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Chapter 1 

Coconut 
* Chandrika Mohan, A. Josephrajkumar 

and P. Chowdappa 

1.	 Introduction 
Coconu t (Cocos nucijera L.) is one of the major plantation crops in Ind ia with 

an ann ua l production of 20,439.60 million nuts. Coconu t plays an im portan t role 
in the environment, health, food and livelihood securities of mill ions of peop le. 
Even though the crop is cultivated in 93 count ries globally, abou t 78.08 per cen t 
of the world prod uction is contributed by the four major nations, viz., Indonesia, 
the Philippines, India and Sri Lanka. The curren t average produc tivity of coconu t 
in Ind ia, being 10345 nu ts / ha (CDB, 2016), cou ld be doubled th rough optim um 
plant and soil health management. Consistent flowering and fru iting pattern of 
coconut palm throughou t the seasons is the favourable abode for a wide array of 
insects, mites and rodents and Kurian et al. (l 979) enlisted 547 insects and mite 
species infesting coconu t worldwide. Among the insects, rhinoceros bee tle, red 
palm weevil, black headed caterpillar, er iophyid mite and white grub are the major 
pests of concern, which are widely d istributed in all coconu t growi ng tracts of Ind ia 
adversely affecting coconut ind ustry to a larger extent. 

2 .	 Rhinoceros Beetl e (Oryctes rhinoceros Linn.) (Coleoptera: 
Scarabaeidae) 
The Asia tic rhinoceros beetle or black beetle was reported dama gin g coconu t 

palms in ] 889 by Ridley. It is na tive to the sou thern Asiatic region, but has reached 
Africa, Au stralia and Pacific Islands. A number of workers have exp anded the 
geographical di stribu tion of O. rhinoceros (Cressilt, 1953; Niru la, 1955a, b; Swa n 
1974; H ill, ]983). There is an exhaus tive literatu re on rhinoceros beetles, of which 
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Figure 1.1: Rhinoceros Beetle Infestation.
 

a) Damage symptom on unfurled leaves , b) Spear leaf damage , c) Tusk like symptom
 
due to beetle feeding, d) Twisted growth of Juvenile palm due to beetle attack.
 

comp rehens ive revie ws have been p ublished by Niru la et al. (1952), Gress itt (1953) cons 
an d Bed ford (1980, 2013). hole: 

affec Coconu t palm is the pr imary hos t of rh ino ceros bee tle. It is a major pes t in oil 
palm also leading to 'dead heart' sy m ptoms. A broad lis t o f food p lan ts in fes ted by 
O. rhinoceros w as provided by Gressitt, (1953), w hich included 45 species of monoco t the n 
plan ts, over 30 species of palms. Range of hos t p lants invad ed by black beetl e are past, 
repor ted from Ind ia (Menon and Pan dalai, 1960; Ni ru la et al., 1952, Sivakuma r and pal 
Cha nd rika, 2013), Indo ne sia (Kalshoven, 1951), the Philippines (Mackie, 1917) an d was ! 
Ma uritius (Monty, 1978) including palrnyrah, w ild date, areca, date, sago palm, route 
pandanus, p ineap ple, co locas ia, bana na, sugarcane etc. however, th ere is not m uch 
economic da m age on host plants other than coconu t an d oilpalm. 

2.1 . Damage 

The robus t ad ult beetles cause damage to pa lms at all age grou ps by bur row ing 
int o the unopened spe ar lea f and feeds on ju ice from the hos t tissues. As the pes t 
bu rrows deep er into the host (10-50 em) it pushe ou t the chewe d up tissues as 
fib res, which are seen ex tr udin g from the en try poin ts. Once these injured leaves 
unfurl, they present a ' V ' shaped cut pattern, red ucing the fu nctional leaf area 
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s it t (1 953)	 considerably (Figu re 1.1). The d amage to infl orescence is seen as round to oblong 
holes on the spa thes which soon d ry up resu ltin g in complete loss of n uts in the 
affected bunch (Figure 1.2). pes t in oil 

i tested by Att ack in juvenile palms res ults in stun ted grow th and delayed flow ering an d 
f rnonocot the repea ted a ttack at the growing p oint may even lead to palm dea th. In the recent 
bee tle are past, it w as found inva d ing coconu t see dli n gs in the n ur sery as w ell as juvenile 
urnar and palms through colla r entry an d comp letely dam aging the seed lin gs. O f la te, the pest 
1917) and was found boring in to the immature tender nu ts (Figure 1.2b) causing yet another 
Ig O palm,	 rout e of feed ing when the spear leaf is protected . 
not much 

urrow ing 
; the pes t 
.issues as 
sd leaves 
Il eaf area 

Pes t a ttack im ped es palm growth and up to 10 per cent reduc tion in crop yield 
is reported . Black beetle in fes tation has to be considered se rious as the damage d one 
by this pest prov ides egg laying sites for another lethal pes t viz., red palm weev il 
or for en try of funga l p athogens. Attac ks tend to be concentrated on the margin s 
of palm grov es an d on taller, more prominent palms (Cu mber, 1957; Young, 1975). 
One attack increases the likelihood of further a ttacks (Bedford , 1975; You ng, 1975). 
Sison (1957) repor ted that palms w ith 50 per cen t of all their fron ds damaged had 
about one -fifth the number of d evelop in g n u ts than on normal pa lms. Bein g a 
perenn ial crop, workers rep or ted m an y d ifficulties in studying the effec t of beetl e 
attack on yield (Ramachand ran, 1961: Ramachandran et al., 1963; Young, 1975). In 
India damage of infl orescence is also repor ted in severely infested areas which cause 
redu ction in yield up to 10 per cen t (Nair, 1986) and of 5.5 to 9.1 per cen t yie ld loss 
by Ramachandra n et at. (1963). From artificially pru ned lea f damage s tim ulation 
stud ies it w as obse rved that d amage to 50 per cen t frond s corres pon ds to leaf area 
reduc tion of 13 per cen t an d decrease in nu t yield by 23 per cen t (Young, ] 974). 
Pruning equ ivalen t to1.5 at tacks /month w ould hav e killed the palms if sus ta ined 
long enough, even though the growing point s w ere undamaged (Young, 1975). 
In sou th-easte rn Luzon, Philippine s, O. rhinoceros damage w as significantly more 
common on old palms (which are pred isp osed to the d isease), and more abu nd an t 
on those infected with cadang-cad ang than on neigh bouring healthy palms (Zelazny 
and Pacumbaba. 1982). In Samoa, more attacks occur on higher tha n on lower palms, 

-mptom and tha t one attack is likely to be followed by others on the sam e palm . At tacks a re 

Figure 1.2 
(a) Drying of spathe , (b) damage on the nut due to rhinoceros beetle . 
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apparent to an observer on the ground after abou t 41 days an d con tin ue to be so 
fo r u p to 150 days, as the damaged fronds open (Young, 1975). 

2.2. Biology 

Adults of O. rhinoceros are large beetles 30-50 mm long and 14-21mm bread th, 
b lack or red d ish black in colour , stout and possesses a cha racteris tic cep ha lic horn 
whic h is relati vely larger in m ales (Figure 1.3d). Females can be ide ntified by the 
d ensely clo thed red dish brown hairs on pygid ium on the ven tral surface (Figure 
1.3e). The fema les deposit ye llowi h-white eggs (Figur e 1.3a) in dead and d ecaying 
vegetable matter such as cattle d ung, compost, heaps of sawdus t, felled logs and 
s tu mps particularly of the coconu t palm and oil palm . Average fecundity per female 
is 108 eggs. The larv al and pupa l stages are comple ted in the breeding grounds. 
The grubs are cream y w hite in col ur with the bod y strongly arc hed dorsally. Gru b 
(Figure 1.3b) period is about 130 d ays w ith three instars. The pupa is u niformly 
brown, s ligh tly convex (Figure 1.3c) dorsally and the pupal period vari es from 20-29 
days. Ad ult lon gevi ty is 3 - 4 mon ths. Adult s are active d uring nigh t an d remain 
h id de n d uring daytime in the feeding or breed ing sites. TIle life cycle from egg to 
ad ult stage takes abou t 5-6 mon ths (Niru la et al., 1952; iru la 195- a, b). The three 
instars of grub per iod las t 74 to 191 days with an average of 130 days (Nirula, 1955b) 
on the West Coas t of Ind ia. 

2.3. Pest Management 

Since the pest is an active flyer, in tegrated pest managemen t (IPM) strategies 
adop ted on a comm unity basis a re essen tia l to bring an effective con tro l of O. 
rhinoceros po p u lati n . The major componen ts o f IPM package cons is t of sani tation, 
m echanical, chemical and biological methods . 

2.3. 1. Sanitation Method 

In the IPM of O. rhinoceros, the bes t management decision to be implemented is 
elimination of pes t mu ltiplication sites from the coconu t pla ntation itself tha t provide 
favourable nic he for immature stages of the beetle. The dead and decaying coconu t 
logs, heaps of fallen coconu t leaves, shredd ed palm tissues and other organ ic debris (d) 
in the vicini ty of cocon u t plan tat ions may be pr op erly di sposed off, since th is act 

Fas pro lific breed ing grounds of the bee tle (Figur 1.4a). The m oistu re content of 
tl e food ma terial p lays a very im portan t role, the gru b not be ing able to develo p 
in absolutely d ry or water soaked food materials. Farm yard manure shou ld be 
properly dri ed and stored since low mois tu re con ten t d id not favo ur development 2.3.2. 
of this pes t. Composting tan ks has to be iron netted to prevent beetle acces s. n 

Incorp ora tion of the weed p lan t, Clerodendron infortunatum Linn. @ 10 per cen t the ad i 
w / w in the farm yard manure/com post pit is suggested as a probab le managem en t ab und 
s tra tegy targ e ting grub stages (Chand rika and Nair, 2000) as th is p lant exerts and AI 
insect grow th regu la tory properties on O. rhinoceros. Larva l-p u pal or p upa l­ 1997).l 
adult intermedia tes, adults with malformed wings etc. are some of the common palm t 
abnormaliti s elicited by the plant alkaloids on O. rhinoceros when the plan t part is cake ar 
ingested by the gru b alon g wi th food. These malformed ad u lts were unab le to fly 
and ur vived for only 6-8 d ays. 
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Figure 1.3a-e : (a) Egg and neonate grub, (b) FUlly grown grubs, (c) Pupae , 'on ten t of 
(d) Male beetle and (e) Female beetle . odevelop
 

.hou ld be
 
eloprnent 2.3.2. Mechanical Control
 
ess. Thi s meth od involves peri od ic exam in at ion of the palm crown an d removing 
oper cent the ad ult bee tle by means of a metal h ook (Figure l .4c) d urin g peak periods of p est 
iagernent abundance (June - September ), but oflen only after dam age has been done (Cherian 
II1t exer ts and Anantan araya nan, 1939; Gr essitt, 1953; McKenna an d Sh roff, 1911; N air et al., 
.r pupal ­ 1997). Care sho uld be tak en no t to in flict any d am age on the developin g inner core 
common palm tissues d u ring this p rocess and hole has to be filled w ith a m ixture of neem 
n t part is cake and sand. 
ble to fly 
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(a: 
Figure 1.4 

(a) Rhinoceros beetle breeding on decaying palm trunk , (b) C. Infortunatum induced 
malformation in rhinoceros beetle , (c) Hooking out of beetle from infestested site. 

2.3 .3. Prophylactic Measures to Prevent Pes t Entry 

Placement of napht ha lene balls @12g/ palm (3-4 numbers) in the inner leaf axils 
w ith and coverings to prevent quick eva pora tion of the com pound is also fou nd 
La be effective in preventing the pes Lincidence in young palms (Sad akathu lla and 
Ram achand ran/ 1990). Applica tion of oil cakes ofneem (Azadirachtaindica Ajuss .) or 
maro tti (Hydnocarpusioigntian«BI.) in powder form @250g mixed w ith equal volume 
of sand/ thrice a year d ur ing May/ Sep tember and December to the base of th ree leaf (c' 
axils surround ing spear leaf is an effective p rophylactic method agains t rhinoceros 
beetl e and red palm we evil (Chand rika et al., 2001) (Figur e 1.5a). Placement of tw o 
perfora ted sachets (Figure l .5b) each con taining 3 g ch loran traniliprole (0.4 per (a) Ll 
cent ai) or fipronil (80 per cen t ai) or botanical cake (Figu re 1.5c) (20g) developed by axil fl 

leaf a ICAR -CPC RI was found effective d uring monsoon phase. During dry period / 100 
ml of wa ter may be pour ed over the sachet a fter pl acemen t Lo release the molecule 
(loseph rajkumar et al. , 2015a). ICAR-CPCRI has a lso developed a botanical pas te 

2.3.~ 
formula tion (Figu re ] .Sd ) for e ffective repu lsion of the pest w hen swiped on the 
base of lea f or top most lea fax iIs of juven ile palms. 

Mad 
2 .3.4. Biological Control Harpe 

al., 1STh is method is the most importanL com ponent in the rPM of O. rhinoceros . Insect 
onrhp red a tors are freq uen tly obse rved in the breed ing gro un ds of the b eetle. They feed 
of rh: on the eggs nd early ins tar larvae of the beet le. Two po ten tial m icrobial agents uiz., 
on ac Metarlziziwn anisopliae (Figu re 1.7) and Oryctes rhinoceros nudioirus (OrNV) (Figure 
long 1.6) cause d isease to the imm ature and adu lL s tages of the bee t! . Use of these 

m i rob ial control agents i advan tageous becau se they are rela tivel y h s t specific, mas 
Kera . d oes not cau e envi ronmental pollution/ safe to humans an d are compa tible with 
beetIl other control me thods . 
per c 
per c 
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.4 per (a) Leaf axil filling with ollcake sand mixture, (b) Chiorantranlllprole sachet for leaf 

.ed by axil filling, (c) Botanical cake and (d) Paste developed by ICAA-CPCAI for prophylactic 

d, lOO leaf axil filling. 

lecule 
paste 2.3.5. Predators 

on the 
The importan t preda tors are Santalus paralletus Payk ., Pheropsophus occipitalis 

Macleay. P. lissoderus Ch aud ior, Chelisoches morio (Fab.) an d species of Scarites, 
Harpalus an d Asryplllls;(An tony and Kurien, 1966, Ku rien et al., 1983, Sat h iam ma ei 
al., 1982). Platqmerislaeuicollis Distan t (Hemip tera: Red uvi idae) is an exotic pred ator Insec t 
on rhinoceros beetle. P. laevicollis was imported [rom Zanziba r to Ind ia [or the control " feed 
of rhinoceros beetle. As compared to th e ind igenous p red ators, P. laeuicoliis feed s .sVIZ .! 

:igu re on adu lt bee tles. Egg to adult period is completed in 131-161 days . The predato r is 
long lived (170-240 days) and fecund ity high (110-170 eggs / female). The predator these 
mass mu ltiplied on ground roac hes wa s field released in coco nu t plantations in ecific, 
Kerala an d Karna tak a @ 6 bugs / palm and could achieve sign ifican t reduction in~ with 
beetle p opu la tion an d the dam age to the pa lm. Leaf d am age w as reduced to 13.1 
per cen t, nil sp athe damag e and 1 per cent spe ar leaf d amage as com pa red to 59.2 
per cent, 2.5 per cen t and 37.0 per cent respe ctively, recorded d uring pre release 

Coconut 7 



,

l

8 Pests of Plantation Crops Coconut 

Di. 

Figure 1.6 

(a) OrNV part icles under EM, (b) OrNV infected (flu id-filled) gut of Oryctes grub. 

feed , de 
exopath 
detectec 
in the p: 
al., 1983 
stained 
shaped 
andEU 
the pres 
bioassa 
of tes t ~ 

Presenc 
the hos 
buffer s 
per cent 
under 11 

observations. But the predators failed to es tablish under field cond itions (An tony Ma 
et al., 1979). culturir 

food or 2.3.6. Pathogens 
in steril 

2.3.6.1 . Oryctes rhinoceros Nudl Virus cadaver 
methodThe infect ion of O.rhinoceros by vi ru s, Bacu lovirus of Oryctes (OBV) wa s first 
(10-15 

repor ted in Malaysia in 1966. Zelazny (1981) reported its presence in Indi a and 
in breecdetailed wo rk on it was done by Mohan etal. (1 983), Mohan and Gopinatha n (l 989a,b) 
day posand Mohan and Gopinathan (1992). After detailed geno mic characterizat ion Mohan 
susceptand Gopinathan (1992) proposed the taxonomic tatus of the variant for OBVK1, the 
(Jacob, Kerala iso late of OBV. After taxonomic revis ion of the gen us Bacu loviru s of orcytes 

(08V) wa s re-designated as O ryctes rhinoceros nud ivirus (OrNV) th rou gh molecular Di~ 

characterization . OrNV ga ins en try in to the hos t orally th rough con tam ina ted infectec 
food ma terial. It multip lies in the midgut epitheliu m and fat bod ies of grubs and per cen 
ad ults and also in the reprod ucti e cells (Majumder and Jacob, 1993). Apar t from reductu 
Crrhinoceroe it is pathogen ic to Omasicornis Linnaeus, O.I1'lOl lOceros (Olivier), O.boas several 
Fabricius, Scapanes australis grossepunctatus Ster nb.. Papuana uninodis Prell and below e 
Xylotrupes gideon 1. (Danger et al., 1994). rhinoce 

had she All the thr ee ins tars of grubs and ad ults of Oryctes are infected by the virus 
Pillai etespec ially the I " and 3'd instar grubs are more suscep tible (Mohan et al., 1985a), 
rhinoce pupae are not suscep tible to th is d isease. Infected grubs become lethargic, s top 
the sue feed ing and crawl to the su rface of the feed. As the virus multiples, the haemolym ph 
claim a~content in reases. fat bod ies d isintegrate an d the mid gut filled with black solid 

food is rep laced with wh ite viscous mucoid fluid which makes the grub appear 2.3.6.~ 
tra ns lucent, when observed aga inst ligh t (Figure 1.6b). Extroversion of the rectum Hypha 
due to increased turgor pressur e is also no ticed . Infected grubs d ie within 6 to 30 

M.
d ays. Disea sed ad u lts too become in active, shor t-lived (b y 60 per cen t) and lay less 

wel l-kn n umber of eggs (1-2 eggs). 
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Diagnos is of OrNV: Lethargic condition, crawli ng to the surface of the 
feed, developmen t of translucency in gru bs and inactivity of ad u lts are the key 
exopath ological ind ications of th is d isease. Presence of th is virus in the host can be 
de tected by 3 per cent Giemsa staining of midgu t fluid or midgu t epi thelium whe re 
in the pink colored hypertrophied nuclei with dark pin k peripheral ring (Mohan et 
al., 1983) is observed in the in fected sample under microscope. Midgu t slices fixed, 
stained and when observed under Electron Microscope shows the p resence of rod­
shaped viral particles (Figur e 1.6a) Immun ofluorescence, immuno-osmopho resis 
and ELSIA techn iques (Mohan and Gopinathan, 1989a) can also be used to con firm 
the presence of th is pa tho gen. Another sound diagn ostic proced ure is conducting 
bioassay test by inoculating healthy grubs \ beetles orally with homogenized midgu t 
of test sam ple an d observing for typ ical OrN V sym ptoms (Mohan et al., ]983). 
Presence of OrNV disease in the adult beetle can be d iagnosed withou t sacrificing 
the host. This method involves collection of the bee tles excreta in O.OIM phospha te 
buffer saline, cen trifugi ng the fecal matter at 500 rpm for 10 min . and preparing 3 

ss grub. per cent Giemsa stain ing of the sed iment for locatin g typically hy pe rtrop hied nuclei 
under microscope (Mohan et al., ]985 b.) 

, (Antony Mass production, storage and Field application: Mass production and in vivo 
culturing of this bio-agen t is do ne by rearing healthy grubs in viral con tamina ted 
food or forced- feeding us ing infected midgu t homogenate, and maintaining the m 
in sterilized cow dung or saw d ust unti l the OrNV symptom develops. The in fected 
cadavers can be stored indefinitely at -40°c. The simplest and the most economical 
method of d issemination of OrN V is by releasing laboratory-inoculated beetles was firs t 
(10-15 No. / ha) preferably during dusk. The infected bee tles transmit the pathogen ndia an d 
in breed ing/ feeding sides by excreting viral con taminated faeces after 3rd an d 9th 

(1989a,b) 
day post OrNV inocula tion (Mohan et al., 1985b), wh ere it is picked up by health y In Moha n 
suscep tible Oryctes. Horizontal spread of this virus was reported to be 1 km / month V KI,the 
(jacob. 1996). of orcytes 

nolecular Dissemination of vir us for pes t man agement is effected by release of virus 
irninated infected rh inoceros beetles @ 10-15 bee tles / ha. The viral pathogen prod uces 100 
rubs and per cent red uction in the egg laying capaci ty of female bee tles and 40 per cen t 
iart from reduction in life span of affected po pulation (PiIlai, 1993). Introduc tion of virus in 
r), a .boll several island s of the Sou th Pacific effectively suppressed the O.rhinoceros damage 
"rell and below economic threshold level. Extensive stud ies on the use of OrNV to suppress 

rhinoceros beetle popu lation in Islands of Lakshadweep and Andaman-Nicobar 
had sho wn encouraging results dur in g the last four decades (Mohan et al., ]989; J1e virus 
Pillai et at., 1993; Jacob, 1996). The effectiveness of IPM package for management of , 1985a), 
rhinoceros beetle was well documented in mainl and also (Nair et al., 201Oa). Thus, gic, stop 
the success encou n tere d by the use of this microbial pa thogen has endorsed its nolyrnph 
claim as one of the landmark examples in the biological control of any insect pest. rck so lid 

o app ear 2 .3.6.2 . Metarhlzlum anisopliae (MetschnlkofJ) Sorokin (Deuteromycotlna: 
~ rectum Hyphomycetes)
 
116 to 30
 

M. anisopliae commonly term ed as the green m uscardine fungus (GMF) is a 
j lay less 

well-known pathogen of rhinoce ros beetle . The susceptibility of O. rhinoceros to 
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GMF was first reported in Wes tern Samo a in1913 and in Ind ia by Nirul a et al. (1 955, demo 
1956). M . anisopliae var. major (spore size 10-] 4 urn) is high ly in fective variety used in [we 

widely for the con trol of this pest. It gains en try th rough membraneous joint s of reduc 
the cuticle of the host by mechanical and enz ymatic action. The success of infection dama 
depends on an op timum tem perature of 27-28°C and rela tive hum id ity of 70-90 per 
cent. All the sta ges of the host excepti ng the eggs are mycosed. The infected grubs 
become sluggish, and d ie within 10-15 days. Initially , the body gets hardened and A 
a white fungal mycelial m at appears externally at all joints of the in tegu men t. After monoe 
4-7 days, green coloured spores are prod uced . Finally, the cadaver tu rns blackish are co 
green and m umm ified d ue to p rofu se spore growth . phero 

black Mass production: Au toclaved, filter ter ile or asep tica lly d rawn ou t coconu t 
and b<wa ter is a good liqu id subs tra te for the multipl ica tion of this fungus (Danger et al., 
(APC! 1991). It can also be mass-produced on cassava chips: rice bran mixture su pple mented 

with urea or fishmeal extract as nitrogen so urce (Mohan and Pillai, ]982). Differen t 3. R. 
subs trates like broken rice /whe at gra ins, mi llets etc. were also found to be cheaper Cure 
substra tes for m ultip lication of the fungus. Area-wide farmer parti cipa tory mass 
p rod uction stra tegies using semi cooked rice media were standard ized (Figure 1.7b) R 
and validated for the biom anagemen t of rh inoceros beetle (Chan d rika et al., 2010c; in all 
Anithakumari et al., 2016). speciE 

Figure 1.7 

(a) Stages of GMF infection In O.rhlnoceros grUbs, (b) M.anlsopllae culture In rice media. 

weevi 
last tl" 
count 
infest: 

3.1. 

T 
browr 
elong 
with, 

For th field application of the fungus of GMF, the fungal spores are m ixed 
with sterile water and use d to d rench or spread (cassava chips cu lture + powdered 
cow d ung) over the breed ing sites of the rhinoceros beetle @ ol f x 1011 spores / m '. 
The fungus survives in the bree d ing material for lon g pe riods. Use of this fungus 
for biocon trol of rhi noceros beetle has bee n p pularized as a w omen friend ly 
technology by lCA R-CPCRl. 

(a) 2 .3 .7 . Field Evaluation 

Effi cac y of these the two p rom ising m icrobia l pa thogens Metarhizium 
anisopliaeand Oryctes rhinoceros nudi viru s in mana ging the pes t in larger areas was 
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s was 

demonstrated by Nairet al. (2010a) in an area of 2400 ha homestead coconut garden 
in tw o districts Kerala du ring 1999-2002 and reported 66.6 per cent to 75.1 per cen t 
reduction of lea f damage and 79.4 per cent to 95.8 per cen t reduct ion in spear leaf 
damage in a period of 3 years. 

2.3.8. Semiochemlcals 

Aggregation pheromones have been d ocumen ted for the O. rhinoceros an d O. 
m011oceros as e thyl 4-methyloctanoate (Hallet t et al., 1995; Gr ies et al., 1994) w hich 
are commercially ava ilable. Specially designed PVC tube trap employ in g syn the tic 
pheromone ethy14-me thyloctonate has been foun d to be guile feasible for trap pin g 
black bee tles in reaso na ble numbers.Th e traps are set up in the ga rdens@ 1 tra p Iha 
and beetles trapped inside are collected periodically and used in virus inocula tion 
(APCC, 2007; Nair et al., 2010b). 

3. Red Palm Weevil (Rhynchophorus ferrugineus) (Coleoptera: 
Curculionidae) 

Red palm weev il (RPW) is a lethal pes t of coconu t palm w idely d is tribu ted 
in all coconu t g row ing regions of India. Th is weevil is reported to a ttack 17 palm 
species worldwide, of wh ich da te palm Phoenix dactylifera is the host. Although the 
weevil was firs t repor ted on coco nu t, Cocos nucifera from Sou th Asia, during the 
last th ree decades it has ga ined foo thold on da te palm, in several Middle Eas tern 
coun tries from where it ha s migra ted to Africa and Eu rope th rough mo vement of 
infested p lan ting materials . 

3 .1. Biology 

The ad ull w eev ils measure 35 m m long and 12 mm w id e an d fer ruginous 
brown in colou r with a long life span extend ing up to 76 to 133 days. Th e snou t is 
elongat ed in both sexes and the dorsa l ap ical ha lf of the rostrum in males is covered 
with a tuft of brown hairs (Figu res I .Sa.b and Figure 1.9) The mean fecund ity is 

(a) 
____-----l' (b). , 

Figure 1.8 

(a) Red palm weevil and (b) Colour variant from NEH region. 
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Figure 1.10: Life Stages of Red Palm Weevil . 

(a) Egg of red palm weevil, (b) Grubs, (c) Pupal cocoons, (d) Various stages of grubs. 

about ]75 eggs pe r female and the creamy white oval eggs are laid in sma ll holes 
cooped ou t on so ft tissues of the palm. After hatching, the grubs tunnel their 

way into the trunk and feed on the interna l conten ts. The full-grown grub is stout, 
fleshy and ap odous mea suri ng 50 mm long and 20 mm in width. The fully-grow n 
grubs enter the p upal stage by winding around themselves the fibrous elongate 
oval cocoon(Figu re. 1.10). The weevi ls on an average take 4 months to comp lete its 
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egg to adult stages depending up on wea th r cond itions and type of food source 
( iru la r l 956c, Abraha m, 1994). 

3.2. Damage and Symptoms 

Juvenile and pre-bearing palms mostly below 20 years age are more susceptible 
to the pest infes tation . Being an internal tissue feeder complet ing life stages inside 
the palm tissues, it is very difficu lt to detect the pest attack during early stages. 
However, on close examination of the palm, some symp toms can be detected at 
the early s tages also. Yellowing and later wilting of the inner and mid dle whorl of 
leaves, small circular holes on the palm trunk with exudation of amber coloured 
viscous fluid, longitud inal splitting of leaf base, gnawing sound of grubs and 
presence of cocoon / chewed up fib r at palm base are the major sym ptoms of red 
palm weevil infestation. Unn oticed seve re infestation results in toppling of the pa lm 
crown (Figure 1] .J). In general dwarf and hybrid palms are more susceptible to red 
palm weevil att ack than tall geno types. The weevils orien t themselves towards the 
palm to the fermenting odour emanated by mechanical injuries or fungal infections. 
Hence, the incidence of red palm weevil in coconut palm is compa rative ly more 
in areas having high incidence of rhinoceros beetle, bud rot d isease and leaf ro t 
d isease. Shallow methods of plan ting also pave way for the pest a ttack (Niru la, 
19-6c; braham and Kurian, 1975; Abraham, 1994; Nair ei al., 1997; Rajan et al., 2009, (a) 
Faleiro, 2006). Pest entry through the lea f axil a ttachment a t the trunk was observed 
if the bearing bun ches are buckled from the point of contact du e to overweight of 
de veloping nu ts or succulence due to over nutrition . Access thro ugh the collar or 
bole region of the palm where injury is me t out through tractor or tiller ploughing 
as we ll as swollen or cracked bole region thr ough erratic nutrient uptake and 
improper transloca tion were commonly observed (Josephrajkumar et al., 2014a). 

3.3. Pest Management 

3 .3 .1. Sanitation 

Early detection of in festation in the field is important for any RPW-l PM 
programme. Being th in ternal tissue borer, it is very difficult to recogn ize pest 
infestation symptoms at an early stage. Hence, close palm surveillance has to be 
stressed for early pest detection and management. Coconut palms dead due to 
red palm weevil and retained in the field serve as ideal food source for a second 
generation or it acts as a source of inoculum for fur ther build up of the p st in the 
field . Hence, field anitation is very imp ortant to protect the palms (Abraham and 
Kurian, 1972; Rajan and air, 1997). 

3 .3. 2. Scouting 

Close and regular monitoring of the plant ation, especially with previous pest (e) 
histo ry has to be p racticed for early de tection for sav ing the pal m. Trained palm 
techn icians such as Friends of Coconu t Tree (FOCT) need to be effective ly enr iched 
on pest scout ing and their skill upgraded through organizations such as ICAR­

(a) HoiCPCRI, State Agricultural Universities, developmental agencies etc. for effective 
(d) Wiltand timely monitor ing, sens itization and d iagnosis of this killer pest. Farmers 
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Figure 1.11a-d: Symptoms of Red Palm Weevil Infested Palms. 
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invo lvement in close checkup of palms for any de tectable pest en try sym ptoms is day:
need of the hour to detect the attack in early curable stage. Routine close examina tion 

affe. 
would reveal any of the damage symp toms so that adequa te curative strategies
 
could be resorted to. 3 .3.
 

3 .3 .3.	 Crop Ge ometry 
alon 

Maintain ing op timum palm density dur ing planting is ver y imp ortan t for d ive 
ut ilizing highest benefits of light energy as we ll as to reduce the release of volatiles 

pref
orienting the pest away from the host. Spacing for tall varieties 8 x 8 m and dwarf 

regr 
varieties 7 x 7 m is found ideal. In terspaces can be effectively used for raising 

of b 
intercrops so as to ad mix and diminish the volatile cues disorienting RPW aw ay 
from host (Josephrajkumar et al., 2014b). Gardens plan ted with coconu t seedlings 

exec 

with inadequate spacing was found heavily infested d uring the juvenile phase 
was 

especially in root (wilt ) d isease tracts of Kerala. 3.3. 

3 .3 .4 . Prop hylactic Treatment 
viru 

Prophylactic leaf axil filling techniques not only prevent attack by rhinoceros 
(82. 

beetle and bud rot in fection, but also protect the palm from RPW incu rsion. 
1.13

Proph ylact ic leaf axil filling with oil cakes such as neern, marroti, pongamia cenl
(250g)admixed with equ al volume of river sand / naph thalene balls (12 g)/ 6g chlory 

app d ust/6 g chlorantraniliprole admixed with 250g san d i palm could effectively repel 
in t

rh inoceros beetle and thus redu ce chance of RPW attack also. Leaf axil placement 
(Jos 
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Trichoderma-coit pith cake was found effective to red uce the disease and chance of 
RPW infestation. 

The pest is attracted to kair omones emanating from fresh injuries inflicted on 
the palms for egg laying. Du e to mechan ical farm operations suc h as plough ing, 
cutt ing of steps for climbing the palms, tapping etc., the injured palm becomes more 
uscep tible to weevil infesta tion. Avoiding physical injury to palms is very critical 

to reduce pest incidence. Wh ile cutting fronds, leaving the basal por tion a t leas t 1 m 
from trunk, evading knife injury on crown region during crown clearin g / tapping 
and careful tractor ploughing shunning away from bole and fron d region to avoid 
injur ies need to be overemphasized . 

3.3 .5 . Curative Strategies 

In cases of infesta tion by red palm weevil it becomes man datory to apply 
chemical pes ticides, either by crown applicat ion or through stem injection . After 
diagnosis, application of imidaclopr id 18.5 SL 0.02 per cent (1 ml pe r litre of water) 
or sp inosa d 25 SC 0.013 per cent (5 ml per litr e of water) or indoxacarb 14.5 EC 
0.04 per cen t (2.5 ml per litre of water ) was found effective in the suppression of 
the pest (Ioseph rajkurnar et al., 2014b). Insec ticide treatmen ts are usually done after 
harvest of nu ts an d therefore a safe wa iling period of 45 days is accom plished in 
this process before the next harvestin g. In most cases young no n-b earing palms 
are invaded by the pest. It w as also found that there was no de tectable resid ue of 
imidacloprid on leaves, nu t and meat even after one-day after treatment up to 30 
days period . Nearly one litre of the insecticid al sus pension is requ ired to trea t an 
affected pa lm based on the seren ity of the infes tation. 

3.3.6. Ecological Engineering 

Judicious intercropping of palms with nutmeg, rarnbu tan, curry leaf, banana 
along the in terspaces d isorients the pest away from the source due to crop- habi ta t 
diversifica tion ind uced pe st-r epu lsion cues . Crop heterogenei ty is therefore 
preferred for continuous employment of farmers, income genera tion as well as pest 
regression infusing stimulo-deterrant d iversionary tactics (Figu re 1.12). Ins tallation 
of bird perch and flowerin g plants like coral vines maintain s pest de fenders and 
executes ecosystem services. Damage by rhin oceros bee tle as well as red pa lm weevil 
was reduced in coconu t based cropping system than in mono-cropped ga rden . 

3.3.7. Entomopathogenic Nematodes 

Entomopatho ge nic nema tod e (EPN) Heterorhabdii is indica showed h igh 
viru lence (LC 50355.5 IJ) agains t R.ferrugil1ells grubs as well as grea ter suscep tib ility 
(82.5 per cen t) of pre-pupal stage than that of grubs under labora tory trials (Figure 
1.13). Synergistic in teraction of H. indica (1500 IJ) with imidacloprid (0.002 per 
cent) against red palm weevil grubs was also repor ted . Investigations on combined 
app lication of H. indica and imidacloprid (0.002 pe r cent) for cura tive treatmen t 
in the field leve l mana gement of red palm weevil in coconu t were promisin g 
(losephrajkumar et al., 2013). 
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c: 
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'iii Figure 1.13: EPN Infected RPW. 
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CIl... 
01 
CIl 
a: 3.3.8. Semlochemical 
U; 
CIl With the synt hesis and availability of ferrugineol based pheromone lur e 

a.. ... (4-methyl 5-nonanone (Ferrugineone) and 4-methyl 5-nonanol (Ferrugineol) for 
.E RPW, the If'M programme was modi fied to incorporate pheromone traps and 
c: 
.2 it was su ccessfully ut ilized to combat the pest in coconu t and date palm (Nair 
iii and Nair, 2002, Faleiro, 2006), provided all the precau tionary steps involved in 
:;: the use of phero mone trap s are meticulously followed by the user. Insta llat ion 
u 

'iii... 
Cll of pheromone traps with ferrugineol embe dded on nanoporous matrix @ 1 trap / 
i5 
> 

ha was foun d effective in mass trapping of weevils (Figure ],14). Impregn ation of 
kairamonal blends con tain ing host-ind uced volatiles enhanced the weevil catches S 

:c 
~ 

substan tially , Slow and sustained release of pheromone blends for a period of six 
::I: months was achieved in nanoporous mat rix alon g with the reusable stra tegy of the 
Q. 

matrix (Subaharan et al., 20]4). A farmer-participatory com munity approach would e o be the key factor in successful field realiza tion. Palms arou nd the traps would be 
N... monitored strictly to avoid slippages, if any . ... 
e 
:;, 
01
u: 

Figure 1.14: Pheromone Dispensation Strategies.
 

(a)Capillary vial , (b) Polymembrane matrix, (c) Nanoporus matrix and (d) Modified PVC
 
pipe based pheromone trap .
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4. Black Headed Caterpillar (Opisina arenosella) (Lepidoptera: 
Oecophoridae) 

The black headed ca terp illar, Opisina arenosella Walke r is a ser ious defoliator 
pes t of coconu t in Ind ia and Sri Lan ka (Rao et al., 1948; N irula, 1956a,b) . The pes t 
was reported to be a serious men ace in other coun tries oiz.,Myanmar (Ghosh, 1923), 
Sri Lanka (jayaratnarn, 1941) and Bangladesh (Alam, 1962). 

4 .1. Bioecology 

Ad ult moth is grey colour ed, 10-15 mm long w ith wing expansion of 20-25 m m. 
The male is smaller than female, w ith a slend er abdomen ending in a shor t brush of 
scales. Female lays eggs on the abaxial leaf sur face near old larval galleries w hich 
hatch in 5 da ys. Fecundity is abo u t 137 eggs / female. Larval body is cylindrical, 
sligh tly compressed w ith three longitu dinal reddish brown stripes dorsa lly and a 
black head. Ave rage larval period is 42 da ys and the final insta rs measure about 
154 mm long. The re is a distinct pre-pup al stage for 2 days when the larv a spins a 
whitish cocoon around its bod y and enters the pupal stage. The moth emerges out 
in abou t 12 days (Figure 1.15). The total life cycle from egg to ad ult takes about 8-10 
weeks . The ad ult moths live for ab ut 5-7 days (Niru la, 1956a; Nirul a et al., 1951; 
Chand rika and Sujatha, 2006). 

--:;;;;;;;;;jr=;;;;;;;;;;;;;~~IIiiI", 

Spar 
pest in fes 
which ge 
locali ties 
pes t infes 
Eas t Coa: 
monsoon 

4 .2 . Damage pest buik 
the endei The ca terp illars of 0. arenoseila make silken webs suppo rted with excr ta and 
in locatin lea f bits and hid ing in these galleries feed on the chlorophyll con taining abax ial 

lea f tissues. The da mage symp tom is qu ite prominent w ith conspic uous grey 4.3. Pes 
pa tches on the upper frond surface. Infest ation starts from the outer whorl of 

The fron ds and proceeds inwards . Damage resu lts in d rying of leaves, red uction in rate 
However of p roduction of spi kes, increased p remature nut fall and ret arded growth (Lever, 

1969). In extreme cases drying of 80-90 per cen t of leaves on the palm crown leaves out breaJ 
a burnt appearance to the plantation (Figure 1.16).ln coconut frond, drying occurs 4.3. 1. 1\1
d ue to many reasons like ligh tn ing , d rought and diseases etc. and hence close 

Cu tl examin ation of leaves for presence of pest s tages is essen tial to identify pest problem. 
can be p As the pest attack d irectly affects ch lorophy ll con tent of leav es, it get reflected in 
removalyield and a crop loss of up to 45 per cent in terms of nu t yield was recorded from 
kill the p in fest d pa lms in the succeeding year of sever pest incide nce apart from rendering 
in the v irthe leaves unsuit able for tha tching and other purposes (Chand rika et al., 201Oa). 

Figure 1.15: Life Stages of Coconut Black Headed Caterpillar. 

a) Eggs, b) Larvae , c) Pupae and d) Adult moth. 
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Figure 1.16: Coconut Palms Infested by O. arenosel1a. 

Sp orad ic p est ou tbreaks occu r us ually under favourabl e cond itions . Th e 
pest in fes ta tion on coconut palms is us ually severe d urin g dry spells of sum mer 
which gets worsened in d rough t an d wa ter s tress condi tions especia lly in cer tain 
localities of Kam a taka and Andh ra Pradesh . Genera lly in the Wes t Coast of Ind ia, 
pest infes ta tion reaches peak in hot sum mer mon ths of Febru ary to Ma y. On the 
East Coas t maxim um po pul ation is rep or ted fro m Ap ril to JW1e. After th e onset of 
monsoon, there will be decline in the popu lation of the pes t, but there is a chanc e of 
pest build u p in the en demic areas fro m November - Decembe r. He nce, mon itorin g 

:a and the endemic areas regularly at mon thly int ervals from Novembe r onwards helps 
baxial in locating p es t a ttack a t a very early s tage itself. 
, grey 

4.3. Pest Managementorl o f 
n rate The p es t can be effectively managed by the b iological control me th od s. 
.ever. However, an In tegra ted Pest Man agement (IPM) strategy is recom me nded in severe 
eaves out break conditions. 
recurs 

4.3.1. Mechanical Method 
close 
blem. Cu tting and burning the in fest ed leaves / leaflets at the early in festa tion s tage 
:ed in can be practiced to prevent pest buildu p . In case of ve ry seve re infes tation also, 
Irorn removal and b urn ing of fu lly dried 2-3 ou ter whorl of leaves is recom mended to 
ering kill the pupae an d o ther pes t s tag es. Ca reless d iscard ing of th e pest affected leaves 
Oa). in the vicin ity of heal thy palm s, can lead to newer infestati ons . This as pect has to 
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be well taken care of w hile tran porting pest in fested leaves / leaflets to pes t free 
ar eas as such or using pes t-infe s ted leaves for wrapp ing other commod ities for 
tran spor ting to newer a rea s. 

4.3.2. Chemical Method 

Since a ve ry rich na tu ral enemy fauna is associated w ith the p es t in the fie ld . 
che m icals are generally not being encour aged for pest managemen t of O. arenosella. 
In cas e of very sev ere ou tbreaks, one sp ray of chl oran tranilip role @ O.l m l/ L of 
w a ter (0.002 per cen t) is recom mended . Sp ray solu tion has to rea ch the u nderside 
of fronds to d rench the larval galleri of the pes t. Due to the d ifficu lty exp erienced 
in palm clim bing and spraying tall p alms, che m ical sp ra yin g recommenda tion is 
a t a low pro file in IPM. 

4.3.3 . Biological Method 

Par asitoids and pred ator s p lay an importan t ro le in the n a tural biolog ical 
sup p ress ion of O. arenosella (Pillai an d Nair, 1993). A che ck list of the parasi toids, 
p re d a tors and p a th ogens f O. arenosella occu rring in Ind ia and SriLa nka w as 
p re pared by Dharrn ar aju (1962). In fo rma tion on n a tu ral en em ies of the pes t (8) 
w as docum en ted by va rious workers (Moham ed et al., 1982, Na rend ra n, 1985; 
Sa th iam ma, 199 ; Pillai and 'a ir, 1993). As the perennial nat ure of the crop perm its 
a con tin uo us in teraction between the na tural enem y and the pes t w ithout ecol ogical - Decen 
upheavals, bio intens ive-IPM has been recom mended as the id eal an d susta inable be syncl 
solu tion for th e managemen t of O. arencsella (Cock and Perera , 1987; Sathia mma, interval 
1993). Field performa nce on biologica l suppr ession of coconu t leaf ea ting caterp illar should 1 
th rough release of s tage sp ecific parasitoids was established a early as 1920s (Nirula, parasite 
1956a; Rao et al., 1948) and successfu l fie ld biosu pp ression of this pest by re lease s tage or 
of pa ras itoids is well document ed (Sa thi amm a et al., 1996; Cock and Perera, 1987; parasite 
Sath iamma, 1993; Mohan ty et al., 2000; Chand rika and Sujat ha, 2006; Venka tesa n nosaioi a 
et al., 2006; Su ja tha an d Chalam, 2009). 49 and : 

p resentAm ong coconut pests, the black head ed ca terp illar in the na tural environ ment is 
ad u lts ca ttacked by the h ighest n umber of paras itoids and p redators. The m ajor parasito ids 
of the c( include the la rval pa ras itoids Apanteles taragamae Wilk inson, Bracon hebetor SaYI 
crow n rGoniozus (Perisierola) nephaniidis Mues., the pre p up al p arasitoid Ela SI1l11S nephantidis 
FeedingRohw., and the pupal p arasitoids Brachymeria nosatoi Ha bu, Bmcphantidis Ga han , 
to the h B.atteviae Joseph, B.lasus Wa lker, Antrocephalue nakonensis Ashmead, Trichospilus 
feeding pupioorus Ferr., Xanthopimpla punctata F.,and X.nana nana Schulz. 
nephant 

Am ong the 40 species of parasitoids recorded from Ind ia (Pillai an d Ns ir, be mas! 
1993), the la rval parasi toids G. nephaniidis (Bethylidae), B. breoicornis (Bracon idae), parasite 
the prep upal pa rasi t id , E. nephaniidis (Elasm id ae), an d the pupal paras itoid B. req u ire 
nosatoi (Chalc idi d ae) are the m os t p rom ising ones (Figure 1.17). The major desirable Technic 
att rib u te of these parasitoids are th eir grea ter hos t searchin g ability, production of (Sat hia i 
h igher propor tion of females, occurrence th roughout the year ar d their d i tr ibution of G. n 
in a ll pes t infe s ted ar eas . Techn iques have been developed for ma ss prod uction of populai 
the promis in g p arasitoids, The pest-in fested area should be monitored regu lar ly an d 
paras itoid re leases should be ini tiated at the post-m ons oon period during Novem ber 
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Figure 1.17: Parasito lds of O.arenosel/s 
(a) B. brevicorn/s, (b) E. nephsntidls, (c) T. pupivors and (d) B. nephant/dls. 

G.nephanridis on host larva 

Coconut 

- December at the very beginni n g of pest inciden ce. Releases of p a ras itoid s a re to 
be synchron ized with the s tage of p es t in th e field at fixed d osages a t fo r tn igh tly 
inte rvals till the pes t popu lati on is sup pressed . Presence of larv ae in the leafl et s 
should be confirm ed before release of pa rasitoids to avoid u nnecessary w astage of 
parasiloids . The paras ito id G. nephantidis is released if th e pes t is at 3'd ins tal' la rv a l 
stage or above at the ra te of 20 p arasitoid / palm and B. brcuicotnis at the ra te of 30 
parasitoid /pal m . The p re-pupal pa rasitoid, E. nephaniidis an d p upal p a rasitoid , B. 
nosatoi are also very effective in m an aging the pes t. Th ey are re lea sed at the rates of 
49 and 32 p er cen t resp ectively for every 100 p re-p upa and pup ae es tim a ted to be 
present on the p alm (Sa th iarnrna et al., 1996; Chandrika et al. , 20 lOb). G. nephantidis 
adults cou ld be released a t the trunk (a t J.2 m e tre he igh t fro m th e groun d lev el) 
of the coconu t p alm fo r the m an agemen t o f 0. arenosella in s tead of releasing at the 
crown region o f the palm or arbit ra rily on unit ar ea basis (Ven ka tesan et al., 2003). 
Feed in g the p arasi toid s wi th honey an d exposin g the ne w ly emerg ed parasi to id s 
to the h os t odo urs (s mell of the v ola tiles of the inj ur ed O. arcnosella larvae and h ost 
feed ing gallery vola tiles) w as found to im pro ve th e hos t se arch ing efficien cy of G. 
nephaniidi» (Su bah a ran et al., 2005). G. nephaniidis an d B. breoicornis co u ld easily 
be mass multiplied on larvae of the rice moth Corcyra cephalonica. The p re -p u p al 
parasitoid, E. nephaniidis is a h ighly host a nd s tage specific p arasitoid an d always 
requires a s tead y su p p ly of p re-p u p a of O. arenosclla for mass m u ltipl icatio n . 
Techniq ues w ere evolve d fo r m ass m u lt ipl ica tion of the p romising pa rasitoi d 
(Sathiam rna ei al., 1999). Ven kat esa n et al. (2006) d em ons tra ted th a t four re leases 
of G. nephantidis @ 10 ad ults/ p alm at fifteen d ays in te rv al co u ld suppress th e p es t 
popula tion an d the cos t of release of th e p aras itoid / ha is Rs. 2100. 
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The cost of p roduct ion is calcula ted on the basis of the prod uction of the host 
insect as well as the pa ras itoid . Cost-Benefit Ra tio (CBR) of the p roduction of G. 
nephaniidis was 1:] .45. Th is technology is high ly feasible and can be ad op t d for 
the large scale prod uction of the parasitoid . Localized prod uct ion of G. nephantidis 
cou ld be taken up at village or di s trict level especially by farmers, unemployed 
graduates, p rivate and publ ic sect or un it and NGOs. This mod ule can be scaled 
u p to any leve l (Ven ka tesan et al., 2007). 

Insec t and spid er p red a tors are ab undan t in the cocon u t ecos ys tem . The 
domin ant in sect preda tors are the ca rabid beetles Parena nigrolineata, Calleida 
splendidula;anthocoreid Cardiasiethus exiguus, Chrysop ids Ankylopteryxsp. Chnjeopa 
sp. etc. A total of 26 spe cies of spiders were recorded along the pes t of which Rhena, 
Sparassus sp . and Cheiracanihium sp . are the m ajor p reda tors (Sath iarnm a et al., 
1987). PI' da tory ants also play major role in popu lation reduc tion of O. arenosella 
in the field . Although some pathogens such as Serratia sp . and Aspergillus sp . were 
reporte d on O. arenosella they are no t so far exploit d as effective biocon trol agen ts 
(Sa th iarnrna et al., 2000). 

4.4. Area-wide Farmer Participatory Demonstration 

Field rel ease of the th ree stage-sp ecific pa rasitoid s viz. G. nephani idis, 
E. nephantidis and B. nosatoi at fixed norm s and intervals in a heav ily infes ted 
coconu t gard en (2.8 ha) for a period of five years resulted in hi ghly significant 
red uct ion (94 per cen t) in O. arsenoselia pop ula tion (Sath iamma et al., 1996). The 
con trol p lot where no release was m ade, the po p ulation wa s high ly fluctuat ing. In 
th e parasitoid released plot the percen tage of parasitism also rema ined h igh 3.7­
47.6 (G. nephan tidiss , 0-55.6 (E. nepluin tidiss an d 0-71.4 per cen t (B.Nosatoi) an d the 
parasitoids con tinue to exert check on the buildu p of the pop ulat ion (Sa th iamm a et 
al., 1996). Follow up observ a tion revea led that even after three years no build up of 
the pest was no ted in the released site. Chandrika an d air (2002) had rep orted 52.6 
and 94.7 p er cen t red uc tion in pest pop u lati on after one an d tw o years respectively, 
of parasitoid release in a 0. arenosella infes ted tract in Kerala. 

Chan d rika et al. (2008) ha s repor ted 93-100 per cent reduction in O. arenosella 
popu lat ion in coas tal Kera la and Karnataka in a pe riod of tw o yea rs with regu lar 
monitoring and release of s tage spe cific pa rasitoids oiz., G. nephantidi , B. breoicornis, 
E. nephan tidis and B. nosatoi. Mohanty et al. (2000) had repor ted b iological p est 
su ppression of O. arenosella in coas tal dis tricts of Orissa by the release of parasitoid s. 
Sujatha an d Cha larn (2009) had reported biological suppression of Osierenoselta 
in Andhra Prad es h by release of paras itoids. ICA R-CPCRI h as und er taken 
biosuppress ion of the pes t in Arsikere, Kamataka resulting in complete recovery 
of palms from black head ed caterp illa r attack (Figures U 8 and 1.19). 

5 .	 Nut Infesting Eriophyid Mite (Aceria guerreronis Keifer) 
(Eriophyidae : Acarina)) 
Am ong the various acarine fauna affecting cocon u t palm, the eriophy id mite, 

Aceria guerreronis is the most des tru ctive pest. The history of the occurrence of A. 
guerreronis on coconu t star ts with the firs t repo rt fro m the Guerrero State, Mexic o 
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Figure 1.18: Black Headed Caterpillar Infested Area­
Jajur Village, Arslkere during 2013. 
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Figure 1.19: Palms Completely Recovered from 
Black Headed Caterp ill ar Infestati on. 

osetla by Keifer in 1965. A. guerrc ronis is reporte d globa lly from 30 coun tries of Tropical 
ake n America, Africa and Asia (Mariau, 1969; Marian. 1977, 1986; H all and Bacerr il, 
lvery 1981; Med ina and Abreu, 1986; Griffith, 1984; How ard et al., 1990; Flechtmann, 

1989; Moore and Alexander, 1985; Fernando et al., 2000; Segu ni, 2002). In Ind ia, 

lfer ) 
the first report of this mite w as from Amb allur Panchayat in Ernakulam distr ict of 
Kerala by Sathi amma et al. (1998). With in a short per iod of time the m ite ha d sp rea d 
rapidly and a t presen t its occurrence is seen in en tire cocon u t grow ing tracts of India 

mite, 
of A . 

covering Wes t and East Coast, North-East regions and Lakshadweep Islands (N air, 
2000; Ramaraju et al., 2000; Mallik et al., 2003; Khan et al., 2003, Mullako ya, 2003). 

exico An exha us tive bibliography of coconut eriophyid mite w as published by Re thina m 
and Muha rtoyo (2003). 
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5 .1. Bioecology 

Coconu t mite is a microscopic creamy white, vermiform organi sm measuring 
200-250 m icrons in len gth and 36-52 microns in bread th. The bod y is elongated, 
cylind rical, finely ringed an d bears two pairs of legs at the anterior end (Figure 
1.22). Fecund ity is 100-150 eggs . The egg ha tch in to protonym phs which mou lt 
to deu tronym phs and finally to adults and the total life cycle is completed in 7-10 
days. Under favour able cond itions, the h igh rep rod uctive poten tial an d shorter life 
cycle of the mite resu lts in the enor mous mul tip lication of th colonies. In India, 
the pest activity has been obser ved th rou ghout th e year with th popu lation peak 
d uring the summer mon ths (Rajan et al., 2010). Observa tions on the popu lat ion of 
the mite with in various age gro ups of the nuts sho wed that third and fourth bunches 
harbour m ximu m mite popula tion. 

Figure 1.20: Eriophyld Mite Damage Symptoms on Nuts of Varying Maturity. 
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In coconut, mites infes t the developing young bu ttons afte r pollination and pe r cer 
are see n in the floral b racts (tepa Is) and th soft mer is t matic portions benea th the ai. , 200 
perian th. En try of the mite in to the developing nu ts takes p lace during the early from T 
phase of the developmen t imme d iately after fertilization. The d ispersal of the pes t et al., 2 
takes place mainly through win d .Honeybees and other insects visiting inflorescence length 
of coconut also act as agen ts for d ispersal. Ap pearance of el ngated white streaks reveals 
below the perianth of the developing nu t is the first extern al symp tom of mi te OCCUTri 
infes tation on you ng bu ttons (Figure 1.21). Further these streaks form triangular copra 
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Figure 1.22: Eriophyld Mite Colony under Microscope . 

Figure 1.21: Progress ion of Eriophyld Mite Infestation. 

yellow p a tch es. Drai ni ng of sap by the feed in g ac tiv ity of the m ile co lon y resu lts 
in dryin g o f in fes ted tissues and su bs equently br ownin g of a ffected p o rti on. As the 
nut gro w s, w ar ts and lon gitu d inal fissures ap pear on th e n ut s urface (Figure 1.20). 
In severe in fes ta tion, th e h us k d ev elops cracks, cuts an d gumm osis. Shed d in g o f 
bu ttons and you ng n u ts and m alform a tion of n u ts as a res u lt of re tarded growth 
are the oth er indica tions as socia ted w ith severe a tta ck o f the pes t (Nair , 2000). 

In In d ia, d urin g 1998 when the pest ou tb reak w as repor ted alm os t 70 per ce n t 
of n uts w ere aff ected sh owing m alform a tion an d red uction of n u t size (N a ir, 2000). 
Surveys ca rried ou t in Alappuzha d is trict, Kera la durin g 2000 h as shown sign ificant 
reduct ion in cro p loss d ue to m i te incidence in d ica ting an average loss o f 30.94 
per cen t in term s of cop ra an d 41.74 p er cen t in h u sk p rod u ction (M u ra lid h aran et 
al., 2001). An avera g e loss of cop ra y ield to the tu ne o f 27.5 per cen t w as repor ted 
from Tamil N ad u (Ra m araju et al., 2000) and 18-42 p er ce n t in Karnataka (M allik 
et ol., 2003). N ase ema Beev i et al. (2003) reported 26-53 per cen t re ductio n in fib re 
length d ue to m ite in fes ta tio n . Bu t obse rva tions record ed durin g su bseq ue n t yea rs 
revea led overa ll red uction in in cid ence and in ten sit y of pes t i.n areas of its initi al 
occurrence (N ai r et al., 2003) . Rajan et al. (2007) rep ort ed th at the loss in term s of 
cop ra in Southern d is tr ic ts o f Kera la ranged from 8-12 p er cen t comp a red to an 
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average loss of 25 per cen t in in itial years. With acu te sum mer and d rastic incr ase 
in tem perature pest incidence w as found to be higher especially in d warf genoty pes 
and segregants lead ing to excessiv e min iature nuts. 

5 .3 . Varietal Preference 

The nu t traits uiz., colou r, sh ape and size influence the severit y of m ite 
infestation . A cocon ut arie ty exhibiting complete resistance to erio phy id mite is not 
repor ted from any coun try. How ever/ var ieties like Malayan Yellow Dwarf (MYD), 
Ma layan Red Dwar f, Rennal Tall, Cameroon Red Dwarf, Equator ial Green Dwarf 
an d Hybrid [MYD x West African Tall (WAT)] w ere reported to show d ifferen t 
degrees of tolerance to mite attack in d ifferen t coun tries of the world (Marian, 1986). 
Field observations ind ica ted 1 sser mit e incidence in Chowghat Oran ge Dwarf 
(COD) -ariety , Kalpaharitha (a sele ction of Kulasekaram Tall) recorde d lowes t m ite 
incidence in the field at ICA R-CPCRl and could be a p referred choice in endemic 
zones (Josep hrajkumar et al., 2016). 

5.4. Pest Management 

Over five do zen system ic and con tact insecticides have been evalua ted world 
over and recommen ded fro m time to tim e for management of coconut m ite 
(Nair et al., 2005). In India also, a wide spectrum of pes ticides have been tr ied by 
various res earch agencie s including both Cen tra l Institu tes and State Agricu ltu ra l 
Unive rsities (N air et al., 2005; Ramaraju et al., 2000; Sarad am m a et al., 2000; Mallik 
et al., 2003). Owing to the concern over environmen t con tamination by repeated 
chem ical pes ticid es application, currently botanical pes ticides uiz., ne m based 
biopesticides ar e recommen ded for managem en t of the pest in the field . 

5 .4. 1. Cultural 

Removal of d ried spa thes, inflorescence parts, fallen nu ts etc. and burying them 
in the soil or bu nting them red uces the pe t inocu lum and consequent infestation. 

5.4.2 . Botanicals 

Spraying 2 per cent nee m oil -garlic-soap mix ture or azad irachi tn 10,000 p pm 
@ 0.004 per cent or roo t feeding with ne ern formulations cont a ining azad irach tin 
50,000 ppm a t 7.5 ml or azadirach tin 10,000 ppm at 10 ml w ith equal volume of 
wa ter th ree times during March-April, Octobe r-Novemb er and December-January 
is recommended for the management of the pes t (Mallik et al., 2003; Nair et al., 2003; 
Rajan ei al., 2009). Th ree sprayin gs of palm oil (200 m l) and sulph ur (Sg) emulsion 
on the term inal five pol lina ted coconu t bunches during January-February, April­
May and October-November evinced signi fican t red uction (67.4 to 69.8 per cen t) 
of mite incidence (losephrajk urnar et al., 2016). 

Preparation of S pray S olution 

To prepare one litre of 2 per cen t neem oil-garlic soap emulsion, 20 m l pure 
neem oil, 20 g clea red garlic pearls an d Sg wash ing soap are requ ired . Dissolve the 
soa p in 500 m l of wa ter and add neem oil to th is solu tion and m ix it we ll. Grind 
garl ic pearls well, mi: it wel l in 500 ml of water and ad d this to the soap-neem oil 
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se mixture by siev ing th rough a clo th to re move debris of garlic pearls. The m ixh ue 
es is stirred well and can be used for spraying . The pes ticide m ixture sh all be us ed on 

the day of prepara tion . Pesticide should be ap p lied as fine d roplets on 2 to 6 month s 
old bunches so as to prov ide its pen e tra tion into the perian th lobes . 

te Root Feeding Method 
at In root feed ing me thod , an act ive semi hard , pencil th ick and brow nish coloured 
)), root was selected an d a slan ting cu t of 45 ° a t th e tip portion w as made w ith a sh arp 
ir f knife. Bota nical form ulati on con tain ing 7.5 ml of Azadirach tin or 10 ml Azadirach tin 
nt was mixed w ith equal volume of w ater and d ispensed in a polythene pouch . The cu t 
5). end of the root w as im m ersed in the botanical formula tion u p to the bo ttom of the 
.r f pouch and tied w ith a tw ine. Care sh ou ld be taken to avoid any inju ry or spillage 
te of the pes ticide so lu tion and cover the ro ot gen tly with leaf mu lch or loose soi l. 
.ic 

5.4.3. Biological Methods 

Presen tly, emphasis is giv en for developm en t of biocont rol s trategies as they 
are sa fe and ecofriend ly an d v ital in sus tain ab le managemen t of the p est. The 

Id fungal pa th ogen , H i rsuiel la thonipsonii (Fig ure 1.23) has received consid erable 
te atten tion th roughou t the w orld as the m ost e ffecti ve natu ra l enemy of eri ophyid 
'y mite of cocon u t (Kum ar, 2002; Beevi et al., 1999; Ku mar et al., 2001) . Applica tion 
a l of talc-based p repara tion of H. thompsonii @ 20 gil l pa lm con tain in g 1.6 x lOs cfu 
ik with a frequ ency of th ree sprayin gs p er year red uced m ite po pula tion sign ifican tly 
~d (Chan d rika et al., 2014). The pred a to ry m ite Neosciulus baraki is effectively utilized 
~d for biom anagemen t of the p es t in Sri Lanka. Release of 5000 N. baraki a t 3-4 mon th 

intervals on to quarter of the cocon u t plan ta tion for 2 years h as been reco mmended 
to control the cocon u t m ile (A ra tchige et al., 2012). 
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Figu re 1.23: Mycelia of H. thompsonll Emerg ing from Infec ted Mite . .t) 

5.4.4. Palm Health Management 

The nutritional st atus of the p alm pl ays a sign ifican t ro le in the management of 
re the pes t. The n u trien t man agement package consists of balanced app lication of N PK 
le fertilizers a t rec ommended doses in tw o splits (Urea 1.0 kg , super phospha te 2.0 
ld kg, m uria te of potash 2.5 kg); app lication of neem cak e @ 5 kg pe r palm per year; in 
Iii 
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situ growin g of green manure cr ps like cow pea or Sunn hem p (seed rate of lOOg/	 signific 
20EC@pal m basin) in the garde n and its incorp oration in cocon ut basin an d conservation 

of soil mo istu re by app ropria te m ulching methods (Rajan et al., 2009). IPM package ha dud 
was demonstrated in far mer's fi Ids a t Krishn apurarn village, Kerala cover ing 25 of roo t 
ha are a of coconul gardens in 208 farmer hold ings. Here the in tegrated nu trien t evenly 
management techn ology wa s implemented along w ith recommended practice of (Fabric 

were fc azadi rach tin spraying thrice a year and the mi te incidence could be brought down 
birds vi to 1 ~ .3 per cen t from 68 per cen t over a period of three years (Rajagopal et al., 2003). 
during 

6. White Grub (Leucopholis coneophora Burm.) (Coleopte ra :	 entomc 

Scarabaeidae)	 depth 1 

red ucir 
6 .1. Damage and Symptoms 

7 . C(
The major while grub sp ecies infesting coconu t is Leucopholis coneophora an d 

Coreioccurs mai nly in sandy loam soil and a ttains pest s tatus in discontinuous pa tches 
along the Western coasta l tracts especially of Kerala and Karnataka. Two close ly Th 
rel a ted species oiz., Leucopholis burmeisieri Bren ske and Leucopholis lepidophora coconu 
Blanchard were a lso rep orted to in fes t coconu t especia lly in Karnata ka. The and sec 
subte rranean grubs are high ly polyp hagous and feed on tuber cro ps, banana, punctu 
arecanu t, rh izomes and vege tables etc. w hich are grown as in tercrops in coconu t around 
ga rde n . In nursery seed ling the g rub s (Figure 1.24) feed on tender roots and also be visil:: 
tunnel into the bole and collar regions resulting in the d rying of th e spind le leaves flowers 
followed by grad ual death of the seed lings . Con tinuous feed ing by the grubs on and tel 
matur e palms resu lts in yellow ing of lea es, premature nu t fall, taper ing of stem, crinkle: 
delayed flowe ring, retarda tion of gro w th and red uction in yield . The pest has an such da 
ann ual life cycle. Ad ult beetles are chestnu t brown coloured (Figure 1.24) and they of barn 
emerge ou t of soil after p re-monsoon showers in May- June. Peak gru b popu lation per cen 
is seen in the coconu t basin during August-October (Abraha m and Mohandas, wa ter (. 
1988; Chand rika and Vidyasagar , (993). severe! 

6 .2 . Pest Management	 7.1. P 
Deep p lou gh ing during pre and pos t-monsoon p riods exposes the grubs to Re 

p reda tors . Mechanic al collection and destru ction of bee tles d ur ing peak emergence sta ges ( 
pe riod is deemed as an effective management practice and was found to be the highly chloral' 
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Figure 1.24: Grubs and Ad ult of L.coneophora. 
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significant than ligh t trap collection. Drenching the roo t zone w ith chlorpyrifos 
20EC @ 2.5ml/L or imidacloprid 17.8 SL @ 675 ml/ ha or bifen lhrin 10 EC @ 20 litre / 
ha during May-June and Sept ember- Octobe r are recommended for man agemen t 
of root gru bs of coconut (ICAR-CPCRI, 2015). The insecticide has to be ap plied 
evenly in the active root zo ne of the palm . A scoliid wasp, Campsomeriella callari 
(Fabricius ), eugregarine protozoan pa thogen Pseudomonocystis sp., an d Codyceps sp . 
were found to parasitize the gru bs in the field under na tural condition . Predatory 
birds ui: ., king fisher, brahm iny kite and crow were effective predators of cockchafers 
dur ing p lough ing and ad ult emergence period . Drenching aq ua suspensi on of 
entomopathogenic nema tod e, Steinernema ca rpocapsae in the in terspaces a t 5-10 cm 
dep th w ith 1.5 billion IJ/ ha and need based repea ted appl ica tion is effective for 
redu cin g gru b popula tion . 

7. Coreid Bug (Paradasyn us ro s tratus D ist.) (Hemiptera : 
Coreidae ) 

The coreid bug, Paradasunus rostratus Distan t is a poten tial emerg ing pes t of 
coconu t palm . Eggs are laid on the spa dix and leaf sheath and the emerged first 
and second ins tar nymphs con gregate on spadix and bu ttons. Nymphs and adu lts 
puncture the meristernatic regions of tend er bu ttons (1 -3 mon ths old) injecting toxin 
around the feed ing site caus ing necrosis and these spindle-shaped depressions could 
be visible w hen the perianth ofshed button is removed (Figure 1.25). Infested female 
flowers get d ried and stay attached to the inflorescence. Mos t of the infes ted b uttons 
and tend er nu ts shed do wn . Retain ed nu ts on the bunch develop fu rr ow s and 
crinkles on their husks and are malformed . In many cases gummosis can be seen on 
such damaged nuts. Crop loss inflicted by coreid bug on coconu t include p roduction 
of barren in florescence (8-9 per cen t), shedd ing of bu tton and im mature nuts (18-66 
per cen t), qualitati ve an d quan tita tive loss in fru it componen ts [reduction in n u t 
water (52 per cen t) and husk weigh t (38.2 per cen lj], incom ple te ke rnel form ation in 
everely infes ted nu ts and puny nu ts (12 per cen t) in severe ly in fested plan tations. 

7 .1. Pest Management 

Regu lar crown cleaning has to be un dertaken to des troy eggs and imm atu re 
stages of the pest. Spraying of azadirach tin 300 pp m @ 0.0004 per cen t (13 1111/1) or 
chloran trani lip role (0.018 per cen t) @0.3ml/ l on young poll ina ted coconu t bunches 
during May-June and Sep temb er-October was found effective for satisfactory control 
of the pest in the field (Chandrika ei al., 2016b). Am ong the na tu ral enem ies, the 
weaver an t, Oecophyllasmaragdina is found to be the most efficien t pred ator of coreid 
bug in the field . Chrysochaicisea indica . Cnrvscchatcisea ooiccps and Cryan homcoceri 
were ident ified as po tential egg parasi toids . 

8 . Scale Insects 
In coconu t, four species of armoured sca les oiz., Aonidiella orientaiis, Aspidioius 

destructor, Lepidosaphes megregori, Chionaspis sp . and three species of soft scales 
oiz., Ceroplastesftoriden sis, Coccus hesperidum, Vinsonia stelliferawere recorded from 
Kerala, Tamil Na du and Min icoy (Leve r, 1969; Rajan et al., 2009; Ho w ard et al., 
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Figure 1.25: Life Stages and Damage Symptoms of Coreid Bug. 

(a) Eggs , (b, c) Nymphs, (d) Adult, (e) Drying of Inflorescence, (f, h) Infested buttons , 
(g) Infested mature nuts, (I) Barren nuts. 

2001) (Figu re 1.26). Scale insects are distribu ted throu gho ut tropical and sub tropical 
regions of the wo rld, particularly on lslands and is presen t in all coconu t growing 
tracts globally. Young coconu t palms aged 10-15 years are more vu lnerable to 
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Figure 1.26: Scale Insects 

(a) Aspldlotus destructor; (b) Vinsonis stellifers, (c) Lepidosaphes megregorl, 
(d) Ceropfsstes fforldensis. 

coconu t scale damage. The scale infests m ainly on the undersurface of leaves, but 
occasionally they attack frond stalks, flower clusters and young frui ts.The b righ t 
yellow colour of affec ted palms is clear ly visible from a grea t distance. In extreme 
cases, the leaves d ry ou t and entire fronds drop off. The cocon u t sca le Aspidiotus 
destructor Sign . is one of the emergin g problem especially in tune 'with clim ate 
change.The scale insect forms encrus tations on the lower surface of the leaves. They 
suck sap from the leaves and the encrustations block the s tomata. Affected leaves 
became yellow in color . Aspidiotus destructor completes the egg to adult period in 30­
35days. They also infes t the inflorescence and nut s, which under severe infestation 
results in bottom shedd ing and decrease in nu t p rod uction . Period ic ou tbreaks have 
been reported fro m several p laces during the hot mon ths of the year . Lepidosaphes 

I buttons , megregori Banks is the p ink colored ha rd scale infes ting the upper leaf surface an d 
also on nu ts. Aonidiellaorientalis Ne ws tead is another species in festing the upper leaf 
surface an d also on nut s. Ot her scale insects recorded on coconu t are Hemiberlesia 

btropical lataniae Sign ., Coccus hespcridim L. in fes ting nuts and spikes, L. iapleoi Williams 
growing infesting leaves, sp ike and nut and Pseudaulacaspis cockerelli Cooley infes ting leaves 
erable to and nut (ICAR-CPCRI, J987; [al aluddeen et al., 1991). 
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Strict surve illance on the transpor t of infes ted p lan t parts across bo rd ers of the 
should be ac;com plished. Heavily infes ted tw igs and branches a re to be p ru ned in d iv 
off to elimina te scales w hen infe sta tion are on lim ited p art of the p lan t. Three wi th, 
sp rays of 2.5 per cen t fish oil rosin soap or neem oil 0.5 per cen t were found to be Psetuu 
effective in red ucing the p opu la tion o f A. destructor. Coccine llid b etles, Chilocorus (losep 
nigriius, Crqptognath« nodiceps, Pseudoscfmnus anomalus, Pseudoscumnus dtuapikalpa, plant 
Scumnus luteus, Rhyzobills spp. and Telsimia nitida suppresses the pest popu la tion in the 
by preda tion. A modera te level ou tbreak of Aspidiotus destructor in Kera la was SUp P! 
effec tively su ppress ed by the lad y beetle and im mature gru bs of Sasaiiscumnus lad y I 
duuipikalpa (Figure 1.27). mornI 

for tni 
meal) 

Figure 1.27: Predators of Scale Insect -SessJiscymnus dwspikslps 
(a) Grub and (b) Beetle . 

(a, 
9. Mealybugs 

Mea lybugs are soft-bodied , sap fe d in g insects wi th white, powdery to granular 
waxy filam en ts protrud ing from ma rgins and tail end . The insects appear as covered 
with cotton which are hyd ro phobic sappy secretions from n ume ro us fine pores of 
d iverse structu re over the insect 's bo d y (Howard et al., 2001). Presence of triocul ar 
pores w ith th ree e longated loculi is typical of mea lybugs. Antennae are presen t and 
legs are well deve lop d . Ma tu re fem ales measure 3-5 mm in leng th an d are elli p tical 
fro m the dorsal view and convex from side view . N ymphs and adu lt mealy bugs (d 
suck the sap by ins er ting their long and thin style ts into the epiderm is. Gro w ing 
p in ts of palms like sp ind le leaves, fl oral par ts, I aflets and roots are p rim arily 
infes ted by mea lybu gs. They are m ostly aggregated , feed continuously at the same (a-b) 
site for a longer period of time and re main seden tary in most cases to dis turbances (e) N 
d ue to slow re traction of st ylets . Feed ing symp tom s include chloros is, stunting of 
seed lings, leafdeformation, early fruit d rop , hea vy build up of honey dew and severe 10. 
infest a tion leads to st un ted grow th of see d ling s. An ts are consis tently a tt rac ted by 
h oney dew wh ich also assis t in phoretic d ispersal of crawlers. 

whit 
Palm ivoro us m ealybug spe cies are d is tr ibu ted w idely bu t 50 per cen t are in lnd i 

the ge nera Dvsmicoccus, Planococcus, P Sf'lld OCOCCliS and Rhizoecus. The most common 2010 
rep or ted mea lybugs of palms are kn ow n prim arily as pests of other crops on accoun t rug» 
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.rders of their w ide ad ap tab ility, d issemination, es tablishmen t and lon g-term su rvival 
'uned in diverse localiti es (How ard et al., 2001). Six species of mealybugs are associated 
Three with coconut in India . They are Palmicultor palmarum, Pseutiococcus longispinus, 
to be Pseudococcus cocotis, Duemicoccus sp., Nipaecoccus nipaeand Rhizoecus sp . (Figure 1.28) 

)(or Ii S (Josephrajkumar et al. , 2012; Chand rika et al., 2016). Destruction of hi ghl y in fes ted 
'kalpl7, plant part s a t the initial s tages of infes ta tion and removal of alternate weed hosts 
lation in the immediate vicinity is pr acticed for pes t managemen t. As the pest is na turally 

was suppressed by p redators especially coccinellid beetles, conservation of coccinellid 
I1Im IS lady beetles in the ecos ystem is recomme nded . In case of pest ou tbrea k, regu lar 

monitorin g and spot application with 0.5 per cen t necm oil em ulsion tw o-times in 
fortni ghtly in tervals d uring summe r was recommende d to avo id further spread of 
mealybugs from in fested fields. 

1lllar 
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d by 

Two types of whiteflies viz., areca w h itefly , Aleurocanthus art'cl1e an d spira Iling 
whitefly A leurodicus d ispersus (Figure 1.29) have been recorded from cocon ut in 

re in India (David and Ma njunatha , 2003; Chan drika et al., 2007; Jose phrajkumar et al., 
mon 2010). Recen tly ou tbr eak of a new inv asive ru gose spi rall ing 'white fly Aleurodicus 
aunt tugioperculatus Mar tin in pa r ts of Kera la, Ta m il Nadu , An d hra Prad es h and 

Figure 1.28: Mealybugs.
 

(a-b) Palmicultor palmarum, (c) Dysm icoccu5 tinitlmus, (d) Pseudococcus cryptus,
 
(e) Nlpaecoccus nlpae. 
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(Figure 1.29. Whiteflies. 
C

(a, d) A/eurocsnthus erecee, (b, e) A/eurod/cus dispersus and (c, f) A/eurod/cus sp. rrug/opercu/atus. 
e 

Karnataka in the year of deficit monsoon and weathe r changes is documented . E 
Though observed in large-area, it was effectively suppressed by the parasitoid, C 
Encarsiaguadeloupae (Chandrika et al. , 201 6, Shanas etal., 2016). Adu lts of A. arecaeare t 
small (1-3 mm), fly-like, fragile and often smo ky-greyish in colour . They are found 
feeding on mature coconut leaflets. Eggs are laid in circular to spi ral rings on the 
abaxial sur face of leaves. Immature stages secrete wa xy su bstances in the exuv iae. 
Nymphs and adu lts insert the stylets on plant tissu es, feed on the phloem sap and 
secretes honeydew . Puparia are black coloured . These sugar-rich excreta supp ort 
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sooty mou ld fungus in terfer ing w ith photosynthesis (David an d Manjunatha , 2003). 
The typical sp iralling fash ion of egg laying an d fee ding damage by A. dispersus w as 
also recorded on var ious cu ltivars of cocon ut ran ging from 1-6 colon ies / lea flet. 
Dwarfcoconut variet ies viz., Laccad ive Green Dwarf, Laccadive Orange Dwarf and 
Laccad ive Yellow Dwarf ev ince d more num ber of colonies than the tall cu ltivars 
viz. Benaulim, Laccad ive Tall and Laccad ive Micro. The suscep tibility of dw arf 
cultivars w as m ain ly a ttribu ted due to low carlOpy level tha t is in close p roxim ity 
wit h other host pl an ts in the im med iate vicin ity, w hereas, in ta ll accessions the 
canopy is w ell isol a ted from other host p lan ts . Young palms of tall varie ties we re 
also attacked by U1e p est (Josephrajkumar ei al.,2010). Whiteflies are natu rally under 
ckeck attribu tin g to the p resence of effective bio-sup pression agents 

Lad y beetles oiz., Seragium parcesetosum, [auraoia pailidula an d a hump-backed 
nitidu lid p red ator, Cuboccphnlus sp. w ere found p redaceous on ad ults and nymp hs 
of whitefl ies. Eggs of A. areeae we re also fed by an an thocorid bug in Kerala. Natural 
biological sup press ion is foun d to be very su ccessful an d no interven tion w ith 
insecticides is recom mended at thi s poin t of lim e (Chan d rika et al., 2007). Encatsia 
sp. nr. haitiensis and Encarsia guadeIoupae w er e id en tified as p otential parasitoids 
agains t A. dispersus (Ram ani, 2000). Tw o d ifferen t sp ecies of lad y bee tles Chilocorus 
subindicus and Scymnomorphus sp . were found p redatory on spiralling whitefly as 
well as on coconu t scale insects in the Minicoy island . Conservation of th ese lad y 
beetles is therefore required for the na tu ral su ppression of the spira lling w hitefly 
(Josephrajkum ar et al., 2010). 

11.Slug Caterpillars, Darna (Macroplectra) nararla, Contheyla 
rotunda, Latoia lepida (Limacodidae : Lepidoptera) 

Early-inst ar ca te rpillar fee ds on undersu rface of coconu t leaflets by scrap ping 
the surface tissues giving a glis ten ing appearance on the feed in g area. Leaf spo t­
like black halo marking develops on the feed ing are as which la te r coa lesce and 
form bigger lesions (Figu re 1.30). Late ins tar cat erp illars feed voraciously the leaf 
tissues leavin g only the mi d ribs an d the feeding inju ry is ofte n inten sified by grey 
leaf bligh t fungus, Pestalotiopsis palnut ru m. Scorche d / bu rn t ap pearance of leaves is 
the characte ristic sy m ptom observed in the field on severe infes tation. In severely 
infested palms, p rem a tu re droop ing of leaves and shed di ng of nu ts w ere also 
observed bringing d rastic reduction in nut yield (Rajan etal., 2011). H igh tem pera ture 
(>39°C) and re la tive humi d ity (>85 per cen t) flares up the pest as no ticed in Eas t 
Godavar i d uring Ap ril-May. Establishmen t of ligh t traps in en dem ic tracts cou ld 

5 Sp. 
help in monitoring of the pes t as w ell as reduce the popu la tion of m oths (Sujath a 
et al., 2011). Larvae o f M. nararia are p arasitize d by Euruioma taiipakensis Kur., 

ited . Eupleciromorpha natadae Ku r. and Secedes narariae Ku r under na tu ral cond iti on. 
toid, Good nu tri tion as 'well as irriga tion is required to recoup the infested palm s wh ich 
care take about 20-24 months. 
lund 
1 the 12 . Rodents , Rattus rattus wroughtoni 
.riae. Rats dam age tender coconu ls by scoop ing a sm all hole about 5 em d iameter 
and near the stalk region (Figure 1.31) and these da m aged nu ts are re ta in ed in the bunch 
po r t 

l 
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Contheyla rotunda Grub and Adult Moth Latoia lepida 
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GIl~tenlng feedIng damage by early instar larvae 
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Figure 1.30: Darna nararla Infestation on Coconut. prep 

COCO l 

for 2-6 d ay s and la ter shed off . Fallen nu ts wi th typ ica l hol e are een around the	 and 0 

basin of the palm. Th ree to six months old tender nu ts are m os tly p referred by this	 are J= 
mamm alian pes t. Rats also damage lea f sta lks, unopened spathe , femal flowers 

13. ]an d m ature nu ts in the field as well as the s tored n uts. The intensity of d amage is 
more during sum mer and ea rly monsoon (April-june) and less during pos t-monsoon 
(Au gus t-October). Fur ther, the d amage increases when cer tain intercrops su ch as	 pose 
cocoa and cassava are cul tivated along wi th coco nu t.	 and 

Aru In cocon ut p lan ta tions , the black ra ts generally live on the crowns of the 
it hal coconu t palm by cons truc ting nes ts . H nee, removal of dried leaves, spa thes and 
a ttac matrix regu lar ly expose th e nes ting placing of these ra ts to preda tors . A habita t 
to cc altera tion di scourages ra ts from population build up on the crown. Ap plication of 
w ith 10 g Brornadiolone (0.005 pe r cent ) blocks two times at an interval of 12 days on 
of el the crown of on e tree ou t of every five trees is recom me nde d for effective con trol of 
deveblack rat. Th is meth od is high ly cos t-effective . If the dam age is res tric ted to certain 
tissu 
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otae 

Figure 1.31:Tender Coconuts Damaged by Rats. 

palms, only such palms requ ire ba iting (Bha tet al., 1993). Planting coconu t seedlings 
in correct sp acing as well as des truction of fallen frond s and othe r palm res idues 
at regu lar int erva ls w ard off the ra t activ ity from cocon u t gardens. This method is 
highly cos t-effec tive. If the damage is res tricted to certain palms, only such palms 
require baiti ng. Wr app in g the tru nk of coconut trees using poly thene sh eets was 
found to red uce the damage by rats in Min icoy. Han ging a used fertilizer bag on 
the top of the crown could avoid nu t damage effect ively. Ra t snakes and Barn owl s 
are the com mo n pred ators that control the ra t p opulation . 

13. Menace of Invasive Pests 
ars Acciden ta l in troduction of pl ant an d ani mal pes ts, d iseases an d invas ive 

alien genotypes poses th rea t to biosecurity. In th is con tex t we have to be ale r t and 
prepared on the m ajor inv as ive pes ts of coconu t in our bordering countries viz" 
coconu t leaf bee tle (CLB), Brontispa longissima Ges tro (Chrysomelidae: Coleop tera) 

rou nd the and arm oured scale insect, Aspidiotus rigidus Reyn e (Diaspid idae: Hem ip ter a) w hich 
~e d by th is	 are pos in g econ om ic loss to coconut ind us try (Josephrajkum ar et al., 2015b,c). 
.le flow ers 
dam age is	 13 .1. Brontispa longissima Gestro (Chrys ome lidae : Coleoptera) 
-rnonsoon	 The outbreak of the B, longissima in My anmar and Mald ives in recent yea rs 
ps such as	 poses a grea t th rea t and con cern to the nearby coun tr ies such as In d ia, Sri Lan ka 

and Bangladesh . Coconu t leaf bee tle (CLB) w as origina lly described in L885 from 
Aru Islands in In dones ia and from Papua Ne w Gu inea. Ove r a pe riod of 130 years, Tns o f the 
it has w ide ly spread in over 25 countries in Asia, Aus tra lia an d Pacific Ocean Islands.athes and 
attacking a n umber of of cu ltiva ted and w ild ornamen tal pa lm species in ad d ition A habita t 
to cocon ut pa lms . Ad u lt bee tles measure 7.5-10.0 m m long and 1.5-2.0 mm w ide, lication of 
with a conspicuou s orange to redd ish pronotum (Figure 1.32). The an terior par t 2 davs on 
of elytra is also orange to reddi sh in colo ur. Gru bs and ad u lt bee tles inhabit the control of 
developing unopene d still folded heart leaves of coco nu t palm an d feed on leaf to certai n
 
tissues (Figur e 1.32).
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Figure 1.32: Brontispa longisslma and Infested Palm. 

Shipmen ts of ornamentalpalms from countries having the pest infestation have 
been the main sour ce of spread within the Asia Pacific region. Pest managem ent 
is main ly effected by release of biocont rol agents. Two parasito ids of coconut leaf 
beetle viz., Tetrasiichus broniispae Ferriere (Hymenop tera: Eulop hidae), a pupal 
parasitoid an d Asecodes hispinarum Boucek (Hymen op tera : Euloph idae), a larval 
parasitoid have been successfully used in several coun tries to con trol the be tie. 

(a) 

13 .2. Wallacea sp. 

The chr ysomelid beetle Wallacea sp. feeding on the spear leaf region of coconut 
seedlin gs (Figure 1.33) was recently record ed from Sou th And aman and li ttle 
Andaman Islands (Prathapan and Sha mee m, 2015) . Though 80-90 per cen t of 
seedlings were infested by the pest damaging 40 per cent leaf area, seedling mortality 
was no t observed .The feeding niche of Wallecaesp.confining on coconut spear le: f is 
a rnatier ofconcern, however, the pes t was not observed from any adult palm d uring 
the snap su n 'ey conducted in October 2014 by ICAR-CPCRI (ICAR-CPCRI, 2015). 
Invasive nature of Wallacea sp. is un der scru tiny, as a close relative Wallacea na sp. 
reported from Indonesia. Ad ult beetles are brown ish with six rows of constrictions 
on each elytron and measured 4.72 mm long and 0.9 mm wide. Grub s and adu lts 
remain within the folds of the spin dle leaves and feed from within. Typical feeding 
damage was seen within the leaf folds before unfurling alon g w ith faecal matters. 
In severe cases, the feeding strea ks coalesce forming broader lesion wi th brown 
margin (Figure 1.33).Though a few feeding adult beetles were observed in between 
the leaf folds of emerged leaves, the grubs were mostly confined within the sp indle 
region only. Domestic quaran tine need to be streng thened to avoid entry of Wallacea 
sp. in the mainlan d. Figure 

13.3. Aspldlotus rlgldus 

Ha rd scale, A. rigidus, is a close relativ e of Aspidiotus des tructor. Though A. 
destructor is und er check by natural enemies, A. rigidus is ravaging Philip pines 
incur ring hu ge loss t coc nut growers in that count ry. Bioinvasion of A. rigidus 
in Ph ilippines has infested approximately 7,80,000 trees affecting 50-70 per cen t of 
the coconut farms in Batangas and the nearby provinces (Watson et al., 2014).So far 
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Figure 1.33: (a) Wallacea sp. infested coconut seedling, (b) Feeding damage lesions, 

(c) Grub , (d) Pupa and (e) Adult. 

,h A . 
lines there is no report of A. rigidus infes tin g cocon u t palm from Ind ia. Str ict quarantine 
tidu« regula tions h ave to be im posed as these pes ts can be p assively carr ied th ro ugh any 
n t of inert packaging m ateria ls, n uts etc. 
o far 
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Incursion m an agemen t of invasive pest s involves trengthen ing quarant ine, f er 
surveillance an d m onitor ing as w ell as sensitization ca mpaign. Crea ti n of an (51 

in cursion managemen t team com prising of experts from all d iscip lines as well as an Abrahs 
emergency preparedness module would be the need of the hou r to tack le accidental Rh 
in tro duction of invasive pes ts in to the coun try . of 

14. Conclusion 
ali 

Abraha 
Cocon ut, th e perennia l pa lm cro p is subject to infes ta tion by coleop teran, 

CO l 
lep idop teran and hernipe tran insects d uring it long life spa n inclu d ing fata l pes t 

Alam,llike red pa lm weevil. IPM in harmony wi th comp lete palm health care has to be 
Deresorted to manage the imm ed ia te pest p rob lem as well as to br ing the palm to 

the sus ta inable poten tial p rod uctive stage. Very m in im I che mica l in te rvention Anitha 
is recommen ded in coconu t lPM, tha t too to life sa ving sp ot ap p licat ion for re d wi 
palm w eev il in fes tation. Proven cases of biomanagem ent of pests oiz., rh inoceros Ml 
beetie and b lack hea ded ca terpilla r ha ve con firmed a m eaningfu l wa y o f pest or) 

m anagem ent utilizing the indi ge nous fauna for the b iological supp ression of the An ton ) 
pes ts of coconu t. The curren t scena rio w arran ts an au gmen tative re lease of these ori 
p rom is ing b ioagen ts in a reas wherever pes t in fes ta tion is found. Natural enemy Pa 
fau na build up was w itnessed in m any cases o f upsurge of minor pes ts oiz., scale 

Anton) insects, mealybugs and w hiteflies , 
on 

Sp ider faun a plays an im portant role in the na tural suppression of pests in the lae 
field . Conserv ation of these prom is ing biocon trol agent s of the p es ts ha s become 0, 
q uite impera ti 'e . Pa lm hea lth m an agemen t by proper adoption of nu trit iona l car , an 
so il and water conserva tion m od u les is impera tive for cro p protection . Biologica l 

APCCcontrol o f pes ts assume sp ecial sign ificance as it can bring sa fe, econom ic and usefu l 
Ccres ults in p reventing the 10 s d ue to the im portan t pes ts and there by s trengthe n 
jalthe coconu t prod uc tion in the coun try . Even though awareness on green and clea n 

cu ltiva tion is bu ild ing up among the far m ing community, pest mana gem en t in Aratch 
synergy with environ men tal health a pe ct has to be adequately s tressed among K. 
the coco nut growers and the farming com munity. Coc nut bein g a long st and in g il1l 
palm, allow light penetra tion for growi ng sufficient intercrops if p roper spacing is Ill: 
envisage d at the planting tim e itse lf. Volatile cues from intercro ps help in reducing Cr 
pes t orien ta tion tow ards the palm in ad dition to op timiz ing income per un it area . Te 
Availab ili ty of biocon trol agen ts to st akehold ers has to be assu red by field level PF 
capacity bu ild ing p rogra m mes on m ass p rod uction technologies . A p lanned and 

Bedfor
ho lis tic programme th rough awareness crea tion, capaci ty bu ild ing on incu rsion 

5Ci 
ma nagement an d strict q ua ran tine are essen tially warranted to combat acciden tal 
invasion of new Sf ecies. Bedfon 

Re 
References Bedfor 
Ab raham, c.c. (1994). Pests o f coconu t and arecanu t, p p . 715-716. In: Advances in A( 

Horticulture Vol. 10, K. L. Chad ha and P. Re th ina m (Eds .). t a lh otra Pllbli h ing Beevi , 
Ho use, New Delh i, India. (1\ 

Abraha m, V. A. and Kur ian, C. (1972). Chelisochesmario F. (Forficu lidae: Dermaptera ) co 
a p reda tor on eggs and early ins la r gru bs of the red pa lm w eevil Rhunchophorus JOI 

--- . 

r 



:rop:; CO COIl U t 43 

line, [errugineus F. (Cu rc u lioni da e: Coleop tera) Journal of Plantation Crops 1 

f an (Su pplemen t): 147-152. 

san Abraham , V.A and Kur ian , C (1975). An integrated ap proach to the control of 
ntal Rhynchophol'/l sferrugil/eus F., red weev il of coconu t palm. pp. 1-5. In: Proceedings 

of the401session of the FAO technical working party on COC011llt production, protection 
and processing, 14-25 Sep tember, King ston, Jamaica 

Abra ham, V.A. and Mohandas, N . (1988).Chemical control of white grub Leucopholis 
ran , concophora Burrn.. a pest of cocon u t pa lm . Tropical Agriculture 65(4): 355-357. 
pest 

Alarn , M. (1962). A list of insects and m ites of Eas tern Pakista n. Report ofAgriculture ) be 
Department. 107p. '1 to 

lion Ani tha ku rnari, 1'., Mura lid h aran, K. an d Chand rika M . (2016). Im pact of a rea ­
red wi d e extension app roach for bio-m an agern en t of rh inoce ros bee tle w ith 
eros Ivietarhizium anisopliae.JournalofPlantation Crops 44(1 ). 2016: DOl: http :/ / dx.doi. 
Jes t org /l 0.19071/ jpc.2016.v44.i1.30 LO 
the Ant ony, J. and Ku rien , C (1966). Biology of the histerid beetle Hisier (Santalus) 

lese orientaiis Payk., a pred a tor of Oryctes. In : Proceedings S3rd Indian Science Congress 
.m v Part Ill, 362 p p . 
cale 

Antony, J., Dan iel, Mariarn rna, Kurien , Chandy and Pillai, G.B. (1979). Attempts 
on int rod uction and colon isa tion of the exotic reduvi id preda tor, Platymeris 

the 
Iaeuicoll is Dist. for the biolog ical su ppression of the cocon ut rhinoceros beell e 

lInc Oryctes rhinoceros L., pp. 445-454. In : Proc. PLACROSYM II, CS. Venkataram 
are . and others (Eds .). 
ical 

APCC (2007). Final Technica l Report 2004-2007 CFC /DFID / APC C /FAO p roject oneful
 
hen Coco nu t In teg rated Pest Management. Asian an d Pacific Coconut Comm unity,
 

ean Jakar ta, Indonesia, p 506.
 

I in Aratch ige . N .S., Fern ando, L.CP., Kurnara, A.D.N.T., [ayala th, K.V.N .N., Pe rera,
 
)ng
 K.F.G.,Suwandara thne, N.T. (2012). Biolog ical control of coconut m ite: Effect of 
ing inunda tive release of the p reda tory m ite, Ncoseiulusbaraki (Acari: Ph ytoseiid ae). 
g is In: Hetl iarachchi,L.S.K.,Ab eysingh e,LS.B.(Eds). Proc. 4rhSymp .on Plan ta tion 
ing Crop Research - Technological Innovations for Sustainable Plan tation Economy. 
'ea . Tea Research Institute of Sri Lanka, St. Coombs, Talawakelle, 22100, Sri Lan ka . 
'vel pp. 125-133. 
lI1d 

Bed ford , G. O. (1975). Observa tions on the biology of Xylotropesgideon (Coleop tera: 
ion 

Scarabaeidae; Dynasti dae) in Melanesia. A usral ian J. Entomol. 50c. 14(3): 213-216. 
i ta l 

Bedford, G. O. (1980). Biology, ecology and con tro l of palm rhinoceros beetles. Anl/. 
Rev. Eniomol. 25: 309-339. 

Bedford , G.O . (20:1 3). Biology and Manage men t of Palm Dynastid Bee tles: Recent 
5 ill Ad vances. AI/II. Rev. Entomol. Vol. 58: 353-372. 
in Beevi, S.P., Beena, S.; Ly la, K.R.; Varm a, A S .; Mathew, M.P. and N adarajan , L. 

(1999). Hirsuielia thontpsonii val'. sipmematosasamson . McC oy and M'Donnell on 
-ra) . coco nu t mite Aceria (Eriophyes) guctreronis (Keifer) - a new rep or t fro m India. 
'1'1 /5 [ournat of Tropical Agriculture 27: 9J-93. 



,
:

:

:

,

44 Pestsof Plantation Crops Coconut 

Bha t, S.K., Vid yasagar, p .s .P.V. and Suja tha, A (1993). Biology an d con tro l of Rattus Chandri]
rai ius toroughionii Hi n ton, a pes t of coconu t in Ind ia. In : Advances in Cocon u t M. (:
Research and Development 1993 (Eds.) MK Na ir, 1-IT-I Khan; P Go palasun d ara m; maru 
EVV Bh askara Rao, Ox ford and lBH Publishi ng Co. Pvt. New elhi, 759 p Sym: 
(In terna tion al sympos ium on Cocon ut Research and Develop men t (ISOCRAD Cho' 
IT), 26-29 November 1991, CPCRI, Kasarag od) p.535-54 1. 12, 2 

CDB, (2016). Cocon u t Deve lopmen t Board , Kochi, Kerala h ttp :/ / coconu tboa rd.nic. Cheriyan 
in / accessed on 21/11/2016 beetl 

Chand rika M. and Na ir, c.P.R. (2000). Effect of Clerodendron infortunatum on grubs 9(3): 
of coconu t rhinoceros bee tle, Oryctes rhinoceros L. In : Proc. PLACROSYiVf-13 Cock, M. 
Recent Advances in Plantation Crops Research (Eds.) N . Muralid haran and R. Wa ll 
Rajkumar. pp 297-299. 283-: 

Chandrika M. and Vidyasagar p .s.P.V. (1993). Bioecology of coconut w hite g rub Cumber, 
Leucopholis concophora Burm. in Kera la. Journal of Plantation Crops (Su ppl.) 21: (L.) i 
167-172. 

Danger, 1 
Chandrika M., N air, C.P. R. and Rajan, P . (2001). Scope of botan ical pesticides in ental 

the man agemen t of Oryctes rhinoceros L. and Rhvnd iophorus [errugi neus O livo mak: 
affect in g coconut palm . Eniomon 26 (Sp l. Issue): 47-51. 

Danger,1 
Chandrika M., air, C.P.R., Nampoothiri, C.K. and Rajan, P. (201Oa) Leaf eating Xylo 

ca terpillar (Opisinaarenosella)-induced yield loss in coconu t palm . International Pflan 
Journal of Tropical Insect Science30(3): 132-137. 

David, B. 
Chand rika M ., Nair, c.P.R. and Rajan, P. (2010b) La rge scale fie ld va lidation (Q ue: 

of biocon trol s trategy for m anagement o f coconut lea f ea ting ca terp illar and 
Opisinaarenosella Walker utiliz ing ind igenous parasiloids. 337-341 In: Organic 

Dharrnarhorticulture - Principles, Practices and Technologies (H .P. Sin gh and Ge orge V. 
pa thThomas Eds ) Westv ille Pu blishing House, New Delh i. 440p p 
recot 

Chand rika M ., Rajan, P. and Anithakumari, P. (201Oc) Farm level p roduct ion o f Coco: 
the green muscardine fungus for managemen t of rh inoceros bee tle . Techn ical 

Faleiro, Jb okle t, CPCRI, Regional Sta tion, Kay am kulam, 8 p . 
Rhyn 

Chand ri ka M ., Rajan, P. an d Nair, c.P.R. (2007). Inciden ce of w hitefly (Aleurocanthus palrr 
arecae David ) on coconu t foliage . Journal of Plantation Crops 3 (2): 119-121. Scien 

Chandrika M. and Sujatha, A . (2006).The Coco n u t lea f ca terpillar, Opisinaarenosella Fernandc 
Walker CORD:22 (Special Issue): 25-78. mi te 

Chandrika M., Th omas, G .V., [o se p hrajkumar, A. (2014) . Mite managemen t of Coco 
coc on ut in Ind ia. [n:A kter, N. , Az ad , A .K., A la rn, M. . (ed s). Proc. M ite Wid 
management of coconut in SAARC membercountries. SAARC Agricu lture Cen tre Flechtma 
(SAC), Dhaka, Bangladesh. 10-11 Augus t, 2014. pp. 43-58. new 

Chandrika L, Rajan, P. and Joseph rajku mar, A. (2016a) Plantation Crops pp 543­ Braz 
556, In: Mealybugs and their management in Agricultural and Horticultural Crops Ghosh, C 
(Eds: M.Mani an d C.Sh iva raju), Sp ringer (Ind ia) Pv t Ltd . pp . 9 

Gressitt, J 
refen 

, 



1 Crops 

Rattus Chandrika M., Renjith, P.B., [oseph rajkurnar, A., Su nny Thom as and Shan avas, 
xonu t M. (2016b) Evalu a tion of botanical formu la tions and chl oran tran ilip ro le for 
laram; managem en t of coreid bug in festa tion in coconu t. P 91. In: Third International 
759 p Symposium on Coconut Research and Development (ISOCRAD 3). Ed s . P . 
=RAD Cho wd app a, K. Muralid haran , K. Sam sudeen and M.K. Rajesh, December 10­

12/ 2016/ ICAR-CPCRI, Kas aragod. 
rd.nic. Cheriyan, M.e. and Anan thanarayanan , K.P . (1939). Stud ies on the coconut p alm 

bee tle (Oryctes rhinoceros L.) in Sou th India , Indian[ounalofAgricultural Sciences 
grubs 9(3): 541-559. 
fM-13 Cock, M.].W. and Pere ra, P.A.e.R. (1987). Biologica l co ntrol o f Opisina crenosella 
md R. Wa lker (Lep id optera: Oecopho ridae), Bioconirol News and Information. 8(4) : 

283-310 
~ grub Cumber, R. A. (1957). Ecological s tu d ies of the rhinoceros be etle Oryctes rhinoceros 
ll.) 21: (L.) in We stern Samoa. Tech. Pap. South Pac. Comm. N o. 107: 32 pp . 

Dan ger, T.K., Gee th a, L./ ]a ya pal, S.P. an d Pillai, G .B. (199]). Mass p roduct ion of the 
des in en to mopa thogen Metarhizium anisopliae in cocon u t \....a ter wasted from copra 
: Olivo makin g ind ustry . Jou rnal of Plantation Crops 19: 54-69. 

Danger, T.K., Solomon, j .] , an d Pillai, G.B. (1994). Infection of the cocon u t palm beetle 
eating Xylotrupes gideon (Coleopte ra: Scarabaeidae) by a no n-occluded Baculooirus. Z. 
uioual Pflankra nh. Pflschutz. 101: 561-566. 

David , B.V. and Manjunat ha, M . (2003) . Descrip tion of a new sp ecies Aleurocanihue 
Ia tion (Qu ain tance and Bak er) (Aleyrodidae: H omop tera) from Areca catechu in India 
'p illa r and commen ts on Aleurocanihus nubilans (Buck ton) . Zooiaxa, 173: 1-4 
rganic 

Dhar maraju . E. (1962). A checklist of p aras ites, the hyperparasites, p red at ors andrge V. 
pa th ogens of th e coconut lea f ea tin g ca terpi llar Nephantis serinopa Meyrick 
recorded in Ceylo n an d i.n Ind ia an d their d istributi on in these coun tries . Ceylon 

ion of Coconut QlIarterly 13(3-4): 10 pp . 
hnical 

Faleiro, J.R. (2006). A review of the issues and m an agem en t of red palm weev il 
Rhyncophorus[errugineus (Coleop te ra: Rh ynch ophorid ae) in coconut an d da te 

tnthus palm du rin g the last one hund red years . International Journal of Tropical Insect 
:1. Science, 26: 135-154. 
noselta Fern an do L.c.P./ Wickram an anda 1.R. and Ara tch ige, N .5. (2000). Sta tus of cocon u t 

m ite, A ceria guerrcronis in Sri Lanka. In : Proc. of lnternatumal Workshop on 
en t of Coconut mite (Aceria guerreronis). Eds . L.e.P.Fern ando, G .]. de Moraes and 
. Mite Wick ranan and a,1.R., CRI, Sri Lan ka. p p . 1-8. 
~en t re Flechtm ann , e. H . W. (1989). Cocos uieddelliana H . Wend !. (Palm ae: A recaceac), a 

new hos t plan t for Eriophuesguctrc ronis (Keifer, 1965). (Acari: Erio phyidae) in 
P 543­ Brazi l. Int. rAcarol. 15(4): 241. 
Crops Ghosh , e.e. (1923). Oryctes rhinoceros and o ther im p or tan t pa lm pes ts in Bur m a. 

pp . 99-103. In : Report of Proceedings of the V EntomologicalMeeting, Pusa, 1923. 

Gressitt, J.L. (1933).The coconu t rh inoc eros bee tle (Oryctesrhinocerosi w ith particu lar 
reference to the Palau Is lands . Bull. Bernice P. Bishop Mus. No. 212: 157 pp . 

C OCOl1u t 45 



46 Coconut Pests of Plantation Crops 

Gries, G ., Gries, R., Perez, A, L., O eh lsch lager, A. C, Go nz ales, L. M., Pierce, H. D . 
[r., Zeb eyou, M. and Kouame, B. (1994). Aggregation pheromone of the African 
rhinoce ros bee tle, Oryctes monoceros (O liv ie r) (Col op tera: Scaraba eid ae). 
Zeitschrif t f llr Naturjorsch. Section C, Biosciences 49(5 and 6): 363-366. 

G riffith, R (1984). Th e p rob lem of the coconu t m ite, Erioplzyes guerreronis (Keife r), 
in the coco nu t groves of Trin idad and Tobago, pp .1 28-132. In : Proc.u»Annual 
Meeting of the Caribbean Food Crops Society, R Webb, W. Kn ausenberger and L. 
Ynlema (Eds .). East Caribb ean Cen ter , Coll ge of the Virgin Islan ds and Carib ­
bean Food C rops Society, St. Croeix, Virgin Islands, USA. 

Hall , R. A. an d Becerril, A. E. (1 981). The coconu t m ite, Erioplzyes guerreronis, w ith 
s pecial refer-ence to the p roble m in Mexic o, pp . '113-120. In: Proc. 1981 British 
Crop Protection Con! Pests and Diseases. Br iti sh Crop Protection Counc il. 
Fa rnham, UK. 

Hallett. R. H., Perez, A. L., Gries, G ., G ries, R. Pierce, H . D. [ r., Oeh lsch Iager, A.C., 
Go nza lez , L.M., Borden , J.H . and Vue , J.M. (1995) . gg regation pheromone on 
cocon u t rhinoceros bee tle, Oryctes rhinoceros (L.) (Coleop te ra: Scarabaeidae). J. 
Chel1l . Ecol. 21(10): 1549-1570 . 

Hill, OS. (1983). Agricultural Insect Pests of the Tropics and Their Control (Second 
Edition). Camb rid ge Univers ity Press, Cam brid ge, 746 pp . 

Howard , F.W, Abreu Rodriguez, E. and De n mark, H .A. (1990) . Geo graph ical and 
seasonal d is trib u tion o f the coconu t mite, Aceriaguerretonis (Acari: Eriophyi dae). 
in Puer to Rico an d Flo rida, USA. J. Agric. Unio. (Puerto Rico) 74(3): 237-251. 

How ard , F.W., Moore, D., Gib lin-Davis, R M. and Ab ad , R.G. (200 1). lnsects on palms, 
CAB In te rn a tional, Wa lling ford, O xon, K pp 42-70. 

ICAR-CPCRI (1987). Annual Report 1987. Cent ral Plan tation Crops Re earch Ins titu te, 
Kasaragod, 174 pp. 

lCAR-CPCR I (20 15) . Ann ual Repor t 2014-15, ICAR-Centra l Plan ta tion Crops 
Research Ins titu te, Kas ar agod - 671124, Kerala, Ind ia, 126 p. 

Jacob, T. K. (1996) . In tr od uction and estab lishmen t of Bacu loviru s for the control o f 
rhinoce ros bee tle Oryctesrhinoceros (Coleoptera: Sca rab aei d ae) in the And aman 
Islands (Ind ia). Bulletin of Entomological Research 86: 257-262. 

Ialaluddeen, S.M., Thirum oorthy, 5., Mohanasund aram, M., Ch innai ah, C. and 
h innaswamy (1991). Coccid com p lex ofcoconu t in Tam il ad u. Indian Coconut 

[ou rnal Tl. (7): 17. 

Jay	 ra tn am (J 941). A stud y of the con trol of coconu t caterp illa r Nephantis se rin opa 
Meyr .in Ceylon w ith spec ia l refe rence to its eu loph id parasite Trichospilus 
pupioora Ferr. Trop.Agricult. (C ylon ) 96: 3-21. 

seph ra jku ma r, A ., Raja n, P ., C hand r ika M. nd Thom as, R.J . (2012). New 
dis tr ibu tional rec ord of buff cocon u t mealybug (Nipaecocclis nipae) in Kera la, 
Ind ia . Phytoparasitica 40: 533- 535 (0 0 1: 10.1007 / 512600-012-0260-2) . 

]osephrajku 
and bie 
coconu i 

[osep hrajk u 
Ma nagi 
(Septen 

Josephrajku 
Shana v 
fine -tur 
Oil Sust« 
Way for 
Vijayan 

j osephrajkur 
nemato 
synergi 
A bstrac! 
Kumar, 
Science, 

Iosephrajku 
rhinoce 

Ioseph rajku 
Surveill 
managE 
Manage 
Agricu l 
Srinivas 

[ osephrajku 
Hegde. 
No . 93, 

Kal	 ho ven , 
cu ltu uq 

Ke ifer, H.H . 
20 pp. 

Khan, l-l.I-I., 
managi 
Proceedi 
H.P.Sir 

Kumar, PS. 
335-340 
ofan ll1' 



C OCOT/li t 47 
11 Crops 

[oseph rajku mar, A., Rajan , P., Chand rika, M. and Jacob, P.M. (2010). Re-invasion , H. D. 
and bio-suppression of sp ira lling whitefly, A leurodicus dispersus Russell on vfrican 
cocon u t in Minicoy Island. Indian CoconutJournal 53(2): 20-23. eidae). 

[osephrajku m ar. A., Su nny Tho mas, Sh anavas, M. and Chan d rika M. (2014a) 
Managing the h idden villa in in coconu t gar den. Kerala karshakan e-journal .eifer ), 
(Sep tember issue ) 2(4): 2] -27. 1111l11al 

an d L. [oseph rajkum ar, A., Chan d r ika M., Su nn y Th omas, Narnbooth iri , C G.N. and 
Carib- Shanavas, M, (20]4 b) Subdui ng red palm weevil attack on cocon u t th rough 

fine-tuned managemen t ap p roaches. In: 1I300k of Abstracts National Conference 
on Sustainnbilitu of coconut, arecanut and cocoafarming Technological Advances and " w ith 
Way fonuard.(Eds.) M ur alidharan, K., Rajesh MX., M uralikrishna K.5., [esmi British. 
Vijayan, [eyasekhar, 5., CPC Rl, Kas aragod, Augu st 22-23: 86. umcil. 

josephrajkum ar A ,Chan d rika M.an d Rajan, P.(2013).Evalu a tion ofen tomopathogen ic 
ne mat od es agains t red palm weev il, Rhynchophorus ferrugineus (Oli vier) and 

r A.C., 
synergistic in teraction w ith the neon icotinoi d, im idaclop rid . In Souvenir and.me on 
Abstracts: New Horizons in Insect Science (Eds .) AX. Chakr avarthy, C T Ashok:lae). ]. 
Kum ar, Abraham Ver gh ese, N .E. Th iagaraj, Int erna tional Congress on Insect 
Science, Febru ary 14-17, 2013, Bengaluru, 48-49p. 

Second 
Iosephrajkumar. A ., Chandrika M. and Krishnakurnar, V. (2015a) Ma nagement of 

rh inocero s beetle. Indian Coconut Journal 58(7): 21-23. 
al and 

[oseph rajkum ar, A., Chandrika M. , Jera ld , B.A. an d Krishn aku m ar, V. (2015b) vidae), 
Surveillance no te on invasive p es ts of coconu t and s tra tegies on inc ursion -251. 
management. Pap er presen ted a t International conference - Innovative Insect 

,palms, Management Approaches fo r Sustainable AgI'O Eco System (IIM ASA E) he ld 
Agriculture College and Research In stitute, Mad ura i 27-30 Jan u ary 2015 

.l i lu le, Srini vasa n et al. (Eds) Book of Abstracts p 587-589. 

[osephrajkumar, A , Chandrika M ., Merinba bu, lerard, B.A., Krishn ak umar, V., 
Crops Hegd e, V and Chowdap pa , P. (2016). Invasive Pests ofCoconut. Techn ical Bull eti n 

No. 93, Centenary Publicati on 12: 28p . 

t rol of Kalshoven, L.G .E. (1951). Pes ts of C rop s in In done s ia (De plagen v a n d e 
laman cultuurgewassen in Indonesie). The Hague- van Hoeve 2: 513-1065. 

Keifer, H.H. (1 965). Eriop hyi d stud ies 8-14. Calif. Dept.of Agric., Bureau of Elltomology, 
. . and 20 pp . 
JCOH u t Khan, H. H., Sujatha, 5., Sivapuja, P .R. (2003). Regionally d iffe ren t s tra tegies in 

managing er ioph yid m ite. In : Coconu t Erioph yid Mite- Issues and stra tegies 
'inopa Proceedings of the internationalWorkshop Oil coconut mite held at Ban galore, (Ed s .) 
'spilus I-J.P. Singh and P. Re th inam, Cocon u t Deve lopment Board, P: 89-96. 

Kum ar, p.s. (2002). Dev elopmen t of a biopesticide for the coconu t mite in In d ia pp 
New 335-340. The SCPC conference : Pes ts and Diseases. Volu me 1 and 2 pro ceed ings 

.erala, of an Int ern a tion al Conference. 18-21 N ov ember 2002, Brigh ton, UK. 



48 Pests of Plantation Crops Coo 

Kumar, P.5.; Singh S.P. an d Gopal, TS . (2001). Na tural incidence of Hirsutella Me 
thompsonii Fisher on the coconu t eriophyid mite Aceria guerreronis Keifer in 
cer tain dis tr icts of Karnalaka and Tamil ad u. Journal of Biological control. 
15(2): 151-156. Me 

Kurien, C; Sathiam ma, B. an d Pillai, C.B. (1979). World distribution of pests of 
coco nu t. FAO Technical document 119: 53 p . 

Kurien, c.. Pillai, G.B., An tony, J., Abraham, V.A . an d Natarajan, P. (1983). Me 
Biological contro l of insect pes t of coconu t, pp. 361-375. In: Coconut Research 
and Development. Proceedings of the International Symposium I, N.M. Nayar (Ed .). 
Decembe r 27-31, 1976. Central Plantation Crops Research Ins titute, Kasaragod. Me 
Wiley Ea tern, ew Delh i. 

Lever, R.J. AW. (1969). Pes ts of the cocon u t palm. Rome, Italy, FAa Agricu ltural 
Ser ies o. 77: 190 pp. Me 

Mackie, D.B. (1917). Oryctes rhinoceros in the Ph ilipp ines. Philipp. Agric. Rev. 10: 
315-334. Me 

Majumdar, .0. and Jacob, T.K. (1993). Viru s sensitive sites in the chromoso mes 
of rhinoceros beetle (Oryctes rhinoceros L.) Nucleus (Calcu tta) 36 (1-2): 66-68. 

Mallik, B., Chinna madegowda , c., [ayappa, J., .uruprasad . H. and On karappa, Me 
S. (2003). pp. 27-34 Coconu t eriophyid mite in India - issues an d stra tegies Tn:
 
Coconut eriophyid mite -issues and strategies (Proceed ings of the International
 
Workshop on coconu t mite, Ban galore) Eds. H.P. Singh and P.Reth inam,
 Me 
Coconu t Developmen t Board, Kochi. 

Mariau, D. (1969). Aceria guerreronis Keifer: a recent pes t of coconu t in Dahomey 
[Aceria guerreronis (Keifer ) Recen te rava geur de l a cocote raie s africaines et 
america ine ). Oleagineux 24(5): 269-272. Me 

lariau, D. (1 977). Aceria (Er iophyes) guerreronis, an important pest of African and
 
American coconut groves [Aceria (Eriophyes)guerreronis:un importan t ravageur
 
des cocotera ies africaines et americaines). Oleagineux 32(3): 101-111.
 

Mariau, D. (1986). Behaviour of Eriophyesguerreronis Keifer W iU1 respect to d ifferent Me 
varieties of coconu t [ omporlemen t de Eriophues guerretonis Keifer a legard de 
differen tes va ri tes de cocotiers], Oleagineux 41(11): 499-505. Me 

McKenna,]. and Shroff, K.D. (1911). The rhinoceros bee tle (Oryctesrhinoceros Linn.) 
and its ravages in Burma. Burma Dept. Agric. Bull. No. 4, 6 pp. Ml 

Med ina, C.5 . and Abreu, E. (1986). The coconu t palm eriophy id mite £rioplIyes 
guerreronis (Keifer) in Puerto Rico. J. Agric. lIniv. Puerto. 70(3): 223-224. 

Menon, K. P. V. and Pandalai, K. M. (1960). TheCoconut Palms- A Monograph. Ind ian 
Central Coconu t Committee, Emaku lam, Ind ia, 384 pp Ml 

Moh amed, U.V.K., Abdurahiman, U.c. and Remadevi, O. K. (1982). Coconu t 
caterpillar an d its natural ene mies. Dept. of Zoology, Univers ity of Ca licu t, 
Ca licu l. Zoolog ical Monograph No. 2, 162 pp. 



ion Crops Coconut 49 

irsuiella Mohan, K.5. and Gopi na than , K.P . (1989a). On quan tita tion of se ro logical cross 
.eifer in reacti vity be tween tw o geographical isolates of Oryctes bac ul ovirus by a 
control. m odi fied ELISA. Jou rnal of Virological Methods 24: 203-214. 

Mohan, K.5. and Gop ina than, KP. (1989b) . C harac terisa tion of v ira l p ro teins 
pests of of Oryctes bacu loviru s and comparison between tw o geo gra phi cal isola tes. 

Archives of Virology 109: 207-222. 

(1983). Moha n, KS. and Go pi nathan, K P. (1992). Characterisa tion of the gen ome of Oryctes 
Sesecrch baculovirus , a viral bi ocide of the pest Oryctes rhinoceros. Journal of Biosciences 
ar (Ed .). 17(4): 421-430. 
aragod . Mohan, K.5. and Pillai, G.B. (1982). A se lective medi um for isola tion of Metarhiziul1l 

anisopliae from ca ttle dun g. Transactions of the British Mycological Society 78(1): 
cultura l 181-182. 

Mohan, K.5., ]ayapal, S.P . an d Pil la i, G.B. (1983). Baculov irus d isease in Oryctes 
Rev. 10: rhinoceros popula tion in Kerala. Journal of Plantation Crops 11(2): 154-161. 

Mohan , KS. , [a yap al . S.P. and Pillai, G .B. (1985a). Response of Oryctes rhinoceros 
osomes larv ae to in fection by Oryctes bacu loviru s. Journal of Plan tation Crops 13(2): 
S6-68. 116-124. 

arap pa , Moha n, K S., ]ayapal, S.P. an d Pillai, G.B. (1985b) . Diagn osis of baculov irus in fect ion
 
gi es In: in coconu t rh inoceros beetles by examination of excre ta. Z. Pflkranh. Pflschutz.
 
rational 93(4): 379-383.
 
h inarn,
 Mohan, K.5., ]ayapa l, S.P. and Pillai, G.B. (1989). Biological supp ression of coconu t 

rhinoceros beetl e Oryctes rhinoceros (L.) in Minicoy, Lakshad w eep by Oryctes 
ihomev bacu lov irus - imp act on pest pop ulation an d damage. JournalofPlantation Crops 
lines e t 16 (Suppl.): 163-170. 

Mohan ty, J.N., Pra kash, A., Rao, J., Paw ar, AD ., Pa tnaik, N .C. and Gup ta, 5.1'. (2000). 
'an an d Parasi tization of the coconut black-he aded ca ter p illar, Opisinaarenosella Wal k. 
vage ur in Puri d istrict of O rissa by field release of hym enopterous parasitoids. Journal 

of Applied Zoological Researches 11(1): 17-19. 

ifferen t Monty, J. (1978). The coconu t p alm rh i-no ceros bee tle Oryctes rhinoceros (L. ) in 
~a rd d e Mauritius, and its con trol. Rev. Agr. Suer. Ile Maurice 57(2): 60-76. 

Moore, D. and Alexander, L. (1985). Dom in ica: Coconut m ite on coconu t. FAO Plant 
; Linn .) Protection Bulletin 33(3): 119. 

Mu llakoya, P. (2003). Sta tus report on the inci d ence of coconut mite in Union 
'iophyes territory of Lakshad weep . In : Coconu t Eriophyid Mit e- Issues and stra tegies 

Proceedings ofthe international Workshopon coconut mitehe ld at Bangalore, (Eds.) 
H .P. Singh an d P. Rethinam, Coconu t Developmen t Board, p . 97-98. Ind ian 

Muralidharan, K, Ma thew, C.] ., Tharnpan, C, Ama m ath , C.H. , Anithakurnari, P., 
Moha n , c.,Vijayakumar. K, Sairam , C.V., N ai r, C.P .R., Aru lraj, S. (2001). Pilot ocon ut 
sam ple survey on the inc idence an d yield loss due to eriophyid m ite on coconu t :aliClI t. 
in Alappuzha District. Indian Coconut Journal 21: 28-32. 



I

I

,

~

,

,

50 Pests of Plantation Crops CoeOl/lI t 

Nair, c.p.R. (2000) . Sta tus of coconu t eriophyid mite, Aceria guerreronis K. in Ind ia. 
In: Proceedings International Workshopon Coconu t Eriophvid Mite, CRI, Sri Lan ka, 
p. 9-12. 

Nair, C. P. R , and Rajan, P. Chand rika M. an d Murali Go pal (201 Oa). Ma nagemen t of 
Rh inoceros beetle Oryctes rhinoceros L. in coconu t gardens by biocon trol me thods 
342-347. In : O rg anic hor ticu lture - Pr incip les, Practices and Techn ologies (H .P. 
Sin gh and George V . Thomas Eds) Wes tv ille Publish ing House, New Delh i. 
440 pp . 

Nair, c.p .R. and Nair, S.s. (2002) . An rPM mod u le for red weevil. Paper presentedat 
National Conference on Coastal Agricultural Research, Goa 6-7, April, 2002 

air, c.P.R., Chand rika M" Rajan , p., Sand h ya, S.R. and Anand Go pina th (2003). 
Technologica l advances in the man agemen t of cocon ut e riop hy id m ite, Aceria 
guerreronie Keifer. In: Cocon u t Erioph yid li te- I sues an d stra tegies Proceedings 
of the international Workshop on coconut miteh eld at Bangalore, (Eds.) H.P. Singh 
and P. Re th inam, Coconu t Developmen t Board , P: 99-103. 

Nair, C.P.R., Rajan, P, C hand rika M . and [osephrajkumar, A. (201Ob). Rh inocero s 
bee tle and Red Palm Wee vil- tw o major pes ts of cocon u t palm in Ind ia.178-184. 
In: In a nutshell -Essays on Coconut (Ed . C. V. An a na d a Hose). Cocon u t 
Develo pmen t Board , Ke ch i, 243 p p . 

N ai r, ' .P.R., Rajan, P. and Chand rika M.. (2005). Coconu t eriophyid m ile, Aceria 
guerreronis Keifer - An overv iew . Indian journal of Plant Protection 33(1): 1-10. 

Nair, C.P.R.,Dan ie l, M. and Po nnam ma K.N . (1997). In tegra ted Pest m an agemen t 
in Palms Coco n u t Developm en t Boa rd, Cochin . 30 pp . 

a ir, M.R.G .K. (1986) . Insects I1I ld Mites of Crops of India. Ind ian Cou nci l of 
Agricu ltural Research (lCAR). ew Del hi, Ind ia, 83 pp. 

aren dran, T.C. (1985). A taxonomic revision of the Cha lcid parasites (Hymenoptera: 
C ha lcid idae ) ass ocia ted w ith Opisina arenosella Wal ker (Lepid o p te ra : 
Xylorict id ae) . Eniomon. 10: 83-86 

Naseema Beev i., Mathew , T.B., Hebsy Bai and Sarad amma, K. (2003). Sta tu s o f 
eriophyi d mi te in Kera la - resume of w ork done. p p . 64-75. In: Coconut eriophyid 
mite - issues and stra tegies (Proceedings of the International Work:; )wp on coconut 
mite, Bangalore) Ed s . H. P. Singh and P. Re th inarn, Cocon u t Develop men t 
Boa rd, Kec h i. 

N irula, K.K. (l 955a) .lnves tiga tions on the pests of the coconu t pa lm . Part 1. Oryctes 
rhinoceros L. Indian Coconut journal 8(4): 161-180 

iru la, K.K. (1 955b). Invest iga tion on the pes ts of the coconu t pa lm. Part U. Ontctes 
rhinoceros L. Indian Coconut journal9(1): 30-79. 

N iru la, K K. (1956a) . Inves tiga tion s on the pes ts of coconu t palm . Par t lI !. Nephantis 
serinopa Meyrick. Indian Coconut journal 9: 101-131. 

N iru la, K K. (1956b). lnvestigations on the pes ts of coco nu t palm . Part III. Nephantis 
serinopa Meyrick . Indian COCOf/ ut journal9: 174-199. 

Nirula, K.I< 
Rhvnchc 

Ni ru la, K K. 
cocon ut 
jOllrllal 

Nirula, K K. 
rhinoccr 

Iiru la, KK 
o f Ory( 
import. 

I lin da, K K. 
Oryctes 

PiIlai, G . B., 
bee tle, I 
H .H.K 
IBH I'll 

Pi llai, G.B. ( 
in soil 
Develo 

PiIla i, G.B. a 
arenosct 

Prathapan , I 
- A ne1 

N icoba 

ajagopal, 
approa 
and str 
held a t 
Boa rd , 

Rajan, P, C 
A ce ria , 
Anand 

Raj n, P. an 
Indian 

Rajan, P ., C 
guerrer 

Raja n, 1'., ( 
pest mr. 
Kaya n 



'IlIntll l ion Crops COCOll ut	 51 

is K. in India . 
RI,Sri Lan ka , 

anagernent of 
itrol methods 
.ologies (H .P. 

ew Delhi. 

tr presentedat 
1, 2002 

iina lh (2003). 
j mite, Aceria 
ss Proceedings 
s.) H .P. Singh 

I . Rhinoceros 
1d ia .178-184. 
e). Coconu t 

. mite, A ceria 
133(1 ): 1-10. 

n anagernen t 

. Co unci l o f 

ymenop tera : 
ep id o p te ra : 

3). Sta tus o f 
'11 11 t eriophuid 
'p on coconII t 
levelopmen t 

ar t I. Oructes 

irt II. Oryctes 

II. Nephantis 

I I. Ncphantis 

Ni ru la , K.K. (l956 c). Inv es tiga tion on th e pests o f cocon u t pa lm, Pa rt- IV. 
Rhimchophorus[errugineus. Indian Cocon u t Journal 9: 229-247 

Nirula. K.K., An tony, J. and Menon, K.P.V . (]951). Inves tigat ions on the pes ts of 
cocon u t palm. 2. Th e coconu t caterp illar Nephnntisserinopa Me yr. Indian Coconut 
[ournal 4: 217-234. 

iru la, K.K., A nt ony, J. and Menon, K.P.V. (1952). The rh inoceros bee tle (Oryctes 
rhinoceros L.) life h is tory and habits. Indian Coconut journal V (2). 

irula. K.K., Rad ha, K. and Menon, K.P.V. (1955). The green mu scard ine d isease 
of Oryctes rhinoceros 1. 1. Sym p tom a tology, epizoo tol ogy and econom ic 
impor tance. Indian Coconut journal 9: 3-10. 

Niru la, K.K., Radha, K. and Menon, K.P.V. (1956). The green muscard ine d isease o f 
Oryctes rhinoceros L. II. Th e ca usa l organ ism . Indian Coconut journal 9(2): 83-89. 

Pillai, G. B., Sa thiamrna, B. and Dangar, T. K. (1993). In tegra ted con tro l of rhinoceros 
beetle, pp. 455464. In: Advances in Coconut Researchand Development, M. K. N air, 
H . H. Khan, P. Gopalasundaram and E. V. V. Bhaskara Rao (Ed s.), Oxford and 
IBH Pub lishing Co. Pv t. Ltd , New Delh i. 

Pillai, G.B. (1993). Biologica l control of insect pests of pl an ta tion crops. In: Orga nics 
in soil health and crop production (Ed .) P.K. Tha mpan, Peekay Tree Crops 
Developmen t Fou ndati on, Coch in p p . 235-252 

Pillai, G .B. and Nair, K.R. (1993). A checkl ist of parasitoids and pre d a tors of Opisina 
arcnosella Wlk. on coconu t. Indian Coconut jourllaI23(9): 2-9. 

Prathapan, K.D. and Shameen, KJ..,,1. (201 5). Wallaceasp . (Coleo ptera: Chrysomel idae) 
- A new sp ind le infestin g leaf beetl e on cocon u t pa lm in the And aman and 
N icoba r Islands.]. Plantn. Crops, 43(2): 162-164. 

Rajagopal, V., An ithakum ar i, P., Roh in i Iye r and N air, c.P.R. (2003). Strateg ic 
approaches of m anagemen t in coconut. In: Cocon u t Eriophvid Mite - Issues 
an d s tra tegie s P roceed ings of the in te rn a tional Wo rkshop on Coconut Mite 
held a t Bang alorc . (Eds.) H. P. Singh an d P. Reth inam. Cocon ut Developmen t 
Board , p. 22-26 . 

Rajan, P, Chand rika M. an d losephrajkurn ar. A. (2010). Cocon u t eriophy id mite, 
Aceria guerreronis ke ifer. 191-198. In: III a nutshell -Essaus on Coconut (Ed. c.v. 
An anda Bose). Cocon u t Developmen t Boa rd , Kechi , 243 pp . 

Rajan, P. and Nai r, C. P.R. (1997). Red palm weevil, the tissue bore r of coconut palm . 
Indian Coconut journal 27(12): 2-4. 

Rajan, P ., Chand rika M ., Nai r, C.P.R. (2007). Technicalfolderon Coconut mite, Aceria 
guerreronis Keifer, CPCRI, Reg ional Sta tion, Kayangu lam. Keral a. 

Rajan,	 P., Chand rika M., Nai r, c.P.R. an d [oseph rajku rnar. A. (2009). Integra ted 
pest management in coconut. Technical bulletin No. 55, CPCRI, Regional Sta tion , 
Kayan gu lam, Kera la, Ind ia, p . 20. 



COCOI52 Pests of Planmtion Crops 

SatluRajan, P., Josephrajkumar, A. and Suja th a, A. (2011). Gradient Outbreak of Coconut 
Slug Cater p illa r, Macroplectranararia Moo re in East Coast o f India. Cord. 27(1): 
61-69. 

SatruRamachandran, e. P. (1961). Assessmen t of d amage to cocon u t d ue to Oryctes 
rhinoceros 1. - a p r liminary approach to the p roblems. Indian Coconut Journal 
14(4): 152-162. 

Sa Lh: Ram achand ran, C. P., Kurien, e. and Ma thew, J. (1963). Assessment of d amage to 
coconut d ue Lo Oryctes rhinoceros L. Nature of damage caused by the beetle 
and fac tor s involved in the estimation of loss. Indian Coconut Journal 17(1): 312. 

Ram ani , S. (2000).Fortuitous in troduction of an aphelinid parasito id of the spira lling 
Seguwhitefly Aleurodicus dispersus Russe ll (Aleyr od id ae : Homop tera) into the
 

Laksh adweep Islands, wi th no tes on host pl an ts an d other natural enemies.
 
Journal of Biological Control 14: 55-60.
 

Rarnaraju, K., Na tarajan, K., Sundara Babu, P.e., Pa lanisa rny, S. and Rabindra, R.J. 
(2000). Stu di es on coconu t eriop hyi d m ite Aceria guerreronis Keifer in Tam il 

ShmNadu, Ind ia . In: Proceedings International Workshop On Coconut Eriophyid Mite, 
ICRI, Sr i Lan ka, p. 13-31. 
( 

Rao, YR., Cheriyan, M.e. and Anan th anarayanan, K.P. (1948). Inves tiga tions of 
Sison lephantis serinopa Me yr. in Sou th India an d thei r control by biological methods. 

UIndianJournal of EntomologtJ 10(2): 205-247. 
1 

Re th inam, P. and Muhar toyo, (2003). Coconu t m ite, (Aceria guerreronis Keife r) ­
Sivak Bibliography ord 19(1): 69-84. 

r 
Sadakathulla, S. and Ramacha ndran, T.K. (1990). Efficiency of naph thalene balls in E 

the control of rhinoceros bee tle attacks in coconu t. Cocos 8: 23-25. 
Subal 

Sarad arnma, K., Beev i, S. ., Mathew, P.B.,Sreeku rnar, Y., Jaco b, A. and Visha laks hy, ( 
A. (2000). Management of coconut eriophyid m ile in Kerala. Paper presented at c 
Eniomocongress 2000, Pe rspective plan for the new m illennium, 5-8, November, t 
Thiru vananthapu ram, India . 

SubaI 
Sa th iamma, B. (1 993). Opisina arenosella Wlk., the leaf ea ting ca te rp illar of coconu t It 

palm. Cen tral Plan ta tion Crops Re earch Ins titu te, Kasarago d, Technical Bulletin S 
10: 12. fl 

Sathia m ma , B., Abraham, Y.A. and Ku rien, C. (1982). Integrated pes t ma nagemen t r 
of the m ajor pests of coconu t. Indian Coconut Journal 12(6-9): 27-29. Suja tl 

Sa thi am m a, B., Iayapal, S.P. and Pill ai, G.B. (1987). Obser a tions on spiders (O rd er C 
Araneae) p redacious on th e leaf ea ting ca ter p illar, Opisina arenosella W lk. S 
(Nephantis serinopa Meyrick) in Kera la. Eniomon 12(1): 45-47. Sujatl 

Sal hi am ma, B., Chandrika, M. and Gopal, Murali, (2000). Biological p otentia l and a 
its exp loitation in cocon u t pest managemen t. pp . 261-283. In: Biocontrol Potential IJ 

and its Exploitation in sustainable Agriculture Vol 2. (Eds , R. K. Up ad hay, K.G. Swan 
Mukerji and B.P. Chamola). Kluwer Academic/ Plenu m p ublishers, New York . t 

t 



Cocol1ul 53uation Crops 

Sath iam ma, B; Chand rika, M., Go pal, M urali, Abr aham, V.A. and Rad ha krishnanof Coco nu t 
Nair, c.P. (1999). Biolog ical su ppression of coconut pes ts . Cen tra l Plan ta tion:ord. 27(1): 
Crops Research Ins titu te, Kasaragod. Technic al Bulle tin No. 37, 13 pp . 

Sath iarnm a, B., Nair, C.P.R and Koshy. P.K. (1998). Out b reak of a nu t infesting to Orqciee 
eriophyid m ite Eriophyis guetreronis (K.) in coconu t p lanta tions in Ind ia. Indian nut [ouriutl 1 
Coconut Journal 29(2): 1-3. 

Sath iarnm a, B., Sab u, AS. and Pillai, G.B. (1996). Field evalua tion of the p rom ising damage to 
species of ind igenous parasitoids in the bi olog ical su pp ression of Opisina the beetle 
arenosella Wlk. th e cocon u t leaf ea tin g ca terpi llar. Journal of Plantation Crops17(1): 312. 
24: 9-15. 

! spira lling 
Seguni , Z. (2002). Inc idence, d is tri but ion an d econom ic importance of the coconu t I) in to the 

eriophy id m ite, Aceriaguerre ronis Keifer in Tanz an ia, pp. 54-57. In: Proceedings I enem ies. 
Iniernaiional Workshop on Coconut Mite (Aceria guerrcronisi, L'C , P. Fern ando, 
G. J. de Moraes and 1. R. Wickramanand a (Eds .). CRI, Sri Lanka, 6-8 Jan ua ry 

iindra, RJ. 2000, 117 pp. 
r in Tami l 

Shanas, 5., Joseph Job , Tom Joseph an d An ju Krishnan, G. (2016). First repor t of lhyid Mite, 
th e in va sive r ugose sp iraling w hi tefly, Aleurodicus rugioperculutus Mar tin 
(Hem ip tera: Aleyrod idae) from the Old Wor ld . Ent011101l 41(4): 365-368 . 

gat ions of 
Sison, P. (1957). Further stud ies on the biology, ecology an d control o f the b lack I methods. 

beetle o f coconu t, Oryctes rhinoceros Linn . Proc. 8th Pac. Sci. Congr. (1953). 3A : 
1299-1318. 

; Keife r) -
Sivak um ar, T. and Chan d rika M. (2013). Occu rrence of rh inoceros bee tle, Oryctes 

rhinoceros L., on banana cu ltivars in Kerala Pest Management in Horticultural 
ne balls in Ecosystems 19(1): 99-101. 

Subaharan K., Ponn am rna, K. N., Suja tha, A., Basheer, B. M. an d Raveen d ran, P. 
ihalaksh v, (2005). O lfactory condition ing in Goniozus nephaniidis (Mu esebeck) a parasitoid 
reselltedat of coconu t black headed caterpi llar, Opisina arenosella Walker. Entomon. 30 (2): 
lovember, 165-170. 

Sub ah aran, K., Esw arrn oor th y, M ., Pavan Kum ar, B.V.V.S.,Vib in a Venugop al, 
)fcoconu t Rajarn an ick am , K., Ganesan,S., Srin ivasan,T., Chalapa th i Rao N .B.V., and 
.a! Bulletin Sanjeev Gu rav. (2014). Nanornatrix for delivery of semioche micals of coconu t 

red palm weev il, Rhychophorusferrugineus. In: Na tional Symposium on Emerging 
1agement Trends in Pes t Man agemen t, TN AU Coimbat ore, 22-24 January, 2014. pp 42. 

Su ja tha , A. an d Chalam. M. S. V. (2009). Sta tus of coconu t blac kheaded caterp illar, 
irs (Order Opisinaarenosella Walker an d evaluation of bio-a gen ts. Annals ofPlantProtection 
sella Wlk. Sciences. 17(1): 65-68. 

Suja tha, A., Emmanue l, N. and Aru l Raj, S. (2011). Ligh t trap - ind uced su p press ion 
mtial and of coconu t slug caterp illa r, Macroplectra namria Moo re me nace in Eas t coas t of 
,I Potent ial Ind ia, Journal of plantation Crops 39(3): 390- 395. 
ha y, K.G. Swan , D. 1. (1974). A review o f the w ork on p red ators, parasites and patho ge ns for 
Jew York. the control of Oryctes rhinoceros (L.) (Coleop tera: Scarabaei dae)on coconut in 

the Pacific a rea . Commonui. Insi. Bioi. Control Misc. Publ. 7: 63. 



i

i

:

!

54 Pests of Plantation Crops 
2018, 

Venkr tesan, T., Jalali, S.K., Murthy, K.5. and Bhaskaran, T.V. (2007). Economics of Editol 
prod uction of Goniozus nephantidis (Mu esebeck), an im portan t paras itoid o f Publ i~ 

coconu t b lack-headed ca terp illa r, Opisina arenosella (Walker) for b io-factories . 
Journal of Biological Control 21(1): 53-58. 

enkatesan, T., Jala li, S.K., Srinivasa Mu rthy., Rabind ra, R.J. and Rae, .5. (2006) .
 
Field eva lu a tion of d iffe ren t doses of Coniozus nephaniidis (Muesebeck) fo r the
 
supp ressi on o f Opisina arenosella Walke r on cocon u t. International Journal on
 
Coconut Rand D (CORD) 22 (specia l issue): 78-84.
 

Venka te an, T., Jalali, S.K., Srinivasa Murthv. . Rabind ra, R.J. and Rao, N S. (2003). A 
nove l method of field r lease of Coniozus nephaniidis Muesbeck, an im portan t 
p rim ary parasitoid of Opisina arenosella Walke r on coconu t. Journal of Biological 
Control 17(1): 79-80. 

Wa tson, C .W ., Adalla, C.B., Shepherd , B.M. and Carner, C.R. (2014). Aspidiotus 
rigidus Reyne: a devasta ting pes t of coconu t in Philipp ines. Agriculture and 
Forest Entomology. doi: 10.1111/ afe.12074. 

You ng, E. C. (1974). The ep izoo tiology of two p a thogens of the cocon u t palm 
rhinoceros bee tle f. Inoertebr. Pathol. 24(1): 82-92. 

Young, E. C. (1975) . A s tu dy of rhinoc-eros bee tle damage in coconu t palms. South 
Pac. Comm. Tech. Pap. No. 170: 63. 

Zelazny, B. (198\ ). Ind ia-p resence o f baculovi rus of Oryctes rhinoceros. F11 0 Plant 
Protection Bulletin 29 (3/ 4): 77-78. Lit 

Zelazny, B. and Pacum bab a, E. (1982) . Ph yt op hagous insects associated w ith 
cadan gcad ang infected and healthy coconu t palm s in Sou theastern Luzon, (c or 
Philip pines. f eol. Eniomol. 7(1): 113-120. 

0.8 P 
g row 
milli: 
t the 
(Ana 
prov 
Lank 
fi fth 1 

( 

wher 
20 141 
cacm 
wate 
of ex 
desic 

and a 
Duri: 
arra) 
main 




