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ABSTRACT

White Mango Scale Aulacaspis tubercularis Newstead, 1906 was reported
for the first time in 2010 from mango orchards belonging to Green Focus
Ethiopia Ltd in western Ethiopia. It was hypothesized that the pest could enter
Ethiopia with mango seedlings imported by the same company. The present
study surveyed natural enemies of the pest and their population dynamics in
western Ethiopia. Larvae of Chilocorus sp. (Coleoptera: Coccinelidae) were
found feeding ravenously on live mango scales. There was a statistically sig-
nificant (p<0.05) positive correlation between the A. tubercularis and Chi-
locorus sp. populations in both orchards, implying that the predator was not
suppressing the pest population. There was no significant difference in the
mean numbers of the predatory larva populations between Arjo and Bako
orchards (p>0.05). Populations of White Mango Scale and its predator
showed remarkably similar fluctuations, with their abundancies reaching
peaks during same months. It has been concluded that the native predator
got associated with the exotic insect pest recently, and its population may
gradually build up. It is suggested that implementation of Chilocorus sp. as
a biocontrol agent would be a sound strategy in the management of White
Mango Scale in western Ethiopia, together with other control options.
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INTRODUCTION

Mango (Mangifera indica L.) originated in tropical Asia and is currently
distributed across all tropical and subtropical lowland areas throughout the world
(Ramcharan 1997; Naturland 2001; Dirou 2004; Okoth et al. 2013; Ubwa et al.
2014; Crane et al. 2017). Mango is one of the most cherished fruits, not only for
its flavour and taste, but also for its nutritional value. Mango is a good source of
vitamin A and C, and is rich in carbohydrates, potassium and phosphorus (Gries-
bach 2003; Nabil et al. 2012).

More than 47,000 hectares in Ethiopia are under fruit crops production, with
mango plantations accounting for 12.6% of the area (Tadesse 2011). Mango is
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traditionally grown in Ethiopia primarily for family consumption and local mar-
kets, but some emerging modern farms have started to produce mango for both local
and export markets (Chala et al. 2014). Ethiopia exports mango to Djibouti, Saudi
Arabia, Yemen, Sudan and the United Arab Emirates (Tewodros et al. 2009).

Mango production in Ethiopia is constrained by insect pests such as fruit flies,
mango seed weevil, mites, thrips, mealybugs and scale insects (Hussen & Yimer
2013; Chala et al. 2014). A new pest inflicting damage to mango trees was reported
in 2010 in an orchard of the Indian company Green Focus Ethiopia in western
Ethiopia (Temesgen 2014). The pest was identified in April 2011 by Gillian Watson
(California Department of Agriculture, USA) as White Mango Scale, Aulacaspis
tubercularis Newstead, 1906 (Hemiptera: Diaspididae) (Dawd et al. 2012). The
pest could have been most likely introduced to Ethiopia accidentally from abroad
with mango seedlings imported by the aforementioned company. Following its
initial record, infestation was reported in other mango farms in western Ethiopia,
as far as 100 km away from the site of the first record within one year (Temesgen
2014). Currently, White Mango Scale has spread to northern and central Ethiopia,
with the infested area in the north being about 1500 km away from the place of
initial infestation (Gashawbeza et al. 2015). The pest has been transported most
likely with fruits. When an exotic pest is introduced to a new region, where there
are no natural enemies, its population can increase if left untreated, to the level
when it becomes invasive to the host plant (Satti 2011).

There have been frequent complaints from mango growing communities in wes-
tern Ethiopia regarding the damage caused by 4. tubercularis (Tesfaye et al. 2014,
Ofgaa, pers. observ.). White Mango Scale is a sucking insect that poses severe
threat to mango plantations in various mango growing countries (Labuschagne et
al. 1995; Pena et al. 1998; Nabil et al. 2012; Juarez-Hernandez et al. 2014). The
damage caused by White Mango Scale includes yellowing of leaves, appearance of
conspicuous pink blemishes on mature and ripe fruits, and dieback of the plant (El-
Metwally et al. 2011; Abo-Shanab 2012). Mango scale reproduces during both dry
and wet seasons (Halteren 1970). However, a low population density of the scale
was recorded as of the end of the rainy season in Egypt (Ha et al. 2015). A related
study in the same country demonstrated that the A. tubercularis population had
more than two peaks during a year, with temperature and relative humidity having
little effect on the population density fluctuations (El-Metwally et al. 2011).

Special studies reported that various species of Chilocorus preyed on armoured
scale insects (Mendel et al. 1986; Erkili¢ & Uygun 1995; Lambdin 1995). Chilo-
corus bipustulatus (L.), for example, caused mortality among adult females of
Parlatoria blanchardi (Hemiptera: Diaspididae) and significantly lowered the le-
vel of its infestation on date palm in Northern Niger, West Africa (Stansly 1984).
Moreover, Ch. bipustulatus and Ch. nigritus (Fabricius) were found feeding spe-
cifically on 4. tubercularis in South Africa and Egypt, respectively (Labuschagne et
al. 1995; Abo-Shanab 2012). Product of Chilocorus nigritus is used as a biological
control agent against armoured scales (Entocare... 2015). Thus, the objective of
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this study is to survey an association of Chilocorus sp. with A. tubercularis, and
their population dynamics in western Ethiopia.

MATERIALS AND METHODS

This study was conducted at mango orchards in Bako (09°07'N 37°03'E) and
Arjo (09°03'N 36°17'E) in western Ethiopia, from June 2013 to May 2014. Both
places received unimodal annual rainfall of 1,649 and 1,218 mm, respectively
(Ethiomet... 2016). The farmers grew indigenous mango varieties. Insecticides
were sprayed prior to the study period in neither Arjo nor Bako orchards.

Five blocks—at the four corners and in the centre—were specified in each
orchard using Randomized Complete Block Design. Ten leaves were plucked
from upper, middle and lower canopies of each mango tree within every block,
monthly for 12 successive months. The leaves from each tree were placed in a
separate cloth bag, labelled, kept in a plastic bag and taken to the Insects and
Vector Research Laboratory, Science Faculty, Addis Ababa University. The
leaves were examined under a stereomicroscope and live male and female white
mango scales and their natural enemies were counted. A dissecting needle was
used to open up the armour of the female. During each sampling event, ten leaves
infested by White Mango Scale were plucked from mango trees and placed in
insect rearing cages, kept in the orchards, and checked every five days for emer-
gence of natural enemies. Before placement, the leaves were checked using a
hand lens to remove other insects. Predators observed preying on white mango
scales were photographed and videotaped with a camera fixed on the eyepiece
of the stereomicroscope. These documents were used to support identification
of the predator with taxonomic keys (Pope 2012; Chowdhury et al. 2015). SAS
Software v9 and Microsoft Office Excel were used for the analysis of data on
White Mango Scale and the predator. Pearson correlation was run to evaluate
the relationship between White Mango Sale and the predator. T-test was used to
separate means of the predator population at Arjo and Bako, at 5% significance
level. Square root transformation was used to normalize data obtained from the
natural enemy count where applicable.

RESULTS

Abundance of natural enemy

A total of 116 predatory larvae of Ladybird beetle (Coccinelidae: Coleoptera)
were collected from both sampling sites. The predator was identified to the genus
level as Chilocorus sp. The larvae were associated with colony of white mango
scales in all observations, and they fed on both male and female scales. When
feeding, the larvae easily broke the coat of the male pest and reached it, whereas
they forcefully pushed their heads inward and partly opened up the cover of the
female, captured and chewed it. Adult beetles were not seen on collected leaves.
However, a total of 11 adult beetles (7 from Bako and 4 from Arjo sites) emerged
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Table 1: Correlations between Chilocorus sp. larva and A. tubercularis populations in the study area.

Pearson’s Correlation coefficient (r) and p(r)

Female Male Sum of male & female pests
, r 0.64 0.74 0.77
Arjo
p(r) 0.024 0.006 0.003
Bk 0.93 0.90 0.94
O b <0.0001 <0.0001 <0.0001

in April, March, June and July from the leaves kept in rearing cages, 15 to 23 days
after the leaves had been collected.

In both sites, there was statistically significant positive correlation between the
populations of White Mango Scale and the predator (Table 1). The correlation was
stronger in Bako than in Arjo. However, there was no significant difference (p>0.05)
in the recorded numbers of the predator between Arjo (5.34+0.15) and Bako
(2.16+0.14) sites. Combined data from both sites showed significant correlation
between the two populations in the study area (r=0.80, p(r)=<0.0001).

Population fluctuations of Chilocorus sp. larvae and A. tubercularis

Population peaks were recorded for Chilocorus larvae in April and May in Arjo
and Bako, respectively (Fig. 1). Considerable population sizes persisted in June and
July in Arjo with continuous decrease from August to October. Chilocorus larvae
were recorded at neither site from November to January. Overall, the Chilocorus
larvae were observed during most of the months in Arjo, while in Bako no larva
were detected during most of the months.

Aulacaspis tubercularis population showed two peaks (April and May) in
Bako, whereas the population peak in Arjo was in April and was relatively lower
compared to that in Bako (Fig. 2). There was a general trend of continuous decline
of A. tubercularis population from August to January in the study area. There was
no records of the insect during September and October in Bako.

DISCUSSION

Chilocorus sp. larvae preying on 4. tubercularis in Ethiopia were recorded for
the first time through this study. Despite some studies that followed the very report
of A. tubercularis entry in Ethiopia (Dawd et al. 2012; Temesgen 2014; Tesfaye
et al. 2014; Gashawbeza et al. 2015) there was no information about any natural
enemy from the pest population. The density of the predatory larvae population
recorded in the study area was very low, probably due to recent introduction of A4.
tubercularis to Ethiopia and consequently a very recent association of the predator
with the pest. Therefore, population of Chilocorus sp. may gradually build up in
the future.

The abundances of 4. tubercularis and of Chilocorus larvae showed strong li-
near correlation over the study period. This may indicate that ecofactors of the
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Fig. 1: Population fluctuation of Chilocorus sp. larva on mango trees in the study area.

study area affected their populations in a similar manner. Both A. tubercularis and
Chilocorus sp. populations reached their peaks in April and May with a drastic
decline from August to February, when precipitation was low or entirely absent.
Both populations began to grow from around March and increased to the maximum
values in April and May when precipitation started to increase. However, the po-
pulation size of A. tubercularis dropped, mainly in Bako, during heavy rains of June
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Fig. 2: Population fluctuation of A. tubercularis on mango trees in the study area.



6 ISRAEL JOURNAL OF ENTOMOLOGY, VOL. 47,2017

and July (Fig. 2) that probably washed out the crawlers. Hence, the growth and
decline of A. tubercularis and Chilocorus sp. population were probably affected
mainly by rainfall. The impact of rainfall on 4. tubercularis may also be indirect.
Maturation and ripening of mango fruit, which may encourage population build
up of 4. tubercularis, began in the study area during the first months of the rainy
season and continued for some months. Most of those months were characterized
by mango fruit maturation and ripening along with significant infestation by 4.
tubercularis in western Ethiopia (Ofgaa, pers. observ.). As a sucking insect, 4.
tubercularis may use the juicy ripe mango as a food source to reproduce to the
maximum numbers, which may in turn encourage the simultaneous growth of the
Chilocorus sp. population.

The current study shows that Chilocorus sp. did not control the A. tubercularis
population. However, the predator may play a vital role in controlling A. tubercu-
laris if supported by a conservation biocontrol strategy. It has been demonstrated
that some Chilocorus spp. are important biological agents for the control of ar-
moured scales (Greathead & Pope 1977; Charles et al. 1995; Boothe & Ponsonby
2006; Ponsonby 2009; Entocare... 2015).

CONCLUSIONS

Chilocorus sp. larvae were recorded preying on A. tubercularis on mango trees
in Ethiopia. 4. tubercularis was believed to have entered Ethiopia with mango
seedling brought from abroad by a company within the past ten years. Therefore,
the fact that Chilocorus sp. larvae were found preying on A. tubercularis within
such a short period of time may indicate the beetle’s potential for the biocontrol
of Mango Scale. The recorded population size of the predator was very small,
and it could not yet control the pest. Further study of the predator’ ecology and
implementation of conservation biocontrol strategy may assist building up its po-
pulation size.

ACKNOWLEDGEMENTS

We thank the Department of Zoological Sciences, Addis Ababa University, for funding this study.
We are grateful to Mr Feyisa Dhuguma, the owner of the Arjo orchard, for giving his permission to
conduct research on his farm and for assisting with data collection during the study period.

REFERENCES

ABO-SHANAB, A.S.H. 2012. Suppression of white mango scale, Aulacaspis tubercularis (Hemiptera:
Diaspididae) on mango trees in El-Beheira Governorate. Egyptian Academic Journal of
Biological Sciences 5: 43-50.

BootHE, R.A. & Ponsonsy, D.J. 2006. Searching behaviour in Chilocorus nigritus (F.) (Coleoptera: Coc-
cinellidae). Communications on Agricultural and Applied Biological Sciences T1: 253-261.
https://www.ncbi.nlm.nih.gov/pubmed/17390801

CHALA, A., GETAHUN, M., ALEMAYEHU, S. & TaDESSE, M. 2014. Survey of mango anthracnose in
southern Ethiopia and in-vitro screening of some essential oils against Colletotrichum
gloeosporioides. International Journal of Fruit Science 14: 157-173.
http://dx.doi.org/10.1080/15538362.2013.817899



DJIRATA ET AL.: ASSOCIATION OF CHILOCORUS SP. WITH A. TUBERCULARIS IN ETHIOPIA 7

CHARLES, J.G., HiLL, M.G. & ALLan, D.J. 1995. Releases and recoveries of Chilocorus spp. (Coleo-
ptera: Coccinellidae) and Hemisarcoptes spp. (Acari: Hemisarcoptidae) in kiwifruit or-
chards: 1987-93. New Zealand Journal of Zoology 22: 319-324.

CHOWDHURY, S., SONTAKKE, P.P., BooraTHI, T., BHATTACHARJEE, J., BHATTACHARJEE, D. & MALSAWMZUALI
2015. Taxonomic studies on predatory coccinellid beetles and their species composition in
rice ecosystem of Indo-Bangladesh border. The Bioscan 10: 229-242.

CRANE, J.H, WasieLewskl, J., BALERDI, C.F. & MAGUIRE, 1. 2017. Mango growing in the Florida home
landscape. Horticultural Sciences Department, University of Florida, IFAS Extension.
(http://edis.ifas.ufl.edu/mg216; accessed 26 June 2017)

Dawb, M., HAILEGEBRIEL, B., AvELE, L., FELEKE, K., HAILEMARIAM, S. & BUrka, T. 2012. White mango
scale: a new pest of mango in western Ethiopia. /n: Derso, E., Zelleke, A., Dessalegn,
L., Worku, Z.K., Mariam, H., Tabor, G. & Getachew, Y. (Eds), Proceedings of the Third
Biennial Conference of the Ethiopian Horticultural Science Society, Addis Ababa, Ethiopia,
pp. 257-267.

Dirovu, J.F. 2004. Mango growing. NSW Centre for Tropical Horticulture, Alstonville, 6 pp.

EL-METwALLY, M.M., Moussa, S.F.M. & GHaniM, N.M. 2011. Studies on the population fluctuations
and distribution of the white mango scale insect, Aulacaspis tubercularis Newstead within
the canopy of the mango trees in eastern of Delta region at the north of Egypt. Egyptian
Academic Journal of Biological Sciences 4: 123—130.

ENTOCARE C.V. WAGENINGEN. 2015. Natural enemies armoured scales. Chilocorus.
(http://www.entocare.nl/english/products armoured_scales.htm#CHILOCORUS;
accessed 20 February 2017)

Erkiri¢, L. & Uycun, N. 1995. Distribution, population fluctuations and natural enemies of the white
peach scale, Pseudaulacaspis pentagona (Targioni Tozzetti) (Homoptera: Diaspididae) in
the East Mediterranean region of Turkey. Israel Journal of Entomology 29: 191-198.
https://doi.org/10.5281/zenodo.819733

EtHioMET NMA Appis ABaBa. 2016. Agrometeorological bulletin.

(http://www. ethiomet.gov.et/bulletins/dekadal/ _agricultural bulletins; assessed 16 August
2016)

GASHAWBEZA, A., FEKADU, A. & Sisay, B. 2015. Appearance and chemical control of white mango scale
(Aulacaspis tubercularis) in Central Rift Valley. Science, Technology and Arts Research
Journal 4: 59-63.

GREATHEAD, D.J. & PorEg, R.D. 1977. Studies on the biology and taxonomy of some Chilocorus spp.
(Coleoptera: Coccinellidae) preying on Aulacaspis spp. (Hemiptera: Diaspididae) in East
Africa, with the description of a new species. Bulletin of Entomological Research 67:
259-270.

GRIESBACH, J. 2003. Mango growing in Kenya. World Agroforestry Centre (ICRAF), Nairobi, 122 pp.

Ha, S., Manmoub, Y. & EBapan, 1. 2015. Seasonal abundance, number of generations and associated
injuries of the white mango scale, Aulacaspis tubercularis (Mangifera) (Newstead) (Ho-
moptera: Diaspididae) attacking mango orchards. Research Journal of Pharmaceutical,
Biological and Chemical Sciences 6: 1373—1379.
(http://www.rjpbcs.com/pdf/2015_6(4)/[190].pdf; accessed 27 June 2017)

HaLTEREN, P.V. 1970. Notes on the biology of the scale insect Aulacaspis mangiferae Newst. (Dia-
spididae, Hemiptera) on mango. Ghana Journal of Agricultural Sciences 3: 83—85.

Hussen, S. & YIMER, Z. 2013. Assessment of production potentials and constraints of mango (Man-
gifera indica) at Bati, Oromia Zone, Ethiopia. International Journal of Sciences: Basic and
Applied 11: 1-9.

JUAREZ-HERNANDEZ, P., VALDEZ-CARRASCO, J., VALDOVINOS-PONCE, G., MORA-AGUILERA, A.]J., OTERO-
CoLiNa, G., TELiz-OrTizZ, D., HERNANDEZ-CASTRO, E., RAMIREZ-RAMIREZ, 1. & GONZALEZ-
HEerNANDEZ, V.A. 2014. Leaf penetration pattern of Aulacaspis tubercularis (Hemiptera:
Diaspididae) stylet in mango. Florida Entomologist 97: 100—107.
https://doi.org/10.1653/024.097.0114

LABUSCHAGNE, T.1., vAN HAMBURG, H. & FRONEMAN, 1.J. 1995. Population dynamics of the mango scale,
Aulacaspis tubercularis (Newstead) (Coccoidea: Diaspididae), in South Africa. Israel Jour-
nal of Entomology 29: 207-217.
https://doi.org/10.5281/zenodo.819753



8 ISRAEL JOURNAL OF ENTOMOLOGY, VOL. 47,2017

Lamepin, P.L. 1995. Release, development and establishment of Chilocorus kuwanae Silvestri for
control of Unaspis euonymi (Comstock) in Tennessee. Israel Journal of Entomology 29:
327-330.
https://doi.org/10.5281/zenodo.819763

MENDEL, Z., PopoLER, H. & Rosen, D. 1986 [1985]. A study of the diet of Chilocorus bipustulatus
(Coleoptera: Coccinellidae) as evident from its midgut contents. Israel Journal of Ento-
mology 19: 141-146.
https://doi.org/10.5281/zenodo.819773

NaBiL, H.A., SHAHEIN, A.A., HAMmaD, K. A A. & Hassan, A.S. 2012. Ecological studies of Aulacaspis
tubercularis (Diaspididae: Hemiptera) and its natural enemies infesting mango trees in
Sharkia Governorate. Egyptian Academic Journal of Biological Sciences 5: 9—17.

NATURLAND. 2001. Organic farming in the tropics and subtropics: Organic Mango Cultivation. 2" ed.
(http://www.naturland.de; accessed 23 March 2016)

OxkortH, E.M., SiLa, D.N., Onvanco, C.A., Owino, W.O., Musemsi, S.M. & MaTHooko, F.M. 2013.
Evaluation of physical and sensory quality attributes of three mango varieties at three
stages of ripeness, grown in lower eastern province of Kenya — part 1. Journal of Animal
and Plant Sciences 17: 2608-2618.

(http://www.m.elewa.org/JAPS/2013/17.3/4.pdf; accessed 27 June 2017)

PENa, J.E., MonYUDDIN, A.L. & Wysoki, M. 1998. A review of the pest management situation in mango
agroecosystems. Phytoparasitica 26: 129—-148.

PonsonBy, D.J. 2009. Factors affecting utility of Chilocorus nigritus (F.) (Coleoptera: Coccinellidae)
as a biocontrol agent. CAB International, Canterbury, 20 pp.

Porg, R.D. 2012. Coleoptera, Coccinellidae and Sphindidae. Handbooks for the identification of Bri-
tish insects, Vol. 5, part 7. Royal Entomological Society of London, London, 17 pp.

RamcHARAN, R. 1997. Growing mangoes. Gardeners Factsheet (University of the Virgin Islands
Cooperative Extension Service) 21: 1-4.

(http://www.dloc.com/CA01300606/00001; accessed 26 June 2017)

SatTi, A.A. 2011. Alien insect species affecting agriculture and natural resources in Sudan. Agriculture
and Biology Journal of North America 2: 1208—1221.

StansLy, P.A. 1984. Introduction and evaluation of Chilocorus bipustulatus (Col.: Coccinellidae) for
control of Parlatoria blanchardi (Hom.: Diaspididae) in date groves of Niger. Entomophaga
29:29-30.

TaDEssk, A. 2011. Market chain analysis of fruits for Gomma Woreda, Jimma Zone, Oromia National
Regional State. MSc Thesis, Haramaya University, 127 pp.

TemesGeN, F. 2014. White mango scale, Aulacaspis tubercularis, distribution and severity status in
East and West Wollega Zones, western Ethiopia. Science, Technology and Arts Research
Journal 3: 1-10.

Tesrave, H.T., SoLomon, T. & TapeLg, W. 2014. White mango scale insect’s infestations and its im-
plications in Guto Gida and Diga Distr[i]cts of East Wellega Zone. ABC Research Alert 2
(2): 1-33.

(http://journals.abc.us.org/index.php/abera/article/download/942/776;
accessed 27 June 2017)

Tewobros, B., KeBepg, W. & Tamapo, T. 2009. Production scenarios of mango (Mangifera indica L.)
in Harari Regional State, Eastern Ethiopia. Science, Technology and Arts Research Journal
3:59-63.

Uswa, S.T., Isnu, M.O., Orrem, J.O., TyoHEMBA, R.L. & IgBUM, G.O. 2014. Proximate composition and
some physical attribute of three mangos (Mangifera indica L.) fruit varieties. International
Journal of Agronomy and Agricultural Research 4 (2): 21-29.
(http://www.innspub.net/wp-content/uploads/2014/02/IJAAR-V4No02-p21-29.pdf;
accessed 27 June 2017)



