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Abstract

In this paper, one impulsive plant-herbivore model with toxin-determined functional response is
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considered. The trivial periodic solution corresponding to plant extinction, and its local and global
asymptotic stability conditions are established. Some dynamical behavior, such as bistability and
bifurcation of non-trivial periodic solutions are verified by numerical simulation. The results show
the toxin effect does not change the local dynamics of the trivial periodic solutions in the plant-
herbivore model with impulsive control, but it changes their global stability conditions. Although
impulsive control is feasible in this model, the toxin effect does increase the difficulty of impulsive
control.
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Figure 1. Nontrivial periodic solution bifurcation of the system with respect to u near the trivial periodic solution with dif-
ferent G. X-label is the parameter 4. Y-label is the population of plant. The critical value of the local asymptotic stability

condition of the trivial periodic solution are is # = 1.22. (a) The window of nontrivial periodic solutions is u € [1.2,1.22]
when G = 0.6; (b) The region of nontrivial periodic solutions is u € [1.17,1 .22] when G =1; (c) The window of nontrivial

periodic solutions is u € [1.14,1.22] when G = 2. (d)The window of nontrivial periodic solutions is € [1.12,1.22] when

G = +oo . With the increase of G, the region of nontrivial periodic solutions becomes larger
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Figure 2. Time plots showing the bistability in system when  =1.25. (a) (b) The trivial periodic solution when initial val-
ue is (0.001,0.1); (c) (d) The non-trivial periodic solution when initial value is (1, 0.1). The system has two stable periodic

solutions, one is trivial and the other is nontrivial
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Figure 3. Time plots showing the bistability in system when gz =1.2. (a) (b) The trivial periodic solution when initial value
is (0.001, 0.1); (c) (d) The non-trivial periodic solution when initial value is (4, 0.1). The system has two stable non-trivial

peﬁodic solutions

B 3. KAERRHEY u=12HRGHRRIAR. () (b) HFMER0.001,0.)HE, EMMEENMHFFEFRET LR
INERR, RN ETREHN—NEELELR; (o) (d) HHERG, 0.DE, EYMRENHEKETILHN
TANEFTR, RN T RGNS — N EFELERRE. ENRGERNRENIETLERR

46 IR Esid


https://doi.org/10.12677/aam.2021.101004

HIRTF, FI

FEE 2 F1E 3, BATETR T RGNS E R T-R IR 347, RIS R . (EK 2, FfiTik
FSHEUL G =048, u=125. 0L, T S8 0> gy =1.22 ARG — M EERF L - (0,5°) »
Wk 2(a), B 200)F7R. SRMMULRIATER —DHHIME x =4,y = 1. HTRADHMEIZ ST LA I, 3K
G2 T — MR AR P T IR, W lsl 2(c), B 2(d) Fron AL 3 o BATEFR S HIEN G =0.48
p=12<py =122, BEIEFART FUE IS SCIAAAERE,  JRIE T PR IR R A e PE AR AR Al — AR
LR g, e B TRT BAAS B PSS AR E B AT ML A -

4. Z5ig

AT T —REAA R RN DD RE N Rk i) - B iEzhY) B-D B, 198 7 kb #6) ~ REEH
PRI 0 R AN A R AR M 2 o SRR WIE AT B AT T Bk bz i £ B-D AL PR WAT I, AR
T35 2R N AR 1~ FLJE SR ) 4 JR A e I 2 A, BB kb2 o RO X

SE K

[1] Feng, Z. and DeAngelis Donald, L. (2017) Mathematical Models of Plant-Herbivore Interactions. CRC Press, Boca Raton.

[2] Liu, R., Feng, Z., Zhu, H., et al. (2008) Bifurcation Analysis of a Plant-Herbivore Model with Toxin-Determined Func-
tional Response. Journal of Differential Equations, 245, 442-467. https://doi.org/10.1016/j.jde.2007.10.034

[3] Feng, Z., Qiu, Z., Liu, R., et al. (2011) Dynamics of a Plant-Herbivore-Predator System with Plant-Toxicity. Mathe-
matical Biosciences, 229, 190-204. https://doi.org/10.1016/j.mbs.2010.12.005

[4] Zhang, C.H. and Li, Z.Z. (2014) Dynamics in a Diffusive Plant-Herbivore Model with Toxin-Determined Functional
Response. Computers and Mathematics with Applications, 67, 1439-1449.
https://doi.org/10.1016/j.camwa.2014.02.019

[5] Wang, X., Tao, Y.D. and Song, X.Y. (2010) A Delayed HIV-1 Infection Model with Beddington-DeAngelis Function
Response. Nonlinear Dynamics, 62, 67-72. https://doi.org/10.1007/s11071-010-9699-1

[6] Tripathi, J.P., Abbas, S. and Thakur, M. (2015) Dynamical Analysis of a Prey-Predator Model with Beddington-
DeAngelis Type Function Response Incorporating a Prey Refuge. Nonlinear Dynamics, 80, 177-196.
https://doi.org/10.1007/s11071-014-1859-2

[71 Negi, K. and Gakkhar, S. (2007) Dynamics in a Beddington-DeAngelis Prey-Predator System with Impulsive Harvest-
ing. Ecological Modelling, 206, 421-430. https://doi.org/10.1016/j.ecolmodel.2007.04.007

[8] Wang, Y.S., Wu, H. and Wang, S.K. (2020) Persistence of Pollination Mutualisms under Pesticides. Applied Mathe-
matical Modelling, 77, 861-880. https://doi.org/10.1016/j.apm.2019.08.009

[9] Fishman, M.A. and Hadany, L. (2010) Plant-Pollinator Population Dynamics. Theoretical Population Biology, 78, 270-
277. https://doi.org/10.1016/j.tpb.2010.08.002

[10] Wang, S. and Huang, Q.D. (2015) Bifurcation of Nontrivial Periodic Solutions for a Beddington-DeAngelis Interfe-
rence Model with Impulsive Biological Control. Applied Mathematical Modelling, 39, 1470-1479.
https://doi.org/10.1016/j.apm.2014.09.011

[11] Nundloll, S., Mailleret, L. and Grognard, F. (2010) Two Models of Interfering Predators in Impulsive Biological Con-
trol. Journal of Biological Dynamics, 4, 102-114. https://doi.org/10.1080/17513750902968779

DOI: 10.12677/aam.2021.101004 47 IR Esid


https://doi.org/10.12677/aam.2021.101004
https://doi.org/10.1016/j.jde.2007.10.034
https://doi.org/10.1016/j.mbs.2010.12.005
https://doi.org/10.1016/j.camwa.2014.02.019
https://doi.org/10.1007/s11071-010-9699-1
https://doi.org/10.1007/s11071-014-1859-2
https://doi.org/10.1016/j.ecolmodel.2007.04.007
https://doi.org/10.1016/j.apm.2019.08.009
https://doi.org/10.1016/j.tpb.2010.08.002
https://doi.org/10.1016/j.apm.2014.09.011
https://doi.org/10.1080/17513750902968779

	带有毒素效应功能反应的植物–食植动物模型的脉冲控制研究
	摘  要
	关键词
	Impulsive Control of One Plant-Herbivore Model with Toxin-Determined Functional Response
	Abstract
	Keywords
	1. 引言
	2. 动力学分析
	平凡周期解的全局稳定性条件

	3. 数值模拟
	4. 结论
	参考文献

