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Abstract
ThIS bulletm explaIns what pheromones are, how they have been used In the management of pests,
especIally stem borers, the advances that have been made m the management of the mIllet stem borer
(Conzesta zgnefusahsl, how to use the pheromone traps developed for thIS specIes, and the prospects for
the IntegratIOn of pheromone based methods mto management strategies of thIS key pest m the Sahel

Resume

UtzhsatlOn des pzeges a pheromones pour la surue~llance du foreur du mzl (Comesta Ignefusahsl Cet
ouvrage a pour but d'exphquer ce que sont les pheromones, leur utIhsatIOn dans la lutte contre les
msectes nUlslbles surtout les foreurs des tIges, les progres enreglstres dans la mmtnse du foreur du mIl
(Conzesta zgnefusahsl, la methode d'utI1IsatIOn des pleges a pheromones mlS au pomt pour la lutte
contre cette espece aIllSI que les perspectIves d'mtegratIOn des methodes a base de pheromones dans les
strategies de lutte contre cet Important ravageur au Sahel

Resumen

Uso de trampas de feromonas para monztoreo des barrenadores del tallo del m~llo perla (Comesta
Ignefusahsl Este boletm trata de exphcar que son las feromonas, como ellas han SIdo usadas en el
maneJo de plagas, especlalmente en barrenadores del tallo como los adelantos han sIdo utIllzados en el
maneJo de barrenadores del tallo en mIllo perla (Conzesta zgnefusahsl, como utIhzar las trampas de
feromonas desarrolladas para esta espeCle, y las perspectIvas de mvestIgacIOn basadas en los metodos
de feromonas dentro de las estrategIas de maneJo de plagas en Sahel
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Preface

ThIS bulletm has been developed as a follow up to the FIrst RegIOnal Trammg Workshop on the Use of
Pheromone Technology m the Management of Cereal Stem Borers that was held, 30 Sep-5 Oct 1996, at
ICRISAT NIamey, NIger It covers pheromones, theIr identIficatIOn techmques, and use m crop protec
tIOn (pest momtormg, mass trappmg, matmg disruptIOn and attractICldesl The pheromone compo
nents of the millet stem borer Comesta 19nefusalts and procedures for makmg lures and pheromone
traps are descnbed RecommendatIOns on where and when to place traps as well as on how to service
them are gIven The book also presents methods to identIfy and record catches and to mterpret results
Future prospects for more effective momtormg ofC 19nefusahs by usmg pheromone traps are mdIcated

Acknowledgments

Photographs of FIgures 2 4a 5 6 7 9a and 9d as well as the descnptIve drawmg of a gas chromato
graph (FIg 4bl were provided by NRI AdditlonalillustratIOns (FIgS 1 9b 9c 10 and 11) were provIded
by 0 Youm



The MIllet Stem Borer
Problem

The Illl1let stem borer Comesta 19nefusalls
(Hampson), IS a damagmg pest of pearl mIllet
[Penmsetum glaucum (L) R Brown) m the
Sahehan and subSahelIan zones of Afnca from
Senegal to Sudan There are usually three gen
eratlOns of the pest m a year m the wetter areas
(e g Nlgena) and two occaslOnally three m the
dner reglOns (e g, Niger) of Afnca

The damage IS caused by the larvae feedmg on
the stem Attach on young plants result m
deadhearts Extensive larval tunnelIng m late
sown mIllet by the second and thIrd generatlOns
can cause dlsruptlOn of the plant vascular system
leadmg to crop lodgmg and mhlbitlOn of gram for
matIon (FIg 1) If untreated damdge normally
ranges from 15-100% Towards the end of the
rams, the larvae enter mto dlapause m the btems
and stubbles and survive until the followmg sea
son

ApphcatlOn of msectIcldes such as dlmethoate
and carbofuran can be effectIve even though the
oViposItIon sites are hidden under the leaf
sheaths However, this approach IS not always
economIcally vIable Natural blOloglCal control by
mdIgenous msects IS generally meffectlve Inter
croppmg expenments have shown no clear ben
efits m terms of millet stem borer control AI
though fertIhzer mampulatlOn and host plant re
sIstance (especially leaf haInness) show some
promIse It IS cultural control methods that cur
rently make the most bIgmficant contnbutlOns to

FIgure 1 Lodgmg of wzndprone stems due to
damage b) Comesta Ignefusahs

control of the millet stem borer Early sowmg af
ter the first rams and management of crop reSI
dues to lImIt the carry over of dIapausmg larvae
to the followmg season are the most effectIve con­
trol methods However, there are economIC fac
tors lImItmg the farmers' WIllIngness to modIfy
theIr sowmg practIces and tradItIOnal uses of the
stalks

There IS eVIdently a great need to Identify reh
able crop loss assessment techmques for mIllet
stem borer and also to develop a cheap rehable
and low tet-hnology method of momtormg and
control whIch does not have adverse effects on el
ther the beneficIal msects present m the field or
the ecologIcal health of the generally low mput
mIllet croppmg systems The recent development
of synthetIc sex pheromones may prOVIde a great
opportumty to reach these goals ThIS bulletm
aims to expIam what pheromones are how they
have been used m the management of pests (es
peclally stem borers) the advances that have
been made m the management of the millet stem
borer how to use the pheromone traps developed
for thIS specIes and the prospects for the mclu
SlOn of pheromone based methods mto mtegrated
management strategIes for thIS key pest m the
Sahel

The ICRISAT InformatIOn Bulletm Comebta
19nefusalls a handbook of mformatlOn" by 0
Yourn K M Hams and K F NW'lnze publIshed m
1996 prOVIdes a thorough reVIew of the bIology
dIstnbutlOn damage potential of the millet stem
borer and measures for controllmg It as well as
an annotated blbhography on the bpeCIeS and ItS
control

Pheromones

What are Pheromones?

Pheromones are chemIcal messages produced by
one member of a speCIes whIch produce a speCIfic
response m another member of the "arne speCIes
In mammals thev may be ubed for terrltonal
marking e g when a cat rub'S the corner of Its
mouth agamst Its owner <; leb It IS m'lrkmg hun!
her as part of ItS terntory " 'WIth secretIOn" from
a '3cent gland Some "peCle'3 of fish releabe d
chemltal message mto the water when dttdcked
by predators that warns other members of the
speCieS to SWIm away Ants produce alarm"
pheromones whIch spur the soldIer ants to at

1



F~gure 3 Chem~cal structure ofcomponents of the
mdlet stem borer pheromone

tract only members of one speCIes, makmg phero
mone balted trap counts very SImple and ensur
Ing that control methods based on artlficml
pheromones cause mInImUm dIsruptIOn to the
rest of the ecosystem

IdentIficatIOn TechnIques
Pheromones are produced by 10sects 10 very
small quantltles, typIcally of the order of 10 9 g
per mght but techmques of pheromone Identlfi
catIOn have Improved enormously smce the
1950s

MIXtures contammg the pheromone are col
lected by extractmg the pheromone gland WIth a
smtable solvent or by trappmg the pheromone
released by the msect usually the female m the
case of sex pheromones ThIS IS then analyzed by
gas chromatography (Ge) In whIch the mIXture IS
passed through a heated column The dIfferent
components of the mIXture take dIfferent lengths
oftlme to pass through the column The quantlty

Inhibitory
components

~OAc
~

Attractive
components

~OH
~

tack Many ant speCIes also lay "trail" phero
mones after locatmg food sources allOWIng oth
ers to follow the trau Bark beetles emIt "aggrega
tlon" pheromones whIch serve to dttract other
beetles to tunnehng SItes In the tree bark How
ever, the Insect pheromones that have attracted
the most Interest are the sex pheromones espe
cially m LepIdoptera (butterflIes and moths)

Sex pheromones are emItted by an mdivIdual
that IS ready to mate (usually the female) to at
tract members of the OppOSIte sex The eXIstence
of sex pheromones m moths was demonstrated
over 100 years ago, but It was not until the 1950s
that the chemIcal structure of a sex pheromone
was first IdentIfied (In the sIlk moth) Smce then
hundreds of lepIdopteran sex pheromones have
been IdentIfied and a large number of them art!
ficIally syntheSIzed Male moths can detect the
sex pheromone molecules of con specIfic females
at concentratIOns of less than one part m a thou
sand mIlhon In the aIr usmg specIfic detector
SItes on theIr antennae, and can onent them
selves upWInd towards the pheromone source
(FIg 2) ThIS IS the major sensory mode used for
mate findIng In the LepIdoptera

The chemIcals that form the baSIS of sex
pheromones are generally a blend of 8 to 18 car
bon acetates alcohols, and aldehydes and re
lated compounds (see bIbhography for hst of spe
Cles and matenals currently IdentIfied) The at
tractant IS speCIes speCIfic, eIther In terms of the
type of compounds used and/or the proportIOns of
compounds In the pheromone blend (FIg 3) As a
consequence, artlficldl pheromone sources at

F~gure 2 A male red bollworm moth Diparopsis
castanea spec~ficpheromone sites are located on
~ts antennae

F~gure 4a An electroantennograph (EAG) helps to
measures the electncal changes that occur m the
pheromone receptors on the moth antennae
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FIgure 4b A gas chromatograph (CC) system a = znJector poznts for the pheromones b = capIllary column!>
c and d =Y tube connectors e =GC column outlet f =znlet for pulsed nltrogen flou g =znlet for constant
bypass nltrogen flow h = GC column outlet to flame lOnlZatlOn detector (FID) I = electroantennograph
preparatlOn With znsect J = a sIgnal ampllfier k = an oscIlloscope I = a FM tape recorder m = a pen
recorder for FID and EAG and n =FID ampllfier

of each component IS measured WIth a sensItIve
detector as It emerges from the column

In order to determme whIch components are
detected by the msect usually the male III the
case of sex pheromones the outlet from the GC
can also be mOnItored WIth a deVIce called an
electroantennograph IEAG) In thIS technIque
tmy electrodes are mserted mto the msect anten
nae to measure the electncal changes that occur
III the pheromone receptors on the antennae
when they are stImulated by a blOloglcallv active
component (FIgS 4a and bl

The blOloglcally actIve components are ISO
lated and theIr chemIcal structures determllled

by a vanety of technIques mcludmg the use of a
mass spectrometer Imked to a gas chromatograph
IFIg 5) Thebe structures must then be syntheslZed
and the synthetic chemIcals tested mdlVldually and
m mlXtures for blOlogIcal actlVlty m the laboratory
and field In the laboratory a wmd tunnel (FIg 6)
can be used m WhICh the chemIcals are released at
the upwmd end to test theIr attractIveness to male
msects released at the downwmd end The exact
quantities and relative proportlOllb of the synthetIC
pheromone components requITed to give optimum
attractlOn can be determmed, and the attractIVe
ness oftms blend compared WIth that of the female
msect or pheromone gland extract

3



Flgure 5 Usmg a mass spectrometer lmked to a
gas chromatograph SClentlsts lsolate bwloglcallv
actwe components of pheromones and determme
thetr chemtcal structures

The artificial pheromone blend 1<; then te<;ted
In the field to e<;tabh<;h whether It can attract
male mSLcts to trap" (~Ig 71 \ sUitable dl"pens
mg ~Y'3tem ml1'3t be devIsed that release <; the
pheromone over a prolonged perIOd of <;everal
welks In additIOn the quantltlCs and relatIve
amount" of the synthetIc pheromone components
must bl further refined to produce a lure that IS
at least as attractIve as a vIrgIn female In<;ect If
the field tnal<; are succes<;ful the artificial phero
mone I~ then ready for testmg In populdtlOn
momtormg or control

With these techmques d pheromone can
sometImes be IdentIfied USIng a few tens of m
sects a far cry from the 500 000 female moths
that were used to IdentIfy the sdk moth phero
mone m the 1950s

Ftgure 6 Synthettc pheromones are released m a wmd tunnel at the upwmd end to test thelr attractweness
to male msects released at the downwmd end

4



Flgure 7 A male pea moth Cydla mgncana, approachmg a pheromone baaed trap

How are Pheromones Used In Plant
ProtectIOn?

Momtormg populatIOn events uSIng phero
mone traps Smce sex pheromones are speCIes
speclfic a pest speCIes can be trapped and
counted wIthout the dlstractmg presence of other
msect speCies-an advantage not provIded by
other methods such as lIght traps A large num
ber of trap types has been produced mostly m
volvmg a stIcky surface water or a dry funnel as
the trappmg medIUm The pheromone IS typIcally
formulated m a slow release dIspenser contam
lng 1 mg or less of the actIve mgredIent and can
remam attractIve m the field for several weeks
These slffiple traps can be deployed m the field to
detect the presence of a specIes (a common quar
antme practIce near ports and airports) the date

of first occurrence m a crop (WhICh may be useful
m tImmg control measures) or to follow the
progress of a number of pest generatlOns (FIg 8)
Correlatmg trap catch numbers WIth larval dam
age m subsequent generatlOns has however
proved drlficult for most speCIes, as a number of
factors such as weather host crop stage and pest
control measures mtervene

Nevertheless because of theIr ease of opera
tlOn Insect momtonng traps have become com
mercIally avatlable for about 250 speCIes Many
of these are now avatlable for orchard and vme
yard pests (slgmficant momtormg systems m
elude mne moths four flIes and three bugs) or
pests offield crops (12 mothb and two beetles) In
partIcular they have a valuable functlOn m the
detectlOn of pests of stored products (three moths
10 beetles and two cockroaches) gIvmg ad
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F~gure 8 M~llet stem borer catches m farmers'
fields and at ICRISAT Nwmey N~ger 1993

vanced warmng of outbreaks of migratory pests
(e g, Afncan armyworm, Spodoptera exempta
(Walker) m eastern Afnca) and m the momtormg
of forest pests which would otherwise be ex
tremely difficult to sample (SIX species of moths
and five of beetles)

rupt mating IS small varying from a few mg to a
few hundred mg hectare' day' depending on the
species The denSity of dispensers can be surprls
Ingly low (as little as 100 ha 1 for pink bollworm
control In cotton) The effect can be long lastmg
(several months from one applicatIOn In some
cases) and IS specIfic to a smgle Insect species
BenefiCial orgamsms are not harmed However
the mechamsm by which matmg disruptIOn IS
achieved IS st111 not clearly understood

Particular successes have been recorded With
pmk bollworm [Pectmophora goss)plella
(Saunders)I In E/''Ypt-where the whole cotton
crop IS treated With pheromones-and over sig
mficant areas m the USA With grape moth
ILobesw botrana (Busck)1 In Germany the onen
tal fruit moth (Cyelw molesta) on stone frUit and
codling moth ICydw pomonella (L)I on pip fruit
worldWide A range of other species hac; also been
controlled over smaller areas m tomatoes artl
chokes tea and apncots Much research has
been concentrated m thiS area and over 15 compa
rues are marketing matmg disruptIOn matenals

The environmental bem,fit of pheromone con
trol IS clear Dependmg on the stability and com
plexlty of the pheromone components costs can
be comparable With or less than the correspond
mg tOXIC chemical control programs However
pheromone applicatIOn methods are labor Inten
slve or Involve the use of speCial machmery Fur
thermore, their speCifiCity although an advan
tage environmentally makes commercial devel
opment more dIfficult than might be the case for
a conventIOnal Insecticide which IS effective over
a range of pests and crops

Mass trappmg As a logical extenSiOn of trap
ping to momtor flight activity, attempts have
been made for many years to trap a slgmficant
proportIOn of the pest population to achieve con
trol Pheromones have been used for thiS purpose
though It should be noted that most of these rna
tenals attract only the male It IS therefore essen
tIal to have a good understanding of the bIOlogy of
the pest before attemptmg control by thiS
method, as mated females may fly mto the crop
from beyond the pheromone treated area under
mmmg the effect of the removal of males In gen
eral, the treated area must be large m terms of
the msects' normal flymg range

Mass trappmg has been most successful With
aggregation pheromones which attract both
males and females Integrated control of forest

40 60 80 100 120 140
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Matmg dIsruptIOn ThiS IS the preferred
method ofmsect control with pheromones Phero
mone mediated commumcatlOn between the
sexes IS disrupted by saturatmg the environment
with a synthetic pheromone ThiS reduces the
number of matmgs and therefore the numbers of
fertile eggs and larvae on the plants Much effort
has gone mto the development of long lastmg
pheromone dispensers which can be dlstnbuted
m the field Sprayable microencapsulated or
polymer bead formulatIOns, lammate flakes hoI
low fibers, hand applied tWist ties PVC resms
and many other dIspensers have been successful
to varymg degrees (Figs 9a to d) The quantity of
pheromone that must be released In order to diS
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pests such as the spruce bark beetle [Ips
typographus (L )] m Scandmavla and of the fir
beetles (Dendroctonus spp) m Canada and the
USA has been greatly advanced III thIs way
Pheromone traps are also playmg an unportant
role m the control and m some cases eradicatlOn
of the cotton boll weevil [Anthanamus grandls
(BohemanJ] m the Amencas Traps are also muse
for IImltmg mfestatlOns of cockroaches and van
ous bltmg and nUIsance flIes However successes
wIth thIS techmque amongst the LepIdoptera
have been rather fewer perhaps because only the
males are affected and the fecundIty of the fe
males IS generally hIgh The gypsy moth
[Lymantna dlspar (L )] m North Amencan for
ests and the cocoa pod borer lCanopamOlpha
cramerella (Snellen)] m MalaysIa are exceptIOns
where mass trappmg has made a sIgnIficant con
tnbutIOn to pest control

AttractIclde In thIs approach the target msect
IS attracted to a pheromone source that has been

_~1,~

Fzgure 9 Suitable
dlspenszng "stem, are
necessan to reha ~e

phEromone, OUT 'Eural
ueek~ (1 T,pe, of
dIspensErs b lndludual
phEromone cumponent, arE

uelghEd uSIng a hIgh
preCISIOn analytIcal
balance and thw mzr:ed
c The mIxture IS loaded
zntn lucal P\ C cwl, d ThE
dlspen sers are then ,ealpd
zn alumznwm fOlI bags

treated wIth msectIclde, rather than to a trap
ThIS method reqUlres less pheromone than mat
mg dIsruptIOn uses far less msectlclde than con
ventIOnal control operatIOns and allows many
more sources to be deployed than IS possIble wIth
mass trappmg A number of compames have
attracbclde products for pmk bollworm control m
cotton and success has been reported wIth the
dIamondback moth (Plutella xylostella) on Bras
Slca spp

Use of Pheromones for ManagIng
Other Stem Borers

The pheromones of three speCIes of nce stem bor
ers have been IdentIfied lChLlo suppressalLs
(Walker)] SClrpaphaga zncertulas (Walker)
Sesamw znferens (Walker) and of two ::.pecles m
sorghum/maIze [Chilo partellus (Swmhoe)] and
[Busseala fusca (Fulled] All the components are
14 16 or 18 carbon acetates alcohols and aIde

7



hydes These pheromones are generally consld
ered unsUItable for control usmg mass trappmg
owmg to the hIgh msect densItIes commonly ex
perIenced However commercIal use for control
by matmg dIsruptIOn has been demonstrated for
the rIce stem borer m Spam usmg 20 g of phero
mone ha I, and encouragmg results have been re
ported for thIS specIes from Japan, Korea and the
PhIlIppmes DIsruptIOn trIals WIth S mcertulas
were SImilarly promlsmg m IndIa Recent work
WIth Busseola fusca on maIze m Kenya has also
demonstrated successful matmg dIsruptIOn for
up to 8 weeks WIth one applIcatIOn of pheromone
Pheromone traps are bemg used to momtor popu
latIOns m a number of other speCies, familIes, and
orders

Millet Stem Borer Pheromone
IdentIficatIon and FIeld TrIals
Collaborative work between SCientIsts of
ICRISAT NIamey and the Natural Resources In
stltute (UK) found five bIOlOgically actIve com
pounds m hexane washmgs of female millet stem
borer pheromone glands A blend of three of
these-two alcohols and an aldehyde-was
shown to be more attractIve than VIrgin female
moths m field tests m NIger Further work
showed that the most attractIve blend contamed
the three compounds m a 100 5 3 3 ratIO Addl
tIOn of eIther or both of the other two compounds
reduced the attractIveness

Pheromone Traps
ExperIments have been conducted at ICRISAT
NIamey NIger to compare the effects of varIOUS
trap desIgns dnd trappmg surfaces on the capture
of mdle mIllet stem borer moths WIth artIfiCIal
pheromone lures A water based trap has been
proved to be the mo"t effiCient and cost effectIve
The measurements gIven below prOVIded optImal
trappmg effiCIency DevIatmg sIgmficantly from
thIS deSIgn (even m 'luch detaIls as the proportIOn
of the water surface covered by the trap lId) IS
lIkely to result m reduced catches and a reductIOn
m the comparabIlIty of trap catches between dli
ferent areas The trap system desCrIbed below
was tested through the West and Central AfrIcan
MIllet Research Network m Benm, Burkma
Faso, GambIa Ghana, MalI NIger NIgerIa, and

8

Senegal It has worked well m all the areas m
WhICh It has been tested suggestmg that there
are unlIkely to be separate geographIC races of
the mIllet stem borer, WhICh would have reqUIred
the development of dIfferent pheromone blends

How to Make Traps
The trap conSIsts of an alummIUm tray 32 cm m
dIameter 3-4 cm m depth, and mled WIth water
to a depth of 2 cm (FIg 10) Four holes 3 mm m
dIameter (too small to allow the passage of
trapped moths) are drilled m the SIde of the tray
1 cm below the IIp to allow ram water to dram
away WIthout losmg the captured moths from the
trap Suspended 2-5 cm above the tray IS a hd (21
cm m diameter) which acts to shade the phero
mane lure and water surface to reduce evapora
tIon It also mcreases the lIkelIhood of moths ap
proachmg the lure and contactmg the water sur
face Larger lIds appear to mhlblt moth entry mto
the trap, and SIgnIficantly smaller ones allow the
moths to aVOId contactmg the water The addItIOn
of 10-20 mL of standard motor all (new or used)
to the water Improves trap catch by reducmg the
surface tensIOn of the water and also serves to
reduce evaporatIOn If motor OllIS not avaI.1able a
few mIllIlIters of lIqUId detergent or a bar of do
mestIc soap agitated m the water for about 1 mm
has the same effect on moth captures Vegetable
OllIS not effectIve PlastIC water trays have a lIm
Ited lIfe m the hIgh lIght mtenslty and hIgh tern
peratures of the Sahehan zone

Flgure 10 A water based pheromone trap for
momtormg adult male populatwns of Comesta
IgnefusalIs



A stable base greatly Improves the relIabIhty
of the trap A wooden shelf to hold the water tray,
supported on a 5 tm x 2 cm wooden stake dnven
mto the sOlI IS Ideal The trap hd IS suspended by
WIre from an arm at the top of the stake and an
chored to the trap tray by WIre drawn through
three holes druled around the tray

How to Make Lures

Although It IS not dIfficult to make one sown
lures (see the hst of component supphers m Ap
pendlX I) most users wul find It sImpler to obtam
ready made lures from ICRISAT NIamey NIger
The techmcal detaus of the pheromone and the
procedure for makmg lures are given m AppendlX
II

The artIficIal pheromone attractant IS a mlX
ture of three components plus an antIOxIdant
whIch protects the pheromone from bemg de
graded by heat and lIght It has been shown that
o5 mg of the active pheromone mgredient per
lure wIth 0 5 mg of the antIOxIdant IS optimal As
wIth most lepIdopteran pheromones the preCIse
proportIOn of each of the three pheromone compo
nents m the mlXture IS Important for optimal
attractivity In the case of the mIllet stem borer
the optimal ratIO IS 100 5 3 3 A solutIOn of the
actIVe pheromone mgredlent and the antIOXIdant
IS mJected mto a polythene dIspenser where It IS
absorbed mto the walls ThIS lure IS then hung m
the trap to attract male stem borers

How to Use Lures

The lure IS suspended from a pIece of WIre dl
rectly under the center of the trap hd and above
the water Lures can be stored m glass or metal
contamers (mcludmg alummmm foul m a domes
tic refngerator (4°C) for several months or m a
freezer mdefimtely There IS no health hazard m
volved m stormg lures

Where and When to Place Traps
MIllet stem borer moths fly and mate close to the
ground Although trap heIght IS not a cntical fac
tor a lure heIght of not more than 0 5 m from the
ground appears to be optImal whatever the
heIght of the surroundmg crop Larval dlapause
IS broken by the first rams adequate mOIsture
and an appropnate day length Traps should

therefore, be placed m the field no later than 10
days after the sowmg rams begm If traps are
placed m the field before the emergence of the
young mIllet plant and cattle are allowed to graze
m the field, care should be taken to ensure that
they do not drmk the water m the traps

Compansons of moth denSIties at dIfferent 10
catIOns wIll be more relIable 1f traps are located
withm the crop at least 2 m from the edge of the
field Where traps are to be used only for momtor
mg a smgle trap should be placed withm the mIl
let field at least 20 m from the edge

SerVIcIng Traps

The lure contmues to release pheromones for at
least 6 weeks but the attractiveness decreases
SIgnIficantly after about 4 weeks For consIbtently
mgh attractIvity It IS recommended that lures be
replaced after 2 weeks The water and soap/ou will
need to be replaced more frequently dependmg on
the evaporatIOn rate at the partIcular SIte and the
time of year Traps should be exammed at least
tWIce a week and the catch counted Old lures
should eIther be returned to the suppher for reml
mg or dlspobed of as domestIc waste They bhould
not be dIscarded close to traps where they may m
terfere WIth the trappmg efficacy

IdentifyIng Trap Catches

As the pheromone IS speCIes speCIfic, the trap
catch should almost conSIst entirely of the mulet
stem borer Therefore sortmg the catch IS not a
problem as It IS WIth lIght traps or baIt traps
Complete Illustrated descnptIOns of all hfe
stages of millet stem borer are given m the NRI
pubhcatIOn "Ennemis du MIl au Sahel" and m the
ICRISAT Bulletm Comesta zgnefusalls a hand
book of mformatIOn" The moth (FIg 11) has a
wmgspan of 22-30 mm and a wmg length of 8-15
mm The female IS usually larger than the male
The forewmgs are straw yellow The upper sur
face of the hmdwmgs IS satm whIte OccaSIOnally,
a very small number of catches of other speCIes
may occur Among the other speCIes that mIght
be caught are Hellcouerpa armzgera (Hubner) and
Spodoptera llttoralls (BOlsduvaI) whIch are much
larger and have dark patterned wmgs The mulet
head mmer moth (HellOchezlus alblpunctella De
Joanru,,) IS of a SIze and color sImuar to Comesta
zgnefusahs but the frmged forewmgs have
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Flgure 11 Adult Comesta IgnefusalIs female on a
pearl mlllet leaf

streaks of white and the hmdwmgs are gray
rather than white In addition, the forewmgs of
the male have two transparent "wmdows",
absent m C 19nefusahs In southern and eastern
Afnca confusIOn with Chllo partellus IS also
pOSSIble, however, there IS no eVIdence of
C 19nefusahs occurrence m these regIOns

RecordIng and ReportIng Results
Traps should be exammed at least tWIce a week
and data recorded on a sheet (FIg 12) In addItion
to countmg and dlscardmg moths, the operator
should note whether the trap still has adequate
water as thIS will ObvIOusly have mfluenced trap
catch As a gUlde to changes over bme, the best
results will be obtamed If the traps are not moved
wlthm a season and preferably not between sea
sons Work done elsewhere suggests that results
from natIOnal trappmg systems can be analyzed
most rehably IIeach trap sIte IS coded perhaps by
the district, village and trap letter If the trap IS
moved, a new letter should be allocated as SItes
can dIffer m theIr sUltablhty for trap capture m
ways that are not always VIsually ObVIOUS The
entomologIst based at ICRISAT Niamey, Niger,
would be mterested to receive trap catch results
from across the region SCientists m partlclpatmg
countries are mVIted to Write directly for advIce
on the most sUltable recordmg format
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InterpretIng Results
The artmclal female pheromone IS attractive only
to males that are ready to mate Work WIth other
species has shown pheromone traps to be espe
CIally senSItive at low populatlOn denSIties per
haps because of the lower number of competmg
natural females There IS therefore rarely a
Simple relatlOnship between the numbers caught
m the traps and the SIze of the subsequent larval
mfestatIOn, though some broad correlatlOn WIll
obVIOusly eXIst As mentlOned earlIer, traps m
sllghtly dIfferent pOSitIOns wlthm a field can at
tract slgmficantly dlffenng numbers of moths
For practical use m the tlmmg of msectlclde or
other control mea"llre" the operator I" most
IIkelv to find the date" of the fir"t "Igmficant trap
catch (e g a mean of at lea"t one moth per trap
per mght) and the flIght peaks whlCh occur some
weeks later, the most useful mdlcators of moth
actiVity In areas not currently suffermg from at
tack by mIllet stem borer, the pheromone traps
prOVIde a Simple and rellable method of detectmg
the first mvaSlOn of the speCies

Research in Progress and
Future Prospects
Pheromone traps for momtormg the millet stem
borer have proved effective m the eIght countnes
m whIch they have been used to date ThIS re
gIOnal momtormg IS expected to cover more coun
tries of the West and Central African Millet Re
search Network Trials have also been under
taken to explore the potentIal for controlhng mIl
let stem borer populatIOns by mass trappmg and
by matmg dIsruptIOn

Traps arrayed around farmers' granarIes have
shown that damage m terms of Infested hills and
percentage of deadhearts can be reduced Signlfi
cantly by trappmg close to these storage struc
tures ThiS reductlOn m Infested hills and
deadhearts IS pOSSibly due to the reduced popula
bon of males through mass trappmg Granaries
made of millet stems Infested With dlapausmg
mIllet stem borer larvae are a major source of m
festatIOn of young millet of the succeedmg sea
son Further work is m progress to determme
whether or not the apphcatIOn of thiS method is
economically Viable

Matmg disruptIOn was assessed at Sadore
near ICRISAT Niamey m 1993 Trap catches m



Record Sheet

RegIOn _

Country _

SIte (statIOn or farmer's field) _

Croppmg system (mIX or sole crop) _

Operator's name _

Trap no Date (of the prevIOUS mght) Catches Remarks

Flgure 12 A typlcal record sheet for momtonng Comesta Ignefusahs usmg pheromone bmted trap
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treated plots were sIgmficantly suppressed, sug
gestmg that sexual commumcatIOn was bemg
dIsrupted Further tnals WIth longer lastmg dIS
pensers are reqUIred before the system can be
recommended as bemg economICally VIable

Two of the five components of the mIllet stem
borer pheromone mhlblt male approaches to
traps It may be possIble m the future to use
these "mhlbltors" to dISrupt natural sexual com
mumcatIOn

The IdentIficatIOn and aVaIlabIlIty of the sex
pheromone of the mIllet stem borer provIdes a
valuable opportumty to momtor msect actIvIty
and to time control measures to reduce msect
populatlOns and damage In future, It may be pos
SIble to use artIfiCIal pheromones to control the
pest dIrectly m an envIronmentally deSIrable
way When mtegrated WIth the use of tolerant
vanetIes and cultural control practices such as
crop resIdue management, thIS may finally be
the opportumty to practIce full and effective mte
grated management agamst thIS key pest of pearl
mIllet m the SahelIan and Sudaman zones

Selected Blbhography
PublIcations lIsted here are not CIted m the text but
they concern aspects of the use of pheromones and
the development of the millet stem borer trappmg
system Further mformatIon and an extenSIve lIst
of references on millet stem borer bIology and con
trol can be found In Youm 0, Hams, KM , and
Nwanze, K F 1996 Comesta Lgnefusahs a hand
book of mformatlOn InformatIOn Bulletm no 46
Patancheru 502 324, Andhra Pradesh IndIa Inter
natlOnal Crops Research InstItute for the Seffil
And TroPICS 60 pp [Part 1 ReVIew pp 1-18, Part
2 Annotated bIblIography pp 19-52] ISBN
92 9066 253 0 Order code IBE 046

Most of the publIcatIOns hsted m that biblIog
raphy are held at ICRISAT NIamey, BP 12404
NIamey, NIger and ICRISAT Patancheru,
Patancheru 502 324, Andhra Pradesh, IndIa

Am, H , Toth. M , and Pnesner, E 1992 LISt
of sex pheromones of LepIdoptera and related at
tractants 2nd edn Montfavet InternatIOnal
OrgarnsatIon for BlOlogIcal Control

Beevor, P S , DaVId. H , and Jones, 0 T 1990
Female sex pheromones of ChLlo spp (Lepi
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doptera PyralIdae) and theIr development m
pest control applIcatIOns Insect SCIence and Its
ApplIcatIOn (11)4/5 787-794

CampIOn, D G , Hall, DR, and Prevett, P F
1987 Use of pheromones m crop and stored prod
ucts pest management control and momtonng
Insect SCIence and ItS ApplIcatIOn (8) 737-741

Casagrande, E 1993 The commerCIal Imple
mentatIOn of matmg dIsruptIOn for the control of
nce stem borer, ChLlo suppressahs, m nce m
Spam Bulletm of the InternatIOnal OrgamsatIOn
for BlOlogICal Control, West Palearctlc Regional
SectlOn (16)10 82-89

Jutsum, A.R , and Gordon, R F S 1989 Phero
manes Importance to msects and role m pest
management Pages 1 13 Ln Insect pheromones
m plant protectIOn (Jutsum, A R, and Gordon,
R F S, eds ) UK John WIley

Mathews, M • and Jago, N D 1993 Ennemls du
mIl au Sahel GUIde d'IdentIficatIOn Chatham
MantIme, Kent, UK Natural Resources Institute

MUIrhead Thompson, R C 1991 Trap re­
sponses of flymg Insects London UK AcademIC
Press 287 pp

Wall. C 1989 Momtonng and spray tImmg
Pages 39-61 In Insect pheromones m plant pro
tectIOn (Jutsum, A R and Gordon, R F S , eds)
UK John WIley

YOUIn, 0, and Beevor, P S 1995 FIeld evalua
bon of pheromone baIted traps for Comesta
LgnefusalLs (LepIdoptera Pyralidae) m NIger
Journal of EconomIc Entomology (88)165-69

Youm, O. Beevor, P S. McVeIgh, L J , and
DIOP, A. 1997 Effect of trap heIght and spacmg
m relatIOn to crop heIght on catches of the mIllet
stem borer, Comesta LgnefusalLs males Insect
SCIence and Its ApplIcatlOn 17 (2) 235-240

YoUIn, 0, McVeIgh, L J, Toure. K, and
Mahamadou, C I 1995 Regional momtormg of
Comesta Lgnefusahs (Hampson) usmg pheromone
traps PartIal results obtamed m NIger and Mall m
1993 and 1994 Quarterly Bulletm West and Cen­
tral Afncan Millet Research Network (7) 12-13



Appendix I. LIst of Suppliers and Sources of Information

Pheromone Lures

ICRISAT Niamey
BP 12404 Niamey
NIger

Fax (227) 734 329

Agnsense BCS Ltd
Treforest Industnal Estate
Pontypndd
MId GIamorgan CF37 5SU
Urnted KIngdom

Fax (44) 1443841152

InternatIOnal Pheromone Systems Ltd
Urnts 12 and 13 Meadow Lane
Ellesmere Port
South Wmal L65 4EH, Urnted KIngdom

Fax (44) 1513550299

ChemIcals

ShIn Etsu ChemIcal Co Ltd
FIne ChemIcals Department
6 1, Ohtemachl 2 chome Chlyoda ku,
Tokyo, Japan

Fax (81) 3 3246 5371

Aldnch ChemICal Company
The Old BrICkyard
New Road
GillIngham, Dorset SP8 4JL
Urnted KIngdom

Fax (44) 1747823779

Plpettmg EqUIpment

FIsher SCIentIfic UK
BIshop Meadow Road
Loughborough
Lelcestershrre LE 11 ORG
Urnted KIngdom
Fax (44) 1509616121

Jencons SCIentIfic Ltd
Chettycourt Way Industnal Estate
Stanbndge Road
LeIghton Buzzard LU7 8UA
Urnted KIngdom
Fax (44) 1525 379547

Techmcal AdVIce on Pheromones

ChemIcal Ecology Group
Natural Resources InstItute
Chatham MantIme
Chatham, Kent ME4 4TB
Urnted KIngdom
Fax (44) 01634 880066
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Appendix II. Technical Details of Pheromone and
Lure Production

A standard lure contams the followmg mgredients

Pheromone

1 (Z)-7 dodecen 1 01
2 (Z) 5 decen 1 01
3 (Z) 7 dodecenal

500l1g
2511g
16511g

AntIOXIdant

4 Butylated hydroxy toluene (BHT) 542 11g

The ISOmeriC punty of the pheromone components has been shown not to be cntIcal down to at least
90%

Lure Manufacture

The best dIspenser IS a capped polythene vIal (32 x 15 x 2 mm thIck) mto whIch the pheromone IS
Impregnated m a small smtable amount of nonpolar, rapIdly evaporatmg solvent Hexane or 60/80
petroleum SPIrit are Ideal, whIle ethanol and methanol are not The release rate characteristics of the
partIcular polythene used are Important (see hst of supphers)

To make 1000 lures mIX 500 mg of component (1) 25 mg of component (2) and 16 5 mgofcomponent
(3) m 99 mL of solvent To thIS IS added 542 mg of antIOxIdant and the components are thoroughly
mIXed A rehable dispensmg pIpette <RePette or Eppendorf are Ideal, see supphers' hst) IS then used to
mJect 0 1 mL of the resultmg mIXture mto each lure Where large numbers oflures are bemg made they
should be prepared m a fume cupboard or an extremely well ventilated room The solvent IS left to
evaporate (only a few mmutes at ambIent tropIcal temperatures) before the VIalS are capped Ideally,
lures are then sealed m alummmm foil and marked WIth the name of the speCIes date of manufacture,
and batch number If thIS IS not possIble, they should be stored m airtIght glass or metal (not plastIc)
contamers In thIS form, they can be stored m a domestic refrigerator for a season (mdefimtely m the
freezer compartment) However under ambIent tropIcal temperatures lures should be used withm 3
months of manufactUt e If not kept refrigerated When the foil seal IS broken, lures should be placed m
traps withm 24 hours as the pheromone will start to be released ImmedIately
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About ICRISAT

The semI arId tropICs (SAT) encompasses parts of 48 developmg countrIes mcludmg most ofIndla, parts
of southeast ASIa, a swathe across sub Saharan AfrIca, much of southern and eastern AfrIca and parts
of Latm AmerIca Many of these countrIes are among the poorest m the world ApproxImately one sIXth
of the world's populatIOn lIves m the SAT, whIch IS typIfied by unpredIctable weather lImIted and
erratrc raInfall, and nutrIent poor sorIs

ICRISAT's mandate crops are sorghum pearl mIllet finger mrIlet, chIckpea plgeonpea, and groundnut
these SIX crops are VItal to lIfe for the ever mcreasmg populatIOns of the semI arId tropICS ICRISAT s
mISSIOn IS to conduct research WhICh can lead to enhanced sustamable productIOn of these crops and to
Improved management of the lImIted natural resources of the SAT ICRISAT commUnIcates Informa
tIOn on technologIes as they are developed through workshops, networks, trarnIng, lIbrary servIces, and
publIshmg

ICRISAT was establIshed m 1972 It IS one of 16 nonprofit research and traInIng centers funded
through the Consultatrve Group on InternatIOnal AgrIcultural Research (CGIARl The CGIAR IS an
mformal aSSOCIatIOn of apprOXImately 50 publIc and prrvate sector donors It IS co sponsored by the Food
and AgrIculture OrganIZatIOn of the Umted NatIOns (FAO), the UnIted NatIOns Development
Programme (UNDPl the UnIted NatIOns EnVIronment Programme (UNEP), and the World Bank

About NRI

The Natural Resources Instrtute (NRD IS a SCIentIfic InstItute wlthm the UnIVerSIty of GreenwIch, and
IS an mternatIOnally recognIzed center ofexpertIse m research and consultancy m the enVIronment and
natural resources sector Its prmclpal arm IS to mcrease the productIVIty of renewable natural resources
m developmg countrIes m a sustamable way by promotmg development through SCIence


