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India has nearly 200 species of fruit flies,which is about 5% of the known tephritid fauna of the world.
The subfamily Dacinae has the maximum number of economically important species. The tribe
Dacini with the genus Bactrocera is of importance in India. From an economic point of view,
B. dorsalis (Hendel), B. correcta (Bezzi), B. zonata (Saunders) and B. cucurbitae (Coquillett) are impor-
tant. The first three species mainly attack fruit crops, while B. cucurbitae attacks different species
of cucurbits. In an Indian context, B. dorsalis is a major fruit fly pest, especially on mango, affecting
local and export markets. The crop loss due to B. dorsalis varies with season and region. In
Bangalore, it was found that the loss to mango in an unsprayed situation varied from 2.5 to
59.0% depending on the variety. The cultivars Dushehari and Langra were least infested, while
cultivars Banganpalli and Totapuri had a mean infestation of 46.0 and 59.0%, respectively.
In guava it is reported that B. dorsalis causes between 5 and 70% crop loss. An assortment
of management strategies has been evaluated in India. A study from northeast India by
Makhmoor & Singh (1997) showed that hoeing once a day, once in three days and once in seven
days resulted in 80, 70 and 43% pupal mortality, respectively, of B. dorsalis. Soil type also influ-
enced pupal mortality, with maximum mortality occuring on clayey soil. The use of the para-
pheromone ‘methyl eugenol’ in traps is quite popular in India. Of the different traps evaluated,
namely IIHR bottle trap, Steiner trap, McPhail trap, delta trap, Jackson sticky trap and open pan
trap, the IIHR bottle trap attracted the most flies. Trapping has been found to be useful both for
monitoring and management. Using extracts of Ocimum sanctum in traps is also in vogue, but is less
efficient than methyl eugenol. Pre-harvest sprays using either dimethoate 0.06%, carbaryl 0.2% or
deltamethrin 0.0028% are also recommended. At the Indian Institute of Horticultural Research
an IPM package for the management of B. dorsalis on mango is recommended, which consists
of orchard sanitation together with inter-tree ploughing and raking plus three applications of
insecticidal sprays of the above-mentioned chemicals on the fruits. This has given between 76
and 100% control. A double-walled steel tank of 1 cubic metre with a thermostat was manufac-
tured to test post-harvest disinfestations of mango using hot water. It was found that a post-
harvest hot-water treatment at 48°C for 60 to 75 minutes gave satisfactory results. A combination
of pre- and post-harvest management gave 100% control of B. dorsalis. The aim of this paper is
to highlight the research findings on B. dorsalis in India, based on work carried out at IIHR,
Bangalore, and elsewhere in the country. The distribution, species complex and other wild hosts
of the genus Bactrocera are discussed.

INTRODUCTION
Tephritids are one of the most fascinating and

diversified group of insects. These flies are also
referred to as ‘Peacock flies’ due to their habit of
strutting and vibrating their wings (Kapoor 1993).
The larvae of most species develop in the seed-
bearing organs of plants, and about 35% of the
species attack soft fruits, which includes many
commercially cultivated fruits and vegetables
(White & Elson-Harris 1992).

Among the three subfamilies of the family
Tephritidae, the subfamily Dacinae is of economic
importance. In this subfamily, the genus Bactro-
cera is of great importance as it includes economi-
cally important species such as B. dorsalis (Hendel)
and B. zonata (Saunders). The subgenus Zeugo-

dacus includes economically important species
like B. cucurbitae. The gravid females of genus
Bactrocera oviposit on physiologically mature
fruit. On hatching the larvae feed on the edible
portion of the fruit resulting in decay and second-
ary infection. There are three larval instars. The
infested fruit eventually drops and the larvae
move into the soil to pupate. The larvae can jump
on the ground to find suitable a pupation site.
After they emerge, adults of most species require
a protein source for egg maturation, which is
provided by plant surface bacteria (Drew 1989;
Drew & Lloyd 1989; Lloyd, 1991).

There are over 4000 species of fruit flies in
the world (Norrbom et al. 1998), of which about
5% occur in India (Ramani 1998). Twenty-one
species of fruit flies have been recorded from the
Andaman and Nicobar Islands of India (Ranganath
& Veenakumari 1999; Ramani 1998). It is relevant
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to mention that the species found on mainland
India have not yet been recorded from these
islands, except for B. cucurbitae (Coquillett) and
B. tau (Walker). A few Dacine fruit fly pests cur-
rently only occur on the Andaman and Nicobar
Islands. The entry of these species onto mainland
India needs to be monitored very carefully.

FRUIT FLY PROBLEM IN INDIA
India is a major subtropical and tropical fruit

producer. Fruit flies, especially B. dorsalis, cause
considerable yield loss. Table 1 highlights the
economic significance of B. dorsalis and the need
for management to enhance productivity. Several
management practices developed from time to
time to contain fruit flies have reduced the infesta-
tion to a great extent. Studies are also in progress
to eradicate the economically important fruit
flies in this part of the world. The fruit loss in
mango ranges from 5 to 80%, and in guava from
10 to 80%. The economic losses recorded by
various workers are presented in Table 1.

ORIENTAL FRUIT FLY, BACTROCERA DORSALIS
This fruit fly is distributed throughout India. It

undergoes hibernation during winter in North
India and is active throughout the year in the
southern part of India (Butani 1979; Nair 1995), es-
pecially when the minimum temperature increases
in summer (Verghese & Sudha Devi 1998).

Bactrocera dorsalis was earlier reported on more
than 150 hosts. After resolution of the dorsalis
complex, its host range has now been reduced to
117 species,belonging to 76 genera and 37 families
(Allwood et al. 1999). It has also been recorded on
the weed Solanum indicum L. in eastern India
(Agarwal 1985).

MONITORING FRUIT FLIES IN INDIA
Monitoring is a prerequisite for any manage-

ment programme. Of the several paraphero-
mones reported (Payne et al. 1973), only methyl
eugenol is readily available in India. The other
source of methyl eugenol is leaf extracts of Oci-
mum sanctum L. (Shah & Patel 1976; Reghunath
& Indira 2000; Madhura 2001). Earlier workers
used extracts of O. sanctum to study the popula-
tion fluctuation in B. correcta. Methyl eugenol is
the most powerful of all the male lures attracting
oriental fruit fly, B. dorsalis, and several other re-
lated species (Drew 1974, 1989; Drew & Hancock
1994; Drew & Hooper 1981; Hardy 1973, 1974,
1979; Kapoor 1971). It has been successfully used
in management programmes owing to its appar-

ent olfactory, as well as phagostimulatory action
to which species of Bactrocera are attracted. Thus
the flies are attracted to methyl eugenol placed
in the trap and engorge themselves with the
chemical (Jang & Light 1996). Methyl eugenol is
known to attract flies from a distance of 800 m
(White & Elson Harris 1992; Roomi et al. 1993).
Many workers have used methyl eugenol to moni-
tor fruit flies (Lakshmanan et al. 1973; Verghese &
Sudha Devi 1998; Madhura 2001). Methyl euge-
nol, when used together with a pesticide and
impregnated into a suitable substrate, forms the
basis of the male annihilation technique (MAT).

As the use of traps leads to minimal environ-
mental pollution, much emphasis has been placed
on the development of effective traps. Some of
the traps designed in India are the G-K collapsible
trap (Grewal & Kapoor 1987), the open pan trap
(Ravi 1998), the IIHR bottle trap (Verghese 1998a)
and the polythene sachet trap ( Verghese &
Jayanthi 2001). In the IIHR bottle traps and
open pan traps, methyl eugenol is admixed with
water in a 1:1000 ratio, which is effective in attract-
ing flies for a period of seven days. Madhura
& Viraktamath (2001) found that traps (100 ml
water + 1 ml methyl eugenol + 0.5 ml dichlorvos)
placed at a height of 0.9 m in a mango orchard,
attracted more flies than traps placed at 1.2, 1.5
and 1.8 m (Table 2 ). It was also observed that
fruit flies oriented to the traps placed on the
ground (0 m), when the wind speed was >10
km/h. IIHR bottle and open pan traps were found
to attract more fruit flies than Steiner, modified
McPhail, delta and sticky traps (Madhura 2001).

Jalaluddin et al. (1998) observed that traps
placed at a height range of 1.524–2.135 m in
guava orchards attracted the maximum number
of fruit flies. Jayanthi & Verghese (1998) reported
that fruit flies were attracted to methyl eugenol
traps in large numbers between 16:00 and 17:00,
and none of the flies were found trapped between
19:00 and 06:00. Female B. dorsalis were found to
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Table 1. Percentage crop loss caused by Bactrocera
dorsalis in mango and guava.

Host % Crop loss Reference

Mango 27 Kumar et al. 1994
Mango 31–86 Mann 1996
Mango 1–3 Shukla et al. 1984
Mango 5–7 Tandon & Verghese 1996
Guava 60–80 Jalaluddin et al. 1999
Guava 19–42 Arora et al. 1998



be attracted to methyl eugenol traps (Verghese
1998b). The attraction of female flies coincided
with the harvesting of cv. Banganapalli. A mean
of 1.5–16.5 females per trap per day (n = 2) were
attracted. An early-warning model was developed
by Verghese et al. (2000), using methyl eugenol
to predict the following week‘s population with
a coefficient of determination of 74%, based on a
polynomial model (order 4).

Apart from methyl eugenol trap, traps baited
with banana have been also used to monitor
both male and female fruit flies (B. dorsalis and
B. cucurbitae) in Kerala (Jiji, pers. comm., 2003).

The use of coloured traps in monitoring fruit flies
has also been useful. The advantage of using
coloured traps is that both male and female
are attracted. Guava fruit fly, B. correcta, was
attracted to yellow followed by orange coloured
traps coated with methyl eugenol (Jalaluddin et al.
1998). B. tau was attracted to yellow traps (Sood
& Nath 1998). A deep yellow colour (585 nm) was
found to attract more fruit flies than fluorescent
yellow, brown and orange. In addition, an in-
crease in trap area was directly correlated to
the number of fruit flies trapped (Madhura 2001).

MASS-REARING
Jayanthi & Verghese (2002) reported that

banana was the most suitable natural host for
rearing B. dorsalis in India due to its year-round
availability, good shelf life and low cost. Of four
fruits evaluated, namely banana, guava, mango
and papaya, banana had the highest pupal recov-
ery per 100 g fruit. Further attempts are under-
way to standardize easy and economic mass-
rearing procedures for other species of Bactrocera,
namely B. zonata and B. correcta.

MANAGEMENT
This pertains mainly with the management of

B. dorsalis on mango. The management of fruit
flies from an Indian perspective (mainly for B.
dorsalis) can be classified into two categories,
namely pre- and post-harvest management prac-
tices. For small-scale and local market crops,
pre-harvest management is sufficient,while for the
export market a combination of pre- and post-
harvest management practices is needed.

Pre-harvest management practices

Cultural practices
The common recommendations include collec-

tion of infested fruits, and ploughing or raking
the area under and between trees during summer
and early harvest of mature fruits (Butani 1979;
Nair 1995; Srivastava 1997). The other recommen-
dation is bagging of the fruits, which prevents
oviposition by fruit flies (Srivastava 1997; Godse
et al. 2002). In an experiment conducted by
Makhmoor & Singh (1997) in a guava orchard,
soil-raking once a day, once in three days, and
at weekly intervals, resulted in 80, 70, and 43%
pupal mortality, respectively. It was also ob-
served that pupal mortality was higher in clayey
soil than in sandy soil.

Chemical control
Some of the chemicals recommended to control

fruit flies on guava are 0.2% acephate, 0.1%
malathion and 0.1 and 0.2% fenthion at weekly
intervals (Bindra & Mann 1981). To contain the
infestation of fruit fly on mango, Shukla et al.
(1984) recommended spraying 0.025% delta-
methrin, 0.05% fenthion, 0.1% carbaryl or 0.03%
dimethoate at 15-day intervals. Talgeri (1967)
recommended spraying 0.03% oxy-demeton
methyl followed by 0.03% phosphamidon or
0.06% dimethoate, while Tandon et al. (1974)
recommended spraying 0.2% carbaryl or 0.06%
dimethoate.
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Table 2. Efficacy of methyl eugenol trap in attracting Bactrocera dorsalis at varying heights (from Madhura &
Viraktamath 2001).

Height of trap Mean no. of fruit % of total
above ground level (m) flies trapped per day*

0 35.18 ab 20.14
0.3 19.27 bc 11.04
0.6 18.18 bc 10.78
0.9 45.45 a 26.03
1.2 30.45 b 17.44
1.5 15.18 c 8.69
1.8 10.27 c 5.88

*Means followed by the same letter do not differ significantly (P > 0.01).



Biological control
This field has received much less attention in

the management of fruit flies in India. Though
many species of parasitoids of fruit flies have been
reported, their utilization in management pro-
grammes has not yet been attempted. This may
be due to the delayed result of biological control
compared with chemical control. The natural
enemies found in India on different tephritid
species are listed in Table 3 .

Standardization of Integrated Pest
Management Programme for B. dorsalis
on mango

The study was conducted from 1985 to 1997, in
a mango orchard at the Horticultural Experiment
Station, Hessaraghatta, IIHR, Bangalore (12°58‘N;
77°35‘E). Initially, 11 commercial cultivars were
screened: Alphonso, Banganpalli, Bombay Green,
Dashehari,Langra,Rumani,Suvarnarekha,Totapuri,
Raspuri, Jahangir, and Mulgoa. The last three were
screened only in 1986, while the others were
screened in 1985 and 1986.Ten trees of each variety
selected at random were left unsprayed from two
months prior to harvest, to enable fruit fly infesta-
tion to build up. At maturity, the fruits were

harvested and 100 fruits were randomly collected
and brought to the laboratory. For further studies
these were cut after ripening and the percentage
infestation was calculated. The number of fruit fly
larvae in each fruit were recorded and averages
calculated (Table 4).

A pre-harvest IPM programme was compiled
based on preliminary studies, which included
sanitation (removal and destruction of fallen fruits
at weekly intervals), and inter-tree ploughing
and insecticidal sprays. Inter-tree ploughing and
raking below the tree was done 45 days prior to
harvest and was repeated twice at three-week
intervals. Insecticidal sprays were applied at
15-day intervals starting 45 days prior to harvest.
In 1987, three sprays of fenthion 0.05% were
applied, but fenthion was discontinued due to
its limited availability to farmers as it was offi-
cially declared an insecticide for restricted use.
From 1988 to 1991, three sprays of deltamethrin
0.0028% were applied. From 1992, based on an
earlier recommendation of the Institute and to
avoid using the same insecticide continuously,
one spray of carbaryl 0.2%, followed by delta-
methrin 0.0028% and dimethoate 0.06% were
applied at 15-day intervals (Tandon et al. 1974).
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Table 3. Hymenopterous parasitoids of fruit flies in India (Kapoor 1993).

Species Family Fruit fly host

Psyttalia sp. Braconidae Procecidochares utilis
P. fletcheri (Silvestri) Braconidae B. cucurbitae, D. ciliatus, B. latifrons
P. incisi (Silvestri) Braconidae B. dorsalis
P. manii (Silvestri.) Braconidae B. dorsalis
Biosteres arisanus (Sonan) Braconidae B. latifrons
B. persulcatus (Silvestri) Braconidae B. latifrons
B. vandenboschii (Fullaway) Braconidae Carpomya vesuviana
Diachasmimorpha longicaudata (Ashmead) Braconidae B. zonata
Dirhinus giffardi (Silvestri) Chalcididae B. cucurbitae
D. auratus Ashmead Chalcididae B. cucurbitae, B. correcta, D. ciliatus
Cothonaspis sp. Cynipidae B. dorsalis
Pseudocoila sp. Cynipidae B. dorsalis
Trybliographa daci Wiedemann Cynipidae B. dorsalis
Galesus sp. Diapriidae B. dorsalis, D. ciliatus
Trichopria sp. Diapriidae B. dorsalis
Syntomosphyrum afra Silvestri Eulophidae B. dorsalis
S. grotiusi Girault Eulophidae B. dorsalis
S. indicum Stål Eulophidae B. dorsalis
S. stomyoxysine Girault Eulophidae B. dorsalis
Eurytoma sp. Eurytomidae P. utilis
Pachycrepoideus vindemiae Rondani Pteromalidae B. dorsalis, B. cucurbitae, D. ciliatus
Syntomopus sp. Pteromalidae B. dorsalis
Spalangia endius Walker Spalangidae B. dorsalis, B. cucurbitae, D. ciliatus
Dimeromicrus kisenwetteri (Meyrick) Torymidae P. utilis



All insecticides were applied with foot-operated
high-volume sprays, mixed with sandovit (a neu-
tral pH soap) at 0.5 ml per litre of water. Sprays
were directed at the fruits rather than at the
whole canopy. All sprays were stopped at least
15 days prior to harvest.

For the evaluation of the above pre-harvest IPM
programme, a 15-year-old orchard of IIHR at
Hessaraghatta, Bangalore, was selected. It had
seven rows, each row containing five trees. The
outer rows on the eastern and western side were
cv. Banganpalli, and in between there were two
rows of cv. Suvarnarekha and one row cv. Jahangir
which served as buffer rows. The two cv. Bangan-
palli rows (10 trees) on the eastern side received the
IPM programme and the 10 trees on the western
side were left untreated. Treatments were carried
out every year at 45 days prior to harvest between
1987 and 1996, with the exception of 1995.

In the untreated control row, fallen fruits were
allowed to remain and no ploughing, raking or
sprays were carried out. The three buffer rows
were also left untreated. It was assumed that
there was a distinct possibility of the fruit fly
reinvading the treated area from the untreated
area, thus ensuring the reliability of results of the
efficacy of the programme.

Fruits were harvested at maturity in both plots
and 50 randomly-selected fruit per tree (a total of
500 in each treatment plot) were brought to the
laboratory. The percentage fruit fly infestation
and number of larvae per fruit were calculated
and documented for each year.

The post-harvest treatment consisted of subject-
ing 50 fruits to a constant hot water of 48°C for
60–75 minutes in a double-walled steel tank. A

constant temperature was maintained by a
thermostat. The ratio of fruits (kg) to water (l) was
1:5.

The screening of mango varieties showed that
the two varieties most susceptible to B. dorsalis
were Banganpalli and Totapuri (46% and 59%
mean infestation, respectively), followed by
Alphonso, another commercially important
variety in especially western India (26%). The
varieties which showed the least infestation were
Dashehari and Langra (3% and 4%, respectively).
Based on this, Banganpalli was chosen for testing
the efficacy of the IPM programme from 1987
onwards.

The above pre-harvest IPM investigations
showed that in 1987 the treated fruits had 6.0%
infestation, compared with 42.9% in the control.
The average number of larvae per fruit also
decreased from 9.4 in the control to 1.8 in treated
trees. The trend was same in 1988. In 1989 the
natural infestation in the field was low; however
the trend in efficacy of the IPM programme was
same: the control had a mean infestation 11.1%
compared with 1.2% in the treatments. Likewise,
the mean numbers of larva per fruit was 3.8 and
0.4 in the control and treatments respectively.
The mean percentage infestation in 1990, 1991,
1992, 1993 and 1994 for treated and control
were, respectively, 0.4 and 31.6; 6 and 26; 2 and
22; 0 and 38; and 7 and 30. For these years the
mean number of larvae per fruit in treated and
control were 0.04 and 5.28; 0.70 and 5.44; 0.04 and
4.40; 0.00 and 8.88; and 1.29 and 9.90,respectively.

It is clear from these results that an IPM
programme (consisting of sanitation, ploughing,
male annihilation and spray intervention) can
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Table 4. Relative susceptibility of some commercial mango varieties to oriental fruit fly, Bactrocera dorsalis.

1985 1986

Cultivars Fruit infestation (%) Mean no. larvae/fruit Fruit infestation Mean no. larvae/fruit
(n = 100) (n = 100) (%) (n = 100) (n = 100)

Alphonso 18.00 4.66 34.00 3.52
Banganpalli 38.00 16.40 54.00 10.18
Bombay Green 6.00 3.22 8.00 0.94
Dashehari 5.00 0.50 0.00 0.00
Langra 2.00 0.42 6.00 1.26
Rumani 4.00 0.64 – –
Suvarnarekha 20.00 6.44 20.00 1.82
Totapuri 24.00 7.10 94.00 20.54
Jahangir – – 21.40 2.86
Raspuri – – 12.00 3.98
Mulgoa – – 14.00 3.68



substantially reduce B. dorsalis infestation. Three
cover sprays at fortnightly intervals of either
carbaryl, deltamethrin and dimethoate, or a
programme of carbaryl alternated with deltameth-
rin and dimethoate, were effective. However, it is
preferable to alternate the pesticides to avoid the
development resistance in B. dorsalis to pesticides.
All the sprays were stopped at least 15 days prior
to harvest. The study clearly showed the feasibility
of reducing fruit fly infestation by more than 90%
in the field.

It is intended to improve this programme by the
incorporation of male annihilation through methyl
eugenol trapping, food baits and/or replacement
of synthetic pesticides with environment-friendly
botanical insecticides (Verghese et al. 2004). Hot-
water treatment studies showed that subjecting
mango (cv. Banganpalli) to hot water (48°C) for
60–75 minutes (depending on size of the fruit)
effectively controlled post-harvest B. dorsalis
infestation. So it can be concluded that the pre-
harvest IPM programme followed by a post-
harvest hot-water treatment effectively controls
the fruit fly infestation by 100%. The pre- and
post-harvest management practices are valid
for all the species belonging to dorsalis complex.

The majority of fruit flies in India are not of major
economic significance. However, the most damag-
ing species is B. dorsalis, especially on mango.
Studies in India have shown that a combination of
pre- and post-harvest IPM effectively controls this
pest both for local and export markets. Work
currently underway in India includes developing
pest risk analysis, geographical mapping and
vapour heat treatment. Another line of work
envisaged for the future is the release of sterile
males in areas prone to high B.dorsalis populations,
in a large-scale, area-wide control programme.

A project under ICAR-DFID (U.K.) has started in
eight centres in India, with primarily small-scale
farmers in mind, and with the following objec-
tives:mm
1. Understanding constraints in implementing

improved farm-level fruit fly control.
2. Understanding how integrated fruit fly man-

agement by baiting and monitoring may be
(a) optimized with regard to effect and (b)
made acceptable to farmers.

3. Understanding how coordinated village-wide
fruit fly control can be (a) effective and (b)
implemented by social coordination at village
level.

The aim of the above study is to develop inte-
grated pest management methods to reduce fruit

fly problems for small-scale farmers. The outputs
will be farm- and village-level suppression technol-
ogies which are effective, low cost, profitable in
the short term and sustainable in the long term,
with minimal insecticide use, and minimal risk to
human health and domestic and beneficial organ-
isms (such as honey bees and the natural enemies
of pests), and minimum collateral damage such
as the development of resistence to pesticides by
fruit fly populations. The benefits to Indian agricul-
ture from these outputs will be an expanded avail-
ability of fruits, increased rural incomes, and
reduction of pesticide use through the use of inte-
grated pest management programmes.
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