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ABSTRACT

The population response of Heliothis armigera larvae to nuclear polyhedrosis virus
(NPV) was investigated. The virus was introduced by permitting the larvae to feed on let-
tuce leaves. Median lethal doses (LDs)) were determined. The estimated LDs, values for
the first, second, third, early, and late fourth larval instars were 5, 141, 1226, 5168 and
24553 polyhedra per larva respectively. In the fifth larval instar a degree of maturation
resistance against virus infection was observed. An inverse relationship between mortality
and larval weight was detected. Expressing the results in terms of LDs,, mg of the larval
weight eliminated the observed variation in the susceptibility of larvae. The estimated
LDs, values for each of the larval instar groups were used to predict the response of the
larval population to virus infection. This procedure provided a sound determination of
the response pattern, from which 96% of the variation in the larval susceptibility could be

described in terms of the log larval weight.
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INTRODUCTION

The lepidopteran Heliothis armigera
(Hubner) is one of the world’s most harmful
pests and has developed widespread severe
resistance to chemical insecticides [1]. In-
creasing awareness of environmental con-
tamination and widespread pest resistance
problems pose a severe threat to any man-
agement program based on the conventional
synthetic insecticides. These pressures are
making alternative control agents such as
nuclear polyhedrosis virus (NPV) more at-
tractive in the integrated pest management
systems [13, 17]. The NPV is an important
biological control agent for Heliothis species
and has been successful in a number of cases
[4, 5, 19, 21]. In theory a virus particle may
be capable of infecting an insect host [3]. In
practice, however, the probability of infec-
tion of the insect host increases with increas-
ing the virus dose, and varies with the genet-

ics of pathogen, type of host, and the envi-
ronmental conditions [7, 17].

Several authors have reported the decrease
in susceptibility to virus infection among
older larvae of different insects and the
magnitude of these differences is noticeable
[5, 7, 12]. Crowding, host plant differences,
and temperature are considered to affect the
susceptibility of host larvae to infection [17,
20]. However, the effect of any of these fac-
tors was negligible as compared with
changes of weight occurring during larval
growth [8, 11]. For instance the LDs, value
of the 4th instar Malacasoma neustiria lar-
vae when expressed in terms of the poly-
hedra/mg larval weight was twice of that for
the 3rd instar larvae, but related to age the
LDs, values were, 12320 and 1405 poly-
hedra/larvae respectively [12]. Similar re-
sults have been reported for two other lepi-
dopteran species [2]. Obviously changes in
the susceptibility of H. armigera larvae to
NPV infection during growth period could
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be an important factor of variation in the
interactions between virus and larvae under
field conditions. The larval weight at the
time of infection could be the most critical
factor in detemining subsequent mortality
[18, 20]. Therefore, a thorough knowledge
of the effect of the weight on the susceptibil-
ity to NPV infection at population level
would be necessary. However, great caution
should be applied before the results of labo-
ratory investigations are extrapolated to field
conditions because of the biotic and abiotic
variability between the two systems [14].

It is reported that dose mortality response
of the larvae to virus is a function of the
concentration of the virus spray ‘[5, 18]. In
practice the cost of the dissemination of
higher dose virus may not be warranted if
natural population of larvae is not reduced
proportionately. Hence, dose mortality stud-
ies with larval population, which is com-
posed of individuals of varying in age,
weight and developmental stage, is neces-
sary before the virus is to be considered for
wide scale use.

Little has been reported on the susceptibil-
ity of larvae at population level. Therefore
on the basis of population toxicology, the
present study, was undertaken to evaluate
the magnitude of the larval susceptibility
variation at population level. To predict re-
sponses likely to occur in a natural popula-
tion and to express the results in terms of
applicable to field conditions, a suitable ap-
proach must be employed [14].

MATERIALS AND METHODS

Rearing techniques: A stock culture of H.
armigera was established from 185 larvae
collected at Nazlou field, Urmia University
in 1997. The rearing of H. armigera was
based on the group rearing method [9]. The
culture had been reared for two generations
before bioassay studies were initiated. Eggs
were stored at 7+2°C and incubated at room
temperature when required.The larvae were
separated into different instar groups by
splitting the eggs from each female into 4
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approximately equal batches. The incubation
of each egg batch was then begun 4 days
apart. Due to influence of weight on suscep-
tibility, in selection of the larvae, emphasis
was made on the weight of the larvae rather
than the age, hence, the different weight
groups could be categoriezed.

Weighing of larvae: The first instar larvae
were handled with a suction device. Large
larvae were handled with a fine brush and
watch maker forceps. The larvae heavier
than 1 mg were weighed on a Mettler bal-
ance (Type H31) with nominal accuracy of +
0.1 mg. For those lighter than 1 mg, larval
weight was estimated by an average of 600
larvae.

Larval instars: Larval instars were deter-
mined by measuring head capsule width
with using a calibrated ocular micrometer in
a binocular dissecting microscope. The
mean and range of head capsule width were
determined for each of the instar groups.

Feeding chambers: Two sheets of white
plastic(5 mm thick and 5 cm x 15 cm) were
pressed tightly together, fixed by fusing the
edges with a hot needle and perforated by a
series of holes drilled right through both
sheets. Each hole was about 3/4 of the aver-
age leaf area consumed in 24 hours by a
given instar. The size of the holes varied for
each larval instar. This was determined by a
series of preliminary experiments. The di-
ameter of the holes was 4, 5, 10, 15 and
30mm for 1st, 2nd, 3rd, 4th and 5th larval
instars respectively. Leaf diaphragms were
formed by cutting leaf strips from a young
lettuce (Lactuca sativa. L) leaf and placing
them between the two plastic sheets. Lettuce
leaves were easily maintained in turgid con-
dition for the period of the larval feeding.
The larvae were confined to the plastic
sheets by using a plastic cling wrap.

Virus origin: All nuclear polyhedrosis vi-
rus used in these experiments originated
from one stock isolate. This was obtained
from Mamestrin (MbNPV) which was pas-
saged three times using laboratory reared H.
armigera larvae. All infected larvae were
individually reared on the semi-artificial
diet. The dead larvae were diagnosed by mi-
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croscopic examination of the stained hemo-
lymph of larvae. The NPV infected larvae
were pooled and frozen at about -20°C in
several aliquots of 5 ml of distilled water. To
provide the stock suspension of virus, the
virus infected larvae were crashed with a
glass rod in a 50 ml glass tube containing 5
ml of distilled water, and allowed to deterio-
rate at room temperature. After 6 days the
resultant material was blended and siphoned
out from the tube with a pipet through cotton
wool. The process provided a crude suspen-
sion of virus of high but unknown concen-
tration. The concentration of the stock sus-
pension was estimated by counting of poly-
hedra using a hemacytometer and a phase-
contrast microscpe. The concentration of the
polyhedra in the stock suspension was 3.16
x 10® polyhedra/ml. Stock suspension was
stored at about -5°C for immediate bioas-
says.

Application of virus doses: An Oxford mi-
crodispenser was used to dispense different
test doses. For the 1st, 2nd, 3rd, 4th and 5th
larval instars the appropriate dose was dis-
pensed in 2 ul of the suspension on the cen-
ter of the leaf diaphragm after assembling
the feeding chamber. A control group was
made available for all the experiments, for
which 2ul of sterile distilled water was dis-
pensed over the leaf.

Dose ranges for each instar group: The
various polyhedra inclusion body (PIB) con-
centrations were made from a crude water
suspension of virus containing 3.16 x 10°
PIBs/ml. Preliminary bioassays indicated
that the appropriate number of polyhedra
required to infect half of the larval popula-
tion (LDsyg) was in the range of 40 to 350
polyhedra/mg for the test insects excepting
the Sth instar. The early fifth instar larvae
(115+ 10.2 mg) showed a degree of resis-
tance to virus infection despite the ingestion
of up to 5.5x10" polyhedra/larvae. Using
these values as a guide, a series of logarith-
mic dilutions of the stock suspension was
made, so that two doses were above the es-
timated LDs, and two below it. Each treat-
ment consisted of 15 larvae. Experiments
were replicated three times in three different
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days. The sterile distilled water treated con-
trol group was included in all bioassays.

Larval feeding: Following the application
of the dose and assembly to the 1st, 2nd,
3rd, 4th and 5th instar larvae, the plastic
sheets were completely wrapped in plastic
cling film. A slit was made on the film
above each hole and larvae were inserted
through into the chamber below. When all
larvae were positioned, the entire assembly
was covered with a second layer of cling
film with its two sides tightly wrapped to-
gether. After infection, all the test larvae
were kept at 27+2°C under rearing condi-
tions. In all of the different age groups, only
larvae which had consumed the entire leaf
diaphragm within 24 hours were removed
and reared individually on the semi-artificial
diet. Those larvae which did not consume
the exposed leaf surface within 24 hours or
died within the first 24 hours on the semi-
artificial diet were excluded from the final
results. Mortality was recorded daily, and
the experiment continued until all larvae had
either died or pupated. All dead larvae were
smeared, stained and examined microscopi-
cally for the possible presence of the poly-
hedra.

Statistical analysis: The quantal response
analysis was based on the presence or ab-
sence of the polyhedra rather than the larval
mortality. It is considered that the response
is obviously attributable to the virus inocu-
lum across all larval instars. Data were ana-
lysed using the probit method [14].

RESULTS

The head capsule width data are presented
in Tablel. The results of the ratio indicate
that the determination of larval instar is pos-
sible using head capsule width measure-
ments. The relationship between head cap-
sule width and larval instar could be ap-
proximated by the equation:

Y=exp(-1.75+0.46X); R* = 0.99: (1) in
which Y is mean head capsule width and X
is larval instar.
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Table 1. Head capsule width for first to penultimate H. armigera instar groups.

Instar Number Range Mean (mm) Ratio
of larvae (mm) + SEM ¢ n/n-1°
1 st 25 0.23-0.31 0.26 +£0.003
2nd 27 0.41-0.50 0.46 + 0.005 1.76
3rd 28 0.62-0.86 0.72+ 0.02 1.56
4 th 24 0.96-1.62 1.12 + 0.03 1.55
5th 25 1.57-1.97 1.75 £ 0.08 1.56

¢ Standard error of mean.

b Ratio between means of successive instars.

Table 2. Probit analysis for the mortality of different H. armigera instar groups.

Instar group Chi-square LDs, Regression equation
(number of poly-
hedra)

1 st instar 0.58¢ 5 Y =2.66+3.04X
2 nd instar 6.32¢ 141 Y=103+184X
3 rd instar 0.97¢ 1226 Y=124+121X
4 th instar 0.26¢ 5168 Y =244+0.68X
< 80 mg

4 th instar 2.12¢ 24553 Y=100+091X
< 105 mg

“ Chi-square value indicates that the line is significantly well fitted.

The susceptibility of larvae to NPV infec-
tion decreased markedly with increasing lar-
val weight. This is illustrated by the numeri-
cal results of probit analysis (Table 2). The
extent of the decreased in the susceptibility
of 5th instar larvae could not be estimated
because only 2 out of 45 larvae were in-
fected, despite the ingestion of up to
5.5X10* polyhedra/larvae. Using data in ta-
ble 3, the effect of larval body weight on
susceptibility was investigated. To achieve
this, the log LDs, dose for each instar group
was plotted against mean log larval body
weight (Fig.1). The relationship was found
to be best described by the following equa-
tion:

log Y=1.85+1.08 logX; R* = 0.96 :(2)
in which, Y is virus dose and X is mean
body weight. This equation accounts for
96% of variations in the larval susceptibility
to NPV infection expressed as a function of
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the larval weight. By expressing this result
in terms of LDs, /mg larval body weight, the
same effect can be illustrated in another way
as presented in Table (3). This latter proce-
dure eliminates the influence of the weight
on susceptibility and when plotted, results in
a line with a non-significant slope (Fig.1). It
is noted from fig. (1) that there is no signifi-
cant difference in the susceptibility of the
first four instar groups when expressing the
results in terms of the polyhedra/mg larval
weight. The data in Table 3 were used to
provide an expression for predicting larval
weight. The results indicated the relationship
between the mean weight and correspondig
instar group could be best described by the
following equation:
Y=-40.65+25.97X, R* = 0.89: (3)

where, Y is mean body weight and X the
larval instar.
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Table 3. Calculated number of polyhedra per larvae and per mg larval body
weight required to obtain an LDs, level for various H. armigera instar groups.

Instar group Mean larval weight (mg) Polyhedra
+ “SEM Per larvae Per mg body weight
1 st instar 0.07+0.01 5 834
2 nd instar 3.50+ 0.03 141 40.32
3 rd instar 16.00+ 2.20 1226 76.63
4 th instar 70.20+ 7.25 5168 73.62
< 80 mg
4 th instar 96.60+ 8.2 24553 254.17
< 105 mg

¢ Standard error of mean.
DISCUSSION

There is no reason to believe that the dose
required to produce infection should be
weight related since an infection agent could
be able to produce infection regardless of
host weight [3]. In H. armigera larvae how-
ever, there is a steady decrease in suscepti-
bility to virus with age. Even though differ-
ent doses are capable of causing infection,
however more infection occurred in case of
larvae receiving higher doses.

The rate of change in the susceptibility of
H. armigera larvae to NPV infection during
larval growth is considered to be important
in the interaction between the larvae and
virus. Hence, the susceptibility of larvae at
different stages of growth encompassing the
entire larval weight range were estimated by
bioassays. The most striking feature of these
trials were the uniform pattern of decreasing
the susceptibility to NPV infection over the
first four instars followed by a sudden ex-
pression of larval resistance in the 5th instar.
This phenomenon was encountered in a
number of studies [6, 8, 21]. However, the
techniques used in those investigations were
not appropriate enough for estimating the
effects of the larval body weight on host
susceptibility to virus infection. Either the
dose taken up by each larvae was unknown,
and/or ingested over a protracted period, or
else the weight of larval age groups was not
stated.
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To assess the effect of growth accurately,
the virus dose must be consumed over a
short period, and in amounts known for in-
dividual larvae. Larval weight and develop-
mental stage must also be recorded since
growth varies with environmental conditions
and should be compared in terms of weight
rather than age. Some researches with other
lepidopteran larvae fulfil these conditions [2,
8, 12], but only one of them used the larval
weight range as comparable with the present
study [2]. He found a fairly uniform pattern
of the weight related decrease in susceptibil-
ity with increasing age. However, in the bio-
assays of the oldest larvae (8 days, 89 mg) it
became clear that the slope of the probit line
decreases significantly. Therefore, the au-
thors concluded that the flatter slope for the
8 day old larvae may indicate maturation
resistance and this resistance develops
shortly before or during the prepupation pe-
riod.

A research with H. zea revealed a notice-
able decrease in the susceptibility of the
older larvae and a sharp decrease in the sus-
ceptibility occurred at about 1/3 of the peak
larval weight [11]. In the present study, the
mean weight and standard error of mean of
the early 5th instar H. armigera larvae (115+
10.2 mg) was found to occur at about 1/3 of
peak larval weight too. This implies that the
decrease in susceptibility occurs at the same
stage of the larval growth in both H. zea and
H. armigera. The results revealed that the
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Figure 1. Number of polyhedra/larvae and polyhedra/mg of larval weight required to produce
an LDs, response for various ages and weight of H. armigera Larvae.

slope of the fittest lines of the 4th instar lar-
vae is considerably lower than that of the
other groups (Table 2). This probably is an
indication of the heterogenity of response
and it is evident that some larvae were sus-
ceptible to low doses of virus indicating that
the pattern of the host response is likely to
vary markedly within the growth period of
each instar. Similar trend has been reported
earlier [6].

The physiological basis of the uniform de-
crease in susceptibility during the larval
growth is still unknown, however, some re-
searchers suggested that hormonal effects
may cause modification in the cell suscepti-
bility as larvae approach to moult and
metamorphosis stage [17, 20]. There is an
evidence that B ecdysone may be involved in
the variability of the response pattern [20].
Midgut pH, and host plant induced variation
in the midgut pH have strong influence on
both PIB dissolution rate and virion survival,
and on the decrease of the susceptibility of
larvae to NPV infection (10, 16). Regardless

of the exact causes of the decrease in sus-
ceptibility, NPV spraying program for H.
armigera control must be considered on the
basis of larval weight and physiological age
as for practical purposes.

Since direct laboratory studies cannot
quantify the dose encountered by larvae in
the field, variation in host susceptibility
studies due to weight must be carried out. In
the absence of specific results, equation (2)
could be used to predict the larval suscepti-
bility to NPV infection at a population level,
and to provide an insight as to what strate-
gies might maximize the NPV efficiency.

Nuclear polyhedrosis virus must be in-
gested by the larvae in order to be effective,
hence, a good coverage of the plant target is
essential. In addition, it is noted that a living
organism loses its potency when exposed to
sunlight, especially the ultraviolet compo-
nent. Therefore, repeated applications and
much higher doses would be required for the
field control of H. armigera during an entire
cropping cycle. At present NPV is produced
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by laborious methods [15, 18] and therefore,
for maximum efficiency it is essential to ap-
ply the correct amount of virus to achieve an
acceptable reduction of larval population.

The results from laboratory tests can be
extrapolated to the mortality of larvae under
field conditions by providing an appropriate
method to predict the value of treatment on
the larval population of a mixed weight. The
bioassay method, based on the larval popula-
tion response, could be used for this pur-
pose. Laboratory and field trials with mini-
mum effective application rates, effective-
ness of suitable adjuvants and mechanism of
maturation resistance remain to be investi-
gated.

REFERENCES

1. Ahmad, M., and McCaffery, A.R. 1988.
Resistance to Insecticides in a Thailand
Strain of Heliothis armigera (Hubner)
(Lepidoptera: Noctuidae). J. Eco. Entomol.,
81(1): 45-48.

2. Allen, G.E., and Ignoffo, C.M. 1969. The
Nucleopolyhedrosis of Heliothis: Quantita-
tive in Vivo Estimates of Virulence. J. Inver-
tebr pathol., 13: 378-381.

3.  Anderson, R.M. 1982. Theoretical Basis for
the Use of Pathogens as Biological Control
Agents of Pest Species. Parasital., 84: 3-33.

4. Bell, M.R. 1991. Effectiveness of Microbial
Control of Heliothis spp. Developing on
Early Season Wild Geranium: Field and
Field Cage Tests. J. Eco. Entomol., 84: 851-
854.

5. Daoust, R.A., and Roome, R.E. 1974. Bioas-
say of a Nuclear Polyhedrosis Virus and Ba-
cillus Thuringiensis Against the American
Bollworm, Heliothis armigera, in Botswana.
J. Invertebr pathol., 23: 318-324.

6. Engelhard, E.K., and Volkman, L.E. 1995.
Developmental Resistance Within Fourth In-
star Trichoplusia Ni Orally Inoculated with
Autographa californica M Nuclear Polyhe-
drosis Virus.Virol., 209: 384-389.

7. Evans, H.F. 1981. Quantitative Assessment
of the Relationship Between Dosage and Re-
sponse of the Nuclear Polyhedrosis Virus of
Mamestra Brassicae. J. Invertebr pathol.,
37: 101-109.

297

JAST

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Evans, H.F. 1983. The Influence of Larval
Maturation on Response of Mamestra Bras-
sicae L. (Lepidoptera: Noctuidae) to Nuclear
Polyhedrosis Virus Infection. Arch, Virol,
75:163-170.

Griffith, J.S.R., and Haskell, P.T. 1988. Cul-
ture of Heliothis armigera (Lepidoptera:
Noctuidae) Using Novel Group Rearing
Techniques and a Semi-artificial Diet.
TroPic. Pes. Managem., 34: 349-355.
Harpaz, 1., and Raccah, B. 1978. Nuclear
Polyhedrosis Virus of the Egyptian Cotton
Worm, Spadoptera littoralis: Temperature
and pH Relation Host Range and Synergism.
J. Inverte. Pathol.,. 32: 368-372.

Ignoffo, C.M. 1966. Effects of Age on Mor-
tality of Heliothis zea. and Heliothis wires-
cens Larvae Exposed to a Nuclear Polyhe-
drosis Virus. J. Invertebr. Pathol., 8: 279-
282.

Magnoler, A. 1975. Bioassay of Nucleo-
polyhedrosis Virus Against Larval Instars of
Malacosoma Neustria. J. Invertebr. Pathol.,
25: 343-348.

Martignoni, M.E. 1984. Baculovirus: An
Attractive  Biological  Alternative. In:
“Chemical and Biological Control in For-
estry.” (Eds): Garner W.Y., and Harvey, J.,
ACS Symp. Ser. No.238, pp. 57-67.
Robertson, J.L., and Preisler, HK. 1991.
Pesticide bioassays with arthropods. CRC
Press, London.

Shieh, T.R. 1989. Industrial Production of
Viral Pesticides. Adv. Virus Res., 36: 315-
343.

Stiles, B., and Paschke, J.D. 1980. Midgut
PH in Different Instars of Three ,Aedes
Mosquito Species and the Relation Between
PH and Susceptibility of Larvae to a Nuclear
Polyhedrodsis Virus. J. Invertebr. Pathol.,
35: 58-64.

Tanada, Y., and Kaya, H.K. 1993. Insect
Pathology. Academic Press, New York.
Teakle, R.E., and Byrne, V.S. 1989. Nuclear
polyhedrosis virus production in Heliothis
armigera Infected at Different Larval Ages.
J. Invertebr. Pathol., 53: 21-24.

Teakle, R.E., Jensen, J.M., and Giles, J.E.
1985. Susceptibility of Heliothis armigera.
to a Commercial Nuclear Polyhedrosis Vi-
rus. J. Invertebr. Pathol., 46: 166-173.
Teakle, R.E., Jensen, J.M., and Giles, J.E.
1986. Age-related Susceptibility of Heliothis
Punctigera to a Commercial Formulation of


https://dorl.net/dor/20.1001.1.16807073.2000.2.4.3.5
https://jast.modares.ac.ir/article-23-1552-en.html

[ Downloaded from jast.modares.ac.ir on 2025-08-03 ]

[ DOR: 20.1001.1.16807073.2000.2.4.3.5]

21.

Pourmirza

Nuclear Polyhedrosis Virus. J. Invertebr. tions of Heliothis armigera.

Pathol., 47: 82-92. Pathol., 30: 80-86.
Whitlock, V.H. 1977. Effect of Larval Matu-
ration on Mortality Induced by Nuclear
Polyhedrosis and Granulosis Virus Infec-

J. Invertebr.

0398 P 30 95¥ 039 9 Sl dd Y Jg w929 Y Cuwlus (g dkvly

ol

Lag,Y s S 55T sl amd S5 (b s s & S 0558 S 90Y Comer ol

Lz S asie (Do) deoys oboey ouziS (slajss s,y 488 8 ol en 4 ) us s
VYT OEN © 55 4 s 5 Ol poler cpow cps3 el e s3)Y 12 LDs. polie
323 b (ST 4 o oty o slas )Y d 55T 55 a5 b YE0OY 0VIA
sdalive oo sSKae bty 5,Y S Ol 5 5,V 033 o 315 LS 1 f b Canglia I (gl e )
Sl 53 0 odaliie Sl slis O 055 p 8 (o o LDo. slin sl b s S
oY o A g okd 25T LDo polie Sleslinad b by o 51 Caliee i slagyY
a9V Conlas Ol Wgy ool s 3,57 5 s 4 S 1Y (mer Couli
oY Carer Cawluo Slai o ys A1 015 0 OT ulaly 5058 un ik 5b

e P .o . F
2505 7 A5 5 e O 055 2N e

298


https://dorl.net/dor/20.1001.1.16807073.2000.2.4.3.5
https://jast.modares.ac.ir/article-23-1552-en.html
http://www.tcpdf.org

