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ABSTRACT

The effect of constant temperatures (23°, 27°, and 32+1°C) on the development and life table of
Spodoptera frugiperda that reared on the maize host plant was examined. The developmental times of all stages
(eggs to adults) decreased linearly when temperature increased. The incubation period of the egg stage
decreased significantly from 4.8 to 1.37 days when the temperature increased from 23° to 32+1°C. Temperature
significantly affected on development of immature stages and subsequently the total generation time. The total
immature duration lasted 47.07, 27.13, and 14.47 days at 23°, 27° and 32°C respectively. Temperature also
significantly affected the life table estimates of S. frugiperda. The highest fecundity (717.67 eggs/Q),
hatchability percent (94.29%), and net reproductive rate Ro; (85.38 females/female) of S. frugiperda were
estimated at 27°C, whereas the highest intrinsic rate of natural increase rm, (1.18 times/female/day) and finite

rate of increase e (1.20 times/female/day) of S. frugiperda were estimated at 32 °C.
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INTRODUCTION

The fall armyworm (FAW), Spodoptera frugiperda
(J. E. Smith 1797) (Lepidoptera: Noctuidae) is an invasive
worldwide agricultural pest that invaded Egypt in May 2019
According to the Food and Agriculture Organization of the
United Nations (FAO), it caused extensive threats to field
crops. It is a polyphagous pest that feeds on commercial
crops, such as rice, sorghum, maize, sugarcane, wheat,
cotton, and different vegetables (He et al, 2022; Combs et
al, 1980 and Wu et al, 2021). The change in temperature
affects the development rate, the duration of the life cycle,
and ultimately survival (Howe, 1967). Climate change and
global warming are of major concern to agriculture
worldwide due to their great impact on crop production and
insect pests. Temperature is considerable a biotic important
environmental factor affecting the seasonal fluctuation and
population dynamics of all pests on some host plants in the
field (Hoffmann et al., 2003 and Tran et al., 2007).
Temperature determines the probability of mortality and
hence, population declines, especially at extremes (Chown
and Terblanche, 2007) besides it increases the risk of
invasive insect species, (Skendzi¢ et al. 2021). Therefore, it
is important to study the effect of temperature on the
development of target insect species under the recently
changing climatic conditions, which will contribute to risk
analyses, predictions, and management strategies to reduce
pest invasion levels (Calvo, and Molina, 2005 and Kandil,
2013). Life table studies are considered a prediction style for
the population development of insects.

The main parameters that have to be calculated by
the life table program (prediction parameters) are female
progeny/ female (mx), rate of survival (Ix), developmental
time, sex ratio, the fraction of eggs reaching maturity, net

* Corresponding author.
E-mail address: Raniashennawy2017@yahoo.com
DOI:10.21608/jppp.2022.169253.1107

reproductive rate (Ro), average generation calendar period
(T), intrinsic rate of natural increase (rm), and finite rate of
increase (e™). Knowledge of these parameters would be
useful in control programs of this insect pest.

Little information is available on the effects of
different temperatures on the whole life cycle and
population of S. frugiperda (Diaz-Alvarez et al, 2021 and
Combs et al, 1980). Hence, it was essential to evaluate the
consequence effects of changes in temperatures on the
population growth and performance of these important
insect pests. Therefore, this study planned to examine the
effect of temperatures (23°, 27°, and 32+1 °C) on the
development and life table parameters of S. frugiperda.

MATERIALS AND METHODS

Samples of different stages (egg patches, larvae, and
pupae) of S. frugiperda were collected at various times from
maize plants in EI-Fayoum governorate, Egypt. Samples of
similar stages were categorized into instars. All collected
samples were transferred to Bollworms Research
Department, Plant Protection Research Institute.
Laboratory rearing technique of S. frugiperda:

Collected stages of S. frugiperda were reared at
room temperature (22°C - 35°C) with a relative humidity of
70 + 5 % RH for one generation for homogeneity. Reared
larvae were allowed to be fed on the maize host plant and
inspected daily (with food replacement two days intervals)
till pupation. Pupae were placed in a glass jar with tissue
paper in its bottom and covered with muslin clothes till adult
emergence. Under the same constant conditions, every
male-female pair of emerged adults was placed individually
in rearing cages covered from both sides with a muslin cloth.
Another piece of muslin cloth was hung inside the cage for
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oviposition. Moths were allowed to be fed on 10% sucrose
solution through suspended cotton balls inside the cage.
Deposited eggs were collected daily for subsequent
experiments.

Experimental design:

Three incubators were used to provide constant
temperatures (23, 27, and 32 °C 1), with a relative
humidity of 70 + 5% RH. Egg patches 0-1 day old were
collected from the breeding cages and transferred to glass
vials (2.0 x 7.5 cm). These vials were kept at the tested
temperatures. Three replicates (50 eggs/rep.) were prepared
for each temperature degree. Eggs were checked daily to
record the incubation period and the hatchability
percentages. At each temperature degree, neonates of S.
frugiperda were isolated in Petri dishes (9 cm in diameter)
with maize leaves as a food source. Developmental rates of
larval and pupal stages were inspected till adult emergence.
Newly emerged adults were paired and confined to an
oviposition cage. Five replicates of single male-female pairs
were prepared for each tested temperature. Cages were
observed daily and the number of eggs was recorded.
Biological aspects:

Biological aspects of S. frugiperda; developmental
time for different stages, mortality and malformation
percentages, and life cycle were estimated. In addition,
female (pre-pviposition, oviposition, and post-oviposition
periods) and male longevities, fecundity (the total number
of eggs laid/female) and female fertility were also estimated.

Egg hatchability was calculated according to Zidan and
Abdel-Megeed, (1987), and the mortality of larval and pupal
stages was corrected according to Abbott’s formula (1925).
Life table parameters:

Data of the life table were analyzed by using the life
48 bhasic computer program of Abou - Setta et al. (1986).

Statistical analysis:

All biological aspects of S. frugiperda were
analyzed, using Costas Statistical Program Software (1990)
and means separated using Duncan’s Multiple Range Test
at the 5 % probability level.

RESULTS AND DISCUSSION

A- Effect of temperature on some biological aspects of
Spodoptera frugiperda.

The fall armyworm S. frugiperda was reared at three
temperature degrees (23, 27, and 32+1°C) to study the
effects on some biological aspects. Generally, temperature
significantly influenced the developmental cycle of the
insect from egg to adult where the developmental time was
significantly decreased as the temperature increased.

Eggs incubation period:

Data in Table (1) indicated that the incubation period
of eggs decreased significantly from 4.8 days at 23+1°C to
2.5 days at 27+1°C and 1.37 days at 32+1°C.

Larval and pupal duration:

The development times for all larval instars, pre-
pupal, and pupal stages significantly decreased as the
temperature increased; the larval duration was 28.27 days at
23+1°C while it was 17.33 days at 27+1°C and 9.2 days at
3241 °C. Asimilar trend was also recorded for the pre-pupal
and pupal stages. Subsequently, temperature significantly
affected the duration of total immature stages (Table 1).
Mortality and malformation percentages:

Temperature affected mortality and malformation of
both larvae and pupae of S. frugiperda. The lowest mortality
rates of larvae (4%) and pupae (5%) were reported at
27+1°C. These percentages increased significantly to 15.33
and 20.67 % for larvae and 14.33 and 11.33 % for pupae at
23+1 and 32+1°C respectively, (Table 1 & Fig. 1).

Table 1. Impact of three temperatures on some biological parameters of Spodoptera frugiperda.

Parameters Rearing temperatures(°C) LSD 0.05
(23+1°C) (27£1°C) (32+1°C)

Incubation Period +SE (days) 4.8+0.28? 2.5+0.06" 1.37+0.24¢ 0.76
Larval Period +SE (days) 28.27+0.67% 17.33+1.2° 9.2+0.41° 2.92
Larval Mortality &Malformation (%) 15.332 4.0° 20.672 5.96
Pre-Pupal Period(days) 3.13+0.36° 1.7+0.2° 0.93+0.06" 0.78
Pupal Period £SE (days) 15.67+1.2% 8.1+0.01° 4.67+0.60° 2.75
Pupal Mortality &Malformation (%) 14.332 5.0 11.332 9.35
Total Immature Duration +SE (days) 47.07£1.72 27.13+1.3° 14.47+0.5° 4.46
Note: Values within one row followed by different letters are significantly different at the 0.05 level

Stage larva Pre-pupa Pupa

At 23°C “ - ‘ ‘

Fig. 1. Some morphological distortions of S. frugiperda immature stages at low and high temperatures

268



J. of Plant Protection and Pathology, Mansoura Univ., Vo

Adult duration:

Oviposition periods of S. frugiperda females at the
three consistent temperatures are estimated and presented in
Table (2). The pre-oviposition period increased significantly
by decreasing temperature, as it was 4.97 days at 23+1°C,
whereas it decreased significantly to 3.3 days as temperature
increased from 23 to 27+1°C, and finally dramatically
declined 0.93 days as temperature increased from 27 to
32+1 °C. However, the oviposition period was 5.97 days at

Table 2. Effect of temperatures on longevity and reproduct

1. 13 (11), November, 2022

a 23+1°C and reduced insignificantly to 4.63 days at
27£1°C and significantly to 2.67 days at 32x1 °C.
Consequently, different temperatures significantly affected
adult longevities that were 14.27, 10.87, and 6 days for
females and 10.9, 8.17, and 4.23 days for males at
previously mentioned temperatures, respectively. Also, the
life cycle of S. frugiperda decreases significantly to 37.82,
94.37, and 20.03 days as the temperature increase, (Table 2).

ive performance of Spodoptera frugiperda.

Rearing temperatures(°C)

Parameters 53+1°C 7+1°C 3951°C LSD 0.05

Pre-Oviposition 4.97+0.180? 3.3+0.21° 0.93+0.03¢ 0.58
Duration +SE Oviposition 5.97+0.30% 4.63+0.20? 2.67+0.01° 1.85
(days) - Q. Longevity 14.27+0.672 10.87+0.29° 6.0+0.03¢ 2.25
Y &. Longevity 10.9+0.702 8.17+0.35° 4.23+0.40¢ 2.06
Life Cycle 51.87+1.80% 29.63+1.4° 15.83+0.73¢ 491

Total Egg/ @ (fecundity) 334+76.50° 717.67+63.10° 444 67+36.79° 21351
Fertility No. Hatched Egg 126.33+36.70° 676.67+41.79° 88.67+39.60P 154.3
Hatchability (%) 37.82° 94.372 20.03° 39.4

Note: Values within the same letters within a raw are not significantly diffe!

Reproductive performance:

Results in Table (2) show that female S. frugiperda
produced the highest mean number of deposited eggs
(717.67 eggs/female) with the highest hatchability percent
(94.37 %) at 27+1°C. These values were significantly
reduced to 334 eggs / female and 37.82% and 444.67 eggs /
female and 20.03% at 23 and 32+1°C, respectively.

B- Life table parameters:

Temperature drastically affected the life table

parameters of S. frugiperda (Fig. 2, and Table 3).
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Fig. 2. Effect of different temperatures on female
progeny/ female (Mx) and survival rate (Lx) of
S. frugiperda moths.
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rent at the 0.05 level.

Estimates of the life table of S. frugiperda given in
Table (3) indicated the variation in ry, as well as €™ values
of S. frugiperda by different temperatures. The highest
values of rn and e™ were estimated at 32+1°C. The
generation time (T) dramatically decreased as temperature
increased. Although the highest temperature accelerated the
generation time (T), it decreased the net reproductive rate
(Ro). The highest value of Ry was estimated at 27+1°C
(Table 3). The sex ratio value was the highest (0.54 females’
total population) at 27+1°C, compared to other temperatures
(Table 3).
Table 3. Effect of temperature on life table parameters

of S. frugiperda.

Rate of population

Temperature  (T) - Sex
+1°C days (R0 (rm)mcrease @y ratio
23 68.37 79.58 0.17 107 063
27 4463 85.38 0.14 114 054
32 22.60 56.74 0.18 120 064

(T) =The generation time.

(Ro) =The net reproductive rate.

(rm) = The intrinsic rate of natural increase.
(e™) =The finite rate of increase.

Presented data in figure (2) illustrated that the female
progeny/ female (Mx) parameter of S. frugiperda ranged
between 2.03 -96.88 at 27+1°C as compared with 4.16 -73
at 23+1°C while increased at 32+1°C to 51.84 -105.98. The
rate of survival (Lx) of S. frugiperda was the highest at
27+1°C ranging between (0.75 — 0.94), compared to 0. 30 -
0.38 at 23+1°C and 0.16 — 0.20 at 32+1°C. Therefore, it can
be concluded that at 27+1°C is the most suitable for rearing
S. frugiperda due to the higher increases in survival and
reproduction rates compared to the two other tested
temperatures. Moreover, the sex ratio value was 0.54
females/ total at 27°C while increased partially to 0.63 and
0.64 females/ total when reared at 23 and 32°C respectively,
(Table 3).

Discussion

As temperatures increased the developmental rate
increased, resulting in more generations during the crop-
growing season (Diaz-Alvarez et al, 2021; Barfield et al,
1987; Plessis et al 2020 and Garcia et al, 2017).
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Results indicated that temperature significantly
influenced the survival, development, reproduction, and
population growth of S. frugiperda. The lower mortality rate
of S. frugiperda larvae and pupae in addition to higher
reproductive performance was recorded at 27+1°C, which
decreased with changes in temperatures. The present study
indicated that increasing temperatures significantly
shortened the developmental time of S. frugiperda eggs,
larvae, pre-pupae, pupae, and adults, accordingly,
accelerated generations. Likewise, Barfield et al. (1987);
Plessis et al. (2020), and Huang et al., (2021) stated that the
developmental time of the immature stages of S. frugiperda
is significantly influenced by temperature since it is
significantly reduced at higher temperatures. Also, Plessis et
al. (2020) found that the longevity of S. frugiperda
significantly declined at 30 °C, but did not at21 to 25°C.
Dahi et al. (2016) reported that the optimal range for egg,
larval and egg-to-adult development of S. frugiperda was
between 25 and 30 °C. However, the differences in S.
frugiperda development based on temperature might help
predict S. frugiperda occurrence in both ordinary and
extreme climatic conditions (Plessis et al., 2020). In this
study, temperature significantly influenced the reproduction
parameters of S. frugiperda. The reduction in fecundity,
fertility, and reproductive parameters probably is due to
inhibition in the metabolism process (Kandil, 2013). Life
table studies are essential means of understanding
population dynamics (Behnaz et al., 2015). Various studies
are conducted to understand the pest dynamics at different
temperatures. Results revealed that values of (rm) and (™)
of S. frugiperda increased by increasing temperature. S.
frugiperda exhibited a higher Ry at 27 °C than at 23°C.
Similarly, Chen YC et. al., (2022), found that increased
temperature led to significant effects on the population
parameters (Ro, rm and ™) of S. frugiperda. They also
reported that the low temperatures appeared to eliminate
temperature-mediated  synergism in S. frugiperda
performance. Therefore, climate fluctuation is animportant
cause of increasing habitat distribution and invasion hazards
of invasive species (Winder et al., 2011)

CONCLUSION

The relationship between the developmental
responses of insects and the temperature is necessary to
understand the ecology of insects’ life history. Results
indicated that temperature significantly influenced the
survival, development, reproduction, and population growth
of S. frugiperda. There was an inverse correlation between
temperature and the time required for the development of S.
frugiperda stages. Temperature of 27°C seems to be more
suitable condition for S. frugiperda since the insect
exhibited a low mortality rate for larvae and pupae, and high
net reproductive rate performances. However, both (rm) and
(e™) rates for S. frugiperda were the highest at 32 °C.
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