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Tainter (1536] sriticized the clasaification of phytophmgous
ingeots as polyphagous, nilgsphagous snd wonophagous which wag besed on
lists of plants whioh an inseot ate rether tham those which furniahed
acuel nourishment. He pointed out that diffovent warieties of 4 single
spaciss of plant differed from esch other in mutrients. An inssot mey
ferd on & plant but fail to grow ms for exsmple, the larva of the notato
bestle on Solemum hendersonii {Trouvelot et al, 1933}. Thoue insects
which mey feed on more than one host aspeeies may pshor unbealthy growth,
my be more susceptible to Gleczse or beve a highar @esth rate on soms
than on obthers; and Shis muy ba due to & defiolensy of soms ratriemts
in the poorer quality food. ¥hen Mslamoplus differantiaiig wus fod on
& mixed diet of lettuce, wheat leeves end apole fruit 3 peresnt rezshed
the adult stege, on wheat clone T2 percent, on barley 44 perasnt, SR Ve
42 percent, on lettuse Z1 percert snd on cats 4 percent {Redge, 1933).

The auality of food matesn mey ulso affect the reproductive sapacity. The
fles beetls Zpitrix tubderis lived for e shorter time sud lald fewer ecgs

when 1ts food was beanm, ground cherxy, arsh elder or kochie than when it
fod on potate; it respondsd to potato follege within 2-3 duys when thio

vag substituted for lsss favourable food (Hill, 1546).

In the so called momophagous insecta ths dilferences in plant
mutients affecting growth would vary from variedy to variety or with
echange in physiclogicsl condition of the Dlants or with difforence in type
of moil and aiso as affzcted by other cnvironmentul factors $hrough the
host plants, Simte proper autrition is necessary for the surviwel apd
growth of individusls and for their normal reproduction, these factors must
play an important role in determining the ocandmio importance of the specles,
Most of the work done on mutrition of insects refers to the rate of growih
«nd metamorphosis of spedies whick sre scavengers or iive on storad food-
stuffs iike grain or olothing, Little work hes decn dome on phyt opliagous
and parasitic insectas.

in certain insects the autritional rﬁcgnimmnts of the sexes have

been fourd to be differant. There are some species of aphelinid sarenites
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in which ihe femmles before satisg are attrusted only to the paresitined
hosts and the egis that are deposited develop as hypernsrasites and trans-
form into males but after mting the femles are attruoted to unpurusitized
hosts ani the urogeny deveiop imto fewmales. 'Thus the femmles are priumexy
parasites tut the males are Lypermrasites. In some othey Lymonoptercus
parasites larcer hosts are selscted for fertilized ezmue which develop into
fencles while szaller bosta 2o ueed only for unflertilized ogss whieh de-
valop into mmles (Chowyreuv, 1913: Cicusen, 193%).

The activities of many inmseots are knewn to bs influenced not
oRly by tempurature and humidity but also by light intennity zud wave
lergth or even by polarisation {Vowels, 1950}, In sertsin insects the
seasonal scourrence of diepause is evidence thnt photoperiodism has & 7roe
found infiuence on their 1ife cycie., In adiition to the divect »lfesy of
1ight on lnsects its effeect through the Lood plemts (1T any) should alse
be considered. ‘hen the behaviour of an ipsect in o given enviroment is
being studied the direot elfeot of the phyeicsl Taotors is important; so
are thelr indirect effeats through the blologieal factors 4f tha enviren-
ment.

" The presence of diapause may enablis an ingect to survive during
periocds when the envircnment is not favourable for development. Soth ia-
cipient und intense forms of dispsuse should be physiologically very mueh
the scus., Diapsuss chows o marked sewsomul incidence in many different
sorts of insects. The univoltine bug Heduvius enbers diapazuzs towards the
middle of winter irrespective of suy of itz five instavs (keedlo, 1931},
In 2 two gemeration a;’ea the proportion of Cydia larvee thet entered dla-
muse varied {rom 27 percent to 50 percent in o period of 5 yesrs'! study
but the date on which they enmtered dlamuse veried 2 2 dars from 2444 Avgush
(Garlick, 1748). Similurly dlapsuse ocours scesonally im other inssote
like She lervae of lespeyresis (Dickson, 1949), Loxostepe {Pepper, 1938)
end Shlchotomas (Theodor, 1934); pupse of Antherea {Telotarav, 1938),
Deilephila {Holler, 1926) and Teles (Dawson, 1931); adults of Halleta
{Plcard, 1926} and leptinotarse (Breitenbrecher, 1918), etc., Leaving aside

&« few excaptions like Lueilis (Cousin, 1932}, Popillie (Ludwig, 1722} or
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Spaiangia (Gimmonmds, i718) etc, the incidenmce of diapause in multi-
voltine llfe cyeles seems to be closely reiated to the season of the
Year. (lomponents of the environmests that change with the esason
zra teuperature, humidity, maturity of fzol snd duretion of day-light
{indrewarshe, 1952).

Iz this thesis 1 deasribe certuin experiments with Pluteils
. magulipennis Curtis. (Tinelge) and its puresites, The larvee of P, mag-
Ulipenuls were reared on food of different nuulities, et different tempe
arstures sni they were exposed during thelr developmens to different
shotoperieds. The plants ob which %he larvee were reared wore ciso axe
poeed to differemt ghotoperiods during their development ¢ ses whether
this infivenced their swnlity ue food for the insect. The respective
influsnees of the treetusnts were assessed by recording the spesd of _
development of the iurvee, the duratiom of Life of the adulis apd their
facundity.



Chapter 2.

HMATERIAL end HETHOD
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This research work was doms on dlemond~back moth of cabtave

Fiuteila maculipenmis Curtis. (Tineldes : Lep/, its lurval parasite

Horogenos (Angitia) seroshags Giuv. {(Ichneu 3 Hymen) and pupal parasite

Diadromus ¢ollaris Grav. (Ichueu s Hymsn).

uowt of the egps for the experimemts were laid by femie moths
which kad besn reared in ithe labomatory - perhaps during previcus sxperi-
ments. hen this source was inadeouste, eepecially in the spring purse
or sdult woths were collected from cabbege fizlds in the Taite Institute
grounds oF guburbs of Adelaide mostly {rom Findon sud NMomtacuts.

ioths collocted Trom the fields wers kevt in batches of 20-23,
males and fouzxsles together, in oylindricsl specimen tubes 3" x 1™ comtein~
ing = pleea of gresn cabbage leaf znd corked or covered with a plece of
muslin cloth at the mouth, Thoy laié esss culte readlly on the picce of
isaf inside or aven on the oylimdrical wells of the tubas. The eggs
could be remuved ensily with & comel hoir brush soaked in & dilute sole
ution of sodium hypo-chlorite. Sometimes the watier trunapiied by the
lesf would condense on the sides of the tube and drown the motha or stiek
them Ho the glasy by thelr winge ao that they dled, Txcept when thia
hapsensd the mothe lald plenty of esze end 1t was possikle to gel enough
far ench experiment of mearly the same cge - warying within 24 to 72 hours.
When the ogia were got irom material left over from the previous experinent
they were usually from single fermles which hod besn Kept with {wo ar three
meles in specimen tubes 2" x 13/16%.

linths were offered dilute honey sclntion Uy socaking & plug of
zotton wool im it and stiekins that Yo the inside of & cork st the mouth
sf & tub.e Sinse the woths are negutively geotropls snd the specinen
$ubss in which they wers sncazed stood upright they veached the Lfoed auite
quickiv. #bbkhe 414 not hesitate to lay egze sver in the ebssnce of honey
sslution or water though in bigh temperatures snd 4ry etmosphere they dled
very culekly 17 some watery food wsyve nok providad.

Fotri dlshes conteining egss on damp filter papers were phased
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in i—:“m:.l.ar?-fs air-tisht gieass jars. 4t the bottom of e jar another damp
filser puper wes placed to provide sufficiemt humidity imside without let~
ting loose any free wator. The jars wers ther ploced in imcubators which
mainteined the temperature comstant within . 7.2%., ordinerily ezss were
ingubcted at the sawme cenztant {emperatures that wers used subssguently
for fasding expsrivente. But sometimes egzs laid late wers drought from
lower t2 ¢ hizher temperature (o guieken the development so that they
could be hatehed a$ the same day or very mear to0 the snes lald earller.

in these cuses caterpillars were disiributed ecusliy im «ll the trestuents.

Sush extremes of {emperatures us 11% sna 25% apeared to huve
some hamaful sffeects on the uorml growth of caterplllare. Tempsratures
renciug from 1790 - 24%C were found to be quite optimum and most of the
exporinents wore done at temperaturss within ihis Tange.

The eses of Plutells srxe fairly resisbant to excesaive water
around them and in dry etmospbere toc they can remaia slive for a limited
tims. Zyge which are neariy ready to hetch my be stizmwiated to hatch
by drynmess. ©(m the other band sg-o which =re not cquite rexdy to hatch
may be hampered in their developmsnt or may be killed by exposure to dry-
ness. Spucial csre, thorefore, nezds to be teken to keep the filter
paser just Gump particularly as the tine of hetehing appromches. Lggs
ware placed on the filtesr papers either alngly or in batchea; they de-
voloped and hatched ejuclly weil in either case. Slneoe the newly-hatehad
caterpillars are very smell they cen drown themselves iam & slight sxcess
of waler that might be ign»m;i on & Tiltar paper, or swen in the uiers-
geopie droplets of water sticking to the inside of Jurs, it is wery lo-
porbunt to kesp the right bumidity comiitions after hatehing.

In different exporiments as mentionad in their respective plaeas,
caterpillers hetohed from within 6-8 or 12 hours were distributed at ran-
dom in ull the treatmentas, unlees sisted ctherwige, as ong or move thaa
ons lots. During these imterwls of time no foud was given Yo the larves
and no visible harm was seen done to them but i¥ they were allowed to roum
about {or mors than 12 hours they apmsared tv bave exhsusted themsalvas

by conmtant iloscomotion, if lervae which ind 5o exhsusted themscives were
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latew Ymuslorred Yo food, elther $hey could uot appreciate its presence oy
they failed to mime in despite repeated attempts to bite; end consequently
thay dded. In the presence of excessive dampuness inside His hatehing jars,
however, they heun exheusted, if not hel? drvowsed, fer move quickly.

Caterpillars were reared in specimen glass tubes 2% z 13/16", cork-
ad on top. AS thely hosbtom sireiss of filter papey were spread which were
irrigated with a drop of water every morning for the first few days of the
caterpiliars' life =0 as to keep 4be pleces of cebboge isef inside turgid,
A plece of cabbage leaf I x £ far & larve was considersd of s reasomble
size for & start. As the larvee grew and clances of losing them wers re-
duoed the size of the leal wus increased. In all the Tood experiments,
within any treatmest, after cutting 3he plestes of cabiuge loawesihioy wore
thoroughly mized befors distribution to varicus caterpillars under observa-
tiom. Any unhealthy or abmnormel looking (virus attashed) leaves were Tee
Jected., @4 =ibs wers vob siven.

#ithin o fow howrs of the twmunsfsrence of caverpliiars on loaves
they mine inm wouplly Trom the lower surfece (probably becauss 1% is sasier
G out Shrough the spomgy mesophyll them throush the pallasde layer). Bug
they can hose through the upper surfece also, Burdne $he fir2al twe instars
they feed inside mines changing o & ssw oxe aiter the Cipst moulting., mite
exmmnonly the Tirst exuvium was obseresd outzids a ming,

The Tirst change of foodl waus reswiated iz sush & way that at any
cne temperature it was done after the first moulting to avold injury to the
smell first imetar caterplilare. For esemple st 26-20%, 20% or 18e19%
Tood wes chanped ou the ¥vd, 4th or 5th day vesusidvelys Hovever, 1% was
changed earlisr 1f porchence it becune yellowiah Lulowxe Bhut dlmw. Tudope
quentliy, faod was changed every othsr Gay end g% the same time tubes were
also sigansde In cerbalu conditicns when ths feod given wee uniesirabls,

& high mortelity was noticed which was found %o bs assoclated with =ome
apeciss of bacteria and mould,

For obssrvaticns the starh of ithe prevaral slbuge was token as

from the $ime caterpillars started splaning and pupal stage =25 alter the



Te

.tiu the ilsst larval skin was pushed back towards the ansl sud of the
silken zocoon. As mentloned in reapective pleoes, iu the '@ablqis for an-
alyais of mriémeg. the prepupsl life wes either added to the larval or
papel life, Then the duration of the 1ife of larvee 2 mupse wus belng
measured observations wers teken after every £ or 12 hours depanding upon
sn expoeriment and those which bud completed a certain stuge of development
wore conasldered to have dons ¢ at the mid-paint of the duration of that
period,

The pupse were left in clesned tubes along with & little piece of
leal to provide humidity and were not ssparated out of their cocoons unless
they were nesded Tor weighings.

fexes could be Jifferentinted a8 euslly im adulis as iz pupal
| stages {Sexes in pupae : Hobertson, 193%). The fercle meths were recug-
nized by & ssell tuft of hair at the ood of the abdomen vheress wales by
the two distioet wsives, Iz those experirmcnts where the Tecundisy of a
female was belng messured two or thres males wers pladced in the tube with
each femnle Ledauss some meles were aterile. The malea were usually,
one bred ia the luborstory and the others from the fleld. This incvessed
the ohance that there would Le ef least ome fertile mele im the tube with
the Temmle, I gny of the femmles failed to lasy esmge her mles were ro-
placed by fyesh oses to ensure thet at any one time s fartile mle was

availablie,

The larval pmrasite Horogemes (Angitia) cerophage and the pupal

parasite Diadromus collaris were slsc rearsd st differemt tomperatures to

test their ovipceition behsvwiour and to discover how many eggs they laid.
They were kept with the host material im 5" z 1" speciuen tubes with pleces
of muslin eloth ringed around thelr mouthes and = split meisin atéeched to
the inside. The purasitized hosts were dlssected under & binooular microe
scope after every 24 hours so that a daily record of the number of eges laid

by the purasites could be kept.
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Effect of cebbuge leeves of dirferent aces on some of the
charncteristics or Plutelia.

A Zuotorial experiment waz designed in which larvae were resred at
twe temperatures sud on feur differemt fuods, Levels of the fectors wevre:
Tempexuture : 18% and 25%.
¥ood t 1. Yhite luoavea from the beart of @ eabbage plant, say Py

2. Ureen leaves, vigorously growing, from anocthsr cob-
bege plant P, (2 feet away from Pl in the field)

3., Emture leaves irom plant #y
£s Ul4 sensscent leuves irom nlent Fi
Ubsarvetlions on the following cherasteristics were taken both oi males and

femnles meparatalyte
o . Ho. of obserwa-~

Charagteristics studied. tions in each
‘ e treatnent,
i. Speed of development in lerwal 1life (hatching to 12
pupation)
ii, ldve welght of pupa 1z

Bt
e,
e

i1i. Weight of silk produced {ececon)

ive Folght of dry mstter of pupe

W\

Ve Batic of dry matter to live weight of puma

Eges wore taken from moths reared in the lsboretory. Each of the
treatments shown above was started with 35 cuterpilliers hmteled withis 8 hours
on 8tk April, 1952, and 1% wue expected thet some of them would dis while
being reared. Al the young larwvae on maiture and old senescent leaves fuiled
te mine ifiri and dled within 48 hourg. Om 10tk April, thevefors, s fresh lst
¢f larvas wag started Tor these sets of trestments, {seding thenm on tender
green lsaves during their firet inster, wnd them changing to the experivental
touds, fKven thew they did not survive on the oid senescent lsaves.

To measure the Juration of larwal life cbservations wers taken twice
& day at ¥ acie wnf 5 pems Velghings of the wet weizht of pumie were done
24 hours sfter pupation nt 25% and 4% hours after at 189% to leb tha cheyse-
alis beocue ressomably hewd in order to svold injury st the tine the cocoon

was remaved.
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To got the welght of dxy matter pupee wora dried in the owen &t
102% ; the first reading was taken sifter 24 houxs snd the second after
48 bours., During the pericd of transition of pupee from the oven to the
balance, tbey were kept in & desiccabox.

Phe silk (cocoons withouh the lost larval skial waa welghed on &
6. @@t Sorsion bBalance.

Tables showin: summries of vesults snd amslyses of variunge for

dlfferent sharccteristics ssudied are glven in respactive order.

‘-’f.‘ubl.a 10

at Mi’fﬁt y_of ’&wmﬁm andnml&t of _ oo&.

Tomporatuve | 18% 25% 18%  28% | . et o
* : Iy * f 1 S’;"‘M‘
=) . - 3@“ 3 1“@" Ml 9 i & g
4D, & (0.30)% (0.21)P {0.21)® {0.15}°
¥Yoodt

Thite leaves| 16.6 17.3 8.4 8.6 | 16.9 8.5 |12.5 12.9 12.2
drecn loaves l&.’ 3.608 8.4 8:8 16.7 3.6 12.4 12.5 iz,
desure lﬁaﬁ*@ﬂ 21.3 23.0 9.2 9.6 | 22.2 9.4 | 15,2 16.3 15.8

8.8, 2 {o,17)¢ (0.12)® (0.12)¢ G lean
Penns 18.1 19.0 8,7 %.8 | 18.6 8.8 [13.4 14.0 13,7
Least sijuiificunt differensast 55 s o 5
a 548 l.l 1.4
-] QQE‘ Q«mg 1.0
e Db ch 0.7
a 0.5 Geb 9.8
[ ] G Giod ﬁ.é
alvsis of warisnos ! {larval 1ife in days)
v&ﬂm d“ 35 ﬁ.f. S‘.S. fﬁoibt
Total 143 4045.4
Trestnente 1 39070
Temperature i 3409,6 3409 .6 =X
?M 8 }Q’étﬁ .ﬁ’c}
Foold x LD 2 16518 82.’ m
Sex 1 14,9 l‘.?
Sex X Temp. 1 3.3 3.3
Sex x Yool 2 3.4 1.7
Sex x Food x Temp. 2 H.4 L7
Errox - 132 138.5 1.05

The elfects of temperature, fool and sex and interuction of food

!

and temperature wexes significent at .1 psroent isval, Geterpillars developed

. slgpificuntly move aglowiy on maturs leaves as compared with youns gresn snd

f‘w

whﬂm icaves end thic epced wea still slower ol 18% thay ot 25°%C, Females

&hmlnpm mora slowly then meles.



e ot A i e

i0.

Table 2

{a) iean live weizht of npupe in m.gus at differeny
levels of temperature and : uanty of food,

Temperuture §  18% 25% 18%  25% -
il Fa= = Fae Ya-
8,0, b (9.3835)° ‘ w,u?;‘ (6.129)° | {G.091)°
Foud:

Thite loaves | 6.67 .13 4,86 5.54 | 7,40 5.20 | 5.76  6.83 | 6.30
Ureen lzaves i 6.62 .41 A.46 G55 To51 G.01 Se b4 €.98 5.2@
Yature leaves |6.17 .15 4% 4.5 | 616 4,33 | 516  5.33 1 5.24

gD = | (0.106)% (90.075)%)  (0.0751° | g, iean
lisan 649 o356 Aed¥ 5,20 | To0R 4,86 | 5.4?  E.3B | 5.93
Least significant differences: L b b o1
a (e 51 0&&7 0;85
] T30 Q.47 0.60
@ .25 0433 Ged3
d 5429 0 39 J.49
=] 0,21 De2% i}"ﬁ

{d;  Amelysis of variange : (Live weight of pupal

Variance dus Yo Sela Ss8e L -1
Treatmenss i1 250,752 ‘
Tamperature 1 171.065 170,065 =
Faod 2 34,220 17.11¢ ===
Foed x Temp. 2 2.765 3303 B
dex ! i 28.792 28.792 ==
Sex x Temp. 1 1.179 1.17%
Sex x Food 2 10.137 5,078 W=
sex x Food x Temp. 2 2.514 1.257 =
Error 132 52,929 0. 400

The effects of temperature, Tood, soxes and interaction of foed x
sexes were significanmt at ¥ <.l peveent snd that of interaction foed x
tempsreture eizpiftcsnt 2t § perseut lovele A% 18 %0 ke iive weight of
pupn wma higher tham at 25%. Pupes 4id not become =0 heavy on mature
leaes as o0 white ond young green leaves., Femzles were heavier then mules

on the whole, but on smture iz&ves their weight was reduced relatively more

than that of the males. Asth pexes on mture laaves sz compeved with the

obher tws Sypes of focd hmd o greater drep io welgbt et 1B iban at 5%,
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(a) Mewn welght of silk (cocoom) in m.cms. at different

le'mls of tmggmmra and a:mulitg of food.

25%

Temperature 18% 25%g 18¢% ”
Fo~ Fog~ ’ WQ -
Sex Hals mmie lale FO° . juele me1s _
Seily o (0.0166)® {0,0075)% | (0.0075)® I (0.0053°
Foods i
Thite leaves | O0.222 0.257 G.167 0.174 ] G237 0,170 [ 0.192 0.215 & 0,208
Green lsaver | 0.225 0,258 0.164 0,196 § C.242 0,180 0,195 0.227 G.211
Yature lsaves ; 0.220 0.212 ©,137 ©0.148: 0.216 ©.142 1 0,178 0.180 0.179
Bt (v.0061)% (0.0043)¢ | (0.0m43)® |G.uean
Mean C.222 0,242 0.1 56 & l‘l?} . 25’2 L 16‘ Oa 13? Qe 207 Qs 1’8
Least sigmificsnt d41ffersncest 5% 1% 15
a 0.029 2,039 0,049
b ., 021 0,027 0. 035
a8 e 015 0. 019 0.025
d G007 0.G22 4,029
a D w&.& ﬁi 316 e Gaﬁ
(%) Amalysis of variance: (Veight of silk)
Variange due to d.1, Fe8a HeSe
Totul 43 U 3749
Treatments 11 0.2166 ‘
Temperature 1 01667 fz.léé? oy
Food 2 0.627% iJ.O}.}a =R
Sex p & G. 0128 ©,012) =
Cex x Temp. 1 0.0008 0. 0001
fex = Food 2 0. 00RO §. 0030
Sex x Food x Teup. 2 $,0033 D 0GLY
Erroy 132 0.1783 £.00135

The affects of tempereturs and fool were siznificswt st .1 percent

level and that of sex at 1 percent.

‘at 25%,

between young zreen snd vhite loccves.

males,

4% 18% more silk wes produced than

Un mmturs leaves less sill was produced but there was nc difference

Fermmles made heavier cocoons than



{a}
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Tabie 4,

¥can weicht of dry matter of pupe i m.gms, et diffarent

levels of tempamture and cuality of feod,

18%

Teapsracure 25% | 18% 25% | o
Sex Hale male Uals  mole sales  male
3-ba z i@.ﬂl@i}s iﬁntj@?z)b {0.6!}?235 bi;ﬁﬁ'lf
Food:
Sreen lsuves e.l‘? 0.243 vqll} ﬁelé? 1 6.208 O.34Y | D140 6.20? 0-1?‘
daturs leaves ! G.160 0,169 0,104 G.liﬁ 0eld G 1061 0.132 0.137 [ G135
S.h. 5 (0, 5085)9 {e.0082)® | (0.0042)% | G.ilan
Haan o164 T 215 $.112 0.146 5;»18? 5,123 ﬁ.l}g $.150 Ha159
Lesst signifioant difforences: 5 % <15
a 8,029 G039 {1,081
b 0,021 Q.027 0,058
o G018 .39 T 025
d Q.07 Ge 022 0.02%
4 0.012 o016 ©.02%
(b} smalveis of weriance: (Feight of dry matier of nupmj
Varianes due %o Geke Beidy S
Total 59 G.d3525
Treatuents 11 .11048
Food 2 0.01743 $.00871 wmx
Foed x Temp. 2 0,50038 0. 0018
Sex 1 0.062697 0, 02697 ==
Sex x Foud 2 0,01013 04,0050 N
Sex x ¥ood x Temp. 2 By B2037 £.00018

The same effects were siguificent es in live welght of pupe

exeept that interaction of food x temperature »as not siznificant which

sugzests that the relatively greater influence of food om live welght =%

25% than at 18% may hove Leen due larpely to ¢ifferences in the water

content of the bedy, unless it waz dus to shunces

significanmt oniy at » < 4,05,

the interaction was
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fabie 5.

{n} Moen ratic of live weight to dry matter in the pupe at
different levels of temporature snd cuality of food.
Tesperoture 18% 25% 18% 25¢ Mesn

. G- g ¥ % ? -
Sex | dale o7, sle B Male omle |
_— (G.1071% (0,075)° | {c.075)® | (0.,083)°
Yood: |
Greon leonves 3035 :%«79 3.82 Zu53 30?3 3;6‘? 3.83 3:62 Re72
Mature leaves| 4.4l 3.84 4.10 3,92 | 3.97 4.00 14.10 3.88 § 3.99
8.0.2  {s,062)8 {0,004)8 | (5.054)® | Golisan
Hasun 4000 3,69 3,95  3.64 | 3.85  3.79 [3.98  3.86 | 3.82
Least significent differemces: 5 P F
b 2,22 V.29 Q.38
[+ 9‘15 0.1% “:’-25
a .18 Ca?3 1793 %
2] G.12 .17 G.22
{b)  Amiysis of wariance: ({Katio of live weight to dry matter
of pupe)
Varianos dus to 4.5, Gee HoSe
Total 59 5.488
Troatmsnts 1l 2.758
Temperatuse 1 0,043 C.043
Food 2 0,887 444
Food x Temp. 2 G, 068 J.031
Sex x Temwp. 1l $.00L 1,001
Sex x Food 2 0.25% 0.127
Sex x Food x Temp. 2 0.047 0.023
Error 48 2.73¢ 0. 057

The effact of food was si;mificant a% 1 pevcent znd that of

sex at .1 per cent.

Ja mture leavas the matio was higher dus te a

greater peroentage of water in their bodisa.

Meles bad z hizher patio

than fenales which mesns the latter were more solidly buillt,



Plate 1. VYooden boxes used to comtrol hours of
daylight on cabbage plants grown in the
field (Ex;ﬁtu 2).
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EXPYRIMERT 2,

Influencs of quality of food aﬁ photopsriod at differvent
tenperatures on lecuscity and speed of development
of Plutella.

*

Cabmrpillars wers rasved nt two temporatures viz. 18% amd 1%
on plezcas of leal from oobbage plants grown in the ficld in 9 hours sud
15 houwrs of daylight. Furbber, fu the inoubesors grovins larvae weye sxX-
posed to olectrie light durinz the deyiime, for sither § hours or 1% hours.
Thus levels of differsut footoxs were:i~
Temperatiure 18%, z1%.,

Faeils A = Uplibaces grovs in 1&3-6&3?. of 15 haurs of daylight
B - Cabbages grown in short-duy of 7 hours of daylight

Light-axposere: ¢ hours, 15 hours {in incubsturs).

The sxperiment was stevbed with ceterpillars hatched within 6 hours.
An extrn set of caterplllars was reared o Toad 4 in 13 hours of exposuve
to light at cach serpereture. . In the adult gtagze those resred st 1E% were
browsht to 21% and vies verss. The fesundity of those moths was compared
with tkst of those reared snd kepd nt the sawe tsuvsratures throughicut the
ii%e eyele bvecuuse 1t was thought that en abrupt chenpge of Lemperatumm at
the bepinning ~f the adult slage might inflususe the fecumditvy of the muthe,

The Ywo Yypes ol plants were grown in six iittle plots of fiwve
plants suvh in the Tield; to overcome soll Tertility dlffescnces ibs plote
were distributed at raniom. Uimee the plants were grown during the sunwer
monthe of Eovouber and Detnuber, those recuired to be grown in ¢ shorieday
vere coversd by lizhi-prool wooldem boxes dwriug the adght and for pert of
such day. The boxes 18" x 18" x 16 vwere lined with Siselkralt and were
elinsod whits o bz osutside to reflest sun~rays and black on the iaside to
halp srovide couplete darkneas (Plate 1). Three predetermised plots were
eovered by sudh boxes at 3 ovsloek every svenlng cnd uncovered ab ¥ otelock
moxt werning. 7o engure total darineas, every evening after inverting ihe
boxes thair edges wore sealed with soil sll sround. Flants in the other

thees pleks growing 1In 15 hours of dnylisht wers aiso covered with siasllar
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boxes except thut ome of tieir wulls was wade of gless. These boxes were
also plaved over plante and remaved alb the same tise us the othera ao as

to provide sousl comliticas oF temparyasure %o the plamts groving under them;
the glasa walis were kept rfacinz the gouth to avold diryect reys of the sun
from peustrusing inside & box snd thus possibiy raising the temperaturs.

The Lizkt-condisious were Tirst cuntrolled abowt Wwo wesks siter
the sendlinss bad bsen trunsplanted; end six weeks later the caterpiilars
weve Tipot Ted on them. During the course of the sxperiment pleanmts ve-
mined growlns in the seme coadliions. For feedivz leaves were picked at
random =ué were cut inmto scuare pieces which were thoroughly mixod bsfors
gistributing within ihe various treatmsnta.

"’J?'ge caterpillars used were hatched from opgs colieutsd in
Nzperiment 33 us Batchinm: sturted, efter every % hourz they were distributed
awong «ll the trentments in eoual oumbers &0 that within 24 houes each t¥sat-
merh was started with B0 iarves. Gwo ceterpillars wers resved in sach
specinesn tubs,

The durstion of larval snd pupsi iife of 20 individusis Irom essh
$reatment selcoted at yendam, was measured niter evary 8 hours. Eggse of
all the femsles that reached the sdult stege were counisd eveiy days theyve
were, therefore, a variable numsber of obssrvations in the different Lreai-
ments, Zach femoie moth was provided with two meles, though not unccessar-

ily the same two, throughout her life.

Remarke ! Plents gvown in controlled photoperiod iv the £i6l4 showed
appreciable response to this treatment within alx waoks: towvsrds the end
of this rorioi thomse srown in 7 houre of Jay-iight ware =it high whereas
the opes grown in 15 Bours were 7"-9", which showed that lomg photoparied

favoured plant growth.
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Table 6.

(a) Duretion of larvsl emné pupsi 1ife e2d fecundity of moths

,,

ut_different lsvels ol

Eamperature, photopeviod, and

sorlity of foed.

{iapne par insset).

Troatmnnte

Feogunidity

dpesd of Developrant

t Saterplllars reaved| . ¢ v, He. | BUZth of :axm:ﬁ if.‘*
Agee i ars 2 Tot <t e of emen | Mo¥vel 1ife ;‘;;' w’??g P
Town in il { Goie & T Hags
& & SN {daye) (ayn)

&

Long=dng | ki
Short~duy | 3
Long-day |
Shor-duy

Long-duay ?
Short-day Y
Long-day

Short~dny

i8
id
18

21
23
21

15
13
15
18
12
15
14
20

Yie

15.3 104
193 id.6 163
229 15,6 T §
208 14.2 1002
357 18 & Teé
s 1Ged Fad
171 1046 Fod
156G 166 Te2

-}

Summewy of offeats.

{(iean por ipsset}

He. of sgss

Longth of lar-

Length

ot prewanad

Effect oit per moth vl 1dde ¢ wapal dfe
{days} f{daye)
e 17% i2e5 Be7 ;
Solie = {13.47) {0.161} 10.10)
¥ cvonth - ; n 5 B i
f@w (fihul:t'-ﬁl? 19,0 wiigd L
Lizhkt exposure - -
(15 hes. = ¥ loe.) - i it “lel.
Light x Fool “12.8 0.5 % el
Te ture (219 - . w BE .
m (3"’033 *ﬁ"%idg - gu"%.i} :.5‘}4 =X
Temp x Yood ~iaB D aleld
Temp X Light - 2e3 0.5 = Gol
Tamn. £ Pood x Light T8 ~0e3 X - 0L

|

Least significent affects:

S
1%
1%

27.2
35.8

48.7

Ce3
Dok

U3
W 2:'?

GelU
0.26
e 35
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Table &. (Cont'd}

(e} Intercoticns: ilergti of larvel 1ifej; idiean per insect)

Light 4 .?“aé& ésmpamtnm x lLighkt
Light i 9 Hrae 15 Hrs., Mean Tich% % Hra, 15 Ers.} Mean
Food: Tenmp.

Short-doy | - 12.9 12,3 | 126 | 18% | 143 14 | M5
Long-dey § 12,5 125 12.8 § 21% | 104  10.6 | 1G5
Moan 12,7 12.4 | 127  10.

{dj Amalyses of Varience.
Variance due %0 Gefe 5.8 HeSe

ti) Humber of Epgs laidi~

Total 15¢ 953961.0 ,
Treatosnts 9 135844,0 15093.8 =
Error 141 848117.0C 6015,0

(11) Lencth of larval 1ife (days)i-

Total 199 1025.9
Troatment s 9 GA0.8 93,4 TR
Error 194 ) 185.1 9%

{111} length of prepupel + pupal life (dsys):-

Total 199 $48.9
Preatrent s 9 4711 52,34 =%
Error 150 717.8 041



NUMBER OF EGGS PER !0 FEMALES

160

7

EGGS =1
FEMALES LAYING — — —~
” LIVING —.—.-

¥ ié:o 1.
behaviour of Plutells moths at different levels of
temperature, photoperiod and quality of cabbage
leaves (Bxpt. 2).

DAYS OF

Graphs showing the fecundity and oviposition

Treatment
G;z:?h Food grown Caterpillars reared in
in Brs. of light| Temperature

sach day c
& Long dsy 9 18
2 Short day 9 18
3 Long day 15 18
4 Short day 15 18
5 Long day 9 21
6 Short day 9 21
i Long day 15 21
8 Short day 15 21

40

B

o]

8 8
("INZD Y3d) sTvwad

8

40

60
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'S‘afhlﬁ 20
Effect _of echongs of temperaturs om fecundity,

~ Trmsatments Fecundity of Femls
Food grown | Insects renred in "5 Haths
m : - .
ki AT | ataits No, | Av.Ho. _
Pally ex- | laily ex~ | Temper- | Temper- lzying | of 8o Dy
posure Lo posure to ature asture |gEs egys .
lizks light % %
 {Hours) {Bours)
15 15 18 18 15 229 20,02
15 15 18 21 14 152 20,72
18 15 21 18 7 | 184 25.85
§ 15 2} 21 14 1%L 20.73

Sgumilicent differeusest

The only significant gffect in Tabls 7 is that of raiaing the teup~

abure from 18% to 20.% (P < .01},
4% 18% move egrs were prodused (46 esgs per fmmmle) then at 21%

{# <.ii)s Caterpiliars reaved in 15 hours® photoperisé produced signifi-
cantly move sgss [F < .05) than in 9 hours' photoperiod with & 2iffevence
of 32 szza por femsle, but the lengthk of larval 1ife was longer st the
shortsr phictoperiod, being ome~third of g doy more. larwe fseding on
planks grown in 7 bours of daily lizht developed more siowly when expoged
to 7 bours of lighé than when axposed to 15 bours of light sach day (P < .08),
but thoas feeding on plants grown in 15 hours of light sech duy developsd
aqually sulekly whether thsy were sxposed to 9 bours er 15 bours of lighé
sach day im the imeubator. 4% 2190 the shovbening of 1ife wae nob se much
ia the 15 hours® photoperiod as in ths 7 hsurs, or sonverseiy, at 189 ths
leogihening of 1ife was mot us great im the 7 kours® photoperiod ss in the
15 bours {(F< ,06l). 4part from lempereture mo other factor influsnced the
leugih of pwisl 1life. Thoss eaterpiliars which were roared at 189 ang
then irausferred to 21% in the adult stuge 1zi8 Iewer epps tham those which
were rec¥ed znd vept at 18% theoughout thelr 1ife eycle. IFiguve 1 showa
the graphs of oviposition beheviour snd longevity eof fewsle moths in diff-

erent ireabuents.
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EXPERIMUNT 3.

Influsnce of temperature snd photorericd om apged of developmemt
and focundity of Plutelis,

Gutorpiliare were resred at 209 and 24°C in 15 hours and 9 hours
exposure to slectric light (40 wetts) in incubators.
¥or starting this expericent moths were caught in the flelds under

parly-roring cabizges und swede Orops. They laid esys atb 20% which were

{spubsted st 24%., ‘the batohinz of the larvee was spread over 4 duys.
Bmeh larve was placed on the appropriate food within 6 hours of hatohing.
They were veared individually in separate tubes.

parked difforences wera cbserved in the speed of development be-
tween lurvee hatehed on differeut days. These differemcen wers therelore
removed from the sstimate of eTror. Due to unstual survival, there was &
varving mumber of replications iz diffeorent treatronts with recpect t¢ the
measurencnt of bobh the length of 1ife and the fecundity.

Yach fexale on susergence was provided with three mlees, one from

the experiment and %we from the llelds zoliscted in pupal stage.

Hemarks.

1. 'Fhe number of caterpillars started in each tresiment on different days
were: 18 om PAtE Cotober; 26 on 25th Jetober; 6 on 2otk Gotobsr; and
15-2G (vorving i differsst treatmouts) on 2Bth Uedeber. The caterpillars
thet patched om the 243k were given tender green lesves from o plant say

Ho, 1, of he seme stock as hed Boen used iu experimsmt 2: (there was very
bigh mortality them, which I sugpected might be due to undesimble food).
in thelr scoom?® fnstar white lsaves from the heart of another plant may

%o, 2 from e different atock {yrobebly diffexeat variety) wore givenm to them,
ba the other three daves this foed from pleut So. 2 was glven (o larvae
from sthe start. After this plont wes eaten up epother one of the sare
varlety wos used for the rost of the larval pericd inm ell treatments. Tihese
three plonks of cabbage were growing 1s the fleld within a distance of fwo
feat from each other. 4As mey be seen from the Table Se there wus no aiff-

erence in the lencth of 1life of €he catervillars batched om 24th and 25%h.
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The greatest difference in the food occurred between these two dates
whoreas there was no 4ifference in the food giver $o those hatehing om
the 25th, 26tk ond 28th. It therefore seems likely Thst the éiffarcace
in the spesd of development of the larvae whieh hatohed on the firet two
duve and those which hatohed om the liset two daye must ba Jue to soms

other cause.

2. “m the 24th when the experiment was started, slectric lights were

put on in the incubators and from Shen on the develeping esgs lying lo=-
side Temuiyed in contiunous light. Thus the egza that hatehed om the
26th remained in ligbt for 24 hours; those on the 26th for 48 hoarag

and thoss on the 28¢h had their entirs embryonic development in contimucus

Table 8,

(s} Avervage length of larvel + pupal ilfe (days) ut different
levels of temperature und photoperiod.

Temper- 24% 20%
- BBUES : . - “etghted
Fhoto- 15 Hra.! " 1S Hrse | iean
pard ol 5 9 Hrs XSG &rg 2 Brs.
Date Ho. | &%, o | sv.t Boel aw, Kae AV,
. of fe ! of iife; of ; of 1ife
ipe in~ to-l % g
seots; g;w$ seote 0%
248k Oot.] 5 | 146 | 2 19.9 1 3 | 2Lii 3 | 206 | 18.6
5_.'5%1‘; L 4 15.8 2 16.2 4 19.8 4 20.1 i8.2
23"2& B 9 130:‘5 11 120? ? l@a‘éﬁ 12 : 3;6.‘5:3 1406‘
Yeightad
Mean ‘ 1303‘ 13.4 17.9 17.3% 15.9
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Tabig § {Comttd)

(b} Cumswry of resails (lengilh of Jleowval ¥ pupsl 1ife
per Lasect in daysl.

Trestoenis Dat e
‘ Hpan
Tonper~ Paoto- SR St B e - 5 fe
e soriod pdth A«mv‘ %fim fet, 26th Cot. 28tk Cot.
2‘-00 15 hrse i‘o{i lﬁog l?.é 1303 T §
2406 g hiva. ] 17.3 l&oz 12;3 1}0& 1‘.8
2':1{3(: 15 hirde v ?101 &903‘ 163 .L(u} 1304
209C & Ars. 2i3e& #Gel lf?-? lém'u? . 18.2
Hean - 3-3.5 18.0 14,3 18,6 ib.d
Kfreus of:i~ _
TPomp. { 2249C-20% ) w Bl = 4el « 346 - 5.0 = 3.8
Fhotoperiod
{15‘? bBra. - Led - Vst Ded [ = Lo
Interaction
(24°C-2000) o LeB 0 0 0 - Duf
1 = % R
{1% - % bral . . . . .
Bt S5 RIGNS 894 0.86 G2 0,58 Go 3%
Signiticant effects:~ (d.£.65)
5» 1.9 1.7 1.4 1.4 Oe8
m 25 Ted Le¥ Xed 1.3
&5 508 Yol Ze8 le7 Leb
Date ot 'i‘:i@gwm Ave lengkh | 8.B. | leust aigmfiém a1fforences.
Gike 158 o _ilfe by 5 1% 3d
L= {deys) wl o S
24tk + 258k 18.2 Ce90 i 1.8 2.4 3.3
26th + 28¢h - 14.4 P 0.62 Le? 1.6 2.1
pilfareanas: 3'8 Lell i) b 4 5!%
(¢) anaiysis of Yarianca: ({iength of 1ife in daysi.
Veriance $0 . s _S.i‘-‘-. MaBe
Totad 8o $35.76
Treatusntd 4 L5 485,28
Temperature  § 227.53 22753
%eips & Photoperiod 1 377
Dates 3 227.18 76,57 ==
Dates x Photoperiod 3 Tobb
fates X Tonde 3 S.61
Dates x Photepericd x Temp, 3 10.78

Erxor &3 150448 2.315




{e) Averves mmber of wzza per femuie at dlfferent levels of
temperature snd photoperiod.

hetopericd 15 Hre. $ 9 Hrge e,
Tenpaystures ,
249 115.4 109.2 111.8 .
2090 i 12,2 92.9 i §2.6
1
gan 9%.8 1023 774 ’

{b} Apalysis of variesnce (Bwsber of epge st difforeci trestsents)

Ycrlamg da to defe E‘:éo?‘w Holie

iotel . 34 3076470

Trontment s 3 2299.1

Temparature - 1426.0

Fhotopericd 1 628.5 Hok significont
Interaction ) 125C.6

nrror 31 298547.9 #6300

Yariability iz too high in the expeviment. Coefficlent of varia-
x 186 > 1008,

Bty = ﬁ't
o ¥

{e} Oummary of iiesults (Spges per femle).

Effeat of : Zgps poy femmle
:‘.;g ?3’" ]
Temperature (24%-20%) 40
Photopericd (15 hre~% nre.) -15
Iatervetion 2%
{249C20%1 (15 hre-9hrs,)
Gengral isan 91

Least significant difforences: {d.l.3%1)
5% 6843

Saterpilisre that hatched on the 26%h snd 283k Cetober developsd
slgnificuntly move cuiekly than thess autcbed on the 24th and 25th Cetcber.
Ae variability in the experimont ezs too high the effect of temperature and

photoperiod on fecundity could not be detected.
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EXPERISENT 4.

Effect of cabhege leaves of diffarent nzes om fecundity of
Flutella.

Ceterplllars weTe Tsered at a conatent temperuture of 17% on the

following thres types of fToodi-
42 Yhite lenves from the heart of a cabbage plant say I;l grozing in fleld
2

Bt Vigorously growing green leaves from anothsr plant two Toot away
¢t imture leaves Trom plamt Py

These foods were given either in the emtire larval life or were

changed in different instars: the tveatuent combinmtions trisd were!

8z, Ho., of Fooda glven in larval instavs

Treetment lst. 2nd. Srd. 4the
{1} A - # A A
{2} A A & B The caterpillars wers not
{3) # & B B reared in ssparate tubssg
{4) B B B B instead 40-5¢C of cue treat~
(s) B B & ¢ meat were together in a
{8} B B c ¥ Fowlerts gluss javre.
(?) A & A ¢
(8} A i ¢ 2

The ceterpiilsrs used were hetched from eggs lsid by mothay of
Zxperinank l. lfatohing wes apread over u period of elx days from 10th Iy,
1952 %o 2lst May, 1952 and the younsg larvae vwere ‘distributed in difforent

treatoents sccordizg to the plan given balow.

Zy, Boe of Incubutien of ezus ate of Tyamns-j Pupation Timevrgense

Troutusnt ladd om Hetohed far to the Feried Btarted

Hay-195%52 on secord food Start- Tadel Jung

iRy-duos ed ad
, Jun®

i 9th léth - 4th Tth i5%h

2 12¢h 13tk 2ud June Tsh  10th 1Tl

3 iz2th 19%th 29%h iy Tth  1llth 18th

4 7th 14%h L Srd Stk l4éth

A 14tk 2lst - 10th 13! £lat

5 it i4th 28tk my 3ré otk 14th

6 l4th 2lst 1st June ilth 14tk 237d

7 gtk 16th 27th ay 4th 8th 15tk

8 il2%h izth 27th By Btk 11tk edsh

From avery trestment (except treatmemt Lo. 5 with seven replications)
10 female mothe on emsrgente wers provided with twe malcs each, one from

tha experiment end one from the field, =nd their sgus were counted every day.

Remarks:

In treatment No, 5, 16 of the 23 female and 14 of the 20 male



NUMBER OF EGGS PER |0 FEMALES

400

8

o}

8

8
(tN3> ¥3d) savwaa

8

400
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Fige 2. Orephs showing the fecundity and oviposition
behaviour of Plutella moths rearad on cabbege leaves
of different ages (Expt. 4).

Treatment

Graph Food grown in larval
Ho. instars

lst 2nd 3rd 4th

A~ White leaves from heart
B~ Young green lecves
G- Mature green leaves

RN AR L I
Pruwer >,
Prowed >
Gprawmwtw s >
Qoo Owhte >
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pupae died with characieristic aymptoms not noticed in any other cuse. They
becane bBewd, locked as if ceicified, wers dark brown in colour with 4lrty

white spots on thelr bodles. Xo pathological orgnuisns were found in them.

Table 10.

{a} Average number of eggs per female fad on diftevert cualities of lood.

Yrentmenta. Egps per met e

Type of Lood given in
ditferent instors.

, 26.8
{1} A & A A
(2) &
{3}
(4]
()

é
1
8

274
168
221
201
o 163

80
199
110

Goveral Hean 176

least significent differsmces: (69 defe}
L7 76
13 106
o1 130

L W

S R Tongs
Pruwe
rwwe > >
O GExy s
coaGwwe *

YV ohias velue is besed on T cbservations only; all the remaining pupee
]
failed to emerge. The 5,E. of this mecn ie W or 532.0. 'The leasit sig-

nificant differsnces for the comparison of this meen with other means in the

tabdls are! 5’& - 33
W - e
L Iﬁ = 1‘3

{b) Apalysis of varience {averase nusber of gepsi-)

Variunce dus 0 dofe Ge8e Koo
Total 76 761006, 0 =
Treatment s 7 267015.5 38148,1
Errow €9 47377045 1159.3

Ceterpilinrs fed on while leaves luwid more egys than these Ted ot
youns green leaves but the difference is nrot guits significant a2t 5 percent.
%hen the former Food was sivem in. tbe first twe instars and the latier in the
socomd twe the number of ezgs laid was  in betweesn the above two values.
Thenever mature laaves wera given to the larvae in $he second two instars of
thelr life aiter Teeding them on tender foods in the firat two, thelr egg
laying capacity was depressed (P 1 parceat), but if this food wes given
only im the fourth ineter ths fecundity wes not depressed =5 such

Figure 2 shows the graphs of ovipositlon beshaviour and lonpevity
of female moths in different treatments.
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EAPTRLET

Effect of photoperiod ané ruelity of food om fecundity of Plutelln.

Setersillars were rsared st two Usapsraiures 19% snd 24% in
15 nours® exnd 7 bours! exposure o sleetris light in incubators on Lwo
types of focd.

Fendt At Uabbuges grown in long-day of 15 hours photopericd.
B: Cabbages grown in shori-dey of 9 hours photopariod.

One type of cablese was grown in earthen pots of 9" dianeter,
conteining similar soils. Some of these wero sllowed to grow in ordinery
dag-11chk, being sbout ) houra in June-July (1952} snd tbe yest weve exposed
bo extra hours cf slectris light (40 watts], 3 bours in the morniug vefore
sunrise and 3 in the evening ufter pusset, Shus making & onot o~duy of 3.,5'
hours., Flants were used for the sxpaeriment after iz woekat grosth in
these conditions.

Bggs were procured Irom moths reared in Exzeriment 4, and weve in-
subatad at 199 or 24% sltermately, The caterplliars {natehed within &
nours) of & partieular treatment wers veared en masse in Fowier's Pary T
jors. Ta provide a resuired photopericd in axn inoubstor the Jjars wers en-
slosed in light~proof wetel tins; {he zuve photo-conditlons wels meine
tained during the pupal stege. slmost 211 the eaterpillers bheing Teared
ot 24% died so that helf of the experlmet bed te be dropped.

5 the rexnining trectments, sll the famnies that roached sdult
stage, were provided with three moles each =nd the sggs 1648 by them st
19% were recordsd every day. In ench cans two of the males were sollected
as pupae from the fleid.

Remezicn

A% 249 most of the iusects died in the larval or ths pupad stage.
Since the lsuves beccue yeliowish and locked unhealthy within a {ew hours
it aprsared as 1T alter growing them 1a low teaperaturss outside and then
bringing them %o high temperatures of the jucubetor, certeln undssirable
shemioal changes were praduced iz them: 4t iz interesting that thoze gate
$inz the asuse photoperiod in which they were grown, remained in apparently
dasirable condition for & longer goricd than the onas pubjected to a aire-

erent photoperiod of the inoubator.
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Graphs showing the fecundity end

oviposition behaviour of Plutells moths
at 199 on different qualities of cabbage
leaves in different photoperiods (Expt. 5).

Treatments
Graph Food grown | Caterpillars
No. in rearsd in
: Hrs. of light
sach day
1 Short day 9
2 Short day 15
3 Long day 9
4 Long day i5

(N "tEId) STIVNIA
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Table 1ll.

(a) aversge number of eggs per moth et 199¢, st different levels
of }motog;@riod end auality of food.

Thotopariod
F o o 4 15 hours 9 hours Weighted
'Ho., of | Egos per No. of| Xggs per Yeaze
Po- Feuxile Fe~ Female
males males
Grown in long-day i1 212.2 10 216.2 214.1
Grown in short-duy 15 149.7 10 - 178.3 ;64.@

{v) Surmexy of Effects (per Female hioth).

Effect of Egps per Femule
s, D. (2 27.1)
Focd: (Long-day = Shoﬁ«d&y} 50,0
Photoperiocd: {9 Hrs. - 15 Hrs,) 16
Intersctiont (Loug-day ~ Short-day) .12
(? Hrs, = ls Hr‘c)
General Mean 189

Least significent differences: (d.f. 48)
5% 1 55

(¢) Analveis of vsriance: (number of egzz at different treatments)

VYariance due o a-tu 8.8 %8-
Total 51 468316.0
Trectments 7 3 35063,2

~ Bot qulte

Yood 5 1 50849,5 30849.5 sig;n_i’ﬂeant
Photoperiod 1 1869.9 18699 % 5%
Interection 1 2343.8 2343,.8
Error AB 435%252.8 3026,.1

Caterpillars fed on cabbages grown in & long photoperiod of 15 hours
of light each day lald more eggs than those fed oz fcod growm in 9 hours!
photoperiod esch duy but the difference waz not ouite signifiocant at 5 perceamt
leval.

Figure 3 shows tle graphs of ovipesition behuviour and length of

life of female moths in different treatmente.
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affected by varieties of cabbage given

as
diffevent fertiiisers.

Caterpillars (hatohed within 12 hours) wers reared st 209 on two
varieties of cubbage grown in & temperature-control-room €’I§-8€#°F} which were
given different fartilizers., in ettempt wus also mede to measurs pot to pok

and plant to plasut differencea, The factors tried were!

Varietisa: Sugarlonf, Supcsssion.
Fertilizers: 1. Comtrol (1)

2. Amponium sulphate 3 2 cwt/scie.
3. Superphosphate 4 cwt/mcie.
4. Potasaium sulphate ! 2 cwt/acre.
5. smmonium suiphates +
Superphosphute ! 2 cwbt. + 4 owt/more. Kesvectively
6. Amwonium sulphete +

Potusaium sulplate: 2 owt. + 2 cwt/mcro "
7. Supsrphosphete +
Potessium sulpbate: 4 cwt. + 2 owt/ecre "

8. Ammonium sulphate +
Superphosphatie +
Fotessium sulphate: 2 ovwk. + 4 ewt, + 2 owt/mczre "

2Pots 3 (a), (b} in each treatmont
2 Plants : (1) , {2} ixn esch pot.

The plants were grown in February-iarch (1953) avd the rearing was done in
April-dsy.

*{ates seedst of tho ubove two varieties were used. Flants were
grown in earthen pote of 9" dlameter filled with homosencous mixture of 'vatte~
Institute-aoil? and wushed bouch mend in soual g&nﬁtim. Five sseds were
sown im each pot, nsarly all of which germinsted; as the plonts became = Lt
blgger twe of them of {he same height and health wore kept uitimately, In
all there were 32 pots (arranged in 8 rows of 4 euch) which were placed om a

~ wooden bench along the south double-pluss wall of the temperature gontrol
rooms To give equal chance of exposure %o light to the plants, the pots
were ahifted in position within u row and from row to row twice & week. 1

tried to give egunl cuantitios of water %o all the planta.

‘“nen the plants were 4 weeks old, they were given the appropriate



Flate 2, Hsalthy cabbege pients grown in the
temperature control room (centre). The
biggsr plants in the cantral rows were the
Sugarloaf?! waristy (Bxnt. 5).
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Tertilizers disscived in distilled water in ¢wo doses soparated by an
interval of o fortmight. The suantities for each pot were saloulated
from the retes per acre given above., The experizent was started 4 weeks
after ths seconi a_‘p;;slieation ¢t Tertilizer., These three particulsr man-
urse wars sslpoted becauss sulpbnts radical wes covmon to theam all.

Bggs were procured from moths reared in the laboratory for this
purposs. Ths egegs were iscubsted at diff{srent temperatures varying
from 20%-24% with the hops that they might hatch more or leas at the
same time. Iktching was apread over two daye. At the end of each l2-
hour pericd the larwae that had hatched since the lsst inspsotion were
distributed at random but in sgual numbere sronz oll the treatients. Fven-
tually 20 catersillars were started on food from sach of the &4 experizont-
al plante. The totul of 1280 larvee was veared in 640 tubes, deing two
in each tubs; thelr position in the incubator was fixed at random in
batches of 10 tubes containing focd from the same plamt. Food waz changed
cvéry other dey alter the {irst change which wsa on the third duy.

To measurs the duretion of Jarval and pupcl 1ife, observations

were taken aiter every & hours.

Remurks:

411 the plants appeared in pxeellent condition after the ap-
plication of fertilizers {Plate 2). levertheless $here wan unuaually
bigh mortelity among the caterpllilars is thiz experiment. Cut pleces of
leaves on which the ¢nterpillars were foeding in the incubator beonme
yellowish earlier thun normlly exvected LHu$ this characteristic was not
related o mortulidy or any of the fartilizers apnlied, @zo I sould no%
think of zny adesuate sxplazation for ¢he high mortality-rute among the

saterpillars in this expariment.



(a)

'fﬂg?lg 12,

el Lo deappog

L 38 two varisties of cabbage givem

" different fertilizers.

Tariety: Jugariocafl Guocesaion
Fertilizors Pote: (@) iv) Meng ta) {v) leen
Pluotsy . | ;
1} {2} {1} (2) (1} (2} i1)
Gmral (l) :5302 42.1 3}c§ ' 4241 3707 2203 Binﬁ 26¢$ 28.?
Smmont um 5@@@‘. 33.2 23.2 30.C 33.2 521:4 2.8 22.5 20,0 28&?
Supsrphosphate 2.0 33.2 26.6 26.6 29.8 26.6 12.9 5.0 22,¢
Amoonium sulphete x Supspe w 5 : ; T '
husginte 20.0 18.4 26.6 53.2 27.1 22.8 26,5 26.6 273
Fotassium sulphate 33.2 3.2 22.8 3.3 34,47 22,8 36.31 2.9 27.8
%Em@ma:ligght' x Pola ’siug‘ 33.2 3% o2 22.6 10,8 224 B ‘5 o8 3.0 53 o2 }6 .
& e |
Superphospbate X Totassiuam 30,4 12,9 30,0 3.0 2%5.8 30,0 30,0 1844 26.3
silphste
Lmeoniunz sulplate X bﬂmr‘;ul - X0, 0 35,0 26.6 T ls 2542 § 22.8 26.6 26,46 22 o5
phospbate X Potaseium phate ' ‘
Hean 12,71 2.8 27.3 32.7 el 270 27.5 25.5 33,1 28.2

*62



30,
Table 12 (Cont'd)

c@ survivel converted to deirees)

Variety
. - Heus
Sugerloef guceession
8,0, (% 1.22)
lean 531034 3%‘3.2 29.?
Effaocts =nd intersctions (£ 2.4) {2 1.7)
Amaonium sulpbate = Le5 Seft Led =
Superphoaphate - 6of - 3.9 - 5.2
Potusasiuwm aulpbate - 1.2 3.4 1.1
Armonium sulphate x Super-
shosphate le? “« Usd Ge?
smmonium sulphete X Potass<
1ﬂn‘8ulphaté 2.5 1.4 1o
Superphoaphnte X Potussium
sulphste Va2 - Usd el
Leust significant difference (d,f. 48) S5 i% By
between verietsl means: 3.5 4.6 6.1
Least signtiieant effects:
Bﬂdy of the tablal ‘.9 6;6 806
argin : 2.5 4.6 6.1

{0) smalyses of varience (percentage survival converted to degrees)

!ﬁ;iﬁnﬁ. ggg £ o - 2efs Bele BeB e
Totul 63 3295.33
Between pots 31 1765.99
Varieties (V) ) § 133.11
Fextilizers N 1 32.35

P 1 425,90 =
BP 1 13.23
K 1 17.25
K 1 60.26
PK 3 0.04
HFK 1 13.60

Interaction of varieties and fortilizsrs:

VR A 138.95
P 1 24,13
VEP 1 15.31
VK i 34.41
VEK 1l 4,15
TPK 1 Q.43
VEPK i 37.67
Lominder: 16 763.20 47.70
Fithin pots 32 1529.34 47.79

Error ‘B 2232.%& ‘7.7@



{a)

Fubie 13.

Average lemgth of lsrwel life {(dsys) on two verieties of cabbage givem

AifTerent fortilizars.

Yariety: Sugrrloal Succassion _
i g | dotgnt- | veight-
Fotas Helght- Pelght- | W t-
Yertilizers ;2;:,@ - f 2l L ed 2] L . el ed
' ; Heoan . : Houn Hiean
(1) (2} {1} (2) {3} {2) {1) {2}
Gomtrol (1) 4.1 1 1306 17,01 157 13.1 14,3 | 161 | 147 | 14.% 15.0 15.4
Amnoniusm sulpbate 137 15.5 14.3 15.6 14.9 7.8 § 1545 14.9 16.8 1948 is5.2
5“”1’»&03#“ 18,4 16-,3 4.6 16,0 16.4 4.5 16.0 17.1 17.2 16.0 16.2
smponivm sulphate x
Supesrphoapbate i34 134 16.7 16.5 15.0 15.1 16.2 17.5% 15,7 1642 15.6
Totaasivm sulphate 18,0 15.7 14,4 15.2 14.9 4.5 16.9 15,0 1i.4 15,0 18,0
sppenium sulpbate x potas- ) -
sium sulpbate 16.3 13.9 18.5 144 15.0 16,0 15.8 15.8 4.5 15.5 15.2
Superphosphate x potsssium
sulpiate 15.G 16.3 15.4 15.4 i%.4 1243 16,0 i5.% 169 15.6 8.5
swponive sulphate X Super-
%“phm x Potassium 14 .4 18,7 14,7 1306 Id3 15.5 16.5 g 140 1}5‘3 14,8 14,6
nlphate :

*1E
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Table 13 (Conttd)

Variance dus %0 Qele
Total 63
Batwesn potsa 31
Treatauents i5
Reueinder 16
Within pots 32

Bl
2205.96
472.01
121,11
350,90
1723.95

M.8.

8.07
21.93

54,19

N,
N

<

kY

A higher mortality was observed emong caterpillars fed on

cabuuges glven phospbate fertilizer (Sig 1 peroent), but mortality

among those fed on the plants given nitrogen zud potesh wes not

any different from the control.

Similarly specd of development

on the phosphate-plants was also slower as compared with the others

but the difference wes not significant.

\

.\.

,_.\..\
N \

5

i 1 > 1 » \‘j\‘. \!
{b) Apalysie of varisnce {length of larval life in days) N

N
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ELPERINENT 7.
etk of temparntuve and photoperiod om fecundity of Tluteiine

Cuterrillsrs were Teevyed at two Pamporeturss 15 and 26% im
9 hours end 13 hours’ expesurs 1o wlostric light {40 watts) iu inoubators on
tee types of Toud.

Tood: se cabbages grown im long-dey of L5 hours of ght.
B, cabbeges grown in short-day of ¢ houre af 1izht.

The uursery plants were procurad feom a locel shop snd were growa
in sarthen pots st $wo photopevicds in the same lsnner &8 described in
trperiment § durirg Tuly-fugust (1952},

Beas from moths Teuved in the labommtory wera used whieh were inocu-
peted at 35%., For resring, catersillers wore sterted in individusi tubes.

Food was changed usd tubes were clesned every sther du¥e almost sli the
zaterpiliars died aconer or later. Comparstlively lew satersiillaors minsd
iato lesves when foul wes provided withism 8 hours of batching. The larvee
shteh survived during their eurlier inmstars were overpowered by disense after
some duyse The Tollowing pathagenic organisms were identified Lfrom the
dead larvae:-

Lo Fungus. A strain of Aspegiilus fisvup Link.

Fam,  speglillegeae.
2. Macteria.

1. Hed: Smsil arvaln, pegatles »of, seapulates wilks doean not
sreduse pas Troe giuesse; repidiy llouslisy nutrient gelatin
rith formtion of sedimendy sgar alops sulturea bright red
ot 25°0; white amd slightiy less growth ut 35%: Sexmetie w.

arebobly closast Yo Bermbin mureessens, atypicai begause of

growth =t 35%,

11, ¥hite! Gemll grels, negative vodl; nom-uotiie et 5%, motile
ot 25% - growth groster at 25%; slowiy ferseuts lnctuse
with produstion of seld; gives seil sund gus from glucose;
gross on HoContey's agar; is methyl red poaliive, and Yoges-

Proghauver negaiive; utiiizse slvrads &8s adls sourue of



oarbon; ocosgulotes litmus milk.

sercbactor neroenes atyplcal in that it ies much

slower to ferment lactose than are type speclos.

The sbove miero-organisus wers most probably the indireet
oause of deeth in catsrsillars, overnowering them beosuae of their
weak heclihe Preswmbly Pood was of sn undesirable -uelity. 1In
ipsubstors the pleces of leaves romained ouite tursid, ¢reen in coloux
and appearsd nuite morwal. Ths secdling plante whiol vere bought
as such might have Been of some resistant steuis or of & variety out

of geason.
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suINPHT 8.

Effect of wuality of food on sterility inm Plutells males.

I Experizenmt 4 it was seen that gquality of food eaten hed
a vrofouni infiusnce on the tfecupdity of leumls mothse. T investl-
gate some aimiinx effoet in males, two sebs ol caterpillars were Feared
in Junusyy (1753) on whive leaves Iyem the hoart sl sebturer greem
isaves of cobinge. Us smergence the rale wnd fasale mothe from these

were meted ia the following menner:

1. ‘“on males Proz white lood wers given one fonmle sach from
white food end es they started leying eges (which meaut they were
fartilized) new unmated femalas wore Fedlaced Yo sey the nusber of
femalas thoy could fertilize. All the 10 meles feriilized ons
female eaohy 3 of them 2 fesalae suchj wxnf san sale fartilised

even 3 lemnles durings its lifotine.
2, BNone of the 50 femalse kept without mles 1sid any egms.

5, In enother test 20 femsles Irom white leuves weiw salected
ot repdom. Hall of them werc Lapb with 10 mulez (ene sach)
from white food and the others with 10 mmles from gresm louvas.
In the former sot all the L0 feules were Tertilized wharesa in
ths latter only & femmies isid epge which indicsted thut poor
quality of ool might ceuse sterility in miles. X2 test of
stenifiosnce could not be apniied us the nupber af observations

wso not encugh.



Kffect of tempsrature and host meteriel on loppevity und fecundity
of raresite, mmrm colLaril.

Adult perasites were kept at 18% end 28% with two levels of
host mmteriai, vis. 4 and 8 pupae every day. The experiment wes done
in February-dnrch-ipril, 1952.

Pupae of Plutelia supposed to be wecenily parusitized {withinm
48 hours) were sollected from the field snd were rearsd in incubators at
the ubove two ilemserstures. Those pupse which contained well-developed
parasite cubryos could be recognized by the presence of semi-transparent areas
which becams bigger with age.

Aftor emeraence mules and Temules wore kept together for 24 hours
to give them o chonoe of meting; most of them meted socn after emergence.
One femaie with & mle was then transferved to & gluss speclmen tube 5" x 1
in whick they lived for the vest of their lives. / Iresh mele was provided
if the first one dled Lefore the femele. ©ix of such fewnies at each temp-
erature sere offered 4 hest pupae and four of them B host pupae in which
they could lay ezes. The used host msterial wes changed by a new one after
avery 24 hours. The pupes were dissscted individually, under & binccular
microscops, to count the number of sgas laid in them. In this way = dally
record of the degree of pursaitization of imdividus)l femsle porasites waa
kepd. It was not possible to arrange to have encugh permaites emerging on
the ome Gay, s0 parasites which enxarged during & period of 7 days were dia-
£ributed throush the various treatwents. Once pul in they wers not removed
from theiyr home tubes as they were lleble te s damaged by sn asspimtor.

Yar providing bost pumaes, 4th inster caterpillars wsre collected
from the field two duys befors Lthey would be meeded spd they were kept in
rearing jars at 24%. As they pupated on the cabbuge leaves provided, they
were removed by cuttii: a smelil agquare eres aroumd them without touching the
pupae. While offerins thease pupae to the porasites, they were errencsd in

& row elong the longth of ihe glass tube which was lying horizontaliy.
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The average iength of life of femmles in differesnt treatments

apd the nunber of epge laid Ly them ure given in the tubises below.

Tabls 14,

(a) Average length of life per femule &t different levels
of temperuture and hoot material.

» Hont material
Teuparature 8 Pupas 4 Pupae Yeighted
Vo. of | Av. 1ife of{ Ho, of | «v, 1ife Hron
Fomules a Fomals Famales of &
Yeorule
25% 4 17.0 & 16,0 16.4
Velghtad Sean | 20.5 22.0 21.4

(b} Summary of gffects (1ife in  days per female)

Effect of Av, lite/dnys
per Yomule
S.D. {2 2.62)
Tempsraturs (18°%C-25%) 10,0 *
Fumber host pupae (4-8) 1.8
inteoraction 2.5
{18%-25%) (4 - 8)
General ifsun 21.4
Least significant effectal
5% 5.6
1% 1.6
15 16.5

(e) imalvais of varianse (Life of females in days)

Variance due to d. Lo Liefle Ha3e
Total 19 1066.8 =k
Temperaturs 1 5§60, 0 50040
Hest nipme 1 10.8 10,8
Internction 1 30,0 30.0

Error 16 526, 32.88
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Table lé .

{aj Average number of eggs per femsle st different levels
of tempsrature and host material.

Hoet Haterial
Temparature 8 Pupae ' 4 Pupae Folphted
Ho, of | Av, eige | No. of | iv. eggs Hsan
Femnlen | par Ferwle ! Fomles per Femmle
25% 4 (4.5 § 85.2 76,9
18% 4 96.9 ) 96.3 96.5
Veighted liesn ~ Bu.6 7 90.8 86.2

(v} Summmry of effscts (average number of egcs ver femule)

#ffeoct of 4%, number of suprs
Jper female,
S4De z
Tenperature {18°0-25%) e : g:ii
Host pupse (4 - 8) ic.2
Intersction (18%0-25%}(4-8) ~18.6
Generel Mean 86.2

Leoaet significant effect (d.i.16): 5% 41,3

{e) imelvsis of variance (aversys mumber of eggs)

v&mm’ dus %6 8.1, Seila oDy

Total 19 22140,2

Tempsrature 1 1920.8 i920.8

Host pugne 1 530.4 530.4 Not signifi-
Interaction 1 512.5 5125 —
Ervoy 16 29176.8 1323,55
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¥igs 4, Graphs showing the fecundity end oviposition
bebaviour of Diadromus at different levels of
temperature and host pupae (Expt. 9).
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Table 16 .

{a) iverege number of gees per femmls per day of 1ife at
different levels of tempsrauture and host mterial.

Hoat raterial ol
8 rupas , 4 Fupee veighted
TeEpITasuTY Ho. of Tges per Yo | No. of i Tges per Ye-| deam
Farmles wale per day.| Femmles ! male per day
25% 4 3,53 6 5,68 4448
18% 4 4,26 6 .42 i 3476

(v} Sumary of effects {number of egss per fermle por day of life)

ifreet aof Av, number of sgge
por female per day of lifs.
Boﬁ; . {t &“37"’
‘Pompereture (18°C-259%) - 8,70
Host pupee (4 - 8) 0. 36
Interaction {18%-25%C)(4-8) - 1.20
Genmzsl Hoan AL.98
Least significant effect {d.f.16) 5%  1.8%

{e) Anelvsis of wariance (number of sgas per female psr day of life)

Variance flug t0 d.%a S8, ey

Total 19 68.651

Temperature 1 2.478 2.478

Host pupes 1 0.532 Be552 Hot signi-
Internetion 1 Te Gab T G4k Fetns
Error 16 58,598 3,662

The females of Diadrorms 1ived lomger at 18% than at 25% (Sig.
1l peveent ). Hut neither tamperature nor the number of host pupae provided
evary duy had any influensce on the total number of eszcs laid by « femele.
The averuge number of sgys per feuale ner day of 1ife in different trsatments
wes slso not sigaificantly different from each other,
Figure 4 showa the zraphs of oviposition bohaviour and Longevity

of femule puresites in Aifferent treatusits,
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BEFFRIMENT 10,

Fecundity of Horogemes (4nuitia} cerophage.

farasite pupse were collseted im the {isld in Jamuary (1752}
and allowed %o develow et 25%, As the adultc eserged, sprosd over two
doyg, mies and females were kept together for 24 hours to let them mate.
Aftor that pericd s Yemals with two meles was trunaferred to ¢ glaes
specinen tube 4% x 1" coversd a3 the mouth with & plece of musiin cloth
with & ralsin attached to 1%. & long plece of cabbage ieaf cut to just
£it i3 the tube waas inserted aiter perforating & few holes in it so that
the parasites could move about cuite Ivesly.

Pive 3rd instay Flutells caterpillars were olfered for parasite
imation which wers chanzod Ly new ones every morninmg; fthe older cnes
were then dissosted under s binocular micrescops te count the number of
egis isid by iodividusl femglaa. A4 dully reocord of esp laying was thus
made for the 12 females kept at 25%.

Belore changing the host metericl parssites were sucked in am
aspirater snd eftsrwards wore returned to their tubes. it aposered from

theiyr shoxt iifs thot they mizht have been injured by this treataoent.

Toble 17.

| Sate of L Fpee 1oid on dey of 1ife A
Sr. Hod Hupre j kj B
of | gemee  [lz%|2ud|3rd 4th|Sth]6vh| 7th| Sth 9th 10th 11thilatk | Total
Fomle , ]
i BeleS2 g§!1 9
2 " 3 4 7
3 " 2|2 4
4 " 7 137 |33 (17 (14 | B |12 (13| &) il 116
5 v i 1
& = 5!'6 |7 (18 [11 (13 (14 (16120116 |22 148
1 " 12 (15 |39 |37 [63 |20 {13 |15 194
8 . 515 1c
7 |il.1.52 & | 7|7 132 |58 45
19 " 2l 1312 |9l1r] 2 30
11 - - 1112 3
iz |12.1.52 ¥ 122 |21 s
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EAPEIIJERT 11.

DMsporsai-bebaviour of Horcgenss larcitia) eults in the fleld.

Two hundred (100 meles + 100 femles) parusite adults were 1eleased
in the field ot & point £ and the number of puresites flying wore observed at
predotormiped posts in four divections at right sngles to it and their active
ity recorded after cartain intarwals of Glse,

The parasitss wore rearad in the labozutery in smll ceges 12"xy"xzi8®
made of wire szuze; IPiutells caterrillasrs were relsased =u sabbszo lenves
standirg i{n smell beukers containine Tree waber and coveresd om top with sotten
wool, Af%er puttizg a cape ovsr them some wresites were let lsose whilch
pavasitiszed the catervillars. is paresite pupse of the progeny apisared,
they vere trancferred to an incubator at 24% for further davelopzent. To
complote the recuired number of sdults more pupae were sollectad from the
flald.

The adults smerged spyread over u perled of one weel. Duriung
this time males und fopmles wers kept together in & cage at voom tempere~
ture {23%-25%) and were offered Gilute homey solutiom und sslit raisins.
Then 200 sdulis wers avullabls for releass, they were espirated iz a con-
feal glsse flask and wers shaken out in the field &t the fixsd spot.

The point 2 was situcted in the genire of s circular grass laws
of 30 feet radius, whare an earthen pot containing 9* higk cablbage plant
was placed. Jore pots wers pluced in four rows at right angles to this
point making three plusts in each rov. Within the rows the distance from
plant to piand was § feet w8 ahowm ip the plan (Figure §). The total
surfaoce ares of the loaves of sach plant 1la piven below..

Huif sn bour before the relexse of the purasites, 10 rd inatur
Piutells caterpiliars rearsd in the iaberstory free from eny previous cone
taot with parssives, were pluced in the heart of each plant. They wers
eolisetad «ltar 24 houwra and dlesnotel $o ses 1f they wers rurasitized and

the musber of epes in them wers vesovded.
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Fig. 5. Plen showing the poaition of cabbage
plante on which the Horogenss (Angitia) adults
were counted after they were released at the
poimt X (Expt. 11).
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The {irst obserwation of $he Tiizht of adults was teken five nivubes
after the reieasa of the paurasites by four persocns, one for sach rew. Hach
plant in @ row {starting from the end nesrer the centre) was watched for one
mioute sind during that tise the number of paresites aliting or zoving on the
plant amd the pot wes rTegcorded. A8 time passed the imtervel betwesn observa~
tione was progressively incressed ac shown in the table, and alfter the fourth
observation I inspected all the plants, spendlng balf 2 minute on scch one.

There was no shyub or ttee within 40 fest of the experizpiatal area
and the nearest cabbsge vatok was cbout 200 yards awsy rem 1% with a barider
of a blg buildfas in between. There was very litile chance of any stray para-
aites appearing thers. The weather was windy (¥ to X), brokes up clouds were
in the sky =nd the sun appeared ocoaslonulily.

The setivity end movements of the pmrasites wers doubtless fxllw-
enced by the wind. Certeinly more pauresites noved with the wind e shown W
the record ou pleuts in row U (Yable 18). 7The purasites were observed So shel-
tar fyom the wiad behind pots, s0il or lenvwes of plants. Most of the cater-
pillars could not be troced and they were thought to have boen shaken off the
planta by the vwind end were thus loat.

The above exparinent wus reposlbed Ezf‘&ér two wooke when the weather
was fine. it was & ¢leay sunay day without any wind, Table 17 zhows the

obesorvations taken.

Remurks: in both attempis relsiively Tew of the caterpiliars relensed am the
plants were Tound agmain and thevefore o complete record of the oviposition ace
$ivity of parssites could mnok bo kept. In the first attempt (relating %o Tadble
18) larvee wore dissccted on the third dey sf oxposure o pernsites sut in the
fleld. ut of the 19 larves from each plant not more thunm Tive weve found on
iy plant ant on some of the plante nove wes found. The number of egus depos-
ited by parasites inm sach row verled from 2 - H.

in the other experiment (relatisg to Tabdle 19) larwae wers gutheved
from plante after 24 hours® exposure $o pavasites, hopins thet fow would be
lost in that time, bubt the cexplete numbar csuld nst e recovered zmnd 2 ~ 10
lavvze waie collectsd from differemt clante and % - id4 paresiic eges per row

wers found in them on dlgesction. Unmmesitized caterpillare were roleased

on plante alteyr remoeving the old ones and they wers dissecied next day. Only ong

egg wae found Geposited in the caternillars vhieh could be colleoted.
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B Number of perasites obsorved on piunts at glven distances afber certaln intervnis of time,

ligmber | ~rves oI ‘ '

of | leaf sur- Dete snd time of obserystion aiter velsuse
Plant fmesiinh 14th Locember, 1751 15.12.51 | 26,122,581 | 17.12.51

sige inch~ I s BT : Ty , ) shie sdlas eléa
o u::: 13453 L;;;‘ 12,14 12.27] 1.3 |1.30] 2,36 | 4.42 ﬁ@.m mowiing | messing | meming
{5} {5) o) | (L0) 120} | (30) | (60} | (120} ({120}

128 &0 % xx
B/ iAy
B/e 109
B/ 108
/1 125 % x x
%/2 112
/2 140 xx
58/1 1¥7 % %
2/ 13y x
8/ 196 o
B/l 108 xx Wi % nE x
Bfe 129 = ke | xex | xmxx X i
E/2 126 x & x X |xx x x

{ ) t Iioterwal in minutes.

B T Gn lesves, oue parasite observed; woving or stationaxy.
% t Guoa pot, one pevasite chssyved; sitting.

H,%,3,E ¢ Pour rows of plants starting from polnt % iweinmg north, west, south axd esst respoctively.
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Fumber of parasites cbserved on pianis at riven distances
after ourtaiu in%omlu of time.

Sumber| irea of Pate and time of cbservaticn after relense of pavasites §
of leaf sur=- : , '
Plant | face im Bl ' 25.12,51] 26.12.51
sﬂﬂ’ iMh" 2.0 2@8 - 2016 2.2" 2&3? 3050 :‘5”26 402 5’353 5‘% morning morning
88, pen | (5) {5) {s) {10} $t {30) {3c) | (43} | (485)
4 Same us in 200
Table 18 +
a listle
gﬂ‘Mh oes »
/1 XXXXEE XXX : xk | oxexk | oxk Ix XX
x/2 =xkk Xk | o EXEL | xX% x
8/3 = xk =% x & £ x
%/l k% Xtk | xxkkk % % z
/2 x | & x| x| ki vm
/3 = x ==k xxkixk| Xk x x
8/1 x - 3 xx x xk x
s/2 & = zxxXE x
5/3 x x i XX =
¥l bie XXX XXX ‘ x
z/2 zkk % % x
/3 x xkk % xxt % xx
§ ) ¢ Interval in minutes. B, ¥,8, B ¢ Four rows of plants starting
% : On leuves, cnz purasite observed; moving or statiovary. from point X feoing north, west, scuth and
P < ¢ Un a pob, one purasite; sitting. east respectively.

Remarks. Iin both attempts most of the larvae were lost onm plants,
Host of those which were collected were Tound to be parasitized.

vy
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Section 1.

SPRED OF DEVELOPMENT IS PLUTELLA.

{a) Efiest of tempsrature.

It is well-known that speed of developuent in insects increases
with increasing Semperatuare arnd that the relationship ias wead sxpressed by
a sigmoid curve. Davidson (1942} gave e smthewstical formmle Tor such
a Curve.

Experiments done on Flutella showed that tha specd of development
from ege o adult wes greater st 25% than at 18% (Bxpt. 1, Teble i).
Pupee which daveloped from lervae reared at 18% weigbed move than those
'. feom larvae which med been renvad &l 259% byt the ratio of dry mmiter to
water was the same for both Lo%s of pupse. Perhaps ths incresssd oate of

mesebolism at tie higher temperature 4id not favour the storsge of mutriente.

{b} Effect of photopsriod.

Ceterpillars kept at = constant tempersture sif exposed to 7 hours
of light per day took longer to scuplete thelr larval amd pupal Life than
those which were kept of the sume Somperature gnd exposed to 15 hours of
1ight seeh dey (Bxpt. 2, Table € =, b; ZExat. 3, Table 8 &, b, 67 ; the
difference was siznificant snly ia Ezperiment 2 st 5 percent level, belrg
cne-tBlrd of a dsy. In Dxporimset 3 (Fadle € &, B, 6} caterpiliscs whick
hutohed from agss exposed to contimmous light during incubation developed
move culckly then those 'atched Trom eges exposed to shord days of 10 hours
iizht each; the differace was algnificant a8 P < 0.0,

Sortaln photopericis sre ksows bo influse dispsvse in smmuy insects.
Sueh photoperiocds ususlly correopsnd to the tiwe of the year when these
insects normally ember dlapeuse =nd wshen unfavoumble enviromsentzl con-

ditions appear iz mature, Vhen tested by ssporinentz the sgis or sarly- -
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instar larwes of Bombyz which were sxposmd %o long photoperiods develonad
inte moths walch laid Glepuusiug eggs (Eopure, 1¥33). Iu lLespeyresia «
certzin ratic of light to Jderkness vaus Tound Lo be necessary to imprixng
dlapese on bhe developlng larwe \Pleksen, 174%). Similarly photoperied
is influssctisl in $he ineeption of dlspuuze of Distaysis, (¥ey, Hopkine and
Smith, 1%49), Bellepuila, {Hoilevr, 1926}, Halictu, fPieard, 1920} sud cthars.
It bas besn ohserved in Laspeyresis and wiso in other insects in which dla~
peuse aproars during the late larval or pupal siege that vhoss lsrvae whiel
sotered diszeuse usually developed more slowly.

Plutella doen Dot enter lnko on intense dimpuuse and under sult-
able soniitionas of tempercture it can he bred throughout the Year. Hut
during cold tamperstures in winter it was cbeerved to hibermate as un aduls
in Golorsde i{Meysh, 1917) ant in Hone Zepg {Chan, 19402) and vrobzbly aleo es
a gups io Eaplesd (Fardy, 1938) and in Bussie (Heuenows, 1931} It is be-
llevad that boenuse of i%s abllity Us tolemite & wide mamge of tonmperature
Flutells hus astablished itself so sucesssfully throughout the world (Hardy,
1938 ; Kobertson, 193%).  In the experiments dose on Plutails 1t was ol
gerved labove; that shotoperiod influenced its speed of developuent, UOone
timwous iisht 1e the spring (Expt. 3) causzed the developing enbrys to grow
more sulckly duriwm the gubsesuent lerwel atepe. However, in the Experiuest
2 dope in suxmer, the shorter photopsriod caused the caterpiliars to develop
more slowly. If appears from the behaviour of caterplliara in both of these
cepes that Flutella mayv be underzoing aa insizient dlagause durlsy the winder.
Ao polnted sub Ly Andreswartha (1752), simee the sese factors infiuense incipe
lenmt ap woll a9 inbense foras of dlapause, physiolopieslly thess two phenom-

ena may be gimiler to esch other.

e} Interaction of tewpsrature and photepsriod.

The insreass in the specd of Jevelomrent with an incresse in temper-
ature was greater for larvae oxpowed to 9 hours of light each day than for
those exposed to L hours of lishé &ily. This imteruction was significent
at U.1 porcant lewsl (¥zpt. 2, Tadble ¢ b, o). Thus it seews that lizht

and temperature  counteracted sack other in their affects. Iz a part of
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Bepsriment 3, however, this interoction shoved the spposite effest with
a 4iiforemse of vearly twoe deys (Tablo 8§ e, B, ~ 24%h 0ot.) in the length

of 14fe wt 207 and 24%, «ithoush 1% wmus not siguificant,. The larvas

Tevertsput 3 took an voususily lowy time to eouplete Lhelr developwent)
this mey have Lesn aasoclated with wp inciplent dlapauen. 7 thic were
s6 1% wicht be thel the suve ghotopericd sxested & dillevens influongs on
the apesd of develogment of the larvae, On the obher hand the same
photopericd my bave ¢ differswt inliuence &b diflerent levels of temper=
sture, 30 wenb 8o thai it may even dwmvs besn veversed, a2z in these two
experiments, A% mederate tewmgeraturss (18% - 20%C) = sheck on the
lesgthening of Life due Yo 2 shoet day »F 7 hoaws' Light my e benefieial
to 4he inseot sherwas at 2 higher temperaiwre (24% or sel the chesk on
bia %:Ewﬁseuixﬁ of Iive due to v lomg Asy of 15 hours wmy be more helpful.
The shoclaning of pre-imeginel life ab a higher Sempersture wey wlse be
associnbed with reduced body weight {and thus lower lecumiity) end ot &
eumpa s kively lowor temperature wxcesaive length of larvel life is not a
Baalisy sips a8 1 wsually ends ln sowe plysical celormity or dsati.

In slation to the ingeption of diapause, sbsorvations on sili-
worns {Kceguie, i0353), snd codling moth {Gerilek, 1748) showsd that a pare
ticulay photoporied wes most effsctive ut & cevtain temporalure, wind thess
combinations corresponied $o corditions found in nature st the time vhen
dieppuse usueliy appeered iu these insects. ¥he larvee of the orientel
frutt woth {Lsspeyreais molesta) which developed siowly woe wutumm approuch-
ad, uwsually enbersd dlapsuse lustead of pupsting. itocowding to Dickaum,
11743 uﬁw 536} "- - - certein individueis ave uu the fenca, the factors
pushing thew towards lmmepdlate pupation just sboub ecuallizng the fectors
pushioe tosards diapsuse. The duretlon of the paried thet oriental fmuilt
moth larvae vemaln 1n dlepause, coce they have smierad, is Jdeterived by
the temperature st which they eve held. The higber the tomperature, the
shortey the period of Iinmstivity™. Then reured st u asnatent Hemparature
of 28% 42 o photoperiod verying fiow & hours teo 1.2 hours such, 70-100
percent of the caterplliare emtered dlapauge m? ;how roared at the mune

temporeiure 1o a phoctopericd of more tham 12 hours each dey &n almost lue
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significent nudber of larvae entersd diapsuse. At 2190 in & P-hour
photoperiod all the larvae sntored diapause tut at 27% in o l2-hour
photopariod ualy 93 percent could emter dlmpouse {pickson =1l Savnders,
1945). This showed that @ particular photoporiod had its ;;mfafumiml

affect at certuin lewvels of temparature.

{8) Effect of guality of food,

(4} Physiological stege of develops

On sensscent leaves of cabbage developuent was VeIy poor and
all larvas dled before remching the third instar. larwe {ed on white
leaves Tros the heart and the young, gulek-growing green leuves develoged
move sulckly than those fed on lsaves ihat were healthy snd green, bub
mstuge. The difference wos significant at P< 0,001 (Expt. 1, Table 3
@, b, }. It was cbserved consistently throughout all the expsriuents that
larves which wore reared on white leaves dsveloped less mpidly than thoss
reared om yousns green lsaves; but the dilfereme was alwveys mzll end
was not significamt in any slngle experiment.

The slow spesd of devslopmout dus to the poorer cuslity food

sas asscclated with o deorsase in body welght and silk profuction and an

inoresss in the vetio of dry matter to live body weight, thus suzsesting
@ mtritioml deficiency {Expt. 1, Tebles 2, 3, 4, 5). [loreover, vexy
| siow ap_ua‘ of developmsnt on gsnescent leaves was assotiated with the
, kigh death rute.

_ The incidenve of attacks of the Buropsai cornborer Fyreusta
pubilaits on differert varieties of corn varied ascording to eertainm phys~
iological differences in the plants as Indused by the stege of develomswent,
percentage of sueross oF certain physioul chametsristics. A Rhigh dsuth

| rate was assoolated with the slow speed of develoment and veduced body

{welght (Fiont, 1951, 1936; Folivks, 1931i Bobger exd Hemt, 1931). On
the same variety of corn the nusber of larves thet swrvived was in direct
correlation with eariiness of plenting and also the eerliness of silking.

The differerce in develorment om ¢ single variety planted ¢n two differemt
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dates was ecuivalent to tho Qilferense obtalnad om twe different varieties
planted on the seme date (Eelsheirwor end Polivka, 1531), Larvas of ths
beetie Epitrix tuberus developad best on potato plants] developnent wans
vory poor ou wild tomato, mersh slder etc, Alzo, the adults livad
longer ani lald more agss when they md boem resred om potate. The diff-
erzioe botwesn the various dists in thelr influenge oan I, tuberus was
belioved %o be sssccloted with different natritive values of the Tollape
(HL1s, 1946).

siuiler effecta of dlet have zlso been obeerved in caranivorcus

species. ‘hen Trichoziunme evanspoens luid 1ts eggs intc the sges of

Tensbrio moiitor which were lese then s day cld the resulting larvas dled

at the prepupal stage; 1if the egye of T, melitor were 4-5 dsys oid when

paresitized T, evanescens renchad the pupal stage but no adults emerged.

Larvee of this paresite which developed in their maturul host {epus of
Ephestin} were creem sclouved end opaqus, but those whish developsd in
the egse of Benochus wars colourless and sramspurent auggesting sose dee
fiefaney in food (Salt, 1935, 1736, 1937 2 amd b, 1938 o amd B}, Our-
viwl rate and apeed of developwent of ladybirds on liver or meet zas not
as good 5 on ephide {Smukowski, 1952), bvut when fed on liver plus an
groens of vitagin G both speed of development end survivel rate were very
mach isproved. & mixture of vitamis % with liver had s Tavoursble effect
on fecundity and the hatching of ezgs, but liwer with vitsmin £ and aghids
was the best for Msmithy development oud fecundity which showed that the
aphids conteined soms nutrient which was essentisl Tor the normel develop-
ment of the baeotles,

The spesd of developimab of insects 1s affected in o similar
manner whether they feed on different spscles of host plants, different
varieties, or on plarxts of the saze veriety in diffarent astages of de~
valopsmnt. If food is deficient in corteis nmutrients which are reuulred
by the inescts thet feed on 1%, their speed of dovelopment is melarded and
the dsath rate incroased. Attempts have besn made to determive the vaturs
of the fuetors thet influonse growth but thecs were mostly on cernivorcus

or scavenging species. For ezample, it waus found that in the moth
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kphostia kuenniells development was retarded and gertain bodiy defomities

appeared if o suitabie quamtity of iineleic zeil waa not presewt in its food
{Freenkel and Hlewett, 17435). Oimilarly, the speed of develoment of the
jarwas of the ret fles wns slowed down 1f there was SCHE defleciency im the
food. The blood serunm of the host Bed all the ssaential proteins for normsl
devoiogment of the larve, dub iX the resuired smount of iron was lagking the
doath rate inorsasef und development was gelaved. The rod biood corpuscies
ar huemcziobim are rich in irom but lack some cther protelns nedessaxy Yo
pormil develorrent, Vhen insects fed oR those their developmual was DYoo=
Longed snd the Aeath rate imsressed (Shardf, 1937). For muny such imsects

autrition:i formules Duve baen given to reur them artifieially, S Trivoliue

confusum (Lewonde end Bermard, 1951}, Diosophile melsnogaster {Sckuliz et ul,
1946,

In phrtoshegous insecis, on e ather haad, sach dirveci attempts
to study the growtheaffecting factors heve not been sc sucsesslfal, Teheter
ot a1l {1948} could not sorrelate any éifforences in chemical composition of
the waristiss of sorghus Yo the injury of the chigeh bud. 1t is legical %o
bolieve thst the differomces in apsed of fevelowsend as influensed by it ler-
snt relsted species ox varieties of host plants would be dus 1o the presguce
of §ifferent nuantities of certein mutrients in them, whereas ibe soeed of
devslopment as influenced by plants in 8iffesremt physiological steges ol des
velopment would e due $0 the shange in she vatio of various matrients.
Sinee in both csses the ultimete cffect is the sane it eprears thet fopr nor-
wel development of the insects whet 1s needed is & right proporilen of
putrients in bthaiy Tood.

Thus there arlge two aspects of study; Vivetiy, bo knoy wha$
fegtors cunuse physiologicsl chenges in the host piants of inseeis snd bow
these chenges are caused} secoudly, o kaow whet sovt of physiolegiosl
shanges avpsar in the cell aap of ylants which affeet the speeld ol Jdevelon-
smewt of the inssots thst feed an them, Slnce apeed of develosment is only
an cuteard sign of what is hasrening 1nside the lusoot boly and dpath is the
extrams affect of undesimble food, it would nst be surprising that oiber

funotions of the budy, like the excretion of certain mterlels {ailk
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ste), thm capacity to lay eggs and slmo, perhups, the incestion of dlapaucs
or similar furnctions sey be influensed by different cualliies of food. To
study the puysiolopiecal sharges Lhat take plece in the plunts it is ned-
essary to atudy the aeffect of various factors responsible Tor thess changes.
Gf these faciors, age of the planmt, compositien of the ecil, temperature and
photoperiod are ths most important, ke influence of these factors on the
host-plant cabbage snd ivs subsscuent efiect on the speed ot developient,
fegundity and the suventity of silk produced by Flutslle is dissussed in this

chapter as teated by expsriments.

(11} Pnysioloploul @ifference in plants grown 1a different photoperiocs

Although catarpillars develoged allghtly more slowly when fed on
cabbages grown under 15 hours of light per daoy then on cabbugos grown upder
9 pours of light, there was no significant differemce in the time {Bxpt. 2,
Table 6 B, G)e

pvans (1938) found that Pleris brassices larvae Tod on food grom
under nomel light conditions grew more rapidly during ths first Balf of &he
growth period than those fed on food grown under subnormal iight gonditions
{low intensity), but during the last larvel instar the latter made up sons
af the iost ground so tbat et pupatiocz the differsunce e weight between the
two types of larvae was ssell, It wes thought that under low lntensity of
1ishé o lower suantity «f cerbohydrates was produced in the cabbage lLeaves
so bhat the isrvee fed on thenm developed more zlowiy. but the relstion of
shemtoal composition of the lsaves to the apesd of dnvelopuent of the lare
vae was nob cloar. Fhere was mn indlcation that the physiologicul Giffer-
engces in cell asp afieccted the speed of development.

Ia theso experizents cabbages wers grown under long sad shert
shotoseriods sesuning that coriain physiologlesl differsoces wight uppear
in the leuves which in turn might uffeot the spesd of developaent of tha
Plutells caterpillars feedding on them. spperently therc wae not wpoh Giffe
evence in the spseds of developmant on the two typea of lezven., Porbaps
the physiologloal differences iu the cell sap were not oo iveal .&s ¢ Y& able

to affect the Gevelopment , or perhaps the minimm level of nutyiernts reouived



for mtissmcmxﬁr develommnt wore presesnt in Both types of food.

(111) Effeol of fertiiizers siven to plantas.

Larves developed ecuslly cuickly sn leaves from plants which had
received additionsl nitrogen or potassium; they developed wore slowly (with
a differencs of more then s doy when sompaved with the somtrol) on leavss
from plants which had received oxtra phosphorus. The differance was nob
sienificant {¥xpt. 6, Table liai.

The infiuence of plants grom in mediums deficient in certalin mu-
spiente on the developmwnt of sooe insects feefiing om theum has been studied.
The gresshopper Welsnoplus mexicemis mexicanus, fnd on wheat of high nit rogen~
sontent, deoveloped more culckly then those which ate wheat having « low
nitrogen content (Swmith svd Northeots, 1951}, However, when chinch buss
were fsd or corm plents grown in a mutricnt solution defieient in nitrozen
they asmtursd faeter, lived longer snd preduced more offspring thar when
they wers fad om plants gromm on complote mutrients (Hasememn, 1546).
Albams aygillaces chowed delayed development and suffersd w high death
rete ou plants which were deficient in 2inc and copper (Urelsiton, 1738).

in Experisent & different fortilizers ware given in oxcess o two
varioties of asbbage plonts to see 17 they produced any ilmuunity egalnst ths
inseck. Crops gcrown on the Yaite Institute zoil ususlly respond to phos-
phoruss ‘The cabbuses grown in pots a3 controla were &s gsocd in gemeianl
appsarance and size so thoss which recsived additionsl fertilizers. Fhosg-
phorug caused i alow zZpesd of Jdevelogment through beth wurieties. There
is an indication that, in this respeet, the effect of nitregen throush var-
iety “"Succession” wes more pronoumsed than through the veriety “Sugurioat",
but dus to high variability in the experiront nons of these effccts proved
to be significent. Thoe slow speed of development caused Ly the phosphorus
appllention wue mssociated with high death rate in both varietiss but no
such relxtionship wes cbserved between the deuth rmute and tha effect of
sitrogen differsntlally through the varieties, us diecussed elsewhore. It
seoms that certain changes apieared in s2ell sep of the plamte whieh received

additionnl phosphorus and that the caterpillars which fed oun then developsd
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rether siowly (Bxot. 8. Yse "Bemarks").

{a) Imteraction of food and photoperiod.

¥hen plants which hnd been sxzpossd %o § hours of llzhd each day
wors used az food there wus sn indiactica that the larvae would dovelop more
gulekly 1T they were exposad to 15 hours of light enoh duy than if exposed
to 7 houss of 1lght dally. ©On the other heaud vhen plams which bad been
exposad t6 15 hours of 1izht esach day during thelr srowkh wore used am fond
theve wus no diffevence in the zpmed of development of the larvaes sxposed
%o % or 15 hours of light esch day. The intemction betwoon ifcod and photo-
period wms Just significant at the 5 psrcent lovel (Bxpt. 2, Teble 6 &, b, 6le
There was slsc on indication thst pleces of lsaf from plants which bad been
grown expoasd Ic @ 7-hour photopericd deteriorsted rather culokly ia the
incubatorg whon they wors expoasd to & l5-howr vhotoseriod,

it wan seen ebove (Uisoussion I, W } thet eeterpillars exposed
to 9 hours® 1light duily developod rzather alowly in an experimesnt done 12 the
suamers It mey be notlced that in the sums experiment {2, Table &) this
effect wus acoentuated when the caterpillars wese fed on food grown in a
P=houy photoperied. This mey mean that short photopericd, amrt from having
& dlrect influence on the speed of developasnt of larvae, uleo has & sisdlar
effect on thes through the food. Sinve the iffevences in the length of
larval life wers mot large exough it iz not possible to ey very defimitely
whethor conditions of short photoperiod azme suitable to cause exn incipiend
diapause in Plutella. ¥ith other insects which underzo an imtenee 4dlspause
caussed by photopericd, it huz beon shown that by artiffcisily sreatine ths
appropriats snvirommsnt they can be induced to enter diapsuse at any tixe

of the year,

{f) Interaction of food spd temperetupe.

The speed of develoment of seterpillars feedins on maturs leaves
was slowsr than those feeding on young grsen leaves o vhite leaves of anbbase.

This =ight be expected tc hoppen if the caterpillers which were reaved on the
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younger leavea ate mowe, taking in o greater guantity of Lood in & shorter
¥imeé than those reared on the swdure lssves; the urcater wwight of dey
amtter in thelr bodles would confimm this sugsestion. larvae which wers
reared on miture leavea spent s loager time in the larvel end el stuses
%han thoss veured ou the other sorts of foed dosh at 25% snd at LB%,

but the rlative luncysuse in the tive reguired foy develoyment was groater
ab 18% suan ab 25% {Bxpt. L, Teble 1 &, bl. This interaction wee un-
expusted: 17 the slowseas of developusul wes due to the maturity of the
leaves and 15 the processss of meturution wemt om fuster ab 25% than at
lﬁ% then sue wight have expected the @_gmsita result, 4 possible sxplan~
ation for the result which =us demomstivind might be that in mature the
mature leaves would be found in the hotter seesco. Thus a highor temper-
ature msy be wore compatible with the mmﬁ ipeves end o lowsr tamperature
wore 8o with the younger snd more tender leaves. The above conmtention iz
Turther confimwed hy the facé that with msture leaves the live weicht of the
pupe was reducod wors at &« lowsr than &b & kigher tempernbure; si;mificant
&b 5 peroent level {Table 2 &, Bj. It is ciser thas foupersture and satur-
ity of cabbege leaves have & definite relotionsilp snid es far as thelr come
blued elfect on the blology of Piutelle is concernsd, thess two fuotors inter=

att in & cherscteristic way.

{a} Frevious state of epze amd spesd of development.

In Exporimont 3, ¢atersillszs hetched on the 26%R and 28tk Gctober,
1752, developed more quiekly (P < 0,001 ~ Teble § a, b, o) than L nose
botehed on the 24th end 25th Ostobew. Since thave was no difference in food
this could not bave been the onuse. Tenperature and light conditions of
rearing were sindlar st all correspondiog treatueuts. The poesible cauges
of this difTersnce in the speed of develonment might Bnve boou:
{1} Influenee of photoperic? on eges

{11} Differame in physiology of the fomeles

For storting the experiment {3) eges were inculuted at 26% Juring

night and 24% Qurlng dey $ime. The eggs hatched on Gobober 2Ath were not
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exposed to any artificial iigzbt; those on ibe 25tk got & constant exposure
to eleotric lizbé during the last 24 hours of thelr subdryonic life., How-
sver, the egis which hatched on the 26%h amd 28¢h were eonstantly ia the
licht either ror the whole or during most of thelr smbryomic stoge. It
has bean notiged that normaily ihe caterpillars batch durxing dey-time and
very feow o aome at sll durigs the night or in sarplete darkness, which
suggests that llsht scts as & gort of stimulug to the deweloplug embryo.
It =ay be that eges lald by mothe of over-wintering geserstious ave in a
condision of {ncipient dispuuse sc that when they are exposnd to0 sontimucus
light {er leng photoperiod) this condition is brokea dowme Kogurs {1933)
gbsarved = somevhet simllar influence of light on the gpgs snd pre-immginal
stages in tbhe production of hibermating or nom-hibernating egga of the
silkwolm.

_ The majority eof the moths collectod from the field dled affer
laying ogge for two or threo days; thus most of the ofes which bhatchod om
the 245h and 25th Ootober were from short-lived fruwles, whoreas the Ye-
meinder came Irom femsles whioh lived longer and psrhaps ked & highsr vitel-
isy. Theve sy have been & diffevense in the physiologleal conditfien of
the mothe which might have Deen impressed on their sgze, resultisg ia diif-
erent gvesds of development of thelr progeny.

Sowe of the moths were collscted from cabbeges and some from
swedes but thoy were mot kept separately im the luderatory. If, by chance,
wont of the eszys which Hatchad on the 24th und 25t¢h hed besn iaid by moths
from swedes thon thers is the possibility that the cebbuse is less sultabls
gz Yood Toy progeny of insects whioh fed on ewedes then Loy thoss that fed
on cobbsges in the Tield. There is no evidense that this ie so with

Plutells but lor cortain other spocies it is known that the progeny tend to

prafor the food eaten by their mothsrs, c.g. sawfly Pontanmia seliois {Harris-

on, 1927}, Ichensumonid Heweritis csnescens {Thorpe sand Jones, 1737}, and

Stick inseot Cursusiug morosus {Sladden und Hewer, 1938).
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{rvaspsetive of temperature and the quality af thelr food, females
developsd mors slowly thap males and since they also lad uors 4y matier and
& bigher live welsht in 4he pupel stage, 1% appears that this extiu time ia
atilizad for eeting more foode If the influence of tempavature and foof
on the weight of pupoe and their water comtent is considered ia rvelation $¢
the 4ilfevences between the sexes with respect to the welght of the pupae
end their water comtent, it sppoars thet the female may fullil its b Tats B g
renss beiter from m good cuwality food at moderctely lower tempsratures,
wherens & mile Dy be botter able to develop om poosrer foed sumd &b higher
temperatures ~ (Zxyb. 1, Tables 1,2,3,5).

In Lucilie sericats snd L. cuprins development of the veprodustive

organs in {ewmles vas somploted only if the sdults bad & diot that contained
adesuats pro¢ein wheroas in ihe mules it wus indejendent of dlet in the
aduit staze besauss the spexus were present within two hours of ecwergence
{inckarras, 1933). Herms (1528} with Lucilic and Weldliing (1938} with
nosqultoes observed thet more femules reasched the adult stege vhen givea
lorger cquantitiss of food whersas, in cuses of underfesicg, males inoreased
in number, Hut Ullyett {1950} snd other workers hefore him did not find
any such eifect of the suantity of food. Howaver, it is probeble that in
the presence of diffevent cualities of food, both sexes may show &« seleotive
survivel rate. In Agrotis orthogonis, un insest feeding on wany species of
plants, more femals pupse were produced on foods which were favourable for
survival and speed of development and thus baiter ina guality, and mcye males
on poorer auality of foode slthouzh wviability of pupse was not gonsiatent

in all ceses (Seamans and vuciillan, 1935}, Fewules of Bawbyx store wore
siyeoson and mules mors fat - this divfereuce 1s noticesble in the lersal

stage but 1a more pronounced with the adult (Vaney and eignon, 1%03).

{1} Oeneraj.

The speed of development of an insect wvaries ectording to the
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tenmperature of rearing as influenced by the mstabolic activity of the body.
It was seen above that sither altme, or combined with temperaturve, Light
plays an importanmt wvt. Fhotepericd msy influense the snead of development
and the effect =¥ a particwlay photoperiod may be more premounced at one then
at the other temperature. The effect of photoperiod on zome inssote iy 80
proncunced that a state of dlupeuse my be ceusadt. The wey in which norsal
functions of the boly ceuse %o oontimue is mot known yet. In such x come ir
the insects are subjected te ayprogriate comditions of light artificially,
they resums normi activities. Yor exemple, the wmphs of the grouse losust
Agrydium srenosus sugustum subjected to contimucus light «s compared with
those kept in ordimary dey-light of winter, grew nulckar aal showed & lower
death rate and uliimtely developed imte u midwinter gomeration, whereas the
control did not produce any offepring (Sabrosky et zi, 1333, It has been
soticed that photoperiod msy affect the suslity of the food-plant und in turm
the speed of developmert of the insects thei fesd un 1T wy Yo iulivesceld
(Section I3 Discussiomn 4 « 14}, Ssue other factors such as the physiolog=
feal stage of development of ibs plant and the camposition of ths scil in
_which it grew may sisc affest its suwaliiy vith respect o its mutritive il oe
to the insects. henever some nutrients reguired by am insect for its normal
developmant are not present {u the fenl in edoquets quantities the gpaed L8
rotardeds The mitimmbe result of suoh an effect depends upon the mature of
the nutrients missing frow the dlvt.

Whils recring Fiutelis caterpillars it was cbserved that during She
very hot part of the swmer when few larvee wore in the Ileid, the death rate
of the caterpillars yeared in the laboretory was very ilzh ovea al opt imum
temperatures (Expt. 6. Soe "Hesarks"). It wue alec cbeerved that larvee
gould be rearsd in the imsubators ﬂtimﬂ any viaible fanjury to them sb o
temperature higher im swsser than in winter. It could not be proved be-
cause the numbers of larvae reared in the laboratory were not large enough.
High mortality was associated with slow speed of development. If the ob-
served differences were real ones, it would appear that temperature and photo-

period influenced the development of caterpillars through food probably by
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changing ite quallivy or through sesms other unkaown Way.

It nmey be that she apesd of devolopsent in insects 13 related to
adaptations to the loesl conditions. The typs of food avuilable my play
an lmportant vort in ihe evoluticn of a spscles.

Tt was Yound that wore eggs of the spruce budworm {Choristoneura
fumiferunn) vers found on the flowering belsam fir trees and such {rees wers
found to herbous hisher populations tham the non-flowering trees. larvas
fed in the laboratory s well ss in the iield on follage aud pollen developsd
more rapidly ¢has the onss that fed exclusively on folinge (Blais, 1952).

The Furepean coraborer was iztroducel iate the Untted States at
4wo separete locelities, viz. Toledo amd ¥ew faven. Local sonditions beling
adifterent at these plades, two separate straina developed. The ome in
Toledo s o homowypus siirle geseration struin which develops mors alowly
shan she one in Hew Paven which is & hanogysus rultinle gemeration strain.
Zoma tims later the muitiple gemeration streinm wus imtroduced into Toledo.

It bas been observed that those imdividuuls entered the pupal stage more alow-
ly t4as the multiple genmevation lueests from New Haven (Arbuthnot, 1744).

In Jova the soybean bactle Fhuedonia incluse origimaliy fed on in-
digenous plants like Desmodium spp. and Pueraris ete. but later & streln devel-
oped whdeh wes adapied to soyboan, & orop not indigencus in Jave bub intyoe
duced three to four hundred years sgo. This edupiation ccourred shortly be-
fore 1995 in Cembral Java. %The nev styein spread towards arens wiere the
asoyboan was grown (Ankersmis, 1952).

Certainly food end other factors associsted with it have a profound
infiuence on tie activity of insects aud perbaps on their evelution $so. IS
sgeme that Gempereture, food und photopericd comtriduse a great desl o ke
variability Joupd in the bloiauicsl funetions of She insect body, Fany of
the cbserwvuilons diecucssed here lead me 4o belleva that the warinnce eculd be
reduced a great deal if due caution is tsken in rearlag insects. 4s discussed

in the next seotican, {ood nlore bas the greatest eifect on fecundity.



FECUNBITY OF PLUTELLSL

{a} Rffect of temperature.

(£} Conetant temperature throughout the life-cycle.

Inssots dred at 18% produced more ezus than those as 21, $he
difference being signiiicany at the 1 percent level {Bxpt. 2, Tadble & s, bl
It was seeu earller (Tables 2, 4) that larvan which were reaved at 25% de-
veloped more repidly amd weizhed less as pupae than those rearsd at 13%.
Thus the greater Tecurdity wap ansoclated with the greater woight, whieh inm

th was ssecveinted with the slower rete of developuent. 3ut 1t should be
‘remembered that speed of develeopment ean ovleo be slower dus Lo sowe dofice
iency in foods The two, beeliby and unheultby conditions of slow develop=
mont, should not be comfused with esch others

Tho assoeiatlon of reproductive sapacity with body seluht my per-
haps be usniversel among ilunscets. Tie pupber <f o¥ & blowlly can produte
et ope Lime is depondent on ita size aud thus ov the amount of food oblained
during its lsrwal stege {(Nackerras, 1933).

Burnett (1949) studied trends im greenbcuss populations of the
whiteliy Trisleurcdes Tauperiorum and its intermul parasite Bucarsia Yormosa
and found that with the rise and fall in tenporature the fecundity and rate
of developmant of the two specles wus affecited. This effect of teumparature
was nore importeat then “he other effects of temperuture iy the autegology
or the two species. 4V a higher temperstuve fecundity oi the host docrsuased
whereas that of the parvesite wes not much offected ai the swie temperature.
i&ié concluded that Tuctors other than bemperaiure Bud & great influense on ths

ralative numbers of the two populations. For example, ihe longevity und Lo
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sundity of the host were greatly reduced when they fed on mture louves,
whareas the longevity aud fecundity of the parasites were greatly rednead
by 2 daficiency of the host larvee of a certain stare of develoment e~
suired for paresitimation.

The moths which were kept at 18% during their ovipesition period
lived ionger thau those kept st 21%. At both temparetures there wee &
gyadusl decline in the purber of oggs aa females becans older, {Fig. 1}
<hich siowed thet those reared snd keph at 1% bad en inberent cepacity %o

. o,
iay & higher number of sggs then those which were Yeared at 21 € and

were kept ab the seme tenpsrature iz the ipeubator,

{11} Chenge of temperuture within & life-cycie,

lioshs which were transferrad from 1% to 21% luid fewer eges
than the combrois which weve rsaved and kert contlsuously ot 18% (¥ JO1)e
it sppesred that the woths lived for s shorter tima vhen %&y wore LrShgs
forvad 4o » hizher tempersturs end thst they died vefore they could lay all
%he spoe Shat they had in thely bolles. Ho sther trsatment gave Tesults

that difforsd cignificantiy from the comtyols. (Expt. 2, Table 7).

(v} &ffsct of photoneriod.

Moths resred from satarplllers sxposed to 15 hours® 1izht aach
day isid, om an avarvege, 52 wmore sgss per feeals sy thooe resyed from
caterpillars which had been exposed to ¥ bours’ light esch dayve The diff-
eponse was elenificant st 5 psreent {Expt. 2, Teble & &, b)e im this eRe
serimsnk (2, Tadle 6 8, b, o), ile larves devsloped more slowly % the
shortey photeseriod. This le comtrvaxy to the resulis of an earlisr experi-
ment (1) ip which high Cecundiiy was sscsecioted with o loager Lime spext
heelthily &8 & larva. It was concluded {row the eurlier experiasnt that
the grester fecundity of the motk resulted from a greater sousgnpsion of
food as & larve. Beb this exeeriuent (2) ves doupe during bhe swumer snd
she asbbayes were grows oub~of-deors im bright lizhé and high tompereiure,
whorTeas the provious contlusiocus were based on an suparizent ders duriag

iate sutusm (april-iy ¢ Hxpte 1)e It may Be that the larvee growing
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slowly 1n the 9-Bour photopariod on summer-grown food (Expt. Z) were in an
unhealthy stete and rerbaps the larwse in faet di¢ not consume more of the
food thanm thooe kest im & lS-hour whotoseried, Gr, 1% mey be that Tood,
grown Surins the summer, lasted better in the labomatory when it was ex-
posed to iS-hours' ilght. These Two conditlons might bave been oomblewsnt-
axry. In o similar experizent done in $he winter {Bxpt. 5) st almoat the
same Lemnersiures the woths which had experienced a j-bour nhotoparisd when
they were lorvee laid more epgs Shan those which hsd boen expussd fo &
15-bour photeperiod, but nons ol the dillersnces in +his exporivent were
alenificant beceuse the wuriances weve high., Sinmes the size of the effoots
was not impressively high in either case, the likelihood that the cbaoyved
differences were verely due to chense is incrensed but that should nst wesn
thet such complicated relations between & photoperiod snd o relative teuper-
ature (o not exist at all, and 1% might be nossille (o demonmetrate them it
the experiment vere repsated on & lulge? sCLIL. .

It {2 quite wall Ymown that diflevent forms of aphids cen e arti-
fieially vroduced by exposing them %o certain photopsrioeds {Vareosviseh, 13743
Shuil, 1929) end that their fecunilty is alsc influenced by such conitticns
of iiskt {Davidsons, 1929}, Thiz problem les been studled move thoroushly
in cormsction with dlspeuse. Length of photoveried in conjunction with &
cartain temporsture is knom to be the ssuse of dlayauss in wmany lasedis.

In Poskyx fesules that devaloped ITOm ¢ges incubsied at a low
teaparaturs ilﬁ% - 20‘1}) and in continunus durkness produced mon-hibermating
eges but those from egys lacubated st o Righ temperature (249 - 26°0) 1a
15 hourst photoperiod ecach duy or in comtimtous light produced hivermating
sgas. Caterpiilars which hud completed thelr smbrvonic develepiwnt in the
latter circumgicnces, snd which were vesrsd at low temperetures in contimucus
dariness, developed into aduits which agein produced hibernatlng sgus
{Kogure. 1933}, In = series of exporiments Kogure incubsted egpe at differ-
snt temperatures (versing from 13% -~ 5872} in comtirmous darknmess and GifTere
ent vhotoperiods {imeluding contimuous light) und the eaterplllars butehed
from seeh ef thece treaiments were reared at dliferent temperatures both in

contimaous light and eontinuous darkness tc ses the inllusnes of these faclors
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in different stages of developwwt withisn & life-cyele. 1% was sesn that
sess inocubsted et a uigh tempersture shether in contimuous darinass o in
gembinuous lleht, snd irressactive of any subssqueni trestments under which
guserpilicys wers Teared, cuve rise to femules all of which iuid niberusting
eizs which showed thes wmier sll cireumstasces iscubetles of esss at a high
temperature impurted charactoristice of hibermation €0 the agng of the nsxt
generation. Hgye which were imsubated ui intermsadiete semparatures wnd 1k
‘émﬂmm Geranpss Sevolopad into sdults whieh mostly laid non~kibernating
emcBs  ut epgs which were kept in coutisuous light i the same VYemporature
dovalopad inbe sdulss which jsid hiverzating sggs. If $he eatarpilicre
hatehnd Urew sges which hed been incubuted in contimuous derkness wers reared
ub a iower tespevsture iz the davk & higher percemtege of femmles iuid none
hibermating egce as compored »ith thoss rearved &b the sume Senjerulurs as
that of incubstion. U2 the other hexd 1f caterpillars which hatched from

e

eggs vhich hod boen fooubsted ia contimmous light wers resred 4t a Souy
shture Llewsr than that of fronbution & small pervcentagze of ferales laid s
hMiersating egse snd i1 this reariny was dope iz comtinious darkneas t;m
percemtage waes rether hisber btub mot 2o hiszh a3 im the Lormep teeotrents.

At 2611l lower temperature of lacubaticn {15%) botk ia vostinueus Sarie
ness 52 woll s ip contimmcss llzht durisg that pewiod, the resulting Tescles
1ald nop-hibevmating esze. Shus i the esus were incubsizd at o hish teuper-
ature (26%; vhethor in conmtimaous daykuees or in lizit (whieh would be ax-
pected to cive rise to favales layiwe hibermatlng i&f;?ﬁﬁ} and subnesusotly even
if the catervpillsre wems resursd ab ¢ lower Sempereturs iz cembimpous darknass,
wobhs lsid hilbermstisg egaw: which wsens once the futuye bshavious had been
fimdy detersived durdss ineulmtion, the sonditlons of searlaeg 10 the luywel
stase could 2ot ohengsy i%. Un the otber tund ke belaviour of adwlis whiek
daveloped Iyum eges which bad been izoubated sf intermedlasc temperatures

in continuous darkosss, or &t o lov temperntare {15%) bosh iv coutimscus
darkoess end 1igit {8l of whiek would be expected to give rles %o femles loy-
ing nondiderniing egus) could be aniified durizs the lorwml stoge. Hhen

gach larwns vers reeved st & low tempereture is oonbinucus light muny mere

of them developed into soths which 1leid aso-hiborneting eggs than waz the
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case with simllay larves veared ab » higher terperature in contiswous iLight.
This means that if the egus were incubated ia couditions inducing the moths
to iay non-hiberasting egge end the caterpillars were also rosreld is similay
gontitions {low tespevature spd cortinueus dark ! the poveentage of woths
layisg aon~hibernatioy aups was ineracsed. In otlier wurds fncubaticn con-
dtions »f & Righ leaperature {25% - 269%]} avd move then 15-Bours! phocto-
period ger day ar countimicus light ao hand 12 kond G0 induce the mothe ¢o
lay hibermeting eges whereca the incubakion senditions of s low temperature

{15% -~ 18% or o) end s ahory photoperied off less boanm A2 hours sach day

hew to induge the Temalss e lay aon~hiberia-

sr sondingpounn darinese go LOEG

ting aczs. Couparing these com sivstions of the levels of the twe Jactars

with the Toveurable time of the yeuy for rearing end the unfavourable seascn
during l;rhieaﬁ;s Bembyx mord moeds going inkts & stege of culesespse, it would
appear tixt the beheviowr of this insest expresced in She exparimenia syme

shronizes with the sessomal reaulrensuts.

{¢c) Intemmction of temperaturs and photoperiod.

The imteracticn did met produce any slzgmiflicant sifisci. Gince ab
& lower temmeinture {189 lecundity was sresler Limn &b 21% {zxpe. 2) end
the short photoperiod of ? hours deprossed eig ieying enpacity relative to
the lemser shetoperisd of 1% &w:&sk these twe factors ia combimmtion {[core
responding io sutumn eouiitions in meture! wesulbed in moderste fooundity.
Simdlaviy the combinstion whieh ix likely Yo sscur lo mature dauring swEed,
namely high temperature =nd long photoveriod, resulted in medsrate Paewadity
Vocasss the two iafiuvnees tended %o countermmch cach other. .:*he layvae
took iemger Lo Gevelop whes exposed te ¥ howes® Lisht ssch day bub thooe
that were cxposed to LS hours’ 1ight sach dey lald move pogs when thay be-
came sdults. Longe? larvel 11f2 in o hecithy eeomditien is gond Zer Pavuads
ity as presuvably mowe Locd is eatens 1Ih appears, thervelowe, thab 4he
insect wxy be adapbed in vature inm sueh & ==y tlwt the fkotors of the en-
viroorsnt {(tcuperature, food, iighi) ot sny time oi the year femd %o come
pensate sach other with the result thst the insect may. remain agtively re-

producing throuzhout ths year.



{4} Effeet of guality of food.

{1} The Fhyslolozionl stege of developmont of nlauk,

in Bxperiment 4 moths vhich were 7od on white leaves run the
hearts 50 cabbage plants durin; ikelr lorvel life produced ibe highost
munber of soes, the averege boing 274 per fermle (Expt. 4, Teble lia) §
on the ocuter suick-growing, young, gveen leaves the sverage wes 201 eggs
pur aothe The diffetencs between Lbhese two types of food was not quite
plgnificant &% the & mwroent lavel.

vhon white leoeven wore given fo the Tirst two insteys and young
green lesves in the second two, the uumbsr of eics per moth wae 221, which
is in betwaen the walus of thess %wos Loode separsitely Lut mearsy ¢ the
value expouied welw youmg grsen leavea given throughous the larval life.

1% shows that the effect of Tood eaten in the lasi two larval instars is
dominant ovex that emien iz the Lirst fwo inatars.

In these ceses wherg it wes desived to uae ke mture leaves it
wag nedesssyy to rear the lurvee for the first two inetars on vhite or
youny m@m lzaves and then change to mtbture leaves for the latsy instars.
{rrespective of whothor the food during the first two lusters was white or
yourg green leaves, the chorge to mature leaves Tfor later lvstars resulted
in fewer eges fran the adults. The differsnces were sigmificant (P < .001).
Elichtly more egee were laid o3 the corbimtion of white followed by
mature ieaves.

The fovourable offset of good ausiity food appears o be atounus
lative vheon feod durdug & wmert of the larwml lifes 4f zey be srpetied,
perhaps e offest of fooud caten during the last two ilnstars is dombwmand
over that taken im the {irst two insters. If the supnly of o better auvality
food iz sxtended to the third instar se well it imparis ¢ cwsiintive good
effect (Expt. 4 , Table 10a; treats. (2}, (5}, (7))} . |However, in oms
treabment in whieh caterpiilars alter feeding e white leaves iu the first
three instars were ziven youne gresn loaves i thée fourth (Bxpt. 4, Table lla;

treat.i2/), the agg luying cupaocity wee not as high as would hove been
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expecied due to the desimsbie offect of white leaves, Thls muwy havs been
eceidental or some unnoticed Isotor might bave hud its influence.

Koths which wexrs reursd om = gooll cumlity fucd and which laid a
hizh total number of egus showed regular curves of a'ﬁ.po&ibim wheveas those
reares on un infericr food sbowsd greal verietion in the mumber oF egp® lald
on different days of thsir iives (Flgs 2).

cuslity of food saten is known o influense the fecwndity in
many inseatz. Heproductive @&é:f;s..auy yaried witk the apacias of host
plant in Helamoplus Giffevemticiis (Senderson, 1937), Aphls ramicis {(Pavid~

som, 1722}, Baligthis symigera (lseiy, 1935), leptinoterss decemlineata

Trouvalet & Grison, 1935} and thei of ehineh bug with 4ifferemt verietles
of sorghum {Dahus, Unelling, Fembem, 1936). The cotton leafworm Albaim
argiliccoa loid fewer eges when it wes reared lor seven Ho sight genoyae
tione on fruit, but subsecuont cencrations whlch were led on & better diet
regained thelr morm:l capueity for wgg-productien (Ureightos, 1938). The
tuber les bseties Lnitrix tubaris which were livisg on dulfalo burr laid
more 655 as the plants becawe older (Hill, 3.%6}; Ome fermle of Aphis.
rumiclis which vas feedong on a young plant Irom which the tep bad baon
eut off, produced, during 14 deye. 105 offepring. During the same period
another aphis whieh was feedisng em 2 young besn plant which was inteci,
produced 235 offspring. A high proportion of the progeny of the first one
was wisged but only ¢ amll proportion of the propeny of the second one
wes wingsd (Davidses, 1:29).

Ghen ten iscves of 4ifferent ages, contalning different propor-
tions =f gavbohydrates to sibnwinclds, were faé 3o warious spsates of ine
seets, 1%t wae found that as the quuntity of the cesbolydrates in the fooed

diminisied the fartility of Epiiachwum, Tinciius end Toxoptere decraased,

but that of Diserisis and Helopeltis incressed up to & gertain proporiiocs,
and after that deoresased. It was seen thet the mtis Letween the cerbo-
hvdrates and the slbumdnoids in ihe f2ef nluyed 2n important reis and thatb
scuewhere theve seemad to be am optimm, different Ior pach seoparete species,
on which the insects threve best (Jong, 1738).

#vans (1738) correlated nitrogen-comtony of the host plant with

the ate oi reporiuction of aphis 3revicusrves bressicae. ‘mseospn {1946}




found that on mitrogem-deficiont comn the chinch bug matuved Tester and Dro-
duced mors offspricge Um ths sther hand, nitrogzen-comtent of food atimue
lated the reproduction of ielenoplus m. mexicnmus {Smith nud Horthoott, 19851).
This conbrudietion uny mean thut the affect of the asuantity of nitrogen
pregent in food is not suite stralehtforward work.

in Loxogtegs sticticalis the umsaturuted Ifatty aecid content ol hody

tat was directily related to sterility; iincleic acid wus ossential for do-
velopment and vevrodustion. This camnot be synthesized in aufficient suen-
$ity snd must, therelors, be obsailnmed from fetty material in plent foliage
{Fepper and Hastings, 1943},

Hesords of infestation of apterous Avhis Inbae on potted sugay
beets showsd that the ieaves wers very sultable when young but became ugie
suitable 19 they uatured; became sultable again just ofber wturity ond then
unsuitabie once more =2 they senemced {Ibtbsteon snd fennedy, 1750}, The
zlustersd dietridution of uphids within the Bourdaries of the lesves of
spindle onl sugny best was not & metter of chmuee but involved asctive agsre-
getions] 1% was due primmrily to imvrimsic differemncs betwsen leaves, bub
was alded by gregericusness (Ibdotson and Kemnedy, 1951). Ameng the loaves
on the gome kind of plent the aphids preferrsd to feed und resrodused faster,
on the whole, on young and eurly senescent leuvee than on mature opes: they
reproduded better on spindle then on beet leuves. On the breis of theas find-
ines Zemnedy and Both (1951) propounded & duml disoriminstiom theowy of host
selection, “which assumee that aphids respond beboviourslly to at least teo
m:in classes of leal property: ome agsceisted with the sge of the leaf sud
the other with the kimd of plamt®,

The effect of the rhysiologleal condition of the plunt {SoLenum

tuberosum) wus studizd on the fecuntity of Leptinotersa decemlineata which
showed thet the egg~leying sapucity of the luseet wes less when it wasn fm&ing
om old lsuves thex when 1t wss feedin: on youny lecves., Orison {1952} obe
tained the followios results: om young lesves 137 ezim per femele (everase
life 37 deys); on old leaves 12 sups (20 Guve }; on slé leaves plus leci-
thine 2 percemt, 228 egys (4% Auys); ol? leaves with smiden 5 percent,

88 sgen (28 duye); old leaves plus glucose 10 percent, 28 egze (19 duysl.
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It aprecred thui whan ezcssaive slusoge wao added the hermlful affect of
some nutriest Ssfisiemd in 214 lesves waa oversbadssed [Griscs, 19521
This sy o dus So a higher peresntags =0 lscithin in young losves!: buctles
fad uan tEils tyw of Tood laeid nove esen ithan those feld un 0ld leaves

{cripon, 1928},

G sheonts Ped wall sl Livel normelly on boby

miee, but thay luid an abaorselly amell somber of sgeg.e  IT the Tleas vore
firey fed for o fev Bours n an adult wouse snd thevealter on Wby wmloe
they leid yore ogss then thoee not fed on the adult mouse at first {Mhx-
ton, 1948},

% wppeurs thet cextain mebrisvts in the food of sn insect
species sye oither absolutely csagntinl or move deslzabie than osthers for
the production of epes. The quenbtigy or proportlioms of these sutrienta
may very Trom Tood to fosd {specles to species) or withie different sualie
tles of the sase type of food, (thas is, Gifferent phvsislogiscnl stages of
develomment of « plamt or wminel). It is doubtful wielher the same Du~
irients swra fovourable for fecundity in iasecis belomging to related groups
or thet ceriein ppevilic autrients avs resuired by avexy inssei. 14 is
very likaly that the proportion of such & nuteient or group of mutrients
to ike vest of the mtriewts of food, is more important than the sctual

guantity itmelf.

{11} The “hysiclocics) difference iu plents prown in different photopsriods.

In Zzporiment 2 plents growing duriug suswer wels expossd to 9
hours and 15 hours of Liskd dsily! aend in Bxreriment 5 plusntes growing
during winter were axposed to ike same photopericds. In esch zsss slipht-
iy more esgs wore laid by moths whish bed besn resved s larese on the
plants exposed to the longer photopericd (Tsbles € z=,b 3 11 &,bj. But
in neither cuse was the differonce significamt, ‘The Taet that the &1ffer-
ence wsa in the swmw dirvestion in osch oxperiment suprests that 4% mizht be
poseible $o demomstrvate n smell effact by using move replisstes,

It used %o be thouwght that the reproductive sswmcibty of int

eig sowards Septembar-Ogtober (Korthern Hemisnksre) deelined s a yesult

A, TR
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of iowor temperuture; but in oulturea carrled sn throughout winter in a
warnm premmbousne the femeles also produced Cewer offspring at this time of
the year tiun they d44 in June; +this lower feoundity might have been coused
by the shert photoperiod {(Davidson, 1929).

A8 organic matier imoresses during the dsy tiwe (Plgorini, 1915
Sacchi, 1921}, mulberry lesves cut in the svoming proved best for silk pro-
duotion {(Dersmewmn, 1940). Of the fndividusl substewces isoloted Trom mwale
perry izaf, adenine, sspeimgine (Mmavoto, 1912}, cystine und srysteluns
{Eishi, 1935), the last two were comparatively rare in young isaves bul thely
guallty imeressed with the growth of the lsefl, dolug meximuw at places vhere

photogymsiheelis was most soiive.

i) Intermction of food snd photopsriod.

#8 tested Ly the number of epge 1=id in sxpsriments { 2 & §;
Tables 6,11), the intersetion wes not significant. In generaul it apocars
that the food kept better when 1% wus expnsed %2 the sane photoperiod es
that in whichk it bhad been grown. In Experivent ¥ saterpillarz Tfed on food
grogn in 3 hours' light laid more eges when exposed Lo 2 hourast? photoperiod
than %o 15 hours (in the loiter case the leaves in ike insubeisr becums
yellow euriler tban in the Tormer csse), with & difference of 28 egrs per
fenmle. Horsover methe leid in a very irresular semner (Fig. 3, (2)).
However, cabbeges growa in lS~aour phetoperiod proved bstter than the sbovs
Tood Tor sge-production irressective of the photoperisd o which the larvse
wore expused in the imcubatos.

Yhen the sjeed ol developiueni was vewsured the inmbeructiion betwesn
food =nd photonericd wes the samy os !@’Mﬂ i% sup judged by ths nusber of
egge lald., But siwes 15 bours' izt per day was betier for epyg produation in
one experimext 12) and ¢ howrs® 1kt in the other (5), it iz difficult io
88y vhetber projongation of lerwl l1ife inm § hours! light with food grown in
7 hours® photeperiod would e likely ts result in the produstion of move
2868, especiaily Lecause in Mxperiment 5 the length of larwal 1life wus act

recorded,
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Sexual farms of Aphie forvesi normally sppear in Hovembar, bud
Mpeoviteh (1924} produced them esxly in the apring by giving 2 hourst daye
licht to the food plamts. It was sosn above that im iphis rusiois the
produotion of winged forus waa zonneetad with fecundity ss influensed by
the sunlity of food (Davideen, 1929). iccordinmg o shull {1928 & 1927)
the offspring of wingless parthencpenotic femeles iy b winged ox wingless
desending upon the expesure to 1isht, which perbaps sifects the nutritive
condition of the plamt. In sams ppecics of aphids the earbobyirate content
sf plants might play o eritleal part in determining the mte of reproduc~
tiom durisne the short dull deys of ecarly spring cud late subum. fvens {1538)
found that there was o lov limit of carbohydrate content of ocabbage plants
at which reproduction was just poscible; with ths increess in carbohydrate
sontent the rebe mapldly increased till 1% reached a zaximum, after which i%
doclined or resained constunt sooordimg to the light conditions.

It hes been found that ws & vesult of the photopericd & substence
of & catelytic character i the mature of & thormone! iz formed whickh is
responsible, directly or indirectly, for the imduotica of florsl primordis
(Murpeek amd ¥hyte, 1948), bus the produstion of phetoperiocdie impulse
probably bae uo direct relatlea to photosynthesis {Foteponmko, 1344},

Plapause is irposod upon Zuproctls {¢eimon, 1947) by seasonal
shamges in the auality of fced {psremnial deciduous host) saused by differ-
ences in tempernture and photopariod.

Sinte short photopericd gt lower tomporatures may cause such an

portant chenee in the quality of plants, 4% is feazible thet certain ope

posite remctions might appear in the plemte 17 thay are subjected to yeversed
sonditions of photopsriod suddenly und thus the fecundity of the insocts
feeding on them might be affected. In other words some of the results which
I have recorded in ny sxperinents in vhich speed of dJdevelopment or fecundity
has been influeresd by the food, 2nd especially food grown at difforent
photoparicds st differant ssasons of f.:he year, may reflect abnorasl condi-
tione in pilants which have beem grown ut coumblmations of pbotoperiod end

tempereture which they never experiencs in nature.



T0.

(£} Relution between longevity and fecundity of moths.

It swus observed in the exreriionts that geserally the feorele mothas
which lived lonwer luid a higher mumber of aggs. 48 & rale & greatsy
mmber of sush lonp-lived nobhs was prodused on vhite o youne green looves
of cabbuge than on maturs sresn isaves. The females which lived for a
ionzer pericd usuwally luid eges regularly whereas the short~-lived moths pro-
duced from poor ruslity foed leid egps in & very irregular memmer (Fig. 2,
{6,(8i)e ¥henm the totel muwber of egze of 10 fsusles yeared on poor
food was plotted as lald on different ldﬁ}?ﬁ of their lives the graphe showed
that their leying eherply flustunted from day to day, whereus those females
which were reaxed on betier cuality food did mot fluctuste so wmuch in their
layiaog and thelsr gruphe showed normal ourvas., Lorecver, a grestey propor-
tion of living fersler reaved on good zuality food lalid sgps every doy

than tiose ronred on o poover et (Fiz. 2, (1),(5),(7)).

(g} Sterility in malee,

Zertile males con mate more than cnse. A fomale doces not lay
eggs without fertilizution: quite @f‘ién it matec more then once during iis
1ife. In the only experiment done wiith males there wus an indication that
the malos vhich were reared ss larves on maturs leaves tended to be aterile,
while those that wore rveared om young white or young preen lsuves wewrs lepye
tile. Iut the expericmnt contulned ton Yew yeplicates %o demonstruta the

significence of the diffarences (Expt. 8.

{8} Gensyal.

Plutella roared at 18% produred move eggzs than at 21%: moreover
the greater fecundity was acssocisied with the greater weight. The cssocie
ation of reproduative capacity with body welisht is perhaps universal SEOTE

ingecte. The influence of photoperiod om She speed of davelopmant is
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rathar charectaristic in the experiments snd hos sleso a significant effact
on the feoundity. Favheps the caterpillers respond to ghotoperied Wy
ssting for a lemzer or & shorter pericd sach day when exposzed to the diff-
erent photopericds. Or photoperiod mey influense the escretion af diges-
$ive sozywes., Pradien {1939) claimed on histolopleal evidencs that the
snzyme secrotiom wae comtinucus in phytoplagous and dlecontinuous in carm~ -

ivorous Gocoineilide. In leaf zating Tettigonls snwyuss ave goereted wian

feeding in imf progress but in fi«1d locusts Stenobothrus sccretion is con-
tinuous (Sechlotike, 1937).

Fertility of sa sdult insect depends in whole or nart upon the
adecuacy of 1%s mutrition during ths pre-imesinal stages. 4 molamte lim~
igation of the suantity of foof avallable to o growing insecd vrdinarily
results 1z the formstion of an sdult of reduced size but sssentinlly of now-
ml physioinzy and fusction (Prager, 1353}, But if the Yood is deflclent
in some mubtrients Loth the spesd of development and the fesundity ol the
insect nuy e adversely sifected. Sush nutrlemis may be entively ilfeor-

, the prosence

ent ivew the cnes nscGed by the vertebrates. ¥or cxsaple
of cholestrol in the diet is veccesary for normzl growth 1la inseots

{ Fruenkel and Blewett, 1943 ), wherems vertevrwtes czn synthoaisge 1% in
their bodies,

fuvidson (1921) reered Aphis rumicis on brouduosns, peus, mn-
golds, sugarbect, ved best and popples, axd found thal tiey d1d beet op
broadbeans, but on the uthor plants the epsed of developupnt was slow and
thers was lower Tate of reproduction conmectsd with smallex size.

The larves of spruce budworm fed partislly on pollen and partially
on follage developed more uulekly than the omes fed exclusively on felisve.
Pollem =8 & Tood 414 not uppear 4o have any direct effect on murviwel or
fecundity. It was obeerved thet during the sarlier mtages of infestatiom,

yousger foliage war available dut later on wher the inssets had $o feed on

314 feliage wortalldy somons them inorenned, thair developnment was reotarded
and fesuaiity was roduced {(Mais, 1952},

The aphid {nfestations on ‘Hetabdin® aed on & seedling resistant
to Myzus peraicas were studied with twe deies of plautiang, It weas foumd

that iz the esrly planted pots the number of apkids per plast was five
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$imes grecter on ‘Hatahdin' than on the resistant seedling (Bradley amd
Ganong, 1951).

Hosemann {1746) in his experiments Ifound that insects reaved
on plants grown in minersi-deficlemt solls wers not uifected us Loy un
their vitality und veproeduction were concerned; instend the shortuge of
certein minevels actunlly preved bemeficial. The greenhouse whitelly
thyove best ou those petunis planmts which were grown in full sutviense
and 418 not develop normeily on plants grown ia ths shortage of irom oY
potassium, but the tommto plants grown on full sutrients wers less attrace~
4ive thenm those on either = phosphorus or asymsoium deficlemcy. The
grain aphis, Toxopbers gramium tred more uniformly amd suickly on wheat
plants srowm on full nutrisuts; shorteges of either sulphur, potassium,
sagRsaium or iron had no appevent ill effects oa them, und for the first
six gensrations the femules ectually prodused moye offspring than aid
those on the full mutrients. 1% seems that the aphis needs wmple nitro-
gen in ite diet and when certain elsments like culelun, phogphorus or
pokassiun ere withheld from the host plent, it produses as well as on
plants grown oun full mtrients. | Iz mature alss the sorn orops grown
on soile which are deficient in mitrogen are found to have greater in-
festations of the pest. ‘Thus, vhen soll deficiencies my have an un-
ihmmhla effect on the development ol vertsirates, inssots may not k2
groatly affected snd v somps onses they may even thrive on planis grown

on 3oils deficient iun soow chemicals,
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Segtion I1I.

PRODUCTION OF SIIXK.

Caterpillars reared at 13 prodused mors silk them those reared

ab 25%; the differemte wus significent at .1 percent (Bxpt. 1, Table 3).
Poorar quality of food, thet is meture leoaves, as compared with

white or young green lzaves of eabiage, depreszed the suantity of =ilk pro-
dused ; the differcnse was significent at .1 percent level. It may b seen
that conditionz which cause & lower hudy welght and lower fecundlity slso Te-
sult in ises ailk. Luarger inmsocts produce more silk perhaps beczuse they
need & bigger accoon.

%les grofuee less silk than femiles. They slaso develop more
quickly, ave lighter in body welght and bawe & Righer retio of dry metter
to water.

ig silkwormas, the foods tried as substitutes of mulberry {c.c. Usage

orange iesluss surentiscal wers found to be of inferior guality bacuuss thay

resuited in & higher mortality, slower development und lowsr body wolsbt azd
less 5ilk of an inferior guality.{Vewehi, 1926, 1927, 1930). Scorzonsva
hisganics (black salsify) i{n Zuvops wes considered z suitable cubstitute bus
the mertality was very high; UDumjanovaixij et el {1933) found that bich acide
ity in the isuvea (pif 5,5-G.1) was the couse. ¥ild ailkvorms were not so
restricted Yo one food - even among thew there existed & close relutionship
batuoen the tyre ol leuves, the growth of the worme and the ~uality and suene
tity of the silk produced {Bito, 1931; Xitwmws, 1¥352). Futritional walue
of the malberry Ime.mg was conditioned by sege, elimmte, season, exposure %o
iight andt composition of so1l; Kellnsr ¢t sl {1834} pointed out the import-
ance of chomical ehsnges in leaves with ege. Vithinm a peried of one month

chenges in the chemicsl composition of leaves were noticed: dry matter
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steadily incrsssed, protein and fat of the dry matter decreased, whils ite
nitrogen free e:triots, ash end [ibrous materiel, insreased. Yuring the
procsss ol growth the proportion of diffsrent types of proteins in lsavesr
chauged; those present in the older ieaves wers less digestible by thn
pastric fluld of the sliikworm {Rishi, 1953, 1935}« ¥hen the silkeorms were
fed on youns lsaves Lhe protein content oif the dry welight of the bORY was
inorecsed and the ebsolute weight of ihe silk glend wod its relative welght
in compaxison with the totul spieht of the bedy wus =lso inoreased. ience
the =ilk produetion of worms ralmed om young leaves was grester than {hat of
the worme Taloed on cldsr leaves. The supsriority of younger lsuves over
sider waes slso depeulds oo theily higher sontent of csll pep which sontalus
moat of the easlliy s’iig;mtaé‘: proteins (Kishi, 1932, 1938, 1937i. Vexy yuung
suiberry lecves were net so sultable for silk produetion ez they contained
iess soluble carbohydrates (Kato, 1934}, Gaterpiliars fosding on such
isavas exereted morve of uric acid which showed o hizk rete of metuboliam
{Kishi, 1735); se there ars less digestible carboliydvates the worms are
sompeiied to utilize the pProvain Tescurces. This protein coansumption cun
b deoreased by supplememting the diet of very young lesves Ly an zddition
of sugay. Deajasossii et el (1933 w,b) Tound that o dlet of top umulberry
leaves {3~4 days old) reduoed the lerwml period and the siliworas ware strong
and healihy, producing heavy COCoans af iomg, stroog silk. ididdle leaves
{3040 dpys old} proved like =i average mixiure and bottom leaves {90-100
days old] prolonged the larval staze, increased mortality and led to o low
yield of cocoons of inferior frade.
) he affest of cabbege lesves of different ages on silk predustion
and kt;ﬁy welsht of Plutells is similer te thet of mulberry leaves cn Hombyx.
I5 18 pessibie thut somewhat similex cenerel chenges in the chemisal coupoe-
ition of cabbure leaves Seke place with growth os have bean Tound in mul~
berry leeves, w=lthough thers would be & varistion {n the individusl sub~
stences Dound in the Swo typea.

The influence of Juslity of food may be ecually gvident in the
 eoge of ckher cxeretions of waricus luseot species. For exemple, ‘ahdi-
hessan (1936 a,b) found that the suality of food wasz the most impovtans

Tactor in lse production.
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Section IV,

DIAPAUSE,

fossonal incidence of dilapeuse is <uite well kmown in many in-
pects. Various environmentsi factors like temnsraturs, food or photos
period sfe, &re 6losely »elated t¢ the ingception ol filapsuse in different
spzoies. In soms insects like Pyrasusta thic phenomenon may be governed
by genetionl constitution which in {tself may kave been infilusnced by eny
of ke above faetors. Ususlly dlspause i sasosisted with alow zvowth, es-
pecinliy towards the later stages of lsrval development, I3 is thought
thut the outevme of sloy vate of Jewelopuent muy be to cause the larvas to
mature with & redused water content eepeciully in inseats in which diapmuse
appears with the aporoach of mutum, & time when all the growth-roterding
factors iike lovering tempemture, mmrhag food und loas favourabls bumide
ity are prevalemt. In other ceses {es in Spelongia) it is detersined by
physiclagloul condition of the mother; snd this supports the vise that
elow rute of devglomment and diapsuss may not have any cansal relsticnship
azd that both of them may be caused by tempersture, food or lisht (Andrew-
artha, 1952).

It was seen wbove {Discussion: Sac. I, 11} thet temperature in
itoelf, though 1t alfects the speed of developuent and bobal body welohg,
does uot affest the rutio of dry-settew: water, (which is importent for
norual astivityi. Goality of food, on the other band, =ffoets all these
three charucteristics! and tewperature znd photoperiod have o zmot influe
ence on growing Tood in changing 1ts suslity.

in insecia in which tempermiure or lisht {photoveriod! i the
direct cause of diapuuse the mutrisnte stered in their bodies st play an
importent pert both ip determining the onset ans ceassalion of ¥dlansusee

development! &8 the enerzy resuired Tor that $ime would be obtairved from
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this source (@.z. fet boly in diapsusics insecte}. It appears that the
storage of those mutrients, if zot wholly, to a great extent, is influenced
by the suality of Toud saten. Thue it seems that of sll the fectors of
tha ammntﬁ- food probably pluys s Jomiment role even though spparently
sone other factor smy appecy o be dolug 8o.

Tesper (1757) demonstreted that the dispauss in sugnrbeet wobuoTm
could be readily broksn if the individusls were subjscied o low eoncentra=
tion of vapours of certain fut-soluble chemiceis.  Bul these chemicules did
pot influsncs the dispeuse conditien of codling moth larvae {(Hastines and
Pepper, 1944). The fat reserve in codling moth prepujae ia over 20 pexcent
creater then in the webworm prepupne. Over 20 percent of the moisture~ires
materinle in the wsbworm prepurse consisted of protein and fut while only
84 vercert of the dry materisl in the ¢odiling moth lurvee could be attributed
to these materials. This 4ifference was supposed Lo be due %0 o higher pewX-
centuge of urknown cerhohydrates in codling woth than in the welworm. Hore=
aver webworm prepuste sonbained more Ires [stty acids and bad e dmaller pate
centage of unssturuted acids ithan the codling moth Prepupas. But in the
wobworsn 1t was notlced thet the susntity of unsavurated acids had incrensed
during the peried of five montis of dlapsuse (Pepper und Hastings, 1743).

The coumerison of the chemicsl sompoeition of fato of these two specles could
ot aozoumt Tor the cbeerved difference in the bebaviour of thelyr dispsusing
forms to the peition of varicus fet solvenis. The authors suggrsted that &
inevledze of the composition of the unidentified materiels in sodling moth
larvee {supnosed to be carbohydrates) zay provids en explexmtion lor the diff-
erence 1n bebuvicur betwesn the two species {(Hastinge snd Pepper, 1944).

Thore is sz indication that Flutells undergoes un inciplent dlapuuse
which condition iz regulsted by certain iutoractions of temperaturs azad phote-
peried {Discussiont Sec. I (bj). 4 similar sympiom of slow speed of devele
opment ig causeld if cuterpiilars ave fed on food grown in corresponilng sop~
#4tioms of photoperied {(Expt. 2, "i:‘ahi@ 6is Llthough the difference ic not
inrze 4% is in the zege divection as the direet effect of photoperioed on

speed of developmant.



SURVIVaL RATE OF FLUTELLA.

e} Cuslity eof food.

On sensscent leaves of cabbags, ceterpillars 4id not survive
even when this food was given after feeding them om white or young green
lesves in the first two inmsters {(Expés. 1,4). Since during sensscence
shore 15 very little photosynthesis going on in the leaves, the auocunt 3% g
sarbohydrates prosent would be very low. uch & food mey be imadecuate
a2 & diet. Noreover the proteins present in the tissues of & lsal ave
brcksn down and are utilized as & scurce of energy with the result that the
percentage of wuter in the cell sap is inoreased. Perbups the larwe
did wot geot full pourishment wien fed va this food; or perhaps Curing the
break-dows process some injurious by-producte are produced im the sap zhich
cause death.

Howiy-hatched caterpillars failed %¢ eut mature lsaves (probably
the cuticle iz toc hard), but when they were fed o= tender youmg leaves in
the First instar ond seture lesves iz the second inater, they remined weak,
dovelopment was slow end large numbers died during larval life. I7 this
food was given saly in the third end fourtk instars, ihe espesd of develop~
pent was zot so siow and m:ﬁanty wug aiso redused, But those which pu~
pated wers lighter in body walght ond contsined yelatively more water than
the pupes which were fod on tender youny leaves throughout their larwal
period {Expt. 1, Tabdle 5).

White end young green louves froa the same cabbugs plant given
througiout larwal life wers most sultable for develosmant and on thass
survivel and feeundity wors michk higher as compared vwith the othar two Toods,
The motha reered on thase foods lived for & lonmg time and » high percentage

of the Temeles iiviug laid ezus every day (Fig. 2).
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The slower development and smeller populstions of ITribolium
on patent wheat rlour and similar produets than on whole-vheat flour was
probably dus in iyt to the low phosphorus contemi of the Yood {eloocn end
Polmer, 1935). By the addition of wheat to vegetable mold from gna‘u}.um
in the dlet of the Japanese bestle, itz cold-herdinces wes increased
(Payne, 1923},

Zonnedy ot al (1950) studied leuf-by-leaf distribdution of fres
infestations of wiviparous ¥ysus persices «nd Aphis fabae on sugarbest end
spindie planis in pote in the zreenbouse exl the distribtion of the War-
jous swascnal forms of A. fakee on the seme plants growing naturally out~
soors. In sach cuse the Aistribution was related to the age of the lenf;
growlng and senescing leaves were more susceptible to golondwation than
neturing, mature and dying leaves. “hen both tm&et soecien were infesi-
ing the same plant at the scxe time thelr distributions wers droadly alike;
but M.persiges was woxe ¢lessly confined to koth younger snd older leaves
el with A. fabae. They reached the conclusion that the degres of

adaptation oi a given aphid 30 & given plant moy bo greuged by the extent
4o which the ephid canm colonige the plant leaves not ouly when they are
growlng und scnescing dut elso when they ar.v mature sod fully funotiomel.

In the field the svailabllity of youny snd tonder leaves of cabe
buze to the newly hatohed cateryilinra of Plubella is very importent lar
thely survival., Congestion of too many larwee on & unit surfuce area ray
aigo vesult in the spolled condition of the Tresh leaf. During the first
two fnstars the onterptllers, bBecsuss of thelr smmll size, Commot go vary
far in sesreh of better food, s¢ they are sepsolally vulnazsble in this
sarly stege of their develepment, IHiygh mortality, therefore, may oscus
due to &« change iz tks suality of fool by ths Tseling of caterpillava them-
selves. The larper lorvee are not only more motile but they ¢an also ovei-
come this karmful offect of bud food with & grester sase 1L they move to
better gunlity.

4 ulture crop of cabbags is, thersfore, of no use to Plutells un-
less enoush tender lesves are present lor mewly-itobed caterplllars to

mine in; and the grester the surface area of meturs leaves the smaller
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the shense that moths would lay emough agge om the tender leaves. Ib has
bean noticed im the flsld {hat the populetion tenis to inorcase most in &
field of yeun: cabbeges. In youns plants the {nsecte tend to concentrute
touaprds the cenmbre, with the rosuld that i theY a¥e wmammrous, the heark
pey not be formed, But if the heart has alreedy Sommed at the time when
most of the eges sre belnz 1id, it becomes bigger tyom within, Torming &
oovering of wature leaves on the top so that the plant does not suffer a
sevore less from insect attack although the caterpillers go on feading on
the outer layers of the heart. In such ndvanced ceses, dew fomms on ihe
csntre of the oabbage: this molst condivion ieg not cultable for ths eagin-
ping eud attachment of COOCORS. The mjerity of caterpillars are seen
teading in the hesrt for the Tirst ihree lnstsrs and in the feurth thay move
out ¢ fsed on moturser lewves and pupete thers. It ia in the centye of
the plants thet the lerval parssite Horogenes (angitia} senrches for cuter-
pillars, whersse the pupal parasite Diadromus is more commonly observed in
batwoos the larze meture leaves. Ullyett polntsd sutb the jmportanse of
the growih factur in cabbage plants in the study of the yelaticushis of
Plutells snd its mrssite Horocenss {Angitie}, He found that in the fi=14
%he poreentaszs of hosts iu whick superparesitionm ses found caried dirvectly
with the mumber of host lnrvee per plant. This inareese of supergarasit-
ism with imereased host demsity 1s @iffigult to unferetand as it is the re~
verse of what would be expected vhem a diseriminative 2bility is possessed
vy the parasits. 4 similaxy ralationshis existed betweon superparaxitism
and the vetin of hosts $o female parasites. herse there were two hoste to
sTery parasite supserparssiticn wae ntzhest: when the proportions wers Te-
versed and there wers five perasitos to every host, it wos Loweat,. Thess
two ohservetions scemed znomalous. The planta on whick the hosts were
distrivuted for fesdins and which were recuired to be searched by the puras«
sites, wers inoressing in siee during the perlod of observation, wni that
@ the mopt luwortant of the environmentel ohanges. Thus when the field
data weve adjusted to shov superpomsitism per unit ares rather than per

)

plant, the percentage of supsrpsrasitism varied se would be expecied. o
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when the parasite hns feweat units Lo ssarck the relative host deusity ls
high, theref ve %theve is no diffioulty im finding hoste us they wre concen-
trated on a conparatively emcil area, snd thus there ia a greater chance of
& host besing found and purssitized. Sinee the parasites sesarch st rendom
{Uilyett, 1936 a) the dozves ol superpurasitism would Ya increased. Then
the host dsneity 4is low the number of pasusites Tor e gerbain number of
hosts i3 incressed and the chupes of superparssitlam does not imcresss in
she peme proportiom; ss in random sesrching Dive parasites Doy unid area
do not soarch that aree five times as siliclently as ome puvasite sione
(Ullyett, 1943).

Considerin: these cewss it msy be seen that whon the cabbege niants
are young wnd the weather has siresdy warmed up there ars grester chancas
of Sheir being overpawered by the pust, Tirstly becsuse the moths will lay
ezz8 on tander loaves snd, secondly, beceuse the psrscites will not be quite
active {Uliyett, 1947). But with the incresss in surface area of the
erop thers will be & tendency towards moderation in density »f the host
inmect. 4 precticml use of this cbaervatios can be made by sowing the
spring cabbages early 8o that thelr hearts wmay be formed bafore the ex-

pected time of the appearamce of Pluteila.

{5} Resistance in nlants.

The survivel rete of caterpillars fed on glants gliven nitrogencus
and potedslic Peréilizers was not Aiffsrent {rom that of thoss on the centrolis,
but the eddition of phosphete csussd o higher mortaelity; the difference was
slgnificamt st .1 peveent lovel [Expt, 6, Table 12}, The leaves of ths
plants recsiving additionel phosphate scemed to be stouter than the others,

tiore caterplllars reached adult stage on the variety Sugsricef
thun on Suecession, but The dilforence was mot suite significent at the
5 percest level. ©On the other hand the applicstion of phospborus as ranure
czused » highor death mate in the former than in the latier variety. (®xot. 6,
’x“;bl@ 12 %,%).

Unfortunately, in this experiwent there were uwmusually high death

yated in ell the treatments which I could not uccount fap., Caterpillars
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died zraduslly. TYhoupb the leaves in the lucubutor fut the saxs temperva-
ture at which they were grown) turmed yellowish eaurlier than what was woy-
mally observed iz the previocus sxperiments the nortality sus not reisted %o
this charecteristic as in meny cases survivel oa suck leaves was better
than on cuite groen ones, The chauge 1z the eolour of the leat mas not ¥o-
lated &6 the varisty of tke cebbege or 9 seaupial trestosnt.

Plants wers £rToUn in & tenporature~control roci during the sumer
at 70-80%F, This tamperaturs corresposis to late winter or spring gontie
ticns in meture when days fov photosynthesis ars shori. In this ¢age
law temperuture sambined with Leng~dey for photosynthezis of ylamta wy
mave nroduced & cuality of fool! which wus not suitable Tor the insect.

Horeover, plants were grown withim Joubls glase walls which e¥i-
dently 81d mot permit the pewmstration of ulszaviclet Jays: in foot, L
plants werg nover exposed Yo tha irvect vays of the sun beosuse the leaves
were bioupht %o the laboratory in glees jars exd weve tfed o the insecte
in ths incubator. This wight bave been the cause of somg wuiesirable
changes in the plantd,

The addition of nitropencus fertilizer to milberyy times and their
insoreuiture improved the suellity uf thé fzr:aé and the silkworns fed om that
sroduced more silk (Bergwan, 1740, Heview). It seems {ron the above obe
sarvations that the appearsnte or size of o plaunt is not indicative of ra-
sissance Lo inoects. o chemical differsnces could be sorrelated o the
vesistance of sorghum varieties to chizeh bug attack (Yebster, ot al, 1348 e
The affect of & Tertilizer on & plant mpy be no more than merely o ohangs
the eatic of water to dry matter. According to Huwsford snd Hoy (19363,

- the nitvogen content and water content of piants are interdependent snl they
suggest that this relation mey e importent for luassct fecundity e well as
resistence of planmts %o insects. & water relationship was also noticed

by Tauber, ot &l {1745}, The mitrugen comtent of the cell sap of plonts
is an important factor in their susceptibility o the attack of chinch bug
{Dehms, 1946) «od aphids {Dsvideon, 1922 & 1523). IS was seen above
{Venoedy et &l, 1750) thet the physiologlenl stage of development af the

leaves on host olant was closely reinted %e aphlis aibtacks.
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The physiologicul comdlbion of the pisnt as inlluenced Ty age,
type of soil usnd other feetors of the eaviroment Tomms, thorefore, & VOIY
important basie Mo the gtuly of 1ta resistance to insect attack. 1% may
be trus thet & vlant whleh locks werk 1@ hoszlih mey be easlly slitaoked by
insact pests, bub the insests oma 12y om it snly LT 1t provides adsconte
nonrighasent. On the other nend & plant any lock auite healthy bub may eous
%sin as oxcess of some mubriont whish mey lapart igpusity te 1t epainst the
gttock of insests as, Tor sxzmple, cabbages gatibiug cutess of phospiete
penure causs u high mortality uwems Flutells enterpiliors Tosdlug on Shem.

sohpofer (1956) pa ferward & hypotbesls thaet the resistencs among
ped Locusts o infection of white Pungel Alssnse |Deauveris beseicna) wes
sorrelated with the general heallh ond vitelity of the Lndividuals. Unfav-
suradle ciimstic or ouvironmeatel condltlons 1lowered the tesigtonce of the
inseot bty un cdverse effset on s3s Titalilty =nd bense wuch gonditions i~
dirvectly fTaveured the aprecd ol dlsanse, But Uilyett =nd Schonisn {1740)
eriticinsd this hypothesis snd stated thet sinmse The dlsease 418 not aprea?
svery yeay 3% spoiled te epeclel casss only. They noticed, however, thad
4:h ingter Tlutells caterplllers were moOFe suseeptible to fungus disease

{Entomouhthoin Bphk serogperra) than the early instars, which $hey though®

might be due %o the differense in composition of the body Tluids. In this
connection the physislogleal copdition of food plants may heve some influ-
ence on the health of cuterpiliars. Ehile rearing ﬁutella caterplilars
in the laweratory it wes uoticed Lhat the adverse alfent ‘st undesirable food
wes slwevs move premounced im the 4R inpar sud thet the saterpillars feed-
ing on uahealily cabioge isaves or ieaves of unlesirvabie guality., wers more
prosg 3o disease fungi end bacteria than the ones fecding on good quality
foos (Expt. 8.

(e} Sexes : survival.

1% has been shown above thet the two cazes seopond diffevently
to diffevent Toods (Expt. 1} 3 it is posaidle that ot & given temperature
{hish} =nd cortain gquallisy of food {poorer) females may not be &ble %o

draw thelr sutritionsl resuirosents snd relutively more of them may dia
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whovens mules mey 40 better in those conditions.

Trager (1947) criticized the sole spplication of germingl theory
of mex dotermivation and pointad out that the ultisate cutcews wdght be open
to sodification by quantity snd aualiy of food eetem: as is showa in robl-
fors (Thitosy, 1914, 1916); nematode parasites in grasshopper {Cobb &t al,
1927; Ghristie, 1923); selective sureivel of one s6X in insects (Herms,
1928; Selt, 1936); selestive fertilismtion of egge dependlng on size etc.
of nost (Chewyrsuv, 17133 Clausen, 1939), and effeet of starvation in
larvee of Tribolium comfusum (Boldsway snd Smdth, 1933). Herms {r928)
found that in Lucilie sericata relatively more faales reached the adult
swhaze vhen Tood was plentiful and when food wai BOAYCe mlatively move males
survived. UVeldltaz (1928) sade simileyr deductions. But Uliyett (1950}
objeeted that the size & she semple in these cases wes pot large enough
and in his experiments on the name inesct he 43¢ mot fiml any such differ~
ance. But cuality smd quentity of food in casblustion with some other
factors, such as tempgrature or differentisl miritionsl requirements ot
the two sexes, tould affect their survival rate se is indicated by my

azporinentc.

{@} Body~form : survivel.

©he imsects thut were rearsd om the poorer guality Tood {such us
the mature lesves of cebbage) were smll. Jewy of tham dled prematurely,
and sous shoved deformities inm wings and antenmae. Tho winge wers sty
and the aotenmee drecped. When the lurvae wars veared et high tenpgratures,
agaln mmay moths wers found withk non-erectils astennes but this cause should
be differentiated from the oifect of cuallty of food. In this camss the in-
asgcts wvere mlso unsbls to balunce Lheiyr bodies propaeriy.

Cuterpiliars shored a vendsnoy %o stop feeding and moult 47 the
food started to decsy, and depemdling upon the cuantity of such Food saten,
shey cither died in the pupal stags or emerped inte abnormel moths with op
without the cboveementioned deformities.

Yemmles from amy of the above groups were found 3¢ Le most variable

in lengéh of life snd egp-laying; graphs presenting ths mmber of eggs laid
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on different davs of Life show great Tlustustions whereas graphs of groups
of fenmeles fad ou gool food {white or young greemn; in favourable goaiitione
of photoperiod and temparuiure show Fits nesarcad 1o bell-ohaped curves of
pormal Aistribution {Fiz. 27,

A gmell pereentage of the larves sapecially in the winter expari-
amsnba, lingered behind the athers oo thot sometimes they took even double
e potvel time; usuelly, with these individusls the duretiens sf the pre-
pupal end pasel stages ware aloo longers. Thess “siow” cateryillers were
usuwelly slupgish snd did not spin normal cosVOUS. 4 lmere propeviica ef
the fevsles which failed to Jay epes e from these "tailendevs”. (2
Glasection they wore nsunlly found %o bs full of egnb. The onuae ol thelr
tailure to ley egss could not be foumli there iz Mttle doudt that they gob
a fertile male.

Fhe ouelity of food is known to influence size iz the clothesmoth
{Tisackuck, 1726); eye-solour f;m ving proportions im Fphestis (Kohle?, 19460)
sige of entenmae in Drosophila {Gordon and Samg, 1941); and polymorphizm in
the homay-bes, white antz eni othex insects. Yhe larvae o the Mediterran-
ean Tlour moth Ephestis kuehniells Fed on highly milled Tlour, davoloped
alowiy inbo moths of lighter weizht then those fed on fiour made from tbe

entize wheat keosmel (Richerdason, 1726).

{e} Gensral.

T4 was sees sbove (Discussiom: See. I (a)) thet st @ higher beup-
erabure the speed of dovelopment in Flutells wms gulckened but body wolshb
wes reduced which uresumbly wus the cause of reduced Tecundity {Disoussioni
Sece. il fa) 3 fupt. 2, Table 6 ial,{b}). oweover, the iniercetion of
temperature und Gifferent cualities of food showed Siat wmture lesves of ¢ub-
bags (which would be fourd in mtww in the warmer poason) were reiatively
more iermful at lower temperutures thau ot higher ones as measured by the
veduction of body weight {Lxpt. 1): which in other worde weant reduction

in feoundity. Apart {rom the divect effect of cuality of food on survival,
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the redused reproductive capesity also resulte in smeller populations.
Ullyett {1950) brad several spacies of vlowliles together in
& controiled redlum and found that iz imter-sgeaifio conpstition fecund-
ity wae im direct proporiiom %o the inbeusity < competition =~intense
competition produced smmll fliss which 1aid few eszge. In this respect
Lucilis suffered less than cther species {es 1% bas the smsllest reximum
normel-growvh welght and hente recuire¢ less food than the othars).
Thus iz compotiticn 1t cutgrew sthey spgeies Tound neerby. - In all
spsedes the first reactionm of larval popalation wus to effect & raduction
in bhe averege ize of the individusls so thet they gacrificed size in
favour of mambers. The total mortality increased st the sewe tioe us

the reduction in size was proceeding.
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Bgetion VI,

LOHGEVITY AND FECUSDIYY OF TWO PARASITES OF PLUTELLS,
AND DISPEROAL OF HOROGENES,

ilthough the femnles of Diadrosus lived lomger st 18% then st

ket

25% (¥ < .01 percest) both when offeved 4 hosts and 8 hoats deily, neither
tengeratuye nor the puber of hosts present made ey slenificant differsnce
%o the tosal number of eges iaid; 1in other words, at a higher temparetuze
the purasite lives for & shorter time hut is more efficient in puresitize-
ticn (Expt. 9, Tables 14,15;16).

¥he pumber of sges leid at 16% was slizhtly higher thom eb 25%
but this difference was mot significemt, &% 189G femmics laid epge more
regularly from day to duy than st 259 (Fig. 8). Giving femalcs S host
papue instecd of 4, did not induce them $o lay mOre SLESe Bathor fewer
eg:s were laid in the tubes whsre theve were § pupse. But this differsnce
wun not significant and 1t nust bave been due $0 chanse beccuse 1% is most
improbable that the presence of more homts would ceuse tho femnlos to lay
Lower QEES.

The mupber of eggs lald per femmle Po¥ day of life «nd the mumber
of eges por female Por pups were pot sienificantly different in the freat~
ments. “hen the femles were givenm B host pupse exch 4y some of them were
sussrparasitized sven 11 21l the eight were not used to lay BEES. Wybe
some of the pupae were not suitabls end the Temales aid not lsy eges in them,
or gerhaps the onog sugerpurusitized were 100 attractive. Singte ihere was
ao difPfsronce between the totul number of epps lald by the females offared
eight or four host pupas a da¥, 1% would sees thav the degree of puperpaia-
sitizztion was higher in ths latter cass {the date have not been analyeed
28 yet $o test the chance of distribution of epce at yepdem).  Llogd {1940)

slso observed that this purusite superperasitized even in the prosence of more
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host pupae although the distribution of ages was not quite at random.

{3} Fecundity of Horogenes.

twelve females which emerped Irom parasitized pupee sollected
in the field lsid an evemge of 51 eges at 25%, the numbers varied from
3i~194 egee per femile. The nverage 1ife of the adults from emergence teo

desth wus 6 duys, warying from 3.2 days (Expt. 10, Table 17).

{e} Dispersal ol perasites and salaqts.én of host.

The adults of Horogenes, whem relenssd from & centrel point, had
a tendeney to spread cutwardly in all directions, their density thioning out
prograssively away fvom the comtwe (Mxpt. 11, Table 19). It appeared that
the pevasites flew in axy dirsotion untll they came mear & cablage planti
then they consentrated thelir attentlion around it., fince some of the host
jurves on those plants were purasitized it would seewn that the perssites
searched Tor thelr hosta.

¥ind definitely affected the direction of Flighd {rable 18). In
the experinsnt, wind was clowlng from woat Lo east and & Tar grester number
of prasites were tuken esat of the point of release than %o the wost,
thouzh they wers vrecorded up o S-ioat distance in svery direction. Hore-
sver, most of the paraaites were lost or wers perhaps blown away without
£4nding & plamb.

Both i« the presence snd absence of wiwl quite & number ¢f para-
sitas were found sitting imactive on the pota undernesih the vienta {Tables
18, 19). 'The reason for the insctivity might be that since they bad naver
exporienced cutdooy ilfe they were setting used to the eavironient belore
zharting & rvegular sotive life of parasitizetion within e few hours of
raleass.

45 to whether $he pauresites stopped st the plante teking them

as cebbage or they stoprpsd there {inding amy green vegetation sbove the



33.

ground, is Aifficuls to say., It is also diffteult o aseersain from
these cbeservations a8 to how the parasites perceivaed that Plutella
gatersilicrs wers there ¢p the planta sven though they hed vever search-
o4 for thom before. It may be that a parasite femle, whilis firing
arsund on the leaves, by chante came across & eaterpillar which, om

touch, wrigeied and the termale followed it {nstinotively to lay an &6E

in it. And, after some time porhape 1% enseuntered acother and then

anothor which imde her remcin in the vicinity., iost probably, My
caterpillars were lost in the grass becnuse they were ghussd in this

wy. This veaction to eadh other 1s & nomel, instinctive vohaviour

of the parasite end the bhost.
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fection V1il,

the aetivity of tha insects with the sacsons.

{a} Synmchronizetion of

{1) Pugeicel factoxs of the environment,

#4ithin an optisnm gone the effect of temperature on the speed of
developmant of Pluteils in the experimsate wai apparent in Swo ways: £ivatly,
gus to higher mate of metabolism and shorter 1ife at the higher temopratures
relatively mmller cusntitles of mutrisnta wore stored in the body so that
the ipherent reproductive cupacity wua reduced; secondly, a3 the aduly Life
wie phortened the chunce of Aying without laylug all the eggs was insreasod.
Op she whole, in Flutells at hizher bomperatures the length of the lifTe~oyels
and the fecundity were dsoraessed.

In the expsrimente doth speed of develommenk and fecundity tended
$o be creater when the larvie were sxposed, during thelir devealopment, %o
particular cambinatiouns of temverature and photopsriod, namely whag io0g
photoperiod wasg assoclated »ith higher temperature snd phort photoperiod wae
aasocisted with lowar temperaturs, al they are in mature during aayly swmer
end autumn respectively. Theso isctors {aterast im rathsr & compleX Weji..
It sopeers that &l extiremes, temperature ia o dominert factor but within a
range of opiloum temperatures, ghotopericd or ratio of light-houra to derk-
ness has o profound effect. Spead of development is regulated in guab &
way that the harmful effect of cne faoctor is coumteructed by the bensfictal
affect of the sther, thus providiug a sors of dalanced conditlome: somswhat
siwiler interections were obaorved in the case sf fecundity.

Intarestingly enough o similar effect wes obzorved indirectiy
through the food. Fooll growm at o certain photopericd tended to bo most
officacious when 1% was fed %o lavrvas which wore sxposed to the same photo-
period, Also, Tood grown st certain temparstures tendsd to ba wove elfi~

caclous when fed to lurvaee which were sxpossd Yo appropriste photoperiods.
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Phus Tesd grown at = high temperature was best when fed to larvas sxpsrienc-
iag a long ghotopericd, and food grown at a Luw temparature wvus best°fed %o

larvsme experiencing a short photoperiads

{11) Influsmce of suality of food.

In experiments in which the faflusnce of teuperature and photo~
period vas sliminited it wes shoun that caterplilars grew moIe suiekly om
young green leaves than om sature ones gond thet mobths resvad, durlng thelr

larval stose, oo the lorwer food leid move egsse Also the i1afivencs of food

was acoentuated at lower temperatures. Phe wmturer food was mOYe marmfol

at & lower temperature tha=m ab a hizhar one. Iu DAture, sature ool would
te _rmzé; in the hobter season, 1t wae seen in Rxperivent 1 that at both
tomperetures, viz. 18% ond o5%, the ratlc of 4xy metter : wuter in sl
insect body remained consterd; probably it holds gond at all ‘omperatures
sithin the opiimus zone and wEybe that this characteristic is {mportant for
pormel aotivity. Sinte on mature food this ratio is upset by reduction in
dyv wmbber and & relutive imerease in water, and ths total beldy welght is
sigo redused, 1t mey mean that al sny one time in nature the reprodustive
capacity of the insect would e Getermived by the suality of foud avallsble.
Thus Plutells may be adapted in such & wey that when outdoor tenpsratures
ape hisher as im summer {life-cyele is shortened) and more food of a maturey
or unjesirabls typs is awailable (om whieh the spead of dewvelopment i5 slower
and thas the lifs-cyele 1o iengthesned), the insect boly lws & tendensy to
strike at & correct bulance of dyy mitey @ water rutle. But both of these
factors lead to & lower bely weipht whick, iz other words, uesas lowsr fetwnd=
ity, Thus ewvirenuental fmetors {sush ss tenperature, oic.} promoting a
short 1ifa-oyele, after soms time sreate conditions by meturing food}, which
reduze the yeprolustive capacity. IS WAy appss¥ in the {1eld thal the oTop
heg fislebed snd the food is exbausted tut et the mues (ime the inhereni ate

of reprofuction in the imsse? hus already besn depleted.

(111) Sex matio.
Comparing the constitution of the femnle bedy with the sonditions

of temperatuye and suality of Tecd providing these requiremente {piscussion:
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Zpase I (&), I¥ (o} }J, it should be noticed that whoreas e fomnle my geb
adegquate nourishment only from & good nuality food at & modarately lower
teupsrature, o male sun do 53 well at & higher temperature om o poorar nusle
ity food. It 18, therfore, probable that in nature during fevourable cob-
ddtions of food ani temporature there is an oppertunity for  greater number
of fovmles bo surrive snd in yather unfavourable conditions, a Eigher pro-
portion of females 1y dle s¢ that mles mey ineresse yropamiom.miga Ia
the former casa thove will be & tendency fap the populstion o inoveass im
depzity thus inovecsing the clance of mating =0 that Tewer maleo would be
suffiolent but 11 the latter czse there wonld be & decreass in the Jensiiy
of the sopulstion so that & grester wmumber sf males vould be mequired to
provide an adesuste shance of mating. Since sctual counts weTe not made
in the fleld, %his is purely & hypothetioal consideration,

45 wentioned sbove Seamans =nd ¥aeiilien (1935) also obscrved the
effeet of the cuality of focd om sex-ratio tased ou pupal counts, buk they
did not drew amy conslusion because the retie sffer euerfants wes 1uo% Gob-
sistent with the cme obuerved im the rupal sbuge. I the case of some foods
{aiffarent spocies of host plunts) the retic wes oven reversed ou the onar=
gence of sdults. That is, when losecis weys regred on a particular foed
mles predomineted in the pupal stage but move fesales than mles smprzed Trom
themy +he reverse was true on soe other foole Thees differences might
heve been dGue ko chance or to asome diffsrence in the putrients present in
various speeles of host plants. It las bosn seen that the cabbaps lsuves
tu differvent phveioclegical stages of development havs & different ilsnfiuence
on both %he spced of developmeut and the Ffecusdity of Flutella. It is quite
iikely that in 2 similar way the develonment a? the Ywo sexes may alsc be
influenaet. larcovitoh {1724} showed that sexpproduction and slgration in
vhe Apnididas could b contielled experizantaily by subjecting the hosts to
Sdefintte heours of dally light exposure which slfect wus indepondens of temp-
prsture (in Tempexete Zoxss). Liccording to aim "the experinents with Aphis
sorbi wonls indicate thet just «s the azhort duys of fall stimulate the pro-
duotion of fall migraumts, so the lengthening days of spring stisulate the
production of spring migrants to teke thelr abols on the plenteint. I%

gesms thet the activity of the aphida is regulsted by the seamons of the year.
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(iv). General.

On the baslg of the experiments that I or other workers have
done, I have given above my interpretstion im the forn of a hypothesis of
toynekronization of the sotivity of the insects with the seaszong'. Season-
al rhysbm in population of multivoltize insects i well Knowh. In the st
in the etudy of the maturel iusrease ip antmal populations toc wuuch ampbasis
has been 1aid on the divest offect of factors of the enviromment like Lempes-
ature, light and food ete, But the indirsct effect of these factors may
be eswaily lupovbant. The presence or scbasnge of foed in miurs is eaaily
geen but the ohamwe im 1t quality may not be oo sppavent, although its
aflect on the population we & whole way be very luportanmt. It is hopad
thet in future dus eare vill be takem in evelusting the effeet of ¢he diff-

erent Izofors on salmel popuimtions.

{v) Belance of nutrients recuired by insects,

From the sbove ncoount and work done on othwy iumseets, it would
appear that the quelity of food eiome hes & drect influents on the speed of
devaslopnont, suevivel rate, gemercl activity and fecundity of insests. The
differemgs in ouality ey be ae found iy diffevent host suseles fop a poly~-
phagous insect or Cue Yo differenss iz the physiologicel stage of develop-
uwewt 0f the host in a monophagous inssct,

£ the presence of optimum levels of physicel Tactors of enviroen-
ment the population a? an insest species cernod inorsass uniess ths gwvailuble
food ic also of a degirable suality: sporadic spmarense of an insect pest
usually foiloes the fulfiimeat of tuece condisions. Iue to s temporsry
change in physicel factors to unlavourabls levels there may sprear g corrass
ponding change in the cuality of food {e.g. wilting or turgidity in plants,
stc,) which mmy prove as harmful for ineect survival as the divect eifect of
those fuctors. The effect of 2 wove gredual change in the quslity of food
as found in ifferent seasons of the year would be even more pronounced asd
would aitect the extire populntion.

At any one time invects {aeding om & poor susiity of food {such
as 8 less sultable specles of host or & certaln part of host less sultabie
than others Tor develogment ete.) develop slowly, showing o hizh mortality
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which iz sugrestive that some nutritiomel factor ia abssmt in the food or
not present in adeguate cwmntitiea. Towarde autuwma, the tesparature fells,
the daye-length becsnes short and fozd of insecets becosss drier end conmeguent-
ly differeat in quality =a compared with carly sumser oy sywing food. During
the adjustwert of Jry to wet ratio in this food some of the constitusmts muy
incresss ouk of proportion to sthors (m.g. corbehydrates to proteins) which
nsy be stored as such im the body of insects feeding om it Xn the hegin-
ning of winter dlapause appesrs im many insects in assoclation with incyreased
fat body which helss them %o pass the coplnsy unfevoursble oonditions,

It soppsars that for norsal metabolism an imsect reculres & certaln
optlmum cuality of food combuining the right proportion of nutrients. Since
growing foodl 1z subjsct to the infiuvence of external enviromment, such an
optimam cuality may or may mot be svailable throughout the year. With
change in envirommont {oopecislly physicil) certain corresponding changes in
the constituvents ol food would be expected. Some of the mutrients in the
food muy be pressnt but not in sufficlent guantity relative to the others
{as found in different speoies or varloties of a host plont) or some 1y be
pressnt in amounts that are too lavse relative to ihe others; in nefther
eage woald thers be & propar bulance of mutrients resuired for normel ace
tivity and yaproduction: and certain abnormslitiesn may sppeny in insoote
feeding on them.

If certain mutrients sre defleient in its Feod, the mormsl metabol-
izm of vhe insect muy be upset and it may have to sat more in order Lo meks
us the deflelenoy or mmy not be abdble to feed normmlly at all: slow larwml
development msy be followsd by abnormal pupation. Deformed sdults may
ererge from them which mny be shori-lived and muy bave a poor reprodustive
capacity. £, however, food iz very deficient in those nutrients & some
barmiul constituent is presomt in 1% {as, probablﬁ, . in semeacent or de-
caying leaves) ineects Teedlng on it way dile early iz 1ifs.

in tbe other cume when no vital mutritive factor be deficient in
food but some of the constiturnts mmy be in e groater provortion $o others
the lnsect fseding on it ip en ettempt to kesp up normel metabolism may end

by storing en excess of some mutrionte {(e.z. inoreased fut hody in dloapausisg
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inasscis). Duriug this process the speed of development may be ulowed down
and ik the loxg rum this excessive muterial stored in the budy in itself mmy
upsst the normal metabolism. This is, of course, consilderin thst the
insect Lody in such ceses 18 not able to ubilize celectively the mutrients
present in the food, olther Yeoause there is no such inheremt capacify in
that spesies %o do so, or because that fesulty has besn temporarily affected
adverssly dus te the influence of some other factor of the snvironmant, e.g.
the changing lengtk of duy mey affect certain nsuron ceils of the insect and
thus mwy cause the secretiou of certein hormones which, 1in turn, my aiffect
the secretion of digestive enzymes ete, I 1% hapnems at 8 time of the year
from when on conditions cutside are mot suitable for mormsl xotivity (se low
tenporaturs in winter), the insect may enter into ¢ prolonged or iuntense
dlapause, On the other bund, if outaide conditions are not &l%ogetﬁa:? un-
favourahle cnd further developmont is pomsibls, the normul mstaboliam iny be
affected for & short time zoi after the gxe&aaiw food store ig used up by
mptebolium and a correet ratio of mutrients is set up within the body, normal
activity may be resumed] this may be a ssee of incipient Ciapcuss.

In t¥is hypothesis of *halanse of nutriemts recuired by insecta
Tor normal activity', I have mode au attemst to _axﬁl&in that for the norwal
activities of the insect Lody like healthy development and repraduation, the
nutrients ave requived in certain preportion. %r,, dus $0 gome causg, that
proporvion is upset, certain abunorwelities aprear in the petaboliss or form
of the inseet, such as deformities in wings end sheve of dofy, slow =peed of
development, reduction or impsdiment in egg-~laying capecity or Gispause etc.
Andrewarthe (1952) in giving & hypotheais of 'food mebilization' also pointed
out that the mertadelic process associuted with Tood reserves storsd im the fab

bodly or egg-yolk has & central position asz regards the cause of diapause.
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The caterpillars of Pluteils Zeveloped mors guickly «t 257
than et 18%; ami they welshed less at pupation at 25° tham at 18%, dus
the retioc of dry matter to waler was the sase al both temporatures.

he exposure of caterpillars to 4ifferemt photoperiods influ=
enoed their speed of developmwmt., There was an indiestion thet the in-
fluence of lizht was aifferent et dlfferent temperatures and psrhaps at
different seasons of Lhe year.

The lorvue resrsd on white or young green leuves of cabluge
feveloped more culekly than those raared on green but muture or senessing
leaves. In %Ris respsct the slow apsed of development wes nascaiated
with & bigher desth-rate cmong them and a iower body woight coubized with
& higher wuter contont o the pupne. The barmiul effect of the poorer
auality food was uctentuated «b & lower tomperature.

¥he lapves which fad on leaves Ivom cabbages which led received
axtya phosphorus dovelopsd mors slewly then the controle, agd the deaih-
rute was higher. There was e differemce in the epesed of development of
lervae in the eonmtrols and those rasead ov leaves Irus plants which had
rveceived extra nitrogen or potesh.

Irrespective of tomperature apd the auality of their food fo-
mles develupad more slowly thor males and dhey wizo bad move dry miter
and & hicher iive welsht in the pupsl staze. Sines the interaction of
nuelity of food «nd seox end the interuction of quality of food sund tempsr-
ature wore sizmificent it sppearsd thnt the femmle fuifilled itz recuire-
ments better from a good cuality foed at moderstely lower teuperatures,
whereas the male was better sble to develop on poorer Tood and at hicher
temperatures. 1t showed that there was difleremtial survival of the sexes,

The insects bred at 189 produced moye egga than those et 21°
which 1a thought to be due to the lower body weluht at the higher tempere~
turs. Fhotoperiod nlao'inﬂuemcei fecundity but the effect was not so
slear besause in two exporiments cerried out at different sesaons of the

year lizht in conbination with other factors showed conmtrudictlug results.
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The guality of food sates by the cuterpillars bad a profound in-
fluenss on thelr fecundity. Those rearsd ou white or young green lsaves
of cubbags laid significantly more eges as compared with those reared on
groen tut mature lesves. Similarly, when larwae wers yoared on the betier
suality food thay produced more silk, the resulting mothe lived longer and
a hizher proportion of the mles were fertile.

The eaterpillars reaved on plants grown in i% hours of light @@Eﬁ
day were more iecund in the wouli stege then those meared on planis gru'm
in 9 hours of light deily. The sawe result wez shown by two experizents
dons in sumeer snd winter, but in both cases the differencss were not aulite
significent &t the 5 percemt isvel.

From the eflest of temperuture sad photopariod and their inter-
action om the spesd of develomment of Plutells it appears that this insect
may be uniercoing s imcipient dlapeuse in winter.

Althousrh the Tesmles of Disdremup lived longer at 18% than at
259, both wheu offered 4 bosts end 8 hosts daily, nelther temperatuys mor
the sumbor of hosts pres:it made any signiticant differsnce 0 the tetal
number of egss laid.

4 preliminary study wae made of the dlspersal of Horogenes {Ang-
itia) aduits in she field., It apseared thet Lmmediately after releass
they spresd owtwards in all direetlone. ¥hen they cume ucross a cabbags
plant they searched Tor hosts, In this saperisent cabluges bad been are
ranged Bt certain distenoes apart end o esrtalin nusber of hosts had been
placed on sach jplsrnt. Houtine obserwstions of the presemce of parmuites
wore cude.

Ywo pererel conmelusions wers reached, firstly, that im Plutells
there L& Yayuchronisatios of ths setivity of the insect with seascua?, wnd
secondly, that Tor the momml activities of Flutella a 'talauce of autricots
is reguired by the inssett., It iz the authorts opinfon thet these con~
cluslons may slso apply broodly $o other inssots ond this mey be a useful

hypothesis on whick o base Turther work,
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Ia Sxperiment 3 (peges 19-23) saterpillars batched on the 26th
wnf 28%h Ootober, 1952, deveiopssd move culekly then those batohed on the
24%h ond 25%h, snd 1% was thought that 1V might bave heen due 9 the ex-
posuve of the ezns o Light for different lengths of time {Tablis B.8,0,0]).
Pais experiment was ropeeted on the seme dates (caterpillars hatched on
the 2304, 24th end 25th October, 1953}, o see if there wes nwy influence
of phosoperiod durdng the inoubution of egus irea asveywintering moths om
their subseswent developtent in the lervel period.

Thisd imstar Flutells ssterpillars were collectad rom the Tield
{Baite Institute) and were semrnd in the laboretory at 11%. As mothe
they leid ezzs ab the same tempsrature. The eges were incubated ol 17%¢,
Balf of thew being exposed te § hourst slactric light (1 loot away frem
tiszzda? ziobe 40 w.) sach duy, end the other helf Ho if hours® light dsily.
is they betohed the larvee from both lots were reared in Y-hour aad l5-hour
photoperiod each day.

The caterpillars hsotohed only Juring ezposure $o light and within
2.4 hours of their hatehing they were distributed ut rendom in the respecis
ive bveatnemis. They were Teared imdividuslly ca young green leaves of
cabbage in gloss sgscimen tubes 29 % 13/16"%. The first change of Tood was
done on the fourth duy of hatehing bub subssquemtly the food was changed
on every third duy.

To note the time of pupation chservetions wers taken thiee times
a duy afver every elght houra. “wo deys alter pupation the pupse were
sevorated from thelr cocoons snd the sexas segresnted, The welghts of
hoth pupas ond silk were teken., For their dry umitter the pupae wers des~
icosted ut 1027 nnd were kept at that tcmpevasure for 24 hours, sfter
vhich they wers weighed.

The following table shows the sunmery of vesults and the amalysis

of varience of the data relatire to larval plua prepupal iife in days.
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ie) Darstion of life in days from hatching to pupation
(mean bused on 25 obserwations in euch treat-
mout ), at 17% at difTerent photopsriods
during incubation and rearing.

5 Ineubation
Rearing Mean
2 Hours 15 Hours

5. Do (2 p.23) (2 0.16)
9 hours L7717 1.6 i.'i-G
15 hours 15.3 1506 15.4

B. By iﬁ 0,16} G. ¥ean
iaan 1605 16.8 16.6

Leant significaat difforemses {d.f., 56) :

B0dy of table Gob ”309 1.2
Marging 2.5 el Ge8

{b) imelysis of variance

Veriance due to dofe Byde TR
Tatald 97 272027
Troatmens 3 144,98
;mubation i 2,17 £41%
Heering i 142,81 142,81 =X
Trtemaction 3 2.0

Error 96 3,2702? 1«3326
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Conglusion.

The larvee fros eges exposed to 15 hours of light such day
during inoubation developed at the saus speed as those from egégzs
exposed vo 9 hours of 1lzht deily. But the larvae axposedl Yo a
15-hour photoperiod while reuving developed mope ouickly them those
exposed to o F-nour photeperiod {(P< .00L). This would mean that
iz Oxverisent 3 the speed of developwemt of the larvee was not infiu-
anced bsoouss they were exposed Juring thelr exbryonic stage %c diff=
erert durations of light, but some cther unmlmown foetor was showing
4%2 influence (see Disonssion ! Section I (&), p«55l. The cuteryillars

5 this experiment were reared at 17°C wheress in Experiment 3 they
were vesved at 20% apd 247,  As tks larwes were reared st different
temperatures in the two experimemts, vhotuperiod might have influenoed
the developing embryos differertly. Unlese it is proved thet photo-
paricd hme & differential infiuerse ai different levels of Yeuperaturd
I cannot sxplein the differvence in the bahaviour ef larvee hateked on
differert dmtes im Srperirent 33 this may Ye the infiusuce of some

factor cthexr than photopariod.
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