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and Management Strategies
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Abstract | White mango scale (Julacaspis tubercularis Newstead) pest is threatening mango production in
Sub-Saharan Africa (SSA). Being a new pest, there are no clear adaptable management practices ready
for farmers to implement. This has caused farmers to rely on nature and sometimes adoption of crude and
ineffective traditional control methods. Farmers capable of using pesticides apply very toxic products that are
not only harmful to the applicators but also to the beneficial organisms. Agronomic management strategies
like right varieties, spacing, better fertilization and shed management are also applied inappropriately.
This review is therefore essential in providing the basis of identification of 4. fubercularis. It also provides
management strategies that could be adopted by mango farmers in the region. Last, it highlights key research
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themes worth prioritizing for better understanding and management of the pest in the region.
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Introduction

|) {I ango (Mangifera indica L.) is one of the most
produced horticultural fruit crops in the Sub-

Saharan Africa region (SSA) with both economic and
nutritional values. However, the production potential
is yet to be fully realized due to constraints such as
soil infertility, drought, diseases (e.g. powdery mildew
and anthracnose), insect pests (e.g. thrips, fruit fly,
termites, thrips, mango seed weevil, white mango
scale), and poor agronomic practices (Griesbach,
2003; Yeshitila and Nessel, 2003; Kameri, 2012;
Mulinge, 2015; Bazu ¢z al., 2015). Among the pests,
white mango scale (Julacaspis tubercularis Newstead)
has emerged to be an important pest affecting mango
production in the world (Figure 1). A. tubercularis is

believed to have originated from Asia (Borchsenius,
1966). The global dispersal of this pest could have
occurred through the movement of plant parts.
In Mexico, A. tubercularis has been named as the
second most important mango pests after fruit flies
(Anastrepha sp.; Diptera: Tephritidae) (Senasica,
2009). In SSA region, the pest has been reported in
major mango-producing countries (Figure 1) causing
considerable economic losses to producers (IMichael
et al., 2014; Hodges and Hamon, 2016; CABI, 2019).
These losses vary from low to high depending on
climate, variety, pest population and targeted market.
For instance, in Kenya the impact is less serious and
is not consider as an important pest by some mango
farmers (Djirata ez a/., 2016); while in other countries

like Ethiopia (Ofgaa and Emana, 2015), Egypt (Bakr
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et al., 2009), and South Africa (e Lagadec, 2002)
the pest is threatening production. The perceived low
economic importance of this pest by some farmers
(like in Kenya) could be because of the ‘cosmetic’
(pinkish blemish) damages on fruit skins (with no
significant loss of physical yields) (Heriberto ez a/,
2016). This is especially true with farmers who are
producing mangoes for local markets where buyers pay
little attention to the physical appearance of the fruit
skin cover. Although could be low in some countries
damages, farmers in those areas have confirmed the
incidences are on the rise and spreading (Djirata ez
al., 2016). In Ethiopia, 4. tubercularis has emerged
to be the second most important mango pest after
anthracnose disease (Anjulo, 2019).

Figure 1: Global distribution map of White mango scale (A.
tubercularis Newstead) pest, represented by the orange dots. Adapted
from CABI, 2019.

Once present in a region, the pest spreads faster
because of its small body size, which makes it easy to
spread with fruits, seedlings, and even by the wind.
'This characteristic has made the pest to colonize most
of the mango producing zones. Being an invasive pest,
the information about the pest and its management
practices is less available for researchers, policymakers,
and farmers in the SSA region. In fact, most research
work in the region has focused around assessing the
distribution and population dynamics (Babege e a/.,
2017; Djirata ez al., 2019; Teshale ez al., 2019) with a
few trying to answer questions around management
practices (Abo-Shanab, 2012; Ayalew ez a/., 2015).
The coverage of these type of research is narrow in
the region, mainly in Ethiopia, Egypt, Kenya and
South Africa. The research on management strategies
seemed to be slow despite the speed at which the pest
is spreading and the potential losses it could cause
to the already resource-constrained farmers in the
region. So the present investigation was to shed light
on A. tubercularis insect pest in the region in terms of;
(a) Understanding the life cycle, current distribution

and impact of in the Sub-Saharan Africa region;
(b) Assessing available integrated pest management
practices for adoption by farmers.

Data collection and review process

The review focused on the Sub-Saharan Africa
(SSA) region; hence top priority given to research
work published in these targeted countries. These
materials were searched online, downloaded, stored
and read. The management strategies were classified
into three categories, namely; cultural, biological and
chemical strategies. On the use of pesticides, efficacy
and human toxicity potentials were assessed. The
toxicity potential of these chemical compounds were
assessed using acute oral LD, values. The acute oral
LD,, values were extracted from the material safety
data sheets (MSDS), World Health Organization
database (WHO, 2019), Food and Agriculture
Organization database (FAO, 2019), and Cornell
University’s Extension Toxicology Network database
(EXTOXNET, 1993). The active ingredients were
further classified based on their mode of action
(MoA) as given by the Insecticide Resistance Action
Committee (IRAC, 2019). The MoA of a product
provides farmers and crop production advisors with
useful information during selection and rotation of
insecticides for effective and sustainable management
of insecticide resistance (IRAC, 2019). The active
ingredients were further assessed for their effects
on the environment based on the Environmental
Impact Quotient (EIQ) values of the compounds
given by Eshenaur ez /. (2019). The EIQ is a formula
created to provide growers with data regarding
the environmental and health effects of pesticide
applications so they may make better informed
decisions regarding their pesticide selection (Kovach
et al., 1992). The EIQ values are calculated using the
tormula provided by Kovach ez /. (1992);

EIQ={C[(DT*5)+(DT*P)]+[(C*((S+P)/2)*SY)+(L)]+[
(F*R)+(D*((S§+P)/2)*3)+(Z*P*3)+(B*P*5)]}/3

Where;

DT= dermal toxicity; C= chronic toxicity; SY=
systemicity; F= fish toxicity; L= leaching potential;
R= surface loss potential; D= bird toxicity; S= soil
half-life; Z= bee toxicity; B= beneficial arthropod
toxicity and P= plant surface half-life

The lower the EIQ_value, the better. Finally, the

individual active ingredients were checked from
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consolidated list of banned pesticides (2019) for a ban
in any country. The countries with a reported ban on
a pesticide were counted and recorded. The PAN list
was chosen because of its comprehensive and up-to-
date compilations across the world.

Lifecycle, current distribution and impact of white mango
scale pest in the Sub-Saharan Africa region

Pest distribution, description, life cycle and host
plants in Sub-Saharan Africa: White mango
scale (Aulacaspis tubercularis Newstead) is a sessile
armored tiny shelled insect belonging to Order
Hemiptera, Family Diaspididae (CABI, 2019).
This insect family has been reported to have over
300 species, some of which are classified as pests
(like A. tubercularis Newstead) (Urias-Lopez er al.,
2010). The biological cycle of 4. tubercularis is highly
influenced by the prevailing climatic conditions,
mainly rainfall, temperature (Ofgaa e7 /., 2018) and
sex (Arias ez al., 2004). According to the Northern
Territory Government of Australia (2019), the cycle
takes 35-40 days in summer, 70-85 days in winter.
In Ecuador, this cycle was reported to last about 52
days in females and 36 in males (Arias ez a/., 2004).
This means that in a year, the pest could have 3-4
overlapping generations (Salem ez /., 2015; Hamdy,
2016). Mature female white mango scale can lay 80-
200 eggs (Sayed, 2012). Of the hatched crawlers,
about 80% usually become males (Van Halteren,
1970). After hatching, crawlers move to the feeding
sites on the plants within 24 hours where the female
crawlers settle randomly whereas male crawlers settle
in groups close to females (Figure 2A) (Van Halteren,
1970). These crawlers are deep bright brick red. The
female has circular, flat, thin and often wrinkled with
opaque white shells while the male shells are small,
rectangular and white with three raised longitudinal
ridges and exuviae terminal (Figure 2B and 2C)
(Moharum, 2012; Hodges and Hamon, 2016). The
pest has piercing and sucking mouth part called stylet
bundle- this is chitinous tube composed of 4 stylets,
2 maxillae and 2 mandibles, that interlock to form
2 canals, one for saliva (salivary canal) and one for
sucking food (food canal) (Judrez-Hernindez ez al.,
2019). During feeding, the stylet bundle is pushed
through into the host parenchymal cells or vascular
bundle tissues where the pest obtains the sap and
injects toxins in the plant (Heriot, 1934; Sadof and
Neal, 1993; Pefia ez a/., 2009; Rehmat ez al., 2011).
According to Borchsenius (1966) and Malumphy
(2014), A. tubercularis pest feeds on many plants

belonging to about 18 species. These plants also play
host and include Aceraceae (e.g. Acer kawakamii),
Anacardiaceae (e.g. Mangifera indica, Mangifera sp.),
Arecaceae (e.g. Cocos nucifera), Iridaceae (e.g. Dietes
prolongata), Lauraceae (e.g. Cinnamomum camphora,
Cinnamomum  ceylanicum, Laurus nobilis, Litsea
laurifolia, Litsea polyantha, Litsea pungens, Litsea
sebifera, Machilus sp., Phoebe sp.), Pittosporaceae (e.g.
Pittosporum glabratum), Rutaceae (Citrus sp.), and
Sapindaceae (e.g. Dimocarpus longan). At any given
time in the farm, the abundance of 4. fubercularisinsect
pests is influenced by the presence and abundance of
the predators, parasitoids, humidity and temperature
(Mani and Krishnamoorthy, 1998).

Figure 2: Mango white scale (A. tubercularis): A= A group of male
covers with one female cover (lower right); B= High resolution

female white cover; C= High resolution male and female white scale.

Photo source: John W. Dooley, USDA APHIS PPQ, Bugwood.org.

Economic importance of A. tubercularis in Sub-Saharan
Africa

White mango scale has spread and currently affecting
mangoes in several countries in Sub Saharan Africa
Ghana, Kenya, Madagascar, Mauritius, Mozambique,
South Africa, Tanzania, Uganda, Zanzibar, Zimbabwe,
Egypt, and Ethiopia (Figure 3). The economic impact
of this pest could range from low to high depending
on the targeted market (e.g. local versus international)
and part of mango infested (e.g. seedling, leaves and
fruits). For instance, in Kenya, the pest has been
reported in most of the mango producing zones.
However, some farmers (about 14%) still do not know
it nor consider it as a pest (Djirata ez a/.,2016). White
mango scale pest spread so fast and is expected to be
present throughout the year with high incidences at
flowering and fruit maturation stages. In Ethiopia,
the incidence was reported to vary between 40 and
100% (Duressa, 2018). Once on the plant, they
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cause injuries through sucking of plant saps on
leaves, branches, and fruits (Figure 4). Under heavy
infestation, mango plants may experience chlorosis,
defoliation, drying up of twigs, and poor blossoming
leading to poor growth and development (Halteren,
1970).The impacts could be higher during hot and dry
weather periods than during rainy periods especially
on young seedlings and mango trees. On fruits, the
pests cause premature fall of young and just set fruits
while mature fruits develop pink blemishes that make
them unappealing (cosmetic damage) leading to loss
of market value especially at the international export
markets (Labuschagne ¢ 4/, 1995). The economic
importance of this pest could also be looked at in
terms of the cost of controlling it. In Kenya, farmers
who use chemical methods are reported to be using
about 13% of the total income generated from mango
sales towards the control of this pest (Djarat ez a/,
2016).'This cost is high and unsustainable considering
the poor financial status of the smallholder producers.
When comparing mango production before and after
A. tubercularis emergence, Fita (2014) reported a
significant reduction in fruit yields in five districts in
Western Ethiopia. The population density of the pest
positively influences the fruit yield losses. Bakry and
Tolba (2018) reported that an increase of one white
mango scale insect per leaf decreases fruit yields in
the range of 1.31 to 4.28 kg per tree per year.

Integrated pest management strategies for A. tubercularis
control in Sub-Saharan Africa region

'The application of integrated pest management (IPM)
strategy in the control of white mango scale involves
integrating a range of plant protection methods that
limit the development of populations of the pest
while keeping the use of pesticides to levels that are
economical and minimizes risks to human health
and the environment. For sustainable management,
farmers should be advised to adopt more than one
practice.

Cultural and agronomic strategies: Both cultural
and agronomic strategies are aimed at modifying
the environment to reduce prevalence. A number of
practices have been found effective and recommended
for white mango scale insect control across the
affected countries.

The first and most important strategy in dealing
with crop pests and diseases is practicing proper
field and variety selection selecting mango varieties

with better tolerance and selecting fields with no or
low pest incidences. However, existing land tenure
systems and high subdivision as witnessed in the SSA
region may not allow for proper field selection to be
practiced adequately. Under such situations, farmers
are advised to properly select mango varieties and
plant tolerant types only. Based on research from Asia
and Africa, Ataulfo, Apple, Haden, and Keit mango
varieties have been reported to be more tolerant to
white mango scale compared to other varieties such
as Alphanso, Kent, Tommy Atkins and Dodo (Urias-
Lépez et al.,2010; Djirata, 2017; Teshale ez al., 2019).
These tolerant varieties should therefore be promoted
to help manage the looming danger of the pest in the
region.

Figure 3: Africa distribution map of White mango scale (A.
tubercularis Newstead) pest, represented by the orange dots. Adapted
from: CABI, 2019.

Figure 4: Damages caused by white mango scale on mango: 44:

attack on mango seedling stem; 4b: attack on mango leaves; 6a and
7d: attack on mango fruits. Adapted from: Fita, 2014.
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Another important practice is by adopting better
mango trees density. Optimum spacing ensures that
plants do not compete for growth factors leading
to better pest resistance. Again, avoiding crowded
fields reduces the rate at which these pests spread.
Currently, there is no consistency in the spacing used
among farmers with others planting as narrow as 2
m x 2 m leading to the high densities (Dessalegn 7
al., 2014; Neguse ez al., 2019). Such high densities
could also be encouraging breeding and survival of
most of these damaging mango pests. Better mango
tree spacing is influenced by climate, soil fertility and
variety. According to Ngethe ¢z a/. (2019) spacing of
10 m x 10 m in the dry zones and 12 m x 12 m in
wet and rich soils is recommended for the production
of all grafted mango. Though, much smaller spacing
of 8 x 10 m could still be adopted for short stature
varieties and wider spacing of 12 x 14 m for extra tall
and heavily shading varieties (Griesbach, 2003).

Proper and constant scouting and monitoring of
pest populations is another important IPM strategy
towards management of white mango scale pests.
Monitoring is the process of searching and watching
regularly for the appearance of white scale pests to help
in early detection and control before causing injuries.
White scale should be monitored fortnightly from
flushing stage after mango harvesting (here, check
on leaves) and when fruits are 1.5-2 cm across (here,
check for both fruits and leaves) (Duressa, 2018).
‘Though, it should be noted that the pest is expected
to exist throughout the year once present in the field.
These mango stages usually coincide with when
crawlers have emerged and are very active. During
the monitoring process, check 5 branches on each of
10 trees per hectare (Northern Territory Government
of Australia, 2019). The control threshold is expected
to vary depending on the climate, season (off season
versus on-season of production) and market (local
international market). However, control
practice should be initiated when at least 20 individual
pests are recorded per twig sampled (Camacho and
Chong, 2015).

VEersus

Pruning is another important practice that could
be applied for the management of A. fubercularis
pest. The practice involves cutting and removal of
infested mango twigs with the aim of reducing pest
population. The infested cut branches are then burned
outside the farm. The annual pruning carried out at
the end of every harvesting season effectively opens

up the canopy for better air circulation and light
penetration conditions that discourage multiplication
of the pest. In Ethiopia, up to about 77% of mango
farmers practice pruning and have reported improved
management of A. tubercularis compared to the
unpruned tree (Fita, 2014; Anjulo, 2019). Also,
Bautista-Rosales ez a/. (2013) reported a significant
65% reduction in mango scale population due to
pruning alone.

Smoking within the mango tree and use of organic
concoctions are also among cultural practices currently
used by local farmers. Smoking practice involves
burning organic materials (e.g. dried grass, mango
leaves, and animal dung, etc.) within the mango trees
to produce a good amount of smoke to chase away
insect pests without affecting important plant growth
processes. To concentrate the effect within individual
mango trees, smoke pots/ cans with holes at the
bottom for air intake and containing burning organic
materials mixed with repellent herbs (e.g.lemongrass)
could be used (Infonet-Biovision: www.infonet-
biovision.org). These pots are hung at strategic places
within the mango tree to produce a good amount of
smoke which chase insects away from the tree. Apart
from driving away pests, the method has also been
claimed to aid in good fruit setting (Infonet-Biovision:
www.infonet-biovision.org). In Ethiopia, the practice
is currently used by about 1.7% of mango farmers
(Fita, 2014). The smoking method should be used
cautiously to avoid causing burns on branches. Other
farmers use locally prepared concoction made from
soap, ash and goat urine mixtures, which are sprayed
on the affected twigs (Terefe ¢ o/, 2014). Though
claimed to have some level of efficacy capacity, these
practices are farmers’ own innovations with no proper
scientific backing. Hence need further investigation to
identify the best rates to be applied and when to make
the applications to achieve a meaningful reduction of
these scale insects.

Biological strategy: Biological strategy refers to the
use of living organisms, usually natural enemies (e.g.
parasites and parasitoids) to control A. fubercularis pest.
These organisms exist naturally in the field, though
can also be introduced or increased in population
in an area. The method relies on mechanisms such
as predation, parasitism and herbivory to control
insect populations. Several natural enemies have been
reported to be highly effective in the management
of white mango scale. Examples of these natural
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enemies include Cybocephalus binotatus, Aphytis
chionaspis, A. mytilaspidis, Encarsia citrine, Chilocorus,
Scymnus syriacus, Sukunahikona prapawan, Rhyzobius
pulchellus, R. lophanthae, Pteroptrix koebelei, and
Aleurodothrips fasciapennis (Daneel and Dreyer, 1997;
Mani and Krishnamoorthy, 1998; Abo-Shanab, 2012;
Sayed, 2012; Hamdy, 2016; Djirata, 2017; CABI,
2019). Biological methods offer sustainable pest
management because once introduced, the predators
are capable of breeding and multiplying themselves
in the farmer fields. In South Africa, a retrospective
study of past Cybocephalus releases, trials carried out in
insect-proof tents and large field trials revealed that
the predators successfully controlled scale populations
to levels of 2-3% scale infestation (Le Lagadec, 2002).
'The author recommended these beetles to be released
at a rate of 500-1000 beetles per hectare in order to
achieve effective control of white mango scale insects.

Since these predators occur naturally, in the mango
fields, farmers need to be careful and encourage their
natural multiplication and survival. Use of pesticides
is one of the main causes of high proliferation of
A. tubercularis pests due to mass killing of these
natural enemies (Viljoen and Villiers, 1987). To
enable natural breeding, farmers should use narrow-
spectrum pesticide products that are only specific to
the A. tubercularis insect pests. Alternatively, farmers
could adapt alternate tree row spraying strategies to
avoid mass killing and/or driving away predators out
of the farms. This practice works by giving predators
pesticide-free mango tree rows to survive while others
are sprayed. Also, farmers could use attractants and
nutritional supplements to increase mango white
scale predators in the farms. Hernandez-Fuentes ez a/.
(2012) reported that application of methyl salicilate
or water, yeast, sugar and powder milk mixtures
attracted Ceraeochrysa spp. predator that significantly
reduced A. tubercularis insect pest by 65-93%.

Chemical strategy: Chemical method refers to the
use of synthetic or organic compounds capable of
killing Aulacaspis tubercularis. Application of these
chemicals should be done with caution to minimize
damages to the ecology. Current the use of pesticides
in low in the region; in Ethiopia, only 21.5% farmers
apply chemicals for the control of white scale (Ajulo,
2019). These applications are random and not based
on any critical threshold; as farmers make applications
decisions visually. This could be due to lack of control
threshold provided by researchers in the region

(Mossler and Nesheim, 2004). This research reported
a number of synthetic products that have been trialed
with better outcomes and recommended for use in
the control of A. tubercularis insect pest across affected
countries (Figure 5). The reported efficacy vary from
one research to the other depending on the stage of
pest when application was made, the efficiency of the
application process and the type of trial (laboratory
versus field trial). Bi-weekly application of Movento
and Methidathion 400EC pesticides was found to
cause up to 90% and 74% mortality of white mango
scale insects after the fifth round of applications
respectively (Ayalew e al., 2015). Here, Movento
product was recommended for use in the control of the
pest. In another trial by Djirata (2017) on efficacy of
two insecticides against white mango scale, control of
up to 90% and 38% were recorded as a result of Folimat
500SL and closer 240SC pesticide applications
respectively, after three application regimes (Figure
4). A laboratory trial of propylene glycol monolaurate
and mineral oil pesticide active ingredients recorded
100% and 98% mortality of female white mangos
scale respectively (Mendoza-Montero ez al., 2017).
Other products have also been trialed: Applaud 25%
SC, Karate 2.5 % EC and Agrothion 57% pesticides
recording average mortalities of 76.1% (highest
mortality= 97.8%), 73.53% (highest mortality=
98.7%) and 68.6% (highest mortality= 96.1%) of 4.
tubercularis insect pest, respectively (Figure 5) (Salem
et al.,2011).

'The use of oil-based products is also taking shape and
has been trialed in open and closed fields and found
to reduce population of 4. tubercularis. For instance,
during a trial aimed at suppressing white mango scale
on mango trees in El-Beheira Governorate of Egypt,
Abo-Shanab (2012) reported that Super Masrona
0il® 95%, CAPL2 0il® 96.62% and Diver oil® 97%
products could reduce the population of this pest by
90.15%, 93.55% and 95.43% respectively (Figure 5).
Mendoza-Montero e al. (2017) also reported up to
98% mortality of white mango scale when sprayed
with mineral oil. On other scale insects, Sun spray 6E
Plus (mineral based product) was found to be highly
effective on controlling Pulvinaria innumerabilis and
Asterolecanium variolosum (Baxendale and Johnson,
1990). Also, positive results (up to 99.5% reduction
compared to untreated control) were reported by
Sadofand Sclar (2000) when using oil-based products
to control euonymus scale (Unaspieuonymi) on
Japanese pachysandra (Pachysandra terminalis). These
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products kill the scale insects by penetrating their
waxy cover and smothering them (Sadof and Sclar
2000). The knowledge about the lifecycle of the scale
insects is very important in knowing when to make
the applications of these oil products. Also, these oils
should be used with caution to avoid harming trees
at high concentrations and should be sprayed after
picking of fruits and not during flowering or during
periods of excessive heat or drought.

Though effective and heavily relied on by farmers
to offer instant solution to the scale insect pests,
some of these synthetic chemicals are very toxic to
both human and other beneficial organisms. Some
of these products are either banned for use or
allowed as a restricted use product by international
governing bodies. For instance, lambda-cyhalothrin,
methidathion, bifenthrin and omethoate have
quite low LD, values (<2,000 mg/kg) that should
be avoided if possible (Table 1).This could be
evidenced by the number of countries that have
banned the use of such products, respectively, 28, 33,
2, 31 (Table 1). In terms of environmental health,
products with negative impacts on non-targeted
beneficial insects should be avoided as well- broadly;
pesticide selection should prioritize those products
with relatively lower Environmental Impact Risk
Quotient (EIQ) values. used as summarized in
the pesticide training tool by Otieno (2019) other
human health protection procedures should be to
help minimize health risk; always wear protective

clothing (gumboots/well fitted shoes, overalls, rubber
gloves, breathing masks and eye goggles) and follow
the instructions provided on the product label (e.g.
rates, time of application and pre-harvest intervals).

Highest efficacy reported (%)

Percent(%) mortality

Pesticide products

Figure 5: Efficacy comparison; the percentage mortality of white
mango scale pests as affected by different pesticides under wide range

conditions.

Though there is no evidence of pesticide resistance
reported, precautionary measures are necessary to
avoid this risk; pesticides should be rotated based
on their mode of action (MoA) (as given in the
Insecticide Resistance Action Committee, IRAC
system) every 1-2 months of applications. From the
research, the listed products fall into six groups based
on their mode of action- namely UNE, 1B, 3A, 4C, 16,
and 23 (Table 1).To implement the pesticide rotation
program, all products with similar IRAC-MOoA class

should not follow each other in the program.

Table 1: Summary of active ingredients, acute oral LD50 values, and environmental impact quotient (EIQ) of
selected widely recommended pesticides for the management of A. tubercularis pest.

Pesticide product Active ingredient IRAC Acute oral LD, mg/ EIQ_ Total bans per active
MoA kg ingredient

Movento Spirotetramat 23 >2,000 3529 0

Methidathion 400EC Methidathion 1B 25-54 32.67 33

Applaud 25% SC Buprofezin 16 >2,000 3497 0

Karate 2.5% EC Lambda-cyhalothrin 3A 925 4417 28

Folimat 500SL Omethoate 1B 40 na 31

Agrothion 57% Malathion 1B >5,000 23.83 2

Propylene glycol monolaurate Propylene glycol monolaurate UNE >36,000 na 0

Closer 240SC Sulfoxaflor 4C >5,000 na 0

Deltamethrin Deltamethrin 3A >2,000 2838 0

Talstar Bifenthrin 3A 632 4435 2

Super Masrona 0il® 95% Mineral oil UNE na 30.09 0

CAPL2 0il® 96.62% Mineral oil UNE na 30.09 O

Diver 0il® 97% Mineral oil UNE na 30.09 O

D-C-Tron Plus 60% Mineral oil UNE >2,000 30.09 O
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Conclusion and Recommendations

For sustainable control of A. zubercularis insect pest,
integrated pest management strategies must be
adopted throughout the production period. Proper
field selection and adoption of tolerant varieties such
as Apple and Keit varieties provide an important
basis in fighting the impact of white mango scale
pests. Routine crop management practices such
as annual pruning after the harvesting season to
open up the canopy and timed pruning of infested
twigs to reduce the population of the pest should
be maintained. Chemical compounds should only
be used when the infestation is considered high
especially towards the fruit development stage to
enable production of blemish-free fruits. These
products should be less toxic and with low impact
risk quotient values. The health risks of these
chemicals are further reduced through the use of
personal protective equipment during application.

'The products should also be friendly to naturally

occurring enemies (predators and parasitoids) that

offer sustainable control of white mango scale pests.

From this research, the following research gaps

could be prioritized for better management of white

mango scale pest:

1. Evaluation of effective and less toxic chemical
products for wide and sustainable management
of white mango scale pest. This should be a
continuous process ensuring mango farmers
are constantly in supply with less toxic and
environmentally friendly chemicals.

2. Assessment and determination of white mango
scale economic injury levels and control thresholds
as influenced by agro-ecological zones prevailing
in Sub-Saharan Africa. This could give a better
prediction and control of the pest.

3. Toxicity and eflicacy evaluation of cultural
methods currently practiced by the resource
constrained mango farmers. This should aim at
proving the safety of using these products.

Novelty Statement

'The present investigation shed light on the status of
Aulacaspis. tubercularis pest in Sub-Saharan Africa by
looking at the pests life cycle, current distribution,
impact, and integrated pest management practices for
adoption. It also highlights vital themes and questions
for future research.
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