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ABSTRACT 

Mango (Mangifera indica L.) is the most important fruit crop grown in Amhara National Regional 

State of Northwestern Ethiopia for market and family consumption. Mango production is highly 

affected by several diseases and insect pests. Mango production in the study area is currently 

constrained by the infestation of white mango scale (Aulacaspis tubercularis). It spread and has 

become a threat to mango production in the Amhara region and the country at large. Therefore, 

this research is aim to investigate the population dynamics of white mango scale and its 

relationship with some ecological factors in Dera District from December 2022 to November 2023. 

Representative sites were purposively selected for the study. From each site five mango trees were 

purposively selected, and twelve mango leaves were plucked monthly from each mango tree at the 

upper, at the middle, and at the lower portion at each of the four cardinal directions of the tree. In 

the study months, female, male and egg was collected. Annual weather data, maximum 

temperature, minimum temperature, rain fall and relative humidity was taken from Amhara 

National Regional Meteorology Station.  Micro soft excel was used for data organization and 

analyzed using R-Statistics software version 4.3.1.  The results of the study confirmed that white 

mango scale was identified in all sampled study areas throughout the study period with a 

fluctuating population density. The mean number of white mango scale showed significant 

differences (p< 0.05) among the study months in each location, tree directions and canopy 

positions. The results indicated that, white mango scale showed population peaks in April and 

May. There was a high population dynamics recorded in south direction and in the middle between 

tree canopies. There was a positive correlation between white mango scale with rainfall and 

temperature.  Infested mango leaves by Aulacaspis tubercularis were present in two sampled study 

areas, with a fluctuating population density throughout the study period. Furthermore, the study 

investigated whether the build-up and decline of the white mango scale are affected by basic 

climatic factors such as temperature and rainfall, relative humidity, and cardinal direction 

differences, where the other contributing factors need to be investigated further for the future.  

Key words: Aulacaspis tubercularis, Cardinal direction, Correlation, Population dynamics, Tree 
canopy. 
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CHAPTER 1: INTRODUCTION 

 1.1. Background and Justification 

Mango (Mangifera indica L.) is one of the most flexible and widely grown evergreen fruit 

crops in tropical and subtropical regions (Bally et al., 2021). It is one of the horticulture 

fruit crops with the highest production in Sub-Saharan Africa (SSA), and it has both 

economic and nutritional importance (Otieno, 2021). Mango, traditionally grown in 

Ethiopia primarily for family consumption and local markets, but some emerging modern 

farms have started to produce mango for both local and export markets (Alemayehu Chale 

et al., 2014). 

In terms of mango production, India is the most important producing country in the world, 

and accounts for nearly 40% of total world production. Other important mango growing 

countries include China (11%), Kenya (7%), Thailand (6%), Indonesia (6%), Pakistan 

(6%), Mexico (5%), Brazil (3%), and Bangladesh (2%) (FAO, 2020).  

Among the fruits cultivated in Ethiopia mango is preceded in importance only by banana. 

Most of the productions come mainly from the Rift Valley, western and southwestern 

Ethiopia (Tewodros Bezu et al., 2019). Amhara region shared only 5.4% and 7.7% of the 

total fruit and mango production areas of the country, respectively and contributed only 

3.8% and 3.9% of the total fruits and mango produced in the country, respectively. In 

addition, the regional average yield of mango, 3.5 tons/ha, is far below the national average 

yield, 7 tons/ha (Merkuz Abera et al., 2024). 

Mango production is constrained by several insect pests, nematodes, and pathogenic fungi 

in various mango-producing countries. Insect pests such as the fruit fly complex, mealy 

bugs, thrips, mango seed weevil, white mango scale, and some fungal diseases caused by 

powdery mildew and anthracnose are among many pests that pose a severe threat to mango 

production in different mango-producing countries (Niassy et al., 2022). The threats 

caused by such various pests on mangoes amount from significant vegetative damage to 

total mango yield losses.  

White mango scale morphological description is opaque white female armor which is 

circular, flat, thin, and often wrinkled and Exuviae is near the margin, and is yellowish-

brown, with a median black ridge, forming a dark distinct median line; Male armors are 
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small, white, sides nearly parallel and distinctly tricarinate and crawlers are deep bright 

brick red (Hamon, 2016). 

White Mango Scale is a sucking insect pest that poses a severe threat to mango plantations 

and damage mango trees through the yellowing of leaves, the appearance of conspicuous 

pink blemishes on mature and ripe fruits, and dieback of the mango plant (Abo-Shanab 

2012). Infestation in young trees may lead to excessive fall off leaves, retarded growth, and 

death of the whole plant (Nabil et al., 2012).  

White mango scale (WMS) is one of the insect pests that constrain mango production in 

many countries across the world. In Ethiopia, the pest was recorded for the first time in 

2010 (Offiga Djirata et al., 2023).  

Infestation of mango by white mango scale insect pest in Ethiopia was first reported in 

2010 in a mango orchard owned by Green Focus Ethiopia Limited (Temesgen Fita et al., 

2023) which used to import mango seedlings from India and hence it is deduced that the 

insect pest probably entered Ethiopia accidentally on imported seedlings. Within one year 

of the first record, the white mango scale was reported to have dispersed 100 km west and 

to northern and central Ethiopia, with the infested area in the north being about 1500 km 

away from the place of initial infestation (Gashawbeza Ayalew et al ., 2015). 

Population of white mango scale were studied in different parties of the world. It was 

affected by direction within canopy, surface of leaves, season, level of the tree, 

temperature, rainfall. Several studies showed the effect of temperature on dispersion, 

distribution, and reproduction of insects, as well as increased longevity, resistance to 

insecticide, reproductive cycle, fertility, population size, and sex ratio (Grossen et al., 

2010). (Melaku Wale and Getie Melis, 2022) reported that white mango scale population 

dynamics were varying along with agroecology. The pest from spreading geographically to 

new places causes the problem to become more severe due to Lack of internal quarantine 

issues that could prevent (Zigyalew Gashaw and Abaynew Jemal, 2022). 

1.2. Statement of the Problem 

In Ethiopia, 1,666,040 householders were participated on mango productions with 

16,363.48 hectares in 2019/20 cropping year, which shared 12.49% of the fruit production 

of the country. It was produce on 19,497.92 hectares in 2018/19 cropping year. The 
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CHAPTER TWO: LITRATURE REVIEW 

2.1. Mango origin, biology, ecology and production 

2.1.1 Mango origin and taxonomy 

Mango (Mangifera indica L) is a member of the family Anacardiaceae from Asia and has 

been cultivated for at least 4000 years and it is one of the most important members of this 

family (Wang et al., 2020). Mango is cultivated approximately on 3.7 million hectares 

worldwide, occupied the 2nd position among the tropical fruit crops (Jahurul et al., 2015) 

and 5th from fruit crops of the world after citrus, banana, grape, and apple (Shi et al., 

2015).  

Mango is native to India and Southeast Asia, where it has been grown for good fruit 

quality for over 4,000 years (Mirza et al., 2021). Mango originated from South East Asia 

and more than 1000 varieties have been identified all over the world (Rymbai et al., 2014). 

Mangoes originated from the region between north-western Myanmar, Bangladesh, and 

northeastern India. From their centre of origin, mangoes diverged into two genetically 

distinct populations: the subtropical Indian group and the tropical Southeast Asian group. 

The Indian group is characterized by having fruits, mono embryonic while fruits 

characterize the Southeast Asian group (Rajan et al., 2021). Besides the Indian sub-

continent, Muslim missionaries, Spanish voyagers and Portuguese explorers now find the 

mango in several countries of the tropical and subtropical world where it was introduced 

during the 15th to the 18th centuries (Yadav et al., 2018). 

All mango cultivars belong to the species Mangifera indica. The taxonomy of mango is 

described as Kingdom, Plantae; Class, Mangoliopsida; Phylum, Mangoliophyta; Order, 

Sapindales; Family, Anacardiaceae; Genus, Mangifera and Species, Indica (Yadav et al., 

2018). Anacardiaceae is a well-known family in plant kingdom. This family consists 

mainly of trees; economically this family is very important for their wood and edible fruits 

(Nair 2010). 

2.1.2. Ecological adaptation of mango 

Adaptation of mango on soil  

Almost any kind of soil is good for mango, except such soil, which are lesser than one 

meter in depth and those with sub-soil having rocks, or too sticky clay (Kumari et al., 

2015). The mango can grow well in all types of soil from alluvial to lateritic, except black 
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canopy of manageable size. This allows air and sunlight to penetrate, which reduces pests 

and diseases and improve fruit colour (Nath et al., 2019). 

Significant numbers of mango producers in Ethiopia use river water and a small portion of 

smallholders use pound water. The yield is greater in river water irrigation than pond water 

irrigated crops. The quantity and quality of water available is a factor that determines the 

yield. Frequency and amount of irrigation need depends on soil type, property, climate and 

others (Seid Hussen and Zeru Yimer, 2013). The same study showed that fertilizer 

application, irrigation, pest and disease control, windbreak and pruning are the mango 

production practices adopted by the smallholder farmers in the area. However, use of 

organic and inorganic fertilizers for the mango production purpose is rare except some 

innovative Farmers use organic fertilizer (Merkuz Abera et al., 2024). Similar study 

conducted by Ayelech Tadesse (2011) indicated that FYM (Farm Yard Manure) 

principally transported from homestead to the field mostly during the dry season and 

spread in the bottom of each tree in circular form.  

Mango trees in most parts of Ethiopia are developed from seedlings and are inferior in 

productivity and in fruit quality. To alleviate these problems improved varieties named 

Kent, Keitt and Tommy Atkins were introduced from Israel in 1983 and are being 

commercially produced by the Upper Awash Agro Industry Enterprise (UAAIE). These 

varieties are widely distributed to different parts of Ethiopia by UAAIE. Green Focus 

Ethiopia Limited private farm introduced a new mango cultivar Alphanso (2001/2002) 

from India and planted in its farm at Loko in Guto Gida district of East Wollega zone of 

Oromia, western Ethiopia. The farm cultivates Keitt, Kent, Tommy Atkins, Apple, Dodo 

and Alphanso (Temesgen Fita, 2014). 

Methods of harvesting adopted by the smallholder farmers in Ethiopia are hand picking, 

cut by scissor and using stick. Hand picking method of harvesting produce can maintain 

good quality of fruit and protect the fruit from mechanical damage. Hand picking can 

produce the fruit with stem and reduce fruit bruising and damage but stick structure result 

in fruit dropping and leave the fruit without stem, which facilitate fruit bruise and 

mechanical damage (Seid Hussen and Zeru Yimer, 2013). Ayelech Tadesse (2011) showed 

that harvesting usually start after fruit dropping - which is principal maturity index. FAO 

(2020) which indicated cuts, punctures and bruises has increased ethylene production and 

hastened fruit softening and ultimately caused mechanical injuries and decay. 
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2.2. Constraint of mango production 

Mango production is constrained by different biotic and abiotic factors. Among the biotic 

factors that mango trees damaged were different insects and diseases such as, Anthracnose, 

Bacterial Black spot, stone weevil (Sternochetu spp.), fruit fly, mango gall flies, Mango 

leaf coating, Mites, Mango seed weevil, Mealy bug, Powdery mildew, Scale, Spider mites, 

Mango tip borer, Stem-end rot, Termite, Thrips and White flies (Julien Sarron et al ., 

2023). Among these insect pests of mango, white mango scale is the most important of 

hard scale insects, which is reported to have damaged mango in various parts of the world 

(Gelana Keno and Mulatu Wakgari, 2022). 

In Ethiopia mango production is constrained by insect pests such as fruit flies, mango seed 

weevil, mites, thrips, mealy bugs and scale insects and reported to have caused damages 

ranging from significant vegetative damage to total mango yield losses (Temesgen Fita et 

al., 2021). Mango anthracnose, caused by Colletotrichum gloeosporioides was reported to 

be 100% prevalent in the humid agro - ecology of southwest Ethiopia, and found causing 

severe damage to the fruit crop (Agurash Seid et al., 2017).White mango scale is among 

insect pests inflicting damage to mango trees in Amhara National Regional State. 

The study in the East and West Wollega Administrative Zones by Temesgen Fita (2014) 

who reported that survey in the infested districts mango yield obtained before white mango 

scale emergence was significantly higher than after white mango scale emergence. 

Mohammed Dawd et al., (2012) also reported that farmers responded that fruit harvest up 

to 10 quintal before the occurrence of white mango scale had been decreased to 2 to 3 

quintal or not at all after the occurrence of mango white scale. Harmon (2016) reported that 

in 2001, losses caused by fruit rejection from Nayarit due to white mango scale infestation 

was ranged from 50 to 100%. 

2.3. White mango scale taxonomy, origin and biology 

 2.3.1 Origin and taxonomy of white mango scale (Aulacaspis tubercularis) 

White Mango scale is a tropical species that may have originated in Asia (Borchsenius, 

1966) and has been firstly reported in India on mangoes (Raza et al., 2023). The taxonomy 

of white mango scale is described as domain: Eukaryota; kingdom: Metazoa; phylum: 

Arthropoda; sub phylum: Uniramia; class: Insecta; order: Hemiptera; sub order: 

Sternorhyncha; Unknown: Coccoidea; family: Diaspididae; Genus: Aulacaspis and 

Species: Aulacaspis tubercularis (Reda et al., 2009). White mango scale is known by its 
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accepted name Aulacaspis tubercularis Newstead, 1906 (Takagi and Faveri 2009). 

However, there were times when it was known by several different names, namely, 

Aulacaspis cinnamomi Newstead, 1908, Aulacaspis cinnamomi mangiferae Sasscer, 1912, 

Aulacaspis mangiferae MacGillivray, 1921, Aulacaspis sinnamomi Kuwana, 1926, 

Aulacaspis tubercularis Sanders, 1909, Diaspis cinnamomi Hall, 1928, Diaspis cinnamomi 

mangiferae Newstead, 1911, among others (Abraham Negera,  2018). 

2.3.2. White mango scale biology 

White mango scale differs from false mango scale mainly by females, which are described 

as being red with scale coverage that is flat, white and circular with a black oval shaped 

caste skin and males white are rectangular with two or three distinct ridges usually 

clustered round a single female. White mango scale is hard scales or armoured scale, which 

does not produce honeydew (Merkuz Abera et al., 2023) .White mango scale, secretes 

waxy protective covering under which it lives and feeds. The coat is attached to the plant 

surface, while the insect is free within the cover. The waxy cover is tough; thus, white 

mango scale is known as armoured or hard scale insect. Sizes of scale insects range from 

1.5 mm to 25 mm in length, and they vary in shape and colour (Raza et al., 2023). 

As cited by Abo-Shanab (2012) and shown in Figure 2.1 by Del pino (2020) white mango 

scale shows sexual dimorphism. Adult female is larger than the male; with thin and nearly 

circular body shape and white armour, that possesses dark and oval terminal exuviae. The 

naked adult female's body is wrinkled, with quadrate and enlarged posoma. Takagi (2010) 

described the body of fully-grown adult female rosae type, as its prosoma (the fused head, 

prothorax and mesothorax) is swollen and wider than the postsoma (the fused metathorax 

and abdomen). Adult female has neither wing nor appendage for locomotion. It glues itself 

to the plant part by the use of its armour and remains sucking sap from the plant tissues. 

Like most species of armoured scale insects, adult male white mango scale is smaller than 

the female; its body is elongated and nearly rectangular with three raised parallel dorsal 

ridges on its cover. 
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Figure 2. 1 Life cycle of white mango scale Source: (Del Pino, 2020) 

Unlike the female, male mango, scale possesses one pair of wings. They occur in groups 

gathering around the female, while the female usually occurs singly. The reproductive 

biology of scale insects in general exhibits marked diversity. A variety of sexual and 

asexual modes of reproductions is present in scale insects. Hermaphroditism is among the 

sexual modes of reproduction in this group of insects. Adult female of some scale insects 

may lay eggs or give birth directly to live first instars (Ross et al., 2012). In the course of 

development, female scale insects undergo incomplete metamorphosis with a total of three 

to four instars, whereas the male passes through five instars exhibiting a metamorphosis, 

which resembles the complete one. However, it is evident that members of the order 

Hemiptera normally undergo incomplete metamorphosis. The life cycle of white mango 

scale begins when the female lays fertilized eggs under its cover, which may be about 80-
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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 (Temesgen Fita, 2014). Due to severe infestation of 

WMS on citrus and fern, chlorotic spots were produced. An increasing in one WMS per 

mango leaf decreased fruit yield by up to 4.28 kg per tree per year (Daneel et al., 2006).  

2.4. Economic Importance of White Mango Scale 

The white mango scale is among the most damaging pests of mango trees in most mango-

growing areas. This insect pest injures the shoots, twigs, leaves, branches, and fruits by 

sucking the plant sap with the mouthparts, leading to its deformations, defoliation, drying 

up of young twigs, and dieback (Habtamu Gudisa et al .,2020). Poor blossoming, death of 

twigs through the action of toxic saliva and so upsetting the commercial value of fruits. 

Their export potential, particularly to late cultivars where it causes visible pink blemishes 

around the feeding sites (Nabil et al., 2012). 

 White mango scale is a serious pest on mango, which recently became a troublesome pest 

in all mango orchards in the world. It causes fatal damage, especially to late cultivars, by 

sucking leaves, which turn pale green or yellow and ultimately die and cause conspicuous 

pink blemishes around insect feeding sites on the fruits, resulting in external lesions 

rendering it unmarketable for export (Del Pino et al., 2020). The great damage caused by 

scale insects results in low photosynthesis and respiration, which leads to curling, 

yellowing, dropping of leaves, malformations, dwarfing, and decreasing fruit production 

(quality and quantity). Additionally, the excretion of large amounts of honeydew that are 

rich in sugars and nitrogenous components creates good media for sooty mold fungi that 

increase the inhibition of photosynthesis qualities (Bakry and Tolba, 2018). 

The white mango scale has crucial economic significance; it can cause the loss of up to 

90% to 100% of the economic value of the manufacture of mango if the pest is not 

managed timely (Del Pino et al.,2020). Increasing the number 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 

(Otieno, 2021). 
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increases pesticide coverage and also reduces ideal environments for scale insects to 

develop and increases the ease of detection (Andrew, 2016). 

Pest control measure using pruning is recommended before the flower induction and right 

after harvest; it can be done by removal of undesirable vegetative parts, crowded branches, 

insect -infested and diseased branches, leaves, flowers and other plant parts. Small 

branches were cut first followed by large branches and all debris will be removed to clean 

the surroundings (Williams et al., 2009). The study of Bautista et al (2013) stated that 

pruning significantly reduced the number of females per leaf in both kinds of conventional 

and organic management of mango plantations, but was most evident in organic 

plantations where females per leaf decreased significantly and the increase in abundance of 

males per leaf was not significant.  

Pruning is an important cultural operation for obtaining quality yield from the fruiting 

trees, which involves judicious removal of vegetative parts. An un pruned tree becomes 

very large, which inhibits light penetration inside the canopy. As a result, leaf sprout is 

decreased, photosynthetic activity remains low and high incidence of pests and disease 

occurs due to high relative humidity (Ram et al., 2013). Sunlight not only influences the 

flowering and fruit set, but also enhances quality and colour development of fruits 

(Hampson et al., 2002).  

For this reason, fruits in the top of the tree always have better quality than fruits in the 

lower shaded part of the canopy. Several studies have been conducted on pruning in the 

mango tree in relation to better light penetration, fruit set and yield in pruned trees 

(Bhagawati et al., 2015). (Asrey et al., 2013), reported poor mango fruit yield during the 

first year after pruning, which kept increasing in the successive years.  

Fruit yield of pruned trees was found to decrease during the first year compared with the 

fruit yield of unpruned trees; later on, it become increased during the second year. Pruning 

resulted in significantly higher fruit weight, fruit firmness, total carotenoids, antioxidant 

capacity and total phenolic content (Asrey et al., 2013). The study by Bautista et al. (2013) 

recommends that agronomic practices used in the conventional plantation to combat the 

white scale did not offer better results than those used in organic plantations against white 

mango scale. However, these seemed to be more efficient than excessive fertilizer use. A 

proposal for management of white mango scale is rational use of the compounds and 
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appropriate pruning. These can be done after the rainy season when white scales are least 

abundant.  

Mechanical methods bring about reduction or suppression of insect populations. Minor 

scale infestations on small houseplants can be removed using cotton balls or swabs to 

brush rubbing alcohol onto the plant (Mark et al., 2019). Tesfaye Hailu, et al. (2014) from 

expertise point of view recommended that kill white scales by rubbing then off with fingers 

and if possible; dislodge scales by hosing down plants frequently and use a high pressure 

stream of water to dislodge scales. Double-sided sticky tape to a stem above a scale 

infestation, Crawlers that are moving to new locations will become caught on the tape. 

Crawlers move toward light. Placing the tape above the scale infestation will increase 

monitoring of scale crawlers (Mark et al., 2019).  

Andrew (2016) reported that when only a small number of plants are present with a low 

rate of infection, squash scale insects and egg batches using rubber gloves. The presence of 

a small number of individuals should prompt regular and rigorous inspections of the 

consignment (Trouvé and Robinson 2021). 

2.5.2. Physical Control 

 Physical control methods in crop protection comprise techniques that limit pest access to 

the crop, induce behavioural changes, or cause direct pest damage or death. The primary 

action is attained through stress responses, reduces pest populations by affecting pest 

physically, or alters their physical environment and application of heat, application of cold, 

and manipulation of moisture (Sharabi et al., 2010). Tesfaye Hailu, et al. (2014) from 

expertise point of view recommends that mulching improve natural enemies and soil 

fertility for checking white mango scale population. 

2.5.3. Biological control 

 Mango white scale insect pest is under good biological control in most other mango 

producing countries and therefore it was decided to introduce an exotic biological control 

agent and try to establish it in different mango producing areas. Both the parasite and 

predators were successfully augmented, released in to mango orchards and became well 

established (Mani, 2016). 
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effectively control scales (Mark et al., 2019). Andrew (2016) reported that imidaclopride 

And Dimethoate active ingredients are registered for scale control for fruit and citrus crop 

in Australian agriculture. 

2.5.6. Integrated pest management  

Integrated pest management is a pest management philosophy that utilizes all suitable pest 

management techniques and methods to keep pest populations below economically 

injurious levels. An integrated pest management alternative could be applied that would 

consist of a combination of pesticides, cultural practices and the use of biological control 

agents (Dale, 2002). Monitoring of mango white scale monthly throughout the year helps 

to prevent severe problems from occurring as the mango scale is present all year round 

become peak during flowering and harvest (Tsegaye Babege et al., 2017). Population 

peaks of scale crawlers is an essential finding for control of the pest through targeting the 

crawler stage, which is sensitive to both systemic and contact insecticides (Buss and 

Turner, 2006). 

Pesticide application in mango orchards resulted in high mortality of endemic parasitoid 

(Labuschagne and Pasques, 1994, Labuschagne and Froneman, 1992). The study by 

Bautista et al. (2013) recommends biological control by conservation can be implemented 

using natural enemies of the insect pest, combined with products such as soap and citroline 

that have low toxicity and less environmental impact than insecticides such as Malathion. 

Suresh et al (2007) reported that efficacy of insecticides on sucking insect increased when 

applied in combination with soaps and oils. Implementation of integrated pest management 

based on organic inputs and biological control would more safely produce mango with 

added value. Scales infesting houseplants can be controlled using a commercially available 

insecticidal soap or make your own soap solution by diluting a mild dishwashing detergent. 

If possible, dip the entire plant into the soap solution; otherwise thoroughly cover all plant 

parts using a hand -held sprayer (Mark et al., 2019). 
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Figure 3. 1 Monthly Rainfall, Maximum, Minimum, Average Temperature and Relative 
Humidity for 2023 over Dera study areas. (Source: NMSA, 2023) 

Figure 3. 2  Map of the study area Source: Ethio-region shape file (2023) 
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3.2. Study design and sampling procedure 

In the district, White mango scale population was conducted from December 2022 to 

November 2023 for twelve consecutive months. Multi stage sampling procedure was 

adopted in the choice of sample mango orchards and household heads for this study. At 

first stage South Gondar zone was selected purposively based on being a prominent mango 

producing and white mango scale infestation areas. In the second stage, the study district of 

Dera was selected by purposive sampling technique based on major mango farm 

production and white mango scale infestation problem in the Zone. In the third stage the 

study Kebele administrates were selected by proportional sampling technique based on 

area coverage of mango production in two areas that means number of Kebele 

administrates were selected in the highest production areas two administrative kebeles 

were selected. Out of 39 administrative kebeles, 20 kebeles have more mango producing 

potentials. They are Korata and Wonchet kebele administrations in this district. 

Five trees were purposively selected at each site ( a total of 10 trees) from which, 12 leaves 

were plucked from  the top,  middle, and  bottom portion) each at four directions of the tree 

(East, West, North and South, to determine if infestations varied depending on the 

environmental factor that influences the scale of the mango tree). From five trees per 

mango orchard, 60 leaves were taken per month to count the population of white mango 

scale undertaken for counting in agricultural entomology lab. From the ten trees, 120 

leaves were taken per month, 1440 leaves during the entire study throughout the year. 

After a visual inspection of each leaf, the number of females, males and eggs were counted 

and recorded. A dissecting needle was used to open up the armour of the female scale for 

ease of counting the eggs underneath.  

In each orchard, five homogeneous in age (nine years old) Kent variety of mango trees 

were selected and marked at each targeted site for the study; one at each of the four corners 

and one at the center. Hence, five sample trees were used for the experiment. From the 

upper, middle, and lower canopies of a mango tree, a total of 12 leaves were plucked from 

each tree. The sampling started from the trees at each corner in the orchards and continued 

toward the center, and that started from the central tree and continued in the four cardinal 

directions on successive trees, once within a month for 12 consecutive months (one year). 

The leaves collected from each tree were placed in a separate clothed plastic bag, labeled, 

kept in a plastic bag, and taken to Bahir Dar University, College of Agriculture and 

Environmental Sciences, and Agricultural Entomology Laboratory. The leaves were 
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  CHAPTER FOUR: RESULTS AND DISCUSSIONS 

 4. Population dynamics of white mango scale    

4.1. Population dynamics of female and male white mango scale on mango leaves 

 The result showed that there was population variation of the female white mango scale 

very highly significantly (p<0.001) (Appendices table 1) among the study months. The 

maximum average number of female white mango scales recorded at Korata kebele 

administrative site in April (39.48) per mango leaf while, the minimum female white 

mango scale was recorded in November (0.64). The mean number of WMS among the 

study months in descending order was April (39.48), May (37.68), March (37.68), June 

(19.24), February (15.66), July (9.32), August (7.58), January (2.18), September (2.12), 

October (1.28), December (0.82), November (0.64) (Table 4.1).  

The female white mango scale population fluctuated during the study months at Wonchet 

kebele administrative site in Dera district. The result showed that there was a fluctuation of 

the white mango scale across the months.  The highest number of female white mango 

scale was recorded during May (36.10) in the study months). The monthly population 

dynamics of female white mango had a very highly significant difference during the study 

months (p<0.001) (Appendices table 4). The lowest number of female white mango scale 

was counted during November (0.34). Among the study months, there was a fluctuation of 

white mango scale numbers per a tree. In descending order, the mean number of female 

white mango scale among the study months at Wonchet kebele administrative site was May 

(36.10), April (33.66), March (19.10), June (16.94), February (15.46), July (8.92), August 

(5.60), December (0.42) September (0.40), October (0.34), and, November (0.34). This 

result showed there was a fluctuation among the study months (Table 4.1).  

The result showed there was a monthly variation of population of male white mango scale 

in the study site (korata kebele administrative) during the study months. The result 

perceived there was a high fluctuation male white mango scale infestation within a year. 

The male white mango scale fluctuation was variable with very highly significantly 

(p<0.001) (Appendices table 2). Results of this research cleared that this pest had a peak 

period during the study months. Population fluctuation of this pest indicated that the 

highest population was recorded in April month. The result replied that a high number of 

male white mango scales were recorded during April. The highest population of male 
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white mango scale was recorded 66.98 in April, 61.00 in May, and 56.22 in March (Figure 

5). The population fluctuation was low in November (1.74), December (1.98), and October 

(3.70). The descending mean number of live male white mango scale among the study 

months at this site was April (66.98), May (61.00), June (60.22), March (56.22), July 

(36.18), February (29.36), August (19.26), January (9.34), September (5.10), October 

(3.40), December (1.98), and, November (1.74) (Table 4.1).   

 

The results showed that there was a monthly variation of male white mango scale with 

very highly significantly high during the study months at the site of Wonchet kebele 

administration (p<0.001) (Appendices table 5). In the result, there was a low and high 

mean number of male white mango scales per leaf was counted.  The highest average 

number of male white mango scales was recorded during May (59.18) followed by April 

(55.94), but, the low average number was recorded during December (0.54), and 

November (0.58). The population rise up exponentially from February to April and reaches 

its peak in May (59.18) and decreasing slowly in the beginning of June. The descending 

mean number of live male white mango scale among the study months at this site 

(Wonchet kebele administration) was May (59.18), April (55.94), June (50.48), July 

(44.26), March (42.66), February (31.86), August (16.72), January (7.06), September 

(2.52), October (1.34), November (0.58), December (0.54) (Table 4.1). 

In the finding, the Populations of white mango scales in Dera district began to build up in 

February and reached their peaks in April and May, due to some favourable ecological 

factor for population reproduction and due to the beginning of rainy season. This may be 

because mature and ripe mango fruits are more aromatic than green mango fruits due to the 

presence of many volatile chemical substances in those months. The result of this study 

revealed that there was a swiftly decreased male and adult female white mango scale 

population from July - November 2023, followed by prolonged heavy precipitation. 

Probably due to heavy precipitation, the white mango scales washed away from mango 

leaves, take time to rehabilitate, and regenerate there. During and after the months of heavy 

precipitation, most of the infested mango leaves exhibited yellow blemishes and necrosis 

(personal surveillance), indicating that the patch from which the scale cluster formed was 

washed down by heavy precipitation in the study areas. 

 More population was recorded at Korata kebele administrative site than Wonchet kebele 

administrative study site. Among the two study areas, Korata kebele administrative study 
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area recorded the highest white mango scale. The reason why the highest white mango 

scale was recorded in Korata kebele administrative study site is that large and old mango 

varieties are located near trees infested with white mango scale. 

The results are in the harmony obtained by (Lopez et al., 2012). The developmental pattern 

of white mango scale showed three different stages: a low-density period from the end of 

the rainy season (September to December), a second stage of gradual population growth 

from March to the beginning of the rainy season (July), and the last stage of drastic fall in 

population during the rainy season (July-August). Those results are also in agreement with 

the results of Appiah et al., (2011) who found that the level of white mango scale 

infestation was highest at the ripening stage and considerably high at the maturity stage.  

Adult females white mango scale reached its maximum counts and more abundant at 

March, April, and May in Egypt (Radwan and Attia, 2012). A study conducted in western 

Ethiopia found that the population of white mango scale reaches a peak in April and May 

(Offiga Dijirata et al., 2018). The same study also reported that there was a fluctuation of 

female white mango scale among months. Another survey conducted in southwest Ethiopia 

also indicated that the WMS had distributed in the areas with its peak population density in 

April and May (Dinka et al., 2019). A study reported by Montiel et al., (2023) indicated 

the highest density of female individuals of white mango scale occurred between March 

and June that means in April and May. 

Temesgen Fita et al. (2023) and Ofgaa Djirata et al (2018) whom reported that the white 

mango scale started to build up towards its peak and reached its peaks in April and May, 

with a sharp decrease in population observed in August, September, October, and 

November, and also The result of this study coincides with the results of the studies by 

Urias et al., (2010) and Balderas et al., (2017) mentioned that the populations of white 

mango scale are lower during the rainy season from July up to the end of rainy season and 

with a period of population growth from December to February. These results were also in 

harmony with Teshale Daba et al., (2019) who reported that there were fluctuations in the 

numbers of sessile stages across the study months (June to May) and that they were 

distributed in the areas with their peak population density in April and May. This result 

was in line with the findings of Salem et al., (2011) who found that there was three 

developmental pattern of the white mango scale showed: a low-density period from the end 

of the rainy season from September - December, a second stage are gradual population 
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begins build up in February and reaches peak period around in April and May. In those 

months, the white mango scale more fecundity reproduce and increase their population. In 

the study, the months from November to January were decline period of white mango scale 

population. In this period, the population was near to absence. 

 The study by Garuma Nemera (2021) revealed that the white mango scale population 

showed significance variation among the study months. Tsegaye Babege et al., (2017) also 

reported that white mango scale infestation varied among the study districts and seasons. 

The study by Kwaiz and Fayza (2009) who stated that white mango scale had three peaks 

of seasonal abundance on mango trees in Egypt.  

Similarly, Abo-Shanab (2012) recorded four annual peaks of seasonal abundance for white 

mango scale on mango trees. The seasonal abundance of the white mango scale was 

estimated throughout two years (2008 and 2009) by direct counting on 30 leaves of mango 

from the beginning of February 2008 to January 2010. His report showed that the 

population changes of the mango scale insect where it had four peaks for its population 

during the two studied years, (April, August, October and December, 2008) and (March, 

July, September and December, 2009) where recorded total numbers of all stages of the 

mango scale insect per total number of leaves. 

Table 4. 2:  Mean number of white mango scale eggs in the study area 

 Eggs WMS  

 Korata Wonchet 

Month Mean value Mean value 

Dec 2.60 l 1.56 l       

Jan 9.18 j      8.90 i      

Feb 33.00 g      29.50 g       

Mar 87.68 d      80.94 d      

Apr 119.50 a      104.62 b 

May 111.22 b 113.72 a       

Jun 100.92 c      90.84 c      

Jul 80.88 e 75.40 e     

Aug 37.84 f      30.20 f       



 
  

35 
 

Sep 18.84 h      9.80 h     

Oct 11.16 i      6.50 j     

Nov 6.34 k      2.30 k       

SE(±) 1.32 1.21 

Mean 51.6 46.19 

CV (%) 4.36 4.21 

LSD(0.05) *** *** 

Means followed by the same letter(s) in rows are not significantly different at a P<0.001 

level of significance by Tukey's Studentized Range (HSD) test. 
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4.3. Severity status of white mango scale 

On the result, 63.5 for Korata kebele administrative study site and 36.5 at Wonchet kebele 

administrative was categorized in the high severity status (the relative frequency of white 

mango scale greater than 11, severity index equal to 3  are considered to be very high 

infestation). The severity index number in indicates that the status of white mango scale 

was very high infestation on mango leaves per mango trees. Highly infested mango leaves 

were observed on both sites. The highly infested mango leaves lead to damage symptoms, 

which is whitish appearance on the surface of the leaves and yellow colour rounding and 

black lesion at the centre of the damaged part and the lesion, develops to whole leaf. The 

attacked mango trees were showed dieback drying; from tip of branches to whole parts 

were observed progressively dried and finally the mango tree become out of production 

(Table 4.3).  

According to the results of the current finding, which are presented in (Table 4. 3) the 

pattern of white mango scale severity status across each district north western Ethiopia 

were not uniform. The severity status varied, which would suggest the existence of 

possible factors that have a varying impact on the dispersion of the pest populations at the 

local habitat level. In the study area, the white mango scale was seen to cause varied levels 

of severity. In Ethiopia, there was a study on white mango scale severity varied from zero 

level of infestation to very high infestation level. At Korata kebele administrative (63.5), at 

Wonchet kebele administrative (36.5) at level of infestation was recorded. White mango 

scale insect infestation is severing in Amhara region, South Gondar, Dera district. The 

white mango scale addressed in the part of region.  

The result is supported by the finding of Temesgen Fita, (2014) who reported that there 

were differences in infestation levels in the East and West Wollega. Additionally, Tsegaye 

Babege et al., (2017) reported that the distribution of the white mango scale infestation 

varied among the surveyed sites and seasons.  

 
Table 4. 3:   Severity status of white mango scale in the study area. 

Kebele Severity index Severity status 

Korata 63.5 Very high infestation 

Wonchet 36.5 Very high infestation 
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4.4. Population dynamics of white mango scale between cardinal direction and tree 
canopy. 

The result showed there was a variation of white mango scale population on each sampled 

tree in each individual cardinal direction during the study months. The population of 

female white mango scale between branch directions in the study month was observed on. 

Relatively, there was a significantly high difference population of female white mango 

scale at korata kebele administrative site between cardinal directions (p<0.01) (Appendices 

table 7). In south direction, the highest mean number of female white mango scale was 

counted (42.0). In north and west direction, relatively the same pattern of population was 

recorded (40.4). The lowest population of female white mango scale was counted in those 

directions. In east direction of mango, tree (40.8) mean number of female population was 

recorded (Table 4. 4).  

The result of the population of male white mango scale showed a high significantly 

difference among branch direction of a mango tree leaves at korata kebele administrative 

site. Relatively, there was a significantly high difference population variation of male white 

mango scale at korata kebele administrative site in the cardinal direction of mango tree 

(p<0.01) Appendices table 8). In south direction, the highest mean number of female white 

mango scale was counted per leaves (88.8). In east and west direction, relatively the same 

pattern of population was recorded per mango leaves (87.0); the lowest population of 

female white mango scale was counted in those directions. In north cardinal direction of a 

mango, (87.8) mean number of male population was recorded per mango leaves (Table 4. 

4). 

The result showed there was a population variation of white mango scale egg on mango 

tree between cardinal directions of mango at Korata kebele administrative site. There was a 

significant difference of a population of white mango scale egg among branch direction 

(P<0.05) (Appendices table 9). The lowest mean population of white mango scale egg was 

observed in east direction (154). The highest population of white mango scale egg was 

counted in south direction (155.6). In north direction (155) average number of white 

mango scale egg was recorded per mango leaf at this site and (154.8) average number of 

white mango scale eggs 




































































