f 6afs .,

m P®r «®nt ©f t# m®tmmm m&g&^$ imm&m is ,
the ease ©f s^ee4@s ft w? tg e©»t* the
sa®# ceniitieas* fe«t 40 isy® mmgrnc '̂ '
«s onit 9^ ««t is. tte #f I. mmm ^
'4a'f©i» is. Urn' msm ®f ^

" W iays

' s-Da®l®s :r»a.«ai-9e eeiit
•^ergamt. ani, tti®

-t# 4f «af% tlia

^ga«e. ^as ®C p® ani' .al pii^.etui i^aspa^tiiraly
• r«i. ,.
- uf tti@' pmmrnm wm sa» f©3? tw

ep«i0% dafelopstent. ^
jk% 4®% &ft©^ OR® ae»tti|, tte •

• .©aat ^ AafSf So .
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cent for S da^s pr©#3pefrigeratlon ieirelopraent. For on®

w©0fc of rQf»ig@ratlon aM 4, S aM 2 days pr©»2f©frigeration
periods I tks percentages of ©morgence ¥©re 9§> SI and 94
msp^Qttmlf* In the grain laoth eggs, %j,9nffgraiaiia wet®

Gapabl© ©f wtthstanding Im t^mperatta?® for long or short
periods depending on the stage of development at th© tia©
of rofrigoration- $ho yellow spocies (S* pretiosUEs)
eoald swevivB longer ih^n t* my single t#@pera-^

tnr© dsespt ^ and a pre»r©f5pigeration defelopaent of

4 days* I»ow temperature freqiaently produeed a chang#

in sez ratio &nd helow 49®F, the s©3e: ratio

the chaage fe«ing evident in th© generation following

th@ refrigerated ®ggs»

Ee foimd that refrigera^tion had its offsets on

%m wings of the parasites ©Barging. "Jh© deformity of

t!i@ wingss found to he higher in black species

than in the yellow species for the first S weeks of

refrigeration hnt after that period there was no signi*

fieant differenee between thepercentag© of wing deformity

for ©qtml period of refrigeration between the several

strains of the two species* f.fvyetioaua showed apparently

less wing deforsiity than min»tiiia. 3?he percentage

of wing defora^ty was higher among the females of

1« Sgg1?4,g,8,m

Flanders (1936) in his investigations in f<%tya«»

atiehiia sp on the eggs of Gallemc^lla
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" mm) £omA tlmt tli© fXo^ moth eggs '-

MtoR a-t S- .%o il^e » to S5 days, tlm ,
mys aft@» iwasiti^tion Mi MsMSSMSi ga^w only..
partial ©siasfgmae* ffe© pamsites .®e^g©d mm mpmU •
mf parasitising ®ig®»

©^fostif© 6©l€ til® fj«e@Btag^ of •@s©Wiie@
©f >arasltes*- Sow^wr Hi 0»e.,iBstatt@@:f te® reewi©^ 'tti©

p&smi.%m ei?©a after so dinfs reftig©^atl©B»

But %hm-B® mm iaaetlw

' sliei'tiF ^t©r- .eii@r8@n®6# 's©0ii as the gai»^eitl-s^« 0ifB
we3»® placei aiiies' @i the d0wl©pw©at>f
tli#. paraslt# i^lthln fee egi eeased and i^wlopa^t was -

m&mm& liii® !"& wats 'tatea ©mt sni kept @xp©s©4 aai©?
tlM. ©riiaa^y •eon^tioa* • ,

^ l#etes -Cits'?) i». bis iiifestigatlonis: f«iiad tliat

, Mieyc^iaAlteL paraslt© of -Bsilm

c©iili ©irlp©sl.t ©WB at iS® F thty ¥es»0

.k@pt i« fiel# esges# H© -feail ais© wmovd^^ "tk© ©Mllty
©£ th© pat-asili^ t® igitlistmi th© gevar© liatey -In Qttb@e#

f©rtF ttoe® e0l0»i@s ©f yii,eyg|il.#e.fen-aciisltg were
tmm MsMftn 0©13.©e-t#4 t¥m Park S©s@ri?© la,.,

fsll #f 1935 and slaila? e©ll©etiojis Ie ,

wm nnmW 0fooid.ng that «iei>Qoi^cit2!cm ©aa -Kfitlistaad

'ttie rigorems wiRte? i<iith .its low %&mp&TB.t\m®*.-

BimiiS il9m) ©fesepwa iii Hawaii th^^emer-ge^iide';:-- -ca



m

.%fmfnM.m (gw gttgsir©®® Htsly ®o3.^©cted ^
'afteif tn© tmprn'̂ ^wen feai 4r#ppM to P m& fe® waa
afel# to tm&^QT. t'fe® pa^nsites, is %hB -b^^w- fellwittg

• mi #»8fti©nalir 6ol4 w©t wlisti^* ^ ©as®
aatii.t p^asit@3 «0nfiB^d i« s tml# _a®^ ptoe©4 la tee
.Qpm ifa©?© tfe@ mB ®# F., tli®i*@ ms m mm**
m.m- ^mB^sBfrn mm} mm& ttiat tsieMssm
pf^dmcisd .iarml'siinpstis# to apyiag mtmsi \&m
t0ia|j#ya-tw® SiPOppitl P^mim® of M^v*

• In spits ©f tte' aiapatifr0g tii© pa^asil® prQiUctd-1 .
generattoa #W7 im&* HmuB mm) mMmtm ©ssrperiments -

•• m tlm m%& storage oi mm ef\SlSSate'SSsSsBa pt^asitig®!
wltb fytetegg^gg^ ,'|.aabyii<am- wMeti is m m§ paJranlt©

of -fii^nlf^- tii0 fie©. st@i, bdte?t H#
tlial Wm mm ^ siiitafeie. foi» c©ld
gt^SfEg© ait^ 'tliss© iiGwrs ©14 "W©!'© satisfactory li©st
igatesials mm mtm istofet at ^ f©if a sontii though
lli®f il# not iiateli, sft©3? t ise®ks't^osor©,# Us @'3©@i?lii0atg

tfaat to ir&f3?igitram0» parasittg®i #i.gs 5©6ae@4

til© p©r©#!itsg© o£ %i!@?gi0n©@ ©f' |ias'®sl.^s sftA tM®!.!? _

J-Qhrnaso ^t®et#€l that tm ©ii stage ^f

IsQstastos ^ » lastM 45 -to ,00 <lays a

%at© 6# 16-to 1?% mil tMt of 68^60

i«i;ys tetli being' .parasites of gall sdiges, . ^
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in egga of '
..pt at .a love. R.H. «n.uita«. f« paraslU...
,h. fecunaity of th. f.«l. paraalt.. ..ared f.o. the oeg.
vere not affected hy hu^ait? at «Mcia th. latter ha
„eon kept tot deoreasea vtoen they bad be®r, tept xn col
.torase fo. ions period.. Tho pmeny of the female para-
sites pewed in eggs that had beet, fcept in cold storage,
vss Q^il'fc© HQHSSI*

m I^eoa mm} ©bsartred that m Canada developsnt
of is™ was retarded^ at low tamperato^s.
toi iW^B) is feis studies on the longivity an^ prodmcti-

In EaimSSSaS) found abnormally .•:.y
high propeaftions of f®ale progeny at 15 G, Mc Leofi <1958)
femia that in Aaheliima the developmental periofl

ijiereasefi mom rapidlsr below 60®F sad coaipletely r^aiieed

the vitality# iapina <19o9) observed |fchat Triohograiyi^

mmwg>flG<ana in its iffiaatuT© larval stage, in the ®ggs

©f Mtotraga f.^yaaltaiia and %MsS4a yfeen

stores at low teaperaiur©, .tke sex ratio was 1:3 while

the proportion was Isl the ptipal stage vas sab^eeted

to the sara© low teiapQfi.tBi'e# 5?alQnliorst \ii \s^©

eagjeriments had shorn that refrigeraticin hai aiffepsnt

©ff-ects on longi^vity &n sale atid female pai'asites ©f

lohnetiraon tarsi»?; G, a parasite of Pin© Qeometrid, fits

sale and feisale parasites when fed on dilute hopey, sur^^ved

respeetiTOly for 57 an€ 90 days at lO^Gj 54 and 65 days

at 15®G, g§ and 52 days at 20°C and IS and 44 days at
25%
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.0.25 C. Bbttt (1939) obaerved tMt MmaUm
if e pupal pax'asit© of Supopean Plm BhoM

d©TOlQp©4 nomaS.!^ when Dttbjeeted
to.Mgh tojsperatw©* Jij an imheateei ins©©t@a?y^. th@
llf© cycl©s was Immr than lAi&n it was in the fi©l«3»

F^ale,parasites lib^ratoa: atice^ssfiilly at noriaal
vsinteif t^i|)©?atttr©s» Buring s©f^e attttian ©f. ltS4

35 ther© was IQI^ sortalitF wli^n tli©-pai^asites wea?©
iield in wood©n Ikji^ss in an imljsstQti ins^etofy t^ea?©-
tfe@ tmmmtum dropped to a.1%* A f@w of the late

•mBTging isales lia€ almys tfee.winter# In. the •

lafeoratoyy, very Im aortality to the species ocouyysa

during ŵinter- at temp^ratuWs, ranging from 32 to 38% '

^t was also found that the fenis^i^ parasites roared at
© I80 h or aboye beg^ to oviposit soon after ^aergenee while

tiios© insects fiewloped at %0ig&t teisiieratnre of 50%

to 65^F aid not oviposit for a week or two* Further, the
parasites reared at high temj^eFatures' anfi then refri

gerated at 40% for 7 days, oould not oviposit until
4 to 7 days after they were subjected to 70® to 80® F«

file adults developing in Oetober when the temperature

was low, would not oviisosit in the following spring

until they had beeit subjected to 50% to 75® for a

period of 14 days*

I

Ohatterjee (19S9) fouki that longivity of an^tel^a
was prolonged' for 2 and 1 day resFectively

for iiale and female at 80-.®0®F to 26 and 10 days respe-'

etively st 74% Sauer (2.939) observed that BphftRltea



1

16

in parasitized eocooas of HaeyocQntrna could

13© te©pt for one month at 10*15® Q and femi

<1948) noted that tnatylcayae Hj a Braohonid

internal paraait© of sSESifiaS» toofe ^4 days at

iv§:^ 70®F and "J""® days at SS^ to hat©il^» SJii® Barasit© beca®©
sluggish at lower t^^eratwres below 40® F,

Bi¥aay(1942) fovmd tliat feaiiseaia Btirata»ea Ishi.

l>3^E?dta,eed l@ss<^ limber of @ggs at t^peratai^es below

20®C* Sosie individuals sarviired in comi^tQekii
for S days at 0-»5^« Mi@n ©jjposed to 4.?% for 6-40 days,

the aortality of pupae was 10 per cent bat the n»ber of

offsprings reared from the kir-vivers decreased as the

©spoisua*® increased* in tlie case of adults SO percent

lived for 4 weelts at 15 to SO®G but they mte aotioaless:

below 15'®0. Beproduction wag negligible at 16^0 to 20^0
and . ceased altogether at lower t^peratures# Galimj(194S)

noted that jaSEteL^SlSs parasitialng Diatrea spp

when placed in cold storage at 6S% ^ for a

its dewlopfflent was retiirdcd and produced no harmful effe»

ct^ and he used this method for shipment of th© parasite#

Ahamed and Qulaistaiah <1939, 1941) obser^d that in

Mierebracon lefgoid^ the tjajoshold of dev®lopiaent was at

i8®<3. In the laboratory continued ©;^osure to tmperatures

lS®e o^* below proved fatal to both the parasite and its

hostI iiarias. fabla. In th© ©as® of eggs the usual lneuba«»
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imfawtii'atoM eendition® ©f At tmpm&tmes

^%QBB to' tlie ©f t@vel0pm@at 5 tfe© fmm&ity

©f tits a®e "til© ^ara-sit© was sediieeij. felt tlie

af tlie !i©gt ms nasii moi?© affe^tei thaa- tliat of

tlie parasite. At li% tfee l©»givitr to aMf mB slso
Iftngtfeeae^, • , ' •

•Saeii Cii^) ' -ii@te<a tiaat lajpw© of ll.!&giieTilQl3^

JdJElaiBela ©a' tMpm of isssa .iainegtiQa gai® Ms© t© ^
sdultg-ia f iafa at 8S®€ aofi- ia SS dasra at 1S®C, fUfated .

31 at 10®#'te€, so ©utMaM-elaange'

2% dajs' .©f TOfriie^atiow 4% Mfe 6®e, fti© feeonfiitr of

the ailMta ©seifiiag 'fiosi tlies©, feept. at ^2 t© 6%. ms
tlie Mgtiest aiii t!i©- i^m these k®pt at 2S®e m

1§%# • $li© ffati® ©f ^alss t© feasXss ••i®.s lilgti 'ia tl3©§©

©sgsesei t0.1®w tmpBwatim^rn. Adults of'M.ias.j^-^ai," .ftafase.

ttom lafme re^lgepated at 4»4®C fow- 2B te 31

•tejTi ©y pmpa© I'©?' days not aiiy'.af^yiteiaWt

©liaiig.®/iB mpmrn^tlm ^sfseitf ©yVs©^ mtlo ®f- t!i@ pm^

geay- ot teth sp@ei©s with a »3f]isl l©isg£flt^ of

mekB^ f©i* l,**8 mmUm f@mm^

S-4 iajra aflS allowei %& f^si ©u- toiiefs l>ut liottaMty was

. %%gU mft@r tM Imgm Malts of gaefaffisgesaidau^ ^

-tiMlig. A , aui .sp« feept units? sfmilaiE" eonil#

tl6«s sar'rlxre-d B,p to 4 «o»ths«,' ' . '

• •<^944) €ibs©?'̂ t ttiat a#al-ts of HaAi?-0iiott>g
an egg parasite ;®f Itiaga .tflgtia:. kept itt ©©tton plugged
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3iiT3|̂oft-(mBt)aqpepiiODpiis"©pini)bt^oato

'•'•doS8'ps£©p"
§"91m%^l|j*9gyiBZ^wxpoi^©#
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that «nd©r controlled conditions ©f 'temperattire-^d

liquidity, the egg stage lasted 45-48 daysj while md©r

ii®C it lasted, for 1S#5 days i^ith an average viability
©f 60 per esnt* At 10 to SS^Gj th© viability ims esnt

P®r e©nt« Hefrigeration at larval stage at 11®C for 13
to 18 days5 resulted in mortality. At IS^C the larval

stage was foapleted in 27days* Befrigeration at 1§®C •

was fatal to the pupal stage. At 11®G and 15®G , the

insect ms unable to eoisplete its preimaginal develop

ment, At ll^Cthe average mfed male lived for S.6
days and fed ©nes for 11 days* Cnder th© s.asie cold con- '

ditioRj a female lived for 7 and 4 days resp©etii^ly»

- 2.5% the fed and unfed adult female parasite lived for
1S»6 and 8«6 days r©speotively* The corresponding periods

for ifialos were 1S*6 and. 7#.S days respectively,

Milkes (1946) siaceeeded in storing the eoeoons of

i'lffiiiferana© parasite of sprue© wor®, at

38 to S4®F for 8 months. Qomes (1947) showed that the

pui^ae of^ HEerQoef.tri3,s aiicvlivQr& Roh separated from the

host %2Siss.SgMM -Qpercialella and kept at SjlO.g and

17#S®G and 40^ R^H. for 15 daysi gave an mergence of 10
and 9 5 51 and-23j S4 and 40 per cant ©ales and. females

respectively for^ the correspending temijeratupes, 3torag©

at low temperatures in the jjupal stage had no harmful effect

- on the fecundity of the adult femle or ths sex ratio of

the progeny,.
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•CXf4T) l>mtl^e^#3?ts- WmhmiM

faM St|, is.ouicl-, 'h^ ^koif9€ tia ©ggsi

^ SI^SSb .to ^ i©R« tiii# ,s© •
tn llteatt tl^eis- m© ss'jpop »s ifi iu. iMM*

(wm «tii#3.«g fingte tm^murn a pamsit® .
is dtea-ia «e-iit»©l. Biimttmla hmUmm- -S#|

#o pli|it.|,:: ili©»^| fteat wilts- wm

m mm t» 44%,.to: i isirg st 3S«i#f., $m-mm tissa

. «i»: a^atfes Qai wmBimrrn t& f4%-., •tii-«@ mn tmtme of

BrnmgBnm' €mm %Ub lm»t h&tQh* ffe© tosat was

itm\pmm ttiat iiai hma 'mpt at t#f im Minys b^fsjr#..'

bttof flaie^i in mM ''"..•, -

13.949) llmt $Ati I^!liri3ri6t-y©piai utafetasi'is
a pmBMitii -©f whtat #t-^ Iflfi tte?® p©t siseh

^isiwg tti@ ^Qiiit mmi»wgis4. fismi ttm®

-at S t# .10'̂ S i&f et®? 4B fSafa# ,

kmrnrm^ .sattet l» ttj# imMf- hm m miw #f
-afi€ til# im00.m^.mmitm ii®t

•easa# mmit tmmrn mm Msmm wMM.

stoaa in. til# ,lal»f?s%©FF &% #%• tmi MMf «i2^.©s@i ^

w% m4 ^ $m mmim^ atw a petiM ;
f>f i.i#,.s mwM»: , • •

ft«i Ffeatefeja Umi) m&%m hkm in

Ijf aastria, the
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•D® fiaeh <19d6) th^t In the parasites

••^$i^2SSs SSEZS^BIISM, A^hytis liaigiBang'Bsig ©a
, Oit:pti0 Bed scaie, g©- por e©at of the atots died by

rsfrigeratioii at 60® F fow 7 aiid 4 tiays a?as|>@sti'̂ ©ly*
•.Q^ppentep (1956) faiana that liizepham saeeharalia-.

'parasitio on Siatfea g^ec-liaralla Bmvimt the winter lii' :

1653 when tlie. laiiisiffitam, teEapsratM-p©. imB

';._ Sbli^aju il9m) Qbsmma that Iji fioBaIic.es ap. •''

,^g|oc|^;m sp* and- fsiaegal^ptiQrus sp*-,. the pa2?asite ot

^ iZ^SESEte® the?"© ims onlf ©af^rgene© %toen
:l£ept at C &,nd -{jS»B.3 'p©i? 0013% siangnei'-aiid

4t 8*-BS^ 0 and pey cent Rkp-* ia winter# iTSHliiiis
•(1958) lii'^stigatlRg ©a the ecological coMltions of

irioseiiia iaiiigegam- and its garasit® iaali% foimfi.

.-tBiafthe p63?asit© eempletea its deirelopmeiit in the

'SauRissifl^# host in 44' iai},©ji the t^g^yatupe yas low0s?©fi'

tO' 1# e anS in 14,S mys at So® C. ¥©©d <1956)
found that ^phelinas aiggitls parasitigea 'its aphi.^ hosts

at tmpemt'mm m low as 42® F* ' lfesl"©JiikQva. •(1959)

observed•that tn Tlt.lQhmTmm.^' ©i^anescsne l-l.,p^fri-gsmtioa

at •l-S'^ e for 1^3 months caused total laO-ytality* It- was •

alsQ ©bserirefi that 9SI-.9? per cent of larvae ©nt0i?e<l'

diapaus©- at 10® t, -regardlesg of light coBfiltioKs, 3-6 pear

cent at 20® C aad none at S5® C. the temperature was.
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• m SS® e ht ^ e at night, thwe
•^s.osplete mmgmm ©f ift mm* •SmperiTOts

©n ^hmmi that eo©3.ijig i or ©

, c#.iisM only negligible ®oj?taMty vih|.l« tmpfsm^nwrn

:^f fflsd a iiams©^ ©«fi.©t« '.%mfvm in

4iapai3sai molAm to Aom to *-85® G oau®9di

n@|jiigife2.#'_»rt4l4ty« fii# ^©rtaXt.tf at -.so® 0 *S8^ § .

mm 18 ss mmt: .fii© «ff©et or

loiag©!? eaipO0i»® ,#f pfiFiaslti®#a ©ggs to Q for 48 hmwB

or I20-.hoia»a -eteilet^ f®r mm&l 'Imvm

a-aci mgligibl© •fsF these iji ^ai^psas®# was ecBclndM

• tlsst l^ta^ in dt^fdas# « tli« miitafel# i*©#

4)]?C'ld}Q|M iito^ag® mdm ' -

i?atsm aiii Clfsi) feed that fjygilias

ateMiliill -e*.! th© post €©!a®6ii' .

parasit© ©f hmlimu* to ©latarliii. #8taMii5&et

well wMm 'miRimm •wiatay %i&b 1©w©ip thaii

-1© to-0® .©• , .

- I»Wf\g M Id,*' CI.06O) that' A^laelLAaias mH

.ov©3f«rinf©rea m m tuM. fm 1mm ^tMn- thm

D©d3f t®!sp@y?s#w#s m Im 80 p@r mnt,

•, Pupatio-n ©6«3iai?Md la lata Mereh ^m. %h%

i*@aeii0i 6't© t® ^ ©ail -©a^ifg^sBoe. oeeiarrei.

at 3.0^ C,» 'th.® -d^ry'i^epaasat •p^rioia varied 3?s*&i3 "7 dai^s in
mM August to 114 days-i® Sssidt <1060) ofesQffv^d



tteat a m&mttm iit Sft# G. t© i

F©«ttlt6i: ts aw lae»sa'@i.df SS 4c%Fs

p©i»i©i @f -S* with it ftf•eesfe'

©f fmulm* til# ^v#.0p8i«ii% •of

fQ:ax»#i im "liiii«t-& a#llQfi'#l.la. .1® %©• fi®

mf$ ^Itm tept at tf*# i i regf«^iwlf*

l|^i4e tliisi Sn ^SSS^ESi

s|0tMet a f aeHitiia pt tel wdm#- 'th®- .
pamsitt' to e mw ^--S# 0 ^



m, MATSHIilliS AND MOTODS

1. MATSRIALS

a. Parasite used?-

friehosDiliis nmrlmva Ferrim'o (Bulophidae)

used for the estperiment tms obtained tvom the Parasite.

Breeding Station attsidhed to the i^ivision of Bntomology,

Agrioaltural GoiXege and Hesearch Institute, l/Gllayani.'

b.. Host material.used.^

PhytoisGtra (Pluaia) p.eiaonis F« CUoctuidae)

Tho caterpillars were eolleeted from leases

of snakegourd raised in the- College far®. They wre taken

to the laboratory and reared on fresh small gourd le^ives.

When about to pupate, they v/ere reiao¥e«i to separate

petridishes tmd were used when fully pupated*

c*-Refrigerator i An ordinary household refrige

rator of Indian make (Alisiyja)- mth adjustment for regulat

ing low temper£itui?e,5 was used for refrigeration.

d» Glassivareg -j

i. Hurricane chimneys ~ size 17 cms#2: 11,eras.

ii« Specimen tuhes 7»5 cms# s: l.S eras. -

7.5 Qms» 5C 3*5 cms.

S. Qo,tfc.oii• ,i>lags.g Plugs ware made by rolling the

cotton v"00l into small balls ©aeh one of whieh x-ms then

covered with a piece of clean sterile muslin cloth and

the top tied with a piece of tx«.ne« The plug thus prepared

, •



S7

was used to clos^* th© specimeia ttibes*

Blottina paaegt SEsall st3?4ps of blottiiag pap©?

eaeh of the siz@ 6 oias« s S,§ cms* t/®!*© cut and Insert©dl at

the bottGB 5f aa^h tube to tmom by absorption water that

jBight be formed iiim the t»b©s mv^ placed iasi^© the

rofrigarator# , ,

§M ^rat^gt S®sll iroa of the slse 18 ema« s •

14 -pMBi, X 4 c®s« war© ttsed to held thb specimen tabes when-

th®5r w©r© placed withiia th© i»@frig©rator»

• i'SS mB* % ZB cms* to hold ?S tubss-.

i« fiibQ raefeg 40 emst X 37 cms# to hol4 SO tubes*

S» GaeiQl Mr brash»

kp Mltited homf for ieeiing parasites,

HfflODS

Beariigg. of SggSBig. (M'octuidae)'

Caterpillars eolleeted frosi snafe©gour€ cultiwted

in tbe. college farm aitd, fields aroand mwB reared in the

laboratory ©,« snafeegowd leaves# Hearings wore don^ in

' hurri^ait© cihianeys ci0s@d. with muslin cl©th-« Bvery laoraiiig

ehifsneys iwe eleatted of the tarml eastings other

debris aad fresh leaves siappliedf 5!he esterpillars Isi

prdp'jpal stage were removed to cloan and dry patridisheSf

fhe petridishe?? aisd eshiseReys were oecaasionally cleaned

in dilute mQreiirie chloride solution a®d after drying.
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• • tiaey' ¥©r0 ttsea, agaiB, foj*- those tdaich had not

reaelied prepupal 'Stags# • -

flis pupa® •^hich foCT©^ out'of tlie pr^pupa©

transferred to clean p©t»ifi4shes.,'-xi!©3?e m@d tot the

experiments#

' 2, tlaiat^siag a gtoek pttpiwa F.

• ' A st©ek of was aaintainei by

braecliiig it on pmpa® of £<^B2E|£*v

Fiw filial® parasites wiiieli ^©r© loss than 24 hours

\;-.old sitiee thair ©aiergenee fi?©® the hostj wer® intro<aue©d

into mQh speciffian tmbef ^Fcir this, the parasites which

- contained. In speciaeB tubes ar© tapped 'down on a eleah

•si^ite .paper spread on the i^wk-tahls and covered over'

imraediately with a (Iry feieanj sterile petridish confining

the parasites'\mder it* . She'• i^ork-taMe lamp which is at

the farther end of the tahlo was then s^iitched oil. fh©n

the si^e of the petridish towards the light was slightly ,

rai®@a xmtll sufficient nymher ©f parasites moved out and

started to the light souroe* 111© required nipafe©r of the

parasites mr® then led into a speeiwen tuhe with th© help

1 of a. fine ".fresh caael»hair hrush. fhe tube ms then closed

with a eott©n 'wooi plug and the parasites were then e^affiined

I against light, with a ftand lens to ©nsur© that the fit?©
•parasites intreduced were fmales# ;



fresliiy pupate kmt pupa ms" then gently •

eleaned with a eamel^hai'i? -bfush ani lutrodmeod into th©

speelai©!! tube con^inittg the five, f^ale- pas^asit©3>-- A

•small strip of filter paper aix^psci-in diliite henoy was

th&n placei inside the as fooi for the parasites ••

Til©- clds.ed si^aeimesa tiitses Mere .thsiS; placed m tube meks^

their bottom bMs with the. pupme tewaria' light# aSiis

together with' tlie narrowness ©f the tubes ensured

parasitigatioa to the saximura ©stent* fhe pupa© vore

kei>t 9xposM- to the'parasites latil all th©- parasites

«2i@d- or iipto tile tirae limit ot parmsitizatioii described

in each experiasnt#- • • •

•, fhe parasitised pupae v©r© taken'@tit from tte'

tnh&Bf cleaned -aiifi tlie.a tem&vQ^ to-e'leaiij dry aafi

st-erile speeimaia tm|jes (7*5 eas x 2*3' ems.) having -filtsr- .

paper strips inserted at the. bottoiu th© apQcimsn tubes

mre then closed with eotton iiiool ptngs placaa

either on tub© rack or inslfie tha r0frig®rator^(acsorciiiig

t0 tlia isatijre of tke' e^perlisetit-#-

3., Determinatien of the effect of refriaeratioa on development
of Mmljems,

ill© 3tiiii©S'' 011 th© ©ffoct 'Of rofrigeration on,

T.mnniwspa mm cmdmted mt tw cliffer^nt stages ©f

th©,parasite vizv the egg and the pupal stag© within

the host pupa#
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•& -t!i© ©astf fs?es>i pupa# l^ss thas's4 Iwsars
,

pa3£»iasttia&€ f®®al©'parsgites § eae!i'f©i» g4

•tioUB's aiacl, fefyigerateii m iescri^Nsd irajj'j'i.jag perio3s»

th® «n€ of .3pef3Pig©raM©!i pei'io^ th© respac-tiw sist®

•of .eojitfti^tag ttee p^asitlgei pupmi w^e tak^ ©at'

. md/kp&t m thfe tuBe- sfead iR the isteratar-sf*

m ^icli the iullf ad«lt parastt©; mmgM irm

th® -'stealX Gf the iiest pupm ms. ymoM&d ' m ths 5©t« of

m^gme&0 •., Wiien of -the- psrasit® wm eosplat^'t

theF.««,P® Isilled wS-th ehtorofom md comtm midei? a

binocular iftterdseop® Into malm tm&lm-*

M til®. seeoRS ©as^j th# |iufa@- w«y®

ffisiut^a^a l&boratofy igORttti©ii8 to ® iays b#f©F®

,feeiag mfrlg&mtmt vaaryiiig p^ricHls* irsMiaiaai^ ©fes«P*

mtioii ha^-zSUom tli&t lr|f ©ight aays of pai»ftsi,tis« all th®

•parasita th® hest pupa® hail-ptspateii# Aft^t .

•ref^'igsratlda f©j? the M.tfmmt' p»t$.om-9 the^ ho^t pupa#

' tm parasite pupae -ylthla mm t© la^ra-

toi^ mid the aat#s «nd of «25Qrg@Rc« ot sdsXts ohB^m^*
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!¥• DSf/aiiS OF AID BESUI.TS,

ItaratiGK of pugal stag© of Fhytes^tta peponis

uiiiiar labojfatoi'y eonditions*

i3:p6rim©iital' d©tail-si '

Kuffiter of pupa lisects

Ag© of ptipsJ

P^Ttod of 0:K,pe!*l!asnt5'

f©isp0ratm^0 ©xpeyiiaent i

Relative Husidity dtaifiug
expsrisient s

I
f

10

Below S4 hows'*

9-0-63 to lS-.0«63

Mim. ?0®F - 8S«5F

Hm, 8S% 86®F

90 ^ ^ 92 ^

tsn. fresli glusia pupae, on© eaoh In a

spe^iasii tube of 7#S cms* x ceis# were

kept 'OE a' tube stajiil after elosing the 'mouth

©f t!i©- tiibes witli cotton- wool pliigs and dates:-

of em©i*g0iftee aad pupal periotfl observed*'

SSSJH&M* results of the e^erisont are pf©sented in

fabl® 1. It can be soen from the table that the pupal stage

Qf Fhyfcoaetra vsn'iBs tTm 7 to © days,j the aves^ag© ijtipal

stag© being ?»S days# • ;
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f a'b S. B 11

Ffpiod of igvelegiaeBtr of rmm4 in m&ev
I»ato0gatory coia^ltlons*

;

i

5- :

SI.
lo*

Uat0 of Bat® of
e^postire r^ovai
of.pQpa to of paya*
parasite# Bites#

Bat© ©f
effierg©n-
c-@. of
parasite

Ho* of l>m*a-slt0s
Mai»# F@ma1.0,«;

^ergea

total

Develop
ment
period
In days

i. :•• g0-t-6S Sl-9-6-S^ •7-10^65 14 30a 316 17

;••••• • 2^ Sl*9-a3 3.0-10«»i3 18 410 ma 20

; 3» -. ,,SQ-9^6S . 21-9-6i a-10*6S ' ,m •SfS- 370 • 10

j,

i r
4. 20-9-63 2i-.9-63 il-lQ-fS ••' u 432 •' 448 31

S ' ' i •

f . 5. 20-9-63 21-§-6i ia-io-6s IB •439'' 457 23

4; h' ";. 0. ^21-9-63 '00-9-6B U-10-i3 10 3i6 376 20
- -- 'K..,

i

«

SX-9f»6S ^2-9-6S li-|0-6S 14 • 441- 458 80- ;.

S* Sl-9,i*6:S ag-t-es 9-»iO-6S • z® • 3is:' '•• • 33s- •• '. 3.8' • • .•

9. S1-9^,6S- gg-t-QS- 'lo-io-es-. • IS' sm' / g4S ,•' it,.
, ?-

10. 9-10-63 u ••401 . 464 •:• • •• •IS;'',

total IM 3753 3^89 • •'"lii"'.' .
1

Av^age is»6 375*3 3@8^i ;ie^3 •
5--^'
'4 Sex Hati© s is-as#. ' . • ..•• •

PeiripS '̂ of 'expspiments

tap@r4tiii»@ tolng 93^©riaei3t «

Huisidit^^ during ©speriEiebt«

22-9-63 to 9-10-03

Mm^. 7B® F - .82° F

8S® F-- 80® '5'

©0 $ * 92 $
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Procedure; Bach pupa x.as put in a clean specimen tubo
•^.5 cms* s S.5 eras, with blotting paper
lining its bottom. The specimen tube was
then elosed with cotton wool plug and
refrigerated.

flSSHlias HasuMs are giren in Table III. it aay be
seen that all the pupae snrvim ramgoratlon for 7 days
ana that «hen taken baqk an&or laboratory oonaitlons.
fae pupal period subsequent to refrigeration fQr 14
days varies from e-7 days «lth an average ef 6.S days.

Sffeat of refrigeration at IpO C for 14 davi. nr.
pupa of P.peponls.

gxperiaental defcal 1. s g

Period of sj^periment conducteds 29-9^63 to 17-i0-.63
Semperature diirlng esperiments Mna. 72®F - B2pF

M:®. 8S°P - 80®P

Helative hiamidity during )

esperiirents • | ^
iest of the det^ls as in Bsperxment S.

The results of the ezperiiient are giiren in
!?abl0 I?, It v?ill show that all the pupa suri;lve

pofrigGpation at 10% for 14 days and. emerge as adults
¥hen returned to Laboratory coriciitioiis. The pupal period
subsequent to refrigeration for 14 days varies frosri 6-7

days with an average of Qp5 days^
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•f A B X. B IIXX

..pt. at 10^ C fog ? aavs qb
pmpa of f i '00poHls,-

lo*

Sat© €it • Date "Of
e^osta^© reifio¥al
of pupa to imm I.OW
Low Teiap. -fosjp^

Sate of Post refs^i-
emergenca gez'stion
of pupal pet-
moth# . iofi (days)

mal ••

sS femertcs
in days

!• 83^9-63 89-9-65 6-10-533 7 14

28-9-63 - 89-9-63 0-10-as 6 13

B*., S3^9-03 30.-9«6S 3-10-63 , a • • 15

4, 23*9-63 S0-9-6.S 7-10-63 ? 14

5, 23*9-6S 30-9-63 •^-lo-es •7 14

6, 24-9~S3 • 1-10-63 8-10-63 f 14

7* 24-9-6,3 1-10^65 a-10-6S 14

8* 24«9-6S 1-10-63 S-10-63 '•7 14

9* S4-9-#S 1-10-63 9-10-62 B 15

10, S4«»9—63 ^l«10-63 3-10-6S 7 14

fotal J •71
* ^ W mmmm

141

Average s ?.l 14a
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. T A B L B I?

Effect of refrigeration at 10^ C fog 14 days oa host pBpa of

SI.
Ho.

Date of
eacposiire '
of pupa to
Ijov; Teffip,

Date of
remo'^ral
from Iiow
Semp.

Date of
ffloth
eiaer-

gonce.

Post refri- Total
gemUoB pupal Hempi'lES
paiml period perioi .
ill. days In days

I 85-.9-.63 9-1S-6S' 1S-10-6S 6' 20

2 ' 25^9-63 • 9«10-63 18-10-6S 7 SI

S 25-9-63 9-10-63 16-10-63 7 SI

4 S5-9-.6S 9-10-63 15-10-63 6 20

-a . Si-9-63 9-10«.6S • l§-iO-6S 6 •' go

6 25-9-63 9-10-03 l:g»10-6S s- ' 20 •

7 26-9-63 10-10^63 16-10-63 7 21

8 S6-s9^63 10-10-63 17-10-63 7; • 21

9 S6-9-63 ,10-10-63 • 16-10-63 6 SO

10 •' : 26-9-63 - 10-10-63 17-10-63 7 ' 21 •

fotal
M tW. «•Mk «

65

e* w* w

SOS

Average • 6.S so^g
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Mftc.t of at 0, f©g -21 dwa &aaa

of- f»:gepoiiil.a.,

B^ertegiatal i^tallis-s ,

l^erioi S«IO-.«3:' to ««.63 -

fmip^Tatnm toiag | -^2^, f •
I ••Ma®.#'fa® F 8#'F •

•Helative llmifiitF telsg" I ' - ''
-. ^ - i 86 ^ ^ m $

Pro«@teei til® fttpa® mw^ mntlnmmij m»

ai'€aya. m 4» • •
\

. Rmt m i» Sxpsr-iaeat 4#

lEHMS.^ln table ? i^s, .flireii thu .rssalts# Jt' iwiXl •o&soi'irea
(.

timt th# p#st«rftfyig©?ati0o .fnfal period ms^im W^tmrn

6 t© # iars with "a» a-^r©g# ©f da^rs'# 111 tii© pii^a©

peaaitt^' healthjf ii#iat3. eftiur, oestiftttem® fef?ig«(fatioii

•for SI i®f® m^, hmlthf m%hB asies^geel f3?oai tlieii# • .

Sffoet-. of at. 10^. C. im'.BB Mim on'

Ftirio^, ©f I 2«*l,2-63- to

f@?sperstui*<5 during I . Ifa!2» •'?6®- F «. 8# F
I ••

'QXiJQS'iiBeats- % Mm* 81^ W « 86®. F

Itelative.iilriKg tb# I • -
I as^ « m $

- I
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Mtfmt of %Q^ C fog m tos Qh

pupa of F^pegpnis*

details^

• -Pepio^ of f»si,©rli8©33t I • 4*is-6s to 16-1-.6.4

TsKperatttj'© <Surii5g tli© J f @o® F

Belative Htjsiaity I
r B9 $ - 95

«3s;p8:Fim9r3t# i

Proceaiiras The pupae \#er© continuously tefrigerated for
Sg dajfs* •

l©§a|tsi. T|i0 resmts ©f the given la fa^le
¥il» It is Boeti that tmtie of pmpa© developed iato moths

idaon treris.fafSf©(3 Into l.ai3oi?ato3?F eonditioas after esntlfiaous

refrlge^stloB^ for 3s the pK|iae wheri <8:iss®cted oiit

ghowea €#ad moth ,is?itills "the®*

i:ir.p^.rlfflQBt a#.

Mtfmt oa devffXepsieQt ©f f^^ieliospilaa oiiBi'^ra in eiana

tiost .pupaa^^®3^d$ad to the patyaslteg

for 24 itours are :eef5?ijiggatai at 10^ C fog 7 das^s* ^
Sxperlmental details.

Huffibsr of host piapa^ ms®d«' ' 10

Ag@ of host pmpaea Below S4 hoars*

Ho* of f^aale pa^asltess- uesd to i 5
pai^-asitls& a single host I
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Age of parasite s Below S4 bours#

• i^eriofi of ©xperiments . #-3,2-63 t© S-»3i»64#

fempeii'atiii'̂ tolng esp®rl^ Mnm* 78® F « 00® F
. ©exit Ms®, .81© F ^ 66® F

Belative diurifig^

j> f'AB-LB 1?I|

Date of iSats of of'
BXm escpos-W© feis©*?al • ia©tte • • lemar^cs
H©» of ptipa to from Low ge,i5a©.

Low I'eapi temp*..

" 4»1&»6S S»X*®4 w

2 4*lS-a3 8^1«64
"S

3 4«»3,2-6^ . 8«i-64 ' - 1

.4 4^1g-.6'S 8-1-B4 • • ^

i S.«»12«6S ,-9~lw64 . ••

6 , 5-12-63 •

? S-12-63 S-.i-64 w

8 • 5-3,2-63 -9-1-^64 ' ' \ ' | ^.
# 5-1^63- ,• 9-1-64' . .- • fl

im
10 i-12-aS 9-1-64 ••» ,

I
«

§
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fmStmh. pMpa©- ©f #». .ptpenAs t©

fa?'asiM2®tt#B i feaijles &f .fcsmalyem^

#^eh iti tabes a# detattti mdm

Mtm S4 he^s of paajagit^.^ation j. tM-
:. " • G

• pa?sslt3lE0« fttfs© wsf# teftigeratst at 10 e

_ -.. - gisf f iayt as als'si^r'teetttei*. At the ©^4

ef s«v@E isys tM famsiti2@fi fmta,e tiii:d©r

w®iwt^sWm • t®teB -out. ©f ttja refffigtrs'

„ . %m &tft tm tbe Isfewatorr till, adult

parasites

gaaalt&i •fli© of' §1® m& fi^en is

fable fill, tim teta |^s#rtei ia to® t^0 that th©

^ost I*©ffig©?stl©ii #f- deir©l©|»®©iit -of l*fngivora .

fwm 1# t.© tm mmm^ pmlmB. being 1?

mfBrn. tfc© of p«ms£t#s mmt^ iaiifidtaal

mm ^mgm fe#twe®o m4 ^6 mtti. m of 383*6

fsrasltsf' ^0t -ib# rati® of f®l# t@ ftttal© pai'ssit@..s

.t-s umii t# %© li SB*

M£fm% d©yiilogHs©nt- ©f 1* .ai»l.wpa in of

, when, tost ' f'mpae @3^©gei^ to the parsgiifs
'iSiii?'g .©re>#fgl.g©gatisa'M "tm. %4 MWB*

•Sa&eyiia<§mtal la^tailgs.

Pmi&A ciwing •mpBWtmmt'

^ I, ll».81.®F.-t© M%
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S' A B L 1 V12I

on ^volomont of »BBiTOg^ in pupa of P. papoaie toat pupae esposed to tli© iw,r*?gita9 for^T! 'T- " h4 iouj^ ?>.te x'efrigoffffit'sa at lOOS for 7 »fS,.

SI.

So.

Ea-6e of

©saosu^

of
psiwsite.
•bo pin*

iiat® of
©XpOHUKf of
pas^al-^zeu
jmm to
low fQiSp.

Sits of

TOJtJOTOl
of psaw-
Siti2©t
»um fro:t-.

Bat© of
Qss j^eaae

of

sites.

3P©sfc

@3ration'
aQvelop.©nt
gerioa of
p^ra^tee

fotal

develop'-' SO. of p^sa-
Esntal • BitQS Qff£;ag,©6. . Sbirarke
periofi.
in e§5ls issle ^otal

1 6-lg-6S 7-12-6S 14-1S-6S 31-1^-83 17 S5 2^ 416 488

2 6-1S-6S 7-12-6S 14-lS-SS g—1—64 A. 19 27 18 4S5 443

S sLis-es 7-12-63 14-13-63 . 1—1—64 IB 26 IS S09 3Sg

4 6-13-63 7-lg-8g 14-lS-SS 30-lS-GS '16, E5 17 344 361

5 6-1S-63 7-1S-63 14-12-63 1-.1—64 ^•, ib/ : 26 13 406 419

6 6-3J3-6S 7-12-63 14-1B-6S Sl-13-63 17 SS 0 . 80? S96

7 6-I8-6S- ^ ,7-18-63 , 14-1^-63 • S1-1B-S3' •%7 §5 . 16 36S 38S

8 6-1S-6S ' 1—1—54 ' 18 • . '26 • 15, 399 ,414

9 6-lg-SS 7«18-6S 14-13-65. 30-12-63 ^ 16 • ^ 18 4S8 • 456

10 6->1^6S 7-X2-6S .. 14-18-63 31-12-63 17 25 17 gss 315

mal 170 255 1-^ 3688 S8S6

AverBgQ 17.0 25.5 14sJ3 368.£5 383,6
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Effect on developuont of f. papivog^ of P. peponjg "Kiiea tost pup?», exraoaofl to i)^r«sito3 for hours
fe«0 been refrigemtsd »»t 10®S for 31 «?y8.

Ea-fe of B*?ts of soizovl Cfite of

Si. expBsure of e'feosui^ of . •' of '^r-sltlzQci smrmnoe

Sfo.- jrr^si'Ses - p«?r?®iti2ed pupfl pum from tow. of T^I»-

to pijp«? to temp. . T'orap. ,sites.

1. 8-,12-SS , 9-12-6S 30-1S-63
»

2 S-12-6S 9-1S-63 ' . 30-1S-63 -

5 8-12-65 9-lSS-6g . 30-12-63 -

4 8»i2-63 9-lg-6S . 30-i^-BS

5 9-18-63 10-1S-S3 31-1S-6S
-

3 g-lB.65 . 10-12-53 31-iS-63"
-

7 9-J^63 10-12-63 .31-13-63
-

8 '• 9-12-63 ID-IE-SS .. • . , 31-12-63 .-

0 9-12-63. ' 10-3.S-63 . .. - 31-1S-63'-
-

10 • 9-12-6S lO-lS-63 Sl-i£-63
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mtmtt m of fin ^ -
iQst pupae pagsgltigecl' 8 4©|rs ©ariie-^-

' - ^ ®© i'©S^ialeiariB^'"" for'" 14. '•' -•' -

mnM of mmiMmt. , ^ 4*U64 to •.

fm^^TsMmm tei&g tli# ,', @0%

iMm . .8S% to -8i%«

f.ti® l@lat4'¥s- Iwiilty dwriag { : •

e«erlw„t. - | ^

froeeiij#© I tese ©e iu '-ifepifit th^% to#.

pai*aliiti0©i pmpa© !•©#©£geratei tm

-•1:4- fiafs# Umt OS In- i^5®riii|bafc- S.!.#
i "

8esi3ltg,g_ fii^ .TOmtts m?® given in tatjlej'Xiri, -fii#'

poBt*mtwigsm^im fl©v©lop®^t the ij^asite ig.
I

0@en f© 9© fi?ca g*lP days witli aa .awrmi/© of! 6,2

tti6 _llfe ©fel© of tlie parssit.@ iiiel«3lag tla# t©frig#mti®a
1

.period takes oji an average S8«8 Asqrs# St® of

,jfjpasites mQtgim toa a siagl.©- , fa3p.t©s &m 8S@ to '

40S isdtb aa aTOfag© ©f @8f*3.. aa1,@« fesaM ^

'teeirig . j • •

.toei'laeat 14.-• '

ParasitiitBg capmitf #f f» awsi^ofa feiergiiig 'imm
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jSaeperiaeiatal detailftg

• Perlei of expa^iment. • _ 5t^t^l964 to §8.2-1964.

fempemtwe aurlug J 76% to 82%
,, .esp©3?imeiit» | • ggo^

•• Relative Huiai^ity 4u3?iftg' | '

ej^ertoent. |
Best as in Sa^erlffient IS*

; _ iff gims. th© ramilts, ' It, will be sees that
tlm parasites aoroallj tateiag 1|5 ^ |9 days •(avefage
16.,'? days) prodnoiug on aji ai?srag© PS&^9 pa:rasites-per papa.

r. • SxperiHient 16.
. *"*"' I IllliiiH

Effect on development of T, a-BBlvora In pupa of P.naaocls

'ariS°§ '̂'ll°3avf ^ days aartlei' Is mfpjSSStSd
B^erinentai details t

PSj'ioa of 0Sp©?4®e!atj 6-1^1964 to ll-g^l0S4..

feapei-atwa dmlng tli© | ^Mnm* ?i% to 8,2®^ •
^ ^ ^ ' i •
^ • - e^Bwtm^nt* | 6g% to 86®F

Belatlv© HomiSity dtii'lng 1
, . ^ • - -- ^ I 8Sf to

@^ei»a.Eient* • • . •' 1 ^ ;

^ Proeedsre;' As la Issperimeat 11 j that the i>arasitla0d

pupa© afemgerated for 31 da?/s . H©©t as

• ', in Sxpepiissttt, 11.
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Sffect on aevelopm^t of t« ausi'gQr.a is pupa of £*peaonis
Itos't' aas^parailt^ '1"'"d&m' eaFll'eg'' i

at for 2B &at3*

Bsa3eriii©Bt-al ^©tailsi

of ss|5©rls!SBt» " 7«ii>1«»i964 to

femperature during | llsm.* 76 'F - 80%
espes-iraent, . . 1 tel. a8®F «• 86®F

Relatiire Hwaidity dmlng I ^
S • w to 9#

©xperiaerit. ' ^ , ' .

•ProcetoeJ ' As i» Mxpmimmt 3.1, emiept that th® parasitized
pupae ir©frlg6rat©a for 28 days. H»st as in
B';^©x^imeat tl*

Regultas fhe f©suits of the s:®erlseat are given, in

fabl© . It nay be nem £vm the t.abl© tlist bo atolt

pai-asltfcs from S of tm- 10 .paifasitisea pupao, ^a&n
•returned to the laboratory eoEditloRS aftes? r©frig©ratiiig tli®
mntinmmly for aS .Says. SJi© two m% ©f parasites

dia not metge- dissected opan feond to contain d©a.d

parasites ia tHelr pupal stage, th^ table aim shews tliat the
I)0st-F©frig©3?stio» dewiopisent period of tM parasites
•merged ranged imm 4-to 6 tlays averaging 5*4 4aysj The
total tievelopment period of the parasite ineludirig refPi»

gelation period is 41.4 fiays m m average, ffee ntaislier of
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ad\alt parasites produced per pupa varies fro© 8Q'-'^4, the

airerage being 284*4» The males female ratio ©f the parasites

produced is 1»29,

liiperliaeat 18; '' . ' '

Parasitizing -Gapaelty of-T, pupivora emerging frgib pupa
of P. peponis refrigerated 8 dajrs after paragitizatioE
at 10®C for 2S daFS.

• r- n-liii , TIIII,^

Bag)eriBieatal details i - , • , '

Period of ea»eriai03at. 16-2-1964 to 6-3-1964.

lenperatore at the time | ^ 82°F
Of esperimeftt. ^ ggof to 8a®F

Relative H^nldlty | ^
diiring espepiment ii

Rest as in Ixperimeht 12.

•Resxiltst , fable Xflll gi^es the results, it may be .

• observed that the parasites develop normally tafeing 14 to

16 days ,(an-average of 12»1 days) produciag on an average -

1&2.«4 parasites per pupa. " • •

• Ixoeriaent 19-*

.Sffeet on. developmeBt of pupivora tn pupa of P.^epoai5*

• gen host pupa" paraslHzed 8 dayTearlier is refrigerated
at 10^0 for 55 aa!f3« ———» ^ _

l^nPirimental details.^.. ^ ^

Period of e^eri»et.t. I -
• , • tsaia. 7s9f tjj; aS^Hf

temperature dwiag , •
I Mm* t©- 88® F , .

-e^eriment. , * _
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' %• • effect of „gefoig®TOti.oii .at on
the pnpa of Phytemetra i>QpoBtis.

Hefplgemtion. ©f the altermts host .of fglcliospiias'

pupiiTOga at 10%5 has Bhom that %h<B ptxpa is able to

toisr^at© the low t®ip:ei?at^re without an^- illweffQCs-tsj

upto a period of 28 days*' In 20 day% 2dfper eent.

mortality 'Of tte pt^ae-oeoiirsi. wMl@« la SI iaysi no

'laort-ality is obseirima# Coatlatidus refrigeratlca tm M

days appears fatal to the pupu#

The average pupal period imder laboratorj? condi*

tioas of fevelopment.is days essd tha post*»refrigera-

tion pupal perlo«S also ^.pptosdemtes to that, with alight

TOristiGia betwsesi %& and 6#5 days. This l«dicat©ai that

dtjrlBg refrigeratiGH for pe^-iods 'to ^ days,/practically

330 d,ev@l©piae»t of the pnpo. takes plaee and that .iidien

rettarn©d to laboratory eoiiflitions thay reviv© and develop

into'"soths sioiiiially* !l'his is a-usefijl finding bscaus©

it shows that on qecasion^ \«h©» excess of host pupa©

are available midnot onoagh parasites to paratias theiSj

these papa© can be safely stiQi^ed at 10% %to a period

of si^w <^ayB*

• II* Sffe^t of refrigQratlGn at IQ'̂ G on the develea* •
;as©Bt Of pmlvora in pmpa of P., peponia*

effeet of low tsiaperature (10®C) on th©
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.of f • witMr pi^a of £«peg©nl^

ha® ba©o asce-rtainei fey a?el^rigeratiRg tine paraaitea
\

at tm stages Mz*^ egg stag® an.a piapial stage-*

Aaanthana^syanatt iWM) has- ©bserired from aisssetioBB

of "til# parasttiaed piapa afte:? mrio«s. periods ©f

fa3?asitlaatic>ii^ t-liat S4 hours ©s^osi«?e. of tii@

pupa to the pai?aSil©$s the ^rogent'ss witliin ar'© In

th© ©gf stage mtd thi&t'aSt&r B aays ©f .pa^asitissj

th^y ar^ isavariafol^ in th© puptl stags, limes® tli@

r-ef3?:igoratioa, of th# paapssitized host pupae hm Doea

flon© S4 hoTirr, ©f 8 days 'aftei? faiJasitisa as the cas©

fflaF JJie 3?;-suits of, tto©s© me <Si©eiiss'e4 b©low8«^

Ce> '.Bffect of g©fylgegBtl6a.at..lQ§g. m. .%im
ie-^felLopment ©f :£# aUDi'^ra fesift
papa of P* mmnis to tiie

Besul-ts pF®se«t©a- (Table XX and Figure 1) show that

coatiftwaws refrigeration at 10®C? of the parasitQ -eggs

-witMn th© host-pupae, for 7 isys, io@s net aclv©rs®ly

affeet th© viability of the @ggs and that they develop

aoriaally when returnei to laboratory conditions, fh©

se-x. ratio %?flthelpifasiteg' sgiaerged also is not affeeted

aaterially.,. the ratio toeing lies as against the ratio

isgg in th© laboratory-reared parasites* When th©

l^arasit© ©ggg i^ithin the host pupa© are- refrigei?stea

ooatintAoasly for 14 days, the parasites have been obtained

only from 4 out of 10 pupae and in thes© pupa©, the
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• nmMr ©f parssitas mml^m to li© yetoeet.
ma sferag® a«fe« feeiBg miS pap& as agatot SSS^t
pa?aiit©s- w0m 3.als#3?at0ry

iffQ^t- 0i fefriggtatlop -©f ®ig®' '
'• —— ^ ^•-

—;;;i;;"r""~~^^3^'5o. •;• s«t rauo' •
'ISr-

-!!!i»K:.»».^---------.—^

•Slltioia
f

'•"U •

• 21 ' • , ^

m^*& " ' isss it 3.'?

m#i ' " issi , 1?»78

j'igsFaMoB ps^ftsit©-itt i.;t8 ®gg stag© for 31
4a^0.©sms®s , #©®pl©^©. M all ttee tea aapes

tifisi* In feetfe easss ©f tef^lg^ratlaii for /f days sai •

14 dfi^ss tfee 4#.f@l0pmentsl p©i»ic?a
©f tlis tam'fitet r©si^»s m©re <sy less- similar to

IM a©»s-i ©gg pmM§. tm^my la^Qatiog tMt a© a0Vei©|i-
iiefjt of uai-aslt© takes plafi® €«»ilig tb@ pe^iofi of

fliese sesttlts ttes &tim4 tlist S# smpivora 5,la"

its efii stsge'-ecni ^tfistana r©feig©rstioii at 10% upto
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Fig# 1. Bffeet of refrigeration on viability of
f.suglvom inegg stage.

Fig. 2» Bffoet of refrigeration on t?iabiiity of
f«pttgivora in pupal stage.

Fig. 3. Bffeot of refrigeration on sex ratio ©f
T. iuDivora in pupal stage#

Fig. 4# Eff@et of refrigeration on tli© feeimdlty
of progeny of y.puoivora.
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to 35 days however, results in the complete mortality

of the parasites xidthin the host pupae. There is

indication that the number of parasites sur"*ri^ng low

temperature, is slightly reduced, but this reduction

does not appear to be of any significance and neither

is it coiamensurate vdth the increasing periods of refri

geration. (See Fg.2).

The proportion of female parasites is seen to

increase a little from 26 to 35 as thei period of refri

geration increases from 7 to 21 days. However, this

proportion again tends to dip as the refrigeration

period is increased further (Fig.S) . Schread and Garaian

(1934) have also reported varying effects of Trichograimna

roinutua when exposed to low temperature.

As regards the post-refrigeration development

period of the parasite pupae, it is seen that this period

does not significantly vary from that of the xanrefri-

gerated parasite pupa. This shows that the developmental

activities within the pupae are Completely stopped at

10®C.

Further, it is also observed that the reprodu

ction capacity of the adult parasite is impaired to some

extent 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

refrigerated for periods over 21 days.
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Qirerall ;p0sitl0i^..

$h0 ,3?esmlts 4is.et29's#d above i^3.1 sMow that it

ia a^v^jtageoms to reii^lgemt& ^ moivora, in its ptipal.

- .stag#-, than- in its egg stage, fhe maximm peHod for

i^ich the aevolopment of the paa?asit© can Is# afrested
©•

by Q^jos'ing the ©gg stag.© to-14 iay© wMl#

this period in the pwp&l stage -of the parssite Is

28 days* It is also obserif^ci that th© adialt parasites

^.©rgiag f?oa pijpae, s'efPigersteel u|>to tl^s period,

• ' are snitatjie -for - parasitizing fr^sh host pupao*

ThB pres©Bit obssrvatiois that tli:^ pupal stsg©

of the parasite csjq tolerat© jnor© th© ill-^effscts oi"

©xposiir© to low t©iB-j;>®r®t^3rQ tliaji th.© ®arli©r pr©»

iBaginal -stagesi feas. parallels in tli© ©as© of other ,
•garasit©© also, for example ChatterJ@e (1944) has
observed that tii© p^pal stago of ttie parasit©

parvi3lB3 ,F,, is sjor© r^si.staut to low t®isp©r-atar© th^

its grubs* Further 6c®es •(194?) tos shorn that tlie
pupal stag® of the parasit© M&orc&mtmB mQ/Uvom

when storea at- lou temperatum hm no hamful effect
on Urn fmmMty of the aMt imale or Urn sex ratio
of the pTogmf^

%t has thus "be€i^© patent that it is possible

to ]^0stpoi'i© emerge r.e® of J# ^ttpivora to nearly on© .
< soBth wiiifiottt iispairixig the reproauctive eapaiity
I -of th© emerging parasite, by keeping the parasitised
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o
host -pupa© at 10 G after S days-of parasitiaation• #. -

Ftis»tli0P tli0 liGst pttpa itself iiss. hmn fouafi to remiii

rtafel® upto '2B days 10®€, -ffheg© liif©i®atl:on

.' asefiil wh@i5 €s3dge?!cles a^ise for storing, th© host

pupae o$ tfea parasites • f«ti3re oa? •det&imM
W • • •

8OOOlO©

w

X"
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iiortalft^r of the. pa^aiite.. .S$v$Io|>®eat ©4f the-sgg appears-

fm papal stug#, of f, piiplmaya sisrvli?©8

•®|i0®w« to 10% ujrto 28- as^sofure'foip 35 -

r©si£lts in-eoKplet® mortality of the pupa#

i.4thiia the hast ^opcsfftidR ©f fesaaXe fa®asif«i - .

trom £6 te 35;&s %m ot ip#mg«rati©»

3.S' ftm t t0 2t ^ys# VmthBr mffisetMon r@s"«lts

in a dmmm of tli© pmpm-t m, of fmBlm*

fh#:p« tB xt& aighifle®ftt in the masher

Qf parasites awpi^liiiag 'i^ieh ia eoiaisiiisufate ^dth-

thm tnQmmUi$ p®tiMs ©f mfr$,g&^tion*. .Sa@ogurQ-to 10%

2»©3«lti ia the- templet® iahiMtiost.-of the (a®i^'i©piaest of

th®-t®^®9it@-.ptt^a. Th©\i^oproduotl«ii capacity of th® parai*

site «a#i*ging t^m ffoffigei?at®d papa ia ^feetsd to-.s©®@ .

j,' a reduction hBlng mnB§%QumB%f th© ease

@f mm 21 dafs*

the «-s©fi2la©-^ ©f th0s.@ fl.!n5lihfs lii storing, the

host pupm -QT th@>a3?«mlt:@_ for '^r um 1$

tntScat^d. •••: -

cwkmmnQQOOO*'"'"*'* •"•'•'.
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