J. of Plant Protection and Pathology, Mansoura Univ., Vol. 13 (12):325 -328, 2022

Journal of Plant Protection and Pathology

Journal homepage & Available online at: www.jppp.journals.ekb.eg

Biological Aspects, Lower Developmental Threshold, and Thermal

Requirements of Cotton Seed Bug, Oxycarenus hyalinipennis (Costa)
Asmaa Sh. El-Taher'™; M. S. Abdel-Wahed?; A. Helmi? and H. F. Dahi?

1 Foreign Agricultural Relations, Ministry of Agriculture and Land Reclamation

L),

Cross Mark

2 Plant Protection Department, Faculty of Agriculture, Ain Shams University, Egypt
3Plant Protection Research Institute, Agricultural Research Center, Dokki, Giza, Egypt.

ABSTRACT

Cotton-seed-bug (CSB), Oxycarenus hyalinipennis (Costa) is a serious pest of cotton and other

malvaceous, the present investigation aims to determine some biological features, developmental threshold and
thermal requirements (degree-days, DD's) for cotton seed-bug, Oxycarenus hyalinipennis in Egypt. Effect of three
constant temperatures (25, 30 and 35+1°C) on developmental rates of different stages of cotton-seed-bug was
detected. The incubation period, nymphal and adult durations, pre-oviposition, oviposition and post-oviposition
periods, male and female longevities, sex-ratio, fecundity, fertility and generation time were estimated. Data
obtained revealed that, time required for development of all stages were decreased as temperature increased. Egg
incubation periods were 6.66+0.36, 5.66+0.33 and 4.33+0.66 at 25, 30 and 35°C respectively. The highest
percentage of egg-hatching was 98% at 25°C, and the lowest was 88% at 35°C. The nymphal durations were
25.240.17,17.11+0.27 and 13.88+1.17 days at 25, 30 and 35°C. The lowest adult longevity was 19.87+1.67 day at
35°C and the highest was 37.48 days at 25°C. The sex-ratio between males and females was nearly 1:1 at both
temperatures 25 and 30°C, while it was 2:1 at 35°C. The highest female fecundity was 227.7 eggs at 25°C and the
lowest one was 83 eggs at 35°C. The same trend was reported for female fertility. The lower developmental

threshold for egg and nymphal stage and adult longevity were 7, 12.51, and 13.85 °C, respectively and the
corresponding thermal requirements were 123.8, 285.36 and 421.36 DD's.
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INTRODUCTION

cotton seed bug (CSB), Oxycarenus
hyalinipennis (Costa) is a species of plant bugs belonging to
the family Lygaeidae, Subfamily Oxycareninae (Samy,
1969). It is a serious pest of cotton and other malvaceous in
Egypt and other countries. It is a tropical pest that occurred in
five continents with different environments (Henry, 1983). In
many countries around the global, O. hyalinipennis also
known as Dusky Cotton bug (DCB) and considers a major
pest of cotton that causing potential losses to cotton crop. Both
adult and nymphs of O., hyalinipennis feed on cotton seeds
and suck oil from mature seeds. It has the ability to decrease
cotton seed germination, weight and oil quality besides it
being crushed during the ginning process and stained the lint
of cotton to pinkish color (Henry 1983). Severe infestations
of DCB damaged the seed cotton embryo which led to
declining in seed viability (Kirkpatrick, 1923; Pearson, 1958;
Srinivas and Patil, 2004; Amer et al., 2019 and Atakan et al.,
2021). Therefore, it is important to know more information
about its development, reproduction, and physiological
demands under different temperature regimes. This
information could help in pest control decisions and
determine favorite conditions to multiply.

MATERIALS AND METHODS

The cotton (or Dusky) seed bug, Oxycarenus
hyalinipennis (costa) was collected from different cotton
fields and other host plants in addition to the infested opened
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dry cotton bolls specially during autumn and winter months
from different localities of Egypt as a source to establish
insect culture at laboratory conditions. These bugs were
maintained in glass jars at division of cotton leafworm, Plant
Protection Research Institute (PPRI), Agricultural Research
Center, Dokki, Giza and provided with cotton seed as a
natural food. Further, this culture was supported by egg
masses of O. hyalinipennis that obtained from the division of
cotton bollworms (PPRI). Population of cotton seed bugs was
reared on cotton seeds for two generations as a source for
insects needed for all laboratory trails. The diet was replaced
every 3-4 days to ensure and adequate supply for the insects.
The effect of three temperature constant temperatures (25, 30
and 35 +1°C) and 70-75 5% R.H on different biological
characteristics was examined.
Development and reproduction

The newly deposited eggs of O. hyalinipennis were
collected from the breeding cages at 12 hrs. using an electron
microscope with a 10x magnification lens. The number of
eggs was counted and transferred to glass jars of 300 ml
capacity using a brush of camel hair with an equal number of
eggs (25) was incubated at each of the three constant
temperatures (25, 30 and 35+1 °C) and relative humidity of
70-75+ 5%. Each treatment was replicated three times.
Observations were made at 12 hr. to determine the incubation
period and developmental rates at different temperatures.

The newly hatched nymphs (25 nymphs/ replicate)
were isolated and reared individually in a small glass vial
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which covered with muslin cloths and provide with some
cotton seeds and a small wet cotton piece. These vials were
kept at the three different constant temperatures. Nymphs
were monitored daily until adult eclosion. The developmental
time from nymphal to adult stage and the nymphal survival
rate were estimated.

The newly formed adults were sexed and immediately
transferred to glass mating jars (300 ml) and kept under the
same physical conditions of temperature and R.H%. These
jars were provided with some cotton seeds and small pieces
of wet cotton fibers. Three replicates was used for each
temperature and each replicate was 153+159 Observations
were made at 12 hr. intervals to record the adult survival,
number of deposited eggs/ female (fecundity) and adult
longevity (males and females).

Thermal requirements

The linear regression method was applied to determine
the theoretical development threshold (To) for O.
hyalinipennis. In which, the points obtained when the time (y)
in days is plotted against temperature (°C), so that the
distribution of these point indicates the course of temperature
time curve. The relationship is hyperbolic as commonly
observed in many insect species (Bean 1961 and Hafez, 1961).
The point when the reciprocal for time (1/y) in days plotted
against temperature (°C), each of the reciprocals is multiplied
by 100, so that the values on the ordinate (100/y) represent the
rate of average development made by the stage per days at the
given temperature. Therefore, the distribution of the points
indicates the course of temperature velocity curve (Davidsan,
1944). The values of the average percentage of development
in one day which are presented within on effect are normal
zone of development are fitted to straight line by method of
least square (Regression line). Theoretically, the point which
the velocity line crosses the temperature axis is the threshold
of Development in degree centigrade.

Thermal units required for complete development of
each stage was estimated according to the equation of thermal
summation (Blunk, 1923).

K=Y (T- to)
Where Y is duration of a given developmental stage, T is temperature
in degree centigrade, T is lower developmental threshold, and
K is Thermal units in degree- days (DD’s)

RESULTS AND DISCUSSION

The present study is a high on some biological
parameters of the cotton seed bug. O. hyalinipennis in addition
to determine minimum. effective temperature (threshold of
development) and thermal requirements needed for
completion the development of the different stages of cotton
seed bug, these values were estimated through the obtained
data of laboratory work under different constant temperature,
it is well known that temperature is the limiting factor which
has the main effect of insects development.

Data presented in Table (1) show the required time for
egg incubation period decreased as the temperature increased.
The mean incubation periods were 6.66, 5.66 and 4.33 days at
25, 30 and 35 °C, respectively. Statistical analysis yielded
significant differences between incubation periods at the
different tested temperature. The threshold of eggs
development was estimated as showed in Fig. (1) it was found
to be 7 °C. These results are in harmony with those obtained
by (Hammad, et al., 1972; Dimetry, 1973) and Kirkpatrick,
(1923) found that the incubation period generally lasts from 4
to 8 days.

It is well known that the number of eggs laid by one
female is the pest indicator of female fecundity while the
percent of eggs hatching is the main indicator of fertility. Data
presented in Table (1) and Fig. (2) revealed that temperature
has a significant Effect on both of female fecundity and eggs
fertility,

The highest fecundity (227.7eggs/female) and fertility
(95%) were occurred at 25°C, while the least fecundity
(83eggs/female) and eggs fertility (83%) were recorded at the
highest tested temperature (35°C).

Table 1. Biological parameters, developmental rate, lower developmental threshold (To) and thermal units (DD's for
Oxycarenus hyalinipennis at different temperature regimes (25, 30 and °C + 1°C) and 75 % R.H.

Temp Egg stage
°C+1 Incubation period (days)  Development rate To (°C)  Thermal Units (DD's) Eggs Fertility %
25 6.66+0.36a 15.01 119.9 95.0
30 5.66+0.33a 17.66 7.00 130.2 90.0
35 433+£066b 23.09 121.2 83.0
Average 123.8

6.02
F. Value P=0.04
Nymphal Stage
Temp Nymphal duration Development TO Thermal Nymphal % Nymphs
°C+1 (mean = S.e) rate (°0) Units (DD's) mortality% Turned into adult
25 252+017a 3.96 3147 5 95
30 17.11+027b 5.84 1251 2292 10 90
35 13.88+1.17¢ 7.20 312.2 22 78
Average 285.36

68.77
F. Value P<0.0001
Adult stage
Temp Pre- oviposition Development TO Thermal Sex ratio
°C+1 period (days) rate (°C) Units (DD's) 3:9
25 562+0.2a 17.97 189 1 :11
30 36+0.16b 21.77 2164 30.1 14 : 1
35 166+0.24c 60.24 214 194: 1
Average 235
- 90.34
F” Value P<0.0001
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was recorded at 25 °C while the least duration (13.88 days)

é ‘: ' was at 35°C. Statistically, there are significant differences
- R between values of the mean duration of nymphal stage at
S 0r tested constant temperature, obviously the development rate
#oas } of nymphs increased with the increasing of temperature.
é 10} These results are in harmony with those obtained by (Dimetry
E al 1971 and Hammad et al., 1972). Zero of developmental
§ ;) o threshold for nymphal stage was estimated theoretically by
s 0 & 10 15 20 25 30 3% 40 extrapolation as shown in Fig. (3); this value was 12.51°C

(lower developmental temperature) for nymphal stage. The
lowest nymphal (5%) and highest percent of nymphs
Fig. 1. Regression line between the developmental rate of  succeeded turn into adults (95%) were occurred at 25°C.

O. hyalinipennis eggs and different temperature Although, the shortest period of nymphal duration was
recorded at 35°C, but, the highest nymphal mortality (22%)
and the lowest percent of nymphs that turned to adults (78)

Temperature (*C)

Ratcanpmy. % occurred at the highest temperature of preening (35°C). These
e [VALUE] % (VALUE) % results revealed that temperature of 25°C is the most favorable
100 temperature for O. hyalinipennis nymphal development.
80 Data in Table (2) and graphically illustrated in Fig (4)
60 revealed that pre-oviposition period of O. hyalinipennis adults
a0 ‘ is highly affected by increasing temperature; it was 5.62, 3.6
20 and 1.66 days at 25, 30 and 35 °C, respectively.
0
25°C 30°C $5°C it 10 ¢
Fig. 2. Percent of eggs hatching of O. hyalinipennis at g; P
different constant temperature. iz | y=-4.05+0.324x
statistical analysis enhanced the differences between X % !
the three tested temperature and indicate that temperature of 25 § =
°C seem to be the most favorable for embryonic development, § F
female fecundity and eggs fertility, these results are in 0 PR R — PR— )
agreement with those obtained by (Dimetry, 1973). Each 0 5 10 15 20 25 30 35 40
female lays up to 110 eggs, either singly or in groups of 2-4 I . oC
eqggs, and rarely are more eggs laid according (Hammad et al., s LN
1972). Fig. 3. Regression line between development rate of O.
Data in Table (1) revealed that temperature has a hyalinipennis nymphs and different constant
highly significant (F= 68.77 ***) effect on the development temperatures.

of nymphal stage, the longest nymphal duration (25.2 days)

Table 2. Female and male longevities, female fecundity, lower developmental threshold (To), and thermal units (DD's)
at different temperature regimes.

Temp. Female longevity Male  Rate of development To Thermal units Fecundity (No. of
(°C) Pre Ovi Post Total  longevity (1/tx100) % (°C) (DD's) Eggs/Female)
25 562a  37.00a 538a  4800a 55.75a 2.66 4179 227.7+48.28

30 3.60b 15.33b 440a 2333b  28.70b 4.15 4259 123.8 +24.94
35 1.66c 9.75¢ 210b  1351b 17.26b 5.14 13.85 420.3 83.0+3.05
Average 421.36

FValue  90.34*** 634.76*** 15.68** 13.33** 32.18*** 564 *

The same trend was recorded for oviposition and post-

£ Ng oviposition period, whereas all periods of female longevity
E 6o p decreased with the increase of temperature. Analysis of
= S0} variance cleared that there were significant differences
§ a0: | FEeLSesaa between pre-oviposition, oviposition and post-oviposition
£ w0} periods at different temperatures (25, 30 and 35°C).
.§ 20 } Regarding, female and male longevity, there were significant
i w} differences between longevity of both sex at different
: P SR S > temperatures. On the other hand, female longevity was found
3 0 5 10 15 20 25 30 35 40 usually shorter than male longevity at all tested constant

temperatures. This finding was coinciding with (Ewete and
Osisanya 2011). While (Dimetry 1973) as the opposite case
mentioned that adult males lived for averages of about 34.8,

Temperature (C)
Fig. 4. Regression line of the preoviposion period of O.
hyalinipennis at different constant temperatures.
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28.8 and 19.9 days as compared to 42.4, 36.0 and 22.6 days
for adult females at three different temperatures.
Thermal requirements or thermal units (DD's):

In Table (1) revealed that the thermal units in degree-
days for egg stage required for completion embryonic
development were 119.9 130.2 and 121.2 DD's at 25,30 and
35°C with an average of 123.8 DD’s. Nymphal stage required
the thermal units in degree-days for completion was
determined 314.7, 229.2 and 312.2 DD's., at 25, 30 and 35°C
respectively, with an average 285.36 DD's. While the adult
stage required for 18.9, 30.1 and 21.4 DD's., at 25, 30 and
35°C respectively, with an average 23.5 DD's. The estimation
of corresponding thermal requirements was 421.36 illustrated
in Table (2).
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