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The stored-product insec't, Crl¡pt_olestes turci_cus (Grouvelle)

lras reared on seven different diets at z8tloc and at ti^¡o relative

hunidities of 9ØJ and óOi¿. Tirese diets ïrere: fl-our from the parj: of

a m:ill at l'íedicine Hat, ,AJ-berta that had previously been i_nfested with

C. tuqqicus; commercial- flour sterilized r¡rith propylene oxide; unen-

riched cornmerciar flour; and four laboratory-prepared diets each

coniaining a different concentration of funei isolated from the

itiedicine Hat flor:r. The four lat'ber diets r^rere prepared by rai:cing

the freeze-dried lnixLu:'e of fungi to unenricired fl-our to prorrid.e

nd:cbures contaì-ning Ll', a"001-i;, o"ooolii, and o.oooolil by rrreight of

fungi.

rtt, 90iá R.H", l-arvae clevelo;oed. mosi rapidly on prepared

flour-fungi ciiets and in flour from the nrilj- and slor¡est in sterilized
flour' The highest survival of larvae occurrecl on the flour-funEi

diets and the highest raortality on the flour frorn the mill-. Rate of



r_Il-

pupal- deveropment r,¡as un-iform on all the dieis tested, survival_ of

pupae r,'as about 2O;, nigher on the Ílour-Í'ungi cliets than on the

sterilized flour. àL 6uì. il,"li", l-arvae survived. and compreted -uhe-jr

derrelonmcnt. nn f L^ fl^'.- ¡,.- ^.-ì .lio* nnnf cinino ì9; l^,rr r,raiohi nf {,uevçlvfJrrls1ru ull L,tLç J--L(JLtl.'-J-ul18r (l-Lvt/ çur.Lt/aJ-r-L-LrlE J-,- *¿ -* *Ungl_

and on the fl-our from the milr but not on any of the other d.iets"

In general, fungi present in flour encouraged the groi,,-Llr

¡nrì rla¡¡al nnma¡-l- ¡f tl *"¡^ j 
^"o and the f]_our_funpi rJiet eont¡i r-.@rrq qçvvauPlÌtçlfu ur vo UL¿J- ç-LUL¿Þ, d.If(I UJlg -LIOUI'-¿U.*Ò- **-- --,,-**"tlng

-t ct- ^+ f.,. ^.' - .^ ^L/u vL ¿u1r6.. troo the most favourable food for these insec-bs*
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ITüIROÐUÜTION

It is v¡ell-known that stored products deteriorate r^rhen

attacked by insects or fungi. The interrelationship betr,reen i_nsects

and nicroflora in the stored products environment had been neglectecl

rrnfìl ra¡anf'lr¡ r"qrrvr¿ ¿çver¡u¿J ,rhen Agrawal et al. (L957), Van idyk et aI. (tgSg),

i,'äsra et ar. (rçer), sikorowski (1964), ribder-Ralunan (Lg6g) showed a

ciose and constant associati-on betv¡een certain grain-infesti-ng insects

or rnites, and the rn-icroflora of the grain" These s'¿udj-es opened a

number of fascinating problems of practical- and fundarrrentel interest

i-n ihe ecology of both the insects and the fungi-.

Even though the association of insects and fungi in stored

products r,ras reported by the above i^¡orkers and frequently by some

others in iiiortÌr l\merica and abroad, tittle is known of the factors

t¡hich infl-uence the survival- and develoi-,nent of stored products insects.

The Problem

I'i; has often been observed in fl-our nrills in Canada that the

flat grain beetle, Cryptolestes turcicus (Grouvelle) thrives j-n the

presence of moulds associated r¡ith fl-our at high moj-sfure l-evel. During

tÌre nrill-ing operation some stocks become l"¡arm and moist as a resu-l-t of

passing throu-gh the break rol-Is and consequently provide ideal condi-

tions for the gror'rbh of microorganisms" The musty odour that is

d.etecta.bl-e on these stocks indicates that microflora are present. Stocks

of sj¡-ilar composition buL v¡ithout the musty odour are unlikely to
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become infested by C. turcicus. The presence of this insect j_n mill--

stocks conlainj-ng a. high 'oroportion of rn-icroorganisms strongly suggests

an insect-fungus relationship. Are fungi essenLi-al for the survival-

and development of _C. turcicus? This study r'ras l-aunchecl, to attempt ro

ansrrer thi s question by determj-ning the effect of some fungi associated

with flour on Lhe grol'rth and devel-opment of I, turcicus reared. at two

different humidities and one temperature.

Organizalion of the Thesis

The review of l-iterature covers the histor}¡ and biolog¡r 6f

the fl-at grain beetle, c" turqicus, many aspects of storage Íu-ngi and

the association o.f rn-icroorganisns rr'ith si;ored products insects. This

reviel is contained in Chapter II, Chapter III explains the materials

and methods of the e>çeriments, Chapt*^r IV contains the results and

discussions of the studies involving the survi-val- and development of

C. turcicqs reared on flour mixed with diÍ'ferent o;uantities o.f a mi:cture

of si:< species of fungi isol-ated. from fl-our talçen from a fl-our ni]l- at

I'iedicine Hat. A summary of the principal findings appears in Chapt.:r V.



CHASTJR ÏÏ

Rllvllii OF TILI LTTJJI¿{TURJI

Ëlislorical lìevi-ew of the Biology of Cryptolesfes lurcicus

Dis'briÌrubi-on aird Sì;atus

The flat gra.in beetle, Crfptqles,Les 'r,urcicus ïras ori-ginally

described by Grouvel-Ie in IB7ó and 1877 (l€fkovitc]n, Ig6Za.)" It r,,,as

recorded in driecÌ fru-i1 irrrported into l-rance frora Turkey" Fiov¡e and

fufkovitclr (L957) geve an accounf of Lhe geogri+phical- disfribution

of this e.nd ofher species of CrJptol-e¡!çe oÍ econonic importa.nce but

their data ',^¡ere Ii¡rited to a. greaL exLen't to specirnens collected on

ships at ilritish ports and in Eril"ain and to a smaller extent to

speci-rnens col-l-ected elseuhere. Since then, specimens have been collected

in Japa.n and South Afri ca and the species is nov¡ knolyn to be established

in the tenrperaie holarctic, neotropical and ethiopean regions but not

from Australasi a (lefkovit cn, I962a).

Ai; the present tinre, C. turcicus is found conmtonJ_y in the

rnachinery of flour and provender ndl-l-s. It is very difficult to assess

the damage caused by such a sna.ll- insect in this habitat" It '¡¡ould

seern th¿rt the worst d-ar,'Lage d-u-e -r,o it is likely-i;o be ihe nrill_erts

reputaiion (lefkovitch, I962e.)" 1J¡.be (fçóf) reported on ihe nu¡nbers

of g. tu::cicus r¡hich occurred in the covers of centrifugals in a

l,ondon fLour núll. Bishop (fg¡g) gave records of Ç. l4rcicus íron

flour rnil-ls farms a.nd grain bins in fhe wesfern U,S"Â. In Canada,



C. tu.rcicuå is usuelhy fou-nd in flour nill-s and i,¡areholises (Snittr,

f965). À rela.ted species: 9. ferruÊineus (Stepìrens), has offen been

found in stored grain r.¡here it feeds on, and damages the germ (Rilett,

r9l+9, T.iscombe t L964a). These tr,ro species are fou-nd throqghout the

grain-producing areas of Canacta and often at points of enbarkatio¡

(sinha, I965a)" Flurlock (t963, l96ù indicated that both species have

been found in produce origine,ting in canada and fhe unítcd states of

Àmerica, and su-bse -uently unl-oacied at Unitecl líingd,orn ports.

Tla q nri r'l- i nn nf T.ì f a l{i <'l- nrr¡sv u v¿ I v u¿vf I v¿ !¿! v ¿_¿u uvl v

The l-ife history of g. turcicus is sjrnilar to that of

C, feryu&Lneus_ (uitetU, L?tc,), C" minutus (Darries, l9LÐ and Q. uga.ndLe_

Steel- and lloi'¡e (Lefkovit ch, 1957)" lefkovitch (19ó2a) and Bishop (tçSg)

referued to the biology of c. turcicus but neither author gave much

detail of the various staEes,

Eggs are deposited loosely in ihe food material and t,he

incubation period depends on the tenrperature and relative hurn-iciity of

the environment. segmentation of the l-arva can be seen just prior i;o

em.ergence from the egg" By a series of streiciring and undulating

movements the chorion is broken and the larva emerAes. The caud.al

hoods or rregg burstersr¡ are used to assist the larva to escape from

the egg shelf (I-iscombe , Lg64b).

There are four larva.l instars " During tire late thir.d or

early fourth instar, a pair' of sil-k glands begins to d.evel-op on the

ventra.l surface of the first thoracic segment (llishop, l9ó0). The

siJk glands develop rapid-ly¡ and shortly before the onset of the
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prepupal slage in the laiter part of the fourth insta-r, a cocoon is

spuno TÌrc; cocoon må"y iake several fornLs, fn a fine food medium such

ac flarrr i'aa ¡nnnnn r.rr'ho fnn¡gfl ent,irelv of silk- l,.rhilre in eôe1'5g

food niedium the cocoon usua.lly' consis'us of par.ticles of food held

together and l-ined itith the sil-ken material-. The -larva rvill occasion-

^l.],- -^.--^+^ --jli^arr* fnnmihf I n^^^^-^ r¡1-^ *,.- lffð,II,v ^gt¿p¿.Le l'.rJ-lnuLltr l-uI'rrLLllB a uut-:oofLo lrle püpe elnel'geS anlefl-Of-d

through the solit l-arva'l skin of the fourth instar larva. The duration

of the larval perioci veries greatly, dependi ng on the ternperature and

relafive hurnidity et r¡rhich the insec'r, is reare¿ (left<ovitch, L962a.) 
"

The aduli; renains '¡;ithin the pu"pa.l case for abou,t ii,ro days and then

chetr¡s its i'lay out of the cocoon. It soon comnences lo feed and searciì

for a mate.

Descrj-p_Liqlr of Þlases
, /a 

^/ -,\Eishop (1960) published a taxonomic deserinf.ion of the ]arvae

and outl-ined a key for^î n +,rÞ^+ ^,,^ nVf, vô UU V¿VU-ù6 VÈ

f.hei'r. qa-nrr.:t.i nr
--*--lo

ferru-gineus a¡d" C. m-inutus

Tha oco nf fì *rr¡ni nrre i ^-^ -l^^naÄ -h.ì ^'l'i c+^?.ì -ne ¡.¡hitatrrv v¿1Èj vI vo 99å!*9!!]¿ IÞ ùé,tlùd,óç-ùrrd.PvLt d,IlL¿ gIIÐL,vltl-l.tå lIlLJL/v

r.¡han I ¡ì rì hrrf lro^ômêq ¡¡a'l'l n¡,'i qh -r.l -'i'.-{- }aôf ^¡a 1.,^* n}"ì nr -f'l-
rJ¡¡ef¡ I(--Iu, uqu vvvvll!çÐ J\;IJvlüIÐ11 qrru vjJ¿quç JLIÐU UçIUI V ,tlclUUlIIllðo IU

is slightly more than Nhree tjmes longer than r,,'ide i'¡i-bh one end niore

*¡-na¡aÄ {l-r¡n *l"o nt.hor lFi otr-o I IuóPvr vu u]1él¿ ullç v uf ¡vr \r róu v L ) ø

!d¿ vq

The newì-y hatched larva is r¡;hitish anci slightly longer than



tne egg" There are four instars, the l-asl of v¡hich is partly

T* +Ljs COncii'biOn the larVa is shortenred- t.hìnkcnerlurçPqPc. llr urtlÞ uurrulU¿uff uilÇ ¿oI vé ¿Ð ùIIUJ uvrrçq, ulrauÂvlrçu

^nm'-''ì a*a]r¡ in-^l-"- /-' ^\--*r, --.,,--r_Ie (-ilr-gure Z/ e

Ðrr--L qlJA

Itfter passint through the prepupel- phase, ihe larva of the

l-ast i-nsi;ar becomes a ou-pao During the last l-arval- sfate, the insect,

secretes a tough silken cocoon in which ii pu-pates (nigure 3),

Adult

The bee't,le is lisht amber in cofour when formed" It reina,ins

in the cocoon unlril tÌre exoskel-eluon has hardened and the bodr¡ has

attained its normal red-broirn colour'. The si:ecies shor,r's sexual di-¡lor-

phisln r;ith the na.le anterinae being as long as the body and the female

antennee half the body length (Figure 4).

Cannibalism

T,ucas and Oxley (L9l+7) reported adulfs but not larvae of

Cryptolestes spp. to be cannibalistic" Lefkovitch (L957) observed

cannibalisn in cultures of g. ugandae r..rhen l-arval derrsiiy r¡¡as high.
/¡a/-\ /.^r 

^\lr"slrby (196f) and Ril-eLt 1L949) shovæd that C" feglggrneus rras cennÍ-

balistic and lefkovitch (l96Za, b) reporNed tne same ch¿racteristic

for C. tr:rcicus,

Biolosy

Lefkovi'ûch (L962a) studied tìre rate of devel-opment of

C" turglquji reared on r^¡heatfeed (bran)" Ðevelopment i,¿as nost rapid

^- .1



irigure 1. .,!ggs of Ç" Lurc¿çge



Figure 2" Larvae of C" turcicr¿s



Figure J. Cocoons of C. turcicus
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+s of c" turcicus shoi.¡ distinct se;mal-I IÈ;Ur ç 4-o 4uu!v

dìmn-n-nì¡i qm n¡l a 1l ofJ-. ) -^..o..'ì nc ¡nt.pnn:p
.IJ¡r¿Ul¡!,¡teJ-v\4v4v

^'t*^-+ ^^ I ^-^ -s t.hc hodr¡ r+hereas those OfdlllvÈ u éÐ IUrfó @È ullv uvuJ vlrrçlv

/..\+l-ô +'^ra-¡^ l-¡i."nf I ¡y.o nnlrr h¡l+'!ì-^ L^.r--UIle IcIrLd,I(j \r'J81I- ! w v e-4¿ Ulltt ULJL,U

-t ôhñ+ hÀ\/ ¿16 u 1¡ o



aL 35"C. and 9Aìt È"rì", the life cJ¡cfe ¡ninus -r,he incubati on periocÌ oí

the egg requi-ring 25.8 aays. survival- hor.,'ever, r{as only 20 per cent"

Àt tire sarne relative humidity the greatest surviva.r ,¡,ras 73"3 per cent
a)-ô

aL 22"5-C. and, the least v¡as l-6.7 per cent a.t L7.5"C., the drira.tion of

¡l or¡a 'l anma n* lra i 'qçvçrvl,rr,Çrru ucrng 44"3 days aL 22"5oC. and LLL,3 days at L7"5oC. The

range of temperature at v¡hich the insect coul_d complete devel ocment

when the relafive hr.:n-r-idit¡' l'¡as reduced i;o /0 per cent icas narr.olved_ to

22,5oc. t'o 32.5oc" LL \ai: lì.H, ilre rate of development at each temper-

a-t ure r,¡as slov¡er than that observed at'r,ìre higher hurn-idity, the shortest

f imo l-rai re 2J. Ãulrre uv,16 2rv.2 days aL 32,5"C" and the rongest bei-ng ó0.7 days at

22"5oC. Survival- at 7O;, R,H" ranged from 23.3 per cent at 3CoC. to

J6"6 per cenb at 22.5oc. rdt 5oi, R.Fi. all rarvae d.ied. at z2,5oc" end-

32,5oÇ", but there r,¡¿.s óó "7 per cen.u survival at Z7"5oC"

Bishop (L959) stud.ied rate oÍ develo;oment of C. turcj¡:uLq

on food consisting of one-hal-f a v,¡heat kerner containing germ. Af

32'5oC' and' 9ùi" Ii.L{,: the average time required to complete d.evelopment

(first insta:'larva to adul-t) was 2J"2 d,ays, r,rhile ¿.t the same tempera-

ture bu'r, at 70 and 50). lì,.iI. al-l- first instar larvae died"

For oviposition studies, Bishop (tgsg) used fl¿kes of wheat

germ as food ancl Lefl<ovitch (tg6za) used rn¡heatfeed (¡ran). At 32"5oc.,
r /¡ n-a\.Bishop \f959) reported a lj_fetirite a.verage of 55"6, 6"ó and O.l eggs

per female at !0, 70 and. 5C';: R-"Tl", respectively, Åt, 2loC,, he reported

a rifetime average of l-3r,0, 2r.8 and J.ó eggs per female, respectively,

at !0, 70 and 50;j lì,ii. on food. consisting of equal parts of v¡hol-eneal

flour and lr.heat germo lefkovitch (tg6Za) reported. a l-2 r,¡eek to-i;al of
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L02"5 e6gs per íemal-e eL 32"5oC. anci gO',; p,.ii", 112,9 at 27.5oC. and

YV: ru.no ano YU.4 eggs at 27 "5"C. and 7O;, R.H.

cicus to

lefkovitch (L962a.) clajmed tìre optimun concj-itj-ons for t, tur-

be near 2'ô-C" and 90," R,H., ivhile i3ishop (tgSg) stated the

optimurn may be near 21"C" and 9Oi¡ 1ì.H"

St.nr : sa Frrnoì

Funsi bel onrri nø to :l I thr.ae nl¡sses lT'¡hl e I) infeef. stored.\rJv+v J/ J¡4vvv

nrn'ìrrn* < f ho n. innì Èr¡ l"a'l ^'¡ni ne t,o t,he Fllne'i Tmnerfer:i,i lnr l,rrelltefo-!¡vuuvur, u¡rç r1@Jv¿ruJ uçJvrr¿1!f15 uv urtv ¿ u¡¡õ4 !¡Luçr¿çvuI \ur !vL

rnycetes as they are called occasi-onall;') (Clarke, L96B).

The genus llspergil-lus, of r..,hich I32 species are recognized- in

the latest mono3ra.ph (äaper ù FenneII , L965), conta.ins more speci-es

¡i*cnlzinr c*nzarl nnnrìrlnf.q lqrrnh .- ,, ^1 .ìì^ì'Õ . a¡nrìirìr.q ri f'ì ¡--r-ìouuÇ,vÄI¡ró Ðuvrçq lJ¿vv-qwup \Ðuwr¡ dù 4o Èi!¿uuuù, å. --!1j!:!:!:!9-]9, ^o -LId,VU_Þ/i,

than any other si ngle genus, end often dominales ihe mycoflora, of

f.r-nni n¡'l nnndrret-q tTha conrrq Poni ¡i l'l irrm annci oti n^ ^í' 
-1 2r7 -^ãv-v**vvÞó r-rrri LËl]uÞ ru,^+,*-***^.- --.,--stl-flg ot Ii / s-oecl_gs

according to Ha.per o¿ Thom (L949), also coni,ains a large number of

qno¡ìoo onnÌ" cq ìr. Citrinum and P" CyCIOìliiXrL" l¡hiCh infect Stored

nrorlllef,s- Thrqr¡ rïê -môîê -nv.crr:lent. in'l-.emrrprrt.a fh.n in frnnin.-le ¡¡¡vJ - I'* -, rrtlatl ttÌ fJI'opJ_ç¡.t con-

^;+;^-^ -^ i.^ -^-:^t L^-^f ^-- -¿^-^^J ^r ¡ ci^u¿u¿vr¡Ð, owrrrw oy€cies even trollin€ in riioist barley stored a'r, 3"8"C.

(ilurrerl et al-" , L966). Species of Penicilliuli, on account of iheir
nrarì¡mi ns¡i'l rr ì-'ì11p-p,¡een ecl ollr :nfj thei f fer"¡ I ír^^^ t -^r-L,^l ^..-ì ^elvv¡r vv4vqr G¡rs ¿5vvu ¡rrv¿ ylrvlvór!

ch¡r'¡et,ers- pre t1ore difficul-t to iflcnt,ìfv i.ìr¡¡ f hnca nf LqnoraìIIrrs""-*E:#-'

since the majority of species in these tr^ro genera have no se,a.u-al stage,

f.har¡ rro l-rnf.h -nl¡na¡l -n^n^ +l ^ Jlrrno.i Tmna-¡fanf ìurrçJ Gr e wu ur¡ ,urGUçU cI,lIUIté UIfç r' L¿ttËA _!lifyç-t _L Ç I U-L o
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TABI,E ]
SY-STlll\'lÄTIC POSITIOi\I 01.- Ti{I STOjt¡.Gtr FUi\iGI (;\}-TIìlì CLiiiúj,¡i, L96g)

CLC.SSXS

Phycomycetes Ascoml¡ceies

Fungi

Tl¡no -¡f a n{- ì

:\UÐIUIÕ

jtrucor

,Çh'ì zn-nrrc

l-lansenula.

Ìtonascu-s

Byssocìrlam¡rs ;lil-terna'ia

- qnproì I I rr q

/[ureobasidium

Candida

.iipicoccum

n'l ^J^^*^--ì.,*v¿éqvÐPva rulL

Fusari-um

Helnúnthosi:orir:rn

Penicil-l-iu¡n

Snnr.nlrn'l ^ï4r¡^ô c

Verticil-l-ium
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Christensen (L957,\ and Chrisiensen 3¿ Ka.ufman (f965) revier.red

the deterioration of siored grain due to tÌre activities of fr,ingi,

Christensen and Cohen (rg¡o) report,ed. that the mould counts of approxi-

m=fal¡'fir-a hrrnrlr:rì qrr¡nlaq nf flallr nnl'lan*od Ofi¡Ciif:llV in COm-u v¿ r+vt¿, vvugwu(rg ¡v¡ rrrv¿FsrrJ Jrr \

nercial rrills, ra.nged frol:r several hundred to more iÌran 5,AAC per gm.

Three samples of t','ashed i,'¡heat from one mil-l, col-lected. as'l,he r¡heat r.rent

to the first brealc rol}s, contained only a fer¡ huncired. moufds per go,

r."hile the flours ndl-red from these L'hea,t contained up to severaL

thousand moul-d.s per go The chief sou:.ce of mou-ld contanination of flou.r

appears to be moul-ds groi,rj-ng and sÐorulating rr'ithin the miI-ing sysien

itca'lr îhô ^-'edoninant moulds in most of the florirs r..râpê -c¡p¡^iìì"oPr \.uvrr4raqf ru rrrvq4uo ¿¡¡ llLUÐu uI ulIç I¿vu Ð !JÇI E j:Ð}¡çL-åÈ_L¿uÞ

gl-aucus. and -*o cand-idus. Unicìentified species of Penicillium mad-e up

a rla.jor portion of the moulo. flora in onJ-y a fev¡ sarm.oÌes of commercial

fl-our' several other genera r"¡ere fou-nd in most samples, but on.ly in

srnall numbers" The factors that infl-uence the nu.rnbers and kinds of

noulds cultured from a given sample hrere: the corrrposition of the medium

on or in which the flour r"¡a.s cul-tured, the techniques of making the

dilulions, and the method of counting 'i;he number of col-onies in the

cul'r,u¡ed CLishes (Cnristensen, 1!/¡ó). Tire fungi al-ready nentioned above

tlnrJolthf,ecll w el¡i sf. ¡nd ;'r.nr,. drrri n- o*^z^ ^o¿J u/!¿r ü¡ vf , u\4 J_rrÉ Ð uur clÉv .

(inna li1¡a inco¡t -naol-q frrnr.i n¡n'..i-ø in Si,Ol.er^l nf.nCìUgNg, ¿.4r\/ rr¡u\zvu }J\,ouu, rqrrõ)! È;¡vL\!¡¡€; rr¿ JUVIçq rul Vq

are u-sing them as food substra.tes, they cause chemical breakdown l.¡ith

consequent loss in nutritive val_ue and marketing quality. Coursey

(1966) showed that a number of fungi, in particular iisperqill-us tamarii

and ii. niger, accelerated the liberation of free fatty acíd-s from pal:n
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o1l-. Butt (L966) shor'¡ed, that there .l,-as a significant correlation

bett"'een fungal spore l-oad e.nd rrnustinessr of Ugandan coffeeo

Heavy grovrLh of fungi in stored products may make thenr

difficult to handle, For instance, clarke et ar. (1967) reported that

excessive groi'Ah of fu::gi, particularly yeasts, in moist barley srored

in rseal-edr silos in LJngland- infemupted unloading of the grain by

auger.

Association of Storage fnsects i^¡ith irungi

The storage i-nsects associated, lciih fungi are able to ihrive

if conditi-ons are f¿rvo":r¿ble , ä.rrcì consequentty to cause deteriora.ticir.

of the siored products. Si}ço::or,sslii (tç61+) siated. that reproduction of

ein¡arl n-¿nrìrrn*' insgcis ancÌ of ftinr;i i s pre¡tlv inflilenned hr¡ i¡r' 'Ð uu¿ Çu pI uutlu u Þ II]5C (j tJ Þ ctll(l O-L J- *--a- * -.i ,.,J1_Sï,LLfe

and tenperature, Either insec-bs or fungi_ alone, or both can cause

ireating i-n stored produci;s. tlsually, storage fungi accompany or fol-lorrr

insect infestations" Some experi:nents have sho',,l-r.r that 'bire grånary

v¡eevi-Ils ac-r,ivity increa.sed moistu.re content of wheat and favoured

cìeffel oninent 6f c*nrr.¡a frrnni 1 i,,.-nzt.r>1 a*. ,l I Aq?" llhz,i qta-¡q ar¡ -.* -'ìuvve4u+J¡¡lçllu va Ðuvrdr<v f url<I \¡1<¿éLJdr gg S+o S L7) I I vrrr!ÐuçrlÐ\=lr C9 ë"¡r

19óo).

?ractically no fungi l'rill gror..' at a. relative hurrriciii;y belon

70 per cent (tyersi;, 1966", Pe.nasenko, 1967), whereas i-nsec*r,s in sfored.

products can still survive and breed at much l-or,,¡er relative hu¡ni-di-Uies

1". ì 
^/ 

F \

filoi/ie, LYo7 ) "

Areas i,¡ithin stored grain r+here either insect or mite or

fungal aciivit]¡ is higìr are referred to astthot spotstt (Sinha, L96L)"
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;\ccording to sinha, ihe centre of the hot spot has a temperature of

!J"F and a moisiure content exceeding llió, This centz'e is surround.ecl

by drier l,iheat of 14. 5';'á of moisLure or less at a fernperature of Bóo;4.

under suitable conditions, the hot spot 'bemperature may reacii L75"F"

Hot si:ofs nay develop op-ickly in farm-stored grai-n in ,,,es-bern canada

in r¡inter. Heavy infestations of nites, insec'bs and fungi may accorrr-

pany such hot spots. once the heaì;int process is initiated, i,¡hatever

its cause, it brings about a raoi-d deterioration of grain, tirough

nh:r.i i nc ¡í' l¿ar^ne-l q ¡n¡l ra¡-lrr¡*i nn nf *hai r ñâFñi n-'^ì I ì+-- -- À t.vrrsr r rr¡ó vr Awr rfvrr, -ir-u r çuuu Urv¡¿ vr 6r,r LiIIIIaO-LI I UJ: anQ Oy

provi-ding o,ofj.num cor'cÌi''¿ions ior the gror'rbh e.nd reprociuciion of stored

insec'¿s, fungj- and mites" The most cornmon beetles observed. b:;' ,Sinha

i'rere Cr.-¡ptolestes_ s;ùp, Other insects l-ess oí;en presenN inclucled 14

species of various generao rlal-lace and Sirùa (tçSZ) rerrorf.rd. fhat iiie

grain in iro'" spots vras preciorninantl¡r in-fecl,ed by si,orage fungi, pri-
m:ri I rr Þani ni I '1 i ìrm cñ- l-'tlror f.rn...-i ñ^-*^h'l r¡ f'^tln| T"rrr?rê q c-noroi.]]¿g::_:a:=:=--:*!r epvo vul¡\'¿ ¿u¡rÃ! vvllurlur[-y lvq¡¿u W\?¿ç illlEl_g_

fl-avus and À" versicolor"

Direci feeding by insects is not serious in itsel_Í, but

their presence is associ ated r¡ith an i-ncrease of moisture and temnera-

iure in the grain" This condition fa.vours mould development r','hi ch in

furn l-eads to dor.¡n-gradi ng of the Ere.in. Lindgren (1935) pointed ou'r,

that the metabol-ic t',¡ater and heat given off by insec'cs hasten deterior-
.+'i ^h ^1r ..v'.i n 'ì n ^*^-^,.^ (l-; l-- /- ¡/ ¡ \Éurvrr vr úaalrr ¿¿r ruvroõç" p.n,Jrot'r-ski (1964-) shoi.¡.:d that ihe saw-toofned

grain beetle, 0r)'zaephil-uq surinanensis (f-.), the red fl_our beetle,

îribol-iun caqtaneuríL (äerbs'b) and. the fl-at grain bceile, clyptolestes

mi ¡,,*,.- | r,-l:-"; ^- \ ,.,^--^ ^r ¡ ^++-.-r¡r¡ruuuÐ \v¿rvrça'/ ilici'e aLL aLcr¿cted to arLificially-incÌuced ho-u s;cots.
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1l;i- -^-,,1+ ^.,^.nôô+^^ +1.^+ +ì.^ t-^^+'r^ F..-^..^ ^^'rnl-s resu.i-t stl$¿vouçu uric.u L/rrv vççutrç-rurrÉuÐ ¿¡sociation i s not a

coincj-dence, bui that environmental factors are responsible Íor ihis

rel-a.tionshii:" Ril-ett (L9A.9) reoorted that the enzJãne diastase,

nrorìll ned hrr mnril d s - .., nt.s on r:r"r sl-.e rch rnd c-n-l i-l-.e i * * hr¡rr oh 'l- l¡o, <;vuù v¡l r Gût ruo¡ vrt drtU ÐIJIIUJ Jt LrlLl-ULISI1 LJI-L_

rìo-ri.rin qtco'o i¡f6 maltose. The maltose in turn is rrsrrrll-¡ irrrduv^u¡ !r ruáë;v rlluu IIIJIU(JÞY o -LIIC liI¿IUUljç l-I.l trUl'rt JJ LrÐuaIJ_J ttyUi'O-

lized to glucose by the maltase in tl-re enzJrme mj;rture. I,rlhen l_arvae

of C. feruugineus l^rere fed on mou-l-dy r^iheat and on diastase-treaì;ed.

vihea.t, a rr)roxim¡j.tely eop-al nunbers reached naiurit¡r.

l0sra et_ ai." (19ót) d.emonstrated that storage fungi,

principally irspergilfus amsteloclanri, À, ::eì;ens, end ¿. rub?r in the

'\ --^--^.t I -r., ^ ^-r ^.Àsperql-r-Lus graucu-s Group, were consistenLly isolated fron nonsurÍace-

disinfected and surÍace-disinfect,ed. larvae, pupee and adults of t,jre

.+'ngoumois ¿rain rnotir, sit,otroga cereal-lella (crivier), anci froliL the

a.li-rnentary tract of larvae; excreta of the insect conbained. up No

alnost a billion spores of those fungj- per granþ Àdult moths r+ere

attractecÌ to a-ir passed through mouldy grain in preference Lo air
n.¡qqprl-l-hrnllqh ¡lcrn ¡:n¡in nr fn cìr ¡lnno -nÄ ^¡^.f.^¡-^J ^.-^-i*PdÐÐvL¿ ur¡r-uu¿irr U*."c,- uv ar¿ ervrrç J d¡¡ç y¿ \,¿L,r ¡ çq E)¿ o... invad-ed

bJ¡ rnembers of ihe À. glaucus group to clean ¿rain.

During the last 12 years igrarral ef al_. (Lg;7), Van lryk ef al.
(L959) anc Griffi-ths et al" (tg¡g) shor¡¡ed that a close and constanr,

associaiion exists betrveen some of -r,he grain-infesting j_nsects and

mites, and the rn-icroÍlora of infested grain. It seemecl r¡¡orth 1,,'hi1e

to deteriaine r^¡hetÌrer a sirn-ilar relati-onship might exist betr^¡een the

r\ntoumois grain moth, Sit,gi;roga cereal_Ig,L1a, and the ridcroflora,
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especially store¿1e fungi. in general, '¿he relationship bet';¡een the

ttngounois grain moth anci storage fungi is similar to i;hat found by

Á --¡.r.,.'l ô+ -'l /f q¡f ) haf.r,r. pn t.hp c.r:n¡?ìr r¿rêê\r.i I C-.iin¡lri -1 ,,- --.fu{l'alJAJ e U a-Lo l.!7 ) | ./ ,,c (,11(tvrr r,lrv <r uluv v r¿- ùl-IOÐlll_l_US qfAnAT'ìu_q

and storage fungi" :\s populations of ihe moth developed in whea'b, the

moisture content of ì;he grain increased, This increase Ì,¡as not so

greai as r'..ras found r¡¡ith the granary r,rreev-i l¡ but still amounted f o

betryeen 5 and 7;, r.¡ithin 3 Lo A.months, Spores of a number of the

coinmon storage fungi l'üere carrj-ed in abundance on Lhe ou'bside of the

:dllli' mo1-'hs- r'rhen lhe mofhs g¡¡1g¡oed from t'he ìnÔr''l^r= "r"^-+ ^'^¡ '.._-,..-, ,,.-,.:t.r ufle ljroufts cllteta_ Jl-a-y l.¡neetr, ano sone

inoculu¡n r,,¡as carried even r,'¡iihin the bodies of i;he aduli;s, in soite of

the fact that Lhe adults do not feed. These fungi developed in the

grain and their spores T,,rere consumed b¡' ihe l-arvae a.long r,.;-ith tire

inferior portion of the l.-heat grains. Tire ali:rentar¡. canals of nearly

all larvae cultured carried large numbers of spores of .¿ispergiliu_s s1rp.

arnounting to nearly a bill-ion per groo of ¿rain. r'Jhen cl-ean an<l nrouldy

samol-es of t'¡heat i,¡ere infested l,,rith eo,ual numbers of a.du1t molhs and

stored unde" identical conditions, rrore larvae developed ín the rnouldy

Lhan in the cl-ean grain" The major fungal fl-ora associated r¡¡ith i;he

Àngoumois Era.in moih r+ere from 'uhe :\snei'r'i I I r:s r;l ^r,^,1eÉ¿sr¿r lrrotJlt B,rel.(-i J_r'oJr! rJ-,_ ::::=: .Jau_cu_q gfou_o, þfrnCr_

-ncll¡¡ i ¡a-nanq -c." amstelodami r¡¡as abu-ndant in srai-n infested bv 'r,helJtl-r*1.l-"-"_

/., - -^-^\SranarJi Ì\reeval \i{6r'aifa.I et a-Lo t !Y) | ) "

Fl-our harbors a moderale lo

fungi, yeast and bacteria (Chr: stensen

possible that some of these mj-croflora

by developing popul-ations of Tribol-ium

hea.rrrr -l o¡d ol rrr;¡i6¡g

- ^ -^ \ano uonent LY)u). It

rni pht i nf I lrcnee or be

ona¡iac nf

,.,^ ^ t- i ^.. -L{-rv¿Ð ulruL¿óIIU

inf'luenced

confusuir,. Van ih,ù et al. (L959)
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isolated large numbers of bac'ueria and lesser numbers of s'uorage fungi-

from larvae and e"dults of T. confusum. and fou¡rd that tÌre bacteria-

were lrrore numerou,s in the insecis fhan in the fooci from which the

insects ¡.rere taken. These bacteria. r^¡hen added to autoclaved i','hole

..L^-+ F-ì ^.,-. - --ri¡ot,e6 rrro,".rf,ìr ¡nfl rcnrncjrlnf,.ì on of T. confUSurn" Thelallvau Mu . u¿ vr:rvuvu ¡r vrJ u¿r ar¡u a vul vqqvúlvll uI _

autiiors considered that the bacteria appeared. to supply the B vitanins

necessary to normal cievelopment oÍ the insects about as effectively

as did brer,'¡errs yeast.

l-'unp-i as a Þource of !'ood for Stored Product fnsects

Sinha (L965b) studied 1,rr'o s'Lored-pr"od-uct insects, C. ferru-

gineus (Stephens) end Cryzaephi-lus l:rercalor (l'auveI. ) reared on 23

species of seed-borne fungi and shorn¡ed that C" feruugineus completed

development on l-O and C. rnercator on l-8 species. Furfher r,'¡ork (Sinha,

lqÁÁ) shor^¡ecl i.hat adults of T. casNaneum and T. confusum reared- atL/vv t j:c .-__

^ - 
rr- O^ ^^+^ ,31:f"C ¿y¡f, JQ:),: fi.,ì-. fed voraciously on Àlterna.Iia spp, and iiucor

sphaerosporus. lidult T. castaneum fed -u¡el-l also on lL{ormodq4drum spp.

and;rrigrospora sÐp. ê.nd T. confusuin on 10 other species of furngi"

These sludies apparenfly indicated that some stored products insects

can utilize fu-ngi at l-east partialJ-1r, as Ð! source oÍ' food.

The use of fringi and some other rn|croorgartisins as sources

of nutrienis for insects has also been reported by Van lJ'yk et al"

(L959)" The¡' acìded. ;\spergil]us fl-avus, ê. rep-g-eq, *. candiclus, anùf

or yeast to a basic medium consisÌ;ing of casei n, starch cholesteroÌ,

and sal'Ls, The larv¿r.e of T. confusum fed readily on the basic diet
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plus "'spergillu.s sp-r, and Penj-cillium spp. ¡ but dicÌ noi increase in
síze, rnsects fed on the ba,sic cliets plus yeast deveroped normally"

Itcid,ition of bacteria to a vitamin-free diet allor.¡ed nornal erol^rth of

the larvae. Ol-factometer end trfree-choicetr iesis shorved iha.i the

beetl-es T/,rere attracied r,rore to flour containi-ng furgus spores ilran

to tìre fl-our assumed to be fungus-free. The percentage of survival

of the adul-i,s r';as higher in moul-cìy r,rheat bhan in nould-free r.,rhear, al
/-,oU ano lUjc i1.11"

lìil-ett (L9l+9) inCicated. thai; the presence of mould in stored

r,¡heat may grea.il¡' increase tire ioial- amount of food sui'Lable for the

develor:ing la.rvae by naking ihe star'ch portion of r¡heat rnore reacli-l-I/

available as larval food. L^ioodroffe QleZl reported that the foreign

grain beetle, lLhasverus adveqa (.;altl-) occurred in large numbers of

inouldy produce and it has aÏ.ra¡'s been regarded as a mould. feeder

rather than a direct destrcyer of stored food stuffs. Recenfly,

.îiÞnnn'.rqÞ; (1oAì,1 -^-.^-+^rr +r,,-+ .bhe fl¡.t, cra.in heef.le_ Cr-r¡nf.n'losles\L /v4.,/ ¿ v ¡Jvr vvq ur¿4u ilr srrr Vçç UIV, UI .y p uU-Lg i

rn-inutuq, the red fl-our beetle, Tribolium castaneurn and the sar.¡-toothed,

''-ã^;- 1-^^+ì ^ ^-\rv.nenhilrrs crr-rirt¿.1¡g¡sis coulcl comnlef,e t,he fl,+rrela^r.an*.-rË!¿ 6rrr vt;ç uaç, vJ- J !ev trji¿_jÈge

stages frorn egg to adult on a diet of ;ispçrgillus vsrsicolor onl¡r.

A" repens and ,A-. parasiticus have detrinental effects on both nal;ure

and immature stages of the insects tested.. iie concluded that sonre

speci-es oÍ fungi might have toxic efJ'ec1,s. Therefore, i.rhefirer a given

fungus-insect association is beneficial or detrimental to the insect

cÌenends llnnn t.ha q-noni ac nf i nca^* -rrÄ ^1r r",,-^,,-uy\/vff,Ð vI rllpçuu driu. LIJ- J-ullBLLÞo
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lvnoJ-e evideuce is provided in tÌre literature reviel,r lo shor,t

Ì;hat fungi,oÌay a role in'r,he developrnent of store.ge inseciso rj-s

nenLi oned. above , Tn¿;ny r,'lorkers have re.oorted associations of stor.age

i¡ca^*ê r,ri+h frrh¿¡ruvvur !r4u¡l r.-rr$l-o



22

Cii,"fTER III

I.llT-ìil¡t-Ls rii'iD i'riTHODS

'.i,.:i-inc :nrì ll¡nrìl inc' nf Tnqonl-qg-h v¿

Inilial li¡, tt'ro s-Lrains of CrJ¡ptoles'ueg turcicus. r/¡ere used

and Nheir rates of development deternúned. I'he liee'r¡¡atin strain r¡¿as

col-lected from a fl-our :¡ill in Canada, and the Slough slrain from the

Fest Infestation L¡.bora.tory ai Slough, England,

;,dul-ts 
".iere 

kept ìn one gallon glass jars conta.ining a mj;l-

tur'e of corunercial- unenriched- flour and. brer¡errs yeast (95:5 w/w')"

The jar r¡as fitted. r,'ith filter påper helci in place i:ith melted para.Ífin"

Tire filter paper al-lor.¡ed air to peneì:rate tire jar but prevented- the

entry of mi-tes" The stock cul-iures r¡¿ere stored in cabj-nets mainiained

at 28-I"C and t0,, R.i-I.

Compari-son of Survival and Rate of Developneni of Tl.ro Strains of

C. turcicus

jlbperirnents ïrere carried out in d&siccat,ors contain-:_ng a

solu-tion of potassium hydroxide rrraint,a.ining a consbani knorr¡n rel-a'bive

Ì",,-.-i -ì..i.-- /c^l ^-^^ r ^-ì \nuirljJ-qrLy \Þororfion, LY)L) 
"

Jiggs of u-niforrn age Ì.Iere ob'r,e.ined by a.lloi.ri-ng ao.u_Its No

oviposit in food medium í'or 24 hours. -{bout ó1000 adul-ts of each s-r,rain

handled separai;ely i.¡ere placed on Ll+5 grn of a rnjxture of cul-ture medium

ihat had been passed l,hrough a lOO-mesh screen" This culture rvas

mainte.ineA at 281to0 and- 9Oi¿ Tl."Ln" After 2d. irours, ihe aclults l,Iere



sepârâ.ied s.ncr reriìoved. bJ'siíiing the rnediurn over a dO-rnesh scr'eenô

The medium lras re-sifted i.¡ith an SO-mesii sci,een to re'bain the eggs.

One egg r,r¡.s then iransferred i¡iih a fi-ne c:mel- hair bru.sìr into eacil

oi 2OL srnal-l vials (l cn in diameter and L+.5 ctn deep) coniaining

¡n¡ravim,-*o"l -.'(5 rno ni" flnrrr -nnarr'i arlqlr¡ enn|ì*ìaroÄ -* J-lra +ôr.^ra,jJ,i-|urx.Ijlr:¿uelJ ). -_Ð -_ JneQ. au Llie temperer,ure

and rel-ative hu-ri-i<j.ity of the e>perj-i:ent for at leas'b si-x days.

Dail¡,- observa*i,ion con'imenced iÌ,ro ciays before 'l,he eggs r,.rere

elipected to hatch" Tire ner,.,r1y-haiched -l arvae i^¡ere l-efl, undi-siurbed

rin'l-,-ì I ìrst, hefol.e cocoon conslrtrcti orr r.¡hen rJ¡i I -' ohser rrrt.i ôns r.rere!¿ffr/rr uGr¿J vuuu¿ vavrvtfr ti\

continued, ,\fter' larval development r.ras cornoleted the insecl,s r,¿ere

nob exarLined unt,j-l just before ¿dull emergence" The d,uration of the

etg, larval ancÌ pupeÌ periods was recorded íor each strp"in, The

resulirs are shor,rn in Table fr. I'io sisnificant difference wes found

in the Curation of tlie developrnental siages l¡et,.'een the tr,¡o strains,

ThereÍore, in subsequent elr,o,3r'¡üenfs lnsects froin the lieewatin strain

lrere used e:iclusively.

The Isol-ation of Fungi

The sampl-e of second and fourth breaÌç fiour Írorn r'¡hich funei

were ìsoli:.ted ruas obtained from a flor.r nrill in ltedici-ne Hat. Alberta.

The sou¡ce of 'bhe sample 'i^ras a rtbootrt r'¡irich had periodicaf -l y been

infesi;ed with C. turcicu-s" li small portion (0"2 grn) of Nile sam-lle r,ra.s

nlpeed in p flnsk contpininø-i00 lù oí st,erile l.J.¡t,rer- r¡relI sh:lcr=11 "tr¿, !r!,4¿

all-ov¡ed to settle for 15 seconds" One rnl- 1.,-as removed with a pipette

and poured on the su-r'face of acidified potato su-cr.ose a.gar (ls,i) on
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T:\BIJ II

i!IJ-l,j¡c-R cF sl,lìvl/O}Ìs, :iÌ,,t.D DIJ,+!TIO]\J oF EGúi, LtfìVi{L Ai\rD pUpAL

ÐilV.rri],0Pi\lìiljT Pli;'¿fODS 0¡' 1';,i0 S'il.AIlSS OF

c. TURCIqqS i¡.t ZBItoC, gO¡ó Ìì.1i.
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Sl- ¡ oa ì,trrml¡ar
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"
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-ÒÒ

Keeir¿.tin Larva

D.,^^I qru@

100

9o

BO

r00

óo

79

ON

80

't7

t'rO

,7q
l/

rl (\
/o

?

IO

1ata

?

l5

1a¡a

t1

1t,-2?

.;11

?-/,/4.

1 2-2?

5-L6

3 "2 0.4

1/
JOo4 ¿"L

Lz"L L.3

3 "l+ O"5

1/ ô - rrooJ )"t

1I.5 2"2
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peti:i ,olates" The plai;es r¡¡ere then incubated a.t room Nempera.ture for

abou-t J-ó days cìunng which a nu¡rber of col-onies of different species

of fungi, bacteria, and ;'s¿s¿s Srer.\Ì on the s¡rface on the P5.'- nedium.

An inocul-urn of each species of fu-ngus Ïres transf'erred Ì;o PS.r\ slan'bs
T-T

at about p" 6 in {j r.m x 150 i,r'n tesi; iubes b;. making two or three cu-is

deep ini;o 'r,he surfa.ce of the rnedium r¡¡ith a iùo. 22 inoculating needle.

The cu-l-i,rrre tubes rvere incubated e'r, rooni tenrperature un'r,il a tÌrj-cÌ<

rnatrix of raycelia and spores had grorrn over the surface of i:he aga.r

/-. r\ÐrárruÐ \r¿6q¡ = .,) n This usuall;t ¡"Or"tred L-2 wecl<s, large nu'rbers

of re;olice.tes r.rere prenared- for e¿ch fungu-s" Those bhat shovrecl signs

of contamination v¡ere discarded,

The species of fungi isolated from the flour' r.irere j-deni,ified

as f olloi^rs: -

Àl-ternaria tri-r,icina Prasa,da ôr Ìrrablu

Clados'oorium herbarun (Fers.) lini< ex Fr.

"4picoccum purpu{C¡icens r,hrenb" ex Sc}rlecht.

Asnerpilllls ¡r.,st^r^,i^'-; /;,.;^--+*') ThOn c: ChUfChÃaVçrÉlIIU-È 4jtùúç¿Vq4j:l: \fléI¡4llll

Parri nì I I i rrm nrrnl nni rrm ;lo q* -l i -n c

irenicill.ium de cumbens Thom.

The bacteri a and ;7eas'bs that occuned Ín the flour were not

consicl-ered in thi-s stud-.¡.

Rlllk r..-- +i+;^- ^F ^^^i. frlnr.lrq l,rêÌaê ôl-r^-:-^J r^^- ^J.i; --JaùL Lluúl¡UJUasÐ UI çøu]i I qlióqÐ I jE¿ v vUUclJIrçU UJ d,UUIlló

i noculum to potatc sugar l¡ater i-n 1C00 nl llrlenmeyer flasl's plugged

i',¡i-tir sterile cotton" Before add'ition of fhe inoculum the fl-asks and

contenl,s were autoclaved. for abou-t JO rnin. a'u l-2lo0 ar:d. 15 psi (pouncls
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ne7' s.Juâre inelr ), The inocula.leC flasics were incubaied in a r+ell--v"-

lighted roon a.t r'oon, (:cr.rcj.iiror:s until sporulation rras tiell defined,

.,^., ^'l I -. ^l^^,,+ auÐLr¿¿¿J c.uwqu -r lve€ks for most species (Figr:res ó-B),

Àt tiris stage of groi,.th, the myce-lia.l mat and spores of each

species lrere reflìovecÌ frorn each flask, pJ-aced on a. vecuu:ir fun'rel,

rj-nsed briefly 1.,¡ii;h dis-r,iIIed si;erlle r.ra.ter ¡:.nd freeze-dlied" Tl:e

freeze-Crieci fungi r¡e¡'e pul-verized. in a blenier, passeci tìrrough a

2O-mesh sieve, arlo. stored in a refrì-gerator until ready fo:: use"

rJ^^-'i-^ ê +"-^': cus on I'-i>:tures of Funpi ¡ncl Flour e.t Trro lliffereniru\rG¿ ¿rr< !" ls-*___ -_ - *-r*

i-ce låt, rve ft]ljrùc]-l" l_e s

The freeze-dried funsi .¡,¡ere rnixed with the commercial unen-

riched flour to obtain a sl,ock cul-ture conta'i ning ]-, b¡r l"reight of

€'.--i .;- rl^..- rt r ^- ^r ^%r? 
rr'--.r '^.i^L^r out on an eleccricr urr6a rrl Jtruu¿ J vêt ó1rr vf ur J f urr6f tïúù vJvróltçu

bal-ance and a.dded to a sierilized mortar containing 9"9 gn of flour"

The mixLure r.,ra.s stirred and pou-nded lvilh e. pesile until the flour

n¡rf,i nles rn'ere nri-Ã^ ..¡i f^----la¡ r.';+h +14^ f1ìh^i It tiraS then tfanS-r qr¡õr o

ferrecÌ into a glass jar and shaken violently in order to nal<e the

rni-:cbure as honogenecus as possible. I'rorn this stoclc, dilutions v¡ere

made in the follolring proport-ìons;-

-r l:1C0r000 fungi:flour nixfu-re r'ras ,orepe"red by aciding 0.I gm

of i;he siock Lo 99"9 grn of flour* Furtner dilutions i.rere prepared to

provide 1:l eC00rOOC, and I:lOr000rC00 fungi-ilour r::i:cture"

Besid-es ihc: Íungr-rs-flour nj-xecl nedia., lhe fol-lol'iing dieis
. /- \ . /^\i.¡ere tested: (l-) unenriched flour, (2) flour fron the üed.icine Hat
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/^ \rrú11, (ll sterilized flotr-r. 'r-he procedure useci io sì;erilize ihe Ílour

rras described b¡' fiansen a.nd snyder (:-gl+'i), Barrovr ancì ilouse (tçSO)"

Flour to be steri'l ized r'¡as pJ-aced in a jar to r¡hich r¡as aclded. Nhe

sterilant, liquid propylene oxide, ai the r¿:.te of 1ml per 10C En of

ÍIour" The oper:ation r,¡as first conclucteci in a coid roor (35oI') rdth

tlioloughly chiÌled materials. :\fter tr+o irours in tìre cold room, ihe

jar r','as alloi^.'ed to reach room tenrperati.;re in a r.tell-ven'i;ilated. area..

ri v;as'Llren shaken io rerrì.ove å.i'ì¡r ¡-o¡,nining ir'aces of the sterilant¡

sealed. and leÍt for at least 24- hours at rooil tempera'bure. Then the

coir",,ents v¡eïe ¿'"erated"

i,þ1'r]¡r-þ¿lch-'d larvae r/trere surface-sier'ì lizecl by i-nnersing

them in fii sodium hypochlorj.te for 2-3 -nin" foll-or¡¡ed bJ, rinsint in

sterile d.istilleci r,ra'',er 3 or ln tirnes (Sintra., L96L+)" The surÍace-

steril-ized larvae vrere introduced singÌy into each of 30 srnal-l r'ials

(1 cm in dip-¡neter and L¡"J crn cìeep) contain-ing approxi:na'tely O"f gn of

different diets described above. Tire vials içere hel-d. in se1:arate

desiccators that contained ao;ueous solui;ion of KOll forrnulated accorcl-

ing to Solornon (1951) ì;o provicì.e a relaiive hu¡riciity of óO per cent

in nno r-nÄ Qlì ^or ceni in the other. The desicc:.1-,or"s r"¡e'e nl¡ced in/v lJv¡ o ¡¡rv uvÐrvvGuvJÐ !;g¡I lJJGUv

terrlrelal,u-re-ccntroll ed cabinets and kept ai; zSltoc during ihe cou-rse

of the e>çeriment"

Daily observations 1/,Iere star'r,ed just before the fornation- of

cocoons and the erûergence of adulls. Survivil e-nd rate of development

r'rere recorded. P,airges, modes, mea.ns and st,andard- deviations i,,.ere

calcuf-ated for each set of da.ta"
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l,'igure l" Verious species of fringi grolrn on the PSr:r slant

in iest -bubes" !'rom lefì, to rieirb; Feni_cill_ium

â---r ^- i...- L r^nrrmhonq iì*.o-nnr¡ie. frificina.ll,iv-LvfrJ_u-, I o uçwwlru-çr|Ð¡ 3:!u(:M _

Cladosporium herbaruïq åsÐerEj-fl us a-rnsteloda¡d "

3,no r'o1-coc curn ÐLrrDu-res cens .
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(a) (b)

Fllno.i c"i4ôr1ryl ôÌ-¡ qrrrf . no nf -^+.r+ ^ qjìr-â -( rtrt+.a-?Ò¿ v,?¿- v¿r vqI I.f vv vI }Jvuc,ULr vuõer vrouv¿

in ICCO r-rl- :irlen:aeyer flasks, (a) ¡,1-t,eqnal_ig.

/. \r-ìTrñr)1. ,h^ |nI r'tô^l^^' ^-rrrr Éô1/rõ7r1h
s*jj::g .4.1:q \_erf vrc¡uuÈ,gj1I_Éfulr ¡{?r ucl. uMô

/.L'l-gllre o ç
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\a/ (¡)

Eì nt¡v,a n¡!6qrv lê ìllrnoi o-.^l\rn nn qrrrf¡ co nf irni.::t n
õ¿ vv"¿t

1f\
JUUU nj.l CÏIeilI:le/€l' I1aSKS. (eJ

qlrsr? f.r9f.ê?.

I'enicilliri:n

rJi

¡¡¡nl nnirrm .'nrì ft^l ,, daarrml-ranqv-Yv¿vul.ull A¡¿q \U/ I o u9WWtluçf:ùc
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(¡)

Ili ,'r rra ÊlrS!A\, 9o Ftlnrti :tf1ñ1^Tît on qrrr i:oe nf nnt.:i.n qr1É:?r r¡¡ri.êr-v sõ(!r

in 1000 ml- tsrl-enmeyer fl.rsks. (a) ,¡pico_qcurn

pur'pur¿r.scens and (b ) r',s-oereill-u.s a¡as'l,elod.arai 
"
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F'¡]SUt.TS i\i.\jI] DISCI.JSSfOi\T
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!ç_fr.t" "¡ !gygi._p*9"! r4
of C. tu-rci cus on Variou-s Diei;s a.t ZAofl-oC a.ricr. gOió Ti.H"

Resul-ts

The rate of develoirrnent and su¡'vival of larvae of c. lurcicus

reared on various ciei;s at 28]l-oc and 9ol, il"ii" are given in Tabl-e rîl-,
l,arvae developed fa.sier on the prepared flour-fungi diets and on .l,he

flour from the itedicine liat mi-l-j- than on the sterilized flour" The

difíerence ïres highly significant at the one per cent 1evel.

0f the prepared_ fungal-flour diets, ilre one conte.ining lli

bJr rr¿eight of a nú:rûure of fungi ln¡as tlie besi for l-¡rval- d-eveiopment.

There 1^ias an inverse rel-ationship betr,ieen the amount of fungi present

in the diets and rate of devel-opmeni. As ilre proportlon of furrgi

decreased the larval cìevelolrnienta.l periocJ incre¿¡.secl , T,arval ilevelor,-

r¡ren| on the unenriched flou.r-- h'as tìre sl-oruesl compared- to tÌrose of i;he

,orepared fungal-flour dieis" ('ll-though no fungi i¡/-ere added to the

unenricheo- flour, ii; is noL uirreasonabl-e to e.ssu-ne that sone f'u_nei are

-oresent, because siored products such as grain and. flour are nel.rer

free frorl fr-rngi)" Cn the sterilizecl flour, ir'hich is presu-rrøbl¡r free

of fungi, farval cievelopment v¡a.s sror",'est" The most rapi-cÌ rate of

larval- de¡¡efopnrent occurred- on i,he fl-our from ihc-; l,ied-icine llai; niill.



The hiEhest survival of larve-e of C" turc'icu-s occurrecr- on

the flour-fungi diets and the higlrest rLorta.r ity on 'bire flour fro:n the

núll at i'iedicine Ha,t. i,e.rval mortaf-rty on the steril iz.ed- flour i.;as

?-ÐO1)T' /.J)¿ "

Table II/ shows the rale of development anci survival of pupae

of C. turcicus reared on fhe same conditions as't,l-lose of 1,he larvae"

The rates of pupal devel-oprrlent on the prepareci flour-fung'ì d-icts con-

tai-ning l), or'C,OCI;, b,",ueigir1, of fungi, anci on lhe u.nenricl:eC flour

were sornerr¡hat fas-r,er ihan on sterilized flour, Às 't,he i:rooor"tion of

fu.ngi to flour increa.sed iir i;lie florir-Írrrgì ¡nixtures, -uìle clural,;on oÍ

+lìô nr'..^1 eÌ¡'ra e7oor.ø:,qafl n-n-jrr e'lj..lrflr' ¡nr'l -¡l"^ iìmr. -¡anrri-¡orl hrr *hourrç pu.¡J<rj ùuoúç uçua vaor.q v14J allóllurJ, d,I¿u ullc ultç r sllurJ çw_ uJ/ uIlç

beetles to cotq:lete pur:al cl-errelopnenf rr'a-s esseitLial-Iy the sane on all

the diets studied.

Survival of pupae r^¡a.s affected by Nhe t¡'¡pe of food ma-r,erials
J-^

' ^¡.¡iv/, lc ,; 
-'\aL 28-L-C and 90,, li"ll" (Table IV). Per cenl survivel r..'e.s lohrest on

the steril-izeo flour. Survìval r,¡as unjfor'rù)' iligh on the ren6.ìning

diets.

Di-scussion

The results of this e:"perj-ment su-ggested that ihe more mouldy

the flou.r, the more favourabl-e i'¿ bece:ne for larval deveì-op:rrent of tire

beeiles r','ithi-tr tLre range tested. The effects of fungi are rnore r,rarked

r,rhen one corirpares the larval survival and rate of developr,ent on the

fl-our-fungi dieis and on the steril-ized flour" Larv¿,¿e suz'vived in

sre:,t,er n¡mhers ^-^ ^^,.^r ^-^^r -^re rpnì dl v i n the fl ollz._fllr¡o.i flì ef Sõ¿ço,uç¿ ¡lwl!þç¡È d¡¿v uçvvl9!çq lllv¡v rG_yru4u! rrf u¿rç ¿rvt¿-rurrõ! ur
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i;han in the ste::ilized flour. It rnieht be questioned that tìre sieri-

liz¿l.i,ion process of unenriched fiour -;dtl, ,oropylene oxiie nay ha.ve

produced deletelious effects on rrutrients" iìo',,,,.evei', since Barl-ol'¡ and

House (L956) siror'red thai ethylene oxide did not have a d,eleteri ous

effect on a rj-iet used io rear the larvae oí a Cipterou-s perasite, it

inras assu¡;ei -bhai; tire ste¡ilizetion of flour. h¿d 'li1,tl e or no effect

on the nu-frients.

It is .oossibJ-e thai; the poor groi,''bir and higit mortalif)'

observed on the sterilized fl-our is due to the absence of funei.

Tlrpep frrnci r¡.â',r pf OdUCe Sgrre nUffienis lVhi Ch Afe ess€jni,i Ail_ to 'r,he

gror'"tir oÍ the beetles. I;apicì larvrl- developrneni on'uhe flour-fungi

die'Ls and on the flour from the iuiedi cine Heb nill, ÍrotiL l¡hich the

fu-ngi were or-ìginally isol-¿tei sul:porl bhe h-vi:othesj-s thab Lhe íungus-

insect association is benefi-cia.l to the insec'bs, Ti:.e high rnortal-ity

of larvae on flou,r from the l.ledicine i-lab rnill r,ray be due to the

nl.êsenne of sone of,herrrlierôrrl.r'â-:^"'^ -'L-':^L '"+^''1t be u-nfavottrable orfJA 9A9IrVg V¿ JUlrlg V UII\tI lltJUl vvI óc,1[ù]l:ù !lIlIUl1 11[Ë1]

toxic to i;he insects" The lor,,¡ larval survival rate on the sierilized

flou.r may be due to the ebsence oí fungi and suggests that their'

presence in the diet is benefic'i al to fhe beetl-es"

Ð,...^r rierrol n:rmont. .ì-id -^. !^ 1^^ -; ^l-l -- ^+oectedI UP4¿ uÇvçlUPltIçl]U ulq I:UU aylJçol Uv uv d-U.JI vvI@u¿J dIa

by fhe presence of fungi'in the dieis. 0n tìre orher harrd, lol"'pupa.l

suz'rri-l.al on ihe sterilized fl-our suggesis the.t fungi in the la.rval

,rio* ¡..rr .f fô^+ - I r+âv. ô+'ì..ô ^1 rìa¡¡a'ì n:rrna'¡*UJEU rriéuv dIAçVU Õ, LAV-L ÐUc--ðç VI UçVçlViJl1LErIUo

Tl"ie results in Tabl e IIf and Table W eppear to agree i,,'ith

ilie finciings of several r,'o::kers. il.ilet't, (L94Ð repor.ted ì;hat 'Lhe
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F.,iTir 0F DJ-triL0P¡::t:äT iuiÐ SLr.lVi_üiú O¡- 30 lrriÌ'.,1,Y-IliT0l-iriD

Iiii",V:iE OF C]ìTPTONSTIJ,S TURCICUS OJii VAIìIL)US

DETS :rt ZEIl-oC Al',iD goiö P".ii.

Di-et

e,,--.j--^l +^ *,,.^^ì ^+^..^u ur v +!q!_i*_Hw'É* .-*l säç

lrTn ¿'
llv o _J

Ðarral nr¡iron*.rl n,rri nr' l.ì".-. )
:¿v!4+ y\/¡ *vs \qs¡r v /

range inode rieån s . d.

8',l ^,,- ^^¡* . i -ì n-,¿ luuJ vvr¡uo¿r4rf6

1ii fu-ngi

Ël nrrr nnnf.r i n'i no
0.001i¿ fu-ngi

n] ^.,-- ^^-+ ^ { -.ì -..r ¿vql vvrruø¿rrlr16

0.0001-1" fungi

ï11 ^,,ø ^^,.+ ^ì -i -..r ¿vu vv¡¡u4Jrurró
0.00C01-)ó fungi

Unenri-ched flour

Sterilized flour

Flour from
iliedicine i{a'r, riril-l

27

2\

90"0

R2 ).

a2L

ç:2 ).

90"0

76.7

tr,n 
^

tQ_2q lq

Õt 
^a'. 

/ìô

2?-?F, 2R

20-33 20,23

2L-28 23

^// -1-\t I /t1
-J lv

l?-tÁ 1?

-!\11

20,1

-/-\-

-,i-i:a2+

2Lt "C

?"t l
-)J-o+

),:t--l? rì

L"7

28

ary

2?

1ry

)?

2.2

21

t-a ¡r

Signific"nt difference a1, the one per ceni level, conrpa.lred riitir t,ite

sterilized- flour.
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i:ì]:iTE CF D]¡]TúLO?}.J]iI.]T 1!i!D SUIiVI]IL.'IL OF PUP:UJ OF

CÌìIPTOIjSTJ¡S TUÈ,CICUS O1! V,AJilOUS

DIÍTS lr.T 28:l-o j!i!D 90;¿ R.H"

D!ç ú

Survival to aduli stage

lI^ L¡
¡lUo ìJ

tlorro'l n,.-..an*e'l nôpi ^.1 l.l..r-'lu\- v ç!vpllvrluol vçI ¿uu \uó.y Ð /

:'.ã.nrîc ¡rod re rne An S 
" 

Ci .

]1-l ^"-- ^^nl ^i -i n-r !vu¿ uvrluolrur¡õ

I;i fungi

lll ^,,- ñ^h+ ^.; -; -..¿ ¿v4 9Vr¿UOII¡IIiõ

0.001i; fungi

,q'1 ^'.-^ ^^n*^'inì--r Jvu uvrrudlrrlrlÉ

U"UUUJ-I; Iünga

l¡1 
^,.h ^^h+ ^i. -ì h-r¡ rvqr vvlluSlrl¿Ifó

0"00001-iá fungi

Unenriched flour

Sterilized flour

Flour from
iLedicine liat mill

8.6

]-0¿o

2q

l_0

9

11

a11

/-4

¿o

I¿J

1ry

oÁ al

-1 ôn a,

t,-1 2

7-1 )

O-J.I

a; 1Q

at

1^ 17

(j 1l

AJ

a.+

2,4

aa

tq

2"I

1.0

I a"¡
IoO

1.1-l-0

Signlficant difference at Lhe 5 per cent l-evel couoared r¡iiir the

sterijized flour"
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ew;,rxe diasiase ,oroCuced b;r inoul ds favoureci- the 6ror',-bir of larvlre of

C. fcrrrrcinerrs lst,onhens) nn ¡.nirr.r-, r.rhô^+ r:- ^9ngl¡-ded that thisVi fEaIU-<fIMÞ \uUçU11Ç11Ð/ VIt llrUUrV-v tlllg¿Uô l1ç V

enzyrríLe greatly increased ihe toial aJnount oÍ food i'or tire developnrent

of larvae by nLaÌ<iirg tìre starch portion of tiie i'.-he¿-Lt nore ree.d.ily

avall-ab'l e e,s f ood-. Van ì,,-yk g!- 4" (fl¡ç) considered that the confused

flou.r beetl-e, I'rlboliu-ir, coirf'usu:n (Ðu-vat) was attr¡.cied to, ani. ci.eveloped

somewhai: better in flour or i,,¡heat contai nirig sì;orage fungr -Liran on

fl-our or i¡heat free of tirem. Grif'fiiirs ei al. (L959) found tÌr¿i the

grain rrite, Tlnr"opha.gu-e castellanj-j- required l:.o::e tj-::re -r,o reecìr maturit¡.

on steri-]-ized than on uns-teril-ized whea.t germ, r,¡herea,s ¡iísra eii a-l .

/- ^/- \(lc)hl I r¡rôrkinÊ ôn the ,inp.ollmOis ^-^.i- -^+r- ^l ^i-êrl f.h¡t, moil-1 fl-r ..fain\! /v¿ J !ùvr ¡LJ¡IS vrr vifv óI o¡rr rllv uf f vla;lrrvq uf lau rrlvq¿uj E

r.¡:s Tnlreh nrr.ferr^l l^=.;-1^^^^ -;. ^^^+ê -e^F ^ari-,r^aiiion :nri d,e¡¡e'lO--rrrentWGÐ l:lUu1l Uf,çIçrIÇU UuY UllÇÐç IlIÐEUUÐ ¿Va VVIPVÐIUMI C,llu uçVç+VjJl:l

than i¡as clean grain. irioodroffe (L962) reporled ihat -r,Ìre foreign

6rain beetle, ,rhasverus edvqåA (, aftf) tirrj-veo in mouldy storecÌ food

stu.f f s "

Some stored oroducls are defi cient in certain nutrients

vihich i:ray be su1:plied by fungi or other nii-croo:ga.nist.ts, Tire resì-rl'r,s

of the present e:çeriment suggest i;hat a diel, consisting of flour and

frrnr¡i ênnôrryrrçê.1 the fate Of deVelOpmenN of C" -r,UfCiCUS.

Section 2.

Fìa'ue oi' lle-vel-opmen! and Su-rvi-val of Larvae and Pupae of

C. turcicus on Vprious diets at Z8itoc and 6C, R"ll.

ILYÐU.¿UÐ

The rate of devel-oprLent and per cent su-rvival of larvae of
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¿^
C. turcicus on various diets at 28-l"C a.nð. 6Ai¡ R,l-i. are given in

Tabl-e V. Cf all the diets iested, only the floui.-fu.ngi diet con-

+^.i-;-- l 1^.. r.-^.! -r^{ ^l? p.'-^-i ^-l l-ì^^ fl ^,.-^ F--^* +'^^ : ^li ^i-^^ :r. 'uc"¿rrr115 L/¿ uJ Fru!¿5¿ru vr ¿ u-rrór ond l,lfe fl OUf ff Om ihe r.iediCine Ìi¿L-r,

nill su-rrporteci developn-^nt to ihe pupal stege " the larval develoo-

menial per'iocì ruas about J\ da,ys on ihe fo:rmer cLiet ani aboni 2L òa¡s

on the laiter. larvae fai-led to deve-l op or survive on the renaining

diets and cÌied riiosil¡,' in the second or third sbadium.

Survival rate of fa"rlr¡¡¿e on the tr^¡o ciiets upon i.¡hich larvae

completed developnen'u l^res loi.,i. :\bout J0 per cent l-a.rval- rrtortality

occu-rred on the i'l-our-fungi and lyO per cent on tÌre flour froin the

I'ied-i cine l-lat rnill.

Tabl-e i/I slto-."¡s the ra'be of developnent and per cenb survi-

v'e-r- 01 pu-p¿ìe or C. lurqiçU on-br,¡o d.ie'bs at 2B--=1"C anci 60;, ìì"i1. The

duration of cupal -i-,eriod r,,'as abou'c I d".ys on the flour-fungi die'c

coniaining 1), by i','eigh-r, of fungi, and -l-C days on the flour frorn the

juíedicine Ha't, mi-ll" Survival to 1,he adrilt stage r,ias J0 per cent on

'bhe former dieb and about 83 per cent on the latter diet, -llr-s larvae

did not cornple'r,e developnenL on the o't her five diets, pu.ual develop-

ment on ihese diets coul-d not be measr:red.

Discussion

The loi.r su-rvival and long developriLental periods on i''ro cìiels,

and col,rplete morl,alit¡. etl five oi;hers inciicates the inabilit;f oÍ

0, turcicus io survive at 60i¿ R.;-i. (Àccording to læfkovitch, Lg62a the

optr:lum conditions for these insecis a,re about 2EoC anCr 9Oi, R.i-ì")
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T.IBI]J V

irü{Tii Oil l-LlV.,1L0iri'Gi'iT r\i\D SUPJ/W,IL 0F 30 1[f,^ll,Y-FÁTCidÐ

Li}ìVrJ O¡. CI"YPTCL¡STJIS TURCICUS Oii VAJ,'TOUS

DrrìTS ÁT 2S:loC ,¡.iO óOi¿j R.il.

Surviva! to pupal- staÂe_ Develo¡nenia.l l:eriocl- (d.a.l's)

Diet itlo " ïl rànpìe riode Tlìean s. d-.

tr''l nrrr nnnt.: i ni nc

lii fungi 16 53.1+ 27-l+6 27 ,4,r 31+,2 7 "5

jll nrrr^ nnnJ-.: i ni n¡r

O.OOI),Íungi - a 
O

T.rt ^,.-- ^^-+ ^ -Ì -i --r ¿vq¡ uvllué!r¡rrró
n ôônl:;: f',n-.-i " OVoVVWI,J f, Uilöf

Fl nr r n nn;¡ i-.¡ i n'i n o

C. COOOI-;¿ fu.ngi - a' 
O

Unenriched flour a 
O

@

Sterilized f I ou-r' e' 
O

Flour from
l:.iedici ne 1'lat rni-It IB ó0 2A-25 20 2L"3 1 ,7

Ò*Ili arl rìrlri nr: a¡z.l r¡ I rr rr¡l clpr¡r.-l oi'1,'ren'f. -
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TABLE VI

tAlU 0i,- D:liVllI-0Pl'lrNT tli"iD SURVIüAI 0F PUFTTI Oir

tjlì.YPTOLlS'IrlS i'I.ÞìCICUS 0i! V;,iìICUS DIiIS

.,T 2g-ioC .\ì,D ó0,, 1r".i-i.

lurvival to ¿.du-l-t gi.9r6g le.vel-olr:ental p:r'j-od -(d:.;'s)

Diet I'io" i, range mode Inean s,d.

r1t ^",- ^^ñ+ -.; h'i --êr-rvuJ vvrlu4irlrrró
fÍc fungi 850 6-9 9 7.8 l"/r

tr'l orrr nnnl-.ri ni ncr

O,OOIi¿fungi - a 
O

Î'l arrr. nnnt.: i rri lrrr
O"OOOI-iifu-ngi - -t O

Tl-l nri'¿ nnnl.:'i nì no

O. OCOOI-|j fungi a
0

Unenriched flour ;
0

St erilizecl fl-our a 
O

Flour froä:
iledicine lie.t nil I L5 83 "/+ 3'-ll- .1.0 9 "!t. 4.9

"Ðied d-u-r'ìnÉ, er.rl-y larval develoninent.
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I{owever, even u-nder these adverse conditions the lwo diets conlaining

tìre greatcr amounts of fungi, na.rnel¡' the flour-fungr ciiet containing

J-;, by 1'¡çight of fringi and the flour fron the ir-eo.j-cine i{ai itill- pro-

moted sorne su,rvival- and dei,.elopment. These resu,lts sugges'r, tÌrai iilis

species:'equJ-res certain fungi in'uheir ciiet to promote surviv.ri and

cievelopment 
"

Tt is inleresting thai larval cÌevelopr,ren-c l'¡as fastest on

flour frorn the i'iedicine I'iat mj-ll at boih 9A¡i e.nd- ó0;c lì"1i.

General ljiscqssion

l-igures 9-l-2 si.ulrn¿rize the resu-I-r,s of these experi:netrts on

l-arval and oupal su-rvival and re.te of develoÞmenl of C" turcicus on

various diets at ZSItoC, 6Ai. and gCfi!, P",I-l. It is clear frorn l-igures

9 and 10 that þ-i gher survival of larvae artd -oupae occurred on the

flour-fu-ngi d.iets et 90i, R.F;" l'-igure ll indicates thab fes-uer larv¿I

developrirent occurred. at 90)¡ than at óOij R"ä" Figure 12 shov¡s tha', on

the tr,uo diets on rvhich pupae survived and developed, ì,he duration of

tlre nrnpl st,¡se ^''^- + '; ^r r=' the same at botìr humidities.vrr9 Pq}J(+ ùuuÈ;\. wdù vÐJÇrruIilfJ

ärxúdity and. ternperature are tr'¿o primary ;ohysical condi-

f.inne r.¡hi nh cr-o:*.1¡' inf'i rrênnê elirlrir¡:l - r¡i,e of ^r^'-^I ^-^'-^*+ ^-l
-*-*uJJ -Llrl-LLrVrluv þL¿r v¿v(jut L duv va uvvvluiJllLvrlu, d,¡rç

fecundit¡r of stored-produci insects" Some r^¡orkers feel- i;hat mois-r,ure

is the uiost i-rnporiant factor fhat influences tire build-up of large

populations of C. turcícus in rnil-l-ing rnachineri' and -r,ha.t nutritive

value of food. meteria,l has little conseo,uence in this regarC. (DyLe,

L96L'¡" llorvever, since high humidíty usuall¡r sns.treges the grol.'bh of

fu-ngi, it is questionable that the success.ful growl'n of C" lurcicus-
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c¿In be al-r,ributed'r,o rLoisture aj_one. It, is rnore liÌ;el¡¡ thai; mois-Lu-r.e

inciuces tìte oro'rrL-r of fungi r'¡h.ch na;r provicLe nui;rieirts ihai f¡.vour

insec'u development.

J,¡In the prestlnt expe::irnents the condiiions of 28-t"C and

JC',, ,',,ii" were ccnsidereC optina.l (Iefkoviich, L962a)" Li these con-

ditìons sunrivai e,ncì development may be affectcd by Nìre llinci oÍ.food,

Tf s-ì p'ni i"i cpnt rliÍferences are found in surviveJ ¡nrJ clrerrel o rr¡enl- *.ho'nú ¡ er¿u uç, v (-IU_Jj_!çIIùJ U.r tçlt

it is r-ea-sonabl-e io assume tha.t tlre focd is the fa.ctor causi np: the

change. Therefore, 'uhe racici developrnent e.nd rrigir .:el ceni srr.r'vir'¿il

of c. tugcj.cq? oli flie frour-fun6i cliets at 9c;, R.ll, were at'ui.ibu-ted.

to tire inff-r-rence oí ilie fungj- presen'r, in fhe ciiets"

l-,rrrinc' t.no nnrr'¿qe e,i" -l-.h,-qe pvnez,inen-f.- *lra --:¡na'l i. ^'.,1 cnn-¿oq!Lr¿ ¿¡r¿r urrç; uuq¡ ÐL- vf vllçÐç ç^ruÇf fJ:l\-IIUÞ Uf fl:; IIJ UUIJ_cj" .]1lLr Þyv¿ çÐ

of fr:ngi r,,¡ere observecì on iìre surface of tìre prepareci flou.r-fungi i.L-ìets

and the fl-ou,r from the iiiedicine liat núIl eL goit but not at 60;o ìÌ,11"

Tirese observations incìice.tecÌ iha-t high hur,ridit,y encour.ages the g,rorrbir

of fungi. They agree i+ith 1,Ìre findir€:s of -jr.yerst (L966) encl of

Panasenko (1g67) .,^rÌro found, i;hat practicalJ-y no fungi yilt groi.i a.t

rcla.-bive hurnidity belor^¡ 70i". Therefore, the cie-pend-ence oÍ' f'ungi on

ìrurruciii;' lrrobably eccounts for tile greri diÍference in surviva.I and

ra-be of developrnent of C, tu-rcj,<]u-s on veriou-s di-eis at Nìre tr,.,.o irulicl-i-

ties of 9Ai( anCt 6Aji" ;\t 9Ai: Ìì"H" tLr.çr.e is a. high probabiiil,y.ilia.i;

ihJ-s species ingests furngi as food since fr-rngi groi.i pr.ofu.sely et this

itigìr nois'r,ure level. :rs r. r€su.lt, the insects can Íu.lly utir_ize the

fr:nc'i :nrì i,hrirre " 0n i;he other hpnrì - i,lre nr.nhpÌ¡i -'i *r¡ ni l-l *rr¡n '(!:ru- ur:r ¿v \, o UI.t trllÇ UUJlel' rrc,rjqJ u¡rç .ul uud,LJ_L_ItrJ, Ol- Uo ,Uj.C-lq]]S

telç-in6 fungi a.s Íood at ó0," Iù.i," is exLrem.=ly ls1.r sjm:3ty because no
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fl:-ngi r.iill gror.¡ at a rel-ative hur::cÌii;r belol¡ 7C),. ijor,¡evere iÍ:,;;s3li¿

or s.Ðores oí íungi are preserrt in ver-)r large c,uantities in tne ciie-us,

f.hr. nrohphiIii.rr of' incesi.'ìrrc firnoì ¡^¡nli-ld innz-a:qc .q È.haqp p:r-___ _--a,. _ - _--o - _---o_ .,.-!cfl_-

rnan*q chnr.;:,â ¡rn¡o *h¡-¡ li/^t nõì- ^ânt Of ]_afVae SUf1;.i1¡eC And deve]Oped, On

+r.^ rr ^,,- 4¡,.*".; .r.i ^r ^^*!^..Ì *-ì - -. r ^r e-.--^.i ^-^-' on the flour fr,oln i,l-leUllc lIUu -J LLtrðI uIç t, çUlLud-Ll:-l-Il¿ -L/t VI l- Lr_lL|!-i- crllU

i'',eclicine äa"i; r'ril] des¡i'r,e the unfavourê-bl-,v lorrr huLri-c.ii;;ø of ó0,,. Tiris

result suggests thal tire íungi present in the flour i.-ere ut-ìliz:.,d b¡'

ihe insec-bs to aid their survival and developrrcnl. Tirerefore, ii i-s

reasonabl-e to state that even under adverse Ìrur¡ri-ditl¡ cond-:-tions the

i1r'êfìêÌîrre of frrnri in'bfre flour iS benef'ì cj-al tO l-ha r:rnr.;*h ^f n tUrcici,r-s,

I-L has been repori,ed '¿hat certa.in species oÍ slorar.ge fungi

are suilabl e as food f r¡r ¿i. pârii-clrlar sÌ¡ecies of insect or r¡-ite
f . 1 ^/ ,(,irgrarial et aI", L957; Van LIyk et_ a.l", L959; Sikoror,uskt, L96[; Sinìra,

t965; Loschiavo and Sinha, L965)" There is 3eneral agreenrent tirat

fu-ngi as a grouÐ have an irrq-.st¡"ta role in the successful gror.;-{:h oÍ

s'boreci-prod-ucis i nsects "

Sonre r";orlcers have found that some species of fungi na¡r

prociuce i:orins r¡rhich are harr:fn-l- to insecls (;vl-aknove., 1953 j ir.ccl;ira,

I96L). Holrever, toxiciry or cethogenicify ca,n be a"fl-'ec'Led. bv nrary

'i:ef.ol.s- for eraârnì')l c - l¿itfr^j of e1rì^-!-^J-^ +^"----"+"-^ --^-l '-^-'i ^i OfléVUVI È, f vI ç^Õ-::I-I9, Âl¡lq vI oqUÐUl clUç, UYIÌpçl GUU¿ ç, C,frU lJU1 IWU

ìncubaiion (ArrnoJ-ift et a.l-_. , L956)" Conseo,Ìtentl¡;., i'b is soneti¡rcs

diffi-culi; to d-eterr.úne r,¡hich fa.ctcr or conbinetíon oÍ facfors is res-

1:onsibl.=, ior a give;r effect, on the host orga.nisrri" In vi-ei''ing the

resllli,s of t.he ìl--^-^,-+ ^.-*^--l-.-^.^+ -ir -.^-+ ..*'l; ¡-^'l-- .LL^r- ,he
J çÐU!UO Vr Urlr- }Jt 5JÇt1U ç]-!çM.çtlU, IU Ðç;çllLù tllvùU U-t[g,VIo] U11áU U

f¡,,'^-.; .-^-.^t -,'- +Lf,urr6r uÞçu rr¿ 'r.e diets have a -r,oxic effect on C. f,u{çrcgs. äoi,,'ever,
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other' r.úcr'cor6eni sL.rs su-ch es yeasl,s and bactoria t,ìrat naturiil¡- occur'

in i'lour ra;I l::rre toxic effccts or m-ay deter gror.-bh.

Since no atten-o'L vras macÌe io shor'l the resìoonse of t" tu¡'cicr-r-s

f,o sinple snenies of funsi isol-ated from the fforrr, ìi-. is nol-, krrorvn

r,¡ìricÌi of the sì-'i species of fungi r,¡a.s the lrrost suitable for ihe 5ror','th

and developr,rent of C" @gþus" This asirect of the insect-fungus

rcl ¡'i-innqþin i q r^¡n-n*lrr¡ nf frrr*ha-. ihrr^ô+i -.+'ì ^.I ç,:.:ulvllol¿¿lJ ¿Ð WUa U¡!¿y Ur f U-l UilU¿ IrlVÇÐUf6dUlurlo
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CjjliÐT.lil V

SUI'X'irUÌï rii'iÐ COI{CLUSICIÉ

1, The flat grain bee-tle, CrlrÌ:tol-estes tu:rcic-Èg (GrouvetJ-e) is an

jrnor'tant pest of f'lor^r nills in Canada and elsewhere in the

r^¡orld.

nir^^+ f^^^i hñ 
^n 

ql-n-¡od nrnrìrrnf.q hr¡ C_ f.llrnì nrr5 ig nOì: SO SefioUSs4r\,vu r\/\/urr:6 vrr Èuvr\,u v¿vuqçuÐ uJ yo uu_r vrvui

in itself but under cond 'bions tha'i, fa.vorir. 1;.'re groi,tth of certain

fung', tiris inseci; 1,irrj-ves and ll¿y c:Lllse deterior¡.tion of the

iirfested storeä producl,s.

It has been cornmonly observt:d in flour nj-ils in Canada tirat

C" turcicr]j; tirri-ves in tire presence oÍ fr-li1gi associaied with fl-our

of high moistr-'-re conieni"

ft i,;as found. *,h¡-t und.er ihe conditions of Z¿tIoC and )A;, R.!,.,

larv¿i.e of C. lu41Sfcus developed fas-Ler on pre;ùs.red flour-fungi

diets and on flour from a flour rrill than on sterilized flour"

The Cifference ivas higÌrly significanf a.i the one per cent level"

The nost rapid- raie of l-arval developrr.ent occurred on the flour

frorn a flour rnilI e.nd iire slorn¡est ra-t,e on sterilized flour"

La-rval survival- l.Ias highest on bìle iiour-fung'ì diets" The highest

'-^-+^r-ir-=- ^--"--'ed on tlle fLouz' fromthe flour nill" The pupalri_vr uc,rruJ uvvua

period r¡as e.bout 9 days on all ihe dieis sluciiod" Thus, r¡.te of

pupal develol:nent 'rias not affected b¡r the presence of fungi j-n -r,he

fl-our, Surviva.l oí pup.;e r..'as higher on the flour-fungi- diel"s ì;han



)v

on the siez'iij-zed flour'" Approxima.tefy 9ü: of ihe pup¡"e survived

on the former aircÌ a.bout 7t,, on the l-aJter diet"
, / ^ i\ rr ^..-i- o.,5, ,{t 60;, R"il" a,rrd 26-}"C, sorne larvae of C" turcicus su-rvived and

comoleied their developr,reni onJ-y on 'bile fl-our-fungi diet conla.in-

ing 1;, by uieigili of fungi a.nd on the flour from the flour nú11"

/ĥ 1.571ô7t llr¡ r'¡a f-ì^"-- i".''-ei Äiaf. nnni.:'ininc l' ^¡ ¡"'^^i '--^ r---rÌe -LIOUf'-f Ul'Ì$r (I** - -----*-*----o *)u Or r|ing} 1:eS tlle

nrost favourable iiet i,orlhe survivaJ- and d-evelopliLent of C, turcicu,s"

fn conclrision, the presence of Íungi associated with flou-r

accelerated i,he raie of devel-ol:neni; and increased survival- of C" turci-

c.r'rs, T-lrrr,icì if.r¡ r,r:s .rl so ì-rnnor-t¡n_'u since Nhe 'i ¡gggts r^¡ere unaÌ:Ie Lo"*Yq

..-^-... ^+ L.' ì.. 1-l ,--iln.ìclif,-¡ r":v l^^ ;*. ^--+^---L - ^r ^*r-- +^ ^^+i ^"'-- lhe...ruT! 6,u uv/- rL6r¡o r¡41-¿uruJ ¡l_oJ vç !lNvI ud.-1u lruu vrfJ uu ÐduIJI-1

¡roisi.rrr.c rerirrirêlnents of C. turcicus but also to-ìnrlr:ee'"he cror.,tÌt of

cerl,aj-n fungi i+hicll i n turn may contribu-i,e sorne essential- nutrj-enis

f.h:l-. frrrnrrr r¡ni d onnr.-l-.h rnrì ¿larral nnmanl. nf f.hì q i nqan'l- qnoni o q
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