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ABSTRACT
The present studies were carried out to investigate the toxicity of insecticides treated on three packaging
materials against two stored product insect pests, Tribolium castaneum and Trogoderma granarium. Three
insecticides (Deltamethrin, Spinosad and Spinetoram) were applied on three packaging materials
(polyethylene, polypropylene and jute). Six concentrations of each insecticide (10, 15, 20, 25, 30 and
35ppm) were applied on each packaging material cut into circular pieces of petri dish size. After air drying,
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the treated pieces of packaging materials were placed in petri dishes. Then 30 adults of Tribolium
castaneum and 30 larvae of Trogoderma granarium were released in the petri dishes, which were tightly
covered using rubber bands and were placed in incubator at optimum growth conditions. Mortality of
insects were observed after 24, 48 and 72 hrs. The overall maximum percent mortality of T. castaneum at
35ppm conc. and 72 hours exposure time was 41.96% for deltamethrin treated on polyethylene packaging
material, 55.02% for spinetoram and 48.59% for spinosad at the same packaging material, dose rate and
exposure time. Results of bioassay of insecticide application against Trogoderma granarium, the maximum
mortality of T. granarium at 35ppm conc. and 72 hours exposure time was 89.08% for deltamethrin treated
on polyethylene packaging material, 83.33% for spinetoram and 86.66% for spinosad at the same packaging
material, dose rate and exposure time.
Key words: Tribolium castaneum, Trogoderma granarium, insecticide, packaging materials

INTRODUCTION
Throughout the world the most injurious and damaging pests of stored products are Tribolium castaneum
(Mondal, 1994) and Trogoderma granarium (Burges, 2008). T. castaneum (Herbst) red flour beetle is one
of the most important pest of stored grain (Shafique et al., 2006). Grain and its quality is greatly affected
by the attack of T. granarium (Ahmedani et al., 2009). Pest control in stored products is a very major
problem in developing countries. During the storage of wheat T. granarium (Everts) is responsible for
causing both quantitative and qualitative losses (Prasad et al., 1977). T. granarium larvae stage is the most
damaging stage whereas the adult stage of T. granarium is unable to cause damage (Parashar, 2006).
According to literature the Trogoderma granarium is very dangerous for our food. The sections of insect in
wheat flour cause reduction in sale of milling industries (Perez-Mendoza et al., 2003). Among the
international pests of cereals, stored grains, fruit and nuts the red flour beetle, Tribolium castaneum
(Herbst) are most important (Fedina and Lewis, 2007). Use of woven bags is one of the low-cost method of
storing grains but this method needs to apply the insecticide (Maina et al., 2016). In Sub-Sahara region for
storing maize and some other crops hermetic storage bags were used for past ten decade (Baoua et al.,
2014). Many companies have applied package-testing programs in order to develop resistance against
insect attack (Mullen, 1994). Purdue Improved Crop Storage (PICS) bags contains two layers of high density
polyethylene (HDPE) surrounded by a polypropylene bag, they give an excellent protection against bruchid
seed beetles to cowpea grain in West Africa (Baoua et al., 2013). Repellents, means having the ability to
repel insect to enter or move across a surface which is treated with these repellents. The use of coating of
these repellent on packages is helpful in order to prevent insect infestation at that portion where further
research is to be conducted (Mullen et al., 2012). Highland (1978) recorded the progress of repellent
treatments as a priority. Different repellent formulations have been tested through the years. Natural and
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synthetic combinations were used in the studies of senior authors. They include insect growth regulators
neem oil, methyl salicylate and DEET derivatives (Mullen et al., 2012). EPA was accepted as Provision Gard™
in 2009, in which IGR methoprene was used and it is also used in many package applications now a days.
Provision GardTM is very useful in order to prevent the Indian meal moth entry.
For the stored-product insects present in mills and warehouses insecticides with various liquid formulations
and aerosols were applied for managing pests (Arthur and Campbell, 2008). Malathion, pirimiphos-methyl
(Actellic) and chlorpyrifos-methyl plus deltamethrin were used in Unites States for protection against
insects of stored grains for long periods (Subramanyam et al., 2012).
Spinosad is an insecticide with reduced-risk and have low mammalian toxicity, it is basically the
fermentation products of an Actinomycete bacterium (Thompson et al., 2000). The United States
Environmental Protection Agency permitted spinosad to be used on stored grains in 2005 (Anonymous,
2005). Scientific data having enough volume was collected from trails of field and laboratory having various
formulations for field crops which show spinosad effective to control insect pests of stored grains (Vayias
et al., 2010).
Deltamethrin and b-cyfluthrin are pyrethroid insecticides, these two insecticides are registered by US-EPA
for surface application (Allahvaisi, 2012). When the insects are open on treated grains immediate death of
these insects take place, and if they are removed their death may be delayed (Athanassiou et al., 2010).
Now spinetoram, was presented as a different spinosyn insecticide which have more effectiveness and its
speed of action is faster as compared to spinosad (Sparks et al., 2008). Natural spinosyns are used for
preparing Spinetoram (spinosyn J and spinosyn L) which is produced by Saccharopolyspora spinosa and
used to make two artificial modifications. Mode of action of spinosad and Spinetoram is same and it is also
active by the contact method and ingestion (Dripps et al., 2011). Broad research with spinetoram in
contradiction of field pests shows that spinetoram is very usefull against a number of pest species. In
fact,(Sparks et al., 2008) and (Jones et al., 2010) noticed that the effectiveness of spinetoram was greater
as compared to spinosad in controlling insect pest of stored grains.
The objectives of present studies were:
1.To evaluate the effectiveness of insecticide treated on packaging materials against Tribolium castaneum
and Trogoderma granarium.
2.To find out the suitable packaging material which gives good result of an insecticides against stored insect
pests.

MATERIALS AND METHODS
The present studies were conducted at Grain Research, Training and Storage Management Cell,
Department of Entomology, University of Agriculture Faisalabad during 2016-2017.
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COLLECTION AND REARING OF INSECTS:
Two insect species, of stored grains i.e. Tribolium castaneum and Trogoderma granarium were obtained
from lab strain. Insect population of Tribolium castaneum and Trogoderma granarium were taken after 23 weeks post eclosion from laboratory cultures. Then provide optimum growth conditions in incubator,
such as 30±2ºC temperature and 65±5% relative humidity. T. castaneum was dispose to sterilized flour. T.
granarium was dispose on uncontaminated wheat grains. This uniform population were subjected for
experimentation.

PACKAGING MATERIALS:
This experiments were conducted using three types of packaging materials i.e. Polyethylene, Polypropylene
and jute bags. These packaging materials were cut into discs of petri dish size (9cm). These discs of
packaging materials were treated with insecticides and plant extracts. After treatment these discs were
placed in petri dishes and insects were released on these treated discs.

BIOASSAY TO EVALUATE THE TOXIC EFFECT OF INSECTICIDES TREATED ON PACKAGING MATERIALS
AGAINST TRIBOLIUM CASTANEUM AND TROGODERMA GRANARIUM:
Three packaging materials (Polyethylene, Polypropylene and jute bags) were treated with six
concentrations (10, 15, 20, 25, 30 and 35ppm) of deltamethrin, spinosad and spinetoram. The discs of
packaging materials treated with insecticides were transferred into petri dishes after air drying. Thirty
beetles of T. castaneum and thirty grubs of T. granarium were released in each petri dish. Each of six
treatment combinations for each species and type of packaging were repeated three times. There was a
control treatment for each insecticides. The mortality data were recorded after 24, 48 and 72 hours
exposure time. If the beetles shows no movements on touching with brush they were considered dead. If
the beetles shows no movements on touching with brush they were considered dead.

STATISTICAL ANALYSIS:
After the completion of all bioassays, corrected mortality of recorded data was calculated using Abbott’s
formula.
Corrected Mortality (%) =

Mo(%) − Mc(%)
× 100
100 − Mc(%)

Mo = Observed mortality
Mc = Mortality in Control
STATISTICA 8 was used to analyze the data of % mortality and other treatments and their combinations.
Significant treatments findings were compared with Tucky-HSD.
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RESULTS AND DISCUSSION
Present study was planned to determine the effectiveness of insecticides and plant extracts applied on
different packaging materials against Tribolium castaneum and Trogoderma granarium.

EFFECT OF INSECTICIDES TREATED ON PACKAGING MATERIALS AGAINST TRIBOLIUM CASTANEUM:
Three types of packaging materials (Polyethylene, Polypropylene and jute bags) were used. Six
concentrations (10, 15, 20, 25, 30 and 35ppm) of deltamethrin, spinosad and spinetoram against Tribolium
castaneum. Results are described in the following sub-headings.
SOV

DF

SS

MS

F Value

Packaging materials (Pm)

2

251.23

125.61

18.091**

Concentrations (C)

5

3244.47

648.89

93.455**

(Pm) x (C)

10

178.00

17.80

2.564**

Error

36

249.96

6.94

Total

53

3923.66

** (Highly significant)
Table No.1. Analysis of variance of data regarding % mortality of Tribolium castaneum against deltamethrin
in treated packaging materials after 24 hours exposure time.
Analysis of variance of data regarding % mortality of Tribolium castaneum using different concentrations
of deltamethrin (10, 15, 20, 25, 30 and 35ppm) after 24 hours exposure time and three packaging materials
(Polyethylene, Polypropylene and jute bags) are given in the table 1. This table shows the packaging
materials and concentrations have highly significant effect on percent mortality of T. castaneum. The
interaction between packaging material and concentration was also highly significant. The overall results
show that the concentrations, while packaging materials have significant effect with each other.
Packaging materials

Mean mortality± S.E

Jute

15.73±1.74 a

Polypropylene

12.54±1.55 b

Polyethylene

17.80±2.55 a

Table No. 2. Mean mortality (%) of Tribolium castaneum against deltamethrin after 24 hours exposure
time by treating different packaging materials.
The results regarding mean % mortality of Tribolium castaneum after 24 hours exposure time using
different packaging materials are given in the table 2. This table describe that the highest mortality was
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showed at the polyethylene packaging material was 17.80% and lowest % mortality was 12.54% found in
polypropylene material.

Concentrations (ppm)

Mean mortality± S.E

10

4.1±0.60 e

15

8.61±0.87 d

20

13.85±0.99 c

25

16.85±0.97 c

30

20.97±0.99 b

35

27.71±2.23 a

Table 3. Comparison of mean values of the data regarding percent mortality of Tribolium castaneum using
different concentrations of deltamethrin after 24 hours exposure time.
Data showed in table 3 the % mortality of Tribolium castaneum at several concentrations of deltamethrin
(10, 15, 20, 25, 30 and 35ppm). This table showed the % mortality of T. castaneum increase by increasing
the concentrations of deltamethrin. The highest mortality shown at 35ppm concentration of the
deltamethrin was 27.71%. The % mortality of T. castaneum at the other concentrations (10, 15, 20, 25 and
30ppm) was 4.12, 8.61, 13.85, 16.85 and 20.97% respectively.
Packaging materials

Concentrations (ppm)

Mean mortality± S.E

Jute

10

5.61±1.12 ij

Jute

15

10.11±1.12 fghij

Jute

20

13.48±1.12 defghi

Jute

25

16.85±1.12 cdefg

Jute

30

21.34±1.12 bcd

Jute

35

26.96±1.12 ab

Polypropylene

10

3.37±1.12 j

Polypropylene

15

6.74±1.12 hij

Polypropylene

20

11.23±1.12 efghij
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Polypropylene

25

14.60±1.12 defgh

Polypropylene

30

17.97±1.12 cdef

Polypropylene

35

21.34±1.12 bcd

Polyethylene

10

3.37±1.12 j

Polyethylene

15

8.98±1.94 ghij

Polyethylene

20

16.85±1.12 cdefg

Polyethylene

25

19.10±1.94 bcde

Polyethylene

30

23.60±1.12 bc

Polyethylene

35

34.83±4.05 a

Table 4. Mean Mortality (%) of Tribolium castaneum after 24 hours exposure time against different
concentrations of deltamethrin applied on different packaging materials.
The results regarding the % mortality of T. castaneum using different concentrations (10, 15, 20, 25, 30 and
35ppm) of deltamethrin applied at three packaging materials (Polypropylene, polyethylene and jute) are
given Table.4 which shows that the 35ppm concentration applied on polyethylene packaging material
caused the highest mortality (34.83%). The packaging materials of polyethylene and polypropylene at
10ppm concentration caused least mortality (3.37%). The overall results show that by increasing the
concentrations of the deltamethrin, there is an increase in the % mortality of T. castaneum; while
polyethylene packaging material showed highest % mortality of T. castaneum.
SOV

DF

SS

MS

F Value

Packaging materials (Pm)

2

262.90

131.45

18.09**

Concentrations (C)

5

3395.19

679.04

93.45**

(Pm) x (C)

10

186.27

18.63

2.56**

Error

36

261.58

7.27

Total

53

4105.94

** (Highly significant)
Table No. 5. Analysis of variance of data regarding % mortality of Tribolium castaneum against deltamethrin
in treated packaging materials after 48 hours exposure time.
Analysis of variance of data regarding % mortality of Tribolium castaneum using different concentrations
of deltamethrin (10, 15, 20, 25, 30 and 35ppm) after 48 hours exposure time and three packaging materials
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(Polyethylene, Polypropylene and jute bags) are given in the table 5 This table shows the packaging
materials and concentrations have highly significant effect on percent mortality of T. castaneum. The
interaction between packaging material and concentration was also highly significant. The overall result
show that concentrations and packaging material have significant effect with each other.
Packaging materials

Mean mortality± S.E

Jute

20.69±1.78 a

Polypropylene

17.43±1.58 b

Polyethylene

22.79±2.61 a

Table No. 6. Mean mortality (%) of Tribolium castaneum against deltamethrin after 48 hours exposure time
by comparing the different packaging materials.
The results regarding mean % mortality of Tribolium castaneum after 48 hours exposure time using
different packaging materials are given in the table 6. This table describe that the highest mortality was
showed at the polyethylene packaging material was 22.79% and lowest % mortality was 17.43% found in
polypropylene material.
Concentrations (ppm)

Mean mortality± S.E

10

8.81±0.60 e

15

13.41±0.89 d

20

18.77±1.01 c

25

21.84±0.99 c

30

26.05±1.01 b

35

32.95±2.37 a

Table 7. Comparison of mean values of the data regarding percent mortality of Tribolium castaneum using
different concentrations of deltamethrin after 48 hours exposure time.
Data showed in table 7 the % mortality of Tribolium castaneum at several concentrations of deltamethrin
like 10, 15, 20, 25, 30 and 35ppm. This table showed the % mortality of T. castaneum increase by increasing
the concentrations of deltamethrin. The highest mortality shown at 35ppm concentration of the
deltamethrin was 32.95%. The % mortality of T. castaneum at the other concentrations (10, 15, 20, 25 and
30ppm) was 8.81, 13.41, 18.77, 21.84 and 26.05% respectively.
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Packaging materials

Concentrations (ppm)

Mean mortality± S.E

Jute

10

10.33±1.14 ij

Jute

15

14.95±1.14 fghij

Jute

20

18.39±1.14 defghi

Jute

25

21.84±1.14 cdefg

Jute

30

26.43±1.14 bcd

Jute

35

32.18±1.14 ab

Polypropylene

10

8.04±1.14 j

Polypropylene

15

11.49±1.14 hij

Polypropylene

20

16.09±1.14 efghij

Polypropylene

25

19.54±1.14 defgh

Polypropylene

30

22.99±1.14 cdef

Polypropylene

35

26.43±1.141 bcd

Polyethylene

10

8.04±1.14 j

Polyethylene

15

13.79±1.99 ghij

Polyethylene

20

21.84±1.14 cdefg

Polyethylene

25

24.14±1.99 bcde

Polyethylene

30

28.73±1.14 bc

Polyethylene

35

40.23±4.14 a

Table 8. Mean mortality (%) of Tribolium castaneum after 48 hours exposure time against different
concentrations of deltamethrin applied different packaging materials.
The results regarding the % mortality of T. castaneum using different concentrations (10, 15, 20, 25, 30 and
35ppm) of deltamethrin applied at three packaging materials (Polypropylene, polyethylene and jute) are
given Table.8 which shows that the 35ppm concentration applied on polyethylene packaging material
caused the highest mortality (40.23%). The packaging material of polyethylene and polypropylene at
concentration 10ppm were caused the least mortality is (8.04%). The overall results show that by increasing
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the concentrations of the deltamethrin there is an increase in the % mortality of T. castaneum, while
polyethylene packaging material showed highest % mortality of T. castaneum.
SOV

DF

SS

MS

F Value

Packaging materials (Pm)

2

275.40

137.70

18.09**

Concentrations (C)

5

3556.67

711.33

93.455**

(Pm) x (C)

10

195.13

19.51

2.564**

Error

36

274.02

7.61

Total

53

4301.22

** (Highly significant)
Table No. 9. Analysis of variance of data regarding % mortality of Tribolium castaneum against deltamethrin
in treated packaging materials after 72 hours exposure time.
Analysis of variance of data regarding % mortality of Tribolium castaneum using different concentrations
of deltamethrin (10, 15, 20, 25, 30 and 35ppm) after 72 hours exposure time and three packaging materials
(Polyethylene, Polypropylene and jute bags) are given in the table 9. This table shows the packaging
materials and concentrations have highly significant effect on percent mortality of T. castaneum. The
interaction between packaging material and concentration was also highly significant. The overall result
show that the concentrations and packaging materials have significant effect with each other.
Packaging materials

Mean mortality± S.E

Jute

29.41±1.82 a

Polypropylene

26.08±1.62 a

Polyethylene

31.57±2.67 b

Table No. 10. Mean mortality (%) of Tribolium castaneum against deltamethrin after 72 hours exposure
time by treating different packaging materials.
The results regarding mean % mortality of Tribolium castaneum after 72 hours exposure time using
different packaging materials are given in the table 10. This table describe that the highest mortality was
showed at the polyethylene packaging material was 31.57% and lowest % mortality was 26.08% found in
polypropylene material.

© 2018 RnD Journals. All Rights Reserved. www.rndjournals.com| OPEN ACCESS

10 | P a g e

Concentrations (ppm)

Mean mortality± S.E

10

17.25±0.62 e

15

21.96±0.91 d

20

27.45±1.03 c

25

30.59±1.01 c

30

34.90±1.03 b

35

41.96±2.43 a

Table 11. Comparison of mean values of the data regarding percent mortality of Tribolium castaneum using
different concentrations of deltamethrin after 72 hours exposure time.
Data showed in the table 11 the % mortality of Tribolium castaneum at several concentrations of
deltamethrin (10, 15, 20, 25, 30 and 35ppm). This table showed the % mortality of T. castaneum increase
by increasing the concentrations of deltamethrin. The highest mortality was shown at 35ppm concentration
of the deltamethrin was 41.96%. The % mortality of T. castaneum at the other concentrations (10, 15, 20,
25 and 30ppm) was 17.25, 21.96, 27.45, 30.59 and 34.90% respectively.
Packaging materials
Jute

Concentrations (ppm)
10

Mean mortality± S.E
18.82±1.14 ij

Jute

15

23.53±1.14 fghij

Jute

20

27.06±1.14 defghi

Jute

25

30.59±1.14 cdefg

Jute

30

35.29±1.14 bcd

Jute

35

41.17±1.14 ab

Polypropylene

10

16.47±1.14 j

Polypropylene

15

20.00±1.14 hij

Polypropylene

20

24.71±1.14 efghij

Polypropylene

25

28.23±1.14 defgh

Polypropylene

30

31.76±1.14 cdef
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Polypropylene

35

35.29±1.14 bcd

Polyethylene

10

16.47±1.14 j

Polyethylene

15

22.35±2.00 ghij

Polyethylene

20

30.59 ± 1.14 cdefg

Polyethylene

25

32.94±2.00 bcde

Polyethylene

30

37.65±1.14 bc

Polyethylene

35

49.41±4.14 a

Table 12. Mean mortality (%) of Tribolium castaneum after 72 hours exposure time against different
concentrations of deltamethrin applied on different packaging materials.
The results regarding the % mortality of T. castaneum using different concentrations (10, 15, 20, 25, 30 and
35ppm) of deltamethrin applied at three packaging materials (Polypropylene, polyethylene and jute bag)
are given Table 12 which shows that the 35ppm concentrations applied on polyethylene packaging material
caused the highest mortality (49.41%). The packaging material of polyethylene and polypropylene at
concentration 10ppm caused the least mortality is 16.47%. The overall results show that by increasing the
concentrations of the deltamethrin there is an increase in the % mortality of T. castaneum while
polyethylene packaging material showed highest % mortality T. castaneum.
SOV

DF

SS

MS

F Value

Packaging materials (Pm)

2

151.04

757.52

16.36**

Concentrations (C)

5

5092.69

1018.54

22.00**

(Pm) x (C)

10

1256.71

125.61

2.71**

Error

36

1666.08

46.28

Total

53

9530.53

** (Highly significant)
Table No. 13. Analysis of variance of data regarding % mortality of Tribolium castaneum against spinetoram
in treated packaging materials after 24 hours exposure time.
Analysis of variance of data regarding % mortality of Tribolium castaneum using different concentrations
of spinetoram (10, 15, 20, 25, 30 and 35ppm) after 24 hours exposure time and three packaging materials
(Polyethylene, Polypropylene and jute bags) are given in the table 13. This table shows the packaging
materials and concentrations have highly significant effect on percent mortality of T. castaneum. The
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interaction between packaging material and concentration was also highly significant. The overall results
show that the concentrations and packaging materials have significant effect with each other.
Packaging materials

Mean mortality± S.E

Jute

16.86±3.46 a

Polypropylene

4.87±1.50 a

Polyethylene

15.17±3.44 b

Table No. 14. Mean mortality (%) of Tribolium castaneum against spinetoram after 24 hours exposure time
by treating the different packaging materials.
The results regarding mean % mortality of Tribolium castaneum after 24 hours exposure time using
different packaging materials are given in the table 14. This table describe that the highest mortality was
showed at the jute packaging material was 16.86% and lowest % mortality was 4.87% found in
polypropylene material.
Concentrations (ppm)

Mean mortality± S.E

10

3.00±1.66 b

15

3.00±1.66 b

20

2.63±1.42 b

25

17.23±4.20 a

30

22.85±3.19 a

35

25.10±5.11 a

Table 15. Comparison of mean values of the data regarding percent mortality of Tribolium castaneum using
different concentrations of spinetoram after 24 hours exposure time.
Data showed in table 15 the % mortality of Tribolium castaneum at several concentrations of spinetoram
(10, 15, 20, 25, 30 and 35ppm) was in Table.4.4.2. This table showed the % mortality of T. castaneum
increase by increasing the concentrations of spinetoram. The highest mortality was shown at 35ppm
concentration of the spinetoram was 25.10%. The % mortality of T. castaneum at the other concentrations
(10, 15, 20, 25 and 30ppm) was 3.00, 3.00, 2.63, 17.23 and 22.85% respectively.
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Packaging materials

Concentrations (ppm)

Mean mortality± S.E

Jute

10

3.38±1.14 de

Jute

15

5.62±1.14 de

Jute

20

3.38±1.14 de

Jute

25

26.97±1.14 abc

Jute

30

29.22±1.14 abc

Jute

35

32.59±1.14 ab

Polypropylene

10

1.13±1.14 e

Polypropylene

15

1.13±1.14 e

Polypropylene

20

3.38±1.14 de

Polypropylene

25

2.25±1.14 de

Polypropylene

30

12.36±1.14 bcde

Polypropylene

35

8.99±1.14 cde

Polyethylene

10

4.50±1.14 de

Polyethylene

15

2.25±2.00 de

Polyethylene

20

1.13±1.14 e

Polyethylene

25

22.48±2.00 abcd

Polyethylene

30

26.97±1.14 abc

Polyethylene

35

33.71±4.14 a

Table 16. Mean mortality (%) of Tribolium castaneum after 24 hours exposure time different concentrations
of spinetoram applied on different packaging materials.
The results regarding the % mortality of T. castaneum using different concentrations (10, 15, 20, 25, 30 and
35ppm) of spinetoram applied at different packaging materials (Polypropylene, polyethylene and jute bag)
are given table 16 which shows that the 35ppm concentration applied on polyethylene packaging material
caused the highest mortality (33.71%). The packaging material of polyethylene at 20ppm concentration
and polypropylene at concentration 10ppm and 15ppm were caused the least mortality is 1.13%. The
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overall results show that by increasing the concentrations of the spinetoram there is an increase in the %
mortality of T. castaneum; while polyethylene packaging material showed highest % mortality T.
castaneum.
SOV

DF

SS

MS

F Value

Packaging materials (Pm)

2

3114.28

1557.14

16.83**

Concentrations (C)

5

12005.97

2401.19

25.96**

(Pm) x (C)

10

1975.78

197.58

2.13*

Error

36

3329.71

92.49

Total

53

20425.74

* (Significant); ** (Highly Significant)
Table No. 17. Analysis of variance of data regarding % mortality of Tribolium castaneum against spinetoram
in treated packaging material after 48 hours exposure time.
Analysis of variance of data regarding % mortality of Tribolium castaneum using different concentrations
of spinetoram (10, 15, 20, 25, 30 and 35ppm) after 48 hours exposure time and three packaging materials
(Polyethylene, Polypropylene and jute bags) are given in the table 17. This table shows the packaging
materials and concentrations have significant effect on percent mortality of T. castaneum. The interaction
between packaging material and concentration was also significant. The overall results shows that
concentrations and packaging material have significant effect with each other.
Packaging materials

Mean mortality± S.E

Jute

22.35±4.77 a

Polypropylene

8.43±2.37 a

Polyethylene

26.08±5.30 b

Table No. 18. Mean mortality (%) of Tribolium castaneum against spinetoram after 48 hours exposure time
by treating different packaging materials.
The results regarding mean % mortality of Tribolium castaneum after 48 hours exposure time using
different packaging materials are given in the table 18. This table describe that the highest mortality was
showed at the polyethylene packaging material was 26.08% and lowest % mortality was 8.43% found in
polypropylene material.
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Concentrations (ppm)

Mean mortality± S.E

10

3.53±1.76 b

15

3.92±2.18 b

20

5.88±1.95 b

25

27.06±5.79 a

30

34.90±4.67 a

35

38.43±7.06 a

Table 19. Comparison of mean values of the data regarding percent mortality of Tribolium castaneum using
different concentrations of spinetoram after 48 hours exposure time.
Data showed in table 19 the % mortality of Tribolium castaneum at several concentrations of spinetoram
(10, 15, 20, 25, 30 and 35ppm). This table showed the % mortality of T. castaneum increase by increasing
the concentrations of spinetoram. The highest mortality shown at 30ppm concentration of the spinetoram
was 38.90%. The % mortality of T. castaneum at the other concentrations (10, 15, 20, 25 and 35ppm) was
3.53, 3.92, 5.88, 27.06 and 34.90% respectively.
Packaging materials

Concentrations (ppm)

Mean mortality± S.E

Jute

10

3.53±3.11 e

Jute

15

7.06±6.22 de

Jute

20

3.35±1.17 e

Jute

25

34.12±4.24 abcd

Jute

30

42.35±1.17 ab

Jute

35

43.53±11.34 a

Polypropylene

10

2.35±4.70 e

Polypropylene

15

0.00±1.17 e

Polypropylene

20

3.53±4.24 e

Polypropylene

25

8.24±2.03 de
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Polypropylene

30

23.53±6.54 abcde

Polypropylene

35

12.94±3.11 bcde

Polyethylene

10

4.71±2.03 de

Polyethylene

15

4.71±2.03 de

Polyethylene

20

10.59±3.11 cde

Polyethylene

25

38.82±10.45 abc

Polyethylene

30

49.41±6.22 a

Polyethylene

35

48.23±9.62 a

Table 20. Mean mortality (%) of Tribolium castaneum after 48 hours exposure time against different
concentrations of spinetoram applied on different packaging materials.
The results regarding the % mortality of T. castaneum using different concentrations (10, 15, 20, 25, 30 and
35ppm) of spinetoram applied at three packaging materials (Polypropylene, polyethylene and jute) are
given table 20 which shows that the 35ppm concentration applied on polyethylene packaging material were
caused the highest mortality (48.23.71%). The packaging material of polyethylene at 20ppm, polypropylene
at 10ppm and 15ppm concentration caused the least mortality. The overall results show that by increasing
the concentrations of the spinetoram, increase the % mortality of T. castaneum; while polyethylene
packaging material showed highest % mortality of T. castaneum.
SOV

DF

SS

MS

F Value

Packaging materials (Pm)

2

2672.41

1336.20

8.64**

Concentrations (C)

5

26383.75

5276.75

43.13**

(Pm) x (C)

10

1966.09

196.61

1.27NS

Error

36

5564.46

154.57

Total

53

39586.71

NS

(Non-Significant); ** (Highly Significant)

Table No. 21. Analysis of variance of data regarding % mortality of Tribolium castaneum against spinetoram
in treated packaging materials after 72 hours exposure time.
Analysis of variance of data regarding % mortality of Tribolium castaneum using different concentrations
of spinetoram (10, 15, 20, 25, 30 and 35ppm) after 72 hours exposure time and three packaging materials
(Polyethylene, Polypropylene and jute bags) are given in the table 21. This table shows the packaging
materials and concentration have significant effect on percent mortality of T. castaneum. The interaction
between packaging material and concentration was non-significant. The overall results shows that %
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mortality of T. castaneum increase by increasing the concentrations; while packaging material have
significant effect with each other.
Packaging materials

Mean mortality± S.E

Jute

31.93±6.49 a

Polypropylene

17.87±4.76 b

Polyethylene

33.53±6.77 a

Table No. 22. Mean mortality (%) of Tribolium castaneum against spinetoram after 72 hours exposure time
by treating different packaging materials.
The results regarding mean % mortality of Tribolium castaneum after 72 hours exposure time relating the
different packaging material are given in the table 22. This table describe that the highest mortality was
showed at the polyethylene packaging material was 33.53% and lowest % mortality was 17.87% found in
polypropylene material.

Concentrations (ppm)

Mean mortality± S.E

10

5.22±2.23 b

15

6.85±2.31 b

20

7.23±3.01 b

25

37.75±6.50 a

30

54.62±5.25 a

35

55.02±7.23 a

Table 23. Comparison of mean values of the data regarding percent mortality of Tribolium castaneum using
different concentrations of spinetoram after 72 hours exposure time.
Data showed in table 23 the % mortality of Tribolium castaneum at several concentrations of spinetoram
(10, 15, 20, 25, 30 and 35ppm). This table showed the % mortality of T. castaneum increase by increasing
the concentrations of spinetoram. The highest mortality shown at 35ppm concentration of the spinetoram
was 55.02%. The % mortality of T. castaneum at the other concentrations (10, 15, 20, 25 and 30ppm) was
5.22, 6.83, 7.23, 37.75 and 54.62% respectively.
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SOV

DF

SS

MS

F Value

Packaging materials (Pm)

2

1080.85

540.42

22.73**

Concentrations (C)

5

3492.25

698.45

29.38**

(Pm) x (C)

10

855.33

85.53

3.59**

Error

36

855.76

23.77

Total

53

6284.20

** (Highly Significant)
Table No. 24. Analysis of variance of data regarding % mortality of Tribolium castaneum against spinosad in
treated packaging materials after 24 hours exposure time.
Analysis of variance of data regarding % mortality of Tribolium castaneum using different concentrations
of spinosad (10, 15, 20, 25, 30 and 35ppm) after 24 hours exposure time and three packaging materials
(Polyethylene, Polypropylene and jute bags) are given in the table 24. This table shows the packaging
materials and concentrations have highly significant effect on percent mortality of T. castaneum. The
interaction between packaging material and concentration was also highly significant. The overall results
shows that % mortality of T. castaneum increase by increasing the concentrations and packaging material
have highly significant effect with each other.
Packaging materials

Mean mortality± S.E

Jute

14.04±2.68 a

Polypropylene

4.13±1.22 b

Polyethylene

13.11±2.87 a

Table No. 25. Mean mortality (%) of Tribolium castaneum against spinosad after 24 hours exposure time
by treating different packaging materials.
The results regarding mean % mortality of Tribolium castaneum after 24 hours exposure time using
different packaging materials are given in the table 25. This table describe that the highest mortality was
showed at the jute packaging material was 14.04% and lowest % mortality was 4.13% found in
polypropylene material.
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Concentrations (ppm)

Mean mortality± S.E

10

2.63±1.42 b

15

2.63±1.42 b

20

2.25±1.12 b

25

15.73±3.72 a

30

19.11±2.63 a

35

20.23±3.55 a

Table 26. Comparison of mean values of the data regarding percent mortality of Tribolium castaneum using
different concentrations of spinosad after 24 hours exposure time.
Data showed in table 26 the % mortality of Tribolium castaneum at several concentrations of spinosad (10,
15, 20, 25, 30 and 35ppm). This table showed the % mortality of T. castaneum increase by increasing the
concentrations of spinosad. The highest mortality was shown at 35ppm concentration of the spinosad was
20.23%. The % mortality of T. castaneum at the other concentrations (10, 15, 20, 25 and 30ppm) was 2.63,
2.63, .2.25, 15.73 and 19.11% respectively.
Packaging materials
Jute

Concentrations (ppm)
10

Mean mortality± S.E
3.38±2.97 d

Jute

15

4.50±2.97 d

Jute

20

3.38 ±1.12 d

Jute

25

23.60±2.24 ab

Jute

30

24.72±1.12 ab

Jute

35

24.72±4.891 ab

Polypropylene

10

1.13±2.24 d

Polypropylene

15

1.13±1.12 d

Polypropylene

20

2.25±3.37 d

Polypropylene

25

2.25±1.94 d

© 2018 RnD Journals. All Rights Reserved. www.rndjournals.com| OPEN ACCESS

20 | P a g e

Polypropylene

30

10.12±4.05 bcd

Polypropylene

35

7.87±1.12 cd

Polyethylene

10

3.38±2.97 d

Polyethylene

15

2.25±3.37 d

Polyethylene

20

1.13±1.12 d

Polyethylene

25

21.35±4.49 abc

Polyethylene

30

22.48±1.94 abc

Polyethylene

35

28.09±2.97 a

Table 27. Mean mortality (%) of Tribolium castaneum after 24 hours exposure time against different
concentrations of spinosad applied on different packaging materials.
The results regarding the % mortality of T. castaneum using different concentrations (10, 15, 20, 25, 30 and
35ppm) of spinosad applied at three packaging material (Polypropylene, polyethylene and jute) are given
table 27 which shows that the 35ppm concentration on polyethylene packaging material caused the
highest mortality (28.09%). The packaging material of polypropylene at 10ppm and 15ppm concentration
caused the least mortality (1.13%). The overall results show that by increasing the concentrations of the
spinosad there is an increase the % mortality of T. castaneum; while polyethylene packaging material shows
highest % mortality T. castaneum.
SOV

DF

SS

MS

F Value

Packaging materials (Pm)

2

1572.59

786.30

15.35**

Concentrations (C)

5

7115.20

1423.04

27.79**

(Pm) x (C)

10

1079.00

107.90

2.10*

Error

36

1843.38

51.21

Total

53

11610.17

* (Significant); ** (Highly Significant)
Table No. 28. Analysis of variance of data regarding % mortality of Tribolium castaneum against spinosad in
treated different packaging materials after 48 hours exposure time.
Analysis of variance of data regarding % mortality of Tribolium castaneum using different concentrations
of spinosad (10, 15, 20, 25, 30 and 35ppm) after 48 hours exposure time and three packaging materials
(Polyethylene, Polypropylene and jute bags) are given in the table 28. This table shows the packaging
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materials and concentrations have significant effect on percent mortality of T. castaneum. The interaction
between packaging material and concentration was also significant. The overall results shows that %
mortality of T. castaneum increase by increasing the concentrations; while packaging material have
significant effect with each other.
Packaging materials

Mean mortality± S.E

Jute

15.49±3.56 a

Polypropylene

7.65±2.04 b

Polyethylene

20.78±3.98 a

Table No. 29. Mean mortality (%) of Tribolium castaneum against spinosad after 48 hours exposure time
by treating different packaging materials.
The results regarding mean % mortality of Tribolium castaneum after 48 Hours exposure time using
different packaging materials are given in the table 29. This table describe that the highest mortality was
showed at the polyethylene packaging material was 20.78% and lowest % mortality was 7.65% found in
polypropylene material.
Concentrations (ppm)

Mean mortality± S.E

10

2.35±1.66 c

15

3.14±1.56 c

20

5.49±2.01 c

25

19.61±3.41 b

30

26.69±2.88 ab

35

30.59±5.76 a

Table 30. Comparison of mean values of the data regarding percent mortality of Tribolium castaneum using
different concentrations of spinosad after 48 hours exposure time.
Data showed in table 30 the % mortality of Tribolium castaneum at several concentrations of spinosad (10,
15, 20, 25, 30 and 35ppm). This table showed the % mortality of T. castaneum increase by increasing the
concentrations of spinosad. The highest mortality was showed that at 35ppm concentration of the spinosad
was 30.59%. The % mortality of T. castaneum at the other concentrations (10, 15, 20, 25 and 30ppm) was
2.35, 3.14, .5.49, 19.61 and 26.67% respectively.
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Packaging materials
Jute

Concentrations (ppm)
10

Mean mortality± S.E
0.005±1.17 f

Jute

15

4.711±4.07 ef

Jute

20

2.35±1.17 ef

Jute

25

23.53±4.24 abcde

Jute

30

27.06±1.17 abcd

Jute

35

35.29±7.15 ab

Polypropylene

10

2.35±4.70 ef

Polypropylene

15

0.00±1.17 f

Polypropylene

20

3.53±4.24 ef

Polypropylene

25

8.24±2.03 def

Polypropylene

30

18.82±5.39 bcdef

Polypropylene

35

12.94±3.11 cdef

Polyethylene

10

4.71±2.03 ef

Polyethylene

15

4.71±2.03 ef

Polyethylene

20

10.59±3.11 def

Polyethylene

25

27.06±4.249 abcd

Polyethylene

30

34.12±3.11 abc

Polyethylene

35

43.53±9.33 a

Table 31. Mean mortality (%) of Tribolium castaneum after 48 hours exposure time against different
concentrations of spinosad applied on different packaging materials.
The results regarding the % mortality of T. castaneum using different concentrations (10, 15, 20, 25, 30 and
35ppm) of spinosad applied at three packaging material (Polypropylene, polyethylene and jute) are given
in table 31 which shows that the 35ppm concentration appleid on polyethylene packaging material caused
the highest mortality (43.53%). The packaging material of polypropylene at 15ppm and jute bag at 10ppm
concentration caused the least mortality is 0.00%. The overall results show that by increasing the
concentrations of the spinosad there is an increase in the % mortality of T. castaneum; while polypropylene
packaging material shows highest % mortality T. castaneum.

© 2018 RnD Journals. All Rights Reserved. www.rndjournals.com| OPEN ACCESS

23 | P a g e

SOV

DF

SS

MS

F Value

Packaging materials (Pm)

2

2180.40

1090.20

7.61**

Concentrations (C)

5

21394.76

(Pm) x (C)

10

2400.04

240.00

Error

36

5155.18

143.20

Total

53

31130.38

NS

4278.95

29.88**
1.67NS

(Non-Significant); ** (Highly Significant)

Table No. 32. Analysis of variance of data regarding % mortality of Tribolium castaneum against spinosad in
treated packaging materials after 72 hours exposure time.
Analysis of variance of data regarding % mortality of Tribolium castaneum using different concentrations
of spinosad (10, 15, 20, 25, 30 and 35ppm) after 72 hours exposure time and different packaging materials
(Polyethylene, Polypropylene and jute bags) are given in the table 32. This table shows the packaging
materials and concentrations have significant effect on percent mortality of T. castaneum. The interaction
between packaging material and concentration was non-significant. The overall results show that %
mortality of T. castaneum increase by increasing the concentrations while packaging materials have
significant effect with each other.
Packaging materials

Mean mortality± S.E

Jute

25.70±6.03 a

Polypropylene

14.26±4.07 b

Polyethylene

29.12±6.44 a

Table No. 33. Mean mortality (%) of Tribolium castaneum against spinosad after 72 hours exposure time
by treating different packaging materials.
The results regarding mean % mortality of Tribolium castaneum after 72 hours exposure time using
different packaging material are given in the table 33. This table describe that the highest mortality was
showed at the polyethylene packaging material was 29.12% and lowest % mortality was 14.26% found in
polypropylene material.

© 2018 RnD Journals. All Rights Reserved. www.rndjournals.com| OPEN ACCESS

24 | P a g e

Concentrations (ppm)

Mean mortality± S.E

10

3.22±1.31 c

15

5.22±1.67 c

20

4.02±2.70 c

25

29.23±6.5 b

30

47.79±5.81 a

35

48.59±6.83 a

Table 34. Comparison of mean values of the data regarding percent mortality of Tribolium castaneum using
different concentrations of spinosad after 72 hours exposure time.
Data showed in table 34 the % mortality of Tribolium castaneum at several concentrations of spinosad (10,
15, 20, 25, 30 and 35ppm). The highest mortality shown at 35ppm concentration of the spinosad was
48.59%. The % mortality of T. castaneum at the other concentrations (10, 15, 20, 25 and 30ppm) was 3.22,
5.22, 4.02, 29.23 and 47.79% respectively.
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