ChinaRxiv [$X]

AT translation - View original & related papers at
chinarxiv.org/items/chinaxiv-202104.00097

Postprint: Risk Assessment-Based Analysis of
Insect-Resistant Cotton Cultivation in Xinjiang

Authors: WANG Zhenlin, Li Zhaozhi
Date: 2021-04-23T00:00:00+00:00

Abstract

Based on the biological characteristics of the Xinjiang cotton bollworm and long-
term population dynamics trends, and upon collecting relevant data regarding
cotton planting area, yield, cotton market prices, and cotton bollworm control
costs, this study employs a population simulation model (CLIMEX model) com-
bined with stochastic simulation methods (QRISK software) to assess the poten-
tial economic losses to Xinjiang’s cotton industry caused by the cotton bollworm
under various scenarios. Cotton bollworm population simulations demonstrate
that with future climate change, the weekly growth index (GIw) of the Xinjiang
cotton bollworm will increase, the emergence date of overwintering pupae will
be significantly advanced, and the risk of damage may consequently increase.
Results from two simulation scenarios indicate that insect-resistant cotton can
effectively mitigate damage caused by the cotton bollworm and reduce control
costs per unit area. It is recommended that relevant departments in Xinjiang
may reduce losses from both the cotton bollworm and secondary pests in the
future through the organic integration of insect-resistant cotton cultivation and
Integrated Pest Management (IPM) strategies.
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Abstract

Based on the biological characteristics and long-term population dynamics of
the cotton bollworm (Helicoverpa armigera) in Xinjiang, and using data on
cotton planting area, yield, cotton market prices, and bollworm control costs,
this study employs a population simulation model (CLIMEX) combined with
stochastic simulation methods (QRISK software) to assess potential economic
losses to Xinjiang’ s cotton industry from cotton bollworm under different sce-
narios. Population simulations indicate that with future climate change, the
weekly growth index (GIw) of cotton bollworm in Xinjiang will increase, the
emergence date of overwintering pupae will be significantly advanced, and the
risk of damage may increase. The QRISK simulation results for four scenarios
demonstrate that Bt cotton can effectively reduce damage from cotton bollworm
and decrease control costs per unit area. We recommend that relevant Xinjiang
authorities combine Bt cotton planting with integrated pest management (IPM)
to reduce losses caused by cotton bollworm and secondary pests.

Keywords: cotton bollworm; CLIMEX; Bt cotton; IPM; @QRISK

1.1 CLIMEX Model and Parameters

The CLIMEX model, developed by the Commonwealth Scientific and Indus-
trial Research Organization (CSIRO) in Australia, is primarily used to explore
climate impacts on species distribution and to predict potential distribution,
future trends, and population growth potential of organisms [19]. This study
uses CLIMEX 3.0 software with cotton bollworm as the simulation object, with
model parameters derived from Zalucki’ s research [20]. To investigate popula-
tion growth trends of cotton bollworm under future climate change, we adopted
climate data centered on 2030 (future climate data) and 2010 (current cli-
mate data), with spatial geographic distribution data sourced from CLIMOND
(https://www.climond.org). According to water requirements throughout the
cotton growth period, irrigation must be added to natural precipitation to meet
normal cotton growth and development. Since water requirements vary across
different growth stages, we estimated irrigation needs per mu of cotton based on
changes in cotton water demand in China over the past 30 years [21] and con-
verted irrigation volume in the model to daily precipitation [22], setting annual
rainfall at 2.5 mm - d .

For simulating cotton bollworm population changes, we selected six representa-
tive locations in Xinjiang: Awati County (40.48°N, 80.45°E), Markit County
(38.88°N, 77.62°E), Regiment 127 of Xinjiang Production and Construction
Corps (Tacheng area, 45.07°N, 79.89°E), Hotan County (36.57°N, 84.38°E),
Manas County (44.55°N, 82.75°E), and Jinghe County (44.61°N, 86.29°E). These
points represent different climatic characteristics and planting features across
Xinjiang’ s cotton-growing regions.
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1.2 QRISK Software and Assessment Methods

@QRISK 7.6, developed by Palisade Corporation, is a software that employs
Monte Carlo simulation (also known as random sampling) to perform risk analy-
sis. It can objectively and automatically calculate and simulate different design
schemes, helping users make optimal decisions under uncertain conditions, and
provides sensitivity analysis and scenario analysis functions to identify key fac-
tors in the model [26]. To ensure more accurate simulation results, the iteration
number in this model was set to 10,000.

1.3.1 Simulation Scenarios

Based on the proportion of Bt cotton in China compiled and analyzed by Qiao
[27], Bt cotton in Xinjiang accounted for approximately 85% of total cotton
planting area in 2015. Considering the annual changes in Bt cotton planting
area, this study designed four scenarios: future planting of conventional cotton
and planting of transgenic Bt cotton, with each type further divided into in-
tegrated pest management (IPM) and conventional control (chemical pesticide
only). Wu et al. [28] noted that the Xinjiang Production and Construction
Corps (XPCC) has two advantages over local Xinjiang Uygur Autonomous Re-
gion farmers: higher cotton yield per unit area and relatively lower costs, which
is closely related to the adoption of IPM in pest management. According to the
Xinjiang Production and Construction Corps Agricultural Statistical Yearbook
[29], XPCC cotton planting area accounts for 42% of Xinjiang’ s total, while its
cotton production accounts for 62% of Xinjiang’ s total. Based on the current
situation in Xinjiang (XPCC primarily uses integrated control, while local ar-
eas mainly use chemical control), we assume that in the future, local areas will
adopt conventional management methods, while XPCC units will adopt IPM
(considering rational pesticide use, such as changes in pest chemical control fre-
quency). The simulation scenario settings are shown in [Figure 2: see original

paper].

1.3.2 Potential Economic Loss Model Under Simulation Scenarios

Taking conventional cotton planting as an example, the direct economic loss (F)
caused by cotton bollworm in this scenario mainly includes three components:
economic loss from cotton yield reduction (F,), economic loss from quality de-
cline (F5), and control costs invested after management (F3). The formula is:

F=F, +F, +F,

(1) Economic loss from cotton yield reduction (F,)
The economic loss model for cotton yield reduction caused by cotton bollworm
damage is:

F,=Q; xI xR xPc/(1-1)

Where Q; is the annual cotton yield in the cotton bollworm suitable area (10*
t); T is the damage rate of cotton bollworm to cotton (%); R is the yield loss rate
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after cotton is damaged by cotton bollworm (%); and Pc is the cotton market
price (yuan - kg~1).

(2) Economic loss from cotton quality decline (F,)
The economic loss model for cotton quality decline caused by cotton bollworm
damage is:

Fo=Q; xIx (1-R) xPy/(1-1)
Where P, is the cotton market price when quality declines (yuan « kg1).

(3) Control costs (F)
Control cost expenditure refers to the total investment for cotton bollworm
control, including pesticides, labor, and mechanical spraying costs:

F; =8 xC

Where S is the cotton planting area in the cotton bollworm suitable area (10*

hm?), and C is the control cost per unit area in cotton-producing regions (yuan -
hm~—2).

1.4 Model Sensitivity Analysis

Sensitivity analysis is a method to evaluate how changes in a system’ s or model’
s parameters or surrounding conditions affect its output [36]. The sensitivity
analysis in QRISK software indicates the degree of influence by comparing the
regression coeflicients of input factors. In this study, we compare the regression
coefficients of different factors to assess their impact on economic losses.

1.5 Parameter Determination for the Potential Economic Loss As-
sessment Model

The average economic loss mentioned in this paper refers to the median value
taken from the minimum to maximum values in the simulation results (Table 1).
To make the simulation results closer to actual conditions, this study adopts a
probabilistic approach. We assume that when cotton is damaged by cotton boll-
worm and quality declines, its price can be set at half the normal market price
[30]. Based on data released by the National Cotton Market Monitoring System
[33] and considering Xinjiang’ s actual situation, we estimate control costs per
unit area in cotton epidemic areas under different management modes (primar-
ily considering pesticide application frequency and costs, and labor costs). The
damage rate of cotton bollworm to cotton and the yield loss rate after dam-
age are derived from research literature [31-32] and historical statistical data
provided by the Plant Protection Station of Regiment 121 of XPCC.

Xinjiang’ s cotton planting area and annual yield data were obtained from the
National Statistical Yearbook and local statistical bureaus [29,34-35]. The data
in the table are projections of future cotton planting areas in Xinjiang extrapo-
lated using polynomial trend lines (R? > 0.95) based on recent years’ data. The
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annual yield data for cotton in Xinjiang were obtained in the same manner as
described in  “Xinjiang Statistical Yearbook” [35].

2 Results and Analysis

2.1 Comparison of Weekly Growth Index (GIw) of Cotton Bollworm
in Typical Xinjiang Regions

As shown in [Figure 3: see original paper], except for Hotan County, the dates
of the first GIw change for cotton bollworm in the other five regions advanced
to varying degrees in 2030 compared to 2010. Specifically, in 2030, the first
GIw change for cotton bollworm in southern Xinjiang (southern region) coun-
ties of Markit and Awati appeared on day 120 (early May), while in northern
Xinjiang (northern region), it appeared on day 150 (mid-May). The GIw for
Hotan County showed no significant change, possibly related to temperature
and rainfall settings in the model. The advancement of the GIw change date
will likely lead to earlier emergence of overwintering cotton bollworm pupae.

2.2 Potential Economic Loss from Cotton Bollworm to Xinjiang Cot-
ton Under Four Scenarios

We simulated two management modes for the conventional cotton planting sce-
nario, with results shown in Table 2. The total potential economic loss in this
scenario ranges from 15.25$x107{8}$ to 32.99$x10"{8}$ yuan, with an average
of 23.37$x107{8}$ yuan. For the Bt cotton planting scenario, simulations under
two management modes yielded the results in Table 2. The potential economic
loss in this scenario ranges from 3.08$x107{8}$ to 6.36$x10"{8}$ yuan, with
an average of 4.33$x107{8}$ yuan. Planting Bt cotton can save approximately
81.47% of economic losses compared to conventional cotton.

2.3 Comparison of Different Management Modes Under Two Scenar-
ios

We calculated the economic loss per unit area under different management
modes in the two scenarios. As shown in [Figure 4: see original paper], in
the conventional cotton planting scenario, IPM management reduces economic
loss per unit area by 84.45-402.6 yuan-hm™2 on average compared to con-
ventional management. In the Bt cotton scenario, IPM management reduces
economic loss per unit area by 45.9-101.7 yuan - hm—2 compared to conventional
management.

2.4 Sensitivity Analysis of Potential Economic Loss from Cotton Boll-
worm to Xinjiang Cotton Under Two Scenarios

In the conventional cotton planting scenario, the regression coefficients of differ-
ent influencing factors under the two management modes are relatively similar,
making it difficult to accurately assess the impact degree of different factors on
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economic loss. A similar situation occurs in the Bt cotton scenario. Therefore,
this study only discusses the differences in regression coefficients of different
factors under the two scenarios ([Figure 5: see original paper]). The sensitiv-
ity analysis results for potential economic loss under the two scenarios show
that the regression coefficient of cotton bollworm damage rate is the largest,
indicating that the damage rate is the most sensitive factor affecting potential
economic loss. In the conventional cotton scenario, yield loss rate has a greater
impact on economic loss than control costs. In the Bt cotton scenario, cotton
bollworm is effectively controlled, and the impact of yield loss rate on economic
loss decreases, while the impact of control costs increases.

3 Discussion
3.1 Analysis of Future Cotton Bollworm Population Dynamics

Research conclusions [27,37] indicate that cotton bollworm population dynamics
are related to the volatility of economic losses. The impact of cotton bollworm
damage rate on potential economic loss in this study confirms this conclusion.
Changes in the weekly growth index in [Figure 3: see original paper] show that
cotton bollworm population dynamics are closely related to climate change. Gu
et al. [38] found that as global spring temperatures warm, the frequency and du-
ration of late spring cold events decrease, leading to cotton bollworm population
outbreaks in Xinjiang. Lyu et al. [39] analyzed cotton phenology in northern
Xinjiang, showing that accumulated degree-days during cotton development pe-
riods vary in 4-5 year cycles, which correlates with the periodicity of cotton
bollworm populations. Previous studies indicate that major cotton bollworm
outbreaks in Xinjiang occur in 5-7 year cycles [40]. Climate change leads to
increased cotton bollworm populations, and suitable environmental conditions
increase the damage rate to cotton, making potential economic losses more se-
vere. Xinjiang should strengthen Bt cotton promotion in the future to effectively
reduce cotton bollworm damage and economic losses.

3.2 Economic Benefit Analysis of Bt Cotton Planting

According to the Ministry of Agriculture and Rural Affairsreports on cotton pest
occurrence, control, and loss recovery in various regions, cotton pests and dis-
eases in Xinjiang cause economic losses of approximately 45$x10{8}-63x10/g1g
yuan [41]. The estimated economic loss from cotton bollworm in this study is
15.25%x 10181-32:99x10481¢ vyan, which falls within the reported range, primar-
ily because this study does not consider economic losses from cotton diseases
and other pests. Qiao’ s research [27] shows that the benefits of transgenic
Bt cotton in China are sustainable, consistent with this paper’ s conclusion on
future economic trends—that planting Bt cotton in Xinjiang can effectively re-
duce economic losses caused by cotton bollworm. Graham et al. [42] analyzed
the benefits of four major genetically modified crops (soybean, maize, cotton,
and rapeseed) globally, finding that genetically modified crops increased aver-
age yields by 5%-11%. After planting genetically modified maize in the United
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States, the population of Helicoverpa zea decreased significantly, and pesticide
application decreased by 19%-28% [43]. After planting genetically modified
rapeseed in Canada, economic benefits increased by 5%-11% [44]. Wilhelm et
al. [45] conducted an economic impact analysis of genetically modified crops,
showing that the comprehensive benefits of adopting genetically modified tech-
nology significantly increased: chemical pesticide use decreased by 37%, and
farmer profits increased by 68%. This study’ s conclusions also indicate that
after adopting Bt cotton, pesticide use in Xinjiang cotton planting decreased by
81.47%, and farmer income increased accordingly.

3.3 Analysis of Management Scenario Impacts on Bt Cotton

The CLIMEX model predicts potential economic losses from cotton bollworm
under four scenarios. The results provide a reference for future decision-making
on Bt cotton planting by assessing differences in cotton bollworm populations
across regions. However, this study has some limitations: the integrated con-
trol cost calculation lacks details such as machinery depreciation, resulting in
some error compared to actual conditions. Future work can improve the model
and enhance comprehensive benefit assessments of Bt cotton based on survey
questionnaires.

In the conventional cotton planting scenario, IPM management reduces eco-
nomic loss per unit area by 84.45-402.6 yuan - hm—2 compared to conventional
management. In the Bt cotton planting scenario, IPM management reduces eco-
nomic loss per unit area by 45.9-101.7 yuan - hm~2 compared to conventional
management. This indicates that in both conventional cotton and Bt cotton
scenarios, IPM can reduce economic losses caused by cotton bollworm. This is
consistent with Zhang’ s survey results [48] from cotton IPM technology training.
Sheng et al. [49] also proposed in their ecological control of cotton bollworm in
Xinjiang that future adoption of IPM measures, such as autumn plowing and
winter irrigation and adjustment of crop planting structure, can reduce cotton
bollworm damage. Although IPM can effectively reduce economic losses from
cotton bollworm, economic losses from pests worldwide remain high, and pesti-
cide use in major agricultural countries has not significantly decreased. In fact,
pesticide use has increased in some regions (such as China and Southeast Asian
countries), mainly due to high IPM implementation costs, long effect cycles,
and limited promotion [50]. Therefore, how to truly adopt IPM on a large scale
requires joint discussion by experts in relevant fields at home and abroad in the
future [51].

3.4 Integrated Management and Utilization of Bt Cotton

Compared with conventional cotton planting, future planting of transgenic Bt
cotton significantly reduces potential economic losses. Bt cotton not only ef-
fectively controls cotton bollworm damage to cotton but also reduces cotton
bollworm damage to other crops [52]. Research by Su et al. [37,55] also shows
that Bt cotton planting reduces pesticide use and control costs. There are many
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similar international studies, such as field trials of Bt cotton in India, farm Bt
cotton assessments in Arizona, USA, and Bt cotton promotion in Australia
[56]. However, with large-scale Bt cotton planting, some secondary pests (such
as cotton aphids, cotton mirids, and whiteflies) have outbreak due to reduced
pesticide use [57], while the risk of cotton bollworm resistance to Bt cotton
continues to increase [58]. To address potential genetically modified resistance
risks, Australia has adopted a refuge strategy when planting Bt cotton, effec-
tively preventing increased cotton bollworm resistance. Combined with TPM,
this can effectively reduce damage from cotton bollworm and secondary pests
to cotton [59]. Future genetically modified crop planting requires scientific man-
agement methods to maximize the advantages of genetically modified crops
while addressing secondary pest outbreaks and pest resistance issues [60].

3.5 Research Limitations

This study combines the actual situation in Xinjiang’ s cotton regions and uses
a revised model to assess the benefits of Bt cotton. However, the model still
has some limitations: the calculation of integrated control costs lacks details
such as machinery depreciation, resulting in some discrepancies with actual con-
ditions. Future research can improve the model based on survey questionnaires
to enhance the comprehensive assessment of Bt cotton benefits.
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