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Abstract
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Occurrence of White Mango Scale (WMS), Aulacaspis tubercularis Newstead (Hemiptera:
Diaspididae), in Ethiopia was known in 2010. It had remained confined to western Ethiopia
where local mango trees of old age found until recently. Leaf samples infested by the pest were
brought to Melkassa Agricultural
ultural Research Center (MARC) for diagnosis in June 2014. Hence,
a survey to determine occurrence and distribution of the pest on mango orchards in the Central
Rift Valley was conducted in August 2014. Four out of seventeen fields surveyed were infested
by
y the pest. Of these infestation in two orchards was 100%. These orchards are located around
Batu Degaga and Melkawoba about 10 Km east of MARC. Infestation in the other two orchards
was very slight. Leaf infestation in the highly affected orchards ranged between 7 and 85%. As
no single insecticide has been registered for use against the pest in Ethiopia, a new systemic
insecticide spirotetramat (Movento) obtained from Bayer chemical company in Addis Ababa
was tested for its efficacy to control the pest along
a
with Methidathion which is a registered
insecticide for the control of Red scale, Aonidiella aurantii (Homoptera: Diaspididae) in citrus
and untreated control. The study was conducted at Melkawoba located close to MARC using
Randomized complete Block Design (RCBD) with three replications. Treatments were applied
using motorized knapsack sprayer. Movento 150 OD and Methidathion 400 EC were applied at
1.7 and 5 ml mixed with three liters of water, respectively biweekly for a total of five times.
Number of WMS per ten leaves randomly picked per treatment prior to treatment application
was used to assess efficacy of the test insecticide. Number of WMS was similar after the first
spray in all the treatments. After the second to fourth spray, WMS number in the
t untreated plot
was consistently higher than the insecticide treatments without significant difference between
treatments. After the fifth spray population in the untreated control was significantly higher and
nearly ten-fold
fold over the insecticide treatments.
treatme
Performance of Movento was on par with
Methidathion. Percent corrected mortality showed a progressive increase from 36 to 90% and
49 to 74 % in Movento and Methidathion treatments respectively after the second to fifth spray.
The results reported in this
his study are preliminaries aimed at confirming presence of WMS in the
CRV and to test efficacy of Movento against the pest. A study towards integrated management
of the pest based on understanding the ecology of the pest need to be conducted. Insecticide
screening program should focus on systemic insecticides that are less harmful to the pest's
natural enemies similar to Movento considered in this study.
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INTRODUCTION
Realizing the importance of agricultural diversification,
increasing attention has been given to improving the
horticulture sector in Ethiopia. Improved fruit production
has been one of the focus areas towards this. Production
area of fruit crops is estimated at 61,972 ha (CSA, 2012).
Mango ranks third in area of production next to banana
and avocado. In production, it ranks 2nd next to banana.
In 2012, fresh
resh mango production level was estimated to
be 69, 751 tons (CSA, 2012). Like many other fruits
produced in the country, productivity of mango is very low
due to unavailability of quality seed/planting materials,
poor agronomic practices, damage by resident and
invasive pests and poor post harvest handling leading to
huge post harvest losses. The Tephritid fruit flies, an
enormous threat to fruit production
n throughout the world

(Mohamed, 2003) have been the only major economically
important insect pest of mango in Ethiopia (Tsedeke
(Tsedeke,
1994, Ferdu et al., 2006). Due to global agriculture and
trade coupled with poor quarantine organization,
introduction
oduction of new disease and insect pests to Ethiopia
has become a common phenomenon (PPSE
(PPSE, 2013).
Occurrence of white mango scale, Aulacaspis
tubercularis Newstead
wstead (Hemiptera: Diaspididae),
Diaspididae) in
Ethiopia was first reported in August 2010 (Mohammed et
al., 2012). It had remained confined to western Ethiopia
where local mango trees of old age found until recently. It
was intercepted from mango seedlings brought
b
from
elsewhere in June 2013 at Melkassa Agriculture Research
Center (MARC). These were destroyed sa
safely to prevent
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contamination of the existing mango orchard at the center.
The insect has not been observed infesting mango trees
planted at MARC to date. Leaf samples infested by the
pest were brought to MARC by a staff of the Adama
district bureau of Agriculture named Eshetu Dessalegne
on 26 June 2014 for diagnosis. The samples were brought
from mango orchard located at Melkawoba about 10 km
south of MARC. A visit to the orchard was made the
following week and 100 % infestation of the available
mango trees in the area was noted. A. tubercularis was
also intercepted in Tigray region of Ethiopia from
seedlings purchased from Arbaminch area of southern
Ethiopia for plantation purpose (Gashawbeza, 2014).
Hence WMS can no longer be considered a quarantine or
regulated non quarantine pest in Ethiopia because of its
wide spread presence in the country. Females lay 80 to
200 eggs depending on temperature. After hatching
crawlers move to feeding sites settling within 24 hours.
Female crawlers settle randomly, male crawlers settle in
groups close to females. Up to 80% of crawlers become
males. Leaf defoliation drying of young twigs, pink blemish
around the feeding sites on fruit and yellowing on the
leaves are typical damage symptoms. under heavy
infestation fruit drop prematurelu and become smaller
(Abo-Shanab, 2012)

insecticides with little or no harm to natural enemies of
WMS are used elsewhere as an integral component of
WMS Integrated Pest Management (IPM). One such
insecticide is Spirotetratam (Movento) which belongs to
the tetramic acid chemical class and has a unique mode
of action classified as a lipid biosynthesis inhibitor (https://
www.bayercropscience.us/products/insecticides/movento
(accessed on 21 October 2014). Hence, a preliminary
survey on the distribution of the pest in available mango
orchards in the central rift valley areas and assessment of
efficacy of a Movento was made between June and
October 2014 in CRV.

No single insecticide has been registered for WMS
control in Ethiopia. Insecticides currently in use against
WMS in WMS infested orchards are insecticides
recommended for the control of armoured scales such as
the red scale (Aonidiella auranti) on citrus in the early
1980s (Tsedeke, 1994; Ferdu, 2009). Some of these
insecticides such as the organophosphate methidathion
are known to harm the natural enemies associated with
WMS hence upset the natural biological control. Systemic

MATERIALS AND METHODS
Survey on the Appearance of WMS in CRV
Information on where to find mango trees in CRV were
gathered from colleagues at MARC. A data sheet to
record presence/absence of the pest, incidence and pest
density was prepared. When presence of the pest was
confirmed, leaf infestation level was determined by visual
estimation of proportion of leaf infested. Estimation was
made on whole tree basis as well as on lower branches of
the tree only because of variation in with-in tree
distribution of the pest. In infested fields, pest density was
determined by counting colonies on the lower and upper
sides of 3 leaf randomly picked (with eye closed) from the
lower branches of up 10 randomly picked tree depending
on tree availability. A colony consisted of a female WMS
surrounded by males. A total of 17 mango orchards with a
field size ranging between a tree and 24 ha were
surveyed. Area names and GPS readings of the mango
orchards surveyed are presented in Table 1. Descriptive
statics was used to show mean leaf infestation and pest
density of WMS infested orchards.

Table 1: Location details of mango orchards visited for White mango scale infestation in Central Rift Valley, August 2014
Field
no.
1

Nura Era (Camp 11)

08 , 42', 28.5''N; 039 , 47', 07.2''E

Kent, Tommy, Local, Kit

30 ha

2

Nura Era (Camp 10)

080, 43', 35.2''N; 0390, 47', 42.2''E

Kent, Tommy, Local, Kit, Dodo

24 ha

3

Nura Era (camp 8)

080, 40', 44.7''N; 0390, 47', 44.1''E

Tommy, Kent

48 ha

4

Abadiska

080, 34', 07.6''N; 0390, 40', 16.0''E

Tommy, Kent, Tawla, Local,Aabadir

98 ha

5

Koka Beri (Genet farm)

080, 23, 49.2''N; 0390, 01', 07.9''E

Some are apple mango grafted

Over 100 trees

6

Alemtena (Kentari)

080, 20', 22.4''N; 0380, 59', 06.7''E

Local old trees

Over 150 trees

7
8

Meki Catholic)
Meki (Wolda Kelina)

080, 09', 28.2''N; 0380, 49', 10.4''E
080, 07', 21.6''N; 0380, 51', 28.9''E

Unknown
Toommy atkin, kent, Appple mango

Over 50 trees
Over 50 trees

9

Zeway (AAU campus)

070, 56', 13.6''N; 0380, 43', 09.6''E

Local old and tall varieties

Over 10 trees

Area name

Location
0

0

Varieties

0

0

Field size

10

Zeway Prison

07 , 56', 25.2''N; 038 , 42', 54.1''E

Unknown

Over 100 trees

11

Wonji Melkahida

080, 29', 09.8''N; 0390, 13', 56.5''E

Local old and tall varieties

Over 100 trees

12

Wonji Sugar factory

080, 27', 08.8''N; 0390, 13', 52.9''E

Local old and tall varieties

Homestead (2-3)

13

Batu Degaga

080, 26', 02.1''N; 0390, 24', 40.1''E

Local old and tall varieties

28 trees

14

Batu Degaga

080, 25', 43.1''N; 0390, 24', 41.1''E

Local old and tall varieties

One tree

15

Batu Degaga

080, 25', 38.5''N; 0390, 24', 42.7''E

Local old and tall varieties

Three trees

16

Batu Degaga

080, 25', 36.7''N; 0390, 24', 47.4''E

Local old and tall varieties

Six trees

17

Batu Degaga

080, 25', 29.7''N; 0390, 24', 12.6''E

Local old and tall varieties

four trees

Screening of Insecticides
The experiment was conducted at Melkawoba, where
heavy infestation was first noticed in CRV. The test
insecticide, Movento was obtained from Bayer chemical
company in Addis Ababa. Methidathon which is a
registered insecticide for Red scale control on citrus in
Ethiopia (MOA 2013) was obtained from Markos General

Chemical trading in Addis Ababa. The two insecticides
along with the untreated plot were laid in RCBD with three
replication. Because the available mango trees of uniform
size were eleven, nine mango trees were selected for
application of the treatments. Before applying treatments,
the volume of water required to fully wet the experimental
trees using motorized sprayer was calibrated. Three liters
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of water per tree was found to be sufficient. The test
insecticide Movento was applied at 1.7 ml per tree.
Methidathion was applied at 5 ml per tree. Treatments
were applied for a total of six times biweekly starting from
August 20, 2014 using motorized knapsack sprayer. Ten
leaves were randomly picked from the lower branch of
each tree prior to treatment application to count WMS
number. These were kept in a plastic bag and transported
to MARC entomology laboratory for count. Number of
male, female and crawlers WMS were counted using a
stereoscopic microscope. Mean number of insects from
post treatments spray were used to assess the efficacy of
the insecticides. Data were analyzed using Proc ANOVA
of SAS (SAS 1991). Significant means were separated
using students Newman Keuls test. Abbott's (1925)
formula was also used to determine corrected mortality
after each treatment application.
n in T after treatment
Corrected mortality = 1 −
 ∗ 100
n in Co after treatment

RESULTS

Where n in T = Population in the treated plot after
treatment; n in Co = Population in control after treatment

Survey on the Appearance of WMS in CRV
Four out of 17 fields surveyed were found infested
(excluding Melkawoba site with 100 % WMS infestation).
These areas are located at Batu degaga about ten to
fifteen km east of MARC. Two of the orchards here were
100 % infested (Table 2). Here, leaf infestation on lower
branches (and whole tree) basis ranged between 7 and
85 (3 and 40). Number of colonies per 3 leaf ranged
between 3 and 44. One mango tree located about 500 m
away from the mango orchard with 100% WMS infestation
0
0
(08 25' 43.1'' N and 039 24' 41.1''E) did not show any
symptom of WMS infestation. On the other hand, two
fields with 4 and 6 mango trees had slight infestation (one
to two leaf per field with WMS infestation). Block number
C6 and C7 of camp 10 with a total area 0f 30 ha and
camp 10 with an area of 24 ha at Nura era did not show
symptom of WMS infestation. Mango trees of camp 8 at
Nura era and Abadiska at Merti were also surveyed and
no WMS infestation was observed. The insect was not
found in the rest of the survey fields located between
Wonji and Zeway too (Table 2).

Table 2: Presence of WMS and level of infestation in mango orchards located in CRV, 2013
Field
number
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17

Presence/
absence
of WMS
Absent
Absent
Absent
Absent
Absent
Absent
Absent
Absent
Absent
Absent
Absent
Absent
Present
Absent
Present
Present
Present

Leaf infestation
Status
NI
NI
NI
NI
NI
NI
NI
NI
NI
NI
NI
NI
High
Absent
High
slight
slight

Lower branches

Whole tree

50.2
48.3
one leaf
two leaf

18.8
12.3
one leaf
two leaf

WMS density
18.1
27.3
one leaf
two leaf

* = Location details of each field is shown in table 1

Insecticide Screening
Mean number of WMS per ten leaves prior to the first
treatment application was 702, 572 and 483 in Movento,
Methidathion, and untreated treatments, respectively.
Counts after the first treatment were similar for all the
treatments including the untreated trees. Differences in
WMS number between treatments began to be observed
after the second spray although these differences were
not significant until the fourth spray. Counts after the fifth
spray and mean number of the counts after each spray
showed significant difference between treatments (Figure

1). Number of WMS in the untreated tree was 8 to 10 fold
over both Methidathion and Movento treatments after the
fifth spray. Similarly, the overall mean in the untreated
tree was triple over both Movento and Methidathion
treatments. Performance of Movento in reducing the
insect number was on par with Methidathion in each post
spray count without a significant difference between them
(Figure 1). Percent corrected mortality showed a
progressive increase from 36 to 90% and 49 to 74 % in
Movento and Methidathion treatments respectively after
the second to fifth spray (Figure 2).
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Figure 1: A, B, C, D and E shows the sum of male, female and crawlers of white mango scale for each treatment after
the first, second, third, fourth and fifth sprays respectively; F is the mean of the five counts after spray
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Figure 2: Percent corrected mortality of WMS based on Abbott's (1925) formula on Movento and Methidathion treated
mango trees

DISCUSSION
WMS has now appeared in CRV although it is
currently confined to pocket areas close to MARC. All the
trees at Batu Degaga and about half of the trees at
Melkwoba weree
eree old and tall (about 10 m) local varieties.
According to owners of these orchards, these fields have
never been sprayed
yed with any pesticide since their
establishment. New mango seedlings were not introduced
to these areas until the presence of the pest was
confirmed. Being a scale insect, its natural spread without
human involvement is minimal. We do not presume to
speculate
late reasons for its occurrence in these areas but
the pest introduction to the country is likely to be with
planting materials or fruits that are hosts to WMS. Besides
mango, several plant species including citrus, papaya,

avocado ginger, cinnamon, pumpkin
n etc., are hosts to A.
tubercularis
(http://www.plantwise.org/KnowledgeBank/
http://www.plantwise.org/KnowledgeBank/
Datasheet.aspx).
). The pest is Asian origin and distributed
all over the world. CABI distribution map of pests show
that A. tubercularis occurs in several countries of west
Africa and African countries south of Ethiopia including
east African countries, Uganda, Kenya and Tanzania
(http://www.plantwise.org/KnowledgeBank/Datasheet.asp
x). Although its occurrence in Ethiopia was noted
no
as early
as 2010 (Mohammed et al., 2012), Ethiopia is not
included in the distribution map of this insect yet. The
presence of the insect in a radius of 100 km from the
major mango producing farm of the country presents
great challenge to the mango industry
dustry as it can affect one
of the biggest mango orchards of the country, Horizon
plantation of UAAIE. It also hampers the current effort of
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expanding mango production through supply of improved
seedlings to small scale farmers in the CRV and other
potential areas of the countries. Strengthening internal
quarantine to limit the geographic expansion of the pest to
newer area should be given emphasis by concerned
government offices particularly regional agricultural
bureaus. Several thousand seedlings purchased from
Arbaminch area for plantation in Tigray were destroyed
following suspicion of WMS presence in the seedling
followed by its confirmation in 2014 (Gashawbeza, 2014).
The pest is now established in different areas of the
country. A country wide periodic survey on distribution of
WMS on mango and other hosts need to be conducted to
delimit areas for intervention. Only Movento is tested in
the insecticide efficacy testing experiment reported in this
paper.
Spirotetramat (Movento) is a folliar-applied
insecticide with ambimobile translocation that reduces
fecundity of sucking insects which feed on roots as well as
foliage (Smiley et al., 2011). Its performance was found to
be comparable with the registered insecticide
Methidathion. The observed slightly higher number of
WMS in Movento compared to Methidathion after the first
spray and lower number of the WMS in Movento treated
trees than Methidathion treated in later samplings is
similar to reports of Labanowska et al. (2014).
Labanowska et al. (2014) reported similar or slightly
poorer performance one week after application of
spirotetramat against wheat aphids compared to standard
insecticide, but 3 weeks after a higher reduction of aphids
than with reference insecticides such as pirimicarb,
thiacloprid, and thiamethoxam was recorded.
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As Methidathion has been in use for several years
against the Red scale, Aonidiella aurantii (Maskell), in
Ethiopia, testing the efficacy of the new insecticide against
Red scale is useful to mitigate problem associated with
pesticide resistance as well as to strengthen biocontrol
based integrated pest management in fruit crops. From
laboratory and field studies conducted to measure the
effect of spirotetramat on life stages of red scales, both
organophosphate-resistant and susceptible populations
responded similarly to the insecticide suggesting absence
of cross resistance (Garcerá et al., 2013). It has been
reported (Mohammed et al., 2012) that commercial farms
and government offices use a variety of broad spectrum
insecticides to reduce the pest's damage in western
Ethiopia. The use of old broad spectrum insecticides for
controlling WMS should be discouraged as they are
ineffective in most cases and negatively affect the natural
enemy population that aid in the natural control of the
pest. Selective IPM compatible products need to be
screened for use to promote biocontrol based
management of the pest. Successful classical bio-control
of WMS has been implemented in South Africa using the
Aphelinid parasitoid, Aphytis chionaspis Ren (Daneel and
Joubert, ND).

CONCLUSION
The results reported in this study confirmed presence
of white mango scale (Aulacaspis tubercularis) in the CRV
and efficacy of Movento against the pest. A study towards
integrated management of the pest based on
understanding the ecology of the pest including
geographic distribution, and population dynamics need to
be conducted. Insecticide screening program should focus
on those that are less harmful to the pest's natural
enemies.
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