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ABSTRACT

actrocera philippinensis and Bactrocerq ot
o jmmature Stages, €8Es (1-3 hours and 28.3 hoyrg

jetermined by X i instars feeding (120-122 hours) and non-fee &__m:.w firg

! 5 10 49°C at 0-128 minutes (general test) ang 026 5.95

553

. 5,46 and 47°C , the first instar were ¢,
0 enerd test mw_oﬁ.& n—._wﬁ at .&U. 7 e m
ﬂw.m L@%&w and B. occipitalis. At higher temperatures (48 g
M«MEM& gﬂa - feeding ) was the most tolerant stage for both species.

0st 8_53

In the specific test, the late egg stage Was most tolerant at 45°C for botp g

. . . < Pecies g
46°C. B. philippinensis in all stages responded m_a__mﬂ._x while B. occipitalis exhibig
tolerance in the 3rd instar, non - feeding (LT99 = 11 mins). At temperatures greater thay

46°C, first instar was most tolerant with LT 99 =9 mins and LT99 = 5 ming at 47°C ang
48°C. respectively. The late egg was the most tolerant stage at 49°C.

The study revealed that irregardless of the species, late eggs and 1st instars were
the most tolerant stages. In both test, B. philippinensis was generally tolerant over B
occipitalis except at 43°C.

Imported newspaper, thick and thin waxy magazine were the 7:0st promising bagging

materials for mango fruits in all seasons while brown paper bags and local newspapersar
recommended only during dry season.
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INTRODUCTION

Philippines is among the major m . =
508.127 mt in 1994 and 917. ,_i_ & M_ﬂ”_m_oom%&_mﬁﬂmﬂm_w.a the .s...aa with about
(290.969 mt). Cagayan Valiey (177.215 ny). Southern Tagaj ._,_.__.Mo P iy .:23
visayas (83.379 mt) and Central Luzon (65,367 o {aow de mt}. s.wmma.
mango plantings are done in Mindanao with mz_amﬂ.& n_,waﬂﬂ.__. aﬂmwm M.,.uam..:: of
area provides enough supply of mango fruits during the om.mam,”wﬂ_ ke \_.,3 s
and Visayas. & production in Luzon

About 90 percent of the total production are sold/ consumed |
10 percent are exported. In 1998, the valye of mango export was re

U. S. dollars. representing 10.8 percent share of the annual fruit
_._._m.qrﬁm ﬁoﬂ. E.;_:.u_um:m mango are Hongkong. Japan and Singapore. With the exceilen
eating quality of “Carabao’ mango. improved production technologies and proximity of
Philippines to Asian countries. expansion of export markets for mango is inevitable ?cw.n
does not include other lucrative markets in the near future. B et

c::& States is a ﬁwﬁa_m_ .amqrﬂ for Philippine mango. The demand for the fruit is
high especially among Fil-Americans who are familiar with quality and taste of the variety.
However. no mango fruit has yet reached US markets because of the strict quarantine
regulation imposed on the commodity. Disinfestation treatment that kills 100 percent of the
immature stages of fruit flies. (without affecting fruit quality) is an important requirement
before any exportation is approved. .

The current Vapor heat treatment (VHT) for disinfesting mangoes with fruit flies is not
acceptable to APHIS/USDA. This is because earlier efficacy trials involved the Oriental
fruit fly. Bactrocera dorsalis, a species not present in the country. On the other hand.
the test insects used were likely represented by 2 fruit fly species. B. accipitalis and 8.
philippinensis. APHIS therefore requires a small-scale test using hot water bath immersion
bioassay to cetermine the most tolerant stage(s) of each species.

ocally and only 8 1o
ported at 51.3 million
export. The important

OBJECTIVES

A bioassay of temperature-time effect was therefore conducted for 8. eccipitalis and
B. philippinensis in Guimaras Island, Philippines to: a) determine the E:u:_., response
of early egg and late egg, Ist instar and 3rd instar (feeding, non-feeding) to different
temperatures and immersion time and b) identify the most heat tolerant stage(s) within the
species and between species.
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have to undergo disinfestation treatmens
- import tries. In the past, ma Meet

¢ many importing countries. In the ngoes se the
it o were subjected 10 fumigation with ethylene dibrg _”MSNEP
41 26°C (Phil. Recommends for Mango, 1994) :os‘SM (EDp)
at 16 g/m3 for 2 1087 due 10 carcinogens. an m:ﬂ.:ma disinfestation :mﬁso:%.s_ﬁ_
ment (VHT) was developed. Merino et al. (1985) reporteq _:mHOs__

Tyj

f46°C and maintained for 10 min s
: T (pulp temperature © S)- resulted j
subjected toVH :M the immature Stages "

of the Oriental fruit fly. (Dacus dopggy;,,

o significant injury was observed on the treateq wa.\ ang
11 of fresh mangoes to Japan is only permitted if post harvest :amha.
The effectiveness of the treatment has shown negative i Em_,nmu:.as,
mature stages of fruit fly since the start of the trade. Lately, __M: of
post harvest treatment for mango and papaya 5“_8“”,“”“

Today, €XpO!
with VHT is done.
Jive specimen of the ir et
and Australia also approved similar
from the Philippines.
United States is @ potential market for “Carabao” mango. Negotiation for fruit expon

ith no promising results because of the stringent quarantine

was done for several years but wi
ced weevil. mango pulp weevil and fruit flies. In

requirements. particularly on the mango $
(he case of the mango seed weevil. its absence in the country was proven by the nationwide

survey conducted in different mango growing regions (Basio et al. 1987). On the other
hand, Basio et. al. (1994) reported the presence of the pulp weevil i1 southern Palawan,
prompting the Bureau of Plant Industry to issue Special Quarant Zdm. Order No. 20.
series of 1987, declaring the pulp weevil as a dangerous pest. Italse t1ced Palawan under
quarantine to prevent the spread of the insect. However, the press? of the pulp weevil
does not prevent other provinces (free of the pest) from exporting «:angoes 10 the US.
Hence, after a comprehensive survey in Guimaras which revealed absence of seed and
pulp weevils. the island province was considered as possible source o mangoes for export
tothe U, (Golez et al, 1993). i
msgw__mw“ MM_MW:”HM. m__ﬁ flies 3_3.:_. hindrance to exportation of Guim :
10 APHIS, effcay %anwnﬁ_”\ M_ qn.z.:m.a Q_m_zama:o.z treatment against the pest. wynno_qw_”m
S involved the test insect referred 0 a5 the o:m_.ww als
(Drew and Hancock, 1994), Th ._:Mwnﬂ& by 2 species. B. philippinehsis and B. am.om g est
indterminate, Henee, yhere is finding, therefore, renders the result of the pret _%x. b
each species before any i oﬁm.:zmm: is needed, APHIS/USDA requires m%nms_ fer bath
immersion fest is qgoasm=_“_ %:o: is approved. A small-scale test using ot ,E_ Oonee
the resistant stage is detorm: ed to determine the most tolerant stage(s) of the insect:
mined, confirmatory test with VHT has to be conducted

aras mango.
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The effectiveness of any
post-harvest quaranti
. ra ;
on the knowledge of the most resistant @wﬁ ntine treatment against fruit flies de end
iven treatment. [n turn, tol 3ge(s) present in th oo P

given treatment. In tur, tolerance and susceptibli © commodity during a

the physiological condition of the test insect. Jan uv\ o the treatment is a function of

death for early and late instars of D. dorsalis and w,.rﬁ 991) studied the kinetics of thermal

mx:_c:.& non-logarithmic death (survivorship EM:&:;E both stages of development

mortality followed by increasing death rate with ti ) ¢ aracterized by an initial lag in
Vueti et al. (1996) reported that the v ime Am" a given temperature.

heat tolerant at 45°C. There was no m_wq__.mnmawwwa_% E.& of B. v.q.aﬂe.sm were most

early and _mﬂ.n eges at 47°C o at higher temperatures 4,N.M_“._ ”Sam__a. response between

compared with the tolerant stage (late eggs) of B, §.§2 .a .Q.ma fibghs J bwas also

that the latter species was more tolerant than the former R s R
Heat tolerances of the immature sta ;

3 s ges of B. facialis and ;
determined by Foliaki and Armstrong (1996). The eggs and larval m_wm ‘Mﬂwm%h b =
m_mamoma_w more heat tolerant than B. xanthodes for all life stage : Il sl

less than 46°C, the first i ages at all temperatures. For
temperature less tha , the first instar was most tolerant while at 46°C, the late eggs
were more tolerant. >.ﬂ temperatures greater than 46°C, the 3rd instars were more tileriod
specially the non-feeding stage.
. mm_mm & al. (1996) compared the egg and larval mortalities of 3 fruit fly species after
immersion in hot water. Results showed that at all temperatures, the mature eggs and first
instar larvae were more tolerant than any other stages at 44°C and 45°C. Any treatment
should 59.&9.@ be .%aoah_ against the mature eggs of B. cucurbitae and st instar larvae
of the species. This result also provided information necessary for treatment of fruits

infested itk other species of fruit flies.
In the Philippines, Yaptengco et al. (
eggs of Mo fly (B. cucurbitae) with the following findin
better Gt 1ran the A & S method for temperature range 4404
of 26 hrs. o!d melon fly eggs showed that mortality occurred at a

quality could deteriorate, allowing optimization of heat treatment.
Manoto et al. (1998) showed a positive correlation with temperature of water and

percentage mortality at different time of immersion. Older eggs were more tolerant than
younger ones. For B. dorsalis, the most sensitive stage (2 hrs old eggs) was equated to

about 6 percent embryonic development while tolerant €ggs have about 60 t0 80 vﬂa%w
development. In addition, a linear relationship between immersion ﬁ._am m:ﬂo_doﬂm _M, Qoo
.w.a.c...%.ﬁémwovsm:&ﬁoa probit analysis. The estimated lethat time (LT 95) for 2, 2

and 25 hours eggs were 2.79, 3.97 and 16,92 minutes, respectively.

1996) studied the thermal death kinetics of the
gs: a) linear regression gave a
6°C and b) kinetic parameters
higher rate than fruit
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ipment - ke ;
Equip : ; bath bioassay Was made of stainless

k .+ hot wate i ..
The container 1oF the 1 i< was enclosed in a fitted wooden boy ¢

el iy
»ipX 28 X 6. Thi

0 ingy)
al
dimensions 0 L ¢ . v
heat. ’  was heated at @ prescribed temperature using an electrig heate;
The water in the B3¢ todel 7305). The instrument was positioned on one g; ;
. 5)

<1 .m/ 157 ._ i W, Qm O%:_m
circulator (Polyscienee pmerged 3.5 inches below water surface f,

: tus su : Or pro
P ating appard . ; ¥ et
bath Wil aﬂ,ﬁﬂw calibrated mercurial thermometers Were each inserted in 3 Styrofoay,
on.

+n the water. This monitored temperature on all sides of the gy, ang
g ading of the instrument for uniformity. Purified water Was useq

circulati
and allowed 0l
also verified temperature re

in all the st ¢ stic svringes. The base w
The holding tubes were made of 30 ml plastic syTing as cut on by,

ing rectangular openings. This area was covered with black muslin cloth
viding g & "

mm_%w wﬂo ne walls of the syringe. 0 allow heated water to pass through during the test
mcn, ' .r .

A separate circular black cloth was also provided to contain the test insects. This g
waﬁwa 10 the base of syringe by @ rubber bond. . |

The tubes were placed in w ooden rack (1en :.&&:%5. and immersed in hot water, The
temperature inside the tube was allowed to equ a_.ma.:ﬁ_% n._m. mc:cc.zﬁ.::m temperature
before anv test was done. Water ilemperature was monitored using a digital thermom a5
provided with 2 thermo couple wire.

Test insects

Colonies of adult Bactrocera philippinensis and B. occipitalis were separately reared
and maintained at the fruit fly laboratory of the National Mango Resear:h: and Development
Center. Guimaras. Adults were feed with protein hydrolysate, sugar and water under

natural light. supplemented by antificial light. Room temperature was i7:2intained from 26
10 28°C and relative humidity of about 80 percent.

b mmmw The eges of %.E.o fruit flies species were collected from matured females (3
qm,u.m;ﬂ_.um 0ld) by introducing pin-pricked. ripe papaya domes. inside cages for two hours
c?_MMEm, "“ac. Eggs were n.o__nﬁa from the dome by spraying them with fine mist
carly epes mﬂanmmh” 8aswere divided into 3 parts (aliquot). One aliquot was used for the
A e maining 2 parts were hird
___ms% feeding and 8:-@85% used for the late eggs and larvae (first andt
he age of the eariy .
stage was from 28 o w@ _”wm was from 110 3 hours after oviposition while the late €28

percent), ours.  The eggs were viable with good hatchability (85 t0 90

Firstlarval instar,
on black, mojgt cloth wig
1emperature, The age of
minute, whitish larvae

After remoy
h fine brush
the first ingy
ready for the

e the eggs from the papay a dome. these were placed
and transferred in petri dishes for emergence at 100"

ars were 48 to 50 hours from oviposition. These L
IMmersion test,

"l"
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Third larval instar. Similarly, ¢ges collected from the
on moist cloth and transferred in plastic trays S:_mwa_ﬁ _‘, n 4
consisted of blended ripe papaya. torula veast and aE‘.m_u. ﬁ& b m_i. olrpetens
added to adjust diet consistency. The €ggs were held at ﬂwoﬂ.w i .Eaaae. §_.§ .
allowed to hatch to first instar and finally to the third instars LR

The feeding third instars have well develo dibe
to 122 hours from oviposition. These were collected by mixing the diet with ¢
sucrose/water solution. The feeding larvae float on am of the umo:ao: sq. ..“o:nmaﬁ&
removed using a nylon sieve. Larvae were thoroughly rinsed with &m_mﬂa H:a n«maew_w
the sugar solution) and precounted for the hot water immersion test ore rirgh

On the 092. hand. the non-feeding ("popping”) third mas,.,?.a%a out of the medi
upon reaching this stage (170 to 172 hours from oviposition). These were nommma._& .._,m
placing the tray with diet over a basin containing water. The third larval mmwsqw g.aww
collected from the water and pre-counted for the test using a soft forcep. .

same cohort were placed

ped mandibular hooks and were about 120

Hot water bath immersion test

General test. This was done to determine the response of the immature stages of fruit
flies to a wide range of temperatures and immersion time. The general test amsa& the
following treatments: 45°C (1, 2. 4, 8. 16. 32. 64 and 128 mins.): 46°C (1. 2. 4. 8. 16. 32
and 64 mins.): 47°C (1,2,4. 8, 16and 32 mins.): 48°C (0.5. 1. 2. 4 and 8 mins.): and 49°C
(0.25.0.5, 1,2 and 4 mins.).

At a desired water temperature. the tubes were placed in the rack with the bottoms
immersed in heated water. The temperature inside the tube was allowed to equilibrate with
the surrounding water and monitored using a digital thermometer provided with a therme-
couple wire.

A drop of aliquot (100 to 200 early egg stage) was placed in each tube using a small
plastic syringe (3 ml capacity). To ensure that eggs were submerged in hot water. the
tubes weze <lightly shaken and any floating eggs were collected and discarded. After the
required dinping time, the tubes were removed from the hot water bath and immediately
immersed i:: water at ambient temperature (26 to 28°C) for | minute. One hundred healthy
and viabic lcoking cggs were counted on a moistened black cloth inside a petri dish. These
were allowed to hatch to first larval instars and percent hatchabiliy was nsnnr& @an_,
a stereoscope.  Similar procedure was also done for the late ege stage using different
temperature-time combinations. . i

From the same cohort. the first instars which emerged were 8:&& using a mo.F
fine brush. Twenty-five larvae in 2 drops of water were placed in 3 ml plastic u_nmn,m.s,_ﬁ
the handle cut longitudinally to provide wide opening. This facilitated easy e 9
larvae in the tubes. The larvae were emptied in the tubes. similar to the mm:__ Ei late
eggs. After dipping, the tubes were placed in water at ambient temperature for n__.a__ﬂm
Treated larvae were carefully transferred on moist black cloth and v_unm_ﬁ_ 92_ _Mg i
larvae were allowed to develop in the papaya diet for 7 days and s amq i st b
transferred to sterilized sawdust for pupal development. Survivors L e
counting the number of pupae developed in the sawdust.
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eved from the diet and rinsed with ;
. 2 0 m
nall plastic cups (30mhw ith small amount of watey :m_.
i1 tubes at various temperatures and immersiy, ”.__m a
& Ime,

e were sieved from the basin and placed in smal| cups
With

mma__m_.d_wh ﬂ___m_ﬂwﬂss.na poured -side plastic ubes immersed in heated water,

s.m_mw:_.m:ﬂw?m or more larvac of mmn._d stage was used per treatment. After dipping,
larvae Rm&_.:m. were placed in cups with _w:_m_ ﬁ.:mﬂ. ,_”:.m larvae were allowed to aﬁ..m_oa
for 2 days and were jatter washed and transferred in ﬂﬂ:._w& mm‘,.,_a:m, for pupation. O p
other hand. the non-feeding larvae Were placed directly in sterilized sawdust for pupayj e
m::"_.,,oa:.ma determined by counting the number of pupae developed from the 25 :LM_M

larvae.
Control was provided for all treaments.  The eggs. first instar or third instar we
Te

- mersed in water at ambient temperature for duration of the longest heat treatment,
» One

control for every test temperature Was done using the same number of test insects at each
c

stage of development.
In addition. a check was also provided to determine normal egg haiching. The check
g : £

consisted of similar number egg samples placed on moist cloth and allowed to hatch

room femperature. Checks were also done for the first and third instars (feedin mao .
feeding) to determine the normal larval development using the same zcacaqmom s
from .m.n%o:, The first larval instars were placed on moist black cloth, insid g
containing larval diet and allowed to pupate. On the other hand. the ...ﬁ:_ hm_ G
placed in small cups with natural diet. The non-feeding _m_.<mm. wers u,“,mnmn_ M.Mmﬁﬂn”

sawdust and allowed to pupate.

i ; - 1 ipstars) Were si .

The feeding larvae :_.za ins ___&

water. oo placed 0 SMAY

soft forcep. These were later emptied
feeding larvd

Specific test. Thi idei
This was conducted to provide information on the precise time necessary

to obtain | i
00 percent mortality of the test insects at a given tempera

test included i
ed the following temperature-time combinations: 45°C (2. 6. 10. 14. 18,22.26

mins.); 46°C (2.4.8.10. 12 i
mins.); .4.8.10.12. 14. 16 mins.); 47° 5 i
b.hﬂsww m:cﬁ_h@on et Eav.... .M.Sm Mo.u. 1,2.4. 6. 8 mins.); 48°C (0.5. 1.2,
s has been done wi . " o
B. philippinensis were m,_u“_woﬂwm general test, the immature stages of B. occipitalis and
e o M ¢d to different temperatures and immersion time. These
egg. first instar and third instar (feeding and :o:-m&_.:mv.

Similar proc
edures were fol i
test insects bef; ollowed in terms of i
ore and afier ¢ or operating the hot wate ling of
reatment, treatment proper and evaluation qow M%wnwnmmzmma

number of survj
ival/mortality. C
For Mm,_ﬂ general and the wunm_mn _”Mmm”m and controls were also provided as descried carlier.
cf temperature werereplicated 3 ti .
: ed i icati
early and late eggs and time combination, |0 Ecwmz_.w:nm, wsingl-cohii mlmv:nm_“_w;
- ere used with 100 eggs each 0f

! . 25 larv
Prob " ae each fi i 0 g
it analysis v or first and thirg instars (feeding and non-feeding)-

ity at different

Stage|
88(s) between the Wo specie
s.

[eat Tolerance of the immature stages. [ ¢ ¢, /
ez and [ Cr ff,
angnavan. .
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RESULTS AND DISCUSSIONS

The response of i |

e Sc_.a.: . the immature stages (eggs and larvae) of B. phili
- M_ ipita i L m as ﬂﬁ;:z& by percent mortality increases “. . .n?.:%sm:.... s and B
m__ ._E_zmﬂu_n: ime. The estimated _ﬁ:m_:aﬁorm__oo e M it o
o e (General test) and Table 2 (Specific test) percent of the samples is presented

Table 1. Estimated LT99 (mii !
femperature com _mza___mnzﬂ‘\.aﬂc_ws___“_._._.wﬁ.mﬁ Confidence Interval (fiducial limits) fo _‘
? . P pinensis and B. occipitali g
b p) . occipitalis (General tes )
'5t).

Temperature Lifestage

45C :
Early egg a 12.498 17.795
176 - -
Late egg ww QMHLS (16.025 - 19.961)
487 44.075
(38.649- 4
o i SM\_&» (39.318 - 49.576)
G s 61.407
3rd instar (F) 20.655 .ww‘_q wnqﬁ.wta
G55 .529
(18.806 - 22.
3rd instar (NF) um.&m G Q_me- R
(32.937 - 41.325) (21 Rm.u wum 020
46C Early egg 9.595 5935
(8.776 - 11.34 ,
Late egg 18.825 2 & mmw..._m.mi
(17.157-20.800) (11.119- 13
. 119 - 13.94.
istinstar 22.449 17.176 "
(18.588 - 28.03 4.010 -
SFAAHEEEE () o 5 ( .E%.ucwh.w&u
(14.919 - 19.503 &
3rd instar (NF) 15.892 g «Nuﬂm.ourm&v
EEE— (14.805 - 17.270) (14.332 - 18.344)
A7C Early egg " eMw.mE 3.427
963 - 6.358)  (3.125-3.824)
Late egg 6.541 7363
(6.045-7.139)  (6.510- 8.508)
1st instar 11.940 10.620
(9.701 - 15.438)  (8.596 - 13.399
3rd instar (F) 7.831 6.139
(6.947 - 9.004) (5437 - 7.143)
3rd instar (NF) 8.975 6.099
(8.489 - 9.544 5,473 - 6.923
48C Early egg 2.173 1.927
(1.917-2.539  (L712-2.227)
Late egg 5249 2.687
(4.742-5.907)  (2433-2 930)
1st instar 5.769 4.061
(4.640-7.61)  (3.240- 5.492)
3rd instar (F) 4118 2.702
(3.635 - 4.767) 2,427 - 3.065)
3rd instar (NF) 7.752 3.846
(6.645- 9.279) (3,443 - 4300
40C Early egg 0,538 0.538
(0.491 - 0.603) (9.501 - 0.030)
Late egg 2.295 1.457
(2.111- 2.515) (1.355 - L578)
1st instar 1.260 1.901
(1.073 - 1.343) (1.568 - 2.433)
3rd instar (F) 1.323 1.608
(1.237 - 1432 (1446 - 1.819)
ard Instar 2.514 2.725
wtar (NF) 2. 427 - 3.111,
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;i , Interval (fiducial imits) for each jif,
in) and 95% e si?m ._.“.2.\..__.:5.,,, (Specific test). e stage .
Table 2 m:.s_sazi Nﬂﬂ.‘c ﬂa______. B E:.z._:ﬁmaﬁauﬁ and B. ¢ y
2 o
emperature combinatio — Time for 99% :..a_.?__ar_ -
Lifes! — inensis____B. occipita
ture B.
em|
g 8,696 e
.-8 HI& ﬁ aﬂg’a |N~.Q£ A\QM.QNN -2 \.ﬁ.wﬁ\u
38.508 42.550
e (6073 - 41.286)  (39.469- 46.123)
mster 29,406 ua.au.w
. @6615-32879)  (22.307-27.582)
instar (®) 21.394 20252
oo (1930424020 (18.275 - 22.741)
20.051 19.647
srdimstar (VF) §852-21.522) (18.458- 21.110)

9.869 8.300
a6C Early g2 @.849-11.331)  (7.552-9.273)
Lateegg 10.164 9.128
(9.498 -10.955)  (8.460 - 9.944)
p— 9302 7.797
@437-10.428  (7.097- 8.716)
3rd instar (F) 10.581 8239
(9.627-11.802)  (7.484-9.230)
rdinster NF)  10.558 HET
(10.099-11.092) _(10.521 - 13.670)
4C Early egg 3288 3.033
(3.059-3.560)  (2.833-3.268)
Lateegg 7.959 6.458
(7.469 -8.515)  (6.011 - 6.976)
1st instar 9.146 6296
(7.822-11.044)  (5.516- 7.330)
3rd instar (F) 5.637 6.145
P 5.195-6.181)  (5.488-6.985)
ns 6.756 7257
(6.328-7.270)  (6.695- 7.957;
48C Early egg . 2170 1.909
1999-2.397)  (1.779- 2.068)
Lateegg . MSQ 3397
-5.549)  (3.119-3.735
Ist instar 5361 3218 4
3t nstar ) «twmqw&e (2.783 -3.844)
- 2.168
3rd tnstar (v 6.1 wmhsa (1.981 - 2.409)
e : 3.642
asC Ty o aeﬂrusu. (3.334- 4.025)
. 1.111
Latecgg a.._wa».nw%s (1.038 - 1.198)
2204
15t Instar Eswu. M%s (2.043 - 2.393)
3rdi (1185 - 1.561 g
nstar () a8 ) (1.370-1.782)
3rdi (1.555 - 1 32, i
nstar (NF) ) (1.336-1.596)
) 2135 1.640

(1942 - 2 376) (1.550- 1.748)
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General Test

AL45°C. the late egg stage of ;2 ?::....c?:.:.:i.
of development except for the Ist larval instar o e
with each other. In addition. the response of the y
comparable to the Ist instar. For B, occipitalis. the |
siage. This spesies:ahies somte degree of tolerance overto f
and 1st instar except in 3rd instar (non-feeding) where 2 ,
tolerant.

At46°C. the Istinstar of B. philippinensis was the most tolerant stage
stage \Was also tolerant in B. occipitalis. However, its 1. 799 ,,..‘,_,,. .,;.p; =
the 3rd instar (non-feeding). At this temperature, E::,p:.ﬁ..::,, ,_._..“:.
occipitalis n most stages except in the 3rd instar (non-feeding) where 5o
similar response. g

At 47°C. the first instar of B. philippinensis still remained 1ol

mmm:_mgs_:s:remu %2,2.;._SE:S?f?:?;c_(.:sz.a,m:.:.w
and B. occipitalis (st instar) had similar response to the given a:wsannm_.n. wever: i
philippinensis was tolerant compared to B. occipitalis at early egg and 3rd instar [ feeding
and non-feeding) except in the late egg stage. ;

At 48°C. the 3rd instar (non-feeding) of B. philippinensis exhibited hear tolerance
compared to all stages. In B. occipitalis, it was the Ist instar however. its LT99 was
comparable to the 3rd instar (non-feeding). Between the 2 species. B. philippinensis
showed tolerance over B. occipitalis in most stages except in early egg where the LT99
was also comparable.

At 49°C, shorter time was required to attain the 99 percent mortality for the = species.
All stages v ere destroyed between 0.5 to 2.5 minutes for B. philippinensis and 0.5 2.7
minutes 3 occipitalis. The tolerant stage for B. philippinensis and B. vee
3rd instar (non-feeding). B. philippinensis showed tolerance over B. occipitatis only atthe
late egg stage.

fis was

Specific test

At 45°C. the late egg was the most tolerant siage observed between the 2
fruit flies. However. B. occipitalis exhibited greater tolerance over B |
shown by higher LT99. In addition. this species also showed some degree ot 1
the early and first larval instars. The L. :
philippinensis in the 3rd instar (feeding and _E_i.mﬁ_sm_. s T

At 46°C. all the immature stages of B. philippinensis m;ﬁ. u,__._:_uw, .qu.ﬁo_,vr .rm_ a
prescribed temperature as shown by the overlapping nc__?_.n_:w ::ﬁuu.a F e __.”u
means that at 10 minutes. immersion time. 99 percent mortalit _w.,_/_l,_ng.pm ﬁcla.._mw.mw
and larval stages of the species. In 6. occipitalis. the most Er.m,:: u:__m.u.p ,., ”_u.ﬁsr_ umjza w0
(non-feeding). This was followed by the late eggs where _.._,.t ,._:h:“,,i,M,,.“Fﬂ,_:ﬁn,r.c:&
the early ege and 3rd instar (feeding). Between the tw r:_.nn_n.u. m.. philippinensi;
more tolerance in most stages except for the 3rd instar (non-feeding)-

199 of B. occipitalis was howevet. comparable 0 B
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: ae of B _~.=.=..¢.S=.$.:E”.,.. E.G 5&. tolerant while ;
rvae _feeding)- B philippinensis Was tolerant o}
azozﬁmm the response 8.:8.. was co_:_uma_u_oq%.
d 3rd instar (feeding and :o:-_mmo,._cmv.. »
. most tolerant stage .o_q B. philippinensis, s
pe late €2gs: indicating m__z_,_mﬁ response to Ss.ﬁa_.msa, _.

as Sanmazp. to the 14 :m_ﬁ was 3rd instar (feeding). However, its LToo, n
the 2 species. B. philippinensis was BHBM

n A

occipitalis. it w
€r,

et ouapts oo was the most tolerant stage in B. philippinensis. However. its

At 49°C. the late M:_.Ms 3rd instar ?oz-w&m@. Similarly, the most tolerant Stage for
LT99 was also nca%mﬂ re ege. Again. B philippinensis Was tolerant over B. occipitaljs
B. R&.SE..M “Mm_»%m_ aawm Som_-“.m&imb. Opposite result was observed in the |st e
M__mm_mwmmwwnaﬂﬁ%&@. where these stages became tolerant.

philippinensis to heat (General test).

Figure 1 Mortality response of Bactrocerd
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In the g=ri:al test. the tolerant stages of B. philippinensis were the late eggs (43°C).

{ 47°C). 3rd instar. non-feeding at 48°C and 49°C. This indicates that

nd
most susceptible to heat compared to other stages of development. This
098) where early egg was sensitive
2,08 minutes while 3.0

Ist instar (467
carly eggs
result also confirmed the work of Manoto et. al. (1
to heat compared to the late egg. The LT93 for 2-hour eggs was

minutes for 20-hour eggs.

Below 47°C the |5t larval instar of . philippinensis was most lolerant. except & e
where the late eggs became the tolerant stage. However. its LT99 was still comparable ©
the Ist larval instar. The estimated lethal time to Kill 99 percent of the samples were e
22.45 and 11.94 minutes for late egg and 1st instars at 46°C 47°C. respectively. .

Al temperatures above 47°C, the 3rd instar larvae was the most tolerant stage W :_ﬂmn
estimated lethal time of 7.75 and 2.51 minutes for 3rd instar non-feeding (48°C) and 3rd

philippinensis

instar non-feeding (49°C). respectively. The order of heat tolerance for B. g
. ~ b r 2 L e
was |st instar > late egg > 3rd instar :_oyd-?&smv > 3rd instar (feeding) > early €28

(Figure 1),
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the most tolerant stage \was the Ist i

t st instar

nstar fo,

temperatures excep! at 49°C where the 3rd &m:".u_ jnstar _,m.,,,,__s_.. tolerant, The |19q
st instars were 6141 17.17. 10,62 and 4.06 minutes at 43.46. 47 and 48°C, reg ﬂ.% the
On the other hand. the 1799 of the 3rd instar ﬁ_m%-_mﬁ.ﬁzm_ was 2.75 minutes gt WM“ lively
B. occipitalis Was tolerant over B. E;SV,_E:,:“,.%.,. in the early egg stage and | 0 :
However., at femperatures greater than 45°C. B philippinensis was generally tole Stinsty,
B. occipitalis. The order of heat tolerance for B. 9.:,__9:.%,4 was st instar > late "ant oyg
instar (non-feeding) > 3rd instar feeding) > early egg (Figure 2). 8. >3py
On the other hand. the specific test gave @ more precise time necessary 1o agtaj
nnana__s:m__.a forthe different Stages of development. At45°C late eggs were th M the g9
stage although the LT99 of B. occipitalis Was significantly higher than B. phij; . wo_os_:
indicating some degree of tolerance. However. at 46°C all the stages of B. p, ?.%.c:.azz.h.
was killed by heatand only the 3rd instar (non-feeding) of 8. occipitalis exhibited H:@g
At this temperature. B. philippinensis Was tolerant over B. occipitalis. Crance,
VHT which disinfests mango fruits for export. makes use of the pulp tem
he eggs and larvae of fruit flies. xmmc_w Mﬁww
is

(460C for 10 minutes) necessary 10 kill
bioassay also revealed that immature Stages of both species attained 99 percent mora|
ortality

.s._a: subjected to similar temperature and immersion time. On the other hand, th
instar (non-feeding) of B. occipitalis was tolerant at this temperature. Howev. S it
m%. only the eggs and Ist larval instars are present in green mature fruits. These =k
gm&,.a__& by VHT. The 3rd larval instars only develop in the fruit at :a. adva e
maturity hence. are not found in green mature fruits subjected to the treatment s
A 47 and 48°C, the most tolerant stage of the B. philippinensis was 3. Ist i
s..:.;w for w oceipitalis. it was the 3rd instar (non-feeding). Again, the no:om il
em_a.aﬁ_o.: treatment should be directed to the Ist instar since, :_mm is likel oot o
mﬂmwa.?.ﬁsa&& for export. At this temperature, B. philippinensis w ok
s el i ki of Ohe e as tolerant over B.
At49°C, it took i .
B e %%...BE.E& between 1.22 to 2.22 minutes for £. philippinensis
Figure 3 represe I
il WH mnquﬁwmwﬁmnwﬂm M:N. .a.“.:\wu@%aa to heat. The order of tolerance
._,.*_o mortality lines were steeper and wid :m PR 4l g Pl et (F
high tolerance as compared to the rest wﬂ sliongs mi st ingrat 5 e
Sleserand oecsdubsson Form A0 M ﬁ stages. However, at 46°C the lines became
responded similarly to heat as shown be .5~ Shis temperature, all stages of B. philippinensis
Hs_mm observed for B. occipitalis (F _.mEm avncﬂﬁ_q.__wm.vsm SonieEia S .
olerant and closer as they became less tolerant, i e s i eSS

In the case of B. occipitalis.
_.s:w_

Jeal [olerance of the mmeature §
Segre, §
Res. ¢

Laned i ¢,
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CONCLUSIONS
CLUSIONS AND z_‘”ﬁ:?_?:.z—
| .._._,_c mn.:&i test m:_cs.g that at 45, 44 st
) Hw.wﬁqs_ﬂ_m,_.H,mwm__:_mMmH:M_.”.“”%..ﬁ__, Jz_m the _m_ rwf__ 15 e .
M_.m_%nm_:_w. with __a,_ m.~ :EM:. \NAM _“%:MMMH_MMUw:_aa“h_ﬂ“_ﬁhﬂ. u_a _ﬂﬁ”-ﬁ _Mqﬁ_mMnMM_,“”
S 4% and 49°C the Mol

was more tolerant compared to :
the other stages. Baciron. 3rd instar (s

acera oecipitalis wag g eeding)

* Ny iierant over

 philippinensis only at 45°
W_m_\z h_u_,o\m B. phili o Nw, A°C (early eggand I instar)
. B HeNSIS W. Hdt). or ake
ppifiensis was generally tolerant gyer M CVEL. al temperatures grerger
- occipitalis fo =
5 101 most of the

47
C. the mog tirlers

stages.
in the specific test. th
p ¢ late eggs stage for both species was to|
s olerant to heat at 45°C
£ 45°C. A

46°C. most of the immature stages were killed i
he 3rd instar (non-feeding). a 10 minutes immersion fime, exczpt § :
: - €XCept f
A higher temperatures. the first farval instars sh %
well as the 3rd instars. However. the time Ha__:czwvvﬂ os.& some degree of tolerance as
' ﬂ i ]
mso:_ﬁ _unoﬂnmaa to _o.s.m_. temperatures. quired o achieve LT99 was much
_” o“ ag_omr m»ﬂiﬁp.ﬁa.: was generally tolerant over B. occipitali
regardless of the species. the late eggs and Ist instars ﬁ:.a ob: 4 & .
stage. As such. any disinfestation treatment required should be di e
The tolerance to heat of 3rd instars should not be over| * _h.ana hesies o
stage is present only when the fruits have reached their m%% » ”_ﬁ_. e
s nced stage of maturity. T#
non-feeding stage on the other hand. leaves the fruit and pupate muwz_n ﬁ.asaﬂ .m.x,”n.,a
ground. Hence.

mango fruits intended for export (green mature) are not infested with this stage.
IMPLICATIONS

\ identified the heat tolerant stages of the two species of fruit flies,
Bactracera occipitalis and B. philippinensis attacking mango.
ult serves as basis for confirmatory test using vapor heat treaiment @

-,

tests [ determine

| fruit fly.
3. The methods used could be adapted in carrying out similar
response of other fruit fly species to heat
Expansion of more markets for mango Ean:_m:_... in counirie

treatment for fruit fly is required:

s where postharvest
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ABSTRAC'T

Survey M_E_.S:mn:o: of entomapathogenic f
vere don® and incidenee of _imﬁ._o: Was recorded
“::,n_.n_: sources such as Sporothrix insectorum an 4
pathology Resource Center, Boyce Thompson Instifute.
(ARSEF, Leyte State University and RCp(

i50) pliae o v
h_ﬁ_ﬁ.:%:::z lecanii (ARSEF and Leyte).
The potential of the fungal isolates for maximum &rowth and conidial progyes
! production was

it

died using locally available substrates in combination it .0
mn»w___aa production of Metarhizium anisopliae (Ceb, %m:_l%_ﬁ_w‘ M\_%mw M:a cocomut 1
for most Lypes of substrates used except on palay plus &82_" milk :_mté,,ﬁn‘.. :
anisopliae (ARSEF) produced the significantly highest spores on Rice. brokess * maee
for B. bassiana (Leyte), Rice broken + water supporteq the highest nw idia e -
of 7.78/grm while, for B5(ARSEF) comparable results were oca;&a uw_..ﬁg:ﬁaw_
water, Rice broken + water, Rice whole + water and Palir 5 Woter § ﬂe_ Com grits -
Verticillium lecanii grown on both types of rice and corn grits with aﬁ_muﬁmﬂwoﬂ 4
not vary significantly. On the other hand, no sporulation was observed op sither r-- e
com substrate combined with coconut milk. For Aphanacladium album ww%muw e
whole + water supported the highest conidial production. Satisfactory yield of mmwr.“nw
gram was achieved after 14 days of incubation. Rice with water gave the hest resuits for
conidial production and corn can be a good substitute for some isolates, e

The efficacy of different entomopathogenic fungi like Merarhizium anisoplize
Beauveria bassiana, Verticillium lecanii and Aphanocladium album as biological control

agent against miri .

gair d bugs Em\@us.sw collaris.); mango leafhoppers (Idioscopus ciypealis)
and fruit flies (Bactrocera philippinensis and Bactrocera occipitalis) were evaluated under

Jaboratory and field condition.
B. bassiang at 1x108 and [x109 conidia/ml caused 100% mortality on mirid bug at

2-4 days after treatment.
Mortality and mycosis of fruit flies differed significantly based on conidial
concentrations of the four fungi. B. bassiana and M. anisopliae at 1x108 and 1x109 conidia/
ml caused the highest mycosis of 82 — 93% on B. philippinensis and 88 - 92% on 3
occipitalis. V. [zcanii at 1x109 conidia/ml caused 57 and 68% mycosis on 8. philippinensis
and-B. occipiializ. respectively. The lowest mycosis of 33% on 8. philippinensis and 40%
on B. occipitalis wis caused by A. album at 1x109 conidia/ml. )
The LT50 sccurred at 3.29 days at 1x109 conidia/ml on Beauveria bassiana for
Bactrocera phitippinensis and 3.48 for Bactrocera occipitalis. .
Field trial on mango leathoppers treated with Beauveria bassiana and Metarhizium
anisopliae 16 days after treatment showed a cumulative so:m._ tv oﬁum..é and 42.83
percent, respectively. Mycosis on insects treated with mme:i.s .?E..”EE ranged from
0.83 to 7.67% while no mycosis was observed on Metarhizium anisoplige treatments. [t
was observed that at high insect population, the application of %an_érmmn.:_n ?:%_
alone did not give good control, such that combination of other control strategies should be

applied for effective control.

*Agricultural Center Chief 111, Sr. Agriculturist, Agriculturist Il and Research ﬁm_mﬁz_w _“MHQ:R?
DA-BPI- National Mango Research and Development Center, San Miguel, Jordan, :
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