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Abstract. Sunn Pest, Eurygaster integriceps is a serious insect pest of wheat and
barley throughout West and Central Asia. Effects of temperature on the
development and survival of different stages of E. integriceps were studied. The
thermal requirements for each stage were determined separately to provide the basis
of a phenology model designed to improve chemical control. The standard linear
regression method and the Ikemoto and Takai method of insect development were
compared for the goodness of fit to the different stage development of Sunn Pest
at constant temperatures to determine a developmental lower threshold (75) and
degree day (DD) requirements for each stage separately. Of the two methods, the
Ikemoto and Takai method had the better fit and lowest standard error for the
parameters of interest. Thus, the Ikemoto and Takai model was chosen to estimate
the critical parameters, lower temperature threshold (7), and thermal constant for
different stages of development of Sunn pest. The estimated low-threshold Article info
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Introduction

Sunn Pest, Eurygaster integriceps Puton (Hemiptera: Scutelleridae) is considered to be the most damaging insect
of wheat and barley throughout West and Central Asia (Critchley, 1998; Parker er al, 2011; Davari & Parker,
2018). To prevent economic damage, management is commonly done with insecticides in IRAN and about 2
million ha of wheat must be sprayed each year to control this insect (Anonymous, 2023). The optimal control of
Sunn Pest can be achieved through targeted applications of insecticides against overwintered adults of Sunn Pest
and nymphal stages in wheat fields. Pyrethroids are a popular choice due to their low cost. However, their
effectiveness is influenced by the critical timing of application when targeted stages are present. Optimal control
requires knowledge of the phenology of Sunn Pest, such as the peak of the overwintered adult population and
accurate prediction of peak nymphal stages development (Atri & Amir-Maafi, 2006). Population models can range
from simple linear ones (Campbell er al,, 1974) to more complex nonlinear ones (Worner, 1992).

Simple linear models are often used to estimate the development rates of insects based on temperature, as they
are straightforward to apply and provide useful insights into the relationship between temperature and development.
There are two essential parameters derived from linear models, lower threshold temperature (75) and thermal
constant (degree days, DDs). Both are valuable tools for understanding insect development, but they represent only
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part of the overall picture. Despite the wide use of linear models, it is well known that development rate curves are
never fully linear and tend to be curvilinear at extreme temperatures (Worner, 1992; Hannigan er al, 2023).

Relatively little is known about Sunn Pest immature temperature-dependent growth. Some information is
available on temperature effects on embryonic development in a limited temperature range (Moeini Naghadeh,
2002; Iranipour et al, 2003; Kivan, 2008). One study has attempted to accumulate degree days to predict
immature stage occurrence in the field (Goziiagik er al, 2016).

The purpose of this study is to compare two potential line-fitting methods to determine the lower temperature
threshold for development (7o) and thermal constant (K) for the different immature stages of Sunn Pest, in IRAN.
These parameters are critical for predicting the seasonality and distribution of this pest, facilitating research into
its life cycle and management strategies.

Materials and methods
Sunn Pest colonies

In January 2023, approximately 4000 Sunn Pest were collected from an overwintering site in Gharah-Aghaj
mountain, located at 30 km north of Varamin. They were used to start a laboratory culture. The insects were sexed
and about 100 to 250 pairs were kept in Plexiglas cages (60 x 38 x 30 cm [l x w x d]) at 25 £ 0.5 °C, 65 £ 5%
RH., and 16: 8 h (L: D) photoperiod. They were provided with water and wheat grains (Mahdavi variety). Paper
strips (60 x 1 cm) were suspended from a metal frame on top of the cages for oviposition. Egg masses were collected
by removing the paper strips and cutting them into pieces each containing one egg mass. Each egg mass contained
approximately 14 eggs, and they were used in the experiments.

Experimental conditions

Egg masses laid within 4 h by overwintered adults were randomly selected for studying immature development.
Each egg mass was placed individually into a Petri dish (10 cm diam., 1.5 c¢m in height) and was held in an
environmentally-controlled growth chamber. A range of constant temperatures 12.5, 15, 17.5, 20, 22.5, 25, 27.5,
30, 32.5, 35, 37.5 and 40 °C (x0.5), 65 + 5% RH., and a photoperiod of 16L:8D h were tested. The egg masses
were observed daily, and the number of nymphs that emerged were recorded. Each newly hatched nymph was
transferred to a separate Petri dish lined with filter paper. A 2-ml Eppendorf tube (1 cm in diameter, 3.5 cm in
length) containing water with a cotton wick was placed in each Petri dish to maintain humidity. The nymphs
were reared on fresh wheat seeds (variety Mahdavi) that had been presoaked in water for one day. Ten new seeds
were supplied daily to each nymph and the seeds from the previous day removed to prevent fungal growth. Petri
dishes were kept in the same conditions as above. The developmental stage and survival of each nymph were
recorded daily until its death or until it molted into an adult.

Data Analysis

Analysis of variance (ANOVA) was used to test statistical differences in developmental times of different immature
stages among temperatures. PROC GLM (SAS ver. 9.4, SAS Institute 2019) and means were separated by the
Tukey studentized range test (P < 0.05, SAS ver. 9.4, SAS Institute 2019).

Development rate model

In this study, two linear methods, the standard regression (Campbell er al, 1974) and the Ikemoto and Takai
(Ikemoto & Takai, 2000) were used to determine the relationships between temperature and the mean
developmental rates of the different immature stages (egg, NI, NII, NIII, NIV, and NV) of E. inregriceps.

The standard linear model is: r(T) =a+bT

Where A7) is the development rate (i.e. 1/development duration), 7'is the temperature (°C), a is the y intercept,
b is the slope. The parameter 7;was estimated by 7o = —a/b. The parameter K, represents the thermal constant,
(DD required for complete development) was estimated by 1/5 (Campbell et al., 1974).

The Tkemoto & Takai (2000) formula as: DT =K +tD

Where D represents developmental duration (days), 7 represents constant temperature (°C), Krepresents the sum
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of effective temperatures or the thermal constant (DD) and ¢ represents the lower developmental threshold (75).
Because the variables in the Tkemoto—Takai method are not independent, fitting the Ikemoto-Takai equation
involves using the reduced major axis (RMA) method to estimate K'and ¢ (Ikemoto & Takai, 2000).

Because different fitting methods are used for the two lines in a linear equation, the standard error of the regression
is a more appropriate statistic to use than the coefficient of determination (R?) as a measure of goodness of fit.
The lower developmental threshold and thermal constant and their standard errors (SE) were calculated for the
standard regression and the Ikemoto and Takai linear model by using the method developed by Ikemoto & Takai
(2000).

Results

Temperature-dependent development

The duration of the developmental period of immature stages of Sunn Pest at different constant temperatures is
given in Table 1. Males and females developed successfully from egg to adult over a range from 20-35 °C, except
at 12.5, 15, 17.5, and 37.5 °C. All eggs exposed to 40 °C were dead and were not included in this study.
Development time of each stage was significantly influenced by temperature (Egg: F = 33106.2; d.f. = 10, 5433;
P < 0.001; NI: F =5821.22; d.f. = 7, 4093; P < 0.001; NII: F = 1903.43; d.f. = 6, 2621; P < 0.001; NIIL: F =
949.3; d.f. = 6, 1529; P < 0.001; NIV: F = 438.21; d.f. =6, 1165; P < 0.001; NV: F = 308.63; d.f. = 6, 962; P <
0.001) (Table 1). The development time of the eggs decreased as temperatures increased to 30 °C, ranging from
35.788 days at 12.5 °C to 3.438 days at 30 °C and after 30 °C the development time of the eggs increased as
temperatures increased. The nymphal period (NI to NV) decreased as temperatures increased to 32.5 °C and
increased at 35 °C (Table 1).

Linear methods for immature stages development

The temperature-dependent development data of immature stages of E. integriceps were analyzed by standard
regression and the Ikemoto and Takai linear model. It should be emphasized that the Ikemoto and Takai method
enabled the determination of the optimum temperature range more precisely than the standard regression method
(Ikemoto & Takai, 2000; Atijegbe er al, 2022). The data for the temperature-dependent development of the
immature stages of E. integriceps are quite similar in the two methods (Table 2).

The model coefficients and the values of the lower temperature threshold (7p) and thermal constant (K) were
for both linear models (standard regression and Ikemoto linear model) for each life stage are shown in Table 2.
The relationships between the developmental rate and temperature for each immature stage were described by
linear regressions (& > 0.93). The analysis of developmental parameters using both the standard regression method
and the Ikemoto and Takai method reveals significant differences in the precision of the estimates for the key
parameter, 7 (the lower temperature threshold), while showing no significant differences in estimating the thermal
constant (degree-days, DD) (Fig. 1, Table 2). The Ikemoto and Takai method consistently provided lower relative
standard errors for 7 across all immature stages, indicating a higher precision in parameter estimation compared
to the standard regression method. The 7j estimate for the egg stage using the Ikemoto and Takai method was
5.1%, while the standard regression method yielded a much higher relative standard error of 24.1% (Table 2).
For the thermal constant (degree-days, DD), there are no significant differences in the parameter DD when
comparing the Ikemoto and Takai to standard regression methods.

The analysis of nymphal stages using the Ikemoto and Takai method demonstrated a more precise estimation
of the lower temperature threshold, with relative standard errors (RSE) below 10%. This suggests that this method
provides a reliable and consistent measure for determining the lower temperature threshold in nymphal stages.

In contrast, the standard regression method showed significantly higher relative standard errors, ranging from
13.85% t0 29.69% (Table 2). This indicates a greater variability and less reliability in the estimates produced by
the standard regression approach for the same parameter. The estimated low-threshold temperature by Ikemoto
and Takai method for egg, NI, NII, NIII, NIV and NV were 16.226, 14.761, 16.645, 20.675, 21.489 and 19.229
°C, respectively (Table 2, Fig. 1). The thermal constants for egg, NI, NII, NIII, NIV and NV were 51.224, 34.279,
61.017,33.365, 34.477 and 69.981 DD (Degree-day), respectively (Table 2). The results suggest that the Ikemoto
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and Takai method is more reliable for estimating developmental parameters, as it yields lower standard errors and
thus higher confidence in the estimates. This is particularly important for applications in ecological modeling and
pest management, where accurate predictions of developmental rates are crucial.

Discussion

Temperature is a fundamental factor that shapes the development, population dynamics, distribution, and
abundance of insect species. Understanding these relationships is essential for predicting how insects will respond
to ongoing climate change and for managing their impacts on ecosystems and human activities. This research
estimates key developmental parameters, including the lower threshold (75) and the thermal constant (K) for
immature stages of Sunn Pest. Research on the temperature-dependent growth of the genus Eurygaster,
particularly E. integriceps, is limited. Only one study has been done on the temperature-dependent growth of the
E. austriacaSchrk., E. maural.. and Aelia acuminateL. (Konjevic eral., 2014). Moeini Naghadeh (2002) studied
the thermal development of E. inregriceps egg and estimated a lower threshold for the development at 12 °C. A
second, more detailed study was carried out by Iranipour er al (2003) who examined the immature stage
development of E. integriceps at four temperatures (22, 25, 27, and 30 °C). They reported a lower threshold and
thermal constant for all stages were 18.85 °C and 275.26 DD, respectively. Kivan (2008) studied the time taken
for the egg to hatch at five constant temperatures (17, 20, 23, 26, and 32°C) in detail.

She reported that the lower development threshold temperature was 11.7 °C and the thermal constant was
90.9 degree-days. Gozuacik er al. (2016) conducted research on threshold temperature eggs, NI-to-NIII, NI-to-
NV, and egg-to-adult, reporting 12.4, 14.7, 12.89, and 13.3°C, respectively. The physiological time required for
the completion (thermal constant) of Sunn Pest eggs, NI-to-NIII, NI-to-NV, and egg-to-adult were 93.20,
214.24, 422.61, and 527.67 degree-days, respectively.

Odur study calculated the development threshold temperature and thermal constant of different stages of Sunn
Pest separately. We have employed two distinct methods (Ikemoto and Takai and standard regression methods)
to achieve this (Table 2). Comparisons of our findings with those of other researchers are primarily reasonable for
the egg stage because there is no data for other developmental stages separately.

In our study, the development threshold temperatures for the Sunn Pest egg were found to be 16.435 °C
using standard regression. These values are higher than those reported in other studies (Moeini Naghadeh, 2002;
Gozuacik er al, 2016; Kivan, 2008) and lower than reported by Iranipour eral. (2003). The threshold temperature
is often determined empirically by extrapolating a straight line to the temperature axis (Krogh, 1914), which may
cause a different threshold temperature according to temperature ranges included by researchers.

Iranipour er al. (2003) examined temperatures between 20 to 30°C and Kivan (2008) examined between 17
to 32°C. Gozuacik er al. (2016) examined only two temperatures (25 and 30°C) utilizing the hyperbola method
for their calculation. Moeini Naghadeh, (2002) examined a wider range of temperatures (12.5 to 35 °C). They
examined different ranges of temperatures but did not explain how they chose them. The selection of temperature
ranges in studies on insect development is crucial, as it directly impacts the estimated thermal thresholds for various
life stages. Different researchers have employed varying methodologies and temperature ranges, leading to diverse

findings (Krogh, 1914).

When developing temperature-dependent growth models for insect development, it is indeed critical to select
data from the temperature range where the relationship between temperature and development rate is
approximately linea. To identify the linear range, researchers typically analyze the development rate data across a
range of temperatures. The data points that show a consistent, linear increase in development rate with
temperature are selected for model development. This selection process is often based on statistical analysis and
visual inspection of the data. By focusing on the linear part of the temperature-dependent growth curve, researchers
can develop models that are both simple and biologically relevant, thereby enhancing the accuracy and applicability
of the models in predicting insect development rates under various temperature conditions (Dixon er al, 2009;
Ikemoto & Kiritani, 2019).

Previous work on Sunn Pest development is insufficiently detailed or incompletely reported. Much of the
published information in this area is of limited use for the general analysis of life cycles. This is the first study that
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evaluates the impact of temperature on the developmental duration of the immatures, NI — to -NV separately for

the Sunn Pest, E. integriceps, on wheat. Studying the temperature effects on each stage individually allows for

more precise modeling and prediction of insect development and population dynamics and improving

management strategies. This study demonstrated that low-threshold temperature (Ikemoto and Takai method)
for NI, NII, NIII, NIV and NV were 14.761, 16.645, 20.675, 21.489 and 19.229 °C, respectively (Table 2, Fig.
1). The thermal constants for NI, NII, NIII, NIV and NV were 34.279, 61.017, 33.365, 34.487, and 68.981
DD (Degree-day), respectively (Table 2). To compare our results with those of other researchers, we re-analyzed

our data for the first three nymphal stages (NI-NIII), the entire nymphal stages (NI-NV) and the entire immature

stages (Egg-NV). Our results are shown in Table 2.
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Fig. 1. Fitted lines (dashed red line) for different stages of Sunn Pest using the Ikemoto and Takai (2000) regression method

Points shown by x were excluded in fitting the line in the original analysis.
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The current study reports slightly higher threshold temperatures compared to Gozuacik er al (2016) but lower
than Iranipour er al. (2003). The threshold temperatures for NI to NIII, NI to NV, and egg to adult in the current
study are relatively consistent, ranging from 15.97 °C to 16.045 °C (Table 2). The thermal constants are
significantly lower than those reported by Gozuacik er a/ (2016) but closer to Iranipour er a/ (2003) when
considering the overall developmental stages. The thermal constants for NI to NIII, NI to NV, and egg to adult
in the current study are 150.459 DD, 300.131 DD, and 357.867 DD, respectively. The differences in threshold
temperatures and thermal constants across studies may be due to variations in experimental conditions, such as
temperature range. These variations highlight the importance of standardized conditions and detailed reporting
of experimental parameters to ensure comparability across studies (Dank, 2000). The study by Gozuacik er al.
(2016) on Sunn Pest highlights the variability in thermal requirements for the pest's life cycle across different
regions and years. They reported that the appearance of a new generation of Sunn Pest in the field requires between
270 to 405 degree-days. This range reflects the variability in thermal requirements due to different environmental
conditions across various regions and years. Our laboratory results indicated that the Sunn Pest life cycle requires
approximately 357.867 degree-days (Table 2). This value falls within the range reported by Gozuacik er al (2016),
suggesting that laboratory conditions can closely mimic certain field conditions.

Sunn Pest control is based on insecticides. Predicting the seasonal development of this pest especially nymphal
stage II and III, is essential for accurate scheduling of chemical control; thus, studying the temperature effects on
each stage separately provides valuable information for understanding the population dynamics of pests in different
ecosystems (Andreadis er a/,, 2017), and provides the most accurate and comprehensive data for modeling population
growth, predicting outbreaks (Malekera er al., 2022), and developing effective pest management strategies (Herrera er
al, 2005). Understanding these developmental parameters is crucial for developing effective pest management
strategies. By using degree-day models, farmers can predict the timing of the Sunn pest's life stages, allowing for
timely interventions to control populations and minimize damage to wheat and barley crops. This predictive
approach can significantly enhance the efficiency of pest control measures, ultimately leading to better crop yields

and reduced economic losses.
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