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ABSTRACT
This research aims to assess the environmental factors that affect the abundance of scales populations on

the apple crop. The study was conducted in July 2012 to January 2013. The study was conducted at two sites with
different altitude. Bumiaji village's altitude is ±900 m and Tulungrejo village's altitude is ±1,515 m asl. Multiple
linear regression analysis was conducted to determine the environmental factors that affect the abundance of scales
populations on the apple crop. Based on the results of the regression analysis, air temperature and humidity affect
the abundance of scales populations in Binangun while rainfall and long solar radiation have no effect. Scales
population abundance of the apple crop in Binangun was influenced by air temperature and humidity one week
before. Based on the results of the regression analysis, air temperature, air humidity and rainfall affect the abun -
dance of scales population in Tulungrejo while long solar radiation has no effect. Scales population abundance of
the apple crop in Tulungrejo was affected by air temperature two weeks before, while humidity and rainfall were
affected one week before. The higher air temperature scales, flea population level will increase. And the higher
relative humidity, scales population levels will increase. 
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Scales pest infestation on the apple crop is a prob-
lem that has yet to be controlled. Scales attack apple
crop in  Batu,  Malang,  and Pasuruan.  Apple crop  in
Batu, Malang, East Java during the period of last five
years continues to decline. The number of productive
trees in 2004 as many as 2.603.086 trees and decreased
until 2008 to 1.595.772 trees. Apple production from
2004 to 2007 increased from 919,01 tons to 1425,12
tons, but in 2008 decreased production to 868.10 tons
[1].  The views stated that the decrease in the number
of trees and apple crop production in Malang and Pa-
suruan regency caused by scales pest infestation [1,2].

Scales  control  conducted  by  apple  farmers  in
Malang  and  Pasuruan  is  using  excessive  insecticide.
Scales control by farmers still did not succeed. To over-
come  the  loss  of  agricultural  production  and  the
difficulty in controlling scales pest infestation, the inte-

grated pest management is an appropriate alternative
to answer pest problems.

Information about the abundance of pest  popula-
tions and environmental conditions is needed in IPM.
Some things to know and become the basis for pest
control are understanding the plant and environmental
conditions  [3].  Understanding  the  factors  that  affect
the development  of  pest  populations  and the  factors
that have correlation with the pest [4,5]. Abiotic factors
that  affect  scales  ranging  from  the  emergence  of
crawler which can move freely until  adult stage is cli-
mate (especially air temperature and humidity) [6-9].
The optimum conditions for the development of scales
are the temperature (ranging from 23 to 27,5ºC) and
humidity (70 to 80%) [10]. The preventive actions can
be done by managing the plant environment like that,
so the environtment less suitable for the pest develop-
ment but strongly support the development of plants
and natural enemies [3,11].

This research aims to assess the environmental fac-
tors that affect the abundance of scales population on
the apple crop. The results are expected to be a refer-
ence  in  formulating  strategies  in  an  integrated  pest
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management (IPM) infestation of scales pest on the ap-
ple crop in order to increase production and income of
apple farmers.

The  research  was  conducted  from  July  2012  to
January  2013.  The study was conducted  at  two sites
with different altitude. In Bumiaji village that have alti-
tude ±900 m and in Tulungrejo village that having alti-
tude ±1.515 m asl.

The experimental field at  each location is divided
into four plots. For each plot, 5 points were determined
randomly as a point to put the environmental factors
observer tool. Air temperature and humidity were ob-
served by thermohydrometer, rainfall intensity was ob-
served by ombrometer, duration of solar radiation data
obtained  from  climatology  station  Karangploso,
Malang.

Scales population and environmental factors obser-
vation carried out continuously during the apple crop
harvesting season with one-week interval  of  observa-
tion. The first observation carried out one week before
the apple plant leaves were cut, whereas the last obser-
vation carried out one week after apple crop harvest-
ing. To determine the environmental factors that affect
the abundance of scales populations on the apple crop,
multiple linear regression analysis was conducted. The
design of this study was an experimental study, con-
ducted at the Laboratory of Parasitology and Labora-
tory of Biomedical, Faculty of Medicine, University of
Brawijaya, Malang. This study had been approved by
the Ethical Committee of Health Research Faculty of
Medicine University of Brawijaya (No. 104/EC/KEPK).

The air temperatures in Binangun and Tulungrejo
from July to September 2012 are relatively low, it was
21°C in Binangun and 18°C in Tulungrejo. The scales
population level also showed a low level, it was nearly
1,5 individuals/10 cm in Binangun and 1,2 individuals/
10  cm  in  Tulungrejo.  However,  from  October  to
December 2012 the air temperatures in Binangun and
Tulungrejo are relatively high, it reached nearly 24°C
in  Binangun  and  reached  approximately  19,5°C  in
Tulungrejo. The scales population level showed a low
level that is almost 8 individuals/10 cm in Binangun
and 6 individuals/10 cm in Tulungrejo.

Regression equation of environmental factors that
affect scales populations on the apple crop in the Bi-
nangun is Yt= 13,933 X1t-1+ 3,187 X2t-1 + 0,488 X3t-1 –
10,743 X4t-2. + at. Yt  is scales population variable, X1 is
air temperature variable (°C), X2 is humidity variable
(%), X3 is rainfall intensity variable (mm/day), X4 is
duration of solar radiation variable (hours/day). at are
other  factors  variables  that  are  not  included  in  the
model (not recorded), or other factors that can not be
controlled.

Based on the results of the regression analysis, air
temperature and humidity affect the scales population
in Binangun while rainfall intensity and duration of so-
lar radiation did not affect the scales population. Scales
population on the apple crop in Binangun is affected
by air temperature and humidity in one week before.

In July to early August 2012, the air humidity in
Binangun and Tulungrejo are relatively high, reached
approximately  75%  in  Binangun  and  80%  in
Tulungrejo. The scales population level also showed a
low level of approximately 1,3 individuals/10 cm in Bi-
nangun and  nearly  1,1  individuals/10  cm in  Tulun-
grejo. 
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Figure 1. The air temperature relationship on the scales population in Binangun and Tulungrejo, the higher air temperature scales 

flea population level will increase.
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Then, in August to early October 2012 air humidity
in Binangun and Tulungrejo are small, reached nearly
69% in Binangun and 75% in Tulungrejo. The scales
population level showed a low level of less than 3,5 in-
dividuals/10 cm in Binangun and approximately 2,5 in-
dividuals/10 cm in Tulungrejo. 

During October to December 2012, the air humid-
ity  in  Binangun and  Tulungrejo  increased  to  nearly
80% in Binangun and 89% in Tulungrejo. The level of
scales population showed a high level that is almost 9
individuals/10 cm in Binangun and nearly 7 individu-
als/10 cm in Tulungrejo.

Regression equation of environmental factors that
affect scales populations on the apple crop on the Tu-
lungrejo is Yt = 2,398 X1t-2  + 0,867 X2t-1 + 0,500 X3t-1 –
1,759 X4t-1 + at.  Yt is scales population variable, X1 is
air temperature variable (°C), X2 is humidity variable
(%), X3 is rainfall  intensity variable (mm/day), X4 is
duration of  solar  radiation variable  (hours/day).  a t is
the other factors variables that are not included in the
model (not recorded), or other factors that can not be
controlled.

Based on the results of the regression analysis, air
temperature, air humidity and rainfall intensity affect
the scales population, while duration of solar radiation
did not affect the scales population. Scales population
on the apple crop in Tulungrejo was affected by air
temperature two weeks before, air humidity and rain-
fall intensity one week before.

Air temperature relationship with the scales popula-
tion in Binangun and Tulungrejo is positive (Fig. 1). It
means the higher the air  temperature,  scales popula-
tion level  will  increase.  Relation equation  to  the  air
temperature in the scales population Binangun and Tu-
lungrejo is Y= 0,5361x – 6,9952 with R² value= 0,1504.

Relationship of air humidity on the scales popula-
tion in Binangun and Tulungrejo is positive (Fig. 2). It
means, the higher the air humidity scales population
level will increase. Equation relation to the air humid-
ity in the scales population in Binangun and Tulun-
grejo is Y= 0,1662x – 8,7451 with R² value= 0,1205.

Climatic factors are able to trigger pest population
explosion,  it  can  not  be  separated  with  herbivores
physiological  factors.  Climate  components  that  have
the  most  influence  to  the  development  of  insect
populations  are  temperature  and  air  humidity.
According [12] climatic factors that affect the rest of
which  are  the  air  temperature,  air  humidity,  rainfall
intensity,  and  wind.  [13]  reported  that  some  of
temperature condition and air humidity can change the
pest populations, due to changes in physiological devel-
opment,  migration  and  dispersal,  causing  the  local
population explosion. Specific air temperature and hu-
midity at planting (microclimate) occurs due to plant-
ing conditions that are the result of agronomic prac-
tices in the cultivation of plants, such as plant spacing,
plant  population,  and  fertilization.  High  plant
population and planting distance resulted in the plants
grow very  dense,  so microclimate  occurs  at  planting
(high air temperature and humidity) which highly sus-
ceptible to herbivores infestation.

Temperature  is  the  climatic  factor  that  affects
scales, ranging from the emergence of nymphs that can
move freely until adult. First, second and third instar
are  the most  resistant  to low temperatures  while fe-
males  and crawler  are  resistant  to  medium tempera-
ture. Male molting, pra pupae and pupae are very vul-
nerable to low temperatures.  The low temperature is
the most decisive factor in abundance and spread of
scales [14].
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Figure 2. Relationship air humidity on the scales population in Binangun and Tulungrejo, the higher air humidity scales flea pop

lation level will increase.
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First, second and third Instar female are resistant to
low temperatures while males are molting, pra pupae
and pupae are very vulnerable low temperatures. Low
temperatures also affect the length of the scale life cy-
cle. At low temperatures, the length of the scale life cy-
cle is longer. Females complete its life cycle during 44,3
days and males during 25,2 days at 29ºC, whereas at
15ºC it takes 209 days for females and 149 days for
males. Temperature also affects the fertility of female
scales. Adult females produce 267 nymphs per female
at a temperature of 30ºC and 46 nymphs per female at
a temperature of 15ºC [15]. High temperatures in the
summer led to a decrease in the size of the real scales
body [6].

Temperature  is  expressed  in  degrees  of  heat  and
sources at  ground level are derived from solar radia-
tion. High and low light intensity is directly propor-
tional to the high and low temperatures. Light inten-
sity affects insects's life Daily fluctuations affect the air
temperature, humidity and food. The influence of light
on the behavior of insects is vary between insects that
are active during the day (diurnal) with insects that are
active at  night (nocturnal).  In insects that are active
during the day, the activity will be stimulated by the
state of the intensity and wavelength of light around it.
In  contrast,  night  insects  of  certain  light  conditions
may  inhibit  the  activity.  If  the  light  intensity  is
increased into certain insect that has a habit of living
with minimum and weak light, this will lead to insect
depressesion and vice versa. Increasing the intensity of
the  light  can  accelerate  the  maturity  of  insects  and
shorten adult lifespan [16]. 

Insects are poikilothermic species whose body tem-
perature depends on the temperature of the ambient
air  environment.  Ambient  air  temperature will  affect
the metabolic processes of insects. Insect activity will
be faster and more efficient at high temperatures, but
will reduce the length of life of insects. Some insects
can adapt to extreme environments through diapause.
Insect development and activity will return to normal if
the air temperature is suitable [17]. Effect of tempera-
ture on pests includes controlling the growth, survival
and spread of insects. All species of insects have certain
air temperature range in order to survive. This range
will be different in each species of insects. When the
air temperature is below or above the optimal condi-
tion, it will cause the death of the insect in the near fu-
ture [16].

Air humidity affects the abundance of scales popu-
lation in Tulungrejo and Binangun. Air humidity af-
fects the biologic process of insect, where the optimum

humidity range is around 73-100%. the air humidity
that too high or too low can inhibit the activity and in-
sect life, except in some insect species that used to live
in wet places. The insects optimum moisture is differ-
ent by type and level of life in each development. Air
temperature and humidity affect the scales population
fluctuation  pattern  in  Binangun and  Tulungrejo  be-
cause the air temperature and humidity in Binangun
and Tulungrejo support the development of the scales
population. The air temperature is ±23,23ºC in Binan-
gun with air humidity ±74,31%. While the temperature
in Tulungrejo is ±19,55ºC with air humidity ±82,86%.
According [10], the optimum conditions for the devel-
opment of scales are the air temperature from 23 to
27,5°C and humidity of 70-80%. However, scales de-
velop at 30-38ºC and low humidity in Australia [7]. An
increase in the level of scales population are affected by
air humidity [18].

Based on the research that has been carried out, we
can concluded that the abundance of scales on the ap-
ple crop at two elevations was not significantly differen
and the relationship between air temperature and hu-
midity of the abundance of scales population on two
elevations is positive which means that the higher the
air temperature and humidity, the level of scales popu-
lation will increase. The abundance of scales in Binan-
gun influenced by air temperature and humidity, while
in  Tulungrejo  affected  by  air  temperature,  air
humidity, and rainfalls intensity.
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search and Development  (IAARD) for financial  sup-
port.

 

1. Agriculture Office of Batu City (2011) Tanaman produktif
dan produksi apel kota Batu. Batu. 

2. Antara news (2010) Hama kutu sisik serang jutaan tana-
man apel.  http://www. Antara news.com. 

3. Norris RF, Chen, EPC, Kogan M (2003) A concept in In-
tegrated  Pest  Management.  Prentice  Hall.  New  Jersey.
586.

4. Walter GH (2003) Insect Pest Management and Ecologi-
cal Research. Cambridge University Press. United King-
dom. 387.

5. Rohrbach KG, Johnson MW (2003) Pest,  Diseases,  and

JTLS | J. Trop. Life. Science 23 Volume 5 | Number 1 | January | 2015

ACKNOWLEDGMENT

REFERENCES

CONCLUSIONS 



Khojin Supriadi et al., 2015

Weed.  Pineapple  Botany  Production  and  Uses.  CABI
Publ. Wallingford. 203-251.

6. Yu DS, Luck RF (1988)  Temperature dependent size and
development of California red scale (Homoptera: Diaspi-
didae) and its effect on host availability for the ectopara-
sitoid,  Aphytis melinus  De Bach (Hymenoptera: Aphe-
linidae). Environmental Entomology. 17: 154-161.

7. Smith Jr JW, Wiedenmann RN, Gilstrap FE (1997) Chal-
lenges  and  opportunities  for  biological  control  in
ephemeral  crop  habitats:  an  overview.  Biology  Contr.
10:2-3.

8. James  BH,  Soranno  PA,  Angilletta  MJ,  Buckley  LB,
Gruner  DS,  Keitt  TH, Kellner JR,  Kominski  JS,  Rocha
AV, Xiao J, Harms TK, Goring SJ, Koenig LE, McDowell
WH,  Powell  H,  Richardson  AD,  Stow  CA,  Vargas  R,
Weathers KC (2014) Macrosystems ecology: understand-
ing ecological patterns and processes at continental scales.
Front Ecol Environ. 12(1): 5–14.

9. Wearing CH, de Boer JA (2014) Temporal distribution of
San José scale Diaspidiotus perniciosus (Hemiptera: Dias-
pididae) on an apple tree. New Zealand Entomologist. 37:
61-74

10. Bodenheimer FS (1951) Citrus Entomology in the Middle
East. Ed. W. Junk. The Hague. Netherlands.

11. Globalgap (2007) Control Points and Compliance Criteria
Integrated  Farm  Assurance  Crop  Base.  German.
http://www.globalgap.org. 23-28. 

12. Kisimoto  R,  Dyck VA (1976) Climate and rice  insects.
p.367-390. In Proc. Symposium on Climate and Rice (In-
ternational Rice Research Institute, ed.). IRRI. Los Banos.

13. Guitterez AP, Havenstein DE, Nix HA Moore PA (1974)
The Ecology of  Aphis  cracivora Koch and subterranean
clover stunt virus in South East Australia. II. A model of
cowpea aphid population in temperate pastures. Journal of
Applied Ecology. 11: 1 – 20.

14. Abdelrahman, I (1974)  The effect of extreme tempera-
tures on California red scale,  Aonidiella aurantii  (Mask.)
(Hemiptera:  Diaspididae),  and its  natural  enemies.  Aus-
tralian Journal of Zoology, 22: 203-212.

15. Willard JR (1972)  Study on rates of development and re-
production  of  California  red  scale,  Aonidiella  aurantii
(Mask.)  (Homoptera:  Diaspididae)  on citrus.  Australian
Journal of Zoology.  20: 37-47.

16. Koesmaryono  Y  (1999)  Climate  Weather  Relationship
With  Plant  Pests  and  Diseases.  Set  of  paper  Lecturers
Training Universities in Western Indonesia Agrometeorol-
ogy field. Bogor February 1-12, 1999.

17. Mavi HS, Tupper GJ (2004) Agrometeorology Principles
and Applications of Climate Studies in Agriculture.  Food
Products Press. New York.

18. Mc Laren IW (1971)  A comparison of the population
growth  potential  in  California  red  scale,  Aonidiella  au-
rantii  (Maskell), and yellow scale,  A. citrine  (Coquille),
on citrus. Australian Journal of Zoology. 19: 189-204.

JTLS | J. Trop. Life. Science 24 Volume 5 | Number 1 | January | 2015


