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A Pest Management Model with Recurrent Pulse

Virus Input and Random Perturbations

LIU Jun-nan, WEI Chun-jin, ZHANG Shu-wen
(School of Science, Jimei University, Xiamen 361021, China)

Abstract; A pest management model with recurrent pulse virus input and random perturbation was stud-
ied. Firstly, the mean boundedness of the system was proved. Then, the sufficient conditions for the periodic
solution of insects extinction and non persistence in the mean were obtained. Finally, the theoretical results and
numerical simulations showed that the noise intensity was large enough, would lead to rapid extenction of pests,
while the intensity of the noise was weak, the pests would slow down, and would continue to live.
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IR, BT AR IR IR A 5 R R NT DL R SO B L e S S O AR R s i o L, B 4 AR
TR A AR SV A
{S’(t) =rS(t) (1 =S(t)/K) =BS(e)bV(t)S(t) = bV(t)S(t), (1)
V'(t) = o(BS(t)bV(t)S(t) +bV(t)S(t)) —bV(t)S(t) —dV(t),
Hrp, PrAMREAGRIERE, REWREITEE: 1) S(e) B V() 203K ¢ I 203 JUR 2 RE
MR 2) d WRREURLAYAE T3, b i S ORI A A 8 il %8s 3) T HUHR Logistic 1K,
BANFIKAR r MIREAENE K; 4) bVS HEE S AWEENR N EY) G100 00 F s, (IRl
BSbVS; w(BSHVS + bVS) FRFET- I F RS 1 ok (1995 7 WURL I £, o WARNIRRERHIHF (0 >
1) 5 5) RGYRINE RA SR RIFIEZ, Yo FH JOR R MR
% a=Bb, e=Pbw, w=-b+bo, MARSG (1) tkH:
{S’(t) =rS(e)(1 =S(t)/K) —aS* () V(e) = bV(2)S(1),
Vi(e) = S()V(e)(eS(t) +u) —dV (1),
RYATPIAF FFH B, (0,0) LB (K,0) , WK > (—p+ Vi +ded)/(2e) , A —NIEF

JE(S V), Hh S = (—u+ Ju¥ +4ed)/(2e) , V" = (r=rS"/K)/(aS™ +b) . E,(0,0) &k
R, WO e e, W E, (K,0) Wi, T ARG (2) BAF R, 725F dufsihi
HARGES MR G AR (2) SR — @ B F IR Ol 2 T 7 1) R s 550 v 2
PR HEERL) 110 Sk s A
S'(t) =rS(t)(1 =S()/K) —aS*(t)V(e) = bV(£)S(t),
Vi(e) = S()V(e)(eS(t) +u) —dV (1),
AS(¢) =0,
AV(t) = P,
T RBKR R, P >0 RIRTEBURABORR, AS(1) = S(¢7) =S(2) , AV(1) = V(") = V(1) o Bl

ERE TR (3) MR BORAARE. T < o v (Odn, FRRE M 0,
V(1)) EEREnLRREr, P Vvi(t) = Pexpl -d(t =nT )]/[1 —exp(=dT )] ,nT <t < (n+
DT, 50> (a+ b V (0B, R4 (3) BRI,

SEPR b, RVEEAEAE RIS A2 B AR HLIN R 0T, LRan ASSIE S K BH R B AR Y AR
A5, XU T2 m B RV EERIRAS . (E8f M RGP B T SEOR B iy, dEmixE DAET A
RGN 1 AT R, MBENLR G BT SC b, ofise F ORI 0 N e KR 2 BIBEHL T8, B r —
r+o B(1) o T&, BB PR S .

dS(t) = [rS(t) (1 =S(t)/K) —aS*(t)V(t) —bV(e)S(t)]dt + oS(t)dB (1),
dV(e) = [S(e) V(1) (eS(t) +p) —dV(e)]de,
AS(t) =0, }t o
AV(t) =P,
Hrf, B(1) MR (02,7,P ) LARER Brown 183)), o RRBEFERE

(2)

}t # nT,

} (3)
t =nT,

}t # nT,
(4)

1 F&HIIR

KT HETE, et S, 53,

X1 BX (1) = (ST (1), V(1)) BRG (4) WEBEEMES (07) >0,V (07) >0/
fit, MEG (4) WG LM SO0T) > 0, V(0T) > 0 WAFEM X(S(0), V() , W
Lim [$° (1) = S(2) [ = 0,1im [V* (1) = V(2) | =0, WFRX" (1) = (" (2), V" (1)) ARSI,
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EX 2 T RS (4) WAEEM (S ,V()) ﬂn%?ﬁﬁ,@ligfypj; S(r)dr/t = 0, WF

S(t) RARTFIFFEL ALY,
5111 A%
{du(i) =—du(t)dt, t#nT, (5)
Au(t) = P, t =nT,
FAE—NIERBM L (1) =V (1) =Pexpl-d(t —nT)]/[1 —exp(=dT )],t € (nT,(n +1)T],
neN,V(0*) = P/[1 —exp(-dT )], MHXNRGE (5) WA u(t), Gt + o I, f
[u(t) =V (1) [0,
SIEE 21 W NG BRGEAN(r) = N(t) [ (a(t) =b(t)N(t))dt + a(t)dB(t) ] (t =0) BIf#, %5
lifgiupt*lln N(t) <N° , N NWEHHN" <0, ME?;N(” =0, as. o
SIF3'° K Z(1) e C(2x[0, +%),R,),R, ={xl x>0}, WA FHHAEEERTHA,, ff

Bo=T M, A I Z() < M - Af f()ds + aB() K, b e B, WA
0

lim supf Z(s)ds/t < A/A,, a.s.A =0,
0

>+

limZ(t) =0, a.s. A <0,

t—+o

2 EEZHR
EE1 W (S(), V(1)) ZRGE (4) LL(S(0"),V(0")) NUIERIEMAE, WAF1E—IER M,
R ES(t) <M ,EV(r) <M, BIRS (4) BIfRIER FH,
IERA TERREL W(1) = eS(1) +aV(1) , FIH o A3, X W) IWERG (4) MR,
My #£nT B,
dW(t) = edS(t) + adV(t) = eS(r —rS/K — aSV - bV)dt + aV(eS* +uS — d)dt +
eaSAdB(t) = [erS — erS*/K + ( - be + au)SV — adV]dt + ecSAB (1) (6)
My =nT B,
AW(t) = aP, (7)

Uy e (aT (n 4 DT 1B, M58 (6) aT 810 BUS, B W(t) = W(aT") + [ [erS(r) - er§? (r) /K +
(=be+au)S(T)V(71) —adV(7) ]d7r + €O’J[”S<T)dB(T) , X B IAE, EW(t) = EW(nT") +

J' ElerS(t) —erS*(7)/K + (=be + aqu)S(7)V(7) —adV(7) Jdr , Miia]#3 [dEW(t) ]/dt = erES(t) —

er[ES* (1) 1/K + (= be + aqu)E[S()V(t)] — adEV(t) o I K — be + au =- b°B < 0, Frld,
[dEW(t) ]/dt < erES(t) - er[ES*(t)]/K - adEV(t) — edES(t) + edES(t) = e(r + d)ES(t) -
er[ ES* () 1/K = dEW (t) < e(r + d)ES(t) —er(ES(t))*/K — dEW(t) .
BT e(r+d)ES(t) —er[ ES(t) 1*/K R KIEHR Ke(r +d)>/(4r) ,

[dEW(t) ]/dt < Ke(r +d)*/(4r) — dEW (1), (8)

A (1), R (8), kb re | L10OVA =A A0, T g
AQ(t) = aP, t =nT,

d)/(4r) , 205, Q(t) = A/d = [A =dQ(0") Jexp[ —d(t =nT )]/d ,t € (nT,(n +1)T] , Hr
Q(0") = A/d + aP exp(dT )/[exp(dT ) - 1] , T4, tler;Q(t) < A/d + aP exp(dT )/[ exp(dT ) -
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1], diEEE,

EHE2 WRRGE 4) WEr-072 —bﬂv* (s)ds/T <0, W KLFAHIR 0.V (1)) 2L
W1 ARG,

iR A% (4) "M, {dVU) =-dV(t)dt, 1% nT,
AV(t) =P, t =nT,
du(t) =-du(t)ds, ¢ #nT, ki R L E R, X Ve, >0, 3T, >
Au(t) = P, t = nT,
0,4 :¢>T, B, F V() =V (1) —g , M:dS(t) < S()[r - rS(t)/K - aS(t) (V' (1) - &) -
bV (1) - &) ]dt +S(1)dB(1) .

F it A R G0
{dx(t) = (= () /K = ax(D[ (V' (1) = 8,) = b(V* (1) —&,) ]di + ox()dB(1), 1=T,,
x(0) =5, >0,
FIH o AU E RS (9) BRI, 5. din x(2) = (dx)/x - (dx)*/(24°) = (r = ra/K -
ax(V* (1) —&) =b(V' (1) —&,) —0°/2)dt + odB(t) , WABHERLL ¢, [Inx(¢) ]/t = [In x(0) ]/t +

%ﬁ?ﬂ%ﬁ%%{

(9)

r=a2 = b (V' (1) = e)dr ¢ x(r)de/(K) = a [ x(r) (V' (r) = 8,)dr/t + oB(1) /1 <

[ x(0) 1/t +r =02 =b [ (V' (r) &) de/t +oB(1) /1, BV (1) LT REW, 1 € (aT, (n +
D11, 8 [ (1) e/ T DT < [ (v () —endei< [V (1) = e de/ ()
(n+)T

o B, f:Tw*(T) ~edr/[(n + DT] — f:(v*m —edyTs [ (v () -

0

&,)dr/(nT) Hj:(v*m —e)ds/T, L, - 0?2 — b f;(v*(r) Ry, S

T
J’ V' (s)ds/T <0, X1limB(t)/t =0, lim[Inx(0)]/t =0, AL, limsup[lnx(2) ]/t <r-0"/2 -

t—o

b[ovi()dsyT <0,

HolH2, Ilirlwc(t) =0, MO <S(t) <a(t) ,t=T,, fﬁjlllirSS(t) =0, as, XVe, >0,
A7, >0, Bi>T, 0, S(1) <&, as o THEAV() < V(t)exp(e, +us, —d)de,t # nT,

F 3 LA R S

dy(t) = y(t)exp(es +ue, —d)dt, t#nT,

Ay(t) =P, t =nT,
W (10) AREII#E " (1) = Pexpl - (d —e’2 —ue,) (1 —nT ) J/{1 —exp[ - (d —es; —ps,) ]},
te (nT,(n+1)T ], B, y(0") = P/{1 —exp - (d - e&] —us,) ]} o

M EECEBRRT A, V() < V(1) < 9y* (1), Me,>0 0, y* (1) >V (), LA, lim V(1) =
Vi (t) a.s. o WFEE,

Wit1 WHERP>P = (r-0/2)dT/b8 T < T" =bP/[(r-0°/2)d] B o® > (67)* =
2(r = bP/(dT)) , WIFEHURLA AR (0,V" (1)) 2R, B 2490 2 09 Bl & KT M P~ 5
ko EIA/ N T T SRR T (o7 )2 B, 3 R AP e AR

SR b, WAV AT R, FIRA S SRR R, WREAGE, EOVEY
Z W FERIE LIRS SA —EAME, T2 FH e A —E 2L PG, RA Y E K EEY T
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MERE NG, AWMCREGE, KL, THEERSE (4) MERAME,
ETE3 WERZE (4) Wi r-o>2 -b fTV* ()di/T =0, lim supflS(T)dT/t <(r-oc*/2 -

f:V* ()de/T)/ (/K +aV™ (0")) . R, XMr-0?/2 -b f:V (t)de/T = 0}, S(¢) JEAR P HrEE
AP

HERR  dS(¢) =S(0) (r=rS(t)/K=aV™(0*)S(t) =6V (¢t))dt +oS(t)dB(t) . ZETIIHKFR
de(t) = o(t)(r—re(t)/K —aV* (0" )e(t) —=bV"(t))dt + cp(t)dB(t),t # nT, FIF Tto A5,
®(0) =54,
F:din @(1) = (dp)/@ - (de)*/(2¢*) = [r - re(1)/K—-aV" (0")@(1) —=bV" (1) -0*/2]dt + 0dB(1),

%1 0 B ¢ BUMEBEL e, 1 [n(e(0)/9(0) 1/t = r—a*/2 b [ V' (£)dr/t = (/K +aV" (07))

t t T
[ e(mydr/t+oB() /1. B lim [ V' (2)de/e = [ V(0 d/T, FIEL, # Ve, >0, 37,50, KT,

0 t—+oJ 0

T 3 T
i, [ V() de/T -6, < [V (n)de/T< [V (r)de/T + &, o W, Tim inflIn(e(1)/(0)) 1/t = 1 -
0 0 0 —+%
T t
/2 = b V' (r)dr/T + &, = (/K +aV" (0)) [ @(r)dr/e + oB(0)/t . lim inflIn(e(1)/¢(0)) 1/t <
0 0 t— 4+
T . . t T
r=0?/2 = b VI (r)de/T + e, - (/K +aV" (0°) [ @(r)de/t + oB(1) /1. Yir-o*/2-b [ V' (0)du/
0 0 0
t T
T 200, H e, WIERLE, lim [ o(r)dr/T = (r = 0®/2 = b[ V' ()d/T )/ (/K +aV" (0%)) . T,
t—+xd 0
t T . T

lim sup| S(r)dr/t < (r=0®/2 =b] V' ()d/T )/ (/K +aV" (0%)) o %r-o/2 b [ V' (1)d/T =

=+ g 0 0
01, lim sup| S(7)dr/e = 0, B S(o) AFHISEEALE, iEHE,

t—+® 0

3 BEE

YRS (4) HATEEER, AP =1.5,T=1.524 ,r=1.6 , K=2,a=0.2,b=0.8,u =
0.5,d=0.7, WMo =0.975, Fl1"H.:0 =0.98 >0" =0.975, HE2 5, S(t) K4, V(1) &

~35¢ 2.0¢
=1
£ 1.8+
g 3.0f Lol
(=9 * .
25 / 1.4}
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220} L2
é s vy 1.0
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Fig.1 The solution of system(4) for initial value Fig.2 The series plots of S(t),which is the solution
(1.3,0) and the time series plots of V *(1)(c=0.98) of system (4) for initial value (1.3, 0) (c=0)

http : //xuebaobangong. jmu. edu. cn/zkb



555 XIEAE, 45 JEUIRKh SR 7 O BEHL 3 HLif PR - 393 -

JasI B Ve (e) ; W2.o0=0<0" =0.975,S(¢) FrEe0E, MR K2 o, YRR
KA, A S(e) EHPHE T KL, 072405 5m RN, S(e) xRS /D, I SHeal i Ar

4 it

L LA To A TIEI 7RG ARG A FE, IF28 T % U e JE A i s 1y
FREUEARI T S o H RS SRR AR P 0, 240 38R 8 e B (T, ML R G % K
2 R LIASER 1 RS ], T G A R A

[ &% Xk ]

[1] BF. —ZEHAANRBRK b FE SOA SUBRARI AT, k. TR, 2013 1.

(2] BEE, W=7h FA0a PG YU MBUE DGR, R, JOERIT R, 2009: 18-31.

[3] LIU B, ZHANG Y J, CHEN LS. The dynamical behaviors of a Lotka-Volterra predator-prey model concerning integrated
pest management. Nonlinear Analysis: Real World Applications, 2005, 6(2) : 227-243. DOI:10. 1016/j. nonrwa. 2004.
08.001.

[4] TANGSY, TANG G Y, CHEKE R A. Optimum timing for integrated pest management: modelling rates of pesticide ap-
plication and natural enemy releases. Journal of Theoretical Biology, 2010, 264(2) . 623-638. DOI: 10. 1016/j. jtbi.
2010.02.034.

[5] LIU B, ZHANG Y J, CHEN LS. Dynamic complexities of a Holling I predator-prey model concerning periodic hiological
and chemical control. Chaos Solitons Fractals, 2004, 22(1) . 123-134. DOI.10. 1016/j. chaos. 2003. 12. 060.

[6] ZHOUM Z, SUN X L, SUN X C, et al. Horizontal and vertical transmission of wild-type and recombinant Helicoverpa
armigera single-nucleocapsid nucleopolyhedrovirus. Journal of Invertebrate Pathology, 2005, 89. 165-175.

[7] VASCONCELOS SD, CORY JS, WILSON K R, et al. Modified behavior in baculovirus-infected lepidopteran larvae and
its impact on the spatial distribution of inoculum. Biological Control, 1996, 7(3) : 299-306. DOI.10. 1006/bcon. 1996.
0098.

[8] YOUNG S Y. Transmission of nuclear polyhedrosis virus prior to death of infected loblolly pine sawfy, Neodiprion taedae
linearis Ross, on loblolly pine. Journal of Entomological Science, 1998, 33 1-5.

[9] ZHU Y, WANG K. Existence and global attractivity of positive periodic solutions for a predator-prey model with modified
Leslie-Gower Holling-type II schemes. Journal of Mathematical Analysis Applications, 2011, 384(2) . 400-408.

[10] LIU M, WANG K. Persistence and extinction in stochastic non-autonomous logistic systems. Journal of Mathematical

Analysis and Applications, 2011, 375(2) ; 443-457. DOI.10. 1016/j. jmaa. 2010. 09. 058.

[11] SONG X Y, XIANG Z Y. The prey-dependent consumption two-prey one-predator models with stage structure for the
predator and impulsive effects. Journal of Theoretical Biology, 2006, 242(242) ; 683-698. DOI.10. 1016/j. jtbi. 2006.
05.002.

[12] LIU M, WANG K. On a stochastic logistic equation with impulsive perturbations. Computers and Mathematics with Ap-
plications, 2012, 63(5) : 871-886. DOI;10.1016/j. camwa. 2011. 11. 003.

[13] vl BEHVEPECEARR, Joat. Bglibt, 2010: 166.

(BEBE DEE HYER HRE)

http : //xuebaobangong. jmu. edu. cn/zkb





