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Chapter 10 

Chemoecological Methods in
 
Coconut Pest Management
 

* Kesaoan Subaharan 

1. Introduction 
The need to produce inexpens ive and abundant food supply for a growing 

population is a great challenge and warrants higher use of inputs like fertilizers and 
pesticides.Farmers resort to chemical control as their avai lability and application is 
done wi th ease .Though the use of pesticides keeps the pest at check , the experience 
gained during the recent past indicates that improper use of pes ticide has caused 
undesirable side effects like buildup of residue in the marketable commodity, 
emergence of insecticide resistance in pests, negative impact on beneficial arthropods 
etc. 

Increased dependence on pes ticid es have nega tive impact on farmers, 
consumers, non-target organism and environ ment. Th is si tuation prompts the 
search for safe alternative for pest con trol. Crop production and environmental 
protection can be balanced if emphasis is laid to adopt eco-friendly pest management 
strategies. In pest management alternative to chemical pes ticides is the use of insect 
behavior modifying chemicals (IBMC). Semiochemicals are defined as chemicals that 
de liver behavioral messages between organisms (Dusenbury, 1992), they include 
pheromone (that aid in finding mates, food and habitat resources), allomone (favor 
the producer) and kairomone (favor the receiver). 

In plantation crops the damage by insect pests have profound influence on 
crop production. Use of chemical pesticides leads to buildup of res idues in the 
commodities that have high commercial value . Major pests that influence the crop 
yield in coconut are, rhinoceros bee tle, Oryctes rhinoceros, red weevil, Rhynchophorus 
[errugin eus, black headed caterpillar, Opisina arenosella, eriophyid mite, Aceria 
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guerreronis and w hi te g rub , Leucopholis coneophora. Safe alternate strategies in 2.2 . (
coconut pest man agement include use of biological age nt s and chemoecological 

In ap proache s. Among the orders that cause damage to cro ps , coleop terans form a 
technic major share. Consid ering their lon g life cycle and thei r cryptic behav ior using the 
GC an conventional approa ches becomes difficult to manage them. Though biocontrol 
the he, agents are effective, the ir time ly availability in qu ality and quan tity is a qu estion . 
placiru Th is necessitates the need to de pend on pher omones an d ka ira mo nesas they are 
rherm: an effective tool in monitoring and m ass tra pp ing. 
(or cry 

Understanding the chemoecologica l approaches using cutting edge technologies 
Fein vol ving chemical de tectors (GCM S) and electrophysiological tools resulted in 

capilla de velopin g robus t beh avioural manipulations in coconut pest manageme nt. The 
polysil compounds id entified to be used in behavioral pest m anagem ent will aid to decline 
polym the depe ndence on xeno biotics. 

Fe 
2. Methods Involved in Isolation and Identification of of den 

Semiochemicals analys 
their h

2.1. Sampling and Analysis of Semiochemicals per co 
The increasing scientific in ter est in the bioche mistry, physiology, ecology and de tect, 

atmospheric chemis try of VOCs has led to the de ve lop men t of a variety of systems stan da 
for the collection and ana lysis of vo latiles (Millar and Haynes, 1998). Vola tile analysis ionize: 
h as been im prov ed by the d esign of relativel y sensi tive bench-top inst ruments rnoleci 
for gas chromatog ra phy - mass spec trome try (GC-MS) (Dorothea et al., 2006). enterir 
Vo latiles surrounding the airspace (he adspace) around the insec ts ar e sampled and ar ob 
concentrated pri or to analys is. Headspa ce sa m pling is a non-destructive method and it: 
for collecting volatiles . When com pa red with solvent extrac tions of pheromone Detect 
glands from insects, he adspace analysis gives a more realistic picture of the vola tile for the 
profile emitted by insects . It p rovides rea l time information for ecologically relevant as low 
applications. Mate rials like glass, me ta l and special plastics such as teflon tha tare ion rru 
inert are to be us ed for volatile tra pping (Dorothea et al., 2006). compc 

pop uL An im portant advance in sta tic headspace analysis is the de velopment of solid 
al., 20Cphase mi croextraction (SPME) which is a fast and simple method for coll ect ing 
olfactc volatiles at de tec tion limits in the ppbv (parts per billion by volume) range. Solid 

phase microex trac tion is based on ad/ absorption and desorption of vo la tiles from 2.3. I 
an inert fiber coa ted with different typ es of ad/absorbents. The fiber is attache d Volat
within the needle of a mod ified syringe and volatiles can be sam pled by inserting 
the need le through a septum of a headspace collection con taine r and pushing the EI 
p lunger to expose the fiber . Follow ing equ ilibrat ion between the fiber and the sys ten 
vo la tile sa mple, the fiber is re trac ted into the need le an d can be transferred to a gas that it 
chromatograph for d irect thermal desor ption. Solid phase microextraction fibers of an ii 

can be re-u sed approxima tely 100 times. The rm al de sorpti on of VOCs from the fiber has sir 

elim ina tes the need for solvents that may conta in impurities w hich w ill in te rfere an d 1-1 

w ith sample analysis (Dorothea et al., 2006). ins tan 
in sects 
1998). 
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;ies in 2.2 . Ga s Chromatographic Separation and Detection of Plant VOCs
og ical 

In sec t sem iochem ical adsorbi ng matrices ar e an alyzed by the standardorm a 
technique of GC (Handley an d Adlard, 2005; Lockwood, 2001; Merfor t, 2002). For 19 the 
GC analysis of semiochemicals. samples are ei ther injected as so lve nt extracts in to on trol 
the heated injector in a split or splitless mo de or de sorbed from the adsorbent by .stion. 
placing it directly in a thermal desorp tion tube, hea ted to 250-300°C In a two st age ey are 
thermal desorber. the thermally released vo la tiles are concentra ted by a cold trap 
(or cryotrap) prior to the ir injection into the GC column (Dorothea et al., 2006). 

dogies 
For analytical purposes, vola tiles are commonly separated on fused silicated in 

capillary columns wi th different stationary phases, su ch as the non-polar dimethylt. The 
p olysi loxanes (e.g. DB-I , DB-S, CPSil 5), and the more pol ar polyethylene glyc ol ecline 
polymers, including Carbowax-20M, DB-Wax, an d HP-20M. 

Following sep aration on a GC column, semioche micals are analyzed by a variety 
n of of detectors. Flame ioniza tion de tector (PID) is commonl y used for quantitative 

analysis becau se of their wide linear d ynamic range, the ir very s tab le response an d 
their high sensitiv ity with detection lim its of the order of p icograms to na nograms 
per compound . Mass sp ectrometry (MS) detectors are the most popular type of 

y and detector for routine semiochemical GC analysis . In the mass spectrome ters of mos t 
stems stand ard GC-MS benchtop ins truments, compounds exiting the GC colum n are 
alysis ionized by electron impact (EI) an d the resulting positively charged molecules and 
nent s molecule fragments are selected accordi ng to their mass-to-charge (m /z) ra tio by 
W06). entering a quadrupole ion trap or a quadru pole mass filter. Total ion chromatograms 
d and are obtained, which provide inform ation on the retention time of each compound 
ethod and its mass spectrum consis ting of a characteri stic ion fragmenta tion p at tern. 
mone Detection limits of highly sensitive mass spectrometers are in the picogram range 
ilatile for the full scan mode (scarm ing ions over a w ide molecular range) and may be 
evant as lo w as in the femtogram range (in qu adrupole mass filters ) in the selected 
at are ion mo nitoring (SIM) mode scanning selected ions that are representative of a 

compound. Identification of compounds in GC-MS an alysis is done by us ing the 
popular mass spectral libraries such as Wile y and NIST MS d atabases (Dorothea etsolid 
al., 2006) .The orientation resp onse of an insect to semiochemicals is ev aluated byx tin g 
olfactometry and electrophysiological assays . Solid 

from 2 .3. Electroantennography to Assess the Physiological Response to
lched 

Volatile Organic Compounds 
.rting 
g the Elect rophysiological techniques have been em ployed to study the nervous 
d the system of insects since the la te 1950s. In 1957, Schneider for the firs t time announced 
a gas tha t it was possible to measure the electrophysio logical responses from the antennae 
.ibers of an insect, Bombyx mori, using an electroantennogr am (EAG). The EAG technique 
fiber has since been develope d for sev eral insect species of various ins ect orders (Millar 

-rfere	 and H aynes, 1998). Despite its useful ness, the method is limited in its use . For 
instance, the sensitivity of the technique is low, a shortcoming often observed in 
insects w hose antennae have e.g. a limited number of sensilla (Millar and Ha yn es, 
1998). To overcome th is problem , a technique called single sensillum recordings 
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pr (SSRs) was developed, which can measure responses of single ORNs (Millar and 
ph Haynes, 1998). Single sensillum recordings allow for the analyses of specific typ es 
nof sensilla and for the determination of the mechanisms by which insec ts cod e for 
ofdifferent odors (Majid, 2007). 
(Jc;

In SSRs, two sharpened tungsten electrodes are used: a ground electrode is in ell 
contact with the haemolymph while the recording electrode is inserted near the id , 
base or in the shaft of a single sensillum. Voltage diffe renc es generated between the sy 
electrodes, when amplified , can be view ed on an oscilloscope when placed w ith in A' 
the circuit (de Bruyneet al., 2001). co 

The introduction of gas chromatography (GC) coupled SSRs, first used in 01 
moths and aphids allowed for the first detection of active components within a 
complex blend of compounds. This technique has later been used to identify novel ve 
ligands of ORNs in a large number of insect species. At the GC part an extrac t at' 
likely to contain odorants detected by the ORNs is injected onto the GC-column . ar 
The column is located in an oven where it is po ssible to regula te the column pc
temperature. As the temperature of the column is increased the components of the or 
extract are separated while traveling down the column and exit the GC set-up . The m, 
separa ted components of the extracts encounter the single sensillum from which ve 
a stable electrical contact is es tablished. Responses of the ORNs housed in a single ch 
sensillum to the extract components are recorded. The chemical identity of the m 
response eliciting component(s) can be further identified using mass spectrometry tis 
(MS).The olfactory receptors respond to compounds that are attractive and repulsive. re 
Hence the behavioural experiments ha ve to be carried out to ascertain the nature 20 
of compounds usin g olafctometers and wind tunnels. to 

sp 3 . Chemoecological Approach in Coconut Pest Management 
w' 

3.1. Coconut Red Palm Weevil , Rhynchophorus [erruqlneus (Oliver) in 

The red palm weev il, Rhynchophorus[errugineus (Oliver) is d istribu ted in Asia 
tn 
fo

and Europe. The host range of the weevil includes coconut, oil palm, date palm 
and sago (Wattanapongsiri, 1966). The adult female oviposit on young, damaged, 
stressed and healthy palms (Kalshoven, 1950). On hatching the larvae bore into the ar 
palm and develop into adult in two months (Giblin Davis et al., 1996). Trapping by pl 

IT,baiting w ith coconut stem tissue was done to reduce the weevil populations in India 
(Abraham and Kurian, 1975). Evidence of male prod uced aggregation pheromone (5 
was established in laboratory bio assay by Abraham (1987). The aggregation th 
pheromone 4 methylS nonanol (Ferrugineol) was synthesized by Hallet et al. (1993). su 
Coconut logs treated with toddy, yeast and acetic acid were effect ive in trapping lu 
R. [errugineus (Kur ian et al., 1984). it 

R. [errugineus weev ils are opportunistic oligophages to early ferm entation 
co 

vo lati le s li ke ethanol emanatin g fr om w ou n d ed host (Gu na tilake a n d 
Cunawardane.Ivso), on feeding the palm tissue they produce an aggregation ar 
pheromone (4 methylS nonanol) that attract their conspecifics (Giblin- Davis et al. co 
1996). Food volatiles stron gly enhance the attraction of Rhynchophorus spe cies to 0: 
aggregation pheromone (Rochat et al., 1993). The palm esters, ethyl acet ate , ethyl 
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propionate, ethyl butyrate and ethyl isobutyrate were identified as kairomones for R.d 
~s	 

phoenicis, R. palmarum, R.cruentatus, R.Jerrugineus and R. vulneratus (Gries etal., 1994). 

:>r	 The American palm weevil, R. palmarum adults were attracted to odors of variety 
of plant tissues (pineapple, banana and coconut) that were used as baits in traps 
Gaffe et al.,1993;Oehlschlager et al. , 1993). Among the complex pattern of odorants 

.n emitted by host plants only a few key compounds were used to locate the host. The 
Ie identification of natural volatiles emitted by host plants aided in development of 
ie synthetic blends (rhyncophorol + host volatiles) to trap R. palmarum (Rochat and 
n Avand-Faghih, 2000). Synergy between pheromone and plant volatiles (PVs) was 

confirmed by analyzing the locomotory responses of R. palmarum in a four choice 
n olfactometer (Said et al., 2003) . 
a Racemic nonanoic lactone and 4 hydroxy 3 methoxy styrene from the steam 

21 volatiles of coconut bark caused electrophysiological response of R. [errugineus 
ct antennae (Gunawardane etal.,1998).Ethyl acetate, ethyl propionate, ethyl butyrate 
1.	 and ethyl isobutyrate synergized attraction of R. crueniaius to cruentol, None of the 
n palm esters tested in combination with the pheromone were as attractive as palm
Ie or sugarcane tissue (Ciblin-Davis et al., 1994). Coconut petioles in traps attracted 
Ie maximum weevils when they were 2-5 days old, the catch declined thereafter as 
h volatile profile changed due to fermentation (Hallet et al., 1993). The proportional 
e changes in volatile from fermenting palm are attributed to abiotic conditions and 
Ie microflora present (Nagnan et al., 1992; Samarajeeva et al. , 1981). Fermented plant 
y tissues produce a spectrum of odorants that are significantly different from those 
2.	 released by healthy plants (Giblin -Davis et al. , 1994; Rochat and Avand-Faghih, 
e	 2000). Fermented sap exuding from dead or wounded palms was highly attractive 

to R.cruentatus (Ciblin-Davis et al., 1996).Moist fermenting tissue from various palm 
species, fruits, sugarcane, pineapple and molasses are similarly attractive to palm 
weevils (Giblin-Davis et al., 1994). The efficiency of the kairomones in attracting 
insects depends on the odour quali ty and/or the amount released .Timing of volatile 
trapping to identify the compounds and their ratios in their matrix is essential to 

a 
formulate an effective pherosynergestic blend. 

n 
l, Acetoin a volatile product of anaerobic fermentation with ethyl acetate was 
e an effective synergist with aggregation pheromone of R. palmarum. Stimulation by 

plant volatile blends excited three olfactory receptor neurons. Pheromone baited y 
traps containing plant volatile blends attracted twice as many R. palmaruntss control 

e 
a 

(Said et al., 2005). Odors from plant tissue along with the aggregation pheromone 
n that attract and orient the weevil from longer distances needs to be explored. No 
). such studies are available for red palm weevil. Indigenously formulated CPCRI 

lure containing ferrugineol resulted in a weevil catch of 2- 6 weevils/month ands 
it was 50 per cen t efficient as compared to imported lures but was cost effective as 
compared to imported lures. 

1 

:l The electroantennogram assay on the adult R. ferrugineus showed higher 
1 antennal response to ethyl acetate (a major component in pineapple odor) . A 

comparative study of the odorant binding protein genes and isolation of the partial 
J OBP gene form R. ferrugineu s was attempted. Amplification of putative OBP genes 
·1 
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of R.ferrugineus yielded two genomic fragments. On seq uencing they ha d homology and : 
w ith OBP of other insects (Rajesh et al., 2008; Sree Smitha et al., 2008). Commercial Pers( 
lur es are loaded in polymembrane dispensers and they have a release rat e ranging by fe 
from 2-20 mg / day . In an attempt to red uce the loss of the chem istry smart delivery pher 
devices were developed at CPCRI. The smart delivery aids in controlled release of anise 
pheromone for over six months as compared to commercial lures loaded in polymer by fa 
membrane tha t are exha usted in 3 mon ths . vary 

res ul 
3.2. Coconut Rhinoceros Beetle, Oryctes rhinoceros Hen( 

Thi rty-nine species of Oryctes have been registered but only few of them have op tic 
an impact on coconut production. They are distributed through out South East Asia Sll CCl 

and Sou th Pacific Islands. Ap art from coconut, they also infest Palmyrah, da te palm, 2000 
wi ld da te, areca, sago palm, pandanus , pineapple, colocasia. banan a, oil palm and resp. 
sugar cane. The pest occurs round the yea r with a spike in their popula tion occurring callS 

during June to September, the period when the adults visit the crowns. The black 
colored beetle bores holes and feeds on the unopened fronds and spathe. On opening, 

resp' 
the damaged leaves show geometric cuts (V shaped) on leaf lets. If the damage is -1.311 
severe, several cuts can be seen one abo ve the other . The beetles cause damage to nons 
seedlings, young and adult palms. Dam age when done to the leaves, reduces the 

corn] 
pho tosyn the tic area and renders them unsuitable for thatching purpose, but when feme: 
damage is done to spathe it causes direct crop loss upto 10 per cen t (Nair , 1986). leng
Ramachandran et al. (1963) reported an yield loss of 5.5 - 9.1 per cen t. The beetles Fem;
also cause de a th of the seedling/young palms by destroying the growing points . decre 
Apart from feeding damage they serve as predisposers for red weevil attack and mal 
bud rot. Repeated damage done to the meristem ma y be lethal. h ydr 

Male coconut rh inoceros beetles, Oryctes rhinoceros (L.), p roduce sex-specific 
compounds, e thyl 4-methylheptanoa te, and 4-methyloctanoic acid, the first of as cc 
which is an aggregation pheromone (Halle t et al., 1995). Ethyl 4-methyloctanoate mY) 
was synthesized by ChemTica and marketed as Or yctalure in the India. Buckets of com)
18 lit. capacity w ith black painted metal vanes w ere used as trap . The pheromone (-3.41 
sachet was hung on the diamond shaped hol e made in the vane. The trap was hung the p
on a pole at 3-4 ern above the ground level. Coconut petioles were placed in the EAG 
bucket trap for better att ract ion . A nonomatrix has been developed at CPCRI for of H. 
the de livery of rhinoceros beetle pheromone an ise 

ma le 3.3. Chemoreception in White Grubs 

Holoirichia is a genus of the melolonthine scarabs that occurs across the Ind ian 
subcon tinent and through southeast and eas t Asia (Ward et al., 2002). The cha fer	 was 

serrabeetle, Holotrichia serrata F. (Coleop tera :Scarabaeidae) in its larval stage is a serious 
the rpest of coconut, (Cocos nuciferaL.), sugarcane, (Saccharu m officinarum L.), ground nu t, 
feme (Arachis hupogaea L.) and vegetables in parts of Western and peninsular Ind ia 
kairz (Ganeshai ah and Kumar)993).The grubs cause damage by feed ing on the roots and 
al., 21 the adults emerge with the arriva l of monsoon or heavy pre - monsoon showers 
5-(Id (Yadav and Sha rma, 1995). On emergence at dusk, they aggregate on plants like 
(PHneern, (Azadirachta indica A. [uss) , gtllmohar, (Delonix regia L.), tamarind, iTomarindus 

indica L.), mahagony (Swietenia mahagony L.), drumstick, (Moringa oleifera Lam .) 
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·ogy and subabul. tLeucaena leucocephala Lam.) for feed ing and mating (A.R.V. Kumar 
:cial Personal communication an d Yadav and Sharma, 1995). Attraction of ad ult males 
~ing by females has been documented in H. serraia (Ganeshaiah and Kumar, 1993). The 
ver pheromone of H. consanguinea and H. reunaudi, has been isol at ed and identified as 
se of anisole (Leal et al., 1996; Ward et al., 2002). Chemical insecticides are w idely used 
mer 

J 

by farmers to m an ag e the gru bs of Holoirichia (Anitha et al., 2006) and they result in 
va ry ing degree of success in grub management. Indiscriminate use of insecticides 
resu lts in bu ildup of resid ues an d cause negative impact on non target org anisms. 
Hence, it is imperati ve to search for alternative pest control methods. One such 

rave option is to exp loit the behavioral features of the ins ect. Etholog ical control has been 
Asia successfully applied in the management of scarabs (Lea l et al., 1996; Ruther et al., 
aim, 2000).Though H. serra ia is an important pest, there are no reports on its olfactory 
and response till date . As a primar y step to identify physiologicall y acti ve com poun ds 
ring causing antenna1responses, the electroantennography was used. 
lack The non-aromatic esters, ethyl ace ta te and propyl acetate el icited a higher
ling, response in both male (-1.40 an d -1.35 mV respectively) and female (-0.81 and 
;e is -1.31 mV respectively) beetles while th e hydroca rb on alkanes uiz., tr idecane and 
;e to nonane elicited the lowest responses . N on-a rom a tic esters - saturated open ch ain 
; the 

compounds were found to elicit significant EAG response from bo th m ales an d 
hen 

females of H. serra ta. The amplitude of the responses va ried wi th the ca rbon chain
186). 

length of the compound . Ethyl acetate a C4 elicited higher response in males . 
-tles Female an tenna w as m ore responsive to p ropyl acetate. In e ither case the response 
in ts. decreased wi th increase in carbon chain length. In general the an tennae of both 
and male and female beetles were more respons ive to esters followed by alc ohol an d 

hydrocarbon alkane . 
cific 

Am on g the sex, the response of males to all the compounds tested was higher 
t of 

as compared to the fem ales . Extr act of pheromone glands in diethyl ether (-4 .43 
)a te 

mV) when exposed to male an tenna e elicited a signi ficantly higher response as 
:s of compared to the extract s made in dichloromethane or hexane w hi ch w ere at par 
one (-3 .40 and -3.31 mV respect ively ). Among the solvents used to obtain extracts from 
ung the pheromone gland, diethyl ether, dichloromethane and hexane caused m aximum
th 

EAG amplitude in the m ale antennae of H. serrata . Extraction of abdomi nal glands
for 

of H. consanguinea beetles in dichloromethane and ether y ielded a clean profile of 
an isole and indole; the compounds res pons ib le for attraction of H. consanguinea 
m ales (Leal et al. , 1996). 

Both ad u lt male and female an ten nae responded to host vola tiles. But therelian 
was a se xual dimorphism in the olfactory pe rception of the host volatiles by H.afer 

aus serraia. The m ale an tenna is more se nsit ive to host extracts . Perhaps, thi s indicates 
the necessity of finding the host first for the ir mate location, apa rt from using the.iut, 
female produced pheromone as the cue. Th e use of green leaf vola tiles as a se xual.dia 
ka iramone has been observed in M. melolantha and H. consanguinea males (Reinecke et and
 

.ers al., 2005; Yadav and Yad av, 2004). A combina tion of the synthetic sex attractant (R,Z)­

5-(Ideceny l) dihydro-2(3H)-furanone w ith a 3:7 m ixture of phene thyl propion atelike 
(PEP) and eugenol caugh t significantly m ore Popi l lia iaponica (Klein et al., 1981). .dus 

m.) 

215 



,

216 Pests of Plantation Crops Chemo 

Semiochemicals are a vi tal tool for monitoring and mass trapping in plantation Gblin 
crops.Being perennial crops the pest occurs round the year. To depend on pesticides F 
is a difficult task in terms of application in the target area and also the frequency it 
at which the y have to be taken up . Hence exploiting the ethology is an effective 7 

method to monitor and trap the pest population in plantation crops. Though the Giblin 
adoption rate of semiochemicals in pest management is at a lower level as compared T 
to pesticides, considering the shift in the pol icy by Government to scale down the use L 
of pesticides due to health and environmental concerns there is a scope to increase R 
the adoption rate. A note of caution is that semiochemicals ma y also face the same 

Gries, fate rela ted issues raised over toxicity issues, as very little effor t has been made to 
Rtest the chemica ls that are used in behaviour manipulation. 
k 

Another problem is that natural enemies use the cues used by the insect pest to C 
identify its host and if the cues from the host plant to altered to bring in desirable 

Guna pest con trol it would ha ve a ne gative impact on natural enemies as its devoid of the 
ncue to orient itself to its hos t. Hence a proper understanding of the vola tiles role in 
p

various trophic levels have to be understood pr ior to attempting a pest management 
method. The demand for environmentally safe alternatives to br oad-spectrum is Guna 
on rise. The adoption of behavioral manipulation techniques can help to meet this C 
demand/ since the amount of chemicals released into the envi ronment by behavioral fe 
manipulat ion is relatively small and are relatively nontoxic to vertebrates and are J. 
selective to the target pest species. Hallet 

p
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