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ABSTRACT 

Biological control is considered as the most economical, sustainable and environment-friendly 

approach for the control o f coconut mite, Aceria guerreronis Keifer. In Sri Lanka, several research 

nave been done on the local predatory mite, Neoseiulus baraki A th ia s -Henr io t and the 

entomopathogenic fungus, Hirsutella thompsonii Fisher to evaluate their effectiveness against 

the coconut mite in an augmentative biological control approach. This paper reports recent 

developments in research on N. baraki and H. thompsonii in Sri Lanka as potential biological 

control agents o f the coconut mite. 
i 

T w o technologies, "dry culture" arena method and the "sachet'' method were developed for mass 

rearing o f N. baraki. The effect o f a single augmentative release o f N. baraki in the field to reduce 

the coconut mite populations was not consistently significant. Release o f N. baraki at the rate o f 

5000 mites/palm in two months intervals increases the number o f nuts with discontinued damage 

scars and reduces the number o f nuts that are sold at half-price in the harvest. H. thompsonii 
isolate IM1 391722 showed the highest efficacy in reducing the coconut mite populations. Single 

application o f H. thompsonii in the field is effective only for a short duration. Application o f the 

fungus both at 2- and 3-month intervals caused similar mortality levels o f the coconut mites. 

Perspectives o f these findings in the biological control o f coconut mite are discussed. 
i 
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INTRODUCTION 

T h e c o c o n u t m i t e , Aceria guerreronis K e i f e r 

(Acari : Er iophyidae) is an important coconut pest 

that has extended its original distribution from central 

and south Amer i ca to Africa and Asia . It was first 

reported, in Sri Lanka in 1997 from the Kalpi t iya 

peninsula (Fernando et al., 2 0 0 2 ) . Currently it has 

invaded into 4 2 % , 1 0 % and 3%> o f the coconut lands 

in the idry- , i n t e r m e d i a t e - and w e t - z o n e s 

respectively, 

i 

In Sri Lanka, several short-term recommendations, 

based on insect icides, have been made to manage 

i 

the pest (Fernando et al, 2 0 0 2 ; Chandrasiri and 

Fernando, 2 0 0 4 ) . However, due to the small, worm-

like body with a small cross-sect ional diameter 

which enables it to reach concealed habitats that 

are not reachable by many insecticides and the tall 

nature o f the host plant, chemical control is bound 

to be less effective. In addition, use o f chemicals is 

limited by the need for the repeated application and 

the concerns over the environmental pollution. 

Hence , b io logica l control has been recognized as 

the most sustainable, economical and environment-

friendly management strategy for the coconut mite. 

Desp i t e the long g loba l his tory o f about four 

decades, the coconut mite has drawn scant attention 
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o f the biological control scientists. So far in Sri 

Lanka, biological control using a local and an exotic 

predatory mites and an entomopathogenic fungus 

has been at tempted. T h i s paper e labora tes the 

recent developments in research using the local 

predatory mite and the entomopathogenic fungus 

with respective to the coconut mite control. 

USE OF P R E D A T O R Y MITES 

O f the predatory mites that have been reported to 

be associated with the coconut mite in Sri Lanka, 

Neoseiulus baraki A t h i a s - H e n r i o t ( A c a r i : 
Phytoseiidae) is the most common predatory mite 

(Moraes et al., 2 0 0 4 , Fernando, 2 0 0 5 ) . In addition, 

A', paspalivorus D e L e o n and Amblyseius 
largoensis M u m a (Acar i : Phytosei idae) have also 

been reported on coconut mite colonies in Sri Lanka 

( M o r a e s et al., 2 0 0 4 ) . N. baraki and N. 

paspalivorus are usually found underneath the 

perianth o f coconut mite-infested nuts, w h e r e a s , ! 

largoensis is found outside the perianth. Although 

N. baraki and N. paspalivorus a re 
morphologically very similar, they show a distinct 

difference in the pattern o f distribution in different 

agro-climatic zones: N. baraki more commonly in 

the dry and i n t e r m e d i a t e z o n e s w h i l e N. 

paspalivorus is predominantly in the wet-zone and 

the wet areas in the d ry -zone ( F e r n a n d o and 

Aratchige, 2 0 0 6 ) . 

Neoseiulus baraki as a prospective natural 
enemy 

Coconut mite lives in a concealed habitat, which is 

inaccessible to many phytoseiid predators that are 

usually larger than their prey. However, N. baraki 

has certain morphological and behavioral features 

that enable it to reach the meristematic area under 

the perianth. It has a flattened idiosoma (Moraes 

et al., 2 0 0 4 ) , which is an ideal feature o f a predatory 

mite whose prey is in a refuge inside a narrow 

habitat such as underneath the perianth o f coconut. 

The patterns o f abundance o f N. baraki and the 

coconut mite show a similar trend within the palm: 

the coconut mite reaches peak population levels in 

5 month old nuts and N. baraki shows the peak 

population levels one month later, a typical delay 

for prey-predator interact ions (Fernando et al., 

2 0 0 3 ) . They also show a strong positive seasonal 

correlation; both reaching the peak population levels 

during the south-west monsoon and the lowest 

population levels during the south-east monsoon. 

They usually do not prefer too much light and stay 

in sheltered habitats (Moraes and Zacarius, 2 0 0 2 ) . 

All these features make N. baraki a potential 

candidate for biological control o f the coconut mite. 

N. baraki has been reported on coconuts infested 

by the coconut mite in Puerto R ico (Howard et al., 

1990) and in Brazi l (Lawson-Ba lagbo et al, 2 0 0 8 ) . 

The possibility o f using it in biological control o f the 

coconut mite has not been attempted in the other 

countries, probably because o f the less importance 

o f coconut mite in such countries and the difficulties 

associated with mass rearing o f N. baraki for field 

releases. Hence, as the first step in an attempt to 

evaluate N. baraki as a potential candidate natural 

enemy o f the coconut mite, studies were conducted 

to develop a suitable mass rearing technique o f N. 

baraki. 

Mass rearing of N. baraki 

One major constraint in the method described by 

Fernando et al. ( 2 0 0 4 ) to mass rear N. baraki in 

the laboratory was the frequent contamination o f 

cultures by other mites, particularly Lasioseius sp 

(Acari : Ascidae) that feeds on N. baraki and its 

alternative host, Tyrophagusputrescentiae Shrank 

(Acar i : A s c i d a e ) . T h i s hampered the perpetual 

supply o f A', baraki for field release experiments. 

Hence, modificat ions were made to the method 

d e s c r i b e d b y F e r n a n d o et al. ( 2 0 0 4 ) and 

c o n s e q u e n t l y t w o i m p r o v e d m e t h o d s w e r e 

developed. 

/. "Dry-culture" arena method 

The "dry-culture" arena consists o f a black plastic 

sheet pasted on a plastic tray. Insect glue applied 

along the periphery o f the plastic sheet serves to 

prevent the escape o f the predatory mites and acts 

as a barrier to safeguard the arena from external 
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contaminants. A piece o f wet plastic foam wrapped 

with a tissue paper is placed on a glass sheet o f the 

same size on a p iece o f net, which serves as an 

egg laying substrate for predatory mi tes . R i c e 

b ran is [provided as t he f o o d s o u r c e o f T. 

putrescentiae. In this method, approximately 110-

fold increase o f N. baraki is achieved in 3 weeks 

(Fernando, 2 0 0 6 ) . 

This arena can be used to rear both N. baraki and 

T. putrescentiae. T h e advantages o f this method 

over the ,method desc r ibed by Fernando et al., 

( 2 0 0 4 ) are that, the cultures can be maintained with 

less handling and the cultures are relatively free o f 

contaminants (Fernando, 2 0 0 6 ) . 

2. Sachet: method 

In this method the predatory mites are reared inside 

a sealed poly propylene sachet. A moistened tissue 

paper is kept inside a partially separated chamber 

in one side o f the sachet to provide drinking water 

to the mites and to create a high relative humidity 

inside th|e sachet. T. putrescentiae reared on rice 

bran is provided as the al ternat ive food for N. 

baraki. A p p r o x i m a t e l y 110- fo ld increase o f N. 

baraki is ach ieved by this method in 6 w e e k s 

(Fernando, 2 0 0 6 ) . 

This method is far less laborious than the method 

described by Fernando et al., 2 0 0 4 . It is even better 

than the "dry-culture" arena method in that it needs 

no or minimum intervention and is almost totally 

free o f contaminants i f the introduction o f the mite 

cultures'in to the sachet is done properly, ensuring 

the prevention o f entry o f contaminants . It needs 

less space to maintain the cultures and is cheaper 

than the "dry-cul ture" arena method. Moreover , 

rearing 'sachets could be directly used to release 

N. baraki in the field (Fernando, 2 0 0 6 ) . 

F i e ld r e l eases o f A7, baraki 

Single release of predatory mites 

To de te rmine the e f fec t o f a s ing le r e l ease o f 

laboratory reared N. baraki on the coconut mite 

population in the field, a study was conducted in 

two coconut mite-infested estates in the Pallama 

and Bat tu luoya areas (Fernando, 2 0 0 5 ) . In each 

estate approximately, 5 0 , 0 0 0 predatory mites (10 ,000 

mites per palm) were released on to 5 coconut mite-

infested palms in a block o f 6 0 palms in each estate. 

The results revealed that a single augmentative 

release o f N. baraki increase their numbers on both 

released and adjoining palms, resulting in a marked 

reduction in the coconut mite populations. However, 

the reduction in the coconut mite population varied 

depending on the si te where the releases were 

carried out. In Ba t tu luoya and Pal lama sites, a 

reduct ion in the c o c o n u t mite populat ion was 

reco rded up to 6 and 3 m o n t h s r e spec t ive ly . 

O c c a s i o n a l l y the c o c o n u t mite numbers in the 

released palms were significantly lower than that 

in the untreated palms (Fernando, 2 0 0 5 ) . 

Suitable numbers of predatory mites/palm for 
release 

An experiment was conducted in Bangadeniya and 

Udappuwa to determine the number o f predatory 

mites required to be released on to a coconut palm 

to reduce the pest population. Laboratory reared 

N. baraki were released at the rate o f about 2 5 0 0 , 

5 0 0 0 or 1 0 , 0 0 0 mites / palm. In the Bangadeniya 

site, there were no significant differences in the 

coconut mite counts with different rates o f release 

o f predator)' mites ( p = 0 . 1 7 ) . But the predatory mite 

counts were significantly higher in the palms that 

received 5 0 0 0 predatory mites per palm compared 

to the control as well as to the other rates o f release 

( p < 0 . 0 0 1 ) . In the Udappuwa s i te , the rates o f 

release o f predatory mites did not significantly affect 

e i ther the c o c o n u t mi te or the predatory mi te 

populations ( p > 0 . 0 6 ) for the coconut mite and the 

predatory mites (Fernando, 2 0 0 6 ) . 

Data on harvest records o f the bunches on to which 

predatory mites were re leased showed that the 

percentage o f nuts with no damage scars and the 

nuts with d i scont inued damage scars from the 

perianth were higher in the palms that received 5 0 0 0 

predatory mites/palm (Table 1). Based on this result, 

ca. 5 0 0 0 predatory mites per palm were released 

in subsequent studies. 
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T a b l e 1. Percentage nuts with no scars and nuts 
with discontinuous patches at harvest in 
released bunches in the palms that received 2500 
predatory mites/palm, 5000 predatory mites/ 
palm, 10000 predatory mites/palm and control 
palms in Bangadeniya 

No. of Nuts with Nuts with 
predatory no scars discontinuous 

mites/palm patches 

2500 27 0 

5000 44 17 

10000 28 0 

Control 28 8 

Suitable frequency of release of predatory mites 

Although a s ing le augmen ta t ive r e l ease o f /V. 

baraki in the field resulted in a reduction in the 

pest population, the effects were not consistently 

significant (Fernando, 2 0 0 5 ) , prompting to evaluate 

the e f f e c t s o f m u l t i p l e r e l e a s e s . H e n c e , an 

experiment was conducted to determine the suitable 

frequency o f release o f N. baraki in the field. The 

experiment was conducted in two sites and the 

predatory mites were released for 1 year, either at 

2-month or 4-month or 6-month intervals in each 

o f the 1 ac plots. 
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Fig. L Percentage of nuts sold at half-price in the harvest, in plots released with predatory mites 
at 2-months (Tl), 4 - months (T2), 6-months (T3) intervals and control (T4) in Weragoda 
estate, Pallama (A) and Typing estate, Mangalaeliya (B) (n-10 palms) 
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Fig. 2. Percentage of infested nuts with discontinued damage scars from the perianth in the harvest 
in plots released with predatory mites at 2-months (Tl), 4-months (T2), 6-months (T3) and 
control (T4) in Weragoda estate, Pallama (A) and Typing estate, Mangalaeliya (B) (n = 10 
palms) 
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c a n a t t a c k m a n y p h y t o p h a g o u s m i t e s o f 

Tetranychidae and Eriophyidae (Baker & Neunzig, 

1 9 6 8 ; M c C o y and S e l h i m e , 1 9 7 4 ) . It has been 

reported as a potential b iological control agent o f 

coconut mite in other countries (Hall et al., 1 9 8 0 ; 

C a b r e r a , 1 9 8 2 , 2 0 0 2 ; E s p i n o s a - B e c e r r i l and 

Carr i l lo-Sanchez , 1 9 8 6 ; S u a r e z e r a / . , 1 9 8 9 ; Beev i 

et al., 1 9 9 9 ; Rabindra and Sreerama Kumar, 2 0 0 3 ) . 

However, the effect o f H. thompsonii appears to 

be var iable p robab ly due to differences in the 

isolates used and the micro- and macro-cl imat ic 

conditions prevailed in the areas where the studies 

were conducted. In Sri Lanka , experiments were 

conducted to evaluate H. thompsonii as a potential 

b iological control agent against the coconut mite. 

H. thompsonii appears to have no detr imental 

effects on N. baraki (Fernando et al., 2 0 0 7 ) . 

i 

Table 2. Percentage of nuts (S.E) in different damage categories at harvest, after application of 
H. thompsonii at 2- and, 3-month intervals and in untreated control, at Ariyagama. 

1 

Damage category 2-monthly 3-monthly control 

i 
Undamaged 0 . 2 3 ± 0 . 0 1 A 0 . 2 3 ± 0 . 0 1 A 0 . 1 2 ± 0 . 0 2 B 

Damaged-discontinued 0 . 3 4 ± 0 . 0 3 A 0 . 3 7 ± 0 . 0 3 A 0 . 1 6 ± 0 . 9 B 

Damaged-cont inued 0 . 1 9 ± 0 . 0 3 A 0 . 2 2 ± 0 . 0 3 A 0 . 4 1 ± 0 . 0 4 B 

Damaged-smal l size 0 . 1 5 ± 0 . 1 2 A 0 . 1 2 ± 0 . 1 8 A 0 . 2 4 ± 0 . 0 3 B 

Damaged-deformed 0 . 0 6 ± 0 . 0 1 0 . 0 3 ± 0 . 0 1 0 . 0 5 ± 0 . 0 1 

Means followed by the same letter are not significantly different at p<0.05 

Table 3. Percentage of nuts (S.E) in different damage categories at harvest after application of 
H. thompsonii at 2- and, 3-month intervals and in untreated control, at Madurankuliya. 

i 
Damage category 2-monthly 3-monthly control 

i 
Undamaged 0 .14±070T 0 . 1 8 ± 0 . 0 1 0 . 1 6 ± 0 . 0 1 

Damaged-discontinued 0 . 2 2 ± 0 . 0 3 0 . 2 0 ± 0 . 0 3 0 . 1 9 ± 0 . 0 3 

Damaged-cont inued 0 . 5 0 ± 0 . 0 3 0 . 4 6 ± 0 . 0 3 0 . 4 8 ± 0 . 0 3 

Damaged-smal l s ize 0 . 0 7 ± 0 . 0 1 A 0 . 0 7 ± 0 . 0 1 A 0 . 1 1 ± 0 . 0 1 B 

Damaged-deformed 0 . 0 3 ± 0 . 0 1 0 . 0 4 ± 0 . 0 1 0 . 0 3 ± 0 . 0 1 

Results .revealed that the release o f N. baraki at 

different frequencies did not result in lowering the 

coconut' mite populations on button nuts or number 

o f damaged nuts in the harvest. However, following 

the r e l e a s e o f N. baraki, the p e r c e n t a g e o f 

harvested nuts that are sold at half-price was lowest 

(Fig. 1) and the percentage o f harvested nuts with 

discontinued damage scars from the perianth was 

highest l(Fig. 2 ) in the plot where predatory mites 

were released at 2-month intervals. This indicates 

that the. release o f N. baraki at 2-month intervals 

has some posit ive effects in improving the quality 

o f the harvest (Fernando, 2 0 0 7 ) . 

Use of Hirsutella thompsonii 

i 

Hirsutella thompsonii F i she r (Deu te romyce t e s : 
Moni l iases ) is an entomopathogenic fungus which 
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A survey carried out in Put ta lam, Kurunegala , 

Gampaha and Anuradhapura districts revealed that 

H. thompsonii is found in assoc ia t ion with the 

coconut mite, but at a low incidence (Edgington et 

al., 2 0 0 8 ) indicating an insufficient spread in the 

nature. Out o f severa l H. thompsonii i so la tes 

collected from different geographical regions o f Sri 

Lanka , four i so la tes , name ly I M I 3 9 0 4 8 6 , IMI 

3 9 1 7 2 2 , IMI 3 9 1 9 4 2 and IMI 3 9 0 4 8 6 were superior 

to others in growth characterist ics and sporulation 

in culture and they were used in biological profiling 

studies (Edgington et al., 2 0 0 8 ) and evaluation in 

the field (Fernando et al., 2 0 0 7 ) . 

Ef fec t o f H. thompsonii on c o c o n u t m i t e 

The four isolates ( IMI 3 9 0 4 8 6 , IMI 3 9 1 7 2 2 , IMI 

3 9 1 7 2 3 and IMI 3 9 1 9 4 2 ) were evaluated in a site 

at Madurankuliya to identify the most effect ive 

isolate for the control o f coconut mite (Fernando et 

al., 2 0 0 7 ) . The impact o f the four isolates on the 

coconut mite and the persistence o f the fungus on 

nuts var ied . I M I 3 9 1 7 2 2 s h o w e d the h ighes t 

efficacy against coconut mite populations over time. 

The proportion o f nuts with more than 100 live 

mites remained significantly lower than the control 

up to 4 weeks after the application o f the fungus in 

the block that received IMI 3 9 1 7 2 2 . Thereafter, 

the results were less consistent . Also , there was 

evidence o f dead coconut mites showing mycosis 

up to 18 weeks with the isolate IMI 3 9 1 7 2 2 , which 

had the longest potency among the four isolates. 

Based on this study IMI 3 9 1 7 2 2 was found to have 

the h i g h e s t e f f i c a c y a g a i n s t c o c o n u t m i t e 

popu la t i ons . H o w e v e r , the e f fec t o f a s i n g l e 

application o f H. thompsonii is relatively short in 

duration, suggesting frequent application for long-

term management o f the coconut mite. Also, H. 

thompsonii has not been recorded on the nuts, 

which have not been present on the treated palms 

at the time o f treatment indicating the poor ability 

o f the fungus to disseminate naturally. 

F r e q u e n c y o f a p p l i c a t i o n o f H. thompsonii 

B a s e d on the potent ial e f fec t on lower ing the 

coconut mite populations in the field (Fernando et 

al, 2 0 0 7 ) , H. thompsonii isolate IMI 3 9 1 7 2 2 was 

used to determine the most suitable frequency o f 

application against the coconut mite. H. thompsonii 

isolate IMI 3 9 1 7 2 2 was sprayed either at 2-month 

or 3-month intervals for one year in two estates; 

one in Ariyagama (intermediate zone) and the other 

in Madurankuliya (dry zone) . Dead coconut mites 

due to mycosis by H. thompsonii were found in 

6 0 % o f the nuts. Also , the application o f the fungus 

showed a positive impact on the damage levels o f 

harvested nuts, although it varied in the two sites. 

At both sites, percentages o f damaged-smaller size 

nuts in the treated palms were nearly ha l f that o f 

the untreated palms (Table 2 and 3 ) . In addition, at 

A r i y a g a m a , a p p l i c a t i o n s h a v e i n c r e a s e d the 

percentage o f undamaged and damaged nuts with 

discontinued scars from the perianth by nearly 2 -

fold than that o f the untreated palms (Table 2 ) . This 

suggests that H. thompsonii can perform better in 

wetter areas. Both 2 - and 3-monthly application o f 

the fungus resulted in similar mortality levels in 

coconut mites and reduction o f damage on nuts 

(Fernando, 2 0 0 7 ) . 

DISCUSSION 

As a matter o f fact, coconut mite is relatively low 

in quality as a food source for many predatory mites 

and it has been adapted to live in concealed habitats. 

Hence, it is less likely to find specialized predatory 

mites against the coconut mite. However, like many 

o the r p h y t o s e i i d - e r i o p h y i d s y s t e m s , a c l o s e 

a s soc ia t ion b e t w e e n phy tose i id mi tes and the 

c o c o n u t mi te m a y o c c u r , e s p e c i a l l y with the 

phy tose i id s that show hab i t a t s p e c i a l i z a t i o n . 

According to the classif icat ion by McMurtry and 

Croft ( 1 9 9 7 ) , N. baraki is a Type III predatory 

mite. Behaviour o f Type III phytoseiids may strongly 

be influenced by the anatomy o f the plant. The 

presence o f concealed habitats is more important 

than the availability o f prey on the abundance o f 

many Type III phytoseiids (McMur t ry and Croft, 

1997) . Hence, it is likely that N. baraki has evolved 

m o r e in r e s p o n s e to c o n d i t i o n s o f the a r ea 

underneath the perianth than to the abundance o f 

coconut mite. Condit ions underneath the perianth 
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that are f avourab le for N. baraki inc lude the 

m i c r o c l i m a t e w i t h h i g h h u m i d i t y and l o w 

tempera ture , i nc r ea sed p ro t ec t ion from hyper 

predators and the increased contact rate with their 

prey, the' coconut mite. 

As with many Type III predatory mites, N. baraki 

is expected to have many other alternative food 

sources. jCoconut pollen, extra-floral exudates and 

most certainly, mites other than the coconut mite 

may form an important component in their diet. 

Moreover , N. baraki appears not to aggregate so 

intensively in mite co lonies . It has been observed 

that they m o v e out o f the per ianth frequently 

(Kumara, 2 0 0 7 ) . Oviposi t ion sites might also have 

no con-elation with the location o f the prey patch. 

There are certainly many other safer places on the 

coconutj palm such as bark c rev ices , area under 

the spafbe, where it can lay its eggs . All these 

features can contribute to the effect iveness o f N. 

baraki as a predatory mite against the coconut mite. 

Be ing a generalist predatory mite, it is likely that N. 

baraki would not reduce the pest population to a 

level that is achieved by a specialist predatory mite. 

Whether the reduction in the pest population or the 

increase in the quality/quantity o f the harvested nuts 

ach ieved after the augmen ta t i ve r e l ease o f N. 

baraki is sufficient for the grower to maintain a 

profitable crop is an open question. Mass-rear ing 

o f N. baraki essentially requires a sufficiently clean 

environment (preferably a i r -condi t ioned) , fairly 

sophist icated equipment and skil led labour that 

c o m e at a high cos t to the grower . Th e r e fo r e , 

augmentative releases o f N. baraki alone would 

not be the ideal control measure against the coconut 

mite. Moreover, unlike the insect parasitoids, these 

wingless mites have to be released on to the tender 

c o c o n u t b u n c h e s w h e r e they w o u l d find the 

coconut mites. Due to the scarcity o f cl imbers, there 

would certainly be limitations in the adoption o f this 

m e t h o d o f c o n t r o l b y the g r o w e r s . F u t u r e 

experiments will aim at cost-benefi t analysis o f the 

release pfN. baraki for the control o f coconut mite. 

L ike all mites , N. baraki does not have any self-

regulation over the place where they land during 

dispersal. It is very l ikely that they land on other 

p laces , even on other plants, than on their prey 

patches. I f a suitable host is not available in places 

where N. baraki lands, they are vulnerable to be 

des t royed by var ious r easons (e .g . o f hunger, 

predation by hyper-predators). As a result, release 

o f N. baraki at a short frequency (at 2-3 months 

i n t e r v a l s ) w o u l d b e n e c e s s a r y , wh ich is not 

practically feasible and economical ly viable. 

The IMI 3 9 1 7 2 2 isolate o f H. thompsonii causes 

mortality o f coconut mite, has the ability to reduce 

the coconut mite population and results in reduced 

damage levels in harvested nuts, when treated at 

2 - or 3- month intervals. However, its ability to 

significantly reduce the coconut mite numbers on 

the t r ea ted nuts for m o r e than a m o n t h and 

disseminate to surrounding palms and even to the 

untreated nuts o f the treated palms seems lacking. 

Also , its effect is variable in different sites. 

W h y H. thompsonii did not persist on treated nuts 

sufficiently to cause significant epizootics after 4 

weeks is not clear. The movement o f coconut mites 

underneath the coconut perianth is mostly confined 

to individual co lonies . Thus, the chances o f a s low 

growing fungus such as H. thompsonii spreading 

between colonies are low, particularly when the 

number o f mi tes on a nut is lowered after the 

treatment (Fernando et al., 2 0 0 7 ) . Variable effect 

o f H. thompsonii on coconu t mi te populat ions 

appears to be a c o m m o n problem experienced by 

s c i e n t i s t s e l s e w h e r e ( ( E s p i n o s a - B e c e r r i l and 

C a r r i l l o - S a n c h e z , 1 9 8 6 ; S u a r e z et al., 1 9 8 9 ; 

Cabrera, 2 0 0 2 ; Nair, C.P.R. pers. c o m m . ) . Mic ro ­

c l ima t i c c o n d i t i o n s , par t icular ly , high re la t ive 

humidity in different sites and variable virulence 

level o f the isolate due to continuous laboratory 

culturing may be a l ikely reason, which needs to be 

carefully looked into before the application. 

The cost effect iveness o f frequent applications o f 

H. thompsonii to maintain low population levels o f 

coconut mite should be cri t ically evaluated before 

its use in the m a n a g e m e n t o f c o c o n u t m i t e . 

Commerc ia l production o f the fungus on a large 
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scale involves high capital cost , skilled personnel 

and strict quality control measures while frequent 

application incurs high labour cost. Pilot studies have 

been planned to determine the cost-benefits o f the 

treatments with H. thomsponii. 

Due to the var ious cons t ra in t s that have been 

discussed above (plus many more), it is quite evident 

that the use o f N. baraki alone or H. thompsonii 
alone is not a suitable approach for the control o f 

c o c o n u t m i t e . S u s t a i n a b l e and e c o n o m i c a l l y 

profitable control o f the coconut mite would be 

achieved by the integration o f two or more control 

methods. None o f the studies done in Sri Lanka or 

e l s e w h e r e ha s a d d r e s s e d the p o s s i b i l i t y o f 

integration o f N. baraki with one or more species 

o f other predatory mites and/or wi th / / , thompsonii 

to enhance the control o f coconut mite. Based on 

the fact that H. thompsonii is not harmful to N. 

baraki, it is p o s s i b l e to a p p l y the f u n g u s , 

simultaneously with the release o f N. baraki in the 

field. Whi le wandering on the nut, N. baraki would 

carry spores o f the fungus into the bracts, increasing 

the incidence o f the disease amongst coconut mites. 

Hence, future studies should attempt to formulate 

integrat ion o f H. thompsonii and N. baraki to 
increase the level o f effect iveness o f using these 

biological control agents. Usually Type III predatory 

mites are known to be more suitable in conservation 

biological control (McMur t ry and Croft, 1 9 9 7 ) . 

T h e r e f o r e , use N. baraki in a c o n s e r v a t i o n 

biological control approach against the coconut mite 

would be ano the r p r o f i t a b l e a t tempt . T i m e l y 

interventions into outbreaks o f the coconut mite with 

these two biological control agents and introduction 

o f scrupulously designed cropping systems that 

improve the condit ions favourable for the fungus 

(e.g. high relative humidity) and the predatory mites 

(e.g. providing shade/alternative food) would be a 

viable proposition for the control o f the coconut 

mite. 
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