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Postharvest management of cocoa pod borer
(Pengurusan lepas tuai  pengorek buah koko)

I .  Azhar '"

Kev rvords :  cc ' l coa  pod borer .  cu l tu ra l  p rac t ice .  insec t ic idc .  in tcgra ted  pes t  management

Abstrak

Kawasan-kawasan koko vang d isc rang o lch  pcngorck  buah koko (PBK) .

C onopontorphu crumerel l t t  (Sncl lcn ).  tcrus mcngalami kcrugian hasi l

rva laupun berb i rga i -baga i  usaha pengau 'a lannva tc lah  d i lakukan.  Keadaan in i

bcr laku  mungk in  d iscbabkan pe  ngeka lan  gcncras i  mc la lu i  Ia rv i t - la rva  vang

kc luar  sc lcpas  buah c l ipc t i k  c lan  c l ihc lah .  Satu  ka i ian  tc lah  c l i ja lankan un tuk

mcngka j i  corak  pengc luaran lan 'a  se lcpas  buah d ipc t i k  c lan  d ibc lah .  Usaha-

usaha membungkus scr ta  mcnve mbur  ku l i t  buah tc lah  d ibuat  un tuk  mcnve ka t

la rva- la rva  tc rscbut  dar ipada te rus  h idup.  I -cb ih  kurang 8091 a tau  pura ta  2 -11 .2

la rva i  i00  b i j i  buah kc luar  scbc lum buah d ipe t ik .  manaka la  20? i  a tau  pura ta

-58 .7  la rva /100 b i j i  buah kc luar  sc lcpas  buah d ipe t ik .  Jangka masa la rva- la rva

ini keluar berbeza cl i  antara 1 l  2l  hari  bagi buah vang ci ihclah clan t i t lak

d ibc lah .  Te lah  d i rckod bahawa pura ta  vang rnc lcb ih i  8 .5 ' : .  c lan  lcb ih  kurang

58f?  dar ipada la rva  tc lah  kc luar  dar ipac la  buah-buah vang tc lah  c l ibc lah  dan

t idak  d ibc lah  da lam minggu pcr tama sc lcpas  buah c l ipc t i k .  Mcnrbungkus  ku l i t

buah mcnycbabkan l (X) t ' .  lan 'a  lang kc luar  i tu  mat r  da lam n ' ras i i  -5  har i .

Pcmbungkusan juga mcmpercepat  ku l i t  buah rncn jad i  reput  yang mungk in

d isebabkan o leh  suhu dan kc lcmbapan vang t ingg i  d i  da lam karung

bungkusan. Semburan racun scrangga padir kul i t  buah nrenyebabkan 89ti

kcmat ian  la rva  yang kc luar  sc lcpas  buah d ibc lah .  Pcranan dan kcu tan taan

pcmbungkusan dan peny'emburan racun scrangga pada kul i t  buah untuk

mcngawal pengcluaran Iarr"a selcpas buah dipct ik dan dibclah scrta

kcseluruhan program pcngurusan perosak bersepadu dibincangkan.

Abstract

Cocoa pcrd borer (CPB). Conopomorltha cranterel la (Snellen). continued to

inf l ict yicld loss in thc infested arcas although various control cfforts wcrc

inst i tutccl.  Thc rcason for this phcnomcnon might bc bccausc of thc continucd

survival of generation through postharvest larval emergence. An investigation

was carr icd out to examine the postharvcst lan'al cmcrgcncc pattern. and the

bagging of spl i t  pod husks and insccticidc spraving on pod hr.rsks as me ans to

supprcss their survival.  Nearlv 80?i or an average of 231.2 larvae/100 pods

cmcrged before the pods werc harvcstcd, while the other 20c/c or an average of

58.7 larvac/100 pods emergecl after thc pods wcrc harvcsted. Thc duration of

cmergence var ied  f rom 11-21 days  fo r  the  sp l i t  and  unsp l i t  pods .  An average

of more than 85% and about 5t l% larval cmcrgcncc were rccorded from spl i t

and unspl i t  pods during the f irst wcek aftcr harvcsting. Bagging of pod husks
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Posthar r  cs t  rn i tnagcmcnt  o f  coc t l t t  l . l t l c l  l r t l r c r

cnsurcd  a  l (X) ' . ;  mor ta l i t v  to  thc  c rncrg ing  la r \ac  u i th in  5  da1 's  anc l  cnhanccd

husk  mt  p robab lv  th rough i r tc rcascd tcn tpcra turc  an t l  rc la t i vc  hunt id in

ins idc  the  bags .  Thc  spra 'n ing  r . r f  rnscc t ic idc  causcc l  an  avcragc  o f  about  l l9 ' r

mor ta l i t v  to  thc  pos tharvcs t  la rva l  c rncrgcncc .  Thc  s ign i l i cancc  o f  bagg ing

and inscc t ic idc  sprav ing  in  thc  managcntcn t  o f  pos tharvcs t  l t tn l t l  cnrc rgcncc

anc l  thc  ovcra l l  ( -PB in tcgra tcd  pcs t  managcmcnt  p rogn lnrn tc  Arc  c l i sc i tsscd .

Introduction
Cocoa pod borer  (CPB).  C'onopornorphu
( ' romerel la  (Snel len) .  is  the rnost  ser ious
pest  of  cocoa in Malavsia.  The pest  mav
cause tota l  v ie ld loss i f  lc f t  untreatec i .
Since i ts  f i rs t  d iscoverv in  Malavsia at
' [ 'awau 

d is t r ic t  in  the state of  Sabah in la te
1980.  var ious methods \vere developed to
manage  the  pes t  (Azha r  l 986a .b :Oo i  e t  a l .
1987).  Grou'ers uscd both chenr ica l  ancl
non-chenr ica l  methods to contro l  the pest
c lur ing the ear l ier  hal f  o f  thc 1980s.
However.  the growers current lv  re l l '
to ta l lv  on l reavv pest ic ide used lor  contro l .
Twentv for- r r  appl icat ions at  a b i - rveeklv
interval  arc common among the growers
l r l t hough  lw ( )  ( ) r  t h ree  :p r l t r  i n t
programmes (dur ing the two ascencl ing
peak cropping per iods and another
opt ional  spraving dur ing the t rough
per iod)  of  5-6 sprayings at  a l0-dav
interval  were recommended per  vear
(Azha r  1986a .  b ;  Azha r  and  Sabud in  1988 :
Sidhu ct  a l .  19t37) .  Since py ' rc thro i t ls  * 'ere
heavi ly '  used.  secclndarv outbreaks of
mealvbugs and mi tes hal 'c  becn repor ted
in a number of  p lantat ions especia l ly  in
those wi thout  shade (Azhar and Sabudin
l  e88) .

Despi te repcated insect ic ide
t r cu lmen ts .  CPB con t i nucs  [ ( )  cause
unacceptable level  of  damage.
Developmcnt  of  res is tance in CPB
populat ions mav have renderecl  the
chemicals as inef fect ive a l though Sim
( l9S6) rcpor tcd no ev idence of  rcs is tance
in her  s tuc11 .  

- l 'he 
inef fect iveness of  the

chenr ica ls  mav a lso be at t r ibuted tc t
c ief ic ient  appl icat ion techniques.  t iming.
fa i lure to reach targets.  or  fornulat ion.
Inrproper cul tura l  pract ices mav a lso

1 )

Tab lc  L  Detc rmina t ion  o f  lan 'a l  cmcrgcncc

pattcrn from dif fcrcnt harvcstirrg proccsscs

Pods,hcap 
\ .  ot
ncl lp\

Han  cs t i nc  B lock
proccss

Sp l i t

l i n sp l i t

I  I l X )  r

l +  [ ( r l l

l +  l l  r { r  i

cclnt r ibutc to th is  pers is tent  pest  proble m.
Thc pract ice of  c le lavecl  harvcst ing a l lows
C-PB larvae to cmcrge and surv ive bc l 'ore
pod harvest ing and spl i t t ing.  The random
placemcnt  of  sp l i t  poci  h l rsks wi th in thc
f ic ld is  a lso thought  to promote the
cont inued CPB proble m in cocoa.  

- I -he

spl i t  pod husks mar st i l l  harbour res ic lual
number of  nraturc lar l 'ae and have thc
potent ia l  in  in t ' l ic t inc futurc damage i f
emerged and surr , ' i 'u 'ed.  Because of  th is
widespread pract icc '  and the unavai labi l i ty '
o f  a l ternat ive pract ica l  method of
harvest ing ancl  management procedures.  a
stud,v wirs  conducted to quant i fv  the
residual  larval  populat ions and to f ind
\ \ 'avs to nranage them

Materials and methods
The study was conducted in  1988 at  the
Cocoa Research Stat ion.  about  35 knt
nor th-east  of  Tawau.  Pods uscd in the
studv uere harvested f rom Block 2.  which
was p lanted wi th rnore than -50 F, ,  c lones
(a c lone at  each ror" ' )  i r - r  ear l l  60s.  and
Block l -1.  which compr ised main l r :  o l
hybrrc is  cocoa p lanted in  la te 60s.

Larval emergence
' l 'hc 

e mergence pat tern of  mature larvae
fronr  the spl i t  and unspl i t  pocls  werc
studicd as shou'n in  Tt l t lc  L

Tlre ripe pocls u'ere harvcstecl ancl



separated in to f ive groups in  Block 2 and
l0 groups in  Block 1,1.  wi th 1(X)  pods in
each group.  In Block 2.  the pods f rom
di f ferent  c lones were mixed af ter
han'est ing.  Larval  cmergence holes were
then counted and recorded from each pod
in a l l  the groups.  

' fhe 
pods f rom f ive

groups I ' rom each b lock were spl i t  on the
same day immediate l , ' -  a f ter  han'est ing
whi le another  f ive groups of  pods f ' rom
Block l ;1  were le f t  unspl i t .  l 'he beans were
cxtracted f rc lm the spl i t  pods us ing thc
normal  p lantat ion pract ice u"herc thc
heavi lv  c lumped beans were le f t
unrecovered.  

' fhe 
wooden spoons were

also used to cxt r icate the recctverable lcss
c lumped beans.  The pods f rom each of  the
unspl i t  groups and the husks f rom each of
the spl i t  pod groups were then heaped
onto a c lear  p last ic  and p laced randomly
wi th in each b lock wi lh  used sump oi l
poured around the heaps to avoid
encroachments of  prcdators such as ants.
Al l  the heaps were co" 'ered wi th dr ied
leaves that  served as preferred pupat ion
si te for  the emerging mature larvae.  The
larvae that  emerged every day were
col lected and thei r  pupat ion s i tes (e i ther

on leaves/p last ic  or  on pods)  recorded.

Bagging of pod husks
Ripe pods were harvested from Block l, l
and separated in to l6  groups of  50 pods
each. The pods were then cross-
sectionally split and beans extracted
according to the normal plantation
practice described above. The husks were
returned to their respective groups with
each group eventually made up of 100
split husks. Six groups of the husks were
bagged using used ferti l izer sacks while
the other 1O-husk groups were heaped
onto c lear  p last ics and p laced randomly
wi th in the b lock.

To determine the durat ion that
bagging should be carried out, several
factors should be considered among which
were the larval mortality rate and the rate
of  pod husk rot t ing.  Ten newly emerged

L  Azha r

larvae were d i rect lv  and randomly p laced
ins ide the sacks to determine the cf fect  of
bagging on the larval  morta l i ty  rate and
thei r  causal  factors.  The number of  larvae
al ivc and the cause of  morta l i t l '  we rc
rccc l rded dai ly  unt i l  a l l  the larvac were
dead.  At  the sanre t ime.  the tempcrature
r , r , i th in the sacks (measured by p lac ing the
thermometer  ins ide the sack through a
smal l  hole)  and undcr  the cocoa canopies
were recorded at  three t ime- intervals
( 6 . 3 0  a . m . .  1 2 . 0 0  p . m .  a n d  6 . 0 0  p . m . )  t o
comparc thei r  d i f ferent ia ls  and assess i f
temperature might  be one of  the
important  larval  morta l i tv  factors.  The
rates of  husk rot t ing in  each group
(bagged and unbagged) were a lso
compared by recording the number of
husks that ,  a t  least  50%. have b lackened
ever_v day.

Spraying of insecticide
Another  set  of  r ipe pods were harvested
in Bkrck 1.1 and separated in to l0  groups
wi th each group consisted of  1(X)  pods.
Larval  emergence holes were counted and
recorded on each pod before splitt ing and
the husks were heaped onto c lear  p last ics
according to each specified group. The
used sump oi l  was poured around the
heaps to avoic l  encroachments of
predators.  Two di f ferent  t reatments were
applied. The first f ive groups of husks
were spraved with deltamethrin
insect ic ide us ing pneumat ic  sprayer  (Solo
Model .123. capacity 10 L) at a ratc of 20
L/ha immediate lv  af ter  sp l i t t ing,  whi le  the
other five groups were spraved on the
third day after splitt ing. T'he larval
emergence.  thei r  morta l i ty  rate and the
mortality factors were mclnitored and
recorded every day.

Results
Larval emergence
l'he results of the CPB larval emergence
pattern from pods harvested from Block 2
and Block 14 are shown in Table 2 and
Table 3. A total of .1 349 or a mean of
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Postharvcst  management ( ) f  cocoa pod borer

Table 2.  Total  number of  larvac that  cmcrgcd f rom I 5(X) harvestc-d pods

B lock l
Emcrqe ncer

Bcftrrc

Pup:r t ion s i tesr Predateds

Potls Leaf/p lasLcaf /p las Pods

1.+US

l 1 s

2S

Total

.i

9 1 3
( 7 7 . 1 )

r 2u8
(82.7)

1 261
(78.9)

3 468

I  1 5 6

19.7

)72
(22.e)

27()
( 1 7 . 3 )

339
( 2 1 . 1 )

tiu l

293.7

20.3

2 l l
(77 .6)
a l  l

(  7e.3 )
)21
(6s .2  )
6.+6
2 t 5 . 3
73 .3

- ) i

( l  1 . 2 )

36
(  1 3 . 3 )

l9
(  2 3 . 3 )

117
-19

16.7

26
(e  6)

( 3 . 3  )
l l

( 3  2 )
:+6

1 5 . 3

5 . 2

3
( l  l )

l 1
( 1  l )

2E
( 8  3 )
1 1

l 1
:1. lJ

'US :  unspl i t  podsr S :  spl i t  pods
rNumbers in brackcts indicate the percentage of  larval  emcrgencc bcforc and af tcr  harvest ing
rplns :  p last ic  Numbers in brackcts indicatc thc '7 of  postharvcst  larval  emergcnce that

pupated and predated on var ious col lcct ing s i tes

Tab l c  3 .  Consecu t i ve  da i l v  mcan  numbc r  o f  CPB  l a r va l  cmc rscncc  pe r  l ( ) { )  pods r

B l t r ck  I - 1 (US) B lock  1 ,1 (S ) B lock  2 (S )
Da )

Mean S D (/i Mcan SD Me an S I )

t ,

I

)
3
-1

I  8 2 . 6
a l

_5..+
3 . 2
6 .0
1 a

6 . 6

4.t)

3. t3

- ) .  o

- 1 .  +

2 . 8
a t

2 . 2

1 . 2

t . 2

0 .2

0 .4

0..1

0 . 4

0..1

0.2.

2 0 . 9 I

l . l 4

2 . -51

I  .30

3 .  l 6

0.u' l

6 .84

2.34
.1.38

2.01

2.88

1 . 3 0

2. Ut3

1 . 9 2

1 . 3 0

1 7 8

0.45

0.55

0 . 5 5

0.5-5

0.5-s

0..1-5

52.-+9

3 . 5 6

2. rlt)

2 . 1 7
.1.-s5

3 . 6 7

2.9-5

2 . 1 2

2.01

2 . 3 5

I .3.1

0 .45

77 .05 251 .6

1 . 0 1  l O . t i

2 .28  rJ .6

l . -3 -5  8 .2

2 .53  6 . t t

| . 7 7  6 . 0

2 . 7 8  5  . 2

l  69  3 .0

L60 2 .6

1 . 5 2  2 . 0

1 . ,13  0 .6

l . l 8  0 . 2

l . 0 l

0 .93

0 . 5 I

0 . 5 I

0 .08

0 . 1 1

0 . 1 7

0 .  1 7

0 . 1 7

0.0t3

82.67 253.4

3 . 1 7  1 3 . 2

2 .16  6 . l J

2.63  u .  u
2 . 1 8  8 . 1

1 . 9 3  7 . t t

1 . 6 7  5 . r J

0.96 .+.0

0 . 8 3  7 . 0

0 .61  2 .4

0 . 1 9  1 . 6

0 . 0 6  1 . 2

1 . 0

9,1.6:1 78.l t9

6 . 7 6  . 1 . 1  1

1 . l 5  2 . 1 2

.5 .26  2 .71

3.6-3 2.-55

2.86  2 .13

3 . 5 6  1  . 8  l

2 . 2 4  1 . 2 5

3 . 4 6  2 .  l 8

1 .3 .1  0  75

1.3 .+  0 .5 ( )

t . 1 0  0 . 3 7

1  . 0 0  0 . 3 1

)
6

7

8

9

l 0

l l

t 2

1 3

l.+

1 5

l 6

1 7

l 8

l 9

20

2 l
'US :  unspl i t  pods:  S :  spl i t  pods:  Sl)  :  s tandard deviat ion

289.9larvae/100 pods emerged from 1 500
pods harvested (Table 2). Nearly 80c/o or
an average of 231.2 larvae/100 pods
emerged before the pods were harvested.
The other 20Vo or an averase of 58.7
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larvae/10O pods emerged after the pods
had been harvested. Most of the larvae
that  emerged (about  78.57c)  were
col lected spinning thei r  cocoons on leaves
or plastic rather than on the pods as dried



leaves and p last ic  prov idecl  grcatcr
numbcr of  curvatures and crev ices that
fac i l i ta ted cocoon spinning by '  the mi i ture
lan 'ae .  A tota l  o f  l0 '7  of  the larvac that
emcrged were predated.  presuntablv bv
ants (about  -5.2f7 and -1.891 on dr icd
leaves/p last ics and pclds.  respect ivc lv) .
- l 'he 

mean number of  larvae that  emerged
per 1(X)  pods (beforc and af ter  harvest)
were comparat ive ly  h igher  in  Block 2
(321 .2 )  t han  B lock  l : l  ( sp l i t  pods  :  3 l  l . 6 t
t rnspl i t  pocls  -  237)  (Tuble 2) .  This  s imi lar
pat tern rvas a lso shown u 'hen thc pre and
posl-hern,est larval emergencc \\ 'crc
compared between the two b locks.  

' l 'he

di f fercnces in  c lonal  composi t ion and
management pract ices between thc two
blocks might  be the reasons.  Clc lnal
mater ia ls  in  Block 2 consistec l  of  both
suscept ib le and res is tant  mater ia ls  whi le
Block 1,1 were p lanted wi th Amelonado
and selected hvbr ids of  proven
performance.  Block 2 had never  received
anv management t reatmcnt  whi le  Block
l4 had been f requent lv  re leased of  egg
parasi te at  weekly in terval .  

' l 'here 
was no

signi f icant  d i f ference (p >0.0-5)  between
the mean number of  postharvest  larval

' l  r t r t t i ng

0 1 2 3 . 1 - 5 6 7

Dav

Figure I . Rate ol rottint .for bagged and unbagged husks

L  Azha r

emerscnce  o f  t he  sp l i t  ( 18 la rvae /100
pods )  and  unsp l i t  ( 18 .1  l an 'ae / l (X )  pods )
pods in Block 1,1.

- l 'he 
maximum durat ion of  cmcrgence

i s  l l  and  2 l  days  fo r  t he  sp l i t  pods  and
unspl i t  pods.  rcspcct i 'e l .v  (Toble -3) .  Most
o l ' the larvae f rom spl i t  pods (an avcre lge
o[ 'more than 85qi  )  appeared to emerge
dur ing the f i rs t  u 'cek af ter  harvest ing and
lasted belore the end of  the second u 'eek.
On the other  hand.  the larval  emergence
from unspl i t  pods cxtended for  a per iod of
21 davs wi th c ln ly  about  -58?i  emergence
occurred dur ing the f i rs t  wcck a l ' ter
harvest ing.

Bagging of pod husks
The rate of  rot t ing for  bagged and
unbagged husks arc shown in Figure L
Baggecl  husks showed a faster  rate of
rot t ing than thosc unbagged at ta in ing
-50'Z rotting rvithin a lr 'eck compared to
ncar lv  l0  da,v"s for  r . rnbaggcd husks.  Unl ike
the baggcd husks.  in  which rot t ing rate
r ises sharply  af ter  3 c lavs,  there was a
gradual  r ise in  rot t ing rate for  unbagged
husks in i t ia l lv .  onl l '  to  increase gent l ) '
a f ter  near lv  6 davs.  Mar imum rot t ing for
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Postharvest management of cocoa pod borer

Table 4.  Mean dai ly  morta l i ty  of  larvae wi th in the sacksl

Day  No .  a l i v c r
Morta l i tv

(",t )ANtS

U

I

2
3
i

5

0.50

0

0

t-l

0.25
0

-32.50

92.59

0

U

-s0.00
10J.00

'Day 0 means the day the larvae were placed inside the bags.
r lndicates mean numbcr of  larvae per bag that  are st i l l  a l ive in
the morning.
Total  number of  larvae di rect ly  p laced wi th in 5 bags were 50

Tablc -5.  Temperature var iat ions wi th in and the larval .emergence pat tern and thei r
outsidc thc bags at different t imes of the day mortality (Table 6 andTable 7). A total of

Time
Temperature ( 'C) 93.Sct'r of the larvae that emerged from

the heaps sprayed immediately after pod
splitt ing were dead and failed to spin their
cocoons while those sprayed on the
second day after splitt ing suffered onlv a
-totaf of 53.3o/o mortalitv. However. low
larval  morta l i ty  due to insect ic ide was
compensated by the h igher  number of
larvae (29.,1%) that spin the cocoons but
did not pupate or pupated but did not
emerge (Table 7). The failure to pupate or
to emerge might be attributed to the
residual effect of insecticide which was
sprayed a couple of days after spinning the
cocoons or after pupation.

The spraying of insecticide caused an
average of 89% mortality while 1397,
suffered predation. Predation, mclstlv by
ants, was only recorded in heaps sprayed
on the second day af ter  sp l i t t ing and only
during the first 3 days before insecticide
was sprayed. The insecticide sprayed
immediately after pod splitt ing might have
deterred the ants from foraging in the
heaps or might have kil led them. A 100%
mortality resulting from insecticide was
infl icted on the larvae that emerged on the
sixth day after pod splitt ing and
subsequent emergence in all the heaps
(Table 6 and Table f . Survival rate (adult
emergence) was low in both treatments
wtth 5.1o/o and 4.47o in heaps sprayed
immedrately and on the second day after

Ins ide C)utsidc

r0.00
6.75

0.-s0
0.50
0.50

0.2-5

2 .75

6.25

U

t)

0

0 .25

6.3( )  a .m

12.00 p .m

6.00 p .m

26.3t)a

30.05a

29.(l6a

2"1.,1tib

21J.92b

27.23b

Means between column fo l lowed by the same let ter

are not  s igni f icant ly  d i f ferent  (p <0.05) (Fisher 's

l -SD).  N = 7 but  onlv 6 readings wcrc uscd for

calculating means at 6.fi) p.m. as it rained during

one of the afternoons

both treatments was completed within less
than2 weeks (12 days and 13 days for
bagged and unbagged husks).

All larvae placed inside the bags were
dead by the fifth day after their placement
(Table 4). Mortality was high during the
first 2 days after placement reaching about
95Vo out of which more than 947c were
due to predation by ants. C)ther mortality
was presumed to be due to high
temperature within the bag with slight
variation from morning to evening (Table

5). The average temperature wrthrn the
bag was 28.41 "C with an average
difference of 1.59 'C to the outside
temperature (Table 5).

Spraying of insecticide
The spraying of insecticide onto the heaps
of split pod husks showed significant
effect on larval mortality but the timing of
spraying seemed to have litt le effect on
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Table 6. The effects of insecticide sprayed immediately after pod splitting on larval

emergence and their mortality for every 100 podsr

D a v C E V o T E V o D I V c D C % S

0

1

2

3

4

5

6

7

8

9

1 0

1 l

Total

146.0

154.0

1 6 1  . 8

161 .0

t70.0

1 7 1  . 8

174.2

r74 .8

176.8

177.6

r79 .0

179.6

179.6

23.8
L-7  - l

15. -5

8 .9

5 . 4

7 . 1

1 . 8

6 .0
L - 1

4 . 2

1 . 8

0
0
0.2
0
0.2
0
0
0
0
0
0
0 .4

8 1  . 3

85.7  8 .0

90.1  7 .8

93.0  5 .2

94.7 3.0

95.',7 1 .8

9'7.0 2.4

97.3  0 .6

98.4  2 .0

98.9  0 .8

99.7  1 .4

100 0.6

33.6

7 .6  95 .0

7.2 92.3

4.8 92.3

2 .4  80 .0

1 . 6  8 8 . 9

2.4 100

0.6 100

2.0  100

0.8 100

1.4 l tx)

0.6 100

31.4 93.5

0 0.4 5.0
0 0.6 7.7
3 .8  0 .2  3 .8
0 0.6 20.0

1 1 . 1  0  0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
t . 2  1 . 8  5 . 4

rCE : Cumulative emergence; TE : Number of larval emergence after pod splitting; DI :

Number of larvae that failed to spin the cocoons and died due to insecticide; DC = Number of

larvae that pupate within the cocoons but died after insecticide spraying; P : Predation mostly by

ants; S = Number of larvae that survived to adults. Percentage are to that number of larvae that

emerged during each day after pod splitting except TE percentages that refer to that of the total

number of larvae emerging after pod splitting. No predation was recorded and therefore not

included in the table

Table 7. The effect of insecticide sprayed on the 2nd day after pod splitting on larval emergence

and their mortality for every 100 podsr

Day

U
1
2
3
4

5

o

7

8

9

1 0

1 1

1 2

Total

134.6 78.8

141 .6 83.0

150.6  88 .2

155.4  91 .0

161.2 94.4

165.0 96. '7

165.6 97.0

167 .4 98.1

169.2 99. 1

169.4 99.2

170.2 99.7

170.4 99.8

170.6 100

170.6

19.4 0
25.0 0
13 .3  4 .6
16 .1  5 .4
10 .5  3 .6
1 .7  0 .6
s .0  1 .8
5 .0  1 .8
0 .6  0 .2
2 .2  0 .8
0.6 0.2
0.6 0.2

19.2

0 4 .8

0  5 . 4

95.8  0 .2

9 3 . 1  0

94.7 0.2

100 0

100 0

r00 0
100 0
100 0
100 0
100 0
53.3 10.6

68.5 1.6 22.9
60.0 3.0 33.3
0 0 0
0 0 0
5 . 3 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0

29.4 4.6 1,2.7

0.6 8.6
0.6 6.7
0 0
0.4 6.9
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
1 .6  4 .4

'7.0

9 .0
4 .8
5.tl
3 .8
0 .6
1 . 8
1 . 8
0.2
0 .8
0 .2
0.2

36
rRefer to Table 5

splitting. Larval emergence continued
until the l1th and 12th day after splitting
in the heaps sprayed immediately and on
the second day after pod splitting (Table 6

and Table 7). The heaps sprayed on the
second day after pod splitting recorded a
lower larval emergence (85.7Vo) during
the first week than those sprayed on the
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sccond  day '  a l ' t e r  sp l i t t i ng  \ 91 .1E) .
Hou'ever. an averagc of morc than 97(,t
o l '  the larvae infest ing the pods hacl
emerged in thc f i rs t  week f ronr  heaps
recei r . ' ing both t reatments.

Discussion
I t  is  a common pract ice b"v-  the growers to
protcct  the dcveloping pods fnrm CPB
aclu l t  moth ov iposi t ion throuch schcdulec l
spravings.  but  thev are not  encouraged tc l
spra-v-  when pods are abor. r t  to  r ipe (2-3
u,eeks before r ipening)  because the larvae
hatching f rom these cggs c lo not  causc
ser ious damage.  Thesc bcans ins ide these
pods have fu l lv  developed and the
rnuci lage has turned f ' leshv.  and fur ther .
thcse late spravings mav cause insect ic ide
con tam ina t i on  du r i ng  pod  sp l i t t i ng  and
hean er t ract ion.  I t  is  dur ing th is  shor t
runspralec l  per iod that  a l lo l ls  the rnoths.
uhich have been restra ine d f rom
oviposi t ing on spraved pods.  to  ov iposi t
and the larvae hatchecl  develop unt i l  a f ter
pod harvest ing and spl i t t ing.  

' I 'he 
larvae

have verv important  economic bear ing as
they  w i l l  pupa te  and  emerse  as  adu l t s  t o
con t i nue  re in fes t i ng  l he  hea l t h r  pods .
hence .  t he  con t i nua t i on  o f  t he  pes t
problems.

The resul ts  of  th is  s tudv support  th is
empir ica l  phenomenon where more than
20l i  o f  to ta l  larvae wi th in pods st i l l
emerged af ter  thev were harvested and
split (Toble 2, Table 6 and Table 7). These
larvae may have developed f ronr
oviposi t ion that  took p lace dur ing the 2-3
weeks before the pods r ipen.  Higher
percentage of  ov iposi t ion took p lace on
pods of  more than 2-3 weeks before
r ipening which resul ted in  h igher
percentage (79.8ct t  )  o f  larval  emergencc
befcrre harvesting (Table 2, Tuble 6 ttnd
Tuble 7) .  S imi lar  resul ts  were repor ted bv
Dav  (1983 )  t ha t  pods  w i th in  a  week  a f t e r
vel lowing st i l l  conta ined 65c, , r ,  o f  larvae
that  would emerse dur ing the pods
l i fe t imc.  u 'h i lc  20f7 remaincd af tcr  thc
th i rd week of  r ipening.  Since han'est ings
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werc carr ied out  at  speci f ic  in terval
(no rn ra l l y  eve rv  2  weeks )  bv  manv
plantat ions and thc svnchronous pat tern
of  r ipening of  cocoa pods.  a substant ia l
percentagc of  lar l 'ae nrav have enrerged
ancl  suni l 'ed to adul ts  for  cont inuat ion o1 '
t he  gene ra t i on .

Var ious approaches have been
pract ised to manage thc larra l  emergcnce .
rv i th  the object ive of  breaking the pest
generat ion cvc le.  which inc lude bagging of
pods  and  the i r  husks .  f r cquen t  ha rvcs t i ng .
i nsec t i c i de  d rench ing .  and  bu rn ing  o i  t he
husks  (Dav  l 9U3 :  Azha r  1986a :  Mumfo rd
19,36:  Tav 1987:  Woocl  1987).  

' fhese

approaches had resul ted in  varv ing
successes.  where logis t ics.  labour shor tage
ancl  in i t ia l  pest  populat ion densi tv  ancl
t ree phvsical  condi t ions have been quoted
as among thc constra ints  to achieve
ef f ic ient  contro l .  This  s tudr  shoue c l  that
ef f ic ient  and e f l 'ect ive contro l  o l  thc
enrerg ing larvac coulc l  bc achicvcd
through bagging u 'herc a l (X)c? lanal
mort i r l i t l ,  has been recorded (Table l ) .  At
the same t ime.  bagging enhances the rate
of  rot t ing of  the husks and thus.  faster
return of  nutr i t ion and colonizat ion br  the
coCol l  p l r l l inr t r ) r \  F(r ,1 ?r ln . t  r r r  .pp.
(Diptera:  Ceratopogonidae) as brecding
subs t ra tes  (Azha r  and  Wah i  1986 :  Azha r
1989).  

- l 'he 
resul ts  on the rate of  husk rot .

larval  morta l i tv  ins ide the bags and the
durat ion of  larval  emergence af ter  pod
hanest  and spl i t t ing fur ther  lust i f ied the
current ly  recommended durat ion of  husk
bagging of  1,1 c1avs.

Bagging of  the unspl i t  pods seemed
to be the most  pract ica l  management
approach especia l lv  in  p laces where
growers practisc pod stora-ee for pulp
precondi t ion ing to produce good
t lavoured beans (Mamot et  a l .  l9 lJ8)  as
the larvae e mcrging f rom the storage pods
would be k i l led resul t ing f rom high
temperatures and observed h igh moisture
deve lopmen t  i ns i c l e  t he  bacs  (Tab le  5 ) . I n
th is  case,  s torage durat ion mav be
reciucecl  to  lesser  than the recomnrended



durat ion of  7-  l0  days (Mamot et  a l .
1988) but  not  less than -5 days to
accommodate for increased temperature
and humidi ty  ef fect  on the pulp and
durat ion to achieve complete morta l i ty  of
the emerging larvae.  On thc other  hand.
delai' ing of harvesting as a mean of pulp
precondi t ion ing suggested bv Lewis and
Lce (1985) mav not  be pract ica l  in  CPB
infested areas because i t  pro longed the
durat ion of  larval  emergence which may
lead to h igher  proport ion of  larval
emergence and surv iva l .  This  s tudy
demonstrates that the larvae continued ttt
emerge up to 21 days in unsplit pods after
they were harvested (Table 3) .

Spraying of  insect ic ide onto the spl i t
husks can a lso be an a l ternat ive means of
managing the postharvest larval
emergence.  A p lantat ion has been
reported to use this method where
harvested pods were brought out of the
field and split at the road side followed by
drenching of the husks with insecticide
(Sidhu et  a l .  1987).  This  method.
however. does not ensure a 10011
mortality to the postharvest larval
emergence as observed in this study where
an average of nearly 5Vc larval emergence
survived regardless whether spraying was
carried out immediately or later (Table 6
and Table 7). This survival. although
smal l ,  wi l l  ensure the cont inued pod
infestat ions over  thc next  crc lpping
season.  Besides,  the spraying of
insecticide may be detrimental to the
predators, mostly ant activit ies. where
they generally caused a high percentage of
p reda t i on  t o  t he  emerg ing  l a r rae  (L im

and Pan 1986).  More than207c larval
mortality due to ant predation took place
as early as the first night after pod splitt ing
(Table 4 and Table Z). Insecticide spraying
may also be detrimental to other
beneficials especially the ceratopogonid
poll inators which uti l ized the rotten pod
husks as one of their breeding substrates
(Azhar and Wahi  1986;  Azhar 1989).

Frequently harvesting the pods at 7-

I .  Azha r

10 days in terval  may a lso reduce the
problem of  pest  populat ion bui l t -up over
the next  generat ion (Azhar 1986a:  Sidhu
et  a l .  1987).  Al though th is  pract ice may
require addi t ional  labour cost  especia l lv
during the trough periods, it is sti l l  cost-
benef i t  i f  considered in the long term.
Burning of pod husks is another approach
to manage the emerging larvae.  I t  is
commonly practised by a number of
smallholders who brought the harvested
pods and split them near the fermentarv
instead of  breaking them in the f ie ld.  This
approach is  not  qui te ef f ic ient  as burn ing
is  normal ly  not  carr ied out  immediate lv
af ter  sp l i t t ing causing a l ike ly  chance for
the emerging larvae to pupate and
surv ived.  The method a lso increases the
opportunity for the pest to spread to the
new infestation-free areas with the point
of pods splitt ing serving as the inoculum
center. The spread of CPB through this
method has been observed in the
outbreak of  the pest  in  one of  the
plantat ions in  Johor Tenggara.

General lv ,  management of  the
postharvest or postripening emerging
larvae is as crucial as the management of
CPB moths or protection of developing
pods against oviposition by the pest and is
reemphasized and justif ied by the results
demonstrated in  th is  s tudy.  Among these.
bagging of pod husks. spraying of the
husks with insecticide and frequent
harvesting offer effective management
approach and together may provide tcltal
mortality to the emerging larvae. Coupled
with the selective application of
insecticide and other cultural practices,
such as proper pruning and pod sleeving
of developing pods, the integration may
reduce the potential built-up of the pest
temporally and spatially and provides
leas t  d i s tu rbance  to  t he  env i ronmen t .
With proper supervision, the intensive use
of IPM has resulted in the containment
and effective reduction of the outbreak in
the Peninsula (Anon.  1988).
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