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Abstract
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Spiny Bollworm Based on Variable Field Temperature Derived from Satellite Images in Qaluobiya, Egypt. Arab Journal
of Plant Protection, 43(1):25-32. https://doi.org/10.22268/AJPP-001295

The spiny bollworm (SBW), Earias insulana is one of the most serious cotton pests in Egypt and worldwide. The impact of temperature
on this insect pest biology was investigated, with a focus on the duration length of the various developmental stages. The rate of development,
the lower temperature threshold and the heat unit accumulations needed to complete each life stage (egg, larvae, pupa, pre-oviposition) and
generation period of SBW were determined under laboratory conditions. The insect population, seasonal abundance and field generation
forecasting were studied by using remote sensing techniques, especially satellite images, to investigate the impact of temperature on insect
population growth in the field. Results obtained showed that SBW had four seasonal generations in addition to the overwintering generation
for each of the three cotton seasons (2020, 2021 and 2022). The observed peaks and the predicted peaks of generations per season were detected
and the predicted peaks were noticed earlier than the observed peaks, as the average deviation days were -3, -7 and -4 days for 2020, 2021 and
2022 cotton seasons, respectively. Earlier prediction of the SBW could be helpful in designing an integrated management program against this

pest.
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Introduction

Cotton is considered the most important industrial crop in the
world, and Egypt remains one of the major producing
countries of high-quality cotton (Abd-El Rahman et al.,
2015). Cotton varieties vary greatly, in terms of insect pest
infestation. In India over 166 insect’s species have been
identified as pests of cotton crops (Rajendran et al., 2018).
Cotton bollworms are common among insects, inflicting
significant economic losses in cotton production (Mamta &
Narkhede, 2012). The spiny bollworm (SBW), is an
important lepidopteran pest that has a wide distribution in
cotton-growing countries, including several Mediterranean
countries, in addition to Africa and Asia (Kumar et al.,
2014). This insect is considered as a serious cotton pest in
Egypt (Moustafa, 2020).

The duration of SBW life cycle is temperature
dependent and consequently fluctuates with the season.
There is no diapause and the development is slowed in cold
weather i.e. SBW can withstand a wide range of
temperatures but does not adapt well (Said, 2020).
Temperature played an important role in the development
and growth rate of E. vittella and E. insulana (El-Sayed,
2014). Several studies discussed the biology and ecological
aspects of lepidopterous cotton insect pests including SBW
and the influence of temperature on its development rate
(Dahi et al., 2020; Said, 2020). Field temperature varies and
causes significant change in the growth stages and
development of the insect and consequently in the approach
of predicting the presence of this insect in the field (Adly et
al., 2016; Moustafa et al., 2015).
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Recently, remote sensing has gained popularity in
agriculture for pest monitoring, yield forecasting and early
warning to crop growers for proper timing in pest
management (EI Hoseny et al., 2022). The most significant
benefits of remote sensing are accurate predictions of insect
infestation and crop output forecasts. Numerous methods
have been utilized to investigate ecological characteristics
and collect useful information for better agricultural
management. The country's cotton production will
significantly rise if yield loss caused by pests is reduced
through improved management. Pests prevalence forecast is
based on the relationship between environmental variables
and the rate of pest development (Hemming & Macneill,
2020; Yones et al., 2018). Management of pest outbreaks via
early warning systems (EWSs) to forecast future climate
change which affects pests that induce crop damage proved
to be instrumental in improving pest management (Grace et
al., 2019; Ogden et al., 2019).

The bollworms seasonal variations and observed
annual generations have been conducted in numerous studies
based on the number of male moths gathered and captured
by pheromone-baited traps (Amer et al., 2015; Yones et al.,
2012). Information from satellite images were used for
predicting seasonal abundance and field generation of
Spodoptera littoralis (Boisd.), thus providing insight on the
impact of temperature on insect development in the field
(Yones et al., 2018). Information on the expected peaks and
the corresponding expected generations of pink bollworm
are helpful to develop IPM tactics.

The present study was initiated to determine the impact
of consistent temperatures on some biological aspects of
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SBW. The lower threshold of temperature and thermal needs
have been evaluated and an effort has been made in this work
to evaluate the potential use of remote sensing for predicting
seasonal pest generations in cotton fields and determine its
relation with the observed population peaks based on
measuring the quantity of male moths caught in pheromone
traps in order to forecast their field activities and devise
control actions that match the life phases of the target insects.

Materials and Methods

Laboratory studies
The biology of Earias insulana and the impact of various
temperatures (20, 25 and 30°C) on the duration of various
stages and their rate of development were studied, to
determine the average developmental time, zero
development and thermal degree days units for E. insulana.
Insects were collected from Qaluobiya Governorate cotton
fields, and four generations were reared in laboratory to
obtain a susceptible strain at 27+1°C and 65+5% R.H on
artificial diet according to Rashad & Ammar (1985). Eggs
laid in the same day (< 24 h old) were transferred in a glass
jar and incubated at three different constant temperatures
(20, 25 and 30°C) with 65+5% R.H. For each temperature,
four replicates of 25 eggs/each treatment were used. The
number of hatched eggs were counted daily, and the duration
of incubation period was determined. The first larval instar
developed from eggs that had previously undergone
treatment were moved out individually into glass tubes
measuring 3x10 cm and with 3 g of artificial diet. After being
carefully closed with absorbent cotton, each tube was placed
in an incubator with the prescribed conditions. For each
temperature treatment, four replicates of 25 larvae were
employed. To measure the period of the larval stage, each
larva was checked every day until pupation. Pupae were
moved to clean glass tubes, where they were checked every
day until moth emergence to determine pupal duration. The
newly emerged females were monitored, sexually tested, and
then kept in glass bell shape cages to begin egg-laying, with
10% honey solution provided to the moths. The cages were
checked every day until the moths died. For each female, the
pre-oviposition period was calculated until the first egg was
laid. The mean generation times were calculated as the sum
of the mean durations of various developmental stages,
including the incubation period, larval, pupal, and pre-
oviposition period (Adly et al., 2016). The data conducted
from this study were analyzed statistically using the t-test.
The simple formula (1/t x 100) was used to calculate the rate
of development for the E. insulana stages (incubation period,
larval duration, pupal duration, pre-oviposition period, and
the full period of one generation) for the three constant
temperature treatments. The gathered information related to
the effects of various constant temperature levels on E.
insulana immature and adult stages was statistically
analyzed, and the theoretical development thresholds (to)
were calculated according to the regression formula:
Y=a+bx to=-a/b
Where (y) is a developmental rate of the tested stage, (a)
constant term, (b) regression coefficient, and (x)
Temperature (Anguelov et al., 2017; Estay et al., 2009).

Also (to) can be determined graphically by using
Microsoft excel sheet, the rate of development was plotted
against temperature (T) in °C, and the point at which the
velocity line crosses temperature axis is the threshold of
development (o) in degree centigrade (Davidson, 1944).
The accumulated thermal units (K) were calculated from a
previously developed equation (Campbell & Mackauer,
1975) as follows:

K =1/b x 100
The thermal units necessary for the full growth of each stage
were also calculated using the thermal summation equation
(Blunk, 1923) as follows:

K=y (T-t)
Where y is the duration of development, T is temperature, to=
lower threshold of development, and K is thermal units in
degree-days (DD's).

Field determination of seasonal generations by using sex
pheromone traps
The experiments were conducted in the field at the Qaha
Farm in Qaha, Qaluobiya Governorate, Egypt (30°17'19.2"N
and 31°12'46.9"E) as shown in (Figure 1), during the 2020,
2021 and 2022 cotton seasons, where the cotton variety Giza
97 was commonly cultivated, and planted during the first half
of April. The experimental area was exposed to normal
agricultural practices.

During the three successive cotton seasons, five funnel
traps baited with pheromone capsules at the rate of 1
trap/acre were installed in cotton fields over a period that
ranged from the first week of May to the first week of
October (Amer et al. 2015), as the sex pheromone traps more
preferable than other traps (Abdelmaksoud et al., 2020;
Whitfield et al., 2019). Traps were checked every two weeks,
and the pheromone capsules were replaced. Every 3 nights,
the number of SBW male moths caught were counted. The
synthetic pheromone formulation in polyethylene vials was
used as bait in the traps inside the center of the plastic roof.
Each vial contained one mg of the active components of the
particular pheromone for Earias insulana, i.e. (E, E)-10, 12-
Hexadecadienal (Hall et al., 1980). Trapping strips from
Russell IPM Corporation were used to kill the captured
males.
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Figure 1. Qaha farm, Qaluobiya Governorate, Egypt.
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The traps were fastened in the fields on steel stands
which were positioned above the cotton plants canopy at a
height of around 20 cm, as the growth of the plant increased,
the level of the traps was constantly adjusted, and they were
maintained until the end of the season (Ali Shah et al., 2011).
The average number of male spiny bollworm moths for each
three days per traps was accumulated for each season (2020,
2021 and 2022) and was presented graphically to identify the
populations peaks (observed peaks).

Temperature data from satellite images

Earlier work had shown that there was no noticeable
difference between degree days acquired from daily
maximum and minimum air temperatures determined from
satellite images and thermograph (Yones et al., 2013), so
daily maximum and minimum air temperatures determined
from satellite images appeared to be a reliable method for
predicting and computing the average of thermal units in
degree-days (dd's) needed to complete the development of E.
insulana generations (Yones et al., 2018). Consequently,
daily maximum and minimum air temperatures derived from
satellite images were acquired and recorded from
NASA/POWER CERES/MERRAZ2 Native Resolution Daily
Data, Elevation from MERRA-2: Average for 0.5x0.625-
degree lat/lon region = 31.5 meters or obtained from satellite
images (Landsat 8 collection 1 level-1) (Figure 2).

As the primary process to assess the prediction
potential in relation to heat unit accumulations, the
temperature data was converted into heat units and then used
as a tool to study insect population dynamics and predict the
presence of spiny bollworm in the field at Qaluobiya
Governorate during three seasons of 2020, 2021, and 2022.
Each cotton season started during the first week of April
lasted until early October.
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Figure 2. Satellite image from Landsat 8 (collection 1 level-
1) showing the variation in temperature at study area.
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Degree-days (dd's) were determined using the daily
maximum and minimum temperatures (°C) obtained from
satellite image as well as the developmental threshold (to)
and the accumulated heat units for one generation
development was calculated under laboratory constant
conditions. The degree-days (dd's) were calculated using the
following formula according to Richmond et al. (1983), and
based on temperature fluctuations.

H=XHJ
Where, H = number of accumulated heat units, C= threshold
temperature, HJ = [(max. + min.)/2]-C, if max.>C and
min.>C., HJ = (max.- C)2/(max.-min.), if max.>C and
min<C. and HJ= 0 if max.< C and min.< C.

Results and Discussion

The impact of constant temperatures on the biological
aspects of E. insulana

Data summarized in Table 1 showed that in the egg stage, the
necessary time to complete the E. insulana embryogenesis
period was 5.36, 4.02, and 2.67 days and the rate of
development (RD%) was 18.65, 24.87 and 37.45% at 20, 25,
and 30°C, respectively, and the means were significantly
different. The mean larval durations were 22.78, 15.55, and
12.74 days and the rate of development (RD%) was 4.39,
6.43 and 7.84% at 20, 25, and 30°C, respectively, and the
means were significantly different.

The mean pupal durations were 16.44, 10.83 and 7.28
days and the rate of development (RD%) was 6.08, 9.23 and
13.37% at 20, 25 and 30°C, respectively, and the means were
significantly different. The developmental duration of the
pre-oviposition periods were 3.81, 2.11, and 1.90 days and
the rate of development (RD%) was 26.24, 47.39 and
52.63% at 20, 25 and 30°C, respectively.

The average pre-oviposition period at 20°C differed
significantly from all other treatments, and no significant
difference was found between means at 25 and 30°C. The
mean duration of generation at different constant
temperature regimes could be calculated as the total of mean
durations of different developmental stages (incubation
period, larval stage, pupal stage and pre-oviposition period)
according to Dahi et al. (2020). The mean generation
duration for spiny bollworm E. insulana were 48.39, 32.51
and 24.59 days and the rate of development (RD%) was 2.06,
3.07 and 4.06% at 20, 25 and 30°C, respectively (Table 1),
with significant differences among the means. The  lower
thresholds of development (to) for SBW were 10.64, 6.97,
12.34, 9.05 and 9.68°C for egg stage, larval stage, pupal
stage, pre oviposition period and complete generation,
respectively (Table 1, Figure 3).

The three values obtained for each stage rate of
development at temperatures ranging from 20 to 30°C, were
used to estimate temperature-velocity line using the formula:
Y =a+ bx. By knowing a and b, the rate of development at
any temperature applied can be determined.



Table 1. Mean duration, rate of development, lower threshold of development (to) and degree-days (DD’s) for live stages of E.
insulana at different constant temperatures.

Temp. regime Duration Rate of Degree-days (DD’s)
Stage (°C) (Days+S.E.)  development% 1, (°C) Ateach temp. Average
Egg 20 5.36+0.14 a 18.65 10.64 50.16 53.19
25 4.02+0.06 b 24.87 57.72
30 2.67+0.14 c 37.45 51.69
Larvae 20 22.78+0.44 a 4.39 6.97 296.82 290.19
25 15.55+0.22 b 6.43 280.36
30 12.74+0.16 ¢ 7.84 293.4
Pupae 20 16.44+0.16 a 6.08 12.34 125.93 130.53
25 10.83+0.11 b 9.23 137.10
30 7.28+0.21 ¢ 13.73 128.56
Pre-oviposition period 20 3.81+0.31a 26.24 9.05 41.71 38.38
25 2.11+0.07 bd 47.39 33.65
30 1.90+0.07 cd 52.63 39.80
Generation 20 48.391£0.94 a 2.06 9.68 499.38 499.03
25 32.51+0.53 b 3.07 498.05
30 24.59+0.16 c 4.06 499.66

Values followed by the same letters in the same column are not significantly different at P=0.01.
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Heat units in degree-days (DD's) necessary to complete
development of each SBW stage at each constant
temperature was calculated (Table 1). The results obtained
showed that heat units necessary for the SBW to complete
the development of egg stage, were 50.16, 57.72 and 51.69
DD's at 20, 25 and 30°C, respectively, with an average 53.19
DD's determined by the thermal summation equation K =y
(T — 10.64). The values of thermal units required for larval
development until pupation were 296.82, 280.36, and 293.4
degree-days at 20, 25 and 30°C, respectively with an average
of 290.19 degree-days determined by the thermal summation
equation K =y (T — 6.97). The thermal units required for
pupal duration completion until adult emergence were
125.93, 137.10, and 128.56 degree-days, for the three
constant temperatures, respectively, with mean of 130.53
degree-days, according to the thermal summation equation
K =y (T - 12.34). The thermal units (DD's) needed for
complete the pre oviposition period at the studied
temperature 20, 25, and 30°C were 41.71, 33.65, and 39.80
degree-days, respectively, with an average of 38.38 degree-
day according to the thermal summation equation k=y (T-
9.05). Based on these data, the development of SBW
generation required 499.38, 498.05 and 499.66 degree-days
(DD's) at 20, 25 and 30°C, respectively, with an average of
499.03, as calculated by the equation: k =y (T - 9.68).

Results of the present study revealed that as the
temperature increased, the duration length for all SBW life
stages decreased and the rate of development increased until
reaching the upper heat threshold, which is in agreement with
previous findings (Dahi et al., 2020; Said, 2020).

Prediction and observed seasonal presence of SBW
generations in the field

During the first season (2020), there were 4 generations in
addition to the overwintering generation for the SBW in the
field. The observed peaks for the overwintering, the first, the

second, the third and the fourth generation were on 25" May,
21" June, 18™ July, 14" August and 10" September,
respectively, when the average number of male moths per
trap was 16, 26, 44, 46 and 23 moths/day, respectively. On
the other hand, the expected peaks for the same generations
were on 25" May, 24" June, 19" July, 12" August and 5™
September for the overwintering, the first, the second, the
third and the fourth generation, respectively, with average
deviation of 3 days earlier than the observed peaks (Table 2,
Figure 4-A).

For the second season (2021), there were 4 generations
in addition to the overwintering generation for the SBW in
the field. The observed peaks for the overwintering, the first,
the second, the third and the fourth generation were on 31"
May, 27" June, 21" July, 17" August and 10" September,
respectively, when the average number of male moths per
trap was 33, 54, 33, 61 and 31 moths/trap, respectively.
Whereas, the expected peaks for the same generations were
on 31" May, 28" June, 21" July, 13" August and 6%
September, respectively, with deviation of 7 days earlier than
the observed peaks (Table 2, Figure 4-B).

For the third season (2022), there were four SBW
generations in addition to the overwintering generation for
the SBW in the field. The observed peaks for the
overwintering, the first, the second, the third and the fourth
generation were at 28" May, 24™ June, 18" July, 11" August
and 7™ September, respectively, when the average number of
moths per trap was 23, 55, 59, 44 and 31 moths/day,
respectively. Alternatively, the expected peaks for the same
season were on 28" May, 23" June, 18" July, 11" August
and 4™ September, respectively, with deviation intervals of 3
days earlier than the observed peak (Table 2, Figure 4-C).
The deviation between observed and expected seasonal
generations of E. insulana during cotton seasons 2020, 2021,
2022 are shown in Figure 4-D.

Table 2. Observed and expected E. insulana generations monitoring by sex pheromone traps and accumulated degree-days (dd's)
derived from satellite images at Qaluobiya during cotton seasons 2020, 2021 and 2022.

Generation dates Deviation Degree-Days
Seasons Generations Observed Expected (days) (dd's)
2020 Overwintering 25/5 25/5 0 503.4
1 21/6 24/6 +3 505.4
2nd 18/7 19/7 +1 497.3
31 14/8 12/8 -2 506.2
4" 10/9 5/9 -5 498.1
Average -3 502.1
2021 Overwintering 31/5 31/5 0 492.7
1%t 2716 28/6 +1 509.4
2nd 21/7 21/7 0 493.0
31 17/8 13/8 -4 504.5
4" 10/9 6/9 -4 495.1
Average -7 498.9
2022 Overwintering 28/5 28/5 0 503.7
1 24/6 23/6 -1 503.8
2nd 18/7 18/7 0 4953
31 11/8 11/8 0 498.7
4" 7/9 4/9 -3 4957
Average -4 499.4
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In general, for a successful forecast to occur, there
should be enough period between the prediction and the
actual observation, and the period should also be as short as
possible to get a high prediction accuracy based on dd's of
SBW, because it permits early preparation of pest control
materials. Results obtained in this study were in agreement
with previous studies (Ismail et al., 2007; Salman et al.,

It can be concluded from this study that the knowledge about
the threshold of development (to) per generation,
accumulated thermal units (dd's) per generation, Tmax, Tmin
and numbers of moths caught are the foundations upon
which spiny bollworm field management is based. In
addition, monitoring pest generations via satellite images is
crucial for the development of appropriate prevention and

2022). control strategies.
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