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CHAPTER-I
INTRODUCTION



INTRODUCT ION

Wheat iz infested by a larger number of
mincts in storage as compared to infestation of the
crop in the fleld. A major problem that 1is being
faced by the farmer is to keep the seed vheat free of
insect infestation under ecological conditions of
Orisss State., foma of thess insects are primary pests,
capable of damging sound grains, and few others cause
damage only under favourable conditions or in presance
of a primazy peet, On the other hand, two or more
species of pests may infest a single type of commodity
but one Species may outnumber others svan if enough
food material is available to support all the infesting
inpects, Sometimes artificilal conditions ave created
by one grain infesting species vhich may be favourable
or unfavourable for the development of the other,
resulting in an imbalance in the inssct population.

Graninivorous organisms mey exploit their food
source in grain storage with little chance of ultimate
starvation, and {n turn supply food for the wide wvariety
of parasites and predators associsgted with them, thus
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ensuring the population growth of their enemies, Among
the vheat damaging insscte in storage, rice weevil
Eitophilus oryzae (L.) and lesser grain borex gx_;%
dominica (F.) are more injurious in Indis particularly
under Orissa conditions, These tvo major pests are

often obssrved to occyr along With so called mscondary
pests like red flour booti‘ Tribol ium castgneunm (Hbst,)
and sav tocthed grain beetle QOrysaephilus surinamensis 1,
in large numbers and sometimes their population becomes
so variable that it poses & problem to investigate if

the presence or absance of any of these species
determines the growth or suppression of an md!.vidud
species, ™n single species and mixed species culture oy
infestation, particularly in combined infestation of
vheat by rice weevil and lessar grain borer, a parasite
Anisopteromplue cslgndzes How. has been observed in
Orissa., [t has been further noticed that the population
of thess insscts have not deen completely elimingted

dua to parasitisation, It becomes difficult to concludg
from thess observations that bioclogical contxel of theag
major pests is poseible unless the extent of parasitisstion
or suppression of population of thess pests are worked out,

lacato (1976) reported that in a culture of T
castangun and Q, suringugnsis, the red flour bestle ki)jed
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eggs, early instar .l.lmo and pupae of the latter and
retardad the population growth of the saw-toothed grain
beetle. Jaccb and Mchan (1976) cbserved the predation

of T, castangum on the eggs of R, dominica. On the other
hand Lecato (1976) concluded from his experiments that
I, castangum or O, surinamensis produced relatively more
progeny and caused greater damgge vhen combined with
either R, dominice or §, oryzas. Adeysmi (1968) studied
the competition between Izibolium castangum and Cadre
cautellg (Wlk.) and found that adults of I, cgstanqum
ate ages and killed moth larwe, The silk produced by

the moth larvae was harmful to the larvae of I, castaneusm,
One becomes confused to see that occurrence of two orx
more species of insects in an infested mater{al sometimes
encourages populat{on growth and alsc suppresses |
population of one or the other.

Dhalival and Sattu (1978) reported the occurrence
of A, calandxes in the laboratory cultures of R, dominice
in stored vheat. Tt was concluded that slthough the
parasite vas able to restrict the population growth of
B, dominics, the decresss in host number adverssly
affected the population of A, cqlandzse. This finding

does not make it clear to vhat extent the population of
the pest vas controlled.

Considering thess lgcunge .in our knowledgs in the
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e ffect of interspecific or intwaspecific competition
among stored grain ingects infesting vheat, experimgnts
vere carrigd out with rice weevil, lesser grain borer,
red flour beetle and saw-toothed grain beetle to study
the effect of their interspecific competition on their
population growth and degree of damage to vheat stored
at controlled and laboratory conditions, The findings
of these experiment 8 may veveal the importance of
occurrence of primary and secondary insect pests of
stored grain with similar and disimilar habits and the
presence or absence of a parasite in the ultimate fate
of the infested commodity, The results of the
investigations and a brief discussion thereof havebeen
described in the following pagas,

LA X
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REVIEW OF LITERATURE



REVIEW OF LITERATURR

Publithed information on the subject of
interspecific or intraspecific competition among insects
occuring in stored grain is {nugu as compared to other
aspacts of study of storage problems vwithout which it
becomes difficult to plan for sound future programses
of experiments, and to campare the present findings,
However, a brisf review of the available literature on
™ Interspecific competition among major pests of stored
vheat " {s presented in the following paragraphs,

Jablonoweki (1916) cbeerved Oryzaephilus
suringmensip ( L.)to be carmivorous and reported that
the larvae and adult stages of saw toothed grain beetle
failed to grov on ininjured grains and died unless other
food vas gvailable, They also could not live on animal
remains (exuvias of flour bestle larvae etc.), Hjmwt.
they survived on coaxss ground grains,

Durant (1921) stated that " O, suringmensis
genexally destroys only vhen it has been injured by
primaTry pests but they are undoubtedly real pasts of
flour, biscuits, raisins, stored foods ete,"

Back and Cotton (1926) reported that O, suringgensis
feeds both in adult and larval stages ch almost any
stored products of vegstables origin such as flouw, stock,
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poultry feed and copra etc,, dried fruits are particulazly
11ablae to infestation and stored grain 1if often badly
damaged, Adults confined with sound vheat vere found
dying of starvation.

Crombie (1943) conducted experiments to
determine the effect of competition and population density
on oviposition by Ehizoparthg dominica F., Oryzgephilus
suringmensis L., and Sitotrogs cerealells (Cliv.) in
vheat or flour and Bruchus ( Acanthoscelidas ) obtectys,
Say in beans at 30° C and a relative humidity of about
70 perxcent, The crowding of adults invariably depressed
the rate of oviposition, vhile the egg fertility was not
affected. M unconditioned media, there was a reduction
in facundity vhich vas due to competition for the
oviposition and feeding, When the two species were in the
samg environment thilr effect on each othex's fecundity
Vas more or less dependent on the miches for which they
vere competing., The reduction of fecundity of R, dominica
by flour beetle conditioned by its own species oxr by
O, surinamensip or §, cereslelly vas at first roghly
propertional to the degree of conditioning, but after a
time the effect of all medis vas the same, Tt 1s belfeved
that a conditioned medium opezates upon fecundity through
poisming and the effect is upon oviposition rathex than
agp production,
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Park (1944) studied the interz-species
competition within populations of the genus Txibol fua,

His preliminary findings wers that Ixibolium castaneum(iibst.)

produced largeT total populations than Ixzibol fum
confusum Duv, ,although i:ha cultures of the latter had a
higher percentagg of adults, Mterspscific competition
reduced the tota)l population size and that T, castanqum

appsarad to be thq more successful competitor in the
pwulat’.mo

Croubie ( 1946 ) conducted experiments to

study the growth of pure populations of R, dominics,
9, sur Sig, end S, cerealella in a standard medium

of wheat maintained st a constant lewsl, The population
of each species vose to a maximum and remained fluctuating
about this wvalus indefinitely, A comparison of the rates
of oviposition with the rates at vhich adults emerged

thowed that in the maximwm population there was an enormous

moxtality ( alvays over 90 % ) i{n the immature stages,’
Whan pairs of species competed, R, dominics eliminated
S, gereslells becauses their larvae, betwsen which most
of the competition occurred, had the samg needs and
habits, Each of thass speciss vas able to survive with
O, suringmensis bacause the latter occupied a different
scokogical niche, Populations living in a wedium of
unrensved vheat ross to & meximum and then declined as
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the food became exhausted, The eventual extinsion of

the population was due; not to the cessation of oviposition,
but to the faillure of the larvae to survive,:The duration
of 1ife of adults of R, dominice vas shorter in unrenewed
than renewved medium and shorter st{ll vhen this species
vas competing with S, cerealella in unreneved medium, The
duration of the life of the other species and the sex
rati{o of S, cerealells vwas apparently unaffected by these
conditions. The fecundity of R, dominics females decreased
in succeding penerations, The competitive relationship
between O, surinamensis and either S, cexealella or R,
dominicg shifted slightly in favour of the latter species
in unreneved as compared in the renewed media. In renewed
madia this velationship probably depended chiefly on the
destruction of eggs and pupae by adults and larvae

particularly by Q, surinsmensis,

Birch (1947) conducted an experiment to study
survival of I, cgstgneum 1in medium heaxd wheat grains, It
vas evident that the beetls could live and reproduce in
vhole grains of vheat, After 6 months about one-thixd of
the uhoh grains were destraoyed.

Cxombie (1947) caxried out experiments in a
dark incubator st 30° C and 70 % relative humidity with

R, dominicy and §, cereslells to study the interxr-and
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intra- specific competition, Overcrowding tended to favour
the survival of S, cere lella. Migration from the grains
tended to decreass with latter instars, When tvc species
vera competing, the averags zatio of the survival was

1.3 : 1 for R, dominicy to §, cere . S, cereale

vas able to take advantgpy of this decreased competition
because of the occurfence of larvae with a typical rates

of development in this spacies, Owercrowding in the

{mmature stages had no effact upon the averags developmental

period of the larvae or ypon the sex ratio, weight or
fecundity of the adults of gither species,

Barnes and Simmons ( 1952 ) attempted to
establish a mixed population of saw-toothed grain beetle
and the Wdian meal moth wvhich usually resulted in the
decline of the latteT species, In stored raisins the
eav toothed grain bestle sttained domingnce during the
mmmer following harvest and th. hdian meal moth rarely
became abundant during any part of the experimental period.

Harayan ( 1953 ) stated that this insect s
a sscondary pest of Stored grain and feeds on broksn
grains, grain dusts and grain dameged by other pests
1ike Sitophilus QXyEas and Jhisopexthe dgminica. This

beetle can not damage the sound grains either in sdult
or larval stagas,
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Park ( 1956 ) reported the effect in all the
six combinationg of tempsratures of 34, 29 and 24° C and
relative humiditges of 70 and 30 percent on populations
of T, confusum and I, castangum kept in flour separately,
and in competityen with each other, M all, 400 cultures
Vers used and population counts were made cwty 30 days,
with the exception of T. castaneum at 24° C and 30 psrcent
Talative humidity  both species psrsisted indefenitely
vhen kept alone, put they diffexed in the size of the
populations that dewsloped in particular environment as
vell a# in the‘pgcp.rtion of adulﬁs presant. When the two
species were kept topether, e alvays eliminated the
other, but the ong that did #0 varied with the physical
environment and i{n some cases was and {n others vas not
the one expecCteqd to do 2o from the trends obssrved vhen
the species Vaxe ket separately,

Lloyd and Pavk ( 1964 ) observed the mortality
resulting from ipteractions between adult flour beetles
in labouratory cyltures by pairing the pupse of males and
females of T, Sonfysum and I, castangum in all possible
conbingtions. REither sex of either species survived a
markedly shorter time vhen incarcexsted with mgles of
I, sonfympg., W Ixiboliup the males commonly mount femsles
of the wrong species, ox even other mgles and attempt to
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copulate, During thgss attacks, the sedeasgus may injure
soft structures under the elytra, leading to a gradual
put fatal loss of body flutds, The males of T, confusun
vere decidedly more injurious to females of their own
species then they were to each cther, but were about
equally injuriocus to the tuo sexes of T, castangum,

Davson ( 1966 ) studied the dewelopmental rates
of three strains of I, castangun and five of I, confysug
{n vheat flour measured in the leboratory at 29° C and
relative humidities of 40, 60 and 70 percent, The results
shoved that the time required for development wvas ’
influenced not only by strsin and humidity but aleo,
significantly by intezactions between genotype ( strain)
and envizonment, The results also indicated that the
responss to different humidities of some strains depended
on their genstic camposition,

Park, Laslis and Mezts ( 1966 ) studied
competition in populations of four genetic strains of
esch species of I, castaneyn and I, confysug and they
wers thown to differ in the densities at vhich they
survived and their ags distributions in primary
charactexistics ( fertility, fecundity, rate of development
and adult survival ) and in the extent to vhich they are
cannibalistic, WVhen the species were reamd alone, the
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greatest differgnces in density occurred betwaen strains
of T, confusum and the smallest between strains of I,
Castaneum and thgse facts were causally related to the
PrimaTy cherecteristics and the predatory activities of
sach of the eight strains, When the two species were
reared togathar, one alvays sliminated the other. I,
castaneum characteristically detezmined the eventusl
outcome of competition with T, confusum,

Adeyemi ( 1968 ) carried out an experiment
in the laboratory with a constant t;mpoutuu of 25.5%
and 70 percant relative humidity in England to study the
competition between I, castangum and three moth species
vis. Cadra cautells (Wlk,), Plodis intexpunctells (is.),
and Corxeyra cephalonicg (Stnt,), All experiments were
conducted on decorticated groundnuts {n specimen tubes,
crystallising dishes or jam jars. The survival and
development of the immature stages of the moth species
vere ftudied and the number of eggs laid by the adults in
presence of T, castangun wers recorded. The reciprocal
effects of moth larvas on Tribol{um were briefly studied.
The most important harmful effects of I, castanquy vere
on couplating moths and on moth eggs, Adults were
freaquantly disturbed and somstimes killed or if they

survived, laid fewver eggs, The egxs vare alsoc eaten,
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e specially those laid loose in the medium, Adults of T,
castanoun attached and killed moth larvee and pupee but
this vas considered to be of minor importance, The ;uk
produced by moth larvae was harmful to the larvae of I,
castaneun but any reduction effected in the population
of I, castangum was probably offset by the beneficial
effect of moth cocoons, vhich shelteraed lazves of I, -
castangum from cannibalism, I is concluded that, as a
result of campetition for food or space or both batween
I, castangum gnd the moth species, the moth populations

Vere 1likely to be exterminated despite their apparently
higher i{ntrinsic rzate of increase.

Lefkovitch ( 1968 ) made a multifactional
study with two replicates of each combination on vheat
and vheat feed, of the interactions between Sitophilus
cryzse (L.), Lasiodexms ssxricorns (F.), I, castangug and
Cryptolestss ferrugingus (Steph,) at 30° C and 60 percent
relative humidity for six weeks {n mmell cultures and
reportad that ks 2exricomng vas ssricusly affected by the
presence of S, OLYEaS on vheat and by all three cthers
in vheat feed. S, OTYZae vas harmed by the presence of
C, feryugingus on vheat, but vas unaffeated by it on
Vheat feed, C, farxugineys hed a hammful effect on I,
castangup on both foods and vas favoured by the presence
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of 1, serricorng on wheat, Tt vas concluded that under

such conditions C, ferrugingus was the spscies most likely
to persist,

Golebiowska ( 1970) studied the feeding and
fecundity of £, granarius, S, oryzse and B, dominica in
vheat grains over 30 consecutive days in the laboraé‘oty
st 28° C and 75 percent relative humidity, It was found
that adults of S, oryzas fed at the same rate throughout
the experimgnt and laid most of their eggs during the
fixst fev days after reaching maturity, Those of S,
granarius, howewar, began to lay only aftex several days
of intensive feeding, Adults of R, dominica also at first
ate intensively and latter at a decreasad rate, They laid
most eges during the first few days and again in the
fourth week, Intensive oviposition was preceded by
intensive feeding, The amount of food eaten by the larves
and adults, together with the quantity of grain dust
produced in relation to adult body weight, indicated that,
‘of the three mpecies, B, dominics was the moet voracious
and destructive,

Pingale ( 1970 ) mede studies on interspecifie
campetition between I, confusym,Gosthocezus comnytys,
Irogodermg vexsicolox ( Creuts ), 5, cerealella, Qo
Suringnensiy, C, chingnsis and C, magulatys in various
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c ombinations and showed that between spacies of which the
habits vere similar, the weaker vas eliminated, but that
spacies occupying different ecological niches develeped
normally togethex.

Stoyanovic ( 1970 ) determinad the loag of
veight of stored vheat infested with S, granazius gzng
S, oryzae at initisl population densities of 1, 2 or 3
pairs per 0.5 kg, The weevils caused serious damage qven
vhen the conditione for their development ware not optimal.
After 200 days, the psrcentage weight loss for grain
infested by S, granarius vas 59-78 at 20° C and 10-71 ot
10° C, the corresponding percentages for §, oryzap vere
12- 71 and 3 - 14,

Beratlief ( 1971 ) stated that Anisopteromglus
calandzge How,, reared from immature stages of $, oryzae

infesting storxed cereals near Bucharest at temperatures of
19 - 25°C and a zelative humidity of 14,7 - 16,5 pexcent,
the parasite developed from egg to adult in 13 - 27 days
and the adults lived for upto 18 days; only femsles were
obtaingd, The rate of parasitimm varied from 7,2 to 18
percent and it was thought probably that the pteromalid
played an important part in limiting the infestation of
stored grain.

Golebiowska, Pilipek and Krsymenska ( 1972 )
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c onducted an experiment in the laboratory im Poland at

14, 24 and 27°C gnd 75 percent relsgtive humidity to
determing the injuriousness of 5, gr 8, S, oryzag
and R, doninica to grains of vheat and rye and showed

that §, granarius was the most fnjurious at 24° C, the
adults consumed an averags of 0.78 mg of vheat par day
each and the larvae in courss of their developmant about
30 mg each, Adults of §, oryzss and R, dgminica consumed
averages of 0.4 and 0.42 mg vheat per day each, and the
larvas 14 and 16 mg each in the course of their development
respectively. I relation to body weight, R, dominicq

vas the most voracious and left the lazgest amount of
prain dust after feeding the germination rate of the
grain was impaired by the feeding of the beetles,
espacially by B, dominica., ™ grain damaged by §,
granarius the percentage of dry matter was reduced and

the fat and the nitrogen contents wers increassd, Feeding
and conssquently injuriocumness were greater at higher
tempsrature,

Golebiowska, Chmislevwski and Filipek (1972)
carried out an expsriment in the laboratory in Poland
in 1961-68 with storved vheat infested with insscte and
nites, Both insects and mites produced an increased

nuaber of progeny vhen the initial population wvas smll,
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When populaticn was high, the number of progeny decreased,
partly as a result of physical disturbances of the
ovipositing femsles by feeding individuals and partly
becausa the young larval {nstars ware at a dis-advantage
for feeding., Adult vweevils sometimes damaged individual
grains to such an extent that the immature steges could
not develop in them end {n some cases adults fed on the

eges of their own Wl.g. m '!gs L. and W
putrescentise ( Schr,) reproduced poorly in the presence

of insscts, R, dominica and I, confumm developed more
strongly in the presence of other species of insects, and
mites, but I, granarium was adversely affected by the

presence of other species, The development of $, oryzag and
S, Exangrius vas unaffectad by the pressnce of other
Species,

Lecato ( 1976 ) reported that wvhen both I,
castangun and O, surinsmensis occurred in fine diets that
vere more favourable to movement by I, castangun, the
predation of I, castaneum on O, suringmensig vas
accentuated, When the two species occurred in a 1l:l
mixture of rolled cats and standaxd I, gastangua sedium
Orysgephilyg remained in the rolled oats and I, castaneup
Zanerally ssgregated themselwves in the standard medium,
vhich reduced predation, Predation by 1, castanguy on
Oxyzgephilys in cracked comn ( a sub-standaxd diet for
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T, castaneum ) was increased but in shalled whole
groundnuts, it vas decreased, W both standard medium ang
cracked corn, both late lnat;i: larvas and adults of I,
cestaneum killed more eggs, sarly instar larm;and PUpag
of Orygsephilus than did late instar larvae. This feeding
resulted in an increase in the number of progeny produced
by 1, castangum,

Jacob and Mchan ( 1976 ) cunducted Laboratory
tests in Thdia end reported that laxvas and adults of
I, castansum readily ynjmi on eggs, larvas and pupas of
the other stored product pests vis, Stegobium paniceynm (1.)
and R, doninica and on eggs and adults of Lasioderms
serricorns (F.), Full grown larvaa of ], ssrricorng varxe
not attadied, perhaps because of the thick sstal grouth

on their bodies, Q, Suringmgnsis vas gcmul.lj. less
Suscept ible to attack than the other species.

Cirxish, Tripathy, Tomat and Reishnemurthy(1976)
made a iumy in U,P,, Wdia in 1973-74 to vepresent the
actual losses of grain that eccurved during storage, dwm

to {nsect pests including S, oxysas, R, daminica, S,
cereslells, L. castsnaum, O, SEinamensis, I, sEansxiua
and Eghestis cautalla (Wik.). The loss in weight after
storage for six months varigd from 0.06 to 9.7 % and the
loss in viability fxrom 7.0 to 22,0 %,
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lecato ( 1976 ) conducted jar tests in the
laboratory in Gaorgila with various species of stored
product insacts and reported that population gtoutb. and
the weight loss of vhole kernels of rice, vheat or malze
were found to be affected by the combination of species
confined topether in the Jax. Populations of Cryptolestes

pusillus, (Schonh,), Q. surinamensig and T, castaneun
produced relatively more progeny and caussd greater weight

losses vhgn confined vith aither R, dominica and S, oryzas
than vhen they developed alone.

Kemal, Rasvi, Ahmad and Khan { 1977 ) veported
cannibalistic behaviour by adults ( on othex adults ) of
R, doninica for the first time from observations on
populations in xearing jars in the laborstory, Cannibalism
was more pronounced at high temperaturs ( 32% ) than lowex

one ( 25°C ) and d1d not occur vhen populations vere sparse,

Mookherjes, Bhatia and Verma ( 1978 ) made
Studies in Wdis on the survival of I, castaneup and
Corcyza cephglonica (Stnt.) in single-species and mixed
Species cultures in vials containing 8 g crushed vheat
or flour started with 50 eggs of each species, There vas
considerable intraspecific campetition in the Corcyss
cultures but little in the Triboliuyp cultures, I the
mixed cultures, mortality of Ixibolium increassd, markedly
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but this was not trus of Corcyrs, The results vwere
similar vhen the ratio of eggs of the tvwo species vas
changed from 10,90 to 90,10.

Press, Flaherty and Arbogast ( 1978 ) worked
on the possibility of using Pracon hebetor, Say and
Venturia cangscens (Crav,) (Nemgritis canescens) in
combination for greater efficiency in the biological
control of Ephestip cautells (Wlk,) in stored produets
by exposing host larvas on an artificial diet in a
petridish to one or both parasites, B, hebetox alons
proved to be slightly more efficient parasite than was
Y, caneecens alone. When both parasites werxe present,

B, hebetor was found to ba able to dewelop in host larvee
that had already besn parasitissd by ¥, cangscens, but
¥V, cangsceng could not develop in larvas already
parasitissed and thus eventually eliminated by B, hebetox.
The presence of both parasites therefore caussd an
increass in host mortality ( as compared with that caused
by either mpacies along ) that was only temporaxy.

Dhalival and Battu ( 1978 ) reported the
occurrence of Anisoptercmalus celandxss ( Hovard ) in

the lgboratory culture of fhizopexthg dominicg in stoved
vheat in Mhdig for the first time in June,1975., W

population counts {n ssmples of cultures weighing 10 g,
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The numbers of hosts and ( in brackets ) parasites
averaged 61 (13) in June, 92 (29) tn July, 74 (20) !.n
August and 50 (9) i{n Septembex. It was concluded that
although A, calandzag was able to restrict the growth of
populations of R, dominica,the decrease in host numbers
adversely affected the population of the parasite, |

Phadke and Bhatia ( 1978 ) studied thagt vhen
populatione of $, oryzse and R, daminicg weve allowed to
dewvelop together in the grain of 7 varieties of vheat,
5, oryzae outnumbered R, dominica during the period of
population increass, For both species, the populations
were lower than, when grown ssparately, indicating mututal
suppression, The multiplication of S, oryzes vas related
to the susceptibility of the wvariety, but that of R,
daminice wa® not apparently becauss of the pressure
exsrted by the domingnt species, It was coneluded that
varietdl susceptibility could not be assessed {f more
than one species wers present at the ssme time.

oo
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MATERIALS ARND

METHODS

The materials used and msthods adopted during
the present investigations to study the competition
among major peets ( Rica wesvil, Red fldu: baetle,
Saw-toothed grain beetle, and Lessax grain borer ) of
stored vheat and the effect of a parasite on them, in
the laboratory of the Department of Entomology, Collegy
of Agriculture, Bhubanesvar during the year 1979 are
described in the following pages,

MATERITAL S

A, Matexials uoced in reaxing the iomets :

1. mescts 3 (1)

(1)

(111)

(iv)

Rice weevil Sitophilus oryzse
Linn,, Curculionidas :Coleocpteza,

Md flour beetle, Iribolium
castangug Herbst, Tenebrionidses
Colecptsrxa,

Saw-toothed grain beetle,
Ozyxgephilus surinsmensis (y,),
Cucujides 1 Coleocptars.

Lessexr grain borver, Hhigcperthg

doninieg (r.), Bostrichidae ¢
Coleoptenra,



(a)

(b)
(e)
(d)
- (e)

.023-

(v) A parasite Anisoptexomslus
calandxrge (How.) Ptctmw
Hymenopterza. - |

2, Food materials used in zearing and breeding
the test {nsects,

Food stuff Sources of mupnly

Whole vheat | Local market and Centxal
Fesearxch Famm, O.,U.A.T,

Wheat flour Prepared from avallable vheat,

Raw rice Local markast,

Mung flour Prepared in the laboratory

Brewer's dry yeast Local market.

3. Apparatus ussd in vear and breed the
tgptt insects, tne ing

(a)

14 )

(c)
(d)
(o)
(£)
(o)
(h)

Rearing glass jaxs of sime 20 x 10 ¢cm
for breeding the insects,

60 mssh sisve supplisd by Ende cotts
(Filtex) Ltd,, London,

Camsl hair brush.

Muslin: cloth,

Rubber bands

Forceps and needles

Maximm and ninisum thermomet.ixs
Aspirator - prapared {n the 1;501.1:02’.

A rubber cork, having two holes of sime 1.3 mm
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diameter was tightly fitted to & wide mouthed bottle,
Two glasse tubas of 18 - 20 cm long were fitted to thﬁ/
holes, One tubs was mgde to bend at right angle and the
other at an angle of 120° over Bunssn bumer so that it
vas convenisnt to catch the inssct species easily inside
the insect collection cage,

(1) Low temperature incubator supplied by Sow
India Co, Scientific Equipment Delhi was used for rearing
the insects throughout the experimental period, The
incubator with a temperature range 5 - 40° C was operated
at 220 volts to maintain a temperature of 29° 2 1%C and
73 £+ 3 % ¥, inside the chamber throughout the
expsrimental period, |

(J) Tneect collection cage : Tt is a rectanguler
box of size 43 x 36 x 20 em having glass valls on the
top, front and backsides, On the two sides, arm holes
fitted vwith cloth around the hole were provided to vork
vith the hende i{nside vithout the chance of escape of
any inssct,

4, Fumigant used to maks the vheat, vheat flour,mung
floux, and zav rice free of insect and mite
’.ﬂf..:.t’.mo

B. lMatexiale used i the excewiments !
1. Test insects : (a) Rice weevil
(b) Med flour beetls



8.
9.
10.

11,

12,

13,
14,

. 2% o

(c) Saw=toothed grain b.‘enj
(d) 1lesser grain bore:x
(e) The ptexomelid parasite

Commodity ¢ Sound vheat grains with 12,6 % of
moisture vas used as food for test
insects,

Plastic jars of sims 4 cm x 3 em,

Muslin cloth

Camel hair bruth

Rubberx band

Steve ( 60 mash ) supplied by Hargopal and

Sons Ambala

Aspizator

Forceps and needles

Incubator : maintained at 29° +1% and

73 £+ 3 1 RH,

Desicator ¢ Thess wers used as relative humidity

chembers, A constant relative humidity of 73 + 3%

vas mgintained by mixing 17.91 g sulphuric acid

with 82,09 cc of vater (Sobman, 1957 ).

Electric oven i The oven supplisd by Ressaxch

mstrument Houss Calcutta was used to determine

the moisture content of the grain,

physical balance and weight box,

e chanber,
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gg'mms
Rearing of insscts :

The adults of Sitophilus oryszae Linn, vere
taken from the laboratory cultures maintained in the

laboratory reared for experimental purposes, Five hundred
grams of disinfected vhole uhoai: was taken in each rearing
jar to vhich about 300 - 400 number of unuud adult rice
veevils vere released, The rearing jars were covered with
muslin cloth and wrapped with a rubber band., The cultuyxes
vere hpt in incubator at 29° * 1% temperature. The
adults wvere ssparated from the grains after seven days
and were rejected, Freshly emerged adults from thess jars
were utilized in the experiments,

The adults of Iriboliyp cestangum Herbst,
vere collected from local flour mills of Bhubanesvar

and reaved in a food medium of vhole vheat flour
containing 5 % dri{ed brever's ysast, Wheat flour was
sieved through 60 meth sieve and 230 g . of sieved vheat
flour vas taken in each culture jars, About 400 unsexed
red flour bestles were released in each rearing jar for
breeding, The rearing jars vers covered vwith muslin
¢loth and wrapped vith a zubbex band, The cultures vers
kept in incubators at 29° £+ 1°C tenpezature, ”

A large nunber of properly identified edults
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of saw-toocthed grain beetle Oryzaephilus surinsmensis 1 inn,
waere collected from the local food and feed go dama(,w}‘
vere used for furthex breeding in the laboratorxy, A
mixture of vheat flour with 12 - 13 % moisture content
and tice and mmng flour in the propsrtion of $0 : 5 ; 5
respectively vere taken in rearing glass jars of size

20 x 15 em, In each rearing jar containing food, about
100 adult besetles of both sexes vere released which wags
then wrapped with muslin eloth with the help of a Tubhey
band and kept undisturbed in ssmi-dark place for about

4 days fo:) egg laylng, After the tarzgstted period, the
adults vere removed and the egge were allowed to d“'lqp
at tdnpezatu:o of 29° E 5 1%. The nevly emarged adults
vere taken for the investigation,

The adults of Ehizoperthg dominics (F.)

were collected from local godowns and wers umd for
breeding in the laboratory., Five hundred grams of whole
vhest was taken in esach rearing jar to vhich about 200.300
number of unsexed adults were released, The rearing jays
vers covered with muelin cloth and wrapped with & Tubbey
band, The cultures were kept in incubator at 29° h 1%
t.mutu:i. The adults were ssparated from the grains
after 7 - 10 days and vers rejected, Nevly emsrzpged

adults vers utilised in the expeziments, ’
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The adults of Anisopteromalus é_a_L andras (How.)

vere collected from a mixed culture of rice weevils apa
lesser grain borer maintained in the laboratoxy of éno
Department of Entomology, College of Agticmtun,ﬁxubsnowat
Five hundred grams of whole vheat was taken in each

rearing Jar, About 200 adults of rice wesvils or lesser
grain borers were taksn uﬁ@ratoly to vhich 50 - 70 adult
parasites vere releasad after a veek and then th.» jars

vere again wrapped vwith muslin cloth with the help of a
rubber band and kept undisturbed inside the low incubator,

The nevly emerged adult parasites vere 'tukon for further
study. | | ‘

The process of rearing was repeated at 7 days
interval in order to get a steady supply of freshly
emerged adults,

The food materisls used for cultures and
experiments vere fumigated with alumunium phosphide @ 1
tab/q with 3 daye exposure period to make these fyee from
other {nsscts and mites before use.

The moisture content of vheat vas doi:oulnod
by direct heating mathod, Thres samples of known vaight
of vheat vere taken in alluninum basins and kept inside
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the oven at a temperature of 130% for 24 hours, After
that the basineg were transferred to desicator containing.
caletum chloride for cooling and each veighed aftex

2 hours, Further they were kept in owen for 12 hours after
vhich sscond weight was talen in oxder to get constant
waight of the commodity, Finally the moisturs content was
calculated as follows ¢

x"'x £ x 100 = Percentage of moisturs coutent

'where-as X = Tnown weight of commodity
Y = f£inal weight of cammodity after heating
Average veight of 3 samples of ccnmodity {n grams
(X) =10
Average dry constant ng\:' of 3 sanples of comodity
in grams (Y) =« 8,74 "

Moisture content in percentags = &iuw x 100

, - 32,6
Hence the moisture content of whoat = 12,6 2

Expsriments ware conducted with three
replicatione of sach treatment in two mets, Ong set of

experiments vere done in laboratory conditions and the
other at a constant temperature of 29° 2 1% and a
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Telative humidity of 73 + 3 1 inside the incubator, Growth
of population and weight loss of grains were taken as. the
factors to determine mter-poc;ﬂe competition, by ailawtﬁg
one specles of insect to multiply alone in combination

with other pests or the parasite,

100 grams of disinfected vhole wheat grains
Were separately taken in several plastic jars in vhich
10 pairs of frethly emerged adults of rice weevil, lesser
grain borer, saw-toothed grain beetle and red flour beetle
vere releassd separately in each jar. The adult insscts
vers picked up by means of camel hair brush and put into
the experimental jaz. The jars were then wrappad with
muslin cloth vwith the help of a rubber band, Each treatment
vas replicated thrice and kept undisturbed inside the low
temperature 1ncuhcor' meintained at 29° * 1°C and &

Telative humidity of 73 + 3 4.

10 pairs of freshly emerged adult insscts of
each spacies of the four insects studied vere released in
Sach jar containing 100 g of disinfected vhole vhest grains,
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The combinations were as follows :

1. Rice weevil + Red flour beetle

2, Sawetoothed grain beetle + Red flour beetle

3., lesser grain borer + Red flour beetle

4, Rice weevil + lLesser grain borer + Red
flour beetle

S. Rice weevil + Les®ar grain borer + Sawe
toothed grain beetle

6. Rice weevil + Lesssr grain borer + Sawe
toothed grain baetle + Hed flour beetle.

Then each treatment was replicated thrice and
kept inside the incubator and the observations wers taken
aftexr 90 days of the experiments,

Pooulation g MR O GiTZeZeNt inges
pressnce of parssite in vhest.

100 grams of disinfected wheat grains vere weighed
into plastic jars to vhich 10 pairs of each insect species
with 10 pairs of adult parasites were releassd in various
~ combinations, After a week the parasite culture Jar vas
put inside the ingect collection cage and by means of
aspirator, the parasites wers collected and were released
to jars cavefully containing 100 grams of vheat vith
different insscts and then the jars vers immediately
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vrapped with muslin cloth with the help of a rubber bond,
Each treatment was replicated thrice. The combinations

vere as follows :

1. Rice veevil + A, calgndrae

2, 1lesser grain borer + A, calandrae

3. Rice weevil + Lesser grain borer +
A, calandres

4., Rice wevil + lLesser grain borer + Hed
flour bestle '+ Sawetoothed grain beetle +

A, calgndxge

The replicates were kept inside the incubator
and the obssrvations waere taken after 90 days of the
experiment s,

Similar sets of experiments were set up in the
laboratory at variable temperatures ( 33° - 35°C) ana
relative humidities ( 70 - 76 % ) to study and compare
the effect of varied temperatures and relative humidities

on interspecific competition among the pests infesting
vheat, ‘

Population count,

After 90 days of the experiments, the jars were
taken out to record the populations of each inssct species,
Por convenience of count of the insscts, the experimentsl
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jare vare kept inside the ice cheuber of refrigerator
in oxder to inactivate the insects, The muslin cloth
was removed and the infested material with insects were
spread ower a plain vhite paper and then insects vere

counted by the help of a brudh, only taking alive
{nsects into account,

Calculation of percentags of weight loss of wheat
dug to inssct fesding,

The initial weight of the grains was recowded
vhile setting the experiments, The final weight was
taken after ssparating the frass, the dead and aliye
insacte, and immature stagas of insects, The following
formula vwas usd to calculate the final percentagy of
waight loss taking loss or gain of moisture at thq fingl
Stage of experiments into com!.doni:ton under laboratory
conditions only, The initial moisture content of wheat
vas 12,6 7 and the final moisture content was Caleylated
to be 11,6 1 thereby resulting a net loss of weighe

1.0 % due to moisture loss, Therefore the weisht of grain
taken vas 99.0 grams,

T vetght loss = el el of che sxalag 4 100

L T 4
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EXPERDMENRTAL FINDINGS

The size of the ﬁopulatton of four species of
inssct pests of vheat and the extent of loss caused by
them vas studied bofh at controlled and laboratory
conditions, To determing the effect of interspecifiec
competition among thess insects, experiments were planned
to study the above factors by allowing them to multiply
singly or in various coambingticns along with or without
the pnéanec of a parasite, The results of the experiments
are described {n following pages,

8 e slé d t

To assess the population growth of Sitophilus
orysss, Rigoperths dominics, Ixiboliup Sasteneus snd
Oryzasphilus suringmensig and the relative extent of
damage thess insscts could caum to sound vheat grains,
10 pairs of adults of each species were veared in 100 g
of vheat each saparately and kept for 90 days at a
constant temperature of 29° +1%C and 73 + 3 L RH, A
series of similar experiments were run in the laboratoxy
cenditions to study the effect of the temperatute and
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humidity on population growth and the aextent of damage,
The results obtained have been presaented in tables 1 and 2,
It was saan that the population of adults of rice v;cvu.,ﬂ
lesser grain borer, red flour beetle, and saw-toothed
grain beatle were 1177.3, 203,6, 32,3 and 0 and % veipght
loss of vheat was 45,1, 38.3, 5,2 and 0 in an average
respectively during a perliod of 90 days clearly
indicating the success of rice weevil iIn building its
population and causing damage to sound vheat than any
other inssct studied in the experiments vhen the
inpscts were allowed to grow at a constant temperature
of 29° +1%,

The results of the experiments carried out under
laboratory conditions indicated that, the mean population
of §, oryzas was the highest (881) followed by lesser
gxain borer, red flour bsetle and saw-toothed grain
beetle, which vas 357.6, 28,3 and 0 respectively. The
percentage of waight loss dus to feeding of insscts was
48,2 by lesesr grain borer and 42,6, 4,1 and O by rice
veaevil, red flour beetle and saw-toothed grain beetle
Tespectively, It vwas interesting to note that there vas
maximun loss {n veight of vheat with 357.6 adults of
lessar grain borer as compared to the lose in weight of
42,6 % with rice veevil having larger population of 881,
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Rice weevil had a bigger population at constant temperature
than laboratory cultures though it cutnumbered others
under both the conditions, It vas further obserwed that |
the population of lesser grain borer was more at variable
temperature and hum!.d!ty in thé laho:ai:o:y than at a

lower constant temperature of 29°';: 1% and 73 *3 % RH,
Saw=toothaed grain bestle failed completely to grow with
sound wvheat but T, m could survive vith a very

low population,

Table 1

Population of 5, oryzas, R, dominica, I, castaneyp and
0O, furinamensis after 90 days of releass of 10 pairs of
adults of each species ssparately and % weight loss of
wheat kept at 29° +1°C and 73 + 3 2 RN,

Inssct No, of living qults { % waight loss

species K Ry TRy | Ave | B | Rl Bl Av,

Rice weevil 1254 1038 1220 1177.3 44.8 45,5 45.0 45.1
S, oryzas |
Lesser 196 211 202 203.6 38.1 ¥.8 39.1 38,3

rain
orer R,

dominice

Red flour 29 37 31 32,3 5,25%.0 S5.4 5S.2
beatle T, :

Castaneun

Saw-toothed O 0 0 0 0 O 0 0
frain beetle

9_,. surinamgnsis
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Table 2

Population of 5, oryzas, B, dominica, T, castaneum and
O, Burinamgnsie aftar 90 days of releass of 10 pairs of
adults of each species saparately and % waight loss of
vheat kept at laboratory conditions,

Insag: No, of living adults % veight loss
8 Sam— — e " —
opec iR | R Kl Al K| Rl Ry lAw
S, oryzes 970 922 851 881,0 42,0 43,1 42.7 42,6
R, dominica 357 335 361 357,6 47.2 49,3 48,2 48,2
T, 25 2 31 28,3 4,2 3.9 4,2 4,1
‘ CQEOQM' ' ‘

0 0 0 0 0 0 0 0 0
Tringmensts '

To study the effect of interspecific competition
batween an intermal borer and an externa] feeder, I, castaneum

vas allowed to multiply with §, oryzae and B. dominice. The
effect of interspecific competition betygen I, Castaneum and
O, suringmensis, both being extemnsl feeders, on the |
population grovth and the extent of loss of weight of infested
vheat was also studied., The data on popylation and weight loss
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obtained at a constant temperature and humidity are presented
in Table 3 and the data obtained under laboratory temperature
and humidity are presented in Table 4, It wae found that the
mean population of I, castaneum and §, oryzae was 131 and
512,6, T, castaneum and R, dominice 170,6 and 201.3, T,
castaneun and O, surinamgnsis 33,6 and 0 respectively vhen
expsariments were conducted at a constant temperature of

29° +1°C and 73 + 3 % RH, The comdination I, castaneun
with S, otymas, I, casteneus vith R, doninica and I,
castaneum with O, suringmensis resulted in 54,4, 40.4 and
6,6 % 1o8s in veight in an average of the infested vheat
Tespectively, It was clearly observed the degres of weight
‘1083 was more in any combination of two insects than the

veight loss causad individually, However, O, supingmensis

could not survive vhen allowed to multiply : alons or in

combination with I, castaneum, another externsl feeder,
The population of each specigs became less in camse of the

frain borers end more in case of I, castangum, an external
feeder,

¥hen sbove experiments wers conducted under
laboratory conditions the msan population of the combination
of I, castaneun and £, orymss, I, cestapeym and R, dominica,
and I, castanevn and O, Surinamgnsiy was 135.6 and 209.3,
137.3 and 255.3 and 31.6 and O raspectively, The
corresponding maan percentage of veight loss of infested
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Wheat vas 35,5, 41.2 and 7.1 in the above combinaticns, Tt vas
observed that the population of S, oryzae decreassd under the
laboratory condition as compared to results obtainad at comstant
temperature and humidity, whereas theze vas an increass in the
population of R, dominica under laboratory condition, Thers was
not mwch difference in the population of I, castangum and O,
suringmensis, Considering the % welight loss of wheat in
differant treatments, there was more damage in the combination
of I, castaneun and R, dominica, Saw-toothed grain beetle

also could not grow in sound vheat {n absence of either rice
veevil or lessar grain borer,

Table 3
Population of T, castarum in presence of S, oxyzss, ox R,
dominica or O, surinamensis after 90 days of release of

10 p.it! of each mpecies and % veight loss of vheat kept at
29° *1 Cmd73+31ﬂ.ﬂ.

Combinatton dult
i&ﬁns wsﬁgt [T V.

%w 122 131.0 53.8 54.2 55.3 54.4
S.orysss 509 sn  S08 512.6 ’ *
T, cast <174 180 158 170.6 |
o Saftaneun 40.0 41.2 40.1 40.4
R, dominica 202 180 ' 222 201.3
T#m 32 3 34 33.6

6.' 6.0 702 6.6
&W&N ° ¢ 0 ,




Table 4

Population of T, castaneuy in presence of 5, oryzae, R,

dominica and O, surinamensis after 90 days of release of
10 pairs of each species and % weight loss of wheat at
laboratory conditions,

. } t t ‘ t 8
e B Y B

castaneum 132 123 132 135.6
oryzee

34,0 3.2 36.3 35,3
204 223 201 209.3 :

cast 158 169 145 157.3
Sattadeun 40,2 43.5 40.0 41.2
R, dominies 281 249 2%  255.3

36 24 35 3.6
. o 8.8 ‘.9 7.6 7.1

0 0 0

0‘”!‘ L]

loss of wheat vhen three or more mpecigs allowed to
mult t H

I, castansun or O, suringmgnsig vere allowed to
multiply in presence of both §, oryzss and B, dominice and
both the extemnal feeders axe also allowed to compete in
pressnce of §, oryzas and B, dominicg togsther, The results
of the experiments conducted at a constant tempexature and
humidity are presented tn Table 5 and the data ocbtained fzom
experiment s conducted under laboratory conditions in Table 6.
It was observed in Table 3 that in the combination of



O. surinamensis with §, oryzae and R, dominica, the
population of pice weevil, lesser grain borer and sawe

toothed grain beetle was 1109, 136 and 226.6 respectively
and the mean percentage of weight loss was 36,6. I other
combination of tvo grain borers the population of rice
veevil, lesser grain borer and L. castaneum was 1044,146
and 44 Tespgctively and the mean psrcantage of weight loss
was 36.03, vhen all four species wers allowed to multiply

~ topether, the population of §, oryzas, R, dominica, I,
castangun gand O, suringmensis was 1046.6, 61.3, 142,3 and
27 respectively., The mean percentage of weight loss of
vheat vas 38,2 , The data indicated that Q, surinamensis
could survive and develop in pressnce of S, oryzse and/or
R, dominica, The population of lessar grain borer was
affected in presence of I, castaneym but the population

of rice weevil was not much affected in presence or abssnce
of T, castaneum, Vhen all the insect species infested vheat,
there vas more loss in weight than the combination of thyes,

The results obtained from experiments conducteqd
under laboratory conditions ( Table 6 ) indicated that
there vas a suppression to the population of S, royzae and
increase of population in case of R, domipies, Q.

Surinamensis and I, cestanqum as compared to the population
gzowth at constant temperature and huamidity, The mean
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percentage of weight loss vas & maXimum of 36.8 % in the
combination of all the four species of insects and minimum
of 24,3 %, vhen I, castanoum wa® combined with £, oryzae and

R, dominics, The combination of O, sygpinamgnsis with S, oxyspe
and R, dominica resulted in a reduced loss in weight by 35.6 %.

Table 5

, Population of di{fferent species of insects when reared in
combination vith 3 oxr more species together snd 7 veight
loss of vheat kept at 29031°C and 73 £ 3 % RAH,

Coubinst.one § At population | " e oss
ENCECNEREYEY Y
S, orysss 1210 997 1120 1109.0
+*
R, dominfca 134 135 139 136,0 35.2 36,5 38.1 3.6
* .
O, surfnamgnsis 231 227 222 226,6
§, oryzas 118 996 1021 1044,0
Y
T, castangum 148 131 139 146.0 36.3 33,8 38,0 36.03
'
Bodmintes 40 43 & 40
S, opyzes 113 980 1021 1046.6 L
+
R, dominies 72 58 5S4 61.3 39.2 37,5 37.8 3.2
n :
%,. cattanqum 142 136 14 1423
8, suringmensis 26 33 22 2.0
] - , . - w—




Table 6
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Population of different specles of i{nsects vhen reared in
Combination with 3 or more species together in wheat at

Yaboratory conditions,

Cmbinations Adult population % vaight loes
) P R iR | B (Mmifhihi B 14w
S, oryzae 192 178 204 191.3
+* . '
R, dominica 203 198 213  204.6 34,8 35,0 37'.1 35.6
+
O, surinamgnsis 412 379 435 408,6
$, oryase 178 193 168 179.6
L .
R, domintes 95 101 124 106.6
S, oryzas 181 191 176 182.6
+*
*
T, castangums 163 191 142 165.3
+
0, euringmensis 137 127 131 131.6
Populstion of 3, orymss or B, doaifiics in presence of a

pazasite and the extent of loss in veisht of yhaat @

S, oryzss and Bs doainics were alloved to
multiply separately slong with the parasite A, cal.gixag at
s constant tempersture and relative humidity. During a peried
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of 90 days the mean population of §, oryzag and A,
calandrae was 508.0 and 134.0 and that of R, dominica

and A, calgndras vae 188,6 and 83,6 respectively (Table 7).
The lo8s in weight of grain vas more (26,5 %) in case of
5, Oryzas and A, Salgndras ccombingtion than the other
combination of R, dominica and A, calgndras i.e. 24.4 %,

It vas clear that the parasite, to certain extent, was
cffeétivn in controlling the population growth of £, oryzae
and to a lgsser extent that of R, dominica ae evidenced
from their populations vhen the pests vere reared in
absence of the parasite. The percentage of weight loss of
vheat Vas jower than the loss vhen these two insscts vere
reaved in ghsence of the parasite ssparately.

In the laboratoxy it was observed (Table 8)
that the population of &, orysss snd 4, calandzes ; R.
dominica and 5, calandrpe was 457.6 and 104.6; 195.0 and
80,0 respectively, 't can be meen that though the loss in
veight of grains vas much lower in pressnce of the

pazasite, ygt it was about 25 % vhich is no doubt a
substant {q] loss,



Table 7

Population of §, oryzae and R, dominica in piaaonco of a
patasite after 90 days of releass and % weight lose of vheat
vhen stored at 29° + 1% and 73 + 3 % RH.

adere

Combinations Adult populat{ion % veight loss

B | R B ojA. ] R R a,gm.

$, oryzae 410 493 619 508.0
+* 26,2 27.5 25.8 26,5
A, calgndrae 122 138 142 134.0

dominica 189 202 175 188.6
2 doninice 25,2 23,5 24,2 24.3
A, calgndras 76 79 96 83.6 -

Table 8

Population of S, oryzse and R, dominica in presance of a
parasite after 90 days of release and % weight loss of
vheat vhen kept at laboratory conditions,

Adult ulation % veight loss
C ombinat fons - pop
% (&1~ & ] 5T
]
S, oxyzas 412 478 483 457.6
& 24,2 23,0 23,1 24,1
A, celandrag 106 96 112 104,6
R, dominica 105 202 188 195.0
+ 24,2 22,7 .8 24,2
A

A, calandzae 77 72 91 80,0

s R




To £ind out the effect of the parasite J,
calgndras on the population growth of S, oryzse and B,

dominica in presence of external feeders like I, castaneun
and O, surin

sls, the parasite vas allowed to multiply in
a culture having equal number of both the hosts and then

with both the hosts in presence of I, cantaneum and o,
suringmensie at a constant temperature and humidity and
in the laboratory. The data pressnted in Table 9 showed
that the mean population of §, oryzss, R, dominica and
A, calandras vas 421.3, 110,0 end 119.3 respectively and

veight loss wvas 28,9 %, vhereas the population of S, orysss,

R, doninica, T, castensum, O, Suxingmensis and A, calandcag
vas 828.6, 92,3, 89,6, 39,0 and 137.6 respectively and
vaight loss was 33,8 % vhen the experiment vas conducted

by rearing a1l tnsscts together under contzalled condition,
The population of external feeders was not affected in
presence of the parasite as a result the percentags loss

of wvaight of grains remained high, although the host numbers
1.0, 5, oryzse and O fuxinamensig becams Smaller,

The zesults ( Table 10 ) obtained from

experiment s under the laboratory conditions shoved that the
population of hosts becams less in pressnce of the parasite
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though there vas slight increass in the p opulation of R,
dominice as compared to the results obtained at h constant
temperature and R,H, When all the four pssts and the parasite
Were reared together, the population of §, crygae and R,
dominica was checked to some extent by A, Calgndzss, O,
surinamensis could survive and multiply vhich otherviss failed
to develop vhen reared alone in scund wheat, The percentage of
veight lose was 36,3, vhen all the insects wvers taksn togetherx
as compared to 36,8 % by all insects in absence of the parasite.
Tt may be concluded that the parasite A, calandxse could not
ﬁmvant damage utufacﬁotuy 1.0, lo8s in weight to grains
though it resulted in smaller population of S, oryaas anq

R, dominica

Table 9

Population of S, oryzse, R, dominica, O, surinamensis and
T, castangum in pressnce of a parasite, A, calandise, in
various combinations after 90 days of releass and % weight

loes of wheat at 29° +1°C and 73 + 3 1 RH,

Ss. oxyses a7 4% 408 421.3
B, donintes 103 129 108 110.0 27.5 29,1 28,0 28.9
A, calgndzge 131 105 122 119.3

§, oryase 791 815 880 828.6

é,_ dominice 97 78 102 92,3 |

%_ castangym 82 92 9% 89,6 34,5 33,0 33.8 33,8
O, suringmenste 38 &7 32 9,0

A, calend 158 120 135 137.6




Table 10
Population of S, oryzae, R, dominica, T, castanqum and

9O, surinamensis in presence of a parasite, A, calandrag
in various combinations after 90 days of release and %

veight loss of wheat at laboratory conditions,

¥

E
s

Adult population % weight loss
C ombinations 1 ) ﬂ!
R By 1‘3”’- R B “sl”-
S, oryzae 390 366 412 389,3
"
R, dominica 110 96 111 105.6 25.5 26,2 26,8 26,1
.
A, calandras 124 117 131 124,0
5, otyzae 431 406 421 419.3
+
R, dominicq 149 122 135 135.3
+*
T castangum 132 93 106 103.6 35.2 38.1 35.6 36.3
P
O, urinsmensig 29 24 33 2.6
* :
A, 197 223 218.0




CHAPTER-V
DISCUSSION



- DISCUSSION

Among the iInsect pests those attack vheat in
storage, Some are {nternal grain borers which can survive
and multiply in scund grains and others such as red flour
beetle and saw-toothed grain beetle can multiply in stored
vheat and may attend the status of a pest under favouradble
conditions only. Ricc vuﬂl and lesser grain borer come
undex the first group and are capable of infolting vheat
under normal conditions of stsrage, When more than one
species of insacts occur in a commodity interspecific
competition may come in even {f sufficient food material
is available to support the pests, When certain factors such
as limitat{on of food, ®pace, peculiar habit of living,
cannibalism and predatory habits occur one species may
‘dominate or suppress the other vwithin a tims limit, -
Sttophilys orvzas, Filzcpexths dominica, Ixiboliug castansum
and Oryasschilus surinamensis have been cbeerved to occur
together or singly in stored vheat, Sometimss a parasite,
Anisoptexomplys calandras vas also non’d\ in cultures of
S, oryzas and R, dominice. Therefors experiments were
planned to study the effect of intexrspecific competition
1f any and the effect of parasitisation on the population
grovth of thess pests, The number of living adults at the
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end of the experiments was taken as a critexrion of
population and the percentage of weight loss of infasted
grains was taken as a factor to determing the extent Dof
damage caused by different insects, Thess five species of
insscts were allowed to multiply singly or {n wvarious
conbinat {on of specias at controllad cond{tions of
experiment s and under laboratory condittons,

When equal number of vice weevils, lesser grain
borers, red flour beetles and saw-toothed grain baetles
vwers reared separately on sound vheat grains with motstyre
content of 12.6 % kept at 29° +1°%C and 73 £ 3 % RH., 1t
Vas ssen that the population of rice vc&il vas the
maximum of 1177.3, in an average, with g maximm
pitcentag. of veight loss of 43,1, Lesser grain borer
vas the sscond with & mean population sime of 203,6 ang
38.3 % loss in veight of the infested vheat. The megn
population of ved flour beetle was only 32,3 and loss {n
veight was 3.2 % There vas no survival of saw-toothed
grain beetle resulting in no loss in veight of wheat,

The same experiments vhen conducted under
laboratory conditions the mesults on population showed
the samg tyend with an incxeass in number of lesser gwain

borex, There vas more loss in weight with R, donfnfics than
35, oxysse though the nunbez of veevils vere uor"c. ™ is
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interesting to note that §, oryzae produced ﬁote population
at a constant temperature and humidity than under laboratory
conditions, vherea® R, dominica resulted in a higher
population under lgboratoxry conditions than at controlled
temperature and humidity, Further R, dominica resulted

in a higher percentage of weight loss of wheat with a
smaller population than §, oryzee with a larger population.
Data indicated that R, dominica could multiply better at
varigble temperature and humidity than S, oryszas and caused
more damage as compared to its population, T. castansum
could survive on sound vheat but its rate of multiplication
Was very slov as ssen from the size of the population,

O, suringmensig completely failed to develop on sound vheat,

Until recently it was assumed that I, castaneum
falls to survive among sound kernels but rather needed
either cracked karnels or grain dusts resulting from the
fesding of other pests, Bixch (1947) reported that the
b«th) could live and reproduce in vhole vheat grains,
Narayan ( 1933 ) advanced the ides that the genus Tribolium
can not feed on vhole vheat grains, The present findings
indicate that Txibolium can infest souhd wheat grains, Back
and Cotton ( 1926 ) stated that adults of O, surinamansis
confined with sound vheat wers found dying of starvation.
The data presented in Tables 1 end 2 clearly thow that
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O, suringmensis fails to mitiply on scund wheat graine,

When I, castaneun was reared with either S, oryzae
or R, dominicas, its population was more with R, dominice
than with &, oryzae both at controlled and laboratory.
conditions, But vhen T, castaneum was combined with O,
surinamensig it® population was much low as compared to its
population with either S, oryzss or R, dominica, Here
population of Qo Buringmensis remained as zero. These
£indings support the idea that I, castangum feeds on
grains damsged by other pests like S, oryzas (Naxayan, 1953),
becauce ite population was much higher with S, oryzae or
R, dominics but vexy low with O, surinamensis, O, surinamensis
could not be helped to estadblish on sound grains by the
presence of I, castansum, The population data presented in
Tables 3 and 4 thow that the populations of S, orysae and
R, dominica are smaller in presence of I, cgsteoeun as
compared to their population when reared in its ebsance,
This was probably dus to the predatory hebit of I, castaneun
on egps, larvas of R, dominieg and the interspecific
competition, Jecob and Mchan ( 1976 ) zeported that larvae
and adults of T, castangum readily preyed on eggs, larvae

and pupas of R, domipnics.

S, oryms, B, dominics vere reased with O,
surinamensis or I, ¢astaneum or both under controlled
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~and laboratory conditions, The data on population and the
percentage of weight lose of wheat as prasented in 'l‘qbles
5 and 6 indicated that thg populations of S, oryzae and
R, dominica aré smaller when rearaed with eithexr 9,

surinamensis or I, castaneum but the population in presence
of T, castaneum is more reduced as compared to the presance
of 9, suringmensis, This might ba dus to predatory habit of
T, castansum on R, dominica, (Lecato,1976)., O, suringmensis

wiich could not survive and multiply on sournd vheat grains
vhen reared alone, could grow in scund grains in pressnce
of S, oryzaes and R, dominica, This finding is supported by
Durant (1921) vho found out that " O, surinamensis
penerally destroys only vhen it has been injured by primary
pests,” Looking at the percentags of weight loss of grains
it vas cbssrved that there was greater damage vhen all the
four insects ( Tables S and 6 ) occurzed togpether in vheat
than the other combinations of insscts, lLacato (1976)
reported that O, surinsmensis and I, castangun produced
relatively more progeny and csuss greater weight loss vhen
confined with either R, dominica or §, gtysse than vhen
they developed alone,

The effect of paresitisation on the population of

S, oryzss and R, dominica by A, calanizas and 3 veight
loss of the infested vheat vers determined by wleasing
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10 pairs of adult parasites vith either 3, oryzss, or

R, dominica at a constant temperature and humidity and
under laboratory conditions ( Tables 7 and 8 ), It was
observed that the population® of §, oryzse and R, dominica
vare raduced in presence of the parasite, as compared to their
population when reared in sbsence of the parasite, However,
the reduction of population if case of S, oryzaq was
greater than R, dominica vhen the experiments wore conducted
either in the laboratory or Uner coutrolled conditions,
The percentage of weight 1088 vas about 25 % in §tuanm

of the parasite, as againet Of about 43 % in its abzencs,
clearly indicating the efficacy of the parasite in
suppreseing the population of hosts and ultimately
resulting a lessexr degres of damage to grains,

Vhen A,calandray vwa® intreduced in cultures

c ntatning 10 pairs of each 5. QLYEsS and R, dominicy, the
population of both the hosts Temained checked but the
population of the parasite vas not high as camparad to its
population in pressnce of either of the host, When all the
four pests vere given equal chances to multiply together in
& culture containing the parasite, the population of R,
doninicy was move suppressed then §, oryzgs, However,the
population of the parasite d4id not differ muych from its
progeny obtained with S, ouyEea oF Re dominics 6\3_ with



e 55 -

both, The trend in the population size obtained at
controlled or laboratory conditions did not differ: much.
However, there vas a greater percentage of weight loss
vhen more #pecles of insects were reared together than
fever insects Infesting, the sams food in presence of
the parasite. Various guthers have reported A, calandrae
as a parasite on rice vweevil and lesser grain borer,
Beratlief ( 1971 ) stated that Anisopteroma)us calendras How,
developed well from egp to adult in 13 - 27 days in the
culture of S, oryzae. Dhalival and Battu ( 1978 ) reported
the occurrence of A, calandrae as a parasite in the
laboratory culture of R, dominica.



CHAPTER-VI
SUMMARY AND CONCLUSION



SUMMARY AND CONCLUSION

Experiments vere conducted in the laboratory
of Departmsnt of Entomology, College of Apriculture,
ghubsnesvar, during the year 1979, to study the effect
of interspecific competition among rice weevil, lessex
grain borer, red flour bsetle and saw-toothed grain beetle
infesting vheat and A, calandras, a pteromalid parasite
on rice wegvil and lesser grain borer, on the populatidn
growth and extent of damage caused by thess insect pests
to vheat, Population grovth vas studied by counting the
number of living adults present after 90 days of thelir
releats on vheat prains and the extent of damage was
determingd on the basis of percentage of weight loss of
graine due to m-ctlfudins only. All the species of
{nsect s vere rearved on socund wheat grains ssparately or
in various combinations in presence or absence of the
parasite at 29° b » 1°C and 73 +3 % RH, and undex
1aboratory conditions.

Accordingly tvo ssts of experiments vers zun
vith £, oryzse, B, dominicy, I, castgneus and O, suxinamansis
by rearing these insects vith 100 g of wheat vith moisture
content of 12.6 1 sspaxately in wearxing glass ja;‘x\. The
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progeny produced by 10 pairs of adult beetles of each
Species vwas recorded after 90 days of their release, Tt
¥as noted that rice weevil produced the maximum progeny
~of 1177.3 €cllowed by lesser grain borer, red flm'r;
beetle and saw-toothed grain bestle with 203.6, 32.3 and
0 adults, {n an svarage respectively at 29° * 1°C and
73 + 3 % RH, But vhen the inscts wexe reared undew
laboratory conditions the propertion of progeny produced
by thess insects vas not altered except that lesser grain
borer population incressed to 357.6 against 203,6 at

controlled conditions, 9, surinamgnsig failed to grow
under both the conditions,

The percentags of veight loss thowed that there
vas maxi{mum l1oss in weight of 45,1 % in the rvice weevil
culture at controlled conditions vhereas it was more
with leeser grain borer than rice weevil under
laboratory conditione indicating the greater damaging

capacity of R, dominicy.

When I, castgneum was reared vwith §, orysss
or R, doginicg, the number of progeny of I, castaneun
increased a8 campared to it# numbarxr vhen reaved alone,
However,the population of S, oryses and R, dominicg was
reduced, But in the combination of I, castangyy and
O, Surinamapeis, the populaticn of both the insects
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Temained almost the same a8 compared to thelr mdivld::a).
rearing, Tt may be concluded from the data that I,
castaneun could not help much in the growth of the
population of O, Surinamensis in sound wheat, On tha
other hand the population of R, dominica and S, oryzae
vae raeduced probably because of the predatory habit of
T, castanqum as reported by Jacob and Mchan (1976).

' Tn another experiment it was interesting to
note that O, surinamgnsis could syrvive and multiply
vhen it was reared in pressnce of §, oryrae and R,
dominicy. Thig clearly indicated thst Q. Suringmensip
could not feed on sound grains but it could survive on
grains damaged by primary pests, Presence of I, cystareum
suppressed the population of R, dominica to a greater
extont and the population of §, oryzag to a lessar
degree resulting in a smgller degree of damage which
might be dus to the wveduction in number of R, dominics,
a dominating feedex, Howaver,the population of R, dominice
vemained higher under laboratory conditions then its

rearing at a constant temperature and humidity,

A, calgndrps, a reported perasite on S, oryzes
and R, dominf{cg,var resred on thess tvo hosts either
Saparately or in combination with both, Tt was ocbssrved

that the parasite vas sble to keep in check the »opulation
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of both the hosts at controlled and laboratory cond!.t:ims
resulting i{n a reduced percentage of waight lose of wheat.
But vhen O, surinamensis and T, castaneum were takenh
togather in a culture of the hosts and the parasite, it
Vas obsarved that the percentage of weight loss went up
as compared to the loss dus to thair absenca, Tt may be
concluded that A, calagndrag was of no use in either
prevent inp the population growth of I, castangum or

O, surinamgnsig and the damage caused by them,

From the vesults of this experiments it can
safely be said that an individual species can multiply
at a faster rate than its occurrence with othez pests,
I, castanaup vhich has baen reported as a secondary
pests and unable to fead on sound grains was able to
survive on sound vheat though the rate of growth of
population vas slov. O, surinamgnsig failed to grovw on
sound vheat grains but it could multiply in presence of
primary pests, I, cgstanguyp suppressed the population of
R, dominice probably duwe to its predatory habit, The
population of S, oryzse and R, dominics vas suppresssd
to soms extent by the parasite A, calandige, and the
extent of loss was reduced, However, the pazasite failed
to exterminate the destructive pests, therefore, the

blolopical contxol of 3, oxyzag ox R, daminica by A,
€alandxag may not be a sound suggestion,
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The practical ut{lity of the results of
investigations may be that secondary pests like T,
castansum and O, surinamensie my cause little or no
damage to undamaped grains 'mt the infestation by a past
1ike §, oryzas and R, dominfica may accelerate the growth
of such seconxiary pests, Therefore stored vheat should be
free from frasmses, or partfally damaged grains to avoid

infestation by minor pasts,
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