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Abstract: The spider beetle, Gibbium psylloides (Czen.), is a small insect, flightless detritus feeder sometimes
found in damp, mouldy grain residues. It feeds on cereals, stored seeds, stale bread and various dried fruit.
Modified atmospheres have been used for disinfesting raw or semi-processed food products, such as cereal
grains and dried fruits, while still in storage. The aim of this study was to evaluate the effectiveness of modified
atmospheres based on high CO2 contents at optimum temperatures in controlling G. psylloides. Eggs, fourth
instar larvae, pupae and adults of G. psylloides were exposed to three modified atmospheres (MAs) containing
different concentrations of CO2 in air under the prevailing laboratory conditions. The tested MAs were: MA 1:
20% CO2, 16% O2 and 64% N2; MA2: 40% CO2, 12 % O2 and 48% N2 and MA3: 80% CO2, 4%O2 and 16% N2. The
exposure period of MAs treatments was started by 3 h and was duplicated until 100% mortality occurred.
Mortalities of the tested stages responding to MAs increased significantly (P < 0.01) with the increase of
exposure period and CO2 concentration. The three tested MAs varied in lethal effect through different
developmental stages of the insect. At 27 C°, 1, 3, 5 and 10 days were adequate to kill completely larvae, adults,
pupae and eggs, respectively, under all tested MAs. The larvae and adults were more sensitive to MAs than
pupae and eggs.
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INTRODUCTION

regulations and loss of synthetic insecticides such as
methyl bromide [5]. Greater restrictions on the use of
dichlorvos, have left few alternatives for even nonorganic food processors.
The spider beetle, G. psylloides (Czen.), is a small
insect, a flightless detritus feeder sometimes found in
damp, mouldy grain residues, but also in vegetable,
leather and other animal products. It is found feeding on
cereals, wheat, bran, baby food, stored seeds, stale bread,
dog biscuits and various dried fruit. The larvae bore holes
in host to pupate and cause damage packaging or the
commodities themselves. The larvae of G. psylloides can
damage not only dried plants in herbaria collections and
upholstery, but also textiles, mummies, animal mounts
and insect collections [6-8]. The larvae do not wander
away from the food stuff for pupation, which takes place
in a spherical cocoon. Large numbers apparently in
tunnels which they had excavated, occur in a desiccated
fragment of organic material and there are also large

Chamomile (Matricariae chamomilla L.) is one of the
most economic medicinal plants. Its flower heads are the
main source of highly aromatic essential oil and belong to
those drugs that experienced a wide medical application
in ancient times [1]. G. psylloides is often a minor insect
and receives little attention as stored products pest, but
this insect becomes very important pests on chamomile
[2-4]. Some studies were found that G. psylloides caused
the highest weight loss of dry chamomile (35.2%) in
plastic net after two years of storage [2]. Controlling
spider beetles starts with a thorough inspection to find
the source of the infestation. Then using non-chemical
control methods have gained importance in integrated
pest management, as policies aiming to minimize the
application of residual chemical insecticides are being
adopted by many companies and a growing market of
organic produce. Governmental and international
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MATERIALS AND METHODS

numbers in similar material stuck to the inside of a
large potsherd. G. psylloides also occurs in material
from the Tomb of Tutankhamun [9] as well as one of the
Manchester mummies [10]. The life cycle attains 22 - 42
weeks and the adult usually lives 30 - 40 weeks, at 25°C on
the granaries and mills products. G. psylloides may be
associated with similarly foul organic residues.
In many cases, the control of stored-product pests
requires control of large numbers of pest individuals
hidden in large amounts of product or structurally
complex buildings. These can be killed with different nonchemical methods and these methods are preferred in
storage as they don’t damage the objects, kill all stages
and don’t harm the environment or health of storage staff.
Physical treatments are achieved due to freezing,
controlled heating [11-13] micro wave radiation or gamma
radiation of the objects [14] high concentrations of zinc
and manganese of insect coleopterans [15]. Methyl
bromide (MB) can be controlled different stages of
storage pests, because it is efficacy, rapid action and
relatively low cost. But MB is scheduled for worldwide
withdrawal from routine use as a fumigant in 2015 under
the directive of the Montreal protocol on ozone-depleting
substances [16, 17]. No single treatment method is perfect
and the best method applied has to be selected depending
on the financial recourses, availability and type of pests
and materials [8]. Now there is an urgent need to find
alternative methods for post-harvest use.
Modified atmospheres have been used for
disinfesting raw or semi-processed food products, such
as cereal grains and dried fruits, while still in storage.
Treatments based on low oxygen atmosphere that is
achieved using increase Nitrogen (N2) or increase carbon
dioxide (CO2) contents are technically suitable alternatives
for storage pests control in durable commodities [18-21].
Almost atmospheres with high contents of N2 are less
effective than atmospheres enriched with CO2 in
controlling pests [20, 22]. Data on the effects of different
concentrations of CO2 treatments and dosages on key
pests are available for many species and stages of storedproduct insects under particular sets of conditions
[23-25]. The toxicity of CO2 to pests is known to vary
among species, developmental stages and age groups. In
the majority of studies involving CO2, much attention has
been focused on determining the time required to kill
insect pests [26-30]. Therefore, the aim of this study was
to evaluate the effectiveness of modified atmospheres
based on high CO2 contents at 27 °C in controlling
G. psylloides.

Insect Culture: The insect's strain was obtained from
infested chamomile flowers. Stock culture was kept in an
incubator at 27±2°C and 65±5% relative humidity (r.h.) in
the laboratory of stored grain insects at the Cairo
University Research Park (CURP), Faculty of Agriculture,
Cairo University. The adult insects were reared on dry
commercial chamomile. The chamomile was conserved at
4°C about one week before using to eliminate potential
contamination with other living pests [31]. Newly emerged
adults were obtained from cultures that were sieved daily.
Laboratory Preparations: The experiments were
conducted in the Laboratory of Modified Atmospheres at
the Department of Economic Entomology and Pesticides,
Faculty of Agriculture, Cairo University. The experiments
aimed to study the sensitivity of all developmental stages
of G. psylloides to different concentrations of CO2 for
different exposure periods. The eggs, fourth instar larvae,
pupae and adults that were required for the MA
experiments were obtained from the stock culture.
After exposure to MAs, the treated stages were kept
under laboratory conditions of 27±2°C and 65± 5% r.h.
All MAs treatments were repeated three times and three
similar replicates of every stage were left untreated for
control purposes.
Gas Treatment Equipment: The treatment with gas
mixtures carried out inside gas-tight Dreshel flasks of 550
cm3 capacity [32]. Each flask was tightly plugged with a
special glass stopper containing an inlet and outlet valve
leading to two vertical glass tubes. Each tube was long
and reached near the bottom of the flask; anther was short
and reached just below the stopper. The long tube worked
as the gas inlet and the short one as the gas outlet. A CO2
cylinder was applied for the CO2 supply and was
connected to the inlet tube of the flask with a short hose.
Valves were opened at the beginning of the treatment and
left open until the desired gas concentration inside the
flask was applied, as indicated by an oxygen analyzer
(Servomex 570 A) connected to the outlet tube of the
Dreshel flask by a short hose [33].
Preparing Different Stages of G. psylloides for Gas
Treatment: Eggs were carefully transferred to Petri dishes
and then examined under a stereomicroscope to eliminate
injured or malformed. The eggs were then carefully
transferred to glass tubes at a density of 50 eggs/tube and
introduced into the Dreshel flask for exposure to the
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Eggs: Data in Table (1) show the effect of the three tested
MAs on the mortality of newly-laid eggs under different
exposure periods at 27°C. The mortality percentages of
eggs increased with the increase of exposure period.
This increase was significantly with increasing CO2
concentrations except the mortality percentages recorded
at one and five days exposure which were insignificantly
within all modified atmospheres. MA1 caused 80 %
mortality after 11 days of exposure, but MA2 and MA3
were recorded 100% mortality after 10 and 11 days
exposure, respectively.

selected MA. Last instar larvae separated with sieving
through a 60-mesh sieve but the pupae and newly
emerged adults were separated from the medium with a
camel brush. Twenty specimens for each stage were put
inside a glass tube containing 2 g of dry chamomile
(Except the vials containing pupae). The tubes were
closed with muslin secured tightly with rubber bands and
were introduced into the Dreshel flask for the selected
MA.
The CO2 Concentrations in Air and Exposure Periods
Tested: Using the gas treatments equipment described
above eggs, fourth instar larvae, pupae and adults of
G. psylloides were exposed to three different
concentrations of CO2 in air under the prevailing
laboratory conditions. The tested MAs were: MA1: 20%
CO2, 16 % O2 and 64% N2; MA2: 40% CO2, 12 % O2 and
48% N2 and MA3: 80% CO2,4% O2 and 16% N .2 The
exposure periods of each of the three tested MA lasted
for 3, 6, 12, 24, 48, 72, 96, 120 and 144 h for larvae stage.
The exposure periods of eggs, pupae and adults started
from one day till 11 days.

Larvae: The data in Table (2) demonstrate the difference
between mortality percentage of fourth instar larvae.
The larvae were more sensitive than the eggs. At MA1
treatment, 86.6 % mortality was recorded after 144 h.
No significant difference was observed between exposure
periods from 24 to 96 h. MA2 was reached 100 % mortality
after 120 h. No significant differences were recorded
between mortality percentages of larvae at 24 and 48 h
and also at 72 and 96 h. At MA3 treatment, the complete
mortality was recorded after 24 h and significant
difference was observed between the mortality
percentages at all exposure periods. High significant
differences between mortality percentages were recorded
in MA3 and each of MA1 and MA2 at 3, 6 and 24 h while
no significant difference was observed between MA1 and
MA2 at the same exposure periods.

Mortality Percentages of the Developmental Stages:
At the end of the tested exposure periods, each of Dreshel
flasks was aerated. Treated eggs were incubated under
the conditions of 27±2°C and 65±5% relative humidity
(r.h.). The eggs remained inside the tubes and were
examined daily to record their mortality percentages.
Treated larvae and adults were examined 24 h after
aeration to record their mortality. Treated pupae were left
until the emergence of adult and record their mortality.

Pupae: Table (3) shows the corrected mortality
percentages of pupae of G. psylloides exposed to three
MAs. The mortality percentages reached to 100% after
11, 10 and 5 days exposure for MA1, MA2 and MA3,
respectively. MA3 recorded the highest significant
mortalities at exposure times 1, 2, 3, 4 and 5 days exposure.
No significant differences were observed between
mortality percentages with MAs at concentrations MA1
and MA2 with all exposure periods except 9 and 10 days.

Statistical Analysis: Duncan and F tests were adopted
for calculating the mortality rates of G. psylloides and
were performed with an SPSS computing program using
ANOVA, as described by Snedecor and Cochran [34].
Data on the effect of exposure periods on the mortality of
the different stages of G. psylloides were subjected to
probit analysis, as described by Finney [35]. LT50 and LT 95
values were calculated using the computer program
developed by Noack and Reichmuth [36].

Adults: The effect of three tested MAs at different
exposure periods on corrected mortality percentages of
newly emerged adults of G. psylloides at 27°C was
clarified in Table (4). No mortality recorded after one and
two days exposure with MA1. The corrected mortality
percentages after one day exposure recorded 48 and 68 %
with MA2 and MA3, respectively. The complete mortality
percentage was recorded at 3, 6 and 12 days exposure to
MA3, MA2 and MA1, respectively. However the lower
MA level (MA1) needed to long time to kill all larvae
(12 days). The significant difference was clearly observed
between mortality percentages at all exposure of each
treatment.

RESULTS
Mortalities of all stages (egg, fourth instar larva, pupa
and adult) of G. psylloides responding to MAs increased
significantly (P< 0.01) with increasing exposure period
and with increasing CO2 concentration (Tables 1-5).
Figures 1-4 show the regression lines obtained.
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Table 1: Corrected mortality percentages for eggs stage of Gibbium psylloides exposed to modified atmospheres (MAs) containing different concentrations
of CO2 combined with varies exposure periods.

Exposure period (Day)

Modified atmosphere (MA)
-------------------------------------------------------------------------------------------------MA1 (20% CO 2)
MA2 (40% CO 2)
MA3 (80% CO 2)

1
2
3
4
5
6
7
8
9
10
11

0.0±0.0d
0.0±0.0dB
0.0±0.0dB
0.0±0.0dC
0.0±0.0d
6.67±5.7dC
25.0±5.7cC
32.0±5.0cC
50.0±5.0bC
53.33±7.5bC
80.0±10.0a

0.0±0.0g
0.0±0.0gB
6.67±6.6gB
30.0±4.5fB
35.0±5.0ef
40.0±5.0eB
48.0±5.7dB
70.0±6.0cB
75.0±5.0bcB
80.0±0.0bB
100±0.0a

20.0±7.0f
30.0±5.0efA
40.0±5.0eA
40.0±5.0eA
70.0±5.0d
76.6±3.3dA
80.0±5.0cdA
88.0±5.0bcA
95.0±4.5abA
100.0±0.0aA

F values
P values

117.872
<0.001

150.110
<0.001

72.290
<0.001

F value

P value

0.07
108.00
31.00
156.00
441.00
165.500
58.449
73.030
42.772
7.789
4.000

4.000
<0.001
0.01
<0.001
<0.001
<0.001
0.001
0.001
0.002
0.021
0.116

Small letters indicate to the significant differences between exposure periods, while the capital letters indicate to the significant differences between modified
atmosphere treatments (CO2 concentrations)
Table 2: Corrected mortality percentages for larva stage of Gibbium psylloides exposed to modified atmospheres (MAs) containing different concentrations
of CO2 combined with varies exposure periods

Exposure period (h)

Modified atmosphere (MA)
-------------------------------------------------------------------------------------------------MA1 (20% CO 2)
MA2 (40% CO 2)
MA3 (80% CO 2)

3
6
24
48
72
96
120
144

0.00±0.0dB
0.00±0.0dB
36.67±3.33cB
40.0±5.77c
43.0±3.33cB
43.0±3.33cB
70.0±5.77bB
86.6±3.33a

0.00±0.0dB
0.00±0.0dB
46.67±12.0cB
46.67±3.33c
73.33±6.67bA
83.33±3.33bA
100.0±0.0aA

46.67±3.33cA
66.67±3.33bA
100.0±0.0aA

F values
P values

64.914
<0.001

50.719
<0.001

98.000
<0.001

F values

P values

196.00
400.00
22.357
1.000
16.200
72.000
27.000

<0.001
<0.001
0.002
0.374
0.016
0.001
0.007

Small letters indicate to the significant differences between exposure periods, while the capital letters indicate to the significant differences between modified
atmosphere treatments (CO2 concentrations)
Table 3: Corrected mortality percentages for pupa stage of Gibbium psylloides exposed to modified atmospheres (MAs) containing different concentrations
of CO2 combined with varies exposure periods

Exposure periods (Day)

Modified atmosphere (MA)
-------------------------------------------------------------------------------------------------MA1 (20% CO 2)
MA2 (40% CO 2)
MA3 (80% CO 2)

1
2
3
4
5
6
7
8
9
10
11

10.00±5.0gC
33.33±3.33fB
36.67±3.33fB
56.67±3.33eB
63.33±3.33dC
69.0±5.0cd
73.33±3.33c
83.3±7.0b
89.0±5.0bB
90.0±5.0bB
100.0±0.0a

33.33±3.33fB
36.67±3.33fB
46.67±3.33eB
66.67±3.33dB
76.67±3.33cB
78.67±5.7c
80.00±5.0bc
86.0±5.0b
95.0±7.0aA
100.0±0.00aA

66.67±3.33bA
80.00±5.77bA
80.00±5.77bA
96.67±3.33aA
100.0±0.0aA

F values
P values

108.728
<0.001

90.738
<0.001

10.500
<0.001

F values

P values

19.909
36.600
27.800
39.000
46.500
2.008
0.400
0.270
75.000
12.000

0.002
<0.001
0.001
<0.001
<0.001
0.292
0.561
0.655
0.013
0.026

Small letters indicate to the significant differences between exposure periods, while the capital letters indicate to the significant differences between modified
atmosphere treatments (CO2 concentrations).
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Table 4: Corrected mortality percentages for adult stage of Gibbium psylloides exposed to modified atmospheres (MAs) containing different concentrations
of CO2 combined with several exposure periods
Modified atmosphere (MA)
-------------------------------------------------------------------------------------------------Exposure period (Day)

MA1 (20% CO 2)

MA2 (40% CO 2)

MA3 (80% CO 2)

F values

p values

1

0.0±0.0gB

48.0±15.9bA

68.0±3.74bA

15.225

<0.001

2

0.0±0.0gC

52.0±11.5bB

96.0±2.44aA

48.158

<0.001

3

5.8±2.0gC

60.0±5.4bB

100±0.00aA

4

15.0±4.0fB

5

172.67

<0.001

64.0±5.1bA

50.77

<0.001

38.0±5.0eB

92.0±2.0aA

57.41

<0.001

6

65.0±6.0dB

97.0±2.0aA

174.11

<0.001

7

74.0±5.7cBA

100.0±0.0aA

8

74.0±5.7cA

42.47

0.003

9

81.0±4.7bcA

275.63

<0.001

4.126

0.043

10

85.0±5.0bA

208.79

<0.001

11

95.0±2.4aA

12.50

0.008

12

100±0.0a

5.00

0.056

P values

<0.001

<0.001

<0.001

F values

173.207

6.229

45.600

Small letters indicate to the significant differences between exposure periods, while the capital letters indicate to the significant differences between modified
atmosphere treatments (CO2 concentrations)
Table 5: LT50 an LT95 values with their confidence limits for all stages of Gibbium psylloides exposed to modified atmospheres (MAs) containing different
concentrations of CO2
Confidence limits (d)
-------------------------------------------------------------LT50 (d)
Stage
Egg

larva

Pupa

Adult

MAs

LT50 (d)

LT95 (d)

-------------------------

---------------------------

LT95 (d)

Lower

Upper

Lower

11.66

Upper

Slop ± SE

Chi-square ( 2)

MA1

9.247

14.53

7.22

13.64

18.97

8.38±0.90

MA2

5.874

12.86

3.92

8.567

13.773

36.865

4.83±0.34

24.90

4.8776

MA3

3.218

10.09

2.55

5.84

8.96

11.65

2.45±0.20

39.2669

MA1

2.60

36.08

2.33

5.26

29.87

38.54

1.44±0.20

35.5104

MA2

1.44

7.18

1.12

3.62

5.96

8.65

2.35±0.25

29.5878

MA3

0.15

0.62

0.09

0.21

0.54

2.82

2.64±0.36

3.8188

MA1

3.498

17.192

3.158

3.86

13.74

23.185

2.378±0.18

5.1998

MA2

2.356

14.503

1.362

3.156

13.58

45.009

2.08±0.178

27.5154

MA3

0.483

0.38

0.84

5.65

12.98

1.32±0.278

12.3836

MA1

5.868

11.58

8.432

4.162

7.118

10.87

19.64

5.57±0.354

40.0570

MA2

1.54

5.93

0.84

2.66

5.23

7.45

1.91±0.208

43.4035

MA3

0.793

1.821

0.622

0.916

1.585

2.292

4.56±0.745

0.3862

Comparative Lethal Times of Different Stages of
G. psylloides Exposed to MAs: The calculated LT50
and LT95 values with their confidence limits for
different stages of G. psylloides exposed to MAs
(Table 5 and Fig 1-4). According to the LT values and
toxicity lines, the MA enriched with 80% CO2 was
more effective on all stages followed by 40% and 20%

CO2. Egg stage was the most tolerant stage to MAs. LT 50
and LT95 were (9.24 & 14.53 days), (5.87 & 12.86 days)
and (3.21 & 10.09 days) with MA1, MA2 and MA3,
respectively. Larvae were more sensitive to MAs than all
stages. LT50 and LT95 were (2.6 & 36.08 days), (1.44 &7.18
days) and (0.15 & 0.62 days) with MA1, MA2 and MA 3,
respectively.
70

Acad. J. Entomol., 11 (3): 66-75, 2018

Fig. 1: Toxicity lines for Gibbium psylloides eggs
exposed to 20% CO2 (A), 40% CO2 (B), 80% CO2
(C) combined with different exposure periods at
27°C.

Fig. 2: Toxicity lines for Gibbium psylloides larvae
exposed to 20% CO2 (A), 40% CO2(B), 80% CO2(C)
combined with different exposure periods at
27°C.
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Fig. 3: Toxicity lines for Gibbium psylloides pupa
exposed to 20% CO2 (A), 40% CO2 (B), 80% CO2
(C) combined with different exposure periods at
27°C.

Fig. 4: Toxicity lines for Gibbium psylloides adults of
exposed to 20% CO2 (A), 40% CO2 (B) and 80%
CO2 (C) combined with different exposure periods
at 27°C.
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DISCUSSION

susceptibility of the different life stages of Indian meal
moth P. interpunctella and almond moth E. cautella to
MAs containing 40%, 60% and 80% CO 2 in air at 27 °C.
They showed that five days were adequate to kill all eggs
and pupae of the two moths under all tested MAs.
Exposure time needed to be extended to 6 and 7 days
at 80% CO2 to obtain complete mortality of larvae of
E. cautella
and P. interpunctella, respectively.
They also recorded that the order of sensitivity of
P. interpunctella to MAs was: egg > pupa > larva, while
for E. cautella it was pupa > egg > larva. Hashem et al.
[44]. Investigated sensitivity of immature stages of the
angoumois grain moth, Sitotroga cerealella, to MAs
containing 30%, 45%, 65% and 75% CO 2 in air at 27 °C.
They found the order of sensitivity of the three
developmental stages of S. cerealella to MAs was eggs
> pupae > larvae.

In this research, different MAs containing 20%, 40%
and 80% CO2 in air were firstly tested against eggs, larvae,
pupae and adults of G. psylloides at 27°C and 65±5% r.h.
There are no previous studies using modified
atmospheres (MAs) against G. psylloides even with
experimental conditions differ from those used in this
study. According to mortality percentages and LT50 and
LT95 values, the sensitivity of all stages to the MAs
tested here could be arranged as larva > adult > pupa>
egg. The slopes of the toxicity lines were the highest in
the stages of adults and larvae. While the majority of both
pupae and eggs were more tolerant to different
concentrations of CO2 than larvae and adults. These
results were similar to study has been observed for
Lasioderma serricorne (L.), Cryptolestes ferrugineus
(Stephens) and Sitophilus oryzae (L.) [25, 37, 38] and also
for several Liposcelis species [39]. This finding may be
attributed to fact that the larval and adult stages are active
stages, while egg and pupal stages are inactive [20, 40].
Hashem et al. [41] treated fresh eggs of C. cephalonica
with MAs contain high level of CO2 at four
concentrations (20, 40, 60 and 80%) at 25, 30 and 35°C.
All tested modified atmospheres exhibited an ability to
completely kill the eggs in four days or less.
In the present study, it was found that the
G. psylloides larvae responded to all tested MAs earlier
than other stages. There were many studies used different
MAs in controlling various developmental stages of
stored products insect. Most of these studies clarified
that the larvae were the most tolerant stage to MAs
especially coleopterous larvae. Hashem et al. [42]
evaluated the susceptibility of different life stages of
saw-toothed grain beetle Oryzephilus surinamensis to
different MAs containing 55%, 65%, 75% and 85% CO2 at
30 °C. They found that the larvae were more susceptible
beside adults while eggs and pupae were more tolerant
to CO2. Cheng et al. [43] found that the gases mixture 2%
O2 + 18% CO2 + 80% N2 significantly affected the
development and survival of all insect developmental
stages of cowpea bruchid, Callosobruchus maculates.
These findings agree with that recorded by Riudavets et
al. [29]. They found that all stages (exceptionally, pupa)
of O. surinamensis which treated with MAs contained
50% CO2 were completely killed at 4 days exposure. They
added that pupa was completely killed at the same period
when it was treated with MAs contained 90% CO2. Some
studies detected that the larvae of lepidopterous insect
were the most tolerant stage that disagreement with the
present study. Ahmed and Hashem [30] studied the

CONCLUSION
The lethal effect of MAs containing 20%, 40% and
80% CO2 at 27°C against G. psylloides varied through
eggs, larvae, pupae and adults. At this temperature, one,
three, five and ten days were adequate to completely kill
larvae, adults, pupae and eggs of G. psylloides,
respectively, under all tested MAs. The larvae and adults
stages were more sensitive to MAs than pupae and eggs
stages.
The most effective MAs are those containing high
level of gases such 40% and 80%. So, it is recommended
to use these high levels of MAs in controlling all stages
of this insect.
ACKNOWLEGMENTS
The authors would like to thank Prof. Dr. Mohamed
Yousri Hashem, Professor of Economic Entomology,
Faculty of Agriculture, Cairo University for his technical
support.
REFERENCES
1.

2.

73

Schilcher, H., 1973. Neuere Erkenntnissebei der
Qualitätsbeurteilung von Kamillenblütenbzw. Kamillenöl - Einteilung der Handelskamille in vierchemische
Typen. Planta Medica, 23: 132.
Salama, R.A.K. and S.K. Ahmed, 1995. Effect of post
harvest treatments and infestation of Gibbium
psylloides (Czen.)(Coleoptera: Ptinidae) on the loss
of quality and quantity of dry chamomile flower
heads. Bull. Ent. Soc. Egypt, 73: 209-215.

Acad. J. Entomol., 11 (3): 66-75, 2018

3.

4.

5

6.

7.

8.

9.

10.

11.
12.

13.

14.

Weidner, H., 1979. Anobiidae and Ptinidae
(Coleoptera) as nuisance causers in dwelling houses
in Hamburg, Part 2. Anzeiger fûr Schädlling-kunds
Pflanzenschutz Umweltschutz, 52 (8): 113-117.
Lee, K.W., N.R. Powers and T.W. Walker, 1992. A
preliminary survey of insects and mites associated
with stored food products in Korea. Korea J.
Entomol., 22(1): 13-16.
.Fields, P.G. and N.D.G. White, 2002. Alternatives to
methyl bromide treatments for stored product and
quarantine insects. Annual. Review. Entomol.,
47: 331-359.
Fohrer, F., K. Basleand F. Daniel, 2006. Problématique
del’infestation des colles de rentoilage des peintures
de chevalet par le Stegobium paniceum (L.). Support
Tracé, 6: 78-85.
Querner, P., T. Kimmel, S. Fleck, E. Götz, M. Morelli
and
K.
Sterflinger,
2013.
Integriertes
Schädlingsmanagement (IPM) im Hinblick auf den
Depotumzugnach Himberg; Technologische Studien,
Kunsthistorisches Museum Wien—Sonderband
Depot 9/10; Kunsthistorisches Museum: Vienna,
Austria, pp: 63-80. (In German)
Querner, P., 2015. Insect Pests and Integrated Pest
Management in Museums, Libraries and Historic
Buildings.
Insects
(6):
595-607.
www.mdpi.com/journal/insects/
Alfieri, A., 1931. Les insectes de la tombe de
Toutankhamon.
Journal:
Bulletin
of
the
Entomological Society of Egypt. 15: pp. 188-189.
http://www.pest-control.com/beetles/shiny-spiderbeetle.
Panagiotakopulu, E. and P.C. Buckland, 2010. The
insect remains from Ranefer’-shouse and Grid 12
(cheaper
9).
https://
www.researchgate.net/
publication/234047266
Fields, P.G., 1992. The control of stored product
insects and mites with extreme temperatures. Journal
of Stored Products Research, 28: 89-118.
Adler, C., 2007. Improving the reliability of heat
treatments in food industry. In: Navarro, S., Adler, C.,
Riudavets, J., Stejskal, V. (Eds), Integrated protection
of stored products, IOBC WP RS Bulletin, 30: 221-227.
Schöller, M., 2010. Biological control of storedproduct insects in commodities, food processing
facilities and museums.
10th International
Working Conference on Stored Product Protection,
425: 596-606.
Brower. J.H. and H.C. Scott, 1972. Gamma radiation
sensitivity of the spider beetle, of Gibbium
psylloides (Coleoptera: Ptinidae). Entomological
Society of Canada, 104(10): 1551-1556.

15. Morgan, T.D., P. Baker, K.J. Kramer, H.H. Basibuyuk
and D.L.J. Quicke, 2003. Metals in mandibles of
stored product insects: do zinc and manganese
enhance the ability of larvae to infest seeds? Journal
of Stored Products Research, 39: 65-75.
16. Bell, C.H., 2000. Fumigation in the 21st century. Crop
Protection, 19: 563-569.
17. Sen, F.M., K.B. Eyvaci, F. Turanli and U. Aksoy,
2010. Effects of short-term controlled atmosphere
treatment at elevated temperature on dried fig fruit.
Journal of Stored Products Research, 46: 28-33.
18. Fleurat-Lessard, F., 1990. Effect of modified
atmospheres on insect and mites infesting stored
products. In: Calderon, M., Barkai-Golan, R. (Eds.),
Food Preservation by Modified Atmospheres. CRC
Press, Inc, Boca Raton, Florida, USA., pp: 21-38.
19. Adler, C., H.G. Corinth and C. Reichmuth, 2000.
Modified atmospheres. In: Subramanyam, Bh.,
Hagstrum, D.W. (Eds.), Alternatives to Pesticides in
StoredProduct IPM. Kluwer Academic Publishers,
MA, USA, pp: 105-146.
20. Navarro, S., 2006. Modified atmospheres for the
control of stored product insects and mites. In:
Heaps, J.W. (Ed.), Insect Management for Food
Storage and Processing. AACC International, St.
Paul, Minnesota, USA, pp: 105-145.
21. Riudavets, J., C. Castañé, O. Alomar, M.J. Pons and
R. Gabarra, 2010. The use of carbondioxide at high
pressure to control nine stored-product pests.
Journal of Stored Products Research, 46: 228-233.
22. Ahmed, S.S., R.A. Zinhoum, M.H. Naroz and
H.B. Hussain, 2017. Effects of Modified Atmospheres
and Ozone on Sitophilus oryzae (L.)(Coleoptera:
Curculionidae), Tribolium castaneum (Herbst.)
(Coleoptera: Tenebrionidae), Quality of Wheat Flour
and Safety of Wheat Grains to Rats. Academic
Journal of Entomology, 10(3): 40-54.
23. Banks, H.J. and P.C. Annis, 1990. Comparative
advantages of high CO2 and low O2 Types of
controlled atmospheres for grain storage. In:
Calderon, M., Barkai-Golan, R.(Eds.), Food
Preservation by Modified Atmospheres. CRC Press,
Inc., Boca Raton, Florida, USA, pp: 93-122.
24. White, N.D.G., D.S. Jayas and W.E. Muir, 1995.
Toxicity of carbon dioxide at biologically producible
levels to stored product beetles. Environmental
Entomology, 24: 640-647.
25. Annis, P.C. and R. Morton, 1997. The acute mortality
effects of carbon dioxide on various life stages of
Sitophilus oryzae. Journal of Stored Products
Research, 33: 115-124.
74

Acad. J. Entomol., 11 (3): 66-75, 2018

26. Adler, C., 1999. Efficacy of modified atmospheres
against diapausing larvae of the Indian meal moth
Plodia interpunctella (Hübner) (Lepidoptera:
Pyralidae). In: Zuxun, J., L. Quan, L. Yongsheng, T.
Xianchang and G. Lianghua, (Eds.), Stored Product
Protection. Proceedings of the Seventh International
Working Confer-ence on Stored Product Protection,
Beijing, 14 -19 October 1998, vol. 1. Sichuan
Publishing House of Science and Technology,
Chengdu, PR China, pp: 685-691.
27. Santos, J.P., D.S. Santos, R.A. Goncalves,
P.H.F. Tome and P.K. Chandra, 1999. Controlled
atmosphere for stored grain pest control in Brazil:
present status and perspectives. In: Zuxun, J., Quan,
L., Yongsheng, L., Xianchang, T., Lianghua, G. (Eds.),
Stored Product Protection. Proceedings of the
Seventh International Working Conference on
Stored-Product Protection, Beijing, 14e19 October
1998, vol. 1. Sichuan Publishing House of Science
and Technology, Chengdu, PR China, pp: 665-670.
28. Van Epenhuijsen, C.W., A. Carpenter and R. Butler,
2002. Controlled atmospheres for the post-harvest
control of Myzus persicae (Sulzer) (Homoptera:
Aphididae): effects of carbon dioxide concentration.
Journal of Stored Products Research, 38: 281-291.
29. Riudavets, J., C. Castané, O. Alomar, M.J. Pons and
R. Gabarra, 2009. Modified atmo-sphere packaging
(MAP) as an alternative measure for controlling ten
pests that attack processed food products. Journal of
Stored Products Research, 45: 91-96.
30. Ahmed, S.S. and M.Y. Hashem, 2012. Susceptibility
of different life stages of Indian meal moth Plodia
interpunctella (Hübner) and almond moth Ephestia
cautella (Walker) (Lepidoptera: Pyralidae) to
modified atmospheres enriched with carbon dioxide.
Journal of Stored Products Research, 51: 49-55.
31. Rutala, W.A., 1997. Disinfection, sterilization and
waste disposal. In: Wenzel RP, ed. Prevention and
control of nosocomial infections. Baltimore: Williams
and Wilkins, pp: 539-93.
32. Desmarchelier, J.M., 1984. Effect of Carbon Dioxide
on the Efficacy of Phosphine against Different Stored
Product
Insects.
In:
Mitteilungenaus
der
Biologischen
Bundesanstaltfür
Landund
Forstwirtschaftt, Berlin Dahlem, 220: 1-57.
33. Hashem,
M.Y.,
1990.
Vergeleichende
Untersuchungenüber den Einfluss von Phosphorwassertoff (PH3) und inerten Gasen (N2 und CO2)
auf den grossen Korn-bonhrer Prostephanus
truncatus (Horn) und Getreidekapuziner Rhizopertha
dominica (F.) (Coleoptera: Bostrichidae). Ph.D.
Thesis, Giessen University, Germany.

34. Snedecor, G.W. and W.G. Cochran, 1956. Statistical
methods applied to experiments in agriculture and
biology. 5th ed. Ames, Iowa: Iowa State University.
Press.
35. Finney, D.J., 1971. Probit Analysis”. Cambridge
University Press, Cambridge, London, pp: 333.
36. Noack, S. and C.H. Reichmuth, 1978. Ein
rechnerisches Verfahren zur Bestimmung von
beliebigen
Dosiswerteneines
Wirkstoffesausempirischen DosisWirkungs-Daten.
Mitteilungenausder Biologischen Bundesanstaltfür
Land- und Fortswirtschaft, Berlin-Dahlem, Heft,
185: 1-49.
37. Childs, D.P. and J.E. Overby, 1983. Mortality of the
cigarette beetle in high carbondioxide atmospheres.
Journal of Economic Entomology, 76: 54 4-546.
38. Rameshbabu, M., D.S. Jayas and N.D.G. White, 1991.
Mortality of Cryptolestes ferrugineus (Stephens)
adults and eggs in elevated carbon dioxide and
depleted oxygen atmospheres. Journal of Stored
Products Research, 27: 163-170.
39. Leong, E.C.W. and S.H. Ho, 1995. Effects of carbon
dioxide on the mortality of Liposcelis bostrychophila
Bad. and Liposcelis entomophila (End.) (Psocoptera:
Lip-oscelididae). Journal of Stored Products
Research, 31: 185-190.
40. Hoback, W.W. and D.W. St anley, 2001. Insects in
hypoxia. Journal of Insect Physiology, 47: 533-542.
41. Hashem, M.Y.,
A.A. Ahmed, S.S. Ahmed,
S.S.H. Khalil and Y.A. Mahmoud, 2016. Comparative
susceptibility of Corcyra cephalonica (Lepidoptera:
Pyralidae) eggs to carbon dioxide and nitrogen at
different temperatures. Journal of Stored Products
Research, 69: 99-105.
42. Hashem, M.Y., S.S. Ahmed, M.A. El-Mohandes and
M.A. Gharib 2012. Susceptibility of different life
stages of saw-toothed grain beetle Oryzaephilus
surinamensis (L.) (Coleoptera: Silvanidae) to modified
atmospheres enriched with carbon dioxide. Journal of
Stored Products Research, 48: 46-51.
43. Cheng, W., J. Lei, J. Ahn, T. Liu and K. Zhu-Salzman,
2012. Effects of decreased O2 and elevated CO 2 on
survival, development and gene expression in
cowpea bruchids Weining. Journal of Insect
Physiology, 58: 792-800.
44. Hashem, M.Y., E.S.M. Risha, S.I. El-Sherif and
S.S. Ahmed, 2012. The effect of modified
atmospheres, an alternative to methyl bromide, on
the susceptibility of immature stages of angoumois
grain moth Sitotroga cerealella (Olivier)
(Lepidoptera: Gelechiidae). Journal of Stored
Products Research, 50: 57-61.
75

