200 EGYPTIAN COTTON LEAFWORM SPODOPTERA LITTORALIS DEVELOPMENT
ON ARTIFICIAL DIET IN RELATION TO HEAT UNITS REQUIREMENTS

This study was indicated to monitor this cycle and to determine its

corresponding temperature requirements,

MATERIALS AND METHODS

To determine the rate of development and the thermal units, laboratory
experiment as carried out under controlled conditions of temperature and refative
humidity. Susceptible egg-masses strains were obtained from Cotton Leafworm
Department, Plant Protection Research Institute, Egg masses were maintained at 27
+1°C and 70-75 % R.H. The larvae were fed on artificial diet according to Abdel-Hafez
et al,, {(1982). Newly hatched larvae were fed individually in glass vials (2.0 x 7.5 cm)
filled to one third with the artificial diet, covered with absorbent cotton and held in the
same conditions as mentioned above. The larvae pupate usually on the diet's top or
between it parts. At the beginning of pupation, the vials were examined daily for
transferring the formed pupae individually to clean vials and to be incubated until
moth emergence. Ten pairs of newly emerged moths were confined in glass
oviposition that consists of a conventional mating glass bell (16 ¢cm. high and & cm.
diam) opened at each end. Each mating glass bells was supplied with a small fresh
branch of Nerima oleander to serve as an oviposition site and were placed on its wide
end on a half petri-dish. Tops of the glass beils were covered with muslin and secured
with rubber bands. The glass bells were examined daily to replace N oleander
branches with new ones and renew the adult feeding solution {a small piece of
absorbent cotton wool previously soaked in 10% sucrose solution}. The cages were
maintained at the same conditions of temperature and percent R.H. deposited egg
masses were kept in petri dishes, and then were availabie to carry out the proposed
work.

Incubators were used to provide constant temperatures of 20, 25, 30, and
35°C + 1°C. All stages (from egg to adults) were kept under the constant
temperatures and % R. H. to determine the developmental rate and all the biological
parameters of each stage,

Experimental Design

Eggs were collected from the ovipositional bells and transferred to glass vials
(2.0 x 7.5 am), subsequently the incubation took place under the required combination
of temperature and relative humidity. Five replicates of 25 eggs/each were used for
each tested degree (i.e. 20, 25, 30 and 35°C). To study the larval development, 125
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newly hatched larvae divided in 5 replicate were transferred, each in a separate glass
tube (7.5 x 2.5 cm.) as 25 larvaefreplicate. The larvae were left in the vials until
pupation. Daily observations were made to count the pupated larvae, larval
developmental rate and duration was recorded.

Newly formed pupae were collected on the same day of pupation and placed
in the glass tube (one pupa for each tube) and covered tightly with a piece of cotton.
Five replicates (each of 25 pupae) were placed at each tested temperature and
observed daily till adult emergence. Five replicates, each has 2 adults (1 male +1
female), were placed at each tested temperature. Daily observations were made to
record the adults survival,

Duration of different stages and other biological aspects were recorded for
each temperature degree. Data obtained in the present work were subjected to
statistical analysis by regression.

The effects of the above mentioned conditions were tested on the immature
and adult stages of CLW the theoretical development thresholds were determined
according the following:

Y =a + bx
to=-a/b & K=1/b

On the other hand, thermal units required for completion development of
each stage was determined according to the equation of thermal summation (Blunk,
1923):

K=y (T-t)

Where y = developmental duration of a given stage, T= temperature in degree
centigrade, t, = lower threshold of development and K = thermal units (degree-days).

RESULTS AND DISCUSSION

Egg stage

Data in Table (1) shows that the relation between the biological aspects of
CLW in different stages and constant tempetatures from 20 to 53°C. This relationship
indicated that the required time for completion of development decreased as the
temperature increased. The means of incubation periods were 7.09, 3.65, 2.98 and
2.29 days at 20, 25, 30 and 35°C, respectively. There were significant differences in
the incubation periods at the different temperatures. The same data indicated that the
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Abstract

The present work was carried out under four constant
temperatures (i.e. 20, 25, 30 and 35°C) when the Egyptian cotton
leafworm Spodoptera littoralis (Boisd.) larvae, where fed on artificial
diet. The time required for embryogensis, larval duration, pupal
duration and adult longevity decreased as the temperatures increased
from 20 to 35°C.The lower thresholds of development (tp) were 11.86,
7.69, 12.34 and 10.66 °C for egg, larvae, pupae and pre- oviposition
periods, respectively. The average of accumulated heat units required
for development as 53.2, 314.7, 155.8 and 27.5 degree-days for egg,
larvae, pupae and pre-oviposition period, respectively. The lower
threshold of development (i) for S. littoralis when fed on artificial diet
to complete the generation was 10.3 °C. The average accumulated
heat units required for the generation was 537.2 degree-days .The
kind of food had non-significant on heat units requirements.

INTRODUCTION

The Egyptian cotton leafworm (CLW), Spodoptera fittoralis (Boisd.) has been
considered a serious economic pest of cotton and various vegetable and field crops
allover the year in Egypt.

Previous studies of CLW developmental times have been repotted by Nasr,
1962. The influence of temperature in determining the development time of insect
population is well established (Ives, 1973).

On the other hand, Wagner et af, (1984) described the developmental rates
as a function of temperature. However, little attempts have been made on the use of
temperature accumulation as an aid in forecasting the various stages of this pest (El-
Shafei er 4/, 1981, Younis, 1992, Dahi, 1997, Hashem, 1997 and Dahi, 2003).

To obtain information on the temperature threshold and temperature
accumulation for S. /ittoralis studies were conducted on four constant temperatures.
Degree-days represent the actumulation of heat units over a minimum temperature
for a 24-hour period. Below this minimum temperature, no development takes place,
but above it, heat units are accumulated towards development (Pedigo, 1991).
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Thé data févealed that the tested constant temperatures demonstrate variable
effects on the weight of the two sexes of pupae of CLW. The average of the weight of
male and female pupae decreased with the increasing of temperature from 20 fo 35°C.
The heaviest weights were 33.4 mg for male and 35.4 mg for female at 20°C, while
the lightest was 16.3 mg for male and 24.4 mg for female at 35°C.

The developmental zero for this stage was 12.34°C as illustrated graphically
by ertrapolatiossin Fig. (3). Data in the same Figure refer that the average of thermal
heat units for CLW pupae was 155.8 DD’s as estimated by the thermal summation
equation K = y (T — 12.34). On the other hand, when the larval stage feed on caster
oil leaves according Dahi, 1997, the pupal lower threshold of deveiopment was 12.32
°C and the average of total thermal units was 148.81 DD's,

The four observed values for the pupal rate of developmental at the
temperature range from 20 to 35°C, gave a remarkable good fit to the calculated
temerature - velocity line having the formula ¥ = 0.64 x - 7,94,

Adult stage
1- Pre-oviposition period

Data in Table (1) show that the mean time required for maturation of the
ovaries and starting to egg laying, decreased as the temperature increase from 2.75
days at 20°C to 1.11 days at 35 °C. The lower threshold of development was 10.66°C.
The: average of total thermal units was 27.5 DD's as calculated by thermal summation
equation K = y (T — 10.66). When CLW fed on caster oil ieaves the lower threshold of
development for this period was 10.16°C, while the average thermal units was 24.68
DC's (Dahi 1957) .
2-Fecundity

Data in Table (1) show that the adult female deposited eggs under all tested
temperature degrees. The average total number of egg laid by female throughout
thair life span as 397, 1210, 809 and 45 eggs at 20, 25, 30 and 35°C, respectively,
The generation

The mean duration of generation at different constant temperature regimes
could be calculated using the total of mean duration of different developmental stages
(ie. incubation period, larval stage, pupal stage and pre-oviposition period).
Tneoretically, the results obtained from these method shows an approximate value for

mean duration of generation at different constant temperature regimes.
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newly hatched larvae divided in 5 replicate were transferred, each in a separate glass
tube (7.5 x 2.5 cm.) as 25 larvae/replicate. The larvae were left in the vials until
pupation. Daily observations were made to count the pupated larvae, larval
developmental rate and duration was recorded.

Newly formed pupae were collected on the same day of pupation and placed
in the glass tube {one pupa for each tube) and covered tightly with a piece of cotton.
Five replicates (each of 25 pupae) were placed at each tested temperature and
observed daily till adult emergence. Five replicates, each has 2 adults {1 male +1
female), were placed at each tested temperature. Daily observations were made to
record the adults survival.

Duration of different stages and other biological aspects were recorded for
each temperature degree. Data obtained in the present work were subjected to
statistical analysis by regression.

The effects of the above mentioned conditions were tested on the immature
and adult stages of CLW the theoretical development thresholds were determined
according the following:

Y=a+bx
th=-a/b & K=1/b

On the other hand, thermal units required for completion development of
each stage was determined according to the equation of thermal summation (Blunk,
1923):

K=y(T-t)

Where y = developmental duration of a given stage, T= temperature in degree
centigrade, t, = lower threshold of development and K = thermal units {degree-days).

RESULTS AND DISCUSSION

Egg stage

Data in Table (1) shows that the relation between the biological aspects of
CLW in different stages and constant temperatures from 20 to 53°C. This relationship
indicated that the required time for completion of development decreased as the
temperature increased. The means of incubation periods were 7.09, 3.65, 2.98 and
2.29 days at 20, 25, 30 and 35°C, respectively. There were significant differences in
the incubation periods at the different temperatures. The same data indicated that the
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highest percentage of hatchability was 98.4 % at both of 25 and 30°C, whereas the
lowest ones was 23.2 % occurred at 35°C.

The threshold of egg development was calculated and illustrated in Fig. (1), it
was found to be 11.86°C. The average of thermal units in degree — days required for
the completion of development of this stage was 53.2 DD's, Dahi (1997) estimated the
zero of development of CLW fed on natural food {caster oil leaves). He found that the
egg lower threshold of development was 11.85 °C and the average of thermal heat
units required for the egg development was 52.15 DDV's.

The four observed values of egg’s rate of development at the constant
temperature range {20 - 35°C), gave a remarkable good fit to the calculated
temperature —~ velocity line having the formula Y = 1.89 x — 22.5 (Fig. 1).

Larval stage

Table (1) indicated that the average larval duration varied from 25.5 days at
20°C to 11.4 days at 35°C. The lower threshold of development (t;) for the larval
stage was 7.69°C as indicated in Fig. (2).

The pupation percent were 56.8, 88.8, 50.4 and 17.0 % at 20, 25, 30 and
35°C, respectively, Generally, the developmental rates of the CLW increased with the
increasing of temperatures from 20 to 35°C. The same Figure showed that the
average thermal units required for larval developmental till pupation was 317.7 DD's
as determined by the thermal summation equation K= y (T-7.69). This results when
the insect was feed on artificial diet, but when feed on caster oil leaves the lower
threshold of development and the average thermal units for this stage were 7.57°C
and 306.38 DD's, respectively, according Dahi (1997).

The four observed values for larval rate of development at rang of
temperature from 20 to 35°C, gave also a remarkable good fit to the calculated
temperature — velocity line having the formula Y = 0.3 x -2.44 (Fig. 2).

Pupal stage

Concerning the effects of the four tested constant temperatures on the pupal
duration of CLW (Table 1) it is noticed generally that the pupal period decreased as
temperature increased from 20 to 35°C. The average durations were 20.5, 12.5, 84
and 7.0 days at 20, 25, 30 and 35°C, respectively. The same Table indicated that the
highest percentage of adult emergence was 82% occurred at 25°C, while the lowest
percentage was 36% at 35°C,
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highest percentage of hatchability was 98.4 % at both of 25 and 30°C, whereas the
lowest ones was 23.2 % occurred at 35°C.
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20°C to 11.4 days at 35°C. The lower threshold of development (t) for the larval
stage was 7.69°C as indicated in Fig. (2).

The pupation percent were 56.8, 88.8, 50.4 and 17.0 % at 20, 25, 30 and
35°C, respectively. Generally, the developmental rates of the CLW increased with the
increasing of temperatures from 20 to 35°C. The same Figure showed that the
average thermal units required for larval developmental till pupation was 317.7 DD's
as determined by the thermal summation equation K=y (T-7.69). This results when
the insect was feed on artificial diet, but when feed on caster oil leaves the lower
threshold of development and the average thermal units for this stage were 7.57°C
and 306.38 DD’s, respectively, according Dahi (1997).

The four observed values for larval rate of development at rang of
temperature from 20 to 35°C, gave also a remarkable good fit to the calculated
temperature — velocity line having the formula Y = 0.3 x -2.44 (Fig. 2).

Pupal stage

Concerning the effects of the four tested constant temgeratures on the pupal
duration of CLW (Table 1) it is noticed generally that the pupa! period decreased as
temperature increased from 20 to 35°C. The average durations were 20.5, 12.5, 8.4
and 7.0 days at 20, 25, 30 and 35°C, respectively. The same Table indicated that the
highest percentage of adult emergence was 82% occurred at 25°C, while the lowest
percentage was 36% at 35°C.
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In the present study, the data in Table (1) indicates that the mean duration of
generation for cotton leafworm were 55.9, 36.2, 27.2 and 21.8 days at 20, 25, 30 and
35°C, respectively, Data reveled that the increasing of temperature accelerated the
developmental rate of CLW where it reached the maximum velocity at 35°C.

Thermal summation method, represents the hyperbolic relationship
between temperature and developmental times given by equation: Y (T — 10.3) =
537.2 DD’s, that drive from the linear regression equation: ¥ = 0,19 x -~ 1.92 (r =
0.99). The lower threshold of development (t;) could be estimated graphically by
extrapolation from the Fig. (5), it was 10.3°C. The compiete development of the
generation required 542.2, 532.1, 535.8 and 538.5 DD’s with an average 537.2 DD's
as shown in Fig. (2). Dahi, 1997 reported that the S, /itoralis lower threshold of
development and the average thermal units were 10.14 °C and 523.27 DD's,
respectively to compiete the whole generation on natural food (caster oil leaves).

These results agreed with the findings obtained by Kajanshikov (1946) who
found that the linear relationship between temperature and rate of development can
be expressed by the formula K = y (T ~ ty). Gergis ef af, {1994) investigated the
relationship between temperature and developmental rates for the cotton leafworm
under field and laboratory conditions. They reported that the different stages of S.
fhittoralts completed their development at the range of temperatures from 15 - 32.5 °C,
under this conditions the threshold of development and thermal units were also
estimated.

On the other hand, Nasr et &/, 1973 stated that there was a tendency for
adult life span of CLW to be reduced with high temperature and the female fecundity
was adversely affected by high temperature, where the highest mean number of
eggs/female was 966 at 30°C, while the lowest number was 145 eggs/ female. George
and phillip (1983) found that the developmental rates of codling moth, C. pomenelia
increased with increasing of temperature.

The resuits in the present study concerning adult stage aspects are in
agreement with Gergis et al, (1990) on Earias insulana, Abdel-Hafez 1993 on
Pectinophora gossypiella, Gergis et al., 1994 and Dahi, 1997 on S. /ittorafis.



10.

11,

HASSAN F. DAHI 205

REFERENCES

Abdel-Hafez, A,, M. A, El-Banby, A. G. Metwalley and M. R. A. Saleh 1982.
Rearing of pink bollworm Pectinophcra gossypieflz (Saunders) on kidney bean
diet. Res. Bull. Fac. Agric. Zagazig Univ., 76: 1-10.

Abdel-Hafez, A., S. H. Taher, G. M. Moawad and KH, GH. Ei-Malki 1993. The
combined effect of high temperature and exposure period regimes on some
biclogical aspects of pink bollworm Pectinophora gossypiella (Saund.). Egypt. 1.
Appl. 5ci., 8 (7): 485-493.

Blunk, M. 1923. Die Entwicklung Von Dytiscus marginalis LNom. Ei bis Zur
Imago, 2 Teil. Die Metamorphase Zracht-Wiss. Sool, 121-171.

Dahi, H. F. 1997. New approach for management the population of cotton
leafworm Spodoptera littoralis (Boisd.) and pink bollworm  Pectinophora
gossypielia (Saund.) in Egypt. M. Sc. Thesis, Fac. Agric., Cairo University, 149 pp.
Dahi, H. F. 2003. Predicting the annual generations of the spiny bollworm Farias
insulana (Boisd.) (Lepidoptera: Archtidae). Ph. D. Thesis, Fac. Agric., Cairo Univ.,
182 pp.

Davidson, 1. 1944, On the relation between temperature and rate of development
of insects at constant temperatures. J. Anim. Ecol., 13: 26-38.

El-Shafei, S. A., R. R. Isshak and E. A. Nasr 1981. Seasonal abundance of the
cotton leafworm moths, Spodoptera littoralis (Boisd.) in relation to the
accumulated heat. Res. Bull,, Fac. Agric., Ain Shams Univ., 1-5.

George, C. R. and S. L. Phillip (1983). Developmental rates of codling moth
(Lepidoptera: Olethreutidae) reared on apple at four constant temperatures.
Environ. Entomol., 12 (3) : 831-834.

Gergis, M. F., M. A. Soliman, E . A. Moftah and A. A. Abdel-Naby (1990).
Temperature-development relationship of spiny bollworm Earias insuiana (Boisd.).
Assiut J. Agric. 5ci., 21 (3): 129-139.

Gergis, M. F., M. A. Rizk, M. A. Makadey and A. Hussein (1594). Relationship
between temperature and rate of development of cotton leafworm Spodopters
littoralis (Boisd.). Minia J. Agric. Res. & Dev,, 14,

Hashem, M. Y., I. I. Ismail, S. A. Emara and H. F. Dahi (1997): Seasonal
fluctuations of the pink bollworm, Pectinophora gossypéefla (Saund.) and
prediction of generations in relation to heat units accumuiation. Bull. Entomol.
Soc. Egypt, 75: 140-151.



206

12.

13.

14.

15.

16.

17.

18.

19.

EGYPTIAN COTTON LEAFWORM SPODOPTERA LITTORALIS DEVELOPMENT
ON ARTIFICIAL DIET IN RELATION TO HEAT UNITS REQUIREMENTS

Ives, W. G. H., 1973, Heat units and outbreaks of Malacosoma disstria.Can.
Entomol. 105: 529-543.

Miyashita, K. 1971, Effective of constant and aiternating temperatures on the
development of Spodoptera litura F. (Lepidoptera: Noctuidae). Appl. Entomol,
Zool., 6 (3) : 105-111.

Nasr, E. A. 1962. Contribution to the larval behavior at pupation with a reference,
Prodenia hitura (Fabr.) (Lepidoptera: Noctuidae). Bull. Entomol. Soc. Egypt, 46:
379-384.

Nasr, E.A., K. El-Rafie, M.M. Hosny and A. Badawi 1973. Effect of temperature
and refative humidity on the life cycle of the cotton leafworm, 5. fittoralis. Bull,
Soc. Entomol., Egypt, 27: 139-144,

Nasr, E. A., M. R. Tucker and D. G, Compicn 1984. Distribution of moths of the
Egyptian cotton leafworm, Spodoptera littoralis (Boisd.) (Lepidoptera-Noctuidae),
in the Nile delta interpreted from catches in a pheromone trap network in relation
to meteorological factors. Buil. Entomol. Res., 74 (3): 487-494.

Pedigo, L. P. 1991, Entomology and pest management text bood., Macmillan
Publishing Company, New Your, pp.197-198.

Wagnrer, T. L., H. I. Wy, P. J. H. Sharpe, R. M. Schoolfield and R. N. Coulson
1984. Modeling insect development rates: A literature review and application of a
hiophysical model. Ann. Entomol. Soc. Amer., 77: 208-225.

Younis, A. M. 1992. Some biological aspects of cotton leafworm, Spodoptera
flittoralis (Boisd.) under different temperature regimes, Bull. Entomcl., Soc.,
Egypt, 70: 171-184.



HASSAN F. DAHI

207

Table 1. The biological aspects for Spodoptera fittoralis stages fed on artificial diet at
constant temperatures,

Temperatures (°C)
Stages
20 25 30 35
Incubation period 7.09 £ 0.03 3.65 + 0.01 2.98 £ 0.03 229102
1% instar larvae 3.10 £ 0.19 2.26 £ 0.08 1.81 = 0,09 1.84 £ 0.18
2M instar larvae 2.45 + 0.19 2.35 £ 0.10 1.50 £ 0.08 147 = .22
39 instar larvae 2.86 £ 0.28 1.9 + Q.15 1.37 £ 0.09 1.37 £ 0.26
4% instar larvae 3.27 £ 0,25 2.17 £ 0.23 1.83 + 0.09 1.04 £ 0.17
5 instar larvae 4.40 £ 0.25 2.52 £ 0.10 2.29 £ 0.08 1.47 £0.25
6% instar larvae 9.42 £ 0.25 6.8+ 0.14 5.6 + 0.19 423 £ 0.27
Larval duration 25.5 + 0.32 18.0 £ 0.13 14.4 £ 0.12 11.4 £ 0.16
Pupal duration 20.5 + 0.4 12.5 + 0.11 8.4 +0.14 7.0 £05
Pre-oviposition | 5 754 012 | 2054008 | 1.44£0.06 | 1.11+0.06
Period
Total generation 55.9 £ 1.53 36.2 £ 0.7 27.2 £ 0.93 21.8 £ 0.77
Hatchability % 88.0 98.4 98.4 23.2
Pupation % 56.8 88.8 50.4 17.0
Male pupal weight | 0.334 £ 0.014 | 0319 0276 = 5 163 + 0.008
) ’ +0.007 0.009 ' )
Female pupal 0.341 0.288 &
weight 0.354 £ 0.008 +0.007 0.007 0.244 + (.006
Emergence % 53.5 82 50 36
Fecundity 397 1210 309 45
Normal pupae % 100 95.5 100 100
Normal moths % 58 84.6 67.7 0
Sex ratio % . . . .
(M : F) 11: 89 51:48 48 : 52 67 : 33
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