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Abstract

To address the requirements of integrated pest management under resource constraints, this pa-
per develops a nonlinear impulsive control dynamic model for pest-natural enemy systems based
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on Holling-1II type functional response and Leslie-Gower predation structure. Firstly, by analyzing
the pest-eradication subsystem and combining the stroboscopic map with the fixed point theo-
rem, the existence of the pest-eradication periodic solution is proved. Subsequently, using Flo-
quet characteristic multipliers and the comparison theorem, the local asymptotic stability and
global attractivity of the periodic solution are systematically investigated, and the threshold con-
dition for pest eradication is derived. On this basis, further threshold analysis and numerical sim-
ulations are carried out to explore the effects of the natural enemy release period, the maximum
mortality rate and the half-saturation constant on the threshold, revealing the regulatory effect
ofresource limitation on population dynamics. The results demonstrate that resource constraints
drive the pest population to converge to a stable positive equilibrium instead of complete extinc-
tion, while the natural enemy population can maintain a stable level and exert a sustainable bio-
logical control effect. Therefore, the objective of pest management should focus on keeping the
pest density below the economic injury level.
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Figure 3. The effect of the resource limitation factor on the dynamical behavior of x(t) in model (3).
Specifically, 6, =0 in Panel A and 6, =0.02 in Panel B. The values of the remaining parameters
aresetas: »=0.8, s=0.05, b=2, =0.05, p=0.1, a=02, K=01, p =08, T=2

3. FEAREFIREG)H x(1) ShNFITANENE. HFE A6 =0,E B+ =002,
HESHEE: r=08, s=005, b=2, «=005, =01, a=02, K=0.1, p, =08,
=2

K 4 IR T RERRE y (¢) FEANFR IR AR T IR TR 351, e (5] 4(A) R REANE FE BT L) SR 1
TE(0,=0), E 4B)XNFHEIFERARIIEE(0, =0.02). FBMLERER, LRBEHRITFELAR, Kk
MR LR T RS E , (EAEBHRZ IR T, RO BRI T e SRS T, R W H%

DOI: 10.12677/aam.2026.154187 619 N H it e


https://doi.org/10.12677/aam.2026.154187

YRR RECRE I B — IR, OREOM T BE 4R AR € I MPRE DS, R X 3 dLU)
EYHERIThRE . SREBUERA REW], 58 T B O B AR E dUM e & B R 2 25 i E B
EELT, MEHEMRKYE, ZRERF S AR SR SChr: SHEHRNA RE R W A sh A i i A
=, PR Bt AR AN e B s RMEEBHIRAR T, I AR kb P SR, 5 TSIl
5 RBRFERIZh AT, TR R SIA T, WA SR R ) R IR L) AR Y ik o 5 tRIA B, ) B L S %)
I SR B RO, O IPML SRS LA SR A 1 PR A HE

2 WY
L A UETCTTRERRRRS

Figure 4. The effect of the resource limitation factor on the dynamical behavior of y(t) in model (3).

6,=0 inPanel Aand 6, =0.02 in Panel B, with all other parameters consistent with those in Figure 3
4. FRBREFIERG)H y(1) BNAFITARNEM. ElIAH0,=0, EBH =002, HF
SH5E S

5. RERRE

A dUE P AOL AR ARSI S ERAVE, AR A B A B i sh 25 & % A O
TS, MBI BRI /S IPM SERRHIRZ O il 29 R 3R - T 1k, A SC5] N Holling-1T B4 HEPE [ N 5 Leslie-
Gower i (r451, 456G BA WA AR L kb b S, M 1 SRR BRAF AR T B0 L - Rk
W AR5t

WU (A (AR RS B R BRI RE 7 R G0, A BN W o ANZh r B IE 35 BUR 48 J4 Sk i) A7 AE 1k,
HIH Floquet FFAIE3fe 1 e 5 LLBUGE R, 7047 A AR 10 R AR AR e P 5 )RR 51, HE S 35 HUR 440
BIME AT RN, FET B, BE—2Dr 7 RSSO 2R R KRB RKBOTR . A %
EXRBSHIRN . JLAh, 8 PRCC BURIE TR OBUR S, IR S BUE RS HE T BEIRZT R
HEAF MBS ZER. SRR, BHRAWR T E R REE TRE I S AR K4, RS

DOI: 10.12677/aam.2026.154187 620 N H it e


https://doi.org/10.12677/aam.2026.154187

UERFRE FFRFELRAE I EAE A, BN T IPM K3 BRI R B B B DL T RO B

AW TR TR R AN ERPUZ PR . RN R8T 2E 7 S5 SEPR AL A 25 [ S B S A 3R
WARITRZ X, 2 FHRMREAR S 0, W RIS ZI AT A JR R . RACK R 2 B SE
MR TR, 45 & T TR S ISR SR TIE, JT R 2 X ik, 2 FH ARSI IT, HESER R A SEFR
B PR AR AL

SE K

[1] Angon, P.B., Mondal, S., Jahan, 1., Datto, M., Antu, U.B., Ayshi, F.J., et al. (2023) Integrated Pest Management (IPM)
in Agriculture and Its Role in Maintaining Ecological Balance and Biodiversity. Advances in Agriculture, 2023, Article
ID: 5546373. https://doi.org/10.1155/2023/5546373

[2] Baker, B.P., Green, T.A. and Loker, A.J. (2020) Biological Control and Integrated Pest Management in Organic and
Conventional Systems. Biological Control, 140, Article 104095. https://doi.org/10.1016/j.biocontrol.2019.104095

[3] Li, C.and Tang, S. (2018) Analyzing a Generalized Pest-Natural Enemy Model with Nonlinear Impulsive Control. Open
Mathematics, 16, 1390-1411. https://doi.org/10.1515/math-2018-0114

[4] Kogan, M. (1998) Integrated Pest Management: Historical Perspectives and Contemporary Developments. Annual Re-
view of Entomology, 43, 243-270. https://doi.org/10.1146/annurev.ento.43.1.243

[5] Kumari, V., Chauhan, S. and Dhar, J. (2020) Controlling Pest by Integrated Pest Management: A Dynamical Approach.
International Journal of Mathematical, Engineering and Management Sciences, 5, 769-786.
https://doi.org/10.33889/ijmems.2020.5.4.061

[6] Li,J., Huang, Q. and Liu, B. (2019) A Pest Control Model with Birth Pulse and Residual and Delay Effects of Pesticides.
Advances in Difference Equations, 2019, Article ID:117. https://doi.org/10.1186/s13662-019-1978-7

[71 Deng, F., Tian, Y., Xiang, Z. and Xiang, C. (2025) Density-Dependent Integrated Pest Management Model with Instan-
taneous and Non-Instantaneous Impulsive Effects. Advances in Continuous and Discrete Models, 2025, Article No. 154.
https://doi.org/10.1186/s13662-025-04015-6

[8] Kang, B., Liu, B. and Tao, F. (2018) An Integrated Pest Management Model with Dose-Response Effect of Pesticides.
Journal of Biological Systems, 26, 59-86. https://doi.org/10.1142/s0218339018500043

[9] Liu, B, Jin, J. and Qi, H. (2025) Study on an Integrated Pest Management Switching Model with Pesticide Resistance
Development and Limited Resources of Natural Enemies. Journal of Applied Mathematics and Computing, 71, 1503-
1528. https://doi.org/10.1007/s12190-025-02540-x

[10] Wang, X., Tian, Y. and Tang, S. (2017) A Holling Type II Pest and Natural Enemy Model with Density Dependent IPM
Strategy. Mathematical Problems in Engineering, 2017, Article ID: 8683207.
https://doi.org/10.1155/2017/8683207

[11] Juzn, ZAM. —REA RSN IR Leslie-Gower i & R4t Hopf 433Z[J]. W& /RIEITVE K2 B RBL 224K,
2025, 41(5): 12-24.

[12] Wi, BSOS, ST BEURA BRIK S AR AR 1 72 SCMT )], EEAHTR 223 (A AR R, 2024, 42(5): 172-
175+180.

[13] B XU B B /R R 8 1R D], LI AR 22 54 (B 24, 2021, 56(12): 100-110.
[14]  RFHL. AT Allee 8 1 & M- & & B 2 RUZHESE[D]: [ LA Arig ], Bl BRI R, 2025.
[15] Zigim. —SBEA IRVl B3 & SH0M & REREES T[], BIHECAFT7%, 2020, 41(5): 568-580.

DOI: 10.12677/aam.2026.154187 621 N H it e


https://doi.org/10.12677/aam.2026.154187
https://doi.org/10.1155/2023/5546373
https://doi.org/10.1016/j.biocontrol.2019.104095
https://doi.org/10.1515/math-2018-0114
https://doi.org/10.1146/annurev.ento.43.1.243
https://doi.org/10.33889/ijmems.2020.5.4.061
https://doi.org/10.1186/s13662-019-1978-7
https://doi.org/10.1186/s13662-025-04015-6
https://doi.org/10.1142/s0218339018500043
https://doi.org/10.1007/s12190-025-02540-x
https://doi.org/10.1155/2017/8683207

	非线性脉冲微分方程模型在害虫治理中的应用研究
	摘  要
	关键词
	Study on the Application of Nonlinear Impulsive Differential Equation Models in Pest Management
	Abstract
	Keywords
	1. 引言
	2. 模型建立
	3. 害虫灭绝周期解的存在性与稳定性
	3.1. 害虫灭绝周期解的存在性
	3.2. 害虫灭绝周期解的稳定性

	4. 阈值分析及数值模拟 
	4.1. 阈值分析
	4.2. 数值模拟 

	5. 总结及展望 
	参考文献

