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The present study aimed to provide a comprehensive review of the white mango scale

(Aulacaspis tubercularis) and its management in Ethiopia. The white mango scale has emerged

as a rapidly spreading and highly destructive pest of mangoes. It was first identified in Ethiopia

in 2010 and has caused significant damage to mango production, with losses ranging from 50

to 100%, leading to the cessation of mango farming in many areas. The pest spread rapidly = Received: 06 March 2021

throughout the country due to inadequate quarantine measures and its ease of transportation. ~ Revised: 12 May 2021

By 2022, the white mango scale had infested almost all mango-growing areas in Ethiopia, ~A\ccepted: 18 May 2021

earning its place on the global distribution map. This pest, which attacks more than 37 genera

across 23 families, is particularly harmful to mango trees, feeding on shoots, leaves, twigs,

branches, and fruit, thereby severely reducing fruit quality and yield. Its hard white scale

covering makes it challenging to control with contact insecticides. While no chemical control

methods have been registered, some alternative management strategies—such as quarantine  How to Cite This Article: Wilson AC,
measures, cultural practices, biological control, chemical treatments, and integrated pest Smith A, Martinez MM, Costa E,
management—are being explored. The impact of the white mango scale is felt economically, ~Nakamura JJ, Costa L. A Thorough
socially, and environmentally, highlighting the urgent need for coordinated action to manage Review of Aulacaspis Tubercularis and

. . L Its Control Strategies in Ethiopia.
its spread and damage in Ethiopia. Entomol Res Lett. 2021;1(1):13-21.
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Introduction

The mango (Mangifera indica L.) is a versatile and widely cultivated evergreen fruit found in subtropical and
tropical regions around the world [1]. Known as the “king of fruits,” it is celebrated for its delicious flavor,
pleasant aroma, and rich nutritional profile, including a variety of essential vitamins and minerals [2]. Mangoes
are particularly valuable in terms of food and nutrition, providing vital nutrients like vitamins A, C, B2, B1, and
D, which make it an important fruit for improving food security, especially in developing nations such as Ethiopia,
where achieving nutritional stability can be challenging [3, 4].

Although mangoes are primarily enjoyed as fresh fruit, they are also used in the production of juices, jams, and
preserves [3, 5]. Additionally, the tree and fruit find various applications, including being used as a vegetable, for
medicinal purposes, and even for fuel wood. The fruit's high nutritional value also supports animal husbandry,
while its nectar serves as a food source for bees. The mango tree is also utilized in construction and as a natural
barrier against sun and rain. Moreover, the mango kernel, which contains 8-10% high-quality fat, can be used in
the production of soap and as an alternative to cocoa butter in confectionery [3].
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In many developed countries, mangoes are recognized for their high nutritional content and their role as a valuable
export commodity, contributing to the foreign exchange earnings of developing nations. Globally, mangoes
account for 51% of total tropical fruit production [6]. The fruit has gained significant popularity as both a fresh
product and a processed item on international markets, and it is cultivated in more than eighty countries. The
global production of mangoes exceeds 46 million tons annually, with India leading the world in production,
contributing 40% of the total output [7]. However, mango production and yield are increasingly threatened by the
white mango scale.

The white mango scale (Aulacaspis tubercularis Newstead), a member of the Hemiptera order, is a harmful pest
characterized by its piercing and sucking mouthparts. The widespread distribution of this pest is believed to be
linked to the movement of infected planting materials, exacerbated by the lack of stringent internal quarantine
measures for such materials. As a result, the white mango scale has emerged as a serious pest, inflicting 50-100%
losses on mango crops, leading to plant death in many areas [8-10]. Reports indicate that the pest causes severe
damage by triggering premature leaf drop, branch dieback, fruit stunting, distortion, and premature fruit drop,
ultimately diminishing both the quantity and quality of mango yields [11].

The white mango scale poses a significant threat to mango crops in various mango-producing regions around the
world. It has spread across nearly all tropical and subtropical mango-growing areas, severely affecting production.
Due to the pest’s rapid spread and the challenges in managing it effectively, mango yields and overall productivity
are decreasing at an alarming pace [9].

In Ethiopia, however, the introduction, spread, and control methods of the white mango scale have not been
extensively researched. Ethiopia is not yet included in the global distribution maps of this pest [10], highlighting
the gap in knowledge regarding its presence, spread, and impact within the country compared to other regions.
Although studies on this pest in Ethiopia are limited, some reports indicate that the infestation has worsened over
time. This issue has been exacerbated by the absence of a stringent internal quarantine system to prevent the pest's
further spread to new areas [12]. Therefore, it is crucial to focus on the pest's distribution, occurrence, and
management to effectively mitigate its damage to mango crops. The present study aimed to provide a
comprehensive review of the white mango scale (Aulacaspis tubercularis) and its management in Ethiopia.

Results and Discussion

As noted by Abate and Dechassa [9], the population dynamics of the white mango scale vary depending on the
agroecological conditions. However, comprehensive studies considering these factors across all regions of
Ethiopia are still lacking. Wale and Melis [13] further observed that the dynamics of the pest and its natural
predators fluctuate over space and time, influenced by environmental factors such as rainfall, temperature, wind
speed, humidity, and sunlight.

While the research remains limited, many studies suggest that integrated pest management (IPM) approaches are
the most effective solution for controlling the white mango scale [9, 14, 15]. This review aims to summarize the
current knowledge on the status of the white mango scale, its impact on mango production, and the management
practices being applied in Ethiopia based on the recent research findings.

The white mango scale was first identified in Asia and has since spread globally, becoming a significant issue for
mango production worldwide [9]. This pest is one of the most destructive threats to mango trees in many regions.
The white mango scale damages various parts of the mango tree, including shoots, leaves, twigs, branches, and
fruit, by feeding on plant sap with its piercing mouthparts. This feeding behavior causes deformities, leaf drop,
drying of young twigs, and dieback. The pest also negatively impacts fruit quality, leading to poor blossoming,
the death of branches, and a reduction in the commercial value of the fruit. In late cultivars, it often causes pink
discoloration at the feeding sites, diminishing their export potential [16, 17]. In nurseries, severe infestations stunt
growth, while mango trees are particularly vulnerable to leaf drop and branch dieback, especially in hot, dry
conditions [18]. Immature fruit may fall prematurely, and mature fruit becomes smaller, less juicy, and prone to
rotting, rendering it unfit for commercial use. Overall, the pest causes significant declines in both the quantity and
quality of mango production [19, 20].

The first recorded appearance of the white mango scale in Ethiopia occurred in August 2010 at Green Focus
Ethiopia Ltd, located in Loko, Guto Gidda district, East Wollega zone of the Oromia region [21]. The pest quickly
spread across all stages of growth in the mango crop at the site and continued to invade other mango-growing
areas of the country due to the lack of effective quarantine measures.
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In the 2019/20 cropping season, approximately 1,666,040 households contributed to mango production across
16,363.5 hectares of land, representing 12.5% of the nation’s total fruit production [22]. However, the area
cultivated for mangoes was reduced to 19,497.92 hectares in the 2018/19 season, leading to a decline in yield by
16.08% and 6.09% from the previous year.

Reports suggest that the white mango scale poses such a significant threat that it could lead to the cessation of
mango production in the affected areas. Despite the availability of various management methods, quarantine
regulations remain the most effective measure to limit the pest's spread [23]. Many studies support the use of
insecticides in combination with other integrated pest management strategies to control the white mango scale.
Given the current situation, if the pest is not managed effectively, mango farms in Ethiopia may be forced out of
production. As indicated by reports, Ethiopia’s mango industry is facing a serious threat, potentially leading to a
complete loss of production of mango in the future.

The white mango scale is a tropical pest originally from Asia. Over time, it has spread across various tropical and
subtropical regions around the world [9, 24]. It is now found in many countries across Africa, Oceania, North and
South America, Asia, and the Caribbean, though its presence in Europe remains limited (Figure 1).

In Ethiopia, the white mango scale has been rapidly spreading since it was first reported in 2010 [25]. This rapid
distribution can be attributed to the country’s favorable climatic conditions, weak quarantine measures, and the
pest’s ability to move easily through planting materials, carried by birds, other flying animals, and even by the
wind, which helps the male adults travel long distances [26]. Furthermore, improper agricultural practices have
contributed to the pest’s prevalence and increasing severity. Currently, the white mango scale is found in nearly
all of Ethiopia’s mango-growing regions, including Oromia, Amhara, Benishangul-Gumuz, Gambella, Tigray, the
Southern Nations, and the Rift Valley areas (Figure 2) [27].

Aulacaspis tubercularis (AULSTU)

QO Present
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Figure 1. Global distribution map [28]
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Figure 2. White mango distribution map in Ethiopia [11, 26, 29].

The white mango scale completes 5 to 6 generations per year, with its reproduction strongly affected by
temperature, being a species that thrives in warmer climates [10, 30, 31] (Figure 3). Female white mango scales
can lay between 80 and 200 eggs, with the number depending on the surrounding temperature. The eggs hatch
after about a week, and under optimal conditions of 26 °C during the day and 13 °C at night, the pest can complete
up to six generations annually [31]. The nymphs feed on plant tissues and continue to develop on the host plant
[23, 32].

The species exhibits sexual dimorphism, with male development consisting of four stages (nymph I, nymph II,
pre-pupa, and pupa) and females having two stages (nymph | and nymph 1) [28, 33] (Figure 3). Crawlers and
adult males are the only life stages that are mobile [34]. Crawlers are capable of moving across the host plant to
find a suitable location to settle. Once they find a suitable spot, they insert their stylets into the plant’s tissues and
begin feeding [35]. Female crawlers tend to settle randomly on various parts of the plant, including leaves, stems,
and fruit, while male crawlers often form small clusters near females [28, 36]. Research shows that approximately
80% of the crawlers that hatch are male [10]. The pest's stylets are notably long, measuring 6 to 8 times the length
of its body [37].
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Figure 3. The life cycle of the white mango scale [33]
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The white mango scale is a polyphagous pest that feeds on a wide range of plants, including more than thirty-
seven genera across twenty-three families. These plants include stone fruits, avocado, citrus, papaya, guava,
cucumbers ginger, pumpkins, cinnamon, melon, and coconut [10, 28, 38, 39]. The pest damages various parts of
the mango plant, including shoots, leaves, twigs, branches, and fruits, by feeding on plant fluids using its
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mouthparts. This feeding leads to deformations, defoliation, the drying of young twigs, dieback, poor flowering,
and even the loss of twigs due to the action of toxic substances (Figure 4) [17, 19]. Heavily infested fruits drop
prematurely, and mature fruits become smaller, less juicy, rot, and are unsuitable for commercial purposes (Figure
4) [19, 24, 40].

Figure 4. White mango scale damage on mango tree around Bahir Dar, Ethiopia, 2022

The white mango scale poses significant economic threats to mango production, with potential losses ranging
from 90-100% of the crop's value if not effectively controlled [33]. Even a single scale per leaf can reduce fruit
yields by 1.31 to 4.28 kg per tree annually [41], and the presence of 4 to 5 scales on fruit can severely impact its
quality [28]. To mitigate the effects of the pest, mango producers incur additional costs through chemical
treatments, leading to financial strain for households.

In Ethiopia, the white mango scale has had a detrimental impact on mango production. Before the pest’s
introduction, farmers could harvest up to 1000 kg of fruit per tree. However, due to heavy infestations, current
yields have plummeted, with trees now producing only 200-300 kg of fruit per tree [23, 42]. Post-harvest losses
are common as the pest causes blemishes on the fruit, and in some cases, the insects remain attached, making the
fruit unfit for the market. These damages undermine mango quality, posing challenges in a competitive market.
As a result, the invasion of the white mango scale threatens to drive Ethiopian mangoes out of the market.

The economic losses extend to the national level, as income from mango sales is significantly reduced. Mangoes
also play a vital role in local nutrition, especially for children, who have historically been the primary consumers
of fresh mangoes. The lack of access to mangoes could lead to nutritional deficiencies.

Furthermore, the environmental impact of the pest’s spread could be catastrophic if it continues unchecked. If not
managed, mango trees will suffer from dieback, leading to deforestation and biodiversity loss. This may contribute
to desertification in key mango-growing areas.

The widespread infestation of the white mango scale also has social implications. The resulting economic hardship
may increase unemployment, particularly among the youth, who will likely turn to daily labor for survival. The
situation has evolved beyond an economic issue, now affecting the social and environmental fabric of the country.
There has been insufficient institutional support to help farmers manage the pest. This lack of support has allowed
the pest to spread rapidly, disrupting both production and marketing. As a new pest in Ethiopia, the white mango
scale remains under-researched, with limited findings not reaching key stakeholders. This has led to its neglect
and minimal attention from the authorities [42].
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Managing the white mango scale is a significant challenge, as it affects mango crops year-round, with a peak in
population from March to May. This peak period is critical for control efforts, and timely interventions are needed
during these months to manage the pest effectively [25, 26, 39].

In Ethiopia, the white mango scale continues to be a problematic pest with limited control strategies available.
While there are no highly effective methods yet, several alternatives can help to prevent the scale from causing
substantial damage. These include biological, cultural, chemical, integrated pest management approaches, and the
enforcement of quarantine regulations [9, 23, 43, 44].

Quarantine and inspection

To prevent the spread of the white mango scale, strong quarantine practices must be implemented, including
conducting thorough national inspections, bolstering quarantine facilities, and enforcing laws that restrict the
movement of mango products across regions. Enhancing plant health clinic capabilities and utilizing bio-rational
insecticides can also help in managing the pest effectively [23].

Cultural practices

Cultural management practices involve modifying agricultural techniques to limit the white mango scale’s
presence. These practices include bagging fruits before harvest, proper tree pruning, adjusting plant spacing,
clearing surrounding areas, improving soil fertilization, and using homemade oils or soaps to deter the pest [9, 10,
45]. Among these, pruning plays a crucial role in pest management. Removing dead branches, infested parts, and
overcrowded shoots helps increase airflow and reduces humidity around the tree, discouraging the scale from
settling and reproducing [42].

Chemical control

In Ethiopia, there are no officially registered insecticides specifically for controlling the white mango scale.
However, several chemical agents are currently being trialed for their effectiveness against the pest. These include
Diazinon, Methidathion, Dimethoate, and Nimbecidence 3% EC [12, 46, 47]. Additionally, systemic insecticides
such as Spark 250 WG and Thiamethoxam 25% WG (Movento) have shown promising results. Folimat and Closer
240 have also proven effective in reducing the pest population [9, 18, 48]. However, certain contact insecticides
can negatively impact the natural predators of the white mango scale. Therefore, chemical testing should prioritize
those with minimal harm to natural enemies, like systemic insecticides, which integrate better with biological
control methods. Contact insecticides, on the other hand, are less effective since they cannot penetrate the white
mango scale’s tough outer shell, making them less suitable for long-term management [49].

Biological control

Natural predators and parasitoids have been found to help reduce the damage caused by the white mango scale.
These include green lacewings, ladybird beetles, Chilocorus bipustulatus, Scymnussyriacus marseul, and parasitic
wasps such as Encarsia citrine (Craw) and Aphytis mytilaspidis [19, 46].

Integrated pest management

Relying solely on one method—whether cultural, biological, or chemical—is often insufficient for effective white
mango scale control. A combination of these strategies is crucial throughout the growing season [9, 12, 23].
Cultural practices like regular pruning and systematic monitoring for scale infestations are vital. Moreover, certain
mango varieties, such as Apple and Keitt, are less susceptible to white mango scale infestation [10]. In addition
to cultural methods, the use of natural predators, including Cybocephalus binotatus, Encarsia citrine, Aphytis
mytilaspidis, Chilocorus, and others, should be part of an integrated control strategy. When scale populations
reach an economic injury level, targeted insecticide applications may be necessary. Studies have shown that bi-
weekly treatments with Movento and Methidathion 400 EC pesticides resulted in up to 90% and 74% mortality
of the pest after five applications, respectively [12]. Furthermore, a trial by Djirata et al. [50] demonstrated that
Folimat 500 SL pesticide applications led to a 90% reduction in the white mango scale after three rounds.

Conclusion
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The white mango scale has emerged as a rapidly spreading and highly destructive pest, severely impacting mango
cultivation. This polyphagous insect affects more than 37 genera and 23 plant families, leading to premature fruit
and leaf drop, dieback of branches and twigs, fruit deformation, and stunting. These consequences significantly
compromise both the quantity and quality of mango harvests. In Ethiopia, the pest has become a major threat,
resulting in considerable economic losses and rendering mango production unfeasible in many regions.

This pest can complete 5 to 6 generations annually, with adult males capable of traveling vast distances by flight,
aided by the wind. Its spread has been unchecked, affecting nearly all mango-producing areas of the country. The
pest's robust, hard exterior makes it resistant to contact insecticides, as these chemicals are unable to penetrate its
tough cuticle, making control efforts largely ineffective.

The high reproductive capacity of the white mango scale, combined with its ability to spread through the
movement of planting materials and by flying long distances, complicates efforts to manage it. As a result, the
pest's distribution has rapidly expanded, causing significant economic, social, and environmental impacts. If
immediate and coordinated action is not taken, the future of mango production in Ethiopia is at serious risk, with
the possibility of total crop destruction looming.
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