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Abstract

Densovirus (HaDNV-1) is a mutualistic symbiont of Helicoverpa armigera, and the infected females
occupy advantage in vertical transmission. A model of species competition was posed to under-
stand the influence of HaDNV-1. When the damage of HaDNV-1 is neglected, the stability of equili-
bria was analysed and a conclusion was drawn that the infected is dominant in Helicoverpa armi-
gera population. Considering the harm of HaDNV-1, the model was modified by raising the mortal-
ity of the infected adult and larva respectively to indicate the cost; thereby the mortality was eva-
luated to lead to the infected pests extinct.
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Table 1. The vertical transmission of HaDNV-1
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% 8 HaDNV/-L [ i 7E K% th 0T L, s R % Eh R L P T80 (TR ol s
TN T &(e>0), WARLERI)EN

dx ax+a,y
—=x|+—==-k -d, ¢,
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(4.1)
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a,-d, -k, X, <0=0<e< kl[ai;dl—LdzJ
kl k2

4L () Fita,—d,>0. %k(k—dk—dJ W E, (0, yi0) AR MR 10
1 2

(i) Bikka -d-e>0. FHe< kl[alk;dl—%k;dzj , T E, Ry, 0) A2 R EBHT I B H o
FHVHE IE P S AAE AR e . BT REEL)HHIE P S IE, WG
k (a;—d,)—k,(a,—d; —¢) .
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ge[kl(ai_dl _as_dzj,kl(az_dl _a4_d2J]
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(4.3)

X(t—7)+a,y(t—7
% ; 3l )e"’”—kzy(xw)—dzy

AT AGEEDTE (0,0) AL FFEE X, IR (0,0) LT . %85 AT ARG AI) T4 .
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T (0,0), G (0,yy,) G, (Xy,0) M4 ke .
B3 4.1[13]: BENIE
du(t)
dt
ik a,b,c Mz B9k T 0 w4, WA

() mHa>b, m”!L’I‘c”(t):aT_b;

=au(t-r)-bu(t)-cu®(t),u(t)>0,-r<t<0

(i) mHfa<b, Ul'J!imu(t):O .

45 () Biae™ >d,. #Hae™ <d, NG(0y,) & RlirfE:
(i) B ae™ >d . #a,e™ <d,, M G,(xy,0) 4 RH#iLfE:

(i) #7a,e™ <d, fa,e™™ <d,, W (0,0)4 R#iLfE.

B 4
dL;Et) —a,eu(t-7)—du(t)—ku?(t),u(t) >0
Bae ™ <d i, HSE@DHL >0 i, u(t) >0, T
&< x(1-7)-dx(0) - (1),

Wt 2B RINA x<u. &t >0, x—>0. WAL HERSGHIR,

d e
Y aety(t-1)-dy(t)-ky* (t)

()



Mriblgg, 850

a,e " —d, w
St BB Kt w . H(xY) > G (0ys)

2

Ma,e ™ >d, i, HEHEAD Mt > o i, Yy

(i) R0 (i) [FIRE F 51 B (4.1) 7] LAIEAS:, SRR,
EH 45 A)FRH, 2 HaDNV-1 [ & 5 4 15 B YL M 8 HUR IE & 82t 19 %) B8 17 23 2

d, >1Inﬁ> !

—In:—“>d4 I, AR dUMP RS HaDNV-1 MR LU 2 R, RS RG22 i

r d, 7 d,
KK,

5. BE51HR

AL FZEWT TR B HaDNV-1 FERT B SRR s AR R BT T o 7558 17 AR T i £ HURTIE A% TR
MAEKKE, FHEREAE AR R RS, B SR BRSSP B, 58 T R ERE TRl
TR 56 A R A (A AE PR R R B AGUE 1, 19 B AL % IAE e b IR B 04518, SIS 4h 2R
FFF G o 58 = AR LA I B AR 4% BB Y HaDNV-1 LU B4 T %, %5 8 th T HaDNV-1 7EAE 4% 1
A TAUE X 2R faH, ML T fE IS A 8 HR ER AN Sl U SR TSI A A,
PR T AR AR B tR B B A R 2 KA IR R BB TR R A BB T AT o (H A R G TG R Y
RA PP RGN R SE(4.3)H, B ERA S HIE T SRR E 2. BhAh, BTG HaDNV-1 (IR &
R RN A B b I R PR, B R RS B A8 R PR T B IR A B SRR, DRI AT DA R 4
(4.3)5 FEPRANINI 40 3l 2R IR A 4% R TE 8 R 8 PR et ), PO — 2B (e

ST H
ASCAF R E K B AR R4 (11371107) 58 F 0 H L 2 3E42(20124410110001) B2 Bly,  7F LR 7 B !

S E3Hk (References)

[11 AEE, EEM XOCF, % MR RERSRRBRERT A T ERILS S, 2000, 21(4): 38-43.

[21 i, SRR e SO ST FT[D]: [0S0, frog: bl oRey, 2014,

[3] gk, iRiahs, RTUL, & ETAMRSHEIIME ROMREEISPT T[] B 324k, 2005, 48(4): 568-575.

[4] 7R, skEFEk, ROCE. TLIRXES 5 AR RATHES) SRR A TN D]. B dL2# 4, 2002, 45(4): 465-470.

[51 Xu, P., Liu, Y., Graham, R.l., et al. (2014) Densovirus Is a Mutualistic Symbiont of a Global Crop Pest (Helicoverpa
armigera) and Protects against a Baculovirus and Bt Biopesticide. PLoS Pathogens, 10, €1004490.
http://dx.doi.org/10.1371/journal.ppat.1004490

[6] ANEEM. o E R R 5 R IR B R e A= 7 2 [EB/OL].
http://news.xinhuanet.com/politics/2014-11/03/c_127173112.htm, 2014-11-03.

[71 Georgievska, L., De Vries, R.S., Gao, P., et al. (2010) Transmission of Wild-Type and Recombinant HaSNPV among
Larvae of Helicoverpa armigera (Lepidoptera: Noctuidae) on Cotton. Environmental Entomology, 39, 459-467.
http://dx.doi.org/10.1603/EN09183

[8] Sun, X., Chen, X., Zhang, Z., et al. (2002) Bolloworm Responses to Release of Genetically Modefied Helicover armi-
gera Nucleopolyhedroviruses in Cotton. Journal of Invertebrate Pathology, 81, 63-69.
http://dx.doi.org/10.1016/S0022-2011(02)00144-1

[91 Zhou, M., Sun, X.L., Sun, X.C,, et al. (2005) Horizontal and Vertical Transmission of Wild-Type and Recombinant
Helicoverpa armigera Single-Nucleocapsid Nucleopolyhedrovirus. Journal of Invertebrate Pathology, 89, 165-175.
http://dx.doi.org/10.1016/}.jip.2005.03.005

[10] Sun, X., van der Werf, W., Bianchi, J.J.A,, et al. (2006) Modeling Biological Control with Wild-Type and Genetically
Modified Baculoviruses in the Helicoverpa armigera-Cotton System. Ecological Modelling, 198, 387-398.
http://dx.doi.org/10.1016/j.ecolmodel.2006.05.011

[11] Li, J. (2008) Differential Equations Models for Interacting Wild and Transgenic Mosquito Populations. Journal of Bi-
ological Dynamics, 2, 241-258. http://dx.doi.org/10.1080/17513750701779633

)



http://dx.doi.org/10.1371/journal.ppat.1004490
http://news.xinhuanet.com/politics/2014-11/03/c_127173112.htm
http://dx.doi.org/10.1603/EN09183
http://dx.doi.org/10.1016/S0022-2011(02)00144-1
http://dx.doi.org/10.1016/j.jip.2005.03.005
http://dx.doi.org/10.1016/j.ecolmodel.2006.05.011
http://dx.doi.org/10.1080/17513750701779633

Mrilez, 850

[12] Smith, H. (2010) An Introduction to Delay Differential Equations with Applications to the Life Sciences. Texts in Ap-
plied Mathematics, Vol. 57. Springer, New York.

[13] Liu, S. and Chen, L. (2002) Extinction in Competition and Permanence in Competitive Stage-Structure System with
Time Delay. Journal of Mathematical Analysis & Applications, 51, 1347-1361.



	Modeling the Transmission of Densovirus (HaDNV-1) in the Helicoverpa armigera Population
	Abstract
	Keywords
	浓核病毒HaDNV-1在棉铃虫种群中传播的数学模型
	摘  要
	关键词
	1. 引言
	2. 基础模型
	3. 系统(2.3)平衡点的稳定性
	4. 考虑HaDNV-1危害的模型
	5. 总结与讨论
	基金项目
	参考文献 (References)

