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A Review of the Pest Management Situation in Mango
Agroecosystems

J.E. P@a; A.l. Mohyuddir? and M. Wysokt

Integrated pest management programs for mango must be based on sampling and on
economic thresholds, and must take into account the effects of cultural practices, horticultural
sprays and disease control on pest and natural enemy interactions. An analysis of the mass of
information available on the different mango pesig, fruit flies (Bactrocerasp.,Ceratitis

sp., Anastrephasp.), mango seed weevis{ernochetus mangifergethrips Frankliniella

spp.), gall midgesKrocontarinia sp.), scales, mites and mealybugs is given, as well as
different examples for future entomological research.

KEY WORDS: Mango pests: scales, fruit flies, Thysanoptera, Aleurodidae, Curculionidae,
Lepidoptera, midges, mites; IPM; Biological Control; parasitoids.

INTRODUCTION

Mango (Mangifera indicg, like most fruit tree crops, is usually attacked by two or three
key pests, several secondary pests and a large number of occasional pests in localized areas
where it is grown. Worldwide lists of pests of mango have been published by de Laroussilhe
(63), Tandon and Verghese (109) and Veerish (115). The pests of mango in Australia (10),
Pakistan (68), Israel (124) and the USA (83) have also been described. Some publications
contain check-lists of mango pests and most contain details of life histories and control of
mango pests (38,72,74).

Of 260 species of insects and mites that have been recorded as minor and major pests
of mango, 87 are fruit feeders, 127 are foliage feeders, 36 feed on the inflorescence, 33
inhabit buds, and 25 feed on branches and the trunk. The three or four key pests, including
fruit flies, seed weevils, tree borers and leafhoppers, require annual control measures.
Secondary pests generally occur at sub-economic levels, but can become serious pests as
a result of changes in cultural practices and mango cultivars or because of indiscriminate
use of insecticides against a key pest. Mohyuddin and Mahmood (69) reported that scale
insects became serious pests following nonjudicious use of insecticides against fruit flies.
Similarly, mites —Oligonychusspp. — are secondary pests of mango, which can become
serious because of human intervention. Occasional or incidental pests also can cause
economic damage only in localized areas at certain times; the great majority of pests
reported here fall within this last category. The objective of this paper was to analyze
the current pest management situation in mango ecosystems in the tropics and subtropics.

Received July 8, 1997; received in final form Feb. 4, 1998; web site posting March 6, 1998.

LUniversity of Florida, Tropical Research and Education Center, Homestead, FL 33031, USA [Fax: +1-305-
2467003; e-mail: jepe@gnv.ifas.ufl.edu].

2Integrated Pest Management, Rawalpindi, Pakistan.

3Dept. of Entomology, Agricultural Research Organization, The Volcani Center, Bet Dagan 50250, Israel.

Phytoparasitica26:2, 1998 1



PESTS OF MANGO FRUIT

With current world emphasis on quality fruit for local consumption and export, insects
that blemish mango fruit by feeding, scratching or ovipositing in the pulp or seed can cause
heavy losses. Only fruit flies, seed weevils and lepidopterous larvae actually penetrate the
fruit pulp and seed. The feeding of other pests, sucBthgeis materndL.), Gonodonta
pyrgo (Cram.),G. clotilda (Stoll) andLeptoglossus stigmdHerbst), often extends only
into the pulp of ripening mangoes (9).

Fruit Flies

Most mango-producing countries are located in fruit-fly-infested areas, and producers
suffer significant direct and indirect economic losses resulting from fruit fly damage
(3,10,48,97,113,127). Few insects have a greater impact on international marketing and
world trade in agricultural produce than tephritid fruit flies (46). White and Elson-Harris
(120), who have revised the taxonomy of fruit flies, reported 48 species of fruit flies
attacking mango. The fruit flies belong to the gen&nastrephg8 species)Bactrocera
(30 species)Ceratitis (7 species)Dirioxa (2 species) andoxotrypanal species) (119).

All Dacusspecies attacking mango have recently been placed in the @ami®cera
White and Elson-Harris (120) regaBl dorsalison mango as a complex of four species,
designated as A-D. These will be described in future in greater detail (R.A.l. Dreir and
D.L. Hancock, personal communication). The biology of the most important fruit flies has
been summarized by Christenson and Foote (26), and their ecology by Bateman (18).

Bactroceraspp. are pests of major importance in the eastern hemisphere. The common
species reported on mango incluBletryoni (Frogatt),B. zonata(Saunders)B. dorsalis
(Hendel),B. neohumeraligHardy), B. jarvisi (Tryon) andB. frauenfeldi(Schiner) (112).
Bactroceraspp. female fruit flies insert their eggs beneath the skin of mango, especially in
ripening fruit. White banana-shaped eggs are deposited in clusters200-400 eggs
are laid byAnastrepha fraterculu§Wiedemann) and 1,200-1,500 eggs Bydorsalis.

The larvae tunnel into the fruit, contaminating it with frass and providing entry for fungi
and bacteria. When the infested fruit is immature, it ripens prematurely and is unfit for
marketing. Fully grown larvae measuring 7 mm drop to the ground and enter the
soil, where they pupate. The egg stage lasts from 2 to 20 days. There are usually three
larval instars. The larval and pupal periods are each 2—4 weeks. After emergence, the
females require a protein source for egg maturation (10). Studies conducted by Singh (97)
with B. dorsalisin India indicated that the pupal period was longest (18 days) &€ 15

and shortest (6 days) at 35. Warm, humid weather is considered to be favorable for
Bactrocerafruit flies and pest populations build up as mango ripening oc&astrocera
populations decrease during dry periods.

Anastrephaspp. are endemic to the western hemisphere and their range extends
from the southern United States to northern Argentina and includes the Caribbean Islands
(3). Eight Anastrephaspecies have been reported to be associated with mango (120).
Anastrepha obliqu&Macquart) is the most common fruit fly pest in the Americas when
compared with other neotropical species (55,77). Abundandaaétrephgopulations
has been positively correlated with temperature and negatively correlated with relative
humidity (47). However, a study by Alujat al. (3) demonstrated the lack of a clear
relationship between rainfall aninastrephéaly captures in mango orchards in Mexico.
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The same authors caution that population fluctuations can occur even within the same
orchard. Most of what is known today is based on basic biology studies carried out between
1900 and 1944 (3). The basic life cycle is very similar amongaHstrephapp. for which

the biology is known. Egg incubation &f. ludens(Loew) in mango requires 3.8 days,
larval development lasts 14.2 days and pupal development has been known to take 14.2
days at 242°C (64). The biology of\. obliquawas determined by Toledo and Lara (111),

who considered different biological and demographic aspects of this species in mango in
comparison wittSpondias mombih. These authors found that in general, populations of

A. obliquareared in mombin fruit have a greater life expectancy and better measures of
demographic parameteig., fecundity and fertility, compared with populations reared in
mango. In the majority oAnastrephapecies, the females deposit their eggg,~ 15-19

eggs peA. ludendemale, in either the epicarp or the mesocarp of ripening fruit. Depending
on the species, eggs are laid either singly or in clusters. Larvae pass through three instars
before emerging from the fruit and burrowing into the ground to pupate.

SevenCeratitis spp. have been reported to attack mango fruits. The Mediterranean
fruit fly, Ceratitis capitata Wiedemann), is a common polyphagous pest in mango growing
areas of Hawaii, Israel, Australia, Spain, Mexic&WRion and South America (32,36,72).
Ceratitis cosyraWalker) occurs in Africa an€. catoirii Guer in REunion (33). In Israel,

C. capitatafemales seek suitable sites for oviposition and puncture mango fruit early in
the season, before the fruit has ripened. According to Wysbél. (124) these ‘barren’
punctures damage the fruit, due to the leakage of resins from the fruit. The female may
oviposit all over the fruit, with no preference for any particular part. Later, when fruit
developmentis suitable for maggot development, the oviposition sites become lightin color
and the tissue softens. The fully grown maggots leave the fruit and pupate in the soil. The
developmental period is approximately 3—4 weeks and there may be 8-10 generations per
year, depending on temperature and other factors affecting the fly population (48). Similar
damage is attributed 16. cosyrain Africa (48).

Syedet al. (106) stated that up to 30% of mango fruits were attackeB.ljorsalisin
July and August. Mohyuddin and Mahmood (69) reported that mango fruits are attacked in
Central Punjab in July with a maximum in August, when 35% of the fruits were damaged
by B. dorsalisandB. zonata.

Fruit fly activity has been monitored in Australia using Dakdatit fly traps hung
beneath the tree canopy (10). Methyl eugenol is considered the most powerful male lure for
oriental fruit flies. It has been used successfully for control and eradicatiBnadrsalis
in Oahu (103), Rota Island (104), Okinawa, Kume, Miyako and Yeayama Islands (50)
and has also been used for monitorlBgumbrosugqF.) in the Philippines (112). Fruit
flies of both species were controlled by mass trapping of males with methyl eugenol;
and infestations were brought to sub-economic levels in Pakistan (69). However, concern
over the carcinogenicity of methyl eugenol calls for the development of other types of
parapheromones to attra&&actrocerafruit flies.

Trimedlure is still considered one of the most important parapheromones for use with
the Mediterranean fruit fly. The most widely used traps during the last 35 years for
monitoring and in some cases controllidgastrephapopulations are glass and plastic
versions of the McPhail trap, which is baited with a mixture of protein (occasionally
hydrolyzed cotton seed together with borax, molasses or fermented juices) and water
(14,54). The McPhail trap, however, has several drawbacks. It is expensive, breaks easily
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and is cumbersome to service. Balock and Lopez (14) reported that high concentrations of
McPhail traps reduce the buildup of fly populations and protect mangoes from severe injury
at certain times of the year. Alugt al. (5), working in a mixed mango orchard, found that
only 31.1% of theAnastrephapopulation was caught by the McPhail trap. Colors such
as yellow and orange, reflecting maximally within a narrow spectral regian500-590

nm, have proven to be effective for capturing sevArastrephapeciese.g. A. fraterculus
(Wiedemann)A. ludensandA. suspensélLoew), when used in spherical, rectangular or
cylindrical traps. In summary, hydrolized proteinaceous products are still routinely used in
surveillance traps. Currently, olfactory attractants are considered the basis for all tephritid
detection systems. A multicomponent attractant from fermented chapote host-fruit has
been developed fak. ludens.

Commercial mango plantations account for major insecticide use in the tropics (28).
In Pakistan, the application of pesticides causes a reduction in fruit fly infestation but has
created scale insect problems by eliminating the natural enemies of fruit flies (69). Singh
(97) reported that Aldrin dust 5% a.i., when mixed in soil provided the highest residual
toxicity to falling mature larvae (23.4% after 15 days), as compared with BHC endosulfan
and quinalphos. Yee (126) concluded that weekly applications of malathion for 3 months
also provide effective control.

Without chemical control, the damage frdin capitata'barren’ and fertile punctures
can be as high as 60%. Control is effected by aerial bait-spraying, ground cover
spraying, and spot spraying of trees. In Spain, chemical control has been achieved by
applying organophosphates and hydrolyzed albumen (59). Chemical application is based
on monitoring the appearance of the first males in Trimedlure-baited traps. The chemical
control agents used are: 0.1% of aqueous dilution of 5D6fglimethoate EC and 0.15%
of aqueous dilution of 588 bbf fenthion EC. The bait spray is based on Neziman [1:1
protein hydrolysate: malathion, inl4f water (124)]. Removal of fallen fruits can prevent
buildup of Mediterranean fruit fly populations. In mango orchards that are adjacent to
citrus groves, the infestation rate may be high because of earlier Mediterranean fruit fly
appearance in citrus.

Anastrephdlies are susceptible to most insecticides (92,93). Bait sprays applied from
the ground and from the air are successful, but they can cause environmental damage,
surges of secondary pest populations and reductions in parasitization rates (67,100). In
Peru, control measures agaidgtastrephan mango begin when McPhail trap catches
average two adults per trap per week (47). In Mexico, control starts when the fruit is 85
days old and is suspended 2 weeks before harvest (24).

The parasitoids oB. zonatathat have been found in Pakistan incluB®steres
longicaudatugAshmead) Dirhinus giffardii Silvestri andBraconsp. B. longicaudatus,

D. giffardii andSpalangia grotiusiGirault are commonly reported froB. dorsalis(107);
however, their incidence is extremely lowDpius spp. introduced from Malaysia into
Hawaii became established agaiBstdorsalis(27). However, fruit flies directly damage
produce that is to be marketed and, as a result, a small fruit fly population can cause
economic damage, reducing the success of classical biological control programs.

Several parasitoidse., Biosteres fullaway(Silvestri),Opius humilisSilvestri,O. incisi
Silvestri,O. kraussiiFullaway,B. tryoni(Cameron)Q. bellusGahanB. longicaudatuand
B. oophilus(Fullaway), have been reported parasitizibgcapitata(19,119). Beset al.

(20) reported that the most important parasitoids collected €onapitatain Hawaii were
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Biosteres vandenbosdfiullaway),B. oophilusandB. longicaudatus.

Both classical biological control and repeated augmentative releases of mass-reared
parasitoids have been used to supprssastrephgpopulations. Parasitoid species such
asB. longicaudatusDoryctobracon crawford{Viereck), Ganapis carvalho{Dettner),B.
vandenboschandAceratoneuromyia indicéSilvestri) have been imported and released in
the USA, Mexico, Costa Rica, Brazil and Peru for the controhobuspensa, A. ludens
andA. fraterculus.Jirbn (54) observed a reduction Af obliquapopulations by expanding
planting distances in order to reduce humidity and increase solar radiation within orchards;
by eliminating fruit fly host plants in the hedges of mango orchards; and by removing early
or late fruit from the trees.

Yee (126) found thaB. dorsalisdoes not attack all mango cultivars to the same extent,
the most susceptible cultivars in Hawaii being ‘Hawaiian’, ‘Pirie’ and ‘Sandersha’. Singh
(97) indicated that the frequency Bfactrocerainjury to physiologically mature fruit of
‘Dashehari’ ranged from 3.6% to 10%, whereas in fully ripe fruit the figure ranged from
10% to 25.9%; highest damage was reported in fully ripe fruit of ‘Mallika’, followed by
‘Totapari’.

Susceptibility of different mango cultivars to attack By obliquawas examined by
Carvalhoet al. (25), who observed that ‘Espada’ showed no infestatioibypbliqua,
whereas ‘Carlota’ was highly infested. In that study the survival of aduls. abliqua
was lower when the larvae had fed on ‘Espada’ than on ‘Carlota’. Furthermore, ‘Espada’
had an adverse effect on the longevityfofobliquafemales, possibly due to the presence
of toxic substances or an absence of essential nutrients. According to Joel (56), the mango
fruit is characterized by resin ducts located in the exocarp which confer protection against
two types of movement in the exocarp: the vertical movement of the ovipositor and larval
movement. It is possible that there is a mechanism which regulates different degrees of
susceptibility of the mango varieties £ obliqua. The current trend in fruit fly control is
toward a more coordinated fruit fly action program, the major objective of which will be
to overcome the often ineffective and unsustainable control resulting from uncoordinated
actions by individual producers (46). Alug al. (6) support the theory that since fruit
flies attack different crops in the same area, their management must be based not only
on mango, but also on wild hosts and commercially grown host plants. Thus, to improve
the efficiency of fruit fly management, host plant blooming and fruiting factors need to
be elucidated. Hendrichs (46) stated that when fruit growers pursue a concerted fruit fly
population management strategy over a significantly large area, the number of fruit flies
moving into orchards from neighboring orchards is greately reduced. Aluja (4) suggests a
future fruit fly management program based on border trapping, enhancement of host-plant
resistance through use of plant growth regulators, application of sterile insect techniques,
and parasitoid augmentation releases. He also states that the success of these goals is
dependent on grower status (riefpoor), access to technology, cost, scale (single orchard,
regional level, national level), globalization of markets, and impact on the environment.

Mango Seed Weevil

The mango seed weevihternochetus mangiferedE.) (Coleoptera: Curculionidae),
is another important pest of mango fruits. The flesh of ripe fruit is damaged when adults
emerge from the seeds, and weevil-damaged seeds may limit plant propagation in nurseries
and orchards (57). Premature fruit drop may be caused by severe weevil infestations (105).
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The mango seed weevil occurs in India, throughout southeast Asia, Australia, on tropical
Pacific Islands, and in parts of Africa (13,95). The Americas were believed to be free of
the mango weevil until recently, when it was found in the southern Caribbean region (57).

The mango weevil produces only a single generation per annum. The development
period from egg to adult isa 1-2 months (95,105). Adults become reproductively active
when mango plants begin to flower, and the females randomly oviposit on developing
mango fruit (44). Small marble-size fruits are preferred, but almost fully grown fruits may
also be attacked. The eggs are laid in depressions along the fruit surface. After hatching,
the larvae burrow through the pulp to the young, developing seed. Generally, only a single
larva completes development in each fruit, but as many as five larvae have been found
(44). Larval development occurs within the seed and only very rarely in the pulp. Adults
generally emerge from the seed about one or two months after fruit drop (13). The weevils
overseason under bark and stone walls, where they remain dormant until the next flowering
season (13,95).

Field sanitationij.e., the removal of all fallen fruits and seeds, is very labor-intensive,
and demands complete removal and disposal of fallen fruits from affected orchards. This
procedure has been only partially effective for pest control. In India, field sanitation
reduced infestation @ternochetus gravi.) by only 22% (30). In Hawaii, field sanitation
failed to reduce infestation rates significantly (43).

Various insecticides have been evaluated for controlling adult weevils, particularly
during the oviposition period (13,95). The most effective chemical was found to be the
organophosphate fenthion, which reduced the infestation rate below 17%. In a different
field test, the pyrethroid deltamethrin, and the carbamate carbaryl, were both effective,
each resulting in infestation rates below 15%. Spot application of diazinon on tree trunks
was recommended, based on cost, efficiency and least damage to the environment.

Mango cultivars resistant to the mango weevil would be useful if they also had good
agronomic characteristics. Resistant cultivars might include seedless selections, cultivars
that form seeds early, and cultivars that fruit out-of-season. Most cultivars grown in Hawaii
and India are equally susceptible (12,44), although others, such as ‘Itamaraca’, have shown
some resistance (13).

The mango weevil has few natural enemies. Parasitoids are unknown, probably because
of the concealed nature of most of the weevil’s life stages. Adults may be susceptible to
predation by ants, rodents, lizards and birds (42).

PESTS OF MANGO BLOSSOMS

Midges, caterpillars, leafhoppers, thrips and mites are the most important pests
attacking mango inflorescences.

Midges

The mango gall midge or mango blister midgemsomya mangiferaEelt, is a major
pest, destroying flowers and up to 70% of set fruit. It was first described by Felt in 1911
from material collected in St. Vincent (West Indies) (121). Barnes (16) recognized nine
gall midges from mango; two of thes@Asynaptasp. andE. mangiferagare from the
West Indies; Butani (23) reported five cecidomyiid species on mango blossoms, including
Erosomya indicdGrover and PrasadRasineura mangifera@-elt) was reported in Hawaii
(113). Cecidomyiid eggs are normally laid in folds between sepals and petals of the flower
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buds. Larval feeding prevents flower opening and consequently also development of the
fruit. Infested buds develop as long pointed galls, in which pupation occurs (113). Studies
of population fluctuation oErosomyasp. have been conducted in India by Grover (39),
who reported that emergence of adults was higher &€ 2thd 60-82% r.h. than at lower
temperatures and relative humidities.

In a survey of parasitoids of cecidomyiid pests of mango in India, Grover (40) found
that Platygastersp., Systasissp. andEupelmussp. were associated withasineura
sp., andTetrastychussp. was associated with. indica. An external parasitoid, the
pteromalidPirene sp., was found attackinBrocystiphora mangiferaéFelt). Predators
of the cecidomyiids includBormicasp.,Oecophilasp. andCamponotusp.

Mango Leafhoppers

Some 18 species of leafhoppers have been reported as pests of mango in the world.
Of these,ldioscopus clypealid.eth., I. niveosparsud_eth., I. nagpurensisPruthi and
Amritodus atkinsonLeth. are important pests (99). The females deposit their eggs in
panicles or midribs of tender leaves. The adults and nymphs feed preferentially on young
leaves and flowers or shoots. During feeding, leafhoppers excrete honeydew, upon which
sooty mold develops. This interferes with photosynthesis, adversely affecting plant growth
and yield. Affected inflorescences turn brown, become dehydrated, and fruit set does not
occur.

There has been no systematic study of the biology of most of the leafhoppers that
attack mango; however, the biology Af atkinsonj . clypealisandl. niveosparsushas
been studied by Sohi and Sohi (98). Béthatkinsoniandl. niveosparsusre multivoltine.
In A. atkinsonithe egg, nymphal (5 instars) and adult stages required 7-9, 15-17 and 3-4
days, respectively (82). Development from egg to adult normally lasts 25-30 days. There
can be one to six generations &f atkinsoniin different areas of India, and four or five
generations in the Central Punjab of Pakistan (Mohyuddin, unpublished tatigpealis
has 1-4 generations in the Philippines, but 5—6 generations in Indi@agpurensiss
univoltine. In Pakistan, it normally oviposits in mango inflorescences during March;
nymphs feed on inflorescences during March and April; formation of adults begins in
mid April; and from May to February of the following year, only aestivating adults are
found (Mohyuddin, unpublished data). Most of these species are quite feomtodus
atkinsonihas been reported to lay 200 eggs during its lifetime (86)lantypealislays
101-190 eggs in the Punjab (49). niveosparsudays on average 238 eggs in 9 weeks
under laboratory conditions (Mohyuddin, unpublished data). Mohyuddin and Mahmood
(69) foundA. atkinsoniandl. niveosparsusn upper portions of mango trees at different
times of the year.

A number of natural enemies of leafhoppers occur in west and southeast Asia.
Mohyuddin and Mahmood (69) reported the egg parasit@dsatoceussp., Miurfens
sp.nr. mangiferae Viggiani and Hayat, Centrodora sp.nr.  scolypopaeValentine,
Aprostocetusp. andQuadrastichusp., and the adult ectoparasit&g@ipyrops fuliginosa
Tames, in Pakistan. Fasih and Srivastava (34) reported\irastocetusp.,Gonatocerus
sp. andPolynemasp. parasitize eggs. Five species of predators, inclu@ingysopa
lacciperda(Kimmins),Mallada boninensigOkomote) Bochartiasp. and two unidentified
species (one each of Mantidae and Lygaeidae) have been reported preying on nymphs
(34). No attempts have been made at classical biological control of mango leafhoppers.
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Whitwell (121) reported four genera of parasitoids from Dominica, the commonest
being Aprostocetussp., followed byPlatygastersp., Synopeasp. andZatropis sp.

Two entomopathogen¥erticillium lecanii (Zimmerman) Viegas anBeauveria bassiana
Balsamo (Vuillemin), are known to infettclypealisin India (102).

A number of pesticides have been tried for control of mango hoppers (91,94,108,125).
Khanzada and Naqvi (59) reported that six sprays of fenitrothion during the year were
effective for controlling mango leafhoppers in Pakistan. Nachiappan and Basakran
(75) tested eight insecticides: phosalone, endosulfan, carbaryl, phenthoate, fenitrothion,
monocrotophos, quinalphos and phosphamidon. Endosulfan provided the best control
when spraying was done one week after flowering and repeated 14 days later. Mohyuddin
and Mahmood (69) reported that Monitor applied to a height of 5 m on tree trunks and
leaves in May, controlled mango leafhoppers.

Lepidoptera

The lepidopteran flower feeders are the second most important pests of the mango
inflorescence. Infestation by geometrigsg. Chloropteryx glaucipterédlampson and
Oxydia vesulia(Cramer), was reported in Dominica by Whitwell (121). Infestations
increased during the flowering season, averaging three larvae per inflorescence (87%
infestation) and reaching almost 100% infestation later in the flowering season. Eggs of the
noctuidPenicillaria jocosatrixGuer€e are laid predominantly on or near the inflorescences
or new leaves. The microlepidoptera complex attacking mango in Florida consists of
the specie$ococera atramentalisederer,Pleuroprucha insulsarigGueree), Platynota
rostrana (Walker), Tallula spp. andRacheospila gerularigHubner) (83). Most of the
damage to inflorescences is causedFbyatramentalisand P. rostrana. P. atramentalis
is also a common pest of sorghum and various tropical fruit trees. The larvae of both
species feed on the axis of the inflorescence, petals and ovaries, and usually make nests
among blossoms. Later in the flowering season dried fallen flowers are webbed together
and fastened to a flower cluster to form a nest (83). The lepidopteran complex attacking
mango flowers in Australia consists of several species from the families Geometridae,
Lymantriidae, Noctuidae, Pyralidae and Tortricidae (83).

Schreiner (90) reported that use of Dipetduced caterpillar damage, but careful
monitoring or constant spraying was necessary to prevent significant damage. Control
with pesticides is generally not justified in Florida and Australia, but regular monitoring is
needed for early detection of population increases (28,83).

Classical biological control of lepidopteran insects attacking mango in Dominica was
initiated with the introduction of the waspdeiodessp. andEuplectrussp., and the fly
Blepharella lateralisMacquart. Populations of the pest were reduced to 25% of prerelease
levels; parasitization rates ranged from 20% to 99%, \ftiplectrussp. being the
most abundant parasitoid (76). The parasitgidcrocentrusprob. delicatusattacksP.
atramentalis but the parasitism rate is unknown (83).

Thrips

The western flower thripsFrankliniella occidentalis(Pergande), damages mango
flowers and fruits in Israel (124). Its developmental time from egg to egg & 2&sts
between 14.80 and 16.65 days. The duration of developménbetidentalifrom egg to
adult is closely related to environmental conditions, especially temperaiaekliniella
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(possiblycubensiyis present in the mango flowers during the dry season in Costa Rica,
requiring for control several applications of systemic insecticides (53). In Florida, the
thrips complex consisting dfrankliniella bispinosgMorgan) and~. kelliae (Sakimura) is

the most frequently observed blossom pest on flowers and causes damage by ovipositing in
the panicle and feeding on the floral nectaries and anthers, which may result in premature
loss of pollen. The biology of. bispinosahas been reviewed by Watson (117), and the
taxonomic characteristics éf kelliaehave been studied by Sakimura (89). Thrips density

is related to flower phenology and the prevalent dry season in Florida. Flower inspection
for motile thrips is the common monitoring tactic, but aerial traps provide better detection.
Pafa (83) suggested that the aerial trap method is superior to flower inspection; however,
since there is no means of determining the true population size, the aerial trap method
cannot be proven to be an unbiased estimator. In India, Verghede(117) determined

that the lower mango canopy was more suitable for sampling, and recommended a sample
size of 55 panicles per tree for survey purposes.

Wysoki et al. (124) reported that during the flowering season in Israel, a mixture of
dichlorvos (0.15% w/v) and endosulfan (0.2% wi/v) is applied to control the thrips. Much
more research is needed to determine economic injury levels and control measures that will
not significantly reduce pollinators.

Several parasitoidg.g. Ceranisus mengsValker) in Israel (88), and the predators
Orius sp., Anystis agilisBanks andHypoaspis aculifer(Canestrini) (66), have been
reported as potential candidates for biological contrdt.afccidentalis.

PESTS OF MANGO BUDS AND LEAVES

Foliage feeders are one of the largest groups of injurious insects of mango throughout
the world. Pests of mango buds and foliage may cause damage by reducing the
photosynthetic area of the plant, and thereby also the quantity of photosynthates
translocated to the root and back to the fruit. The most destructive mango leaf feeders are
thrips, midges, mites, scales, whiteflies, mealybugs, weevils, ants, locusts and caterpillars
(21,51,52,53,110).

Thrips

The Mediterranean mango thripScirtothrips mangiferad®riesner, is a severe pest
of mango in Israel, causing the young leaves to curl along the midrib, distorting their
shape, and leading to premature drop (124). The twigs of infested shoots are much shorter
than those of uninfested ones. The population of the thrips in Israel is low during winter,
increases in early spring and reaches its peak during summer (124). Yellow sticky traps
can be used for monitoring thrips densities. Gahal. (37) established that an average
population of ten Mediterranean mango thrips per young shoot was the threshold above
which chemical control is required. Efficient control has been achieved by spray application
of fluvalinate or acephate (37).

The redbanded thrip§elenothrips rubrocinctu@iard), is an important pest of cacao
in the Caribbean Islands and attacks mango and avocado in Australia, Florida and Hawaii.
The adults feed on the underside of leaves, causing necrosis and subsequent leaf drop.
According to Hill (48), S. rubrocinctusis only a pest in mango nurseries, and rarely
damages mature trees. Its biology was reviewed by Moznette (73). Adult thrips are
dark-bodied with a red band on the first abdominal segment. The immature stages are
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light orange with abdominal segments one and two and the anal segments bright red. The
population of this species peaks during the dry season and declines during the rainy season.
According to Yee (126), the thrips are easily controlled by sprays of malathion (25% v/w).
The parasitoidsoetheana parvipenniSahan attackS. rubrocinctusn Puerto Rico (18).

Midges

Mango is attacked by different species of Cecidomyiidae in Asia and in the Caribbean
region. Two generarocontariniaKieffer and Cecconi anBirosomyér-elt, are particularly
associated with mango and all known species have been reared from mango (45,113).
Prasad (84) published a detailed account of the biology of the main species attacking mango
in India. A new species of gall midgé&rocontarinia schreineriHarris, which attacks
mango foliage in Guam, lays eggs on young mango leaves and larvae, which develop
rapidly and form blister galls over 5 days. Secondary damage to infested foliage is
caused by the funguSolletotrichum gloeosporioideBenz, which invades damaged leaf
tissue and causes anthracnose. Harris and Schreiner (45) reported that the main factors
affecting populations of this midge were rainfall and location. More galls are present during
rainy periods, possibly because high relative humidity improves larval and pupal survival.

Mites

The mango bud miteAceria mangiferassayed [£Eriophyes mangiferaéSayed)], is
one of the most common pests of mango buds. O&t@d. (78) reported that two types
of symptoms are produced &y mangiferae:gall formation and damage to buds. When
the buds are attacked and the fungusariumsp. is absent, the result is hypertrophy,
with a proliferation of stems at the terminal branch. This symptom is known as witches’-
broom. WhenFusariumis present, the trees develop floral and foliar galls. According
to Ochoaet al. (78), the interaction ofA. mangiferaewith the fungus results in rapid
necrosis of hypertrophy, producing multiple budding and subsequent gall formation where
flowers and leaves would normally occiér. mangiferaavas first found in Florida in 1959
in malformed inflorescences. Denmark (29) and Orozco amkk((79,80) consider that
this mite is an efficient vector of pathogens that cause malformation in mango; however,
these workers have not found a consistent relationship between the mite’s presence and
symptoms of the disorder. The life history &f mangiferaéhas been described by Abou-
Awad (1), who found that the life cycle is completed in 15 days at 28€27

Application of four full coverage sprays of dichlorvos was very effective for control
of A. mangiferaén Egypt (81). Raket al. (87) cautioned that chemical control should be
directed to apparently healthy, and not to malformed, tissues.

The phytoseiiddmblyseius swirskifthias-Henriot has been found associated wth
mangiferag1).

Scale Insects

Several diaspidids in the western and eastern hemisphgreAulacaspis tubercularis
(Newstead), attack shoots and leaves as does the oleander scale in Florida (29) and the
mango scale in Ghana (41). They are damaging not only because they feed on sap, but also
because of the toxicity of their saliva (96). Scales are found on the upper or lower surfaces
of leaves and also on fruits. van Halteren (41) studied the developméntwlbercularis
and concluded that development is completed in 35-40 days for females and 23—-28 days
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for males. Other species of Coccid&&gccus viridis(Green),Philephedra tuberculosa
Nakahara & Gill and the mango shield scdviscutulus mangifera€Green), in Asia,
Africa, Australia, Israel and the Americas, are a similar nuisance.

In a survey of mango producing areas in South Africa, Labuschagne (61) determined
that the predatory thripsiuleurodothrips fasciapennigranklin and the parasitoid
Aspidiotiphagus citrinus(Crawford) are the most important biocontrol agents Aof
tubercularis. Several parasites have been recorded in Israel parasitizing the mango shield
scale:Coccophagus lycimni@Walker),C. eritraensisCompere(. scutellarigDalman) C.
bivittatus(Compere)Microterys flavugHoward) andVetaphicus flavusioward. Usually
no chemical control is required for this scale in Israel, due to the activity of natural enemies
(58). Natural enemies for the control of the pink wax scadgoplastes rubenslaskell in
Australia include the parasitic waspsicetus beneficushii and YasumatsuAenasioidea
varia Girault andRhopalencyrtoidea dubi@irault (28).

The margarodidrosicha stebbingi{Green) is a serious pest of mango in India and
Pakistan (68,69,85). It is univoltine. After mating, females enter the soil in June and die
after laying eggs, at a depth of down to 15 cm. These begin to hatch at the end of December
or at the beginning of January. The nymphs emerge from the soil and move to tender shoots,
where they settle. Prasad and Singh (85) reported that the intensity of attack varied from
year to year and locality to locality in India, probably because of soil and environmental
conditions. Moderate rainfall (55—60 mm) during oviposition and dry conditions during
hatching appear to be favorable for development. Adults develop in April. They mate,
and males die soon afterward. The females enter the soil in May for oviposition, and the
diapausing eggs remain in the soil until the end of December.

Various control methods, including banding tree trunks with various materials to
prevent nymphs from climbing (62,101) and dusting chlorinated hydrocarbons on the soll
(101) have been tried with little success. In Pakistan the mango mealybug was controlled
by hoeing or ploughing the soil and conservation of the pred&tmmnius renardieise,
by wrapping burlap around the trunks of the trees (69).

The pseudococcid fruit tree mealybuRgastrococcus invadeWilliams, is a serious
pest of several crops, including mango. It has become a serious pest of mango in West
Africa (2). Mealybugs feed on leaves and fruits. Females have three moults and males
have four moults. The entire life cycle can be completed in 31-84 days. The mealybugs
weaken plants by puncturing the tissues and consuming sap, but the major damage is caused
by the production of large amounts of honeydew upon which saprophytic fungi develop.
The resultant thick black layer of sooty mould causes a drastic reduction in photosynthetic
efficiency, resulting in premature leaf droB. invadenseverely reduces fruit production
in some areas of Africa (70). Boavidd al. (22) devised sampling plans f&. invadens,
but advised that the sampling strategy was only practical for estimating medium to high
mealybug populations in the field. Moore and Cross (70) also reported that the parasitoid
Gyranusoidea tebydiloyes, introduced into West Africa, is providing excellent control of
this pest.

Whiteflies

In mangoes, the two whitefly species of economic importancAlewgodicus dispersus
Russel and the citrus blackfliilleurocanthus woglunAshby. The whiteflies suck cell sap
from leaves, which wilt when the whitefly populations is high. High infestations can almost
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blacken entire trees, reducing photosynthetic efficiency and causing defoliation (8,83). A
number of parasitoid®.g. Encarsia opulentgSilvestri) andAmitus hesperiduSilvestri),
attack the immature stages and provide good control.

PESTS OF MANGO TRUNKS, TWIGS AND ROOTS

Stem-boring Coleoptera and scales as a group of injurious mango insects have not been
studied in great detail (114,123). The wide host range of borers and overlapping borer
species has complicated their study. Tunnelling of borer larvae in branches and trunks
of mango and the slow feeding of some scale species in certain seasons and regions may
cause serious reductions in yields and might also contribute to mango decline. However,
borer occurrence and injury tends to be sporadic and below levels requiring direct action.
Few natural enemies have been reported for suppression of borer populations in mango.
Detailed coverage of stem boring species is beyond the scope of this review; however,
Morganella longispingMorgan),Hypocryphalus mangifera@&tebbing) Apate monachus
Fabricius andatocera rubud.. are pests in this group.

Infestations of the mango scalRadionaspis indicgdMarlatt), and plumose scal®).
longispina,commonly occur on the trunk, branches and buds. Severe infestations can
include cracking of the bark, exudation of sap and decline of the upper branches. Pe”
(83) demonstrated that branches with high density of both species of scale showed more
decline symptoms than branches with low scale density. Research on the bionomics and
control of these scales is necessary to confirm the role of these scales in mango decline
symptomatology.

The scolytiddH. mangiferaeandXylosandrus compactyg&ichhoff) directly attack the
main stem and branches (122; Silveira, unpubl. ms.). Fungus mycelium growth can extend
terminally and basally from the beetle gallery in the mango tree and can kill the affected
branches. The insects prefer trees that have been weakened by pathogens, wind, etc., but
after a population has been established in one grove the infestation spreads to healthy trees.
Scolytid beetles are attracted to mango trees in response to visual stimuli, to host-specific
chemicals and to species-specific aggregation pheromones (65). The evaluation of traps as
tools for managing ambrosia beetles on mangoes in Florida is necessary in order to reduce
their damage in newly established groves.

CONCLUSIONS

Current mango pest management practices are affected not only by the domestic and
export fruit market, but also by consumer attitudes toward health concerns and the cosmetic
appearance of the fruit. In general, mango pest managementis largely dependent on the use
of pesticides (13,36,75,83,92). Control of mango fruit pests by chemicals alone has been
complicated by development of pest resistance and resurgence and elevation of minor pests
to major pest status (28). Costs of pest control have mounted and in some cases increasing
amounts of pesticides are required to keep the large number of pest species under control.

Mango as an export fruit has a relatively high value, and the highest prices are paid
for undamaged, high quality fruit. On the other hand, mangoes grown for domestic
consumption in many tropical countries have low values. For these reasons, the economic
thresholds of those pests which attack the fruit will be low for export fruit and quite high
for fruit destined for internal consumption. The foundation of integrated pest management
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as presented by Flint and van den Bosch (35) is based on sampling, economic thresholds,
and natural mortality in agroecosystems.

Sampling techniques for mango pests have been described by Anon. (10), Bxalida
(22), Cunningham (28), Kumat al. (60), Pera (83) and Wysoki (124); however, for some
pests, adequate sampling techniques are not available. This is particularly true for pests
like scales, stem borers and lepidopteran flower feeders. The sampling methods for fruit
feeding pestsi.e., blossom thrips and mealybugs, provide the necessary information for
pest management decisions. A major problem is to be able to relate the results of sampling
to infestation of the fruit at harvest. It is difficult to establish economic thresholds for
species that attack foliage or flowers. On the other hand, it is relatively simple to assess
damage due to fruit feeders at the time of harvest.

DISCUSSION

In general, most mango pests occur also in other fruit crops. Fruit flies, scales, mites,
thrips, lepidopteran flower feeders, mirids, weevils and beetles are mostly generalists, and
some of their management schemes should take into account their other host crops. Aluja
(4) suggests in the case of fruit flies, the assessment of vegetation adjacent to the infested
mango orchard. In the tropics and subtropics, where mango is grown, management of key
pests {.e., fruit flies, seed weevils) must be mandatory, in order to have an effect on a
large region. The use of some measureg, quarantine, etc., needs to be practiced by
different neighboring producing countries in order to have a positive effect on sanitation
of a particular crop. The most progressive examples in management of mango pests are
observedin Australia, Mexico and Israel, while other producing countries are taking serious
steps to reconcile the opposing forces of globalization of markets and sustainability. For
other areas where maximizing yields and blemish-free fruit is not a priority, the emphasis
should be on biological control. Management tactics that can be improved are described
below.

Selective Pesticides

Pesticides that are used in integrated pest management programs must have selective
toxicity. The current trend is the development of chemicals that are highly effective for a
limited group of insects. Diaet al. (31) suggested the use of cyromazine as a means to
reduce fertility ofA. obliqgua. Cunningham (28) suggested that oils could be utilized for
control of scales in mango; however, most of the recommendations from other countries
are based on highly toxic or illegal, nonregistered persistent chemicals (97).

Biological Control

Biological control has great potential as a tactic for regulating pest populations in
integrated pest management programs in mango orchards; however, it will be difficult for
biological control alone to reduce a pest from an economic to a completely noneconomic
status for pests attacking fruit. A combination of augmentative releases of parasitoids and
the use of sterile insects at least from a theoretical perspective has been considered to
be more effective for fruit flies than either method applied alone (15). Biological control
should be highly effective for indirect pests. Indeed, numerous studies have been conducted
in many mango-producing countries to promote the use of parasites and predators for this
type of pest (28,69,71,122,125).
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Host Plant Resistance

Tolerance of mango to pests is mentionedNmordasp. anddioscopussp. (12,28),
whereas mango resistanceSomangiferaés mentioned by Hansen (42). Carvalabal.
(25) have also demonstrated the different degrees of susceptibility of mango cultidars to
obliqua. Most of this research, however, needs to be assessed further. Angeles (7) reported
that Mangifera altissimadoes not seem to be affected by mango pests,leafthoppers,
tip borers and seed borers, in the Philippines. There is little doubt that wild mangoes
have potential value in breeding. Determining the tolerance or insect resistance of mango
cultivars and related species should be done in natural stands or in established germplasm
collections. When the initial selection has been done the entomologist must obtain evidence
of the pattern of resistance and verify that changes in the environment, whether geographic
or temporal, should not disrupt or decrease the resistance to any great extent. Therefore,
tests for resistance in mango to insects should include provision for exposure to insects
under varying conditions whenever possible.

Pheromones and Trapping Devices

Recent developments in the identification and synthesis of sex pheromones have
resulted in their possible use for pest management in mango orchards. Food attractants,
however, are the most common monitoring tools. Trapping techniques can be utilized to
reduce pesticide use by improving timing of sprays as a result of better monitoring of
pest populations. It remains uncertain if trapping techniques can be employed to predict
infestations by fruit feeding pests and if they can be employed for direct control (by mass
trapping) over several years.

Greatly increased regulation of pesticides, heightened public awareness of
environmental contamination, pesticide resistance problems in pests and the high cost of
chemical pest control have resulted in increasing reliance on integrated pest control as an
important strategy in sustainable agriculture.
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