RESULTS AND DISCUSSION

1- Efficacy of CA of 30% CO, against the tested insect
species at 18 = 2°C and 55 + 5% R.H. inside the various

storage facilities:
la- Efficacy of CA of 30 + 5% CO, against the tested
insect species at 18 +2°C, 55 + 5% R.H. inside the closed

steel bins at varving exposure periods:

The obtained results are presented in Table la. The results
show clearly that percentage mortalities of the various insects and
their developmental stages were increased with rising the
exposure period.

S. oryzae: )

For the adults of S. oryzae mortality values were 50.2 + 3.1
and 100% after 3 and 7 day-exposure period, respectively. Egg
percentage mortality was 15.2 £ 5.9% at 3 day-exposure and this
value increased gradually to reach 100% at 35 day-exposure
period. Larval percentage mortality was 20.3 + 5.1% at 3 day-
exposure and this value raised to 80.3 + 1.9% at 21 days from
treatment and reached complete kill after 28 day-exposure. Pupal
percentage mortality was 16.1 = 2.3% at 3 day-exposure period
and raised to 94.0 £ 4.2% after 35 day-exposure and complete
mortality was recached after 42 days post-trcatment. Accordingly,
the exposure time needed for achieving complete mortalities for
the various stages of 8. oryzae using CA of 30 £ 5% CO, at 18
2°C mside the  closed steel bins was at least 6 weeks. The results
showed clearly that the pupal stage of §. oryzae was the most

resistant to 30% CO,, while the adult was the most sensitive,
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R. dominica:

Percentage mortality of the adults of R. dominica at 3
day-exposure was  40.3 + 2.1% and this value increased to
reach complete kill at 10 day-exposure.  Ligg pereentage
mortality at 3 day-cxposure was 16.2 + 5.8% and this value
reached 100% kill at 42 day-exposure. Larval percentage
mortality was 18.1 + 2.3% at 3 day-exposure and this figure
reached complete kill at 35 days post-treatment. Pupal
percentage mortality was 16.1 + 4.29% at 3 day-exposure and
this value increased gradually to reach 100% at 42 day-
exposure.  Accordingly, to obtain 100% mortalities for the
various stages of R. dominica, the cxposure time needed was at
least 6 weeks. The obtained data indicated that the adults and
larvae of R. dominica were more susceptible to 30% CO, than
the eggs and pupae.

T. castaneum:

At 3 day-exposure, percentage mortalities of the adult, egg,
larva and pupa of T. castaneum were 36.] + 6.3,25.2+3.1,40.3
£ 5.1 and 36.3 + 3.2%, respectively. In case of the adult complete
kill was recorded after 7 days of exposure, while in case of egg
and pupa complete kill were recorded after 14 day-exposure,
while in case of larva complete mortalities were recorded at 10
day-exposure. The exposure time for achieving 100% kill for the
various stages of T. castaneum using the above mentioned CA at
I8 +2°C was at least 2 weeks. Under this treatment, the eggs and
pupace of T. castaneum were more resistant of CO, than the larvae
and adults.

T. oranarium:

At 3 day-exposure nil percentage mortalities were recorded
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for the active and diapausing larvae of T. granarium, but these
values increased with the increase of the exposure time to reach
100% mortality at 35 and 42 day-exposure for the active and
diapause larvae, respectively. The results showed also that the
exposure time needed to achieve complete mortalities for the
active and diapausing larvae of T. gramarium using the above
conditions was found to be at least 6 weeks. This result indicated
clearly that the diapausing larvae were more resistant to this CA
than the active one.

In summary, the results showed clearly, that an exposure
period of at least 6 weeks is necessary to obtain total extinction of
the populations of the adults and immature stages of S. oryzae, R.

dominica, T. castaneum and T. granarium by using CA of 30
5% inside the closed steel bins at grain temperature of 18 + 2°C.

1b- Efficacy of CA of 30 £ 5% CO, against the tested
insect species at 18 +2°C, 55 + 5% R.H. inside the closed

fiberglass bins at varying exposure periods:

The obtained results are listed in Table 1b. Clearly, the
results shown in this table revealed that percentage mortalities of
the various insects and their developmental stages raised
gradually with the increase of the exposure period of the insects to
CO, inside the closed fiberglass bins.

S. oryzae:

At 3 day-exposure, percentage mortalities of the adult, egg,
larva and pupa of S. oryzae were 20.1 £2.3, 11.2+ 3.1, 13.3 £ 2.0
and 9.6 + 1.6%, respectively. These values increased with the
increase of the exposure period to reach complete kill at 14, 60,
50 and 60 day-exposure for the mentioned immature stages,
respectively. The exposure time required for achieving complete
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Table (1b): Responses of the tested stages of various insect spec

bins at 18 + 2 °C, 55 +5% R.H. and varying exposure periods.

i¢s to CA of 30 £5 % CO, in the closed fiberglass

[Insect species | Stage % Mortality at indicated exposure periods (days) - Control
3 7 14 21 28 35 42 50 60 ﬁ

S. oryzae Adult | 20.1£23 [ 60.243.1 | 100 100 100 100 100 100 | 100 | 00
Ego 11.243.1 | 18.243.1 | 25.3+1.4 | 36.3+7.1 50.3+4.1 | 71.2+1.6 | 80.242.1 97.346.1 100 0.0
Larva 13.342.0 | 20.4+5.1 | 36.3+2.6 | 53.442.1 70.4+3.2 | 85.322.4 | 93.4+3.] 100 100 | 0.0
Pupa 9.6+£1.6 | 15.142.6 | 24.6+3 ] 33.3£2.0 | 43.1+1.6 | 66.6+4.] 80.2+2.5 | 93.1+3.2 100 | 0.0
R. dominica Adult 20.2£3.1 | 55.6+3.1 | 90.4+8.1 100 100 100 100 100 100 0.0
Egg 10.142.4 | 13.844.6 | 26.143.2 | 33.123.] 50.6+3.4 | 70.3+6.1 | 80.142.6 100 100 | 0.0
Larva 8.1£3.1 [ 20.2+4.1 | 41.3+2.6 50.3+2.3 | 73.4+2.1 | 86.4+3.] 89.1+£3.1 100 100 | 0.0
- Pupa 6.4+2.1 | 15.243.1 | 24.344.1 | 33.642.0 46.1£1.6 | 66.242.4 | 77.3£2.0 91.1+6.1 100 | 0.0
T. castaneum Adult 20.243.1 | 50.0+3.1 | 95.0+2.0 100 100 100 100 100 100 0.0
Ego 13.4+4.1 | 22.142.6 | 40.1+3.2 71.34+6.1 | 85.3+4.1 100 100 100 100 0.0
Larva 20.242.6 | 66.144.6 | 85.3+2.0 | 95.146.] 100 100 100 100 100 0.0
i Pupa | 18.144.1 | 50.2¢3.1 | 70.6+5.1 | 88.243.1 | 97.342.6 | 100 100 100 100 | 00
T. granarium Active 0.0 9.643.2 | 16.3+3.1 | 36.1%1.1 | 50.121.6 80.3£2.1 [ 97.1x1.4 | 100 100 | 0.0
larvae diapause | 0.0 00 | 9:643.1 | 26,111 [ 40.143.0 | 602541 | 75.2¢6.1 [ 974273 100 | 0.0




kill for the various stages of S. oryzae using CA of 30 + 5% CO,
at 18 + 2°C inside the closed fiberglass bins was found to be at
least 8 weeks. Also, the adult of S. oryzae were the most sensitive
stage to this CA.
R. dominica:

Percentage mortality of the adult of R. dominica was 20.2
+ 3.1% at 3 day-exposure and this value reached 100% mortality
after 21 days of exposure. Egg percentage mortality at 3 day-
exposure was 10.1 = 2.4% and this value increased to complete
kill at 50 day-cxposure. Larval percentage mortality at 3 day-
exposure was 8.1 + 3.1% and this value raised to 100% at 50 day-
exposure. Pupal percentage mortality was 6.4 + 2.1 at 3-day-
exposure and this value increased to reach 100% at 60 day-
exposure. Under this condition, to obtain 100% mortalities for the
various stages of R. dominica, the needed exposure time was at
least & weeks. The results showed clearly that the pupae were the
most resistant followed by the eggs and larvae, while the adult
was the most sensitive stage.

T. castaneum:

Adult percentage mortality of 7. castaneum was 20.3 +
3.1% at 3 day-exposure and this value increased to 100% at 21
day-exposure. Egg percentage mortality was 13.4 = 4.1% at 3
day-exposure and reached complete kill after 35 day-exposure.
Larval percentage mortality was 20.2 = 2.6% at 3 day-exposure
and 100% kill was achieved at 28 day post-treatment. Pupal
percentage mortality was 18.1 +4.1% at 3 day-exposure and this
value reached 100% at 35 day-cxposure. The exposure time
nedeed for achieving 100% kill for the various stages of T.
castaneum using the above conditions were at least 5 weeks.
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Pupae and eggs were more resistant to this CA than the larvae and
adult stages.

T. oranarium:

Nil mortalities were recorded for the active and diapausing
larvae of T. granarium at 3 day-exposure, but complete mortality
was achieved at 50 and 60 day post-treatment for the active and
diapausing larvae, respectively. The results showed also that the
cXposure time needed to achieve complete mortalities for the
active and diapausing larvae of T, granarium using the above
conditions was found to be at least 9 weeks, and active larvae
were more sensitive than diapausing one.

Briefly, the results showed clearly, that an exposure period
of at least 9 weeks is needed to achieve total extinction of the
adults and Immature stages of S. oryzae, R. dominica, T.
castaneum and T. granarium by using CA of 30 + 5% CO, inside
the closed fiberglass bins, at grain temperature of 18 + 2°C.
lc- Efficacy of CA of 30 + 5% CO,_against the tested
insect species at 18 + 2°C, 55 + 59, R.H. inside the closed
metal drums at va rying exposure periods:

The obtained results are presented in Table 1c. The results
show that mortality values raised with increasing the exposure
period.

S. oryzae:

Adult percentage mortality of S. oryzae was 30.2 + 3.1% at
3 day-exposure and this value raised 10 90.2 +2.1% at 7 day-
¢Xposure and reached complete kill after 10 day-exposure period.
At 3 day-exposure, the percentage  mortalities of egg, larva and
pupa were 15.1 £ 6.1, 18.3+2.6 and 15.0 + 0.0%, respectively.
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Table (1¢): Responses of the tested stages of various insect species to CA of 30 =5 % CO,; in the closed metal drums

at 18 £ 2 °C, 55 +5% R.I. and varying exposure periods.

Insect species Stage % Mortality at indicated exposure periods (days) Contro
3 7 10 14 21 28 35 42 50
S. oryzae | Adult 30.243.1 | 90.2=2. 100 100 100 100 100 100 100 0.0
Egg 15.146.1 | 21.6=3.4 | 33.24+6.1 | 40.2+3.1 | 66.3+4.1 | 88.1£3.4 | 97.1+2.6 100 100 0.0
. Larva 18.3£2.6 | 26.2=3.1 | 40.244.1 | 50.246.1 | 71.3+4.6 | 80.4+2.6 | 88.2+4.1 100 100 0.0
. Pupa 15.0+£0.0 | 20.2=5.1 | 26.4%6.1 | 36.2+4.1 | 56.3£1.9 | 70.3£1.6 | 77.2+4.1 | 96.3+2.5 100 0.0
R. dominica | Adult |30.1£2.6|75.3=6.1 100 100 100 100 100 100 100 0.0
_ Egg 12.8+£3.1 | 21.4=3.6 | 26.4+3.4 | 30.2+4.1 | 56.4%2.1 | 77.3%4.1 | 90.246.1 | 99.1+1.2 100 0.0
| Larva 16.3+£2.1 | 23.6=3.1 | 40.246.1 | 50.2+3.1 | 66.3+4.1 | 76.4%6.1 100 100 100 0.0
_ Pupa 14.1£2.6 | 21.2=6.1 | 26.1£2.3 | 30.2+3.4 | 65.1£4.6 | 70.6+£3.4 | 89.3+4.1 | 93.0+3.0 100 0.0
T. castaneurn |  Adult |40.2+3.1 | 66.2=2.6 100 100 100 100 100 100 100 0.0
. Egg 20.246.1 | 40.3=7.1 | 76.3+2.1 100 100 100 100 100 100 0.0
- Larva |[33.6+6.1|70.1=3.4 100 100 100 100 100 100 100 0.0
Pupa 30.6+3.1 | 66.3=4.1 | 88.2+7.1 100 100 100 100 100 100 0.0
T. granarium @ Active 0.0 20.2=6.1 | 36.6+3.1 | 46.4+3.1 | 67.6£4.1 | 83.2+6.1 | 90.4+2.3 100 100 0.0
larvae | diapause | 0.0 [13.1=2.4 [ 16.246.1 | 26.8+3.2 | 50.3%4.1 | 77.442.1 [ 86.426.1 | 96.4£2.3 | 100 0.0




These values increased to 100% at 42, 42 and 50 day-exposure,
respectively.  Accordingly, the exposure time required for
achieving complete kill for the various stages of . oryzae using
CA of 30 = 5% CO; at 18 +2°C inside the closed metal drums
was at least 7 weeks.

R. dominica:

Adult percentage mortality of R. dominica was 30.1 +
2.6% at 3 day-exposure and this value increased to 75.3 + 6.1% at
7 day-exposure and reached complete kill after 10 day post-
treatment. Egg percentage mortality was 12.8 +3.1% at 3 day-
cxposure and reached 100% after 50 day-exposure. Larval
percentage mortality was 16.3 + 2.1% at 3 day-exposure and
100% mortality was achieved at 35 day-exposure. Pupal
percentage mortality was 14.1 + 2.6% at 3 day-exposure and
complete kill at 50 day-exposure. Under this condition to obtain
100% mortalities for the various stages of R. dominica, the
exposure time needed was at least 7 weeks.

I. castaneum:

The obtained percentage mortalities at 3 day-exposure
were 40.2 + 3.1, 20.2 + 6.1,33.6 £ 6.1 and 30.6 £ 3.1% for the
adult, egg, larva and pupa of T. castaneum, respectively.
Complete mortalities were achieved at 10 day-exposure for the
adult and larval stages and 14 day-exposure for the ¢gg and pupal -
stages. The exposure time for achieving 100% kill for the various
stages  of T. castaneum using the above conditions was
accordingly at least 2 weeks.

T, granarium:
Percentage  mortalities  obtained for the active and
diapausing larvae of T. granarium at 7 day-exposure were 20.2 +
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6.1 and 13.1 = 2.4%, respectively. These values increased to
100% at 42 and 50 day-exposure for the active and diapausing
larvae, respectively. The results showed clearly that the
diapausing larvae were more resistant than the active one and the
exposure time needed to achieve complete mortalities for both
larvae of T. granarium under the above conditions was at least 7
weeks.

In conclusion, the results showed clearly, that an exposure
period of at least 7 weeks is required to obtain total extinction of
the populations of the adults and immature stages of S. oryzae, R.
dominica, T. castaneum and T. granarium by using CA of 30 £+
5% CO, inside the closed metal drums at grain temperature of 18
427,

2- Efficacy of CA of 30 % CO, against the tested insect
species at 28 = 2°C and 55 £ 5% R.H. inside the various
storage facilities:

2a- Efficacy_of CA of 30 £ 5% CO, against the tested
insect species at 28 +2°C, 55+ 5% R.H. inside the closed

steel bins at varying exposure periods:

The results are presented in Table 2a. The results show
clearly that percentage mortalities of the various insects and their
developmental stages were increased with rising the exposure
period.

At 3 day-exposure, percentage mortalities of the adult, egg,
larva and pupa of S. oryzae were 60.2+3.1,28.2+2.1,263 =
I.6and 21.6 + 3.1%, respectively. These values increased with
rising the exposure period to reach complete kill at 7, 28, 28 and
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Table (2a): Responses of the tested stages'of various insect species to CA of 30 = 5% CO; in the closed steel bins at 28

+2 °C, 55 £5% R.H. and varying exposure periods.

Insect Stage % Mortality at indicated exposure periods (days) Control
species 3 7 10 14 21 28 35

S. oryzae Adult 60.24+3.1 100 100 100 100 100 100 00
Egg 28.242.1 35.3%£1.6 50.2+3 .4 66.3+2.4 83.344.1 100 100 0.0
Larva 26.3+1.6 40.242.0 58.3+4.6 66.14+4.1 85.1£2.3 100 100 0.0
Pupa 21.6+3.1 32.6+2.4 44.3%5.1 56.3+£5.1 76.4+3.1 93.0£4.2 100 0.0
R. dominica Adult 50.243.1 100 100 100 100 100 100 0.0
Ego 26.2+3.1 35.1+£2.4 42.6+3.1 55.6+4.1 80.3+2.6 100 100 0.0
Larva 30.242.1 50.1+1.6 61.243.4 85.242.4 93.143.2 100 100 0.0
Pupa 24.8+2.1 29.3+6.1 40.2+3.2 53.344.1 76.2+2.1 88.1+5.1 100 0.0
T. castaneum Adult 44.2+43.1 100 100 100 100 100 100 0.0
Egg 30.243.1 70.3£2.1 90.2+3.1 100 100 100 100 0.0
Larva 150.0+2.6 83.3+4.1 100 100 100 100 100 0.0

Pupa 44.2+6.1 80.2+3.1 96.2+3.1 100 100 100 100 0.0
T. granarium | Active 6.3+0.0 20.3+4.1 33.244.] 55.1+£2.1] 75.1+2.1 95.3+23 100 0.0
larvae diapause 0.0 9.6+4.1 26.3%+2.1 33.2%3.1 551421 86.0:3.0 100 0.0




35 day-exposure for the mentioned immature stages, respectively.
This result indicated clearly that the pupal stage of S. oryzae was
the most resistant of CO, followed by the larvae and eggs, while
the adult stage was the most sensitive. The exposure time required
for achieving compete kill for the various stages of S. oryzae
using CA of 30 + 5% CO, at 28 + 2°C inside the closed steel bins

was at least 5 weeks.

R. dominica:

Percentage mortality of the adult of R. dominica was 50.2
+ 3.1% at 3 day-exposure and this value reached 100% mortality
after 7 days of exposure. gp percentage mortality at 3 day-
exposure was 26.2 + 3.1% and this value increased to complete
kill at 28 day-cxposure. Larval percentage mortality at 3 day-
exposure was 30.2 + 2.1% and this value raised to 100% at 28
day-exposure. Pupal percentage mortality was 24.8 +2.1% at 3
day-exposure and this value increased to reach 100% at 35 day-
exposure. Under this condition to obtain 100% mortalities for the
various stages of R. dominiea, the required exposure time was at
least 5 weeks. Also, the pupal stage was more resistant to this CA
than larvae and eggs, while the adult was the most sensitive.

T. castaneum:

Adult percentage mortality of T. castaneum was 44.2 + 3.1
% at 3 day-exposure and this value increased to 100% at 7 day-
exposure. Egg percentage mortality was 30.2 +3.1% at 3 day-
exposure and reached complete kill after 14 day-exposure. Larval
percentage mortality was 50.0 £ 2.6% at 3 day-exposure and
100% kill was achieved at 10 day post-treatment. Pupal
percentage mortality was 44.2 £ 6.1% at 3 day-exposure and this
value reached 100% at 14 day-exposure. The exposure time tor
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achieving 100% kill for the various stages of T. castaneum using
the above conditions was at least 2 weeks.

T. oranarium:

The recorded mortalities for the active and diapausing
larvae of T. granarium at 3 day-exposure were 6.3 + 0.0 and 0.0 ;
respectively. These values increased to complete mortality at 35
day post-treatment for the both larval instars. The results showed
also that the exposure time needed to achieve complete mortalities
for the active and diapausing larvae of T, granarium using the
above conditions was found to be at least 5 weeks. Also active
larvae were more sensitive than diapausing one.

Briefly, the results showed clearly, that an exposure period
of at least 5 weeks is needed to obtain total extinction of the
population of the populations of the adults and immature stages of
S. oryzae, R. dominica, T. castaneum and T. granarium by using
CA of 30 + 5% CO, inside the closed steel bins at grain
temperature of 28 + 2°C.
2b- Efficacy of CA of 30 + 5% CO, against the tested
insect species at 28 + 2°C, 55 + 5% R.H. inside the closed
fiberglass bins at varying exposure periods:

The obtained results are listed in Table 2b. Clearly, the.
results given in this table show that the percentage mortalities
raised gradually with the increase of the exposure period of the
insects to CO, inside the bins,

Adult percentage mortality of . oryzae was 40.2 + 3.0% at
3 day xposure nd his alue aised o 0] A% t  ay-
exposure and reached complete kill after 14 day-exposure period.
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Table (2b): Responses of the tested stages of various insect species to CA of 30 + 5 % CO, in the

bins at 28 + 2 °C, 55 £5% R.IH. and varying exposure periods.

closed fiberglass

L

Inscct Stage % Mortality at indicated exposure periods (days) Control
species 3 T 14 21 28 35 12 50
S. oryzae Adult 40.2+3.0 | 80.1+3.1 100 100 100 100 100 100 0.0
Egg 19.6£2.4 | 25.1+£2.1 | 28.3+3.1 | 46.4+3.1 | 66.2+2.3 | 83.1£1.6 | 89.1£7.2 100 0.0
Larva 21.1£2.4 | 32.6+3.1 | 50.2£2.6 | 69.2+3.1 | 81.1+4.1 100 100 100 0.0
Pupa 15.1£3.2 | 24.14£3.2 | 38.144.2 | 43.6+6.1 | 61.4%2.1 | 80.3+4.0 | 838.1+£3.4 100 0.0
R. dominica Adult 25.1£6.1 | 60.2+3.2 100 100 100 100 100 _ 100 0.0
Egg 18.3+3.1 | 23.121.9 | 35.242.0 | 41.244.1 | 62.3£1.6 | 77.342.4 | 833%3.1 100 0.0
Larva 13.3+4.1 | 26.4+3.6 | 45.6+3.1 | 66.1+£2.0 | 79.0+4.1 | 90.1+1.6 | 95.3+2.1 100 0.0
Pupa 17.3£2.1 | 20.5+£3.1 | 31.4+£2.6 | 40.244.1 | 60.3+£3.2 | 77.8+1.2 | 83.1+3.1 100 0.0
T. castaneum Adult 20.2£3.1 | 60.2+3.1 100 100 100 100 100 100 0.0
Egg 20.1+4.1 | 26.1+2.1 | 71.1£1.3 | 90.14£2.3 100 100 100 100 0.0
Larva 28.3x5.1 | 70.3%3.1 | 90.2+3.1 100 100 100 100 _ 100 0.0
Pupa 252+3.4 | 60.1£1.6 | 86.245.3 | 95.246.1 100 100 100 f 100 0.0
T. granarium | Active 0.0 11.244.2 | 273+1.4 | 50.3£3.2 | 75.1£2.1 | 95.0£1.9 100 ! 100 0.0
larvae diapause 0.0 3.342.0 | 16.342.3 | 36.2+1.6 | 66.242.4 | 80.143.1 | 90.0550 100 0.0




At 3 day-exposure, the percentage mortalities of egg, larva and
pupa were 19.6 + 2.4,21.1+2.4 and 15.1 + 3.2%, respectively.
These values increased to 100% at 50, 35 and 50 day-exposure;
respectively. The exposure time for achieving complete control
for the various stages of S. oryzae using CA of 30 + 5% CO, at 18
+ 2°C inside the closed fiberglass bins was at least 7 weeks.

R. dominica:

Adult percentage mortality of R. dominica was 25.1 +
6.1% at 3 day-exposure and this value raised to 60.2 +3.2% at 7
day-exposure and reached complete mortality after 14 day post-
treatment. Egg percentage mortality was 18.3 +3.1% at 3 day-
cxposure and reached 100% after 50 day-exposure. Larval
percentage mortality was 13.3 + 4.1% at 3 day-exposure and
100% kill was achieved at 50 day-exposure. Pupal percentage
mortality was 17.3 +2.1% at 3 day-exposure and complete kill at
S0 day-exposure. Under this condition to obtain 100% mortalities
for the various stages of R. dominica, the necessary cxposure
time was at least 7 weeks. '

T. castaneum:

The obtained percentage mortalities at 3 day-exposure
were 20.2 + 3.1, 20.1 + 4.1,28.3 £ 5.1 and 25.2 + 3.4% for the
adult, egg, larva and pupa of T castaneum, respectively.
Complete mortalities were obtained at 14, 28, 21 and 28 day-
exposure for the adult, egg, larval and pupal stages, respectively.
The exposure time for achieving 100% mortality for the various
stages of T. castaneum using the above conditions was
accordingly at least 3 weeks.

T. eranarium:

Percentage mortalities obtained for the active and
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diapausing larvae of T. granarium at 7 day-exposure were 11.2 +
4.2 and 3.3 £2.0%, respectively. These values increased to 100%
at 42 and 50 day-exposure for the active and diapausing larvae,
respectively. The results showed also that the exposure time
needed to achieve complete mortalities for the active and
diapausing larvae of T. granarium using the above conditions
must extended to at least 7 weeks.

In summary, the results showed clearly, that an exposure
period of at least 7 weeks is necessary to achieve total extinction
of the populations of the adults and immature stages of S, oryzae,
R. dominica, T. castaneun and T, granarium by using CA of 30
£ 5% CO, inside the closed fiberglass bins at grain temperature of
28 £2°C, .
2¢- Efficacy of CA of 30 + 5% CO, against the tested
insect species at 28 + 2°C, 55 + 5% R.H. inside the closed

metal drums at varying exposure periods:

The obtained results are presented in Table 2c. The results
show  that mortality values increased by extending the exposure
period.

S. oryzae:

For the adult of S. oryzae the mortality value was 50.] +
24 and 100% at 3 and 7 day-exposure, respectively. Egg
percentage mortality was 22.3 +2.1% at 3 day-exposure and this
value increased gradually to reach 100% at 42day-exposure
period. Larval percentage motility was 24.3 + 1.0% at 3 day-
cxposure and this value raised to 71.6 +2.4% at 2] days from
treatment and reach complete kill after 42 day-cxposure. Pupal
percentage mortality reach 20.2 + 1.0% at 3 day-exposure period
and raised to 73.6 + 2.4% after 21 day-exposure and this value
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Table (2¢): Responses of the tested stages of v

at 28 £ 2 °C, 55+5% R.H. and varying exposure periods.

arious insect species to CA of 30 &

5 9%, CO, in the closed metal drums

Insect | Stage o, Mortality at indicated exposure periods (days) ;_ Contro
species 3 14 21 28 33 42 |
S. oryzae Adult | 50.1£2.4 100 100 100 100 100 | 00
Eog 33201 | 304%3.1 | 442431 | 56.2¢1.6 | 71.6+£24 | 90.2+1.9 | 97.243.1 100 | 0.0
Tarva | 243:1.0 | 363424 | 51.242.4 | 60.342.4 | 82. 2.343.4 100 100 | 0.0
Pupa 202+1.0 | 30.1£6.9 | 40.3%6.1 46.14£3.4 | 73.6£2.4 96.1+2.3 100 | 00
R. dominica Adult | 402+2.4 | 80.142.0 100 100 100 100 100 100 | 0.0
Egg 08158 | 26.4+3.1 | 36.842.6 | 514434 | 73.6424 88.1+6.1 100 100 | 00
Tarva | 253£3.4 | 33.244.1 | 43.2%7.1 | 60.3+2.6 80.4%3.4 | 95.6+£2.6 100 100 | 00
Pupa | 20.6£1.9 | 26.1+2.5 | 33.246.1 50.4+3.1 | 70.6+2.6 | 83.142.1 | 95.2%3.1 100 0.0
T. castaneunt Adult 40.1+£3.2 | 76.4£1.6 100 100 100 100 100 100 0.0
Egg 26.143.4 | 60.2+2.6 | 80.2%6.1 100 100 100 100 100 0.0
Larva | 402+3.1 | 80.2£6.1 100 100 100 100 100 | i00 0.0
[ Pupa | 401=1.1 | 71.2¢3.4 | 90124 100 100|100 100 | 100 [ 00
T. granarium |__Active | 00 [ 162%3.1 | 301423 | 50.243.1 | 702434 | 92.344.] T10 1100 | 04
larvae | diapause | 00 | 9661 | 164221 503 | 500530 | 802431 | 97023 1 100 [ 00




reached 100% kill at 42 days post-treatment. Consequently, the
CxXposrie time needed for achieving complete kill for the various
stage of . oryzae using CA of 30 + 5% CO, at 28 + 2°C inside
the Josed metal drums was at least 6 weeks.

Percentage mortality of the adult of R, dominica at 3 day-
CXposure was 40.2 £ 2.4% and this value increased to complete
kill at 10 day-exposure. Egg percentage mortality at 3 day-
exposure was 20.8 + 5.8% and this value reached 100% kill at 35
cay-exposure. Larval percentage  mortality was 25.3 + 3.4% at 3
day-exposure and this figure reached complete kill at 35 days
post-treatment. Pupal percentage mortality was 20.6 + 1.9% at 3
day-exposure and this value increased gradually to reach 100% at
42 day-exposure. Under this condition to obtain 100% mortalities
for the various stages of R. dominica, the €Xposure time was
found to be at least 6 weeks.

I. castaneum:

At 3 day-exposure, percentage mortalities of the adult, egg, -
larva and pupa of 7. castaneum were 40.1 £3.2,26.1 + 3.4,40.2
£3.1and 10.1 +1.1%. respectively. In case of the adult and larval
stages. complete kill was recorded after 10 days of €xposure,
while in case of the cgg and pupal stages complete kill were
recorded alter 14 day-exposure. The exposure time for achieving
100% kill for the various stages of T. castaneum using the above
conditions was at least 2 weeks.

I\ granarium:
At 3 day-exposure nil percentage mortalities were recorded

for the active and diapausing larvae of T granarium, but these
values increased with the increase of the ¢Xposure time to reach
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100% mortality at 35 and 42 day-exposure for the active and
diapause larvae, respectively. The results showed also that the
exposure time needed to achieve complete mortalities for the
active and diapausing larvae of T. gramarium using the above
conditions was found to be at least 6 weeks.

In conclusion, the results showed clearly, that an exposure
period of at least 6 weeks is necessary for achieving the total
extinction of the populations of the adults and immature stages of
S. oryzae, R. dominica, T. castaneum and T. granarium by using
CA ol 30 L 5% CO, nside the closed metal drums at grain
temperature of 28 + 2°C.

-Loss of 30% CO, concentrations inside the various

storage facilities at different exposure periods during

summer and winter times:

Table (3 a&b) & fig (6&7) showed the change in CO,
concentrations inside the different storage facilities at winter

times as  well as during summer times. This result indicated
clearly the standard of gas tightness of the tested storage facilities
showing the highest gastightness [or the steel bins, and the lowest
for the fiberglass bins.

3-Efficacy of CA of 60% CO, against the tested insect
species at 18 = 2°C and 55 + 5% R.H. inside the various
storage facilities:

3a- Efficacy of CA of 60 + 5% CO, against the tested
insect species at 18 + 2°C. 55 + 5% R.H. inside the closed

steel bins at varving exposure periods:

The obtained results are given in Table 4a. The results
show clearly that percentage mortalities of the various insects and
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Table (3a): Concentrations of 30% CO, inside the various sto -age facilities at different exposure periods during

I3

winter times.

Storage facilities CO; concentration at various exposure periods (days)

3 T - 14 21 _ 28 35 42
Closed steel bins 30 30 30 30 _ 29 29 29
Closed fiberglass bins 30 28 27 24 _ 20 17 14
Closed metal drums 30 30 30 29 i 29 28 | 28

Table (3b): Concentrations of 30% CO, inside the various storage facilities at different exposure periods during

summer times.

Storage facilities CO; concentration at various exposure periods (days)
3 7 14 21 28 35
Closed steel bins 30 30 29 29 29 28
Closed fiberglass bins 30 26 25 22 18 13
' Closed metal drums 30 30 29 29 28 27
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their immature stages were increased with rising the exposure
period.

S. oryzae:

AL 2 day-exposure, percentage mortalities of the adult, egg,
larva and pupa of S. oryzae were 83.1 £2.6,32.1 + 3.6,35.6+3.2
and 30.5 £ 3.8%, respectively. These values increased with the
increase of the exposure period to reach complete kil at 3,28,21
and 35 day-exposure for the mentioned immature stage,
respectively. The exposure time required for achieving complete
kill for the various stages of S. oryzae using CA of 60 + 5% CO,
at 18 4 2°C inside the closed steel bing was at least 5 weceks,

R. dominica:

Adult percentage mortality of R. dominica was 62.7 +
0.0% at 2 day-exposure and this value raised t0 95.6 = 3.1% at 3
day-exposure and reached complete mortality after § day post-
treatment. Egg percentage mortality was 36.1 +6.0% at 2 day-
cxposure and reached 100% after 28 day-exposure. Larval
perecentage mortality was 354 + 6.7% at 2 day-exposure and
100% Kill was achieved at 21 day-exposure. Pupal pereentage
mortality  was 30.4 + 6.1% at 2 day-exposure and complete kill at
35 day-exposure. Under this condition to obtain 100% mortalitics
for the various stages of R. dominica, the necessary exposure

time was at least 5 weeks.

T. castaneum:

The obtained percentage mortalities at 2 day-exposure
were 50.0 = 0.0, 30.1 + 2.4,74.6+23 and 60.0 £ 1.9% for the
adult, egg, larva and pupa of T. castaneum, respectively.
Cemplete mortalities were obtained at 5 day-exposure for the
adult and larval stages and 10 day-exposure for the egg stage,
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while for the pupal stages this time was 7 days exposure period.
The exposure time for achieving 100% kill for the various stages
of T. castaneum using the above conditions was around 1.5 week.

T. eranarium:

Percentage mortalities obtained for the active and
diapausing larvae of T. granarium at 7 day-exposure were 39.6 +
0.0 and 26.4 + 1.1%, respectively. These values increased to
100% at 28 and 35 day-exposure or he ctive nd diapause
larvae, respectively. The results showed also that the exposure
time needed to achieve complete mortalities for the active and
diapausing larvae of T. granarium using the above conditions
was found to be at least 5 weeks.

In conclusion, the results showed clearly, that an exposure
period of at least 5 weeks is necessary to obtain total extinction of
the populations of the adults and immature stages of S. oryzae, R.
dominica, T. castaneum and T. granarium by using CA of 60 £
5% CO; inside the closed steel bins at grain temperature of 18 +
2°C.
3b-_Efficacy of CA of 60 £ 5% CO, against the tested
insect species at 18 +2°C, 55 + 5% R.H. inside the closed

fiberglass bins at varying exposure periods:

The obtained results are listed in Table 4b. Clearly, the
results given in this table show that the percentage mortalities
raised gradually with the increase of the exposure period of the
insects to CO, inside the bins.

S. oryzae:
Adult percentage mortality of S. oryzae was 40.1 = 6.1% at
2 day-exposure and this value raised to 92.4 +3.0% at 5 day-
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€

Table (4a): Responses of the tested stages of various insect species to CA of 60 £5 % CO; in the closed steel bins at

18 2 °C, 55 +5% R.H. and varving exposure periods.

Inscct Stage %% Mortality at indicated exposure periods (days) Control
species 2 3 5 7 10 14 21 28 35
S. oryzae Adult | 83.142.6 100 100 100 100 100 100 100 100 0.0
Egg 32.1+£3.6 | 40.2+1.1 60.2+3.1 | 67.2£3.2 | 78.2+6.1 | 84.24+4.1 | 93.246.1 100 100 0.0
Larva |35.643.2|40.6+4.1 552+4.1|70.2+4.6 | 80.2+1.1 | 90.1+2.4 100 100 100 0.0
Pupa |30.543.8 | 36.144.0 36.243.4 | 60.1£3.2 | 65.243.2 | 70.2+4.1 | 81.246.1 | 93.445.1 100 0.0
R. dominica Adult |62.7£0.0 | 95.6£3.] 100 100 100 100 100 100 100 0.0
Egg 36.1£6.0 | 40.1+2.0 50.2+6.1 | 63.1+6.1 | 80.2+4.1 | 90.4£3.4 | 96.2+6.1 100 100 0.0
Larva |354+6.7 | 40.124.1 60.4£2.1 | 70.1+£6.7 | 83.1+5.1 | 96.443.4 100 100 100 0.0
Pupa |[30.446.1|36.14£5.6 50.2+6.1 | 56.1£3.2 | 63.6%1.9 | 67.1+2.1 | 80.2+1.4 | 90.44+3.4 100 0.0
T. castaneurn | Adult | 50.0+£0.0 | 92.7£3.1 100 100 100 100 100 100 100 0.0
Eggo 30.1£2.4 | 50.0+£0.0 85.0£1.9 | 94.5+2.3 100 100 100 100 100 0.0
Larva |[74.542.3|84.6+3.1 100 100 100 100 | 100 100 100 0.0
Pupa |60.0£1.9 | 73.4£6.1 90.3+4.1 100 100 100 100 100 100 0.0
1. granarium | Active 0.0 3.3+0.0 19.8+0.0 | 39.6+0.0 | 72.6+0.0 | 85.8+0.0 | 95.4%3.1 100 100 0.0
| larvae diapause 0.0 0.0 9.940.0 | 26.4+1.1 | 66.04+0.0 | 82.5+0.0 | 92.442.0 | 96.443.1 100 0.0




exposure and reached complete kill after 7 day-exposure period.
At 2 day-exposure, the percentage mortalities of egg, larva and
pupa were 28.2 + 3.1,30.6 + 3.4 and 26.1 + 6.1%, respectively.
These values increased 1o 100% at 50, 42 and 50 day-cexposure,
respectively.  Accordingly, the exposure time for achieving
complete kill for the various stages of S. oryzae using CA of 60 +
5% CO,at 18 + 2°C inside the closed fiberglass bins was at least 7

weeks.
R. dominica:

Percentage mortality of the adult of R. dominica at 2 day-
exposure was 30.2 + 3.1% and this value increased to complete
kill at 14 day-exposure. Egg percentage mortality at 2 day-
cxbosurc was 28.6 + 3.1% and this value reached 100% kill at 50
day-exposure. Larval percentage mortality was 21.2 + 3.6% at 2
day-exposure and this figure reached complete kill at 42 days
post-treatment. Pupal percentage mortality was 25.2 + 3.1% at 2
day-exposure and this value increased gradually to reach 100% at
50 day-exposure. Under this condition to obtain 100% mortalities
for the various stages of R. dominica, the necessary exposure
time was at least 7 weeks.

I. castaneum:

At 2 day-exposure, percentage mortalities of the adult, egg,
larva and pupa of T. castaneum were 45.6 + 3. 1,252+ 3.4, 40.1
+ 2.1 and 36.2 + 6.1%, respectively. In case of the adult and larval
stages, complete kill was recorded afier 7 days of exposure, while
in case of egg complete kill was recorded after 21 day-exposure,
while in case of pupa complete mortalities were recorded at 14
day-exposure. The exposure time for achieving 100% kill for the .
various  stages of T. castaneum using the above conditions was at
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[cast 3 weeks.

T. granarium:

At 2 day-exposure nil percentage mortalities were recorded
for the active and diapausing larvae of T. granarium, but these
values increased with the increase of the exposure time to reach
100% mortality at 42 and 50 day-exposure for the active and
diapause larvae, respectively. The results showed also that the
exposure time needed to achieve complete mortalities for the
active and diapausing larvae of T. granarium using the above
conditions was found to be at least 7 weeks.

In summary, the results showed clearly, that an exposure
period of at least 7 weeks is necessary to achieve total extinction
of the populations of the adults and immature stages of S. oryzae,
R. dominica, T. castaneum and T. granarium by using CA of 60
+ 5% CO,inside the closed fiberglass bins at grain temperature of
18 £ 2°C.
3c- Efficacy of CA of 60 £ 5% CO, against the tested
insect species at 18 +2°C, 55 + 5% R.H. inside the closed

metal drums at varying exposure periods:

The obtained results are presented in Table 4c. The results
show that mortality values increased with increasing the exposure

period.

S. oryzae:

For the adult of S. eryzae mortality value was 90.2 + 2.1
and 100% at 3 and 7 day-exposure, respectively. Egg percentage
mortality was 36.2 = 2.1% at 3 day-exposure and this value
increased gradually to reach 100% at 42 day-exposure period.

Larval percentage mortality was 40.1 +3.1% at 3 day-exposure
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Table (4b): Responses of the tested stages of various insect species to CA of 60 =5 % CO; in the closed fiberglass

bins at 18 £2 °C, 55 £ 5% R.11. and varying exposure periods.

diapause

Insect Stage % Mortality at indicated exposure periods (days) Contr.
species 2 3 5 7 14 21 28 35 42 50

S. oryzae Adult 40.1¢6.1 | 71.643.2 | 92.44£3.0 100 100 100 100 100 100 100 0.0

) Egg 28.2+3.1 | 30.1£2.1 | 35.3£3.1 | <3 1£3.0 | 57.1£3.2 | 70.1x4.1 | 78.7£1.9 | 90.1£2.1 | 98.2+3.1 100 0.0

Larva 30.6£3.4 | 34.242.0 | 39.2+6.1 | 3.623.2 | 63.643.2 | 72.1+4.6 | 88.0+£0.0 | 97.1£4.2 100 100 0.0

Pupa 26.1+£6.1 | 28.746.1 | 33.1+3.0 | 231223 | 55.142.3 | 63.1+3.2 | 70.3+6.1 | 88.1+2.4 | 95.3+4.1 100 0.0

R. dominica Adult 30.2+3.1 | 50.6+3.1 | 80.1%3.2 | 54451 100 100 100 100 100 100 0.0

Egg 28.6+£3.1 | 33.1+4.2 | 38.4+3.4 | 21.8%£3.4 | 51.8£3.4 | 69.5£3.4 | 76.2£6.2 | 85.2+3.1 | 95.1£3.1 100 0.0

Larva 21.2+£3.6 | 28.3+£3.6 | 36.143.1 | 203+6.1 | 60.3+6.1 | 66.1+£2.6 | 82.0+£0.0 | 94.1£3.4 100 100 0.0

Pupa 25243.1 | 27.6£1.6 | 30.1£3.6 | 30.2+3.1 | 70.243.1 | 75.2+3.6 | 80.1+£1.2 | 88.1+2.1 | 93.1£2.1 100 0.0

T. castaneuin Adult 45.6+3.1 | 70.2+6.1 | 83.6+2.1 100 100 100 100 100 100 100 0.0

Egg 25.2+3.4 | 40.2+6.1 | 71.6%3.1 | §0.7+2.1 | 95.7+2.1 100 100 100 100 100 0.0

Larva 40.1+£2.1 | 70.6£3.1 | 90.1+2.4 100 100 100 100 100 100 100 0.0

Pupa 36.2+6.1 | 62.64£3.1 | 76.2+4.1 | §:3£2.6 100 100 100 100 100 100 0.0

T. oranaritm Active 0.0 0.0 16.5£2.1 | 25.5+£6.2 _ 39.54£6.2 | 52.6+3.4 | 72.4£3.0 | 95.6+3 .4 100 100 0.0

larvae | 0.0 0.0 3.3+0.0 2.941.6 _ 22.94£1.6 | 39.343.1 | 55.843.1 | 77.4+3.1 | 88.6+2.1 100 0.0




and this value raised to 88.4 + 3.2% after 21 days from treatment
and reached complete kill after 35 day-exposure.  Pupal
percentage mortality reached 35.2 + 3.1% at 3 day-exposure
period and raised to 80.2 + 3.4% after 21 day-exposure and this
value was 100% Kill at 42 day-exposure. The cxposure tme
required for achieving complete kill for the various stages of S.
oryzae using CA of 60 £ 5% CO,at 18 +2°C inside the closed
metal drums was at least 6 weeks.

R. dominica:

Percentage mortality of the adult of R. dominica was 83.2
+ 3.1% at 3 day-exposure and this value reached 100% mortality
after 7 days of exposure. Egg percentage mortality at 3 day-
exposure was 40.3 + 4.1% and this value increased to complete
kill at 42 day-exposure. Larval percentage mortality at 3 day-
exposure was 33.1 £ 6.1% and this value raised to 100% at 35
day-exposure. Pupal percentage mortality was 30.2 + 6.1% at 3
day-exposure and this value increased to reach 100% at 42 day-
exposure. Under this condition to obtain 100% mortalities for the
various stages of R. dominica, the exposure time was at least 6
weeks.

1. castaneum:

Adult percentage mortality of T. castaneum was 46.3 +
6.1% at 3 day-exposure and this value increased to 100% at 7
day-exposure. Egg percentage mortality was 45.2 + 3.1% at 3
day-exposure and reached complete kill after 10 day-exposure.
Larval percentage mortality was 77.2 +4.1% at 3 day-exposure
and 100% kill was achieved at 7 day post-treatment. Pupal
percentage mortality was 70.1 + 4.2% at 3 day-exposure and this
value reached 100% at 7 day-exposure. The exposure time for_
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achieving 100% kill for the various stages of T. castaneum using
the above conditions was less than 2 weeks.

T. eranarium:

No mortalities recorded for the active and diapausing
larvae of T. granarium at 3 day-exposure. These values increased
to complete mortality at 35 and 42 day post-treatment for the
active and diapausing larvae, respectively. The results showed
also that the exposure time needed to achieve complete mortalities
for the active and diapausing larvae of T. granarium using the
above conditions was found to be at least 8 weeks.

Briefly, the results showed clearly, that an exposure period
of at least 6 weeks is needed to obtain total extinction of the
population of the populations of the adults and immature stages of
S. oryzae, R. dominica,T. castaneum and T. granarium by using
CA of 60 £ 5% CO, inside the closed metal drums at grain
temperature of 18 + 2°C.

4- Efficacy of CA of 60% CO, against the tested insect
species at 28 + 2°C and 55 + 5% R.H. inside the various

storage facilities:

4a- Efficacy of CA of 60 £ 5% CO,_against the tested
insect species at 28 +2°C, 55 + 5% R.H. inside the closed

steel bins at varying exposure periods:

The results are presented in ‘Table 5a. The results show
clearly that mortalitics ol the various insccts and their immature
stages were increased with rising the exposure period.

S. oryzae:

Adult percentage mortality of . oryzae was 92.4 £ 0.0% at

2 day-exposure and reached complete Kkill after 3 day-exposure
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Table (4¢): Responses of the tested stages of various insect species to CA of 60 £5 % CO; in the closed metal drums

at 18 +£2°C, 55+ 5% R.H. and varying exposure periods.

Insect species Stage % Mortality at indicated exposure periods (days) Control
3 7 10 14 21 28 35 42
S, oryzae Adult 90.2+2.1 100 100 100 100 100 100 100 0.0
Egg 36.242.1 | 55.342.2 | 63.3£4.1 | 77.324.2 | 85.3+2.6 | 93.2+6.1 | 99.2+4 | 100 0.0
Larva 40.143.1 | 60.244.2 | 70.2+3.4 | 80.3+2.1 | 88.4+3.2 | 97.243.2 100 100 0.0
Pupa 35.243.1 | 50.246.1 | 60.2+3.2 | 73.1+6.2 | 80.2+3.4 | 90.3+4.1 | 95.246.1 100 0.0
R. dominica Adult 83.2+3.1 100 100 100 100 100 100 100 0.0
Egg 40.3+4.1 | 53.2+1.2 | 62.442.3 | 73.4+6.1 | 80.3£4.2 | 90.2+6.1 | 97.2+4 1 100 0.0
Larva 33.1£6.1 | 58.2+6.1 | 68.3+2.1 | 77.1+6.1 | 83.2+4.1 | 93.2+4.2 100 100 0.0
Pupa 30.246.1 | 46.3£2.1 | 55.346.2 | 70.2+4.1 | 762+3.2 | 83.1+4.2 | 91.246.1 100 0.0
T. castaneum Adult 46.3%6.1 100 100 100 100 100 100 100 0.0
Egg 45.2£3.1 | 85.2+3.2 100 100 100 100 100 100 0.0
Larva | 77.244.] 100 100 100 100 100 100 100 0.0
Pupa 70.1+4.2 100 100 100 | 100 100 100 100 0.0
T. granarium Active 0.0 30.3+0.0 | 66.3+2.1 | 80.3+4.1 | 88.34+2.1 | 96.2+4.1 100 100 0.0
larvae _diapause 0.0 20.1£2.1 | 53.144.2 | 70.246.1 | 80.3+2.1 | 88.2+4.1 | 96.2+4 | 100 0.0




period. Egg percentage mortality was 40.2 = 4.1 at 2 day-
exposure and reached 100% after 3 weeks from treatment. Larval
percentage mortality was 43.4 + 2.1% at 2 day-exposure and
100% kill was achieved at 2 week-exposure. Pupal percentage
mortality was 44.2 = 6.1% at 2 day-exposure and this value
reached 100% kill at 4 week post-treatment. The exposure time
required for achicving 100% mortalitics for the various stages of
S. oryzae using CA of 60 1 5% CO,at 28 +2°C inside the closed
steel bins, was at least 4 weeks.

R. dominica:

Adult percentage mortality of R. dominica was 75.9 *
0.0% at 2 day-exposure and this value reached 100% mortality at
3 day-exposure period. Egg percentage mortality was 36.1 £ 3.0%
at 2 day-exposure and reached complete kill after 3 weeks from
treatment. Larval percentage mortality was 40.2 + 1.1% at 2 day-
exposure and complete Kill was achicved at 3 week-exposure.
Pupal percentage mortality was 36.1 £ 3.0% at 2 day-exposure
and this percentage was 100% at 4 week-exposure. Under this
condition to obtain 100% mortalities for the various stages of R.
dominica, the necessary exposure time was at least 4 weeks.

T. castaneum:

Adult mortality of T. castaneum was 66.0 £ 0.0% at 2 day-
exposure and this value reached rapidly 100% kill at 3 day-
exposure period. Egg mortality was 36.3 = 4.3% at 2 day-
exposure and this value reached 100% kill at 7 day-exposure
period. Larval mortality was 84.4 &+ 2.3% at 2 day-exposure and
this value reached 100% kill at 5 day-exposure. Pupal mortality
was 70.4 + 6.1% at2 day-exposure and this percentage reached
complete kill after 5 day post-treatment. The results showed also
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that the exposure time needed to achieve complete mortalities for
the various stages of T. castaneum using the above condition was
found to be at least one week.

T. oranarium:

Pereentage  mortalities  obtained — for  the active  and
diapausing larvac of T. granarium at 2 day-exposure were 3.3 +
0.0 and 0.0%, respectively. These values increased to 100% at 3
and 4 week-exposure for the active and diapausing larvae,
respectively. The results showed also that the exposure time
needed to achieve complete mortalities for the active and
diapausing larvae of T. granarium using the above conditions
was found to be at least 4 weeks.

In summary, the results showed clearly, that an exposure
period of at least 4 weeks is necessary to achieve total extinction
of the populations of the adults and immature stages of S, oryzae,
R. dominica, T. castaneum and T. granarium by using CA of 60
£ 5% CO; inside the closed steel bins at grain temperature of 28 +
2°C.
4b- Efficacy of CA of 60 + 5% CO, against the tested
insect species at 28 + 2°C, 55 + 5% R.H. inside the closed
fiberglass bins at varying exposure periods:

The obtained results are presented in Table 5b. The results
show that mortality values of the various insects and their
developmental stages increased with increasing the exposure
period.

S. oryzae:
Adult percentage mortality of S, oryzae was 50.1 +3.1% at
2 day-exposure and this value reached 100% at 7 day-exposure
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period. Egg mortality was 33.2 +3.1% at 2 day-exposure and this
value reached 100% kill at 35 day-exposure. Larval mortality was
36.3 £4.1% at 2 day-exposure and this value reached 100% kill at

('S

5 day-exposure. Pupal mortality was 30.3 + 4.3% at 2 day-
exposure and this percentage reached complete kill after 42 days
exposure period.  Accordingly, the exposure time needed for
achieving complete mortalities for the various stages of 8. oryzae
using CA of 60 + 5% CO, at 28 + 2°C inside the closed fiberglass
bins was at least 6 weeks. Also the pupal stage was the most
resistant, while the adult was the most sensitive.
R. dominica:

Adult percentage mortality of R. dominica was 43.1 +
2.6% at 2 day-exposure and this value raised to 77.3 + 2.6% at 3.
day-exposure and reached complete mortality after 7 day post-
treatment. Egg percentage mortality was 30.1 +4.1% at 2 day-
exposure and reached 100% after 42 day-exposure. Larval
percentage mortality was 32.6 + 2.1% at 2 day exposure and
100% kill was achieved at 35 day-cxposure. Pupal pereentage
mortality was 30.0 + 0.0% at?2 day-exposure and complete kill
was reached at 42 day-exposure. Under this condition to obtain
100% mortalities for the various stages of R. dominica, the
necessary exposure time was at least 6 weeks. Pupae and eggs
were more resistant to CO, than larvae and adults of R, dominica.

T. castaneum:

Adult percentage mortality of 7. castaneum was 51.1 +
2.1% at 2 day-exposure and this value increased to 100% at 7
day-exposure. Egg percentage mortality was 30.3 + 6.1% at 2
day-exposure and reached complete kill after 14 day-exposure.
Larval percentage mortality was 46.1 +2.1% at 2 day-exposure
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and 100% kill was achieved at 7 day post-treatment. Pupal
percentage mortality was 44.2 +2.1% at 2 day-exposure and this
value reached 100% at 7 day-exposure. The exposure time for
achieving 100% kill for the various stages of T. castaneum using

the above conditions was found to be at lcast 2 weeks.

1. pranarium:

No mortalities recorded for the active and diapausing
larvac of T. granarium at 2 day-exposure. These values increased
to complete mortality at 35 and 42 day post-treatment for the
active and diapausing larvae, respectively. The results showed
also that the exposure time needed to achieve complete mortalities
for the active and diapausing larvac of 7. granarium using the
above conditions was found to be at least 6 weeks.

7 Briefly, the results showed clearly, that an exposure period
of at least 6 weeks is needed to obtain total extinction of the
populations of the adults and immature stages of S. oryzae, R.
dominica, T. castaneum and T. granarium by using CA of 60 £+
5% CO, inside the closed fiberglass bins at grain temperature of
28 +2°C.
4c- Efficacy of CA of 60 + 5% CO,_against the tested
insect species at 28 +2°C, 55 + 5% R.H. inside the closed

metal drums at varving exposure periods:

The obtained results are presented in Table Sc. The results
show that mortality values of the various insects and their
developmental stages increased with increasing the exposure
period.

S. oryzae:
For the adult of S. oryzae mortality value was 80.2 + 3.1
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|
_ﬁ T. castaneum
_.

Table (5b): Responses of the tested stages of vy

bins at 28 + 2 °C, 55 + 5% R.H. and varying exposure periods.

| Insect species
,_

_
,_l|1,||l||l,!
LS. ooryzae

R. dominica

arions insect species to CA of 60 + 5

“% CO; in the closed fiberglass

T e
I, granarium

larvae
e e -

Stage “ Mortality at indicated exposure periods (days) Control
2 3 35 42

Adult | 50.143.1 | 83.446.1 | 98.243.1| 100 100 100 0.0
Egg [33.2431]403+21(46.2432 | 56.143.4 | 66.1231 77.243.4 | 85.246.1 100 0.0
Larva |36.3+4.1]45243155316.1 | 69.424.1 | 703124 83.245.0 | 99.243.1 | 100 0.0
Pupa |30.3+43|36.342.1 44334 [ 50.123.1 | 65.6:4 3 73.344.1 | 81.143.2 [ 97.246 ] 0.0
Adult | 43.142.6 | 77.342.6 | 90.142.4 | 100 100 100 100 100 0.0
Egg [30.1+4.1]36.2+32 | 42.6£42 | 55.123.2 | 63,3241 75.1£1.2 | 80.1+3.1 | 98.246.] 0.0
Larva |32.6+2.1]403+4.1]463%4.1 | 55.1232 | 69324 76.244.1 | 93.2+4.2 | 100 100 0.0
Pupa | 30.080.0 | 33.142.1 | 403431 | 463241 | 61342 ] 81.243.4 1 90.3+2.1 [ 95423.4 | 100 0.0
Adult | 51.142.1 | 66.3+3.1 [ 80.1+3.1| 100 100 100 100 100 100 0.0
Egg |30.36.1 [482+3166.124.1 | 952434 | 100 100 100 100 100 0.0
Larva | 46.1£2.1(77.343.1 [ 952434 | 100 100 100 100 100 100 0.0
Pupa |44.242.1[73.1242[ 923242 | 100 100 100 100 100 100 0.0
Active 0.0 | 156424 [30.1242 | 502421 | 66.324.1 | 753433 95.443.1 [ 100 100 0.0
diapause | 0.0 [ 3.3%31 [16442.1 | 39.643.2 | 46,141 62.342.1 | 85.1+4.1 | 97.2%6.2




and 100% at 2 and 3 day-exposure, respectively. Egg percentage
mortality was 36.2 + 3.1% at 2 day-exposure and this value
increased gradually to reach 100% at 28day-exposure period.
Larval percentage motility was 40.2 + 1.6% at 2 day-exposure and
this value raised to 76.1 £ 1.6% at 7 days from treatment and
rcach complete Kill after 21 day-exposure. Pupal percentage
mortality reach 35.1 = 2.6% at 2 day-exposure period and raised
to 58.3 + 3.4% after 7 day-exposure and this value reached 100%
kill at 35 days post-treatment. Consequently, the exposure time
for achieving complete kill for the various stages of S. oryzae
using CA of 60 +5% CO, at 28 + 2°C inside the closed metal-

drums was at least 5 weeks.
R. dominica:

Percentage mortality of the adult of R. dominica at 2 day-
exposure was 00.3 + 2.1% and this value increased to complete
kill at 5 day-cxposure. Egg percentage mortality at 2 day-
exposure was 35.2 = 3.1% and this value reached 100% kill at 28
day-exposure. Larval percentage mortality was 38.3 +2.4% at 2
day-exposure and this figure reached complete kill at 28 days
post-treatment. Pupal percentage mortality was 35.1 £ 1.2% at 2
day-exposure and this value increased gradually to reach 100% at
35 day-exposure. Under this condition to obtain 100% mortalities
for the various stages of R. dominica, the required exposure time

was at least 5 weeks.

T. castaneum:

At 2 day-exposure, percentage mortalities of the adult, egg,
larva and pupa of T. castaneum were 55.7+3.4,30.2+4.1,70.4
+ 6.1 and 60.2 + 3.4%, respectively. In case of the adult stages,
complete kill was recorded after 5 days of exposure, in case of
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cgg stages complete kill was recorded after 10 day-exposure,
while in case of larval and pupal stages complete kill were
recorded after 7 day-exposure. ‘The exposure time for achicving
100% Kill for the various stages of T, castaneum using the above
conditions was less than 2 weeks.

1. eranarium:

Percentage  mortalities obtained  for the active and
diapausing larvae of T. granarium at 2 day-exposure were 3.3 +
0.0 and 0.0, respectively. But these values increased with the
increase of the exposure time to reach 100% mortality at 28 and
35 day-exposure for the active and diapause larvae, respectively.
The results showed also that the exposure time needed to achieve
complete mortalities for the active and diapausing larvae of T.
granarium using the above conditions was found to be at least
weeks.

In conclusion, the results showed clearly, that an exposure
period of at least 6 weeks is necessary to obtain total extinction of
the populations of the adults and immature stages of S. oryzae, R.
dominica, T. castaneum and T. granarium by using CA of 60 +
5% CO; inside the closed metal drums at grain temperature of 28
£2'C,

-Loss of 60% COZ concentrations inside the various

storage facilities at different exposure periods during

summer and winter times:

Table (6a) & fig (8) showed the loss of CO, concentrations
inside the different storage facilities at winter times. And the
Table (6b) & fig (9) showed the loss of CO; concentrations inside
the different storage facilities at summer times.
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Table (6a): Concentrations of 60% CO, inside the various storage facilities at different exposure periods during

winter times.

Storage facilities CO; concentration at various exposure periods (days)

3 7 14 21 28 35
Closed steel bins 60 60 60 59 59 58
Closed fiberglass bins 60 55 45 35 30 28
Closed metal drums 60 60 52 58 57 56

Table (6b): Concentrations of 60% CO; inside the various storage facilities at different exposure periods during

summer times.

Storage facilities CO; concentration at various exposure periods (days)
3 7 14 21 28
 Closed steel bins | 60 60 59 58 57
Closed fiberglass bins 60 55 49 38 27 B
Closed metal drums 60 . 59. 57 56 55 -
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Fig (6): Concentrations of 60% COz2 inside the different storage facilities
at winter times.
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Fig (7): Concentrations of 60% CO2 inside the different stored facilitics

at summer times.



The results showed clearly that the gastightness of the
various storage facilities differed from one type to another. At the
same time, it was very high for the steel bins and was very low for
the fiber glass bin, while it was moderate for the closed metal

drums.

The obtained results showed clearly that mortality values
increased by extending the exposure time and with increasing the
grain temperature inside the storage facility.

The results revealed also, that the higher the gastightness.
of the bin, the higher the insect mortality was.

Increasing  the temperature of  the grains and the
concentration of CO, inside the storage bins resulted in higher
inscet mortality.,

Inscets varied in their susceptibility to the CA of CO,. The
immature stages of various insects were more tolerant to the CA
of CO, than the adult stages. Trogoderma granarium diapausing
larvae were more resistant than active larvae. CA of CO, was
more effective at higher temperature than the lower one. In
general the pupal stages of S. oryzae and R. dominica were more
resistant of CO, than the adult stage.

The obtained results indicate clearly that CA of CO, can
use effectively in the different storage facilities (steel bins,
fiberglass bin, and metal drum) for controlling the tested stored
product insects under study.

The obtained results are in harmony with the findings of
other investigators. (Harein and Press 1968; Lindgren and
Vincent, 1970; Stoyanova and Shikrenov, 1976; Bond and
Buckland, 1978; Donahaye and Zalach, 1987; Navarro and
Jay, 1987; Navarro and Dias, 1987; Fleurat-Lessard et al.,
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1991, Ofuya and Reichmuth, 1993 and El-Lakwah ef al., 1991
a & b, 1994, 1997 and 1998).

Banks and Sharp (1979) conducted a trial using CO, for
the treatment of wheat and rye. They used about 60% CO;
generated from dry ice under plastic sheeting at 11 to 13°C. The
CO, level was maintained for 22 days. The pest infestation was
predominately R. dominica with small numbers of T. castaneum,
S. oryzae, Ephestia caulella and Cryptolestes ferrugineus. Small
numbers of R. dominica only survived the treatment, emerging as
adults four weeks or more after the start of incubation, they were
presumably carly in star larvac at the time of gassing. Navarro
and Jay (1987) studied the response of the developmental stages
of S. oryzae, Oryzaephilus surinamensis and T. castaneum 10
different CAs at temperatures from 15- 32°C. They found that,
the pupae of all species and the larvae of S. oryzae were less
susceptible than eggs and adults to the tested CAs. Exposure to
60% CO, for 120 h. at 27°C was sufficient to cause 100%
mortality of all stages of the three species. El-Lakwah eral
(1992) evaluated in the laboratory at 26 + 1°C and 6 + 1°C the
efficacy of different CO, concentrations in CA against S. oryzae,
R. dominica and Callosobruchus maculatus. The results
indicated that CO, was more effective at higher temperature and
the mortality of adults was increased generally as the
concentration was increased. Hashem and Reichmuth (1992)
pointed out that adults of Prostephanus truncatus were more
tolerant to various tested CA than the adults of R. dominica.
Meanwhile. the adults were more tolerant at 20°C than at 30°C.
Newton ef al. (1993) reported that mixed stage cultures of

Sitophilus  oryzae, Tribolium  castaneum,  Liposcelis
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bostrychophila, Tyroph agus putrescentiae and Acarus siro were
placed inside, between and under 32 kg. sacks in a | tone stack of
bagged flour and exposed to 60% carbon dioxide in a fumigation
“bubble™ for 4, 7 or 14 days at about 20°C. T. putrescentiae
survived 14 days exposure. Complete control of 7. castaneum
required 7 days exposure; S. oryzae, L. bostrychophila and A.
siro required 14 days. Burial within the flour stack apparently did
not significantly impede the penetration of carbon dioxide to the
buried cultures. The flour stack was preheated by circulating-
warm air (22-29°C) around it. The temperature inside a bag in the
lower part of the stack took 120 hours to rise from 11°C to 20°C.
Free air space temperature near the stack centre responded
similarly.  Whit er  al, (1995)  determined the effect of
concentration of carbon dioxide (CO,) that can be produced by
biological respiration (7.5-19.2%) on oviposition of adults of
Tribolium castaneum, Cryptolestes pusilus or C, Sferrugineus.
Results showed that relative to controls, T. castaneum, C.
pusillus and C. ferrugineus, exposed to 7.5% CO, for | week,
had numbers of offspring reduced by 43, 94 and 50%,
respectively, and the total population at 6 weeks was reduced by
53. 84 and 19%, respectively. With levels of 17.1% CO, for 1
week, no ollspring were produced and exposed adults had high
mortality. Eggs and subsequent immature of T confusum, T.
castaneum and C. ferrugineus were exposed for 3 weeks to
clevated levels of CO, at 22°C. Insect development was similar at
7.5 -and 8.6% CO, with mean mortality 43, 62 and 30% greater
than controls for T, confusum, T. castaneum or C. Serrugineus,
respectively. Also, mean levels of 5.8-8.3% CO2 for 7 weeks
reduced, on all sampling dates, populations of 7. confusum by
85%. T. castaneum by 99%, C. pusillus by 68% and C
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ferrugineus by 54%. Although T. castaneum had greater
oviposition rate than C. pusillus at 7.5% CO,, immature mortality
was greater for T. castaneum. Based on long-term exposure to
levels of CO, which can be produced by biological activity that
affects oviposition and immature development, species in
increasing order of sensitivity to CO, are C. ferrugineus, C.
pusillus, T. confusum and T. castaneum.

It is known that the gastightness ol the fumigation
enclosure play an important role on the effectiveness of the used
fumigant, the higher the gas tightness of the enclosure the higher
the mortality was. Therefore, the high effectiveness of the various
treatments inside the closed steel bins revealed that its
oastightness was very high. Reynolds ef al., (1967) mentioned
that the slow release of phosphine from the phosphine formulation
means that concentration increases slowly at the beginning of the
trcatment. As it passes a maximum, the concentration decreases
even more slowly depending on the gastightness of the structure,
absorption of the commodity and wind force on the structure.

5- Efficacy of 100 ppm of phosphine against the tested
insect species at 18 + 2°C and 55+ 5% R.H. inside the

various storage facilities:

5a- Efficacy of 100 ppm of phosphine against the tested
insect species at 18 +2°C, 55 + 5% R.H. inside the closed

steel bins at varving exposure periods:

The obtained results are presented in Table 7a. The results
show clearly that percentage mortalities of the various insects and
their developmental stages were increased with rising the

exposure period.
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Table (7a): Responses of the tested stages of various insect species to 100 ppm of phosphine in the closed steel

bins at 18 + 2°C; 55+ 5% R. H. and varying exposure periods.

Inseet species Stage _ % ﬁ”:olm_‘w@ at mzﬂ_mﬁ:nmﬂ exposure wo-.,mmoam (days) - Control
| Adult 80.1+£3.1 | 100 100 100 100 0.0
© e | Egg 403423 | 60.2£1.6 80.2+4.1 95.4+1.6 100 0.0
’ Larva 46.6+£3.1 | 65.4+2.0 85.1+£3.1 100 100 0.0
Pupa 40.142.3 ' 60.0x4.1 83.4+£5.1 93.6+4.6 100 0.0
Adult 70.2+£3.2 | 100 100 100 100 0.0
R. dominica Eggo 36.243.2 | 58.4%4.1 83.6+£3.2 93.242.1 100 0.0
Larva 42.4+4.1 63.2+4.1 85.4+6.1 100 100 0.0
Pupa 40.1£3.2 | 60.1+4.] 80.6+3.1 90.3£3.1 100 0.0
Adult 77.3£23 | 100 100 100 100 0.0
T. castanewn Egg 66.6+0.0 _ 80.2+1.3 97.253.1 100 100 0.0
Larva 80.4+4.1 | 100 100 100 100 0.0
Pupa 70.5+¢1.6 | 85.4+3.2 100 100 100 0.0
I. granarium | Active 50.546.1 80.1+4.2 98.1+6.1 100 100 0.0
larvae Diapause 43.6£1.6 70.3%2.3 85.4+5.1 100 100 0.0




For the adults of S. oryzae mortality values were 80.1 & 3.1
and 100% after 1 and 2 day-exposure period, respectively. Egg
percentage mortality was 40.3 +2.3% at 1 day-exposure and this
value increased to reach 100% at 7 day-exposure period. Larval
percentage mortality was 46.6 = 3.1% at 1 day-exposure and this
value raised to 85.1 + 3.1% at 3 days from treatment and reached
complete kill after 7 day-exposure. Pupal percentage mortality
reached 40.1 = 2.3% at 1 day-exposure period and raised to 83.4 +
5.1% after 3 day-exposure and this value was 100% after 5 days
post-treatment.  Accordingly, the exposure time needed for
achieving complete mortalities for the various stages of S. oryzae
using 100 ppm of phosphine at 18 +2°C inside the closed steel
bins was at least one week. Results showed also that the pupae
and cggs of S. oryzae were less susceptible to Phosphine than the
larvae and adults.

R. dominica:

Percentage mortality of the adults of R. dominica at 1 day-
exposure was 70.2 + 3.2% and this value increased to complete‘
kill at 2 day-exposure. Egg percentage mortality at 1 day-
exposure was 36.2 = 3.2% and this value reached 100% kill at 7
day-exposure. Larval percentage mortality was 424 +4. 1% at 1
day-exposure and this figure reached complete kill at 5 days post-
treatment. Pupal percentage mortality was 40.1 + 3.2% at 1 day-
exposure and this value increased gradually to reach 100% at 7
day-exposure. Accordingly, to obtain 100% mortalities for the
various stages of R. dominica, the exposure time needed was at
least one week. Also, pupae and eggs of R. dominica were less
susceptible to phosphine than larvae and adults.
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I castaneum:
L. castaneum

At 1 day-exposure, percentage mortalities of the adult, egg,
larva and pupa of T. castaneum were 77.3+£2.3,66.6 +0.0, 80.4
=4.1and 70.5 £ 1.6%. respectively. In case of the adult and larval
stages complete Kill was recorded after 2 days of exposure, while.
in case of egg complete kill were recorded after 5 day-exposure,
while in case of pupa complete mortalities were recorded at 3
day-exposure. The exposure time for achieving 100% kill for the
various stages of T. castaneum using the above mentioned treated
wasat least S days. The cges were the least suseeptible 1o
phosphine followed by pupae and adults, while larvae were the
most susceptible stage.

I. granarium:

Percentage mortalities obtained for the active and
diapausing larvae of T, granarium at 1 day-exposure were 50.5 +
6.1 and 43.6 + 1.6%, respectively. These values increased to
100% at S day-exposure for the both larvae. The results showed
also that the exposure time needed (o achieve complete mortalitics
for the active and diapausing larvae of T. granarium using
phosphine was found to be at least days.

In  conclusion, the results showed clearly, that an exposure
period of at least one week is necessary to obtain total extinction
of the populations of the adults and immature stages of S, oryzae,
R. dominica, T. castaneum and T. granarium by using 100 ppm
of phosphine inside the closed stee] bins at grain temperature of
18 £ 2°C.
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5h- Efficacy of 100ppm_of phosphine against the tested
insect species at 18 +2°C, 55+ 5% R.H. inside the closed

fiberelass bins al varying exposure periods:

The obtained results are listed in Table 7b. Clearly, the
results shown in this table revealed that percentage mortalities of
the various insects and their developmental stages raised
gradually with the increase of the exposure period of the insects to
PH; inside the closed fiberglass bins.

At 1 day-exposure, pereentage mortalitics of the adult, cgg,
larva and pupa of S. eryzae were 65.2 £ 3.0, 262+24,304+24
and 27.2 + 3.2%. respectively. These values increased with the
increase of the exposure period to reach complete kill at 2, 10, 10
and 10 day-exposure for the mentioned immature stages,
respectively. The exposure time required for achieving complete
Kill for the various stages of S. oryzae using 100 ppm of
phosphine at 18 = 2°C inside the closed fiberglass bins was found
to be at least 10 days.

R. - dominica:

Percentage mortality of the adult of R. dominica was 56.2
+ 6.1% at 1 day-exposure and this value reached 100% mortality
after 3 days of exposure. Egg percentage mortality at 1 day-
exposure was 25.6 = 3.1 % and this value increased to complete
kill at 10 day-exposure. Larval percentage mortality at 1 day-
exposure was 30.4 = 3.1% and this value raised to 100% at 7 day-
exposure. Pupal percentage mortality was 25.6 = 3.4 at | day-
exposure and this value increased to reach 100% at 10 day-
exposure. Under this condition, to obtain 100% mortalities for the

various stages of R. dominica, the needed exposure time was at
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Table (7b): Responses of the tested stages of var

fiberglass bins at 18 + 2°C; 55 £ 5% R. H. and varying exposure periods.

Insect species

S. oryzae

R. dominica

T. castanerm

I granarium
larvae

lous insect species to 100 ppm of phosphine in the closed

Control

0.0
0.0
0.0
0.0
0.0
0.0




least 10 days.

T. castaneum:

Adult percentage mortality of T. castaneum Was 60.4 =
5.3% at 1 day-exposure and this value increased to 100% at 3
day-exposure. Egg percentage mortality was 43.2 £ 3.2%at
day-exposure and reached complete kill after 5 day-exposure.
Larval percentage mortality was 60.0 + 4.1% at 1 day-exposure
and 100% kill was achieved at 3 day post-treatment. Pupal
percentage mortality was 51 0= 3.1% at 1 day-exposure and this
value reached 100% at 5 day-exposure. The exposure time needed
for achieving 100% Kkill for the various stages of T. castaneum

using the above conditions was al [cast 5 days.

T. oranarium:

Percentage mortalities obtained for the active and
diapausing larvae of T. granarium at 1 day-exposure were 334+
34 and 28.6 = 2.0%, respectively. These values increased to
100% at 7 and 10 week exposure for the active and diapausing
larvae, respectively. The results showed also that the exposure
time needed to achieve complete mortalities for the active and
diapausing larvac ol 1. granarinm using the above conditions

was found to be at least 10 days.

In summary, the results showed clearly, that an exposure
period of at least 10 days is necessary to achieve total extinction
of the populations of the adults and immature stages of . oryzae,
R. dominica, T.castaneum and T. granarium by using 100 ppm
of phosphine inside the closed fiberglass bins at grain temperature
of 18 £ 2°C.

RESULTS AND DISCUSSION 140



S5c- Efficacy of 100 ppm_of phosphine against the tested
insect species at 18 + 2°C, 55 + 5% R.H. inside the closed’
_metal drums at varving exposure periods:

The obtained results are presented in Table 7c. The results
show that mortality values raised with increasing the exposure

period.

Adult percentage mortality of S. oryzae was 78.2 + 1.9% at
I' day-exposure and this value reached complete kill after 2 day-
exposure period. At 1 day-exposure, the percentage mortalities of
cgg. larva and pupa were 38.3 £ 2.3. 402 + 2.3 and 36.1 + 2.3%,
respectively. These values increased to 100% at 7 day-exposure
for the above immature stages. - Accordingly, the exposure time
required for achieving complete kill for the various stages of 8.
oryzae using 100 ppm of phosphine at 18 + 2°C inside the closed
metal drums was at least 7 days. These results indicated clearly,
that the adult stage was the most susceptible to phosphine.

R. dominica:

Adult percentage mortality of R, dominica was 682 +
4.1% at I day-exposure and this value reached complete kill after
2 day post-treatment. g8 creentage  ortality as 5.3 4%
at 1 day-exposure and reached 100% after 7 day-exposure. Larval
percentage mortality was 38.2 + 2.3% at | day-exposure and
100% kill was achieved at 7 day-exposure. Pupal percentage
mortality was 33.1 +6.1% at | day-exposure and complete kill at
7 day-exposure. Under this condition to obtain 100% mortalities
for the various stages of R. dominica, the exposure time needed
was at least 7 days, and the immature stages were more tolerant to
phosphine than the adult stages.
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T. castaneum.:

The obtained percentage mortalities at 1 day-exposure were
75.3 + 2.3, 63.1 +1.9,77.4+4.1and 68.2 + 3.2% for the adult,
cgg. larva and pupa of T. castaneum, respectively. Complete
mortalities were obtained at 2 day-exposure for the adult and
larval stages and 5 day-exposure for the egg while 2 day-exposure
in case of pupal stages. The exposure time for achicving 100%
kill for the various stages of T. castaneum using the above
conditions was accordingly at least 5 days. Also, the pupal and
cgg stages of T. castaneum were more tolerant to phosphine than’

the adult and larval stages.

T. oranarium:

Percentage mortalities obtained for the active and
diapausing larvac of T. granarium at 1 day-cxposure were 46.3 £
5.3 and 40.2 + 1.3%, respectively. These values increased to
100% at 5 day-exposure for the both larvae. The results showed
also that the exposure time needed to achieve complete mortalities
for the active and diapausing larvae of T. granarium using the
above conditions was found to be at least 5 days.

Briefly, the results showed clearly, that an exposure period
of at least one week is needed to obtain total extinction of the
populations of the adults and immature stages ol S, oryzae, R.
dominica, T. castaneum and T. granarium by using 100 ppm of
phosphine inside the closed metal drums at grain temperature of
18 +2°C.

RESULTS AND DISCUSSION 143



6- Efficacy of 100 ppm of phosphine against the tested
insect species at 28 = 2°C and 55 + 5% R.H. in the various

storage facilities:

6a- Efficacy of 100 ppm of phosphine against the tested
insect species at 28 +2°C, 55+ 5% R.H. inside the closed

steel bins at varving exposure periods:

The obtained results are given in “Table 8. The results
show clearly that pereentage mortalities of the various insccts and
their immature stages were increased by extending the time of
exposure.

S. oryzae:

At 1 day-exposure, percentage mortalities of the adult, egg,
larva and pupa of S. oryzae were 85.1 £ 3.1, 50.2 + 3.1, 603 £ 3.2
and 50.1 + 4.1%., respectively. These values increased with the
merease ol the exposure period to reach complete kill at 2, 3, 3
and 5 day-exposure for the mentioned immature stage,
respectively. The exposure time required for achieving complete
kill for the various stages of S. eryzae using 100 ppm of PH; at 28
+ 2°C inside the closed steel bins was at least 5 days. Meanwhile,
the pupal stage of S. oryzae was the most tolerant followed by egg
and larva, while, the adult was the most susceptible stage.

R. dominica:

Adult percentage mortality of R. dominica was 83.4 +
3.2% at | day-exposure and this value reached complete mortality
after 2 day post-treatment. Egg percentage mortality was 46.3 £
2.3% at 1 day-exposure and reached 100% after 5 day-exposure.
Larval percentage mortality was 53.2 +2.3% at 1 day-exposure
and 100% kill was achieved at 5 day-exposure. Pupal percentage
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Table (8a): Responses of the tested stages of various insect species to 100 ppm of phosphine in the closed steel

bins at 28 £ 2°C; 55+ 5% R. H. and varying exposure periods.

%o Mortality at indicated exposure periods (days)

Insect species | Stage - Control
1 2 3 5 -
Adult 85.143.1 100 100 100 0.0
Egg 50.2+3.1 80.1+2.3 100 100 0.0
S. oryzae = .
’ Larva 60.3+3.2 85.66.1 100 100 0.0
Pupa 50.1+4.1 78.4+2.3 98.1+2.3 100 0.0
Adult 83.4+3.2 100 100 100 0.0
ii. donibitea Ego 46.3£2.3 78.3+£2.3 95.3+£2.3 100 0.0
Larva 53.2+£2.3 80.4+23 97.4%4.1 100 0.0
| Pupa 46.1+2.3 15.342.3 95.145.1 100 0.0
Adult 86.4+1.3 100 100 100 0.0
T castaneum E22 77.4+4.1 95-1+5.1 100 100 0.0
Larva 92.1£1.9 100 100 100 0.0
Pupa 80.6+6.1 100 100 100 0.0
I. granarium | Active 62.1+1.2 | 93.1+£23 100 100 0.0
larvae Diapause 53.4+4.1 _ 80.6+6.0 95.145.1 100 0.0




mortality was 46.1 +2.3% at | day-exposure and complete kill at
5 day-exposure. Under this condition to obtain 100% mortalities
for the various stages of R. dominica, the necessary exposure
time was at least 5 days and the adult of R. dominica was the
most susceptible stage.

T. castaneum:

The obtained  percentage mortalities at 1 day-exposure
were 86.4 = 1.3, 77.4 £ 4.1,92.1 £ 1.9 and 80.6 + 6.1% for the
adult, cgg, larva and pupa of 1. castaneum, respectively.
Complete mortalities were obtained at 2 day-exposure for the
adult, larval and pupal stages and 3 day-exposure for the egg
stage. The exposure time for achieving 100% kill for the various
stages of T. castaneum using the above conditions was around 3

days and the eggs of this insect were the most resistant.

T. eranarium:

Percentage mortalities obtained for the active and
diapausing larvae of T. granarium at 1 day-exposure were 62.1 +
1.2 and 53.4 + 4.1%, respectively. These values increased to
100% at 3 and 5 day-exposure for the active and diapause larvae,
respectively. The results showed also that the exposure time
nceded to achieve complete mortalities for the active and
diapausing larvae of T. granarium using the above conditions
was found to be at least 5 days and the diapausing larvae were
more resistant to phosphine than active one.

In summary, the results showed clearly, that an exposure
period of at least 5 days is necessary to achieve total extinction of
the populations of the adults and immature stages of S. oryzae, R.
dominica, T. castaneum and T. granarium by using 100 ppm of
phosphine inside the closed steel bins at grain temperature of 28 +
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2°C.

6b- Efficacy of 100 ppm of phosphine against the tested
insect species at 28+ 2°C, 55 + 5% R.H. inside the closed

fiberglass bins at varying exposure periods:

The obtained results are listed in Table 8. Clearly, the
results given in this table show that the percentage mortalities
raised gradually with the increase of the exposure period of the
insects to PH; inside the bins.

Adult percentage mortality of S. oryzae was 75.3 +2.3% at
| day-exposure and reached complete kill after 2 day-exposure
period. At | day-exposure, the percentage mortalities of egg, larva
and pupa were 363 0+ 230 384 + 2.3 and 35.8 + 2.0%,
respectively. These values increased to 100% at 7 day-exposure
for the immature stages. Accordingly, the exposure time lor
achieving complete kill for the various stages of S. oryzae using
100 ppm of phosphine at 28 +2°C inside the closed fiber glass
bins was at least 7 days and the adults were the most susceptible
stage to phosphine.

R. dominica:

Percentage mortality of the adult of R. dominica at 1day-
exposure was 65.4 + 2.3% and this value increased to complete
kill at 2 day-exposure. Egg percentage mortality at 1 day-
exposure was 35.5 + 1.9% and this value reached 100% kill at 7
day-exposure. Larval percentage mortality was 40.4 +6.1% at |
day-exposure and this figure reached complete kill at 5 days post-
treatment. Pupal percentage mortality was 33.1 + 1.3% at | day-
exposure and this value increased to reach 100% at 7 day-

RESULTS AND DISCUSSION 147



i

Table (8b): Responses of the tested stages of various insecct species to 100 ppm of phosphine in the closed

fiberglass bins at 28 4 2°C; 55+ 5% R. H. and varying exposure periods.

Inscet species | Stage % Mortality at indicated exposure periods (days) Control
- 1 2 3 5 7

Adult 75.34£2.3 100 100 100 100 0.0
S. oryzae Ego 36.3+2.3 50.4+2.4 70.2+1.6 92.1%£1.2 100 0.0
Larva 38.4+2.3 55.6+6.1 75.6+4.0 97.333.1 100 0.0
Pupa 35.8+2.0 50.1+3.2 66.3+3.1 90.2+2.3 100 0.0
Adult 65.442.3 100 100 100 100 0.0
R denitiica Egg 35.5+1.9 48.6£3.6 66.4+2.0 93.14£2.6 100 0.0
Larva 40.4+6.1 53.843.2 70.4+3.1 100 100 0.0
Pupa 33.1:21.3 48.4+4.0 65.6+2.4 88.2+3.1 100 0.0
Adult 73.4%3.1 100 100 100 100 0.0
T — Eggo 53.1£2.1 70.6£2.1 90.2%].3 100 100 0.0
Larva 70.4+1.9 88.4+3.1 100 100 100 0.0
Pupa 70.6+2.3 80.6+4.1 93.6+2.0 100 100 0.0
I. granarium | Active 44.34+2.0 60.2£1.9 33.444.1 100 100 0.0
| larvae Diapause 36.542.3 50.4+2.3 125632 90.1+2.1 100 0.0




exposure. Under this condition to obtain 100% mortalities for the
various stages of R. dominica, the necessary exposure time was at
least 7 days and the pupal and egg stages of R. dominica were
more resistant to phosphine than the adult and larval stages.

T. castaneum:

At 1 day-exposure, percentage mortalities of the adult, egg,
larva and pupa of T. castaneum were 73.4+3.1,53.1+2.1,70.4
L 19 and 70.6 + 2.3%, respectively. In case of the adult stage,
complete kill was recorded after 2 days of exposure, while in case
of egg and pupa complete kill was recorded after 5 day-exposure,
while in case of larva complete mortalities were recorded at 3
day-exposure. The exposure time for achieving 100% kill for the
various stages of T. castaneum using the above conditions was at
lcast 5 days. Meanwhile, the pupae and eggs of this insect species
were more resistant to phosphine than the adult and larval stages.

T. eranarium:

Percentage mortalities obtained for the active and
diapausing larvae of T. granarium at | day-exposure were 44.3 =
20 and 36.5 = 2.3%, respectively. This value increased to 100%
at 5 and 7 day-exposure for the active and diapausing larvac,
respectively. The results showed also that the exposure time
needed to achieve complete mortalities for the active and
diapausing larvac of T. granarium using the above conditions
was found to be at least 7 days, whereas the diapausing larvae
were more resistant to phosphine than the active one.

Briefly, the results showed clearly, that an exposure period
of at least one week is needed to obtain total extinction of the
populations of the adults and immature: stages ol S. oryzace, R.

dominica, T. castaneum and T. granarium by using 100 ppm of
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phosphine inside the closed fiberglass bins at grain temperature of
28 £ 2°C.

6¢c- Efficacy of 100 ppm of phosphine against the tested
insect species at 28 +2°C, 55 + 5% R.H. inside the closed

metal drums at varying exposure periods:

The obtained results are presented in Table 8c. The results
show  that mortality values increased with increasing the exposure

period.

S. oryzae:

For the adult of S. oryzae mortality value was 83.2 + 1.6
and 100% at 1 and 2 day-exposure, respectively. Egg percentage
mortality was 47.3 + 4.1% at | day-exposure and this value
increased to reach 100% at 3 day-exposure period. Larval
percentage mortality was 58.3 = 2.0% at 1 day-exposure and this
value raised to 83.1 + 2.0% after 2 days from treatment and reach
complete kill after 3 day-exposure. Pupal percentage mortality
rcached 47.1 + 3.2% at 1 day-exposure period and raised to 77.4 +
4.0% after 2 day-exposure and this value was 100% kill at 5 day-
exposure. The exposure time required for achieving complete kill
for the various stages ol'S. oryzae using 100 ppm of phosphine at
28 £ 2°C inside the closed metal drums was at least 5 days.

R. dominica:

Percentage mortality of the adult of R. dominica was 83.1
+ 1.6% at | day-exposure and this value reached 100% mortality
after 2 days of exposure. Egg percentage mortality at 1 day-
exposure was 43.2 £ 3.2% and this value increased to complete
kill at 5 day-exposure. Larval percentage mortality at 1 day-
exposure was 50.4 + 1.9% and this value raised to 100% at 5 day-
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Table (8¢): Responses of the tested stages of various inscct species to 100 ppm of phosphine in the closed metal

drums at 28 +2°C; 35 £ 5% R. H. and varying exposure periods.

ﬁ_smmi species | Stage | _ % Mortality H:N:::Q:n; cz.wcm:_wo periods (days) : Control
Adult 83.2+1.6 100 100 100 1 0.0
T Egg :Hl\..ulna; 80.1:£1.2 100 100 0.0
- Larva 38.3£2.0 83.1+3.4 100 100 0.0
Pupa 47.143.2 77.4+4.0 95.2+4.0 ~_ 100 0.0
Adult $3.143.2 100 100 100 0.0
R. dominica |28 43.2+3.2 76.2+2.4 93.2%1.2 100 0.0
Larva 30.4£1.9 78.2+3.2 95.2+1.6 100 0.0
Pupa 44.3+1.9 73.2+1.9 93.1%1.6 100 0.0
Adult 85.2+1.9 100 100 100 0.0
1 - 75.3+2.3 93.243.2 100 100 0.0
Larva 92.242.1 100 100 100 0.0
Pupa 83.1+2.4 100 100 100 0.0
1. granarium | Active 60.2+2 4 90.3+£3.2 100 100 0.0
. larvae Diapause 33.44£3.2 78.143.1 931572 | 100 0.0




exposure. Pupal percentage mortality was 44.3 = 1.9% at 1 day-
exposure and this value increased to reach 100% at 5 day-
exposure. Under this condition to obtain 100% mortalities for the
various stages of R. dominica, the cxposure time was at least 5
days and the adult was the most susceptible stage.

1. castaneum:

Adult percentage mortality of T. castaneum was 85.2 +
1.9% at 1 day-exposure and this value increased to 100% at 2
day'-e,\'posure. Egg percentage mortality was 753 £ 2.3%at 1
day-exposure and reached complete kill after 3 day-exposure.
Larval percentage mortality was 92.2 +2.1% at 1 day-exposure
and 100% kill was achieved at 2 day post-trcatment. Pupal
percentage mortality was 83.1 = 2.4% at 1 day-exposure and this
value reached 100% at 2 day-exposure. The exposure time for
achieving 100% kill for the various stages of T. castaneum using
the above conditions was at least 3 days. Also, the eggs were the
least susceptible stage

I. granarium:

Percentage mortalities obtained for the active and
diapausing larvae of T. granarium at 1 day-exposure were 60.2 +
2.4 and 53.4 + 3.2%, respectively. These values increased to
100% at 3 and 5 day-exposure for the active and diapausing
larvae, respectively. The results showed also that the exposure
time needed to achieve complete mortalities for the active and
diapausing larvae of T. gramarium using the above conditions
was found to be at least 5 days and the diapausing larvae were

more resistant than the active one.

In conclusion, the results showed clearly, that an exposure
period of at least 5 days is necessary to obtain total extinction of
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the populations of the adults and immature stages of S. oryzae, R.
deminica, T. castaneum and T. granarium by using 100 ppm of
phosphine inside the closed metal drums at grain temperature of
28 + 2°C.

The obtained results on the efficacy of phosphine against
the tested insects are in harmony with the findings of Lindgren
and Vincent, 1966; Bell and Glanville, 1970; How, 1973;
Barbare et al., 1976; Bell, 1976 and El-Lakwah et al,, 1991 a &
band 1992 a,b & c.

7- Efficacy of CA of 99% N, against the tested insect
species at 18 £ 2°C, 55+ 5% R.H. inside the closed steel

bins at varving exposure periods:

The obtained results are listed in Table 9. Clearly, the
results shown in this Table revealed that percentage mortalities of
the various insects and their developmental stages raised
eradually with the increase of the exposure period of the insects to
N, inside the closed steel bins.

S. oryzae:

At 3 day-exposure, percentage mortalities of the adult, egg,
larva and pupa of S. oryzae were 50.2 £ 6.1,25.2+3.2,31.2£6.1
and 20.2 + 4.1%. respectively. These values increased with the
increase of the exposure  period to reach complete kill at 10, 35,
28 and 35 day-exposure for the above mentioned immature
stages. respectively. The exposure time required for achieving
complete kill for the various stages of S. oryzae using CA of 99%
N, at 18 + 2°C inside the closed steel bins was found to be at least
5 weeks. Also, egg and pupal stages were more tolerant to N than

adult and larval stages of S. oryzae.
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Table (9):.Responses of the tested stages of various inscet species to CA of 99 % N, in the closed steel bins at 18 +

2°C, 554 5% R.H. and varying exposure periods.

Insect species Stage | % Mortality at indicated exposure periods (days) Control
BE 5 710 14 21 28 35

S. oryzae Adult | 50.246.1 | 70.443.2 | 88.243 100 100 100 100 100 0.0
Egg | 252432 30.243.1 | 40.246.1 [ 51.246.1 | 73.2+6.2 | 83.224.2 | 91 223 1 100 0.0
Larva | 31.246.1 [ 36.242.1 | 44.243.0 | 60.2%2.1 | 80.243.1 | 91 246 1 100 100 0.0
Pupa | 20.244.1 | 25.246.2 | 36.423.: | 46.242.6 | 58.247.1 | 73.246.2 83.2+6.1 100 0.0
R. dominica Adult | 40.243.1 | 60.2+3.1 | 71.246.1 | 90.243.1 100 100 100 100 0.0
Egg  |20.246.1 | 28.142.1 | 36.2+4.2 [ 46.2+3.2 | 70.243 1 80.4+43.1 | 90.2+6.2 100 0.0
Larva | 33.246.2 | 36.544.2 | 40.2+3.1 | 55.248.1 | 77.246.1 | 85.242 1 100 100 0.0
Pupa 20.246.2 | 25.246.3 | 32.443.1 | 43.242.1 [ 53.2+4.2 | 70.216.1 | 80.2+2 | 100 0.0
I. castaneum Adult 36.243.1 | 50.244.1 | 66.243.1 | 83.4+2.1 100 100 100 100 0.0
Egg 36.242.1 [ 43.244.1 | 60.2+3.1 | 71.246.1 | 88.2+2.1 100 100 100 0.0
Larva | 40.243.1 | 70.246.1 | 90.2+3.] 100 100 100 100 100 0.0
B Pupa [30.246.1 | 60.244.2 | 77.322.7 | 90.246.1 100 100 100 100 0.0
I. granarium Active | 3.342.1 | 16.244.1 | 28.246.3 | 50.244.2 | 70.4%2.1 | 83.2%6.1 100 100 0.0
larvae diapause | 0.0 11.346.2 | 23.446.0 | 43.242.1 | 62.443.1 77.6+4.1 | 89.2+3.] 100 0.0




R. dominica:

Adult pereentage mortality ol K. dominica was 40.2 +
3.1% at 3 day-exposure and this value increased to 71.2 + 6.1% at
7 day-exposure and reached complete kill after 14 day post-
treatment. Egg percentage mortality was 20.2 +6.1% at 3 day-
exposure and reached 100% after 35 day-exposure. Larval
percentage mortality was 33.2 + 6.2% at 3 day-exposure and
100% kill was achieved at 28 day-exposure. Pupal percentage
mortality was 20.2 £ 6.2% at 3 day-exposure and complete kill at
35 day-exposure. Under this condition to obtain 100% mortalities
for the various stages of R. deminica, the exposure time needed
was at least 5 weeks and the pupal and egg stages were less
susceptible than the other stages of R. dominica.

T. castaneum:

Adult percentage mortality of T. castaneum was 36.2 +
3.1% at 3 day-exposure and this value increased to 100% at 14
day-exposure. Egg percentage mortality was 36.2 + 2.1%at 3
day-exposure and reached complete kill after 21 day-exposure.
Larval percentage mortality was 40.2 £3.1% at 3 day-exposure
and 100% kill was achieved at 10 day post-treatment. Pupal
percentage mortality was 30.2 £ 6.1% at 3 day-exposure and this
value reached 100% at 14 day-exposure. The exposure time for
achieving 100% kill for the various stages of T. castaneum using
the above conditions was at least 3 weeks. Also, the larvae were

the most susceptible stage.

T. granarium:

The recorded mortalities for the active and diapausing
larvac of T. granarium at 3 day-exposure were 3.3 = 2.1 and 0.0,

respectively. These values  inercased to complete mortality at 28
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and 35 day post-treatment for the active and diapausing larvae,
respectively. The results showed also that the exposure time
needed to achieve complete mortalities for active and diapausing
larvac of T. granarium using the above conditions was found to
be at least 5 weeks.

In summary, the results showed clearly, that an exposure
period of at least 5 weeks is necessary to achieve total extinction
of the populations of the adults and immature stages of S. oryzae,
R. dominica, T. castaneum and T. granarium by using CA of
99% N, inside the closed steel bins at grain temperature of 18 £
2°C.

8- Efficacy of CA of 99% N, against the tested insect
species at 28 + 2°C, 55+ 5% R.H. inside the closed steel

bins at varying exposure periods:

The obtained results arc given in Table 10. The results
show clearly that percentage mortalities of the various insccts and
their immature stages increased with rising the exposure period.

S. oryzae:

At 3 day-exposure, percentage mortalities of the adult, egg,
larva and pupa of S. oryzae were 60.2 =2.1,352+2.1,403 + 4.1
and 302 + 6.1%. respectively. These values increased with the
increase ol the exposure period to reach complete kill at 7, 28, 21
and 28 day-exposure for the mentioned immature stage,
respectively. The exposure time required for achieving complete
kill for the various stages of S. oryzae using CA of 99% N, at 28
+ 2°C inside the closed steel bins was at least 4 weeks. It was also
clear, that the pupal and egg stages of S. oryzae were less
susceptible to N, than the larval and adult stages.
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Table (10): Responses of the tested stages of various insect species to CA of 99 % N, in the closed steel bins at 28

+2°C, 55 £5% R.I1. and varying exposure periods.
ymg exj I

Insect species Stage % Mortality at indicated exposure periods (days) Control
3 5 7 _ 10 14 21 28
S. oryzae Adult 60.2+2.1 83.1+£3.1 100 _ 100 100 100 100 0.0 |

Egg 35.242.1 | 41.243.2 | 50.246.1 | 63.244.1 | 85.2+4.1 | 98.2+3.1 100 0.0
Larva 40.344.1 | 50.243.1 | 63.236.1 | 80.4+4.1 | 95.246.1 100 100 0.0
Pupa 30.246.1 | 44.243.1 | 60.243.1 | 66.2+3.1 | 80.44+2.1 | 93.2+4.1 100 0.0
R. dominica Adult | 504421 | 70.246.1 | 93.2x4.1 | 100 100 100 100 0.0
Egg 33.2+6.1 | 40.243.1 | 46.443.1 | 60.245.1 | 80.2+4.2 | 95.4+2.1 100 0.0
Larva 43.2+6.1 | 52.443.2 | 65.3+2.1 | 83.246.1 | 93.246.1 100 100 0.0
Pupa 28.1+4.1 | 40.243.2 | 53.246.1 | 63.2+4.2 | 75.4+32 | 90.246.1 100 0.0
T. castaneum Adult 46.243.4 | 66.3+4.1 | 90.2+5.1 100 100 100 100 0.0
Egg 40.2+7.1 | 502432 | 70.4+3.1 | 85.443.1 100 100 100 0.0
Larva 50.246.1 | 83.246.1 100 100 100 100 100 0.0
i Pupa 43.2+1.2 | 70.2+6.1 | 85.4+3.1 | 100 100 100 100 0.0
1. granarium Active 6.3+2.1 26.2+3.1 | 38.4+2.1 | 60.243.1 | 80.2+4.1 | 99.2+3 ] 100 0.0
larvae diapause 3.3£3.2 | 16.224.1 26.8+3.1 | 50.243.1 70.6+£2.1 | 85.4%33 100 0.0




R. dominica:

Percentage mortality of the adult of R. dominica at 3 day-
exposure was 50.4 £ 2.1% and this value increased to complete
kill at 10 day-exposure. Egg percentage mortality at 3 day-
exposure was 33.2 = 6.1% and this value reached 100% kill at 28
day-exposure. Larval percentage mortality was 43.2+6.1% at 3,
dav-exposure and this figure reached complete Kill at 21 days
post-treatment. Pupal percentage mortality was 28.1 +4.1% at 3
day-exposure and this value increased gradually to reach 100% at
28 day-exposure. Under this condition to obtain 100% mortalities
[or the various stages of R, dominica, the necessary exposurc
time was at least 4 weeks. Also, the pupal and egg stages of this
insect species were less susceptible to N, than the larval and adult

stages.

T. castaneum:

Adult percentage mortality of T. castaneum was 46.2 +
3.4% at 3 day-exposure and this value increased to 100% at 10
day-exposure. Fgg percentage mortality was 30.2 + 7.1% at 3
day-exposure and reached complete kil alter B day-exposure.
Larval percentage mortality was 50.2 +6.1% at 3 day-exposure
and 100% kill was achieved at 7 day post-treatment. Pupal
percentage mortality was 43.2 £ 1.2% at 3 day-exposure and this
value reached 100% at 10 day-exposure. The exposure time for
achieving 100% kill for the various stages of T. castaneum using
the above conditions was less than 2 weeks. Also, the larval stage

of T. castaneum was the most susceptible.
T, granarium:

—_—

Percentage mortalities obtained for the active and

diapausing larvae of T. granarium at 3 day-exposure were 6.3+
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2.1 and 3.3 + 3.2%, respectively. These values increased to 100%
at 28 day-exposure for the both instars larvae. The results showed
also that the exposure time needed to achieve complete mortalities
for the active and diapausing larvaec of T. granarium using the
above conditions was found to be at least 4 weeks.

Briefly. the results showed clearly, that an exposure period
of at least 4 weeks is needed to obtain total extinction of the
populations of the adults and immature stages of S. oryzae, R.
dominica, T. castaneum and T. granarium by using CA of 99%
N, inside the closed steel bins at grain temperature of 28 + 2°C.

Experiments on application of CA of 99% N, inside the
closed metal drums and the fiberglass bins were not conducted,

because of the lower gastightness of the two storage facilities.

9- Efficacy and combined action of 100 ppm of phosphine

and 30 + 5% carbon dioxide against the tested insect
species at 18 + 2°C and 55+ 5% R.H. inside the closed

steel bins at varving exposure periods:

The results of the efficacy and combined action of 100
ppm phosphine with 30 = 5% CO, to the various stages of the
tested insect species inside the closed steel bins at 18 + 2°C and
varying exposure periods are given in Tables 11a, b, c.

Co-toxicity values of the mixturc at two days exposure
period indicated additive effects for the different stages of all
tested insect species. (11a).

The results of the same mixture of phosphine and carbon
dioxide at 3 days exposure periods are summarized in Table 11 b.
The results indicate that the Co-toxicity values resulting from the
mixture of the two gases showed additive effects with the various
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Table (11a): Efficacy and combined action of 100 ppm phosphine and 30 + 5 % carbon dioxide to the tested

stages of various insect species inside closed steel bins at grain temperature of 18 +=2°C and 55 + 5 % R.

H. after 2 days exposure period.

] p Y Mortality for different treatments Co-toxicity Type of joint

Insectspecies Stage PH; alone CO; alone PH; + CO, factor action ‘_
Adult 100 30.4 100 0.0 d
5. oryzae Eggo 60.2 15.3 80.2 6.2 d
T Larva 65.4 18.2 85.3 2.0 d
Pupa 60.6 14.3 80.1 6.9 d
Adult 100 20.2 100 0.0 d
B dowinica Eggo 58.4 15.6 79.3 7.2 d
Larva 63.2 18.6 83.4 2.0 d
Pupa 60.1 14.3 80.1 7.7 d
Adult 100 16.1 100 0.0 d
T. castaneum Egg 80.2 25.4 93.3 -6.7 d
Larva 100 36.3 100 0.0 d
Pupa 85.4 30.2 100 0.0 d
T. granarium | Active 80.1 0.0 90.4 12.9 d
larvae Diapause 70.3 0.0 80.6 14.7 d

d = additive effects




Table (11b): Efficacy and combined action of 100 ppm phosphine and 30 £ 5 % carbon dioxide to the tested
stages of various insect spccies inside closed steel bins at grain temperature of 18 + 2°Cand 55+£5 % R.

H. after 3 days exposure period.

. o “Mortality for different treatments Co-toxicity Type of joint

Jnseet spenies Stage PIl; alone CO, alone PH; + CO, factor action
Adult 100 50.3 100 0.0 d
$. oryzae Egg 80.2 18.2 90.4 -8.1 d
Larva 85.1 20.3 93.8 6.2 d
Pupa 83.4 16.4 90.4 -9.4 d
Adult 100 40.3 100 0.0 d
R, dominica Egog 83.6 20.2 91.4 -8.6 d
Larva 85.4 23.4 95.4 -4.6 d
Pupa 80.6 18.2 89.3 -9.6 d
Adult 100 36.1 100 0.0 d
T. castaneum Fgg 2t2 LS 101 0.9 2
Larva 100 44.2 100 0.0 d
Pupa 100 36.1 100 0.0 d
T. granarium | Active 98.1 3.3 100 0.0 d
larvae Diapause 85.4 0.0 100 17.0 d

d = additive effects




stages of the tested insect species.
After 5 days-exposure, the results given in Table 11 ¢ &

fig 10 indicate additive effects for the mixture with the different
stages of all tested insect species.

10-  Efficacy _and combined action of 100 ppm of

phosphine and 30 + 5% carbon dioxide against the tested
insect species at 18 + 2°C and 55+ 5% R.H. inside the

closed fiberglass bins at varying exposure periods:

The combined action of 100 ppm phosphine with 30 + 5%
CO, was calculated at following periods of treatments (2, 3, 5 and
7 days). The results were shown in Table (12a, b, ¢, d). Results
revealed clearly that combinations of phosphine and carbon
dioxide inside the closed fiberglass bins at grain temperature of
18 + 2°C and 55 + 5% R.H. showed in most cases additive effect
for the various tested insects and their adult stages sometimes a
synergistic (potentiation) effect was achieved.

After 5 days-exposure, the results given in fig 10 indicate
additive effects for the mixture with the different stages of all
tested insect species.

11- Efficacy and combined action of 100 ppm of

phosphine and 30 + 5% carbon dioxide against the tested
insect species at 18 + 2°C and 55 5% R.H. inside the

closed metal drums at varying exposure periods:

The results of the efficacy and combined action of 100
ppm phosphine with 30 + 5% CO, to the various stages of the
tested insect species inside the closed metal drums at 18 + 2°C
and varying exposure periods are shown in Tables 13a, b, c.

Co-toxicity values of the mixture at two days exposure
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Table (11¢): Efficacy and combined action of 100 ppm phosphine and 30 + 5 % carbon dioxide to the tested
stages of various inscct species inside closed steel bins at grain temperature of 18 +2°C and 55 +5 % R.

H. after 5 days exposure period.

Insect species Stac %Mortality for different treatments Co-toxicity Type of joint
= PH; alone CO;,alone PH; + CO, factor action
Adult 100 60.2 100 0.0 d
S. oryzae Egg 95.4 253 100 0.0 d
Larva 100 30.6 100 0.0 d
Pupa 93.6 24.1 100 0.0 d
Adult 100 50.4 100 0.0 d
R. dominica Egg 932 23.6 100 0.0 d
Larva 100 31.4 100 0.0 d
Pupa 90.3 24.1 100 0.0 d
Adult 100 44.3 100 0.0 d
T. castaneum Fgg 100 ey 00 g0 <
Larva 100 70.6 100 0.0 d
Pupa 100 66.2 100 0.0 d
T. granarium | Active 100 26.3 100 0.0 d
larvae Diapause 100 13.1 100 0.0 d

= zdditive effects




taoie (12a): Efficacy angd combined action of 100 ppm phosphine and 30 + S % carbon diovide to the tested
stages of various insect species inside closed fiberglass bing at grain temperature of 18 = Y’Cand 55+ 5
2 days exposure period.

“ R.H. after

Insect species

. YMortali for different treatnients
PH; alone

Co-toxicity Type of joint
action

d = additive effects

= synergistic effects



Table (12b): Efficacy and combined action of 100 ppm phosphine and 30 = 5 % carbon dioxide to the tested
stages of various insect species inside closed fiberglass bins at grain temperature of 18 + 2°C and 55+ 5

% R. H. after 3 days exposure period.

Inscct specics Staee % Mortality for different treatments Co-toxicity Type of joint
=2 PH; alone CO; alone PH; + CO, factor action
Adult 100 25.2 100 0.0 d
5. oryzae Egg 61.4 13.6 76.2 1.6 d
’ Larva 64.6 15.4 80.1 0.1 d
Pupa 56.4 12.3 75.2 9.5 d
Adult 100 20.2 100 0.0 d
R. dominica Egg 58.6 15.6 66.2 -10.8 d
Larva 60.4 16.3 73.6 -4.0 d
Pupa 53.2 14.3 70.1 -8.4 d
Adult 100 20.7 100 0.0 d
S T Eggo 81.2 20.2 100 0.0 d
Larva 100 30.1 100 0.0 d
Pupa 81.4 23.6 100 0.0 d
T. granarium | Active 73.6 0.0 88.4 20.1 s
larvae Diapause 64.2 0.0 85.6 _ 33.3 s

d = additive effects

= synergistic effects




Table (12¢): Efficacy and combined
stages of v

% R. H. after 5 days exposure period.

arious insect species inside closed fiberglass bins

action of 100 ppm phosphine and 30 + 5

% carbon dioxide to the tested

at grain temperature of 18 + 2°C and 55 + 5

d = additive effects

S— Stace YoMortality for different treatments Co-toxicity Type of joint
= PIi; alone CO;alone PH; + CO, factor action

Adult 100 50.2 100 0.0 d
§ orzie Ego 77.2 21.3 93.6 -5.0 d
Larva 83.6 25.4 97.4 -2.6 d
Pupa 75.4 20.6 90.2 -6.0 d
Adult 100 40.3 100 0.0 d
R. dominica Egg ei.5 ALY 236 i g
Larva 86.4 23.6 99.3 -0.7 d
| Pupa 75.1 18.3 90.1 -3.5 d
Adult 100 36.4 100 0.0 d
1. castaneum Fgg 100 =0 L By e
Larva 100 50.4 100 0.0 d
Pupa 100 44.6 100 0.0 d
I. granarium | Active 90.4 9.6 100 0.0 d
larvae Diapause 83.6 3.3 90.4 4.0 d



Table (12d): Efficacy and ¢

stages of v

% R. H. after 7 d

ays exposure period.

arious insect species inside closed fiberglass bins

ombined action of 100 ppm phosphine and 30 + 5

% carbon dioxide to the tested

atgrain temperature of 18+ 2°C and 55 + 5

d = additive effects

Insect species “oMortality for different treatments Co-toxicity Type o:c::J
PH5 alone CO; alone factor action

100 70.3 100 d
S, o go 90.3 253 d
g Larva 97.4 28.4 100 0.0 d
| Pupa 90.1 23.1 100 0.0 d
Adult 100 60.6 100 0.0 d
R. dominica Eg 93.4 26.2 100 0.0 d
Larva 100 30.4 100 0.0 ¢
Pupa 90.2 26.5 100 0.0 d
Adult 100 55.4 100 0.0 d
; (P Eggo 100 33.6 100 0.0 d
Larva 100 70.4 100 0.0 d
| Pupa 100 50.6 100 0.0 d
T. granarium | Active 100 16.3 100 0.0 | d
larvae Diapause 93 .4 9.6 100 0.0 d



périod indicated additive effects for the different stages of all
tested insect species. (13a).

The results of the same mixture of phosphine and carbon
dioxide at 3 days exposure periods are summarized in Table 13b.
The results indicate that the Co-toxicity values resulting from the
mixture of the two gases showed additive effects with the various
stages of the tested insect species with exception the diapausing
larvae of T. granarium whereas, a potentiation eftect was shown.

After 5 days-exposure, the results given in Table 13¢ & fig
10 indicate additive effects for the mixture with the different

stages of all tested insect species.

12- FEfficacy and combined action of 100 ppm of

phosphine and 30 = 5% carbon dioxide against the tested
insect species at 28 + 2°C and 55+ 5% R.H. inside the

closed steel bins at varying exposure periods:

The results of the efficacy and combined action of 100
ppm phosphine with 30 = 5% COy to the various stages of the
tested insect species inside the closed steel bins at 28 + 2°C and
varying exposure periods are shown in Tables 14a, b.

Co-toxicity values of the mixture at two days exposure
period indicated additive effects for the different stages of all
tested insect species (Table 14a) with exception of the diapausing
larvac of T. granarium whereas, a synergistic effect was
achieved.

The results of the same mixture of phosphine and carbon
dioxide at 3 days exposure periods are summarized in Table 14b
& Fig 11. The results indicate that the Co-toxicity values resulting

(rom (he mixture of the two gases showed additive effeets with all
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Table (13a): Efficacy and combined action of 100 ppm phosphine and 30 % 5 % carbon dioxide to the tested

stages of various insect species inside closed metal drums at grain temperature of 18+2°C and 55+ 5

% R. H. after 2 days exposure period.

liseetseciss Sfive “YoMortality for different treatments Co-toxicity Type of joint
= PH; alone CO; alone PH; + CO, factor action

Adult 100 25.3 100 0.0 d
S. orpzae Egg 58.2 13.6 78.3 9.1 d
B Larva 63.4 16.1 83.6 5:2 d
Pupa 56.2 12.2 77.4 13.2 d
Adult 100 20.1 100 0.0 d
R. dominica Ego 55.1 14.2 77.2 11.4 d
Larva 60.3 17.3 80.4 3.6 d
Pupa 53.2 11.1 78.3 21.8 d
Adult 100 20.1 100 0.0 d
Eggo 78.3 18.3 90.1 -6.7 d
B cnstomeuns [ eva 100 30.4 100 0.0 d
Pupa 83.4 25.4 100 0.0 d
I granarium | Active 77.4 0.0 88.1 13.8 d

larvae Diapause 70.3 0.0 80.3 14.2 d ]

= additive effects




Table (13b): Efficacy and combined action of 100 ppm phosphine and 30 + 5 % carbon dioxide to the tested
stages of various insect species inside closed metal drums at grain temperature of 18 + 2°C and 55+ 5

“ R. H. after 3 day exposure period.

ﬂn ” . Stao YoMortality for different treatments Co-toxicity Type of joint

nsect species age PH; alone CO;alone PH; + CO, factor action
Adult 100 46.2 100 0.0 d
. Eggo 80.1 17.2 90.2 -7.3 d
Larva 83.3 20.1 92.4 -7.6 d
Pupa 80.2 15.1 90.1 -5.5 d
Adult 100 36.2 100 0.0 d
i Ego 80.2 18.3 90.3 -8.3 d
e 82.1 21.4 93.4 6.6 d
Pupa 78.3 15.1 86.1 -7.8 d
Adult 100 s 33.4 100 0.0 d
Ego 95.1 25.4 100 0.0 d
& caspmann Iy 100 40.3 100 0.0 d
Pupa 100 33.2 100 0.0 d
I granarium | Active 95.1 0.0 100 5.1 d
larvae Diapause 82.3 0.0 100 21.5 S

d = zdditive effects

s = s.nergistic effects



- i
Table (13¢): Efficacy and combined action of 100 E::E_Om_:::om:&uo%m.Xvnmwvozamoxaonoﬂro»omﬁma

stages of various insect species inside closed metal drums at grain temperature of 18 £ 2°C and 55+ 5

% R. H. after 5 days exposure period.

* Insect Specics Stace “oMortality for different treatments Co-toxicity Type of joint
| % PH; alone CO; alone PH; + CO, factor action

Adult 100 50.2 100 0.0 d
S. oryzae Egg 93.2 23.2 100 0.0 d
Larva 99.1 28.2 100 0.0 d
Pupa 90.2 20.2 100 0.0 d
Adult 100 44.2 10 0.0 d
R dominica | 2B 90.2 21.3 100 0.0 d
Larva 98.2 30.2 100 0.0 d
Pupa 88.1 20.1 100 0.0 d
Adult 100 36.2 100 0.0 d
T castancum | 58 100 40.2 160 0.0 d
Larva 100 60.2 100 0.0 d
Pupa 100 56.2 100 0.0 d
T. granarium | Active 100 16.3 100 0.0 d
larvae Diapause 100 9.6 100 0.0 d

d = additive effects




\

,ﬂmv_o.ﬁau.vu Efficacy and combined action of 100 ppm ._:_OMvH:so and 30 = 5 % carbon dioxide to the tested
stages of various insect species inside closed steel bins at grain temperature of 28 +2°C and 55+ 5 % R.

H. after 2 days exposure period.

Insect species Sedge YoMortality for different treatments Co-toxicity Type of joint
= PH; alone CO; alone PH; + CO, factor action

Adult 100 60.3 100 0.0 d N
K-t Eggo 80.1 27.1 90.2 -9.8 d
Larva 85.6 28.3 96.3 -3.7 d
Pupa 78.4 26.1 89.3 -10.7 d
Adult 100 50.3 100 0.0 d
R. dominica |28 78.3 29.2 97.2 -12.8 d
Larva 80.4 30.1 90.2 -9.8 d
Pupa 75.3 25.2 86.4 -13.6 d
Adult 100 40.1 100 0.0 d
. Egg 23.1 25.2 100 0.0 d
dhss i 100 46.2 100 0.0 d
Pupa 100 35.4 100 0.0 d
I. granarium | Active 93.1 0.0 100 7.4 d
| larvae Diapause 80.6 0.0 100 24.1 s

d = additive effects

s = synergistic effects




_,_ ‘
Table (14b): Efficacy and combined action of 100 ppm phosphine and 30 + 5 % carbon dioxide to the tested

stages of various insect species inside closed steel bins at grain temperature of 28 + 2°C and 55 + 5 % R.

H. after 3 day exposure period.

Insect species Staoe Yo Mortality for different treatments Co-toxicity Type of joint
) = PH; alone CO; alone PH; + CO, factor action

Adult 100 73.2 100 0.0 d
S. oryzae Eggo 100 30.4 100 0.0 d
Larva 100 35.6 100 0.0 d
Pupa 98.1 30.1 100 0.0 d
Adult 100 60.5 100 0.0 d
B dawnriinien Egg 95.3 33.1 100 0.0 d
Larva 97.4 38.4 100 0.0 d
Pupa 95.1 30.1 100 0.0 d
Adult 100 50.2 100 0.0 d
T. castaneum Eggo 100 30.2 100 0.0 d
Larva 100 55.3 100 0.0 d
Pupa 100 40.3 100 0.0 d
I. granarium | Active 100 6.6 100 0.0 d
larvae Diapause 95.1 0.0 100 5.2 d

d = additive effects
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the various stages of the tested insect species.

13- Efficacy and combined action of 100 ppm of

phosphine and 30 + 5% carbon dioxide against the tested
insect species at 28 + 2°C and 55+ 5% R.H. inside the

closed fiberglass bins at varying exposure periods:

The results of the efficacy and combined action of 100
ppm phosphine with 30 £ 5% CO, to the various stages of the
tested insect species inside the closed fiberglass bins at 28 + 2°C
and varying exposure periods are shown in Tables 15a, b, c.

Co-toxicity values of the mixture at two days exposure
period indicated additive effects for the different stages of all
tested insect species (Table 15a) with exception of the active and
diapausing larvae of T. granarium whereas, a synergistic effect
was shown.

The results of the same mixture of phosphine and carbon
dioxide at 3 days exposure periods are summarized in Table 15b
& Fig 11 The results indicate that the Co-toxicity values
resulting from the mixture of the two gases showed additive
effects with most of the various stages of the tested insect species
with exception of the diapausing larvae of T. granarium whereas,
a synergistic effect was obtained.

After 5 days-exposure, the results given in Table 15¢
indicate additive effects for the mixture with the different stages

of all tested inscet specics.
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Table (15a): Efficacy and combined action of 100 ppm phosphine and 30 + 5% carbon dioxide to the tested
stages of various insect species inside closed fiberglass bins at grain temperature of 28 + 2°C and 55 +

5% R. H. after 2 days exposure period.

Insect specics Stace Y% Mortality for different treatments Co-toxicity Type of joint
i PH; alone CO, alone PH; + CO, factor action

Adult 100 30.2 100 0.0 d
S. orvzae Egg 50.4 16.2 73.4 10.2 d
TR Larva 55.6 18.3 76.6 3.7 d
Pupa 50.1 15.4 73.4 12.1 d
Adult 100 16.3 100 0.0 d
Sy Egg 48.6 18.3 71.2 6.4 d
K. dominien 53.8 20.2 75.4 1.9 d
Pupa 48.4 16.1 70.1 8.7 d
Adult 100 9.6 100 0.0 d
F R Eggo 70.6 20.2 85.4 -6.0 d
Larva 88.4 30.6 97.1 -2.9 d
Pupa 80.6 25.3 95.6 -4.4 d
T. granarium | Active 60.2 0.0 83.4 38.5 s
larvae Diapause 504 0.0 78.6 56.0 s

d = additive effects

s = synergistic effects




Table (15b): Efficacy and combined action of 100 ppm phosphine and 30 + 5 % carbon dioxide to the tested
stages of various insect species inside closed fiberglass bins at grain temperature of 28 = 2°C and 55 + 5

% R. H. after 3 days exposure period.

Insectspecios | Stage “oMortality for different treatments _ Co-toxicity | Type of joint
= PH; alone CO, alone PH; + CO, factor _ action
Adult 100 40.2 100 0.0 | d
S. oryzae Eggo 70.2 18.6 85.6 -3.6 _ d
: Larva 75.6 20.3 89.4 -6.8 _ d
Pupa 66.3 18.1 83.1 -1.5 A d
Adult 100 25.1 100 0.0 _ d
s Egg 66.4 20.4 83.2 -4.2 d
R dominica 1 e 70.4 23.6 87.4 7.0 d
Pupa 65.6 20.1 80.2 -6.4 d
Adult 100 20.1 100 0.0 d
Egg 90.2 30.2 100 0.0 d
b rastoneun by o 100 403 100 0.0 d
Pupa 93.6 30.3 100 0.0 d
T. granarium | Active 83.4 3.3 100 15.3 _ d
larvae Diapause 72.5 0.0 90.4 24.7 | s

d = additive effects

s = synergistic effects




Table (15¢): Efficacy and combined action of 100 ppm phosphine and 30 = 5 % carbon dioxide to the tested
stages of various insect species inside closed fiberglass bins at grain temperature of 28 + 2°C and 55 + 5

% R. H. after 5 days exposure period.

ﬂzmnﬁ shogiusl Btk “YoMortality for different treatments Co-toxicity Type of joint
= PH; alone CO, alone PH; + CO, factor action
Adult 100 50.1 100 0.0 d
8 oryzae Egg 92.1 25.2 100 0.0 d
| Larva 073 27.4 100 0.0 d
Pupa 90.2 24.1 100 0.0 d
Adult 100 40.2 100 0.0 d
R. dominica |18 93.1 24.1 100 0.0 d
Larva 100 28.2 100 0.0 d
Pupa 88.2 22.6 100 0.0 d
Adult 100 35.2 100 0.0 d
Egg 100 38.1 100 0.0 d
e e 100 50.1 100 0.0 d
Pupa 100 36.1 100 0.0 d
T. granarium | Active 100 _ 6.6 100 0.0 d
larvae Diapause 90.1 ﬁ 3.3 100 0.0 d N

d = additive effects



14- Efficacy and combined action of 100 ppm of

phosphine and 30 £ 5% carbon dioxide against the tested
insect species at 28 + 2°C and 55+ 5% R.H. inside the

closed metal drums at varying exposure periods:

The results of the efficacy and combined action of 100
ppm phosphine with 30 £ 5% CO; to the various stages of the
tested insect species inside the closed metal drums at 28 + 2°C
and varying exposure periods are shown in Tables 16a, b.

Co-toxicity values of the mixture at two days exposure
period indicated additive effects for the different stages of all
tested insect species (Table 16a) with exception of the diapausing
larvac of T. gramarium whereas, a synergistic effect was
obtained.

The results of the same mixture of phosphine and carbon
dioxide at 3 days exposure periods are shown in Table 16b & Fig
1. The results indicate that the Co-toxicity values resulting from
the mixture of the two gases showed additive effects with all the
various stages of the tested insect species.

15- Efficacy and combined action of 100 ppm of

phosphine and 60 + 5% carbon dioxide against the tested
inseet _species at I8 + 2°C and 55 + 5% R.H. inside the

closed steel bins at varying exposure periods:

The results of the efficacy and combined action of 100
ppm phosphine with 60 + 5% CO, to the various stages of the
tesied insect species inside the closed steel bins at 18 = 2°C and
varying exposure periods are shown in Tables 17a, b, c.

Co-toxicity values of the mixture at two days exposure
period indicated additive effects for the different stages ofall
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Table (16a): Efficacy and combined action of 100 ppm phosphine and 30 £ 5 % carbon dioxide to the tested
stages of various inscct species inside closed metal drums at grain temperature of 28 £ 2°C and 55+ 5

% R. H. after 2 days exposure period.

Insect species | Stage Y Mortality for different treatments Co-toxicity Type of joint
) = PH; alone CO; alone PH; + CO, factor action

Adult 100 55.2 100 0.0 d
S. oryuae | | E22 80.1 25.1 88.1 11.9 d
Larva 83.1 27.4 95.2 -4.8 d
Pupa 774 25.2 86.3 -13.7 d
Adult 100 46.4 100 0.0 d
.. Eggo 76.2 23.1 g85.1 -14.3 d
T 78.2 28.6 88.3 117 d
Pupa 73.2 21.4 82.6 -12.7 d
Adult 100 40.1 100 0.0 d
Eggo 93.2 22.1 100 0.0 d
I castaneum I 1 100 43.1 100 0.0 d
Pupa 100 35.1 100 0.0 d
T. granarium | Active 90.3 3.3 100 6.8 d
larvae Diapause 78.1 0.0 100 28.0 s

d = additive effects

s = synergistic effects




Table (16b): Efficacy and combined action of 100 ppm phosphine and 30 * 5% carbon dioxide to the tested
stages of various insect species inside closed metal drums at grain temperature of 28 +2°C and 55+ 5

% R. H. after 3 days exposure period.

Inseet spocias Stave YoMortality for different treatments Co-toxicity Type of joint
: =5 PH; alone _ CO; alone PH; + CO, factor action
| Adult 100 60.1 100 0.0 d
S. oryzae Egg 100 28.1 100 0.0 d
Larva 100 34.1 100 0.0 d
Pupa 95.2 28.3 100 0.0 d
Adult 100 53,1 100 0.0 d
R. dowinica | JEEE 93.2 30.1 100 0.0 d
Larva 95.2 35.4 100 0.0 d
Pupa 93.1 26.6 100 0.0 d
Adult 100 50.1 100 0.0 d
T castaneun | JE22 100 27:1 100 0.0 d
Larva 100 55.2 100 0.0 d
Pupa 100 40.3 100 0.0 d
I granarium | Active 100 6.6 100 0.0 d
larvae | Diapause 93.1 0.0 | 100 0.0 d ]

d = additive effects
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tested insect species (Table 17a) with exception of the diapausing
larvae of T. granarium whereas a synergistic effect was achieved.

The results of the same mixture of phosphine and carbon
dioxide at 3 days exposure periods are summarized in Table 17b.
The results indicated additive effects with all the various stages of

the tested insect species.

After 5 days-exposure, the results given in Table 17¢ & fig
12 indicate additive effects for the mixture with the different
stages of all tested insect species.

16- Efficacy and combined action of 100 ppm of

phosphine and 60 + 5% carbon dioxide against the tested
insect species at 18 + 2°C and 55 + 5% R.H. inside the
closed fiberglass bins at varying exposure periods:

The results of the efficacy and combined action of 100
ppm phosphine with 60 = 5% CO, to the various stages of the
tested insect species inside the closed fiberglass bins at 18 + 2°C

and varying exposure periods are summarized in Tables 18a, b, c,
d.

Co-toxicity values of the mixture at two days exposure
period indicated additive effects for the different stages of all
tested insect species (Table 18a) with exception of the active and
diapausing larvac of T. granarium whereas a synergistic cffect
was obtained.

The results of the same mixture of phosphine and carbon
le\lde at 3 days exposure periods are shown in Table 18b. The
results indicated additive effects with the various stages of the
tested insect species with exception of the active and diapausing
larvae of T. granarium whereas a synergistic effect was shown.
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Table (17a): Efficacy and combined action of 100 ppm phosphine and 60 £+ 5

% carbon dioxide to the tested

stages of various insect species inside closed steel bins at grain temperature of 18 +2°C and 55+ 5 % R.

H. after 2 days exposure period.

YoMortality for different treatments

Co-toxicity

Type of joint |

tiseck spécies Stage PH; alone CO; alone PH; + CO, factor action

Adult 100 80.2 100 0.0 d

Ego 60.1 30.2 90.4 0.1 d

S DRy 68.4 33.1 95.6 =T d
Pupa 58.4 30.1 89.1 0.7 d |

Adult 100 60.2 100 0.0 d

R. dominica Eggo 60.2 33.1 89.2 -4.4 d

Larva 65.1 36.2 91.4 -8.6 d

Pupa 56.4 28.1 86.1 1.9 d

Adult 100 50.3 100 0.0 d

P sustancin Egg 83.1 30.2 99.3 -0.7 d

Larva 100 70.2 100 0.0 d

Pupa 83.4 40.2 100 0.0 d

T. granarium | Active 83.2 9.6 97.4 -2.6 d

larvae Diapause 73.6 3.3 94.6 23.0 S

d = additive effects

$ = synergistic effects



Table (17b): Efficacy and combined action of 100 ppm phosphine and 60 + 5 2 carbon dioxide to the tested
stages of various insect species inside closed steel bins at grain temperature of 18 + 2°C and 55+ 5 % R.

H. after 3 days exposure period.

ﬁ:monﬂ specics| Stawe “oMortality for different treatments Co-toxicity Type of joint
p = PH; alone CO; alone PH; + CO, factor action
Adult 100 100 100 0.0 d
S. oryzac Egg 83.2 40.1 91.2 -2.8 d
’ Larva 85.1 43.2 100 0.0 d
Pupa 82.1 40.2 95.2 -4.8 d
Adult 100 90.2 100 0.0 d
5 @ Eggo 80.3 43.2 98.2 -1.8 d
R dominica g s 83.2 46.2 100 0.0 d
Pupa 80.6 38.1 94.6 -5.4 d
Adult 100 86.4 ‘100 0.0 d
T castaneum Egg 98.1 44.2 100 0.0 d
Larva 100 83.2 100 0.0 d
Pupa 100 80.2 100 0.0 d
I. granarium | Active 100 16.3 100 _ 0.0 d
larvae Diapause 89.6 9.6 N 100 | 0.0 d

d = additive effects



Table (17¢): Efficacy and combined action of 100 ppm phosphine and 60 = 5 % carbon dioxide to the tested
stages of various insect species inside closed stecl bins at grain temperature of 18 £2°Cand 55+5 % R.

H. after 5 days exposure period.

. %Mortality for different treatments Co-toxicity Type of joint

Inseebspecies Stage PH; alone CO,alone PH; + CO, factor action
Adult 100 100 100 0.0 d
S sy Egg 97.2 50.3 100 0.0 d
’ Larva 100 55.6 100 0.0 d
Pupa 95.4 50.2 100 0.0 d
Adult 100 100 100 0.0 d
.. Egg 96.2 55.4 100 0.0 d
f.dongiics, ¢ i 100 60.3 100 0.0 d
Pupa 93.1 48.3 100 0.0 d
Adult 100 100 100 0.0 d
Egg 100 80.2 100 0.0 d
T. castaneun v, va 100 100 100 0.0 d
Pupa 100 100 100 0.0 d
T. granarium | Active 100 26.2 100 0.0 d
larvae Diapause 100 16.1 100 0.0 d

d = additive effects




Table A__wzv" Efficicy and combined action of 100 ppm phosphine and 60 £ 5 % carbon dioxide to the tested
stages of various insect species inside closed fiberglass bins at grain temperature of 18 £2°Cand 555

% R. H. after 2 days exposure period.

2 %Mortality for different treatments Co-toxicity Type of joint

Ingect species Stage PH; alone CO; alene PH; + CO, factor action
Adult 100 35.6 100 0.0 d
Egg 42.1 20.6 73.4 17.0 d
S.oryzac Iy qvva 45 EY 772 122 d
Pupa 40.6 20.1 712 17.2 d
Adult 85.4 30.1 100 0.0 d
. Egg 42.1 18.4 70.6 16.6 d
R. domintca my o 46.2 21.1 75.4 12.0 d
Pupa 38.6 16.2 | 70.6 28.8 S
Adult 97.4 25.3 A, 100 0.0 d
oo 62.1 20.1 85.2 3.6 d
L. COSTRUEIY 'y, 5 iva 783 38.4 96.4 173 d
Pupa 72.4 30.1 80.1 -19.9 d
T. granarium | Active 48.2 0.0 80.1 66.2 S
larvac Diapause 40.4 0.0 77.4 01:5 S

d = additive effects

s = syncrgistic effects



Table-(18b): Efficacy and combined action of 100 ppm phosphine and 60 = 5 % carbon dioxide to the tested -
stages of various insect species inside closed fiberglass bins at grain temperature of 18 £2°C and 55+ 5

% R. H. after 3 days exposure period.

feonl Sesis Stave | %Mortality for different treatments Co-toxicity Type of joint
e | PH; alone CO, alone PH; + CO, factor action
Adult W 100 68.2 100 0.0 d
8 aryzas Egg 63.2 27.2 85.4 -5.5 d
Larva W 66.1 24.6 90.1 -0.7 d
Pupa 60.2 27.1 83.1 -4.8 d
Adult ! 100 50.2 100 0.0 d
R. dominica Ego W 60.1 22.6 77.4 -6.4 d
Larva | 63.2 25.3 80.6 -8.9 d
Pupa | 58.4 20.2 78.4 -0.2 d
Adult f 100 48.2 100 0.0 d
Egg | 83.1 20.1 100 0.0 d
. castaneum 7 orva || 100 50.2 100 0.0 d
Pupa , 30.4 40.1 100 0.0 d
T. granarium | Active 75.6 3.3 97.2 23.1 s
larvae Diapause 66.6 0.0 93:1 39.4 S

d = additive effects

s = synergistic effects



Alter 5 and 7 days-exposure, the results given in Tables
I8c&d and fig 12 indicated additive effects for the mixture with
the different stages of all tested insect species.

17- Efficacy and combined action of 100 ppm of

phosphine and 60 £ 5% carbon dioxide against the tested
insect species at 18 + 2°C and 55+ 5% R.H. inside the

closed metal drums at varying exposure periods:

The results of the efficacy and combined action of 100
ppm phosphine with 60 + 5% CO, to the various stages of the
tested insect species inside the closed metal drums at 18 + 2°C
and varying exposure periods are presented in Tables 19a, b, c.

Co-toxicity values of the mixture at two days exposure
period indicated additive effects for the different stages of all
tested insect species (Table 19a) with exception of the diapausing
larvae of T. granarium, whereas a synergistic effect was
obtained.

The results of the same mixture of phosphine and carbon
dioxide at 3 days exposure periods are summarized in Table 19b.
The results revealed additive effects for all the various stages of
the tested insect species.

After 5 days-exposure, the results given in Table 19¢ & fig
12 indicated also additive effects with the different stages of all
tested insect species.
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Table (18c¢): Efficacy and combined action of 100 ppm phosphine and 60 = 5 % carbon dioxide to the tested
stages of various insecct species inside closed fiberglass bins at grain temperature of 18 = 2°C and 55+ 5

% R. H. after 5 days exposure period.

Insect species Stace % Mortality for different treatments Co-toxicity Type of joint
= PH; alone CO,alone PH; + CO, factor , action
Adult 100 90.1 100 0.0 _ d
8. oryzaa Eggo 78.2 30:1 9906 -0.4 _ d
) Larva 85.3 33.2 100 0.0 _ d
Pupa 77.3 28.1 96.2 -3.8 _ d
Adult 100 80.1 100 0.0 _ d
R. dominica Eggo 82.6 28.2 98.1 -1.9 d
Larva 88.4 30.1 100 0.0 d
Pupa JE2 27.1 95.2 -4.8 d
Adult 100 80.6 100 0.0 d
T castarneum Egg 100 30.1 100 0.0 d
Larva 100 66.3 100 0.0 d
Pupa 100 50.2 100 0.0 d
TI. granarium | Active 90.2 13.2 100 0.0 d
larvae Diapause 85.1 3.3 99.6 12.6 d

d = additive effects




Table (18d): Efficacy and combined, action of 100 ppm phosphine and 60 £ 5 % carbon dioxide to the tested
stages of various insect species inside closed fiberglass bins at grain temperature of 18 £ 2°C and 55+ 5

% R. H. after 7 days exposure period.

Inscctspocies | Stage %o Mortality for different treatments Co-toxicity Type of joint
PH; alone CO;, alone YH; + CO, factor action
Adult 100 100 100 0.0 d
8. oryzae Egg 93.1 35.2 100 0.0 d
’ Larva 98.2 40.1 100 0.0 d
Pupa 92.1 33.2 100 0.0 d
Adult 100 95.2 100 0.0 d
. . Eggo 95.1 33.2 100 0.0 d
R dominion I 100 35.4 100 0.0 d
Pupa 90.1 30.1 100 0.0 d
Adult 100 93.2 100 0.0 d
E 100 50.1 100 0.0 d
. castaneum (25 100 93.1 100 0.0 d
Pupa 100 85.3 100 0.0 d
I. granarium | Active 100 20.2 100 0.0 d
larvae Diapause 95.4 12.6 100 0.0 d

d = additive effects




Table (19a): Efficacy and combined action of 100 ppm phosphine and 60 £ 5 % carbon dioxide to the tested
stages of various insect species inside closed metal drums at grain temperature of 18 + 2°C and 55 £ 5

% R. H. after 2 days exposure period.

Fasertspocies Stace Y% Mortality for different treatments Co-toxicity Type of joint
= PH; alone COjalone PH, + CO, factor action
Adult 100 75.6 100 0.0 d
S. oryzae Egg 57.2 26.4 87.3 4.4 d
Larva 66.2 28.2 93.2 -1.3 d
Pupa 35.7 25.4 86.1 6.2 d
Adult 100 56.3 100 0.0 d
- Eggo 58.3 28.2 87.1 0.7 d
K. dominica I fva 63.2 30.4 89.6 1.1 d
Pupa 54.8 23.2 84.1 7.8 d
Adult 100 46.3 100 0.0 d
Egg 81.1 26.8 97.3 -2.7 d
R enmanaR g 100 65.6 100 0.0 d
Pupa 80.2 36.8 100 0.0 d
I. granarium | Active 80.2 6.6 95.6 10.1 d
larvae Diapause 71.6 0.0 91.3 27.5 S ]

d = additive effects

s = synergistic effects




Table (19b): Efficacy znd combined action of 100 ppm phosphine and 60 + 5 % carbon dioxide to the tested

stages of varicus insect species inside closed metal drums at grain temperature of 18 + 2°C and 55 + 5

% R. H. after 2 days exposure period.

; “oMortality for different treatments Co-toxicity Type o:.omiJ
Insect species | Stage __ PH; alone COzalone [ PH,+ CO, factor action
Adult _ 100 100 100 0.0 d
S. oryzae | F2E ‘ 80.2 35.4 95.2 -4.8 d
’ Larva _ 83.6 38.2 98.2 -1.8 d
Pupa * 78.3 33.6 93.6 -6.4 d
Adult | 100 85.6 100 0.0 d
R. dominica | E2E M 78.2 38.2 93.2 -6.8 d
Larva | 80.1 40.1 95.6 -4.7 d
Pupa _ 76.2 32.6 90.2 -9.8 d
Adult 100 80.4 100 0.0 d
Egg _ 96.2 38.2 100 0.0 d
T eagtameum [y e 100 80.1 100 0.0 d |
Pupa 100 78.6 100 0.0 d
T. granarium | Active 100 12.3 100 0.0 d ]
larvae Diapause 87.6 6.6 100 | 0.0 d ]

d = additive effects



Table (19¢): Efficacy and combined action of 100 ppm phosphine and 60 = 5 % carbon dioxide to the tested
stages of various insect species inside closed metal drums at grain temperature of 18 + 2°C and 55 £

% R. H. after 5 days exposure period.

I _ Stave % Mortality for different treatments Co-toxicity Type of joint
. | = PH; alone CO;alone PH; + CO, factor action
| Adult 100 100 100 0.0 d
' Egg 95.3 45.6 100 0.0 d
S.onze I arva 99.2 50.2 100 0.0 d
' Pupa 93.2 44.7 100 0.0 d
| Adult 100 100 100 0.0 d
¥ doiinica Egg 93.2 50.2 100 0.0 d
Larva 97.6 56.4 100 0.0 d
Pupa 90.1 43.2 100 0.0 d
Adult 100 100 100 0.0 d
¥ Sasianeim ok 100 76.4 100 0.0 d
Larva 100 100 100 0.0 d
| Pupa 100 99.6 100 0.0 d
T. granarium | Active 100 21.3 100 0.0 d
larvae Diapause 100 12.6 100 0.0 d

d = additive eftects
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18- Efficacy and combined action of 100 ppm_of

phosphine and 60 + 5% carbon dioxide against the tested
insect species at 28 £ 2°C and 55+ 5% R.H. inside the

closed steel bins at varying exposure periods:

Ihe results of the eflicacy and combined action ol 100
ppm phosphine with 60 + 5% CO, to the various stages of the
tested insect species inside the closed steel bins at 28 + 2°C and
varying exposure periods are revealed in Tables 20a, b.

Co-toxicity values of the mixture at two days exposure
period indicated additive effects for the different stages of all
tested insect species (Table 20a).

The results of the same mixture of phosphine and carbon
dioxide at 3 days exposure periods are shown in Table 20b & Fig
13. The results indicated additive effects with all the various

stages of the tested insect species.

19- Efficacy and combined action of 100 ppm_of

phosphine and 60 £+ 5% carbon dioxide against the tested
insect species at 28 + 2°C and 55+ 5% R.H. inside the

closed fiberglass bins at varying exposure periods:

The results of the efficacy and combined action of 100
ppm phosphine with 60 + 5% CO, to the various stages of the
tested insect species inside the closed fiberglass bins at 28 + 2°C
and varying exposure periods are shown in Tables 21a, b, c.

Co-toxicity values of the mixture at two days exposure
period indicated additive effects for the different stages of all
tested insect species (Table 21a) with exception of the active and
diapausing larvae of T. granarium, whereas a synergistic effect
was obtained.
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Table (20a): Efficacy and combined action of 100 ppm phosphine and 60 + 5 o4 carbon dioxide to the tested
stages of various insect species inside closed steel bins at grain temperature of 28 + 2°Cand 55+ 5 %

R. H. after 2 days exposure period.

Inseet specics Stave “YoMortality for different treatments Co-toxicity Type of joint
= PH; alone CO; alone f: action
Adult 100 96.2
) Egg 83.2 38.1
5 oryzue Irm:s 87.2 433 d
Pupa 81.1 d
Adult 100 d
. . Eggo 80.2 d
R. dominica Luljhmgm 823 d
Pupa 77.2 d
Adult 100 d
Egg 97.1 d
T. castaneum Larva 100 Illlla
Pupa 100 d
I’ granarium | Active 95.6 d
larvae 83.2

d = additive effects



-

Table (20b): Efficacy and combined action of 100 ppm phosphine and 60 £ 5 % carbon dioxide to the tested
stages of various insect species inside closed steel bins at grain temperature of 28 £ 2°C and 55+ 5 % R.

H. after 3 days exposure period.

: % Mortality for different treatments Co-toxici Type of joint

liisecl specics Stage PH; alone = COjalone PH; + CO, factor Y U\Mn_._mch:
Adult 100 100 100 0.0 d
5 aryae Ego 100 50.2 100 0.0 d
) Larva 100 48.1 100 0.0 d
Pupa 97.2 46.2 100 0.0 d
Adult 100 100 100 0.0 d
R. dominica Ego 96.2 53.2 100 0.0 d
Larva 100 63.1 100 0.0 d
Pupa 95.2 44.2 100 0.0 d
Adult 100 100 100 0.0 d
o F— Eg 100 70.4 100 0.0 d
Larva 100 100 100 0.0 d
Pupa 100 90.2 100 0.0 d
I. granarium | Active 100 26.6 100 0.0 d
larvae Diapause 97.1 13.3 100 0.0 d

d = additive effects




Table (21a): Efficacy and combined action of 100 ppm phosphine and 60 = 5 % carbon dioxide to the tested

stages of various insect species inside closed fiberglass bins at grain temperature of 28+2°Cand 55+5

% R. H. after 2 days exposure period.

Tnsect spacies Staoe YoMortality for different treatments Co-toxicity Type of joint
= PH; alone CO;alone PH; + CO, factor action
Adult 97.3 50.2 100 0.0 d
5 st Eco 53.2 26.2 85.4 7.5 d
Larva 55.7 30.4 90.4 4.9 d
Pupa 50.2 25.1 84.6 11.9 d
Adult 93.2 40.1 100 0.0 d
i Eggo 46.3 25.4 83.4 16.3 d
R. dominica_ 14 va 50.1 27.1 85.6 10.8 d
Pupa 46.6 23.2 83.1 19.0 d
Adult 97.6 38.2 100 0.0 d
T castaneum Egg 73.3 30.1 93.6 -6.4 d
Larva 85.6 46.2 100 0.0 d
Pupa 83.7 41.1 97.6 -2.4 d
T. granarium | Active 63.1 0.0 93.2 47.7 S
larvae Diapause 53.4 0.0 85.6 60.2 s

d = additive effects

s = synergistic effects




The results of the same mixture of phosphine and carbon
dioxide at 3 days exposure periods are summarized in Table 21 b
& Fig 13. The results indicate that the Co-toxicity values resulting
from the mixture of the two gases showed additive effects with all
(he various stapes ol the tested insect species with exception off
the active and diapausing larvac ol 1. granarium, whercas a
synergistic effect was shown.

After 5 days-exposure, the results given in Table 21 reveal
additive effects for the mixture with the different stages of all

tested insect species.

20- Efficacy and combined action of 100 ppm of

phosphine and 60 + 5% carbon dioxide against the tested
insect species at 28+ 2°C and 55 = 5% R.H. inside the

closed metal drums at varying exposure periods:

The results of the efficacy and combined action of 100
ppm phosphine with 60 + 5% CO, to the various stages of the
tested insect species inside the closed metal drums at 28 =+
2°C and two and three days exposure periods are shown in
Tables 22a, b and Fig. 13.

Co-toxicity values of the mixture at two as well as three
days exposure period indicated additive effects for the different
stages of all tested insect species (Tables 22 a&b).
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Table (21b): Efficacy and combined action of 100 ppm phosphine and 60 +.5 % carbon dioxide to the tested
stages of various inscct species inside closed fiberglass bins at grain temperature of 28 + 2°C and 55 + 5

% R. H. after 3 days exposure period.

Insect species | Stage “oMortality for different treatments Co-toxicity Type of joint
= PHj; alone CQO, alone PH; + CO, factor action
Adult 100 80.1 100 0.0 d
S. oryzac Egg 132 30.1 95.2 -4.8 d
Larva 75.6 33.2 100 0.0 d
Pupa 70.3 28.1 93.2 -5.2 d
Adult 100 75.1 100 0.0 d
- Ego 65.2 28.1 97.2 4.3 d
R dominicd et 72.4 302 99.2 -0.8 d
Pupa 63.1 26.4 92.2 3.0 d
Adult 100 73.1 100 0.0 d
T. castaneum Ego 93.1 40.1 100 0.0 d
Larva 100 66.2 100 0.0 d
Pupa 93.2 61.4 100 0.0 d
| T. granarium | Active 80.2 15.6 100 4.3 d
larvae Diapause 734 | 6.9 97.2 21.0 s ]

d = additive effects

s = synergistic effects




Table (21¢): Efficacy and combined action of 100 ppm phosphine and 60 = 5 % carbon dioxide to the tested
stages of various insect species inside closed fiberglass bins at grain temperature of 28 £2°C and 55+ 5

% R. H. after 5 days exposure period.

Tnscctsposien| Staws %Mortality for different treatments Co-toxicity Type of joint
- PH; alone CO;alone PH; + CO, factor action
Adult 100 100 100 0.0 d
S. oryzae Eggo 93.2 38.1 100 0.0 d
Larva 100 432 100 0.0 d
Pupa 91.1 36.1 100 0.0 d
Adult 100 90.1 100 0.0 d
5 & Egg 95.2 335.1 100 0.0 d
R. dominica 7 ou 100 38.4 100 0.0 d
Pupa 89.1 33.1 100 0.0 d
Adult 100 85.1 100 0.0 d
Eg 100 51.2 100 0.0 d
I castaneum |22 100 90.1 100 0.0 d
Pupa 100 80.2 100 0.0 d
T. granarium | Active 100 25.6 100 0.0 d
larvae Diapause 93.2 16.2 100 0.0 d

d = additive effects




Table (22a): Efficacy and combined action of 100 ppm phosphine and 60 + 5 % carbon dioxide to the tested
stages of various inscct species inside closed metal drums at grain temperature of 28 + 2°C and 55+ 5

% R. H. after 2 days exposure period.

Inscct species | Stave YoMortality for different treatments Co-toxicity Type of joint
= PH; alone CO; alone PH; + CO, factor action
Adult 100 93.1 100 0.0 d
8. aryane Eggo 80.1 34.2 95.3 -4.7 d
’ Larva 85.2 40.6 99.4 -0.6 d
Pupa 78.6 32.8 93.1 -6.9 d
Adult 100 80.6 100 0.0 d
R. dominica | E22 78.3 37.3 95.6 -4.4 d
Larva 80.4 41.3 98.3 -1.7 d
Pupa 74.3 30.2 90.2 -9.8 d
| Adult 100 70.3 100 0.0 d
T. castanem | 22 95.3 36.2 100 0.0 d
Larva 100 78.6 100 0.0 d
Pupa 100 55.3 100 0.0 d
I. granarium | Active 93.2 10.2 100 0.0 d
larvae Diapause 83 | 3.3 N 100 | 0.0 | d

d = additive effects



Table (22b): Efficacy and combined action of 100 ppm phosphine and 60 £ 5 % carbon dioxide to the tested

stages of various insect species inside closed metal drums at grain temperature of 28+ 2°C and 55+ 5 %

R. H.

after 3 days exposure period.

Yiiseot spacies Stace YMortality for different treatments Co-toxicity Type of joint
= PH; alone CO,alone PH; + CO, factor action

Adult 100 100 100 0.0 d
5. vwpsie Egg 100 mm.w 100 0.0 d
Larva 100 3.2 100 0.0 d
Pupa 95.3 42.8 100 0.0 d
Adult 100 100 100 0.0 d

R. dominica | E22 93.2 48.2 100 0.0 d =
Larva 100 58.4 100 0.0 d
Pupa 90.3 38.2 100 0.0 d
Adult 100 100 100 0.0 d
Egg 100 64.3 100 0.0 d
= aten | e 100 99.2 100 0.0 i
Pupa 100 86.3 100 0.0 d
1. granarium | Active 100 20.4 100 0.0 d
larvae Diapause 95.1 9.6 100 0.0 d

d = additive effects
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Fig (11): Efficacy and combined action of 100 ppm phosphine and 60
£ 5 % carbon diovide to the tested stages of various inscct
species inside storage facilities at grain temperature of 28 + 2°C
and 55 £5 % R. H. after 3 days exposure period.



The obtained results on the efficacy of combinations of
phosphine plus carbon dioxide against the tested insccts are in
agreement with those obtained by Lindgren ef al., 1958;
Qureshi, ef al., 1965; Reynolds et al., 1967; Winks, 1973, 1982
& 1984; Kashi and Bond, 1975; Bell, 1976; Barbara ef al.,
1976; Desmarchelier, 1984 and El-Lakwah et al., 1989, 1990,
1991 a, b, 1989, 1990, 1991 a, b and 1992a, b& c.

Also. this result showed clearly, that addition of carbon
dioxide to phosphine gas induced a potentiation action on
phosphine against the tested insect species, so that the length of
the exposure period could be reduced.

Therefore, combinations of phosphine and carbon dioxide
could be used inside the three tested storage facilities to control
the various stored product inscets and could be considered as an

effective control method for replacing methyl bromide.
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