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Abstract. To explore how meteorological conditions regulate the occurrence and
disappearance of wheat aphids in Shihezi City, Xinjiang, this study analyzed
aphid observation data and corresponding meteorological records spanning 30
years (1992-2021). Using correlation analysis and stepwise regression, it exam-
ined the associations between wheat aphid dynamics (occurrence, peak activity,
and population decline) and meteorological factors across multiple time scales,
and developed predictive models for pest activity.

Results indicated that wheat aphids in Shihezi emerge and proliferate under
favorable early-season temperature and moisture conditions, with migration (dis-
appearance) coinciding with wheat maturation. Key factors influencing the initial
occurrence period include March average temperature, mid-to-late April average
temperature, late March—early April average maximum temperature, and mid-
March—early April precipitation. The peak period is significantly affected by
May—early June average temperature and late April-mid May precipitation,
while April average minimum temperature, early-to-mid May average tempera-
ture, and early-to-mid May precipitation strongly influence peak population den-
sity.

The regression models for initial occurrence period, peak period, and peak
population density achieved forecasting accuracies of 75%—-80%. Compared with
existing methods such as wavelet neural networks (which require complex com-
putational frameworks) and regional index models (with limited adaptability),
these models offer greater practical value for integrated pest management due to
their simplicity, cost-effectiveness, and alignment with local conditions. Ac-
knowledging limitations, this study did not incorporate factors like natural ene-
mies, agricultural practices, or wheat varieties, which should be addressed in fu-
ture research. The findings provide critical support for local wheat pest control,
disaster prevention, and the development of a meteorological index system for
pest monitoring and risk assessment.
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1 Introduction

Wheat aphids are destructive pests that threaten wheat production globally, with their
population dynamics closely linked to climate and crop phenology ['-?). Climate change,
in particular, has intensified their proliferation, leading to expanded infestation ranges
and significant yield losses 341, Effective monitoring and prediction of wheat aphid ac-
tivity are therefore essential for developing targeted control strategies and mitigating
crop damage.

Extensive research has explored the links between meteorological conditions and
pest outbreaks, including studies on wheat aphids specifically B!, For example, Si Lili
et al. ['% developed a meteorological early warning system for wheat aphids in Hebei
Province, enhancing precision in pest control. Liu Mingchun et al. ['! successfully pre-
dicted aphid peak periods in Wuwei by analyzing meteorological drivers, while Liu
Jing et al. ?l identified humidity and temperature thresholds for wolfberry aphids,
achieving 88.2% accuracy in back-testing their predictive model.

This study leverages 30 years of localized data from Shihezi, Xinjiang, to identify
meteorological factors governing wheat aphid dynamics. By establishing predictive
models for key activity stages, it aims to provide a scientific basis for timely and effec-
tive pest management in the region.

2 Materials and Methods

2.1 Data Sources

Meteorological data were obtained from the national meteorological reference stations
under the jurisdiction of Shihezi Meteorological Bureau, including Shihezi, Mosuowan,
Paotai and Wulanwusu stations. The data cover ten-day and monthly average tempera-
tures, extreme maximum temperatures, extreme minimum temperatures, sunshine du-
ration, precipitation, and relative air humidity from 1992 to 2021. Pest situation data
were sourced from the Shihezi Plant Protection Observation and Forecasting Station.

2.2 Methods
Statistical analyses, including correlation analysis and stepwise regression >4 were

performed using Microsoft Excel for data organization, calculations, and visualization.

2.2.1 Correlation Analysis. The correlation coefficient r is a statistical measure of the
relationship between dependent and independent variables. The calculation formula of
the correlation coefficient is shown in Equation (1).
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In the formula, —1<r<1: r>0 indicates a positive correlation, while r<0 indicates a
negative correlation. The larger the absolute value of r, the higher the correlation. A
correlation is considered significant when P<0.05 and extremely significant when
P<0.01.

(In the formula: n represents the sample size (n=30); ¥; is the sequence of aphid
occurrence indicators; y is the mean value of the aphid occurrence indicator sequence;
x; is the sequence of meteorological factors; i is the mean value of the meteorological
factor sequence.)

=

2.3  Forecasting Model

Stepwise regression was used to build models, with variables iteratively added and
tested. Insignificant variables (rendered non-significant by subsequent additions) were
excluded to ensure only impactful factors remained in the final equations:

y=a,+ Zaix[ )

In the formula, y represents the meteorological yield, @, is a constant, a; is a co-

efficient, and X; denotes the i-th key meteorological factor. All these variables contrib-

ute to making the forecast products more consistent with reality as the number of fore-
cast factors increases.

3 Results and Analysis

3.1  The Occurrence and Disappearance Process of Wheat Aphids

Winter wheat in Shihezi follows a well-defined phenology: sowing in late September,
emergence in early October, overwintering from mid-November, regreening in late
March, jointing in late April, flowering in mid-May, and maturation by early July (110
days from regreening to harvest). Wheat aphids colonize fields during the jointing stage
(mid-to-late April) and migrate away during the dough stage (late June), with a 65-day
active period. Their life cycle includes five stages: initial occurrence, development,
peak, decline, and disappearance.
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3.2 Initial Occurrence Period, Peak Period, Peak Population Density, and
Dynamic Changes of Wheat Aphids

3.2.1 Changes in the Initial Occurrence Period and Peak Period of Wheat Aphids.
The initial occurrence period (jointing stage) ranges from April 12-25 (mean: April
18), with the earliest recorded in 2008 (April 10) and the latest in 1999 (April 25). A
significant advancing trend was observed (1 day per decade, totaling 3 days over 30
years; Fig.1)

The peak period coincides with wheat flowering (mean: May 28), occurring as early
as May 16 (2018) and as late as June 5 (2005). This stage advanced by 1.664 days per
decade (total: 5 days over 30 years; Fig.2)aligning with critical yield-forming stages
when aphid feeding and reproduction are most active [,

y = -0.1x + 45233
4/24 ¢ R? = 0.0755
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Fig. 1. Interannual variations in the initial occurrence period of wheat aphids in Shihezi
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Fig. 2. Interannual variations in the peak period of wheat aphids in Shihezi
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3.2.2 Dynamics of Wheat Aphid Occurrence and Disappearance in Fields. Aphid
populations begin colonizing fields in early-to-mid April, with gradual growth acceler-
ating after May 1. Linear growth (267 individuals/day) occurs from May 5-30, peaking
by early June. Populations decline rapidly after June 5, with near-disappearance by June
25. The peak period typically lasts 10 days (May 25-June 5; Fig.3)

3.2.3 Interannual Variations in Aphid Population Density During the Peak Period.
Peak density (defined as >1,500 aphids/100 stems [16]) ranged from 1,692—5,820 indi-
viduals (mean: 4,151) during 1992-2021. A significant increasing trend was observed
(36.08 individuals/year), with a total rise of 1,082 individuals over 30 years (Fig .4)
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Fig. 3. Dynamics of the population density of wheat aphids per 100 stems
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Fig. 4. Interannual variations in the population density of wheat aphids during the peak period
in Shihezi
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3.3  Relationships between the initial occurrence period, peak period,
population density of wheat aphids and meteorological factors

3.3.1. Relationship Between the Initial Occurrence Period of Wheat Aphids and
Meteorological Factors. orrelation analysis (Table 1) revealed negative associations
between initial occurrence and heat-related factors (e.g., March average temperature [r
= —(.743**]), indicating warmer conditions accelerate colonization. Positive correla-
tions with moisture factors (e.g., late March—early April precipitation [r = 0.521*%*])
suggest higher humidity delays initial occurrence. Significant factors include:

Mid-to-late February average temperature (X1: r =—0.396*)

March average temperature (X2: r = —0.743*%*)

Late March—early April precipitation (X8: r = 0.521*%)

Table 1. Correlation coefficients between the initial occurrence period of wheat aphids and me-
teorological factors

meteorological fac-  correlation co-  meteorological fac- correlation coeffi-
tors efficient tors cient
X1 -0.396" Xe -0.512™
X2 -0.743™ X7 -0.388"
X3 -0.425" X3 0.521*
Xa -0.518™ Xo 0.442°
Xs -0.556™ Xio -0.426"

Note: * indicates a significant difference at the 0.05 level, and **indicates an ex-
tremely significant difference at the 0.01 level. The same notation applies below.

3.3.2 Relationship Between the Peak Date of Wheat Aphids and Meteorological
Factors. Warmer temperatures advance the peak period (e.g., late April-early May av-
erage temp [r = —0.578**]), while increased precipitation delays it (late April—early
May precipitation [r = 0.501**]; Table 2). Significant factors include:

Late April-early May average temperature (X2: r = —0.578%%)

Early-to-mid May average minimum temperature (X5: r = —0.565*%*)

Late April-early May precipitation (X8: r= 0.501*%*)

Table 2. Correlation coefficients between the peak period of wheat aphids and meteorological
factors

. correlation coeffi- meteorological fac-  correlation co-
meteorological factors

cient tors efficient
X1 -0.425" Xo -0.436"
X2 -0.578™ X7 -0.418"
X3 -0.448" Xs 0.501*
X -0.515™ Xo 0.442"

Xs -0.565™ Xio -0.526™
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3.3.3 Relationship Between the Population Density of Aphids During the Peak Pe-
riod and Meteorological Factors. Density correlates positively with temperature (e.g.,
early-to-mid May average temp [r = 0.762**]) and negatively with moisture (e.g., May
precipitation [r =—0.583**]; Table 3). For every 1°C increase in early-to-mid May tem-
perature, density rises by 876.6 individuals (r = 0.794**; Figure 5). Conversely, each
10 mm increase in late April-mid May precipitation reduces density by 241.2 individ-
uals (r =—0.585**; Fig.6).

Table 3. Statistical correlations between the population density of wheat aphids during the peak
period and monthly meteorological factors

meteorological factors Mar Apr May Jun Mar-Jun
Average//tfgperamre 0.165 0398 07627 05977  0.324
Average minimum 0.206 0.162 0549  0.575" 0.301
temperature // °C
Average maximum 0337 0212 0.532° 0437 0.337
temperature // °C
Sunshine duration /h  0.012 0.359 0.406°  0.445™ 0.352
Precipitation // mm 0311 0.409° 0583 -0.238 0312
Air humidity // % 20.196  -0391"  -0.523"  -0.166 0413

The correlation coefficient between the population density of wheat aphids during
the peak period and the average temperature in early-to-mid May is 0.794, reaching an
extremely significant level of P < 0.01. For every 1 °C increase in the average temper-
ature in early-to-mid May, the population density can increase by 876.6 individuals
(Fig. 5).

The correlation coefficient between the population density and the precipitation from
late April to early-to-mid May is -0.585, also reaching an extremely significant level of
P < 0.01. For every 10 mm increase in precipitation from late April to mid-May, the
population density can decrease by 241.2 individuals (Fig.6).
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Fig. 5. Relationship between population density during the peak period and average tempera-
ture in early-to-mid May



190 X. Wang et al.

7000
6000
5000
4000

3000

2000 ° y = B76.62x - 12742
R = 0.631
1000

Fig. 6. Relationship between population density during the peak period and precipitation from
late April to mid-May

3.4  Forecasting Model for Wheat Aphid Population Density

Through correlation factor analysis, stepwise regression was used to establish mathe-
matical prediction models for the initial occurrence period, peak period, and population
density during the peak period of wheat aphids in Shihezi City, respectively (Table 4).

For the initial occurrence period of wheat aphids (W1), April st is set as the value
1; for the peak period of wheat aphids (W2), May 1st is set as the value 1.

A regression prediction model for the initial occurrence period (W1) was established
using the following factors: average temperature in March (T1), average temperature
from late March to early-to-mid April (T2), and precipitation from mid-March to early
April (R1), with a prediction accuracy of 75%.

A regression prediction model for the peak period (W2) was developed based on
average temperature in early-to-mid May (T3) and precipitation from late April to mid-
May (R2), achieving a prediction accuracy of 80%.

A regression prediction model for the population density during the peak period was
constructed using average minimum temperature in April (T4), average temperature in
early-to-mid May (T5), and precipitation in early-to-mid May (R3), with a prediction
accuracy of 78%.

Table 4. Prediction models for the initial occurrence period, peak period, and population den-
sity during the peak period of wheat aphids in Shihezi, Xinjiang

Lo . tandard
Prediction item Regression model error P sample

i W1=20.504—1.53571—0.095T»+
First appearance date 1 1 2 183 0.01 30

(MM/DD) 0.255R1
Peak period (MM/DD)  W2=58.565—2.017 73+0.094 R> 3.97 0.01 30
Population density of M=-

insects at peak period ~ 10634.7+364.6874+560.4175— 62032  0.01 30
(individuals) 10.07Rs
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4 Discussion

Wheat aphids in Shihezi City, Xinjiang begin to migrate from late March to early April,
which is consistent with the experimental data by Liu Jing et al. [!%, Li Feng et al. 17,
and Xu Xiangli et al. '8 that the developmental threshold temperature of aphids is 4—
5 °C. The severe damage period of wheat aphids in Shihezi occurs during the flowering
and grain-filling stage of wheat; as wheat enters the wax ripening stage, aphid damage
weakens and the aphids migrate.

The iterative population dynamics (fluctuations in abundance) of wheat aphids in
Shihezi are closely related to pre-existing heat and moisture factors: aphid population
density increases with rising temperatures, while increased precipitation leads to lower
temperatures, inhibiting aphid reproduction and migration. This finding is consistent
with the results of Wang Chunzhi et al. !, Liu Mingchun et al. [!!], and Huo Zhiguo et
al. 191,

In this study, meteorological factors influencing aphid population dynamics were
identified using statistical methods based on wheat pest observation data and historical
meteorological data. According to research by Ye Cailing et al. ?°1, Yan Jinrui et al. (2!,
and Zhang Runjie et al. ??!, aphid population dynamics are not only affected by meso-
and microscale meteorological conditions (as discussed above) but also by preceding
crops and large-scale climatic backgrounds such as atmospheric circulation, El Nifio,
sea surface temperatures, and the Southern Oscillation. Since aphid dynamics are influ-
enced by multiple factors, the prediction models developed here—incorporating only
meso- and microscale meteorological variables—exhibit certain limitations in accuracy
and require further refinement.

5 Conclusions

Wheat aphid activity in Shihezi shows long-term shifts: initial occurrence and peak
periods have advanced by ~3 and ~5 days, respectively, over 30 years, with peak den-
sity increasing by 1,082 individuals.

Heat factors (temperatures in March—May) primarily drive aphid proliferation, while
moisture (precipitation in late March-mid May) inhibits activity.

The developed models (75%—-80% accuracy) offer practical tools for integrated pest
management in Xinjiang, aiding timely control measures and supporting the develop-
ment of a regional meteorological index system for pest risk assessment.
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