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1. Introduction\le'v\' 
To me et the nu tr it ive dem and for eve r grow ing pop ulati on , agriculture 

technologies were bo oste d to int ens ive approach characteriz ed by innovations j md 
designed to increase yield . Techni ques incl ude d planting multip le crops per year, 85), 
high yielding varieties, increased use of fertilizers, plant grow th regulators , chemical 
pesticides and farm mechanization.Even though m odem agricultur e has definitely 

cha , helped us to satisfy the demand to certain extent, heavy depend en ce on these inputs 
cause s seve ral disrup tion s to the ecological balance and it has been dama ging 
the w ealth of this plane t largely. When farming is viewed in this direction, the 
concep t of orga nic farming ga ins p ract ical significance as it is a production system 
respecting the sustainability of nature. Organic agriculture aims to maintain the 
farming to be a live production sys tem wi th sustai nable nature. It supports us to 
live in harmony w ith nature. In our attempt to sav e the crops, pest control strategy 
in modem agricult ure has a hea vy dependency on pe sticides. Pests and d iseases 
along w ith weeds are known to cause an es tima ted crop loss of abo ut 35 per cent 
of the potential food pr oduction worldw ide (Sharm a, 2002). In spite of our heavy 
de pendence on insecticides for provid ing protection to the varieties of crops grown, 
their deleterious effect on the beneficial natural enemies an d p ollinators an d the 
residues they leave in the pa lm and the envirorunent limit the use of these poisons. 
An Integrated Pest Man agem ent (IPM) schedule comprising combina bon ofdifferent 
technologies - mechanical, sanitation, cuitural. pr ophylactic, chemical and biological 
methods are the existin g stra tegy globally recogni zed to manage pests of coconut 
and has p roved to be qu ite feasible. 
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in2. Pest Management Concept in Organic Farming 
bl 

The basis of pest and d isease management in organic farming syst ems is the 
reliance on the inherent equilibrium in nature . Use of bio con trol agents plays a 

mcrucial ro le in this aspect. The natural enemies are insect predators (ins ects that 
siconsume part or all of pest insects), parasites (insect s that use other insects to produce 
Atheir offspring, thereby killing the pes t insect in the process) , and pathogens (diseases 

that kill or decrease the growth rate of insect pes ts). Preda tory insec ts on orga nic	 SE 

fa farms include lad y beetles, lacewings, and spiders. Parasitic insects incl ude wasps 
and flies th at lay their eggs in/on pest insects, such as larvae or caterpillars . The et 

B: emphasis on organic plantations should ideally be on the use of varieties resistant 
lato pest and diseases. 
P'Other methods that can be generally employed for the management of pests p: 

and diseases are : clean cultiva tion, improv ing soi l health to resist soil pathogens 
S1 

and promote plant growth; crop rotat ion; enco urag ing natu ral biolog ical agents for 
o j 

control of diseases, insects and weeds; using physical barriers for protection from et 
insects, birds an d animals; modifying habitat to encourage pollinators an d na tural 
enemie s of pests; and using sernio-chemicals such as phe rom one attractant s and 2 
trap pests. Biopesticides including micro organisms, parasites, predators and natural 
plant based pesticides from nee m, tobacco and garlic are effect ive in managing pests tI­
of coconu t and othe r inte rcrops. There are several exa mples of use of effec tive bio 
control ag ents for suppression of pest and diseases of coconut and other component 2 
crops.Pest m anageme n t req ui res an overall resched uling of various com pone nts of 
IPM in organic farming to maintain ecosystem sustainability. In organic agricultu re, 
pest control strategies that comprom ise wi th the nature are suitably blen de d and 
employed to realize desirable resu lts. Pest control strategies of a preventive rather p, 
than reac tive nature are advisable in organic farming. The non-chemical and bio­ si 
rat ional methods of pes t man agem ent that constitu te the major componen ts of 01 
IPM approach are ideal, eco-friendly and feasible in a sustainable crop production d: 
system like organic farming. st 

2.1. Biological Pest Suppression 

Among the various compon ents of IPM, bi ological pest suppression that 
u tilizes the natural enemies of pests viz., Entom oph aga and Entomopathogens is 
the most effec tive tool for organic plant protection. One of the ma jor steps involved 
in the biological control of pests is conservation of natural enemies which helps in 
regulating a particular species of pest in the ecosystem conserving th e bio diversity 
of the ecosystem . A comparatively low level of pest incide nce that occurs due to 
natural d istur bances in the ecosystem can be corrected more eas ily and feasibly 
by intervention of an appropriate biocontrol agent. Wh en a situation arises where 
natural enemies present in the ecosys tem exert a low level of pest suppression, the 
need for augmentation thr ou gh release of recommended na tural enemies becomes 
more imperative. Biocontrol method is an advanced approach in th e management 
of some of the major pests of coconut, oil pal m, coffee and black pepper besides 
m an y annual crops. When an exotic pes t is to be tackl ed, the need for deliberate 
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introd u ction and colonization of its na tural enem y to suppress the introduced pest 
becom es es sential. 

s is the 
In our attempts to enrich the biodiversity by organic farming practices, several plays a 

methods of conservation of natural enemies like providing ne sting places, perch ingcts tha t 
sites, water pan, nectar and pollen rich p lan ts can be pract iced (Sharma, 2002).-roduce 
Attempts to restore na tura l control mec ha nisms especiall y the natural ene m ies by liseases 
se lectivity of biodiversity within the ecosystem become m ore re levant in organicorganic 
farm ing. Manipulation of the ecosystem in ducing ad ded activity of th e natural, w asps 
enemies will be beneficial to reduce the pest popul ation resulting in increased yiel d . Irs. The 
Biocontrol agents have a range of attractive properties that inclu de host specificity, esis tan t 
lack of toxic residue, no phyto toxic effec ts, ceo -friendly, human safety and the 
potential for pest management to be se lf sus ta in ing. Biocontrol agents can also be 

)f pests produced locally which is in terms of choosing and matching natural enemies to 
hogen s small scale needs. Successfu l u se requi res fund am ental knowledge of th e ecology 
ents for of both the pes t and natural ene my. Biological control agents broadly involve 
in fr om entomophaga an d entomopathogens. 
natural 
lts and 2.1.1. Entomophaga 
n atu ral Entomophaga comprising mainly parasitoids and predators constitutes one of 
19 pests the m ajor components in the natural control of crop pe sts . 
.ive bio 
iponent 2.1.1.1 . Parasltolds 
tents of In th e IP M of coconut pest s, parasitoids are extens ively utilized for the 
.ulture, management of the b lack he aded ca terpilla r 0. arenosella, w hic h is one of the 
led an d do mi nant caterp illar pests of coconut palm. The lar vae of O. arenosel la feed on the 
o rat her parenchym atous tissu es on the under surface of leaflets an d constru ct galler ies of 
nd bio­ silken webs re inforced w ith exc reta and scrapes of leaf bits. Diagnost ic sym ptom s 
en ts of of infestation are the presence of galleries on the lower surface of the leaflets with 
Iuction differen t stages of the pest and the upper ep idermis in tact. Pest infestation usually 

starts from the ou ter and middle w ho rl of leaves. On an ave rage 40 per cen t yie ld 
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Figure 10.1: Goniozus nephantidis, Larval Parasitoid of
 
Coconut Black Headed Caterpillar.
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decline is noticed in severely affected palms (Chandrika et ai., 2010) and pa lms of are a lso \ 
all ages are susceptible to its infestation. Con cealed habitat of the pes t we ll covered respectiv 
by the larval galleries makes pesticide spraying practically very difficu lt. Hence, (Sathaim 
biological suppression with the release of parasitoids provides the best solu tion for honey ar 
the management of O. arenosella (Chandrika and Suja tha , 2006). emergen, 

of the ric 
Among the various parasitoids of O. arenosella (Table 10.1) hymenopterans 

is a high 
p redom inate. Based on the stage of th e pest on which the parasi toids develop they 

of p re-pI 
are treated as egg, larval, pre-pupal. larval-pupal and pupal parasitoids. Among the 

for mass 
40 species of parasitoids reported from black headed caterpillar of coconut in India, 

parasiti s: 
the gregarious larval ectoparasit oids Goniozus nephantidis Muesebeck and Bracon 

nosaioi is
breoicornis Wesmaet the pre-pupa l parasitoid Elasmus nephaniidis Rohwer and the 

attribu te 
pupal parasitoid Brachumeria nosatoi Habu are the most promising ones (Pillai and 

and toler 
N air, 1993). The major desirable attributes of these parasitoids are thei r greater 

in n at ure searching ability, capacity to withstand hig h tempera ture, produc tion of higher 
proportion of female proge ny, occurrence through out the year, and abundance Field Pe 
during peak pe riod of the pes t and their d ist ribution in all pes t infes ted areas. Usir 

Table 10.1: Important Parasitoids of Opisina arenosella m an y de 
coas tal Y

Name of Parasite Family Target Pest Stage Nature of Parasitoid 
1993 at T 

Apanteles taragamae Vier. 

Bracon brevicornis Wesmael 

Goniozus nephantidis Mues. 

Elasmus nephantidis Rohw. 

Goryphus nurse i Lam. 

Mete oridea hutson ii Nixon 

Antrocephalus hakonensis Ashm. 

Brachymeria nosato i Habu 

B. nephantidis Gahan 

Xanthopimpla punctuate F. 

X. nana nana Schlz. 

Trichospilus pupivorus Ferr. 

Braconidae Early larva 

Braconidae Late larva 

Bethylidae Do 

Elasmidae Pre pupa 

Ichneumonidae Larva-pupa 

Braconidae Do 

Chalcididae Pupa 

Chalcididae Do 

Chalcididae Do 

Ichneum onidae Do 

Ichneumonidae Do 

Eulophidae Do 

Solitary specific r 
Gregarious garden ( 

Do populati : 
parasitoiDo 
two year 

Solitary 
Kollam I 

Do technolo: 
Do geograpl 
Do Kerala (I 
Do in O. am 

release 01Do 

Do biologica 

Gregar ious 

Techniques have been developed for mass production of the promising 
parasitoids. The pest infested area should be monitored regularly and parasitoids 
releases shou ld be initiated at the post mo nsoon period during N ovember ­
Decemb er if there is any pest incidence. Parasitoids are to be released at the fixed 
dosages dependin g on the target stage of the pest at fortn ightly intervals till the 
pest population is su ppressed . As the release should synchronize with the stage 
of pest in the field , a sample of leaflets should be collected from infested pa lms at 
random and examined for live pest stages. 

The parasitoid Goniozus nephaniidis is released if the pes t is at 3rd ins tar larval 
stage or above@20parasitoid / pa lm and Bracon brevicornis @30parasitoid /pa lm .The 
pre-pupa l pa rasi toid Elasmus nephaniidis and pupal parasitoid Brachipneria nosaioi 

Figure 11 

mailto:brevicornis@30parasitoid/palm.The
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are also very effective in managing the pes t. They are released @49 and 32 per cent,of 
respectivel y for every 100 p repupa and pupae estimated to be p resen t on the p alm:d 
(Sathaimma et al., 1987). Before re leasing in field , the parasitoids should be fed with:e, 

or honey and ne wl y emerged p aras itoid can be released in the field after three days of 
emergence . G. nephaniidis and B. brevicornis coul d easily be mass mul tip lied on larvae 
of the rice moth Corcyra cephalonica . The pre-pupal par asitoid, Elasmus nephaniidis 

ns is a highly host and stage specific parasito id and always requires a steady su ppl y 
ey of pre-pupa of O. arenosella for mass multip lica tion. This is the major constrain t 
he for mass production of E. nephaniidis in the parasite breeding lab oratories. Pupal 
ia, 

parasitisms by many species of Brachymeria are obse rved in nature. Among them B. 
on nosaioi is most poten tial for effective bi ocon trol since it po ssesses all the desir ab le
he 

attribu tes w ith hi gh pe rcentage parasitism, lon g life span, good searching ability
1d 

and toleran ce to high temperature. B. nephaniidis, another maj or Brachipneria species 
er 

in nature sometimes act as hyper para sitoid on primary parasitoids of O. arenoseila. 
er 
ce Field Performance of Parasltolds 

Us in g IPM technologies or exclusive release of promising b iocontrol age nts 
ma ny de m ons tra tions were laid ou t in the last two decades by ICAR-CPC RI in 
coastal Kera la and Kamataka. Stud ies cond ucted in an endem ic area during 1990­

j 
1993 at Thod iyoor (Kollam District, Ker ala) with the field release of the th ree st age 
specific parasi toids at fixed norms and intervals in O. arenosella infested coconut 
gard en (2.8 ha) resulted in highly si gn ifican t reduction (94 per cent) in pes t 
population (Sathiamma et al.,1996). Regular m onitoring and release of stage sp ecific 
pa rasitoids induced 52.6 and 94.7 per cen t reduction in pes t pop ulation after one and 
two years, respectively of parasite release in a heavily infested tract at Neendakara, 
Kollam Dist. , Kerala. Large scale (lAOO ha) field va lida tion of the biosuppression 
technology of coconut black hea ded cate rp illar do ne d u ring 1999-2002 in different 
ge ographic locations in coastal Karnataka (Ullal and Jeppinamogru) and coastal 
Kera la (Purakkad and Ay ira m thengu) cou ld achieve 93-100 per cent reduction 
in O. arenosella population in a period of tw o yea rs with regular monitoring and 
release of stage specific p arasitoids (Cha ndrika etal., 2010) (Figure 10.2). Rep orts of 
biological suppression of 0. arenosella in coasta l di stricts of Odish a by th e release 
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Figure 10.2: Incidence of O. arenosella in the IPM Demonstrat ion Plots (1999-2002). 
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of parasitoids are also ava ilable. Successful biocontrol of O. arenosellawas reported 
in Andhra Pradesh an d timely augmentation of G. nephantidis @ 10 adults / palm 
at fifteen days interval suppressed the pes t population in Karnataka. The higher 
frequency of occurrence of G. nephaniidis in all the locations dur ing post release 
period indicated the suitability of this larval parasitoid to adapt in various locations 
in the coastal belts of Kerala and Karnataka. 

Parasl tolds Reported from other Pests 

Altho ug h parasitoid s are reported from other pests of coconut, they were 
not successfully in troduced as effec tive biocontrol agents . Th e scoliid wasp 
Campsomeriella collaris Fabr. parasitizes larvae of white grubs in the field. Scalia 
cyanipennis Fabr. and ectoparasitic mites are also observed in association with the 
different st ages of the rhinoceros bee tle. The egg parasitoid Chrysochalcisea indica 
was recorded from the coreid bu g Paradasynus rostratus and the mymarid parasite 
Parallelaptera sp . on the eggs of Siephaniiis typica. The parasites reported on the sca le 
insect of coconut, Aoniediella orientalis, include Aphytis chrusomaphali Marcat and 
Cauca paroipennis Gaham, and Cocobius reticulaius (Aphelinidae). Further study in 
this line is required to collect and catalogue more parasitic species and to standardize 
the techniques for field ap plication and eval ua tion. 

2 .1 .1 .2. Predators 

Many species of sp iders, coccinellids, red uv iids, predatory ants, mites and 
thrips are well documented as effective predators. Spiders are important predators 
of insect pests. They suppress pest species to low densities at all growth stages. 
They are gene ralist p reda tors and polyphagous in habit. Spider fauna con tributes 
a major group of natural enemies in cropping systems (Hazarika and Chakraborti, 
2007). H abitat manipulations like conserving ground litter, using safer pe sticides 
etc. contribute to their conservation. Insec t an d spider predators are abundant in 
the coconut ecosystem. Insect preda tors are frequently observed in the breeding 
grounds of the rhinoceros beetle. They feed on the eggs and early instar larvae of the 
beetle. The important predators are Santalusparallelus Payk. (Coleoptera: His teridae) 
(Antony and Kurien, 1966), Pheropsophus occipitalis Macleay, Pilissoderus Chaudior, 
Chelisoches mario (Fabricius) (Coleopte ra: Chelisochidae) (Sathiamma et al., 1982) 
and species of Scarites sp. (Coleoptera: Carabidae), Harpalus and Agrypnus sp . near 
bifoveatus Candeze (Coleoptera: Elateridae) (Kur ien et al., 1983). 

An exotic predator Platymeris laevicollis Distant (Coleoptera: Reduviidae), was 
imported from Zanzibar to Ind ia for the control of rhinoceros beetle. As compared 
to the indigenous predators, P. laeoicollis feeds on adult beetles. The predator is 
long lived (170-240 days) and fecund ity high (110-170 eggs /fema le) and could 
easily be mass m ultip lied on ground roaches. Field release of p redator was done 
in coconut plan tations in Kera la and Karnataka @6 bugs /palm and could achieve 
significant reduction in beetle population and the damage to the pa lm. Leaf damage 
w as reduced to 13.1 per cent, nil spathe damage and 1 per cent spindle damage as 
compared to 59 .2 per cent, 2.5 per cen t and 37.0 pe r cent, respectively, recorded 
during pre release observations. But the predators failed to establish under field 
conditions (Antony et.al.1979; Kurien et al., 1983). 
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A v ariety of predatory fauna is a lso availab le in nature in associa tion wi th 
O. arenosella (Tab le 10.2). The m ost im po rtant insect predator s are the cara bi d 
beetle, Parena nigrolineata Cha ud , anthocorid bug Cardiasteihus spp, chrysopids, 
A nkyiopteryx ociopunciata candida Fab. , cocci ne llids, an ts and spiders . Spiders, 
though gene ra list p red ators and po lyphagous, contribute a major group of natural 
enemies in coconut ecosystem. Spiders are the most dominan t group of predators 
on 0. arenosella. Species of Cheiracanthium, Rhene an d Sparassus are the im port ant 
sp ider p redators and contributed nearly 21 per cent of the total spider fau na 
availabl e on coconu t foliage . They con sum e th e immature and adult stages of O. 
arenosella. Cheiracan ihium sp . consumed the prey @1.19 caterpillars per day. Ma le 
Cheiracan ihium took 204-224 days and females 194-206 days to re ach adulthood . 
Longevity varied fro m 35-122 days (ma le) and 51-127 days (fem ale). Maximum 
population was recorded in the field d ur in g July. Rhene indicus is one of the common 
sp iders feeding on 0. arenosella caterpillars. Per day consumption was 0.7 caterpillars 
pe r pred ator. It re ached maturity in 71-98 days (male) and 70-98 days (fem ale). 
Lon gevi ty w as 25-77 days (male) and 71-296 days (fem ale). August was the peak 
period of the p redator activity in the field (Pillai and N air, 1990a, 1993; Sathiamma 
et al., 1985 a, b; 1987, N asser and Ab udurahiman,1990, 1998). 

Table 10.2: Important Predators of Oplsina arenosel/a 

Name of Predator Predator Stage Prey Stage 

Ankylopteryx octopunctata candida Fab. (Chrysopidae) 

Calleida splendidula F. (Carab idae) 

Parena nigrolinea ta Chaud . (Carabidae) 

Cheiracanthium melanostoma Thor. (Clubionidae) 

Rhene indicus (Salticidae) 

Sparassus sp (Spa rassidae) 

Cardiastethus sp. (Anth ocorid ae) 

Nymph 

Larva/adult 

Do 

Do 

Do 

Do 

Nymph/adult 

Egg/Early larva 

All stages 

Do 

Do 

Do 

Do 

Egg/Early larva 

Predators of Scale Insects, Mealy Bugs, Lace Bug, White Flies 

Scale insects, mealy bugs, coreid bug, lace bug and whiteflies are observed in 
most of the coconu t p lantations as minor pests. The ir po pulation is kept under check 
by th e natura l predators which are very active in th e coconu t ecosystem . Preda tors 
playa pre dom ina nt role in lim itin g coconut sca le populati on . Reports of a range 
o f pred ator s viz., Scymn us saoerini Ws c., Scymnus sp., S. apiciflavus Mots. Pharellus 
minu iissimus Sic. Azyatrinitatis H shl, Pentilia insidiosa Muls. and Scumnus aeinipennis 
on scale Aspidiotus destructor are availab le (Mohandas and Rem am ony,1993). The 
coccinellids Chilocorus nigritus Fab. and Pseudoscymnus dunpakalpa Ghorpade, 
Cybocephaius sp are p redacious on A. destructorand Aonidiella orientalis.Sadakathulla 
(1993) developed techniques for the mass prod uction of C. nigrita on A. destructor 
reared on pumpkin fruit (CucurbitamaximaWall.). C. nigritaconsum ed 11 adults and 
120 crawlers of A. orienialis in 24 h . The mi te Saniosuius nudus Summ ers preyed on 
an average 15 crawlers of A. orientalis in 24h (CPC RI, 1990, 93). Fourteen in sects and 
twenty-three spiders are observed as predators on Stephanitis typica. The identified 

mailto:prey@1.19caterpillars
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insect predators are the mirid Siethoconus praefectus D., chrysopid Ankylopteryx 
octopunctataoctopunctata Fabr ., red uviids Endochus inornaius Stal., Rhinocorisfuscipes 
Fab ., Euagoras plagiaius Burm. an d earwig Chelisoches mono. Fab. The mealy bugs 
associated with coconut in India are Palmicu l tor palmarum, Pseudococcus longispinus , 
Pseudococcus cocoiis, Dvsmicoccuesp . and Rhizoecus sp . Spalgisepius (Lycaenidae) and 
species of Pullus and Scipnnus (Coccinellidae) are the natur al enem ies recorded from 
mealy bug colonies. They exert limite d check of the pest population. The preda tors of 
coreid bu g include the ant Oecophyllasmaragdina and the reduviid Endochus sp . Two 
typ es of whiteflies oiz., areca whitefly, Aieurccantnus arecae and sp ira lling whitefly 
Aleurodicus dispersus have been recorded from coconut in India . Their po pu lation 
is kep t under check by the act ivity of predators oiz., Seragium parceseiosum, [aurauia 
pallidula, Cybocephalus sp . etc. Two sp ecies of lady bird beetles namely Chilocorus 
subindicus an d Scumnomorphus sp . were found predatory on spirall ing whitefly. 

Predators of Coconu t Eriophyld Mite 

The nut infest ing er iop hy id mite A. guerreronis Keifer has emerge d as one 
of the seri ous pests of coconut in Ind ia in 1998 an d has become the m ajor pest of 
coconut pa lm in a very shor t spell. Mites live in colonies on the tender portion of 
the buttons covered by the perian th and suck sap from the meristem atic tissue s. 
The symptom of att ack is the appearance of elongated white p atches below the 
perianth, later turn ing to pale yellow and brown. As the nu t grow s, the injury forms 
war tings and longitudinal fissures on the nut surface. Severe infestation results in 
button shedding, reduced ke rnel weight and reduction in fiber con tent. Cu rrently 
botanical pesticides are recommended for mi te mana gemen t. A variety of pred atory 
mi tes and smaller insects are associa ted with A. guerreronis in different pa rts of the 

Figure 10.3: Eriophyld Mite Infested Coconuts. 
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world . Predatory mi tes be longing to Phytoseiidae, Bdellid ae and Tarsone midae 
are encountered in va rious collections. In India, the phyt oseiid mite N eoseiulus 
baraki is the m ost dominant predator in the field . Other predatory mites include 
Neoseiulus paspalioorus and Bdella species. The insect predators encountered w ith 
coconu t mi te population in the field are thrips, coccinell ids and syrphid maggots. 
But these are found only occasiona lly and in very few numb ers . An increasing trend 
of incid ence and better establishmen t of predatory mites in the field over the years 
are observed . The activity of the predators is high during June to December in the 
field . Compared to the young developing nuts bel ow three months, m ore predators 
are encoun tered in 4-6 mon ths old nuts . The predatory mites are larger in size 
compared to the coconu t mite and the y gain en try only later into the nuts . This is 
one of the limiting factors for the wider use of the predators . H owever , conservation 
of the predatory fauna in the ecosystem is beneficial to regulate the coconut mite in 
na ture. Marimuthu et al. (2003) had reported three species of predatory mites viz . 
Amblyseius paspalioorus, Bdella sp and a tarsonem id att acking mite coloni es in the 

sed as one 
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por tion of 

itic tissues. 
below the 

ijury forms 
:1 results in 
. Currently 

field in Tamil Nadu . Pred atory mites belonging to phytoseiidae, Tarsonemidae an d 
Bdellid ae attacking eriophyid mite colonies in the field was reported by Naseema 
Beevi et al. (2003). Ma llik et al. (2003) rep orted that amo ng the Phytose iid mites , A. 
paspttliuorus and the tarsonemid Lupotarsonemus sp are the predatory mites more 
encountered with mit e colonies in Karnataka. The tarsonemid is fou nd attacking 
on egg and the phytoseid attacking on all stages of mit e. Pre datory insects are ve ry 
seldom reported on eriophyid mite. Nair et al. (2003) reported one sp ecies each of 
syrphid, thrips and coccinellid associated with mit e colonies in the field . 

: predatory The efficiency of the predators is nei ther fu lly assessed nor w idely used in the 
oarts of the biological control programmes of O.arenosella. Habitat manipu lations like conserving 

ground litter, using safer pesticides etc. con tribu te to their conservation .The earwig 
Chelisoches morio (Fab.) feeds on the eggs and early instar grubs of red palm weevil 
in the field . Venk ates an et al. (2003) reported that C. exiguus could be reared using 
artificial diet. Lyla et al. (2006) evaluated C. exiguus against O. arenosella and fou n d 
that the predator proved to be very efficient in su ppressing the pest population. 
Beigirus maindroni Grou. (Mycetophaz idae), Dicrodiploissp . (Cecidomyiid ae) Spalgi« 
epius (Westw ood) (Lycaenidae) and species of Pullus and Scvmnus (Coccine llidae) 
were the natural enemies recorded from mealy bug colonies. They exerted lim ited 
check of the population (CPCRI, 1995). 

Mites fo rm imp or tant pests of ar ecanut palm . Tetranichus [ijiensis H irst, 
Oligonqchus indicus Hirst, O. bilutrensis H irst (Tetran ichidae) and Raoiella indica 
(Tenuipalp idae) are the ma jor species recorded (N air, 1986; N air and Dani el, 
1982). Puttarud raiah and Ch annaBasavanna (1956) had recorded some coleop teran 
predators on both O. indicus and R. indica. They included Aspectes indicus Arrow 
(Dermestidae), Cybocephalus semipiciis Champ (Nitidulidae), Stethorus parcepunctaius 
Kapur, S. teiranuchi Kapur, [auraoia sorar Wsc. an d Spilocarea bisselecia Mu ls, 
(Coccinellidae). These pr edators pa rticularly Steihorus kept the mite population in 
check during summer months. Kapur (1961) had described a new species, Stetnorus 
keralicus from Kerala on R. indica an d Dan iel (1976) had stud ied the biology and 
predatory habits . Daniel (1979) recorde d a number of indigenous predators and 

'­
:> 
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among them, two species of Si eihorus and a staphylinid beetle were the major exc 
predators of O. indicus. The coccinellid, 5. keralicus Kapur and the phytoseiid, fur 
Amblyseius channabasaoanni Gupta and Daniel were the key predators of the palm wh 
mite R. indica. cer 

Tea mosquito bug, Helopeltis sp. is the most serious pest of cashew and cocoa 
in India . Sundararaju and Sundarababu, (1999) reviewed tea mosquito bug's pest ani 

status, hosts and pest management practices. Crematogaster toroughionii Forel da­
(Formicidae) has been reported as a predator of nymphs of the pest (Ambika and bee 
Abraham, 1979 ). Spiders, Hyllus sp ., Oxyopes schireia, Phidippus patch and Matidia sp. fun 
ha ve been reported as predators of H. antonii (Sunda raraju, 1984; Devasaha yam and the 
Radhakrishnan Nair, 1986). Reduviid bugs viz., 5ycanus collaris (Fab.), Sphedanolesies col 
signatue Dist., S. minisculus Bergar, lraniha armipes Stal., Endochus inornatus Stal., fin, 
E. cingaensis Stal., Occamus typicus, Dis t. and Alcmena sp. have been recorded as m u 
predators of H. antonii (Sundararaju, 1984). of I 

Iep
2.2. Entomopathogens ane 

Biological control using entomopathogens is an important componen t of IPM. wit 
It is possible to use specific micro-organisms that kill arthropods. These include bra 

entomopathogenic fungi , nematodes, bacteria and viru ses. The microb ial agents mu 
which pla ya vital role in the bio suppression of various pests of coconut have been spo 
examined and in the case of black beetle (Oryctes rhinoceros L.) this group of natural the 
enemies has been thoroughl y studied. m at 

bee: 
2.2.1 Fungi faci 

Entomopathogenic fungi are of considerable importance in crop pest control bHbecause of their ability to infect a wide range of insect pests through non per os 
infection. In coconut pest management, entomopathogenic fungi such as Beauveria 
bassiana, Metarhizium anisopliae, Hirsutella ihompsonii are the best utilized glob ally. has 
Fungi require relatively high humid microclimate (>70 per cent RH) . patl 

of e: 
a) Gre en Muscardine Fungus as a Potential Enemy of Rhinoceros Beetle of F 

The rhinoceros beetles cause damage to palms of all age groups by boring Ker, 
into the unopened spindles and inflorescence , As the pest bores deeper into the Prac 
host, it pushes out the chewed up tissues, which are seen extruding from the entry Isl a: 
points, Once these injured spindles open up, the green leaves present a geometric th en 

'V ' shaped cut pattern. The damage to inflorescence is seen as round oblong holes isola 
on the spathes, which soon dry up. The pest occur s throughout the year and breeds cou l 
in cattle dung, compost, dead and decaying organic debris like coconut and other this 
palm trunks, cocoa pod shells, oil palm bunch waste, coir dust, rotting paddy straw of II 
and sugar cane waste etc. The life cycle is completed in 6 months on an ave rage . the 

bernAmong the entomopathogens, the green muscardine fungus Metarhizium 
anisopliae (Metsch .) Sorokin (Deuteromycotina: Hypomycetes) is one of the most cocc 

pre1effective and successful biocontrol agents in coconut ecos ystem as a potential 
pathogen of O. rhinoceros. M. anisopliae var. major (spore size 10-14 urn) is highly cent 

miteinfect ive va riety used widely for the control of this pest. All the stages of the host 



~

1 Crops Organic Plant Protection Technologies 

major 
iseiid . 
pa lm 

cocoa 
's pest 
Forel 

.a and 
diasp . 
m and 
:olestes 
; Stal., 
Ied as 

flPM. 
iclude 
agen ts 
2 been 
atural 

ontrol 
per os 

'uuer ia 
ibally. 

tie 
lorin g 
to the 
.en try 
n ett ie 
ho les 

-reeds 
other 
straw 
age. 

iizium 
. most 
en tial 
-ughly 
e host 

excep tin g th e eggs are mycosed . Th e
 
fungus is ve ry active during monsoon
 
whe n the relative humidity is 70-90 per
 
cent an d the temp erature is 26-28°C.
 
The infected grub becomes slu ggish
 
an d m ortality occurs w it hin 10-15
 

.;	 
days. The body of th e infected grub 
becomes ha rd ened and white powdery 
fungal colonies appear in the joints of 
the integument. Within a w eek green 
co lo u re d s po res a re produced and 
finally the cadavers be come black an d 
mumm ified . Th e mass production 
of th e fungus has been develop ed at 
ICAR-CPCRI using solid (cassava ch ips 
and r ice bran m ixtu re su p plemen ted 
with nitrogen source) and liq uid (cocon u t w ater) med ia . Differen t substra tes lik e 
brok en rice / wheat grai ns , millet s etc. also are found to be cheaper substrates for 
multipli cation of the fungus. For the field applica tion of th e fungus, th e fungal 
spores are mixed with s terile water and used to drench the b reeding mat er ials of 
the rhi n oceros beetle @ of 5 x 1011 spo res Zm-. The fungus survives in the breeding 
material for long periods. Use of thi s fungus for biocont rol of rh inoceros beetle h as 
been popularized as a women fr ien dly technology an d ICAR-CPCRI is presen tly 
facilitating farm level p rod uction of th is fungus to cat er local needs. 

b) Hlrsutella thompsonll: A Promising Fungal Pathogen against Coconut Mite 

Figure 10.4: Metarhizlum anisopliae
 
Infected Grub of Rhinoceros Beetle.
 

The fungus Hirsutella thompsonii 
h as b een reported as a predominant 
pathogen among microbial pa thogens 
of criophyid mite. In India th e incide nce 
of H. i hompsonii was record ed fr om 
Kerala, Karnataka, Tamil N adu . An dhra 
Pradesh , Pondicherry and Lakshadw eep 
Isl and s. In Kera la, local s train of H. 
ihompsonii val'. synnemetosa co u ld b e 
isolated from field samples. ICAR-CPCRI 
could colle ct vir u len t native isola tes of 
this fu n gus from different loc ations 
of Ind ia . Talc based form u la tions of 
th e virul ent strains of thi s fungus are 
being evalua ted for the suppression of 
coconut erio phyid mite in the field and 
prelim in ary results ind icated 70-80 per 

'r'~'. 

Figure 10.5: Coconut Eriophyld Mite
 
Infected with Hirsutel1a thompsonii.
 

cen t suppression in pest population. Other fungal species associat ed with eriophyid 
mite include species of Paecilomvces, Beauoeria, Metarh izium, Sporothrix, Verticillium, 
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Acremonium, Aspergillus, Penicillium and Fusarium.However, the bio-efficacy of these Fie 
fungi as biocontrol agents of mite in field conditions is not full y studied . 

wi t 2.2.2. Virus 
(2g

a) Oryctes rhino ceros Nudl Virus	 for 

The Oryctes rhinocero s nudi virus (OrNV) was discovered in 1960 in Malaysia con 

and has been effectively used to control the rhinoceros beetle in coconut and oil palm hoi 
in ;:in Southeast Asia and the Pacific. It is a classical example of successful inocu lation 

and long term control of an insect pest. The viru s consists of rod shaped virions and bee 

replicates in the nuclei of in fected cells. On the basis of its (ultra) structure, OrNV Iibs 
was previously considered to be a so called non-occluded baculovirus (NOB). Due to C 

to the lack of occlusion bodies, it was later removed from the family Baculoviridae . 
OrNV contains a double stranded D. A genom e of abou t 130 kilobase pairs. The 
virus gains entry into the host through 
contaminated food and it multiplies wa: 

of Iin the m id gut epithelia l cells and fat 
darbodies of grubs and ad u lts. Infected 
leafgrubs become lethargic, stop feeding 

and move to the surface of the feeding	 cen 
inc i media. With the m ultiplication of the 
pe s v irus in the mid gu t epithelium of the 
in ( grub the fat body disintegrates an d the 

haemolymph content increases giving cen 
spaa translucent appearance for the grub. 
durThe diseased grub dies w ith in 15-20 
at Sdays. The infection by OrN V results in 
nilreduction of th e longevi ty of the beetle 

by 45 per cent and fecundity by 95 per 61 F 
Figure 10.6: Inoculating Rhinoceros 

cent relative to the healthy beetles . Beetle with Oryctes Rhinoceros 
sus 
a lrE Dis eased adults also become inactive . Nudl Virus. 
O rt' 

Mass Production of the Virus cap 
in vi The Oryctes virus is m ass multiplied and m aintained in the laboratory on live 

grubs. The OrN V infected grubs are di ssected, the swollen midgut is taken out req 

an d the viral suspension of the m idgut is prepared by grin d ing with phosphate hv c 

buffer. Th is vira l inoculum is fed to the he althy grubs to induce infection . The scal 
in Itinoculated grubs are reared on sterilized food (cow dung, coil' pith or saw dust) 
andmoistened sufficiently. The de velopment of Or. V infection is to be monitored 

in the inoculated grubs and the w hole procedure of inoculation of healthy grubs 
is repeated to maintain the viral culture in the host. The grubs showing external 
symptoms such as t ranslucent gut or extro ve rsion of rectum has to be dissected 

beeimmed iately; otherwise seconda ry infection w ith other pathogens like Pseudomonas 
etc. takes over an d destroys the On TV infection.	 anc 

So 
a fo 
pa: 

2.2 
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Field Release 

For field release, either the adult beetles are inoculated orally using a syringe 
with the OrNV inoculum or they are allowed to wade through the virus inoculum 
(2g of infected larval gut tissues in 1 litre of phosphate buffer) contained in a basin 
for 30 minutes. After the inoculation/ the beetles are confined together in a box 
containing rotten coconut wood powder mixed with the virus inoculum for 24 + 
hours. The treated beetles are removed the following day and confined for a week 
in a box containing fresh coconut petioles provided as food, since the infected 
beetles begin to excrete the virus only a week after infection. The infected beetles are 
liberated after dusk in the field. 12-15 infected beetles per hectare are recommended 
to disseminate the virus in nature. 

Impact of the Release of OrNV 

In India, the population of 0. rhinoceros and its damage on coconut palm 
was checked substantially when the OrNV was released in the pest infested areas 
of Lakshadweep Islands. In Minicoy, there was a reduction of 76.9 per cent leaf 
damage, 93.8 per cent spathe damage in a period of 30 months. In Androth islands 
leaf, spathe and fresh spindle damage showed reduction of 75.4, 56.1 and 74.8 per 
cent, respectively in a period of two years and the OrNV population showed an 
increase from nil to 60.6 per cent showing the establishment of the pathogen in the 
pest infested area (Mohan etal.,1989). Similar resul ts were observed in the mainland 
in Chittilappillv, Trichur. Kerala. where pest incidence reduced from 100 to 23 per 
cent and there was 80.6 per cent reduction in leaf and 100 per cent reduction both in 
spathe and fresh spindle damage when OrNV was re-released in a period of 3 years 
during 1989 to 1992. Establishment of OrNV in native population of 0. rhinoceros 
at Sipighat, Andamans by release of the virus is also reported (Jacob, 1996). From 
nil infection during the pre-treatment period in 1989 the infection has increased to 
61 per cent in 1991. By augmenting the natural population of virus infected beetles, 
sustained reduction in beetle incidence and crop damage can be achieved even in 
already infected contiguous areas (Biju et al., 1995). The biggest singular advantage 
OrNV offers over other microbial agents is in being an auto transmissible pathogen 
capable of passing from generation to generation. The method of its propagation 
involves the release of diseased beetle and no spraying of the virus to the crop is 
required. Significant reduction in rhinoceros beetle damage by the combined use of 
two potential biocontrol agents (M. anisopliae and OrNV) was reported from large 
scale field studies (2,400 ha) done in Alappuzha (75.1 and 79.4 per cent reduction 
in leaf and spindle damage) and Kasaragod (66.6 and 95.8 per cent reduction in leaf 
and spindle damage) districts during 1999-2002 (Nair et al., 2010). 

2.2.3. Bacteria 

Bacterial pathogens Acinetobacter calcoaceiicus and Pseudomonas alcaligeneshave 
been identified as pathogens of 0. rhinoceros grubs. Bacillus thuringiensis Berliner 
and Serratia marcescens B. are observed to be pathogenic to 0. arenoseila in the field. 
So far no effective microbial agent could be identified on red palm weevil which is 
a fatal enemy to coconut palm. Pseudomonas aeruginosa was identified as facultative 
pathogen of red palm weevil. A yeast isolate has also proved to be a transitional 
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wa s is pathogen producing mortality in weevils /grubs . Reports on the infectivity of 
and heBacillus thuringiensis subspecies kurstaki (Btk.) and a polyhedrosis virus to larvae 
EPN e of red palm weevil are available. These pathogens were isolated from the field in 
basedEgypt and stored for 4 years as air dried smears on glass slides, before being tested. 
sp . an, Record of eugregarine protozoan pathogen Pseudomonocystis sp ., which infect 22.7 
cent ITper cent of the third ins tar white grubs in the field is available. 
higher 

2.2.4 . Entomopathogenic Nematodes bioass 
in soil­Entomopathogenic nematodes (EPN) in the families Heterorhabditidae 
per ee(represented by the genus Heterorhabditis) and Steinernematidae (represented 
specifiby the genera Steinernema and Neosteinern em a) h ave been used to suppress 
key in populations of soil and cryptic insect pests in a variety of agro-ecosystems. EPN are 

obligate parasites of insects and kill their hosts with the aid of bacteria carried in the EPNs 
these t nematode 's alimentary canal which provide nutrients to the nematodes, produce 

antibiotics and inhibit competing microbes, and kill the host through septicemia. 2.3 . I
They are associated with mutualistic bacteria in the genus Xenorhabdus for 
Steinernematidae and Photorhabdus for Heterorhabditidae.The positive attributes u 
of these nematodes as biological control agents are that they have a broad host range, compE 
are safe to invertebrates, pl ants and other non-target organisms, have no known down 
negative effect on the environment, are easy to mass produce in vivo and in vitro, are notim 
easily applied using standard spray equipment, can search for their host, kill rapidly Iowan 
(within 48 h), have the potential to recycle in the environment, are compatible with qualif 
biological pesticides, are amenable for genetic selection for desirable traits and are life of 
exempt from registration in many countries. factors 

especi: 
Field Efficacy easytc 

Moisture conditions have been recognized as one of the most important factors worke 
in the soil environment affecting survival, virulence and persistence of nematodes. natura 
Entomopathogenic nematodes need high relative humidity to survive and a film of 

2.4. Efree water for movement. They may become dormant at very low soil moistures. 
B,

In vivo Multiplication of Entomopathogenlc Nematodes (EPN) under 
In vivo mass production of EPN has been standardized using Galleria mellonella organi 

larvae in the laboratory by filter paper inoculation technique . Steinernema sp. infected are USE 

cadavers turn crearnish-white in colour characteristic of the bacterium (Xenorhabdus physic 
poinarii) housed in it whereas, Heterorhabditis sp. infected insects become reddish­ haveb 
brown due to Photorhabdus luminescens. After required incubation, the cadavers than 6 
are placed in White's trap for the emergence of nematodes. From the White 's trap, Lan tar 
the nematodes wriggle out and migrate all over the Petri dishes under minimum plants 
moisture content. Nematodes, thus, emerged out are harvested by adding water and beyon 
later filtered for concentrating the nematodes. On an average 2-3 lakh nematodes are ge 
are produced from each insect. agricu 

prope
Use of EPN against Coconut Insect Pests neem 

EPN has been found promising in the management of red palm weevil and effect 
white grubs infesting coconut. An entomopathogenic heterorhabditid nematode cocon 
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::tivity of 
to larvae 

was isolated from Egypt and Un ited Arab Emirates planted wi th date palm trees 
and has shown potential for the control of red palm weevil. Among the species of 

Ie field in EPN evalua ted against the gru bs of red pa lm weevil, R.[errugineus, in filter pa per 

:1g tested . 
nfect 22.7 

based bioassay, Heierorhabdiiis sp. was found to be more virulent than Sieinernema 
sp. and the local isolate H. indicus was found to be more virulent inducing 92.5 per 
cent mortali ty @ 1500 IJ/ grub. Talc based EPN form ulation of H. indicus elicited 
higher mortality than wa ter suspension based formulation on coconut petiole based 
bioas say. Among the four species of EPN evaluated agai nst the coconut w hi te gru b 

.bd itid ae in soil-column bioassay, Sieinernemaabaseiwas found to be virulent inducing 37-45 

iresen ted per cen t mortality of w hite grubs @ 5000 IJ/ grub in a period of 96-120h. Species 

su ppress specificity against vari ous pests, concentra tion of IJ and moisture con tent hol d the 

.Er N are key in the field success of EPN on a large sca le. Field evalua tion of the promisin g 

ied in the EPNs against red palm weevil and white grubs are to be undertaken on priority as 

produce the se two major pests are not having any effective biocon trol agents. 

pticern ia. 
bdus for 

2.3. Limitations of Biocontrol Methods 

ittribu tes Under the present market system, many biological control pr oducts have not 

ostrange, competed we ll with less expensive and more effective synthetic pesticides. The 

a known down sides of biocontrol agents are that most are n iche products, pest control is 

vitro, are not immediate, there can be lack of en vir onmental persistence, and efficacy can be 

IIrapidl y low and unpredictab le particularly in outdoor environments .Timely ava ilabi lity of 
ible with quality bioagents, quantity, farmers perception about biological control, shor t shelf 
s and are life of bioagents, formulation, storage and registration etc. are some of the lim iting 

factors for po pulariza tion of biocontrol technology. Biosystematics of insect grou ps 
especially parasitoids and preda tors is of prime importance in biocontrol. Illustrated 
easy to use ide nti fication guides should be made ava ilable for research and extension 

l t facto rs workers. Identification service is lacking for majo r groups of crop pests and the ir 
.natcdes. natural enemies . Regional ap proaches to catalogue biodiversity would be ideal. 
a film of 

iistures . 2.4. Botanical Pesticides 

Botanical pest icides are having a promine n t position in pest management 
under organ ic agricu ltu re. As bo tan ical pest icid es are sa fe for the non-targe t 

llellonella orga nisms, they are preferred in organic pest con trol strategies . Botani cal pesticid es 
. infected are us ed either as repellen ts or as primary insecticides having adverse effect on the 
» rhabdus physiological fu nctioning of insect pests. Der iva tives from various speci es of pla n ts 
red d ish­ have been in use for plant protection from ancient days onwards in agriculture.Mo re 
:adavers than 600 plant species are reported to have pesticidal properties . Tulsi, Mahuva, 
te's trap, Lan tan a, Tobacco, Marigold, Clerodendron infortunatum etc., are some important 
tinimum p lants used for pest management. Insecticid al properties of neem were proved 
rater and beyond doubt in anc ient times and in modern agriculture, neem based pesticides 
matodes are getting importance because of their versatile ability to control many pests of 

agricultura l importance. Azadirachtin is the active principle having insecticidal 
property present in neem tree. Decoction of neem leaf, neem oil cake, pow dered 
neem seed and seed oil are used in various dilutions mixed with washing soap to 

'evil and effect satisfactory control of various groups of foliage pests in many field crops. In 
ema tode coconu t mite managem ent , use of neem pesticides is recom mended eithe r as sp ray 
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Figure 10.7: Clerodendron infortunatum Plant. 

or as root feeding (1 lair et (II. , 2005). Neem cake /pongamia cake mixed with sand is 
effectively utilized for prophylactic leaf axil filling to repel rhinoceros beetle from 
coconut palm (Rajan et (II,. 2009). 

2.5. Semiochemicals 

Semiochemicals which are considered to be a modern tool in rPM concept 
has a pivotal role in ceo-friendly pest management programmes. Semiochemicals 

Figure 10.8: Clerodendron infortuna tum Induced
 
Malformation In Rhinoceros Beetle .
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are compoun d s released or em itt ed by p lan ts and 
animals for specific communica ti on purposes . If 
the commu n ica tion is between the same species 
(Instraspecific), they are called pheromones , and on the 
other hand if the communication is between two different 
sp ecies (In terspecific) , they are ca lled kairomones . 
Insect pheromones fall in to sev eral categories us ually 
related to functions uiz., sex pheromones, aggregation 
pheromones, ala rm pheromones, trail pherom ones, 
etc. Pheromones tha t have been used m ost successfully 
in pest moni toring / control are se x pheromones of i 

Lepidoptera and aggregation phero mones ofColeop tera . 
The application of pheromones in crop protection may be 
indi rect as population monitoring agen ts or direct as tools 
in mass trapping, lure and kill and mating disruption 
techniques (Yadav et al. , 2004). In plantation crops, 
successful attempts have been recorded for the control 
of coconut red pa lm weevil, Rhsmchophorus [errugineus II 

(Na ir and Sari tha , 2003). 

2.6. Light Trap s or Attractant Trap s sand is 
Ie from Red pa lm we evil of coconut are attracted to food 

lure traps employing the natural food substances. White 
grubs are major pests of coconut, arecanu t. tub er crops, 
sugarcane and ground nut and the y ar e successfully 

oncep t	 managed using light traps. Trapping of adu lt beetles 
.micals	 during their emergence period coinciding with onse t of 

monsoon is found to be one of the effective strategies in 
IPM of white grubs. 

2 .7 . Agronomic Practices 

Historic all y, ag ronomic practices or cultural 
man ipulations of plants were the most important 
methods for con tro lling and preven ting crop losses. Farm ers continuously refin ed 
them w ith experience. Among the oldes t tech ni qu es for man agin g pests are 
sani tation, destruction of alternate hosts, tillage, avoidance and p lanting of crop 
cultivars that resis t pest attacks . The worldwide awareness of safe environment 
provided impetus to foste r non-chemical pest m anagement strategies. Of these 
stra tegies, cultural control constitutes the most farmer-oriented approach, whe re 
w eak points in the biology and beh aviour of insects are exploited and pressure is 
exerted on the population by manipulating the envir onment. An understanding 
of natural defense mechan isms presen t in the host agains t the pest is useful to 
prepare a pest control programme where agronomic me thods are to be ut ilized. 
Also, a tho rough kn owledge of pest, host, host-plant in teraction and op timum 
envir on men t for both are necessary in this method . In an agricu ltural country like 
India, agronomic management practices are of immense importance because of 

Figure 10.9: Pheromone
 
Trap for Rhinoceros
 

Beetle .
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low cos t of inputs, easy in their adoption and acceptance by farmers . Nu tritional an 

management of the plant is important in managing pest problems and is very an 
inEimportant in sucking pests like coconut eriophyid mite . 
in 

2.7.1. Sanitation till 

Removal and destruction of breeding materials, manipulating over-wintering 2. : 
sites, pruning of infested plant parts etc. are sanitation methods that can be 
employed in organic agriculture. San itation is important to prevent introduction 

culof insects, pathogens, nematodes and weeds into pest free fields and to reduce 
Reilosses in infested fields . Sanitation practices such as use of healthy seed material, 
sh e burning and destruction of crop refuse, clean storage, eic., reduce pest population, 

discourage breeding and hibernating sites and prevent carryover to the next crop res 
ofiseason. These methods are economical, effective and easy to adopt. Depending 
parupon the crops and types of pests that affect the crops, sanitation methods can be 

practiced by farmers . ma 
dar,

Crown cleaning in coconut reduces the coreid bug damage and also removes 
the nesting sites of rodents . Phyto-sanitation is the key factor in the management 
of major pests of plantation crops like rhinoceros beetle and red palm weevil of 
coconut and stem borers affecting crops like cashew, coffee , cocoa, etc. Avoiding rete. 
breeding sites of black beetle in the immediate vicinity controls its attack in coconut ene 
plantations . Timely pruning and pod harvest at ripening time is important in the 
reducing pest menace in cocoa . be E 

2.7.2 . Tillage Ma: 
is c( 

Tillage is an integral factor in destroying food sources and habitat of the pests 
within the field . In addition tillage plays a major role in rhizosphere microflora 2.7' 

Figure 10.10: Summer Ploughing for Pest Management. 
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and microfauna . Tillage operation changes the texture, nutritional composition 
and pH of the soil which becomes less favourable to weeds and soil inhabiting 
insects. Deep ploughing during the pre-monsoon and post-monsoon seasons helps 
in control of soil insects like white grubs, termites and army worms . Many times , 
tillage operations are also essential in managing nematodes and rodents. 

.... 2.7 .3. Resistant Cultivars 

Genetic resistance is one of the oldest methods of pest control. Growing resistant 
cultivars is the most effective and economic means of controlling plant pests. 
Resistant cultivars are also the first line of defense against pests. Resistant varieties 
should be used in concert with other pest suppression or pest control measures. Plant 
resistance provides a built-in ability to allow fewer pests and cut off the extra load 
of insecticides in the crop. Keeping in mind the diversity and intensity of pests in a 
particular place t selection of resistant /less susceptible varieties holds well in pest 
management. Tall varieties of coconut are found to be tolerant to red palm weevil 
damage. Orange dwarfs are tolerant to mite damage in coconut. 

2.7.4. Trap Crops 

Trap crops or catch crops are species of plants which are planted to attract and 
retain a pest species or to provide a more favourable habitat to increase natural 
enemies .Trap crop provides protection either by preventing the pest from reaching 
the main crop or by concentrating them in certain parts of the field, where they can 
be economically destroyed. Trap crops have been utilized in control of nematodes. 
Marigold as a trap crop for nematodes in vegetable fields and black pepper garden 
is common at many places. 

2.7.5. Regulation of Alternate Hosts of Pests 

Many economically important pests are known to survive on collateral hosts 
which constitute mainly the weeds grown in the vicinity of the agricultural land 
or a subsidiary crop grown in the field. The coreid bug of coconut not only infests 
coconut but also infests collateral hosts like guava, cashew, cocoa and tamarind. Tea 
mosquito bug is a common pest of cocoa and cashew. Knowledge on the feeding 
behaviour and biology of the pests of cultivated crops would enable the farmer in 
ut ilizing the technology effectively. 

2 .8. Pest Surveillance 
Pest surveillance and monitoring system plays a major role in pest management 

in an organic farming system. The farming community has to be aware about the 
pest problems of the crop/ the behavior and population ecology of the pests and 
their natural enemies for employing appropriate technology at a time of urgency. 
This is possible only through an effective transfer of technology programme by an 
interactive involvement of rese arch- extension agencies and farming community. 

3. Ecological Engineering for Pest Management 
Ecological engineering for pest management has recently emerged as a 

paradigm for considering pest management approaches that rely on the use of 
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cultural techniques to effect habitat manipulation and to enhance biological control. 
This novel approach is based on informed ecological knowledge rather than high 
technology approaches such as synthetic pesticides and genetically engineered crops. 

Below Ground 

There is a growing realization that the soil borne, seed and seedling borne 
diseases can be managed with microbial interventions, besides choosing appropriate 
plant varieties. The activities that can increase the beneficial microbial population 
and enhance soil fertility are : 4. Ft 

1.	 Crop rotations with leguminous plants which enhance nitrogen content 
T 

2.	 Keeping soils covered (mulched) year-round with living vegetation and / the in 
or crop res idue sustai 

3.	 Adding organic matter in the form of farm yard manure (FYM) , of fro 
vermicompost, crop residue, which enhances the soil organic carbon as pest /< 
well as below ground biodiversity of beneficial microbes and insects. meaSl 

break4.	 Application of balanced dose of nutrients using biofertilizers based on 
and gsoil test report 
and P'5.	 Application of biofertilizers with special focus on mycorrhiza and plant 
action

growth promoting rhizobia (PGPR) 
larger 

6.	 Application of Trichoderma harzianum/oiride and Pseudomonas jiuorescens findin 
for treatment of seed /seedling/planting materials in the nurseries and to be F 
field application (if commercial products are used, check for label claim agrict
an d cer tifica tion under organic cultivation). However, no registration inforn 
is requi red for biopesticides that are produced by farmers for own tackle 
consumption in their fields. 

5.	 c 
Above Ground 

A 
Natur al enemies pla ya very significant role in control of foliar insect pests. wayo 

Diversity of natural enemies contributes significantly to management of insect pests of the 
both below and above ground . They may require food in the form of pollen and prove 
nectar ; shelter, overwintering sites and moderate microclimate, etc. and alternate and IE 
hosts when primary hosts are not present. viral F 

of an iIn order to attract natural enemies, the act ivities to be practiced include the 
effectifollowing: 
Theel 

1.	 Raise the flowering plants /compatible cash crops along the borders of in are 
the plantation by arranging shorter plants towards main crop and taller in	 the 
plants towards the border to att ract natural enemies as well as to avo id agent
immigrating pest population. to ide 

2.	 Grow flowering plants on the internal bunds inside the field . agent 
3.	 Allow naturally growing weed plants such as Tridax procumbens, Ageratum paras 

sp , Aitemanthera sp etc. which act as nectar source for natural enemies. vicini 
and n4. Reduce tillage intensity so that hibernating natural enemies can be saved. 
and F 
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5.	 Gr ow ap propriate companion p lants which cou ld be trap crops and pest 
repellent crops.These crops wi ll also allow natu ral enemies as their flowers 
provide ne ctar and the plants provide su itable microclim ate. 

6.	 Due to enhancement of biodiversity by the flowering plan ts, the number of 
pa rasi toid s and predators (na tural enem ies) wi ll also increas e. The m ajor 
p redators are a wi de va riety of spi ders, ladyb ird bee tles, long horned 
grassho p pers, Chrysope rla, ea rw igs, etc. 

4 . Future Thrusts in Pest Management 
The increasing awa ren ess on the ecological aspects of pe st management and 

the incl ination to conserve ecosystem w ith ou t disruption for m ain tena nce of 
sus tainability among various stake holders are appealing in recent yea rs . Uti liza tion 
of fron tier areas like info rmation technology can m ake tangible effects in safer 
pest/ di sease management systems . Proper planning on the adoption of ap t control 
measu res to save the crop is possible th rough reliab le prediction of pest/ disease out 
brea k based on we ather forecast. Employment of mo dem too ls like remote sensing 
and geograp hical information sys tem (GIS) will be us eful in assessing crops loss 
and pest/ d isease incidence and usin g the info rma tion from such sources, advance 
acti on plan can be taken up to schedu le effective pla nt protection st rategies over 
larger areas within sh ort pe riod. Exploring the potential of farmer's kn ow ledge an d 
find ing ou t scientific basis for such indigenou s technical knowledge of farmers are 
to be priority areas in our att empts to manage the pla nt health p roblems in organic 
agr icu lture. Bio inform at ics is a recent field by which speedy d issemination of 
informa tion is achieved. This helps in proper understan ding and timely action to 
tackle situations like accidental introduc tion or sudden out bre aks of pest sp ecies . 

5 . Conclusion 
All the proven cases wi th the p romising bioagen ts have confirmed a meaningfu l 

way of pest management utilizing the indigenous fauna for the biologica l su ppression 
of the pests of p lanta tion crops especially coconut. The indigenous natural enemi es 
p roved to be qu ite use ful in controlling the pests, particu larly rhi noceros beetle 
and leaf eati ng caterpillar. The biosuppression of rhinoc eros beet le by employing 
vira l pa thogen OrNV is docu men ted as one of the classical examples of biocon trol 
of an insect pes t. Proper mo nitoring and release of stage specific parasitoids could 
effec tively br ing down the po pulation of coconut leaf eating caterpillar in the field . 
The current scenario wa rra n ts an augmentative release of these p romisin g bioagents 
in areas wherever pest infestation is found. Spider fauna p lays an important role 
in the natural suppression of pests in the field . Conservation of thes e biocontrol 
age n ts of the pests has be come qu ite imperative. Lim ita tion on use of pest icides or 
to identify safe r and ecofriendly pestic ides is required to integrate the biocontrol 
agents in IPM . As pr edators are mostly polyphagous, releas e of predators when 
parasitoids are activ e has to be avoided . Polle n and nec tar be aring p lants in the 
vicin ity provides sup pleme ntary food for predators such as chrysopids, coccinelli ds 
and mites. More detailed studies on the bioecology of different species of parasitoids 
and predators affec ting the key pes ts of p lantation crops are to be undertaken 
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with a view of utilizing them for biocontrol suppression of the pests. Farmer field 
schools have proved as the most effective tool in technology transfer and capacity 
building of farmers . Training farmers and setting up farm level production units 
of biocontrol agents would ensure timely distribution of quality bioagents to the 
stake holders. Community level approach is highly essential to curb pest / disease 
menace in plantation crops. 
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