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Influence of incubation and inoculation temperatures on the epizootic of

Spodoptera exigua nuclear polyhedrosis virus
JIANG Jie-Xian, WANG Dong-Sheng ,ZENG Ai-Ping,]JI Xiang-Yun,LIU Jin-Jun™  (Shanghai Key Laboratory of

Protected Horticultural Technology; Research Institute of Plant Protection, Shanghai Academy of Agricultural Sciences, Shanghai 201106,
China). Acta Ecologica Sinica2004,24(8) :1724~1730.
Abstract: Spodoptera exigua is one of the most important pests of vegetable plants grown in China, feeding mainly on the

foliage and damaging the fruits. It was reported that the parasitoids and a nuclear polyhedrosis virus had a notable impact on

the larvae of Spodoptera exigua the virus is the most effective mortality factor. Epizootics in natural populations usually
occurred and the temperature was one of the most important environmental factors affecting epizootics. In this paper, based on
the systematic observation of temperature impacted on the early 3rd-instar host larvae in laboratory, the relationship between
the virus epizootics and the temperature was studied, and several mathematical models were conducted. These results can be
favorable to epizootology and field application of the virus.

In our experiments, S. exigua nuclear polyhedrosis virus was obtained from Shanghai., China, and the isolation was
proved to be specific for beet armworm (BA). The larvae of BA used in the experiments were collected in Shanghai greenhouse
and isolated in our laboratory. The standard procedures were used as precaution against contaminating microorganisms during
the experiments. The seven constant temperatures (18, 20, 23, 26, 29, 32, 35 C) were designed, the host larvae reared at a
relative humidity of 85% and light of L : D 12 : 12. The experiments were repeated for 4 times, and 30~40 larvae of BA were

treated each time.

The results showed that (1) the virus-infected larvae started death mostly on 2~ 3d after pests inoculation, and reached
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peak on 4~5d when the early 3rd-instar larvae were treated with the virus concentration of 1. 32X 10° PIBs/mL and incubated
at the constant temperature from 20 C to 35 C. Between the temperature range of 20~29 C, it was found that mortality and
death velocity of virus-infected host larvae increased, the disease death duration of host larvae obviously shorten, and the time
at that point larval mortality and diseased prevalence started and peaked was correspondingly advanced accompanied with the
increased incubation and inoculation temperature. The virus caused a mortality rate of 43.3% of the host larvae at 18C,
90. 6% at 29 C ,but 56.2% at 32 C, which indicated the virus had a restricted thermal temperature. Based on the model (Y=
—322.7362T+31. 4028 —0.5968T*,R=0. 9146, df =2, F=10.23, P=0.0267), the relationship between the infected larvae
mortality and temperature. the restricted thermal temperature was estimated to be 26. 3 C. (2) The model describing the
relationship between the mean lethal rate V (T) of nuclear polyhedrosis virus to the S. exigua larvae and inoculation.
Incubation temperature (7') was drawn as follows:

0(25 CHT /298 * exp[AH S /R(T /298 — 1/T)]
1+ eXP[AHH/R(l/Tuzu - 1/T)]

Of which, R is 8.314]/(K « mol). and p(25C),AH} ,All; are unknown parameters. The model can well fit to describe

V(T =

the relationship between mean lethal rate to SeNPV of its host larvae and the temperature. Otherwise, some observed data
were also well simulated by Stinner model. (3) The Time-dosage-mortality model (¢;;=1—exp[ —exp (7,4 Blogc(d:)) ], of
which. ¢;; is the conditional mortality on the i day.”;,8 is unknown parameters, d;is the functionary intensity of temperature
under the virus-infected larvae on the 7 day ) can well fit to simulate the daily distribution of disease death time of host larvae
from 1 to 8d after inoculation at the temperature of 20~30 C. Hosmer-Lemoshow test showed that the theoretic values well
fitted to the observed data, and z-test indicated that the parameters of the model reached a significant level. Based on the TDM
model and under the constant temperature of 20, 23, 26, 29 C ,the LT;, was estimated to be 5. 725, 4. 394, 3. 746 and 3. 286d,
respectively. And the LT, to be 4. 999, 3.762d at 26, 29 C, respectively. (4) The cumulative diseased death time distribution
could be described by S-type models (Gompertz, Logistic, Weibull). And,the stimulated result of Logistic model was better
than those of Gompertz and Weibull models in terms of the nonlinear remainder sum of squares (Q values). All these models
can be applied to virus epizootics forecast.

Key words: Spodoptera exigua; nuclear polydedrosis virus; disease epizootic; distribution of disease time; time-dosages-

mortality model; nonlinear model; Temperature
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Table 1 Mortality, incubation period., and mean lethal time of Spodoptera exigua NPV to its host larvae inoculated with SeNPV suspension(1. 32

%105 PIBs/ml.) and incubated at varied temperature

[q(ep) () CZP) + (d)
Temperature Incubation period Revised mortality Mean lethal time-+ Se
18 8 43.33 11. 0000+ 1. 9200a
20 4 72.22 5.698041.4910b
23 3 86. 67 4.771040. 9214bc
26 3 90. 00 4.37044+0.9667¢
29 2 90. 63 3.241440. 6356d
32 2 56.25 3.219640. 8782d
35 2 53.13 3.352140.9963d
* 0. 05 Means within a column followed by the same letter are not signifcantly

different (P<C0. 05,Duncan’s multiple range test)
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Table 2 Regression models for the relationship between diseased death rate and temperatures,and the statistic test for models

Residual sum

Models Model coefficients t values P values F values P values
of squares Q
Stinner C=0.3161 12.1106 0. 0003 29. 8471 0. 0039 0. 0025
K,=5.4011 3.1874 0. 0333
Ky;=—0.2645 3.0236 0. 0390
Schoolfild 0(25C)=0. 3488 0.9323 0.4199 15.9195 0. 0240 0. 0024
AHZ =101381. 4035 1.1247 0. 3425
AHp=154458. 4288 3.5446 0.0382
T1/o1=301. 8525 20. 1495 0. 0003
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Table 3 Parameters estimated from the modeling of time-dosage-mortality of SeNPV
t
Parameters Coefficients Standard error t values p values
B 9.9972 2.1448 4.6610 0. 0002
7 —17. 6819 3.1472 5.6183 0. 0000
7y —15. 3868 3.0622 5.0247 0. 0000
Vs —14. 7556 3. 0059 4. 9089 0. 0000
74 —14.1804 2.9670 4. 7794 0. 0001
75 —14. 8883 2.9789 4.9979 0. 0000
Vs —15. 3612 2.9743 5.1646 0. 0000
7 —16.6770 3.1353 5.3192 0. 0000
Person Chi-square 44. 4322>X? 05=232. 6710
Howmer-Lemeshow Statistic value 6. 6450<Xi' 05 =15.507
2.3 LTsy LT
4 TDM L’I‘ao L’I‘s)o o 20’\“29 (7 ’ N )
LTy o

2.4
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y Table 4 LTsyand LT, values estimated by the TDM model at different
constant incubation temperatures
’ ’ e Temperature( C)
: Lethal time
@ 20 23 26 29
. LTs, 5.7253 4.3943 3.7458 3. 2856
LTy - — 4. 9985 3.7623
Cc>1), ) <1,
. . Logistic
b b o
5

Gompertz Logistic and Weibull for the relationship between the diseased death time

Gompertz Logistic Weibull
Incubted temp. Gompertz model Logistic Model Weibull Model
(O K 8 % Q K a A Q b ¢ Q
18 0. 6009 3.7636 0. 3534 0.0012 0. 4800 8.0992 —0.7415 0.0014 16. 7548 3.3040 0.0149
20 0. 6582 3.6102 0. 7984 0.0032 0.6322 6. 2895 —1. 2581 0.0065 8. 0337 2.2340 0.0324
23 0.9182 5.9598 1.4727 0. 0040 0.9000 9. 0410 —2.0951 0. 0004 4. 8887 4.6972 0.0382
26 0.9228 3. 8025 1. 0905 0.0074 0. 9090 6. 5664 —1. 6826 0. 0039 4.5344 3.6279 0.0339
29 0. 9150 4.5206 1. 8155 0.0033 0.9063 27.2704  —13.9562 0. 0000 3.1334 4.3572 0.0478
32 0. 5696 3. 0640 1. 2951 0.0016 0.5653 5.2611 —1.9261 0. 0008 8.2823 0.9495 0.0711
35 0.5471 2.4567 0.9920 0.0141 0. 5402 4.7221 —1.5924 0.0102 9.2264 0.9653 0.0634
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Fig. 3 Distribution of cumulative diseased time of larvae of S. exigua infected by SeNPV at temperatures of 18~35 C
6 F
Table 6 F test for the model of the relationship between the diseased death time distribution and incubation temperatures
Gompertz Model Logistic Model Weibull Model
Incubation temp. F F F
[Q o) F values P values F values P values F values P values
18 1533. 991 0. 0000 1324. 709 0. 0000 362. 906 0. 0000
20 582. 882 0. 0000 281.759 0. 0000 126. 555 0. 0000
23 526. 337 0. 0000 11290. 575 0. 0000 248.176 0. 0000
26 520. 210 0. 0000 973. 864 0. 0000 258. 371 0. 0000
29 1020. 971 0. 0000 6465. 624 0. 0000 157. 283 0. 0000
32 713.224 0. 0000 1349. 981 0. 0010 30.71 0. 0000
35 71.813 0. 0006 99. 000 0. 0021 31. 444 0. 0001
b 9’
s, .Robertson ¥ (Complementary
log-log model, - - ) s L1l
o TDM s ’
(s, TDM s
s 8d s TDM
s o 192335°C 11d
( ) TDM NPV, NPV- o
References:
[ 1] Alvarado-Rodriguez B, Rodriguez B. Parasites and disease associated with larvae of beet armyworm Spodoptera exigua (Lepidoptera:
Noctuidae) . infesting processing tomatoes in Sinaloa, Mexico. Florida Entomologist, 1987, 70(4): 444~449.
[ 2] Caballero P, Aldebis H, Vargas-Osuna E. Epizootics caused by a nuclear polyhedrosis virus in populations of Spodoptera exigua in
southern Spain. Biocontrol Science and Technology. 1992, 2(1): 35~38.
[ 3] Gelernter W D, Federici B A. Isolation, identification, and detemination of virulence of a nuclear polyhedrosis virus from the beet
armyworm, Spodoptera exigua (Lepidoptera: Noctuidae). Environmental Entomology, 1986,15(2): 240~245.
[4] YeG Y.Hu C.Effect of three main environmental factors on virulence of NPV from tea geometrid. Chinese journal of applied ecology,
1991,2(3):269~274.
[ 5] Ignoffo C M. Effects of temperature on mortality of Heliothis zea larvae exposed to sublethal doses of a nuclear polyhedrosis virus. J.
Inertebr. Pathol. ,1966, 8:290~292.
[ 6] Johnson DW,Boucias C S, Allen G E. A Temperature dependent development model for a nucleopolyhedrosis virus of the velvetbean

caterpillar, Anticarsia gemmatalis (Lepidoptera:Noctuidae). J. Inertebr. Pathol. ,1982,40:292~298.



1730 24

(7]

[8]

[9]
L10]
[11]

[12]

[13]
[14]

[4]
[8]
[10]
[12]

Schoolfield P M, Sharp P J, Magnuson C E. Non-linear regression of biological temperature dependent rate models based on absolute
reaction-rate theory. J. Theor. Biol. ,1981.88:719~731.

Feng M G. The time-dosage-mortality modeling techineque in replacing conventional probit analysis. Entomol. Knowledge, 1998,35(4)
233~237.

Ratkowsky D A. Nonlinear Regression Modeling : A Unified Practical Approach. Marcel Dekker Press, 1983. 51~52.

Tang Q Y,Feng M G. Practical Statistical Analysis and Computer Processing Platform. Beijing :Chinese Agricultural Press, 1997.
Kobayashi M, Inagaki S. Kawase S. Effect of high temperature on the development of nuclear polyhedrosis virus in the silkworm,
Bombyx mori. J. Inertebr. Pathol. ,1981,38:386~394.

Feng M G, Li H P. Development of Zoophthora anhuiensis induced epizootic in Myzus persicae colonies and an analytical model to describe
its trend. Acta Ecologica Sinica, 2001, 21(10):1607~1612.

Robertson J L, Preisler H K. Pesticide Bioassays with Arthropods. CRC Press, Boca Raton, 1992.

Nowierski R M, Zeng Z. Jaronski S, et al. Analysis and modeling of time-dose-mortality of Melanoplus sanguinipes. Locusta migratoria
migratorioides, and Schistocerca gregaria ( Othoptera: Acrididae ) from Beauveria, Metarhizium, and Pecilomyces isolates from

Madagascar. J. Invertebr. Pathol. s 1996,67:236~252.

, . . ,1991,2(3):269~274.
- - . ,1998,35(4):233~237.

s . . : ,1997.

s . . ,2001,21(10):1607~1612.



