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I .  INTRODUCTION 

The coconut palm, Cocos nuciferu L. is one of the most important 

cultiva~ed perennial crops in India. Kerala is the leading coconut growing 

state in India where coconut play a major role in the economy of the state. 

The coconut palm provides copra, oil, fuel, coir, roofing, tilnbcr 

and has a host of other uses. I t  supplies raw materials to a number of 

industries and  provides employment to lakhs of people. I t  has also at1 

ubiquitous role i n  the ethos of the people of Kerala. 

In recent times. the productivity of the coconut palm has been 

adversely affected. Eventhough the maximum area under coconut in India 

is in Kerala. the nu1 yield at 33 nuts per palm per annum is lower 

compared to the ncighbouring states of peninsular India. One among the 

reasons attributed i t )  low yields is the infestation by pests. Of late, pests 

hitherto regardcd as minor have assumed serious proportions and infl ict  

economic damage to coconut. 

The evolur ion of a sucking pest complex comprising of the coconut 

eriophyid mile. costid bug and button mealybug were reported by Naii- 

(2000) and Saradlimnla rt ul. (2000). 

The mealybug I'seudococcus longispinus 'Targioni Tozzetti was 

first reported by :\yyar (1919) on coconut leaves in the Malabar coast. 

This pest has becn observed in the nursery and adult coconut palms by 

later workers. Another species Dysmicoccus hrevipes was found on fruit 

bunches o f  oil paltn. Studies have shown that thc pacific coconut 

mealybugs, Dy.snlic.occlc.~ spp. are distributed throughout Southern Asia. 

These mealybugs arc atlcnded to and protected by formicids. 

The rnc~~l!  b l i p  infest the emerging fronds and inflorescence 

resulting i n  dcla!cd cIncrgence of the  samc.  I'hc presence of barren 



bunchcs with one o r  two developing nuts with the remaining ones either 

falling o f f  immaturely or stunted with tightly closed p e r i a ~ ~ t h s  indicate 

mealybug infestation (Radhakrishnan. 1987). Yield losses to the r u n t  of' 

ten pcr cent due to coconut mealybug have been reported (CPCKI, 1994). 

'She control measures recommended against the mealybug involve  

the use ol' chemical pesticides. Thiodemeton and carbaryl have been used 

to control the mealybugs. The application of monocrotophos and 

dirncthoall: a1 0.25 per cent was recornnlended by the CPCRI ( 1  994). 'She 

Kerala Agricultural University (2002) recommended the use of' less 

residual organophosphorus insecticides against the mealybugs. 

However the mealybug problem has received scanty at tentiun 

c o m p a ~ z d  tu other pests like the eriophyid mite. The information OII { t ie  

species composition, bioecology and y I eld losses caused by mealybugs i s  

l im i  tell Moreover the existing management practices against r hu 

meal jbugs have to be improved u p o n .  In the light of the abo1.e. the 

present study was envisaged with the f'ollowing objectives. 

1 ) -1.0 study the bioIogy, species composition and syrnptoma~ulogq 01' 

the periantn infesting mealy hugs, Dysmicoccus hre~,ipr,s and 

P,s~udococcus Iongispinus on coconut.  

2 )  -1'0 assess the yield losses in coconut due to mealybug infestation 

3 1 To cvolve a suitable management srratcgy to contain the meal! hug  





2. REVIEW OF LITERATURE 

India has an annual production of 13 billion nuts accounting for  24.5 

per cent  of world coconut production (Ramaraju e/  u1.. 2000). Kerala is 

the leading coconut producing state in India contributing lo 44.3  per ccnl 

of production in the country from 53.4 per cent area (Nair  et  i l l . .  20003. 

The coconut palm is prone for infestation to a large number 01' insecl and 

nun-inscct pests and total o f  547 species of insects and mites arc reported 

(CPCRI. 1979). The pseudococcid mealybugs are one group among the 

pests of coconut. Of late, the perianth infesting mealybugs are causing 

substailtial reduction in  the yield o f  coconuts in the state of Kerala. 

Ayyar (1919) reported the presence of Pseudococcli.v 1o~gi.ypinu.c 

Targioni-Tozzetti on coconut leaves on the Malabar Coast. 

Flakshinamurthy and Cjiridharan (1976) observed the attack of 

1'. longispinus in coconut nursery. 

Though the mealybugs were considered initially as  minor  pests 

(Mathen er al . ,  19621, later they were identified as serious pests causing 

heavy damage (Radhakrishnan. 1987). 

3.1 PINK PINEAPPLE MEAI,YBUG, Dysmicoccus brevipe.~ (ockerel l  

( Hornoptera: Pseudococcidac) 

This mealybug is primarily a pest of pineapple and other bromeliads. 

However it also infests cacao, oil palm, banana, groundnut. darc palrrl. 

soybean. mango. sugarcane and coffee (Frolich and Rodewald. 1970). 

D. bre~*ipc.s is a well known pest of  agricultural crops th roughuu t  the  

tropics (Rohrbach and Johnson 2002). Anithakumari cl crl. (200.3) 

reported mealybug as a most i n ~ p o r t a ~ ~ t  pest of coconut i n  . l ' r . ivandrun~ 

dis11-ict causing yield Ioss. 



According to Ben-Dov (1985) ,  D. hrevipes caused minor damage tu 

date palms in Israel. Mani and Thontadarya (1987) reported D. hrevipes as 

a pest of minor importance on grapes in  India. Das and Ray (1988) 

reported the incidencc of U. brevipes on groundnut in Tripura. According 

to Dhileepan (1991). D. brevipes was recorded on fruit bunches on oil 

palm plantatior~s and nurseries in India and the inc ide~~ce  ranged from 3.2 

to 100.0 percent. Williams ( 1  994) reported distribution of pacific coconut 

mealybug D. coc.uri.s and U .  ,finiiimus in southern Asia. Mortality in 

groups of 5-20 trees. was noticed in plantations of C'asuarinu equise~(folicr 

due  to the infestation by D. hrevipes (Ciesla, 19951 in Kenya. 

2.1.1 Morphology, Biology and Damage 

D. brev ipe .~  belongs to the family Pseudococcidae. Adult females 

are plumpy and convex in  body shape with an average life span of about 

56 days. Beardsley ( 1 965) reported that male pineapple mealybugs 

observed from Brazil were approximately 1/25 inch long. Beardsley 

( 1  959) reported that Ll hrrv ipes  reproduces non-sexually. According to 

Ito (19381, D. brev ipe .~  has three larval stages with the life span averaging 

95 days. The larval period averages to about 34 days.  

D bri~~?ipe.s was observed as a major pest of  pineapple, causing 

pineapple wilt discase which reduces the yield by 40 per cent. Damage lo 

host plants is caused by a phytotoxic reaction to the injection of salivary 

fluids into host plant tissue and thus facilitate for entry of fungi and 

bacteria (Frolic h and K o d e i ~ a l d ~  1970). 

D. brevipes caused an yield loss o f  about 25 per cent on groundnut in 

'Tripura (Das and Kay, 1988). 

2.1.2 Role of Ants 

Ants provided the mealybugs shelter. protectic~n t'rom predators and  

parasites, and keep ~ h c ~ l l  clean fro111 detritus that may  accumulate i n  thc 



secreted honcy dm{- and be deleterious to the colony. Three ant species 

are associated wi th  nlealybug populations on pineapple in Hawaii. 

1 ) Pheidole megocephulu 2)  Iridomyrmex humilis (May r .) and Solenop.si.s 

geminutu (Fab.) (Rohrbach el  al. 1988., Gonzalez-Hernandez et  01. 1999). 

2.1.3 Rolc of Climatic Factors on Population 

Rainfall was the most important factor, having an adverse effect on 

the pest population. High infestation levels were associated with low 

relative humidity and n~axirnum temperature (Santa-Cecila er al. 1992). 

2.1.4 Management 

2.1.4.1 Chemical C'otltroi 

Das and Ray  i 1988) reported that aldicarb G at I kg ai h i '  applied 

15 days after sowing Ihllowed by a spray of chlorpyriphos at 0.5 kg ai h a - ' .  

was effective against U. hr-evipes on groundnut. 

Natural encmics reported in Hawaii included parasitoids such as 

Aenusius ourioczi.r- C'o~npere. Aenasius co1ombien.si.s Compere, Anugyrus a n u n u ~ i ~  

Gahan, Euryhrll~~rr!rt.( propinquus Kerrich, Hci~nh/rfonia pseudococcinu 

Compere and I ' tot?~~l .~l idae abnormis (Giraul t ) .  Predators include 

Cryptoluemu.~ tnonrr~orczieri Mulsant, Lobodiplmsis pseudococci Felt. 

Nephus biltlcertr~ll-irt.5 Mulsant, Scymnus ( P u l l r t . ~ )  ltnicafus Sicard and 

Scymnus picrus Gorh;;cm. Although many natural enemies of the pineapple 

mealybugs are p r e s t ~ ~ t .  they exhibit minimal control if protective ants are 

tending the mealyhug colony (Rohrbach et  al.. 1988). 

2.2 LONG 1'Al I, ti13 h.I EALY BUG Pseudococcu.~ longispinus Targioni-Tozzetti 

(Hornoptera: Pstudococcidae) 

The long ~ n i  I ~ i l  mcalybug P. 1ongispinri.r. is widespread throughout 

the world. It is f o u n d  indoors in the warmer parls 01' America, Europe and 



Al'rica. I11 northern latitudes, it occurs in greenhouses (Mc Kenzie. 1967). t'irst 

collected in Hawaii before 1900. it was present in the six major is lands 

{Zimn-lerman 1948 and Hawaiian Terrestrial Arthropod checklist. 1092). 

'I'hc long tailed mealybug has  a widc host range, including ai r  pla~lt .  

asparagus. avocado, banyan, begonia. betel nutl  caladium, coconut and  

other palms, coffee, citrus, cycads. dracaena, gardenia, floral gingcl-. 

guava. he1 iconia, hibiscus, kamani, 111 ies. macadamia, mango. orchids, 

philodendron. pigeon pea, pineapple and other bromeliads, potato. 

sugarcane and soybeans (Zimmerman, 1948, Mc Kenzie, 1947, 1;urncss 

1976, Ilcu. 1990). 

Koya er al. ,  1996 reported P .  longispinus on black pepper- 

(Piper- nigr-lrm Linnaeus). 

2.2.1 MOI-phology, Biology and Damage 

I'. Ivrzgispinus belongs to thc family Pseudococcidae. 'The adult 

female is about three mm long, oval and wingless. Females live for two  to 

three mnti ths.  The male is a t iny. winged creature, necessary for 

reproduction but living only a few days (Metcalf and Flint, 1939). 

.lames (1937) reported the occurrence of three nymphal stagcs i n  the 

female and t i 5 0  nymphal plus one prepupal and one pupal instar in 1na1c.s 

as a con imon  feature of pseudococcid mealybugs. All life stage3 o f  the  

femalc feed. as well as the male nymphs.  Pupating and adult males do not  

feed. 

.4cCording to Mc Kenzie (1967). long tailed mealybugs do n o t  

product. an  egg sac. The eggs may hatch  as soon as they are laid. A I-angc 

of 2 0  to 230 eggs have been ohserx,ed per female under laboraturq 

condition. 



Dakshinamurthy and Giridharan (1976) reported that adults and 

nymphs  congregated in large numbers and desapped the unopencd leavcs 

of the young coconut seedlings. 

According to Radhakrishnan (1987), severe infestation in coco~lut  

seedlil~gs aged two years led to the decay of the bud and u l t in la~e  death of 

the plants. In yielding palms, presence of barren bunches with OIIC or two 

developing nuts with the remaining ones either falling off immaturely ox 

seen stunted with tightly closed perianths is the visual sy111ptom of 

infestation. 

Mealy bugs feed by inserting their slender mouth parts into plan1 

tissues and sucking the sap. Plant parts may be spotted, curled, or wilted 

(Metcalf and Flint, 1 939). 

I l a n ~ l e n  (1  975) reported that infestation reduced the vigour and growth 

of foliage plants, which affected the beauly and marketability oi' the plant. 

I Iza l th j  trees with severe infkstalion of mealybugs have t i  t n  fivc 

barren bunches in their crown (Radhakrishnan, 1987). CPCKl (1094) 

recorded an  average annual yield of 42.4 nuts palm-' in mealybug affectcd 

palins a s  against 46.4 nuts palm-' i n  healthy ones and on an average. 25.9 

per cent of coconut bunches were infestcd with mealybugs. 

2.2.2 Role of Ants 

Radhakrishnan (1  987) reported ants as carriers of mealy bugs. ' 1  hree 

specics o I' ants  viz., Oecophyilcr .srnurugdina, Technomyrmrr sp ,  and 

Solt~uol~.\  i r ,qr mlinata were symbionls o n  mealybugs (CPCRI, 1994 j 

Sulnalde and Calilung (1 982) reported the association of' C'err r~~r / )h i .v  

pulnrcrc~ with  mealybugs and ants, of  wl~ ic  h one species (0. . Y ~ I I L J I - L I , ~ ( / / I I ( ~ )  

sewed coconut  leaves together lo m a k e  shelters for themselves a n d  l i ~ r  

('. / ) u / # l l / e .  



Ant attendance was indispensable t o  the persisterlce of the mealybug 

populations and ants nur tured  mealybug populations ( I t ioka and Inone. 

1996a and Conway. 1997). 

Sugonyaev ( 1  996) reported that ants nesting on living plants in the 

tropics served as refuges for soft scale insects (Homoptera : Coccidae). 

protecting them frotn attacks of Chalcidoid parasites. Ant attendance 

caused decrease in percenlaye of parasitism and an  increase i n  the growth 

rate o f  the host popu la t i o~~s  in red wax scale insect I'eropiustes rub en.^ 

(Itioka and Inone. 1996b). There existed a mutualistic relationship 

between the ant D o l i ~ ~ l ~ o d t r u s  thoracicus and thc Pseudococcid, 

C'alurncrcoccus hispidus (Ho and Khoo, 1977). Malsch er a / .  (2001) 

reported transfer of subterranean mealybugs (Hemiptera : Pseudococcidae) by 

P.seudulusius spp. ( Hy mer~optera : Formicidae) during colony fission. 

2.2.3 Role of Climatic Factors on Population 

Dakshinamurthq and Ciiridharan ( 1  976)  reported that the 

infestation was severe d u r i n g  the  months of March and Apr i l .  The pest 

population was present i n  the c rown throughout the yea r  but low during 

the rainy months ( R a d h a k r i s h n a n ,  1987) .  Population build-up of 

nlealybugs on coconut s ~ a r r e d  f rom November after the rains, reaching 

its peak in February and this level continued t i l l  orisel of monsoon i n  

May-June. The lowest population was recorded during July-August 

(CPCRI,  1994). 

2.2.4 Management 

2.2.4.1 Cltemical Control 

The prime method of' control of mealybug is by the application of 

chemical pesticides. Soil application of t h i o d e m e t o ~ ~  ( d i sys~ox )  0.5 g.a.i. 

Plant-'  and methyldcnlcton (metasystox) 0.05 p c ~ .  ccnr conrrolled 

P longispinus infesting cocclnur seedlings (Dakshinamu1-t h~ ,111d Giridharan 



1976). Furadan 3 C; h> 1-2 glplant was effective in reducing the popularion 

of pseudococcids in oil palm nursery (Nantwi d., 1985). One spraying 

with dimethoate could check the pest in the inflorescence only for a s11o1-I 

period o f  30 days (Radhakrishnan, 1987). According to John (1988). 

repeated spraying of carbaryl 0.2 per cent at two to three weeks interval on 

the heart lea~bes. spathe, buttons and nuts would be effective against 

mealybugs. Cent per cent mortality of adult females of Palmicultor sp. was 

observed W ~ L ' I I  exposed to residues of 0.1 per cent malathion, 0.025 per cent 

rnethomy I .  0.025 per cent demeton-@-methyl, 0.04 per cent monocrotophos. 

0.03 per crnr dimethoate and 0.05 per cent phosphamidon on pieces of  

coconut Icavc.5 in the laboratory (Jalaluddin el c r l . ,  1 99 1). 

CPUKI (1994) recommended the application of 0.1 per cent dimethoale 

or monocrotophos for effective control of mealybug. Hu er a / .  (1996) 

recommended hot waler as a potential treatment for root mealybugs. 

Verghese ( 1997) observed maximum mortality of early first instar 

nymphs of mealybugs with five per cent neem seed extract whereas f'or 

late first instar nymphs, the greatest mortality was with nine ppm 

azadirachtin. Mourjer (1997) reported that three applications of nee01 

kernel water extract i n  different concentrations at weekly intervals 

protected cassava against mealybugs. 

According to Mc Connell and Short (1999), application of disuli'ott~n 

and aldoxycarh incorporated at one per cent in individual 6 g fertilizer on 

spikes could control P. longispinus on dieffenbachia whereas on 

cordylinc. P Inngispinus was eliminated by carbofuran, disulfoton arid 

aldoxycarb at double application rates. Karunanithi ef a/ .  (2002) 

recommended spraying of 1.5 ml. monocrotophos or four ml. of methyl 

derneton i n  o n u  litre of water along with adhesive material for eff'eecticc 

control of sucking pcsts of coconut. 



2.2.4.2 Biological Control 

A number of natural enemies of mealybugs have been repnrtcd.  

Population resurgence after insecticide spraying in Australia end  up 

with that natural enemies are an important control factor for m t a l y b u g s .  

Tht. cncyrtid wasp, Anagyrus Ju.scivrntris Girault parasitized long lailed 

~nea lybug  in Australia (Furness. 1976 and Blumberg el  al. 2001). This 

parasite was present in Hawaii on the six main islands (Hawaiian 

Terrestrial Arthropod checklist 1992). 

Aluptu.r ramakrishnai, a parasitic hymenopteran was rearc J from 

mealybugs on coconut in Madras (Mani, 1942). The coccinellid beetle. 

C', mun/rouzieri  fed on long tailed mealybug in Califorilia and Ilawaii 

(Fullaway and Krauss, 1945 and Furness, 1976). l'he Iacewing. 

Sj)~~pherohiu,s  hurbtlri (Banks) consumed long tailed mealybugs i n  Hawaii 

(Zitnmerman, 1948 and Hawaiian Terrestrial Arthropod checklist. 1992). 

The entomophthoraceous fungus. Neozygites furnosa (Speare) parasitized 

the cassava mealybug, Phenacoccus manihoti (Hornoptera : Pseudococcidae). 

i n  the People's Republic of the Congo (Ru el ul., 1985). Swirski el  111. 

( 1988) reported release of the encyrtids Hungariella pc~ l - c~r in i ,  and 

.4 nugyr u s  ,fu.rciventri.r had controlled the outbreaks of P .  iongi.jp ini1.v in the 

at.ncado orchards of Israel. According to Gordon and Hilburn ( 1990). adults 

aud larvae of the coccinellid De~.udiumus hughesi. preyed on P. lor~gispinus .  

Commonly occurring predators Pullus sp. (Coccinel l idac) and 

Sp11gis sp .  (Lycaenidae) were observed feeding on coconut mealybug.  

I'hu n e i z l j ,  recorded natural enemies of coconut mealybug i~lcludes 

Scj.nrnus sp. (Coccinellidae), Berginids maindroni Grouvelle (M yce top hazi dae ). 

!lrc.radipiosis sp. (Cecidomycidae). C'ucoxenus sp.  (Drosophilidae) and 

ilomu1or~~lu.s oculutus Girault (Encyrtidae) (CPCRI, 1994). 



Van Raarren el  al. (1996) reported Epi.dirlo~.c~r.r.iS 1 0 j x z i  (De Santis) 

and Leptomastix duc.r~~lupii (Howard) as parasitoids of pseudococcid 

mealybugs. 

2.3 OTIIER MEALYRllGS INFESTING COCONU'I' 

Williams ( 1  98 1 ) reported Palmicullor pulmrxrun~ infesting coconut in 

Micronesia, Hawaii and Bahamas. D. .fini!irnus was distributed i n  the 

countries of Souther11 Asia (Williams, 1994). 

A mealybug species of the genus Rhizo~c.lr.r was found infesting 

roots of coconut in the sandy tracts of Thiruvananthapuram district (Nair 

et a / . ,  1980). Two spccies of mealybugs, P. pulmlrrum affecting spindle 

and P. cocotis affecting spathe were found in the coconut growing tracts 

of Kerala (CPCRI, 1 994). 

The species P. y ~ i l n l ~ ~ r u m  was described by Ehrhorn (1  91 6) on coconut 

from Hawaii. Ayyar ( I9  19) reported P. cocori.s on coconut leaves in the 

Maiabar Coast. Kanagaratnam et al. (1977) reported P.srudococcus cifric.uius 

Green on coconut in Sri Lanka. Palmicultor sp. and P ciiriculus were 

observed on coconut in India by Jalaluddin and Mohanasundaram (1  989). 

2.4 OTHER IMPOK'I'AN-1' BUTTON INFESTING ART1 IROPODS 

2.4.1 Coccids 

A hard scale. I,cpidosuphes rncgregori Danlis (Diaspididae) was 

observed as a minor pcst of coconut (Nair, 1978). According to Jalaluddin 

and Mohanasundaram (1989) Aspidioru.~ i ~ i ~  Sign and 

PseudauIacaspis sp  . irlf'csted the nuts in Tamil N a d u .  

2.4.2 Mites 

Coconut erioph!,id r~~irs Aceria guerreronis Kei f i r  \i ;IS Hrst reported as a pcst 

of coconut from tht i r  t ' s ~  coast of Mexico in the state of Guerrero in 1960 



(Cartujano. 1 963 ) and was first described by KeilPr ( 1 965). Mohanasu~daram and 

Karuppucharn), ( 1 989) reported Colorn~rr~.~ nntwuhe hridensis Ke i fkr fI+o m t 11' 

underside bracts of coconut buttons. 

Other mi tcs recorded on coconut palms were Brevipalpus phoenic.i,s 

Geij kes on nu t s  (Chandra and Channabasavanna, 1976) and . Terranjlc.h~/.~ 

fijiensi.~ and  :l mensosizls sp. infesting flowers (Nair, 1978) . 

Sa th iamma ( 1 985) reported the incidence of D o l i c h u ~ e r t - ~ r n , r ~ ~ ~ I ~ ~ ~ , ~  

vandclrgoori Oudcmans as a perianth mite of coconut. The mite damagc 

under the perinath resulted in discolouratior-i of the buttons and nuts.  

2.4.3 Corcid Bugs 

Lever ( 1  969) reported the coreid bugs AmblypeIta cocophugu China. 

A .  /ulu.sc.~)n.c Distant and Pseudotherapfus wayi Brown as serious pests of 

coconut in the Solomon Islands, Papua New Guinea and East Ai'rica. 

respectively. In India, the coreid bug f'ur-adusynws rostratus Distant u,as 

first reporled as a pest of coconut from Alleppey district of Kerala (Kurien 





3. MATERIALS AND METHODS 

3.1 EXPERIMENT 1 : BIOLOGY OF PERIANTH - INFESTING; 

MF-:AI-Y BIJGS UNDER LABORATORY CONDITlONS 

Biulogy of' perianth infesting mealybugs Dysmicoccus breviprs and 

Pseudocnc~~ri .~  longispinus was studied under laboratory condition during 

September-I>ccember. 200 1. 

3.1.1 Studies on Species Composition of PMB 

Species composition of the mealybug colonies in the infrs1t.d 

buttons and immature nuts studied after preserving in 80 per cent e t l~>, l  

alcohol. Haszd on morphological characters, the specimens were groupcd 

and sent for identification. 

3.1.2 Evaluation of Different Host Materials to Culture PMBs 

The n~ca lybugs  were reared in bulk on ripe pumpkins. R i p c  

pumpkins \\-it h o u t  any  injury on the surface were selected. 'I'l~c.>c 

pumpkins were dipped in a solution of five per cent formaldehyde for f i i  r. 

minutes and  then dried in the sun. The pumpkins  were then placed i n  ;I 

sterilized circula~. glass troughs. The glass lroughs contained a s lee l  s r a l ~ ~ l  

over which the pumpkin was placed. 

Gravid I'emales of the mealybugs collected from affected buttrj l l \  

from l'ielci LI.L'I.C' liberated on these pumpkins and distributed in dif 'f  ren t  

areas of' their surfhce. Separate pumpkins were used for rearing the two 

species. Trcluglis with the pumpkins were kept in a cool shaded plauc i n  

the laboratory Once in a week, these p u m p k i n s  bcaring the culture weru  



exposed to the sun for drying up of the honeydew sccrered by the bugs and 

also to prevent fungal growth. The females were removed from the host 

surface with a camel hair brush leaving only the crawlers. 

These crawlcrs got established on the host surfaces within two days. 

The time taken for the crawlers to become adult male or female was 

observed. On the pumpkin surface crawlers were confincd i n  groups of 10 

each by releasing them within cut PVC ring (2.5 x 2.5 c ~ n )  pasted on the 

surface of the pumpkin (Plate 1). Muslin cloth sleeves were used to cover 

these tubes with crawlers. Observations were recorded daily on 

developmental durations. 

Fecundity studies were made by examination of the total number of 

crawlers given birth by gravid femaIes. For this. the gravid females were 

kept in specimen tubes and the number of crawlers emcrglng each day was 

counted. Sex ratio was determined by observing the development of 100 

crawlers in four lots. The morphology of different stages of the n~ea lybug 

was studied by preparing temporary mounts of thc irlscct in glycerine as 

well as by dissolving the waxy covering of the bod) i n  Essig's Aphid 

Fluid mixture. 

3.1.2.2 Uninfested Buttons 

Mealybug free buttolls from the first to f if ih hunch was excised 

along with rachis and fed with 10 per cent sucrose solution kept in plastic 

vials. An iron frame u a s  fabricated to support the vials  aut~taining excised 

nu t s  in upright position (Plate 2). The vials were kept on the i ron  frame and 

ant wells were provided around the four legs to prevenl i n \  aslou o f  ants. To 

one set of such buttons. tive gravid female mealybugs ncrc  released. To 

another set of such buttons. tllve crawlers each were rclcascd. Observations 

were recorded at 1 5 days  interval on developmental durat 1o11s 



Plate 1 Pumpkin fruit (ridged variety) with PVC ring (2.5 x 2.5 cm) 
fixed to confine gravid females of  P. lortgispinus 





3.1.2.3 Potato Sprouts 

Mealy bug cultures were also maintained on sprouted potato tubers. 

Healthy potato tubers with dormant buds were kept immersed in  water for 

24 hours. These tubers were then kept on a layer of sand in cylindrical 

glass jars .  The tubers sprouted i n  a week's time. Gravid female bugs were 

lheil released on the potato sprouts using a camel hairbrush. '1.0 study the 

life history of the mealybug, gravid females were put on sprouted potato. 

On  the following day, the gravid females were removed from tlie host 

suri'ace leaving only the crawlers. 

3.1.2.4 Excised Tepals 

Attempts were also made to rear the mealybugs on tender tepals of 

coconut buttons and on tender coconut buttons in the laboratory. For this, 

tender and succulent tepals were taken from first to fifth bunch nuts. 

Inner tepals free from insects and mites were used for this purpose. Moist 

cottoil was used as a cap on the tepals to keep the tepals fresh. 

Gravid female mealybugs were placed singly on the inner  side o f  the 

tepals by using a camel hair brush. On the following day, the gral id females 

were removed from the host surface. Also tepals excised from inlisted 

nullets which harboured gravid females were used for this purpose (Plate 3). 

3.2 EXPERIMENT I1 : STUDIES ON YIELD LOSSES DIJE -1 -0  PMBS 

1N PALMS HAVING DIFFERENT DEGREES OF DAMA(j1l 

3.2.1 Preliminary Evaluation o f  Coconut Palms (WCT) for 

Identification of Low, Moderate  and High Incidence of Mealybugs 

['he experiment was c o ~ ~ d u c t e d  in B and D blocks of the Insrructional 

Farm. Vellayani. Sixty coconut palms of the variety (WC'?!') i t )  the 

Instruc~ioi~al Farm, Vellayani receiving l'crtilizers and manures as per Lerala 

Ag~~icultiir~al University recommendations (KAU, 2002) wt'rc selcc~ed. 



Plate 2 Vials (containing excised nuts) kept in upright position on 
fabricated iron frame 





Twenty palms each in high, moderate and low susceptible category were 

randomly selected for the preliminary evaluation to identify highly 

susceptible, moderately susceptible and low susceptible palms. Observations 

were made from r ~ o  successive harvests during August and October 2000. 

Harvested huts were classified according to visible surface damage. 

Based on percentage of nuts damaged, the selected palms were 

ciassified as low susceptible, moderately susceptible and highly 

susceptible. Five palms were selected for each category. These selected 

palms were used for further studies. 

3.2.2 Assessment of Yield Losses in Coconut Due to Mealy bug 

Infestation 

From the total numbers of damaged and undamaged buttons in each 

bunch (from 1-10"'), the percentage damage to nuts by mealybugs in each 

month was calculated. From the percentage damage in the tenth bunch, 

yield losslannum was calculated for the three categories. This experiment 

was also done on the palms selected under Experiment 3.2.1 for a period of 

one year. Damage was correlated with age and month of emergence of 

bunches. Ten succes:ivt.ly emerged bunches were tagged at the male phase 

of the inflorescence as described under 3.2.3.1 and the week of bunch 

emergence was recordzd to understand the correct age of each bunch as on 

the date of observation. 

3.2.3 Study of Population Llynamics of Coconut Mealybugs in Low, 

Moderate and High Susceptible Palms 

Population dynamics of ~neatybugs in buttons and immature nuts of 

coconut for one year was studied i n  the palms which were selected from 

Experiment 3 -2.1 . 



Plate 3 Tepals (excised from infested nutlets) used for studying the 
biology of D. brevipes 





In order to study the population dynamics, it  was necessar) ta know 

thc age and pattern of bunch production.  

3.2.3.1 Arrangement of Young Blrnckes i n  the Crown 

Arrangement of the youngest ten bunches were studied. 'The first 

(youngest) to tenth bunches were labelled in the sequence oi' iloivering (in 

reverse order) in such a way that the last opened one was considered as the 

first hunch, the just previous inflorescence a 120' around the crown as the 

second bunch and so on. The third and fourth bunches were on either side of 

the first bunch. The fifth bunch was opposite to the first bunch on the other 

side of the crown and sixth one was always vertically below the first bunch and 

so on. Arrangement of young coconut bunches (1 to 10) in a coconut crown is 

diagrammatically represented in Fig. I .  Labels (3 x 3 cm) made of 'Sun pac' 

board were tied to the bunch stalk with plastic tape during October 2000. 

3.2.3.2 Sampling and Assessmut1 t of Population 

One nut each representing the ten bunches was sampled every 

month.  Both damaged and healthy nuts were sampled from each hunch.  

'The total number of damaged and undamaged nuts in each bunch was also 

recorded. During the next month, sampling was done front the then first, 

to the tenth bunch. Normally a new inflarescence emerged (opened) 

wilhin a period of 20-25 days and therefore the bunch number as first in 

J a n u a r y  became second in  1-cbruary, third in March and  st? on. 

Immediately after sampling, thc n u t s  were brought to the labora tc~ry  f o r  

furthel- examination. 

In each month, damagcd and undamaged nuts were sampled 

separrltcly. Population of mealybugs under each tepal i x ' i ih  courtted 

irnn~ediatcly after removing tbe tcpals very carefully using f ~ ~ r c c p s .  For 

cuunllng population of crawlers. ~ c p a l s  were placed under rllc C ~ , I I ~ ~ C > U I I ~  

microscope. The total count of nlcalqbugs in each button was taben 





Total populat ion per nut  was worked out by adding the population 

in al l  the colonies on a nut .  The palms selected under Experiment 3.2.1 

representing low. moderate and high susceptible palms were observed 

every month for a period of one year from January 200 1 onwards. 

3.2.4 Spatial and Temporal Distribution of Mealybugs 

Spatial and temporal distribution of the two species of PMBs were 

studied. The nuts representing one to I0 bunches occupying different 

positions in the crown were observed at monthly intervals for  one year. This 

experiment was also done on the palms selected under Experiment 3.2.1. 

3.2.5 Investigation on the Development of Damage Symptoms as a 

Consequence of Feeding Injury by PMBs 

Symptom of mealybug damage in nuts of 1-10'" bunches were 

studied for one year. Different types of symptoms were categorized based 

on the susceptibility of the palm and described. 

3.2.5.1 Sf un f ing 

The extent of s tunt ing  of nuts of 1-10 month uld bunches coming 

under each damage category of palms was recorded for one year. 

3.2.5.1.1 Length of N u t  (Polar Circumference) 

Length of both damaged and undamaged nut from calyx end to other 

end through curved surface of nuts coming under each category was 

measured using a thread and a scale. This was referred to as the polar 

circumference of the n u t s .  

3.2.5.1.2 Equatorial C:ircumference of Nut 

Equatorial ci rcum f I-ence of both damaged and undamaged nuts 

corning under each carcgor! \%,as measured using a ~ \ ~ i n c  atid scale along 

111e equatorial planc ou thc 111lts. 



3.2.5.1.3 Fresh Weight of Unhusked Coconut 

Weights of both damaged and undamaged unhusked nuts were lakct~ 

by using a pan balance and expressed in ' g ' .  

3.2.5.2 Deformities or Malformation on Coconut Buttons as cr 

Consequence of Feeding by PMBs 

Different types of deformities in the infested buttons and nuts were 

studied and the malformitions were recorded from the selected palms. 

3.2.6 Population Buildup of Different Species of Perianth Infesting 

Arthropods 

Population of other arthropods such as mites, ants, stem weevil and 

scales, inside perianth of infested nuts as either primary or secondat-1 

cause of damage was also recorded as described under item 3.2.3.2 and  r h t .  

mean population in ten nuts representing 10 bunches over a period oi' 1 2  

months was observed. 

3.2.7 Population Buildup as Influenced by Morphological Characteristics 

3.2.7.1 Relatiotz between Number of Female Flowers / Spikelet nttd 

Slrscrpribility to PMBs 

3.2.7.1.1 Mean Number of Female Flowers I Spikelet 

The number of female flowers per spikelets was counted in the raggcd 

bunches just after the male phase is over and in  the succeeding 12 months. 

The mean number of female flowers per spikelet in a set of third to eight 

bunches as on the date of observation was calculated for 12 months. 

3.2.7.1.2 Mean Number of Fertilized Female Flowers / Spikelet in 4 

(7-1 0) Bunches Observed at Maturity 

The number  of nuts in 7-10 bunches of the selected palms for onc 

year was counted and the mean number 01' hea l thy  nuts retained pcr 

spikelets was calculated for one year. 



3.2.7.2 Influence of Bract A r r a ~ ~ g e m e n t  

Type of tepal arrangement in each damage category 01' palm was 

studied by carefully removing the individual tepals using forccps. 

3.2.7.3 Influence of Tepai Colnur on Mealybug Populutinn 

The colour preference of lncalybugs i n  terms of tepal colour was 

studied i n  mealybug free butrons with varying tepal colour  from first to 

fifth bunch.  Gravid females were released and observations on progeny 

production were recorded at 1 5 days  interval. 

3.2.8 Role of Ants in Dispersal o f  PMBs 

The species of ants associated with PMBs were identified i n  the low, 

moderate and highly infested calcgory of  palms selected under Experiment 

3.2.1.  

3 . 3  EXPERIMENT 111 : EVA1,UAI'ION OF SELECTED INSEC~fIClDES 

FOR THE MANAGEMEN'I' OF PMBs 

3.3.1 Laboratory Evaluation 

3.3.1.1 Mortality of Mealybugs on Excised Undamaged Buttons Collected 

from 2"*, 3rd and 4'h BUIICII~S  of Highly Damaged Categor)' of Palms 

Healthy buttons were collected from second to fuur lh  bunches. 

They were excised along with the rachis and fed with 10 per cent  sucrose 

solu t ion  kept in plastic vials as described under item 3.1.2.2. Insecticides 

were sprayed at the r e c o m m e n d ~ d  doses,  using an atomizer. l 'he spray  

fluid o n  nut surface was allowcd to dry for a few minutes.  Five 

mealybugs were released on each sprayed button using camel hair  brush.  

Ten replications were maintained for each treatment. Out of t h e  tctl 

replications under each age group.  f ive  replicates were observed at 24 hrs 

after spraying and the remaining ii1.e at 48 hrs  after spra!,ing. as 



destructive sampling was necessary to  observe mortality. From the 

observations, mean mortality percentage was calculated. 

3.3.2 Evaluation of Selcctcd Insecticides for the Management of PMB 

3.3.2.1 Layout of the Experiment 

Forty five highly infested palms of var. WC'f having tnore or less 

uniform infestation of the tneaiybugs were selected in the Instructional 

Farm. Vellayani for conduct of the experiment. Each palm was labdied 

indicating treatments given and the youngest five bunches were tagged as 

described under item 3 .2 .3 .1  The experiment was laid out in cornplelely 

randorriised design (CKL)) with nine treatments replicated five times. 

The treatments were : 

Triazophos 

Quinalphos 

Endosulfan 

Chlorpyriphos : 

Profenophos : 

Azadirachtin : 

Diafenthuron ; 

Dimethoate 

3.3.2.2 Spraying of lnsecticidrs 

The insecticides were prepared at the required concentration. Ten 

litres of spray fluid were prcpared for each treatment. 

The pesticides were sprayed targetting the firs1 f i ve  bunches 

including the just opened onc so that spray fluid fell on the unopened 

spadices also. 7'wo Iitrcs of' spray fluid were used for each palm. 

Spraying was done using a rucker sprayer. The spray  fluid was directed 

~ o w a r d s  the perianth portion o f  t h e  nuts using cone nozzle from the crown. 



Spraying w a s  done upto the point of complete wetting of the buttons. 

before the onset of run off. 

3.3.2.3 Assersmrnf of Damage in the Sprayed Bunches 

The youngest five bunches in the most critical stage as on the date ol' 

spray were observed at four months after spraying. Number of total and 

damaged nuts  in each bunch was recorded and the per cent reduction irl 

damage over corresponding c o n t r ~ l  (bunches of the respective age) was  

calculated. Similar  observations were also recorded in the next set of f ive 

successively emerged bunches at six months after spray which were r t t  

different stages of spadix development on the date of spray. Mean per 

cent reduction was calculated using the formula : 

Per cent damage in control palm - Per cent damage in treatment palm 

Per cent damage in control palm 

3.3.2.4 Statistical Analysis 

All the  values were analysed using CRD. The data were tabulated 

and subjected to statistical analysis. 





4. RESULTS 

4.1 EXPERIMENT 1 : RlOECOLOGY OF PERIAN'I I I  - INFESTING 

MEALYBUGS (PMB) 

4.1.1 Species Composition of PMBs 

Studies on the species composition of mealybugs collected froin 

infested buttons and nuts revealed the occurrcnct: of two species of 

mealybugs. These species were identified by Dr. B. K.  Rajagopal, 

Department of Agricultural Entomology, UAS, Bangalore. They were : 

1 .  D y s n ~ i c o c c u . ~  hrevipes (Cockerell) 

2 .  Pseudococcus iongispinus (Targioni-Tozzet t i )  

Other two species of mealybugs viz . ,  Palmicitlior pulmarum Ehron 

and Pseuciococcu.~ cocnris Maskell which were prei~iously  recorded from 

coconut inflorescences and buttons in South India were not observed 

during the course of the present study. Among the tu70 species recorded, 

D. brevipes could be easily identified by its pink colour and P .  1ongispinu.v 

could be identified by the two characteristic long tail like filaments. For 

casy reference, two common names are being proposed to describe the 

species vis., Pink Perianth Mealy Bug and Two tailcd I'erianth Mealy Bug 

that may be abbreviated as PPMB and TPMB respectively. 

4.1.2 Biology of PMRs  When Reared on Pumpkin Fruits 

4.1.2.1 Biology of PPMB on Pumpkin 

Since both the species of perianth mealybugs inhabit the inner 

surface of tepal, biology could not be studied on infested buttons without 

removal of tepals for taking observations. As  i t  u o u i d  interfere with 

colonization and development of the mealybugs, the hioccology of the two 

species was studied after rcaring them on pumpkin fi-uits. D. brevipes 



preferred coloiiization around fruit stalk of pumpkin  fruits ( P l a ~ r  4a) and 

the red an1 species (Anopiolepis longipr .~)  \$-as also found associated with 

D. hrrvipe,\- (I'late 4b) in the Iaboratory. 

The most important feature in the biology of PPMB was that i t  did 

not lay eggs a t  all. Instead they were oroviviparous. The eggs i la~chcd 

within the fkmalc body and she gave birth to larvae. Larvae, callcd 

"crawlers" are the primary dispersal stage of the mealybug. They rmmain 

protected underneath the mother's body for a short time before devrluping 

a waxy covering. The crawlers emerging out from the female bug moved 

out from underneath the bug and settjed around i t  within 24 hours of their 

emergence. After settling on the host, the) started to feed. Sometimes 

they lnoved out again to new areas on the host material. They showed the 

habit of congregation. The fecundity and larvi position period of 

D bri.17ipr.v u-hen reared on pumpkin fruit arc given in Table 1 .  

Table 1.  Fecundity and larvi position periods (days) of D, hreviprs when 

rearcd on pumpkin fruits 

- 

S1. No. 

1 

2 

-- 

i'ecundlty 

- -- 
2 8 4 

2(17 

2 1 

4 2 5 0 26 

6 18 

7 

24 

28 

10 

Mean 170 0 
- .-- -A 

Pre lmi 
position period 

2 7 

2 5 

24  

1 (, 

7 7 - - 
18 

76 

2 1 

2 1 

2 1 

2 1 
- - - .--- 

Larvi position 
period 

2 0 

I8 

5 5 

5 7 

5 3 

65 

5 8 

60 

5 3 

5 9 

58.7 

I 
134 1 

140 i 

1 5 1  
I 

144 1 

l h 2  , 
I 

132 I 

I . -,- . I I 
I 

I i 
I 

1 3 o s I 
J 

Post larvi 
position period 

6 1 

66 

i 
Total lilt I 

I cycle , 
I 

135  1 
-- . 

135 i 
I 



Plate 4 (a) Colony of D. brevipes around the fruit stalk of pumpkin 

Plate 4 (b) Close up view of the colony along with red ant, 
Anoplolepis longipes 



Plate 4 (a) 



'I'hc observations made on the fecundity showed lhat in thc casc 01' 

D. Iv.e~.ip~.r.  number of larvae laid by the female ranged from 74 to 284 

with a mean of 170.9 larvae per female. The adult female of D. hrr~*ipc).s 

had a mean pre larvi position period of 24 days, larvi posit ion period of 2 1 

days. post larvi position period of 58.7 days and total life cyclc of '  139.5 

days ( ' l a b l e  I )  Close up view of  t h e  gravid females of D. brelj~,)ca.\ on 

damaged rlurlets is shown in Plate 5 .  

4.1.2.2 Biolog+v of PPMB opt Pumpkin 

I'hu fecundity and larval position periods of P, longispinus ~i h e n  . 

reared on pu~npkin frui t  are given in Table 2. 

Table 2 .  Fecundity and larvi position periods (days) of P. 1nngr.sprn1i.r 

when reared on pumpkin fruits 

In  t h e  case of P. Iongispin~~r lhc number of eggs laid b!, i ' cn~a lc s  

rangcd f'ro~n 26 to 240 eggs with n mean of 140 eggs per femalc.. izhe11 

reared u11 purnpkin fruits. The adult fernale had a mean p r e v i v ~ p i ~ r o ~ ~ s  

period o f  15 days, viviparous period o f  14  days, post viviparous pcriod of  

27.5 da! s and a total life cycle of 82.1 days ('Table 2) .  



Plate 5 Close up view of the gravid females of D. brevipcs on damaged 
nu tIets 





Females ucre  wingless, but freely mobile, though sluggish. l ' h q  

sought a protected place to lay eggs. All lif't: stages of female wcrc sccn 

feeding on pumpkin fruits. TPMB did not produce an egg sac. The eggs 

hatched as soon as they were laid, giving the impression that young 

crawlers were born rather than hatching. Eggs were straw yellow colour 

at first and their colour deepened towards hatching. 'The larval duration 

and adult longevity (days) of female perianth mealybugs, D. brevipes and 

P. longispinus when reared on pumpkin are presented in Table 3. 

Table 3. Larval duration and adult longevity (days )  of female perianth 

mealybugs D. hrevipes and P .  l o n g i ~ j ~ i n u ~  when reared un 

pumpkin  frui t  

In the casc of' D br-evipes, the larval period ranged from 26 to 5 5  daqs 

in the female with a11 average of 36 days. Thc l a r ~ a c  moulted three time5 

before reaching adult htagt.. 'The adult female had a rncan longevity of 103.3 

days. Adult Sernalc.., ;ire plump and convex In hod! shape and pinkish in 

S1. No. 

1 

2 

3 

4 

5 

6 

7 

8 

D hr~vipes 

Mean 103.3 20 

Larval duration 

2 7 

26 

34 

4 1 

5 0 

43 

5 5 

2 7 

67 I 

I 

5 7 I 

i 

P kmgispinus 

Longevity 

108 

109 

100 

99 

10 1 

101 

107 

105 

Larval duration 

2 3 

2 5 

2 0 

2 

3 0 

2 1 

2 4 

2 4 

Longevity 

5 3 

50 

54 I 

62 
I 

66 I 

5 5 i 

5 0 

4 9 

62 



bod) colour. There art. 17 pairs of lateral wax filaments. 'l'hc. larval 

duration of P longi.~pl17r,.y M I ICII  reared on pumpkin fruits ranged from 2 1 to 

30 days with an average vl' 36 days. The adult female of P 1ungispinu.s had a 

mean longevity of 57 d a j  s. .After hatching, the crawlers left the mother. 

They were flattened, o ~ ~ a l ,  light yellow, six legged insects with smooth 

bodies. Soon after beginning to feed, they exuded a white. waxy covering 

over their bodies. giving them a mealy appearance. The female had gone 

through three stages to reach adulthood. The female body is oval and 

covered with waxy filaments. 'The larval duration, pupal duration and adult 

longevity of male perianth mealybugs, D. brevipes and P lungispinus when 

reared on pumpkin fruits are presented in Table 4. 

Table 4. Larval dura t ion .  pupal duration and adult longevity (days) of 

male perianth mealybugs D. brevipes and P .  lungi.~pinus when 

reared on pumph in  i'ruit 

I 1 
I S1. No. 

I 
1 

I 
3 
I 
! 4 

! 5 
I 

6 

I 
8 

I 9  
10 

Mean 

Pupal 
duration 

7 

6 

5 

h 

6 

1-ongevity 

5 

8 

4 

5 

4 

5 

8 

6 

h 
.- 

LarvaI i Pupal 
duration ' duration -- 

Longevity 

5 

4 

3 

2 

3 

20 

22 

18 

Larval 
duration 

18 

15 

17 

14 

19 

26 I 
1 9 4 1  3 

24 1 5 1  4 - 1 
2 5 1 4 '  4 

4 

3.6 

4 

5 

3 

18 

18 

13 

16 

15 

16 

24 1 4 
I 

> i 



The  mean  larval and pupal durat ion f a r  D. hrevipes werc 22 .0  

and 4 .2  days respcctively whereas the adult longevity ranged from two 

to five with at1 average of 3.6 days. The  male nymphs, when about to 

pupate moved away from their original feeding point  and congregated 

at a point wherc t h e y  secreted cotton like wax  strands (cylindrical)  

forming a cover ing .  Pupae were formed within rhe cottony cover. i n  

the case of P.  lorlgispinus, the mean larval and pupal durations were 16 

and s i x  days  respcctively. Adult  longevity oi' 1'. longispinus ranged 

from four to e ight  with an average of five days .  The male larvae slop 

feeding near the  end of the second stage and migrated towards a 

protected place where they secreted waxy cocoons in which they 

completed the i r  development.  

The observations on sex ratio of D. hrcJvipes under laborator!, 

conditions are presented i n  Table 5 a .  'I'he observations o n  sex- ratio 

showed that in a colony of crawlers. an a \ ,erage of 76 per ccnl  

developed inlo i 'emales while the reinaini o n e s  were males.  The 

mean sex ratio \$as 3.17. 

The o h s e r v a t i u n s  on sex ratio o f  P. iong1spi~zu.s under  laboratory 

conditions is presented in Table 5b. Thc scx ratio observations showed 

that in  a co l r~n j  o f  crawlers,  an  average of 78 per cent developed i n t o  

females  while ~ l ~ t .  remaining ones were males ('l'able 5b)  and the mean 

sex ratio was 3.54.  

4.1,3 Biolog? of Pcrianth Mealy Bugs af ter  Artificial Inoculation on 

immature nuts 

The da t a  o n  the number of crawlers settled inside perianth ol' 

immature nuls collected from successive bunches are presented in Tablc 6 

In the c a w  o f  D hrevipes, the number o l ' c r a ~ l e r s  settled was more i n  

the nuts collcctcd from 5''' bunch after 15 ( D / Z I i )  ,,id in the nuts collected 

from jrd bunch  iil'ier 30 days whereas for 1' lo ,~g, .~pinus the numbsr ul' 

crawlers setrlcd i t  a s  more in the nuts from 4'h bunch 1 5 and 30 DAR. 



Table 5b. Sex ratio of P .  1r)ngispinu.s under laboratory conditions 

Table 5a. Sex ratio of L). hre17iprs under laboratory conditivrls 

S1. No. 

1 

2 

3 

4 

Total 

- 

In the case of D. hrevipcs.  progeny production was ~ t i a x i m u m  i11 the 

nu t s  from 41h bunch ar I3  11.4K and in the nuts from lhe ird bunch at 30 

LIAR whereas for P lot?gt.\/)inzts progeny production was max im uni i n  the 

n u t s  from 31d bunch at 15 and '10 D A R .  

S1. No. 

C -. 
1 

I 2 
1 

3 

- -  

No. of nymphs 
reared and 
observed 

-4 
2 5 

25 

Number of 
males 

produced 

7 

5 

3 

No. of nymphs 
reared and 
observed 

- 

2 5 

2 5 

2 5 

100 I 24 
I 
I 

- L .  ... - 

Sex ratio 
Number of 

males 
produced 

- .. - 

5 

7 

4.00 

2.50 

5 .25  

2.13 

15 

7 8 
- -- 

4 

'l'otal 

Number of 
females 1 Sex ratio 

produced I 

-- 

Number of 
females 

produced 

20 

18 

2 5 I 4 

i 
! 

2 5 8 , 

25 7 
I 

l oo  j 22 

--A. - - 

18 

20 

2 1 

17  

2.5C 

4.00 

i 
2 2 i 7.30 



Table 6 .  t.,stahIishment of crawlers set t led inside perianth of immature 

nuts collected from successively emerged bunches 

DAR : Days After Release 

- -- 

4.1.4 E f f c c t  of Different  Hos ts  on B io logy  o f  P P M B  a n d  T P M B  

r-7- Crawlers released 

The de\~elopmental period of PPMB and T P M R  on potato sprouts 

a r e  presented i Table 7a. In the laboratory, D. hrevipes and 

Gravid females released I i 

P. long is pi nu.^ ut'rt' reared on two host materials l - i z . .  polato sp rou t s  and  

ripe pumpkins. I t  ivas observed that the biology of' t h e  bugs varied on 

these two host l t la~zr ia ls .  On pumpkins, it took on an average of 36 days 

for completion of lar ta l  duration of D. hrevipes. while on potato sprouts il 

took 40 days. I11 t h e  case of P. longispinus i t  \i-as 26 days on pumpkins 

and 35 days on puta to  sprouts respectively. The mean fecundities of' 

PPMB and T P M U  u n  potato sprouts were 25 and 18 respectively whereas 

on pumpkin ~ h t .  fkcundities were 170.9 and 140 respectively. The 

longevity of I'I'hlH and  TPMB on potato sprouts wure 5 3  and 50 



respectively whereas on pumpkin, the  mean longevity was 103 .i and 57 

respectively. 

Purnpkin appeared to be a better host material as i t  could be kept 

upto 75 days without decay and it could support  large colonics of' the 

insect du r ing  th is  period with shorter nymphal periods. Potato sprouts.  

however. could be kept only for about  55 days and multiplication o f  rhc 

insect was less and the size of the progeny was also less compared lo 

pumpkin. 

Table 7a. Biology of female D, brevipes and P. l ong i sp in~s  on potato 

sprouts 

4 , l . S  Progeny Production of PMB on Tepals Removed from Perianth 

Biology 

Larval duration 

Fecundity (number)  

Pre larvi position 

Larvi position 

Post larvi position 

Longevity 

Progeny production of PMBs on excised tepals after 30 days is preseiitcd 

in Table 7b. 

Mean developmental period (days) 

D. brevipes 

40 

25 

5 

5 

2 

5 3 

P. longisl~inus 

3 5 

18 

7 

5 

3 



Fk. 2 Fmwdity of PMBs on different host WWS 



Table 7b. Progeny produclion of PMB on excised tepais 

The mean progeny p r o d u c t i o n  of gravid females o f  I1  hrevipes  

on excised tepals was 30 and the mean progeny productioa of gravid 

fcmales of P ,  1ongi.rpinus on excised tepals  was 2 5  (Table 7h) .  Resul ts  

o f  the fecundity of PMBs as inf luenced by different host materials are 

presented in Fig. 2. P u m p k i n  appeared to be a better host niaterial fo r  

rearing PMBs followed by excised tepals and potato. l f n i n f e s t e d  

but tons  were the least preferred host material. 

4.2 EXPERIMENT 11 : STllDIES ON YIELD LOSSES DUE TO PMBs IN 

PA1,MS HAVING DIFFERENT DEGREES OF DAMAGE 

- - 

P. longispinus 

2 5 

-- - - 

4.2.1 Prclirninary Evaluation of Coconut  Palms (WCT) for Identification 

of Low, Moderate and High Incidence of MEALYBUGS 

Mean Progeny production 
- "  

After 30 days 

Sixty palms of WUT were selected for preliminary u i , a l ua t i un  i n  

order to identify at least fivc palms each under low, mode ra~e  and high 

categories. Observations were made from mature nuts in two I~arvests 

from these palms (August and October. 2000). The data on the damage 

intcnsit; o f  the nuts are presented in the 'I'ablc (8,9 and 10). 

D brevipes 

3 0 
- 

Within the sixty palms selected, those palms that had less than 26 pcr 

cent of darnaged nuts in the two harvests were categorized as low susccptiblc 

palms. Based on this criteria, the palrlis l3 147, B945, B 1000, H l O l S and R 1 

(Tablc t i )  were selected as low susceptible palms. 



I'able 8. Preliminary evaluation of coconut palms (WC'I ) f'or 
identification of low susceptible types in 2000 - -- - 

Percentapc of infksted 
nuts i n  datnagc category 

- 18 - 
22 
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Palms 
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*B 945 

B 946 
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Months of harvest 
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I 
B 1080 

B 1002 

3 1006 
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*B 1015 
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B2 
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3 1026 
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--- 

* 
1 

B 1029 

B 1042 

B 1092 

palms 
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October 
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I0  
---" 
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1 3  
(1 

--.- 

39 
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16 - 
2 3 
20 

- 2 4 
August 
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.- 
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'Table 9. Preliminary evaluation of coconut palms (WCT) for 

S1. 
N 0. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

August 
16 

o f  moderately susceptible - types - -. in 2000 
- < 

identification 

Palms 

B 1004 

* B  1010 
... . 

*B 1012 

*B I094 

B 1072 

B 1076 
- . .. 

B 1074 
, -.- 

B 1073 
-. - 

B 1049 

*B 1071 

B4 

B 3 

I 3 2  

B 5 

B 781  
- .- - 

-- --- 46 
1 B 1061 

' 
Months of harvest 

August 
October 
August 
October 
August 
October 
August 
October 
August 
October 
August 
October 
August 
October 
August 
October 

17 

18 

19 

20 

Percentage of infested I nuts in damage category 1 
-- - .. -- 

50 I 

46 
56 . . 
5 5 
5 7 

. . - 

59 
5 5  
48 
5 2 
49 
47 
49 
45 
47 
46 

August 
October 
August 
October 
August 
October 
August 
October 
August 
October 
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August 
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*Selected palms 

-.. 

B 1011 
- -. 

B 1019 

*B 2004 
-- 

B 1 
- - . --- -- 

i 

. - -  5 2 
39 

5 2 . ,. 

56 
43 

. - 42 
.- 

49 
32 
35 
4 2 
4 1 
47 
5 2 
40 I 

- I 

October 
August 
October - ,  - - 

August ! -- 
October - 

August 
October -- . 

August - .  
October 42 

43 ' 1  
-- 



Table 10. Preliminary evaluation of coconut palms (WCT) for 
identification of highly susceptible types in 2000 

S1. 
N 0 .  

1 

2 

7 

8 
---. 

9 

Palms 

B 1111 

B 1059 

. - p-1 E31012 
- -. - - 

01019 

B 1014 
--... , --,- 

€3 1083 

I I 

12 

13 

14 

15 

16 

Months of harvest 

August 
October 
August 
October - - 

*KLI 232 i 
4 , H I 0 5 5  

I 

August 
October 

1 1 7  *B3  
." - .. 

*Selected palms 

Percentage of infested j 
nuts in damage category i 

62 
-.  

70 
- -- 

5 8 
7 3 . - -- 

August 
October 

August 
October 
August  

5 

August 72 
October 6 1 

- 
76 

- -  I 

8 3 1 

B 1043 

R 1044 

B 1029 

B 1042 

*B  651 

* t3: 

18 

19 

20 

80 
8 1 

- 

72 
8 1 
89 "8 1011 

-- 

August 
October 

August 
October 

August 
October 

October 8 5 
- -. 

August 
October 63 

1 6 1 B1004 

62 
64 -1 
56 ! -- 

6 3 I 

August 
October 

August . .- * 

October 
August 
October - 
August 
October 
August 
October 
August 
October 

84 -- -- 

80 I 
. .. . 4 

H 1 0 5 5  

H 1058 
-- 

t3 I 009 
-- - 

74 

70 - .  -- 1 
6 5  

7 1 -. - I 

70 - 
I 

62 
-1 

67 
6 3 
79 

1 
- I 

76 ! 
8 1 i 

P .- + 

76 

August - 
October - 

August 
October 
August 
October 

62 
. .  

74 
60 - -  1 
60 . . 

5 5  ! 

63 
-. 



Within the sixty palms selected, those palms with 50 io 60 per cenl of 

infested nuts from the two harvests were categorized as muderatcly susceptible 

palms. Based an  this criteria, the palms B1010, I3 101 2, I3 1094. R 107 1 and B 

2004 (Table 9) were identified as moderately susceptible palms. 

Those palms that had greater than 75 per cent of infcsted nuts in the 

t ~ s o  harvests were categorized as highly susceptible palms. Hased on this 

criteria, the palms KD 232, B 101 1 ,  B65 1 ,  B2 and B3 (Table 10) were selected 

as highly susceptible palms. 

4.2.2 Assessment of Yield Losses in Coconut due to Mealy Bug Infestation 

Annual loss in high, medium and low category palms were iwrked out for 

200 1 and the results are presented in Table 1 1. 

'T'able 1 1. Annual yield loss in different categories of palms 

Nut loss was maximum in tho high category palms with an  ailnuat loss 

o f ' J h . 4  nuts  1 palm / year whereas the n u t  losses for medium and lo\+ categury 

1 ~ i 1 n - t ~  izere 28.6 and 13.6 nuts palm : ycar respectively. 111 tlic c;iw ot 'high 

I 

7 Month of 
i harvest 1 
- -. 

January 

February 

March 

Apri I 

Medium High 

Number of 
nuts/palm 

7.6 

1 .8 

2.4 

2.2 

I .o~i. 
- 

Number of 
nuts/palrn 

7.6 

4.2 

2.2 

2.4 

Amount 
(Rs/palm) 

22.8 

5.4 

7.2 

6.6 

... - . -  

Number of  
nuts/palm 

1.4 

1 .O 

Amount 
(Rslpalm) 

22.8 

12.6 

6.6 

7 . 2  

Amount 
(Rslpalm) 

4.2 

3 .O 

0.0 I 0.0 
I 

3.0 ' 9.0 



category palms this nut loss accounted to Rs. 1391 palm/ year whereas the 

medium and low category palms the nut loss accuunled to Rs. 86 and Rs. 41 / 

paIm I year respectively. When the monthly variation in yield loss was 

considered, the highest nut loss due to infistation by PMB. was observed in  he 

month of January 2001 and the lowest was observed in the month of March for 

the high category of palms. In the case of medium category of palms the 

highest annuai yield loss was observed in January and the lowest in May and 

July. The low category palms showed maximum yield loss in the month of 

April and the lowest in the months of March, May, September and October. 

The mean per cent damage due to mealybug infestation in 15 selected 

palms was observed for a period of one year (January to December 200 1 ) and 

the results are presented in Table 12. 

In the second bunch which appeared to be the most critical stage of 

entry by crawlers, the highest per cent damage was observed in the bunch 

which was second (Bz) in May 2001 ( 2 2 . 3 8 ) ,  foIlowed by the second bunch 

observed during April (20.92), March (18.40) and January (1 8.35) .  The 

extent of damage in the above bunch increased to 32.33, 37.66, 35.01 and 

3 1.50 in the succeeding months respectively. 

When the extent of damage in ten bunches i n  the increasing order of 

age as on a particular month of observation was compared with those in the 

succeeding months, significantly higher damage was observed in the fifth 

bunch in the months of January (45.60), February (39.08), June (40.49), July 

(39.061, September (39.22). November (37.47) and December (37.45). In the 

months of March, April, May, June December and January , highest per cent 

damage was observed in the fourth bunch which ranged from 37.48 to 40.58 

per cent. A mealybug damaged bunch showing completely stunted (tomato 

shaped) nutlets with one normally developed nu t  that escaped infestation and 

immature nuts damaged by D. hrevipes collected from bunches 1-10 of a 

single highly susceptible palm, arranged in the order of increasing ago of 

bunches are shown in Plates 6 a and b. 



Plate 6 (a) A mealy bug damaged bunch ( l o t h  bunch,  9 MAE) showing 
completely stunted (tomato shaped) nutlets with one 
normally developed nut that escaped infestation 

Plate 6 (b) Immature nuts damaged by D. breviprs collected from 
bunches 1-10 of a single highly susceptible palm, arranged 
in the order of increasing age of bunches 



Plate 6 (b)  
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Plate 7 Severely infested loth bunch (9 MAE) showing infested nuts in 
a much smaller size indicating earlier colonization and 
damage by D. brevipes and P. longispinus 





Table 13. Mean population of D. hrevipes observed in ten successive bunches 

connecting the c e l l s  of the table diagonally) CD (0 .05 )  for months  = 0.12 
CD (0.05) for bunches = 0.1 1 

R 1  - R I O  + First bunch to ten th  bunch ( I  MAE to 10 MAE) CD (0.05) for treatments = 0.38 

I 

Month of 

observations 

January  
- 

r i b r ~ a r ?  
. - -- 

March 

April 

May 

June 

July 

August 

September 

B10 

1.04 

1.04 

1.10 

1.04 

1 .OO 

1.02 

1 .OO 

1 .OO 

1 .OO 

Mean 

1.15 

1 . 1 8  

1.25  

1.21 

1.3 1 

1-22 

1.20 

1.23 

1.16 

Oc tobcr 

B 1 

1.Q 
1.00 

.- . - - - . 

1 .OO I 

1 . O O  

1.00 

1 .OO 

1 .OO 

1 .OO 

1 .OO 

kl .OO 

1 .OO 

1.00 

1.02 

by the 

1 

1.18 I 
! 

1.13 
I '  j 

arrow line 

I 1.00 

B2 

1.02 

1 .pi- 
1.06 

1-00 

1.00 

1-00 

1-00 

1-00 

1.02 

! 
I 1 .OO 

B3 

1.17 

1 . 1 1  

'3  
1.33 

1.53 

1.21 

1 .OO 

1.10 

1.00 

November  i 1.00 1 .OO 1 .OO 

1.22 

1.15 

January 

1 .OO 

B4 

1.38 

I .38 

1.76 

h1.59 

1.61 

1.77 

1.51 

1.45 

1 .OO 

1 .OO 

1.01 

December 

Mean 

1 .OO 

1.23 

1.39 

becomes B2 The bunch designated as B1 in 

1 . O O  

1 .OO 

1 . O O  

B5 

1.45 

].is 
1.44 

1.55 

'y 1.83 

1.93 

1.58 

1.87 

f -00 

1.10 

1.27 

1.43 
I 

in February, 

1 .OO 

B6 

1.24 

1.34 

1.65 

1.28 

1.77 

h l . 0 0  

1.59 

1.53 

1.07 

1-00 

1.35 

1.37 . 
Bj in 

1.63 

B7 

1.10 

1.28 

1.21 

1.20 

1.23 

1.02 

b1.18 

1.08 

1.97 

1.34 

1.09 

1.29 

March and 

1.81 

B8 

1.14 

1.28 

1 .fl7 

1.14 

1.10 

1.24 

1.13 

1 

1.61 

B9 

1 .OO 

1.1s 

1 . 1 2 -  i 

1-00 

1.06 

1.02 

1 .OO 

1.10 

,1 .OO 

1.69 

1.13 

1.25 

so on 

1.02 

1.04 

1.05 

(indicated 

1.3 1 
I 

1 . 1 1  



Table 1 4. Mean population of P. longispinus observed in ten successive bunches 

[ I I I I I 1 I I I I 

December 1.00 1 1.00 1 1.00 1 1.15 1 1.31 1 1 . 1 8  1 1.07 1 1.00 1 1 . 0 0  1 1.00 1 1.07 1 

Month 

January 1 

February 

March 

April 

May 

June  

July 

August 

September 

October 

November 

1 

connecting t h e  cells of the table diagonally) CD (0.05) for months = 6.30 
CD (0.05) for bunches = 5.75 

B1 - B10 + First bunch to tenth bunch ( 1  MAE to 10 MAE) CD (0.05) for treatments = 0.1 9 

B 1 

1 .OO 

- 

1-00 

1 .OO 

1 .OO 

1 .OO 

1.00 

1 .OO 

1 1.00 1 1.00 1 1.07 1 1.15 / 1.23 Mcan 
1 

B2 

1.07 

B3 

1 . 1 1  

1.20 

1.22 

1.28 

1 .OO 

B5 

1.09 

1.36 

1.52 

1.39 

4 2 8  

B4 

1.21 

1.30 

1 . 1 5  

q5 
1 . 1 9  

1 0 0  

1-00 

1 .OO 

1 .OO 

1-00 

1 .OO 

The bunch designated as B1 in January becomes B2 in February, B3 in March and so on (indicated by the arrow l ine  

1.20 

B 10 

1 .OO 

1 .OO 

B6 

1.19 

1.14 

1.24 

1.18 

1.27 

B9 

1.00 

1 .OO 

8 7  

1 .OO 

1.13 1.00 

1 .OO 

1 .OO 

I .OO 

1.1 1 1 1.01 i 1.00 1 1.00 ' I 

.- 1 

Mean 

1.07 

1.1 1 

B8 

1 .OO 

1.00 

1.14 

1 .OO 

1.00 

1 .OO 

1 .OO 

1 .OO 

1 .OO 

1.13 

1.00 

1 .OO 

1 .OO 

1 .OO 

1 .OO 

1 .OO 

1 .OO 1.07 

1.20 

1.09 

1 .OO 

1 .OO 

1.19 

1 .OO 

1.16 

1.27 

1.24 

1 .OO 

1.15 

1 .OO 

4 0 4  
1.27 

1.1 1 

1.28 

1.17 

1.34 

1 .OO 

4 0 7  
1.09 

1.24 

1.29 

1.29 

1.00 

1.00 

4 0 0  
1.13 

1.06 

1.02 

1.00 

1.00 

1-00 

4 0 0  
1.00 

1.00 

1 .OO 

1 .OO 

1.00 

1 .OO 

4 0 0  
1 .OO 

1.05 

1.07 

1.04 

1.06 

1.08 

1.06 

- P 



The highest mean population o f  P. longispinus was observed in thc 

fifth bunch during February (1.36), March (1.521, April (1.391, May 

(1.28). June (1.16), July (1.271, August (1.24) and December (1.31) .  

However, in the months of September ( 1  -28)  and November (1.34), highest 

poputation was observed in the sixth bunch.  

4.2.4 Spatial and 'I'emporal Distribution of Mea ly  bugs 

In order to study the spatial and temporal distribution of the two 

species of perianth infesting mealybugs, nuts representing bunches 1 to 10 

occupying different positions in the crown were observed at different 

periods and data are presented in Tables 13 and 14. 

Maximum mean population of D. brevipes was observed in the fifth 

bunch (1.43) which was on par with fourth (1.39) and sixth (1.37). 

Minimum mean population was noticed in the first button (1.00) which 

came on par with second (1.00), tenth (1.02) and ninth ( 1  -05). 

The mean population of D. brevipes was maximum during Ma) 

(1.31) which was on par with that of  March (1.25), August (1.23),  Junc  

(1.221, April ( I  . ? I ) .  July (1.20), October (1.18) and February (1.18). ?'he 

population of D. brevipes was minimum during November ( 1 . 1  1 ) .  

followed by 1)ccernber (1.13). 

Maximum population of P. longispinus was observed in the f i f th  

nutlet (1.23) followed by sixth (1.20) and fourth (1.15). Minimum 

population (one) was observed in tenth, ninth, first and second bunches. 

The mean pupulation of P. longispinus was maximum during March 

(1.13) fullowed by April (1.12) and February (1 .1  1 ). The population was 

minimum during August (1.041, followed by J u n e  (1.05). The influence o t' 

bunches and mol-ith of observation on the incidence of PMBs are presented 

in figurcs 3 and 3. I t  was evident that the peak level damage coincided 

with t h e  f i f th  b u ~ l c h  stage i.e., 100 to 150 days after opening of spadix. 



Fig. 3 Mume of b h  age on tbg incidence of -th infesting m d y  





Fig. S'Muence of period of spadix opening on the extent of damage by pefianth 



Extent of damage by perianth mealybugs in twelve successively 

emerged spadices and the influence of period of spadix opening was also 

studied. The trends i n  the extent of damage in each bunch observed at 

monthly intervals afrer opening are illustrated in Fig. 5 .  As the study was 

conducted in the highly infested category of palms. more or less uniform 

pattern of damage was observed in all the twelve bunches observed. ?'his 

indicated that the period of spadix opening did nu t  have any influence on 

the extent of damagc. 

4.2.5 Mechanism of llcvelopment of Symptoms as a Consequence of 

Feeding injurj- by Perianth Infesting Mealy bugs 

4.2.5.1 Drying of , l ! ~ r f  IVitltouf Drying of Calyx 

In certain nu t s  with mealybug colonies inside the perianth, drying 

was observed only in  the nuts (fruit) and there was no apparent drying 

symptom in the tepals. In such nuts, the external appearance of the 

perianth was like that of a normal nut, but only after removing the tepals, 

completely dried nuts wcre observed (Plate 8). 

Studies revealed that nutfall was not at all conspicuous due t o  

feeding injury by pzrianth infesting mealybugs. N u t  fall could be 

attributed to injury !'rom either coreid bug (1'. ro.~tratus) or c.oconut 

eriophyid mite ( A .  grrc~rrcrmnis). 

4.2.5.3 Different Grarirs of Stunting 

The experiment i vas conducted to assess the magnitude of stunting i n  

terms of reduction in polar and equatorial diameters of nut and growth 

retardation in terms o f  reduction in weight. Damage n i ~ d  size reduction of 

immature nuts (left side) in ten successively emerged bunches, in 

comparison with uninfested nuts from the samc hunch (right side) art: 

presented in Plate 9. 



Plate 8 Drying of nuts without drying of perianth 
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'The mean percentage reduction in polar c i r cumf  rence ( PC ' )  of the 

damaged nuts over healthy nuts collected from successive spadices at the 

age of six months is given in 'Table 15. 

Tablc 15. Percentage reduction in polar circumfercncc ( P C )  in the 

damaged nuts over healthy nuts collected f rom successive 

spadices when they attained the age of six months (2001-02) 

L Month of 
crnergence 

-- 

I Sept. 4 -  16 

I 
1 Oct. 1 - 12 

Oct  14 - 30 

1 NO\.. 5 - 15 
I 
I 
/ U C C  1 - 1 5  

I Dee. l 5  - 30 
) J a n  20 - 3 1 
I 

' hclar. 1 - 7 

Ap1-11 1 - 10 

I hln! - 

I June 1 -- I0  

I Jul! 1 - 15 
I 
I 
I 

Mean i . 

Cl) ( 0 . 0 5 )  for severity 
C'1)  ( 0  0 5 )  for month of emergence = 5 .30  
< ' I )  O 0 5 )  for treatments = 9.18 

Severity of infestation 

High 

52 .13  

55.94 

55.15 

58.02 

62.36 

57.41 

66.26 

61.35 

Medium 

45.06 

46.82 

52.43 

54.5 1 

54.79 

50.88 

53.98 

59.89 

Low 

5 9 + 4 6  I 55.08 

62.98 ' 58.09 

M e a n  

50.97 

53 .67  5 0 0 7 

45.84 i 55.64 

49.43 44.8 8 

40.64 

43.39 46.86 

36.70 1 40.49 
I 

47.46 I 5 1.68 

53.34 , 42.83 

57.95 51.98 
- 

of infestarion = 2.65 

38 43 

3 5.60 

41.91 

39.40 

46.93 

52.02 

53.05 

45.49 
- -- 

5 1.38 

52.19 

51.74 

57 .42  

5X.W) 



Plate 9 Damage and size reduction of immature nuts (left side of each 
photo) in ten successively emerged bunches, in comparison 
with uninfested nuts from the same bunch (right side) 





The highest mean per cent reduction in  PC was observed in the high 

catcgor: o f  palms ( 5 7 . 9 5 )  which came on par wi th  medium catcgu? oi. 

palms(5 1.911). However, lower per cen t  reduction i n  PC was observcd in 

the I O N  category of palms (45.49). 

Mean reduction in PC of coconut was highest in the b u n c h  that 

emergcd dur ing the first week of March (58.09) which came 011 pdr wi th  

the bunch that emerged during last week of January (57.421, first week 

of  Apri l  (56.07) and first week of May (55.64). However, lower mean  

per cent  reduction in PC was observed in the bunch which emerged 

dur ing  first  week of July (45.60) fallowed by first week of October 

(46.49). first week of September (46.86) and first week o f  June (48.43) .  

The highest per cent reduction in PC was observed in the bunch w h i c h  

emergcd d u r i n g  second week of January (66.26). However the  lones t  

per cent reduction in PC was observed in  the bunch that  emerged d u l - ~ n g  

the f'irst week of October (36 .07) .  

Percentage reduction of equatorial circumference (EC) in the 

damaged nuts over healthy nuts collected from successive spadic.cs when 

they attained the age of six months is  given in Table 16. 

Significant variation with respect to reduction in EC was ohserved 

among the three categories of palms. 

' I - t ie highest mean per  cent reduction in equatorial circurni'erencc 

was ohscrved in  the  bunch that emerged  during April f irst  week ( 5 0 . 7 8 )  

which w a s  OII par with the one that emerged during first  weck of' May  

(59.20). firs1 week of March (58.71). second week of January ( W L 1 5 )  

a n d  s tcond week of October (55.23) .  Flowever mean per cent reduc l ion  

in  EC" ikl.as lowest i n  the bunch which emerged during first week of' . l u I k  

(47 .45) .  



Table 16. Percentage reduction of equatorial circun~fcrence (EC) in tho 

damaged nuts  over healthy nuts collected from successive 

spadices when they attained the age of six months (2001 -02) 

CD (0.05) for severity of infestation = 2.77 
CD (0.05) for month of etnergence = 5.55 
CD (0.05) for trcat~nents = 9.62 

I n  t he  b u n c h  wh ich  emerged d u r i n g  the f i rs t  week of March .  

the  highest per cent  reduction in c i r cumfe rence  was observed 

( 7 0 . 6 2 )  fol lowed by t h e  bunch which emerged  du r ing  first week of  

May (68.53). 'l'he lowest per cent r e d u c t i o n  i n  EC was observed i n  

the bunch  which  emerged during first week of' December (32.49) 

which was on par wi th  July first week (39 .62) .  

Percentage reduction in weight in the damaged nuts over healthy 

nuts collected ti-om successive spadices when thcl  ;itrained the  age of six 

months is g iven i n  Table 17. 



Table 17. Percentage reduction in weight in thc damaged nuts ovcr health 

nuts collected fro111 successive spadices when they attained ~h 

age of six mon ths  

Dec. 1 - 15 

Dec. 15 - 30 

Jan. 20 - 31 

Mar. 1 - 7 89.94 87.56 84.30 87.26 

April 1 - 10 91.52 88.84 82.40 87.58 

May 1 - 15 90.5 1 88.54 83.56 87.53 

June 1 - 10 82.4 1 75.40 68.64 75.48 

July 1 - 15 84 15 68.80 63.58 72.18 

Mean 87.6 1 8 1.65 76.53 

CD (0.05) for sevcrity of infestation = 1.96 
CD (0.05) for month of emergence = 3.93 
CD (0.05) for treatments = 6.82  

Mean per cent reduction in weight of six month old immature nut was 

significantly different arnong the three categories such as high. medium and low. 

The highest mean per cent reduction in weight was observed in the 

bunch that emerged dur ing  first week of April (87.58) ('oliowed by those 

emerged during the first week of May (87 .53) .  first week of March 



(87.26). second week of January (86.25) and December (85.58). 1 lowecer. 

the lowcst mean per cent reduction in weight was observed in thc bunch 

wl~icll emerged during the first week of July (72.18) which was on par 

with lhe bunch that emerged during first week of June (75.48). Thc 

highest per cent reduction i n  weight was observed i n  the b u n c h  that 

emerged during first week of April.  

4.2.5.4 Drformities or Malformation on Coconut Buttons us u 

Consequence of Feeditlg by Perianth In fes fing Meuly 6 ugs 

4.2.5.4.1 Development of Cavities in Place of Embryo 

Sustained feeding by c rau~le r s  and adults of mealybugs caused 

stutlting and malformation of nut  lets. The typical symptoms of stunting 

and nlalformation of nutlets is presented in Plate 10. 

In a bunch, few nuts may develop normally and the infested nuts 

ren-rained as stunted. In  some cases the infested nuts showed a typical 

"tomato like appearance" with swollen or malformed pericarp. On 

rcmoval o f  the tepals, colonies of mealybugs along with ants dwelling in a 

cavirq' I'ormed i n  place of the embryo were observed. ?'his l'avoured 

f u r t h c r  colonization by ants as well as by mealybugs. Damaged (tornato 

shaped) immature nuts showing cavity development in place of embryo 

and the colonization by mealybugs are shown in Plates 1 1  a and b 

resprrctit'ely. The longitudinal sections of damaged (tomato shape)  nutlcts 

ar tllc age of four  M,4E and five MAE are shown in Plates 12a a n d  b. 

4.2.5.4.2 Gummy Exudation 

Exudat ion  of a gummy substance was also noticed i11 ini'ested 

buttons a n d  t~uts. Gummosis M-as observed at the si te of a t t ac l l~u tn t  o f  

nuts  ru thc  f ru i t  stalk and near thc stignlatic surface (Plate 13a) a n d  also at 

the ~ n c r ~ s ~ c n ~ a t i c  surface covered b!. tepnls (Plate 13b). 



Plate 10 Stunting and malformation of nutlets caused by YME 
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4.2.6 PopuIa tion Buildup of Different Species of Perian th Infesting 

Arthropods 

The mean populat ion data of  thrips, scales, stem weevil and 

pink perianth mite found associated with PMBs are presented in Table 1 8 

Table 18.  Mean population of other arthropods found associated with 

mealybugs 

5 0.25 1 1 
2.2 5 0.75 0.30 j 

". - -. 
Moderate 

Mean population of thrips, scales, stem weevil and p ~ n k  perjanth mitc 
observed for one year ! 

Severity of 
infestation 

High 

KD 232 

B 101 1 

B 651 

Thrips 

2.3  1 

1.75 

0.75 

Scales 

2.00 

3.76 

1.1 1 

Stem weevil 

0.5 0 

0.00 

0.40 

Pink perianth 
mite 

i I 

1.80 

1 .OO 

1.50 1 



Plate 11 (a) Damaged (tomato shaped) immature nuts showing cavity 
developed in place of embryo] 

Plate 11 (b) Damage and colonization by mealy bugs inside the cavity 
of the nutlet 





Maximum mean population of thrips was observed in the low 

category of palms ( 5 . 36 )  and the minimum mean population of thrips 

(0.75) was observed in the high category of palms. 

In the case of scalcs. maximum population was observed in the 

moderate category of palms (9.02) whereas the minimum population 

(0.75) was observed in the high category of palms. 

The mean population of' stem weevil was max imun~  in the high 

category of palms (0.50) and the minimum population was recorded in low 

category palms (0.00). 

The maximum mean population of pink perianth mite was observed 

i n  the low category of palms (3.00). However the minimum mean 

population (0.1 1 )  of pink perianth mite was observed in the moderate 

category of palms. 

4.2.7 Population Buildup of Pest as Influenced by Morphological 

Characters 

4.2. 7.1 Relationship Betweert Number of Female Flowers / Spikcict nnd 

Susceptibility to Periltrzlh Mealy Bugs 

Variation in the number of female flowers1 spikclet was observed 

among the palms selected for s tudy  of popuIation build up. In general a 

positive relation between number of female flowers/ spikelet and 

susccpti bility to mealybugs \+-;IS noticed. The observations cln the number 

of female flowersl spikelet in  six successively emerged bunches for one 

year are presented in Table 1 C ) .  



Plate 12 (a&b) L.S of damaged (tomato -shaped) nutlets at the age of 
4 MAE and 5 M A E  





Table 19, Mean number of female flowers / spikelet recorded from six 

(3'' to 8'") bunches of the selected palms 

r- - - . . -- -. 

hlean number of female flowers pur  spikelet 
- - 

Categories Observations recorded for 12 months 
-- 

I 
-1 

I I 1, , , I  IV V VI VII Vl l l  IX X XI XI1 1 
Susceptible I I 

B 101 I 

Moderately 
susceptible 

3 3 . .  3.2 3.0 3.0 2.3 2.0 2 .3  2.6 2.8 3.0 3.3 
1 

i 

B 2004 1.6 0.S 1.0 0.8 1.0 1.2 1.0 1.3 1.2 1.5 1.3 

Low 
Susceptible I 

I 



Plate 13 (a) Gummy exudate at the site of attachment of nuts t o  the 
fruit stalk 

Plate 13 (b) A gummy exudate at the meristematic surface covered by 
tepals 





Mean number of female flowersispikelet from (Td- 8'") bunches ranged 

from 2.0 to 3.5 in the highly susceptible palms. In the moderately susceptible 

palms, the mean number of female flower/ spikelet from ~ 3 ' ~  -81h) bunches 

ranged from 0.3 to 2.5 while in the case of low susceptible palms, the range was 

between 0.3 to 1.2. This indicated a strong positive association between the 

number of female flowel-st spi kelet and mealy bug incidence. Production 01' 

female flowers per spikelet ir1 low, moderate and high category of palms as a 

pre-disposing factor of susceptibility is presented in Plate 14. 

4.2.7.2 Relation betweerr Number of Healthy Nuis Retained / Spikelet 

and Susceptibility to PMBs 

The mean number of healthy nuts retained per spikelet in four (7 - 10) 

bunches at maturity is given in Table 20. 

Table 20. Mean number of healthy nuts retained/ spikelet in four (7-10) 

bunches observed at maturity 

I Categories I Observations recorded for 12 moat hs J 

i Moderately 
susceptible 

I B 1010 1 B 10% 

1.0 1.0 i 2 1,o 1.0 1.0 1.0 I.? 1.0 1.0 1.0 1.0 ; 
1.2 1.0 1.0 1.0 1.0 1.0 I . ?  1.0 1.0 1.0 1.2 1 . 0 1  



Plate 14 Production of female flowers per spikelets in low ( I ) ,  
moderate (2) and high (3) category infested paIrns 





, . 

Mean number of healthy nuts retained per spikelst i n  f u r  ( 7 - h )  

bunches ranged between 1.0 and 1.5 for the highly suscepliblc palms. For ''- 

" 

the moderately susceptible palms, mean number of heal thy nuts retained / 

spikelet in four bunches ranged between 1 .O and 1.2. For lhe low susceptible 

palms, the mean was 1.0. 

4.2.7.3 Influence of Brrrcf Arrangements 

Two types of arrangement of tepals viz., arrangemcnt I and I1 were 

observed in the coconut buttons. In type I, tepal number 4 overlapped tepal 5 

and 6 at both ends, tepal number 6 was overlapped by tepals 4 and 5 at both 

ends and tepal number 5 overlapped only at one end. In bract arrangement 11, 

each bract overlapped at one end and it was overlapping at the otner end (Fig. 6). 

I t  was observed that in all the coconut buttons sludied, the 

arrangement was of type 11. i .e. ,  overlapping type and therefore the 

influence of bract arrangement on population bui ldup could not be 

observed in the present study. 

4.2.7,4 In ffuence of Tepal Colour on Mealy Bug Popuiatiott 

In WCT palms selected for study, the major varielal character Sound 

lo have influence on the population buildup was coloul- of tepals and 

thercfore the influence of tepal calour was studied in dctail 

Data on progeny production as influenced by the colour of tepals 

presented in Table 2 1. 

In  the case of D. brcjripvs. the number of crawlcrs produced was 

maximum in the immature nuts collected from third and  f o u r t h  bunches 

having green and orange colourtd tepals, when observed ar 15 DAR and 

30 LIAR. In the case of P. Iongi.spinus also, the number of crawlers 

produced was highest in the in-iinature nuts collected fro111 third and fourth 

bunches having green and orange coloured tepals at 15 and 30 DAR. 



External tepals (1 to 3) 

Arrangement I Arrangement 11 

Internal tepals 

Fig. 6 Arrangement o f  tepals on coconuts 

Bract arrangement I Bract arrangement I1 
Tepal4 - overlaps 5 and 6 at both ends Tepal4 - each bract overlaps 
Tepal5 - overlaps 6 at one end at one end 
Tepal6 - overlapped by 4 and 5 at both ends 



Nutleis with yellow tepals recorded m i n i m u m  progeny productiorl 

Different coloured tepals of WCT, used for studying influence of colour 

variation on mealybug population are depicted i n  Plate 1 5 .  

Table 21.  Progeny production of D. h r e v i p e . ~  and P. longispinus on 

excised nutlets collected from palms varj , ing in tepal colour 

4.2.8 Role of Ants in Dispersal of PMBs 

The different types of ants found associated with mealybug infested 

palms are listed in 'l'ahle 22 



Plate 15 Different coloured tepals of WCT, used for studying influence 
of tepal colour on mealy bug population 





Tablc 22. Ant species associated with the palms 

Ants found associated with high category of palms included 

I'. n d a ,  T. albipis. ,4 lo~zgrlws, C' serrceus, Y .  rxet-cirlr and 

0 .~murugdjnu In the mediurn category of palms. ants l ~ s u a l l y  found 

associated with mealybugs included T ulbipis, A. i o n g i p e ~ ,  I '  s criceus, 

P exrrcailu and 0. srnarugdinlr Low category of palms mostly harboured 

a~ i r s  such as A .  longipes and 0. .snr~wagdina. 

Palms 

High category 

B65 1 

B3 

B2 

KD232 

B l O l l  

Medium category 

BlOlO 

B 1094 

B 107 1 

B1012 

R2004 

Low category 

B 147 

B1015 

B 1 

B 1000 
- - 

B 94 5 

- I 
Cardiocondylu nudu Mayr, Technornyrmcx crihij7is Smith. 
Anopiolepis longipes Jerdon, Campor1otu.s scriceus Fabr., 
Polyruchis exercita Walker, Oecophylfu smc~rugdina Smith, 
Ca~npcrnol zis colnpressus 

C. nudu, A .  longipes, C. sericclus, P. 

C', nudu, A. Iongipes, C. sericeus, P. 
pariu (Emery) ,  (I. sn~aragdinu 

C. nudu, A. lungipes, C. sericeus, P, 
0. smaragdinu 

0. smaragdinu 
C. nuda, A.  longipes, C. sericeus, P. exercita, 

C. nudu, T. ulbipis, C. sericeus, P. exercita, C. paria, 
0. smarugdina j 
T. albipis, A.  longipes, C. sericeus, 0. smuragdina 

T.  albipis, A. longipe.r, C. sericeus, P. rxrrciicr, 
0. smurugdinrr . i 
T. albipis, 0. smuragdivlu 

T. alhipis, A ,  ionxipes, C. sericeus. 
0. srnaragdinu 

-- . 

- .  

A. longipes, T. ulhipis 1 
C:. serice t is, 0, smar ugdina 

A. longipes, 7: ulbipis 

P. exevoitu, 0. srnurugdinu 

0. smaragdinu, T. ulbipis 



4.3 EXPERIMEN'I' LII : EVALUATION OF SELECTED INSECTICIDES FOR 

THE MANAGEMENT OF PERIANTH INFESTING MEALY BUGS 

4.3.1 Laboratory Evaluation 

4.3.1. I Martitliiy of Mealy Bugs on Excised Undamug~d Buttons Collected 

from 2"'. 3r' ~ n d  4'" Bunches of Highly Damaged Category of Palms 

The results of' experiment on mortality of mealybugs on excised 

undamaged buttons are presented in Table 23. 

Table 23. Mortality of mealybugs on excised nutlets collected from 2"- 3 r d 

and 4'" bunches of highly damaged category of palms 

I-iundred per cent mortality was observed in the 2" and 3'* nutlet 

Sl. 
No 
TI  

T2 

T3 

T4 

TY 

Tb 

T7  

'l-8 

'9 

R-  

for triazophos. endosulfan and profenofos after 24  hours. In the fourth 

nutlet, endosulfan recorded cent per cent mortality after 24 hours. 

Insecticide 
concentration 
Triazophos 
0.05% 
Quinalphos 
0.05% 
Endosulfan 
0.05% 
Chlorpyrifos 
0.05% 

Except proi'enofos and diafenthuron. all trcatments showed cent per 

cent mortality in  thc nuls of second bunch when observed after 48 hours. 

-- Mean % mortality of mealybug observed after 

In the nuts  of the t h i r d  bunch. cent per cent mor ta l i ty  was observed for 

Prufenafos I 

B2 
100 

60 

100 

8 0 

100 

24 hours 
B3 
100 

60 

100 

SO 

B4 
80 

60 

100 

60 

100 , 
I 

20 

10 1 
100 

I 

20 
I 
- 

B2 
100 

100 

100 

100 

8 0 

100 

80 

100 

2 0 

3 4  
8 0 

60 

100 

40 

48 hours 
B3 
100 

100 

100 

60 

100 

60 

40 

80 

2 0 

100 
i 0.0 5 % 

6 0 

60 

60 

60 

20 

A z a d i r a c h t i ~ ~  
3 ml/l 

40 

40 

80 

40 

60 

Diafknthuron 60 
0.05% I 
Dimethoate i $0 
0.05% 
control  1 20 - 

Bunch 



triazophos. quinalphos. endosulfan and profenofos afier 48 hours.  

Endosulfan. dimtllloate and profenofos recorded cent per cent mortaiily 

after 48 hours in t h t  3'" nutlet. 

In general. the insecticides triazophos, profenofos, endosulfan and  

dimethoate were found as effective insecticides based on the mortality o f  

PMBs in infested n u ~ l e t s  representing the bunches. 

4.3.2 Evaluation of Selected Insecticides for the Management of PMB 

In the field experiment, eight insecticides were evaluated by 

spraying on five successively emerged bunches and the results are 

presented in l'ables 24  and 2 5 .  

Table 24. Percentage reduction in damage by perianth mealybug over corresponding 

control in the bunches that received spray (based on 4 MAS) 

CD (0.05) for i n s c . c t ~ c ~ d e  Incan = 10.16, CD (0.05) for treatments = 22.73 

MAS - Months Afic r  Spraying 

I 
Mean I 

52.82 , 

-20.76 j 
! 

-26.79 
i 

-6.59 

49.43 ; 
I 

-15.49 ' 

-21 -70 ! 

Treat- 
ments 

T, 

T, 

T3 

T4 

T5 

Tb 

T7 

In the b u n c h  that emerged during second week of August 2001. 

which was the f i f t h  from thc youngest bunch at thc  l ime of spraying, mean 

Ts 

. 

/ Is' week 
Insecticide , of 

' December 
Trianophas i 47. I 7 
0.05% I 
Quinalphas 1 - 1  3.63 
0.05% 
Endosulfan 1 -24.80 
0.05% I 
Chlorpyripl~os -8.78 
0.05% 
Profenofos , 32 .85  
0.05% 
Azadirach~ln , -24.75 
3mlM I 
Diafenlhul-or ! -26. j6  
0.05% 

Date of spraying : Uecernhcr 2001, CD (0.05)  far Bunch means = 8.03 

Dimethoate - 7 .+ -73 
0.05% I 

Mean - -2.01 

Period of bunch 

27.68 45.33 19.88 1 

5.32 17.09 
1 1  ; 

emcrgcnce 
2' week 

of 
September 

4 3 . 5 0  

-39.48 

-6.20 

-24.34 

4 7 .3  7 

4.69 

-10 h 5  

I' week 
of 

November 
52.53 

-13.60 

-40.46 

- 10.7 1 

70.36 

-25.20 

-45.76 

5.60 

-0.90 

2" week 
of 

August 
63.52 

-4.78 

-25.57 

12.98 

26.44 

-6.18 

24.99 

' lS'wcck 
of 

October 
57.37 

-32.27 

-36.95 

-3.60 

70.1 1 

-16.00 

-50.72 

IS. 56 

0.8 1 



percentage reduction over corresponding control was the highest in 

triazophos (63.521, dimethoate (45.33) and profenofos (26.44) which lvas 

followed by diafenthuron (24.99). The effect on this particular bunch 

differed significantly from other bunches. The lowest mean pel-ccntagc 

reduction was observed in the bunch tha t  emerged during first ueek of 

Dece~nbcr (-2.01) which was the first iritloroscence at the time of spra! 

I n  the hurth,  third and second bunches that emerged in the second 

week of September (5.32), first week of' October (0.81) and first week o f  

November (-0.90) respectively, the mean per cent reduction over 

corresponding control was highest in  profenofos followed by t r i a ~ o p h o s  

and dimethoate. 

Triazophos (52.82) and profenofos (49.43) were found to be on par 

and t h e  most effective treatments which differed significantly from a1 l 

other rreatments at 4 MAS. Endosuli'an (-26.79) recorded min imum 

degree uf control at 4 MAS which was otl par with diafenthuron ( -21.70)  

and quinaiphos (-20.76). 

Thc per cent reduction in damage over corresponding control was 

maximum for profenofos in the bunch that  emerged during first ~ c c k  of  

Novembcr  (70.36) followed by the  bunch that emerged during firsr neck 

of Octohsr (70.1 1). In the case of'dinlethoate (45.331, triazophos ( 6 ;  5 2 ) .  

quinalphos (-4.78),  chlorpyriphos ( 1  2.98) and diafenthuron (24.99 ). per 

cent reduction over corresponding control was maximum in the bunch that 

emcrged during second week of August. which was the fifth bunch  at  ~ h r  

time of  spray.  In endosulfan and a ~ a d i r a c h t i n  treatment, the n i au l lnu l r l  

percentage tcduction in  damage over corresponding control was obsclr~ ed 

in  the  hilllch that emerged during seccjrid neck of September, which \ $< IS  

the f o u ~ . r  h b u n c h  at the time of spraying 

hlra11 per cent reduction in dan~age due lo PMB in five s u c c c ~ ~ i i ~ c l ~  

emerged hunches that received sil-rglu spray at their critical stagc. u i , c r  

corresponJing control when observed 31 4 M A S  is presented in Fig. 7 



Fig .I Mean pacatage duction in damage due fa 
in five s ~ ~ v ~ l y  

emcgod bunch that neeived single spray at their oi~&caI 
wer cmmpondmg 

GgmI, at four MAS 



Percentage reduction over corresponding conlrol i n  the unsprayed 

bunches that emerged after spraying are presented in Table 2 5  

Table 25. Percentage reduction over corresponding con~rol i r i  the i~risprayed 

bunches that emerged after spraying (based on 6 MAS) 

CD (0.05) for insecticide mean = 1 2.62 

Insecticide 

- 
Triazophos 
(0.05%) 
Quinalphos 
(0.05%) 
Endosul fan 
(0.05%) 
Chlorpyriphos 
(0.05%) 
Profenofos 
(0.05%) 
Azadirachtin 
(3 rnlll) 
Diafenthuron 
(0.0 5 Yo) 
Dimethoate 
(0.0 5 %) 
Mean 

1.05) for bunch 

CD (0 .05)  for treatment mean = 10.18 

In the bunch that emerged during last week of January (-7.25), 

Last 
week 
0 f 

Decem 
ber 

17.03 

-15.00 

-25.75 

-13.81 

-2.6 5 

15.76 

-38 .13  

39.20 

-12.72 
mean = 9.98 

mean percentage reduction over corresponding control was the highest and 

was on par with the bunch emerged during last week of December (12-72). 

Last 
week 

of 
Januar 

Y 
12.66 

-16.81 

-14.54 

-18.25 

22.79 

2.27 

-28.50 

-17.62 

-7.25 

The lowest mean percentage reduction over corresponding control was 

observed in tfle bunch that emerged dur ing third week of I-cbruary 

1 
Third 
week 

of 
Februa 

r y 
-3.01 

-5.14 

-9.33 

-22.76 

13.25 

-19.10 

- 18.00 

-19.46 

-19.45 , 

(-19.35) followed by the bunch that emerged during second week of  .41>ril 

( -  19 00)  and second week of March ( - 1  8 .97) 

Second 
week 

of 
March 

-11.69 

-16.72 

-3.59 

-20.00 

3.48 

-30.19 

-56.35 

-16.75 

-18.97 , 

Second 
week of Mean 

April T--- r 

-29.99 

-18.53 

-20.00 

-3 1.80 

-3.00 

-14.44 

-14.64 

-21.32 

-8 .5  1 ! 5.67 

10.74 -18 .51  

-39.00 -35.99 

-14.90 -21.58 

-19.00 
- -- 
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The trealment profknofos (5.67) sipni ficanlly differed from control 

and was found to bc on  par with triazophos (-3.00). Control in quinalphos 

(- 14.44), endosul fan (-  14.64), chlorpyriphos ( -2  1.32) and azadirac htin (-  

18.5 1 )  were on par with dimethoate (-2 1.58). Diafenthuron (-35.99) 

differed significantly from all other treatments. 

The per cent reduction i n  damage over corresponding control was 

maximum in profenofos treatment (22.79), in the bunch that emerged 

during the last week of January followed by triazophos (17.03) and 

azadirachtin (15.76) i n  the bunches emerged during last week of 

December. 

Mean per cent reduction in damage due to PMB. i n  five bunches 

that emerged successively after spraying, over corresponding control at six 

MAS is presented in Fig. 8. 

The effect of insecticides on the extent of reduction in damage due 

to PMB in ten successively emerged coconut bunches (five bunches in 

progressive stages of development after opening and five unopened 

spadices in progressive stages of development) that received a single spray 

is presented in Fig.  9. 

Among the various pesticides evaluated against PMBs, triazophos 

and profenofos were found to be effective in controlling the mealybugs. 





5. DISCUSSION 

In recent years the evolution of sucking pest complex comprising of 

the coconut er iophj  id mite (CEM), coconut coreid bug (CCB) and coconur 

button mealybug (C'BM) were observed on coconut i n  Kerala. The losscs 

due to mealybugs in coconut buttons and immature nuts had assumed 

serious proporliol~s resulting in economic hardship to the coconut growerh. 

However, very little information is available on the species composition, 

bioecology of the predominant species and yield losses caused by perianth 

mealybugs ( P M R s ) .  

The correct identification of the species of mealybugs inhabiting the 

perianth and irnlt~arure nuts was required to evolve suitable management 

measures to contain them. The present study was undertaken to address 

the above issues. 

The results indicated that the mealybugs in the perianth of coconut 

buttons composed of two species. They were identified as D. brevipes and 

P. Eongispinu,~ D. brevipes is being reported for the first time in coconut. 

However, the species of mealybugs obtained from inflorescence and 

immature nuts of coconut in South India were earlier identified as 

Palmiculror palmur.um and Pseudococcus cocotis by Ehrhorn ( 1  9 16) and 

Ayyar ( 1  91 9)  respectively. D, brevipes has been reported as a pest of 

bromeliads, ornamentals and plantation crops (Frolich and Rodewald. 

1970). Other D ~ ~ S ~ ~ ~ ~ C . U ~ C I ~ S  spp. have been observed in coconut in South 

Asia (Williams, 1994). 

P. Ivngr.~pit~t,.s is also being identified and  reported in the perianth of' 

coconut buttons for the first time. However, 1'. longispinus was early 

reported to congrogate in the unopened leaves (Dakshinamurthy and 



Giridharan, 1 976) and infiorescencc (Kadhakrishnan, 1 987 and  CI'CRI. 

1994). 

Other species of mealybugs have also been reported to inf'esl coconut 

i n  the different coconut growing regions of the world. 

Aitlong the two species recorded in the present study. a p i n k  

coloured mealybug with pIumpy and convex body had 17 pairs of' lateral 

wax f'ilaments and another species with a pair o f  wax thread "tails" that 

are as long or longer than the body werc observed. The morphology of '  the 

two species were studied in detail. For easy reference, two comrnon 

names are being proposed to describe the species v i z . ,  Pink Periantti Mcaly 

Bug and 'I'wo Tailed Perianth Mealy Bug that may be abbreviated as 

PPMR and TPMB respectively. Both the species of perianth mealybugs 

may be collectively referred by the abbreviation PMB. 

?'he biology of D. brevipes was studied under laboratory condition 

after rearing on pumpkin fruits. The present study revealed that average 

larval duration and adult longevity of female PPMB were 36.0 and  103.3 

days respectively. According to Beardsley ( 1  965) duration of adult female 

life lmaried from 31.0 to 80.0 days, averaging about 56.0 d a ~ , s .  i n  

pineapple. 

In the present study, observations on the fecundity showed thar [he 

number of larvae laid by the female ranged from 74.0 to 284.0  with a 

mean of 170.9 larvae per female. Ilowever, Beardsley ( 1  965) observed 

the production upto 234.0 progeny per fcmale of D. brevipes. 

The adult female of D. brevipes had a mean pre larvi position pcriod.  

larvi  position period and post larvi posit ion period of 24, 2 1 and 58 .7  days 

respec.ti\,cly. The total life cycle took 139.5 days. It  was obsc.rvcd ~ I l a t  

the la r i ,n l  duration, pupal duration and adult longevity (days)  ot' n ~ a i t .  

PPMR ilerc 22.0,  4.2 and 3 . 6  days respocti\:ely. 



1,ong tailed mealybugs do not produce an egg sac. -1'11t. present study 

revealed the occurrence of three nymphal stages i n  the female and  two 

nymphal plus one pre pupal and one pupal instar in males of' pseudococcid 

mealybugs. It was observed that t h e  mean fecundity, larval duration and 

longevity of female TPMB was 140.0, 26.0 and 57.0 days respectively. 

Twenty to 240 eggs have been observed per female under laboratory 

c o ~ ~ d i t i o n s  (Mc Kenzie, 1967). I t  was also observed that larval duration, 

pupal duration and longevity of male TPMB were 16.0, 6.0 and  5.0 days 

respectively. The sex ratio observations showed that in a c o l o n y  of 

crawlers, an average of seventy six per cent of D, brevipes and seventy 

cight per cent of P. longispinus developed into females. 

Studies on the fecundity of mealybugs on excised coconut buttons of 

different ages revealed that progeny production was maximum in the 

fourth bunch (B4) and in the third bunch (B3) for D. brevipes and P. lon~ispinus  

respectively. 

Fecundity of perianth infesling mealybugs as influenced b) different 

host materials used for rearing (Fig. 1 )  revealed that pumpkin appeared to 

he the better host material when compared with potato. uninfestcd coconut 

bu t ton  and excised tepals of buttons. Ripe pumpkin fruits were used to 

culture mealybugs by previous workers (Chacko e t  a l . ,  1978: Sinyh.  1978; 

Mani.  1988; CPCRI, 1994; Singh. 1 994; Singh, 1995) i n  connection with 

mass production of predators and parasitoids. The results u f  the  present 

s t udy  would be useful in mass culturing of natural enemies for  h ~ o l u g i c a l  

c o n ~ r o l  of' PMBs. 

Study on population dynamics and yield losses due to infestation of 

"crnent. PMl3s is very important to make economic decisions on pest maila, 

I'hc present investigation revealed that the annual yield loss in palms 

exhib i t ing  high, medium and low levels of mealybug inf ' es ta r~un were 

46.3.  28.6 and 13.6 nuts per pa lm per year respectively. CPC:III ( 1994) 



recorded an average annual  yield of 42.4 nuts palm-' in infested trees as 

against 46.4 nuts palm-' in healthy ones. A mean of 5.8 1 nuts bunch-' 

palm-1 were found barren o r  stunted due to CBM infestation. The average 

annual yield loss in  palms infested worked out to 24.53 nuts per palm. 

This was in contrast to the findings of the CPCRJ (1994) where a yield 

loss of only four nuts per pa lm was observed due to mealybug infestation. 

The present study rcvcated that the age of the nut  was the mosl 

critical factor in the study of population dynamics. I t  was observed that 

highest mean percentage damage was observed in the fifth bunch (38.06) 

followed by fourth (36.52) and sixth (35.16). However, low'est mean 

percentage damage was noticed in the first bunch (0.55) foIIowed by 

second (1  5.08) indicating initiation of colony buildup only from the 

second bunch onwards. 

In the second h u n c h  which appeared to be the most critical stage of 

entry by crawlers. the highest percentage damage was observed in the 

bunch which was second (B2) in May (22.38) followed by the second 

bunch observed dur ing  April (20.921, March ( 18.40) and January (1  8.35) 

2001. Mohan (2001) reported an increase in the number of barredstunted 

nuts in bunches opened during N o v e r ~ b e r  and reason for this was 

attributed to influence of coconut eriophyid mite and coreid bug which co- 

existed with CBM, whose infestation was maximum in the month of 

November leading to sccundary infestation by mealybugs. 

Study on the spatial and temporal distribution of I'MBs revealed that 

maximum population n u s  observed in the fifth bunch nuts in the upper 

most whorl of bunches which was on par with fou r th  i n  the upper most 

whorl and sixth, i n  the middle whorl. Minimum population was noticed in 

the first button followed bj ,  second, tenth and nin th .  'l'his indicated the 

scope for selective spra!ing of second to fifth bunuhcs  for control of 

PMBs. 



The mean populatio~l of D. brevipes was maximum during May 

( 1  -31)  followed by March (1.251, August (1.231, June (1.22). April (1.21), 

July  (1.201, October (1.18) and February (1.18) 2001. The population of 

D. hrevipes was m i n i n ~ u ~ n  during November (1  . l l ) ,  followed by December 

(1.13) 2001. 

Maximum population of P .  longispinus was ohservcd 111 the f i f t h  

bunch followed by sixth and fourth. Minimum population was observed in 

tenth, ninth, first and second bunches.   he mean population of 

P. longispinus was maximum during March (1.13) followed by April 

(1.21) and February (1.11) 2001. The population was minimum during 

August (1.04), followed by June (1.05) 2001. Thus it  could be concluded 

that the peak level of damage coincided with the fifth bunch stage. The 

damage by the mealybug was maximum during the month of June, whereas 

the mean population of both the species of the mealybugs was the highest 

during the month of May. However, the period of spadix opening (based 

on the month of the year) did not have any influence on the extent of 

damage by the mealybug. 

Studies revealed that rainfall was most important factor having an 

adverse effect on mealybug population. The pest population was low 

during the rainy months. IIigh infestation levels were associated with low 

relative humidity and maximum temperature. Population buildup of 

mealybugs on coconut started from November after the rains, reaching its 

peak in February and this level continued till onset of monsoon in May - 

June. Similar observations were made by Dakshinamurthy and Giridharan 

(1976), Radhakrishnan (1987), Santha -Cecila (1992) and CPCRl ( 1994). 

Investigations were conducted on the mechanism of development of 

symptoms on immature nuts due to feeding injury by PMHs.  Ptiytophagy 

by P M B s  on immature nu t s  resulted in development of symptoms  like 

drying of nut  without drying of tepals, different grades of stunting,  



gummosis. development of cavities in place of embryo and a typical 

"tomato like" appearance of nuts with swollen or malformed pcricarp. 

Radhakr i shnan  (1987) also reported that mealybugs infestation rcsultcd in 

stunted nu t s  with tightly closed perianths. The present study revealed that 

nutfall is not at all conspicuous due to feeding injury by PMBs. Similar 

observations were made by Mohan (2001) on the nut fall due to mealybug. 

S tud ie s  on the difference in polar circumference (PC) of the nuts in 

the different categories of the infested palrns revealed that the highest 

mean percentage reduction was i n  the highly infested category \$,hereas. 

the lowest percentage reduction was observed in the low infestation 

category palm. The same trend was observed when the equatorial 

circumference (EC) of the nuts i n  the three categories were exarnincd. 

Consequently the reduction in weight of nuts was the maximum ~ I I  the 

highly inftsted category of palms. 

Study on population build up  of different species of perianth 

infesting arthropods revealed the presence of thrips, scaks, s t e m  weevil, 

pink perianth mite, different species of ants, coconut eriophyid m i t e  and 

coreid bug along with PMBs. In  the present study higher population of 

thrips. scales and pink perianth mite was observed in the low and rncdiurn 

category of palms suggesting secondary infestation by PMBs. Houe\ ,er .  

in the highly infested category of palms infestation of PMBs was mostly 

primary. Mohan (2001) opined that the nuts that survived the a r~ack  o l  

Coconut Eriophyid Mite (CEM) and Coconut Coreid Bug (CCB) might he 

colonized by coconut button mealybugs (CBMs) later contributing to 

higher number of barrenlstunted nuts. Nair (2000) and Saradanlnla rr l r l .  

(2000) also observed combined infestation of sucking pests viz.. C E M .  

CCR and CBMs in coconut. 

Popularion build up of P M B  as influenced by morphological 

characters of immature nuts in  the selected paInls was also studiod. [ I  i i a 5  



observed that lhere is a strong positive relation between number oi' fknlalc. 

flowers per spikelet and susceptibility to datnage by PMBs. I n  the highly 

susceptible palms. mean number of female flowerslspi kelet was f'rom 7 . 0  

to 3.5 while in low susceptible palms, i t  ranged from 0.3 to 1.6 o111y. 

More number of female flowers in close proximity may be a highly 

congenial condition for the survival, ~nultiplication and dispersal of the 

mealybugs. This observation indicated the scope of easy identification of 

highly susceptible palms in a locality that may be advantageous i n  

planning area wide control operations against pest complex infesling 

coconut. 

Efforts were also made in this investigation to study the influence of 

colour of tepals on the population buildup of PMBs. Nutlets collected 

from third and fourth bunches with green and orange tepats recorded 

maximum population at 15 and 30 days after inoculation whereas buttons 

with yellow tepals recorded minimum progeny production. All the WCYr 

palms selected under high category of palms in this experiment, invariably 

had green or orange coloured tepals. 

In the present study, the ants found associated with PMBs were 

C. nudu, T. albipes, A ,  longipes, C. compressus., C. slJriceus., P. excrciirr. 

C. pariu and 0, smaragdina. Role of ants i n  the dispersal of PMBs was 

also studied. An t s  provided the mealybugs shelter, protection from 

predators and parasites and kept them clean from detritus that could 

accumulate in the secreted honey dew and become deleterious to the 

colony. According to Rohrbach et aE. (1988) the ants found associated 

with D. brr vipes included Pheidole me~crcc~phaiu, Iridomyrmex hun7ili.r 

and Solenopsis ~ e m i n a t a .  CPCRI ( 1  994) reported 0. snaaragdinu. 

Technomyt+m~x sp .  and S. geminara as symbionts of mealybug. 

A series of laboratory and field experiments were conducted l u  

evolve a nlanagement strategy which could reduce the damage and y ic ld  



loss caused by PMBs. The effectiveness of the treatments were evaluated 

taking into consideration their ability to reduce yield loss due to 

infestation by PMBs. Experiments were conducted i n  the laboratory to 

assess the mortality of mealybugs released on excised undamaged butlons 

sprayed with selected insecticides. Based on the mean percentage 

mortality of mealybugs observed a1 24 hours and 48 hours after release, i t  

could be concluded that triazophos (0.05 %), prof'enofbs (0.05 %j: 

endosulfan (0.05 %) and dimethoate (0.05 %) were effective insecticides. 

Jalaludeen et a / .  (1 99 1)  also reported that organophosphorus insecticides 

caused heavy mortality of PuImicuItor sp. under laboratory conditions. 

In a field experiment conducted in the Instructional Farm, College of 

Agriculture, Vellayani, during 200 1-2002, the efficacy of selected 

insecticides for management of PMBs were evaluated by spraying in 

December 200 1 on five successively emerged coconut bunches. 

The bunch which was fifth at the time of spraying (which emerged 

during second week of August 2001) showed highest mean percentage 

reduction in mealybug damage over corresponding control. The effect of 

treatments on this particular bunch differed signilycantly from the other 

bunches. 

Triazophos at 0.05 per cent was observed to be the most effective 

treatment followed by profenofos 0.05 per cent and ditnethoate 0.05 per 

cent when observed a1 four months after spraying. The recent 

recommendation in the POP. KAU (2002) for the c o ~ ~ t r o l  of mealybugs i n  

coconut involves thc ust. of insecticides like dimethoate 0.05 per cent. In 

this study, the newer organophosphorus insecticides vi:.. 'l'riazophos and 

Profenofos were found to be more promising than di~nethoate against 

mealybugs. Percentage rcduc t ion i n  mealybug damagc ovcr  corresponding 

control in the unsprayed bunches that emerged after spraying  was also 



studied. The percentage reduction in mealybug damage on bunches was 

the least in palms which received profenofos 0.05 pcr cent spray. 

It  was also ubscrccd that the mean population of D. hrevipes was 

maximum during May and P. longispinus was maximum during March. 

Hence, it could be deduced that a bunch that emerged during first week of 

November  or second ~ e e k  of  October becomes susceptible to attack by 

PMBs in the nlonths of February and January of the next year i . e . ,  when 

the bunches becomes third (B3) or fourth (B4). I t  was also observed that 

summer season favours increase in pest population bulld up. So spraying 

should be done taking illto consideration of facts such as age of bunch and 

month of spraying. 

The annual yield loss due to mealybug infestation worked out to be 

Rs. 1391 palm and hence the cost of plant protection measures against the 

mealybug should be ideally less than the  yield loss. Only then, the plant 

protection recommendat ions be viable and cost effective. 

In the light of the present investigations on the bioecology and 

management of PMBs. the measures that can be recommended for 

management of thc I) MBs include surveillance d u r i n g  summer months is 

required to establish intensity of mealybug damage. If the pest population 

and damage is high. insecticide spray has to be given in February - March. 

At first, clean the crown of palms, remove dried and barren bunches and 

the insecticide profenofos or triazophos at 0.05 per cent have to be 

applied. Spraying should be concentrated on the younger bunches (second 

to fifth). 

As ants tended mealybug colonies and were responsible for their 

dispersal, control mcasures should also be aimed at ~riat~agement of the ant 

species. 



1-uture lint of work suggested includes the s tudy of life tablcs ui' ~ h u  

mealybugs. identification of their natural enemies and developmc~it ol' 

technologies to utilize them. This will go a long way in evolving IPM 

nleasures against the mealybugs. 





6.  SUMMARY 

The study entitled "Bio-ecology and management of perianth 

infesting mealybugs" has been carried out in the Instructional Farm. 

College of Agriculture, Vellayani during the period January 200 I to Apr j  I 

2002. The main objectives of the study were to generate basic in for~>~at ion  

on bioecology of perianth infesting mealybugs viz. ,  pink perianrh 

mealybug, Dysmicoccus brevipes and two tailed perianth mealybug, 

Psczrdococcus longispinus and to assess their yield losses in coconut. 'I'he 

salient findings of this study are summarised below: 

Biology of perianth infesting mealy bugs, D. hrevi1)c.s and 

P. lorlgispinus were studied under laboratory condition on pumpkin i'ruils. 

Punlpkin was found to be a good host material for rearing mealybugs 

under laboratory conditions. D. brevipes did not lay eggs, but the eggs 

hatched within the female body and she gave birth to larvae 

(ovoviviparous) called crawlers. Soon after birth, the crawlers rcrnaincd 

underneath the mother's body for protection. Within 24 hours of the i r  

emergence. they settled on the substratum (host surface). Thc numbcr of 

larvae laid by or fecundity of D. brevipes ranged from 74 to 283 with a 

mean of 170.9 larvae per female. The life history included the pre larviposition. 

larviposition and post larviposition periods, the mean duration of cach pcriod 

being 24.00, 21.00 and 58.70 days respectively. P. longispinus laid eggs. thc 

numbcr ranged from 26 to 240 eggs with a mean of 140 eggs per fo~~ ia lc .  

The life cycle included the pre-viviparous, viviparous and post- v iv iparous  

periods, the mean duration of each period being 15.00, 14.00 and 27.50 

days respectively. 

Seventy  six per cent of D. hrevipes and seventy eight per cent  o f  

P. longispinus developed into females. 



Progeny production of U. brevipes was maximum in the fourth bunch 

at 15 days after release (DAR) and for P. longispinus progeny production 

was maximum in the third bunch at 15 DAR. 

Preliminary evaluation of 60 WCT coconut palms was conducted to 

identify palms showing low. moderate and high incidence of mcalybugs. 

Yield loss studies were conducted in terms of'  rupee for low, 

moderately and highly infested coconut palms. Annual yield loss in high, 

medium and low category infested palms were Rs. 139.20: Rs. 85.80 and 

Rs. 40.80 respectively. 

The highest mean percent damage by mealybugs were observed in 

the fifth bunch (38.06) which was on par with the fourth (36.52) and sixth 

(35.16) bunches. 

The Incan population of D. brevipes was maximum during May and 

minimum during November to December. In the case of P. longispinus 

maximum mean population was recorded in March and minimum during 

August. 

The mean population of D. hrevipes was maximum in the nuts 

collected from the fifth bunch and mean population was minimum in the 

first button. In the case of P. longispinus, maximum population was 

observed in the nuts collected from the fifth bunch and minimum 

population was observed i n  the nuts  collected from the tenth bunch. 

Studies on the susceptibiliry of stage of bunch to mealybug damage 

indicated that the peak level of 'dai t~age was in the fifth bunch. 

Among the weather parameters, rainfall was observed to be the most 

important factor affecting mealybug population. The mealybug population 

was low during the rainy months and high during the summer  months. 

Consequently the maximum damage was observed in the m o t ~ r h  of June. 



Mealy  bug infestation inside the perianth resulted in the dry ing  o f  

the nuts and apparently there was no drying sympto~n in the tepals. The 

external appearance of the perianth was similar to that of a normal n u t  and 

nut fall due to the feeding of these mealybugs was not conspicuous. 

IIighest mean per cent reduction in polar circumference, equatorial 

circumference and weight of nuts was observed in the highly infested 

category of palms and lower per cent reduction was noted i n  the luw 

category of palms. 

Mealybug infested nuts showed a typical "tomato Iike appearance" with 

swollen or malformed pericarp and a cavity was formed in placu of the 

embryo. Gummy exudation was observed in infested buttons and nuts. 

A positive relationship was observed between number of' female 

flowers per spikelet and susceptibility to mealybugs. 

In WCT palms selected for study, the major varietal character. which 

influenced the population buildup, was colour of tepals. Fifteen and 30 

days after release the number of crawlers produced by D. h rev ip r .~  and 

P .  longispinus was maximum in the immature nuts having green and 

orange  coloured tepals. 

I t  was  evident that ants were responsible for the dispersal of thc 

mealy bugs. The important species associated with PM Bs were 

C~rldiouc.ottdyIu nuda Mayr, Technomyrmex albipes Smith, Anrip1ol~~l1r.c 

1ongipe.s Jerdon,  C. paria Emery, C. sericeus Fabr., Polyruchis r.rcrc.ircr 

Walker. Clecuphylla smaragdinu Smith. 

Under  laboratory conditions, the insecticides, triazophos, prol 'enofi)~.  

endosulfan and dimethoate were found as effective insrcricides 

considering the mortality of PMBs rcloased on undamaged buttons s p r a ~ , e d  

with i~~scc t i c i de s .  



Alllong ihe various insecticides evaluated in the field againsl PM13s. 

triazophos (52.82) and profenofos (49.43) were most effective treatments 

in reducing the yield loss. 

The mean per cent reduction in damage due to PMBs in five bunches 

that emerged successively after spraying, over  corresponding control 

revealed that profenofos significantly differed from control and was found 

to be on par with triazophos. 

The results of present study will aid in formulating management 

measures against PMBs on coconut and thereby reducing the yield losses 

caused by PMBs on coconut. 
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ABSTRACT 

A study was conducted at the College of Agriculture, Vellayani from 

January 2001 to December 2001 to study the biology, species composition 

and symptomatology of perianth infesting mealy bugs,  D. Arevipes and P .  

longispinus infesting the coconut palm and to assess the yield losses 

caused by the pest and to evolve management measures. 

The biology of the two species was studied after rearing them o n  

pumpkin fruits. The mean larval period and adult longevity of D. brevipes 

and P.  lungispintrs when reared on pumpkin were 36 and 103.3 and 26 and 

57 days respectively. The mean sex ratio of L). hrcl~ipes was 3.17 and of 

P. Iongispinus was 3.54. Pumpkin appeared to be a good host material for 

mass rearing PMBs. 

Studies on the yield loss assessment revealed an annual yield loss of 

Rs 139.201 palm in the highly susceptibIe palms whereas in the medium 

and low susceptible palms the yield losses were Ks. 85.80/palm and Rs. 

4 0 . W  palm respectiveiy. 

When the influence of bunch age on the cxtent of damage by 

mealybugs was studied. highest mean per cent damage was observed in the 

fifth bunch followed by fourth and sixth bunches.  Maximum population 

of PMBs were obserx-ed in the fifth nutlet. The mean population of D. 

brevipes was maximum during May (1.3 1) whereas the mean popuIation of 

P. Iongispinus was maximum during March (1  - 1 3 ) .  

Studies on the susceptibility of stage of hunch to mealybug damage 

indicated that the peak level of damage was i n  the fifth bunch. 

Consequently the m a s i m u m  damage was observed in the month of June. 



Rainfall was observed to be the most important factor adversely affecting 

mealybug population. 

Development of' symptoms as a consequence of feeding injury by 

PMBs include drying of nut without drying of calyx,  stunting, deformities 

in the buttons such as development of cavities in place of embryo and 

gummy exudation. The mean population of other perianth infesting 

arthropods found associated with highly infested category of palms was 

low when compared to medium and low category palms. A positive 

relation between number of flowers per spikelet and susceptibility to 

mealybugs was observed. A study on the reaction of nutlets of WCT 

variety to PMBs in terms of tepal colour revealed that orange and green 

coloured tepals were the most preferred by PMBs. Ant species C. nuda, 

T. albipis and A .  Iongiprs were seen closely associated with PMBs. 

Among the various pesticides evaluated against PMBs, triazophos 

(0.05) and profenofos ( 0 . 05 )  were found to be effective in controlling the 

pest. 
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