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Abstract

The present work was carried out to study the effect of some climatic factors on the population density of the white mango scale insect,

Aulacaspis tubercularis on mango trees during three time series (2011-2040, 2041-2070 and 2071-2100) under four Representative Concentration
Pathway (RCP) scenarios (2.6, 4.5, 6.0 and 8.5) as compared with the current population of the pest (average of population density for two years of
2017 and 2018) at Esna district, Luxor Governorate, Egypt. Monthly estimations of total A. tubercularis population indicated the presence of four
peaks of insect abundance per year. The means of solar radiation were entirely above the optimum range for activities of nymphs, adult females and
total population of A. tubercularis and solar radiation was the most effective variables in population changes by 39.31, 39.38 and 43.50% for nymphs,
adult females and total population of A. tubercularis during the base year data, respectively. The percentages of explained variance (E.V.%) indicated
that the combined effect of these climatic factors viz., maximum temperature, minimum temperature and solar radiation were responsible for 82.37,
77.14 and 85.59 % of the population changes of nymphs, adult females and total population of this scale insect, respectively.

The obtained results revealed the all expected values for numbers of nymphs, adult females and total population of insect during the all different
time series under all different RCPs scenarios were smaller in comparison to the current population of insect. Expected total population of insect will
be smaller at time series of (2071-2100) as compared with the two-time series of (2011-2040) and (2041-2070) under the scenarios of RCPs (2.6,
4.5, 6 and 8.5). Also, the time series of (2071-2100) exhibited higher percentages of decreasing of the number of nymphs, adult females and total
population with averages of (70.37, 48.38 and 60.33%, respectively) as compared to the time series of 2041-2070 (63.01, 47.10 and 55.74%) and
the time series of 2011-2040 (56.04, 44.58 and 50.81%, respectively). Furthermore, the RCP 2.6 scenario exhibited the highest population density
of nymphs, adult females and total population A. tubercularis and the lowest decreasing percentage for population density of different stages of A.
tubercularis as compared with the other RCPs during all different time series.

Keywords: RCPs, Aulacaspis tubercularis; Seasonal activity; Climate change scenarios; Mango

Introduction

Mango trees are subjected to infestation by different pests.
Among these pests, the white mango scale insect, Aulacaspis
tubercularis Newstead (Heimptera: Diaspididae) is considered one
of the most destructive pests of mango trees [1]. This hard scale
insect is now widespread in many mango-growing countries. This
pest injures the shoots, twigs, leaves, branches and fruits and sucks
the plant sap with its mouth parts, causing thereafter deformations,
defoliation, drying up of young twigs, dieback, poor blossoming,
death of twigs by the action of the toxic saliva and so affecting
the commercial value of fruits and their validity for exportation

@ @ This work is licensed under Creative Commons Attribution 4.0 License|W]ASS.MS.ID.000549.

potential especially to late cultivars where it causes conspicuous
pink blemishes around the feeding sites of the scales [2,3]. The
subsequent damage leads to considerable quality and quantity
yield losses and also decrease the marketing value of the fruits.
A characteristic symptom of infestation by A. tubercularis is the
appearance and accumulation of its scales on attacked mango tree
parts [4].

To develop an effective control against A. tubercularis, it is
necessary to know its bio-ecology including population dynamics
and climatic factors influencing its life span and the densities of
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different phonological stages. Temperature has a direct influence
on insect activity and rate of development. According to Zalom and
Wilson [5] the rate of development is based on the accumulation
of heat measured in physiological rather than chronological time.
Dent [6] stated that the seasonal phenology of insect numbers,
the number of generations, and the level of insect abundance at
any location are influenced by the environmental factors at that

location.

Climatic changes have become one of the major challenges
for mankind and the natural environment. Rise upraises in
temperature and increased incidence of extreme weather events
can directly influence insects by affecting their rate of development,
reproduction, distribution, migration and adaptation. In addition,
indirect effects can occur through the influence of climate on the
insect’s host plants, natural enemies and interspecific interactions
with other insects [7-10].

Climatic changes scenario development is a rapidly evolving
field, but those are less significant than the fundamental change
in climate change modeling (including socioeconomic) brought
about by the shift from using IPCC SRES scenarios to representative
concentration pathways (RCPs) that “will provide a framework for
modelling in the next stages of scenario-based research” [11]. AR5
uses four Representative Concentration Pathway (RCP) scenarios
with widely differing emission pathways, reflecting different levels
of ambition in tackling climate change. The lowest, RCP 2.6 is a
very strong mitigation scenario, with CO, levels peaking by 2050
at ~443 ppmv. RCP 4.5 has a continuing rise in CO, concentrations
to the end of the century, when they reach ~538 ppmv. RCP6.0,
increase CO, concentrations to reach ~670 ppmv by 2100. RCP
8.5 increase CO, concentration reaching 936 ppmv by 2100 [12].
The RCP 8.5 was developed using the MESSAGE model and the
[IASA Integrated Assessment Framework by the International
Institute for Applied Systems Analysis (IIASA), Austria. This RCP
is characterized by increasing greenhouse gas emissions over
time, representative of scenarios in the literature that lead to high
greenhouse gas concentration levels [13]. Whereas, RCP 6.0 was
developed by the AIM modeling team at the National Institute for
Environmental Studies (NIES) in Japan. It is a stabilization scenario
in which total radiative forcing is stabilized shortly after 2100,
without overshoot, by the application of a range of technologies
and strategies for reducing greenhouse gas emissions [14,15].
While, RCP 4.5 was developed by the GCAM modeling team at
the Pacific Northwest National Laboratory’s Joint Global Change
Research Institute (JGCRI) in the United States. It is a stabilization
scenario in which total radiative forcing is stabilized shortly
after 2100, without overshooting the long-run radiative forcing
target level [16,17]. Furthermore, RCP 2.6 was developed by the
IMAGE modeling Assessment Agency. The emission pathway is
representative of scenarios in the literature that lead to very low
greenhouse gas concentration levels. It is a “peak-and-decline”
scenario; its radiative forcing level first reaches a value of around 3.1
W/m? by mid-century and returns to 2.6 W/m? by 2100. In order to

reach such radiative forcing levels, greenhouse gas emissions (and
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indirectly emissions of air pollutants) are reduced substantially,
over time [18].

In addition, such changes in climatic conditions could
profoundly affect the population dynamics and the status of insect
pests of crops [19]. These effects could either be direct, through
the influence that weather may have on the insect’s physiology and
behavior [8,20], or may be mediated by host plants, competitors or

natural enemies [7].

The objective of this study is to predict the populations of A.
tubercularis under four Representative Concentration Pathway
(RCP) scenarios (RCP 2.6 - RCP 4.5 - RCP 6.0 and RCP 8.5) during
three time series (2011-2040, 2041-2070 and 2071-2100 years)
as compared with the current population of pest (average of
population density for two years 2017 and 2018). As well as, the
effect of meteorological data viz., maximum temperature, minimum
temperature and solar radiation on the current pest population of
A. tubercularis.

Material and Methods

The population fluctuations of white mango scale insect, A.
tubercularis on mango trees were carried out at half-monthly
intervals at Esna district, Luxor Governorate during two successive
years from January 2017 to December 2018. An orchard of about a
feddan was selected for sampling during the studied period. Four
mango trees being almost similar and as uniform as possible in size,
age (10 years), height, vegetative growth and received the same
horticultural practices, were selected and labeled. These mango
trees were not exposed for any chemical control measures before
and during the period of investigation.

Regular half-monthly random samples of leaves were picked
from different directions and heights of tree with rate of 60 leaves
per tree. The total number of picked leaves was from 11520 (4 trees
x 4 directions x 3 levels x 5 leaves x 48 dates) over the two-years
period was taken from the terminal shoots of the tree. Collected
leaves were put in polyethylene bags and transferred to laboratory
for inspection using a stereomicroscope. Numbers of alive insects
on upper and lower surfaces of mango leaves were individually
sorted into immature stages (nymphs) and mature stages (adult
females) and then were counted and recorded together in each date
of inspection.

Monthly mean numbers of A. tubercularis per leaf were
calculated during the two years of study to express the current
population size of pest. The half-monthly counts of maximum
and minimum air temperatures and solar radiation at Luxor
governorate during 2017 and 2018 years were obtained from the
Central Laboratory for Agricultural Climate, Agriculture Research
Center, Ministry of Agriculture at Giza. The altitude, latitude and
longitude of this weather region of Luxor were 99 m, 25.67 °N and
32.71 °E, respectively.

Representative Concentration Pathway (RCP) scenarios

Clima Scope is a data visualization engine providing maps and
data on projected climate changes for a range of global greenhouse
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gas emission scenarios. Outputs are stamped with metadata on
which GCM was used, which carbon cycle was used, which emission
scenario was used, and the source of data in order to provide
traceability (Table 1). Data came from peer-reviewed models
linked together within the Community Integrated Assessment
System (CIAS) developed at the Tyndall Centre for climate change’s

research within the School of Environmental Sciences at the
University of East Anglia [21-23]. Data of maximum and minimum
air temperatures and solar radiation during three time series
(2011-2040, 2041-2070 and 2071-2100) under different RCPs
scenarios (2.6, 4.5, 6.0 and 8.5) were obtained from the Clima Scope
internet website (http://climascope.tyndall.ac.uk/).

Table 1: Description of IPCC representative concentration pathway (RCP) up to year 2100.

2.6 3 490 1.5 Peak and Decline
4.5 4.5 650 2.4 Stabilization without

6 6 850 3 Stabilization without
8.5. 8.5. 1370 4.9 Riding

Source: Moss et al. [11].

Statistical analysis of data was carried out with Computer
system using [24] and SPSS [25]. The data obtained were statistically
analyzed by using different models of correlation and regression to
find out the relationships between different stages of A. tubercularis
population (dependent variable) and climatic factors (independent
variable). As well as, the percentage of explained variance (%E.V.)
was calculated to study the combined effect of these climatic factors
on population density of different stages of A. tubercularis. Also, the
t-test was used to establish whether a significant difference exists
between the current insect population (average of both years of
2017 and 2018) and the expected populations during three time
series (2011-2040, 2041-2070 and 2071-2100 years) under
different RCPs scenarios (RCP 2.6, RCP 4.5, RCP 6.0 and RCP 8.5) at
P < 0.05 were estimated.

The percentage of decrease in numbers of insect was calculated
as formula:

% Decrease = ((A-B)/A) x 100
Where, A = Current population and B = Expected population

Averages of different stages of insect population and climatic
factors were calculated by using Excel sheets and shown graphically.

Results and Discussion

Trend of current and future climatic conditions in Luxor

region: Maximum air temperature

The means of the monthly maximum temperature were
recorded from January 2017 till December 2018 (Figure 1). The
highest monthly mean maximum temperature values were recorded
from June to September months ranged from (39.74 to 41.36 °C and
39.17 to 41.91°C) during the two studied years, respectively. While,
it was the lowest (23.79 - 25.59 °C and 23.65 - 24.93 °C) during
January and February months for both the two years, respectively
(Figure 1).

Figure 2 shows the average annual trend of the mean maximum
air temperature under current climate (average of 2017 and 2018)
and future periods (2011-2040, 2041-2070 and 2071-2100 years).
Data showed that the annual maximum temperature increased for
all RCPs scenarios under all-time series (2011-2040, 2041-2070

and 2071-2100 years) as compared with current annual maximum
temperature. The highest annual maximum air temperature values
were found under RCP 8.5 scenario during all-time series (2011-
2040, 2041-2070 and 2071-2100 years). While, the lowest annual
maximum air temperature values were found under the RCP 2.6
scenario when the comparison was between different scenarios
during three time series. The results indicated also that the range
of annual maximum air temperature values ranged from 35.88 °C
under RCP 2.6 at 2011-2040 to 39.07 °C under RCP 8.5 at (2071-
2100). Also, the difference between RCPs scenarios was less than
1.06 °C during the short-term time series (2011-2040), while the
differences increased during the long-term time series (2071-
2100) about 1.99 °C (difference between RCP 2.6 and RCP 8.5 at
2071-2100). This result was agreeable with IPCC (2007) which
reported that the global surface air temperature increased from
1850 to 2005 by 0.76 °C and the linear warming trend over the last
50 years is determined by 0.13 °C per decade.

Minimum air temperature: Figure 1 showed that the lowest
monthly mean minimum temperature values were recorded during
the winter months (January and February) in all studied years.
While, the highest values were recorded from July to September
months.

Figure 2 shows the average annual trend of minimum air
temperature under current (average of the two years) and the
future conditions (2011-2040, 2041-2070 and 2071-2100) for
Luxor Governorate, Egypt. The lowest average annual minimum
temperature was found during the current conditions as compared
with the future periods. The projected annual minimum air
temperature values ranged between 19.47 °C under RCP 2.6 at
2011-2040 and 20.96 °C under RCP 8.5 at 2071-2100. The highest
annual minimum air temperature values were found under RCP 8.5
scenario during all-time series (2011-2040, 2041-2070 and 2071-
2100). While, the lowest annual minimum air temperature values
were found under the RCP 2.6 scenario. Also, the difference between
RCPs scenarios was higher than 0.49 °C during the short-term time
series (2011-2040), while the differences increased during the
long-term time series (2071-2100) being about 0.99 °C (difference
between RCP 2.6 and RCP 8.5 at 2071-2100). These results are in
line with the report of [26] which mentioned that the temperature
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will increase by uneven values in different climatic regions under
climate change. Abdrabbo et al. [27] reported that Upper Egypt
had the highest average annual minimum air temperature, under
current (1971-2000) and future (2011-2040, 2041-2070 and
2071-2100) conditions.

Solar radiation: Figure 1 indicated that the highest monthly
mean solar radiation values were recorded during the summer
months (from June to August) during the two years of study.
While, the winter months (December - February) had the lowest

values of solar radiation. Figure 2 illustrated the average monthly
trend of mean solar radiation under current climate (average of
solar radiation during the two years 2017 and 2018) and future
conditions (2011-2040, 2041-2070 and 2071-2100). The annual
solar radiation increased for all RCPs scenarios under all-time
series (2011-2040, 2041-2070 and 2071-2100 years) as compared
with current annual solar radiation. Also, the highest annual solar
radiation value was found under RCP 8.5 scenario for all-time series
(2011-2040, 2041-2070 and 2071-2100 years). While, the lowest
value was found under the RCP 2.6 scenario.
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Figure 1: Means of monthly maximum air temperature, minimum air temperature and solar radiation under climatic conditions at Esna district,
Luxor Governorate during the two successive years 2017 and 2018 and the two years average.
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Figure 2: Means of annual maximum air temperature, minimum air temperature and solar radiation under current and future climatic conditions
for different RCP scenarios.
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The results also indicated that the annual solar radiation values
ranged between 20.31 MJ/m? under RCP 2.6 at 2011-2040 and
20.90 MJ/m? under RCP 8.5 at (2071-2100). Also, the difference
between RCPs scenarios was less than 0.08 MJ/m? during the short-
term time series (2011-2040), while the differences increased
lightly during the long-term time series (2071-2100) to reach
about 0.49 MJ/m? (difference between RCP 2.6 and RCP 8.5 during
2071-2100).

Seasonal fluctuations in population of A. tubercularis

Nymphal population: The monthly mean numbers of A
tubercularis nymphs on mango leaves at Esna district, Luxor
Governorate during the period from January 2017 to December
2018 years and current population (average the two years) are
graphically illustrated in Figure 3. The seasonal activity of nymphal

population indicated four peaks per year, in April, July, September
and November 2017 year. While, those were recorded in April, June,

September and November in 2018 year.

Adult females’ population: According to data of adult females
of insect, three peaks were recorded in April, June, and October
during year 2017, while in year 2018 and current population it
had four peaks per year recorded in April, June, September and
November (Figure 3).

Total population (nymphs and adult females) of A.
tubercularis: A similar trend in the seasonal fluctuation of total
population of A. tubercularis was observed as that of nymphs,
with different values. The total population had four peaks those
were recorded in April, June, September and November in the two
studied years and current population (Figure 3).
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Most authors indicated three or four peaks per year for A.
tubercularis. In this respect, Radwan [28] in Egypt, reported that
A. tubercularis had three generations on mango trees. Kawiz [29]
in Qualubia, Egypt, reported that, this insect had three peaks
on mango which occurred during March, June and November
through the year. Also, A. tubercularis had four overlapping annual
generations per year. Nabil (2010) in Sharkia, Egypt, reported that
three overlapping generations of this insect pest on mango trees.
Hamdy [30] in Shoubra EL-Kheima, Egypt, reported that the insect
had 3-4 generations per year. Also, Sanad [31] in Qalyubiya, Egypt,
reported that A. tubercularis had four generations per year.

Impact ofthe main current climatic factors on the current
population density of different stages of A. tubercularis:
Nymphal population:

a. Effect of mean maximum temperature: The results of
statistical analysis of simple correlation (Table 2) showed positive

insignificant correlation between the mean maximum temperature

and nymphal population of A. tubercularis, r value was (+0.38).
The unit effect regression coefficient (b) indicates that an increase
of 1 °C in the mean maximum temperature, would increase the
population by 0.82 individuals per leaf for the current year.

Concerning, the partial regression value, data represented
in Table 2, emphasized a significant negative relation (-9.44) and
(t) value was (-2.80) for the current year, as well as the partial
correlation was significantly negative (-0.70). The obtained results
revealed that, mean maximum temperature above the optimum
range of nymphal population of A. tubercularis activity was
responsible for certain changes in the insect population by 17.21%
during the current year.

b. Effect of mean minimum temperature: The effect of
mean minimum temperature on nymphal activity was insignificantly
positive (r = +0.43) for the current year (Table 2). The calculated
regression coefficient for the unit effect of this factor indicated
that for every 1°C increase in the mean minimum temperature,
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the population density would increase by 0.91 individuals per
leaf for the current year. The precise effect of the mean minimum
temperature on the nymphal population showed that, it was highly
significantly positive (P. reg. value was +12.32) and (t) value was
(+3.76) (Table 2). Also, the partial correlation was highly significant
positive (+0.80). The obtained results revealed that, mean minimum
temperature was entirely under the optimum range of nymphal
population and was responsible for most of changes in the insect
population by 31.11% during the current year.

c.  Effect of mean solar radiation: Data in Table 2 showed
that the simple correlation (r) between the mean solar radiation
and the nymphal activity was insignificantly positive (+0.01). The
calculated regression coefficient (b) for the effect of this factor
indicated that every 1 MJ/m? increase in the mean solar radiation,
would increase the population by 0.02 individuals per leaf for the
currentyear. The exact relationship between this climatic factor and
the nymphal activity was determined by the partial regression value
(Table 2), which emphasized highly significant negative relation

Table 2: Models of correlation and regression analyses for describing the

density of different stages of A. tubercularis.

between solar radiation and the nymphal activity (P. reg. was -3.70)
and (t-test) value was (-4.23). Also, the partial correlation was
highly significantly negative (-0.83). The obtained results revealed
that, mean solar radiation entirely above the optimum range of
nymphal population and this climate factor was the most effective
variable in population changes of nymphs by 39.31% during the
current year (Table 2).

d. The combined effect of the tested climatic factors
on the nymphal activity: The combined effect of these climatic
factors on the nymph’s population was highly significant where
the «F» value, was 12.46 during the current year in Table 2. The
influence of these combined climatic factors was expressed as
percentage of explained variance which was 82.37% for the current
year. The remaining unexplained variances are assumed to be due
to the influences of other unconsidered and undetermined factors
that were not included in this study in addition to the experimental

error.

relationship between the main weather factors on the current population

Max.

0.38 | 0.82 | 0.64 -9.44

temp

337 | -2.8* 17.21 1

Min.

temp 0.43

091 | 0.61 | 1.49 0.8

196.82** 1232

Nymphs

3.27 | 3.76* | 31.11 2

12.46** | 0.15 | 091 | 0.82 | 82.37

Solar
Radi-
ation

0.01 | 0.02 | 0.96 | 0.02 -0.83 -3.7

0.88 | -4.23** | 39.31 3

Max.

temp 0.54

1.23 | 0.6 | 2.05 -0.3 -3.53

397 | -0.89 2.27 1

Min.

Adult
temp

Females

0.57 0.57 | 2.19 0.54 6.98

89.97

386 | 181 9.41 2

9.00** | 0.21 | 0.87 | 0.77 | 77.14

Solar
Radi-
ation

0.15 | 0.46 | 0.99 | 0.47 -3083

1.03 | -3.72** | 39.38 3

Max.

0.49
temp

2.05 1.75 -0.61 | -12.97

5.89 -2.2 8.7 1

Min.

temp 0.52

2.16 1.95 0.77 19.3

Total 286.79*

5.73 | 3.37** | 20.46 2

15.84** 092 | 0.86 | 85.59

Solar
Radi-
ation

0.08 | 0.48 | 1.86 | 0.26 -0.87 | -7.53

1.53 | -4.92*%* | 435 3

r = Simple correlation P. cor. = Partial correlation

b = Simple regression P. reg.= Partial regression

R2= Coefficient of determination E.V% = Explained variance

S.E = Standard error * Significant at P < 0.05

Adult females’ population

a. Effect of mean maximum temperature: Data presented
in Table 2 showed that the simple correlation (r) between the
mean maximum temperature and the population density of adult
females was insignificantly positive (+0.54) for the current year.
As well as, the calculated regression coefficient (b) for the effect of
this factor indicated that every 1°C increase in the mean maximum
temperature, would increase the population by 1.23 individuals per

MR = Multiple correlation
C.V.= Coefficient of Variation
t=t-test

** Highly significant at P < 0.01

leaf for the current year. The precise effect of this factor on the adult
female’s population (Table 2) showed that it was insignificantly
negative (P. reg. was -3.53) and t value was (-0.89) for the current
year. Also, the partial correlation was insignificantly negative
(-0.30). The obtained results revealed that, mean maximum
temperature around the optimum range of adult females’ activity
was the least effective variable in population changes of the adult
females by 2.27 % during the current year.
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b. Effect of the mean minimum temperature: An
insignificant positive correlation between this climatic factor and
the adult female’s population was detected (r value was +0.57)
for the current year. In the same time, the regression coefficient
indicates that an increase of 1°C in the mean minimum temperature,
would increase the population by 1.26 individuals per leaf, for the
current year. The real effect of this factor appeared from the partial
regression value that, referred to the insignificant positive effect
(+6.98) and (t) value was (+1.81) during the current year (Table
2). As well, the partial correlation was insignificantly positive
(+0.54). Also, the obtained results revealed that the mean minimum
temperature was within the optimum range of adult females’
activity, being responsible for certain changes in the population of
adult females by 9.41 % during the current year.

C. Effect of mean solar radiation: As shown in Table 2,
the effect of mean solar radiation on adult females’ activity was
insignificantly positive correlation for current year (r was +0.15).
Also, the simple regression coefficient (b) for the effect of this
factor indicated that for every 1 MJ/m? increase in the mean solar
radiation, the population density of this insect would increase by
0.46 individual per leaf for the current year. The partial regression
coefficient for the effect of mean solar radiation on the adult females’
population are presented in Table 2 and revealed that it was highly
significantly negative for the current year (P. reg. value was -3.83)
and (t) value was (-3.72). Also, the partial correlation was highly
significantly negative (-0.80). The obtained results indicated that
the mean solar radiation entirely above the optimum range of adult
females’ activity and was responsible for most of changes in the
insect population by 39.38 % during the current year.

The combined effect of the tested climatic factors on the adult
females: The results showed that the combined effect of these
tested factors on the insect population of adult females during the
current year was highly significant (F value was 9.00) (Table 2). The
percentage of variability which could be attributed to the combined
effect of these tested factors on the insect population was 77.14%
for the current year. The remaining unexplained variances are
assumed to be due to the influence of other unconsidered factors
which were not included in the present study in addition to the
experimental error.

Total population of A. tubercularis

a. Effect of mean maximum temperature: The correlation
coefficient (r) between the mean maximum temperature and total
population in the current year, was insignificantly positive (+0.49)
(Table 2). The unit effect regression coefficient (b) indicated that an
increase of 1°C in the mean maximum temperature, would increase
the population by 2.05 individuals per leaf for the current year.
The partial regression values emphasized insignificantly negative
relation that was (-12.97) and “t value” was (-2.2) for the current
year. Also, the partial correlation was insignificantly negative
(-0.61). The obtained results revealed that, mean maximum

temperature around the optimum range of total population activity
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and was the least effective variable in population changes of the
adult females by 8.70 % during the current year (Table 2).

b. Effect of mean minimum temperature: The correlation
coefficient (r) between mean minimum temperature and total
population of A. tubercularis was insignificantly positive (r = +0.52)
for the current year (Table 2). The calculated regression coefficient
(b) for the effect of this factor indicated that for every 1°C increase,
would increase the population by 2.16 individuals per leaf. The real
effect of this factor on total population of A. tubercularis was highly
significantly positive for the partial regression (P. reg. = +19.30)
and (t) value was (+3.37). Also, the partial correlation was highly
significantly positive (+0.77). The obtained results revealed that
the mean minimum temperature was entirely under the optimum
range of total population activity, being responsible for certain
changes in total population of insect by 20.46 % during the current
year (Table 2).

c.  Effect of mean solar radiation: Data in Table 2 showed
that, the effect of mean solar radiation on total population activity
was insignificantly positive for the current year (r was +0.08). As
well, the unit effect (regression coefficient) indicated that every
1 M]J/m2 increase in the mean solar radiation would increase
the total population density of A. tubercularis by 0.48 individual
per leaf. Partial regression coefficient for the effect of mean solar
radiation on the total population of this species revealed that it was
highly significantly negative (P. reg. value was -7.53) and t value was
(-4.92). Also, the partial correlation was highly significantly negative
(-0.87). The obtained results revealed that, mean solar radiation
was entirely above the optimum range of total population activity,
being responsible for most of the changes in total population of
insect by 43.50 % during the current year (Table 2).

d. The combined effect of the tested climatic factors on
the total population of A. tubercularis: The combined effect of
these tested factors on the total population of A. tubercularis during
the current year was highly significant (F value was 15.84, Table 2).
The amount of variability that could be attributed to the combined
effect of these tested factors on the total population of insect was
85.59% for the current year.

Many investigators studied the effect of weather factors on the
population of A. tubercularis. Bakr et al. [1] mentioned that there
was negative correlation between the fluctuations of A.tubercularis
population and temperature degrees. El-Metwally et al. [32]
reported that the variables of temperature and R.H.% had slight
effect on A.tubercularis and did not reach the significant level except
the effect of maximum R.H % in Damietta was highly significant and
that of minimum R.H % was significant. Nabil et al. [2] stated that
the combined effect of means of air temperature, relative humidity
and light intensity on the total number of alive stages by 77.66 and
39.44 during the first and second years, consecutively.

e. Prediction of different A. tubercularis alive stages
population density: The most effective climatic factors, which
could be used to predict different alive stages, were maximum
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air temperature, minimum air temperature and solar radiation.
Prediction equation for nymphs, adult females and total population

of A. tubercularis were concluded according to the mentioned

statistical analysis in Table 3 and presented as follow:

Table 3: Monthly mean numbers of A. tubercularis (Newstead) nymphs under current and future conditions under different RCP scenarios at Esna

district, Luxor Governorate, Egypt.

Jan. 44.12 24.4 21.05 22.18 22.43 3891 19.02 19.02 11.18 14.36 12.64 3.6 -19.01
Feb. 29.78 7.86 5.46 4.24 4.05 0.71 0.89 2.25 -6.26 1.51 0.86 -22.93 -49.3
Mar. 24.75 1.43 -1.56 -1.7 -2.88 -6.79 -6.28 -5.1 -13.44 -5.1 -6.42 -31.13 -37.13
April 42.01 20.07 -1.17 -1.22 -2.78 -1.81 -1.79 -2.79 -8.61 -3.16 -4.7 -21.88 | -12.21
May 33.95 9.15 7.59 6.33 5.53 8.94 5.94 5.94 3.9 6.31 4.98 0.93 7.14
June 39.86 13.25 21.28 11.51 10.11 13.12 12.28 11.88 12.1 12.25 11 9.16 15.79
July 40.7 22.81 22.95 22.46 21.67 22.63 21.53 20.8 21.05 23.29 21.78 20.45 25.63
Aug. 48.39 29.04 27.53 28.38 28.33 28 27.81 27.31 26.37 29.33 28.24 29.18 36.6
Sept. 70.85 40.2 38.69 38.49 37.57 38.3 38.33 37.25 34.19 37.62 36.86 40.3 49.67
Oct. 55.62 42.27 40.21 40.67 39.71 39.41 39.56 38.69 34.93 38.69 37.84 49.18 68.81
Now. 67.37 31.94 29.75 29.59 29.5 29.58 28.73 27.75 22.12 28.12 26.65 85.5 16.75
Dec. 50.61 30.87 28.43 27.84 28.02 23.02 26.29 23.34 17.66 24.08 22.84 -18.48 3.07
Average | 4567 | 2278 | 2002 | 19.06 | 1844 | 1975 | 17.69 | 17.2 | 1293 | 1727 | 1605 | 11.99 | 882
P<0.05 * * * * * * * * * * * *
50.13 56.17 58.26 59.62 56.75 61.26 62.35 71.68 62.17 64.86 73.75 80.69
Decrease (%)
56.04 63.01 70.37

For nymphs’ population:
Y=196.82* -9.44x * +12.32x,**-3.70 x,** EV.=8237%
For adult females’ population:

Y =89.97 - 3.53x1 + 6.98 x2 - 3.83 x3** EV.=77.14%

For total population of pest:
Y=286.79*-12.97 x1 + 19.30 x2**- 7.53 x3**E.V.=85.59%

Where, Y= Prediction value, E.V.% = Explained variance, X, =
Maximum air temperature, X,= Minimum air temperature, X,=
Solar radiation, *Significant at P < 0.05 and **Highly significant at
P<0.01.

Estimated Population Densities of Different Stages
of A. Tubercularis Under Different Scenarios of
(Rcps) During Three Time Series (2011-2040,
2041-2070 And 2071-2100) Compared with the
Current Population

Numbers of nymphs: According to prediction equation for
nymphs’ population and averages of monthly climatic factors under
different RCPs scenarios during three time series, A. tubercularis
nymph numbers can be estimated. Data in Table 3 and illustrated in
Figure 4, indicated that the expected values for nymphs’ population
during the different time series (2011-2040, 2041-2070 and 2071-
2100) under different RCPs scenarios (RCP 2.6, RCP 4.5, RCP 6.0
and RCP 8.5) were smaller than that for the current population of
nymphs. The decreasing percentage of nymph’s population under
time series 2071-2100 had the highest percentage of decreasing

with an average of (70.37%) as compared to 2040-2071 (63.01%)
and 2011-2040 (56.04%).

The maximum decreasing percentage of nymph’s population
was expected under RCP 8.5 climate scenario with averages of
59.62, 71.68 and 80.69%; while it the minimum was prospective
under RCP 2.6 scenario with averages of 50.13, 56.75 and 62.17%
during the time series 2011-2040, 2041-2070 and 2071-2100,
respectively. Results indicated also that, all numbers of nymphs’
population under climate change scenarios was decreased
significantly as compared with the current conditions.

Generally, the RCP 2.6 climate scenario is expected to be
correlated with the highest population density of nymphs during all
different time series, followed by RCP 4.5 and then RCP 6.0; while
the lowest population density of nymphs was found under RCP 8.5
scenario.

Numbers of adult females

Based on the prediction equation for adult female’s population
and averages of monthly climatic factors under different RCPs
scenarios during three time series, A. tubercularis adult female
numbers could be expected. Data in Table 4 and illustrated in
Figure 4, showed that the expected population densities for adult
females during the different time series (2011-2040, 2041-2070
and 2071-2100) under different RCPs scenarios (RCP 2.6, RCP 4.5,
RCP 6.0 and RCP 8.5) were fewer than that for the current females’
population. The decreasing percentage of adult females’ population
under 2011-2040 had the least percentage of decreasing with an
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average of 44.58% while, the highest percentage of decreasing was
recorded under 2071-2100 time series with an average of 48.38%.
The highest decreasing percentages of adult females’ population
were expected under RCP 8.5 with averages of 45.44, 49.74 and
51.87%; while the lowest prospective populations were under RCP

2.6 with decreasing averages of 43.75, 45.50 and 46.64% during the
time series 2011-2040, 2041-2070 and 2071-2100, respectively.
Results indicated also that, all numbers of adult females’ population
under climate change scenarios will be decreased significantly as
compared with the current conditions.

Table 4: Monthly mean numbers of A. tubercularis (Newstead) adult females under current and future conditions under different RCP scenarios at

Esna district, Luxor Governorate, Egypt.

Jan. 2482 | 1609 | 1479 | 1594 | 1507 | 18.42 1437 | 1437 | 1216 | 13.73 | 13.08 | 1093 | 533
Feb. 13.86 6.7 6.55 631 | 596 5.63 4.73 53 2.72 454 503 | -019 | -586
Mar. 34.26 4.22 3.54 387 | 3.05 091 1.65 212 | -0.52 2.12 197 | -216 | -2.49
April 39.86 | 14.99 8 839 | 7.65 8.8 8.02 765 | 623 7.27 691 | 619 7.45
May 2864 | 1521 | 1607 | 1543 | 16.1 15.27 1553 | 1553 | 1461 | 1591 | 1577 | 1581 | 154
June 36.85 19.4 2393 | 2052 | 19.99 | 1945 1923 | 1937 | 1826 | 19.75 | 1967 | 19.29 | 189
July 2661 | 2661 | 2654 | 2678 | 266 26.7 2667 | 2645 | 2465 | 2638 | 2598 | 255 | 2542
Aug. 4843 | 3065 | 3146 | 31.01 | 31.03 | 30.63 30.73 31 3034 | 3049 | 305 | 2883 | 2777
Sept. 5822 | 3658 | 3728 | 3737 | 378 37.46 3744 | 3739 | 3825 | 37.78 | 3812 | 3543 | 33.46
Oct. 5715 | 3791 | 3801 | 3836 | 3815 | 3824 3819 | 3844 | 3854 | 3844 | 38.69 | 3495 | 40.78
Nov. 57.89 | 2854 | 2854 | 2854 | 2816 | 2854 2816 | 2816 | 2738 | 2854 | 2815 | 51.08 | 2833
Dec 3394 | 2213 | 2177 | 2168 | 2171 21.4 2112 | 2002 | 1884 | 2078 | 20.6 | 1341 | 27.16
Average 3838 | 2159 | 2137 | 2118 | 2094 | 2095 2049 | 2048 | 1929 | 2048 | 2037 | 1992 | 1847
PSOOS * * * * * * * * * * * *
Decrease (%) 4375 | 4431 | 448 | 4544 45.4 46.62 | 46.63 | 49.74 | 4664 | 4691 | 48.09 | 51.87
44.58 471 48.38

Generally, the RCP 2.6 scenario is expected to be correlated with
the highest population density of adult females during different
time series, followed by RCP 4.5 and then RCP 6.0. While, the lowest

Numbers of total population of A. Tubercularis

population density of adult females will be found under RCP 8.5
scenario.

Table 5: Monthly mean numbers of A. tubercularis total population under current and future conditions under different RCPs scenarios at Esna district,

Luxor Governorate, Egypt.

Jan. 68.94 40.49 35.84 38.12 37.5 57.33 33.4 33.4 23.34 28.1 25.72 14.53 -13.68
Feb. 43.64 14.56 12 10.55 10.01 6.33 5.62 7.55 -3.54 6.04 5.9 -23.12 | -55.16
Mar. 59.01 5.64 1.98 2.16 0.18 -5.88 -4.64 -2.98 -13.96 -2.99 -4.44 -33.28 | -39.62
April 81.87 35.06 6.83 7.17 4.87 6.99 6.22 4.86 -2.38 4.11 2.22 -15.69 -4.76
May 62.59 24.37 23.66 21.76 21.63 24.2 21.47 21.47 18.51 22.22 20.74 16.74 22.53
June 76.71 32.65 45.21 32.03 30.09 32.56 31.51 31.24 30.37 32 30.68 28.45 34.69
July 67.31 49.42 49.49 49.24 48.27 49.33 48.19 47.26 45.7 49.67 47.76 45.95 51.04
Aug. 96.82 59.69 58.99 59.39 59.36 58.63 58.54 58.31 56.71 59.83 58.74 58.01 64.37
Sept. 129.07 76.78 75.97 75.86 75.37 75.76 75.78 74.64 72.44 75.39 74.99 75.73 83.13
Oct. 112.77 80.18 78.21 79.03 77.86 77.65 77.75 77.14 73.47 77.13 76.53 84.12 109.59
Nov. 125.25 60.49 58.29 58.13 57.66 58.12 56.88 55.91 49.5 56.66 54.81 136.58 | 45.08
Dec 84.55 53 50.2 49.52 49.73 47.42 47.41 43.36 36.5 44.86 43.44 -5.07 30.23
Average 84.04 44.36 41.39 40.25 39.38 40.7 38.18 37.68 32.22 37.75 36.42 3191 27.29
P<0.05 * * * * * * * * * * * *
47.22 50.75 52.11 53.15 51.57 54.57 55.17 61.66 55.08 56.66 62.03 67.53
Decrease (%)
50.81 55.74 60.33
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According to prediction equation for total population numbers
of A. tubercularis and means of monthly climatic factors under
different RCP scenarios during three time series, the total population
numbers for A. tubercularis could be estimated. Data in Table 5 and

illustrated in Figure 4, revealed that the all prospective values for

total populations of this scale insect during the different time series
(2011-2040, 2041-2070 and 2071-2100) under different RCP
scenarios (RCP 2.6, RCP 4.5, RCP 6.0 and RCP 8.5) were smaller than
that for the current total population of same species.
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Figure 4: Mean numbers and decreasing percentages among different stages of A. tubercularis populations under current and future conditions
under different RCPs scenarios during three time series at Esna district, Luxor Governorate.
- J

The decreasing percentage of A. tubercularis total population
under 2071-2100 had the highest percentage of decrease with an
average of 60.33% as compared with 2040-2071 (55.74%) and
2011-2040 (50.81%). The highest decreasing percentage of total
population was expected under RCP 8.5 with averages of 53.15,
61.66 and 67.53%; while, the lowest were expected under RCP 2.6
with averages of 47.22, 51.57 and 55.08% during the time series
(2011-2040, 2041-2070 and 2071-2100, respectively). Results
indicated also that, all values of total population under climate
change scenarios were decreased significantly as compared with

the current population.

Generally, the RCP 2.6 scenario is correlated with the highest
population density of total population of A. tubercularis during
all different time series, followed by RCP 4.5 and then RCP 6.0.
While, RCP 8.5 scenario gave the lowest population density of total

population of pest.

From the previously mentioned results, it could be concluded
that the monthly observations of total population of A. tubercularis
had four peaks of seasonal activity per year [33,34]. The mean solar
radiation was entirely above the optimum range for activities of
nymphs, adult females and total population of A. tubercularis and

Citation: Islam RM El Zoghby, Moustafa MS Bakry. Prediction of Aulacaspis Tubercularis Newstead (Hemiptera: Diaspididae) Populations Using
RCP Scenarios in Luxor Governorate, Egypt. World ] Agri & Soil Sci. 2(5): 2019. WJASS.MS.ID.000549. DOI: 10.33552 /WJASS.2019.02.000549.

Page 11 of 13


http://dx.doi.org/10.33552/WJASS.2019.02.000549

World Journal of Agriculture and Soil Science Volume 2-Issue 5

this climatic factor was the most effective variable in population
changes by 39.31, 39.38 and 43.50% for nymphs, adult females and
total population during the base year data, respectively. According
to the obtained results, the percentages of explained variance
(E.V.%) indicated that the combined effect of these climatic factors
viz., maximum temperature, minimum temperature and solar
radiation were responsible for 82.37, 77.14 and 85.59 % of the
population changes of nymphs, adult females and total population

of insect, respectively.

The obtained results revealed that, all expected values for
numbers of nymphs, adult females and total population of insect
during the different time series under all different RCP scenarios
were smaller in comparison to the current population of insect.
Expected total population of insect will be smaller at time series of
2071-2100 as compared with the two-time series of (2041-2070)
and (2011-2040) under the scenarios of (RCPs 4.5, 6 and 8.5). Also,
the time series of (2071-2100) exhibited the highest percentage
of decrease of the numbers of nymphs, adult females and total
population with averages of (70.37,48.38 and 60.33%) as compared
to the time series of 2041-2070 (63.01, 47.10 and 55.74%) and the
time series of 2011-2040 (56.04, 44.58 and 50.81%), respectively.

Furthermore, the RCP 2.6 scenario exhibitthe highest population
densities of nymphs, adult females and total population of A.
tubercularis and the lowest decreasing percentage for population
densities of different stages of A. tubercularis as compared with the

other RCPs during all different time series.

Conclusion

The aforementioned results revealed that the mean solar
radiation was the highest effective variable in A. tubercularis
population changes by 39.31, 39.38 and 43.50% for nymphs, adult
females and total population compared to during the base year
data, respectively. Also, the expected climate changes in Luxor
Governorate, Egypt according to the RCP scenarios during three
time series will cause a decrease in the population density of A.
tubercularis. The decreasing percentages in the total population
of A. tubercularis well be between 47.22% to 67.53%, up to the
2011-2100 time series as compared to the current population. The
reduction in population density of A. tubercularis is depending on

climate region and climate change scenarios.
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