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ABSTRACT 

Insect pests are among the most important biotic factors limiting mango production in Ethiopia. 

White mango scale (Aulacaspis tubercularis Newstead) is an invasive pest currently posing series 

problem on mango in the country. There are limited and/or no effective control options available 

for the management of the pest. Thus, it is important to investigate various pest management 

options as standalone and/or in an integrated pest management approach.   The objective of this 

study was therefore, to evaluate different insecticides, detergents, mineral oils and pruning for 

the management of white mango scale at Raj agro industry LTD farm on established trees. Eight 

insecticides and un-treated (control) were used as treatments with and without pruning for 

evaluation the efficacy of different insecticides and pruning. Thus there were a total of 18 

combination treatments. Randomized Complete Block Design in factorial were used and 

replicated three times. Mineral oil, ordinary vegetable oil, white oil (the mixture of oil and liquid 

soap) and pruning were used alone and combination as treatments for evaluation of different 

oils, detergent and pruning. In total 11 treatments including untreated (control). The treatments 

were arranged in a randomized complete block designs and replicated three times. Twelve leaves 

were randomly picked from the lower branch of each tree in four cardinal directions. The 

number of crawler, male and female white mango scale were counted using a stereoscopic 

microscope. Movento 150 OD (1.57) after first application and Dimethoate 40% EC (2.3) after 

second application were found effective in management of white mango scale for efficacy of 

different insecticides and pruning. Pruning also significantly decreased the number of WMS 

after first (23.83) and second (14.66) application compared to non-pruned treatments. Mineral 

oil plus white oil showed lower number of white mango scale after first and second application 

of treatments (15.97) and (8.2) respectively for evaluation of oils, detergent and pruning after 

first application. Private companies, investors and smallholders and local farmers could be 

advised to use mineral oil (50ml/15L/3tree) plus white oil (31.5ml/15L/3tree), pruning, 

Dimethoate 40% EC (50ml/15L/3tree) and Movento 150 OD.  

Key words: Mango, white mango scale, Insecticides, oils, detergent and pruning. 
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1. INTRODUCTION 

Mango, Mangifera indica L, is one of the most important fruit crops which belongs to the family 

of Anacardiaceae, and consumed in fresh and processed form worldwide (Banerjee, 2011). The 

fruit is an important cultural and religious symbol considered as “king of fruits” (Mukherjee and 

Litz, 1997). It has an attractive color, sweetness, excellent flavor, delicious taste, high nutritive 

value and health promoting qualities. It has high amount of sugar, protein, fats, and all known 

vitamins (Nabil et al., 2012). It is also an excellent source of dietary antioxidants, such as 

ascorbic acid, carotenoids, and especially phenolic compounds (Ma et al., 2011). Mango is also 

used in different parts of the world as animal feed, poultry diet, in Ethno-pharmacology and 

various chemical industries (Wauthoz et al., 2007; Kayode and Sani, 2008; Nwinuka et al., 

2008).  

Mango is the most important fruit in Asia, and among the total production of major fruit crops in 

worldwide currently ranks fifth after bananas, citrus, grapes and apples (FAO, 2009). It is 

cultivated in more than 85 countries in the world with total production area coverage around 3.69 

million hectares. In the year 2009, the world total production of mango was around 35 million 

ton per year globally (FAO, 2009). The productivity of mango has increased by over 100% 

worldwide from 1971 to 2002 and the production was estimated to be around 25.75 million tons 

in 2002 (FAO, 2002). Pertaining to its global demand, mango play significant role in foreign 

currency generation and accordingly, its production has been on a rise from time to time 

(UNCTAD, 2016). Both domesticated and wild fruit species are grown in Sub-Saharan Africa by 

farmers and small scale farmers for its significance to health, ecological benefit and revenues 

(Weinberger and Lumpkin, 2005). 

In Ethiopia mango has significant importance with a potential for domestic and export markets 

and industrial processing (Honja, 2014). In the year 2017 the Central Statistical Agency (CSA), 

reported that Ethiopia has a total area of 1.08 million km
2
 for fruit production and the total fruit 

production area in Ethiopia is around 107,890 hectares. Bananas, Mangoes Avocados, Papayas, 

and Oranges took up 67.94%, 13.21%, 8.20%, 6.36% and 2.61% of the fruit production, 

respectively. Around 1,857,387 households contribute to mango production and about 185,739 
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tons of mangos produced per year from 15,413.76 hectares (CSA, 2017). The contribution of 

mango is about 14.29% of the area allocated for fruit production and it holds 13.21% of quintals 

of fruits produced in Ethiopia (CSA, 2017).  

Mango production is constrained by different factors such as diseases and insect pests. Huge 

losses of Mango have been incurred by factors such as poor agronomic practices, damage by 

resident and invasive pests, unavailability of high quality planting materials and poor post-

harvest practices in Ethiopia (Ayalew et al., 2015). Insect pests are among the most important 

factors limiting mango production in Ethiopia and elsewhere in the world. The most important 

insect pests of mango are stone weevil (Sternochetus spp.), mealy bugs, fruit flies, white mango 

scale, and mites (Griesbach, 2003; FAO, 2010). White mango scale is the most important insect 

pests and reported to have a damaging effect on mangoes in many parts of the world including 

Ethiopia (SRA, 2006; Germain et al., 2010; Abo-Shanab, 2012; Ofgaa and Emana, 2015). 

The white mango scale, (Aulacaspis tubercularis Newstead) is distributed in many mango-

growing countries and it feeds on more than 40 plant species (Kondo and Muñoz-Velasco 2009). 

White mango scale presents an economic problem on mangoes in South Africa, Australia, Italy, 

East & West Africa, North & South America and the Caribbean countries (Daneel & Joubert, 

2009; Urias et al., 2010). In Ethiopia occurrence of white mango scale was reported for the first 

time at a private farm called Green Focus Ethiopia LTD. in East Wellega Zone in August, 2010 

(Mohamed et al., 2011).  

White mango scale insect affects the commercial value and export potential of fruits. It damages 

mangoes by feeding on the plant sap of leaves, branches and fruits, causing defoliation, drying 

up of young twigs and, poor blossoming. In nurseries, infestation at early stage retards growth of 

seedlings (Hodges and Hamon, 2006; Abo-Shanab, 2012; Manners, 2016). During hot dry 

weather young trees are mostly vulnerable to excessive leaf loss and death of twigs. The mature 

fruits are heavily infested premature fruits drop and they become small in size with insufficient 

juice and total death of the plant can become evident if infestation occurs at nursery stage (Abo-

Shanab, 2012).  

White mango scale infested areas on leaves turn pale green or yellow and ultimately die. Heavy 

infestation can kill leaves and branches (Abo-Shanab, 2012). Currently mango production in 
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Western Ethiopia is highly constrained by white mango scale and little information is available 

on the management option of this pest. Some chemical pesticides such as: Imidacloprid 35% SC 

and Thiamethoxam 25 WG were registered for control of the white mango scale, and Dimethoate 

40% EC was registered long time ago as an effective pesticide against other scale insect on 

mango and red scale on citrus  in Australia and India (Manners, 2016; GIMA, 2012). Lambda 

cyhalothrin 17.5% SC was registered for common scale insects of mango in Australia and India 

(NAL, 2004; Parakash and Patil, 2018). However, little efforts have been made on chemical 

screening and registration of chemical pesticides to combat white mango scale in Ethiopia. 

Movento 150 OD, Methidathion 400 EC and Folimat 500 SL were recommended in Ethiopian 

conditions and reported to reduce the number of white mango scale (Ayalew et al., 2015; Djirata 

et al., 2016). Combined use of different options such as cultural practice, chemical pesticides and 

other options can help reduce the cost and residue problem of chemicals (Smith, 2005). Efforts 

made in investigating non-chemical options remain scarce. Thus, it is important to investigate the 

level of control that can be achieved by using non-chemical pesticides (mineral oil and detergent) 

and cultural practices as well as new chemical pesticides. Therefore, this study was initiated to 

address some of the knowledge gaps.  

Objectives 

General objective 

To develop effective pest management for the white mango scale (Aulacaspis 

tubercularis Newstead). 

Specific objectives 

To evaluate the effectiveness of pruning practice alone and combined with other chemical 

and non-chemical pesticides to managing white mango scale at field condition. 

To compare the efficacy of different oils and detergent in managing white mango scale at 

field condition. 

To evaluate the efficacy of selected chemical insecticides against white mango scale at 

field condition. 
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2. LITERATURE REVIEW  

2.1. Economic Importance of Mango and White mango Scale 

Mango is a highly seasonal tropical fruit, very popular among millions of people in the tropics. It 

also occupies a prominent place among the best fruits of the world (Honja, 2014). The mango 

industry in Ethiopia is in its infant stage. However, mango is grown in many parts, especially in 

the Rift Valley, western and southwestern parts of the country. The national research system has 

developed a number of varieties but is not widely spread. Experiences from other countries in 

growing this crop will therefore contribute to the success and widespread of this fruit (Honja, 

2014). Mango is one of the most important fruits produced by the rural communities of West and 

Eest Wollega Zone of the Oromia Regional State. It is an important fruit produced for income-

generation in the area and contributes to the country’s economy through feeding the local 

community, ecological balance and foreign exchange earnings (Duressa, 2018). Many resource 

poor farmers sell their mango fruits to the local markets without further processing it and use the 

money to purchase livestock, agricultural inputs, food crops, learning materials for their children 

and other household items. Mango is considered as an important element in certain sociological 

aspects in some parts of Ethiopia. In Ethiopia mango is considered as an important element in 

certain sociological aspects in Benishangul-Gumuz Regional State and other parts of Western 

Ethiopia, and mango tree is used as a shade for livestock and conference hall for local people, 

during hot weather conditions (Djirata et al., 2016).  

Mango is produced in Ethiopia at small scale level, primarily for family consumption and local 

markets, whereas very few large farms produce mango for local and export markets (Alemayehu 

et al., 2014). Some companies are producing fruit juices in Ethiopia, found in Sebeta, 24 km 

Southwest of Addis Ababa of which a mango juice (Wiersinga and Jager, 2009).  

However, recently, the production of mango has been constrained by the white mango scale 

(Mohammed et al., 2012). This insect pest is an important biotic factor that causes damage to the 

fruits resulting in serious economic losses and making the fruits of poor quality (Figure 1). In 

recent years farmers have been uprooting mango trees from their farms because of damage by 

the white mango scale (Manners, 2016). Starting from the year 2012 the pest was causing an 
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extreme reduction of mango production and productivity. There was a total failure in mango 

production in year of 2014 and they cultivate other crops the land under mango trees to (Terefe 

et al., 2014).   

The white mango scale is a pest that is present all year round-with overlapping generations and 

damages the shoots and leaves of the  plant  not only by feeding on the parenchyma sap but also 

by producing  toxic  saliva (Miller et al., 2005). Infested areas on leaves turn pale green or 

yellow and ultimately die. Heavy infestation can kill leaves, branches and attack of the pest on 

mango fruit causes development of conspicuous pink blemishes around its feeding sites, and as a 

result export potential of the fruits and their commercial value are greatly affected (Joubert et al., 

1999; Hodges and Hamon, 2006; Abo-Shanab, 2012). 

 

 

Figure 1 Unmarketable mango fruit damaged by white mango scale at Raj agro industry LTD. 

farm 
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2.2. Distributions of White Mango Scale 

The white mango scale occurs widely throughout the tropical and sub-tropical areas of the 

Americas, Africa, Asia, Australia and the Pacific (Malumphy, 2012; Stocks 2013).  

According to Hodges and Hamon  (2016), distribution of white mango scale in the world is 

classified in different zones, such as: Afrotropical: Ghana, Kenya, Madagascar, Mauritius, 

Mozambique, Reunion, Rodriques Island, South Africa, Tanzania, Uganda, Zanzibar and 

Zimbabwe; Australasian: New Caledonia and Vanuatu (New Hebrides); Neotropical: Aruba, 

Bermuda, Brazil, British Virgin Islands, Colombia, Dominican Republic, Grenada, Guadeloupe, 

Martinique, Puerto Rico & Vieques Island, Saint Croix, Trinidad and Tobago, Trinidad, U.S. 

Virgin Islands and Venezuela; Oriental: China (Guangdong) (Kwangtung), Hainan, Sichuan 

(Szechwan), India, Karnataka, Indonesia; Malaysia, Pakistan, Philippines, Sri Lanka, Taiwan, 

Thailand; Palaearctic: China, Egypt, Iraq, Israel, Italy and Japan.  

In Ethiopia white mango scale was first recorded in 2010 in Western Ethiopia East Wollega 

Zone of Oromia region in Green focus Ethiopia private farm at Loko in Guto Gida district 

(Mohammed et al., 2012). The pest has been spreading too many other neighboring districts, 

including the mango production belt in the area (Mohammed et al., 2012; Ayalew et al., 2015).  

The distribution of white mango scale in Western Oromia East Wollega was quickly spreading 

from one mango growing area to another and now distributed to all districts (Terefe et al., 2014).   

Severity status of white mango scale in mango orchards was studied by Fita (2014), in five 

districts of two zones: Guto Gida, Gobu Sayo and Diga districts of East Wollega and Gimbi and 

Mana Sibu districts of West Wollega Zone in the western part of Oromia Regional State. Results 

showed that all the districts were infested by white mango scale (Fita, 2014). In central rift valley 

more than seventeen districts, over 200 hectares of mango orchard infested by white mango scale 

recorded in 2014 (Ayalew et al., 2015).  During 2016/17 severity of White Mango Scale, in South 

Western part of Ethiopia was high to very high except some districts. In Jimma town, all part of East 

Wellega, Arjo, Buno Badele, Benshangule (Asossa, Bambasi and Hamosha districts), Bench 

Majii, Majang, Shaka and Gambela town were recorded from mid to very high infestation of 

white mango scale (Teshale et al., 2019). 
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2.3. Biology of White Mango Scale 

White mango scale, is a circular, flat, thin and wrinkled insect. Exuviae lie near the margin and 

are yellowish-brown, with a median black ridge, forming a dark distinct median line. Males are 

small, white, with their sides nearly parallel and distinctly tricarinate. On slide-mount: with 

angular prosoma; body is widest at prominent lateral tubercles, almost level with anterior 

spiracles; posterior spiracles are usually associated with spiracular pores; gland spines and 

macro-ducts are absent from thorax and head (Soysouvanh and Hong, 2016). General appearance 

of the white mango scale is that newly hatched nymph is very small, elongate, oval and totally 

bare of any wax secretion and the crawler moves about until it discovers a suitable place to settle 

on. After settling, fine threads of wax which appear cottony start to be secreted and exude from 

the body until, until the insect is completely covered with the white filament which is  commonly 

referred as ‘‘white cap’’. The male crawlers settle, often near females, in groups of 10 to 80; 

these groups are conspicuous due to the white scale covers (Halteren, 1970). 

Depending on temperature females lay 80 to 200 eggs and crawlers move to feeding sites settling 

within 24 hours after hatching. Male crawlers settle in groups close to females and female 

crawlers settle randomly. Up to 80% of crawlers become males (Halteren, 1970). In nurseries, 

infestation at early stage retards growth of seedlings. During hot dry weather young trees are 

mostly vulnerable to excessive leaf loss and death of twigs. The mature fruits are heavily infested 

premature fruits drop and they become small in size with insufficient juice and total death of the 

plant can become evident if infestation occurs at nursery stage (Abo-Shanab, 2012).  

Adult scales can be found in masses on the upper and underside of leaves and occasionally on 

the fruits. The female is white and oval and about 2 mm in diameter and has a characteristic 

black spot (the puparium, which is incorporated into the waxy layer). Females are only 

occasionally seen, since the males are more prominent. They are white and about 1 mm in length 

and distinctly tricarinate. The crawlers are deep bright red. The life cycle takes between 35 – 40 

days for females and 23 – 28 days for males (Halteren, 1970). Adult female with swollen, 

angular or quadrate prosoma; body widest at prominent lateral tubercles, almost level with 

anterior spiracles; posterior spiracles usually associated with spiracular pores; gland spines and 

macroducts absent from thorax and head. Pygidium with median lobes zygotic, without any setae 
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or gland spines between their bases; abdominal segment VI bearing 1 or 2 submedian 

macroducts on each side; and pore prominences between pygidial lobes well developed. Often on 

mango; does not feed on grasses. In life, scale cover of adult female approximately circular, 

white and transparent, with dark, oval exuviae. Scale cover of male smaller, rectangular, white 

with three raised longitudinal ridges; exuviae (New Zealand, 2018; 

http://www.padil.gov.au:80/maf border/Pest/Main/141387). 

2.4. Ecology of White Mango Scale 

Weather is an important parameter that affects white mango scale distribution, abundance and 

their management. According to Dharmendra et al. (2014) favorable weather condition for high 

pest infestation ranges between 24-35°C and relative humidity 70-95% in both mango orchards. 

Abo-Shanab (2012) reported a significant positive relationship between daily mean temperature 

and relative humidity, and recorded population density of A. tubercularis. On the other hand, the 

author reported a significant negative relationship between wind speed and dew point, and 

population density of A.tubercularis which may be due to transference of insect crawlers and 

early nymphal instars by the wind to another plants and/or places. 

In a maximum day time temperature of 26°C and night time minimum of 13°C white mango 

scale can produce five to six generations per year (Miller and Davidson, 2005). According to 

Sayed (2012), the total population of WMS had maximum value 1006.89 individuals/leaf on 

June 15th at 15.2-28.4
0
C and 56.8% R.H. The lowest level was in mid-December (39.80 

individuals / leaf) at 15.0-22.2
0
C and 55.6% R.H. The mean numbers of nymphal, adult female, 

per sample unit were the highest in mid-March as 343.75 and 147.66, individuals, respectively. 

The gravid female and prepupae and pupae stages reached their maximum as 129.94 and 694.31 

on July 15th and April 15th, respectively. The lowest densities of nymphs and gravid female 

were 12.33 and 5.33 individuals on mid-December, whereas the least values of adult female and 

pre-male 3.94 and 15.49 were observed in early September and mid-November, respectively. 

The total population had maximum value of 1095.65 individuals on April 15th at 12.3-23.8
0
C 

and 57.20% R.H. The lowest total population (58.30 individuals) was observed during Dec. 15th 

(38.72 individuals/leaf) at 15.2-21.8
0
C and 56.3% RH. This pest was higher abundance 
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throughout the period extended from mid-February up to mid-September, while it was lower in 

abundance from early October up to early February (Sayed, 2012). 

White mango scale females and males were randomly distributed on leaves, stems, and fruit in 

mango orchards under organic and conventional management, although males were grouped in 

colonies of a few individuals to more than 100, which eventually allows them to occupy the 

entire leaf in depending on the season (Urías-López et al., 2010).  

2.5. Signs and Symptoms of White Mango Scale 

In white mango scale fertilization takes place and the tiny crawlers hatch out and move about 

until they glue themselves to the part of the plant where they develop and remain sucking the 

juice of the plant under their armors (Louw et al., 2008; Goble et al., 2012). A leaf penetration 

pattern of A. tubercularis revealed that it can penetrate not only cell wall but also the lignified 

xylem materials leaving behind a reddish mass which was believed to have been phenolic acid. 

From infested mango leaves the slices followed the stylet bundle (SB) penetration path through 

the leaf from the piercing site on the leaf epidermis. Including oblique and parallel orientations in 

relation to the leaf surface, the SB changed directions several times depend upon entering the 

spongy mesophyll (Juarez-Hernández et al., 2014). Histological evidence indicates that after 

penetrating the coriaceous cuticle and epidermis, the white mango scale SB explores the interior 

of mango leaf tissue, including vascular bundles, by changing its path yet maintaining most of its 

pathway in the mesophyll (Evans et al., 1985). The female feeds mainly on the mesophyll cells 

as it pierces them from the path of SB without causing their collapse. The exploration pathway of 

the SB through the leaf tissues is mostly intracellular, and the SB is capable of piercing the 

lignified cell walls of vascular bundles (Juarez-Hernández et al., 2014).  

Scale insects feeding on young, growing tips can cause distorted foliage. Feeding on leaves may 

cause them to yellow and plants may appear water stressed. Heavy infestations can cause stems 

and branches to dieback; unhealthy plants may die. Scales present on fruit may cause them to be 

blemished or distorted, particularly if infestations occur when fruit are developing. A small 

number of species induce ornate galls in their host plants. As mentioned above, honeydew often 

causes the growth of black sooty mold, which can be extremely unattractive and may cause 

plants to be unsalable. Black sooty mold is superficial and can sometimes 
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be removed with some fungicide applications, but is only recommended after scale insects have 

been eradicated (Manners, 2016). 

2.6. Management of White Mango Scale  

The widespread and rapid establishments of the pests in orchards or gardens require immediate 

changes in integrated pest management (IPM) program as promising prospect. White mango 

scale can be managed by using resistance cultivar, cultural, biological, chemical and integrated 

pest management methods (Sarwar et al., 2014). 

2.6.1. Cultural control  

The goal of cultural control is to make the environment less favorable to pest development and 

reproduction. Proper fertilization, pruning, and irrigation maintain plant vigor, promote plant 

tolerance to pest damage, and reduce sap-sucking insect population growth (Dreistadt; 2007; 

Kabashima and Dreistadt, 2014).  

Mulching is one of the controlling mechanisms of WMS especially in the young mango trees. 

Planting cover crops especially in mango orchards before fruit production starts can reduce 

population of white mango scale. Plugging of orchard after harvest to expose hibernating adults, 

reduce, infestation levels. Pruning is effective in removing infested plant tissues and reducing 

populations of scale (Kabashima and Dreistadt, 2014).  

There are different ways of pruning such as; Formative pruning - is done in the first years of the 

young tree to guide the tree into the desired shape. In the first year, when the trees are about 1 m 

from the ground, cap the seedling in order to encourage side branches (3 to 4 well branches). 

Thereafter, every second flush of leaves should be removed. Structural pruning - should be done 

for proper maintenance of the trees. The height of the trees should be controlled to about 3.5 m in 

height and at this stage, all branches at knee level (about 0.5 m) should be pruned (skirt pruning). 

Any dead branches and sucker branches should be removed to allow more sunlight through the 

canopy to the ground under the tree. This should be done every year in order to maintain the tree 

at 3.5 m and develop a suitable canopy density (FiBL, www.fbl.org , 2011). 
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Post-harvest pruning is an effective control measure and also helps the penetration of chemical 

sprays through the tree canopy (Terefe et al., 2014). The authors suggested other possible 

cultural control measures outlined such as: quarantine new plants and treat before placing them 

with established plants; spot treat with insecticidal soap if needed, taking care to cover all crack 

cervices and other possible hiding places: - water + oil treatments: Application of a garden hose 

with water in a hard spray and washing off white scales can be removed following the 

application of oil:-  Wash plants with soapy water (2 teaspoons mild detergent per gal of Water) 

and a soft cloth. When plants are lightly infested, kill scales by rubbing then off with your 

fingers, if possible.  

2.6.2.  Biological control  

Biological control is the utilization of natural enemies to reduce the damage caused by 

noxious organisms (pests) to tolerable level (Djirata et al., 2016). The most known natural 

enemies used as bio-control agents in frequency of their use include parasitoids (parasitic wasps 

and flies) predators (some insects, spiders and predatory mites) and pathogens (fungi, 

protozoa, bacteria and virus) (Mills and Daane, 2005). There are a number of natural enemies 

that can manage scale insects including commercially available predatory insects and naturally 

occurring parasitoid wasps and predators. There are also a range of fungi and bacteria that may 

infect and kill scale insects, although these are less likely to substantially reduce populations 

unless they become very abundant. Almost all pesticides will negatively impact beneficial insect 

populations (i.e. predators and parasitoids). It is recommended to seek advice from the biological 

control agent producer prior to releasing a predator for the first time so that their release is 

optimized. If pesticides have been applied, ensure that a sufficient time period elapses before 

releasing beneficial insects (Eagling, 2009). This pest A. tubercularis 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 (Daneel and Dreyer, 1997 and 1998). 

The predatory thrips Auleurodothrips fasciapennis Franklin and the parasitoid A. citrinus were 

reported as the most important bio-control agents of A. tubercularis in South Africa 
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(Labuschagne, 1993). According to Sayed (2012), Cybocephalus sp., Chrysoperla carnea 

(Stephens), Chilocorus bipustulatus (L.) and predacious mites are predators of A. tubercularis 

and Aphytis sp., Aspidiotiphagus citrinus (Craw) and Encarsia sp. are parasitoids of A. 

tubercularis. With regard to the collected numbers of predators the C. sp., was dominant predator 

on mango trees represented by 35.1% followed by C. carnea (23.5), Ch. bipustulatus (21.4%), 

while the predacious mites was the lowest species represented by 11.8%. The overall mean total 

population of A. tubercularis predators throughout two years (2010 and 2011), showed three 

peaks that were estimated by 0.90, 0.91 and 0.94 individuals/leaf could be detected on May 1st, 

July 1st and August 15th, respectively. The study of A. tubercularis parasitoids on infested 

mango in the presence parasitoids, Aphytis sp. was the common parasitoids represented 40% 

followed by Encarsia sp., (34%) and A. citrinus (26%). 

The larvae of the ladybird beetle Chilocorus sp. (Coleoptera: Coccinellidae) infested with white 

mango scale and they were found feeding on both male and female white mango scales. When 

feeding, the larvae easily destructed coat of the male mango scale and reached it, whereas they 

forcefully pushed their heads inward and partly opened up cover of the female, captured and 

chewed it. In all instances of observations the presence of the larvae was associated with colony 

of white mango scales (Djirata et al., 2016).  

2.6.3. Host plant resistance 

High costs, difficulty in application methods, environmental and ground water pollution hazards 

of chemical pesticides has led to more emphasis to non-chemical or alternative methods of scale 

insect management. Plant insect resistance mechanisms are divided into three categories: non-

preference, antibiosis and tolerance (Painter, 1951). Resistant cultivars are economically feasible 

and environmentally safe method for controlling various pests and diseases including the white 

mango scale.  

The term non-preference has subsequently been replaced by antixenosis (Kogan and Ortman, 

1978), because non-preference refers to the insect and this is incongruous with the notion of 

resistance being a property of the plant. Antixenosis is the resistance mechanism employed by 

the plant to deter colonization by an insect. Insects may orientate towards plants for food, 

oviposition sites or shelter but certain plant characteristics may be a biochemical or 
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morphological factor, or a combination of both may deter them. Plants that exhibit antixenotic 

resistance would be expected to have reduced initial infestation and/or a higher emigration rate 

of the pest than susceptible plants. Antibiosis in contrast to antixenosis is the mechanism by 

which a colonized plant is resistant because it has an adverse effect on an insect’s development, 

reproduction and survival. These antibiotic effects may result in a decline in insect size or 

weight, an increased restlessness, poor accumulation of food reserves affecting the survival of 

hibernating or aestivating stages, or have an indirect effect by increasing the exposure of the 

insect to its natural enemies (Singh, 1986). Plant tolerance can be described as the extent to 

which a plant can support an insect infestation without loss of vigor and reduction of crop yield. 

Beck (1965) does not consider that tolerance falls within the definition of resistance. Plant 

tolerance is usually taken to mean that when two cultivars are equally infested the less tolerant 

one has a smaller yield. At the plant physiological level the loss of tolerance is due to an 

abnormally heightened response to infestation, at the epidemiological level tolerance is 

considered a component of resistance (Robinson, 1976). 

In Kenya, Samuru and Kimani district the levels of white mango scale infestation on mango was 

varied among some of the cultivars. At Samuru Vandyke was more infested than Apple mango. 

Kent mango was found to be the most infested of all mango cultivars at Kimani. Apple mango 

was among the least infested cultivars in both sites (Djirata et al., 2016). 

However, few studies investigated resistance or tolerance of various host plant species or 

cultivars to soft scales in the field (Camacho and Chong, 2015). Host plant resistance to scale 

insects is likely conferred by an interaction between plant genetic, physiology, and biochemistry 

(McClure, 1985). The varieties of mango Alfa, Espada Stahl and IAC111 were field resistance to 

fruit flies compared to Tommy Atkins was highly susceptible to fruit flies. Under artificial 

infestation in cage conditions however, Alfa maintained its field resistance and Espada Stahl and 

IAC111 had their resistance broken and became as susceptible as Tommy Atkins (Rossetto et al., 

2006). According to Karar et al., (2012) Insects are more attractive to dense canopy structure in 

mango orchards. A necessary requirement for leaf size and shape to evolve in response to attack 

by insects is that insects must respond to leaf morphology. Leaf size extremely affects invasion 

of sucking insects on host crops. Mango varieties Fajri, Sindhri, Malda, Dusehri and Anwar 
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Retaul were narrow shaped with reduced leaf width which ultimately resulted in low mealy bug 

abundance in these crops than other genotypes. 

2.6.4. Chemical control  

Scale insects are difficult to manage using pesticides alone. If pesticides are to be used to 

manage scale insects it is recommended to apply contact products only when there is a high 

proportion of crawlers present. Crawlers are very susceptible to many pesticides, including oil 

based products. If high populations are present a systemic product will probably be required 

(Manners, 2016). Insecticides registered for soft scale management can be broadly categorized 

into contact and systemic insecticides. Systemic insecticides, which include members of 

organophosphates, neonicotinoids, tetramic acid derivatives, and diamides, function as contact 

insecticides when applied as topical sprays directly on the scale insects. When applied as soil 

drench, soil injection, basal trunk spray, trunk injection, granular broadcast, and pellet broadcast, 

systemic insecticides are absorbed by plant tissues and trans located to the canopy (Frank, 2012).  

Typically, the application is made just before crawler emergence to ensure the highest 

concentration of active ingredients in the plant tissues. Although systemic insecticides have the 

benefits of greater flexibility and residual longevity, recent studies suggest that neonicotinoids 

should be used carefully because of their potential impact on pollinator health (Cowles, 2014; 

Pisa et al., 2014; Johnson and Corn, 2015) and their implication in spider mite outbreaks 

(Szczepaniec et al., 2011, 2013; Szczepaniec and Raupp, 2013). 

According to Smith et al., (1997), petroleum sprays at a rate of 1 % are recommended for the 

control of hard scales in Australia. Application of systemic or growth regulators helps to prevent 

population increase. Pre-harvest applications to prevent the scale insects build up during harvest. 

High volume (1200L/ha) cover sprays after pruning with mineral oils and methidathion 

depending on scale activity. Chloropyrifos, methidathion, Dimethoate 40%EC, (Howard, 1989), 

Diver and CAPL2 oils have been found successful in reducing the population of white mango 

scale (Abo-Shanab, 2012; Terefe et al., 2014). According to Manners (2016), active ingredients 

registered against scale insects relevant to Australian mango nurseries, include; Carbaryl, 

Chloropyrifos, Diazinon, Dimethoate, Methidathion, Imidaclopride, Pyriproxyfen, Buprofezin, 

Paraffinic oil and Sulfer. 
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The studies of Ayalew et al., (2015) reported to the Movento was effective pesticides against 

WMS. According to Djirata et al., (2016) Folimat 500SL was found to be the most effective of 

the three insecticides and the best period for application of insecticide for the control of white 

mango scale is from April to June, when white mango scale, in general and the crawlers in 

particular, are more abundant in western Ethiopia. 

2.6.5. Integrated pest management 

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 (Meyerdirk, 2002). And 

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

(Labuschagne and Pasques, 1994; Daneel and Drayer, 1998). 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. IPM is a monitoring and decision-

making process for selecting the most appropriate, cost effective, compatible method of 

managing pests. It minimizes pest damage with minimal disturbance to the natural balance of the 

agro-ecosystem and minimal risk to human health. It does this by decreasing the net chemical 

pesticide inputs to agriculture. This eventually minimizes dependence on chemical pest control 

(Varela et al., 2006). For mango growers to adopt IPM strategies, they must be compatible and 

economically viable so that when properly implemented and precisely managed, they can jointly 

reinforce production goals of immediate economic gain and long-term sustainability (Sullivan et 

al., 2000; Vayssières et al, 2009b). Conceptually, IPM falls between conventional and organic 

agriculture. The introduction of IPM presents a feasible and cost effective alternative to 

conventional agriculture by significantly lowering the costs of chemical pesticide use as well as 

an alternative to organic agriculture which in many cases, has been demonstrated not to 

substantially affect productivity (Kumari et al., 2014). In developing countries, IPM strategies 

are often the exception rather than the norm because of their higher labor demands and this is 

generally the reason why they are practiced on a small scale. Generally, IPM approaches are 

based on restoring the natural balance between pests and their predators in ecological systems. 

Where such IPM approaches are applied, it is possible to develop a profitable fruit industry 

because most of them are pest-specific and are influenced by host-plant relationships and the 

crop ecosystem. 
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According to Djirata et al., (2016) integrated approaches to managing WMS was effective in 

Ethiopia and Kenya. The study was revealed that Cultural practices such as cyclic pruning and 

consistent scouting for white mango scale infestation and removal of infested parts are essential 

management practices. Some improved mango varieties like Apple mango was less susceptible 

to white mango scale infestation in central and eastern Kenya. Chilocorus sp. was found preying 

ravenously on live white mango scale, signifying its association as a native predator with the 

exotic white mango scale. White mango scale has been introduced to Ethiopia, recently and its 

origin and related natural enemies should be conducted for the designing and implementation of 

classical biological control. The population of WMS is above the economic injury level 

insecticide should be implemented and Folimat 500SL was found to be the most effective 

insecticides against WMS.   
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3. MATERIALS AND METHODS 

3.1. Descriptions of the Study Area 

3.1.1. Field experiment 

The study was conducted on infested mango orchards in western Ethiopia. Mango orchards and 

homestead mangos in the Oromia Regional State of Eastern Wellega Zone in Guto Gida district 

Uke administrative area at the Indian private farm were used for this experiment. The Indian 

private farm of Raj agro industry is situated 35 km North of Nekemte, located at 09°56.574’ N 

and 034°34.704’E and has an elevation of 1516 meters above sea level (Google map, 2019). 

3.1.2. Laboratory experiment 

Counting of crawler, male and female from collected leaf samples was conducted at Ambo 

Agricultural Research Center (AARC) entomology laboratory. This center is situated 126 km 

West of Addis Ababa and is located at 8
o
57'N latitude, 38

o
7'E longitude with an altitude of 

2200 meters above sea level. The center receives an average annual rainfall of 1050 mm with 

average minimum and maximum temperatures of 10.4°C and 26.3°C, respectively, and relative 

humidity of 64.4% (AARC metrology station, 2019). 

3.2. Experimental Materials  

Twelve years old Kent variety mango trees with high and similar infestation level of white 

mango scale visually were used for the field experiment. Kent is one of the most important 

mango varieties in Ethiopia and registered in 2007 by Melkasa Agricultural Research Center 

(MARC) (EIAR, 2018 http://www.eiar.gov.et/marc/index.php/anrl-research/crop-research). 

The different insecticides were obtained from Bayer Ethiopia Chemical Company (BECC) in 

Addis Ababa. Commonly used detergents and mineral oil were bought from the local market 

(Table 1).   
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Table 1: Description of insecticides and oils used for the study  

No. Common name  Trade name Applicati

on rate  

ha
-1

 

Source 

Different insecticides   

1 Thiamethoxam 25% WG Thiamethoxam 4.1kg BECC 

2 Dimethoate 40% EC Dimethoate 3.4L “ 

3 Imidacloprid 35% SC Confidence 35% SC 0.6L “ 

4 Spirotetramat 150g/L Movento 150 OD 4.1L “ 

5 Imidacloprid 100g + Beta 

cyflothrin 45g/L 

Thunder 145 OD 0.6L “ 

6 Spirotetramat 15% + 

Thiamethoxam15.5% 

Kuto 0.9L “ 

7 Spirotetramat Toran 240 1.63L “ 

8 Imidacloprid +Lambda 

cyhalothrin 17.5% SC 

Perfecto 17.5% SC 1.4L “ 

 Different oils     

1 Petroleum oil Mineral oil 10.2L Local market 

2 Ordinary vegetable oil Vegetable oil 10.2L “ 

3 Liquid soap and oil mix White oil 1.7L and 

0.44L 

“ 

 

3.3. Treatments and Experimental Design  

3.3.1. Evaluation of different insecticides and pruning 

The Thiamethoxam 25% WG (systemic) was applied to the soil as a drench and the rest of the 

insecticides were foliage sprays using a motorized sprayer. Dimethoate 40% EC, Confidence 

35% SC, Movento 150 OD, Kuto, Toran 240, Thunder 145 OD and Perfecto 17.5% SC were 

recommended for scale insects (http://cibrc.nic.in/; http:// era.daf.qld.gov.au/2208/6/005-

ipm.pdf; Bahati, 2010 and Prakash and Patil, 2018). Pruning were done using a hand held saw to 

remove old and dead branches and twigs to open the canopy and in order to allow entry of 
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adequate sunlight to the lower canopy of the mango trees (Terefe et al., 2014). Controls were 

sprayed with equal amount of water used for spraying the mango trees in each of the treatments. 

Treatments were applied twice at flowering stage in January and near harvesting time in April 

when the white mango scale (WMS) population was expected to be high or at its peak.  

Eight insecticides and un-treated, with pruning (pruned) and without pruning (non-pruned) were 

used as treatments for the evaluation of insecticides. Thus there were a total of 18 combination 

treatments (Table 2). Randomized Complete Block Designs in Factorial were used and replicated 

three times. One mango tree was used as one plot and 54 mango trees were used for the 

experiment.  

Twelve leaves were randomly picked from the lower branch of each tree in four cardinal 

directions prior to treatment application to count and estimate the level of infestation by the 

white mango scale. The leaves were kept in plastic bags and transported to AARC entomology 

laboratory for counting. The number of crawler, male and females of white mango scale were 

counted using a stereoscopic microscope. The adult female has circular armor, flat, thin and often 

wrinkled. Male armors are small, white, sides nearly parallel. Crawlers were deep bright brick 

red. Mean number of insects from post treatments application were used to assess the efficacy of 

the insecticides.  

The number of white mango scale per 12 randomly selected leaves was counted in each replicate 

and mean numbers obtained after each application. The percent of white mango scale reduction 

was calculated by: 

Percent of reduction = 
�������� 	
.– 	� 	
.

�������� �����
 X100  

Where Original No. is the mean number of WMS before treatment application and 

New No. is the mean number of WMS after treatment application 
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Table 2: Insecticide and pruning treatment combinations  

Insecticides  Pruning type Treatment combination 

Pruned (P0) 

Thiamethoxam 25% WG soil drenching (I0) Pruned (P0) I0 P0 

Dimethoate 40% EC (I1) Pruned (P0) I1 P0 

Confidence 35% SC (I2) Pruned (P0) I2 P0 

Movento 150 OD (I3) Pruned (P0) I3 P0 

Thunder 145 OD (I4) Pruned (P0) I4 P0 

Kuto (I5) Pruned (P0) I5 P0 

Toran 240 (I6) Pruned (P0) I6 P0 

Perfecto 17.5% SC (I7) Pruned (P0) I7 P0 

Control (un-treated) (I8) Pruned (P0) I8 P0 

 Non pruned (P1) 

Thiamethoxam 25% WG soil drenching (I0) Non-pruning (P1) I0 P1 

Dimethoate 40% EC (I1) Non-pruning (P1) I1 P1 

Confidence 35% SC (I2) Non-pruning (P1) I2 P1 

Movento 150 OD (I3) Non-pruning (P1) I3 P1 

Thunder 145 OD (I4) Non-pruning (P1) I4 P1 

Kuto (I5) Non-pruning (P1) I5 P1 

Toran 240 (I6) Non-pruning (P1) I6 P1 

Perfecto 17.5% SC (I7) Non-pruning (P1) I7 P1 

Control (non-treated) (I8) Non-pruning (P1) I8P1 

 

3.3.2. Evaluation of different oils, detergents and tree pruning  

Mineral oil, ordinary vegetable oil, white oil and pruning were used alone and in combination 

with each other as treatments for evaluation of different oils, detergent and pruning practice. 

White oil was the mixture of oil (25ml) and liquid soap (6.5ml) in 15L of water applied for three 

trees using knapsack sprayer. Mineral oil and ordinary vegetable oil also used 150ml per 15L 

water for three trees using knapsack sprayer. Pruning was done using a hand held saw to remove 
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old and dead branches and twigs to open the canopy and in order to allow entry of adequate 

sunlight to the lower canopy of the mango trees. Control (untreated) was sprayed with equal 

amount of water (15L) for three trees to compensate water effect.  

Treatments were applied twice, at flowering stage in January and near harvesting time in April 

when the white mango scale population was expected to be high or at its peak. Mineral oil, 

Ordinary vegetable oil, White oil and Pruning were used alone and in combination with each 

other. In total 11 treatments including untreated (control) (Table 3). The treatments were 

arranged in a randomized complete block designs and replicated three times. One mango tree 

was used as one plot and a total of 33 mango trees were used for the application of the 

treatments.  

Twelve leaves were randomly picked from the lower branch of each tree in four cardinal 

directions prior to treatment application to count and estimate the level of infestation by the 

white mango scale. The leaves were kept in plastic bags and transported to AARC entomology 

laboratory for counting. The Number of crawler, male and females of white mango scale were 

counted using a stereoscopic microscope. The adult female has circular armor, flat, thin and often 

wrinkled. Male armors are small, white, sides nearly parallel. Crawlers were deep bright brick 

red. Mean number of insects from post treatments application were used to assess the efficacy of 

the treatments.   

The number of white mango scale per 12 randomly selected leaves was counted in each replicate 

and mean numbers obtained after each application. The percent of white mango scale reduction 

was calculated by: 

Percent of reduction = 
�������� 	
.– 	� 	
.

�������� �����
 X100  

Where Original No. is the mean number of WMS before treatment application and 

New No. is the mean number of WMS after treatment application 
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Table 3: Mineral oils, detergent and pruning practices combinations 

Treatments 

number 

Treatments name 

1 Mineral oil 

2 Mineral oil plus Ordinary vegetable oil 

3 Mineral oil plus White oil 

4 Mineral oil plus Pruning  

5 Ordinary vegetable oil 

6 Ordinary vegetable oil plus White oil 

7 Ordinary vegetable oil plus Pruning 

8 White oil 

9 White oil plus Pruning 

10 Pruning 

11 Control (untreated) 

  

3.4. Statistical Analysis 

All data were checked for normality and/or homogeneity of variance using Shapiro-Wilk test. 

Count data were transformed using Log10 transformation and Arcsine transformation was used 

for percent of reduction of WMS. The data were subjected to analysis of variance (ANOVA) 

using the SAS software version 9 and ANOVA was followed by mean separation using the LSD 

test at 95% confidence level.  
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4. RESULTS AND DISCUSSION 

4.1. Efficacy of Different Insecticides and Pruning after First Round Application 

Mean number of WMS (male, female and crawlers) per twelve leaves prior to the first treatment 

application ranged between 38.2 and 43.2. However, the mean number of WMS varied from 1.6 

to 50.05 after first treatment application of different insecticides and pruning while 64.7 on the 

untreated trees (Figure 2). The higher mean number of WMS was recorded from untreated trees 

(64.7) and Perfecto 17.5% SC treated trees (50.05). The mean number of WMS for untreated was 

increased from 43.2 (pre-treatment) to 64.7 (first treatment application). The analysis of variance 

revealed that the main effect which is insecticides and pruning had significant (P < 0.05) effect 

on the mean numbers of WMS after first application (Figure 2 and 3, Appendix 1). However, the 

interaction of both insecticides and pruning did not influence the mean numbers of WMS 

(Appendix 1).  

Among the insecticides, Movento 150 OD significantly decreased the mean number of WMS 

(1.57) compared to others insecticides and untreated control (Figure 2). Dimethoate 40% EC 

(11.8) and Toran 240 (15.2) also significantly decreased the number of WMS compared to 

untreated, Confidence 35% SC and Perfecto 17.5% SC. While, there were no a significance 

difference between the treatment of Dimethoate 40% EC, Toran 240, Thiamethoxam 25% WG, 

Thunder 145 and Kuto. Confidence 35% SC, Perfecto 17.5% SC and untreated also the list 

effective in terms of suppressing WMS population and there was no significant difference. 

However, Confidence 35% SC was statistically similar with the treatment of Thiamethoxam 25% 

WG, Thunder 145 and Kuto after first spray of insecticides. This result was consistent with 

Ayalew et al., (2015), who reported that foliar application of Movento 150 OD significantly 

decreased the presence of white mango scale after first spray. Smiley et al., (2011), also reported 

that foliar application of Movento 150 OD can reduce fecundity of sucking insects which feed on 

wheat root and foliage.  

Pruning had significantly decreased the mean number of white mango scale (23.83) compared to 

non-pruned (31.97) trees during the first treatment application (Figure 3). This could be duet the 

fact that tree pruning eliminate infested twigs and branches thereby reduced tree infestation by 
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WMS. Previous studies by Bautista-Rosales et al., (2013) and Djirata et al., (2016) reported that 

mango tree pruning significantly decreased WMS. 

 

Figure 2: Efficacy of different insecticides on mean numbers of white mango scale after first 

treatment application. Means with the same letter(s) are not significantly different at P = 0.05. 

  

 
Figure 3: The effect of pruning on mean number of white mango scale after first treatment 

application. Means with the same letter(s) are not significantly different at P = 0.05. 
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4.2. Efficacy of Different Insecticides and Pruning after Second Round Application 

Different insecticides and pruning had significant (P < 0.05) effect on the mean numbers of white 

mango scale after the second treatment application (Figures 4 and 5).  The mean number of 

WMS recorded from twelve leaves in Dimethoate 40% EC treated tree was 2.3 after second 

application. This was observed during the month of May when the infestation of white mango 

scale was very high. Dimethoate 40% EC significantly decreased the mean number of white 

mango scale compared to other insecticides (Figure 4). The mean number of white mango scale 

in Thunder 145 OD (10.9), Toran 240 (11.1), Movento 150 OD (11.1), Kuto (1.2) and 

Thiamethoxam 25% WG (13.4) was significantly lower compared to untreated (58.6) and 

Confidence 35% SC (30.6) after second application of insecticides. 

Mani and Krishnamurthy, (2001) reported that at the early stages, scales were effectively 

controlled with the sprays of Dimethoate.  Salahuddin et al., (2015) also confirmed that 

application of Thiamethoxam at the point of drip irrigation was most effective for the control of 

scale insects and mealy bugs on mangos in South Africa. Al-kazafy et al., (2015) also reported 

that use of Thiamethoxam 25% WG treated seeds can be an important alternative for 

management on cotton.  

On the other hand pruning also significantly decreased the mean number of white mango scale 

(14.7) compared to non-pruned (24) after second treatment (Figure 5).  
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Figure 4: Efficacy of different insecticides on mean number of white mango scale after second 

treatment application. Means with the same letter(s) are not significantly different at P = 0.05. 

 

 

 

Figure 5: The effect of pruning on mean number of white mango scale after second treatment 

applications. Means with the same letter(s) are not significantly different at P = 0.05. 
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4.3. Percent Reduction of White Mango Scale after First Application of Insecticides and 

Pruning 

Percent reduction of different insecticides showed a significant difference after first application. 

However, pruning as well as the interaction of both factors had not significant percent reduction 

after first application of treatments. In most treatments percent of reduction showed positive 

number from 18.34% to 96.23% after first spray of different insecticides. Movento 150 OD 

(96.23%) was found to be effective in showing high percent reduction over untreated (control) 

and treated plots (Table 4). Dimethoate 40% EC and Toran 240 were also superior over control, 

Perfecto 17.5% SC, Confidence 35% SC and Thiamethoxam 25% WG with 70.3 and 62.21 

percent reduction respectively. However, untreated (control) plots as well as Perfecto 17.5% SC, 

Confidence 35% SC and Thiamethoxam 25% WG treated plots though were, the least effective 

among the treatments. 

4.4. Percent Reduction of White Mango Scale after Second Application of Insecticides and 

Pruning 

Percent reduction of white mango scale after second application of insecticides and pruning 

showed significant difference among the main effects of insecticides and pruning. However, the 

interaction of both effects did not influence the percent reduction of white mango scale after 

second application of the treatment. Dimethoate 40% EC, Thiamethoxam 25WG, Thunder 145 

OD and Movento 150 OD was found to be effective in recording high percent reduction over 

control after second application of insecticide compared to Confidence 35% SC and Perfecto 

17.5% SC. Untreated (-39.35%) though superior over control was the least effective among the 

other treatments (Table 4). Pruning also affected the percent reduction of white mango scale and 

pruned treatments were superior over control with 63.63% percent reduction over control 

compared to non-pruned (41.68%), (Table 5).  
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Table 4: Initial count and percent reduction of white mango scale after first and second spray  

Different insecticides Mean number 

of WMS Pre-

spray 

Mean number 

of WMS after 

first spray 

Percent reduction 

of WMS after 

first spray 

Mean number 

of WMS after 

second spray 

Percent reduction 

of  WMS after 

second spray 

Thiamethoxam 25% 

WG 
41.98(1.62) 31.13(1.46) 25.84(4.35) 13.4(1)  68.08(8.03) 

Dimethoate 40% EC 
39.67(1.6) 11.78(1.03) 

70.3(8.35) 
2.32(0.28)  

94.16(9.7) 

Confidence 35% SC 
41.45(1.62) 33.85(1.5) 

18.34(4.29) 
30.62(1.39)  

26.14(4.07) 

Movento 150 OD 41.58(1.62) 1.57(0.052) 
96.23(9.81) 

11.13(1.02)  
73.23(8.56) 

Thunder 145 40.68(1.61) 19.67(1.25) 
51.65(6.94) 

10.9(0.91)  
73.21(8.49) 

Kuto 39.8(1.6) 23.15(1.26) 
41.83(6.2) 

11.23(0.79)  
71.78(8.34) 

Toran 240 40.27(1.6) 15.22(1.05) 
62.21(7.27) 

11.07(0.97)  
72.52(8.47) 

Perfecto 17.5% SC 39.28(1.59) 50.05(1.65) 
-27.42(1.5) 

24.8(1.31)  
36.86(4.80) 

Untreated 42.03(1.62) 64.7(1.77) 
-53.94(0.58) 

58.57(1.72)  
-39.35(1.82) 

LSD(0.05)          004
ns

 0.3* 2.83*  0.44* 2.73* 

CV (%) 1.97 20.82 44.1 35.78 33.6 

SEM± 0.001 0.06 5.83 0.14 5.41 

Values in the bracket represented transformed data using Log10 for count data and Arcsine for 

percent of reduction. Mean separation obtained from transformed data.  
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Table 5: Initial count and percent reduction of white mango scale after first and second pruning 

treatment 

Pruning level Mean number 

of WMS Pre-

treatment 

Mean number 

of WMS after 

first treatment 

Percent 

reduction of 

WMS after first 

treatment 

Mean number 

of WMS after 

second 

treatment 

Percent 

reduction of 

WMS after 

second 

treatment 

Pruned 40.31(1.61) 23.83(1.13) 40.88(6.11) 14.66(0.93) 63.63(7.62) 

Non pruned 41.19(1.6) 31.97(1.32) 22.38(4.84) 24.02(1.15) 41.68(6.22) 

LSD(0.05)          0.02
ns

 0.14* 1.34ns 0.21* 1.29* 

CV (%) 1.96 20.82 44.1 35.78 33.6 

SEM± 0.001 0.06 5.83 0.14 5.41 

Values in the bracket represented transformed data using Log10 for count data and Arcsine for 

percent of reduction. Mean separation obtained from transformed data.  

4.5. Efficacy of Oils, Detergents and Pruning after First Application 

The ANOVA showed that there were no a significant difference among treatments before first 

application of different oils, detergents and pruning (Appendix 3). The mean number of white 

mango scale per leaf from 12 leaves before treatment application were recorded a minimum 

number of 38.93 and a maximum number of 52.03 in the treatments.   

The mean number of white mango scale per leaf from 12 leaves after the first application of 

different treatments showed a significant (P < 0.05) effect on the number of white mango scale 

insects (Figure 6). The ANOVA showed mineral oil plus white oil significantly decreased the 

mean number of white mango scale compared to other treatments after first application. Mean 

number of white mango scale in the untreated (57) was triple fold than that of mineral oil plus 

white oil (15.97) and mineral oil plus ordinary vegetable oil (18.03) and twice higher than 

Ordinary vegetable oil plus White oil (27.5) after the first application. 
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Figure 6: Mean no. of white mango scale after first application of different oils, detergent and 

pruning practices. Means with the same letter(s) are not significantly different at P = 0.05.  

4.6. Efficacy of Oils, Detergents and Pruning after Second Application 

After the second application of treatments the ANOVA showed had significant (P < 0.05) effects 

were observed on the mean numbers of white mango scale. Mineral oil plus white oil and 

ordinary vegetable oil plus white oil showed lower number of white mango scale after second 

application compared to other treatments. The ANOVA revealed that the  mean number of white 

mango scale in the untreated (53.1) were 6, 6 and 4 times over that of  mineral oil plus white oil 

(8.2), Ordinary vegetable oil plus White oil (8.37) and White oil plus pruning (13) respectively 

(Figure 7). White oil plus pruning and mineral oil plus ordinary vegetable oil also showed 

slightly higher number of white mango scale compared to ordinary vegetable oil plus white oil 

and significantly decreased the mean number of white mango scale than the rest treatments after 

second application of treatments. 
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Figure 7: Mean no. of white mango scale after second application of different oils, detergent and 

pruning practices. Means with the same letter(s) are not significantly different at P = 0.05. 

4.7. Percent Reduction of White Mango Scale after Application of Different Oils, 

Detergents and Pruning  

Most of the treatment percent reduction showed positive number from 2% to 60% and from 24% 

to 83% after first and second application of treatments respectively (Table 6). The result 

indicates the number of white mango scale decreased after first and second application of 

treatments compared to the number of white mango scale before application of the treatments. 

Mineral oil plus ordinary vegetable oil (59.9%) and mineral oil plus white oil (59%) showed 

significant reduction of white mango scale after first spray and ordinary vegetable oil plus white 

oil (82.8%) and mineral oil plus white oil (78.9%) gave higher percent reduction in the number 

of white mango scale after second spray. Although the application of Ordinary vegetable oil 

showed negative percent reduction after first spray (-7.2) it means the number of white mango 

scale increased by 7.2% compared to before spray. Untreated trees also showed negative percent 

reduction after first and second application of the treatment (-24.8 and -16.1) respectively. 
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Table 6: Percent reduction of white mango scale on different oils, detergent and pruning 

practices 

Different oils,  detergent 

and pruning practices 

Mean 

number of 

WMS Pre-

treatment 

Mean number 

of WMS after 

first treatment 

Percent 

reduction of 

WMS after 

first treatment 

Mean number 

of WMS after 

second 

treatment 

Percent 

reduction of 

WMS after 

second 

treatment 
Mineral oil 46.07(1.66) 45.1(1.64) 2.11(1.31) 26.87(1.42) 41.68(6.06) 

Mineral oil and Vegetable 

oil 

45(1.65) 18.03(1.23) 59.92(7.78) 14.07(1.13) 68.74(8.09) 

Mineral oil and  White oil 38.93(1.52) 15.97(1.16) 58.98(5.99) 8.2(0.9) 78.94(7.8) 

Mineral oil  and Pruning 46.33(1.62) 44.23(1.64) 4.53(1.99) 19.13(1.28) 58.7(5.5) 

Vegetable oil 44.7(1.59) 47.93(1.65) -7.23(1.85) 33.9(1.52) 24.16(4.09) 

Vegetable oil  and White 

oil 

48.77(1.68) 27.5(1.44) 43.61(6.25) 8.37(0.89) 82.84(9.1) 

Vegetable oil and Pruning 44.83(1.63) 38.83(1.58) 13.38(3.52) 20.6(1.3) 54.05(7.31) 

White oil 46.23(1.64) 41.73(1.61) 9.73(2.87) 17.63(1.24) 61.86(7.63) 

White oil  and  Pruning 43.53(1.61) 40.63(1.6) 6.65(2.53) 13(1.07) 70.14(7.64) 

Pruning 52.03(1.72) 45.4(1.64) 12.74(3.36) 29(1.43) 44.26(6.47) 

Untreated 45.77(1.64) 57(1.75) -24.54(0) 53.13(1.7) -16.09(3.13) 

LSD (0.05) 0.33ns 0.24 3.04* 0.24* 3.76* 

CV (%) 11.8 9.23 52.4 11.22 33.34 

SEM± 0.037 0.02 3.19 0.02 4.87 

Values in the bracket represented transformed data using Log10 for count data and Arcsine for 

percent of reduction. Mean separation obtained from transformed data.  
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5. CONCLUSION AND RECOMMENDATIONS 

Recently production and productivity of mango is constrained by various pests including the 

invasive white mango scale insect pest. Since 2010, white mango scale is a new insect pest and a 

major problem of mango production in Western Oromia East Wollega Zone Guto Gida district. 

The interaction effect of different insecticides and pruning did not show significant difference in 

terms of white mango scale suppression during the first and second application under field 

conditions. However, significant difference was observed in the main effects (insecticides and 

pruning), after first application. Among the insecticides, Movento 150 OD (60ml/15L/3 trees) 

was found effective in management of WMS scale after first and second application. Dimethoate 

40% EC (50ml/15L/3 trees) was also slightly effective after first application and highly effective 

after second application in terms of suppression of WMS. The lowest mean number of WMS 

(1.57) was recorded in Movento 150 OD treated plots followed by Dimethoate 40% EC (11.8) 

after first application and Dimethoate 40% EC (2.3) after second application. 

Mineral oil plus white oil gave lower number of WMS after first and second application (15.97 

and 8.2), respectively.  Similarly, high percent reduction of WMS (59.9%) was recorded from 

plot treated with mineral oil plus ordinary vegetable after first application. After second 

application of different oils, detergent and pruning high percent reduction of WMS were 

obtained from plots treated with white oil plus ordinary vegetable oil (82.8%) and mineral oil 

plus ordinary vegetable oil (68.74%). Generally, white mango scale responded well to the 

application of different insecticides with and without pruning in terms of suppressing the 

population of white mango scale and application of different oils, detergents and pruning used 

alone as well as in combination. From the finding of the current study suggested that combined 

application of mineral oil (150 ml/15 L/3 trees) plus white oil (mixture of 25 ml Oil and 6.5 ml 

liquid soap in 15 L water for three mango trees) and/or pruning efficiently reduce WMS and 

could be practiced by mango producers particularly smallholders.. In addition to this, private 

companies and investors as well as trained mango growers also advised to use Dimethoate 40% 

EC (50 ml/15 L/3 trees) and Movento 150 OD (60 ml/15 L/3 trees) at pick infestation period. 

Future work should also focus on training the full packages of the use of chemical insecticides 

such as, chemical formulation, dosage, equipment’s for spray. Further studies should investigate 

effect of time on pest management application, insect habitat, insect behavior and also 
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effectiveness of various integrated WMS management by considering the different 

developmental stages of the WMS.  

Moreover, future pest management program should investigate the effect of season and location 

on the control efficacy of various component of IPM include insecticides, mineral oils and white 

oil and also their effect on associated natural enemies for sustainable management of white 

mango scale insect pests.  
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APPENDICES 

Table-1: Analysis of variance showing mean squares before application, after first application 

and after second application for efficacy of insecticides and pruning. 

Source of 

variation 

DF NWMSPrA NWMSPoFA NWMSPoSA 

REP 2 0.002 0.16 0.425    

CHEM 8 0.001
 ns

 1.54*
 
 0.997**    

PRU 1 0.0013
 ns

 0.5
 
* 0.636*    

CHEM*PRU 8 0.001
 ns

 0.46
 ns

 0.027
ns

    

ERROR 34 0.001 0.06 0.14    

CV (%)  1.97 20.81 35.78    

Where; DF = degrees of freedom, NWMSPrA = number of white mango scale pre-application, 

NWMSPoFA = number of white mango scale post first application, NWMSPoSA = number of 

white mango scale post second application, REP = replication, CHEM = chemical insecticide, 

PRU=pruning CHEM*PRU interaction of chemical insecticide and pruning, CV = coefficient of 

variation, NS, * and ** implies non-significant, significant and highly significance differences at 

5% level of probability, respectively.  
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Table-2: Analysis variance showing mean squares for percent reduction of WMS after first and 

second application of different insecticides and pruning. 

Source of 

variation 

DF PER_WMSPFA PER_WMSPSA 

REP 2 14.22 0.07    

CHEM 8 56.47
 
* 42.87*    

PRU 1 21.81
 ns

 26.32*    

CHEM*PRU 8 6.3
ns

 5
ns

    

ERROR 34 5.83 5.4    

CV (%)  4.1 33.6    

Where; DF = degrees of freedom, PER_WMSPFA = number of white mango scale post first 

application, PER_WMSPSA = number of white mango scale post second application, REP = 

replication, CHEM = chemical insecticide, PRU=pruning CHEM*PRU interaction of chemical 

insecticide and pruning, CV = coefficient of variation NS and * implies non-significant and 

significant differences at 5% level of probability, respectively. 
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Table-3: Analysis variance showing mean squares before application, after first application and 

after second application for efficacy of oils, detergent and pruning. 

Source of 

variation 

DF NWMSPrA NWMSPoFA NWMSPoSA 

REP 2 0.06 0.017  0.074 

TRT 10 0.079
ns

 0.15* 0.19* 

ERROR 20 0.037
 
 0.02 0.02 

CV (%)  11.81 9.23 11.22 

Where; DF = degrees of freedom, NWMSPrA = number of white mango scale pre application, 

NWMSPoFA = number of white mango scale post first application, NWMSPoSA = number of 

white mango scale post second application, REP = replication, TRT = treatment, CV = 

coefficient of variation, NS and * implies non-significant and significant differences at 5% level 

of probability, respectively. 
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Table-4: Analysis variance showing mean squares for percent reduction of WMS after first and 

second application of oils, detergent and pruning. 

Source of 

variation 

DF PER_WMSPFA PER_WMSPSA 

REP 2 2 17.6 

TRT 10 16.59* 9.73* 

ERROR 20 3.19 4.87 

CV (%)  52.49 33.6 

Where; DF = degrees of freedom, PER_WMSPFA = number of white mango scale post first 

application PER_WMSPSA = number of white mango scale post second application, REP = 

replication, TRT= treatment and CV = coefficient of variation, NS, * and ** implies non-

significant, significant and highly significance differences at 5% level of probability, 

respectively. 
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Knapsack sprayer           Count WMS by stereomicroscope       Female WMS 

Figure-1: Different pictures captured during the research process at field and laboratory 

 


