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3) EXECUTIVE SUMMARY 

The nce gram bug Leptocorzsa oratorzus (FabnclUs)* (HemIptera CoreIdae), IS a senous 
pest on nce (Orzza satIva) An attractant specIfic to L oratorzus IS present m the parucle of the 
developmg nce gram In thIS mvestIgatIOn, the volatIle chemIcals of nce plants, the preferred 
host of the nce bug, and two other alternative hosts, baJ1fl (Penmstum specatum) and IHuk 
(Imperata arundmaceae), were charactenzed, and the compounds the pest utIhzes to locate host 
plants were Identified For thIS mvestIgatIOn, an mstrumentatIOn faclhty that enables 
charactenzmg volatIle constItuents present m complex mIxtures was estabhshed at the 
Department of ChemIstry ofUmversity of Kelamya, Sn Lanka A gas chromatograph (OC), and 
a setup to amphfy and record electncal SIgnals produced by msect antennae, when Its receptors 
are stImulated by SIgnal chemIcals (a techmque known as electroantennography, EAO), were 
mstalled To the best of our knowledge, thIS IS the first EAO faclhty m South ASia Usmg this 
eqUIpment, It was pOSSIble to record electncal responses ehcIted by an Isolated antenna of L 
oratorzus By measunng EAO responses evoked, when volatIles of nce panIcles were blown 
over an antenna, It was revealed that only the last segment of the antenna IS VItal for chemo
receptIOn Olfactometer bIOassays were conducted to evaluate the attractivity of four dIfferent 
varIeties of nce (B09411, BO 1492, BO 303, and AT 303) to the nce bug The results show that 
all varIetIes are attractIve, however the attractIvity ofthe AT 303 varIety IS shghtly less than 
those of BO varIetIes 
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Gas chromatography m cOnjunctIOn WIth electroantennography (EAG) and olfactometer 
bIOassays were used to recogmze the compounds whIch appeared to account for the attraCtIVIty 
EAG results showed that volatIles from mIlky-nce grams and flowers are better stImulants to the 
pest than those from green and yellow leaves, and mature grams The EAG responses evoked by 
volatiles of mIlky-gram stage of nonpreferred hosts, baJ1fl and Illuk, were sIgmficantly lower than 
those ehcIted by nce volatiles Moreover, EAO SIgnals recorded from leaf volatIles denved from 
erabadu (Erzthrma varzegata), mango (Mangifera mdzca), and pepper (Pzper mgrum), three 
plants not susceptIble to nce bug attacks, were substantIally lower than those ehcIted from host 
and alternative host volatIles 

From OC-EAO and gas chromatography-mass spectrometnc (OC-MS) analyses of mIlky 
nce gram volatIles, n-octanal, n-nonanal, n-decanal, n-undecanal and (Z)-2-pentenol were 
IdentIfied as the most effectIve stImulants In addItIon, three trace constItuents, 3-octanol, ~
cyclocItral and lmalool also evoke conSIderable EAO actiVItIes The presence and concentratIOn 
of all five major attractants, espeCIally that of decanal, are Important for the hIgh EAG actIVIty 
Olfactometnc assays of dIfferent synthetIc formulatIOns showed that the mIxture whIch 
represents quantItatIvely the proportIons of these compounds m mIlky-nce ehclts the hIghest 
attractIOn although the actiVIty was somewhat less than that of the extracts of the natural mIlky
nce gram Although some mmor compounds that mIght enable the synthetIc mIxture to show 
SImIlar actIVIties as that of mIlky-nee remam unknown, It IS most hkely that nce vanetIes 
WIthout, or at least WIth low concentratIOns, the major stImulants WIll be less susceptible to 
attacks by the nce bug Therefore, attempts to develop of such nce varIetIes as future research 
should be encouraged 

• PreVIOusly, thIS pest had been named Leptoconsa acuta The correct IdentificatIOn of the speCIes as Leptoconsa 
orator/us was done by consultmg SCIentIsts at the RIce Research InstItute, PhllIppmes 
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4) RESESARCH OBJECTIVES 

Sn Lanka IS mamly an agncultural country (of 17 mIl bon total populatIOn, over 8 mIllIon 
IS agncultural) where nce IS the staple food RIce IS grown m all parts of the country m two 
seasons, namely Yala (Apnl-September) and Maha (October-March), whIch begm parallel to the 
two ramy seasons The total area ofnce growmg land m Sn Lanka (1984-1989) IS 301360 ha 
(Yala) and 529329 ha (Maha) WhICh compnses respectIvely 4 6 and 8 0% of the total land 
Unfortunately, the total nce productIOn of the country IS msufficient at present due to many 
reasons such as madequacy of effiCIent lITIgatIOn systems, droughts, dIseases, and pest attack 

Figure 1 Adult nce bug Leptoconsa oratonus 

Gram stenlIty IS IdentIfied as one of the major reasons for low productIOn of nce m Sn 
Lanka and m other tropIcal countnes (Monta and Dhanapala, 1990) StudIes carned out m Sn 
Lanka have shown that applIcatIOn mtrogen fertIhzers durmg reproductIve growth of the panIcle 
and lack of pollmatIOn are the major factors causmg gam stenlIty (Ota and Yamada, 1965a, 
1965b, Ota and DevasuderaraJah, 1966) A study conducted m 1985/86 has shown the eXIstence 
of another type of gram stenlIty whIch occurs after normal pollmatIOn and fertIbzatIOn Partially 
filled spikelets IS the charactenstIc feature of thIS gram stenlIty, as opposed to unfertIhzed spIkes 



5 

caused by the two major factors mentIOned above (Monta and Dhanapala, 1990) One of the 
mam reasons for thIS new type of gram stenhty IS mfestatIOns of the developmg nce panICles by 
pests, mamly stInk bugs of the genus Leptocorzsa (KobayashI and Nugahyadde, 1988) 
Leptocorzsa oratorzus (HemIptera Coreldae) (FIgure 1) IS one of the most devastatmg nce pests 
m ASIa and the PaCIfic regIOn In south ASia, L oratorzus has on some occaSIOns caused crop 
losses as hIgh as 50% (Banerjee, 1957) In some areas of non-flooded fields ofIndonesIa, thIS 
bug becomes most destructIve and causes sometImes losses up to 100% (Dresner, 1955) There 
IS currently no envIronmentally acceptable method of control for thIS pest The eXIstmg method IS 
blanket spraymg or dustmg With conventIOnal msectIcides such as BHC, DDT or MalathIOn 
(Gnst and Lever, 1969) FIeld evaluatIOns have shown that, although not gentle to the 
envIronment, MalathIOn (1 kg/ha) (Pangtey, 1985, Knshnakumer and Visalakshl, 1989), 
Cytrolane (0 75 kg/ha) (George et al ,1978), and FemtrathIOne (1125 mL/ha)(Knshnamurthy et 
al , 1977) are effectIve m the control of thIS pest The usual practIce among the farmers of Sn 
Lanka IS to dust or spray msectICIdes at two week mtervals throughout the development of nce 
gram WhICh lasts about 1-2 months ThIS practIce not only enforces a heavy finanCial burden on 
poor farmers but also subjects them to health hazards due to exposure It IS generally known that 
some pestICIde reSIdues do move along the foodweb exposmg VIrtually all hvmg organIsms to 
these hazardous chemIcals 

Figure 2 RIce fields, mIlky pamcle stage 

Although nce IS the preferred host of L oratorluS, some weeds of the famIly Grammae 
such as Penmstum specatum (S'Mala baJm) and Imperata arundmaceae (Smhala dluk) are also 
acceptable as alternatIve hosts for thIS pest PartIcularly, when nce plants are out of season, the 
pest spends tIme on any other aVailable host (Lltsmger et ai, 1993) The hfe cycle of L oratorlUS 
starts WIth eggs (about 1 mm long), and nymphs emerge after an mcubatIOn penod of 6-7 days 
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There are five nymphal stages whIch lasts about 17-27 days The adult bugs can lIve up to 115 
days under favorable envIronmental condItIOns The pest whIch shows a low hfe profile on 
alternatIve hosts usually finds Its way to nce fields durmg the flowermg and mIlky pamcle stages 
(FIgure 2) Once mIgrated to nce fields, the pest populatIOn mcreases tremendously After nce 
plants reach maturIty (FIgure 3), and grams are harvested, the pest returns to land and contmues 
Its lIfecycle on secondary host plants Durmg thIS penod the bug populatIOn reduces to a 
mmlmum, and the pest appears paler m color and smaller m SIze 

FIgure 3 RIce fields, mature panIcle stage 

In a prevIOUS study, It had been establIshed that the steam volatIles of the nce pamcles are 
hIghly attractIve to L oratorzus (Gunawardena, and Ranatunga, 1989) Interestmgly, only the 
developmg gram m ItS mIlk stage, whIch lasts only about two weeks, produces thIS attractant 
Ether extracts obtamed from steam dIstIllates of mIlk-stage developmg gram were hIghly 
attractIve to both sexes when tested agamst those obtamed from bloommg and mature stages In 
laboratory bIOassays, usmg an olfactometer, nearly 81 % of the total msects flew or crawled to the 
arm of the olfactometer batted With an actIve extract In field tnals about 40 msects were caught 
per trap batted WIth an attractIve extract 

The mam objectIve of thIS project was to charactenze the chemIcals (kalfomones) 
mvolved m the attractIOn process Although some mvestIgatIOns on aggregatIOn pheromones of 
Coreidae have been undertaken (Blatt, 1994, IshIwatan, 1976), comprehensIve chemIcal 
ecologIcal studIes on host-plant recogmtIOn based on olfactIOn have not been conducted 

The chemIcal charactenzatIOn of mIlk stage nee volatIles could open the way for a varIety 
of novel applIcatIOns Eventually researchers wIll develop unIque nee vanetIes WhIch do not 
produce these attractants leadmg to a departure of the popular practIce of usmg pestICIdes as the 
only effectIve means control of L oratorzus Although technIques mvolvmg semIOchemicals are 
gettmg more recogmtIOn m developed countnes, thIS technology has not made a bIg Impact yet m 
poor developmg countnes 
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5) METHODS AND RESULTS 

Our approach to charactenze kanomones of nce was first to Isolate the volatIle 
compounds present m Grammmae plants (Illuk, baJlfl, nce) The extracts were tested for actIvIty 
by behaVIOral and electroantennographic (EAG) bioassays Most actIve extracts were subjected 
to gas chromatography (GC)-EAG assays, GC retentIOn tImes evaluatIOns and mIcrochemIcal 
reactIOns Compounds recogmzed as actIve constItuents were charactenzed by gas 
chromatography-mass spectrometry (GC-MS) Fmally, authentIc samples of the chemIcal 
compounds whIch were IdentIfied were tested by EAG and behaVIOral assays 

51 METHODS 

5 1 1 BIOlogIcal Samples 
For the collectIOn of volatIles, the followmg samples, S-1 to S-5, were used 

S-1 Green leaves, hay, and nce panIcles at flowenng, mIlky, and mature 
stages (see FIgures 4a-c) of the host plant (RIce, Orzza satlva L, varIety 
BG 94-1) 

S-2 DIfferent vanetIes of the host plant (RIce, Orzza satlva L), BG 94-1, BG 
1492, BG 303 and AT 303 

S-3 Alternative host plant (baJlfl ,Penmsetum splcatum L and Illuk ,Imperata 
arundznaceae) panIcles at mIlky stage 

S-4 Non-host plant (Pepper, PIper mgrum, Mango, Mangifera mdIca, 
Erabadu, Erzthrma varzegata) leaves (no pamcles are present m these 
plants) 

S-5 Males and females of L oratorzus 

Samples of plant matenal, S 1-4, were collected from the DIstnct of Kurunegala (SrI 
Lanka) durmg 1992 to 1994 They were collected between 6 00-7 00 A M and kept at 0 °C 
durmg transportatIOn (2 - 4 h) to the laboratory to mimmize the loss of volatIles For S -5, 
msects were collected from Kurunegala DIstnct and were ratsed m the laboratory at 25 ± 2 °C 
The msects were fed With sugar solutIon and water 



FIgure 4 RIce pamc1es at flowenng 
(a), nulky (b), and mature (c) stages 



9 

5 1 2 Trappmg VolatIles 

Usmg nulky stage nce grams as the source of volatIles, the efficacy of three methods 
generally used for volatIle trappmg was evaluated For all expenments oven-dned glassware, 
cleaned by washmg wIth chronuc aCId, soap water, acetone and dIstIlled water, were utihzed For 
all extractlOns, unless otherwIse stated, analytIcal grade solvents (BDH, England) were used 

5 1 2 1 VolatIle Trappmg usmg Porapak Q and Super Q as Adsorbents 

VolatIle orgaruc compounds ofmIlky-stage-nce parucles (8-1 nulk-stage nce parucles) 
were trapped onto Porapak Q and Super Q adsorbents, separately, by the procedure descnbed 
below A batch ofnulky-stage nce parucles (1 kg) was aerated for 72 h (3 days) wIth an rur flow 
of 2 Llmm Adsorbed volatIles were extracted usmg eIther pentane or ether, and the extracts 
were concentrated to 2 mL Concentrated extracts were stored at -5°C for subsequent GC and 
EAG analyses 

Usmg FOlapak Q as adsorbent Porapak Q (10 0 g, ethylvmylbenzene-dIvmylbenzene 
copolymer, 80/100 mesh, Supelco, Inc Bellefonte, P A) was preconditlOned by heatmg at 150°C 
for 24 h, followed by Soxhlet extractIOn wIth dlethyl ether for 24 to 48 h penods untIl the solvent 
was shown by GC analysIs to be free of contanunants The precondItioned matenal was stored In 
a dark glass bottle and kept m a deSIccator untIl use 

VolatIles were captured on precondItIOned Porapak Q followmg the method descnbed by 
Byrne et al (1975) Plant matenals or msects were placed maS L three-necked round bottom 
flask (FIgure 5) One neck of the flask was connected to a Porapak Q (lOg) filled glass tube, 
whIle the Inlet neck was attached to an actIvated-charcoal (15 g) filled filter (both traps 1 0 cm ID 
x 12 cm) The charcoal-filled trap served as an rur punfier Air was drawn usmg a water 
aspIrator, at a rate of 2 0 LI mm through a water trap and a scrubber, and then over the plant 
matenal/Insects, and through the Porapak Q filter 

After aeratIOn, the adsorbed compounds were eluted from Porapak Q (1 0 g) by extractmg 
WIth pentane (40 mL) m a Soxhlet extractor for 5 h The pentane extract was concentrated to 2 
ml by evaporatIOn of the solvent through a glass Dufton column (30 cm) at atmosphenc pressure 
The sample was stored at -5°C 

Usmg Super Q as adsorbent Super Q (5 0 g, EthylvInylbenzene-dIvmylbenzene 
copolymer 801100 mesh, Alltech ASSOCIates, Inc, IL) was conditlOned (Oehlschlager et al, 1992, 
Bartelt et al ,1994) by washmg WIth 50 0 mL of dIstIlled ether Subsequently the matenal was 
heated m an oven for 3 hr at 150°C and stored m a dark-glass bottle and kept m a deSIccator 

VolatIles were captured on Super Q adsorbent m a siffillar manner as descnbed for 
Porapak Q After aeratlOn, the adsorbed compounds were eluted by passmg dlst1l1ed ether (3 mL) 
through the Super Q packed tube 
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Figure 5 Apparatus used for aeratIOn of bIOlogIcal samples Volatile emIttmg matenal 
(hve msects, or plants) was kept m chamber C (3L - 5L), and a water aspIrator was used 
to draw charcoal-filtered au through the Porapak Q/Super Q filter (e) m whIch the 
volatIles were trapped [a - aIr mOlstunzer, b - charcoal trap (au scrubber), c - chamber 
for the volatIle emIttmg matenal, d - volatIle emIttmg matenal (plant or msects), e - Super 
Q or Porapak Q trap] 

5 1 22 VolatIle trappmg m an open capIllary tube 
VolatIle orgamc compounds present m the sample of S-1 mIlky grams were trapped on an 

open capIllary tube trap usmg the headspace analytIcal method descnbed by Grob and HabIch 
(1985) Apparatus used for collectmg volatIles by thIs method IS shown m FIgure 6 Chopped 
nce panICles (100 g) were placed m a flask (FIgure 6, c) at 60 °C and allowed to eqUIlIbrate for 3 
mm Charcoal-punfied au was drawn over nce panIcles m flask (c) and the volatIles were 
trapped m the capIllary trap [HP-l, methyl-sIhcon-coated capIllary column (90 cm x 053 mm ID, 
265 )lm film thIckness)] (e), for three hours The trapped volatIles were extracted by flushmg the 
capIllary trap WIth a small amount of dIethyl ether and was stored at -50 °C untIl further use 

air 

a 

b 
!'( !Iii 

1 vacuum pump 

Figure 6 Set up for trappmg headspace volatIles m an open capIllary tube 
(a- water trap, b - charcoal filter, c - chamber for host plants, d - plant matenal, 
e - open capIllary tube, f - water bath) 



11 

5 1 23 CollectIOn of volatIles by steam dIstIllatIOn 
Plant matenals (1 kg) were subjected to steam dIstIllatIOn (4 h), and the condensate was 

collected at a rate of 50 mL/hour (FIgure 7) The resultmg aqueous solutIOn was saturated wIth 
NaCI and extracted wIth dlethyl ether (50 mL x 3) The ether phase was dned over anhydrous 
MgS04 and concentrated to 2 mL The reqUIred amounts for bIOassay, EAG and GC expenments 
were wIthdrawn from tms solutIon 

steam 

I 

Figure 7 Apparatus for steam dIstIllatIOn In practIce, steam was passed through the 
plant matenals, and the plant volatIles together wIth water was collected as the dIstIllate 
(a - chamber for the host plant, b - steam head, c - condenser, d - collectmg flask, e - Ice 
bath) 

5 1 3 CollectIOn of Test Samples 

5 1 3 1 Steam dIstIllatIon of host plants (nce, Onsa sativa) 
Accordmg to the procedure descnbed m SectIOn 5 1 23, 1 0 kg samples of host plant 

matenal (sample S-I, green leaves, hay, nce parucles at flowermg, mIlky and mature stages) were 
subjected to steam dIstIllatIOn 

For companson purposes, 1 0 kg of dIfferent vanetles of host plant (sample S-2, BG 94-1, 
BG 1492, BG 303 and AT 303) were also subjected to steam dIstIllatIOn Each extract was 
concentrated to 2 0 mL and stored at _5°C for GC, EAG, GC-EAD expenments and laboratory 
bloassays 

5 132 Steam dIstIllatIOn of alternatIve host (FamIly, Grammae) and non-host plants 
Samples S-3 and S-4 (SectIOn 5 1 1) (1 0 kg each) were also subjected to steam 

dIstIllatIOn as descnbed m SectIOn 5 1 2 3 The ether extracts were concentrated to 2 mL and 
stored at -5°C untIl further use 
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5 1 4 Gas chromatographIC analYSIS of volatiles 
Gas chromatographIC (GC) analyses were performed usmg a Hewlett Packard 5890 Senes 

II chromatograph equIpped WIth a DB-5 statlOnary phase coated capillary column (30 m X 0 25 
mm ID, 0 25 Ilm film thIckness, J & W SCIentific, Cahforma) HelIum was used as the carner 
gas at a flow rate of 1 mLlmm, and mtrogen was used as the make-up gas for the detector at a 
rate of 30 mLlmm 

5 1 4 1 ComparatIve analYSIS of nee volatIles 
In order to select the best method for the collectlOn of nce volatiles, a comparatIve 

chemiCal analYSIS of the above samples was carned out by gas chromatography usmg a 
temperature program of 5 mm at 40°C, from 40 °C to 170°C (at a rate of 5 °C/mm), from 170 
°C to 250°C (at a rate of20 °C/mm), and finally 10 mm at 250°C 

5 1 5 EvaluatlOn of samples by behavlOral blOassays 
BehavlOral blOassays were conducted usmg a Y -shaped olfactometer modIfied to satIsfy 

our reqUIrements (Gunawardena et al , 1989) (FIgure 8) AIr was passed through arms A and B 
of the olfactometer by an aIr pump adjusted to mamtam an aIr dIsplacement rate of 0 2-0 4 
Llmm Each sample under mvestIgatlOn was placed m arm A, whIle control samples were kept 
m arm B of the Y -tube Samples were prepared by applymg an appropnate amount of test 
substances m dlethyl ether to a plug of cotton wool and allowmg the solvent to evaporate 
Controls were prepared by applymg dlethyl ether only ImmedIately pnor to the expenment, the 
aIr cIrculatlOn was stopped for a short tIme, and the msect chamber contammg about 10 msects 
was fitted m to arm C of the Y-tube After a few mmutes, the aIr circulatlOn was re-commenced 
through the system 
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Figure 8 Y -shaped olfactometer used for blOassay expenments (A - arm for test 
matenal, B - arm for control matenal, C - Insect chamber, P - aIr pump R - rubber tube) 

The ablhty to select the balted arm, and other behavlOral responses of msects movmg 
agamst the dIrectlOn of the aIr flow, were noted Each balt was tested WIth 5 to 6 batches of 
msects In general, the test Insects were not used repeatedly A pre-run of each blOassay was 



carned out to ensure equal conditlOrung of each arm of the Y -tube All parts of the apparatus 
were cleaned by washmg and blowmg rur for 15 mm after each blOassay 

5 1 5 1 BehavlOral blOassays wIth host volatiles 

BehaVlOral blOassay expenments were performed to evaluate the actIvItIes ehcIted by 
extracts of the steam-dIstillate of mllky nce samples (SectlOn 5 1 3 1) 
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Dose response curve EIght doses (0 10,020,030,050,075, 1 00, 1 2, 1 5 mL) of the 
ether extract of steam-dIstillate of mllky-stage-nce (SectlOn 5 1 3 1) were tested for actIV1ty usmg 
males and females of L oratonus m the Y -tube olfactometer as descnbed m sectlOn 5 1 5 
Expenments were conducted between 7 00-8 00 hand 16 00-18 00 h 

5 1 5 2 BehavlOral blOassays wIth volatlles of dIfferent varIetIes of nee 

Followmg the procedure descnbed m sectlOn 5 1 5, behavlOral blOassays were carned out 
usmg 0 75 mL of the ether extract of steam-dIstlllates of dIfferent vaneties of nee, BG 94-1, BG 
1492, BG 303 and AT 303 (SectlOn 5 1 3 1) grown m Sn Lanka 

5 1 6 Electroantennogram (EAG) assay 

Accordmg to the procedure descnbed by SchneIder (1957), an antenna of L oratonus 
was excIsed ImmedIately below the Jomt between 1 st and the 2nd segments The tip of the Isolated 
antenna was cut off and the antenna was fixed between two glass capIllary tubes filled wlth 
RInger's solutIon Two gold WIres were placed In the Rmger's solutlOn for electncal contact In 
thts way the base of the antenna was attached to the mdifferent electrode and the open end (4th 
segment) of the antenna was connected to the recordIng electrode whtch was connected to a htgh 
Impedance amplIfier (BJostad, 1988) (FIgure 9) Total tIme reqUired for mountmg the antenna dld 
not exceed 5 mm 

ChemIcal Stlmuh were delIvered to the antenna by blowmg rur over filter paper stnps 
loaded WIth appropnate matenal The filter paper stnp (3 x 30 mm) was placed mSIde glass 
Pasteur pIpette (5 mm ID x 100 mm) connected to a synnge that contruned 1 mL ofrur By 
lowenng the plunger of the synnge, a puff of 1 mL of aIr was Injected over the filter paper stnp 
Into a slow stream air (0 3 mL/mIn) whtch was passed contmuously over the antennal preparatIon 
A vacuum pIpe placed behInd the antennal setup contInuously removed rur surroundIng the 
antennal area An mterval of at least 15 sec was maIntaIned between each recordmg to allow 
adequate receptor recovery The EAG amphtudes acqUired were stored In mIcrocomputer, and 
changes m response were measured m mIllImeters An external source of 1 m V was used to 
cahbrate the system m order to convert EAG amplItUdes to mIllIvolts The EAG amphtude 
evoked by a reference substance was measured In between those of the test compounds In order 
to make correctlOns for antennal fatIgue 
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FIgure 9 Setup used for recordmg electroantennograms (EAGs) IE - mdifferent 
electrode, RE - recordmg electrode 

5 1 6 1 EAG assay of host volatIles 
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Followmg the EAG procedure descnbed above, the EAG amplItudes evoked by 100 j..lL 
doses of each extract of steam dIstIllate of mIlky nce (SectIOn 5 1 3 1), and Super Q or Porapak 
Q trapped nce volatIle extracts (SectIOn 5 1 2 1) were measured Each test stImulant was assayed 
usmg both male and female antennae 

Dose response curve Seven doses (1,5, 10,50, 100,200,500 j..lL) of the extract of the 
steam dIstIllate of mIlky nce samples (SectIon 5 1 3 1) were tested wIth male and female L 
oratonus antennae In order to mamtam a constant volume of sample loadmg, each dose was 
made to a total volume of 100 !J.L by addmg ether, or by concentratmg the sample appropnately 
AlIquots of 100 !lL were applIed to filter paper stnps (3 x 30 mm) and placed mSIde glass 
Pasteur pIpettes (5 mm ID X 100 mm) for testmg by EAG 

Each senes of samples was tested first usmg antennae of SIX L oratorzus males, and then 
the procedure was repeated usmg SIX female antennae The EAG amplItude evoked by a 



reference substance was measured m between those of the test compounds m order to make 
correctIons for antennal fatIgue 

5 1 62 EAG assay of host plant volatIles of dIfferent lIfe stages 
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EAG actIVItIes elIcIted by extracts of steam dIstIllates of dIfferent hfe stages of nce plants 
(green leaves, hay, nce panIcles at flowenng, mIlky and mature stages, SectIOn 5 1 3 1) were 
measured by the procedure descnbed m SectIOn 5 1 6 Each stImulus was dehvered by blowmg 
air over 100 ilL ahquots apphed to a filter paper stnps An external source of 1 m V was used to 
calIbrate and convert the EAG amphtudes to mIlhvolts 

5 1 6 3 EAG assay of alternatIve host and non-host volatIles 
Followmg the procedure dIscussed m sectIOn 5 1 6, EAGs were recorded for steam

dIstIlled extracts of alternatIve host (bajlfl, Pennzsetum SpIcatum L, and Illuk, Imperata 
arundznaceae) and nonhost (pepper, PIper nzgrum, mango, Mangifera zndIca, and erabadu, 
Erzthrzna varzegata) volatIles (SectIOn 5 1 32) Each stImulus was dehvered as 100 ilL ahquots 
on to a filter paper stnp Ether (100 ilL on a filter paper stnp) was used as the control and 100llL 
of steam-dIstIlled extract of mllky-stage-nce was used as the reference 

5 1 7 Combmed Gas ChromatographIc and Electroantennographic (GC-EAD) Assay 
GC-EAD analyses were conducted usmg a Hewlett Packard 5890 Senes II capIllary gas 

chromatograph (GC) fitted wIth flame IOnIZatIOn (FID) and electroantennographic detectors 
(EAD) (Roelofs, 1984, Am et ai, 1975, Struble, and Am, 1984) A capIllary column (30 m x 
025 mm ID, J & W SCientIfic CahfornIa) coated With DB-5 statIonary phase (0 251lm film 
thIckness) was used for the analyses As Illustrated m FIg 10, the column effluent was splIt 
between the FID and the EAD In a ratIO of 20 80 Hehum was used as the carrIer gas at a flow 
rate of 1 mLlmm NItrogen at a flow rate of 30 ml/mm was mtroduced before the splIttmg deVIce 
as a makeup gas to faCIlItate a better transfer of the GC effluent to the two detectors The hIgh 
flow outlet from the splItter was passed through a heated transfer hne (200°C) to prevent any 
condensatIOn of volatIles 

The tIme for any compound elutmg from the GC column to reach the FID and the antenna 
(EAD) was synchrOnIzed by varymg appropnate parameters, such as flow rates and length of 
capIllarIes etc, by an expenment usmg an antenna of Rhynchophorus Jerrugzneus (Coleoptera 
CurcuhonIdae) (FIgure 11) The antennae of R Jerrugzneus respond well to ferrugmeol, Its 
aggregatIOn pheromone (Hallett et aI, 1993) 

OH 
ferrugmeol 

An antenna of the R Jerrugzneus was cut close to Its base as pOSSIble, and mounted 
Immediately m the EAD setup The recordmg electrode was mserted mto the antennal cone and 
the mdifferent electrode to the base of the antenna as descnbed m the prevIOUS sectIOn In tills 
way, the optimal dIstance for an antennal preparatIOn to be placed was estImated to be -2 mm 
away from the GC-outlet The total tIme reqUIred for mountmg the antenna dId not exceed 5 
mm 
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A 

B 

Figure 12 EAG setup (A) and GC-EAD apparatus (B) at the Department of Chermstry, 
Umverslty ofKelamya The GC oven temperature program started at 40°C for 5 rmn, mcreased 
to 170°C at a rate of 5 °C/mm, them from 170°C to 250 °C at a rate of 20 °C/rmn, and finally 
the temperature was held at 250°C 10 mm The column parameters are those descnbed m 
SectlOn 5 1 7 The most appropnate dIstance for L oratOiluS antennal mountmg was 3 mm away 
from the GC outlet 
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5 1 7 1 GC-EAD assay of host volatIles (nce) 

An extract of the steam dIstIllate of mIlky stage nce (sample descnbed m SectlOn 5 1 3 1) 
was concentrated 10 tImes and assayed by the GC-EAD procedure usmg an antenna of L 
01 atonus as descnbed m SectlOn 5 1 7 

5 1 8 Cherrucal IdentIficatlOn of attractants 

5 1 8 1 MIcro-chemIcal reactlOns 
An extract of the steam dIstIllate of mIlky stage nce obtamed accordmg to the procedures 

descnbed m SectlOn 5 1 3 1 was subjected to the followmg ffiIcroreactlOns The EAG actIVIty 
evoked by samples before and after the cheffiIcal treatment was estImated 

BrommatIOn A sample of the extract of steam dIstIllate of rrulky stage nce (1 00 ilL) was 
placed m a glass vIal (5 mL) was treated wIth a mIxture ofBr2iH20 untIl the brown color 
persIsted The resultmg ffiIxture was apphed to a filter paper stnp and tested by EAG The 
untreated extract (100 ilL) was used as the standard, and a ffiIxture of Br2iH20 (500 ilL) was 
used as the blank 

AcetylatIOn An extract of the steam dIstIllate offfiIlky stage nce (100 ilL) m a glass vIal 
(5 mL) wIth a Teflon-Imed cap was treated wIth excess acetyl chlonde (300 ilL) After allowmg 
to react for 45 ffiIn, dIstIlled water (200 f1,L) and ether (1 mL) were added After the reactlOn 
ffiIxture was neutrahzed wIth Na2C03, the orgaruc layer was extracted and the extract was apphed 
to a filter paper stnp for EAG assay To estImate the change of actIVIty, an untreated sample was 
prepared wIthout the addItlOn of acetyl chlonde, and a control was made wIthout the addItIon of 
the extract of the steam dIstIllate of rrulky stage nce EAG recordmgs were made for the 
acetylated, untreated and control samples as descnbed m SectIon 5 1 6 

HydrolYSIS KOH m methanol (150 f1,L) was added to a sample of the extract of the steam 
dIstIllate of mIlky stage (100 f1,L) and the mIxture was heated at 100°C for 20 rrun After coohng, 
the solutlOn was transferred to a filter paper stnp for EAG assay For the companson of change 
ofEAG actIVIty, a sample of the extract of the steam dIstIllate ofrrulky stage (100 ilL) ffiIxed 
wIth methanol (150 ilL) was used as the reference standard, whIle a rruxture of ether (100 ilL) 
and KOH m methanol (150 f1,L) was used as a control 

1, 1-DzmethylhydJazone p,eparatIOn An EAG-actIve sample of the extract of the steam 
dIstIllate of rrulky stage (100 f1,L) m glass VIal (5 mL) was treated wIth 100 ilL 1, 1-
dimethylhydrazme solutlOn (30% m hexane) and allowed to stand for 5 rrun The reactlOn rruxture 
was exposed to air for a few mmutes to allow excess 1, 1-dimethylhydrazme to evaporate, 
concentrated to 100 /J.L, and apphed to a filter paper stnp for EAG assay The untreated extract 
(100 f1,L) was used as the standard, and 100 f1,L of hexane treated wIth 1,I-dImethylhydrazme 
solutlOn (30% m hexane) as a control 



5 1 82 GC and GC-MS analyses 

Samples were analyzed by GC-MS usmg a Hewlett Packard 5890 Senes II gas 
chromatograph coupled to a Hewlett Packard 5970 Senes mass spectrometer operated m 
electron-lOllizatlOn mode at 70 eV A DB-5 statlOnary phase coated (0 25 !lm film thIckness) 
capIllary column (30 m x 0 25 mm ID, J & W SCIentific, Cahforrua) was used for the analyses 
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The temperature of the GC oven was held at 40°C for 5 mm and mcreased to 170°C at a rate of 
5 °C/mm From 170°C to 250 DC, the oven temperature was mcreased at a rate of20 °C/mm and 
held at 250°C 10 mm 

SIX constituents, named as A, B, C, D, E, F, and G, were recogmzed by GC-EAD 
expenments as compounds that may act as attractants to L orator/us The mass spsectra of these 
compounds were obtamed by GC-MS In order to charactenze these compounds, authentic 
samples of candIdate compounds were subjected to the GC and GC-MS analyses under Identical 
conditlOns 

5 1 9 Further StudIes on the host attractants 

5 1 9 1 DeterrmnatlOn of concentratlOns of active constituents 

Accordmg to the procedure descnbed m SectlOn 5 1 3 1, I 0 kg each plant matenal 
(sample S-I, green leaves, nee pamcles at flowenng, rmlky and mature stages), alternatIve host 
(sample S-3) and non hosts (sample S-4) were subjected to the steam dIstdlatlOn, and after 
extractlOn each sample was concentrated to 0 25 mL The concentratlOn of each constItuent, A, 
B, C, E, F and H, was estImated by companng GC peak areas WIth those obtamed from tndecane 
used an mternal standard 

5 1 9 2 EAG and BehavlOral blOassays of synthetIc samples of actIve constItuents 

EA G assays Accordmg to the procedure descnbed m SectlOn 5 I 6, EAG responses 
evoked by synthetIc samples of (Z)-2 pentenol, 3-octanol, octanal, hnalool, nonanal, decanal, 
p-cyclocitral (SIgma) and undecanal were recorded Samples (100 ~L) were loaded to filter 
paper stnps from standard solutlOns of 1 mg/mL m hexane Ether (100 ~L) and hexane (100 ~L) 
apphed to filter paper stnps served as controls 

BehavIOral BlOassays BehavlOral blOassays were earned out usmg a rrnxture of decanal 
and nonanal (100 f.lg each, 1 1, w/w), the ether extract of nee steam dIstIllate (100 f.lL), and a 
synthetic rrnxture (100 f.lg) of the major constItuents [(Z)-2-pentenol, nonanal, octanal and 
decanal] adrmxed m proportlOns siffillar to those found m the rmlky stage nee volattles Further 
expenments were earned out by addmg the trace constItuents hnalool (2 ~g) and 3-octanol (2 ~g) 
to the above five-component mIxtures Smce (Z)-2-pentenol was found only m the rmlky stage 
nce volattles, It was blOassayed as an mdividual component (17 f.lg) 
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52 RESULTS 

5 2 1 Gas chromatographIc analysIs of volatIles 

Comparative GC analysIs of mllky-stage-rzce volatiles from Porapak Q Super Q, open
capIllary tube, and steam distillatIOn IsolatIOn methods GC analysIs of the solvent extract of 
mdk-stage-nce volatIles adsorbed on Porapak Q showed apprmamately 10 chromatographIc 
peaks under the chromatograpluc condItIOns mentIOned m SectIon 5 1 4 1 (FIgure 13) Under the 
same condItIons, about 20 chromatographtc peaks were observed for that adsorbed on Super Q 
[FIgure 14], whtle over 50 peaks were observed for that obtamed from steam dIstIllatIOn [FIgure 
15] In contrast, the sample obtamed from trappmg volatIles on an open capIllary tube trap usmg 
the headspace analytlcal method showed no peaks Therefore, we concluded that the steam 
distIllatlon method IS the best technIque for sample preparatIOn 
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Figure 13 A gas chromatogram obtamed from volatIles of mtlky-stage-nce pamcles 
trapped on Porapak Q 
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Figure 14 A gas chromatogram obtamed from volatiles ofmtlky-stage-nce pamcles 
trapped on Super Q 
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Figure 15 A gas chromatogram obtamed from volatIles ot mtlky-stage-nce parucles 
obtamed by steam dIstIllatIOn 
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5 2 2 EvaluatiOn of samples by behaviOral bioassay 

A behavioral biOassays based on a Y -shaped olfactometer was used to evaluate the 
efficacy of samples to attract L oratOrIUS In the laboratory The abIlity of Insects to select the 
baIted arm was counted as a posItIve response 

5 2 2 1 Olfactometnc estimatIon activIty of host volatIles 
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The pest attractant aCtivIty of mIlky-stage nce volatIles was evaluated by an olfactometnc 
biOassay As shown In Figure 16, the actiVIty elIcIted by samples to attract Insects to the 
appropnate arm of the olfactometer baIted with dIfferent amounts of test sample mcreased as the 
dose applIed to cotton wool baIts Increased For example, the actiVIty of about 20% Insects 
selectIng the baIted arm at a dose of 0 1 mL Increased to about 75 % when a dose of 0 75 mL 
was used Apparently, the Increase of actIvIty reaches a maXImum at a sample dose of about 0 75 
mL After thIs concentratiOn, no sigruficant Increase of actiVity was observed With further 
mcrease of sample amount 
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Dose Applied to Cotton Wool Bait (mL) 
Figure 16 Dose response relatiOnship obtamed from olfactometer expenments usmg 
different amounts of the extract of steam distIllate of mIlky-stage nce 

5 2 2 2 ACtIVity of volatIles from different vanetIes of nce 
A shghtly higher mean percentage response was observed when the actiVitIes of extracts 

of BG-type nce vanetles (9411, 1492 and 303) were compared to that of AT 303, however, thIs 
dIfference was not statIstIcally sigruficant (FIgure 17) 
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Figure 17 BehavIOral response of L oratonus to extracts of dIfferent vaneties of ffillky
stage-nce [0 75 mL of the concentrated steam-dIstIlled-extracts (SectIOn 5 1 3 1) were 
used as the balt Bars headed by same letters are not sIgmficantly dIfferent, one way 
ANDV A & Scheffers test p<O 05] 

5 2 3 EvaluatIOn of samples by electroantennogram assay 
5 2 3 1 Electroantennogram assay of host volatiles 
EAG studies conducted wIth host volatIle samples prepared by two dIfferent techmques 

showed remarkable dIfferences In actIvIty dependIng on the method of extractIon For example, 
the extract of the steam dIstIllate ofmIlky-stage-nce evoked a mean EAG response of 1 02 mV 
whereas the volatIles trapped on Super Q elIcIted only a response of 0 41 m V (Table 1) 

Table 1 EAG responses evoked by L oratonus antennae when stimulated by samples 
prepare db dffi hm ,y two I erent tec lques 

Stlmulusa Mean EAG response 
(mY) ± S Db 

Extract of steam dIstIllate of mIlky- 1 02 ± 0 08 
stage nce pamcles 
Extract of Super Q trapped volatIles 041±005 

aSamples (1 00 ilL) prepared as descnbed In SectIons 5 I 3 1 and 5 1 2 1 were used 
bThe EAG values obtaIned for the two samples are sIgmficantly dIfferent (one way 
ANOV A, and Scheffers test p<O 05) 

An expenment USIng antennae obtamed from males and females of L oratonus mdlcated 
that antennae from both sexes show slillllar EAG responses to host volatlles The dose response 
profiles obtamed from antennae of males and females were slillllar over the dose range that was 
InvestIgated (FIgure 18) 
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FIgure 18 Dose-EAG response profiles obtamed from antennae of males and females of 
L oratOrlUS [Samples made from the concentrated extract of the steam distIllate ofrmlky
stage nce (SectIon 5 1 3 1) were apphed to filter paper stnps mamtaImng the total volume 
that was apphed constant (100 ilL)] 

5 1 3 2 Electroantennographic assay of volatiles obtained from dIfferent parts and lIfe 
stages of flce plants 

Extracts of steam distillates obtained from different parts and hfe stages (green leaves, 
flowenng stage, rmlky gram, mature gram, and yellow leaves) of nce were evaluated by 
electroantennography The EAG response obtained for volatiles present m rmlky grams was 
sigmficantly higher and different from those of the rest of the samples (FIgure 19) VolatIles 
ermtted from extracts of steam dIstIllates of flowenng nce pamcles evoked the second highest 
EAG response (0 83 m V) The EAG values for volatIles present m rmlky grams and that of 
flowenng nce pamcles were slgmficantly hIgher than the EAG values obtamed for green leaves, 
mature grams and yellow leaves of the nce plants 

5 1 3 3 ElectroantennographIc assay of alternatIve host and non-host steam volatIles 
Among all the samples tested, the volatiles present m extracts of steam dIstillates of rmlky 

grams evoked the hIghest EAG amphtude (1 004 m V) Samples obtamed from baJlfl and Illuk the 
alternatIve hosts, also showed relatively hIgh EAG values (0 79 mV & 0 8 mY, respectIvely) On 
the other hand, volatIles from steam dIstIllates of leaves of pepper, mango and erabadu, the non
host plants, showed the lowest EAG responses (0 49 mY, 041 mVand 0 20 mY, respectively) 
(FIgure 20) 
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Figure 19 Mean EAG responses (m V) of L oratorzus to extracts of steam dIstIllates 
obtamed from dIfferent parts and lIfe stages of nce plants Samples made from the 
concentrated extracts of the steam dIstIllates (SectIOn 5 1 3 1) were applIed to filter paper 
stnps as 100 f.lL ahquots Bars labeled wIth the same letter are not sigruficantly dIfferent 
(one way ANDV A & Scheffers test, p<O 05) 

524 GC-EAD assay ofnce volatIles 

FIgure 21 Illustrates GC-EAD and GC-FID responses obtamed from extracts of steam 
dIstIllate of mIlky stage nee The profile obtamed from the GC-EAD assay ofmIlky-stage-nce 
steam dIstIllate showed five sigruficant responses from antennae of males and females of L 
oratorzus The expenments were repeated several tImes, and the EAD responses obtamed were 
reproducIble The EAD responses could be correlated wIth major GC peaks that eluted at the 
retentIOn tImes, 4 69 (A), 13 24 (C), 16 97 (E), 20 19 (F) and 23 II mm (H) (FIgure 21) In 
addItIon, some mmor GC peaks (B, D, G) were also recogruzed as sigruficant for olfactlOn smce 
these peaks correlated to slgruficant responses m the GC-EAD trace Sigruficant EAG responses 
are marked WIth astensks and correspondmg FID peaks are marked WIth letters A to H m FIgure 
21 
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Figure 20 Mean EAG responses (m V) of L oratOrlUS antennae evoked by host, 
alternative host, and non-host plant extracts Samples made from the concentrated 
extracts of the steam dIstIllates (SectlOn 5 I 3 I and 5 I 3 2) were apphed to filter paper 
stnps as 100 ilL ahquots Bars labeled wIth the same letter are not sIgmficantly dIfferent 
(one way ANOV A & Scheffers test, p<O 05) 

5 2 5 ChemIcal IdentificatlOn 
5 2 5 I MIcro-chemIcal reactlOns 
Tables 2, 3, 4, and 5 summarIze the EAG responses evoked by extracts of the steam 

dIstillates of mIlky nce, before and after bemg subjected to mIcro-chemIcal reactIOns, 
brommatIOn, acetylatIOn, hydrolYSIS and 1, I-dImethyl hydrazone formation, respectively 

A moderate loss ofEAG actIVIty of the steam dIstIllate (l 00 mV to 081 mY) was 
observed after the sample was brommated (Table 2), whereas the losses ofEAG actiVIty due to 
acetylatIOn and hydrolYSIS were conSIderably less (Table 3 and 4, respectively] The most 
slgmficant reductIOn ofEAG actiVIty (098 mV to 0 50 mY) was observed when the steam 
dIstIllate was subjected to denvatIzatlOn WIth I,I-dimethylhydrazene (Table 5) The above results 
are mdicative of the presence of carbonyl groups and probably double bonds m the chemo
receptIve constItuents 
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Figure 21 FID & EAD responses obtamed from extracts of steam dIstIllate ofnce volatIles The 
antennal recordmg (EAD) were carned out usmg antennae from males and females of L 
oratOrlUS 



Table 2 EAG responses recorded from L oratOrlUS antennae by stlmulatmg WIth nce steam 
dIstlllate, before and after brommatIOn 

Stlmulus Mean EAG response (m V) ± S Da 
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RIce steam dIstlllate before treatment 100 ± 0 04 a 

Brommated steam dIstIllate 08l±01l a 
} dJfference - 0 19 m V 

Control (Br2/I-hO) 000 ± 0 00 b 

aMeans followed by the same letters are not sIgmficantly dIfferent, one way ANOV A and Seheffers 
test p<O 05 

Table 3 EAG responses recorded from L oratonus antennae by stlmulatmg WIth nce steam 
dIstlllate, before and after acetylatIOn 

Stlmulus Mean EAG response (mV) ± S Da 

RIce steam dIstIllate before treatment 090 ± 0 05 a 

Aeetylated steam dIstIllate 084 ± 0 12 a 
} illfference - 0 06 m V 

Control 000 ± 0 00 b 

aMeans followed by the same letters are not sIgmficantly dIfferent, one way ANOV A and Seheffers 
test p<O 05 

Table 4 EAG responses recorded from L oratOrlUS antennae by stimulatmg WIth nee steam 
dIstlllate, before and after hydrolysIs 

Stlmulus Mean EAG response (m V) ± S Da 

RIce steam dIstlllate before treatment 091 ± 0 04 a 

Hydrolysed steam dIstlllate 072 ± 0 08 a 
} dtfference- 0 19 m V 

Control 000 ± 0 00 b 

aMeans followed by the same letters are not sIgmficantly dIfferent, one way ANOV A and Scheffers 
test p<O 05 



Table 5 EAG responses recorded from L oratorzus antennae by StimulatIng WIth nce steam 
dIstIllate, before and after treatIng WIth l,l-dlmethylhydrazene 

Stimulus Mean EAG response (mV) ± S n8 

RIce steam dIstillate before treatment 098 ± 0 09 a 

29 

} difference-O 48 m V 

RIce steam dIstIllate after treatmentIng 050 ± 0 03 b 
WIth l,l-dlmethylhydrazene 

Control o OO± 0 00 c 

8Means followed by the same letters are not sigruficantly dlfferent, one way ANOV A and Scheffers 
test p<O 05 

5 2 5 2 GC and GC-MS analysls 

The GC-EAD expenments WIth steam-dIstIlled-extract Indlcated the presence of eIght 
potentlal stImulants (Flg 21) Electron-IOrnzatIOn mass spectra of these components (A to H) are 
shown In FIgures 22 - 29 

By companng the fragmentatIOn patterns and GC retention time studIes WIth those of the 
authentlc samples, the compounds were IdentIfied as summanzed In Table 6 
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Figure 22 EI-mass spectrum of compound A present III the steam dIstIllate ofnce 
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Table 6 GC retentIOn data of charactenzed compounds and authentic samples 

Compound Structure RetentIOn tIme of RetentIOn tIme 
authentIc standards ofnce 
(mm) compounds 

(mm) 

A (Z)-2- pentenol ~OH 498 497 

B 3- octanol 
~ 

1313 13 10 

OH 

C octanal ~CHO 13 58 13 67 

D Imalool 
OH 

1678 1675 

I 
I 

E nonanal ~CHO 1727 1726 

F dec anal ~CHO 2056 2051 

G p-cyclocltral QCCHO 2103 2098 

H undecanal CHO 2320 23 17 

Gas chromatographic (GC) analyses were performed usmg a Hewlett Packared 5890 Senes II 
chromatograph fitted With a DB-5 statIOnary phase coated (0 25 Ilm film tluckness) capIllary column 
(30 m X 0 25 mm ID, J & W SCIentIfic, CalIfornia) and a flame IOnIZatIOn detector (FID) HelIum 
was used as the carner gas at the flow rate of 1 mLlmm, and nItrogen at a flow of 30 ml/mm was used 
as the make up gas for the detector A temperature program of 40°C for 5 mm, from 40°C to 170°C 
(at a rate of 5 °C/mm), from 170°C to 250 °C (at a rate of20 °C/mm) and 10 mm at 250°C was 
employed 
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Figure 23 EI-mass spectrum of compound B present In the steam dIstillate of nce 
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Figure 25 EI-mass spectrum of compound D present m the steam dIstIllate of nce 
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Figure 26 EI-mass spectrum of compound E present m the steam dIstIllate ofnce 
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FIgure 27 EI-mass spectrum of compound F present III the steam dIstIllate ofnce 
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FIgure 28 EI-mass spectrum of compound G present III the steam dIstIllate of nce 
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Figure 29 EI -mass spectrum of compound H present m the steam dIstIllate of nce 

5 2 6 Further StudIes on candIdate host attractants 

5 2 6 1 DetermmatIOn of the concentratIOns of compounds A, C, E, F, H by GC peak area 
measurements 

The amount of components A, C, E, F, H present m 0 75 ~l of each extract was estimated by 
companson of GC peak areas With those obtamed of standard solutIOns of authentIc matenal The 
results are summanzed m Table 7 

Table 7 Amount (~g) ± S D components A, C, E, F, H present m 0 75 ~L of each extract (SectIOn 
5 1 3 1 and 5 1 3 2) 

I 
Extract Amounts_of compounds (~g per 0 75 ~L) ± S D 

(Z)-2-pentenol Octanal Nonanal Decanal Undecanal 
(A) (C) (E) (F) (H) 

Green leaves - 0004 ±O 070 0042±0013 0016±001O -
Flowenng sta~e - 0172 ± 0 061 0643 ± 0 071 0150 ± 0 034 0048 ± 0 011 

Gram (mIlky) 0226 ± 0130 0141 ± 0054 0384 ± 0 076 0098 ± 0019 0029 ± 0 040 

Gram (mature) - 0012 ± 0 001 0025 ± 0 016 0008 ± 0 007 -
BaJIn - 0024 ± 0 007 0104 ± 0 015 0014 ± 0 002 0010 ± 0 002 

Illuk - 0016 ± 0 002 0009 ± 0 001 0027 ± 0 006 -
Mango - trace 0048 ± 0 002 trace -

Erabadu - trace 0010 ± 0 001 0024 ± 0 004 -
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5 2 6 2 EAG assay of synthetic compounds 

Among the synthetIc compounds tested, the hIghest EAG response was elIcIted by decanal 
(053 mY) whIle nonanal, octanal, undecanal and (Z)-2-pentenol also showed moderate actIvIty In 
contrast to these five compounds the actIvItIes of lmalool, p-cyclocitral and 3-octanol were low 
(Table 8) 

T bI 8 EAG a e response 0 fL oratOrlUS antennae evo e ~~Y!!t k db hetIc compounds 
Stlmulusa Mean EAG response (m V) ± S D 

(Z)-2-pentenol 022 ± 005 
3-octanol 009 ± 006 
octanal 026 ± 003 
lmalool 010 ± 006 
nonanal 049 ± 002 
decanal 053 ± 002 
p-cyclocitral 011 ± 005 
undecanal 032 ± 003 

Ahquots (100 ilL) were apphed to filter paper stnps from stock solutIOns of 1 mg/mL 

FIgure 30 shows relatIve relatIOnshIp ofEAG actiVItIes evoked by volatiles of dIfferent hfe 
stages ofnce, alternative host and non-host plants, and the amount ofma.Jor stImulants [n-octanal, n
nonanal, n-decanal, n-undecanal, and (Z)-2-pentenol)] Apparently, the presence of all five 
compounds m the volatIle mIxture IS VItal for hIgh EAG-stimulant actIVIty The volatIles of milky
gram extracts contam all five of the above compounds m sIgmficant quantItIes, and thIS mIxture 
evokes the hIghest EAG responses of all the mIxtures tested Moreover, second highest EAG 
responses were recorded from volatIles of the flowermg stage whIch also contam the four major 
aldehydes but lacks (Z)-2-pentenol In contrast, the volatIles of mIlky grams ofbajIrl, which also 
have the four major aldehydes but m relatIvely lower quantIties, show moderate EAG actIVIty The 
volatiles of mIlky grams of Illuk shows an EAG actiVIty comparable to that ofbaJIrl although It 
contams only three aldehydes ThIS result can be ratIOnahzed smce the relatIve concentratIOn of 
decanal (a more effectIve EAG stImulant) m Illuk IS hIgher that that m bajIrl The volatiles of green 
leaves and mature leaves of nce, both of WhICh contam only three of the charactenzed stimulants m 
much lower relatIve quantItIes, show less EAG actIVItIes that those denved from volatiles present m 
milky- or flowenng-stage nce bajIrl, or 11luk The lowest EAG values were recorded from non-host 
volatiles WhICh contam only two of the EAG-active compounds, nonanal and decanal, m lower 
quantItIes 
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FIgure 30 Mean EAG responses (m V) elicIted by L oratonus antennae, and the weIghts (Ilg) of 
dIfferent components m 0 75 III of dIfferent extracts 

5 2 6 3 BehavIOral bIOassay of synthetIc compounds and theIr combmatIOns 

BehaVIOral bIoassay results obtamed from olfactometer expenments usmg number of 
dIfferent mIxtures as bruts are Illustrated m FIgure 31 In tms way, the actIvIty of several synthetIc 
mIxtures were compared to that of an extract of nce steam dIstIllate 

As expected, among the samples tested, the mghest mean response was evoked by the nce 
steam volatIles (represented by column 11 m FIgure 31) For tms sample, 806% of the test msects 
selected the bruted arm of the olfactometer The samples 1, 111 and IV also showed moderate actIVity 
(% msects selectmg bruted arm was 58 3, 61 1, and 63 9, respectIvely) 
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Figure 31 BehavIOral response of L oratonus to samples I (nonanal + decanal, 100 each 
~g, applIed from all solutIOn), 11 (100 ilL of the extract ofnce steam dIstIllate), 111 (100 
~g of a mIxture made by combImng (Z)~2-pentenol, octanal, nonanal, decanal, undecanal, 
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m proportIOns sImIlar to those present m the mIlky stage nce steam distillate), IV (100 ~g of 
a mixture as descnbed m lll, together WIth 2 Ilg oflmalool and 2 ~g 3-octanol), and V (17 
~g of (Z)-2-pentenol, the amount present m 1 00 ~L of the extract of the milky stage nce 
steam distIllate) Bars headed by same the letter are not slgmficantly different (one way 
ANOV A & Scheffers test, p<O 05) 

6) IMPACT, RELEVANCE AND TECHNOLOGY TRANSFER 

Host attractant chemistry IS stlll a growmg field unhke that mvolvmg pheromones which has 
been well mvestlgated Host volatIles that act as attractants to many phytophagous msects have been 
shown to be blends of Simple compounds usually conslstmg of unsaturated and saturated C6-acetates, 
C6-alcohols and C6-aldehydes Such mIxtures are often referred as "green leaf volatIles" These 
compounds are produced from general OXIdatIve break down of SImple fatty aCIds (Bullery, 1981) To 
the best of our knowledge, there IS only one report where nonanal has been Identified as a major host 
attractant for a hemIpteran plant bug, Lygus Imeolans (HemIptera, Mmdea) (Chmta et al , 1994) Our 
results on the host attractants of the coreld bug L oratOrlUS are therefore of partIcular Importance 
sInce an aldehyde mIxture of Cg-C11 compounds WIth nonanal and dec anal as the major constltuents 
has not been preVIOusly reported as an actIve kanomone mIxture except that for a Coleopteran, whIch 
IS attracted to a mIxture of C3-C14 aldehydes found In ItS host volatIles (Pierce et a1 ,1990) Although 
host attractant chemIstry of msect orders such as Coleoptera have been WIdely mvestlgated The order 
Hemiptera IS one of the poorly studIed areas Of the hemlpterans, to the best of our knowledge, only 
one prehmmary evaluatIOn for a host attractant for L oratonus has been reported (Gunawadena and 
Ranatunga, 1989) 
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From our olfactometer bIOassay results, It was eVident that all varietIes of nce tested (BG 94-1, 
BG 1492, BG 303 and AT 303) are equally attractive to L oratonus Therefore, we used the variety 
BG 94-1 for the extractIOn volatIles for our detaIled studies Solvents extracts obtruned from the 
steam distIllatIOn techmque produced relatively hIgher EAG activItIes than those from the Super Q 
method although the latter techmque has been one of the popular methods for the collectIOn of 
volatIles due to the productIOn of relatIvely "cleaner" samples 

EAG responses of L 01 alorlUS to volatIles of nce produced at drfferent stages showed a Wide 
range of values demonstratmg pest's sensItIvity to chemoreception The volatIles offfillk-producmg 
nce grams ehclted the hIghest EAG responses whIle those of the flowenng stage also showed 
slgmficant values Rtce plants at these two hfe stages are slgmficantly more attractIve to thIs pest than 
all other hfe stages These observations agree wIth prevIous results reported from a behavIOral 
bIOassay (Gunawadena and Ranatunga, 1989) Therefore, It IS hkely that the mass movement oftrus 
pest from land to nce fields dunng the mIlky gram stage of nce IS gUIded by cheffilcal sIgnals emergmg 
from nce fields The results from EAG assay of nce, alternative host and non host volatIles, further 
mdlcated that L 07 atonus s host preference IS based on chemoreceptIOn Smce the GC-EAD profiles 
recorded from antennae of male and female L Olatonus were slffillar, It appeared that the attractants 
were food denved Although the chromatograms obtruned by GC-FID analyses of the ffillky stage nce 
volatIles were complex, from the responses recorded by GC-EAD analyses, eIght compounds were 
recogmzed as potential candIdates whIch appeared to account for the chemoattractIon These 
components were Identified by GC-MS as n-octanal, n-nonanal, n-decanal, n-undecanal and (Z)-2-
pentenol, 3-octanol, ~-cyclocltral and hnalool Of these compounds, the hIghest EAG amphtudes 
were recorded from n-nonanal, n-decanal Moderate EAG activItIes were recorded from (Z)-2-
pentenol, n-octanal, and n-undecanal, whIle those of ~-cyclocitral, 3-octanol, and hnalool, were 
relatively low In an mvestIgatIOn of an attractant to Leptoconsa chmenesls, Leal et al (1996) have 
reported that octanal and nonanal evoke EAG responses from antennae of both males and females of 
that speCieS 

Our mvestigatIOn on the relatIOnshIp EAG activitIes evoked by volatIles of different hfe stages 
of nce, alternatIve host and non-host plants, and the amount of major stImulants [n-octanal, n-nonanal, 
n-decanal, n-undecanal, and (Z)-2-pentenol)] present m these sample proVIded much valuable 
mformatIOn (Figure 30) EVidently, the presence of all five compounds In the volatIle mIxture IS 
essentIal for hIgh chemoreceptIOn activIty SInce volatIles of ffillky-gram extracts contam all five of 
the above compounds m sIgmficant quantIties, It IS not surpnsmg that thIs ffilxture evokes the hIghest 
EAG responses of all the mixtures tested Second hIghest EAG responses were recorded from 
volatIles of the flowenng stage whIch also contrun the four major aldehydes but lacks the stImulant 
(Z)-2-pentenol) Of the alternatIve hosts, the ffillky grruns ofbaJlfl whIch also have the four major 
aldehydes, but In relatively lower quantities, shows moderate EAG actIVIty The volatIles of mIlky 
grams of III uk shows an EAG actiVIty comparable to that ofbaJlfl although It contams only three 
aldehydes ThIs result can be ratIOnalized smce the relatIve concentratIOn of decanal (a more effectIve 
EAG stimulant) m Illuk IS hIgher that that m baJlfl The volatIles of green leaves and mature leaves of 
nce, both ofwmch contaIn only three of the charactenzed stImulants m much lower relatIve quantItIes, 
show less EAG actIVItIes that those denved from volatIles present In ffillky- or flowenng-stage nee, 
baJlfl, or Illuk The lowest EAG values were recorded from non-host volatIles wmch contaIn only two 
of the EAG-actIVe compounds, nonanal and decanal, m lower quantIties 

Furthermore, from above data, It IS apparent that for hIgh EAG actIVIty decanal concentratIOn 
IS more Important than that of non anal For example, the volatIles ofnce flowers whIch have the 
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highest concentratIon of nonanal have less EAG actIvIty than that of volatIles of nnlky stage Illuk 
volatIles which contam only three of the charactenzed chemo-stimulants, show comparable EAG 
actIvItIes to those denved from ofbajlfl volatIles which contam four stImulants However, the former 
has a relatIvely higher amount of decanal than that ofbaJtr1 In this way, the hIgher actIVIty recorded 
for the three component mIxture could be rationahzed 

The above hypotheSIS was supported by our behaVIoral bIoassay results A rmxture of decanal 
and nonanal (1 1 w/w) attracted 58% of the test msects while a five component synthetIc rmxture [(Z)-
2-pentenol, octanal, nonanal, decanal, and undecanal] made accordmg to the ratIOS present m the 
mIlky nce gram attracted 61 % ACtIVIty of the synthetIc mIxture was Improved by addmg traces of 
hnalool and 3-octanol whIch are also found m the rmlky nce steam dIstIllate Although this seven
component mIxture attracted 64% of the test msects, the extracts of the steam dIstIllate of mIlky nce 
grams attracted more Insects (81 %) the synthetIC mIxture IndIcatIng that our synthetIc baIt IS not yet 
optImal It IS hkely that some mInor components are mISSIng In the synthetIc mIxture 

In conclUSIOn, the present study demonstrates that nce volatIles are more effectIve 
stImulants for the chemoreceptors m the antennae of L oratOrlUS than volatIles from other 
GramInae hosts and non-host plants The volatIles of each vanety ofnce tested were sirmlar m 
actiVIty to stImulate the receptors of L orator/us The mIlky-nce graIns produce the most 
attractIve volatiles to the pest Of the stImulants charactenzed, decanal and nonanal were the most 
effectIve, therefore we conSIder these two compounds as the major kairomones present m nce 
volatIles Smce (Z)-2-pentenol, octanal and undecanal also elICIt moderate EAG actIVIties, these 
three compounds are also conSIdered Important In fact, for high chemoreceptor stImulant 
actIVIty all five components are necessary, and the concentratIOn of decanal appear to be the most 
VItal In addItIOn to these attractant five components, other components are also reqUired to evoke 
the complete antennal response eqUivalent to that produced by the natural host volatiles 

7) PROJECT ACTIVITIES/OUTPUTS 
Dr Athula Attygalle (Cornell UruversIty) VISIted Uruversity of Kelaruya m March, 1993 

for the mstallatIOn ofGC eqUIpment The mstallatIOn of the gas chromatograph and the 
mIcrocomputer was completed In about 10 days For two weeks, Dr Attygalle proVIded 
mstructIOns to research aSSIstants on the operatIon of the gas chromatograph InstructIons were 
also proVIded on the maIntenance and baSIC trouble shootIng Usually, It IS dIfficult to keep very 
senSItIve analytIcal Instruments In runrung order under "thIrd-word" condItIOns However, we are 
happy to report that the gas chromatograph and computer we have purchased from US 
manufacturers, Hewlett-Packard and Gateway, respectIvely, have been functiorung properly SInce 
mstaliation Dunng his stay In Sn Lanka, Dr Attygalle, together WIth Dr NeelakanthI 
Gunawardena and the VIce Chancellor of Kelaruya UruversIty, VISIted the USAID rmssion m 
Colombo and had dISCUSSIons WIth the AID officers about the progress of the project 

The US Ambassador Hon TereSIta Schaffer VISIted the Department of Chermstry of 
Uruversity of Kelaruya on September 21, 1993 She was accomparued by Mr BIll Foerserer, the 
enVIronment and natural resources officer of the USAID Dunng the VISIt, the Ambassador and 
her team were shown the eqUIpment purchased from the funds of the USAID grant and bnefed 
about the progress of the project The VIce chancellor of Kelaruya Uruversity also attended the 
ceremony 
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Sponsored by the funds allocated to trus project, Professor LoUIS BJostad (Department of 
Entomology, Colorado State UruversIty, Fort Colhns, CO 80523) VIsIted Uruversity of Kelaruya, 
Sn Lanka He arnved on January 16, 1994, and left Colombo on January 26 He brought wIth 
rum a setup for the measurement of electncal responses gIven by msect antenna Trus eqUipment 
fabncated by rum could amplIfy the electncal sIgnals evoked by antennae after chemIcal 
stImulatIOn After testmg the system WIth male antennae of the sIlkworm moth to ItS sex 
pheromone, the setup was used to record electrophysIOlogical responses from the antennae of 
Leptoconsa oratonus, the nce bug On January 19, he dehvered a lecture on 
"Electroantennogram (EAG) analysIs of chemIcal compounds" to an audIence of about 30 
SCIentIsts Includmg the seruor and Juruor staff of the ChemIstry Department ofUruversity of 
Kelaruya The lecture was very InfOrmatIve and the researchers could see the potentIal ofEAG 
method as a research tool for InvestigatIons In msect behavIor Prof BJostad tramed three 
research aSSIstants, Mr Chandana Meegoda, Ms Anoma Swarnakantru and Ms Thamara 
Jayesekera, on techruques of conductIng electroantennographlc measurements 

Dr Neelakantru Gunawardena (Collaborator, Uruversity ofKelaruya) vISited Cornell 
Uruversity dunng the month of Apnl, 1994 She brought solvent extracts attractive to L 
ora tonus and analyzed them In the laboratory of Dr Athula Attygalle usmg the gas 
chromatography and mass spectrometry facIlIties aVatlable m rus laboratory 

Dr Athula Attygalle vISIted Uruversity ofKelaruya from December 15, 1994-January 18, 
1995 Dunng trus VISIt samples were prepared to be taken back to Cornell for chemIcal analYSIS 

Mr Ktthslfl Bandara Herath, and Ms Samadara DisSanatke, the research aSSIstants who 
worked at Kelaruya on tills project, vISIted Cornell from June 20, 1994 to September 17, 1995, 
and June 3, 1996 to August 15, 1996, respectively Dunng these VISItS, they were tramed to use 
gas chromatography and mass spectrometry eqUipment 

8) PROJECT PRODUCTIVITY 
The maIn research objective was to recogruze volatIle kairomones present m steam 

dIstIllates of nce parucles willch are attractive to L oratonus The pnnclple kalromones were 
charactenzed as n-octanal, n-nonanal, n-decanal, n-undecanal and (Z)-2-pentenol In addItIon, 
three trace constItuents, 3 -octanol, f3-cyclocltral and hnalool, appear to contnbute as mInor 
attractants 

9) FUTURE WORK 
In order to find out the efficacy of the Identified compounds as attractants to L oratonus, 

extenSIve field expenments must be carned out In behaVIOural bIOassays, a synthetIc mIxture of 
decanal and nonanal (1 1 w/w) attracted 58%, and a five component mIxture ofn-octanal, n
nonanal, n-decanal, n-undecanal and (Z)-2-pentenol of61% of the test msects to the batted arm of 
the olfactometer The actIVIty of the synthetIc test mIxture was further Improved to 64%, by 
addIng traces of hnalool and 3 -oetanol wmeh are also found m the mIlky nee steam dIstIllate as 
mInor constItuents The steam dIstIllate of mIlky nee grams, however, was more attractive (81 %) 
mdicatmg that some attractant components are mIssmg In our synthetIc mIxture Although It 
would be a fruItful exerCIse to find out the mISSIng components, practIcally, It would more 
Interestmg to develop novel nce vanetIes wruch lack the charactenzed major katromones m the 
mIlky stage, and test whether such vaneties are less attractive to the nce bug Therefore, m 
conclUSIOn, we recommend the development of such nce varIeties 
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