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Abstrak
Keberkesanan sinaran garna sebagai kacdah kawalan scrangga telah dikaj i

t c rhadap l ima spes ies  kumban-q  vang te rdapat  da lam has i l  pc r tan ian  vang

d is impan.  ( )b jek t i f  u t : rma ac la lah  un tuk  mcn i la i  dos  yang bcrkcsan bag i

mcmbunuh dan mcmandu lkan se  rangga sepcnuhnva pada ju la t  dos  u i i ka j i

0 .05-1 .0  kGv.  Pemandu lan  scpenuhnva tc rcapa i  pada dos  1 .0  kGy bag i

spesics Lasiotlerma serricorne clan Orvzaephilus surinamerrsi.s dan 0.05 kGv

bagi Tribol ium ( 'ustoi leum. Pcnguranean pembiakan yang mclcbihi 93%

populasi dari  gencrasi F1 diperoleh bagi spesics Sitophi lu.s zeamai.s dan

Rhizoper tha  domin icu ,  tanpa pcrbezaan an tara  scmuu dos  yang d iu j i .

Penv inaran tc rhadap .5 .  :eamui .s  jan tan  dcwasa mcnun jukkan tekn ik  kawalan

serangga sccara  pemanc iu lan  jan tan  t idak  berke  san.  Kemat ian  1009 i  te rcapr i

dengan pcnyinaran terhadap bi j i  bcras vang mcngandungi larva S. zearnars.

Kcmat ian  bcr laku  pada per ingkat  la rva  d i  da lam b i j i  a tau  sc tc lah  men je lma

scbaga i  dewasa.  wa laupun 0 .6% 1 lc i  c la r ipada la rva  bcrupava

menvcmpurnakan edaran h idup rncrcka  kc  pcr ingkat  dcwasa.  Jumlah

kumbang dewasa vang kc luar  dar i  b i j i  bc ras  vans  d is inar  mcnurun dcngan

pen ingkatan  aras  dos  s inaran  vang d igunakan.  Kemat ian  1007c kumbang

dcwasa dicapai '1 7 minggu sclepas didedahkan pada sinaran pada aras 0.2

kGy a tau  kurang.  dan l -3  minggu pada aras  -vang melcb ih i  dos  in i .

Abstract
Thc effects of gamma raci iat ion on mortal i tv and ste r i l i t l "  of f ive specics of

bectlcs in a storcd product wcrc studicd. Thc dosagcs used ranged from 0.05

kGy to  1 .0  kG_v. ' .  Comple te  s te r i l i za t ion  was ach ieved a t  1 .0  kGv fo r

Lasioderma .serrit:orne and Orl,zaephilus surinamer.sl.s and at 0.05 kG-v for

Tribolium castaneunl. For Sitophilus zeamais and Rhizopertha dominica,

more than 93% rcduction of F1 progcnics was obscrvcd. with random

variat ions among al l  thc tcsted dosage levels. Irradiat ion of male 5'.  zeamtt is

adults showed that insect control by male steri l i tv tcchnique is not effect ivc.

Dcveloping S. zeumai.s larvae in r ice kernels rvere completely ki l lect either

n' i thin thc kcrncl or after emergence as adults at al l  thc testcd dosages.

I lowever .  ( ) .67  to  l l%,o l  the  t rea ted  la rvae w i th in  the  kerne ls  managed to

comple te  the i r  deve lopmcnt  in to  adu l ts .  w i th  thc  numbcr  o f  emcrgcnts

invcrsclv proport ional to the dosage levcls. Complete rnortal i tv of the treated

adults of al l  storage beetle species testccl was obtaincd aftcr zl  7 wccks bclow

t ) .2  kG1 '  and I  -3  weeks  above 0 .2  kGv.
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Effccts of  qamma radiat ion on storccl -pr t )c luct  bcet lcs

Introduction
Ir radiat ion as a ph) 's ica l  proccss in  thc
t rcatment  of  food has a wide appl icat ion
in food prcscrvat ion.  I t  can be appl ied l 'or
insect  d is infestat ion.  microbia l
d is infect ion and in delav ing phvsio logical
processes in  cereals.  pulses.  l ' ru i ts .
vegetables and manv other  f resh c l r  dr ied
agr icu l tura l  products (Loharanu 198,5) .  A
tvpe of  ion iz ing rac l ia t ion that  has been
cxtensively '  erper imented for  contro l l ing
insects in  s tored products is  the gamma
rav and i ts  potent ia l  appl icat ion has been
ertensivel 'u  rev iewecl  (Watters 1972,  1979
- l - i l ton 

1975.  1979:  Evans 198-5) .
Var iat ions in  insect  response tc l  a

particular radiation dosage occur due tt 'r
d i f ferences in  c l imatc,  food,  s toragc
method,  and to lerance acquired resul t ing
from repeated appl icat ions o l '  contro l
measures (Cornwal l  1966).  The
occurrence of  d i f ferent  s t ra ins of  the same
insect  species resr . r l t ing f rom the in f luence
of  the above lactors just i f ies the needs tcr
ver i fv  anl 'neu insect  contro l  technique
un t l e r  t he  l oc l r l  cond i t i ons .

Current ly .  there is  a dear th of
in format ion on the ef fect iveness of
ioniz ing radiat ic ln  against  insects found
dur ing storage in Malavsia.  

- l 'h is  
paper

reports  par t  of  a programme to determine
the feasib i l i ty  of  contro l l ing storagc
insects by gamma radiat ion.  The object ive
of  th is  s tudy was to establ ish the t ime
taken to induce complctc morta l i tv  of  f ive
common beel le  species in  var ious stored
proclucts and to elucidate the effective
minimum dosages to cause ster i l i ty  of  the
l  nsec ts .

Materials and methods
Radiation source and dosage
The gamma radiat ion was obta ined f rom a
Cobal t -60 source (Gamma-cel l  GL4000A)
ar  the Nuclear  Energy uni t  (NEU).  Pr ime
Minis ter 's  Department .  Bangi .
Dosimetr ic  measurements were
performed using a Fricke dosimeter. The
dosage rate o l  the Cobal t -60 source at  the

I (X)

t ime of  i r radiat ion was approximatelv
0.095 kGy' lmin.  

- l 'hc 
maximum dosagc

current lv  recommended by '  WHO/FAO
fo r  t he  t r e  a tmen t  o l  g ra in  i s  I  . 0  kGv .  Fo r
th is  s tudv.  dc lsages of  0 (untreatec l
c o n t r o l ) .  0 . ( ) - 5 .  0 . 1 .  0 . 2 .  0 . ; 1 ,  0 . 6 .  0 . 8  a n d
1 .0  kGy '  we re  chosen  to  de te rm ine  the
rn in imum dosage to s ter i l ize local  s t ra ins
of  f ive beet lc  specics and thc t imc take n tcr
indr- rce l (X)97 morta l i tv  on i r radiatcd
adu l t s .

Insects qnd treatments
The f ive insect  species used were beet les
Sitophilus zeamuis, Rhizopertlru dominico,
Lasioderma serricorne. Tribolium
c as t o n e u n1 and O r 1,- z a e p h il us s u r i n a me n s i s .
A l l  the test  insects were obta ined f rom
laboratorv cul turcs reared in a contro l led
cnv i ronmen t  chamber  ma in ta ined  a t  30 'C
andT]c i t  RH. Both S.  zeantu is  and R.
dominicu werc reared on whole-grains
whereas L. serricortte wers reared on
crushed ccrcoa beans and O. sur i r runren.s i .s
on  oa tmea l .  Adu l t s ,  l -  l 0  days  o ld .  r vc rc
rout inely  removed f rom the rear ing jars

everv week to be usecl  in  a l l  the tests.  For
R. dorninica, L. serrit 'ortte, T. cttstuneunt
and 0.  sur inamensi . r .  I  280 adul ts  of  cach
species.  regardless of  scr .  wcre counted in
batches of  ;10 insects in to -32 p last ic  v ia ls
each measur ing 4.5 cm x 7 cm wi th
per forated opening and conta in ing 5-  l0  g
of  respect ive insect  media.  There were
four  repl icat ions for  each of  the test  doses
and the control. Sitophiltts zeamais was
chosen for detailed evaluation to
determine the min imum lethal  and
ster i l i tv  dosages on i r radiated pai red male
and female adul ts .  i r radiated mgle adul ts
only and the ster i l i tv  dosage for  larva
developing wi th in r ice kernels.  The same
dosages above were used in these
exper iments.  For  the test  on pai red
parents.  l0  pai rs  of  the 1-  l0  day o ld
adul ts  were counted into each v ia l  and
subsequent ly  i r radiated.  In  the test  on
ster i l iz ing male parent  onlv ,  10 adul t
males werc i r radiated wi th var ious
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con rp l c t c  mo r ta l i t v  o f  i r r acha t cd  adu l t s  o f  f i ve  spcc i cs  o tTab lc  l .  T in rc  takcn  to  ach icvc

s toragc  bcc t lcs
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dosages ancl  then int roc luced to l ( )  non-
i r rac l ia tec l  females l i r r  eacl r  repl icatc.
Aclu l ts  S.  zeanta is  were indiv ic iual lv  sexecl
bv erarn in ing the probt tsc is  (Halstcad
1962 ) .  I n  t he  t es t s  on  i r r ad ia t i on  o l  t he
lan 'a .  1  920  i n l cs ted  m i l l ed  r i ce  ke rne l s
wi th varv ine larr . 'a l  instars wi th in.  rvere
col lected f ronr  cul turc jars l l l -20 c lavs
al '1e r  in t roc iuct ion of  adul t  u 'ccv i ls .  Thc
in l 'ested kernels \ \ 'erc thcn randomlv
t ransl 'er red in to 32 r ' ia ls  eacl r  r . r i th  8()
kernels.  

- I -wentv-c iqht  
of  thesc v ia ls  were

i r radiated.  There were four  repl icat ions
per dosage and four  v ia ls  were kept  as
untreated contro l .

Af ter  i r rac l ia t ion.  the insects rvere
mainta inecl  in  the rear ing chamber at  30
'Cl  and 70qZ RH. In tests on adul t  insects.
the morta l i tv  of  i r radiatcd insccts was
recorded everv 3-- l  davs unt i l  a l l  thc
i r radiatcc l  insects \ \ 'ere dead.
Subsequent lv .  the number of  f resh adul ts
that  emcrgcd wcre recorded and removed
weeklv for  l0  wecks.  unt i l  no ac lu l ts
cmerged for  I  week.  T l ' re  number 'of  c iavs
required to achieve 1(X)C'r  morta l i tv  o1 the
adult servecl as a measure of efficiencv ttf
thc t reatment  dosages.  Di f ferences in  the
ef f icacv among thc testec l  dosages were
stat is t ica l lv  analvsed using Duncan's
rnul t ip lc  rangc tcst .  The reduct ion in
reproduct ive per formance.  basccl  on
nunlber  of  progenies in  F1 gcncrat ion
obta ined between i r radiated and contro l
doses.  served as a basis  of  compar ison
amons the t reatme nts l 'or  e l tect ive

stcr i l iz ing dosage.  The morta l i t \ '  \ ' i l lucs o l '
i r radiatcd adul ts  werc adjustec i  for  contro l
bv  us ing  the  Abbo t t ' s  f o rmu la .

Resul ts  and d iscussion
' l 'he 

re lat ive ef fect iveness o l '  ganlma
racl ia t ion at  var ious c losage levc ls  to
inc lucc nror ta l i tv  and ster i l i tv  to  thc t i r "c
spccics ( ) f  s toragc beet les is  shown i r . t
Tuble I Lrnd Toble J respecti.,elr '. Sincc
nonc of  thc dosagcs uscd in th is  test
caused  l (X ) f7  immed ia te  mor ta l i t v .
rc lat ivc c f f  icacv of  thc doscs $as
measured in terms of  t ime taken to inducc
l (X) ' , i  morta l i tv  of  the in i t ia l  i r radiated
popu la t i on .

Sitophilus zeamais (Mots.)
- I 'hc 

i r rac l ia tcd weer, ' i ls  showed no
cl i f fcrcnce bct l r 'ccn dosergcs of  0.1 to 1.0
kGv.  based on t ime to achieve l00cl
morta l i t ) - .  At  thcsc dosagcs.  about  1.6
weeks were requi red to induce complete
morta l i tv  to  the t reated pai red adul ts .  The
dosage lcvels  below 0.2 kGv took a longer
t ime r .vherebv about  ;1.7 weeks and 3.7
r.r 'eeks elapsed before all insects \\ 'ere dcad
at  ( ) .0-5 kGv ancl  0.1 kGv respect i \e l ! ' .  

- l -he

extended per iod to induce tota l  n tor ta l i tv
probablv enabled the mat i r rg ancl
subsequent  reproduct ion of  new F1 adul ts
a t  an  ave rage  o f  0 .1  t o  ( ) . 8  adu l t  pe r  pa i red
parents among al l  tcstc{- l  dosages.
However.  the reduct ion in  reproduct ivc
potcnt ia l  ranged f rom 9lc1 to 98r , i
compared to 'contro l ' .  These f ind ings

l 0 l
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\ {cans fo l louct l  br  d i f fcrcnt  let lcr \  arc s igni f ic i tnt  i t t  / )

concurrcd wi th ear l ier  inVest icat i t )ns (e g
Brower and Ti l ton 1972) that  thc t imc
required to induce l (X) '7  morta l i tv  r .vas .1

weeks at  dosages between 0.3 kGv ancl  0.5
kGv.  Hclwever.  the incomplete stcr i l i tv
for  dosages up to 1.0 kGv as shown in th is
test  d id not  agree wi th thei r  f ind ings that
0. I  kG1" was adequate to induce tota l
s te r i  l i tv .

The number of  adul ts  that  emerged
from the larvae wi th in thc i r radiated r ice
kcrnels and the percentace morta l i tv  of
these newlv eme rgcd adul ts  are shown in
Table - i .  None of  the tested dosagc lcve ls
were able 1o complete lv  prevent  the
metamorphic development  of  the larvae
intcr adult. as shown in Table -1. The
nror ta l i tv  of  the larvae wi th in the kernel
cc lu ld not  be determined.  as these were
hidden wi th in the r ice kernels.  Some
larvae which developed into adul ts  d ied
before emerging f rom the r ice kernels.
These non-emerging adul ts  were not
considered as fu l lv-developed adul ts  and
were thus not  counted as new
emergences.  At  0.05 kGy.  about  9cr t  o f
the larvae developed and emerged f rom
the kernels as adul ts  but  the number
decreased to 0.Zc/r .  a t  1.0 kGy wi th the
number proport ionate lv  reduced wi th
increment  in  dosage levels.  This
represented 52c/r: to 987c reduction in
adul t  emergences compared wi th the
number of  emergences in kernels held as
contro l .  A l though the adul ts  managed to
emerge .  a l l  o f  t hem d ied  sho r t l y  w i t h i n  l -
2 davs af ter  emergence at  the tested

-  { ) . 0 1

dosage levels.  Nonc of  the new adul ts
r" 'ere able to producc progenies.  The
resul ls  ind icated that .  c lepending on
dclsagc leve ls .  some of  thc c ieveloping
larvae of  the i r radiated maizc n 'eevi ls
were able tc l  complete thei r  development
to adul t .  but  the ef fect  of  the gamma ravs
tended to shor ten the l i fe-span of  the ncw
adu l t s .

l-he tests to verifv the effective
c losage to induce male ster i l i tv  bv
i r radiat ing male parent  c ln lv  showed less
than 30ci  reduct ion in  the F1 generat ion
compared to 90f l  obta ined bv i r radiat ing
both parents.

Rhizopertha dominica (F.)

I r radiat ion dosages showed def in i te
pat tern of  increasing ef fect iveness wi th
corresponding increase in dosage levels.
However.  the d i f ferent ia l  t ime to achieve
1(X)oi  k i l l  a t  dosages of  0.2 kGy and above
was not  s igni f icant .  This  f ind ing is
comparable wi th prev ious f ind ing ( f  i l ton
et  a l .  1966) that  the t ime requi red to k i l l
100% of  the t reated adul ts  was reduced
from 4 weeks to 1 week when i r radiat ion
dosage was increased f rom 0.1 kGy to 1.0
kG1,.  However.  thei r  observat ion on
achiev ing complete ster i l i tv  at  0.13 kGy
was contrary wi th these f ind ings as none
of  these tests inc iuced tota l  s ter i l i ty .  The
reduction in reproduction. based on
number of  progenies produccd.  ranged
from J5c/c to 97% compared to non-
i r r ad ia ted ' con t ro l '  adu l t s .

1 0 3



F-f fccts of  gamma racl iat ion on storcd-producl  bcct lcs

Lssioderma serricorne (L.)

The post- t reatment  morta l i ty  was ahout
the same for  a l l  the seven dosage levels
whereby complete morta l i tv  was achieved
af ter  2-2.3 weeks.  The l i fe  span of  the
treated insects f rom th is  s tudv was shor ter
than previouslv  repor ted (T i l ton et  a l .
1966) where thc tested dosage levc ls  of

0 .13 -  1 .0  kGy  requ i red  5 -7  weeks .  
' l ' he

minimum dosage requi red t t t  induce tota l
s ter i l i ty '  i .e .  0.2-5 kGy.  as shown in the
same report .  was a lsct  h ighcr  than that
obse rved  i n  t h i s  s tudy ,  i . e .0 .1  kG1" .

Tribolium castaneum (H.)

Compar ison of  the morta l i tv  t imes for  the
different treatment doses shttwed ncl
significant differences amon-q thc testecl
dosages.  Nevertheless.  a l l  dosages
induced cornplc lc  supprcssi t rn l rgainst
reproduct ion of  F1 generat ion insects wi th
the  excep t i on  o f  0 .1  kcy .  Bo th  t hc
morta l i ty  and ster i l i t -v ' '  resul ts  were
comparable wi th two ear l ier  f ind ings
which showed that  3- ;1 weeks were
required to achieve 100% morta l i ty .
Simi lar ly ,  Watters and MacQueen (1967)
and Brower and Ti l ton (1973) repor ted
tha t  dosage  l eve l s  o f  0 .1 -0 .2  kGv  was
suf f ic ient  to  complete lv  s ter i l ize the
insec t .

Oryzae philus surinamensis (L.)

The results on mortality dosages showed a
pattern of increasing effectiveness
proport ionate wi th increment  of  dosage
leve l s .  A t  0 .0 -5 .  0 .1  -0 . , 1  and  0 .6 -  I  . 0  kGy .
the morta l i ty  t ime requi red was 10.  2-3
and 1.5 weeks respect ive ly .  The adul t
beetles were effectively steri l ized at a
minimum dosage of  0.1 kGy.  and ncl
reproduction was observed at the higher
dosage levels.  These resul ts  were
comparable to the prcvious findings based
on t reatment  dosage of  0.5 kGy which
required 2.4 weeks to tota l ly  d is infest  the
unsexed adul ts  (Cornwal l  e t  a l .  19-57) .
Brower and Tilton (1972) studies on
response by different sexes showed that

10.1

male insects wete more to lerant  t t . l
i r radiat ion than the fcmales.  requi r ing l0
weeks and 2-3 weeks.  at  0.3-0. -5 kGy'
levels ,  respect ive ly .  

- l 'he 
la t ter 's  repor t

a lso showed that  the dosage level  necded
to complctc ly '  s ter i l ize the insect  was 0.2
kG1' .  which is  s l ight ly  h igher  than that
ohsc r red  i n  t h i s  i nves t i gu l i on .

-fhcse 
findings ctn the effectivcness of

gamma i r radiat ic ln  to cause morta l i tv  and
induce ster i l i tv  to  thc f ive storage beet les
general ly  agreed wi th resul ts  obta ined by
other  researches rcv iewed in th is  repor t .
Al though the exact  dosage levels var ied.
thesc invest igat ions a lsc ' r  concurrcd that
ganrma radiat ion as a method t t f  inscct
contro l  is  best  appl ied at  dosages
suf f ic ient  to  cause imnrediate
reproduct ive ster i l izat ion.  a l though
several  weeks mav be taken to pr t tduce
completc morta l i ty ' .  Thesc f ind ings a lsc ' r
s l rowed that  complete ster i l izat i t ln  0f
irradiated adtrlt of 1,. .scrritrtrne. T.
(ostdncutn und O. . \ l r r i l l ( r t r l ( ' r l .s l . f  u i ts
achieved at  the h ighest  dosage level  of  0.  I
kGy.  At  the same dclsage level .  reduct ion
in reproduction by more than 939i rvas
observcd for  R.  domimca and S.  :aumuis.
Complete ster i l izat ion w'as not  obta ined
on the letter tr, l 'c' l  insects even bv
incrcasing the dosages up to 1.0 kGy' .
Evans (1985),  in  h is  rev iew on ef f icacv o1
gamma radiat ion on stored product
insects obscrved that  0.2 kG-v-  was needed
to cause immediate tota l  s ter i l i tv  ior  the
above f ive beet lc  species us ing populat ion
found in USA. In the same report .  he
notcd that  some storage beet les in
Aus l r i r l i a .  i nc lud ing  L .  sc r r i t t , r t t c .
requi red up to 0. ;1 kGv.  However.  these
f indings that  the t imc requi red to cause
complctc morta l i ty  was -1-7 weeks at
dosages up tc l  0 .2 kG, ' - .  and l -3 weeks
above this dosage were comparable to the
f indings by ear l ier  workers (Evans 198-5) .
Al though dosages ranging f rom 2. ,5 kGy
to 5 kGy are requi red to cause 1(X)%
morta l i tv  wi th in 2 ' l  h .  such dosagcs mav



cause changes in the t reated food (Evans

198'1) .
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