RELATIVE SUSCEPTIBILITY
OF VARIETIES OF PADDY GRAINS TO INFESTATION
BY THE ANGOUMOIS GRAIN MOTH
( Sitotroga cerealella OLIVIER )
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INZRODUCTION

Insect infestations in gtored prains hove been
variously estimated to cause 5-107 loss. S0 it is essen-
tially a matter of utmost importance to protect our food
grains while under storage, especially at this time when
India is passing through a state of national energency

and all our resources have to be mobilised.

Rice, the staple food of Kernla, is stored in the
unhusked form for long geriods either for consumption or
for secd purposes. In storage this is subjeet to consie
derable damage by a variets of pests, among which the
Angoumois grain moth Sitotropa gereslellsa Olive is of major
importance in Keralas, It is commonly observed that the
depredations by this pest are more serious in the main
geason produce, harvested in July~August. This is presumably
on account of inadequate drying consequent on tne occurrence

of intermittent showers at the time of harvest.

Control measures llite fumigation, though effeetive
against the pest, is daifficult to be applied in rural areas
on account of meagre godown facilities. Using varieties
of secds which show relatively less susceptibility to
attack by ihe moth, may prove to be adequate in miniwmising
infestations in storage.

Very little work has so far heen done in this line.
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Remish (1937) has reported variet:l diflerences in
rice with rege-@ to attack by Sitotrogs georanlella O1.
According to him glutinous rices and rice with golden
broun glumes are comparatively more suscaptible then
others. Israel and Vedamurti (1958) have observed that
generally fine graincd scented varieties are more sug-
ceptible than coarse grained ones and that this is
prosumably because of the higher moisture content of

finer varieties.

With 2 viev to grade the different varieties of
paddy sesds in use in this State , with reference to
suseoptibility to attack of £. gerealella and to prevent
the deterioration thereby in storage , the presgent
investigations were taken up. In these studies twenty
nine varieties of paddy seeds grown in different parts
of the State have been gubjected to infestation by a
single generation of $. gereslella under laboratory
conditiong and under natural eonditions existing in
godowns. DBesides studying the gxtent of infestation
in the different vavieties, observations have also been
m do on the effect of tho different varieties of seeds on
the dewelopmental period, size end fecundity of the
moths. Significant variations in all those facters
have been observed in the different varisties of paddy

seeds under test. There are varieties which appear
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to be highly resistant, or highlv sugceptible or
showing intermediate susceptibilities of varving

degrees.

A comprehensive review of vork done so far
on insect pests affacting rice under storage is also

given.

w0 00w
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T REVIEW O0F LITERATURE
PESTS OF STORED RICHE

Thirty one speciss of insects and tuo species
of mites have been so far recorded as pests infesting
stored rice. Following is a review of the work done

on these pests.

ORDERs COLEOPTERA

1. Colandra (Sitophilus) Oryzse Linm. (Curculionidae)

Commonly called rice wesvil, this insect was first
recorded in India by Lefraoy (1909). Fletcher (1914)
obgerved it on ripe grains in the field. Fletener and
Glosh (1920) found that at Pusa, Bihar, the weevils are
active from August to October when thoy complete three
generations in quick succession. Its development ig
extrenely slow from November to July, & single generation
during this period taking 14 - 6 months. Cotten (1923)
rocorded Aplastomorpha vandinei Tueker (Chaleidae) on

Se oryzae and 5. granaria, all stages of the pest being
attacked, thougn larvae are preferred. The purasite was
observed to complete its life cyele in a little less
than half the time required by its host. Ville (1923)
observed in Brozil, that rice in husk is not attacked
by thls weevil, In the sub-tropical olimate of South

Brazil, there vere at least five generations in a year,



the duration of the various stages being 6«9 days for
epgz, 12«17 days for larva, and 7-11 days for pupa. Lord
(1928) noticed that rice seeds exposed to attack by S.
Oryzae deterlorated in storage by 23,25%.

Hozawa 1920) described the life history of the
weevil, breeding in rice in Japan. Bges are generally
deposited singly within rice kernel. These hateh in 4«16
days. There are four larval instars. The larval stage
lasts 2=-3 weeks, the prepupal period le2 days, and
the pupal stage 4-9 days., Takahashi (1934) studied the
causes of heat in stored rice infested by L. sSasaki Tak.
The temperature reaches a meximum of 35° C, 12 days
after the larvae hatch, when their body temperature and
respiration rate sre highest. Commun (1934) stated that
rice is protected from weevils by storing it in metal
or reinforced conerete contailners. Square (1934) proved
that rethreshing infested grains reduced infestation
from 1.5 to 0.6%., He (19235) alse found that 1 pound of
calcivm earbonate per 180 pounds of rice was effective
in preventing wesvil infestation for at leust eight

months.

Kimike (1936) working out the biology of .
granaria L., mentloned that the weevils do not feed on
unhusked rice. According to Kuo Li-Sien (1936), boric

acid was effective in the control of C. oryzae in stored
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rice, Xono (1937) observed that at 30°C all pupae

and larvas of C. oryzae are killed in ihree hours by
ehloropierin applied at the rate of 1 pound per 100 cubic
foot of space. Adults and eggs are killed in less than
one hour, Treiman (1937) found that polished rice was
found to be almost immune from infestation by C. orysae,
which he said was probably because it is dried, and

the graing are too hard for the weevils to oviposit.
According to Voute (1937) migration of C.opyzas, which is
placed deeply in the grain escape polishing machinery.
Romanova ot gl (1938) reported Lariophagus distinguendus
Forst., parasitising S. pryzae. Kunike (1938) stated that
this weevil could not feed on unhusked rice, while

husksed and otherwise untreated rice was a good medium

for them.

Kawano (1939) observing oviposition sites of
C. oryzae, showed that the females oviposit more commonly
on the middle part of a rice grain then near the ends.
Hakayama (1939) studied the rates of multiplication of
€. oryzae in Japan., He obtained a population of 252 males
and 614 females out of a pair of adult progeny, reared
in rice mediwn for about 150 days. According to Herford
(1939) in Hongkong, the weevils breed rapldly in first
guality polished rice. Kinoshite and Ishikura (1940)
observed that in the w;aevils, the length of elytra, rostrum,



and the hind femora decreased with & fall in humidity
belov 50-60%, Nakayama (1940) recorded that the average
duration of life eycle of the weevil ranged from 33

days for eggs laid in July, to 60 days in case of those
eggs lald in Septomber, It was further observed that
development of the weevil is considerably accelerated by
a higher temperature obtaining inside rice bags.

According to Corbett and Pogden (1941) C.oryzee
breed rapidly in rice at a relative humidity of 70%,
but reproduction vas much slower at 50 or 607 pelative
humidity. Balzer (1942) mentioned that the weevil bores
into the Lwll of the grain that are broken oy have
failed to close properly after blooming. Cheo and
Chang (1943) suggested coverdng of stored riee with a
layor of fine sand 2«4 cms. thick, and storing in un-
husked condltion to prevent danmage by the weevils. Pruthi
and Singh (1943) recorded C. dryzae as a serious pest
of paddy and almost all other cereals in India. Ghosh
(1947) found that a 5% B.H.C. dust apslied to rice in
bags at the rate of 1% pounds per 166 squere feet of
exposaed area eontrols the pests Reinfestation was not
apparent for six months following dusting. Richards
(1945) attributed the cause of variaticn in size of
L. orvzae to the existence of two strains, one of which

boing abvoul tice as heavy as the other. Crossing of
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the tyo strains vas difficult and the hybrids appeared
to produes no viable offspring. Khan (1948) estimated
the average annual loss cauged by the weevils alone in
Indla to be 1,00,000 tons of stored rilee, Krishnamurti
and Rao (1950) found rice less attractivs to the weevils
than 'Jowar' or wheat, Rao (1953) further observed that
a larger population of the weevll developed in fine rice
than in eocarse varigty during the firstgix months of

continuous Peeding.

Pingale ek al {1957) noted that husked riece
is infested %o a greabur extent then hand pounded rice,
milled rov rice, and parboiled rice. Infestation of the
rice grain cavges loss of starch in the gruel during
cooking. Isracl and Vedamurti (1958) observed that
B+ oryzee may infest fhe developing grsin ln the field
and recch the store olong with harvested grain, here
undsr favourable conditions the pest multinlies.
According to Lin Toung (1958) in Formosa, the oggy larval
prepupaly and pupal stages last 3«10, 15«89, 1«2 and
3=13 days respeetively., A femsle lays from 4 to 356
eggs and the adult males and femglos survive for 12230
and 9-139 days respectivelys There are elght generations
in the yzar. DBrecze (1960) pointed out that the rice
woovil is uvnable to feed and bBreed on a graln with an
intact husk even when the moisture content is high. Its



rapid multiplication, according teo him, is dependent on
a higﬁ proportion of grains with badly damaged husks.
Kashel (1961), after cxamining the available type materisl,

eonsidered that 3. oryzae Var. minor js5 o synonym of

8. oryeae « Bang Yong and Floyd (1962) observed that
malathion 8 parts per millien, gave excellent protection
from damage by the viee weevil, Sander (1962) studying
the effeet of food on the weight, size and fecundity
of C. granaria and C. oryzae, found that the weevils
energing from rice are the lightest and their feeundity
the lowest,

2, Bhizopertha dominiea Fab. (Bostrychidae)
Lesser prain borer.

Lofroy (1909) recorded it first as a household pest
boring into biscuits and other dry storsd produce as well
as stored paddy. Fleteher (1914) mentioned it as widely
distributed in S. Indla on stored paddy. Fletcher and
Ghosh (1920) found that Rhizopertha does not infest grain
if free air finds access into storage receptacle., Herdman
(1921) reported two Chaleids \Chastopsils sleeans and
Lariophagus ealandrage parasitising larvae or Rhigopertha

beetles. Goodrich (1921) stated that larvae and rarely
pupae of the lesser grain borer were parasitised dy
Lariophagus distinguendus Fopst. Stracener (1931)
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recorded the past as the most serious on rough stored
rice in Louisiana. Herford (1939) found the beetles
damaging unpolished rice in Hong Kong. Oeijskes (1940)
demonstrated that hulled rice 1s less severely infested
by Bhizopertha then unhulled riece. Experiments in
Madras (1941) showed that stored grain is more effectively
protected against R. dominieca by drylng it monthly in
the sun, than by mixing various materials with it. Of
the varlous materials tried, powdered acorins and a mix
of lime and erecscte gave betier results than several
others, Corbett and Pagden (1941) recorded it as an
important pest of stored rice in Malaya. Pruthi and
Singh (1943) observed that in Indla the egg, larval,
prepupal, and pupal stages last 5«11 days, 44 days, =8
days, respectively and that the insect does not flou-
rish in grain infested with fungi. HNarasimhan and
Epistnamurti (1944) found that finely powdered burnt
rice husk adhere readily to paddy gralns when thoroughly
mized with them, and wnder laboralory conditions gave
100% mortality to R. dominica.

Krishnamurti and Rao (1950) observed that infestaw
tion of cereals by tho pest appears after the peak period
of atback by the weevils, Bikiehi Iso (1954) stated the

pest as noxious in rice godowns in Japan. Salmond (1956)
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conducted a market survey in Nayasaland ané found
B, dominiea as one of the important primary pests of
stored rice. Tin Tsung (1958) stated that in Formosa,
the inseet has 56 generations in a year. Adult males
and females survive for 64.6 and 80,1 days respectively
on an average. The females lay up to 970 egzs each.

The egg and the pnpal stages average 1%.3 and 5.9 days,
and the four larval instars requive 511, 5-15, 5-19,
and 6-14 days respectively. The only natural enemy
observed is Yyroglyphus farinae Deg. which feed on eggs.

Prevett (1989) found that temperatures within
the raw rice stack lightly infesied by Ehigoupertha
beetles show a fairly close correlation with the trend
of ambient conditions. Breese (1961) observed a marked
reduction in feeding and oviposltion when females
are supplied with eut grains of hulled rice, The
relatively reduced raie of owiposition observed on riee,
is aceording to him, due to nutritional wvalues or the

harder texture of tho rico kernel.

3. Dinoderus minutum F. (Bostrychides)

¥enory Ortega (1934) recorded the bestle infos-
ting stored rice in Santo Domingog Herford (1939) in
Hong Kong and Cotton €1947) in the tropieal countries.
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4. Trogoderma Spp. (Dermestidae)
'¥hapra 'hectle.

Barns and Grove (1916) obgerved that infesta~-
tion by this pest in stored rice generally appears when
the prevailing temperaturs is 90-~1100F. Attack is
mostly confined to layers of grain adjoining the container.
A single female lays upto 125 eggs. Bgg period lasts
6«16 days, larval period 50-200 days and pupal period
6~17 days. Fletcher (1916) recorded I. versicolor Creutz.

in rice in India. Voelkel (1927) observed that rice is
eaten well by the pest while malt and wheat are preferred
foods. The young larva feeds on the floury debris resul~
ting from the feeding of older larvae, because it cannot

attack entire graing.

Nakayama (1922) working on the binomics of
2. graparium on stored rice in Korea, observed that adults
chiefly emerge in July-fugnst and oviposit among the gruins
and that the larvae hibernate from Cetober to May.
Solodovnikova (1938) recorded that in T. versicolor C.

on stored rice, the egg period is 8-14 days, the larval
period 11 months, and the pupal stage 7-15 days, there
being only one generation in an year. Rahman ot al (1945)
found that in Punjab the percentage of larvae of T.granarium

surviving was greatest on rice than on sorghums Do and
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Gopa konar (1956) found that the effect of Bacillus
thuringiensis B. on . granarium B. was insignificant
because the spore powder ingested bythe pest while
boring into the kernel was insufficient to cause appreci-
able mortality. Esin (1959) observed that in 8,Turkey,
D.D.T, did not give good control of I. granarium, yhile
residues from 0.1% and 0.2% emulsion sprays of malathion
gave complete kill for 3 and about 20 days respectively.
Strong et a1 (1959) collected T. granerium, T.inclutum,

2. parabile, I. simplex, and I.gternale, from stored rice
in California.

5. Attagonus spp. (Dermestidae)
Black carpet beetle.

Barns and Grove (1916) indicated that A.undnlatus

has four generations in an year in Punjab. The adult

does not damage the grain, but the larva is a voracious
feeder passing through as many as ton moults. Takshashi
and Uchiumi (1934) recorded 4. piceus Oliv. as attacking
stored rice in Japan, where it had usually one generation
in an year. Solodovnikova (1938) recorded A. bytiwroides

Sols. as an important pest in flour mills and stores
in C. Asia, the larva of which fed on uninjured rice from
second instar, The duration of the egg, larval, and

pupal stages were 8«14 days, 11 months, 6~8 duys respectively
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Hinton (1943) recorded A. piceus 0liv. as a serious pest
of eersals in Britain. Pruthi and Singh (1943) stated
that A. pleceus cannot be considered as a serious pest

of stored grain in India.

6. Lasioderma serricorne Fabr. (Dermestidae}l

Cigapatte boetle.

Jones (1913), Van Der Veen (1940) and Cotton (1847)
have reported it as breeding on stored rice.

7. Opyzaophilus surinawensis Linn.(Cucujidae)
Saw_toothed grain beetle.

Lefroy (19Q§)recorded the insect feeding on flour
as well as dried calyx of Bassia latifolia, Aceording

to Jack (1923) this beetle is an important pest of stored
rice in Malaya. Sinronds {1923) observed it as commonly
present in rice mills in Fi}i damaging rice. Roepke (1926)
listed the pest among more important Coleoptera f;und in
rice imported into Java. Back and Cotton (1926) studied
the binomies &£ this insect, in detall. Kuwayama (1928)
noted this to be a common pest of séored rice in Hokkaido.
Baerg gt al (1929) observed that polished rice is infested
by adults only. Newly hatched larvae which fed on polished
rice did not show evidence of growth and died within a

few weeks. The immature stages appeared to be passed in
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the rice refuse, in which larval development was com-

pleted in 11 days. Corbeit (1931) found Q.gurinamensis

associated with stored rice in Malaya. Baerg ek al (1932)
from their trials, indicated that rice polish produced
beetles most rapidly; rice bran, brown rice, rough rice,
anG polishod rice being successively less Favourable.
Stracener (1934) observaed it feeding on cleaned rice

in Louisiana.

Schwardt (1934) wentioned Q. surinamensis as a

major pest in riee mills in Arkansas. He demonstrated
that it cannot develop in whole polished rice alone.
Development was most rapld in rice polish, but mortality
was high. Vitamin B vhich is abundant in rice polish,

is apparently essential to them. & deficlency of vitamin
A, apgpears to increase larvel mortality. According to
Laver (1939) this beetle is a major pest of stored rice
in Fiji. Cephalenomin tarsslis A. was bred at Lyallupur
(1939) from this insect. Ooijakes (1940) shoved that

hulled rice was less severely infested by the pest in
Dutch Guiana. Douglas (1941) mentioned 0.surinamensis
88 & pest of minor importance on stored clean rice in
Southern United States. Corbett and Pagden (1941) obser-
ved that it fed on the germ of hand hulled rice, but

caused minor damage to sound rice. Balzer (1942) reported
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this insect as a minor pest of unhulled rice in United
States. Pruthi and Singh (1943) gave brief description
on the biology of the pest., Its attack generally follows
that of other insects such as Calandra oryzme. The

1ife-cycle from egg to egg ranged from 27 to 315 days.

Krishnamoorti and Rso (1950) found that the
insect is restricted to stored rice, particularly the
imported varieties. IHowe (1956} presented evidence and
showed that Q. surinamensis and 0. mercator Fauv. are

distinet species which do not inter-breed. Salmond (1956)
noted the insect as a sooondai-y pést of rice, in Nayasaland,
Parkin gt a1l (1887) found that the dried deposit from

an agueous suspension of & proprietary colloidal gilica
preparation applied to the internel walls of the granary
had proved very effective against 0. gurinamensis.

Turney (1967) carried out experiments to determine the
effect of cracked cereal grains on the seproduction of

the pest, The population dovelopmg/in 2+3 months
increased with increase in the proportion of cracked grain
4 still greater production of progeny was obtained vhen
the moisture content as well as the proportion of eracked
grains were increased. Little or no rproduction occurred
in cleaned rough rice with a moisture content of 125 or
below. Israel and Vedamoorti (1958) rsported wide
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occurrence of the pest on stored paddy in Indias Rouse
and Rolston (1961) demonstrated that cleaning of rice
readily removed a high propgortion of adults of the
insect. Gordon Surtees (1963) showed that over the
range of conditions used, 1~-10% of the individuals of

the insect appeared on the surface of the grain.

8. Laemophlosus Spp.(Cucujidae)
Red rust grain beetls,

Maskew (1920) recorded Laemophloeus Sp. occur-
ring in paddy and rice in Sacramento., According to
Ghesquire (1922) this 1s eommon in the Belgian Congo
in stored rice. He observed that adulis remain confined
to thelr habitabduring the day and take flight in the
ovening to invade fresh stocks of grain. Kuwayama (1928)
recorded it on rice, under storage in Japan, while
Stracener (1934) reported its presence in Louisiana,
and Herford(1939) mentioned it as a pest in Hong Kong.

Corbett and Pagden (1941) observed that when pest
infested grains were exposed to a temperature of 600C
for 45 minutes all the pests excepting Laemophloous died.
This insect survived exposure to 50°C for 2 hours.

Ajyar (1945) reported this inseet from stored rice flour
s0ld in Trivandrum. Davies (1945) worked out in detail
the biology of the pest. Rilett (1949) made some ohser-
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vations on the life history of L. fovrusginous 5te in
sereals. Finlayson (1950) obsorved dead larvae and
adults of Le giputus and ke forsuzineus vhich wes
abnormally subject to infostotion by a Schigogregarine
Hattesla dle.era Hav.

Sreol and Howo (1952) revorded L. pugilloidss Sps Ms oOn

rice froc Bragils

9. Ahssvora advena Waltl. (Cuenjidae)
Foreipn orain beetle.

Myers (1934) recordod this beetls in a cargo of
rico from Burma. Cotton (1946) stated that the insect
19 sdtrected to damp grains whore it feeds on the
doveloping moulds.

10, Cothartus gquadricollis Gus. (Cueujidae)

Bguare nooked prodn bestle,

Maskow (1920) intorcoptod Cathantus Spe on stored
paddy and riee in Saeraments. According to Stragener
(1931) this inseot caused minor loss to shtored cleanocd
riee in Loulsiane.

11. Yenghreidas mauritomieus Linne (Fenobrionidae)

Candelle, or Yellow moal wOrDie

Lofroy (1906) reared it ont from rice and almondg.
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Fletcher (1816) showed that adults and larvae of the
insect eat: rice and wheat grains, the latter being
preferred. The adult preys upon the adulis of Calandra
oryzaek, so that in grain infested by tho latter, the
presence of I. mauritanieus is beneficial. Tletcher

and Ghosh (1920) reported it as common in India on
stored c¢ereals. Myers (1934) detected it on a cargo of
rice from Burma, and Stracener (1934) noted them on
stored clean rice in Loulslana. Hutson (193%) observed
1t on stored rice in Ceylon. Pruthi and Singh (1943)
obgserved that the egrs are laid in batches of 10-40 in
food material or crevices of floor, a single female
laying up to 500 eggs. The larva becomes full grown

in 10-20 monihs only. The pupal svage lasis 8-12 days.
Candura (1952) studied the morphology and biology of

T, mauritanicugs in Italy. The adults are predominantly
carnivorous searching for other grain infesting insects
or devour their own larveae. The natural enemies recorded

wope Pediculoides ventricosus Newp. and a Bethylid

Cophalonomia nigricornis Sarra. Liching &ing (1953)

observed the ingect as commonly present on milled rice
in Formosa, while Eikichi Iso (1954) mentioned this as
one among the noxious pests appearing in Japan. Israel

and Vedamoorti (1958) stated that 2. mauritanicus was

common in price,; in India. They moved about the surface

of bags and godown floors. Thomas et al {1960) pointed
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out that the insset attacks sound rice grains, the gemm
[

portion being preferred.

12. Tenebrio obseuris Linn. (Tenebrionidae)

Rao (1915) studied scme aspects of the binemics of
this inseet. The duration of the pupal sitage is stated
to vary from 4~24 days witl an average of 15 days. The
adult stage varies from 10-55 days. The food of both larvae

and adults conalst of rice and other cereals.

13. Tribolium spps (Tenebrionidae)

Confused flour beetle.

Lefroy (1906) guoted Indlan museur notes in which
I, confusum has been recorded as a pest of stored rice
in Rangoon. Balzer (1908) stated that it is 2 major pest
in Southern United States, infesting unhulled rice.
Pletcher and Ghosh (1920) observed it as a serious pest
of ground rice to which they impart a nauseous smell,
Prappa (1929) noted that in Madagasecar T.navale F. often
attack growing rice, partioularly when harvest is delayed.
Horford (1939) pointed out that the pest infest polished
rice, broken rice, and fresh rice~meal in Hongkong. It
broeeds repldly in rice that has previously been broken

down by Calandra oryzase.

Lever (1939) reported it as abundant in stored rice
in Fiji, vwhile Geijskes (1940) noted them readily breeding
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in rice bran. Corbett and Pagden (1941) showed that
T.castaneun causes no appreclable damage to sound rice.
Hathlein (1943) made observations on the development of
T. destructor Uyitt, in cereal producise Though the
adults survived for long periods and laid eggs in groungd
pleo; very few of the larvas completed tnelir development,
Narasimhan and Krishpamurti (1944) found that under
laboratory conditionsg 68,4% mortality was caused to
Tribvolium when graing were thoroughly mixed with finely
powdered riee husk ash. Bouriquet (1949} recorded that
g. castaneun caused serious inJury to stored rice in
liadagascar. HKrishnemurlii and Heo (1950) cbserved it
infesting only broken grains and milled products, pare
ticwlarly bran and flour. Chosh gt gl (1956) included

Y. cosgtanoun among & dozen pests that are common to both
husked and unhusked rice in India, Previtt (1959) mentioned
ihat infeslation in Glerralecne of imported rice by

Z. cagteneum congtitutes a major problem vhieh hae arisen
from the widespread use of gamma B.H.C. to whieh the pest
i9 net suseeptible, House and Rolston (1961) found

that a high proportion of E.Gastaneum eould be removed
by cleaning rice. Bang Yong gt 2l (1%62) demonstrated

that malathion mized with polished rice at 4 parts per
million did not glve sufficient protection from I.castoneum.
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Mejumdar et al (1962) found that T. casteneun in milled
coreals can be successfully controlled either by mixing
it with malathion @ 8 parhs per million or spore powder
of Bacillus thurinsiensig Vars goreus @ 1 part per million.

14. Palorus Spp. (Tenobrionidae’

Small eved flour beotlas

Liching Sing (1953) reported P. ratzburgl Wissme,
as a pest of milled rice in Taiwsn. Prevett (1959)
recorded P. nehanus G. 4in 2 consignment of rice from
Italy. Sarup gt gl (1960) have described a new species
2+ ghikhas which vas collecied among other storage pests
in old rice. The adults did not feed on sound riee, but

could feed on broken grains which were out of condition.

18, Lathoticus oryzae Wat.(Tencbricnidae)

Long hesded flour beetle

It was first described by Waterhouse (1880) as cccurre
ing in rice from Calecutta, Krishnomurtl and Rao (1950}
recorded the insect as a minor pest of broken grains and
milled products in Mysore State. Sarup gt al (1960)
racorded Palorus mulsant, as predabory on L.onyzue.
Chatterji et al (1961} observed that both adults and

larvae of Palorus shilthas predate on larvae of L.oryzae.



23

16. Alphitobiug Spp.(Tencbrionidae)

Black fungus beetle.

Tryon (1916) intercepted 4. piceus Ol. in guarontine,
in bags of rice from the east. Simmonds (1923) noted
A. dizperinus Panger, in siored products including
rice in ¥Fiji. Hayhurst (1940) recordec A piceus on
rico-neal in United States and Lever (1945) tried fumi-
gation with carbon bisulphide and sulphur oxide. 4
satisfactory kill of adults of A. lacvipgbus congregating
in large numbers on concrete walls of a rice godown,
was obtained with & spray of 2 fluid ounces of diesel
oil and 1/4 pound of lead arsenate in 3 mallons of
waker. According to Thomas gt al (1960) the pest is
abundant in Assam, Bongal, ferala, and Bombay, where
humidity 1s high taroughout wvhe yeﬁr. The beetle is a
scavanger and does not cause seglous damage to sound

grains unless present in large numbers.

17, Necrobia rufipes (Clerides)
The enly record of this insect on rice is that of

Lover (1939) as feeding on rice bran in Suva, Fiji.

18. Carpophilus Spp.(Kitidulidae)
Corn_gsap bestlc.
Okuni (1928) reported . obsoletus B., hreeding in

stored rice in Formosa. Balgzer (1542) observed that

E. dimidiatus breeds in brown, milled and rough rice in
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Southern United States. The female deposits 176-225

eggs in the foed material. The larvae hatech within 24
hours and mature in 10«11 days under optimum conditions,
though those reared on crucked rice required 34 days.

The mature larvse pupates in the food materisl or soll.
The pupal stage lasts for 7 days in summer and upto 140
days in winter. The adult lives for €3 days in summer
and up to 200 days In winter. According to Hinton (1943}
C. marginellus Mot. is widely distributed in the Indo-
Australian regicn whems they injure stored rice. Dobson
(1954) observed C. halll attacking stored rice in British

Honduras,

19. Lophocateres pusillus Klug

Siamese grain beetlo

Roepke (1926) recorded it on stored unshelled rice

in Java. A report of the Division of Entomology, Malaya
(1941) stated that sound rice in husk vas not damaged
by the insect while when the husk was punctured by a
needle it uas fed upon. Cotton (1947) staied that it
wes first observed in the United Stztes on rice from
Siam.
20. Thorietodes hevdeni Reitt. (Thorictidae)

Van Emden (1920) recorded this beetle as a probable
pest of stored rice. Previtt (1959) stated that it was
the dominant secondary pest of parboilea paddy in Sierra

lecne.
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21. Ptinus tectus (Ptinidae)
Hayhurst (1940) reported this beetle on stored

riee, rice real, and rice bran.

ORDERs LEPIDOPTERA
22, Sitotroga gorealella Oliv. (Celechiidae)

Pletcher (1916) recorded this insect on stored rice
in India along with other Gelechiild pests. Peluffo
(1923) gave an account of the blology of the pest on
stored eereals in Uruguay, where some years it has four
generations i1in an year, taking 2830 days from hatching
of the larva to the emergence of the moth. Duport (1925)
suggested rapld drying of rice grains after harvest to
prevent lnfestation by Sitotroga. Candura (1926) recorded
Dibrachys bouchesnus R.(Chalcidae) as a primary parasite

of the pest. Kuwayamz (1928) reported that Sitotroga which
vas common on stored rice in Hokkaldo, had two genera~
tions in a yeor. Lord (1928) showed that stored rice
subjected to attack by the moth for 4 months deteriorated
in germinubility by 23,25%. Noble (1932) worked out the
biology of labrocytus cersalellas Ashm., a Pteromalid

parasite of the grain moth. Commun (1934) recorded the
insect as a chlef pest of rice in Indochina and stated
that large quantities of graln are best protected by
storage in metal magazines. According to “ille (1934)
stored rice in Peru is commonly attacked by the grain moth,
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Gonzales et g1 (1935) have recorded Dibrachys ecayus Wik.,

as parasitising pupse of S. gerealelis.

Haorukawn and Xumashiro (1936) observed that in
dapan it passes the ulnter as the larval or occasionally
pupal stage. The optimum temperature for oviposition
there, is 2030° C. Corbett (1937) shoued that sunning
rice grains for 8 hours failed to destroy immabture stages
of the insect. Heair (1939) noted that the predacious
Acarid Pediculoldes ventricosus Newp. dostroyed largs

nunbers of the immature stages of the moth in Russia.
Geljskes (1940) noted this inseet as causing substantial
damage to unhulled rice in Dutch Guiana vhile Otanes

2t al {1941) deseribed it as a major pest of stored rice
in Phillippines, Richardson (1943) did some experiments
on the toxleity of derris, nicotine, and pyrethrun to
eggs of the pest and found that pyrethrins I and II at

a conconbration of 0.007% wore much more toxic than
nicotine sulphate at 0.07%, Pruthi and Singh (1943)
stated that the ingect has usually three to four broods
in an year. Infestation is heavy when the grains lie
exposed or when thay are stored in recepiacles thal

are not full. fIhe pest is not capablc of penetrating
deep into the mass of grain but capable of caunging sufe
ficient havoe in superficial layers. Rikichi Iso (1954)
noted this pest as widely present in Japanese rico godowns.
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Central Rice Research Institute, Cuttack, reported
(1949-51) that inf~station by the pest originates in the
field on standing crop. In the field the attack was
mainly confined to grain in the milk or dough stage.
Usman and Puttarudraish (1965) recorded S.cerealolla as

a serious pest of stored unhusked paddy throughout Mysors
State. Salmond (1986} remarked ihat the grain moth was

a major pest of stored rice in Phillipines. Quednau {1956)
mentioned that Triehogggmma embryophapum parasitised eggs

of tho moth.

Usman (1957) stated that the moths lald eggs on
the young or old ears of the growing plants, on the leaves,
straw, or stacked grain. When the young larva has access
to the soft wnripe grain in the field, infestation is
easily establighed. Its 1ife-cycle occupy § weeks.
Previtt (1959) reported the pest in Slierra leone, infes~
ting rice in tie field either before harvest or during
drying.

25. Epithectis studlosa Moyr. (Gelechiidae)

Fletcher (1916} recorded this moth in stored rice in
Indlia
24. Arigtotelia austeropa Meyr.(éelechfdae)

Fletcher (1916) reared this moth from stored rice in
India.
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26, Ephestis B8pp. (Phyeitidas)
Fig moth

Lofroy (1909} recorded E. gahiritella Zell. and .

EB. gautells wlk, as feeding on rice flour in India, the
larvae producing abundont silk with which they form gallerie
of webbing. Do Charmoy (1015) mentionsd that H.cshiritella

attack stored riee in Meuritius. He suggested fumigation
with sul.hur diexide, against the pest. Andrews (1918)
found that large quantities of rice wes atbacked by

B hubniella, when stored in buildings that had previously
contained infested flour, the remsnts of which had not
bean properly cleaned cute Jack (1922) stated J. kuhniells
t6 bo a common pest of stored rice in Malaya. Nokaysms
(1935) worked out the biology of B. slutella He in rice

in Koreas. When fod on threshed rice, the larval period

was shorter thazn the corresponding perlod in stoped tobaccos
Eunike (1938) did some sxzperiments to ascortein the
sultability of various forms of rice products and rice,

as food for B. kyhnislla. It did not foed on unhusked

rice but thrived on husked but otherwise untreated rice.
Larvae could not feed on glazed rice, but fod on polished
rice. The waste obtainod in polishing riee was the mest
Favourable medium for the insect, 200 eggs giving rise fo
103 adults. Froggatt and Moody €1939) found that infestation
of copra by Hs glutella originated from gtored rice.
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Herford (1939) recorded Be kuhniclla attacking rice

neal in Hong kong.

Ficol (1941) rscorded Microbracon hebetor Sayes

parasitising both E. gautella and E. glutella. Hinton
(1942) furnished Xeys for the identification of larvas of
E. lkuhniella, B. slutells, and B, cautella. Kunike (1942)

conducted experiments on the protection of packing
materials against penetration by H. kuhniells and B. glutella
Oviposition took place on the outer surface of the food
packets and the larvae bore through the package material.

It was suggested that completely sealed packing, reduces
risk of infestation. Lever {1948) noted it as of major
imgortance in Fijl as a pest of stored riee. Waloff (1948)
studied the development of B. elutella on some natural
foods including uppolished rice. The larvse fed on the
embryos alone in unpolished riee and the percentage of
survival wag greatest in this medium than manitoba wheat,
oats, tobacco, and soybean flour. Cotton (1950) reperted
E. gaptella in Gulf States where 1t was found on rough rice.

26. Plodia interpunctells Hub, (Phyeitidae)
Indien meal moth

Kagui (1919) found that larvae of the insect eat only
the outer husk of riee grain, rcndering 1t far vhiter.
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Lyne (1921) rccorded it on stored rice in Victoria. Tosi
(1929) obtained complete generations of the insect from
stored rice, and observed that considerable larval morte-

1ity was caused by Pedieuloldes ventricosus N., Miercbracon

hebetor, and Opius carianatug, MNusgrave and Mackinnon
(1938) recorded larvae of Plodia being infested by a

Sealzogregarine Mattesia dispora ., Observations indicated

that the Protozoan was highly pathogenie, alsgo oceunring
on pupae and adulis. 4Abe (1939) gave an aecount of the
effect of atmosphsric humidity on the eggs of 2lodia,
whieh Is & pest of storsd rice in Japan. The coptimum
relative humidity for egg hatching was found to be 57-91%.

Kawano 1939} sugpested that rice should be stored
at a temporature of 156% or lower in order to avold infose
tation by storage pests including P. interpunctelia.
Nalkkayama (1939) observec that in S.Korea, tne lerval stage
averaged 43.2 days. In experiments on conirol, the percen=
tage of larval mortality uiven byexposure to 130° and
120-130° F for 5 and 6 hours were 99 and 98-100 respect-
ively. Adccording to Kone (1240) it cam be controlled by
fumigation with chioropicrin.

Douglas (1941) reported P. interpunctells as feeding
on cleaned rice in Southern United States, while Balger

{1942) noted that it fed on rice kernels or broken grainse
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Kantaek €1950) conducted tests on the effect of Baclllus
thurinpionsis Be on the meal moth larvae. When the spores

were lncorporated with whole grains, larvae showed symptoms
after feeding for a fow hours.

27. Corcyra cephaloniea Staint. (Galleriidae)

Hige moth.

Pleteher {1926) recorded 1is cecurrence as 2 common

pest in stored rice in India ond Burma, Chittenden (1919)
first recorded this moth attaeking rice in Unlted States.
Ayyar (1919) first recorded Coreyra on storasd rice in
HMadras ond Hutson (1920) in Ceylon. Roepke (1921) stated
that C. gepholonics was common im rice meal in Berlin. )
Iyyar (1934) studled In detsil the blology of the post
in 8, India. The number of oggs laid varles from 85191,
The larva passes through seven instars and pupates in &
gilken cocoon. The larval period ranged from 46 10 56
daysy while the pupal stage cccupied 1014 dayss The
sntire 1ife eyelo iu riee and rice flour is 58 dayse

Goidenich (1934) recorded Microbracon hebator S.

T ———-———

parasitic on Coreyra larva, infesting stored rice in
5icily. Diakonoff (1937) reared this inseet from rice
ficur received from Han~lem znd stated that it eatsblished
well in Hollands Otanes (1941) reporded it on storad riee
in Phillippines while Douglas (1941) reported its presence
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in United States. Lal (1944) noted Coreyra in verious
cereals in the Unlted Province. Krishnamur$i and Rao
{1950) pointed out that rice was most susceptible to
Corcvra attack . They suggest stocking of unhusked paddy
to minimise damage by Joreyra. Rao (1954) determined ex-
perimentally the acceptability or othervise to Corcyra,
of a variety of edible stu}fs. Cereals are the most
favoured group among its recorded food materigls. The
insect eompleted dovelopment in 61.6 days, 79.5 daysy
and 98,6 days in fine rice, coarse rice, and rice-bran

respectively.
28, Tinea pranella €. (Tineidae)

Fuwayame (1928) noted this as a pest of stored rice
and rice products in Hokkaide.

29, Setomorpha rutella Zoll. (Tineidae)

Ommen and Joseph {1961) recorded this insect as a
mejor post of stored rice in Kerala. The insect commonly
accurs on whole grain andé greln produets, which are reduced

to a mass of webbing frass and excreta.

30, Egochtiles zebrina But. (Lyonetiidee)
Ommen end Joseph (1961) observed it as a pest infasting
stored rice in Kerala. The 1ife cycle in stored rice flour

was completed inm 65 days during Cotober to November. There

are five generations in an years
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ORDER; HEMIPTERGA

31. Ampera ipntrusa Dist. (Lygaeidae)

Dlgtant (1919) orginally described this bug which
was obtained from stored rice in Java. The biology of

the pest in rice has not so far been worked out.

ORDER:ACARINA

32. Iyroplyphus farinae de G.(Tyroglyphidae)

Haymurst (1940) recorded 11 on Rangoon-ries and

rice-meal.

33. Chrotoglyphus arcuatus Troup.

Zakhvatkin (1937) has- mentioned this mite as
infesting rice graln in Russia.

2 ¢200000 40y
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MATERIALS .
1, Steck cultures of Sitotroga esrealella Ol

Adults of Sitotroga moths requirsd for studies were
reared in the lzboratory on paddy seeds of the variety
PIB,10, of unifornm ‘moisture content.

2. Rice seeds required for the expgriment.

Cut of the twenty nine varietlcs used in the trisl,
twenly seven were obtained from the Central Rice Research
Btation, Pattarbi. The variety Japonica (Gimbozu) was
received from the Cehtral Rice Rescarceh Station, Cuttack
and MO,2 seeds ifrom the Rice Research Station, Moncompus

Kerala.

3. Oviposition chamber. (Fig. 1)

This consisis of a glass vialy; 11 ems x 2.5 cm., into
which is fitted a bent glass tubs through a cork as shown
in the Figure. Two strips of fairly stiff, black, carde
board are tied closely on either side of the inner half
of the bent tube,

4. Moth introduction tubs. (Fig.2)

This is Just a glass tube 1 enm. in dlameter, 8 cm.
long, and bent at a right angle in the middle. One arm of

it bears a circular card-bcard disc 8 em. in dismeter,
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plereing 1t through the centre,

MBTHODS .

1, Determination of the moisture content of the geedg.

To determine the molsture content of the different
varietles, samples of the seeds were welghed before and
after drying them in an oven at 1069C for 6 hours. The
varietles which showed higher moisture content were
dried till the moisture level of all the varietics were
made uniform at 13.45 ¥ 0.41%.

2, Conditioning the soeds.

The gseeds required for the experiments were thoroughly
cleaned to remove chaff, snall kernels, and other forelign
particless In order to eliminate any infection already
present, the seeds were fumigated with Z.D./C.T.mixbure
at 454 g. for 100 cu.rlt, space. FPumlgation was done in
Septenber 1263 at room temperature in & wooden fumigae
torim of 16 cu.ft. capacity. After exposure of the
geeds in small jute bags for 36 hours they wero removed
from the chawher and allowed %o alr for 12 hours. after
fumigation, the seeds were stored in musewm jars under

insect proof conditlcons,

3, Maintsnance of stock eulturs of moths.

The moths required for the expetliments were drawm

from stoek cultures. Those were maintained in glass
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museum jars 18 cm. x 10 ems Xx 27 o2, using paddy seeds
of thie variety PID,10 as tho host materiale. The mussus
Jars were filled to half capacity wlth the seeds and
about fifty moths were introduced and closed with muslin
cloths The Jars were kept away from strong light.

4. Detormination of the relative suse-ptibility of

different varleties of paddy seeds to attaek by
paddy moth.

Por this, the conditioned seeds were weighed out
in required quaniities (100 g.) into 1 pound wide~
mouthed glass boltles. The required number of moths
(10 females and 10 males) were then iniroduced into the
boitle, For thig, the bottle was first elosed with a
thin muslin having a small hole -~ a slit « in the
middle. The arm of the 'moth introducer! with the card-
board dise was then introduced into the bottle through
the hole in the muslin, till the disc came to rest on
the puslin, closing the mouth of the bottle. MNMoths from
bulk rearing jars were collected in & small vial 10 eme. x
1.2 eme This could easily be done by showlng the
mouth of the tube in front of the moving moths. The
tube which could Just slip over the outer tip of the
'moth introducer', was thus fitted, when all the moths
in the tube readily moved down ithe bent tube reaching
ingide the bottles. Thilis procedure prevented any damage

to the moths and enabled casy transference of the moths



3%

frow stoek culiupe, After introducing the moths, the
moth inmtroducert was removed tnd the mouth of the bottle
covorad over by another muslin held in positlcn by rubber
band. Farticular cere was taekon to see that adulis
introduced were lnveplably thoge which had eperged on

the same daye

Poy deteormining the intensity of infostation,
counts were pade of moths emerging out of each lot. Yor
thig, such bottle was kopt under obssrvaileon cormencing
from the twentieth day of inncculation. When only a
fow noths enorgad, thelr counts were made after lowering
tho bottle inbc an empty museun jar, end removing its muse
1in covering. Uith the slightest disturbance moths
egoape {rom the bottle and crawl over slides of the jar.
At the peak peried of omergonte, tho moths woere counted
after apnesthetizing them with ehlovoform, after
colleoting them in nusewn jar and romoving the rearing
bottle,

%. Datermination of the duration of dovelopment of
8. gorealslla. on different verietles of seads.

FPor thig, after cxpoging the different varie-
ties of gesds to infestation by the moth as deseribed
sbove, the time taken for the life cyele wis found oubs
4 wolghted mean of the musber of duys iaken by all the
moths was caleulstod as the developmentzl period.
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Pollowing is an oxample of this caleulationse

Days afPter Humher of Total devclop~
moth noths mental period
infactation energed of the moths
20 10 200
22 15 330
24 is 432
28 25 650
Total) 68 1612

Kean developuental period = 1612/68 » 23.7 days.

6. Focundity of females reared from diffsrent
varigties of pedoy seadS.

The fecundity of moths rearcd on different variew

ties was studied by laxing counts of eggs lald by three
feunles in each of the three replications. For this
purpose the method of %Hlington (1930} was followed.
Hoths were gelected randomnly at the peak perdoed of
smergeonce. 4 poip of male and female motns were ine
troduced into the ovipositicn vial through the bent tube.
The female moth laid eges in betwsen the eard-board
strips. The number of egers laid dally were recorded
withont allowing the moths Lo oscap@.

7. Bize of meths peared on diffevent varieiies of
paddy seodg.

To study the effeet of different varsetiaes of
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paddy seeds on zize of moths reared on them, ten each
of male and famale moths (Fig. 3 and 4) reared out from
each variety,; were separatoly weighed in a chenmical
balance , afier snzegtheiizing with chloroform. This

was done separately for cach of the three replicationse

8., Irial under godowp conditions.

With a view to determine the relatlve sveeptlbi-
lity of different varietles of paddy seeds to infestaw
tion by the paddy moth, under natural conditions obtaine
ing in godouns, an experiment was lald out in a store
room. This godown had a stock of PTE.10 seeds heavily
infested with $. gercalella » Lots weighing 100 g. of
each veriety (replicated thriece) contained in suall
gunny bags, 18 em, X 8 Cil.y Were exposed to natural
infestation in the dodown. The bags were kept for 10
days over the stack of infested stoek, after which they
ware transforred to polythene bags, 20 cm. X 12 ¢ne,
and %ept in the laboratory under observation for 45
dayse. Besides the number of moths emerging, and durae
tion of devolopment the percentage of infestation was
also recorded, The percentage of infestation was
caloulated from random samples of grain drawn from
gachk lot and counting Infosted grains.

Exuprimental conditdions.
The experiments wore conducted in the laboratory
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during tho perlod fron OGotober 1963 to Harch 1064. The
dota on temperature and hmidity for the perled are given
in Appendix V.

Desien of the exporiments and statistienl studies.

The complotely randomised design was followed in
all the azgerimentsg in the present investigation,
Tho date wore statistieally analysed using the enow

lysic of variance technique and correlation concept.

w0 -
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AND RESULTS



IVe DETAYILS OF INVESTIGATIONS AND AHSULTS.

(&) Dotermination of the number of grains per gramme
wol Ehto

The relationship between weight and nmumber of 29
varieties of paddy seeds wis determined by welghing out
10 random samples of 1 g, each of dirferent varietles
of paddy sceds which were conditioned previously as
deseribed above, and counting the number of seeds in
each gample. The mean value of these was taken as the
number of graing per gramme welght of the different
varioties. Hesults are given in Table Ve It will be
seen that the mean number of grains per gramme renged
between 54430 in PTB, 16 and 30.80 in PTB, 22,

(B) helative susceptibility of éifferent veristies
of paddy seoeds to natural infaststion by
S+ copealolls.

B i 1 dot ]

Varicties of paddy 29 varletles given in

seeds useds Table I were used.
Fumber of replicatilenst 3 for each varlety.
Guantity of seeds used 100 g

in each replications

Design of the exprriments Completely randomised.
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Date of exposure of the
samplos to natursl infes-
tation in the godown’
Date of removal of the
samples from the godown
to the laboratorys

Date of completion of
the experimentt
Temperature during the
experiment?

Humidity during the

experinents

§

15-10-1963,

39m10~1965.

18-12=1963,

Given in Appendix V.

Glven 4in Appendixz V.



Procadures

The 100 gremme samples of
the varieties were picked in
small jute bazs and exposed to
infestation by the moths in the
godown, They were taken back
from therve, after 10 days and
the ;rains transferred to
polythene bage. Observations
on the ertent of damage, moth
smergence, develo.montal perlod,
and percentage of infestation were

made as deseribed under 'methods'.
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Rosultgs

The data are given in Appendix I, the mean

values of which are furnished in Table I.

(1) Period of development in differecnt varieties.

Grophical representation of the data is glven in
Pigure 5 (C)e In vari?ies 1ike 0SB.24, C0.25, Mo.2,
P7Ba25 and PIB.16, moth emergence took place only from
ona out of thirze replications, vhile no cmergence was
observad from FIB.2. The data vas therefore considersd
for analysis separately for the varletiec having obserm
vationz in all the three replications and those having
obgervations In two replications slonc. d#nalysis of
varianes for the former group is given in Table II (a)
ond that for the latter group in Table II (b).

T4BLE IT {a)

ALYSIS OF VARTANCE
PORIOD OF DUVLLOPMTHT.

Varietisss PIB.72, PT8.24, PT3,27, PTB.4, MIU.3, PiB.d,
PIB,9, £18,83, PIN,10, PTB.18, PTB.5, Japonica, PTB.53.

Sources Degroees Sum Mean Variance 'F' from
o of of agua= ratle. Tgble at

variaiion. freedoms squareg. res. 5% level.

Varieties 12 410,98 34,248 2.573% 2.150

Brror 28 346,00 134309

Total &8 756,98

*3ienificant at 5% level.
CeD, 8t 5% level = 6.112%.
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Mean values of the perilod of devolopment, moth enersence
and percentage infestation for different varieties of
paddy seeds under godown conditions.

Dur%tion Mogp emgzgence gergggnggn
81. o recorded aftor
o, Varlotlor dovelop aata  trapglor “ZONT gHg.
1 2 3 4 5 6 ?
b PiB.1 31,00 31466 5,4911 1.330 1.2879
2 PTB.2 - - - - -
3 PTB. 4 32433 4,33 1.9914 1,500 1.1464
4 PTB.5B 28,00 9,00 2,4019 1,830 1.1044
5 PTB.Y 27,00 1.00 0.8047 0,330 0,4714
6 PIB.8 27,00 2633 1,2440 0.410 0.5000
g PTB,9 20466 10,33 3.0702 1.330 1.2879
8 PTB.10 28,35 7,33 2,6635 1,030 0.838),
9 PIB.12 35,00 0.66 0.4714 0330 0.3333
10 PTB.15 22,00 0.33 0,3333 0,060 0.1491
11 PTB.16 35,00 1.66 0.,7453 0.330 0,3333
1z PTD.18 28,66 22.00 4,5936 1,416 1,1660
13 PIB.20 29,00 7.66 2.1598 2830 1.3591
14 FIB.21 35,00 1.00 0.57713 0.330 0,3330
15 PIB,.22 36466 6.00 2,1579 1,410 1.0084
~16 PTB.23 20,66 13.60 2.,6892 2,000 1.3661
17 PIB.24 34,00 2.00 1,3821 1.330 21,1180
18 PTB,25 34.50 3,66 1,5201 0.660 00,6439
19 PIB.26 41,00 18,66 3.2316 4,830 1,7948
20 PIB.27 33.66 60.30 7.6584 5.000 2,0128
21 PTB, 31 35.50 6.66 2,0838 1,330 0.9107
22 PIn, 32 32.00 1.66 0.7453 0,330 0.3333
23 PIB.33 23.68 16,00 3¢ 8495 34000 1.6329
24 FIB,34 52.00 2.66 0.,9428 0.500 0.4082
25 MIU.3 31,00 27.00 5.,1662 1,660 1,234
26 GEB,24 32,00 1.66 0.7453 0,016 00,0230
27. Japonica 27,33 53433 7e2459 6.830 22,4820
28, 10.2 29,00 6.00 1.4142 0.830 045270

29. Co.28 32.00 3,33 1,054 0.030 0.0333
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Inference.
TiB.20, PiBesd, PIB.27; Japonica, PiB.ss

ipalysis of w.riance reveals gignificant differences
among the thirteen vardetics included in this group.
The varisbility wasz from 36.66 days in PIB.22 to 23.66
davs in PIB.33. Varieties PIB.22,PTB.24, ami PTB.27 eould
be groupad together with regard to the period of develop-
mont  of th mothy but all these wvarieiles diffcred
significanily from PTB.33 and Japonica in which shortest
periods of development weve recorded. It will bo noticed
that in PIB.22, which is the coarsest among the varietles,

motn took lemgest pericd of developnent.

TABLE  TI (b)

ANALVEIS OF VARTANCE
FERIOD OF DEVOLOPMENT

Varicties: PTB.7, PIB.8, PTB.20, PIB.25, PIB.26, PTB.31.

Sources Deprees Sum of Mean Voriance ‘F'from
of varla- of squares squa~ Batlo Table at
tion freedon res 5% level
Varieties B %31.42 66,284 1.281% 4,390
Error 6 263,60 43,910

Total 11 504,92

* Vot significant abt 5% levol.
No significant dQifference was indicated among the

8ix varietiss included in this group.
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In varietics PIB.12, PIB.15, PTB.16, PTB.21,27B.32,
PiB.34, GEb.24, 10,2, and Co. 26 data were avallable
only in one ocut of ithe Lhree replications and hence no
statistical interpretations woere possible. These resulbs
are also represented by histograms in Figure 5 (C), It
will bo seen thal the dueration of devrlopment in these
varioties ranged from 22 to 32 days, In PTB. 12 and Co.25

respactively.

{ii) tloth emorgence from differeni varieties.

Data in column 4 of Table I shov tho mean number
of moths that h.ove erorged from different varisties.
These are also graghically represented in Figuve 5 (B).
A poigson distribubion wag assumed for the data and
hence analysis of variance techniqus was employed afier
square root tramsformetion. 4nalysis of variance is
given in Table III. No emergonce cccurred from ¢I0.2
while breeding was very poor in PIB.7, PTB.12, 7TB.15,
PIB.16, PTB.32, and Co.25.

It will be seen fron the Pable that moth smergence
i. significantly different in different varicties.
Varleties Japonica and PIB.27 show the highest number
of emergence, the average mumb rs being B3.5 and 60.3
respactivaly. Varieties PIB.7, Co.28, GHB.24,PTB.58,
PTB.12, PTH.21, PTB.1S5, and PTB,16 produce the lowest
nurber of moths, the average per 100 g. boing 0.33 to

3,33 moths. The remaining varietios shoy internediate
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suseeptibllity producing on an average 7.33 to 22.0

noths per 100 g. of grains,

TABLE IIT

AVALYSTS OF VARIANCE
MOTH EMBRGERCE

-

Sources Dagrecs VYarience 'Ftfror
of i Sum of Hean ratio  Table
variation freadom fqueres quares at 5%
lsvel
Varieties 27 250,1155 92,2635 2,6801* 1.411:
Error 56 189.35035 34,3804
Total 83 439,4190

* gignificant at 5% level
C.D. at 5% level gz 3.0022.

Inference.

PTB, 27, Jaonicas PTB.18, PTB.33, #.8.26, PLB.9, P1B,10, =

PTB.B, COulhy PiBs7,0EBs24y PLBs16,y ViBe52, PTBe12,PI0,2L «
PTB.15, PIB.16.

(433) Percentage of infestation in different varietles.

Data on this are fwrnisbed in eolumns 6 and 7 of
Table I. Analysis of varlance was applied after square

root transformation.
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TABLE IV

ANALYSIS OF VARIANCEH
PERWCELTAGE INFESTATION

Sources Decrees Sum of Mean Vaviance 'F'from
of vae of free~ squares sguares ratio Table
riation. dom at 5%
level
Varieties 27 31.286 1.1580 2,3623% 1.414
Brror 56 27.4545 0, 4902
Total 83 58, 7405

* Significant at 5% level
C.De at 5% lovel = 0.3589.

Inference.

Joporicay — PlBe27, PiB.8G, Pilesd, PiBeC8, PiBel, PiBe0,H10.5

PIB.7, P.B, 84, PIB,12,PIB.10y PiBeBly PID.3%gm
PiB.16, GO.55, GhB.24,

From the analysis of variance table it will be
seen that the percontage of infestation is significantly
Gifferent among the varioties. %he range of mean pereontage
values, 1s from 6.830 in Japonica to 0.016 in GEB.24.
Varieties Jaonica, PIB,27, and PTB.26 suffer the gr-atoest
logs due te attaer by E. ecerealeolla, causing 6.83, 5.00,
and 4.83% loss res.ectively. Varieties P7B.33, P1B.23,
P¥B,1, PTB.® and MIU.3 ghow intermed.iste susceptibility
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with 1.3 to 3.0% damage and the vemaiming varietle: show
vary low susceptibilitics with 0.016 to.5% damage. No
damage cecurred in PTB.2

These features are elearly observed in Figure 5 (4)

(C) Eifect of diffepent varioties of paddy ceods on
duration of development, moth emergence, size and
fecundity of moths of S. coreniella  URGET 1aboratory

conditions.

Experimental details

Varleties of paddy 29 varietiecs given in Table I
geeds useds were used
Number of replieationss § 3 for each variety

Quantity of seeds wsed
100 g.
in each replications:

Dealgn of the ezperi-
Completely randomised
mnent 3

Date of commencement
T wl0=n1063
of the experiment:

Date of eompletions: § 16wn3a-1964
Temporature during
Furnished in Appendix V
the experiment:

Humidity during the
Furnished in Appendix V

experiment:

Procedure: The replicate samples of 100 g. each
of the geod were welshed out into
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1 pound wide-mouthed bottles. Ton pairs
of moths wer~ then introduce. into the
bottles with the 'moth introducer' as
deseribed under ‘'methods'. Hach bottle
was kept under observation commeneing
from the twentietn day and datewwar moth
omergence recorded. Cure uas iaken to
release all moths out of the bo'tiles
imnediately after their ewmergence. This
preventod oviposition and breeding of a
gecond generation. Observations on moth
emergence, duration of development,
pereentage infestation, size and fecundity
of moths, ware recorded in the mamner

desceribed under ‘methods’

Results,.

The results of the ex.eriment are given in Appendizx 1II

and the correspeonding moan values In Table V.

(1) Period of development.

The dats are graphlcally represented in

Figure 6 (C)



#ean valuey of the perdoed of foveluwsnb, .ubter of noths emerging, size of moths, vercontasge infess
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v

ation,

nawber of grains rer gramme and focundity of nothy for differeutvaricties usGor laborstory condisiong,

Fo. of

Lovelomsn-

Ho.of

8i. Verfetfes grains  tal notEs Fosate’t 10 Gelah of 10 mu.of ows lata
Ho. rer perzed @ ercing. noths mle by a ginzle
gromme (mz) mo}:ﬁg. y fomnle,
i 2 3 4 5 6 7
1 TR .50 31,35 83,33 25.70 11,40 75,80
2  PpB.2 85,64 33,66 37,33 14,00 10.60 75.80
3 PIB.A 34,87 54,66 71,66 15,30 11.00 50,80
& FIB.S 34,50 33,00 85, 33 17.66 11,33 88,20
$  EPB.7 37.00 42,00 39,00 20.00 20,00 51.20
6 ¥TB.G 39.01 45.66 76.00 14,00 9,00 37.00
7 PEB.Y 45.81 37.33 109.66 21.66 1%.33 116.70
8  FPB.10 37,00 33.66 68.66 11.66 8.00 39.40
9, B2 86,57 55,66 52,33 14,16 10.76 90,00
10 °TB.15 51.31 26.66 83,55 12.90 9,10 §9.66
11 PTB.16 54,30 32.66 95.33 12,73 10,73 62.40
12 ©rR.18 56,12 23,39 8,33 17.80 10.46 24,40
18 FEB.20 37.€0 33,00 76.33 19,46 15.96 67.00
14.  FIB.22 56,50 35,38 67.33 18.96 16.20 44,20
15  37B.22 30.80  97.66 48,83 15.60 12,30 57.00
16  FIB.23 $6.40 37,66 61.00 16,43 11.08 57.80
7 ©rB.2A 40.10 36,00 50.55 15.93 8.4% 57.00
18 ¢IB.25 32,20 34,55 66.66 .83 14,23 47 .40
19  STB.26 86,40 34,00 78,33 15.86 10.63 95.80
20  ¥B.37 35,90 87,00 157,35 13,93 12.33 94,40

conbd., ..



Table ¥ conbinued

st. 1 2 3 4 5 6 7
Ho.

81 PIB.BL 87.60 55,00 64.66 15,98 11,96 68.20
22 PRS2 34,20 29.66 17,35 11,83 10,56 43,40
23  ™PB,33 9,60 33,00 97.00 20,16 15.36 71,00
24  PIL3S 34,10 36.66 26.00 23.26 16,66 55,40
25 WPU.S 20,35 40,95 115,66 20.00 15.40 62.00
25  GBB.26 50,94 .66 82,00 13.86 8,00 50.60
2y, Jeponiem 42,30 93.00 220,53 19.00 12,93 110,20
. .o.2 41.01. 20.66 86,66 23,35 19.63 78,20
29, G028 45,40 34,00 143,66 17.85 10.43 74,20
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TABLE VI
ANALYSIS OF VARIANCE

PERIOD OF DEVULOPMENT

Sources Degreea Sum of Mean Variance 'F!from
of varia~ of free- sguares squares ratio Table
tion don at 5%
level
Varieties 28 1188.71 42,453 4,313* 1.40
frror 58 570,67 9,839
Total 88 1789.38

* Highly significant at 5% level
C.D. at 5% level ¢ 5.1275

Inference,

PTB.0, PIB.7, NO.03 PID.21, PIB.4, PIB.26, C0s25y =
GEB.245 PTB.].O, PTB.E, PTB.'J!I, Japonica, PTB.E&,PTB.s"’"
PTB.20, PIB.16, PiB.1, PiD.32, PIB.27.

The development period of the moth ig highest in the
varicties PTR.8, PTB.7, and M0.2, the awyerage values belng
45,66, 42.00 and 40,33 days respectively. The development
periods in these three varisties are significantly higher
than those in the rest. There appears to be no significant
difference in developmental pericd among the rest of the

varieties. The average duration of development in these
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varieties ranges betueen 27 and 35.33 days. The shortest

developmental perlod of 27 days is cbserved in PIB.27.

(2) loth emergence in different varloties,

Histograms in Tigurc 6 (B) represent the data, which
are slso giver in column 4 of Table V. Analysis of variance
is furnished in Yable VII.

TABLS  VII

AUALYSTS  OF VARIANCH

MOTH  EMERGLNCE,

Sources Degraes Mean Varia~ 'Fifrom
of varia- of free- owd Of squa~ gguares nee Table
tion. dom Tas ratio at 8%
level
Varieties 28 133313, 36 4761.18 24,67* 1.40
Frror 88 11207.34 183,23
Total 86 144520.70

®* Highly slgnificant at 5% level
C.D. at 5% level = 22.665.

Inferences

Joponica; Coe 25, PIB.27; HTUeBy PIBeO, PIB,58, PIB,165 =
PiE. 4, PiB.10, PiBe2l, PIB.2G, Pib.o1, PiB.20,PIBe1Z, -
PiB.04; DTB.28, PiBe7, PiB.3, Pib.54; PTB,.32,
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It may be seen that the largest nuxber of moths emerge

from the variety Japonica, the average per 100 g. of soeds
being 220,33, The next growp of the varieties Co.256 and
PIB,27 produce on an avorage 142.66 and 137.33 noths per

100 g. geeds. PIB.4, PIB.10, PTB.21, PIB.RS, #FiB,31, FIB.23,
PIB.12 and PIB.24, produce on an average from 2 48,33 to
71.86 mothe out of 100 g. seeds. The least nurber of moths
energe from PTB.7, PTB.2, PTB,534, and PTB,32, the numbers
being 39.0, 37.33, 26.00 and 17.33 respectively.

(3) 8ize of female moths emergine from different varisties.

Dats are presented in Appendix IV (B), the mean values
of wnich are given in colwn 5 of Table V, Craphieal

representation is given in Fipure 6 (4)

TABLE VIII

ANALYSIS OF VARIAIICE
SIZE OF FEMALL MOTHS.

Sources Degrees Sum of lean Varia- 'Ftfrom
of varie. ©f free- squares squares nce  Tableat
tion dom ratio 5% level
Yarieties 28 578.126 20.647 2. 7003% 1.400
E!’rc’r 58 444‘500 7. 646

Total 86 1022.6%26

* Significant at 5% level
C.D. at 5% level a 4.5199,



53

Inference,

A

PTla1, PiB.34, HO.2, PIB.0}

TIB. 55, 1.5, Pibe7, PIB.20, daponica =

PTR.21, C0.25, PTB.R5, PIB.18, PIB.5 e~

PHB. 88, DIB.06, Pise28, DiBed PiB.24 =

CHis. 24, FiBe16, PiB.02, siBsl0s

Serutiny of iLhe analysis of variance table sugiesis
that the varieties Qiffer signifiecantly in regard o
ihe weighi of female motrs reored oubt of them. lhe
range in the mean wueight of femalo moihs was from
1,166 mg. in P8 10, t0 2.5Y0 mge in PIB.1., It may be
noted that heaviest fomole moths e-erges out of PIB.1,
PT3.34, PTB.9,and M0.2, tneir respeciive mean weights
being 2,570, 2.346, 2,166 and 2.333 ng. respectively.
Moths emereing fror PIB.24, GEB 24, P"B,16, PIB.32 and
PTB.10 ore fe smcllest, the range ln wmean weight bheing
166 to 1,373, In the remaining varicties, the female

moths are of intermedicte size.

{4) 8age of mals moths emerging from different varieties.

Data,in regard to size of wale moilhs are furnished
in column 6 of Table V, and the analysis of variance
in Table IX.
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TABLE IX
ANALYSIS Ov VARIANCY
81Z3 O MALT  MOTHS

Sources Degrees Sul of Mean Variance 'F'from
of varia-~ of free~ gguares squeres ratie Table at
tiem den 5% levol
Varieties 28 G18.657 24,237 15, 74% 1,40
Hrror 58 89, 360 1.540

Total 86 F67, 997

# Highly significant at 5% level
C.D. at 6% lovel = 2,0261

Inferenco.

o———C—————

Fo.B; TUB.84, PIB.S1, PiBa20;

Japonica, PIBe28, PIB.07; PiBedly PlBelyPils5y =
DTE.8, PIB.08, Pilsd; TiB.16, Pil.8y PID.04, =
CED.24, PiB,10.

Significant varieial variability is indicated by
the analysis of variancs. Male moths obtained from Mo.2
are iho heaviest, their mean weight being 1,963 mg., while
those energed frenm PTB.10 and GEB.24 are lightest, their

wean weight being 0.8 nmg.
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(5) Feeundiiv o 'emales reare or

varleties.

i,
l
o
S
)
=

From data presented in Appendix IV (A) and Table ¥
1%t will be seen that the mean rumber of eggs produced by
ferales show wide variation from 31.2 in PIB.7 to 116.7
in P1B.%. TLargest number cf eges are lald an PTR.9
(116.7), closely followed by Joponica (110.8) and PTB.26
(85.8) while tho Teost numbor is found in PIB.7 (31.2),
£18.8 (39.0) and PTB.10 (39,40).

wevem OODOO e
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Vo DISCUBEIO0N.

Relative susceptibility of twenty, nine varleties
of paddy seeds to attack by the Angoumols grain moth
Sitotrong eerealalla 0liv, has bsen worked out. Besides
this, tho effeet of different varieties on the nunber
of moths developing within them, as well as the develope
mental period, size and fecundity of the moths also, have
been studied. These studies nave been nade under two

eonditions, namely:

(1) In 2 godown where heavy infestation of the moth
has been in existence and wherein the diff-rent varieties
of the seeds are oxposed to the natural infestation by the
moth, and

(2) in the laboratory where the moths are confined
on the different varieties of the seeds.

The results of these trials are discussed below:
I

ool

) of p' agc‘;; seedg to al.ack by S. gerealellg.

The damage caused by one generation of theo moth
has been asceriained by exposing lets of differont
varieties of paddy seeds o natural infestation in a godown
In this case the moths are at liberty te prefer the
varieties they like and %o avold those which they do not
like. Thus it is seen from Tuble I Column 6 and Fig.5(A)
that the moth does not oviposit at all in the variety
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PIB.2, and so ne domage is caused to 1% by the moth. The
varieties PTR,7, PTB.34, FID.32, PIB.8, PIB,21, PUB.26, PIB.16,
FID.15, Co.25 and GEB,24show only slight damage ranging from
0,016% in CER.24 to 0.5% in PIB.34. The vavieties Japonica,
PUE,27, PTB.26 and PTE.20 suffer the preatest damage of

2,53 to 5.83%. Tho revaining varieties show intermediate
sugceptibilitles causing L.25 to 2,808. Figure 8 (R)

givas a rating of different varietie: with referonce to
damage eaused by . cerealella; under nalural conditions,

in which the varietles ars arranged from left to right in

the aacending ordey of the numbsr of graing per gromme welght.
It 15 evident that the fincneas or coarseness of the grain
has no relation with sugce.tibility to infestatlon by

8. poreslells. Though Krishnemurthi end Bac (19807 have
indicated that finer variaeties arc less attractive to

storage pesta like Sitophilus oryzae, it does net appesr

to hold good in the case of Sitotroga gerzalella op poddy

seeds. Further, Israel and Vedemurti (1958) have cencluded
that generally fine grained stented varieties are more
susceptible to S. gorealella than the eoarss grained

varieties and tnat this may de due io the higher molsture
content of the finc grained varietien. In the present studies
moisture as a varying factor has been eliminated by keeping
the olsture contont of all varieties ncorly ogqusl snd then
it ls observed that size of the gralm is not a factor dsciding
the suseeptibility to infestation. The gener:l indication



FIGURE V,

Bar diagrams showing:~

A) Percentage infestation,
B) Moth emergence,

C) Duration of development,

wdor godown conditions.
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FIGURE VI, Bar dlagrams showingi-
A) 8ize of female moths,
B) Hoth emergence,
) Duration of development,
undar laboratory concitlons.



Pre 22
PtB 25
Pt 27
PTB 34
Pte {
PTB 5
PtB 32
Pras 4
PTB 2
PTB 18
Pt 23
PTB 26
PTB 12
PTB 7
PTB 10
PTB 3

S3ILIINEVA

12 02 6} 81 Lk 9 G ¥t €+ ©C}

PTB 20
Pta. 21
PTe 8
PTB 33
Pr8 24
MTU 3
Mo 2
Javonica

co 25
PTB 9

GEB 24
PTBR 15
Pr8 16

i

DURATION OF
DEVELOPMENT (DAYS)
[ o

o}
1

©®

>
e}
1

(o]
1

+

i OF 6 @ L 9 ¢ ¥ € 2

Gege 2292 62 +@e €2 e

SIAILINRVA

12 02 6F QF Lk 9¢ G} ¥ €I

-Gl

A

MOTH EMERGENCE \N NUMBERS

o
o

©
o

-

a
1

-

»
[ ]

-

8]

T

-

-

¥

4

512

Leez

\

6 8 2 9 ¢ v ¢ ¢

b 01

62 82 L2 92 2 e ¢r 22

SILI™VA

6282 L2 92 G2 P2 €2 22 12 02 61 Qt Lt Ot Gt ¥ € 2

t

P0G ® 2 96 P € €

®

SIZE OF TEN FEMALE
MOTHS (IN MGMS)

»
[ ]

O
1

o
o

1

@
(=]
1




88

is thet apart from { e grain sige, some other fectors
govern the susceptibility of pud&v seeds to attack by
« ersalella

II. Ruber grf 51 g gifPor
variaties -n_ Qgﬁﬁu manc e i;ofﬁ ted rAth
5. ecargalolin .

Data on irase relating to both the tests presented
in Tablas X and ¥ and Pigwres 8 (B) ang & (B) show that
the raximum number of moths develop in the variaties
Japonica and PIR.27 under store roor concitions {853.35 and
60,3}y and in Jagonica. PT3.27 end 0,25 in laboratory tast
(220,33, 157,33, and 142.66). In the experiment conducied
under godown conditlons moth smerpence is not observed
in PIB.R; «hile lpseuiny s very goor in FB.7, PIB.32,
PIE.21, PTBe34, PTB,15, PTB.16, GEB, 84, Co. 25 and
PTB.18, as indicated by « range of 0,33 Lo 3,33, But
under la.oratory oonalti~ns the lowest meth emerg-nece is
neen in FiB. 32 clesaly rellowsd by PIB. 34 and PTB. 2
(17,23, 26.00 .nd 37, 33). Thn poor bresding observed
under tnls condition in PIB.32, PTB.34, and PIB.2 thus
appoars to indicabe the relatively nigher degree of
resigtance of these varieties to infestation by S.cerealells .
In vorietiss such as £%B8, 15, PIB.16, Co. 25 and CEB.24 which
show very low woth dewelopmenl in the godown, show moderate
to high infestation in the laboratory trials &s indicated
by, & Bange in moth smergence of 83.33 to 142,66. These
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apparent disparities may be due tvo the differenee in the mode
of infestation adopted in the two experiments. 1In the case
of laboratory tests the moths are confined to different
varieties of seeds and thev are obilged to lay eggs and
breed in all of them, while in the othor experiwent moths

are ab liberty to avoid the varieties wnich they do not like.

Waether thers exists any significint relatrionship
between number of moths emerglng on the one hand, and other
Factors like fineness of grain, developmental period, and
size of motns on the other, theo correlation coeflicients
huve beer worked out from the laboratory data. These are
given in Table X. Significant positive correlation is
ev dent between nimber of grains ,er gramme and numbsr of
moths emerging { rz = 0.8201) under laboratory condltions.
This difference in populaiion of the moths ean be at.ributed
in nart to the large nunber of grains to be foun! in finc riece

than in a coarse variety, in lots of equal weight

Yo correlation is nresent between the nimber of
moths ener ing and sige of male or female moths (r15 = 0029033
L 0.220) or developaental period (rla = =0.023),
Partial eorrelat.on goefficients have beo: vorked out witn
a viev o ascertoin whet er ihe estimates of the simple corree-
lation are influenced by a thirdé fector. These are furnisqed
in Table XI. Serutiny of the Table reveals tunat the
part.ql corrriat.on coe“ficiont botween the nmumber of moths

energing and developmental period, eliminating ihe
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number of grains .or gramme, is not signifieant (r12.5 a-0.108)
This shows that the association botween number of moths
emerging and developmental pericd, is not influenced by

tho size of the grain. Thers is no correlation between

number of moths emerging and size of male moths (ryg), bub
significant positive correlation develops when the number

of grains per gramme welgrt ig kepk constant (915.3 = 0.3843),
indicating that fineness of grain does not have influence

on the asscciathon tested.

IIiI, Buration of development of 8, cersalella in
the different varietless of paddy seeds.

To test whether number of grains per gramme and
developmnntal period of tho moth are rclated, the correla~
tion coefficients have been worked out. No significant
correlation is observed betisen these varimbles (rgp = 0,040t
There is also no correlation betweon developmental period
and fecundity of moths as seen from Table X . Neo corre-
lation has however been deteeted even betuwesn developmental
peried and moth emergence wk.zich points to the fact that
developmental pericd of the ingect cannot be taken as an
index of relaiive susceptiblility of a varlety %o attaek
by 8. cerealella.

Significant positive corrolation is observed between
developmental period and sige of male moths{rgg =z 0.410),



T A B L E

Simple correlation cceficients for the varicus
assoeiated characters with regard to moth
development under laboratory conditions

Coefficients
Sle Notaw
Now Agsociations tested tions corrgia s1on
()
1. Number of moths emerging and
developmental period Y2 - 0,023
2, Bumber of moths cnerging and
size of ferale moths. Tig 0,220
3. Nur ber of moths ererging and
size of male moths,. 48 042903
4, Number of moths emerging and
number of greins per gramme. T3 0,8201%
5. Number of grains per gramme
and size of male moths r55 «0,4321*
6. Number of grains per gramme
and size of female moths. Trg «0,4960*
7. Number of grains per «ramme
and developmental period Pan 0.0406
8. Dovelopmental period and
fecundity Tog «0,0264
9. Developmental period and
size of male motchs Tos 0,410%
10. Developmental period and
size of fomale moths. Toyu -0,008
11. Sige of ferale moths and
fecundity r 46 0,030

* Significant at 63 level.



T A B L B XL

Partial correlation coefficients between
agsociated characters.

Partial

31. Character
correlation

Ho, association coefficients
i rla.a «0,208
a - +0.4744%
4 Ti6.3 +0,3843"
5 Ty4.3 +0.053

* Sienificant at 5% level.
Note: Character association.

1. Humber of moths emerging.
2. Developmental period

3, Bumber of grains per gramme
4, 8igze of female moths

5. S8ize of mal~ moths
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vhile there is no relationship between dev-lopmental
period and sigze of lemale moths ( rp, = - 0,008). Warren
(1956} also has observed that there is significent positive
correlation betuesn the duration of immature stages and
weight of S. cerealella adults, bred out from different
bybrid eorn varieties, Partial eorrelation coefficient
between demelopmental period and size of male moths tends
to inerease ( rpg z =  0.4744) when the number of grains
per gramme 1s eliminated,thereby,indicating that fineness
of grain does not infliuence to a rarked degree the asso-
ciaticn between the other variables under test.

IV. Sige and fecundity of moths of S.cercalells

developine within the different varieties
of paddy seeds.

Data presented in Table V Colimn 6 show that the
mean weight of male moths ranges from 0.8 me.(PTB,10 and
G4B.24) to 1.62 mg. in PIB.21 ., The range in mean welght
of female moths will be seen Lo be from 1.166 mg. in
PTB,10 to 2,570 mg. in PTB,1., Histograms in Figure 6 (A)
indicate that under laboratory conditions female moths
breeding out of coarser varieties like PIB.1l, PIB.4 are
significantly heavier than thoge ererging out of finer
varieties like GEB.24, PTB.15 and PTB.16. A gimilar trend
of breeding hezmvier male moths in coarser and medium

varieties like Mo.2, PIB,34, PTIB.21 and PTB.20 1s also
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observed from Table IX. In both cases weight of moths
is considersdly lower in finer vurieties like PIB,15
and GiB.24 as seen from analysis of variance tables VIII
and IX.

From data given in Table ¥ Column 7 it will be
seen that number of egrs laid by females under lab-ratory
conditions shows a wide range of variation from 31.2 to
116,70 . Thus in the moths reared on the varieties
PTB.7 and PTB.8 the oviposition rates ave 31.2 and 37.0 per
moth respectively. These two varieties have been fownd
to suffer very lititle demage when expesed to infestation
by the moths On the other hand, moths reared out from
the varieties Japonica, PTB.27 and PTB.26, produce
ralatively larger mumber of eggs per female, the numbers
being 110.2, ¥4.40 and 95.80 per moth respectively and
these varieties of paddy seeds appear to be highly
suseeptible to moth infestation, suffering substantial
loss under storage. Thesge obgervations thus suggest
that the food of the insect in the immature stages
governs to a great extent the fecundity of ithe moths
and that the moths developing on the more susceptable
varieties have higher fecundity than those maturing in
the less susceptible ones. This can also lead to the
conclusion that the moth will be able to bhild up 1ts
population at a far more higher rote in the more susce-

ptible wvarieties than in the less suseeptible ones.
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Further, significant nogative correlation is
observed belween nunber of grains per granme qu sige

of male or female moths (r55 = = 0.4321 and r,, = =0y4S

Correlation studies also indieste tnat size of moths has
no relation with either moth energence or facundity

(rgs = 0,03). This obscrvation that tnere is no correlae
tion between sige of female wmoths and their fecundity is
in conformity with the result obtained by Werren (1956)
who also has not detected any significent correlation
betwoon oviposition and woight of 8. cerealella poths

breeding in different strains of hybrid maize.

From the correlation studioes it is seen that
under laboratory conditions, size and number of moths
orierging out of a variety are influenced by the number
of grains per granme weight. It is also seen that sigze
of female moths and their fecundity are nol related.
Thus it appears tnai it is tho gize of the female moth
and not their ovipesition potential, which is governed
by the grain size. Holh emerrence under laboratory con=
ditions cannot be taken &g indicative of the relative
gusceptibilit s of a varietv, for the reason that even in
varietie not preferr~d by tho moths when left to them-
gelves under godown conditions, they breed when confined

on the varieties. These confirm the conclusion that
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the number of graius per gramme is not the sole factor
deciding relative susesptibility of a particular variety.
This iz exemplified by the fact that moderately resistant
varieties are found among finer (P1B.15, PTB.16, GEB,.24)
as well as coarser (PTB.2, PTB.7, PTB.32) grains. The
highly suscepiible wariety Japonica has medium sized grains

while PTB,27 is a coarser variety,

Ramia (1927) has made the general obgervation
that glutinous rices are more suscrptible te camwage by
S. gerealolls and according to Isaburn Wagai (1959)
Japonica rice graing are highly glutinous and Llheir
kernels ver goft. The high susceptiblliity of the Japonieca
rice to infostation by S. gerealella may then be correlated
with tnis character. An addivionsl factor governing
susceptibility may be the relativel - thin husk possessed
b+ Japonica variety. Thinner husk may offer less resistance
to peneirating larvae. lloreover cracks and abrasions in
the pericarp are likel; to be moere in & variety vith
thinner husk than in a thicsly huske. variety. 4s S.gerealella
larva penetrates the graiy geuerallvw through abrasions in
the pericarp (Pruthi snd Singh - 1943), a variety with
thimmer husk is likely to offer litile resistance to the
eaterpillars.

PRRLY, 14T, T L
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BUMMARY AND CONCLUSIONS

Uptodate literature on the insect pests affecting rice
under storage, have been reviewed.

Twenty nine varieties of paddy seeds have been subjected
to natural infestations by the Angdbois grain moth Sitotroga
cersalella Oliv. for 10 days in a godown heavily infested
with tho insect to ascertain the relative susceptibility

of the different varieties of seeds to the pest infestation,
the number of moths maturing vithin each variety and the
developmental periocd taken by the inseet on each variety .

The varieties used ares PIB.1, PIB.2, PTB.4, PIB.5, PIBE.7,
¥7B.8, PTB.9, PTB.10, P¥B.18, PTB.15, PTB.16, FTB.18, PIB.Z0,
PIB.21, PIB.22, PIB,23, PIB.24, PTB.25, PIB.26, PIB.27,PTB.31,
PTB,32,PTB.33,PTB, 34, MTU.3, GEB.24, Japonica, YMo.2 and Co.25.

Ho damage is caused to the wariety PIB,.2, vhile varleties
PIB.7, PT¥B.156, PiB.16, Co.25, GiB.24, ¥IB.8 and PTB.32 suffer
very slignt damage duc to the pest (0,016 to 0.5 per cent).

The varieties Japonies PIB. 27 and PTB.26 show high suscepeti-
bility to the attaclk with 4,83 to 6.83 por ceni damage and

the remaining varieties show intermediate sus¢eptibllities.
Haximum number of moths develop within the varieties Japonica

ond PTB, 27 (53,3 and 603 respectively). least number of

moths mature within the varleties FIB.7, Co.256, GEB.24, PTB.32,
PTB.12, PTB,21, PIB.15 and PTB.16 (0.33 to 3.33 moths per 100 ge)
Developnient periocd of the insect within the different varieties of
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seeds ranges between 36,66 in PiB,22 to 23.66 days in PIB,33,

In a second experiment all the 20 wvarieties of
seeds have been subjeeted to infestation by S.corealella by
coniining moths on these varieties, Lo observe more preecisely
the development period, number, size and fecundity of moths
developing in each variety and the resulis statistically

analysed.

Developuent period of the moth within the dif-
ferent varieties of seeds varies gignificanily. This perled
is longest in the varieties PTB,8, P¥B.7 and Mo.2 (45.66,
42,00 and 40433 Gays respectivelyds The shortest period of
development is seen in the varieties PIB.I, PIB.32 and
PTB.27 (range fram 27 %o 35.33 days). Largest number of
moths develop in the varisties Japonica, Co.25 and PIR.RY
(220,33, 142.66 and 137,33 noths per 100 g,). Least number
of moths emerge from the varieties PT2.7, PTB.2, PIB.34 and
Pr8,32 (17.33 to 39 moths per 100 g.). 86lze of moths
emerging from the difrerent varieties of seeds differ signie
ficantly. The heaviest female moths emerge {rom FIB.1,
PTB,34, Mo.2 and PTB.9 (2,166 to 2.570 mg. per moth), and
the lightest moths from GEB.24, PIB.16, PIB,32, PiB.10 and
218,24 (1,166 to 1.373 mg. per moth). Among male moths
hecviest moths develop within Mo.2 {1,962 mg. per moth) and
lightest in P15.10 and GEB.24 (0.8 mg. per moth). Fecundity
of moths is the highest in those developing within PIB.,? and
Japonica (116.7 and 110.2 eggzs per female.). Moths emerging



67

from the varieties PTB.7, PTB,8 and PTS8.10 show the least
fecundity (31.2 to 35.4 oges per femala).

There 1s no correlation between development psriod
of the moth on the one hand and size of host rrains, number
and fecundity of moths deweloping and size of female moths
on the other. Dovelopment period and size of male moths are

hovever, correlated.

There 1s significant positive correlation between
number of grains por gromme and mumber of moths emerging and
negative correlation bé%ween the former and the sigze of the
rothse Partial correlation studies show that number of
graing per grame ie. size of the grains, has no influence o
the other factors under study.

The conclusions arei-

(.) The varieties PTB.2, PTB,7, FIB,32 and PiB.34
show relatively, a high degree of resistance to infestation
by S.cergalella.

(b) The varieties Japonica, PIB.27, and PTB.26 are
highly susceptible to infestation and damage by ithe pest.

(e) Grain size does not appear to be a factor gover
ing susceptlbility of paddy seeds to atiack by S.gereslella.

(d) loths developing in grains showing high suscept
bility te atiack have higher fecundity than those developing
in grains of low suscepilbility.
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APPENDIXaIII

Percentage of grains damaged by 8. gerealella in

dlfferent varieties of paddy seeds when exposed to
natural infestation.

Mean no.of gnains Percoentage
81 Vaeity danaged o't of 200 Recorded After trans-
Now Rl Rr2 R3 values forration.
I PFIB.1 3.0 440 3.0 Le33 1.2879
2 PIB.2 - - - - -
3 PIB.2 2.0 1.0 6,0 1,50 1.1464
4 PTB.5 4] 5.0 6.0 1,83 1.1044
5 PTB.? o 1.0 1.0 0.33 0.,4714
6 . TB,.8 2,0 0 050 0.41 0,5000
7 PIB3,0 3,0 3.0 4.0 Le33 1.28%9
8 PTB.10 0.2% 2,0 4.0 1,03 0,8361
9 FIBL12 2.0 0 0 Ge 33 0,3333
10 PTB1o 0.4% 0.0 0 0,06 0.1491
11 PIB.,16 0 o 2,0 33 0,3333
12 PTB.18 2.0 445 2,0 1.416 1.6866
13 PTHE.20 8.0 11,0 2 2.830 1.3501
14 PIB.21 0 2,0 0 0,333 0,333
15 PIB.22 1.0 7.0 O.4* 1.410 1.0084
16 PTB.23 3 7.0 240 2.000 1.3651
17 PIB.24 4.0 1.0 3.0 14333 1,1150
18 PTB.25 1.0 ] 30 0.666 3.6439
19 PTB.26 O 14.0 15.0 44830 1.79248
20 PTB,.27 6.0 4,0 20,0 5,000 2,0128
21 PIB, 31 s} 6.0 2,0 1,333 0,9107
22 PTB, 32 ) (o) 240 0,333 0,333
23 PTIB. 33 3.0 3.0 12,0 3,000 1.6329
24, PTB.34 3.0 0 0 0,500 0.4082
25 MIU.3 5,0 1.0 4,0 1.666 12541
26 GHEB,24 0,1* O 0 0.016 0,0230
27. Japonles 3.0 20,0 18.0 6,830 2,4620
28. Mo.2 o 5,0 0 0,830 0.5270
29. Co.85 (G.20% O 0 0,030 0,3333

* Damapge esiimated from 1000 grains.



APFENDIZ IV (1)
Fooundity of mothe of 8, gerasjells revred on differens varievies of veddy seeds amler l-bomstory condibions.

Narber of eggs 121G rer movh

i:: Varfotly =~ - w oo e e m e m e e rcc e rcrrccr s e e s rr r e m - e 4Verags
Bep, I oy, IX fep, TIT
i 2 3 1 2 5 1 2 3
1 2 S 4
1 PR, 1 82 a7 85 73 81 91 85 54 o3 75.8
2 PCB. B 77 79 74 78 76 79 72 70 82 75.8
3 8. 4 49 51 56 46 59 40 3¢ a7 &9 50.8
4 "B, & 85 57 6 39 54 38 79 82 36 88.0
o] B, 7 30 28 31 39 30 20 19 32 83 31,2
5} PIB. 8 0 46 So 25 40 89 3 40 17 7.0
7 7B, 8 27 120 101 178 91 107 85 $8 140 116,98
8 IB. 10 40 S0 37 3% 36 40 54 38 25 39,00
9 PIB. 12 95 N o] 70 92 83 95 90 79 o6 90,00



1 s 1 2 3 L 2 3 1 2 5 N
S

14  FIB. 21 86 4 49 « 56 61 70 %5 3 54,20
18 FIB. 22 58 60 49 9 3 0 %% 6 55 57.00
16 PEB, 28 56 60 61 5 58 62 B 5y 34 57,80
1w voB. 24 46 68 46 86 85 26 s8 v 50 57.00
18 7B, % 45 46 51 54 4 2 61 s¢ 58 47,40
19 TTB. 26 115 105 & & en 102 08 8 S0 £5400
20 FIB. 27 7 76 e7 62 70 &2 w w4 74,40
21 PrB. 3L 45 %0 79 64 2 89 7¢ 60 49 68.20
22 PEB. 22 45 37 51 46 B8 45 & 35 40 45,40
25  TPB. 33 61 91 &9 62 72 69 58 42 88 71..00
24 o7B. 34 41 54 65 48 8L 38 65 62 50 53,40
%5 Wi, 3 60 65 70 50 66 79 5 60 5B 62,00
26 FB.24 53 51 57 41 5L 64 g5 62 @ 56.60
27 Japonica 188 127 68 19 115 14 w2 w2 9 110,00
2 0. 8 4 61 94 8 g 75 62 84 5 78,20
29 Co. 25 80 70 76 56 60 85 74 - 72,40




APPERITX IV (B)
Boight of noths of S, cerealella bred on differont varieties of paddy seeds wunter laborabory conditions,

neight of 10 woth? in mom.

Boww Tttt LLTTETTT SRR
Tl | Fomis | mmle  femle | male  emale  mle  vemle
-1--—5_--------’ ""'"""'"""‘3“"‘-"“""""'“““""""'"""4“"“"""
1 PFB. 1 11.4 27,3 10,0 24,2 12,8 25.6 11.40 25,70
2 ©TB, 2 10,0 15.0 1.6 1.0 90  14.0 10,00 14,00
s PIB, 4 12,0 16.0 0.0 140 1.0 16.0 11.00  15.20
4 PTB. S 9,0 17.0 1.0 180 4.0 18,0 11,00  17.86
5 FEB. 7 0.0 22,0 1.0 2.0 9.0  18.0 10,00  £0.00
6 P, 8 9,0 15,0 8,0 15,0 10,0 14,0 9.00 14,00
?  prB., ® 12.0 22.0 0.0  £3.0 12,0 20,0 11,35 21.66
8  PIB. 10 9.0 15.0 B0 10,0 7.0  12.0 8,00  13.86
9  PTB. 12 0.2 1.5 11.0 150 1.1 130 10,76 14,16
10 ¥iB. 15 9.3 16,5 w1 133 7.9 119 2,10 12,90
1 PEB. 16 10,0 12,3 1.0 L9 1.3 14,0 10,78 12,93
12 PTB. 18 9.8 18,2 1.8 18,9 104 16,8 10,46 17,80

15 PTB. 20 15,4 0.l 16.1 18,3 15,4 20,0 19.96 19,46



ii

RI RII RIiX
t : ) &aio- i Fgm;u; T ﬁli;h: i “f;m;lo; T ;iaie- i E’e;a{o- ) Hale . *erale
14 T8, 21 16,6 19.3 15.0 18,85 17.0 19.1 16,20 18,96
15 PTB, 28 12,5 15,3 13,0 16,5 11,4 15,0 12,30 15,60
15 F¥B. 23 10.0 16.1 12,1 6.1 11,0 17.1 11.03 16,43
17 PTB, 24 B3 13,5 8,0 14,1 9.0 13,6 8,43 13,73
18 PTB, 25 14.0 18,0 13,5 17.0 14,6 18,5 14,83 17,83
19 PUB. 26 9.5 15,4 10.4 17,3 12,0 14,9 10,63 15,85
20 PTB, 27 12,0 13,9 11,0 13,0 13.1 14,9 12,33 13,98
21 PTB, 31 12,0 13,8 1.0 14,0 12,9 14,5 11.96 13,93
22 PIB. 32 11,5 13,8 9.4 11.0 12,8 1.3 10.56 11,83
23 PTB. 33 17.7 20,0 16.9 21.5 11,5 19.0 15,36 20,16
24 FIB, 34 15,0 £5.0 18,3 24,5 17.0 20,9 16.66 23,46
25 o, & 16,0 20.1 15,5 21,0 14,7 18.9 15,40 20,00
26 GEB. 24 6.6 15,8 8,0 12,0 9.4 12,9 8,00 135,56
27 Japcalea 12,3 19.0 13.0 17.5 13,5 20,5 18,90 19,00
28 Mo, 2 18,0 25,0 21.2 23,0 18,7 22,0 29,83 23,33
29 Co. 25 1o.0 18,2 11.5 18,0 9.8 17.4 10.43 17,86




APPENDIX -~V

RECORD OF TEMPERATURE & HEMIDITY (CCTOBLR 1963 to MANCHY

~ TYemperature Humidity
Month Woel
Maximum Minimm Maximum Mininmom
1963 1 86 81 84 56
o ’
October 2 86 a2 83 62
3 85 8l 90 64
4 84 bis o4 65
1 85 80 82 68
2 84 80 88 55
Novenber 3 86 81 89 62
4 85 80 80 64
1 84 80 8% 64
2 86 80 79 54
D
eeenber 3 88 82 79 50
4 86 80 a2 52
1964 1 86 80 84 62
2 84 81 85 56
Ja;
puary 3 84 80 85 60
4 84 78 83 60
1 80 86 81 54
February 2 80 85 60 45
3 84 88 87 60
4 84 a7 80 60
1 a7 84 87 58
2 20 80 72 48
Mareh 3 92 :14] 88 62
4 88 85 86 €8




FIGURES



FIGURE 1. Oviposition chamber.

FIGURE II. Moth Introductlon tube.






FIGURE III., Sitotroga cerealella Olivier

male moth.






FIGURE IV. Sitotrogs cersalells Olivier

fopale moth.






