RESULTS AND DISCUSSION

1- Efficacy of contrelled atmospheres (CA) of certain

carbon_dioxide concentrations against the tested insect

species at various grain temperatures:

1-1- Efficacy of CA of 30 + 5% carbon dioxide (CO»)
against the various insect species at grain temperature of
26+ 2°C and 55+ 5 % R. H.

The obtained results are listed in Table la and b.

[.1.1. Responses of the tested stages of various insect species
to the CA of 30 £ 5 % COzat 26 £2°C and 55 £ 5% R. H. are
given in Table 1a.

Clearly, the results listed in this Table show that the
percentage mortalities raised markedly with the increase of the
exposure period of the insects to carbon dioxide inside the
gastight steel bins.

§. oryzae:- Percentage mortality of the adults of S, oryzae
was 31.1 £ 1.9% at 2 day-exposure and increased to reach 100%
after two weeks from treatment. Egg pei'centnge mortality was
31.1 £ 4.1% at 2 day—-exposure and this value raised to only 93 +
3% after3 weeks post — treatment. Larval percentage mortality
was 41.8 + 2.4% at 2 day-exposure and reached 98 + 1% at 3
week—exposure. Pupal percentage mortality reached 29.6 + 3.4%
at 2 day—exposure and raised only to 80 + 6% after 3 weeks from
treatment,
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Table (1a): Responses of the tested stages of various insect species to CA of 30 £ 5 %, CO; at 26 £ 2°C; 55 + 5% R. H. and

varying exposure periods. '

% Mortality at indicated éxposure periods (days)

2 3
80.0+ 1.9

62.2+ 1.9
504£2.6 | 59.4+3.8

52.6+5.1

Insect species

Control

14 4 21
96.7+2.0 [ 100 | 100

84.9+2.8 _ 89.8 + 3.3 ‘ 93.0+ 3.0
88.8+1.4/98.0x 1.0
32.5+3.8 48.9+ 9,0 “ 51.3£5.0 [63.4+2.8 80,0 + 6.0

S0.0£33 [ 911219 | 933234 | 97.52 15 100 100
13 | 933434 | |

62.0£1.7 | 64.0+9.0 | 88.0+5.0 | 96.0+3.5 990+ 1.7
0 [ 954485 |3
36.9£9.1 | 386+1.8 |58.7+] _.Q
184+1.7 | 286+82
20.0+3.3 | 367+ 3.4

63.0+10.0 | 85.0+ 5.0

94.4+ 2.0 __

S oryzae

29.6 + 3.4
10.0+ 3.3
37.0x 9.6
31.6 £ 1.0

40.0+ 5.0

37.8+7.7

T. grancrium | Active 122+ 1.9

Diapauss | 10.0 % 0.0

49.0+1.9 [ 53.0+33
;.f_.: 7.8+ 1.9
11.1+1.9 _ 156+ 2.0

60.4+ 5,1
32.2+ 1.9




R. dominica:- Percentage mortality of the adults of R.
dominica at 2 day—exposure was 10 + 3.3% and this value
increased to complete  kill at two week—exposure. Egg
percentage mortality at 2 day—exposure was 37 + 9.6% and this
value reached 100% kill at 3 week—exposure. Larval percentage
mortality was 31.6 + 1% at 2 day—exposure and this figure
reached 93 + 6% after 3 week-exposure. Pupal percentage
mortality was 15.8 = 6.9% at 2 day-exposure and this value
increased to 77 = 5% only at 3 weeks exposure period.

I. castauneum:- Adult percentage mortality was 5.3 + 1%
at 2 day-exposure and this value increased gradually to reach
100% at 2 week-exposure. Egg percentage mortality was 40 +
5% at 2 day-cexposure and increased to 100% kill at 10 day—
exposure. Larval percentage mortality was 43 + 4.7% at 2 day--
exposure and this value increased slowly to reach complete kill
at 3 week-exposure. Pupal percentage rhon'aiity was 37.8 + 7.7%
at 2 day—exposure and this value increased slowly to reach only
88 + 7% after 3 weeks exposure period

T. granarium:- Percentage mortality of the active larvae

of T. granarium was 12.2 + 1.9% at 2 day—exposure and this
value increased to 90 + 3% at 3 week—exposure. The
corresponding values for the diapausing larvae were 10% and
78% at 2 days and 3 week—exposure, respectively.
I.1.2. The lethal times and parameters of probit regression
line estimates for the tested stagés of various insect species
exposed to CA of 30 £ 5% CO yat 26 £ 2°C and 55 + 5% R.
H. are presented in Table 1b & Fig (3).
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Table (1b): Lethal times and parameters of probit regression line estimates for the tested stages of various insect species,

exposed to CA of 30 + 5%, CO, at 26£2°Cand 55+ 5 %R. H.

: Lethal times and their 959, confidence limits (days
Insect species Stage R
LT | LTy | LT,
: | 3.3616%0.07 | 0.9903

. 13.0(8.7-19.4
1.9507 £ 0.09

54.0 (31.6- 92.1
41.2 (25.0- 68.0 2.0413 + 0.20
1.2852 + 0.14

—146.8) | 453.8 (124.6— 1652.0)
4.6528 £ 0.4]

10.3 (7.8-13.4
18.4(10.8-31.3 2.7920 + 0.21

S oryzae

69.8 (33.2

6.1(52-72

7.8(59-10.3

Pupa 7.0(5.6-8.8)
Adult 3.2(2.9-3.7
o g 2.7(2.2-3.3)

\“&QEEFQ ﬁ 4.9(4.2-5.8

87.4 (46.6 — 164.0 1.8606 + 0.34 |
Pupa _9.1(7.6-10.8) | 481 (30.0-77.2) | 1876 (86.3-407.7) | 1.7675% 0.06 0.9883
5 2(6.9-97 13.0 (10.0-17.0 5.1293+0.78 | 0.9559

| Adult 4.6 (4.1 - 5.1 2

. 22 | 24(18-3.1) | 60(a1-33 3.2149 4 0.01 -[ 0.9999 |
I- castaneum | 2.3(1.9-2.9) | s57(45-70 1.6 (7.7-175) | 3.347920.10 | 0.98¢
Pupa 3.7(29-4.9) | 34.4(19.6-602) | 2094 (712-616.1) | 1.3313%0.07 | 0.9749

26.1 (19.6 - 71.2 (44.9-113.0) | 2.3946%033 | 0.9653

RS |

— 2
| T. granarium

larvae

R = Correlation coefficient of regression line. .

SD = Standard deviation.
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S. orpzae:- The results show that the time required to
obtain 50% mortality for the adult, egg, larva and pupa was 2.0,
3.5. 3 and 7 days, respectively. The corresponding values to
achieve 99 % kill were 13, 54, 41.2 and 453.8 days, respectively.
These figures indicate clearly that the pupa of S. oryzae was the
most tolerant stages to the CA of 30 + 5% CO, at 26 = 2°C,

while the adult was the most sensitive.

“R. dominica:- The time needed to achieve 50% kill for the
adult, egg, larva and pupa of R. dominica was 3.2, 2.7, 4.9, and
9.1 days, respectively. To achieve 99% Kkill these values
increased to 10.3, 18.4, 87.4 and 187.6 days for the various
stages, respectively. This result reveals that larvae and pupae of
R. dominicu were highly tolerant to the CA of 30 £ 5% CO, at 26
+ 2°C than the other stages. '

T. castaneum:- The lethal time values to obtain 50%
mortality for the adult, egg, larva and pupa of T. castaneum
were 4.6, 2.4, 2.3 and 3.7 days, respectively. The time to achieve
99% kill was 13, 12.6, 11.6 and 209.4 days for the various
stages, respectively. This result clearly indicates that the pupal
stage of 1. castaneum was the least sensitive to the CA of 30 =
5% CO, at 26 = 2°C.

T. granarium:- The time needed to obtain 50% mortality
for the active larvae of T. granarium was 7.6 days. This value
increased to 71.6 days for achieving 99% kill. The corresponding
values were 10 and 109 days for the diapausing larvae,
respectively. This result indicates clearly that the active larvae of
T. granarium were more susceptible to the CA of 30 + 5% CO;
at 26 + 2°C than the diapausing larvae.
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1.2. Efficacy of CA of 60 + 5% CO, against the various
insect species at 26 + 2°C and 55 + 5% R. H.:

The results are presented in Table 2a and b,

1.2.1.Responses of the tested stages of various insect species
to the CA of 60 + 5% CO, at 26 + 2°C and 55 + 5° o R. H. are
shown in Table 2a. The results show clearly that percentage
mortalities were increased with rising the exposure period.

S. oryzae:- Adult percentage mortality of S. oryzae was
46 + 7% at 2 day-exposure and this value raised t0 99 + 1% at 7
day-exposure and reached complete kill after 2 week-exposure
period. Egg pereentage mortality was 36.4 + 4% g 2 day-
exposure and reached 98.2 + 3.1% after 3 weeks from treatment.
Larval percentage mortality was 44 + 2% at 2 day-exposure and
100% kill was achieved at 3 week-exposure. Pupal percentage
mortality was 32 + 5% at 2 day-exposure and this value reached
98+ 2% at 3 weeks post-treatment.

R. dominica:- Adult pereentage mortality of R. dominica
was 50 £ 6% at 2 day-exposure and this value reached 100%
morta!ity at two weeks post-treatment. Egg percentage mortality
was 43 + 2% at 2 day-exposure and reached complete kill after 3
weeks from treatment. Larval percentage mortality was 54% at 2
day-exposure and complete kill was achieved at 3 week-
exposure. Pupal mortality was 31 + 9% at 2 day-exposure and
this percentage was 99.9 + 1.2 at 3 week-exposure.

T castaneum:- Adult mortality of T. castaneum was 49 +
5% at 2 day-exposure and this value reached rapidly 100% kill at
one week-exposure. Egg mortality was 42 + 7% at 2 day-
exposure and this percentage reached complete kill at 2 week-
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Table (2a): Responses of the tested stages of various insect species to CA of 60 = 5% CO, at 26 + 2°C; 55 + 5% R. H.

and varying exposure periods.

90

% Mortality at indicated exposure volcmm (days)
Insect species Stage Control
2 3 5 7 14 21
Adult 46.0£7.0 [ 83.0£50 | 903+ 1.9 | 99.0+ 1.0 100 100 0.0
Egg 364+40 | 550+3.0 | 73.3+£3.0 | 84.0+2.0 | 947+ 7.6 | 98.2+3.1 0.0
S. oryzae
Larva 44.0+2.0 | 58.0+6.0 | 79.5+6.0 | 98.0+3.0 | 99.0+ 1.0 100 0.0
Pupa 32050 | 43.0£2.0 | 69.5+9.4 | 82.2+6.9 | 90.0£3.0 | 98.0+2.0 0.0
Adult 56.0+£6.0 | 85.0+3.0 | 90.0+£ 6.0 | 98.0+ 2.0 100 100 0.0
Egg 43.0+2.0 | 70.0£5.0 | S0.0+2.0 | 93.0+ 3.0 | 97.0+3.0 100 0.0
R. dominica
Larva 54.0+3.0 | 87.0£3.0 | 93.0+5.0 | 95.0+ 2.0 | 98.0+2.0 100 0.0
Pupa 31.0+9.0 | 50060 | 68.8+7.6 | 88.0+£3.0 | 93.0£5.2 | 99.9+1.2 0.0
Adult 49.0+5.0 | 87.0+3.0 | 95.0+ 2.0 160 100 100 0.0
Egg 420+7.0 | 80.0+7.0 | 93030 | 97.0+3.0 160 100 0.0
T. castaneum - I e : _ :
Larva 47.0£9.0 | 87.0+3.0 ' 900L 50 3.0 4 6.0 106 100 0.0
Pupa 43.0+2.0 | 67.0+£5.0 | 78.0+9.0 | 88.0+£3.0 | 95.0+2.0 100 0.0
T. granarium | Active 15.0+7.0 | 24.0+5.0 | 389+84 | 67.8+ 1.9 | 83.3+3.4 100 0.0
farvae Diapause 6.0 3.0 18.0£3.0 | 21.1 5.1 | 355+3.9 | 7/9.0+1.9 | 93.0+5.0 0.0
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exposure. Larval mortality was 47 + 9% at 2 day-exposure and
this value reached 100% kill at 2 week-exposure. Pupal mortality
was 43 + 2% at 2 da}}-exposure and this percentage raised to 95
+ 2% at 2 week and complete kill ' was recorded after 3 weeks
post-treatment.

I. granarium:- Percentage mortalities obtained for the
active and diapausing larvae of T. granarium at 2 day-exposure
were 15 + 7% and 6 + 3%, respectively. These values increased
to 100% and 95 = 5% at 3 week-exposure for the active and
diapausing larvae, respectively.
1.2.2.The lethal times and parameters of probit regression
line estimates for the tested stages of various insect species
exposed to CA of 60 = 5% CO; at 26 = 2°C and 55 + 5% R.
H. are given in Table 2b & Fig (4).

Ky oryzae:- The results indicate that the time needed to
achieve 50% kill for the adult, egg, larva and pupa of S. oryzae
was 2, 27, 24 and 3.2 days, respectively. To achieve 99%
mortality, the figures were 7.6, 26.7, 12.9 and 30.7'days for the
adult, egg, larva and pupa, respectively. This result shows clearly
that the eggs and the pupae of S. oryzae were highly tolerant to
60 = 5% CO, at the test temperafure than the adult and larval
stages.

R. dominica:- The data show that the time obtained to
achieve 50% mortality for the adult, egg, larva and pupa of R.
dominica was 1.7, 1.9, 1.2 and 3 days, respectively. To achieve
99% Kkill the corresponding figures were 9.1, 17.5, 15.5 and 27.1
days for the various stages, respectively. This result indicates
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Table (2b): Lethal times and parameters of probit regression line estimates for the tested stages of various insect species,

exposed to CA of 60 £ 5 % CO; at 26 + 2"C and 55+ 5 %R. H.

. Lethal times and their 95% confidence limits (days)

Insect species _ Stage LTs LTy LT, Slope £ SD R
| Aduit 2.6(1.5-2.7) 4.2(3.2-54) 7.6 (4.6-12.6) 4.0424 £ 0.18 0.9695
$: Grisde Ego 2.7(22-35.4) 9.6 (7.4-12.5) 26.7 (16.4—-43.4) | 2.3525+0.01 0.9992
.o Larva 2.4(2.0-3.0) 6.1(4.8-78) 12.9 (8.1-20.5) 3.2235 £ 0.62 0.9371
Pupa 3.2(2.7-3.9) 11.2 (8.6—14.5) 30.7(19.2-49.3) | 2.3787+0.10 0.9887
ﬁ Adult 1.7(1.1-2.6) 4.3(3.1-59) 9.1(4.5-183) 3.1584 £ 0.12 0.9667
u R. dominica | Egg 1.9 (1.4-2.6) 6.5(4.8-8.7) 17.5(9.5-32.2) 2.4190 £ 0.18 0.9654
m Larva 1.2(07-2.1) | 5.0(3.6-6.8) 15.5(7.5-32.2) 2.1065 £ 0.28 0.9327
i Pupa 3.0(24-3.7) 10.1 {7.2-14.1) 27.1 (14.5-50.4) | 2.4326+0.11 0.9793
; Adult 2.0(1.6-2.5) 3.5(2.9-4.4) 5.6(3.8-8.2) 5.2238 + 0.29 0.9703
_ T. castanewm | Egg 2.1(15-2.7) 45(3.4-6.1) 8.7(4.9-15.2) 3.7130 + 0.09 0.9818
_ . Larva 1.6 (1.0-2.8) 51(34-7.7) 13.0(5.2-32.0) 2.5847 + 0.31 0.8867
,w Pupa 2.1(1.5-3.0) 8.7(6.0-12.5) 27.2 (12.7-58.3) | 2.1001 + 0.04 0.9887
| T. granarium | Active 5.5(4.6-6.6) | 18.1(11.6-27.4) | 47.7{(24.2-94.0) | 2.4848 + 0.08 0.9852
larvae Diapause | 7.5(6.6-8.7) |21.0(16.0-27.5)| 48.4(32.0—73.0) | 2.8808 + 0.27 0.979%4

SD = Standard deviation.

R = Correlation coefficient of reg

ression line,
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that the pupae and eggs of R. dominica were more tolerant to the
CA of 60 + 5% CO, at the test temperature than the other stages.

T. castaneum:- The time required to obtain 50% mortality
for the adult, egg, larva and pupa of T. castaneum was 2, 2.1, 1.6
and 2.1 days, respectively. For achieving 99% mortality these
figures were 5.6, 8.7, 13 and 27.2 days, respectively. This result
reveals that the pupa of 7. castaneum was the most tolerant stage
to the CA of 60 + 5% CO, at 26 + 2°C.

T. granarium:- The results indicate that the time needed
to achieve 50% kill for the active and diapausing larvae of T.
granarium was 5.5 and 7.5 days, respectively. To achieve 99%
mortality the values were 47.7 and 48.4 days, respectively. This
result shows that the diapausing larvae were slightly more
tolerant to the CA of 60 + 5% CO, at 26 + 2°C than active ones.

1.3. Efficacy of CA of 30 £ 5% CQO, against the various
insect species at 15 + 2°C and 55 + 5% R. H.

The obtained results are summarized in Table 3a and b.
1.3.1. Responses of the tested stages of various insect species
to CA of 30 £ 5% CO; at 15 £ 2°C and 55 £ 5% R. H. are
shown in Table 3a. The data reveal clearly that percentage
mortalities were exposure with the increase of the exposure
period.

8. oryzae:- At 3 day-exposure, the percentage mortalities
adult, egg, larva and pupa of S. oryzae were 43 £ 7, 11 £ 3, 36.7
+ 7 and 28 + 5% for the various stages, respectively. These
values increased to 99 £ 1, 95 £ 5, 98 £ 2 and 83 + 7% at 3
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Table (3a): Responses of the tested stages of various insect species to CA of 30 £ 5% CO, at 15 +2°C; 55+ 5% R. H.

and varying exposure periods.

|

% Mortality at indicated exposure periods (days)

Insect species |  Stage Control
3 7] 14 21 28
| Adult 43.0+ 7.0 79.0 + 3.1 93.0+2.3 99.0+ 1.0 100 0.0
Egg 11.0 £ 3.0 59.6 £ 6.0 80.0 £ 5.0 95.0+5.0 160 0.0
S. oryzae
Larva 36.7+£17.0 81.3+1.5 89.7 £ 2.0 98.0+ 2.0 100 0.0
| Pupa 28.0£5.0 46.8 +2.8 61.0 £9.0 83.0+ 7.6 100 0.0
Adult 49.0 £ 2.0 80.0 + 3.0 90.0 £ 5.0 99.1£1.0 100 0.0
Egg 47.0 £ 2.0 63.0+1.3 89.0 = 3.0 93.0+£2.0 100 0.0 _
R. dominic |
Larva 49.0 £ 6.0 78.0+2.5 83.0+2.0 97.0 = 3.0 100 0.0
| Pupa 31.0+9.0 56.0+ 7.5 67.0 £ 9.0 85.0 2.0 100 0.0
m Adult 39.0+7.0 77.8+ 6.9 93.0 0.0 99.9+ 1.0 100 0.0
Egg 28.0+£9.0 75.0+ 5.0 88.3+2.9 97.0% 1.5 100 0.0
1. castaneum |
' Larva 41.0+ 1.0 78.9+ 3.8 90.7 £ 1.9 96.9+ 1.9 100 0.0
| Pupa 38.0+5.0 58.0£5.8 83.0+5.0 90.0 £ 2.0 98.0 + 3.0 0.0
T. granarium | Active 19.0+5.0 33.0+3.0 47.8+9.0 62.2+7.0 78.0 +£3.9 0.0
larvae Diapause | 13.0+2.0 18.0+ 1.9 355+ 6.9 47.0 £ 5.0 69.0 +£3.3 0.0
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week-exposure, respectively. Complete kill for the different
insect stages was achieved after 4 weeks exposure period.

R. dominica:- At 3 day-exposure, the recorded percentage
mortalities for the adult, egg, larva and pupa of R. deminica
were 49 + 2. 47+ 2,49 + 6 and 31 + 9% for the different stages,
respectively. These figures increased to reach 99.1 + 1, 93 + 2,
97 £ 3 and 85 + 2% at 3 week-exposure for the various stages,
respectively. Complete mortality was obtained after 4 weeks
from treatment for all insect stages.

- T. castaneun:- The recorded percentage mortalities at 3
day-exposure were 39 = 7, 28 £ 9, 41 + | and 38 + 5% for the
adult, egg, larva and pupa of T. castaneum, respectively. These
percentages reached 99.9 + 1, 97 + 1.5, 96.9 + 1.9 and 90 + 2%
at 3 week-exposure for the various stages, respectively.
Complete kill was achieved after 4 weeks exposure period for
the adult, egg and larval stages, while only 98 + 3% mortality
was obtained for the pupal stage of this insect species at the
above mentioned pertod of exposure.

I granarium:- At 3 day-exposure, the obtained

mortalities were 19 + 5% and 13 + 2% for the active and
diapausing larvae of T. granarium, respectively. These values
mcreased to 78 £ 3.9% and 69 + 3.3% after 4 weeks exposure
period for the active and diapausing larvae, respectively.
1.3.2. The lethal times and parameters of probit regression
line estimates for the tested stages of various insect species,
exposed to CA of 30 £ 5% CO, at 15 £ 2°C and 55 + 5% R.
H. are listed in Table 3b & Fig (5). .
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Table (3b): Lethal times and parameters of probit qmm..mm.mmcz line estimate

exposed to CA of 30 + 5% CO2 at 15+ 2°C and 55+ 5 %R. H.

s for the tested stages O varivus suoves wp -

. Lethal times and their 95% confidence limits (days)
Insect species Stage LTe LT LT. Slope = SD R

Adult 3.6(2.5-52) 102 (7.0-14.9) 23.9 (12.0-47.4) 2.8296 = 0.07 0.9903 |

T Egg 6.8(53-8.7) 16.9 (11.9-23.9) 35.5(19.9-62.9) 3.2448 £ 0.08 0.9909

: Larva 3.9(2.7-5.6) 11.7(7.9-17.4) 28.8 (14.1-59.0) 2.6671 £ 0.10 0.9826
Pupa 7.3(4.9-10.9) 41.9(16.2-108.3) 174.3 (32.2-942.7) 1.6885 = 0.08 0.9680 |

Adult 33(2.1-5.0) 10.4 (6.9-15.5) 26.6 (12.4-57.3) 2.5545 £ 0.19 0.9673

R, dominica | E2 3.7(22-6.1) 16.9 (9.4-30.4) 58.4 (18.3—186.6) | 1.9381+0.06 | 0.9800

Larva 32(1.8-55) 13.3 (8.1-23.4) 45.7 (15.6—134.2) | 2.0083+0.18 | 0.9505

Pupa 6.0(3.9-93) 34.7(14.5-83.5) 145.0 (28.8 —729.6) 1.6839 + 0.05 0.9799

Adult 4.0(3.1-5.2) 9.0 (6.7-12.0) 17.3 (10.7-28.1) 3.6524 £ 0.52 0.9558

T castandéiii Egg 4.6 (3.4-64) 13.3(9.0-15%.6) 31.6 (16.0-62.3) 2.7838 + 0.06 0.9910

) Larva 3.6(23-55) 12.3(7.9-19.1) 33.6 (14.7-76.9) 2.3963 = 0.02 0.9952

Pupa 4.8 (3.7-63) 17.4 (12.8-23.7) 49.9 (28.4-87.4) 2.2908 + .19 0.9711

T. granarium | Active 12.1(9.2-15.9) | 76.7(37.1-158.5) | 345.2 ( 100.1 —1990.1) | 1.6000 + 0.08 0.9762

larvae Diapause | 19.9 (14.3-27.7) [ 128.2 (51.4-319.7) | 585.3 (135.0—2536.8) | 1.5847+ 0.17 0.9498

R = Correlation coefficient of regres

SD = Standard deviation.

ssion line,

.

P
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S. oryzae:- The results show that the time required to
obtain 50% mortality for the adult, egg, larva and pupa of §.
oryzae was 3.6, 6.8. 3.9 and 7.3 days, respectivelv. To achieve
99% mortahity, the values were 23,9, 355, 28.8 and 174.3 days
for the various stags, respectively. This resuit clearly reveals that
the pupal stage of S. oryzae was highly tolerant to the CA of 30

+ 5% CO; at the low temperature of 15 + 2°C.

R. dominica:- The data indicate that the time needed to
achieve 50% kill for the adult, egg, larva and pupa of K.
dominica was 3.3, 3.7, 3.2 and 6 days, respectively. To achieve
99% mortality, the exposure period was 26.6, 58.4, 45.7 and 145
days for the different stages, respectively. This result indicates
that the pupal stage of R. dominica was the most tolerant stage
to this CA of CO, at this low temperatures.

T. castaneum:- The results indicate that the time needed
to obtain 50% kill for the adult, egg, larva and pupa of T.
castuneum was 4, 4.6, 3.6 and 4.8 days, respectively. To achieve
99% mortality. the recorded values were {7.3, 31.6, 33.6 and
499 days for the different stages, respectively. This result
reveals that the adult stage of 7. castaneum was the most
sensitive to the CA of 30 + 5% CO» at 15 £ 2°C.

I granarium:- The data indicate that the time required to
obtain 50% kill for the active and diapausing larvae of T.
granarium‘was 12.1 and 19.9 days, respectively. To achieve
99% mortality the values were 345.2 and 385.3 days for the
active and diapause larvae, respectively. It was obvious that the
larvae of T. granarium were very highly tolerant to the CA of 30
+ 5% CO; at the low temperature of 15 + 2°C.
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1.4. Efficacy of CA of 60 + 3% CO, against the various
insect species at 15 + 2°C and 55+ 5% R. .

The obtained results are presented in Table 4a and b.

1.4.1. Responses of the tested stages of various insect species
to the CA of 60 + 5%, CO; at 15+ 2°C and 55 + 5% R. H. are
given in Table 4a. The results show that mortality values
increased with increasing the exposure period.

8. oryzae:- At 2 day-exposure, percentage mortalities of
the adult, egg, larva and pupa of 8. oryzae were 36.7 + 34,258
+1.5,27+ 63 and 10 + 6.7%, respectively. In cases of the adult
and ‘larval stages, complete mortalities were recorded after 3
weeks exposure period, while at this Exposure time, only 99 +
1% and 87 + 5% kill was obtained for the egg and pupal stage,
respectively .

R. dominica:- Percentage mortalities recorded at 2 day-
exposure for the adult, egg, larva and pupa were 389+ 1.9 125
+ 2, 412 + 88 and 18.3 + 4.3%, respectively. Complete
mortalities ‘were reached at 2 week-exposure for the adult stage
and at 3 weeks exposure period for the larva. While the
percentage mortalities of the egg and pupal stages which
recorded at 3 week-exposure were 98 + 2 and 93 + 3% only.

I castaneum:- At ? day-exposure, the recorded
percentage mortalities for the adult, egg, larva and pupa of T.
castaneum were 33.3 £ 2. 36.5 + 29,343+ 19and 333 + 3%,
respectively. Complete kill was achieved at 2 weeks exposure
time for all insect stages except the pupal stage which only 93 +
3% mortality was recorded at this exposure period. However,
pupal mortality reached only 98 + 1% at 3 week-exposure,
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Table (42% Responses cf the tested stages of various insect species to CA of 60 + 5% CO, at 15+ 2°C; 55+ 5% R. H. and

varying exposure periods.

% Mortality at indicated exposure periods (days)

Insect species Stage Control

| 2 3 5 7 10 14 21 f

| Adult 36.7+3.4|656+2.0|76.7+3.4| 889+1.9 | 99.0+2.9 100 100 0.0

o | Egg 25.8+1.5|48.9+52|62.0+1.7| 793+£0.5 | 87.5+0.2 [ 93.0+3.0 | 99.0t 1.0 0.0

. oryzae

| Larva 27.0+6.3|46.0+£7.2169.0x1.5]| 90.0+3.0 | 95.0+2.1 | 99.0%1.1 100 0.0

| Pupa 10.0+6.7 {26.2+8.6 [35.0+1.9| 57.6+1.0 | 68.2+0.2 | 79.8+0.2 | 87.0+5.0 0.0
| Adult 389+1.9 | 644+2.0|767+3.4| 88.9+1.9 | 99.0+2.0 100 100 0.0 w
' Egg 125+£2.0 [ 48.7+7.0 | 624+ 1.6 | 84.7+2.0 | 89.8+3.2 {91.7+4.8|98.0+2.0 0.0
R. dominic | ﬁ
' Larva 41.2+88(60.1+£94 |793+3.6| 855+1.8 | 93.8+6.2 | 95.0+3.0 100 0.0 |
| Pupa 18.3+43(39.6+8.0(62.9+23| 74.7+1.2 | 803+1.2 | 88.0+3.0|93.0+3.0 0.0 |
. Adult 33.3+2.0(400+3.3|789+1.9| 86.7+3.4 w 98.9+ 1.9 W 100 100 0.0 m
' Egg 36.5+2.9(78.5+2.9[83.4+4.7| 90.0+3.4 | 97.0+2.0 , 100 100 0.0
I. castaneum : ,.
Larva 343+1.9(689+19|700£50| 87.0£6.0 | 95.0+5.0 100 100 0.0 |
- Pupa 33.3+£3.0(557+£1.966.0+7.0| 79.0+9.0 | 86.0+6.0 | 93.0+3.0|98.0+1.0 0.0 ?
I. granarium = Active 14.4+2.0|20.7+3.4 128951 444+5.1 | 62.2+39 |750+£2.4|950+3.0 6.0
larvae Diapause | 11.1£5.1 | 15.7+2.0 | 19.0+5.1 | 27.8+3.9 | 42.2+5.1 | 61.7+2.3 | 87.0+5.0 0.0 |
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I. granarium:- The recorded mortality values at 2 day-
CXposure were 14.4 + 2 and 111 4 3. 1% for the active and
diapausing larvae of T granarium, respectively. These values
increased to reach 95 + 3% and 87 + 5% 4t 3 weeks exposure
time for the active and diapause larvae, respectively.

1.4.2. The lethal times and parameters of probit regression
line estimates for the tested stages of various insect species,
exposed to CA of 60 + 5%, CO; at 15 £ 2°C and 55 + 5% R.
H. are summarized in Table 4b & Fig (6).

S. oryzue:- The results show that the time needed to
achieve 50% mortality for the adult, egg larva and pupa of .
Oryzae was 2.6, 3.5, 3.2 and 6.4 days, respectively. To obtain
99% kill these values were 12.3, 25.2, 14.9 and 63.4 days for the
different stages, respectively. This result indicates that the pupa
and egg were more tolerant to the CA of 60 + 59 CO, at the low
temperature of 15 + 2°C than the other insect Stages.

R. dominica:- The time required to obtain 50% kil] for the
adult, egg, larva and pupa of R. dominica was 2.6,3.8, 2.4 and
4.1 days, respectively. To achieve 99% mortality, the time
recorded was 12.4, 24.9, 247 and 44.6 days for the various
Insect stages, respectively. This result shows that the pupa of R,
dominica was the most tolerant stage to thjg CA at low
temperature,

T. castaneum:- The datq indicate that the time required to
achieve 509, mortality for the adult, egg, larva and pupa was 3,
22,26 and 3 days, respectively. To achieve 99% mortality, the
values were 12.2, 14.8, 192 and 31.5 days for the different

Stages, respectively. These figures show: clearly that the pupa of
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Table (4b): Lethal times and parameters of probit regression line estimates for the tested stages of various insect species,
exposed to CA of 60 £ 5% CO; at 15+2°C and 55+ 5 %R. H.

Lethal times and their 95% confidence limits (days)

Insect species | Stage LT LTy, 1T, Slope = SD R

| Adult 2.6(22-3.1) 6.1 (4.9-175) 12.3 (8.3-18.2) 3.4273 + 0.26 0.9659

& GG | Egg 3.5(3.0-4.0) | 10.4(8.6-12.5) 25.2(18.1-35.2) 2.7094 £ 0.12 0.9902

= | Larva 3.2(2.8-3.6) 7.5(6.3-8.9) 14.9 (11.1-20.1) 3.4689 + 0.07 0.9946

| Pupa 6.4(56-73) | 22.7(17.4-29.5) | 63.4(40.7-98.7) 2.3405 % 0.06 0.9927

C Adult 2.6(2.1-3.1) 6.1 (49-7.6) 12.4 (8.3-18.4) 3.3872 £ 0.25 0.9668

R. dominica Egg 3.8(3.4-44) | 10.8(9.0-12.9) 24.9(18.3-33.9) 2.8667 £ 0.33 0.9758
Larva 24(1.9-3.0) | 8.6(6.7-11.1) 24.7(14.9-40.9) 2.2794 £ 0.03 0.9938 |
. Pupa 4.1(3.5-48) [ 153(12.1-19.4) | 44.6(29.0-68.4) 2.2509 £ 0.16 @.quo ]

L Adult 3.0(2.6-3.5) 6.5(54-79) 12.2 (8.7-17.1). 3.8494 + 0.28 0.9708

P cistdnciing Ego 22(1.7-29) 6.3(49-8.1) 14.8 (9.0-24.4) 2.8188 = 0.17 0.9669

i Larva 2.6(2.1-33) | 7.8(5.9-10.5) 19.2 (11.0-33.5) 2.6821 + 0.15 0.9686

| Pupa 3.0(25-3.6) | 11.0(8.8—13.7) 31.5(20.7-47.8) 2.2885 £ 0.07 0.9923

T. granarium | Active 6.6(58-75) | 21.3(164-27.6)| 55.1(36.1-84.2) 2.5268 = 0.34 0.9677

larvae Diapause | 9.8 (8.3 —11.4) | 38.1(26.3—553) | 115.9 (64.4—208.5) 2.1643 £ (.43 0.9463

R = Correlation coefficient of regression line.

SD = Standard deviation.
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T. castaneum was the most tolerant stage to the CA of 60 + 5%
CO; at the low temperature of 15 £ 2°C.

I. granariun:- "The results indicate that the time needed
to obtain 50% mortality for the active and diapausing larvae of
1. granarium was 6.6 and 9.8 days, respectively. To achieve
99% kill, the values were 55.1 and 115.9 days, respectively. This
result clearly reveals that the diapausing larvae of T. granarium
were more tolerant to the CA of 60 + 5% CO, at 15 + 2°C than

the active larvae. '

LS. Efficacy of CA of 80 + 5% CO, against the various
insect species at 15+ 2°C and 55+ 5% R. H.

The results are recorded in Table 5a and b.

1.5.1. Responses of the tested stages of various insect species
to the CA of 80 + 5% CO; at 15 £ 2°C and 55 £ 5% R. H. are
presented in Table 5a. The obtained data show that percentage
mortahities were increased with rising the exposure period.

Soooryzae- AL 2 day-exposure, the resulted mortalities of
the adult, egg, larva and pupa of S. oryzae were 48.4 + 2.3,
444 £ 1.7, 454 + 2.5 and 33 + 3.3%, respectively. These
values increased to reach 100% mortality affer 10 day-exposure
for the adult and egg stages, while the values for the larva and
pupa were 99.6 + 0.6% and only 78 + 2.3%, respectively at the
mentioned exposure period. Increasing the exposure time to two
weeks resulted in complete mortality for the larval stage of S§.
oryzae and 89 + 5% kill for its pupal stage. However, at 3 week-
exposure the obtained pupal mortality was 98 + 1%.
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Table (5a): Responses of the tested st

varying exposure periods.

ages of various insect species to CA of 80 + 5%, CO; at 15 + 2°C; 55 + 5% R. H. and

i 2

onwg:c, atindicated exposure periods (days)

{3 m_q_:,

Control
o

48.4£23 733+ 0.0 | 85.022.4 ‘ 99.0 + 0.0 ‘ 100 100 0.0
Egg 444+ 1.7 | 64.2+52 [ 87800 |99.62 0.6 _ 100 100 _
S. oryzae _
Larva 45.4%2.5 | 65.0+£25 [ 81513 |982% 00 . 99.6 + 0.6 100 100 0.0
Pupa 33.0+£3.3 | 51.8+2.0.] 68.8£3.9 |72.0x 06 78.0£23 89.0+5.0 |98.0+ 1.0 0.0
Adult 83.4+4.7 | 91.7+£23 | 96.0%2.0 _S.o» 1.0 100 100 100 0.0
Egg 42.4£3.3 | 53.9£ 0.0 ‘ 74.7 £ u.ﬁdu £33 - 95.0+3.0 100 100 0.0
R. dominica , L
\ Larva 241+ 64 | 32.2+256 _ 473+ 3.8 _ 70.5+ 1.3 [87.5+2.6 | 96.0 % 0.0 100 0.0
Pupa 28.0£2.1 | 31.0£2.1 [423+18.0 | 723 1.2 1878+ 1.2 | 93.0£3.0 |97.023.0 0.0
Adult 76.7 + 4.7 _ 85.0+2.4 | 95.0+ 1.0 [99.0+ 1.0 100 100
Ego | 67.5%3.5 | 88.3+58 [ 93.3%2.9 |99.0%1.0
T. castaneum B
Larva 76.7 + 4.7 | 884223 96,030 100
Pupa 717423 | 81.7+23 [ 93.0£2.4 |98.0% 1.0 100 100 100
T. granarium | Active 250+2.4 | 35.0224 | 4333 0.0 161.7£2.3 1717423 91.7+£23 |99.9% 2.4 0.0
larvae Diapause | 13.2+3.5 | 18.0+33 | 2222 1.9 1350424 (450424 734247 |93.0% 2.0 _ 0.0
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R. dominica:- The resulted mortalities at 2 day-exposure
were 834 £ 47,424 £ 33,241 4 64 and 28 £ 2.1% for the
adult. egg. larva and pupa of R. dominica, respectively. At 10-
day-exposure, the values increased to reach 100, 95 + 3, 87.5 £
> 6 and 87.8 + 1.2% for the various stages, respectively. At 3
week-exposure complete mortalities were achieved for the egg
and larval stages, while the percentage mortality of the pupal
stage was only 97 + 3%.

T. castaneum:- At 2 day-exposure, the recorded
mortalities were 76.7 + 4.7, 67.5 + 3.5, 76.7 £ 4.7 and 71.7 =
2.3% for the adult, egg, larva and pupa of T. castaneum,
respectively, These values reached 100% kill at 10 days
exposure period for all stages of this insect species.

T. granarium:- At 2 day-exposure, percentage mortalities

of the active and diapausing larvae of T. granarium were 25 +
7 4 and 13.2 £ 3.5%, respectively. These values increased to 99.9
+24 and 93 + 2% for the active and diapause larvae at 3 weeks
exposure period, respectively.
1.5.2. The lethal times and parameters of probit regression
line estimates for the tested stages of various insect species,
exposed to. CA of 80 £ 5% CO; at 15+ 2°C and 55 = 5% R.
H. are given in Table 5b & Fig (7).

8. orpzae:- The results indicate that the time required to
achieve 50% kill for the adult, egg, larva and pupa of S. oryzae
was 2.2. 2.4, 2.4 and 3.7 days, respectively. To obtain 99%
mortality the values were 8.3, 7.1, 8.7 and 46.3 days, for the
different stages, respectively. It was evident, that the pupal stage
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Table (5b): Lethal tinies and parameters of probit regression line estimates for th

exposed to CA of 80 £ 5% CO ,at 15+ 2°C and 55+ 5 %R. H.

e tested stages of various insect species,

| s Lethai times and their 95% confidence limits (days) 1
__ Insect species Stage LTe LTy LT, Slope £ SD R
”v Adult 2.2(1.7-2.8) 45(3.4-59) 8.3(4.9-14.0) 3.9642 £0.27 | 0.9538
S, oryzae Ego 24(2.0-2.38) 43(3.5-54) 7.1 (4.7-10.7) 4.8679 + 0.37 0.9579 |
, i Larva 24(2.0-2.38) 4.8 (4.0-5.38) 8.7(6.2-12.1) 4.1068 + 0.30 0.9726
w Pupa 3.7(3.2-4.4) 15.0(11.6 -19.3) 46.3 (28.6 -75.0) 2.1289+ 1.23 0.8631
Adult. 0.8(0.2-3.1) 2.8(1.8-4.2) 7.7(2.7-21.9) 2.3632 £+ 0.03 0.9856°
, R. dominica |-E82 2.6(2.1-33) 8.7(6.2-12.0) 22.9(12.1-43.4) 2.4734 £ 0.11 0.9721
Larva 4.2(3.7-4.8) 11.4(9.1-14.2) 25.8 (17.6 -37.7) 2.9374+0.21 | 0.9774
i Pupa 4.2(3.7—-4.38) 12.6 (10.3-15.5) 31.1 (22.0-44.0) 2.6723£0.28 | 0.9764
| Adult 1.2(0.6-2.6) 3.4(24-4.7) 7.8(3.4-17.6) 2.8897 £ 0.05 fl 0.9819
W, T casianeum Eggo 1.4 (0.8-2.5) 3.6(2.6-4.9) 7.7(3.8-15.7) 3.1428 + 0.10 0.9726
_ ’ Larva 1.0(0.4-2.7) 3.3(23-438) 8.8(3.2-24.1) 2.4499 £ 0.002 0.9990
I Pupa 1.3(0.7-2.6) 3.9(2.7-5.6) 9.6 (3.9-23.5) 2.6869 + 0.03 0.9892
__ I. granarium | Active 4.4(4.0-4.9) 11.0(9.4-12.8) 22.9(17.7-29.6) 3.2633+£1.65 | 0.9145 ]
| larvae Diapause | 7.9 (6.9-9.1) 27.0 (20.1 -36.3) 73.4(45.8-117.7) 2.4063 £ 0.61 | 0.9399 |

R = Carrelation coefficient of regression line.

SD = Standard deviation.
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of this msect .s'|.)ccics was the most tolerant (o the CA of 80 ¢ 594
COzat 15 +2°C,

R. dominica:- The data show that the time needed to
obtain 50% mortality for the adult, egg, larva and pupa of R.
dominica was 0.8, 26,42 and 4.2 days, respectively. To achieve
99% kill the recorded values were 7.7, 22.9,25.8 and 31| days
for the different stages, respectively. It was obvious that the ady]t
stage of R. diminica was the most sensitive 10 this treatment.

I' castuneum:- The results show that (he time needed (o
achieve 50% mortality for adult, egg, larva and pupa of T,
castancum was 12, 14, 10 and 1.3 days, respectively. To
achieve 99% kill the obtained values were 78,77, 88 and 96
days for the different stages, respectively,

I. granarium:- The time to achieve 50% kill was 4.4 and
7.9 days for the active and diapause larvae of T, granarium,
respectively. To obtain 999 mortality, the recorded values were
229 and 73.4 days for the active and  diapause larvae,
respectively. This resylt shows clearly that (he diapause larvae
Were more tolerant to the CA of 80 + 5% CO; at 15 + 2°C than
active one.

2. Efficacy of CA of 999 N, against the various insect
species at different grain temperatures:

2.1. Efficacy of CA of 99¢, N, against the various insect
species at 26 + 2°C and 55 + 5% R. H.-

The obtained results are listed in Table 6a and b.
21,1, Responses of the tested st;nges of various insect species
to the CA of 99% N, at 26 + 2°Cand 55 + 59 R, H. are given
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Table (6a): Responses of the tested stages of various insect species to CA of 99% N, at 26 + 2°C; 55 + 5% R. H. and

varying exposure periods.

“ Mortality at indicated exposure periods (days)

Insect species Stage Control
2 3 5 7 10 14
Adult 250+2.4 | 38.4+23 | 80.7+0.0 | 93.0+33 | 99.0+1.0 100 0
Egg 220+8.0 | 48.1£0.0 | 63.3+£00 | 89.7+02 | 98.0+1.0 100 0
S. oryiae
Larva 13.2+5.0 | 251+£1.7 | 333+46 | 599+68 | 81.7+4.3 100 0
Pupa 4519 | 16.1+£73 | 352+6.8 | 52.7+89 | 67.9+2.2 | 76.0+1.5 0
Adult 6.7£00 | 21.7£23 | 350+2.4 | 60.0£0.0 | §1.7+23 | 89.0%23 0
Egg 39.3£10.8 | 61.5+3.0 | 75.0£6.2 | 843+12 | 88.6+£2.4 | 92.1%1.3 0
R. dominica
Larva 21.8+3.8 30.4+ 3.1 55.7+ 0.2 68.6 £ 1.5 84.0+5.3 93.9+0.2 0
Pupa 30.2+£9.0 | 44025 | 47.3+£0.6 | 51.2+50 | 59.2+3.1 | 88.8%1.5 0
Adult 0.0 £ 0.0 71+£19 | 12019 | 25.0+24 | 60.0+2.4 | 97.0+2.0 0
Egg 183429 | 33.3+£2.9 | 62.5+3.5 | 82.5+3.5 | 90.0+0.0 | 98.0+2.0 0
T. castaneur
Larva 41.7+23 | 62.2+1.9 | 784+23 | 86.2+1.9 | 96.0+3.0 100 0
Pupa 15.0+£2.4 | 41.7£23 | 450+24 | 61.7+£23 | 900213 | 96.0+3.0 0
T. granarium | Active, 0.0+ 0.0 1.1+1.9 8.0+ 3.9 30.0 £ 0.0 66.7 £ 0.0 89.0+ 5.0 0
larvae Diapause 0.0 £ 0.0 0.0£0.0 5.0+£2.4 15.6 £ 2.0 44,4+ 2.0 78.0 £ 3.0 0
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in Table 6a. The result show that insect mortalities increased
with rising the exposure time,

S. oryzae:- At 2 day-exposure, mortality values were 25 +
24,22 £8, 13245 and 4.5 + 1.9% for the adult, egg, latva and
pupa of 8. oryzae, respectively. These values reached 100% kill
for the different stages except the pupa at 2 week-exposure,
while the pupal mortality was 76 + 1.5% only at this mentioned
exposure period.

R. dominica:- The percentage mortalities recorded at 2
day-exposure for the adult, egg, larva and pupa of R. dominica
were 6.7, 393 + 10.8, 21.8 + 3.8 and 302 « 9%, respectively.
These values increased to reach 89 + 23,921+£13,93.9+0.2
and 88.8 + 1.3% at 2 week-exposure for the different stages,
respectively.

I. castaneum:- Mortality data recorded at 2 day-exposure
were 0.0, 18.3 £2.9,41.7+2.3 and 15 +2.4% for the adult, ege,
larva and pupa of T. castaneum. These percentages increased to
97 +2,98 £2, 100 and 96 + 3% at 2 weeks exposure period for
the various stages, respectively.

I. granarium:- At 2 day-exposure nil percentage
mortalities were recorded for the active and diapausing larvae of
I. granarium, but these values increased with the increase of the
exposure to reach 89 + 5 and 78 + 3% at 2 week-exposure for the
active and diapause larvae, respectively.

2.1.2. The lethal times and parameters of probit regression
line estimates for the tested stages of various insect species,
exposed to the CA of 99% N, at 26 + 2°C and 55 + 5% R. H.
are shown in Table 6b & Fig (8).
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Table (ob): Lethal times and parameters of probit regression line estimates for the tested stages of various insect species,

exposed to CA of 99% N, at 26 + 2°C and 55 £ 5 %R. H.

Lethal times and their 95% confidence limits (days)

Insect species Stage LTs LT, LTy Slope £ SD R
Adult 3.1(2.8-3.5) 6.1(51-73) 10.6 (7.9-14.2) 4.3929 £ 0.10 0.9923 |
§ disie Egg | 33(2.9-338) 7.1(5.8-8.6) 13.1 (9.3-184) 3.8871 £ 0.18 0.9813 |
i Larva 55(4.7-6.5) 16.1 (10.8—24.0) 38.5(20.0-73.8) 2.7594 + 0.15 0.9702 |
Pupa 7.1(6.2—-8.1) 20.0 ( 15.1 —26.6) 46.7 (29.5-73.9) 2.8476 + 0.05 09937
Adult 5.8(5.1-6.5) 14.3(11.5-17.8) 30.1 (21.2-42.7) 3.2360 + 0.07 0.9935 |
R. dominica Egg 2.4(1.8-3.1) 10.8 ( 7.9-14.8) 37.2 (19.5-70.9) 1.9469 + 0.04 0.9590
Larva 4.3(3.7-4.9) 12.5(9.8-15.9) 29.8 (19.7-45.0) 2.7606 £ 0.06 0.9930
Pupa 4.7(3.8-5.8) 28.7(15.7-52.4) 126.0 (42.9-370.4) | 1.6251 + 0.40 0.8777
Adult 7.6 (6.8—8.5) 14.1 (11.5-17.3) 23.2(17.0-31.7) 4.8167 + 1.04 0.9266
T. castaneum Egg 3.9(34-44) 9.1(7.6-10.9) 18.3 (13.6-24.6) 3.4471 £ 0.05 0.9957
Larva 24(1.9-3.1) 7.4(5.5-9.8) 18.3 (10.5-32.1) 2.6445 + 0.04 0.9913
Pupa 4.4(3.9-4.9) 11.2 (9.1 -13.9) 24.3 (17.0-34.8) 3.1197 £ 0.36 G.9656
T. granarium | Active 8.6 (7.6-9.7) 14.2 (11.3-17.7) 21.3(14.9-30.3) 5.9161 + 0.03 0.9997
larvae Diapause | 10.4 (9.0-12.0) 17.9 (13.3-24.0) 27.8(17.6-44.0) 5.4286 + 0.02 0.9970

R = Correlation coefficient of regression line.

SD = Standard deviation.
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8. oryzae:- The results indicate that, the time needed to
obtain 50% mortality for the adult, egg, larva and pupa of 8.
oryzae was 3.1, 3.3, 5.5 and 7.1 days, respectively. To achieve
99% mortality the values were 10.6, 13. I, 38.5 and 46.7 days for
the different stages, respectively. It was evident, that the aduit
and egg stages of this insect species were more susceptible to the
CA 0f 99% N at 26 + 2°C than the larval and pupal stages.

R. dominica:- The data show that the time required to
obtain 50% kill for the adult, egg, larva and pupa of R. dominica
was 5.8, 2.4, 4.3 and 4.7 days, respectively. To achieve 99%
mortality, the values were 30.1, 37.2, 29.8 and 126 days,
respectively. This result indicates that the pupal stage of this

insect-species was the most tolerant to this treatment.

I. castaneum:- The results presented in Table 6b reveal
that the time needed to obtain 50% mortality for the adult, egg,
larva and pupa of T. castaneum was 7.6, 3.9, 2.4 and 4.4 days,
respectively. To achieve 99% kill the values were 23.2, 18.3,
18.3 and 243 days. respectively. These values show that the
susceptibility of the adult and pupal stages of this insect species
to the CA of 99% N, at 26 + 2°C was slightly less than that of
the egg and larval stages.

I. granarium:- The recorded time to achieve 50% kill for
the active and diapause larvae of T. granarium was 8.6 and 10.4
days, respectively. To obtain 99% mortalities, the values were
21.3 and 278 days for the active and diapause larvae,
respectively. It was apparently, that the active larvae were more
susceptible to this treatment than the diapause one.
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2.2 Efficacy of CA of 99% N, against the various insect
species at 21 + 2°C and 55 + 59, R.H.:

The obtained results are shown in Table 7a and b.

2.2.1 Responses of the tested stages of various insect species
to the CA of 99% N, at 21 2°C and 55 + 5% R.H. are
presented in Table 7a. The obtained percentage moralities
indicate that their values increased with the increase of exposure
period.

8. oryzae:- At 2 day-exposure, moitality values were 8.9
£5.1,377 % 153,233 % 5.5 and 16.8 4 1.6 % for the adult
egg, larva and pupa of S. orpzae, respectively. These figures
increased to reach 98 + 2,985+1,98.1+06 and 66 +7.6% at
2 week-cxposﬁre for the different stages, respectively.

R. dominica:- Mortality values recorded at 2 day-
CXposure were 8.9 + 3.8 10.] + 35,26+ 114 and 158+ 23 %
for the adult, egg, larva and pupa of R. dominica, respectively.
These values increased t0 783 +6.7,87.9 + 2.6,89+ 1.7 and 79
£ 3.7% at two weeks €xposure period for the different stages,
respectively.

I. castaneum:- The data show that at 2 day-exposure,
pex.'centage moralities were 2.2 + 1.9, 16.7+£29 49 + 39 and
32.2 £ 6.9% for the adult, egg larva and papa of 7. castaneum,
respectively. These values increased to 80.3+3.4,89+5 9849
and 90 + 3% at 2 weeks exposure period for the various stages,
respectively. |

I granarium:- At 5 day-exposure, the recorded
moralities were 6.7 and 3.3 + 3.4% for the active and diapause
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Table (7a): Responses of the tested stages of various insect species to CA of 99% N, at 21+ 2°C; 55 + 5% R. H. and

varying exposure periods.

¥

u,

% Mortality at indicated exposure periods (days)

Insect species Stage . Control
‘ 3 5 7 10 14
o Adult 89+5.1 25.6 £5.1 76.7+13.4 | 922+1.9 98.0 £ 2.0 0.0
< Egg 37.7+153 | 56.6+11.7 | 86104 945+4.1 985+ 1.0 0.0
. oryiae
: Larva 233+55 298+4.7 58.4+4.7 80.0 % 0.1 98.1+0.6 0.0
Pupa 168+1.6 | 283+142 | 46.8+11.0 | 59.0+4.6 66.0+7.6 0.0
Adult 89=38 21.1+1.9 333434 433+88 783 % 6.7 0.0
Ege 10.1£3.5 | 52.1=16.1 751+ 7.1 792+3.6 87.9+2.6 0.0
R. dominic
Larva 26.0 = 11.4 51.0+3.0 | 63.0£105 | 77.0+125 | 89.0+1.7 0.0
| Pupa 158+ 123 198+7.4 | 37.0+128 | 47.5+2.1 79.0 3.7 0.0
| Adult 2219 22+1.9 14.4 2.0 560+ 1.9 80.3 + 3.4 0.0
| Egg 167229 | 225:106 | 483%29 | 617+12.6 | 89.0£50 0.0
i T. castaneum _ _
Larva 49.0=3.9 72.0 8.4 83.0+3.2 90.0 + 2.3 98.0 + 2.0 0.0
Pupa 32.2+6.9 40.0 6.4 56.0 8.8 833+33 90.0 + 3.0 0.0
T. granarium | Active - 0.0 + 0.0 6.7+ 0.0 15.6 +5.1 38919 | 733+34 0.0 !
| larvae | Diapause | 0.0 = 0.0 3334 9.6£2.0 | 27819 | 66.7+24 0.0
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larvae of 7 sranarium, respectively., Percentage moralites
increased to 73.3 + 3.4 and 66.7 + 2.4% at two weeks exposure
for active and diapause larvae, respectively,

2.2.2.The lethal times and parameters of probit regression
line estimates for the tested stages of various insect species,
exposed to CA of 999 Nz at 21 + 2°C and 55 + 5% R.H. are
presented in Table 7b & Fig (9).

8. oryzae- The results show that the (ime required to
obtain 50% kill for the adult, egg, larva and pupa of 8. oryzae
was 5.7, 3.9, 5.5 and 84 days, respectively. To achieve 99%
mortality, the values were 153, 15.5, 20.2 and 99.8 days for the
various stages, respectively. This result clearly reveals that the
pupal stage of . oryzae was the most tolerant to the CA of 9994
Naat 21 + 2°C,

R. dominica:- The recorded time to obtain 50% mortality
Was 93, 5.7, 51 and 8.8 days for the adult, egg, larva and pupa
of R. dominica. respectively. To achieve 99% mortality, valyes
were 56.8, 25.7, 36.8 and 67.8 days for the different stages,
respectively. It was evident that the adult and pupal stages were
more tolerant to the treatment than the other insect stages.

I’ castaneum:- The time required to achieve 50% kil for
the adult, €gg, larva and pupa of Yilc'astaneum was 10, 7.1, 3.2
and 5.2 days, respectively. To achieve 99% mortality, the values
were 22.7, 36.8, 19.7 and 34.7 days for the different stages,
respectively. This resylt indicates that the ¢gg and pupa of T

castaneum were more tolerant to the CA of 99% N, at 21 + 2°C
than the other stages.
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Table (7b): Lethal times and parameters of probit regression line estimates for the tested stages of various insect species,

exposed to CA of 99% N at 21 £2°C and 55+ 5 %R. H.

Lethal times and their 95% confidence limits (days)

Insect species | Stage LTe LTy | LTos .m_o_:w + WW\ R |
Adult 5.7(5.1-6.3) 9.8(84-11.4) 153 (12.1-19.4) | 5.3759 + 0.22 0.9864
S orvzae | EEE 3.9(3.3-4.6) 8.4 (6.9—10.1) 155(11.0-22.0) | 3.8805%0.08 | 0.9894
. Larva 55(49-6.2) 11.3(9.3-13.8) 20.2 (14.5-28.0) | 4.1463 £ 0.52 0.9486
Pupa 8.4(6.8-10.3) 32.8(17.5-61.4) 99.8 (35.0—-285.0) | 2.1636 £ 0.02 0.9905
Adult 9.3 (7.8-11.0) 25.2 (16.5-38.3) | 56.8 (29.1—111.1) | 2.9535%0.15 | 0.9697 |
R dominica |22 57(4.9-6.5) 13.0(10.4—163) | 257(17.4-38.0) | 3.5346+0.33 | 0.955 |
Larva 5.1(4.3-6.1) 152 (11.0-21.1) 36.8 (20.3-66.6) | 2.7195 £ 0.01 0.9979 |
Pupa 8.8(7.3-10.6) 27.1(16.7-43.8) 67.8 (31.1-147.8) | 2.6200 + 0.22 0.9463
Adult 10.0{8.9-11.3) 15.7(12.7-19.6) 22.7(16.2-31.9) 6.5633 + 0.04 0.9962
T castancum 22 7.1{6.1-8.1) 17.5(12.9-23.8) 36.8(22.3-60.7) | 3.2447 £ 0.24 0.9609
Larva 3.2(25-4.1) 8.7(69-11.0) 19.7 (12.1-32.0) 2.9457 £ 0.06 0.9866
Pupa 52(4.4-6.1) 14.8 (10.8-20.3) 34.7 (19.7-61.2) 2.8147 £ 0.16 0.9638
7. granarium | Active 10.9 (9.2-12.9) 20.3 (14.0-29.5) 33.7(18.9-60.3) 4.7384 £ 0.04 0.9915
larvae Diapause | 12.2 (10.2-14.7) 22.0 (14.7 - 32.6) 35.4(19.4-64.6) 5.0282 £ 0.06 0.9894 |

Correlation

coefficient of regression line.

m —
SD = Standard deviation.

LY
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T. granarium:- The results indicate that, the time needed
to achieve 50% mortality for the active and diapause larvae of
T. granarium was 10.9 and 12.2 days, respectively. To achieve
99% kill, the values were 33.7 and 35.4 days, respectively. This
result shows no great difference in the susceptibility of the active
and diapause larvae to the CA of 99% N, at 21 + 2°C.

Table (7¢) and Figures (10) show the time required for
achieving 90% mortality for the various stages of tested insects
at  different treatments. The results revealed that the
susceptibility of the adults and immature stages of S. oryzae, R.
dominica and T. castaneum as well as active and diapausing
larvae of T. granarium to the CA. of CO, was increased with
rising the temperature and CO,-concentration of the atmosphere.
Also, the susceptibility of the adults and nearly of all the
immature stages of the above mentioned test insects to CA of
99% N, was less at 21°C than at 26°C with the exception of the
larvae of 8. oryzae and the pupae of R. dominica. Generally, the
adults of the insects were more susceptible to various treatments
than their immature stages at various temperatures. The diapause
larvae of 7. granarium were more tolerant to the different

treatments than active one.

The pupae of the insects were highly tolerant to the different
treatments than the other stages. Also, it was obvious, that the
pupae of §. oryzae were the most tolerant pupal stage to the
various treatments.

These differences in the susceptibility of the different stages are

known to be due to the difference in the rate of metabolism of
the various stages. '
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Table (7¢): The time required for achieving 90% mortalities for the various stages of tested insects at different

treatments

- Time (days) to achieve 90% mortality at various treatments
Insect species v CO, CA of 60% CO, CA of 999, N,
| 26'C_ ] 15°C 28°C_ T Tisc 26"C 21°C
S, orveae ﬂilﬁlﬁglﬁ!l!l
- [Larva | 157 | qig+ !lHlﬂlH

Pupa 69.8 “41.9 * 11.2 22.7

, Adult 6.1 10.4 4.3 6.1 14.3 | 252 |
K. dominica ﬁ 7.8 16.9 HE 10.8 H
Larva H.ﬂi!llﬁ. 12.5

Pupa 48.1 | 34,7 * 10.1 15.3 28.7
Adult 8.2 9.0 3.5 6.5 14.1 15.7

T castancum | E22 6.0 13.3 4.5 !l!llﬂ.
S [Larva | 55 12.3 .Hl!l!l 8.7
Pupa | 34.4 17.4 * 8.7 11.0 11.2 ! 1

T. granarium | Active 26.1 5 18.1 21.3 14.2 20.3
Jarvae | Diapavse | 373 | 210 | 335 17.9 22.0

4
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Data obtained i Taple (7¢) by exposing mature and
mmature stapes of (he MSeCt speeies under study (o the ('A ol
30% COy at higher [Cmperature of 26°C suggest that adults of .§.
oryzae were the most susceptible, lollowed by farvae, cees and
pupae. In case of R. dominica, the adults were also the most
susceptible, followed by eges, larvae and pupac. As (or 7.
castaneum, the larvae were (he most susceptible, followed by
cegs. adults and pupac. Active latvae of 1 sranarium were
more susceptible than diapause one

Meanwhile, by exposing the mature and Immature stages
ol the inseets o-the CA Ol 99% N, at 26"C. (e (ime (o 90" kill
indicate that adults of . oryzac were the most susceptible,
lollowed by cppes, larvae and pupac. lor K. dominica. (e Cpps
were the niost susceptible stage, followed by farvae, adults and
pupac. As (o 7; castancum, larvae were (e most susceptible
stage, followed by CEES. pupac and adulis. iloweyer, iapause
Lrvae ol 7, granarium were more tolerant (o the CA ol 99, N,
than active one Furthermore, increasing, (he lemperature resulied
uinereased insect mortalities at the different treatments,

The obtained results are i harmony with (he lindimgs of
other investigators, (Harein and Press 1968; Lindgren ang
Vincent, 1970; Stoyanova and Shikrenov, 1976; Bond and
Buckland, 1978: l)mmlm_yc and Zalach, 1987; Navarro and
Jay, 1987; Navarro and Dias, 1987; Fleurat-Lessard ef al.,
P91, Ofuya and Reichmuth, 1993 gl L Lnkwal ¢f al,, 100
A& D, 1994, 1997 and 1998).

Banks and Sharp (1979) conducted & trial using CO, for
the treatment of whea and rye. They used about (0%, 'O,
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generated from dry 1ce under plastic sheeting at 11 to 13°C. The
CO;y level was mamtained for 22 days. The pest infestation was
predominately R. dominica with small numbers of T.
castaneum, S. oryzae, Ephestia cautella and Cryptolestes
ferrugineus. Small numbers of R. dominica_only survived the
treatment, emerging as adults four weéks or more after the start
of incubation, they were presumably early in star larvae at the
time of gassing. Navarro and Jay (1987) studied the response
of the developmental stages of S. orpzae, Oryzaephilus
surinamensis and T. castaneum to different CAs at temperatures
from 15 - 32°C. They found that, the pupae of all species and the
larvae of S. oryzae were less susccptiblc 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 er al. (1992) evaluated in the laboratory at
26 £ 1°C and 6 + 1°C the efficacy of different CO,
concentrations in CA against 8. orpzae, 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.

Also, the obtamed results on the efficacy of CA of 99% N,
against the tested insects coincide with those  obtained by
Reichmuth, 1986; Navarro and Jay, 1987; Adler, 1990;
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Reichmuth and Ofuya, 1992; Hashem er al.,, 1993 and EL-
Lakwah et al., 1997,

3- Efficacy of phosphine agélinst the‘ various insect
species at 26+ 2°C and 55 + 5% R.H.

The obtained results on the efficacy of 100 ppm

phosphine against various insect species are given in Tables 8a
and b.

8. oryzae:- The recorded percentage mortalities for the
various  stages of S. orpzae (Table 8a) show that their values
increased with the increase of the exposure period. At 1-day-
exposure, mortality values were 54.4 + 5.1, 30.4 + 1,462 £ 0.4
and 44.3 £ 1% for the adult, egg, larva and pupa, Eespectively.
Complete kill was obtained for the adult and larval stages at 5
day-exposure, while mortality values of egg and pupa were only
99 + 1% and 95.3 = 0.3 %, respectively.

R. dominica:- The obtained percentage mortalities at |
day-exposure were 47.5 + 3.9, 50.8 + 7,537+ 4.5 and 43.9 +
3.4% .for the adult, egg, larva and pupa of R. dominica,
respectively. Complete kill was obfaill'ed at 5 day-exposure for
the various stages except the pupal stage which its mortality was
97 £ 3% only at this exposure period.

I. castaneum:- Percentage mortalities at | day-exposure
were 60 £ 7.9, 43 £ 6, 50.2 + 5.1 and 40 + 6.7% for the adult,
egg, larva and pupa of 7. castancum, respectively. These values
increased at 5 day-exposure to 100; 99.9 + 1, 100 and 99 + 1%
for the various stages, respectively.
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Table (8a): Responses of the tested stages of various insect species to 100 ppm of phosphine at 26 + 2°C; 55 + 5% R. H. and

varying exposure periods.

o4 Mortality at indicated exposure periods (days)
Insect species Stage Centrol
1 2 3 5 7
Adult 54.4%5.1 98.0 £ 0.0 99.9+ 0.3 100 100 0.0
. Egg 30.4% 1.0 78.1+5.9 90.8 + 0.8 99.0 % 1.0 100 0.0
9. orvzaz S ——
: Larva 46.2% 0.4 87.2% 2.0 95.0 = 1.9 100 100 0.0
Pupa 443 1.0 66.9 = 3.3 86.3 + 4.7 953+ 0.3 - 100 0.0
Adult 47.5+3.9 74.4+ 2.0 98.0 £ 1.3 100 100 0.0
| Egg 50.8 = 7.0 89.8+ 1.9 97.8+25 | 100 100 0.0 |
R. dominica |
Larva 53.7+45 83.5+4.5 98.7 + 2.3 100 100 0.0
Pupa 43.9+3.4 68.2 3.0 83.1+1.7 97.0 £ 3.0 100 0.0
Adult 60.0 £ 7.9 98.0 + 2.0 99.0 + 1.0 100 100 0.0
Egg 43.0£6.0 69.0 = 7.0 88.0+3.5 99.9 + 1.0 100 0.0
T. castaneum : .
Larva 50.2 5.1 73.0£5.0 89.0 % 6.0 100 100 0.0
Pupa 40.0 6.7 69.0 3.0 87.0+ 3.0 99.0 £ 1.0 100 0.0
T. granarium | Active 122+ 1.9 53.3+ 3.4 88.0£3.0 99.0 = 1.0 100 0.0
L larvae Diapause | 6.7+3.4 31.1£1.9 66.0 £ 9.0 90.0 = 5.0 -100 0.0 |
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I. granarium- At | day-exposure, the recorded

mortalities were 12.2 + 1.9 and 6.7 £ 3.4 % for the active and
diapause larvae of 7, granarium. These percentages increased to
99 £ 1% and 90 + 5% at § day-exposure for the active and
diapause larvae, respectively.
The lethal times and parameters of probit regression line
estimates for the tested stages of various insect species,
exposed to 100 ppm phosphine at grain temperature 26 4 2°C
and 55 = 5% R.H. are listed in Table 8b & Fig (11).

S. orpzae:- The results show that the time needed to
obtain 50% kill for the various stages of . oryzae was 0.9, 1.3,
1.0 and 1.2 days for the adult, egg, larva and pupa, respectively.
To achieve 99% mortality, the values increased to 24, 5.1, 44
and 9.1 days for the different stages, respectively. It was evident
that the pupal stage of ., oryzae was the most tolerant to the
treatmerit of 100 ppm phosphine at 26 + 2°C.

R. dominica:- Results in Table 8b show that the time
needed to obtain 50% mortality for the adult, egg, larva and pupa
of R. dominica_was 1.2, [.1, 1.1 and 1.2 days, respectively. To
achieve 99% kill, the values increased to 3.2, 3,3, and 8.1 days
for the different stages, respectively. This result reveals that the

pupal stage of R. dominica was the most tolerant to phosphine at
26+2°C.

I. castaneum:- The lethal time values recorded for 50%
mortality were 0.9, 1.3, 1.1 and 1.3 days for the adult, egg, larva
and pupa of 7. castancum, respectively. To achieve 99% kill,
these values increased to 26, 43, 58 and 5.7 days for the
different stages, respectively. It was obvious, that the adults of T,
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Table (8b): Lethal times and parameters of probit regression line estimates for the tested stages of various insect species,

exposed to 100 ppm of phosphire at 26 £ 2°C and 55+ 5 %R. H.

Lethal times and their 95% confidence limits (days)

Insect species Stage LTs, LTon LT, Slope = SD R
Adult 0.9(0.7-1.2) L5(1.1-2.1) 24(1.3-435) 5.2746 £ 0.21 0.9859
& oryean Egg 1.3(1.1-1.7) 2.8(2.1-3.7) 5.1(3.1-82) 4.0052 + 0.01 0.9985
- Larva 1.0(04-2.6) 23(09-6.2) 4.4(0.7-286) 3.6953 + 0.01. 0.9964
Pupa 1.2 (0.8-1.7) 3.7(2.4-5.6) 9.1 (4.0-20.8) 2.6525 £ 0.03 0.9920
Adult 1.2 (1.0-1.4) 2.1(1.7-2.5) 3.2(23-45) 5.4564 £ 0.57 0.9652
BB o Egg 1.1 (0.9-1.3) 1.9(1.5-24) 3.0(2.1-44) 5.1628 + 0.20 0.9857
- dommnica
Larva 1.1 (0.9-1.3) 1.9(1.5-2.4) 3.0(2.1-44) 5.2250 £ 0.32 0.9784
Pupa 1.2(09-1.7) 3.5(24-5.2) 8.1(3.8-17.1) 2.8614 £ 0.07 0.9842
Adult 0.9 (0.6-1.2) 1.6 (1.2-2.1) 2.6 (1.6-44) 4.7578 £ 0.17 0.9859
T listirioiin Egg 1.3 (1.1-1.6) 2.5(2.0-3.2) 4.3(2.9-64) 4.5029 + 0.65 0.9435
Larva 1.1 (0.8-1.5) 2.8(2.0-3.8) 5.8(3.1-10.8) 3.2744 £ 0.14 0.9755
Pupa 1.3(1.0-1.7) 2.9(2.2-4.0) 5.7(3.3-99) 3.6280 + 0.1 0.9806
T. granarium Active 1.8 (1.5-2.1) 3.2(25-4.1) 51(3.5-175) 5.0448 + 0.04 0.9967
larvae Diapause | 2.4 (2.0-2.9) 5.1(37-7.0) 9.2(55-15.6) 4.0333 £ 0.03 0.9967

R = Correlation coefficient of regression line.

SD = Standard deviation.

-
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castaneum were more susceptible to phosphine treatment than
the other inset stages.

I. granarium:- The lethal time values registered for the
active and diapause larvae of T. granarium for achieving 50%
kill were 1.8 and 2.4 days, respectively. To achieve 99%
mortality these  values increased to 5.1 and 2.2 days,
respectively. This result shows that the diapause larvae of T.
granarium were more tolerant to phosphine than the active one.

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.

4. Efficacy and _combined action of phosphine with

carbon _dioxide against the tested insect species at

varving grain tem peratures:

4.1. Efficacy and combined action of phosphine (100
ppm) with 30 + 5% CO, at grain temvperatures of 26 +
2'C and 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 at 26 + 2°C and varying exposure periods
are given in Tables 9, 10, 11 and 12.

The results recorded in Table 9 & Fig 12 show the
obtained data at 1- -day exposure period. The results indicate
clearly that percentage moralities resulted from the combinations

RESULTS AND DISCUSSION 131



Table (9): Efficacy and combined action of

various insect species at grain temperature of 26 + 2°C and 55+ 5 %,

100 ppm phosphine with 30 + 5 %

carbon dioxide to the tested stages of

R. H. after 1 day exposure period.

. _ “YeMortality for different treatments H Co-toxicity Type of joint tﬁ
Insect species | Stage ] .
) PH; alone CO; alone PH; + CO, factor action
_ Adult 54.4 28.6 93.3 124 d
Ego 30.4 23.6 69.5 28.7 s
§. oryzae
Larva 46.2 32.8 80.2 1.5 d
Pupa 44.3 18.7 71.9 14.1 d
|
Adult 47.5 8.5 92.2 04.6 s |
. | Ego 50.8 28.2 95.8 20.6 s
R. dominica
“ Larva 53.7 35.3 83.1 -6.6 d
Pupa 43.9 15.1 83.3 41.2 s
Adult 60.0 3.3 90.0 42.2 s u
Egg 43.0 26.7 60.0 -13.9 d
T. castaneum
Larva 50.2 35.6 80.0 3.9 d
Pupa 40.0 25.6 63.0 -4.0 d
. -
T. granarium | Active 12.2 6.7 32.2 _ i 70.3 s
Diapause 6.7 3.3 15.6 _ 56.0 s

= additive effect

§ = synergistic effect
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of phosphine and carbon dioxide were obviously greater than
those obtained from each gas alone.

Co-Toxicity values resulted from the mixture of 100 ppm
phosphine plus 30 + 5% carbon dioxide showed additive/or
synergistic effects for the tested stages of various insect species.

Co-toxicity values of the same mixture at two days
exposure period showed with the different stages of S. oryzae, R.
dominica and T. castaneum pronounced additive effect, but in
case of active and diapause larvae of T. granarium 2 synergistic
effect was noticed (Table, 10 & Fig 13).

The results of the same mixture of phosphine and carbon
dioxide at 3 days exposure periods are summarized in Table 11
& Fig 14. 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
the exception of the diapause larvae of T granarium, where a
synergistic effect was observed.

After 5 days-exposure, the results given in Table 12 & Fig
L5 indicate additive effects for the mixture with the different
stages of all tested insect species.

4.2. Efficacy and combined action of 100 ppm phosphine
with 60 £ 5% CO, at grain temperature of 14 + 1°C:

-Resuits of the efficacy and combined action of 100 ppm
phosphine with 60 + 5% COj, to the tested stages of various
insect species at grain temperature of 14 + 1°C and 55 + 5% R.H.
after 2 days exposure period are presented in Table (13) & Fig
(16). 1t was evident that the percentage mortalities of the insects
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Table (10): Efficacy and combined action of 100 ppm phosphine with 20 + 5 % carben dioxide to the tested stages of

various insect species at grain temperature of 26 =2 °C and 55+ 5 % R. H. after 2 days exposure period.

. | i % Mortality for different treatments Co-toxicity Type of
Insect species ! Stage X o .
, PH3 alone CO2 alone PH3 + CO2 factor joint action
Adult 98.0 31.1 100 0.0 d
) Eeg | 781 | 311 98.2 1.8 d
3. oryzae
i Larva 87.2 41.8 91.8 -8.2 d
Pupa 66.9 29.6° 85.7 -11.2 d
|
Adult _ 74.4 10.0 100 15.6 d
! T
| Egg _ 89.8 37.0 98.9 il d
R. dominic . _ 4
| Larva | 83.5 31.6 96.1 -3.9 d
| Pupa g 68.2 15.8 86.2 6.2 d
| Adult 98.0 53 100 0.0 d
 Egg L 69.0 _ 40.0 98.0 -2.0 d
T. castaneum ] [ |
' Larva G 73.0 | 43.0 99.0 -1.0 d
' Pupa L 69.0 | 37.8 87.0 -13.0 d
Active 53.3 12.2 90.0 37.4 s
T. granarium larvae
Diapause 31.1 10.0 76.0 84.9 s

d = additive effect

s = synergistic effect
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Table (11): Efficacy and combined action of 1¢0 ppm phosphine with 30 £ 5 % carbon dioxide to the tested stages of

various insect species at grain temperature of 26 +2°C and 55+ 5 % R. H. after 3 days exposure period.

g

o “%Mortality for different treatments Co-toxicity Type of joint
Insect species |  Stage .
| PH; a2lone CO; alone PH;: + CO, factor action
| Adult 99.2 62.2 100 0.0 d
Eso 90.8 50.4 98.5 -1.5 d
S. oryzae
Larva 95.0 52.6 99.3 -0.7 d
Pupa 86.3 32.5 99.3 -0.7 d
Adult 98.0 50.0 100 0.0 d
Eog 57.8 62.0 100 0.0 d
R. dominica n
Larva 98.7 36.9 100 0.0 d
' Pupa 83.1 18.4 95.1 -4.9 d
' Adult 99.0 20.0 100 0.0 d
Ecgo 88.0 63.0 100 0.0 d
T. castaneum
" Larva 89.0 61.7 100 0.0 d
' Pupa 87.0 ' 49.0 100 0.0 d
T. granarium Active 88.0 18.% 160 0.0 d
- larvae ' Diapause 66.0 11.1 100 29.7 s

d = additive effect

s = synergistic effect
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Table (12): Efficacy and combined action of 100 ppm phosphine with 30 + 5 %

various insect species at grain temperature of 26 + 2°C and 55+ 5 %

carbon divxide to the tested stages of

R. H. after 5 days exposure period.

. “YoMortality for different treatments Co-toxicity Type of joint
Insect species Stage ;
PH; alone CO;alone PH; + CO, factor action
Adult 100 80.0 100 0.0 d
Emw 99.0 59.4 99.7 -0.3 d
S.ooryzae
Larva 100 63.2 100 0.0 d
_ Pupa 95.3 35.5 99.6 -0.4 d
Adult 100 | 91 100 0.0. d
Egg 100 64.0 100 0.0 d
R. dominica T
F.:.ﬁ_ 100 38.6 100 0.0 d
[ Pupa . 97.0 28.6 100 0.0 d
% Adult 100 36.7 100 0.0 d
‘ Ego 99.9 85.0 100 0.0 d
T. castancum
‘ | Larva 100 83.3 100 0.0 d
_ Pupa 99.0 * 53.0 160 0.0 d
I
* T. granarium | Active 99.0 27.8 100 0.0 d
larvae Diapause 99.0 15.6 100 0.0 d

d = additive effect
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Table (13): Efficacy and combined action of 100 ppm phosphine with 60 £ 5 % carbon dioxide to the tested stages of

various insect species at grain temperature of 14 = 1°C and 55+ 5 4 R. H. after 2 days exposure period.

. . . St “YMortality for different treatments Co-toxicity Type of joint
nsect species age
i ° PH; alone CO; alone PH; + CO, factor action
Adult 100 80.0 100 0.0 d
" Egg 54.5 29.4 68.8 -17.9 d
. oryzae
} Larva 88.4 67.3 52.2 -17.8 d
Pupa 95.5 87.0 95.5 -4.5 d
Adult 95.0 10.0 100 0.0 d
. Egg 63.6 59.3 91.9 -8.1 d
R. dominica
Larva 78.0 67.0 87.9 -12.1 d
| Pupa 68.1 47.1 86.6 -13.4 d
Adult 100 5.5 100 0.0 d
Egg 68.3 48.3 88.3 117 d
T. castaneum
Larva 57.8 . 20.0 100 28.5 s
Pupa 57.8 10.0 190 47.5 s
T. granarium | Active 48.9 4.4 100 87.6 S
larvae Diapause 32.2 4.4 98.9 170.2 s

d = additive effect

s = synergistic effect

141

SULTS AND DISCUSSION



i )|

is: 2 |
UE, - s g Wk U N 00 0 5
S O O O o o & o
-~ 3 J;r ] ] i | J ! 1 J 4
S N —
< &
5 R %o Lo '
s8] ‘
8 | E : =|
- { . T —— =)
g -?,1;? DERY L sl R
3 i
e 4
o 2 B R AN TR i
= b, BTN
=)
o]
8 Aay, T R A TN A B e
e :
T )
o
2 S &
2 3 -
2 N
/.
O & “
S\ a ?,11?
S8
(g .
w % “y
=~ o
— )
-3
(=]
& “ "a,
& 5z
: 3
- a &,
e,
() 8 &
o 2
"; 3 { AT TRy e =
‘ n, P BRI Y
/) O™ L
BEREIN
Uy, L
~ 4(‘0% O B
Q
3 %
3, P
B [d W
3 e
=)

D+cHdm
auoje z0OH O

C

B |

€HdD

auoe

RESULTS ANDDISCUSSION



resulting from the combination of the two gases were higher than
those obtained from each gas alone. Co-toxicity values of the
mixture indicate additive effects for the different stages of both
S. oryzae and R. dominica While in case of T castaneum,
additive effects were obtained only for the adult and egg stages,
while synergistic effect was shows for the larval and pupal
stages.

Also, synergistic effect was noticed with both active and
diapause larvae of 7. granarium. |

4.3. Efficacy and cembined action of 100 ppm phosphine
with 60_+5% CQO, at grain temperature of 18 + 2°C,

The results of the efficacy and combined action of 100

ppm phosphine with 60 + 5% CO, to the tested stages of various
insect species at grain temperature of 18 + 2°C and 55 + 5% R .H.
after one day exposure period are. shown in Table (14) & Fig
(17).
Co-toxicity values resulted from the mixture of phosphine plus
carbon dioxide show additive effects for the different stages of §.
oryzae, R.. dominica and T, castaneum, while in case of the
active and diapause larvae of T granarium synergistic effect
was noticed.

4.4 Efficacy and combined action of 100 ppm phosphine
with 60 £ 5% CO, at grain temperature of 20 + 1°C:

Table (15) & Fig (18) shows the results of the efficacy
and combined action of 100 ppm phosphine with 60 + 5% CO, to
the tested stages of various insect species at grain temperature of
20+ 1°C and 55 + 5% R_H. after 5 days exposure periods.
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Table (14): Efficacy and combined action of 100 ppm phosphine with 60 £ 5 %

various insect species at grain temperature of 18 = 2°C and 55+ 5

carbon dioxide to the tested stages of

% R. H. after 1day exposure period.

I
| X St “YoMortality for different treatments Co-toxicity Type of joint il
| Insect species age .
_ll pe _ PH; alone CO, alone PH; + CO, factor action
| Adult 78.3 _ 56.7 95.0 -5.0 d
¢ Egg 33.7 14.9 52,0 7.0 d
S oryzae
’ | Larva 76.3 35.3 89.0 -11.0 d
Pupa 67.9 15.2 74.2 -10.7 d
| Adult 78.9 25.0 92.2 -7.8 d
. | Ege 92.6 87.6 96.7 33 d
R. duminica T
i Larva 95.3 90.6 93.8 -6.2 d
Pupa 89.3 81.4 98.7 -1.3 d
Adult 100 18.9 100 0.0 d
| Eco 61.7 67.5 83.5 -16.5 d
| T. castaneum
[ Larva 100. 61.7 100 0.0 d
m Pupa 100 *72.2 100 0.0 d
T. granarium Active 13.3 2.2 33.4 -115.5 s
larvae Diapause 11.1 0.0 15.0 35.1° s

d = additive effect

s = synergistic effect
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Table (15): Efficacy and combined action of 100 ppm phosphine with 60 £ 5 ¢

various insect species at grain temperature of 20 £ 1°C and 55 + 5 %

o carbon dioxide to the tested stages of

R. H. after 3 days exposure period.

i “ YoMortality for different treatments _ Co-toxicity Type of joint
Insect species Stage J .
PH. alone CO; alone PH; + CO, factor action
Adult 100 96.7 100 | 0.0 d
Eoco | 5.4 50.8 94.3 | -5.7 d
S. oryzae _ |
Larva 91.8 77.2 95.0 | -3.0 d
Pupn 57.3 29.6 $7.4 : 0.6 d
Adult 100 100 100 0.0 d
Eou 79.8 62.0 9253 -4.7 d
R. dominica
Larva 92.3 67.9 96.2 i -3.8 d
Pupa “ 69.8 29.8 97.4 7 2.2 d
Adult | 100 100 100 “ 0.0 d
Eco 60.0 58.3 95.9 | -4.1 d
T. castaneim |3 i
Larva 100 975 100 | 0.0 d
Pupa 100 " 80.0 95.9 “ -4.1 d
T. granarium | Active 100 48.4 100 ‘ 0.0 d
larvae Diapause 100 25.0 100 ,_ 0.0 d

RESULTS AND DISCUSSION
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Data reveal that percentage moralities resulting from
phosphine-carbon dioxide-mixture were in general greater than
those of each gas alone, Co-toxicity values indicate pronounced
additive effects for the mixture with the different stages of all
tested msect species.

4.5 Efficacy and combined action of 100 ppm phosphine
with 60 + 5% CO, at 24 + 1°C,

Table (16) & Fig (19) shows the results of the efficacy
and combined action of 100 Ppm phosphine with 60 + 5% CO, to
the tested stages of various insect species at grain temperature of
24 £ 1"C and 55 4 5% R H. after 5 days exposure period.

Data indicate that the calculated Co-toxicity values reveal
additive effects with the tested stages of all the insect species
under study.

4.6 Efficacy and combined action of 100 ppm phosphine
with 60 + 5% CO, at 26 + 2°C.

The results of the efficacy and combined action of 100
ppm phosphine with 60 + 59 CO; to the tested stages of various
insect species at grain temperature of 26 + 2°C and 55 + 59 R.H.
after 7 days €Xposure period are given in Tab]e (17) & Fig (20).
The results showed additive effects with the tested stages of all
the insect species under study.

4.7. Efficacy and combined action of 200 ppm phosphine

with 80 + 59 CO; at various grain temperatures.

The obtained results are presented in Tables 18, 19, 20, 21
and 22, The results of the efficacy and combined action of 200
PPm phosphine with 80 + 59 CO; to the tested stages of various
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Table (16): Eificacy and.co

mbined action of 100 ppm phosphine w
*C and 55+ 5 % R. H. after 5 days exposure period.

grain temperature of 241

ith 60 = 5 % carbon dioxide to the tested stages of

various insect species at
. o/, Mortality for different treatments Co-toxicity Type of joint
Insect species Stage p
PH; alone CQO; alone PH; + CO, factor action

Adult 100 100 100 0.0 d

i Egg 97.9 48.9 98.4 -1.6. d
S. oryzae ]

’ Larva 95.9 | 905 99.3 -0.7 d
Pupa 99.4 77.1 97.2 -2.8 d

Adult 105 100 100 B 0.0 d .
i Eggo 80.3 70.9 90.2 -9.8 d

R. dominica = : | =
Larva 85.2 70.4 97.6 -2.4 d |
' Pupa 87.8 69.5 89.6 -10.4 d
~Adult 100 100 100 0.0 d
Eegg 100 100 100 0.0 d
T. castaneun
| Larva 100 | 100 100 0.0 d
| Pupa 100 * 617 100 0.0 d
T. granarium | Active 100 50.0 100 0.0 d
| larvae ?&u.& ause 100 27.8 - 100 | 0.0 d

d = additive cffect
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Table (17): Efficacy and combined action of 100 ppm phos

various insect species at grain temperature of 262

phine with 60 + 5 % carbon dioxide to the tested stages of

“Cand 555 % R. H. after 7 days exposure period.

T
. _ 9% Mortality for different treatments Co-toxicity Type of joint
Insect species Stage ﬁ .
PH; alone CO; alone PH; + CO, factor action
Adult 4 100 100 100 0.0 d
Egg M, 100 89.5 100 0.0 d
S. oryzae ﬁ
Larva “ 99.7 89.3 100 | 0.0 d
Pupa “ 92.5 25.6 94.4 -5.6 d
Adult | 100 100 100 0.0 d
. Eggo | 91.6 68.3 95.4 | 4.6 d
R. duominica - —1 — =
Larva 93.7 88.3 95.9 _ -4.1 d
Pupa 73.9 40.2 88.9 -11.1 d
Adult 100 100 100 0.0 d
. Egg 100 93.3 100 0.0 d
I. castaneum
‘ Larva 100 100 100 0.0 d
Pupa 100 67.5 100 0.0 a |
" T. granarium | Active 100 77.8 100 0.0 d
m larvae Diapause _| 100 42.2 100 0.0 d

d = additive effect
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insect species at grain temperature of 32 + 2°C and 55 = 5%.
R H. after one day exposure period are listed in Table (18) & Fig
(21). Percentage mortalities resulting from the mixture of
phosphine and carbon dioxide were mostly higher than each gas

alone.

Co-toxicity values showed additive effects with the
different stages of both 8. oryzae and R. dominica, while in case
of T. castaneum additive effect was observed with the adult and
pupa, but with the eggs and larvac a synergistic action was
shown. Meanwhile, a synergistic effect was also noticed with the
active larvae of T. granarium, but a negative effect was

achieved in case of the diapause larvae,

The results of the efficacy and combined action of 200

ppm phosphine with 80 + 5% CO, at grain temperature of 32 £
2°C after 7 days exposure period are presented in Table (19) &
Fig (22).
Co-toxicity values of the mixture reveal additive effects with all
tested stages of various insect species under study. At the same
time, similar result was recorded for this mixture at 28 = 2°C
after 3 days exposure period Table (20) & Fig (23).

The results of the efficacy of 200 ppm phosphine with 80
+ 5% CO, to the tested stages of various insect species at grain
temperature of 21 + 1°C and 55 + 5% R:H. after 2 days exposure
period are shown in Table (21) & Fig (24). The results mdicate
additive effects for the mixture of phosphine plus carbon dioxide
with the various stages of S. oryzae, R. dominica and T.
castaneum, while in case of the active and diapause larvae of T.

granarium an antagonistic effect was shown.
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Table (18): Efficacy and combined action of 200 ppm phosphine with 80 + 5 “ carbon dioxide to the tested stages of
various insect species at grain temperature of 32 + 2"C and 55+ 5 % R. H. after 1 day exposure period.

. _ __“%DMortality for different treatments Co-toxicity Type of joint
Insect species Stage . .
o PHj; alone CO; alone PH; + CO, factor action
Adult _ 100 | 093.3 100 G.0
E 85.2 75.2 100 G.0
8. ey | Lgg
Larva 100 100 100 0.0
Pupa ‘ 83.4 77.8 100 0.0
Adult | 78.9. 65.0 91.1. 89
. Egg _ 45.8 31.0 74.2 -3.7
R. dominica — -
Larva _ 95.6 85.0 99.3 -0.7
Pupa _ 64.6 55.1 98.8 -1.2
Adult _ 70.0 60.0 _ 97.8 -2.2 . d
Eg 0.0 8.3 | 41.7 402.4 s
7. castaneum & T B e
Larva | 24.5 18.4 81.7 90.4 - s
Pupa _ 73.3 | 65.6 81.1 -18.9 d
T. granarium | Aciive . 13.3 N 22 ﬁ 68.4 168.2 s H
11.1 : 8.9 15.5 ~=22.5 a

larvae ' | Diapause
a = antagonistic effect
d = additive effect
s = synergistic effect

Il
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Table (19): Efficacy and combined action of 200 ppm phosphine with 80 + 5 °

various insect species at

grain temperature of 32 + 2°C and 55+ 5 %

o carbon dioxide to the tested stages of

R. H. after 7 days exposure period.

{
|

. ﬁ “oMortality for different treatments Co-toxicity Type of joint
Insect species Stage | . .
| PH; alone CO; alone PH; + CO, factor action
I T I
| Adult ! 100 ! 100 100 0.0 d
m g 100 ,_ 100 100 0.0 d
S. oryzae _ -
Larva 100 | 100 100 0.0 d
Pupa 100 ‘ 88.9 100 0.0 d
o i00 95.6 100 . | 0.0 d
o 97.0 _ 98.0 94.0 | 6.0 d
R. dominica ]
96.6 _ 98.1 97.5 5 d
Pupa 98.1 | 98.4 96.5 3.5 d
Adult 100 | 98.9 100 0.0 d
- Egg 91.7 | 93.3 100 ! 0.0 d
I casraneunt
E:s 100 | 100 100 | 0.0 d
| Pupa ! 100 __ 98.9 06 | 0.0 d
T. granarium | Active | 100 | * 678 100 | Y d
]
larvae Diapause | 100 _ 35.5 100 | 0.0 d )

d = additive effect
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Table (20): Efficacy and combined action of 200 ppm phosphine with 80 £ 3 % carbon dioxide to the tested stages of

various insect species at grain temperature of 28 £ 2°C and 55+ 5 % R. H. after 3 days exposure period.

-

|

YoMortality for different treatments

Co-toxicity

Type of joint

Insect species Stage
! ) PH; alone CO; alone PH; + CO, factor action
| Adult 100 100 100 0.0 d
. | Egg 100 100 100 0.0 d
S, oryvzae _ -
| Larva 100 86.7 100 0.0 _d
Pupa 97.9 96.7 95.8 -4.2 d
_ { Adult 100 100 100 0.0 d
|
o |Ews 98.8 89.1 99.4 -0.6 d
R. dominica |
| Larva 100 99.1 100 0.0 d
| Pupa 97.5 87.8 99.6 -0.4 d
| Adult 100 100 100 0.9 d
| Egg 98.3 96.7 98.3 1.7 d
T. castaneum | T
[Larva | 100 « 975 1006 0.0 d
Pupa 95.6 94.4 96.7 -3.3 d
T. granarium | Active 100 48.4 100 0.0 d
larvae Diapause 100 27.8 100 0.0 d

d = additive effect
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Table (21): Efficacy and combined action of 200 ppm phosphine with 80 = 5 % carbon dioxide to the tested stages of

varicus insect species at grain temperature of 21 £ 1°C and 55+ 5 % R. H. after 2 days exposure period.

. YoMertality for different treatments Co-toxicity Type of joint
Insect species Stage .
L PH; alone CO; alone PH; + CO, factor action
Adult 100 97.8 100 0.0 d
Ege 100 95.4 100 0.0 d
S. oryzae
: Larva 100 93.7 100 0.0 d
Pupa 100 100 100 0.0 d
| Adult 90.0 m 90.0 95.6 4.4 d
i

| Ego 87.0 ~ 713 98.8 -1.2 d

R. dominice
Larva 77.4 68.6 100 0.0 d
Pupa 90.8 83.8 100 0.0 o d
Adult 100 85.0 100 0.0 d
Ego ~95.0 70.0 96.7 -3.3 d

T. castaneum
: Larva 100 77.9 100 0.0 d
Piipa 97.8 ., 839 98.4 -1.6 d
T. granarium | Active 56.7 -~ 76.7 66.7 -33.3 a
larvae Diapause 54.4 57.8 55.6 : -44.4 a

a = antagonistic effect

d = additive effect
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Table (22) & I 12 (25) shows the results of the L“lL.lL\ of
200 ppm phosphine with 80 = 5% CO; to the tested stages of
various insect species al gramn temperature of 16 + 1°C and 55 +
5% R.H. after 5 days exposure period. These results indicated
additive effects for the mixture with all the tested stages of the
insects under study.

The obtain results on the efficacy of combinations of
phosphine plus carbon dioxide against the tested insects are in
agreement with those obtained by Lindgren et al, 1958;
Qureshi, ¢f al., 1965; Reynolds ez al., 1967; Winks, 1973, 1982
& 1984; Kashi and Bond, 1975; Bell, 1976; Barbara et al,

1976; Desmarchelier, 1984 and El-Lakwah et al., 1989, 1990,
1991 a, b and 1992a, b & c.
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Table (22): Efficacy and combined action of 200 ppm phosphine with 8¢ =

various insect species at grain temperature of-16 £ 1"C and 55 £ 5 % R. H. after 5 days exposure period.

5 % carbon dioxide to the tested stages cf

% Mortality for different treatments

Co-toxicity

¢ |

Type of join

Insect species |  Stage )
PH; alone CO;alone PH; + CO, factor action
Adult 100 100 100 00 | d
. Egg 79.4 3.5 90.8 -9.2 d
. 8. oryzae N
_ Larva 89.8 90.6 99.6 -0.4 d
Pupa 85.0 50.1 .88.4 -11.6 d
Adult 100 100 100 0.0 d N
) Egg 60.1 38.9 79.2 -20.0 d
R. duminica T — 7
Larva 68.7 48.6 80.3 -19.7 | I S
Pupa 48.0 55.6 §1.3 -18.7 d
Adult 100 100 100 0.0 d
Egg 100 100 100 0.0 d
T. custanewm [
m Larva 100 100 100 0.0 d B
Pupa 100 73.3 100 0.0 d
w T. granarium | Active 100 43.3 100 0.0 . d |
| larvae Diapause 98.9 43.3 98.9 -1.1 d

d = additive cffect
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