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INTRODUCTION

In Egypt, the lesser cotton leafworm Spodoptera exigua attacks a wide
variety of hosts, the most important of which are cotton and maize (Mourad, 1977).
This pest caused considerable damage to young cotton plants (Willcocks and Bahgat
1937). The egg masses of S. exigua on cotion are hand picked along with those of S.
linroralis, and chemicals used to control the later pest are, as a rule more effective
against S. exigua.

The influence of temperature in determining the emergence development of
insect population is well established {Davidson, 1944 and Ives, 1973). Since the
temperature is considered as an important environmental factor that affects the raw
of development of the insects, and controlled the success of the insect to live in a
given temperature, it was particularly interesting as practical point of view tor
economic insects to obtain a useful and pood forecast and prediction system of
insect population Wagner et al., (1984).This work was pointed mainly on the
following aspects: (1) Relationship between temperature and rate of development,
which give a quantitive expression for this relationship, using thermal accumulation.
(2) Studying the biological aspects of S .exigua as a perior to limit its required heat
units to be used through forecasting system for establishment of an IPM program for
S .exigua. (3) The thermal units required to complete the development of different
stages to a complete one generation, as well as helping in the design of development
indices, used for determining the times required for these stages under fluctuating
temperatures in the field. Such points were previously studied by (El-Shafei er af.,
1981; Younis, 1992; Dahi, 1997; Hashem, 1997, Dahi, 2003 , Dahi, 2005 and Ismail
et al., 2005).

To obtain information on the temperature threshold and temperature

accumulation for § .exigua, studies were conducted on three constant temperatures.
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Degree-days represent the accumulation of heat units over a minimum temperature
for a 24-hour period. Below this minimum temperature, no development took place,
but above it, heat units are accumulated towards development {Pedigo, 1991).

MATERIAL AND METHODS

A good number of S. exigua egg masses were collected from wild host
plants at Assuit Governorate, Diroutt District. The larvae were reared on caster oil
leaves Ricinus commnuis which seems to be the most nutritive plant leaves for the
larvae of §. exigua, (Mourad, 1977) under laboratory condition (27 + 1 °C) for four
generation at least to become susceptible strain.

The S. exigua stages were kept under three constant temperatures (20, 25
and 30 °C) to determine the rate of development. Eggs were transferred to glass '
vials (2.0 X 7.5 cm), four replicates of 25 eggs / each were used for each of the
situations to be tested.

Observations were made daily to record the time of hatchability. The
incubation period and the embryo development rates were estimated during this
experiment. Newly hatched larvae were confined in a test tube (7.5 X 2.5 ¢cm) with
adequate castor oil leaves for feeding. Sawdust was placed at the bottom of the tubes and
the top was covered with muslin cloths, secured with rubber band and maintained in the
incubators running at 20, 25 and 30 °C, The pupae were kept in similar tubes, under the
same conditions, till moth emergence. Afier being sexed, the newly emerged moths of
each group resulted from the same temperature were isolated in pairs, one pair for each
kept in a separate tube (15 cm long 5 cm diam.) opened at each ends, contains a small
piece of absorbent cotton wool previously soaked in 10% sucrose solution as adult
feeding solution . The two ends of each tube were covered with muslin cloths, secured
with rubber band, and a small branch of Nerium oleander served as suitable site for
oviposition.

Daily observations for each treatment were made to record the different
durations of the embryo, larvae, pupae, pre-oviposition period as well as generation
of 8. exigua under the experimental conditions.

The rate of development for S. exigua stages (incubation period, larval
duration, pupal duration, pre-oviposition period and period of one generation) were
determined by the simple formula (1/t x 100) for the three constant temperatures.
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Duration of different stages was recorded for cach 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 §. exigua, the theoretical development thresholds were
determined according the following formula:

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; ty = lower threshold of development and K = thermal units (degree-days).

RESULT AND DISCUSSIONS
Egg stag:

Data in Table (1) and Fig. {1) show the relation between the S. exigua
incubation period and constant temperatures from 20 to 30°C, and indicated that the
required time for completion of egg development decreased as the temperature
increased. The means of incubation periods were 5.35, 2.97 and 2.15 days at 20, 25
and 30°C, respectively.

The threshold of egg development was calculated and illustrated in Fig. (1),
it was found to be 13.15 °C. The average of thermal units in degree — days required
for the completion of development of this stage was 36.0 DD's. The three observed
values of egg’s rate of development at the constant temperatures, 20, 25 & 30°C,
gave a remarkable good fit to the calculated temperature — velocity line having the
formula Y = 2.78 x — 36.59 (Fig. ).

Larval stage:

Table (2) indicated that the average larval duration varied from 19.4 days at
20°C t0 9.74 days at 30°C. The lower threshold of development (ty) for the larval
stage was 9.64°C as indicated in Fig. (2).

The same Table showed that the average thermal units required for larval

development till pupation was 196.1. DD's as determined by the thermal summation
equation K=y (T-9.64).
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The three observed values for larval rate of development at the three tested

temperature degrees, gave also a remarkable good fit to the calculated temperature —
velocity line having the formula Y = 0.511 X -4.92 (Fig.2).

TABLE (I)
Development of §. exigua eggs under different exposure of constant temperatures

and its relation with thermal requirements.

Fig. (I3: The regression line of the relation between the rate of
development of $.exigua eggs and different constant temperatures.

Temp. | Incubation Rate of ty Ex ect;date of Degree
o . ¢ .
*O) period development | (°C) | Duration development days
20 5.35+0.24 18.6% 5.25 19.04 36.64
25 297+0.12 33.67 13.15 3.03 3295 3519
30 2.15£0.09 46.51 2.13 46.86 3622 ¢
Average 36.0
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“oneerning efects of the three tested constant temperatures on the pupal

duration of S, exigua, it was noticed generally that the pupal period decreased as

temperature increased where the average durations were 13.11, 7.41 and 6.0 days at

20,25 and 30 °C, respectively (Table 3).
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The developmental zero for this stage was 11.07°C as iliustrated
graphicaily by extrapolation in Fig. (3). Data in the same table refers that the
average of thermal heat units for S. exigua pupae was 111.29 DD’s as estimated by
the thermal summation equation K =y (T - 11.07).

The three observed values for the pupal rate of development gave a
remarkable good fit to the calculated temperature — velocity line having the formula
Y = 0.90 X- 10.01 Fig. (3).

TABLE (11}
Development of S. exigua larvae under different exposure of constant temperatures
and its relation with thermal requirements.

Temp. Larval Rate of to Ex eCt;dt r; Degree
(W) duration | development | (°C) | Duration deve?o;:lent days
20 194022 5.15 18.9 5.29 201.0
25 12.30 £ 0,09 813 9.64 12.75 7.84 189.0
30 9.74 + 0.49 10.26 9.6l 10.4 198.3

Average 196.1
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Fig. (2): The regression line of the relation between the rate of
development of S.exigua larvae and different constant temperatures,
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Adult stage
Pre-ovipesition period

Data in Table (4) show that the mean time required for maturation of the
ovaries and starting to egg laying decreased as the temperature increased from 2.7
days at 20°C to 1.4 days at 30 °C. The [ower threshold of development was 9.64°C.
The average of total thermal units was 29.06 DD’s as calculated by thermal
summation equation K = y (T — 9.64). The three observed values for this period of
development at rang of temperature from 20 to 30°C, gave also a remarkable good
fit to the calculated temperature — velocity line having the formula ¥ = 3.44 X -
33.15 (Fig.2).

The generation

Theoretically the mean duration of total period of generation at different
constant temperature regimes could be calculated using the total of mean duration of
different developmental stages (i.e. incubation period, larval stage, pupal stage and
pre-oviposition period).

In the present study, the data in Table (1) indicates that the mean durations
of generation for cotton leafworm were 40.57, 24.68 and 19.29 days at 20, 25 and
30°C, respectively. Data reveled that increasing of temperature accelerated the

developmental rate of §. exigua where it reached the maximum velocity at 30 °C.

Thermal summation method, represents the hyperbolic relationship
between temperature and developmental times given by equation: Y (T - 10.67) =
368.3 DD’s, that was drived from the linear regression equation: Y = 0.272 X - 2.9
(r = 0.99). The lower threshold of development (tj) that could be estimated
graphically by extrapolation from the Fig. (5), was 10.67°C.

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—). Gergis ef al, (1994) investigated the relationship
between temnperature and developmental rates for the cotton leafworm under field and
laboratory conditions. They reported that the different stages of 5. litoralis completed
their development at the range of temperatures from 15- 32.5 °C; under these conditions,
the threshold of development and thermal units were also estimated.

On the other hand, Nasr ef al, 1973 stated that there was a tendency for
adult life span of 8. littoralis to be reduced with high temperature. George and
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phillip (1983) found that the developmental rates of codling moth, Carpocapsa.
pomenella increased with increasing of temperature.

The results 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, Dahi, 1997 and Dahi 2005 on 8.
lintoralis.

TABLE (III)
Development of 8. exigua Pupae under different exposure of constant temperatures
and its relation with thermal requirements.

Temp. Pupal Rate of ¢ Ex Ctg;t r Degree
°C) duration development 0 Duration €o days
development
20 13.11 £ 0.11 7.62 12.39 8.07 117.07
25 741 x0.11 13.49 11.07 7.94 12.59 103.22
30 6.0+021 16.66 5.84 17,11 113.58
Average 111.29
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Fig. (3} The regression line of the relation between the rate of
development of S.exigua pupae and different constant temperatures.
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TABLE (IV)

Development of S. exigua Pre -oviposition period under different exposure of

constant temperatures and its relation with thermal requirements.

Temp. | Pre- oviposition Rate of Expected Degree
(°C) period development to Duration Rate of days
development
20 27011 37.03 2.8 35.62 27.97
25 2,00+ 0.35 50.0 9.64 |.8% 52.81 30.72
30 1.4+0.21 7142 1.42 70.01 285
Average 29.0ﬂ
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Fig. (4): The regression line of the relation between the rate of
development of S.exigua pre-ovipasition period and different constant

30

Development of §. exigua Generation under different exposure of constant

temperatures and its relation with thermal

Temp. | Duration of Rate of " Ex ect;(:“e of Degree
= * 0 .
°C) generation | development Duration development days
20 4057 £ (.68 246 3952 2.53 378.51
35 | 24680871 s 1067 257 3.89 353.66
30 19.29+ 1.0 5.18 19.04 5.25 372487 |
Average 368.3_]
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Fig. (5): The regression line of the relation between the rate of
development of S.exigua generation and different constant temperatures.

SUMMARY

The present investigation aimed to study the effect of three constant
temperatures (20, 25, and 30°C) on the developmental rates of different stages of the
lesser cotton leafworm Spodoptera exigua. The incubation period, larval duration,
pupal duration, pre-oviposition period and duration of generation were estimated.
The time required for development was decreased as the temperature increased. The
threshold temperatures were 13.15°C for egg, 9.64 °C for larvae, 11.07 °C for pupae
9.64°C for pre-oviposition period and 10.67 °C for generation. The average thermal
requirements needed for completing the development were 36.0, 196.1, 111.29;
29.06 and 368.3 degree-days for egg, larvae, pupae, pre-oviposition period and
generation, respectively.
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