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CERTAIN BIOLOGICAL ASPECTS, THRESHOLD OF
DEVELOPMENT AND THERMAL UNITS FOR HYMENIA
recurvalis (FAB.), (LEPIDOPTERA: PYRALLIDAE)
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and S.H.A. Hussein?

ABSTRACT

Biological studies on the Hawaiian beet webworm, Hymenia recurvalis were car-
ried out under laboratory conditions of 18.6 + 2°C and 70 £ 5% R. H. The incuba-
tion period ranged between 5 and 7 days with a mean of 6.0 = 0.3 days. The mean
durations of larval, prepupal and pupal stages were 26.29 + 0.3, 5.04 + 0.08 and
16.86 + 0.18 days, respectively. Mean adult longevities were 28.42 + 1.80 and 26.08
+ 1.83 days, ranging between 19-41 and 15-37 days for female and male, respective-
ly. The sex ratio was about 1 : 1.3 (? : & ). Accumulative thermal units needed for
certain biological features of H. recuurvalis were calculated and the estimated ther-
mal thresholds were 10.97, 12.14, 10.49 and 13.55°C for egg, larval, pre — pupal and
pupal stages, respectively. The corresponding values for the thermal units needed for
development of these stages were 51.49, 168.47, 47.88 and 102.59 day degree at
25°C for the respective stages.
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INTRODUCTION other crops in central and southern Japan.

In Egypt this insect pest was recorded for

Sugarbeet, Beta vulgaris L. is an in-
ternational crop for producing sugar. Ha-
waiian beet webworm Hymenia recurva-
lis (Fab.) is considered the most danger-
ous defoliators of this crop in the fields.
(Cooke and Scott, 1993).

Few studies were carried out on this
insect. In Japan, Yamada et al (1979),
recorded H. recurvalis (Fab.) as an im-
portant pest of spinach, sugarbeet and

the first time in 2001 year on sugarbeet
plants (EI-Gendi et al 2003).

The aim of the present work is to
study certain biological aspects of this
insect under laboratory conditions and the
accumulative thermal units of the differ-
ent stages for the purpose of finding out
the threshold of development, for eggs
and immature stages of H. recurvalis.
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MATERIAL AND METHODS
1. Stock culture

Sugarbeet leaves infested with H.
reurvalis larvae were collected from the
field at EI-Fayoum and kept in glass jars
(20 cm diameter x 15 cm height). Cov-
ered with muslin and held in position by
rubber bands. Jars were daily cleaned
and supplied with fresh and clean leaves
as food until pupation. Pupae were col-
lected and placed in glass chimneys until
moths emergence. The emerged adults
were separated into females and males.

2. Biological studies

The annual generation and life history
of H. recurvalis were studied under la-
boratory conditions of 18.6 + 2°C and 70
+ 5% RH. Seventeen couples of newly
emerged moths were taken and each pair
was kept in chimney glass, provided with
pieces of cotton soaked in 10% sugar
solution as well as leaves of sugarbeet as
oviposition site. Each leaf was placed in
small glass vial filled with water under a
chimney glass and changed daily. The
pre-oviposition and oviposition periods,
number of eggs/female/ day as well as the
total number of deposited eggs during the
whole life span of the female and the
postoviposition period were recorded for
female moths. The longevity of male
moth was also recorded.

Newly hatched larvae were trans-
ferred individually in sterilized Petri
dishes and supplied daily with fresh sug-
arbeet leaves. Observations were made
daily and the durations of different larval
instars, pre-pupal, and pupal stages were
recorded.

3. Threshold of development and
thermal units for H. recurvalis im-
mature stages

H. recurvalis were reared in three
electric incubators, adjusting on 20, 25
and 30°C under a daily photo — periodic
regime of L: D (12 : 12) and relative hu-
midity of 75 £ 5% RH. to study the effect
of temperatures on the egg, larval, pre-
pupal and pupal stages of the experi-
mental insect. The theoretical develop-
mental thresholds were determined as
follows: the periods obtained were ex-
pressed as "Y" in days at the correspond-
ing temperature (T) in centigrade degrees.
The distribution of these two points
demonstrates the course of temperature—
time curve. The relationship is hyperbolic
as commonly observed in many insects
(Bean, 1961 and Miyashita, 1971). The
point obtained when reciprocal for period
(1/y) in days was plotted against tempera-
ture (T) in centigrade degrees each of
reciprocals multiplied by 100. Values on
the ordinate 100/y represent the average
percentage development made by the
stage/day , at the given temperature.

Therefore, the distribution of the
points indicate the course of temperature
velocity curve (Davidson, 1944). The
values of average percentage normal zone
of development were fitted to a straight
line by method of least squire equation
(Regression line). Theoretically, the point
at which the velocity line crosses the
temperature axis is considered as the
threshold of development (+°C).

The linear regression equation,
Y=Y +b (x- X) was adopted where:

Y and Y = the estimated and average
durations (in days), respectively; b= the
simple regression coefficient (value unit
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effect); X = the assumed degree of tem-
perature (corresponding y); X = the aver-
age degrees of temperature.

The equation for estimatation the
threshold of determined development by
applying the following equation was
adopted by Alrouechdi, (1986) was used
as followes;

di (2) [ti (2) - ti (1)]
di(1)—di(2)

a=ti(1)-
where

ti (1) and ti (2) = The minimum and
maximum temperatures of 20 and 30°C,
respectively; di (1) and ti (2) = the mean
number of days for incubation at 20°C
and at 30 °C, respectively; and a = the
development threshold figure.

The thermal units required for devel-
opment of each stage was determined
according to the following equation (Line
et al 1954).

K =di (ti —a)
where

K = thermal units; di = the mean number
of days in an incubator at the experi-
mental temperature; ti = the temperature
of incubator; and a = the development
threshold degree.

The data obtained were statistically
analyzed by using F-test and L.S.D. val-
ues (Snedecor and Cochran, 1980).
Results and Discussion

1. Certain morphological
aspects of H. recurvalis

biological

The egg of H. recurvalis is white in
colour, oral in shape and like the scales.
The incubation period lasted an average

of 6.0 + 0.3 days, ranging between 5-7
days (Table, 1).

The larva is creamy — white in colour
but grayish — green and black marks sub-
sequently appear on the body with yellow
head capsules. The newly hatched of lar-
va is characterized by a distinct dark line
down the middle of the back and
measures a mean of 1.12 + 0.04 mm in
length and 0.11 + 0.02 mm in width. The
larval stage passed through four moults
with five instars. Means of 3.9 £ 0.12, 6.2
+0.62,10.4 £ 0.33, 12.8 + 0.27 and 18.3
+ 0.56 mm. for larval length and 1.3 +
0.04,23+0.04,35+0.11,4.3+0.09
and 4.6 £ 0.15 mm. for larval width were
recorded for the successive five instars,
respectively. The larval stage durated
26.29 + 0.3 days ranging between 24-30
days (Table, 1).

The pre-pupa is pink in colour then
quiescence at the end of this stage and
spin a silken cocoon to pupate. This co-
coon appear a white in colour. The
prepupal stage lasted 5.04 + 0.08 days
ranging between 4-7 days.

The pupa is obtect in type and appear
in white brownish colour through the first
two days then becomes dark brown. The
male pupa measures from 10 to 11 mm
with an average of 10.4 mm % 0.16 in
length and 3.3 — 4.0 mm in width with an
average of 3.7£0.11 mm. The female pu-
pa measures from 7.9 to 9.1 mm, with an
average of 8.7 £ 0.16 mm in length and
from 3.5 — 5.5mm with a mean of 4.4 +
0.26 mm in width. Generally, the pupal
duration was 16.86 + 0.18 days, ranging
between 15-18 days.

The mean length of adult is 11.0 +
0.12 mm for male and 8.5 + 0.13 mm for
female. The adult is dark brown with two
incomplete white stripes on each fore-
wing and a complete one across each hind
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Table 1. Durations (in days) of the immature stages of the Hawaiian beet webworm, H.
recurvalis (Fab.) and egg hatchability under laboratory conditions of 18.6 +
2°Cand 70 £ 5 % RH.

Stages Biological aspects Mean + S.E. Range
Egg Incubation period (days) 6.0+0.3 (5-7)
Hatchability (%) 78.86
Larval Duration of:
1% instar (days) 7.14+0.28 (5-12)
2" instar (days) 4.5+0.33 (2-8)
3" instar (days) 4.36+0.25 (1-7)
4" instar (days) 5.0+0.16 (4-7)
5" instar (days) 5.79+0.31 (2-10)
Total 26.29+0.3 (24-30)
Pre-pupal Duration (day) 5.04+0.08 4-7)
Pupal Duration (days) 16.86+0.18 (15-18)
Femal longevity Preoviposition (days) 5.21+0.51 (4-10)
Oviposition (days) 19.75+1.17 (13-27)
Postoviposition (days) 3.50+0.78 (1-8)
Total 28.46+1.88 (18-45)
Male longevity (days) 26.08+1.83 (15-37)
Fecundity Mean No. of eggs/Q/day 14.15+1.82 (3-27)
Total No. of eggs/{ 263.25+30.38 (71-509)
Generation Duration (days) 82.42+1.88 (71-93)

wing. It has a wingspan of about 2 cm
and filiform antennae. Female longevity
was 28.42 + 1.88 days, ranging between
19-41 days which longevity could be di-
vided into pre-oviposition period (5.21 +
0.51 days ranging between 4-10 days, the
oviposition period (19.75 + 1.17 days
ranging between 13-27 days and the post-
oviposition period (3.5 + 0.78 days rang-
ing between 1-8 days). During the ovipo-
sition period, female moth laid a total of
263.25 + 30.38 eggs ranging between 71-
509 eggs at the rate of 14.15 + 1.82
eggs/female/day. The mean hatchability
percentage was (78.86 %) Adult longevi-

ty of male moth was 26.08 + 1.83 days,
ranging between 15-37 days.

The period from egg-laying until the
beginning of egg deposition of the result-
ed mated female (generation) lasted 82 +
1.88 days, ranging between 71 - 93 days.
Sex ratio (@- &) was about normal, being
1:1.3(Table 1).

Relatively similar results were record-
ed by Yamada et al (1979), who stated
that the incubation pariod of H. recurvalis
eggs took 4 to 5 days, the larval stage
lasted about three weeks and the pupal
stage took about one week.
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Fig. 1. Zero and rate of embryonic development in eggs of H.
recurvalis at constant temperatures
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Fig. 2. Zero and rate of development for larval stage of H. recurvalis at
constant temperatures
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Fig. 3. Zero and rate of development for pre-pupal stage of H. recur-
valis at constant temperatures
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Fig. 4. Zero and rate of development for pupal stage of H. recurvalis at
constant temperatures
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2. Estimation of the threshold of devel-
opment for the different immature
stages of H. recurvalis

2.1. Egg stage

The relation between temperature and
rates of egg development was calculated
by the equation; y = -23.807 £ 2.102 x.
As shown in (Table, 2), hypothetical
threshold of development used in the pre-
sent experiment was out of the tested
temperatures. The estimated threshold of
egg development was found to be
10.97°C, which was calculated according
to Alrouechdi, (1986) method. As shown
in Fig. (2), the threshold temperature for
development of H. recurvalis eggs was
11.09°C (Davidoson, 1944).

The thermal units required for egg de-
velopment were 47.59, 51.49 and 47.58
day — degree at 20, 25 and 30°C, respec-
tively (Table 2).

2.2. Larval stage

The threshold of development for lar-
val stage was estimated as 12.91°C (Fig.
2), and calculated as 12- 14 °C according
to Alrouechdi, (1986) which was quite
comparable. The thermal units required
for larval stage development were 144.62,
168.47 and 144.67 day — degree at 20, 25
and 30°C, respectively (Table, 2).

2.3. Pre-pupal stage

The zero for pre-pupal stage develop-
ment was estimated as 10.80°C (Fig 3).
Also, the threshold of pre-pupal devel-
opment was found to be 10.49°C which
was calculated according to Alrouechdi,
(1986) and the thermal units required for

complete development of this stage were
45.65, 47.88 and 45.65 day — degree at
20, 25 and 30°C, respectively.

4. Pupal stage

The calculated threshold of develop-
ment for pupal stage was 13.58°C (Fig.
4). And it was 13.58°C (Fig. 4). The
threshold of pupal stage development was
13.55°C, calculated according to Al-
rouechdi, (1986) method. The thermal
units required to pupal stage development
as shown in (Table, 2) were 99.98, 102.59
and 100.02 day — degree at 20, 35 and
30°C, respectively.
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