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STUDIES ON THE EFFICACY OF BEAUVERlA BASSIANA (BALSAMO) VUlLo 


AND METARRHIZIUM ANISOPUAE (MEfS.) SOROKIN FOR THE CONTROL OF 

THREE COCONUT PESTS, TIRATHABA RUFIVENA WALKER, 


PROMEC01HECA CUMINGII BALY, AND PLESISPA REICHEl CHAPIUS UNDER 

LABORATORY CONDITIONSl 

V.C. Gallego and C.E. Galleg02 

The entomopathogenic fungus, Beauveria bassiana (Bal­
samo) VuiL isolated from rice planthopper, Nilaparvata lugens 
was fOlmd to effect higher mortality on Tirathaba rufivena 
Walker, Promecotheca cumingii Baly, and Plesispa reichei 
Olapiw; than Metarrhizimn mtisopliae (Mets.) Sorokin isolated 
from Oryctes rhinoceros L. 

The B. bassiana isolate needs further evaluation under 
field condition. 

INTRODUCTION 

BioiogiGll centrol has been an integral part ofpest man­
agement recommendations of the Philippine Coconut 
Authority (PCA). Utilization of parasitoids as biocontrol 
agents of major pests of coconut has been carried out and 
proved to be successful in some pest species. For example, 
Argyrophylax basifulva Bezzi, a tachnid fly from Fiji 
introduced against Tirathaba rufivena Walker was found to 
establish successfuUy in the field after 5 yr. 

In some cases where the use ofparasitoids is not prac­
tical tre use of entomopathogens solely or in combination 
with parasitoids might prove useful. 

Beauveria bassianil (Balsamo) Vuil. and Metarrhizium 
anisopliae (Mets) Sorokin naturally infect some coconut pests 
in the field in sporadic cases. These microorganisms were 
tested on T. rufivena, Promecotheca cumingii Baly, and 
Plesispa reichi Chapius under laboratory conditions pre­
paratory to tests under field situations, possibly as myce­
insecticides. 

The Target Pests 

The coconut spikemoth, T. rufivena, is considered one 
of the major pests of coconut attacking the spike, hence the 
name. 1he pest normally attacks early bearing palms from 
3 to 5 yr old. It was also observed that palms with slow 
opening spathes are usually infested as congested spike­
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lets favor the development of the immature stages of the 
pest. The young larvae feed on male flowers and, as they 
grow older, attack the female flowers or nutlets, causing 
premature nutfall. The pest reduces yield up to as high as 
32% (Taylor 1930). 

In the Philippines, the pest was reported in Mao-ohon, 
Southern Leyte as early as 1979 (PCA-AnnualReport 1980). 
Eloja and Abad (1982) found five chemical insecticides to 
be effective against T. rufiVen1l applied at weekly intervals 
for 4 to 6 wk depending on the magnitude of infestation. 
These include diazinon, triazophos, trichlorphoo, 
pirimiphosmethyl, and azinphos-ethyl. Later, Gallego and 
Abad (1985 and 1987) reported parasitoids associated with 
the pest. These were Apanteles tirathabae Wilkinson (lar­
val) and Venturia palmaris Wilkinson (larval-pupal) para­
sitoid, and A. lxlsiful'lX1, which was introduced to the Phil­
ippines from Fiji. 

The coconut leafminer, P. cumingii, is considered a 
major pest of coconut. The adult feeds on leaf tissues leav­
ing a threadlike tunnel on affected leaflets while the larva 
feed and develops on tunnels made between the upper 
and lower epidermis of coconut leaflets. Insevere outbreaks 
of the pest in Quezon, Batangas, and Laguna provinces, re­
d uction in yield was as high as 85 % 1 yr after initial in­
festation (Aldaba 1931). In the early 1980s, severe infes­
tation was reported in Northern Mindanao (Gallego et al. 
1982). Five hymenopterous parasitoids were identified 
to affect the pest. These include Sympiesis sp., Cirrospilus 
sp., Pediobius aIWmalus Ferr., Cotterellia sp., and Achryso­
charis promecothecae Ferr. 

The establishment of leguminous cover crops under 
coconut is said to indirectly control the coconut leafminer. 
The covercrop flower serves as source of food for the adult 
parasitoids which in tum control the pest 

The two-colored hispid beetle, P. reichei, is an impor­
tant pest of coconut in the nursery and young field plant­
ings. Both adult and larva of the pest gnaw long incisions 
in the epidermis and superficial tissues of unopened leaves. 
When the pest is abundant, these incisions are made close 
to one another so that the whole damaged portion of the 
leaflets dies, shrivels, and can easily be tom by the wind. 
Danlage was observed to be pronounced during periods 
of low rainfall. Heavily infested palms lose vigor while 
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growth is delayed (Gallego and Abad 1985b). In pro­

longed infestations the palms may be killed (Lever 1969). 


,• 
MATERIALS AND METHODS~ 

B. bassia1Ul and M. anisopliae were cultured p urely in 

vitro. The former was cultured. in a commercially pre­

pared. Sabrouraud dextrose agar (SDA ), while the latter 

was grown inpotato dextrose agar (PDA). The test insects 

(T. rnfivena, P. cumingii, and P. reicheO w ere mass-reared 

in the laboratory using their host plant. 


eta. 

Effect of Three Rates of B. bassiana on the Mortality 
Boo 

of T. rotivena 
FlGURE 1. Different stages of T. rut/vena Infected with B. 

Ace bass/ana.
The experiment was a completely randomizt:rl design 

5)O( (CRD). It involved. three rates (lOl0,30 mg/ loo rnL wa­
Data Gatheredter) of B. bassianil against T. rujive/1il replicated. three times 


with 30 sample insec ts per replicate and with the same 

a. Spore COlD115 of B. 1xlssionf1 and M al1isopliae per 100 mLnumber of samples in the control. The fungal suspensions 

of water (using a hemacytometer under low powerwere each misted on the test irLc:ects using an atomizer. 

objective of a compound microscope). 


b. Percentage mOJ' taIHy, using the formula: Comparative Effects of B. bassiana and M. anisopllae 

against T. rufivena, P. cumingii, and P. reichei 
 no. of dead insects 

% mortality = x 100 
The experiment was arranged in a completely ran­ total no. of test insects c. Da~ 

domized design (CRD) using the two fungi (B. fussiana and applc. Days to mortali ty after Ireabnent applicationM. anisopliae) against the three insect pest speaes (T. mfivena, 
d. Days from death to appearance of mycelial growthP. cumingii, and P. reiche!) replicated three times with 15 


sample Jarvae per rep)jcate. Two-week old axenic cultures 

of the fungi, each at 30 mg were suspended in 100 roL of 
 RESULTS AND DISCUSSION 
water and sprayed on test insects using an atomizer. The 

trea tments were: 


Effect of Three Rates of B. bassiana on the Mortality 
T. nifivetlil treated with B. bassiana and M. mlisopliae of T. rufivena 
P. cumingii treated with B. bassianil and M. anisopliae 
P. reicfzei treated with B. bassiana and M. allisopliae a. Spore cOlmt 

TABLE 1. Effect of different concentrations of B. bassiana on T. rut/vend' 

Spore Mortality after Appearance of 
Treatment CounV Treatment Mycelial Growth 

100 mL Days Percent after Death 
(days) 

10 mg'3O mL ,19.5e 1O.0c 32.1 a 3.7b 
20 mg'3O mL 765.9b 13.4b 21.7a 4.1ab 
30 rngI30 mL 1,127.5a 10.4<: 36.7a 5.2a 
Contrel 30.0a L Ob O.Oe 

Stat. Significance 
S.E. (Treat. 

Mean) 29.1 0.06 0.33 0.07 
LSD 0.05 64.0 0.1 5 0.75 0.16 

0.01 87.7 0.22 1.09 0.23 I 
C.V. (%) 7.9 4.1 21.5 9.4 J 

* Means of four replicates; m"lans with the same letter(s) are not significantly different at 5% level. AnalysiS based on transformed values AGURE 
(Icg x +1). 

b. Perc 

http:1,127.5a
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Thenwnber of spores for the three rates of B. 
bassia11i1 differed significant1y. Spore COlmt in­
creased with increase in concentration (fable1). 

b. 	 Percentage mortality 

Percentage Jrortality ciT. rufwena did not vary 
arrong the three rates used butwere all significant 
over the control. 

It was observed that B. bassimla infected the 
larvae through the cu tide. An early sign of in­
fection was cessation of feeding which was usu­
ally noticeable 5 to 8 days after treabnent ap­
plication. The insect then became sluggish and 
died. later, white mycelial growths colonized the 
body of the insect (Fig. ]).with B. 

Percentage mortality of tl,e different treat­
ments ranged from 10% to 53.9%. TIle treatment 
with the highest percentage mortality was 3Omg/ 
100 mL water (36.7%), followed by the 10 mg/100 

100 mL 	 mL water concentration with 32.1°j". The 20 mg! 
' power 	 100 mL rate had the least mortality with 21.8% 

(fable 1). Mortality in the control (1.0)% was sus­
pected to be caused by mechanical rupture of 
cuticle during food replenishments as no fungal 
growth was noted on the dead insects. 

c. 	 Days to mortality ofT. ru.frm1i1 larvae after treabnent 
application 

)wth 	 T. rufiven.a larvae died rangmg from 9.2 to 
15.4 days after treabnent application. The low­
est and highest concentrations (10 mg and 30 mg, 
respectively, per 30 mL water) yielded the short­
est average periods for the test insects to die (10.0 

ality 	 and 10.4 days, respectively) from b-eatment appli­
cation. The 20 mg/100 mL water concentration 
gave the longest period to mortality with 13.4 days 
whidl was still significant over the control (fable 
1). 

------, Most of the insects in the control pupated and 
of reached the adult stage. 

wth 
h 
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d 	 Appearance of mycelial growth of B. lxlSSial1i1 on larvae 
after death of insects 

An inverse relationship was observed be­
tween mycelial growth of B baSSialUl and inocu­
lum concentrations. 

Mycelial growth of B. bassiana appeared ear­
liest on those treated with 10 mg/30 mL suspen­
sion (mean= 3.7 days after larval death). This was 
followed by those treated with 20 mg/30 mL wa­
ter (mean = 4.11 days), and latest on the highest 
concentration (mean = 5.2 days). 

1his result suggests that as the spores be­
come too crowded, mycelial growth is inhibited 
due to resource competi tion or other unknown 
factors which are beyond the scope of this ex­
pe.riment. 

Comparative effect of B. bassiana and M. anisopliae 
against T. rufivena, P. reichei, and P. cuming;i 

a. 	 Spore COl,ll1t of B. mssialltl and M. Qllisopliae 

The number of spores between the two fun 
gal pathogens varied significantly. B. lxlssiana had 
higher spore count than M anisopliae. B. bassial1i1 
spores ranged from 1,111 to 1,188 (mean == 1,127) 
while those of M. al1isopliae ranged only from 31.6 
to 49.0 (mean = 36.4) at the same concentration of 
30 mg/100 mL water (fable 2). This could be due 
to the difference ill the spore sizes of the fungi, the 
sporulating habit of the fungi on the culture me­
dia used, the environment in which the organisms 
were grown, and/or other unknown factors. 

b. 	 T. rufivena. 

Mortality of T. ruflvena was Significantly 
higher on insects treated with B. ixlssial1i1 (mean 
= 555%) than M. QllisopIiae-treated insects with 
]3.3% (Table 2). Mortality in the control and M. 
QlIisopliae-treated insects was largely attributed 

AGURE 2. Adult P. cumlngllinfected with B. basslana. AGURE 3. Adult P. reiche/Infected with B.bass/sna. 
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TABLE 2. Percentage mortality of T. Ruf(vena, P. cumingif, and P. reichei treated with B. bassiana and M. anlsoplfae* 

, 

~ 

Boo, 

Ace. 

Treatment 

B. bassiana 
M. anisopliae 
Control 

Stat. Significance 
S.E. (Treat. 

Mean) 
LSD 0.05 

0.01 

C.V. (%) 

Spore 
Count! 
100 mL 

1,127.5a 
36.4b 

12.7 
32.8 
31.4 

4.4 

T rufivena 

55.5a 
13.3ab** 
4.4b 

0.43 
1.06 
1.61 

28.4 

P. cumingii 

57.7a 

O.Ob 

4.33b 


0.51 
1.26 
1.90 

54.1 

P. reichei 

100.0a 
8.9b 
2.2b 

0.65 
1.59 
2.40 

48.2 

Tht 
Abad, ( 
Center 
prepara 
for pro" 

ALDAB~ 

ELOJA, . 

GALLEC 

SoC * Means of four replicates; means with the same letter(s) are not significantly different at 5% level. Analysis based on transformed values 
(log x + 1). 

** Mortality was not due to the fungus but to mechanical injury. 

to mechanical injury during handling and in some 
cases due to contamination by M. anisoplitle. 

There was no significant difference in the 
length of time the test insects died after treabnent 
application with either B. bassitlna or M. anisop­
litle. Similarly, the time of appearance of mycelial 
growth after the test insect died did not vary be­
tween the two treatments. 

c. P. cumingii 

Mortality of P. cumillgii was significantly 
higher on insects treated with B. bassitlna (Fig. 
2) at 57.7% than the other treatment (Table 2). 
In fact, there was no mortality on insects treated 

TABLE 3. Length of time the P. cumingii and P. reichel 
died after treatment with B. bassiana and M. 
anlsopJiae' 

Days to Mortal~y 
Treatment 

P. cumingii 

B. bassiana 12.1b 
M. anisopliae 30.0a 
Control 25.0a 

Stat. Significance 
S.E. (Treat. 

Mean) 0.14 
LSD 0.05 0.432 

0.01 0.518 

C.v. (%) 7.9 

P. reichei 

5.9b 
13.4ab 
28.3a 

0.326 
0.798 
1.208 

22.2 

* 	 Means of four replicates; means with the same le\1er(s) are not 
significantly different at 5% level. Analysis based on transformed 
values 
(log x + 1). 

with M. anisopli1.le within the 12-day period af­
ter inoculation Although untreated insects had 
a 4.3% mortality, this was not significant over 
the M. allisopli1.le treatments. Again, it was highly 
suspected that mortalities on the control were 
caused by handling, stress under captivity, some 
cases of cross-contaminations, and other factors. 

The length of time the test insects died af­
ter treatment application with B. bassitln1J was 12.1 
days (Table 3). Mycelial growth of the fungus was 
noted 3 days after death 

d. P. reichei 

A 100% mortality of P. reichei was obtained 
with B. bassitll11J treatment (Table I, Fig. 3). Mor­
talities in the M. anisoplitle-treated and control 
insects did not differ significantly. In addition, it 
took only 5.9 days for the test insects to die from 
B. bassiana treatments and 13.4 days from M. ani­
sop/itle 

SUMMARY AND CONCLUSION 

Beauveritl bassitlna isolated from rice planthopper NiIa­
parvala lugens was found to be more effective as compared 
to Metarrhiziu m allisopliae isolated from Oryctes rhilwceros L. 
against Tirathaba nifivella, Promecotheca cumingii, and 
Pesispa reichei underlaboratory conditions. The reasons 
that can be forwarded with regard to these findings are: 
the host-specific nature of the fungi, the fungus strain, the 
envirorunental conditions with which they were tested, and 
other unknown factors. 

The effectiveness of B. bassiaJIa under field conditions 
needs further evaluation. 

http:allisopli1.le
http:anisopli1.le
http:1,127.5a


v'No.l 

j af­
ha d 
over 
ghly 
"ere 
Dme 
ors. 

I af­
12.1 
was 

led 
roc­
trol 
1, it 
Dm 
mi-

m­
ed 
L 
ld 
ns 
re: 
he 
ld 

ns 

PJCSVoI.XVNo.l 

ACKNOWLEDGMENT 

The authors wish to acknowledge Dr. Reynaldo G. 
Abad, Chief, Crop Protection Division, Davao Research 
Center for his valuable'suggestions and comments in the 
preparation of this paper, and Dr. M.e. Rombach (IRRJ) 
for providing the B. mssiana isolate. 

REFERENCES 

ALDABA, VC 1931. A study of condition of coconut tree in the 

leafminer-infested area. Phil. J. Agric. 2:69-80. 


ELOJA, N.C and RG. ABAD. 1983. Evaluation of six insecticides 

against the greater coconut spike moth Tirathalxl sp. Fhil. 
J. Coco. Studies 6:1-6. 

GALLEGO, 	CE. and RG. ABAD. 1985a. Incidence, biology, 
and control of the greater coconut spike moth, Tirath-

STUDIES ON THE EFFICACY 5 

am rufivma Walk. (Lepidoptera: Pyralidae) . Phil. J. Coco. 
Studies 10(2):9-13. 

GALLEGO, CE. and R.G. ABAD. 1987. Mass rearing of the 
entomophagous parasitoid, Argyrophylax basifulva 
Bezzi (Dipetera: Tachnidae) at its host, the coconut 
spike moth, Tirathaba rufivena Walk. (Lepidoptera: 
Pyralidae). Phil. J. Coco. Studies: 12(1):1-6. 

GALLEGO, C.E.and R.G. ABAD. 1985b. Biology of the two 
colored. hispid beetle Plesispa reichei Chapius (Cole­
optera: Hispidae) . Phil. J. Coco. Studies 10(2):1-3. 

GALLEGO, V.C, BALTAZAR,C.R.,CADAPAN,EP., and R.G. 
ABAD. 1983. The coconut leafminer Promecotheca 
cumingii Baly (Coleoptera:Hispidae) and. its hymEnOp­
terous parasitoids in the Philippines. Phil. Ent. 6(5 & 
6):417-494. 

LEVER, R.J. 1%9. Pest of the Coconut Palm. FAO Agricultural 
Studies No. 77, pp. 112-113. 

PCA-ANNUAL REPORT 1980. PCA-Agricultural Research 
Branch. 


