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The white mango scale (WMS) insect, Aulacaspis tubercularis (Hemiptera: Diaspididae), is a polyphagous, multivoltine pest

which is a serious threat to qualitative mango production and export. The WMS insect sucks sap from leaves, branches and

fruits. The heavy infestation of this pest may cause the falling of young leaves, drying up of twigs, poor flowering, and, finally,

reduce the quality of fruits by producing pink spots on fruits’ surface.

Aulacaspis tubercularis  environmental variables  damage  cultural control

1. Introduction

Mango (Mangifera indica Linn. Family: Anacardiace), the so-called “King of fruits”, is an important fruit crop throughout the

world, including Pakistan. Mango fruits are popular because they are delicious and rich in vitamins A and C. Good flavor and

taste add further value to this fruit. In recent years, mango production has been decreased by multiple factors, viz., nutrients

deficiency, flood, drought, thermal regimes, improper management practices (ploughing and intercropping) , and biotic

factors (insect pests and diseases) . The most prevalent insect pests in Pakistan are scales (Aulacaspis tubercularis

(Newstead)), mango hopper (Idioscopus clypealis (Lethierry)), midges (Dasineura amaramanjarae (Grover)), mealybug

(Droschia mangiferae), fruit fly (Bacrtrocera dorsalis (Hendel) and Bactrocera zonata (Saunders)), thrips (Scirtothrips dorsalis

(Hood)), and bark beetle (Hypocryphalus mangiferae (Stebbing)) .

In recent years, white mango scale (Aulacaspis tubercularis Newstead; Diaspididae; Hemiptera) has increased to the extent

that it is now regarded as an important economically destructive and potential export risk in different parts of the world 

including south-east Asia. This pest was first reported on the island of Formosa on Mangifera indica in 1929, and later on in

the Caribbean Islands (2012), India and Brazil (2021) . A. tubercularis originated from Asia  and later on it was observed in

South Africa , Australia, East and West Africa, North and South America and the Caribbean Islands . Now it is found

in almost 69 mango-producing countries of the world, and being polyphagous in nature, this pest attacks several crops. The

damage of the pest is always variable depending upon the climate and mango variety. This sucking insect pest can be

observed on different parts of mango plants, including shoots, twigs, leaves, branches and fruits (Figure 1).

Figure 1. White mango scale insect on leaves and fruit in farmer orchards in Pakistan. (A) WMS population on leaves. (B)

WMS population on fruit.
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WMS (A. tubercularis) had been considered a native to the Asian continent; however, later on, it was distributed in other

mango-producing countries through infested plant material . WMS infestation has been reported in more than 60 mango-

growing countries, including Africa, Asia, Oceania, South and Central America, parts of Europe and the 80 Caribbean islands

.

In Mexico, this pest was first detected in 1999 on 300 acres, and later on, due to extensive damage caused by the pest, it has

been regarded as the second most important mango pest after fruit flies (Anastrepha sp.; Diptera: Tephritidae) . Morsi et al.

 observed WMS in Minia (Egypt); later on, the pest was observed in all mango-growing areas of Egypt. In Ethiopia, WMS

infestation was first reported in 2010 . Late on, it became a serious threat to mango productivity in western Ethiopia .

In Spain and Andalusia, WMS caused extensive damage to mango production during 2010 (Málaga and Granada provinces)

.

In 1947, WMS was observed in South Africa on a few mango cultivars; later on, the pest was also observed feeding on

avocados in South Africa . WMS moved from South Asia to Ethiopia through the import of mango seedlings in 2010  and

further dispersed 100 km west of the original site within a year in the same way . Global dispersal of this devastating insect

pest was observed through the movement of infested material.

North Atlantic Plant Protection Organization (NAPPO)  considered this as an important pest and put it on the alert list, but

European countries, EPPO, although considering it as an important pest, did not place it on the threat list . WMS is

considered an important pest in the Mediterranean basin, and strict quarantine measures are implemented to restrict its

dispersal.

3. Epidemiological Requirement

Climatic factors, viz., temperature, relative humidity, hurricane, and wind, affect the abundance of WMS . The population of

WMS, insect physiology and insect behavior were also affected by environmental factors , host plants, competitors and

natural enemies . Temperature can even affect the male-female ratio. Females were most abundant between 18–22 °C

and 73–78% RH while males were abundant at temperatures between 25–28 °C and 66–71% RH . At times of peak

abundance, 1:20 female to male was observed .

WMS (A. tubercularis) males cluster in the lower canopy of trees . Although females are homogeneously distributed in

trees, when the temperature increases, they migrate to lower plant canopy . After emergence, males cluster around new

virgin females and copulate. Males survive 1–2 days after emergence and do not feed. First, instar nymphs can travel and

disperse through winds to the new tree. After reaching there, they establish a colony. However, infested plant material

movement from one place to another place for export, movement through birds carrying food in claws, wind and irrigation

water can spread the pest in the whole orchard or distant orchards as well.

4. Damage

WMS is a cosmopolitan, highly fecundate and polyphagous pest (feeding on crops belonging to more than 30 different genera

and over 18 families . The pest was abundant on host plants belonging to four families, i.e., Anacardiaceae,

Lauraceae, Palmae, and Rutaceae, particularly mangoes and cinnamon .

WMS is a serious pest of mangoes  in Argentina , Australia , Brazil , China , Colombia , Ecuador , Egypt

, Ethiopia , India , Kenya , Mexico , Pakistan , South Africa , Spain  and many other countries .

The losses caused by this pest on mangoes varied based on the prevailing climate, variety and pest population. For example,

in Kenya, it was not considered an important pest by the mango community as its impact was less serious , while in other

countries such as Ethiopia , Egypt  and South Africa , the pest threatened production.

WMS feeds on plant parts, including fruits, through sucking cell sap. The infestation of WMS results in deformations which

ultimately affect plant yield. WMS, during feeding, releases toxic saliva that affects the commercial value of fruits and their

export. Greater damage was noticed in late mango cultivars  due to the abundance of scales on fruits and quantitative

and qualitative damage produced .

The less mobile nature of the pest, the presence of chlorotic spots on the leaves and twigs, and less conspicuous blemishes

on fruit skin might have been overlooked by farming communities in some countries (for example, in Kenya) . Leaf loss

and death of twigs were common in young trees, especially during hot and dry weather . Small mango plants in nurseries

could die because of heavy infestation of pests at the juvenile stage . Mild infestation of WMS in the nursery may delay
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mango growth in the nursery, particularly during hot, dry seasons . Due to the infestation of WMS, the plant photosynthesis

process is affected; hence the leaves change color from green to pale yellow  (Figure 2).

Figure 2. White mango scale damage on leaves and fruit in farmer orchards in Pakistan. (A) Chlorosis on leaves due to WMS

infestation (B) Chlorotic spots on fruits due to WMS infestation in Pakistan.

The conspicuous blemishes on mango fruit skin not only reduce the export of mango fruits but also enhance the economic

losses to farmers as well as to exporters . The volatiles and odors emitted from ripening fruits might have attracted WMS

because the fruits are filled with sugars on which insects feed . More than 50% of losses in exports of mango fruits have

been recorded due to the presence of chlorotic spots on the epidermis .

When the pest is abundant in mango crops, it is observed on all plant parts, including leaves, twigs, and fruits . The odors

released by ripening fruits attract the female WMS; hence they are highly abundant on the fruit at the ripening stage .

However, less acidic, viscous and sweet ripened mangoes may be more attractive compared to the immature ones due to

their biochemical composition .

The management costs and economic losses caused by soft-scale infestations throughout the world have reached greater

than one billion US dollars annually . In Kenya, farmers spend about 13% of the mango orchard income on the

management of WMS . In Germany, 97% and 67% of mango fruits were rejected due to scales insect infestation on cultivar

Sensation and Fascell, respectively .

About four–five A. tubercularis per fruit had caused up to 50% loss in commercial orchards in Spain due to the downgrading of

mango fruits’ cosmetic value. However, the susceptibility of mango cultivars to WMS infestation varies based on different

characteristics. In this regard, a study was conducted in Puerto Rico, where it was concluded that the Haden, Edward and

David Haden cultivars were most susceptible to scale insects infestation, while the Irwin and Keitt cultivars were less

susceptible and Palmer was the most resistant . Mango scale insect infestation in mango orchards of small farmers

resulted in less production and reduced quality as well .

Due to severe infestation of WMS on citrus and fern, chlorotic spots were produced . WMS was reported on citrus in Egypt

. An increase in one WMS per mango leaf decreased fruit yields by up to 4.28 kg per tree per year .

5. Life Cycle

White mango scale (WMS) tiny-shelled insects have more than 300 species . For mass rearing of this pest, optimum

growth conditions were 25 °C and 70% relative humidity, respectively . However, 24–35 °C and relative humidity of 70–

95% have been regarded as ideal environmental conditions for an increase in the population of WMS in field conditions .

Both types of reproduction, sexual and asexual, were observed in WMS .

5.1. Adult

The adult female is similar to nymphs without legs and wings ; a circular scale made up of wax 2 mm in diameter, having

three longitudinal ridges and an exuviae terminal covering the body . The exposed body of the gravid female is 1.5–

2.0 mm long and brownish in color. Both forms of reproduction, ovipary and vivipary, were observed in scale insects .
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The adult male WMS is usually small, slender, and winged . Males bear vestigial mouthparts, hence are short-lived. Adult

males were yellow to orange colored, about 0.53 mm long, and were unable to feed due to vestigial mouthparts. Adult males

soon after emergence mate and die within 1–2 days . Adult females excrete sex pheromones to attract male-scale insects

. Adult WMS vary in size (1.5–25 mm), shape and color . Males usually cluster around females, while females usually

occur singly .

5.2. Eggs

A female lays 80–200 eggs . The eggs are 0.17 mm long, oval, and initially reddish brown in color, which later on become

purple-colored depending upon maturity . However, egg-laying fecundity is dependent upon the weather conditions as well,

as in Australia, 50 eggs per female A. tubercularis were recorded. In South Africa, during summer, spring and winter

conditions, about 203, 261 and 82 eggs per female were recorded, respectively. However, under semi-field conditions (27.5

°C and 81% R.H, 65), Gutierrez  observed 98.55 eggs per female . At 27 °C and 81% RH, the incubation period was 8

days .

5.3. Hatching

After fertilization, the eggs hatch in 8 days . Oviparous and viviparous reproduction was observed in scale insects

population . In sexual dimorphism, the female lays eggs. From these eggs, nymphs develop. Four stages (nymph stage 1,

nymph stage 2, pre-pupa and pupa) were observed in the male population, while there are two female instars (nymph stage 1

and nymph stage 2)  in the female WMS population.

5.4. 1st Instar

The first instar nymphs emerge from eggs, settle down onto the tender part of the plant and suck the plant nutrients. Newly

emerged first instar nymphs settle down within 24 h after hatching. Magsig-Castillo et al.  described that to find a good

place for a feeding site, the first instar nymph can travel a distance of less than one meter. Once occupying some specific

place, they insert their stylets, which ultimately form a food canal within the plant parts; hence they suck the sap from areas of

colonization, either leaves, fruits or developing tissues . After that, filaments of thread made up of wax were produced,

which ultimately covered the upper epidermis . Female crawlers often uniformly distribute within plant parts, while male

crawlers settle near female crawlers in the form of groups. Although instar nymphs settle in groups, their population can be

dispersed by various factors . First, the instar male WMS colonizes near the adult female . A study showed that

about 10–80 males group near emerging adult female insects.

Nymphal instars and the male adults can move , but the movement of female crawlers through wings, bird claws or any

other means is very important to initiate the infestation in a new tree or orchard . In winter (7 and 23 °C), spring (13 and 26

°C), and summer (18 and 29 °C), the female first instar stage may last from 11.1–17.1 days  while at 27 °C and 81% R.H,

the first female and male instar last 10 and 9 days, respectively . In further development, about 80% of crawlers become

males .

5.5. 2nd Instar

The second instar female WMS varies in size. In female WMS, the scale developed on the epidermis of the WMS was 3–4

mm, rectangular and developed from waxy filaments. The second instar female antennae were ovoid, translucent yellow

colored and bear very small antennae . The second instar male develops under the scale protective sheath bearing three

longitudinal ridges . In winter, spring and summer simulated conditions, the duration of the second female instar ranges

from 11.1–25.3 days , while at 27 °C and 81% relative humidity, the second female and male instars may last for 5–8 days,

respectively .

5.6. Pre-Pupa to Pupa

No change takes place in the size of WMS males from pre-pupae to pupae . The pre-pupa and pupa stages may last for 3–

5 days, respectively . The pupal stage is found only in the case of males.

Life cycle period:

Environmental conditions and climate affect the life cycle of WMS . In Australia, during summer, the WMS life cycle is

completed in 35–40 days. In Winter, the life cycle is completed in 70–85 days . A Female’s WMS completes life in 52

days, while a male’s only lasts 36 days . The life cycle of WMS was completed in 68.9 in winter, 52.5 in spring and 42.7

days in summer .
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This pest has 3–4 overlapping generations in a year . There may be 5–6 generations per year, at 26 °C daytime

temperature and 13 °C nocturnal temperature . WMS has three generations in Mexico  and Egypt . This is an

important pest of mangoes in Egypt .

In Spain, it has three–four overlapping generations in a year , and in Southern Spain, it has two generations (spring

and autumn) . The ecological studies on pest resting behavior revealed that pest colonizes on the south sides of the tree in

two locations (Kaapmuiden and Nelspruit, South Africa) .

5.7. Feeding Mechanism

In the WMS population, the adult male insects have vestigial mouthparts and hence live for only a few hours. A female WMS

normally feeds and lives longer . A male, after emergence, mates and dies within 1–2 days. WMS has piercing and sucking

mouthparts. This chitinous tube is composed of four stylets, two maxillae and two mandibles . During feeding, the female

WMS obtains nutrients by pushing mouthparts into the parenchymatous tissues .

Histological studies show that the WMS scratches the interior of leaf tissue, including vascular bundles . WMS, during

feeding, not only punctures the parenchymatous tissues, but the lignified materials of the xylem are also punctured to obtain

food. The pest secretes phenolic acid, which leaves a reddish scar .

References

1. Ploetz, R. 15 Diseases of Mango. In Diseases of Tropical Fruit Crops; CABI Publishers: New York, NY,
USA, 2003; 499p.

2. Nafees, M.; Anwar, R.; Jameel, M.; Aslam, M.N.; Ahmad, S.; Akhtar, F.; Memon, N. Flushing pattern of
mango (Mangifera indica L.) cultivars in response to pruning of panicles and its effect on carry over effect of
floral malformation. Pak. J. Agric. Sci. 2010, 47, 13–18.

3. Saran, P.; Devi, G.; Kumar, R. Relative importance of biotic and physiological factors on mango production
under Doon valley conditions of Uttarakhand. Indian J. Hortic. 2013, 70, 287–289.

4. Masood, A.; Saeed, S.; Silveira, S.; Akem, C.N.; Hussain, N.; Farooq, M. Quick decline of mango in
Pakistan: Survey and pathogenicity of fungi isolated from mango tree and bark beetle. Pak. J. Bot. 2011,
43, 1793–1798.

5. Mohyuddin, A.; Mahmood, R. Integrated control of mango pests in Pakistan. Acta Hortic. 1993, 341, 467–
483.

6. Masood, A.; Saeed, S.; Sajjad, A.; Ali, M. Life cycle and biology of mango bark beetle, Hypocryphalus
mangiferae (Stebbing), a possible vector of mango sudden death disease in Pakistan. Pak. J. Zool. 2009,
41, 281–288.

7. Dunne, T. SRA A Constraints Analysis of Mango Supply Chain Improvement in Pakistan; Australian Centre
for International Agricultural Research: Canberra, Australia, 2007.

8. Germain, J.-F.; Vayssieres, J.-F.; Matile-Ferrero, D. Preliminary inventory of scale insects on mango trees in
Benin. Entomol. Hell. 2010, 19, 124–131.

9. Watson, G.W.; Ouvrard, D. Towards the identification of the scale insects (Hemiptera: Coccomorpha) of
continental Africa: 1. Identification of the families. Zootaxa 2021, 5052, 151–190.

10. Colyn, J. The South African mango industry. Acta Hortic. 1993, 341, 60–68.

11. Joubert, P.H.; Daneel, M.S.; Grove, T. Progress towards integrated pest management (IPM) on mangoes in
South Africa. Acta Hortic. 2000, 509, 811–818.

12. Peña, J.; Mohyuddin, A.; Wysoki, M. The current mango pests management in the tropics and subtropics.
Acta Hortic. 1997, 455, 812–820.

13. Takagi, S. Diaspididae of taiwan based on material collected in connection with the Japan-US co-operative
science programme, 1965 (Homoptera: Coccoidea). Insecta Matsumurana 1969, 32, 1–110.

14. Garcia Morales, M.; Denno, B.; Miller, D.; Miller, G.; Ben-Dov, Y.; Hardy, N. ScaleNet: A literature-based
model of scale insect biology and systematic. Database 2016, 2016, bav118.

15. SENASICA. Servicio Nacional de Sanidad, Inocuidad y Calidad Agroalimentaria. Secretaría de Agricultura,
Ganadería, Desarrollo Rural, Pesca y Alimentación. Campaña de Manejo Fitosanitario del Mango en el

[31][83]

[55] [23][51] [31][40][53]

[84]

[19][71][85]

[71]

[86]

[87]

[79]

[88][89][90][91]

[92]

[79]



White Mango Scale | Encyclopedia.pub

https://encyclopedia.pub/entry/49468 6/9

Estado de Guerrero. 2009. Available online: https://www.google.com/url?
sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwixlMKEufKAAxU9UaQEHV7UBx4QFnoECBcQAQ&url=https%3A%2F%2Fineh
1AyifeqozlZ&opi=89978449 (accessed on 15 May 2023).

16. Morsi, G.; Girgis, M.; Abdel-Aziz, M. The population density of the mango scale Aulacaspis tubercularis
(Newstead) (Homoptera: Diaspididae) and its parasitoids in Middle Egypt. In Proceedings of the 2nd
International Conference, Plant Protection Research Institute, Cairo, Egypt, 21–24 December 2002; pp.
21–24.

17. Dawd, M.; Hailegebriel, B.; Ayele, L.; Feleke, K.; Hailemariam, S.; Burka, T. White mango scale: A new
insect pest of mango in western Ethiopia. In Proceedings of the 3rd Biennial Conference of Ethiopian
Horticulture Science Society, Addis Ababa, Ethiopia, 4–5 February 2011; pp. 257–267.

18. Fita, T. White mango scale, Aulacaspis tubercularis, distribution and severity status in East and West
Wollega Zones, western Ethiopia. Sci. Technol. Arts Res. J. 2014, 3, 1–10.

19. Ofgaa, D.; Emana, D. Infestation of Aulacaspis tubercularis (Homoptera: Diaspididae) on mango fruits at
different stages of fruit development, in western Ethiopia. J. Biol. Agric. Healthc. 2015, 5, 34–38.

20. Boyero, J.R.; González, J.; Vela, J.M. Plagas del mango en España. Phytoma Esp. 2017, 287, 23–28.

21. Erichsen, C.; Schoeman, A. Economic losses due to insect pests on avocado fruit in the
Nelspruit/Hazyview region of South Africa during 1991. S. Afr. Avocado Grow. Assoc. Yearb. 1992, 15, 49–
54.

22. Mazzeo, G.; Longo, S.; Pellizzari, G.; Porcelli, F.; Suma, P.; Russo, A. Exotic scale insects (Coccoidea) on
ornamental plants in Italy: A never-ending story. Acta Zool. Bulg. 2014, 6, 55–61.

23. Urías-López, M.; Osuna-García, J.; Vázquez-Valdivia, V.; Pérez-Barraza, M. Population dynamics and
distribution of the white mango scale (Aulacaspis tubercularis Newstead) in Nayarit, Mexico. Rev. Chapingo
Ser. Hortic. 2010, 16, 77–82.

24. Parmesan, C. Influences of species, latitudes and methodologies on estimates of phenological response to
global warming. Glob. Chang. Biol. 2007, 13, 1860–1872.

25. Merrill, R.M.; Gutiérrez, D.; Lewis, O.T.; Gutiérrez, J.; Díez, S.B.; Wilson, R.J. Combined effects of climate
and biotic interactions on the elevational range of a phytophagous insect. J. Anim. Ecol. 2008, 77, 145–
155.

26. Ofgaa, D.; Emana, G.; Ruth, K. Population dynamics of white mango scale, Aulacaspis tubercularis
Newstead (Hemiptera: Diaspididae) in Western Ethiopia. Afr. J. Agric. Res. 2018, 13, 1598–1605.

27. Bale, J.S.; Masters, G.J.; Hodkinson, I.D.; Awmack, C.; Bezemer, T.M.; Brown, V.K.; Butterfield, J.; Buse,
A.; Coulson, J.C.; Farrar, J. Herbivory in global climate change research: Direct effects of rising
temperature on insect herbivores. Glob. Chang. Biol. 2002, 8, 1–16.

28. Bautista-Rosales, P.; Ragazzo-Sánchez, J.; Calderón-Santoyo, M.; Cortéz-Mondaca, E.; Servín-Villegas,
R. Aulacaspis tubercularis Newstead in Mango Orchards of Nayarit, Mexico, and Relationship with
Environmental and Agronomic Factors. Southwest. Entomol. 2013, 38, 221–230.

29. Stocks, I. Recent adventive scale insects (Hemiptera: Coccoidea) and whiteflies (Hemiptera: Aleyrodidae)
in Florida and the Caribbean region. In Potential Invasive Pests of Agricultural Crops; CABI: Wallingford,
UK, 2013; pp. 342–362.

30. Malumphy, C. An annotated checklist of scale insects (Hemiptera: Coccoidea) of Saint Lucia, Lesser
Antilles. Zootaxa 2014, 3846, 69–86.

31. Hamdy, N.M. Life Table and Morphometric Studies of Aulacaspis tubercularis Infesting Mango Trees in
Egypt (Diaspididae: Hemiptera). J. Plant Prot. Pathol. 2020, 11, 613–620.

32. Hamon, A.B.; Williams, M.L. The Soft Scale Insects of Florida (Homoptera: Coccoidea: Coccidae); Florida
Department of Agriculture and Consumer Services, Division of Plant Industry: Gainesville, FL, USA, 1984;
Volume 11.

33. Miller, D.; Blackburn, V.; Davidson, J.; Gimpel, W., Jr. Pest Risk Assessment of Armored Scales on Certain
Fruit; USDA-ARS Report Submitted to USDA-APHIS-PPQ; DA Agricultural Research Service: Beltsville,
MD, USA, 1985.

34. Amún, C.; Claps, L.E.; Saracho Bottero, M.A. Primer registro de Aulacaspis tubercularis (Hemiptera:
Diaspididae) en la Argentina. Rev. Soc. Entomol. Argent. 2012, 71, 289–291.



White Mango Scale | Encyclopedia.pub

https://encyclopedia.pub/entry/49468 7/9

35. Labuschagne, T. Progress with integrated control of the mango scale Aulacaspis tubercularis Newstead. S.
Afr. Mango Grow. Assoc. Yearb. 1993, 13, 134–135.

36. Wolff, V.; Corseuil, E. Diaspidídeos ocorrentes em mangueira no Brasil, com caracterização e registro de
Aulacaspis tubercularis Newst., 1906 (Homóptera, Coccoidea) no Rio Grande do Sul. Biociencias 1993, 1,
151–161.

37. Hodges, G.; Hamon, A. White mango scale, Aulacaspis tubercularis newstead (Coccoidea: Diaspididae).
Pest Alert, Florida Department of Agriculture and Consumer Services, Pest Alert Division of Plant Industry,
Pest Alert; Florida, USA. 2016. Available online: https://www.google.com/url?
sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwi06eOOjPKAAxWcTKQEHaL7B7oQFnoECBIQAQ&url=https%3A%2F%2Fwww
Aulacaspis_tubercularis%2C_White_Mango_Scale.pdf&usg=AOvVaw0JpS9SlEZCmuvW2D8mZArB&opi=89978449
(accessed on 15 May 2023).

38. Kondo, T.; Kawai, S. Scale insects (Homoptera: Coccoidea) on mango in Colombia. Jpn. J. Trop. Agric.
1995, 39, 57–58.

39. Castillo, C.C.; Gallegos, P.G.; Causton, C.E. Biological control in continental Ecuador and the Galapagos
Islands. In Biological Control in Latin America and the Caribbean: Its Rich History and Bright Future; CABI:
Wallingford, UK, 2020; pp. 220–244.

40. El-Metwally, M.M.; Moussa, S.F.; Ghanim, N.M. Studies on the population fluctuations and distribution of
the white mango scale insect, Aulacaspis tubercularis Newstead within the canopy of the mango trees in
eastern of Delta region at the north of Egypt. Egypt. Acad. J. Biol. Sci. A Entomol. 2011, 4, 123–130.

41. Babege, T.; Haile, B.; Hailu, A. Survey on distribution and significance of white mango scale (Aulacaspis
tubercularis) in bench-Maji zone, Southwest Ethiopia. J. Hortic. For. 2017, 9, 26–32.

42. Djirata, O.; Getu, E.; Kahuthia-Gathu, R. Trend in mango production and potential threat from emerging
white mango scale, Aulacaspis tubercularis (Homoptera: Diaspididae) in central and eastern Kenya. J. Nat.
Sci. Res. 2016, 6, 87–94.

43. Urías-López, M.; Flores-Canales, R. La escama blanca, Aulacaspis tubercularis Newstead (Homoptera:
Diaspididae) una nueva plaga del mango: Fluctuación poblacional y anotaciones biológicas. Entomol. Mex.
2005, 4, 579–584.

44. Labuschagne, T.; De Beer, M. First successful import of parasitoids of the mango scale (Aulacaspis
tubercularis Newstead) to South Africa. S. Afr. Mango Grow. Assoc. Yearb. (S. Afr.) 1995, 15, 106–108.

45. Bakr, R.F.; Badawy, R.M.; Mousa, S.F.; Hamooda, L.S.; Atteia, S.A. Ecological and taxonomic studies on
the scale insects that infest mango trees at Qaliobiya governorate. Egypt. Acad. J. Biol. Sci. A Entomol.
2009, 2, 69–89.

46. Le Lagadec, M. The control of mango scale in commercial orchards through the use of the predatory
beetle, Cybocephalus binotatus. Acta Hortic. 2004, 645, 509–515.

47. Nabil, H.; Shahein, A.; Hammad, K.; Hassan, A. Ecological studies of Aulacaspis tubercularis (Diaspididae:
Hemiptera) and its natural enemies infesting mango trees in Sharkia Governorate, Egypt. Egypt. Acad. J.
Biol. Sci. 2012, 5, 9–17.

48. Sayed, A.M.M. Influence of certain bio-agents and climatic changes on the population density of the white
mango scale insect, Aulacaspis tubercularis Newstead. Egypt. J. Agric. Res. 2012, 90, 607–624.

49. Blackburn, V.; Miller, D. Pests Not Known to Occur in the US or of Limited Distribution, No. 44: Black
Parlatoria Scale; USDA APHIS PPQ: Beltsville, MD, USA, 1984; pp. 1–13.

50. Porcelli, F. Cocciniglie nuove per l’Italia. Frustula Entomol. 1990, XIII, 31–38.

51. Noriega-Cantú, D.; Urias-Lopez, M.; Gonzalez-Carrillo, J.; López-Guillén, G. Seasonal abundance of white
mango scale, Aulacaspis tubercularis Newstead, in Guerrero, Mexico. Southwest. Entomol. 2016, 41, 845–
853.

52. Arias de López, M.; Jines Carrasco, A.; Carrera, C.; Bustos Nivela, P.; Plúas, M.; Gutiérrez, K. Bioecología,
Dinámica Poblacional, Muestreo, Nivel de Daño y Alternativas Para el Manejo Sostenible de Aulacaspis
tubercularis en Mango de Exportación; INIAP, Estación Experimental Boliche: Guayaquil, Ecuador, 2001.

53. Abo-Shanab, A. Suppression white mango scale, Aulacaspis tubercularis Newstead (Hemiptera:
Diaspididae) on mango trees in El-Beheira Governorate, Egypt. Acad. J. Biol. Sci. 2012, 5, 43–50.



White Mango Scale | Encyclopedia.pub

https://encyclopedia.pub/entry/49468 8/9

54. Daneel, M.; Joubert, P. Biological control of the mango scale Aulacaspis tubercularis Newstead (Coccidae:
Diaspididae) by a parasitoid Aphytis chionaspis Ren (Hymenoptera: Aphelinidae). Acta Hortic. 2009, 820,
567–574.

55. Miller, D.R.; Davidson, J.A. Armored Scale Insect Pests of Trees and Shrubs (Hemiptera: Diaspididae);
Cornell University Press: Ithaca, NY, USA, 2005.

56. United States Department of Agriculture. Importation of Fresh Mango Fruit (Mangifera indica L.) from India
into the Continental United States; USDA: Raleigh, NC, USA, 2006; pp. 1–98.

57. Bender, R.; Brecht, J.; Baldwin, E.; Malundo, T. Aroma volatiles of mature-green and tree-ripe Tommy
Atkins’ mangoes after controlled atmosphere vs. air storage. HortScience 2000, 35, 684–686.

58. Hosny, M. On Coccids found on Roots of Plants in Egypt. Bull. Minist. Agric. Egypt. Tech. Sci. Serv. 1939,
237, 1–21.

59. Kansci, G.; Koubala, B.B.; Lape, I.M. Effect of ripening on the composition and the suitability for jam
processing of different varieties of mango (Mangifera indica). Afr. J. Biotechnol. 2003, 2, 296–300.

60. Léchaudel, M.; Joas, J. An overview of preharvest factors influencing mango fruit growth, quality and
postharvest behaviour. Braz. J. Plant Physiol. 2007, 19, 287–298.

61. Appiah, F.; Kumah, P.; Idun, I. Effect of ripening stage on composition, sensory qualities and acceptability of
keitt mango (Mangifera indica L.) chips. Afr. J. Food Agric. Nutr. Dev. 2011, 11, 5096–5109.

62. Ben-Dov, Y.; Hodgson, C.J. Soft Scale Insects; Elsevier: Amsterdam, The Netherlands, 1997.

63. Gallardo-Covas, F. Mangoes (Mangifera indica L.) susceptibility to Aulacaspis tubercularis Newstead
(Homoptera: Diaspididae) in Puerto Rico. J. Agric. Univ. Puerto Rico 1983, 67, 179.

64. Golan, K.; Rubinowska, K.; Kmieć, K.; Kot, I.; Górska-Drabik, E.; Łagowska, B.; Michałek, W. Impact of
scale insect infestation on the content of photosynthetic pigments and chlorophyll fluorescence in two host
plant species. Arthropod-Plant Interact. 2015, 9, 55–65.

65. Coll, M.; Abd-Rabou, S. Effect of oil emulsion sprays on parasitoids of the black parlatoria, Parlatoria
ziziphi, in grapefruit. BioControl 1998, 43, 29–37.

66. Risbec, J. Observations sur les parasites des plantes cultivées aux Nouvelles-Hébrides. Faune Colon. fr. 6
(1). Paris. 1946, Note sur deux Cérambycides nuisibles des colonies françaises. Agron. Trop. Nogent 1937,
1, 504–509.

67. de Villers, E. Mass rearing of the mango scale, Aulacaspis tubercularis Newstead (Hemiptera:
Diaspididae). Navorsingsinstituut Vir Sitrus En Subtrop. Vrugte 1990, 218, 17–19.

68. Singh, D.; Singh, R.; Singh, J.; Katiyar, H. Influence of weather parameters on population fluctuation of
scale insect, Aulacaspic tubercularis (Newstead) in mango. Ann. Hortic. 2013, 6, 267–271.

69. Ross, L.; Shuker, D.M.; Normark, B.B.; Pen, I. The role of endosymbionts in the evolution of haploid-male
genetic systems in scale insects (Coccoidea). Ecol. Evol. 2012, 2, 1071–1081.

70. Gutierrez, K. Estudio Sobre Biología, Comportamiento, Daños y Metodos de Muestreo de Aulacaspis
tubercularis (Homoptera: Diaspididae) en el Cultivo de Mango. Master’s Thesis, Universidad Agraria del
Ecuador, Guayaquil, Ecuador, 2003.

71. del Pino, M.; Bienvenido, C.; Boyero, J.R.; Vela, J.M. Biology, ecology and integrated pest management of
the white mango scale, Aulacaspis tubercularis Newstead, a new pest in southern Spain-a review. Crop
Prot. 2020, 133, 105160.

72. Moharum, F.A.-E. Description of the first and second female and male instars of white mango scale
Aulacaspis tubercularis Newstead (Coccoidea: Diaspididae). J. Basic Appl. Zool. 2012, 65, 29–36.

73. Gyeltshen, J.; Hodges, A.C. Field Key to Identification of Scale Insects on Holly (Ilex spp.); IFAS Extension,
University of Florida: Gainesville, FL, USA, 2006; 7p.

74. Watson, G. Arthropods of Economic Importance: Diaspididae of the World; Series World Biodiversity
Database; Expert Center for Taxonomic Identification (ETI) Bioinformatics: Leiden, The Netherlands, 2002.

75. Ortiz, A.; Vela, J.; Bienvenido, C.; Campos, B.; Rodríguez, C.; Boyero, J. Datos preliminares para la
identificación de la feromona sexual en la cochinilla blanca del mango (Aulacaspis tubercularis). In
Proceedings of the X Congreso Nacional de Entomología Aplicada, Valencia, Spain, 16–20 October 2007.



White Mango Scale | Encyclopedia.pub

https://encyclopedia.pub/entry/49468 9/9

76. Varshney, R.; Jadhav, M.; Sharma, R. Scale Insects and Mealy Bugs (Insecta: Homoptera: Coccoidea);
India Biodiversity Portal, Zoological Survey of India, Western Regional Centre: Pune, India, 2002. Available
online: https://www.google.com/url?
sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwi9pKjvqvKAAxW2hP0HHctNDkkQFnoECA8QAQ&url=https%3A%2F%2Findiab
b733792b-79b8-42bb-87d5-
6b686031e6b4%2F962.pdf&usg=AOvVaw2zTR7pLTXnDHDuT8yIJ0uJ&opi=89978449 (accessed on 15
May 2023).

77. Van Halteren, P. Notes on the biology of the scale insect Aulacaspis mangiferae Newst. (Diaspididae,
Hemiptera) on mango. Ghana. J. Agric. Sci. 1970, 3, 83–85.

78. Magsig-Castillo, J.; Morse, J.; Walker, G.; Bi, J.; Rugman-Jones, P.; Stouthamer, R. Phoretic dispersal of
armored scale crawlers (Hemiptera: Diaspididae). J. Econ. Entomol. 2010, 103, 1172–1179.

79. Juárez-Hernández, P.; Valdez-Carrasco, J.; Valdovinos-Ponce, G.; Mora-Aguilera, J.A.; Otero-Colina, G.;
Téliz-Ortiz, D.; Hernández-Castro, E.; Ramírez-Ramírez, I.; González-Hernández, V.A. Leaf penetration
pattern of Aulacaspis tubercularis (Hemiptera: Diaspididae) stylet in mango. Fla. Entomol. 2014, 97, 100–
107.

80. Gullan, P.J.; Kosztarab, M. Adaptations in scale insects. Annu. Rev. Entomol. 1997, 42, 23–50.

81. Rosen, D. Armored Scale Insects: Their Biology, Natural Enemies and Control, Vol. A-(World Crop Pests;
4A); Elsevier Applied Science Publishers Ltd.: Amsterdam, The Netherlands, 1989.

82. NTGA (Northern Territory Government of Australia). Delivering Mango Technology: Managing Mango Scale
Managing Mango Scale; NTGA: Nemarluk, Australia, 2019; p. 1.

83. Salem, H.; Abdel-Aziz, N.; Sammour, E.; El-Bakry, A. Semi-field evaluation of some natural clean
insecticides from essential oils on armored and soft scale insects (Homoptera: Diaspididae and Coccidae)
infesting mango plants. Int. J. ChemTech Res. 2016, 9, 87–97.

84. Radwan, S. Toxicological Studies on Some Scale Insects Infesting Mango and Guava Trees. Ph.D. Thesis,
Faculty of Agricultural, Cairo University, Giza, Egypt, 2003.

85. Kwaiz, F.A. Ecological studies on the mango scale insect, Aulacaspis tubercularis (Newstead) (Homoptera:
Diaspididae) infesting mango trees under field conditions at Qualubia Governorate. Egypt. J. Agric. Res.
2009, 87, 71–83.

86. Labuschagne, T.; Van Hamburg, H.; Froneman, I. Population dynamics of the mango scale, Aulacaspis
tubercularis (Newstead) (Coccoidea: Diaspididae), in South Africa. Isr. J. Entomol. 1995, 29, 207–217.

87. Beardsley, J.W., Jr.; Gonzalez, R.H. The biology and ecology of armored scales. Annu. Rev. Entomol.
1975, 20, 47–73.

88. Heriot, A. The renewal and replacement of the stylets of sucking insects during each stadium, and the
method of penetration. Can. J. Res. 1934, 11, 602–612.

89. Sadof, C.S.; Neal, J.J. Use of host plant resources by the euonymus scale, Unaspis euonymi (Homoptera:
Diaspididae). Ann. Entomol. Soc. Am. 1993, 86, 614–620.

90. Peña, J.; Aluja, M.; Wysoki, M. Pests. In The Mango: Botany, Production and Uses; CABI: Wallingford, UK,
2009; pp. 317–366.

91. Rehmat, T.; Anis, S.; Khan, M.; Fatma, J.; Begum, S. Aphelinid parasitoids (Hymenoptera: Chalcidoidea) of
armoured scale insects (Homoptera: Diaspididae) from India. Biol. Med. 2011, 3, 270–281.

92. Evans, P.; Kerkut, G.; Gilbert, L. Comprehensive Insect Biochemistry, Physiology and Pharmacology;
Pergamon Press: Oxford, UK, 1985; pp. 499–503.

Retrieved from https://encyclopedia.pub/entry/history/show/111981


