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RESULTS AND DISCUSSION

1. Toxicity of phosphine to the tested insects:

The toxicity of phosphine to the insect species tested,
which cause serious damage to stored cereal grains and

pulses in Egypt namely; Sitophilus oryzae (L.), Rhizopertha

dominica (F.) and Callosobruchus maculatus (F.)}, was

determined in the laboratory at 26x1°C, 6*1°C and 6052
R.H. The fumigation tests were conducted with fixed
concentrations of PH3 (20, 40 and 80 vpm) at varying

exposure periods.

1.1. Toxicity of phosphine to all stages of S, oryzae (L.):

The lethal time values and q%ope of regreasion line&
achieved for the different sfages of S. oryzae exposed
to various fixed concentrations of phosphine at 26%1°C
and 6%+1°C are giver in Table (1). Results indicate that
- the lethal time values of all stages required for various
levels of mortality were significantly longer at lower —

temperature than at 26%1°C,

For example, the lethal time value needed to obtain
90%Z kill of all developmental stages of S. oryzae with
a concentration of 20 vpm PH3 was markedly prolonged from
(17, 51, Si and 122 hr) at 26%1°C to (119, 162, 141 and
261 hr) at 6%1°C for the adult, larval, pupal and egg stage/f9 —

respectively.
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‘H:i.th a concentration of 40 vpm PH3, f:he léthal exposure
value required to achieve 90% mortality was also increased
from (16, 23, 44 and 90 hr) at 26%1°C to (34, 88, 85 and
223 hr) at 6+1°C for the forementioned developmental stages,
respectively. With a concentration of 80 vpm ‘PHB. these
values were (8, 32, 37 and 49 hr) at 26x1°C and (21, 66,
60 and 131 hr) at the lower temperatufe. At the Lng and
LT99.9 levels, the lethal time values of the adult stage
were markedly shorter than those of other developmental
stages at the two test temperatures. This result intimates
that the adult stage of §; oryzae was mére susceptible

to phosphine than the immature stages.

The - lethal response -estimates of concentration X
time-product (mg.h.l)-required for 50, 90 add 99% kill
of all stages of S, oryzae at 26%1°C and 6%1°C are given
in Tables (2 and 3). These results show that the mean
values of concentration X time in mg.h/l1 required to obtain
90 and 99% mortalities (LC.T90 and LC.ng) for the different
stages of §;' oryzae were significantly lower at higher

temperature (26%x1°C) than at lower one (6x1°C).

At 26%1°C, the order of tolerance to a phosphine
concentration of 20 vpm at the LC.T99 level was egg > larva
> pupa > adult. The order of tolerance to .a phosphing
concentration of 40 YpR was egg > pdupa > larva > adult.
.At 80 vpm PH3 the order of tolérance to phosphine was egg

*

> larva > pupa > adult. The order of tolerance to phosphine




Table (2): Lethal response

the different

- Q6 -

(LC'TSO’

stages

LC.T

of

90
S.

_and LC

oryzae,

.ng) for

exposed

to various fixed concentrations of PH3 at 26+1°C

and 60+5% RH.

*
Lethal response (mg.h/1)

Concentration Stage

(vpm) LC.T50 LC.T90 LC.T99
Adults 0.28 0.48 0.76

20 Larvae 0.25 1.44 5.91
Pupae 0.37 1.44 4.44

Eggs 1.07 3.45 8.85

Adults 0.34 0.90 1,92

40 Larvae 0.45 1.30 3.05
Pupae 0,90 2.49 5.71

Eggs 1.47 5.09 14,07

Adults 0.45 0.90 1,58

BO - Larvae 0,90 3.62 11.53
Pupae 1.24 4,18 11,42

Eggs 2,15 5.54 12,21

Adults 0.36 0.76 1.42

Mean Larvae 0.53 2.12 6.83
Pupae 0.84 2.70 7.19

Eggs 1,56 4,69 11.71

# = Concentration X time products for a certain mortality.

1 vpm = 1 ppm = 1.413 mg/1.
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Table (3): Lethal response (LC.T;,, LC.Ty, and LC.Ty4) for

the

to

different

various

fixed concentrations

6x1°C and 60x5% RH.

stages

S. oryzae,

of PH

3

exposed

at

™
Lethal response (mg.h/1l)

Concentration Stage

{vpm) LC.T50 LC.T90 LC.T99
Adults 0.71 3.36 12,18

20 Larvae 0.57 4.58 10.99
Pupae 0.65 3.99 17.61

Eggs 1.39 7.38 29,10

Adults 0.62 1,92 4,64

40 Larvae 0.90 4,97 16.67
Pupae 0.62 4.80 26.90

Egegs 2.10 12.61 55,10

Adults 0.90 2.37 4,97

80 Larvae 2.26 7.46 20.35
Pupae 2.15 6.78 17.10

Eggs 3.28 14,81 51.40

Adluts 0.74 '2.55 7.26

Mean Larvae 1.24 5.67 17.00
Pupae 1.14 5.19 20.54

Eggs 2.26 11.60 45,20

* = (Concentration X time products for a certain mortality.

1 vpm = 1 ppm = 1.413 mg/1.
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concentrations ranged from 20-80 vpm was egg > pupa > larva

> adult (Table, 2).

At 6%1°C, the orlder of tolerance to a phosphine

concentration of 20 vpméat the LC.T99 level was egg > pupa

> Theforder of tolerance to a phosphine

> adult larva.

concentration of 40 vpﬁ was egg > pupa > larva > adult.
With 80 vpm PH3 the ofrder of tolerance to phosphine was
egg > larva > pupa > adult,. The order of tolerance to
phosphine concentrationb ranged from 20-80 vpm was egg

level (Table, 3).

> pupa > larva > adult 4t the LC.T99

1.2. Toxicity of phospih:l.ne to all stages of R. dominica
I

-

(F.):

|
The lethal time values and slope of regression line

obtained for all stages of R. dominica exposed to fixed

concentrations (20, 40 |and 80 vpm) of phosphine at 26%1°C

and 6%+1°C are shown in Table (4). Data show that the lethal

time values of all developmental stages, that required

for various levels of mortality were significantly greater

at lower temperature than at higher one.

For example, the lethal time value needed to achieve

90X kill of all develo
a phosphine concentrati
from (16, 44, 133 and

and 278 hr) at 6x1°C f

stage, respectively.

pmental stages of R. domimnica with
on of 20 vpm was markedly increased

133 hr) at 26%1°C to (98, 282, 267

or the adult, larval, pupal and egg
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By a phosphine céncentration of 40 vpm, the 1lethal
time value required to give 90Z kill was also prolonged
from (15, 37, 27 and 97 hr) at the higher temperature to
(30, 176, 161 and 149 hr) at the Jlower one for the

forementioned developmental stages, respectively.

With a phosphine concentration of 80 vpm, these values

were (8, 20, 98 and 37 hr) at 26x1°C and (28, 121, 127

and 111 hr) at 6xi°C,

Af the LT99 and LT99.9 levels, the lethal exposure
values of the adult stage were significantly less than
those of the immature stages at the two test temperatures.
This result point out that the adult stage of R. dominica

vas more susceptible to phosphine than the othgr

developmental stages.

The 1lethal response estimates of concentration X
time product in mg.h/l1 required to obtain 50, 90 and 99%
mortality for all stages of R. dominica at 26*1°C and 6*1°C

are given in Tables (5 and 6).

These data show that the mean values of concentration
X time in mg.h/l needed to achieve 90 and 99% kill (LC.T90
and LC.ng) for thé different stages of R, dominica were

markedly greater at 6x1°C than at 26%1°C,

At 26%1°C, the order of tolerance to a phosphine

concentration of 20 vpm at the LC.T99 level was egg > pupa
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Table (5): Lethal response (LC'TSO’ LC.Ty, and LC.ng) for
the different stages of R. dominica, exposed

A

to various fixed concentrations of PH3 at

26£1°C and 60+5% RH.

Concentration Stage Lethal response* (ng.h/1)

(vpm)‘ LC.T50 LC.T90 LC.T99
Adults 0,23 0.45 0.79

20 Larvae 0.45 1.24 2.85
Pupae 0.76 3.76° 8.79

Eggs 1.10 3.76 10.43

Larvae 0.40 0.85 1.58

40 Larvae 0.62 2.10 5.65
Pupae 0.45 1.53 3.84

Eggs 1.70 5.48 14.30

Adults 0.45 0.90 1.58

80 Larvae 0.23 2.26 15.10
Pupae 3.30 10.10 16.18

Eggs 0.80 3.80 12,47

Adults 0.36 0.73 1.32

Mean Larvae 0.43 1.81 8.33
Pupae 1.50 5.13 9.60

Eggs 1,20 4.35 12.40

# = Concentration X time products for a certain mortality.

1 vpm = 1 ppm = 1.413 mug/l.
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Table (6):Letha1'response (LC‘TSO’ LC.T90 and LC.ng) for
the different stages of R. dominica, exposed
to various fixed concentrations of PH3 at

6+1°C and 60+5% RH.

Concentration Stage Lethal response* (mg.h/1)
(vpm) 7 : LC.T50 LC.T90 LC.T99
Adults - 0.71 2.77 8.48
20 Larvae 0.85 7.97 50.05
Pupae 0.82 " 7.55 46,94
Eggs 1.67 7.86 30.80
Adults 0.62 1.67 3.73
40 . Larvae 1.30 9.95 52.40
Pupae 1.02 9.10 53,70
Eggs 1.24 8.42 40,50
Adults 1,13 3.17 7.23
80 Larvae 1.81 12.47  65.00
Pupae 1.24 : 13.10 93.60
Eggs 1.55 11.44 57.60
Adults 0.82 2.54 6.48
Mean Larvae 1.32 10.13 55.80
Pupae 1.03 9,92 64.75

Eggs 1.49 9.24 : 42,97

# = Concentration X time products for a certain mortality.

1 vpm = 1 ppm = 1.413 ug/1.
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> larva > adult. The order of tolerance to a phosphine
concentration of 40 vpm was egg > larva > pupa > adult.
With 80 vpm phosphine the order of tolerance was pupa >
larva > égg > adult, While the- order of tolerance to
phosphine concentrations ranged from 20-80 vpm was egg

> pupa >larva > adult (Table, 5).

At 6x1°C, the order of tolerance to a phosphine
concentration of 20 vpm at the LC.T99 level was larva >
pupa > egg > adult, With 40 vpm phosphine, the order of
tolerance was pupa > larva > egg > adult. The order of
tolerance to a phosphine concentration of 80 vpm was pupa
> larva > egg > adult. The order of tolerance to phosphine
concentrations ranged from 20-80 vpm at the LC.T99 level

was pupa > larva > egg > adult (Table, 6).

1.3. Toxicity of phosphine to all stages of C. maculatus
_Szil: ,
The lethal time values_and slope of regression line
obtained for the different stages of C. maculatus exposed
to various fixed concentrations of phosphine at 26%1°C

and 6x1°C are given in Table (7).

Results indicate that the lethal time values of all
developmental stages required for ~various levels of

mortality were significantly higher at lower temperature

than at higher one,
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For example the lethal time value needed to obtain 90%
kill of all stages of C. maculatus with 20 vpm was markedly
increased from (22, 67, 60 and 120 hr at 26%*1°C to 122,
211, 158 and 254 hr at 6*1°C for the adult, larval, pupal
and egg stage, respectively. With a concentration of 40 vpm
phosphine, the lethal exposure values needed to give 90%
kill were also increased from 17, 59, 32 and 98 hr at 26%1°C
to 74, 119, 80 and 135 hr at 6%1°C for the forementioned
stages, respectively. With the highest concentration of
phosphine, these values were 10, 27, 97 and 46 hr at 26xl1°C
and 17, 102, 67 and 101 hr at 6%1°C for the adult, larval,

pupal and egg stage, respectively.

At all various levels of mortalities the lethal time
values of the adult stage of C. maculatus were markedly
less than the - values of the developmental stages
at the higher temperature (26t1°C). At the LT90 level
and 6+1°C, the lethal exposure values of the adult stage

were also shorter than the values of immature stages.

Generally, the adult stage of C. maculatus was more
susceptible to phosphine than. the developmental stages
at the two test temperatures and phosphine was most

effective at the higher temperature than at the lower one.

The lethal response estimates of concentration X

time product in mg.h/l-needed for 50, 90 and 99% mortality
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of all stages of C. maculatus at 26%1°C and 6+1°C are shown
in Tables (8 and 9). These results indicate that the mean
values of concentration X time in mg.h/1l required to obtain
90 and 99% mortalities (LC.T90 and LC.T99) for all stages
of C. maculatus were markedly greater at lower temperature
than at higher one. This result intimates that phosphine
was more effective at the higher temperature than at the

lower one.

At 26%1°C, the order of tolerance to a phosphine
concentration of 20 vpm at the LC.Tgé_level vas egg > larva
> pupa > adult. The order of tolera;ce to a phosphine
concentration of 40 vpm was also the same as with 20 vpm.
While the order of tolerance to a phosphine concentration
of 80 vpm was egg > pupa > 1arva’> adult. Also the same

order of tolerance was observed for concentrations between

20-80 vpm.

This result point out that the adult stage of C.
maculatus was more suscPptible to PH3 at 26x1°C than the

other developmental stages (Table, 8).

At 6%1°C, the order of tolerance to a phosphine
concentration of 20 vpm at the LC.,T99 level vas egg > larva
> pupa > adult., With a phosphine conceantration of 40 vpm,

the order of tolerance was egg > pupa > larva > adult.

With a phosphine concentration of 80 vpm, the order

of tolerance was egg > larva > pupsa > adult, and the order




- 107 -

Table (8): Lethal response (LC'TSO' LC.T90 and LC.ng) for
the different stages of C. maculatus, exposed
to various fixed <concentrations of PH3 at

26x1°C and 60%5% RH.

' *
Concentration Stage Lethal response (mg.h/1)

(vpm) LC.T50 LC.T90 LC.ng
Adults 0.20 0.62 1.58

20 Larvae 1.10 1.89 ' 3.02
Pupae 0.96 . 1.70 2.70

Eggs 1.53 3.39 5.91

Adults 0.51 0.96 1.64

40 Larvae 1.53 3.33 6.33
Pupae 0.57 *1.80 4,50

Eggs 2.26 5.54 11.53

Adults 0.34 1.13 3.17

80 Larvae 0.79 3.05 9,04
Pupae 5.53 10.90 18.80

Eggs 1.02 5.20 19,56

Adults 0.35 0.90 2.13

Mean Larvae 1.14 2.76 6.13
Pupae 2.35 4.80 8.67

Eggs 1.60 4.71 12.33

# = Concentration X time products for a certain mortality.

1 vpm = 1 ppm = 1.413 ag/l.
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of tolerance to phosphine concentrations ranged from 20-
80 vpm was also egg > larva > pupa > adult at the LC.T99

level (Table, 9).

This result indicateS that the adult stage of C.

maculatus was also the most susceptible stage to phosphine

at 6x1°C.

It could be concluded that the adult of S. oryzae
(L.), R. dominica (F.) and C. maculatus (F.) proved to
be the most susceptible stage to phosphine at 26*1°C or
6+1°C, and the time of exposure was a mﬁre critical factor
of dosage than the concentration. Phosphine was most
effective at higher temperature, against all stages of

the insect species, than at the lower one,

With a8 concentration of 80 vpm phosphine, the times
of exposure for 100% mortality in case of. S, oryzae, were
(0.9, 9.8, 8.7 and 8.0 days) at 26:1°C and (3.3, 15.6,
12.3 and 47.0 days) at 6x1°C for the aduit, larval, pupal

and egg stage, respectively.

a2

The corresponding values in case of R. dominica were
(0.9, 26.4, 9.4 and 11.9 days) at 26%1°C and (4.9, 88,
159.3 and 76 days) at 6*1°C for adult, larval, pupal and

egg stage,respectively.

These values in case of C. maculatus were (2.6, 7.3,

10.3 and 18,9 days) at 26%1°C and (2.8, 39.5, 30.1 and
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Table (9): Lethal response (LC'TSO’ LC.T90 and LC.ng) for
the different stages of C. maculatus, exposed
to various fixed concentrations of PH, at

6+1°C and 60%5% RH.

k]

»
Concentration Stage Lethal response (mg.h/1)
(vpm) LC.T50 LC.T90 LC.T99
Adults 0.65 3,45 13,76
20 " Larvae 0.85 5.96 29.30
Pupae 0.51 4.47 26.50
Eggs 1.41 7.18 49,80
Adults 0.68 4,18 18.93
40 Larvae 1.98 6.73 18.60
Pupae 0.57 4.50 24,50
Eggs 1.75 7.63 25,60
Adults 0.68 1.92 4,10
80 Larvae 2.37 11.53 41.80
Pupae 1.36 7.57 29.80
Eggs 1.81 11.42 52.60
Adults 0.67 3.18 12.26
Mean Larvae 1.73 8.07 29.90
Pupae 0.81 _ 5.51 26.93
Eggs 1.66 8.74 42,67

#* = Concentration X time products for a certain mortality.

1 vpm = 1 ppm -‘1.413‘ng/1.
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58.9 days) at 6%1°C for the forementioned developmental
Stages, respectively. The data obtained in the present
tests are in h@rmony with the results of Bell (1976),
Barbara et al. (1976), Lindgren and Vincent (1966), How
(1973), Beli and Glanville (1973) and El-Lakwah et al.

(1991).

High tolerance to phosphine in the egg and pupal stage
can be regarded as a common phenomenon, and is‘undoubtedly
linked with metabolism, Phosphine is toxic to insects
only in the presence of oxygen (Bond et al., 1967) and
stages which can survive without oxygen for a period of
time 1likely to be tolerant. The relationship known as
Haber's rule, whereby the level of kill is proportional
to the product of concentratién and time, fails to apply
with phosphine, largely-because in any insect species
different stages of development differ widely in tolerancé.
and development continues during the actualA exposure
(Reynold et al., 1967 and How, 1973). As can be seen from
the results reported here, phosphine was markedly less
effective at lower temperature, at vhich metabolic rrate
is slower, oxygen consumption is reduced and the development

of tolerant immobile stages into more susceptible ones

is prolonged.

By comparing the exposure time values required to
achieve 100X mortality for the various stages of the tested

insects at 26x1°C and 80 vpm phosphine, it can be seen
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that the adult stage of all insects was more susceptible
to phosphine than the immature stages. The adult stage
of C. maculatus was showever, much more tolerant to
Phosphine than the adults of both S. oryzae and R. dominica.
This phenomenon was much more pronounced at the lower

temperature.

The susceptibility of the 1larvae to phosphine was
as the following decreased order: C. maculatus, S. oryzae

and R. dominica.

Pupae of C. maculatus were somewhat more tolerant
to phosphine than the pupae of both S. oryaze and R.

dominica.

Curiously enough to note that the eggs of C. maculatus

were much more tolerant to PH3 than the eggs of R. dominica

and S. oryzae at the higher temperature. On the other
hand, R. dominica eggs exhibited the highest 1level of

telernce.
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2. Toxicity of carbon dioxide im controlled atmosphere

*

(CA) to the tested insects:

2.1. Efficacy of various CO2 concentrations im controlled

atmosphere (CA) on all stages of S. oryzae:

Tables (10 and 11) represent the data obtained for
the different stages of S. oryzae wusing controlled

atmosphere containing various fixed concentrations of 002

at 26x1°C and 6%1°C.

Data indicate that the lethal time values required
for a certain mortality were generally declined as the

: _ RAVRN %“J:ong:».H/“’
CO2 concentration was increagsed and these—values —were

DR R *%kefﬁt“"’ﬁ ar Peo lguueh hewaeiadercn

O shorter~4nywh%ghepwienperatufenquuuk#atFJMNJLLwone.
For example, the 1étha1 time values needed to achieve 902
mortality for the adult stage at 26*1°C using CA containing
12,5, 25, 50, 75 and 100% (v/v) COzl were 199, 101, 44,
31 and 19 hr, respectively. The corresponding values at

6x1°C were 289, 199, 142, 82 and 86 hr, e

For the larval stage, the lethal exposures to obtain
90% kill were 519, 249, 137, 130 and 117 hr at 26+1°C and

605, 339, 196, 187 and 194 hr at 6x1°C, for the

forementioned 002 concentrations, respectively.

For the pupal stage, these values were 899, 378, 254,
233 and 207 hr at 26:1°C and 906, 484, 437, 299 and 274
hr at 6x1°C,.
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Results indicate that the lethal time values needed
to obtain 902 kill for the adults at 26%1°C wusing CA
containing 12.5, 25, 50, 75 and 100% (v/¥) CO2 vere 231,
122, 44, 28 and 23 hr, respectively. The corresponding

values at 6x1°C were 235, 181, 96, 75 and 86 hr,

For the 1larval stage, the lethal exposure values
required to obtain 90% mortality were 395, 241, 171, 131
and 106 hr at 26+1°C and 503, 363, 188, 157 and 119 hr

at 6t1°C.

For the pupal stage these values were 919, 467, 312,
255 and 140 hr at 26*1°C and 987, 554, 450, 380 and 307

hr for the forementioned CO2 concentrations, respectively.

The corresponding values for the egg stage were 733,
274, 173, 141 and 114 hr at 26+1°C and 748, 407, 332, 207

and 180 hr at 6x1°C.

It is obvious, that these values were shorter at higher

temperature than those at lower temperature.

Data recorded at 6%1°C for the adult stage revealed
that the effectiveness of 100% (v/v) CO2 in controlled
atmosphere was lower than that of 75X (v/v) CO, and that
could be due to nearly complete depletion of oxygen im the

CA containing 100% (v/v) co,.
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Generally, the higher the concentration of CO2 in
the CA was, the lethal time values were accordingly

decreased.

Data show also that at 26%1°C and 6+1°C the adult
stage of R. dominica was the most susceptible stage to
CA containing CO2 followed by larva, egg and pupae, when

the results compared at the LT90 level.

2.3, Efficacy of various CO, concentrations in CA against

the different stages of C. maculatus:

The lethal time values and slope’ of regression line
for all stages of C. maculatus exposed to various
concentrations of CO2 in controlied atmosphere at 26x1°C

and 6t1°C are shown in Tables (14 and 15).

Data indicate that the lethal time values needed to
obtain 90%Z kill for the adults at 26+1°C using CA with
12.5, 25, 50, 75 and 100% (v/v) €O, were 140, 76, 57, 35
and 22 hr, respectively. The corresponding values at 6ii°C

were 150, 171, 151, 86 and 118 hr, - -, “

B

For the larval stage, the lethal exposure values to
achieve 902 mortality were 578, 386, 164, 140 and 137 hr
at 26+1°C and 807, 451, 299, 234 and 211 hr at 611°C for

the forementioned CO2 concentrations, respectively.
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The values of the pupae were 560, 462, 323, 256 and
181 hr at 26x1°C and 1036, 910, 606, 385 and 248 hr at
6xl°C. The corresponding values for the eggs were 651,
301, 185, 108 and 70 hr at 26:1°C and 799, 377, 186, 185

and 165 hr, - SR

Results show clearly that the jethal time values were
longer at lower temperature than at higher one. At 26%1°C
the higher the concentration of 002 in the CA was, the
mortality of the various stages of C. maculatus was
accordingly increased and the lethal expoéure values were

declined.

The same trend was observed at 6+1°C for the immature
stages, and the mortality of the adult stage was increased
by rising the CO2 concentration from 252 to 75% in the
CA. By using CA containing 100X (v/v) €O, at the lower
temperature the lethal time values achieved to kill the
adults of C. maculatus were obvious longer than those
obtained for the CA containing 75% (v/¥) C02. -This result
ijs similar to those obtained with the adult stages of S.
oryzae and 3; dominica. This result is in agreement with
the findings of Lindgren and Vincent (1970), Reichmuth

(1986), Krishnamurthy et al. (1986) and Tunc (1983).

By comparing the susceptibility of the different stages
of C, maculatus at the LTgo—level. it was found that, at

26+1°C # the order of tolerance toO atmosphere containing
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25, 75 and 100% CO, (v/v) was pupa > larva > egg > aduit.

With 12.5% CO. the order of tolerance was egg > larva >

2
pupa > adult, and it was pupa 2> larva > egg > adult for
an atmosphere containig 50% (v/v) CO,. At 6%1°C the order

of tolerance to the various CO2 concentratiens and at the

LT

90 level was pupae > larva > egg > adult.

Lindgren and Vincent (1970) mentioned that S. granarius
adults were the most susceptible stage to atmospheres of
002' N2 or He, followed by larvae, pupae and eggs. S.
oryzae adults were the most susceptible stage to atmospheres
of COZ' N2 or He, followed by larvae, eggs, and pupae.
002 concentrations of 90-40% in air were more toxic to
S. oryzae adults than 100% CO,. Concentrations of 90-60%

CO, in air were more toxic to S. granarius adults than

1002 002.

Storey (1978) reported that at 27°C, times of exposure
for 100% mortality were 48 hr for adults of C. maculatus
F., 96 hr for 1 and 3_day-old eggs, 120 hr for 7 and 14-

day old larvae and 192 hr for 21-day-old larvae and pupae.

Calderon and Navarro (1979) found that efficacy of
002 treatment decreases as the 02 concentration approaches

the level of a normal atmosphere.

Childs and Overby (1983) mentioned that overall, an

atmosphere of 65% 002 was more toxic to eggs, larvae, pupae,
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and adults of Lasioderma serricorne (F;) than an atmosphere

of 35 or 922 C02. The pupal stage tolerated CO2 the best,
some pupae surviving exposure of 7 days. Other stages,
in increasing order of CO2 susceptibility, were larvae,

adult, and egg.

The results obtained could be summarized as follow:
Tests carried out to study the effectiveness of various
fixed 002 concentrations in controlled atmosphere, against

the different stages of S. oryzae, R. dominca and C.

maculatus showed that carbon dioxide was more effective

at higher temperature than at lower one. Mortility was
increased generally as the concentration of CO2 was

increased. The lethal time values recorded for the adults

-at the lower. temperature (6t1°C) with CA containing 100%

(v/v) CO2 were higher than those achieved with CA containing
75% (v/v) C02. and¢ this result coyld be due to nearly total
depletion of oxygen in the controlled atmosphere eontaining
100Z (v/v) COZ' The adults of the insects were the most
susceptible stage and the pupae wvere the most tolerant

stage at the two test temperatures.
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3. Toxicity of mixtures of phosphine plus carbon dioxide

to the tested insects:

3.1, Bfficacy of phosphine alone and in msixtures with carbon

dioxide against the various stages of S. oryzae:

Tables (16 and 17) show the lethal time values, slope
of regression line and categories of joint action for the
various stages of S. oryzae, exposed to phosphine alone
(20 vpm in air) and to mixtures of phosphine + 25 and 50%

CO. at 26+1°C and 6%1°C.

2

Data indicate rthat time to mortality was generally
reduced in the presence of carbon dioxide at the two test
temperatures. For example the lethal time values required
to obtain 90% adult mortality at 26t1°C (see Fig., 4) fell
from 17 hr in air containing only 20 vpm PH3 tJIIS hr as
well as to 11 hr in the presence of 25 and 50 COZ'
respectively. For the larval stage time to 90% mortality
was reduced from 51 hr in phosphine alé?e to 31 hr as well
as to 29 hr in the mixtures of PH3 + 002. The same trend

was also obtained for the pupal and egg stages.

At 6+1°C (Table, 17 and Fig. 5) the lethal time values
required to achieve 90% mortality for the various stages

of S. oryzae were (119, 162, 141 and 261 hr) with 20 vpm

PH. alone, (50, 58, 87 and 102 hr) with 20 vpm PHS + 25%

3

co and (41, 49, 99 and 106 hr) with mixture contained

2’
20 vpm + 50% CO, for the adult, larval, pupal and egg stage,
respectively. These values were greater than those obtained

at higher temperature.
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Tables (18 and 19) demonstrate the lethal time values,
slope of regression line and categories of joint action
for the different stages of S. oryzae exposed to 40 ‘vpm
phosphine and to mixtures of 40 vpm PH3 + 25% and 50% CO2

at 26+1°C and 6x1°C, :

Results show (see also Fig., 6) that the lethal time
values obtained to cause 90% kill were decreased by the
addition of_CO2 to phosphine in the mixtﬁres. For example
the lethal exposure values caused 90%Z mortality for the
various stages at 26*1°C were (16, 23, 44 and 90 hr) with
40 vpm phosphing alone, (6, 14, 51 and 31 hr) with the
mixture of 40 vpm PH3 + 25% CO2 and (9, 20, 37 and 28 hr)

with the mixture contained 40 vpm PH3 + 50% CO, for the

2
adult, larval, pupal and egg stagef respectively,

The corresponding values at 6x1°C (Table, 19 and Fig.,
7) were (34, 88, 85 and 223 hr) with 40 vpm phosphine alone,

(29, 48, 71 and 52 hr) with the mixture of 40 vpm PH3 +

25% CO, and (11, 31, 48 ard 66 hr) with the mixture of

2

40 vpm PH, + 50X CO, for the forementioned various stages

3 2
of S, oryzae, respectively.

Results revealed also that time to mortilities were
shorter at higher temperature than at lower one and the
adult stage was the most susceptible stage to phosphine
as vell as to mixtures of P!-I3 + 002 at the two test

temperatures.
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Results obtained at 26x1°C and 6%1°C revealed that
a synergistic action was proved at the LTgo level with
the mixtures of phosphine + carbon dioxide for the adult

and larval stages.

For the pupal stage, an independent joint action was
obtained with the mixtures at the higher temperature,
At 6+1°C, a synergistic effect by 20 vpm PH3 + 25% COz.
an independent joint action by addition of 25 and 50% CO2
to 40 vpm PHS’ and an antagonis;ic effect with mixture

contained 20 vpm PH3 + 50% COZ’ were proved for the pupal

stage of S. oryzae.

For the eggs, a synergistic action by addition of

25 and 50% 002

mixtures of 20 vpm PH3.+ 252 CO2 and 20 vpm PH3 + 50% 002.

to 40 vpm PH3, an additive effect with

were observed at 26%1°C. At the loﬁer temperature, an
independent joint action (additive effect) was achieved
for the eggs of S. oryzae with all mixtures of phosphine

+ carbon dioxide.

3.2. Efficacy of phosphine alone and in mixtures with carbon

dioxide against the various stages of R. dominica:

Tables (20 and 21) demonstrate the lethal time values,
slope of regreésion line and categories of joint action
for the various stages of R. dominica, exposed to phosphine
alone (20 vpm PH3 in air) and to mixtures of PH3 + 25 and

50% COZ at 26x1°C and 6%1°C.
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Results indicate that the lethal time values achieved
with the mixtures of PH3 + CO2 for the various stages of
R. dominica vere 5. ’2& ool QV:LY}less than those obtained
with PH3 alone, and the values achieved at lower temperature
were greater than those obtained at highef one. For example
the lethal exposure values required to achieve 90% mortility
for the various stages at 261°C (see also Fig., 8) were
(16, 44, 133 and 133 hr) with 20 vpm PH3 alone, (4, 35,
70 and 62 hr) with 20 vpm PH3 + 25% COZ’ and (7, 37, 69
and 37 hr) with the mixture of 20 vpm PH3 + 50X 002 for

the adult, larval, pupal and egg stage, respectively.

The corresponding values at 6*1°C (see Fig., 9) were
(98, 282, 267 and 278 hr) with 20 vpmuPH3 alone, (11, 94,
95 and 119 hr) with 20 vpm PH3 + 2532 002, land (11, 49,
83 and 42 hr) with the mixture of phosphine. + 50% C02,
for the forementioned various stages of R. dominica,

respectively.

The lethal time values, slope of regression line,
and categories of joint action for the various stages of
R. dominica exposed to 40 vpm PH3 and to mixtures of 40
, at 26£1°C and 621°C are given
in Tables (22 and 23) and Figures (10 and 11).

vpm PH3 + 25 and 50% CO

Results revealed that the lethal time values recorded
for mixtures of phosphine + carbon dioxide were obvious

shorter than those obtained with phosphine alone and these
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values were Igz*aﬁ@?" at lower temperature than at higher

one. For example the lethal time values required to achieve

90% kill for the various stages of R. dominica at 26%1°C
were (15, 37, 27 and 97 hr) with 40 vpm PH3 alone, (3,
28, 22 and 33 hr) with the mixture of 40 vpm PH3 + 25%
C02. and (7, 14, 32 and 32 hr) with the mixture contained
40 vpm PH3 + 507 COZ' for the adult, larval, pupal, and

egg stage, respectively.

The corresponding values at 6%1°C were (30, 1176, 161
and 149 hr) with phosphine alone, (18, 48, 83 and 46 hr)
with the mixture of phosphine + 25% C02, and (13, 34, 50
and 75 hr) with the mixture of phosphine + 50% CO2 for

the forementioned various stages, respectively,

Results obtained at 26+1°C and 6+1°C revealed that
a synergistic action was proved at the LT90 level with
the mixtures of phosphine + carbon dioxide for the adults.
A synergistic effect was observed at 26+1°C for the larval
stage by mixtures contained 40 vpm PH3 + 25 and 50% C02.
An additive effect vas found by mixtures of 20 vpm PH

3
+ 25 and 50% C02.

3

At 6*1°C, all mixtures of PH3 + CO2 had shown a
synergistic effect for the 1larvae. For the pupal stage,
an independent joint action was proved at the two test

temperatures by the mixtures of PH3 + CO2 with exception

of mixture contained 20 vpm PH3 + 50% 002 at 26%1°C, which

showed an antagonistic effect.
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For the eggs, a synergistic action, as well as an

independent joint action were observed by the mixtures

of phosphine + carbon dioxide at the two test temperatures.

3.3. Efficacy of phosphine alone and in mixtures with carbon

dioxide against the various stages of C. maculatys:

Tables (24 and 25) demonstrate the lethal time values,
slope of regfession line and categories Iof joint action
for the various stages of C. maculatus exposed to phosphine
alone (20 vpm in air) and to mixt’ures of phosphine + 25

and 50% CO, at 26%*1°C and 6%1°C.

2

Data indicate that the lethal time values required
to achieve 90% mortality at 26*1°C (see Fig., 12) for the
various stages of C. maculatus- were (22, 67, 60 and 120

hr) with 20 vpm PH, alone, (14, 66, 43 and 68 hr) with

3

the mixture of 20 vpm PH, + 25% CO and (5, 28, 58 and

3 2’
44 hr) with the mixture of phosphine + 50% COé,' for the

adult, larval, pupal and egg stage, respectively,

The corresponding values at 61°C . (see Fig., 13)
were (122, 211, 158 and 254 hr) with phosphine alone, (17,
64, 113 and 119 hr) with the mixture of phosphine + 25%
CO, and (12, 82, 122 and 103 hr) with the mixture contained
20 vpm PH3 + 50% 002, for the forementioned various stages,

respectively,
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Tables (26 and 27) show the lethal time values, slobe'
of regression line and categories of joint action for the
various stages of C. maculatus exposed to phosphine alone
(40 vpm) and to mixtures of 40 vpm PH3 + 25 and 50% CO2

at 26+1°C and 6x1°C,

Results indicate that the lethal exposure values
required to obtain 90% mortality for the various stages
of C. maculatus at 26+1°C (see Fig., 14) were (17, 59,
32 and 98 hr) with phosphine alone, (4, 15, 32 and 32 hr)
with the mixture of phosphine + 25Z% 002 and (7, 14, 32
and 32 hr) with the mixture of PH3 + 50% COz. for the adult,

larval, pupal and egg stage, respectively.

The corresponding values at 6+1°C (see Fig., 15) were
(74, 119, 80 and 135 hr) with phosphine alone, (14, 105,
79 and 80 hr) with phosphine + 25% CO, and (4, 35, 40 and
78 hr) with phosphine + 50% COZ' fﬁr the forementioned

various stages of this pest, respectively.

Results recorded at 26*1°C and 6%1°C showed that a

synergistic effect was observed at the LT level with

90
the mixtures of phosphine + carbon dioxide for the adult

and larval stages.

For the pupal stage, an independent joint action was
proved by the mixtures of PH3 + CO2 at the two test

temperatures.
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4- Categories of joint action obtained by mixtures of

phosphine + carbon dioxide for the various stages of

the tested insects:

4.1. Categories of joint action at the LT50 level:

For the adults of all tested insect species, the
calculated or corrected values for mortality due to phosphine
in the mixtures of PH3 + C02, were significantly less at

the LT level, than those observed in phosphine alopé.

50
That 1is to say, carbon dioxide synergized the toxicity
of phosphine against the adults of S. oryzae, R. dominica
and C. maculatus by using various mixtures of PH,. + CO,

at the two test temperatures. Synergism at the LTSO level

was also demonstrated for larvae and eggs of the three

insect species with various mixtures of PH3 + CO2 tested

at 26%1°C and 6x1°C,

The action of carbon dioxide and phosphine was additive

at the LT., level for the pupae of S. oryzae and C,

maculatus by the various mixtures of PH3 + CO2 tested at

the two test temperatures. In case of R. dominica = Ppupae,

a synergistic action was proved at the LT50 level with

exception of the mixture contained 40 vpm PH3

at 26£1°C, whereby an additive effect was observed.

f 50% CO2

4.2, Categories of joint action at the LT 9 level:

The type of joint action between phosphine and carbon

dioxide was more manifold at the LT99 level than at the

L'I'50 level.
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For adults of the three tested species, the action
of carbon dioxide and phosphine was synergistic at the

LT level by all mixtures tested at the two test

99
temperatures with exception of mixture contained 20 vpm
PH, + 25% €O, at 26+1°C in case of S, oryzae adults, whereby

an additive effect was found.

For Larvae of S. oryzae, synergism at the Lng level
was observed with all mixtures of PH3 + 002 investigated

at the two test temperatures.

For larvae of R. dominica, synergism at the LT99 level
was also demonstrated by mixtures of PH3 + CO2 at the two
test temperatures, with exception of mixtures contained
20 vpm PH3 + 25 and 50% CO2 at-2611°C, whereby an additive

effect was proved,

For Larvae of C. maculatus at 26+1°C, a synergistic
effect was found by mixtures contained 40 vpm .PH3 + 25
and 502 COZ' on the other hand mixtures contained 20 #pm
PH

+ 25 and 50% CO2 had shown an additive effect, At

3
6*1°C, a synergistic effect at the LT99 level was proved
for C. maculatus - larvae by mixtures of phosphine + carbon

dioxide with excéption of mixture contained 40 vpm PH3

+ 25% COZ'

The results obtained revealed that the typve of joint

action between phosphine and carbon dioxide at the LT99
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level was more complex for pupae and eggs than for addults

and larvae,

For pupae of S. oryzae at 26+1°C, an independent joint
action was obtained by mixtures contained 20 vpm PH3 +

25 and 50% CO and an antagonistic effect was observed

2'
by mixtures contained 40 vpm PH3 + 25 and 50% C02. At
6+x1°C, an independent joint action was found with exception

of mixture contained 20 vpm PH3 + 50% 002, whereby an

antagonistic effect was observed,.

For pupae of R. dominica at 26%1°C, the action between
phosphine and <carbon dioxide at the LT99 level was
antagonistic except for 40 vpm PH3 + 25% 002. whereby an
additive effect was found. Contrary, at lower temperature,
the action between phosphine and carbon dioxide was additive
with exception of mixture contained 20 vpm PH3 + 50% C02,
which induced an antagonistic action.

For ﬁupae of C. maculatus at 26%1°C, an antagonistic
effect was observed eicept for mixture contained 40 vpm
PH3 + 50 C02, which induced an additive effect. At 6l°C,
an independent joint action was proved for the pupae at
the LT99 level except for mixture contained 40 vpm PH

3
+ 25% COz.

For eggs of S. oryzae at 26%1°C, the action between

phosphine and carbon dioxide was antagonistic by addition
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of 25 and 50Z CO, te 20 vpm PH Contrary, the addition

2 3°
of carbon dioxide to 40 vpm PH3, induced a synergistic

action.

At 6%*1°C, the same result was recorded by mixtures
contained 20 vpm PH, + 25 and 50% CO,, but the other

mixtures of PH3 + CO2 resulted an additive effect.

For eggs of R. dominica, the addition of 502 002 to
20 and 40 vpm PH3 in mixtures at higher and 1lower
temperatures induced a synergistic effect, but the addition
of 25% CO, to phosphine resulted in an additive effect except

for mixture contained 40 vpm PH3 + 25% CO at 26%1°C,

2

whereby an antagonistic effect was found,

For eggs of C. maculatus at 26%1°C, a synergistic
action was observed by mixtures contained 40 vpm PH3 +
25%Z and 50% C02. Contrary, an antagonistic action was

found by mixtures contained 20 vpm PH3 + 25 and 50% C02.

At 621°C, the results were contradictory at the LT99
level for the eggs of C. maculatus (Tables, 24-27),

An additive effect was observed by mixtures of 20
vpm PH3 + 25% 002 and 40 vpm PH3 + 502 C02. Contrary,

an antagonistic effect was found by_mixture of 20 vpm PH3

+ 50% C02_as well as 40 vpm PH, + 25% CO,.

3 2
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Results obtained are in harmony with the findings
of some investigators (Desmarchelier, 1984 and El-Lakwah

t al 1989 and 1991),

El-Lakwah et al. (1989) studied the effect of the
inert gas carbon dioxide on the efficacy of phosphine
against the adults of T. castaneum and S. oryzae at 28°C.
Results showed that, mixtures of farying concentrations

of CO, + LC

9 50 of PH

3 induced higher adult mortalities.

The same authors (1991) investigated the efficiency
of phosphine alone and in mixtu;es with carbon dioxide

aganist S, cerealella (Olifier). They found that larval

mortalities obtained from mixtures of the LC50 of PH3 +
CO2 were significantly higher than those of each gas alone,
whereby a synergistic action ﬁas proved for all exposure
periods at 20 and 28°C. An increase in pupal mortalities
was achieved at all exposure periods with exception of
8 hr at 20°C, and an independent joint action was found

at short and long exposures at 28°C,

Investigétions conducted in the laboratory for
comparing the efficacy of phosphine with that of mixtures
of the gas plus carbon dioxide against diapause larvae

of Trogoderma granarium showed that -addition of varying

concentrations of CO2 (20, 50, 75 and 100%) to fixed PH3—

concentrations had a negative influence on phosphine

efficacy against diapause larvae of khapra Beetle at 30°C
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for short exposure periods of 18 and 24 hours. On fhe
other hand, it was found that for longer exposure periods
of 48 and 72 hr, the addition of CO2 to phosphine induced
significantly higher 1larval mortality than that by PH3
alone, whereby an additive effect was proved for mixtures
contained PH3 + 75% and 100% 002. The addition of 20 and
50% CO2 torPH3 at 20°C did not show any increase in larval
mortalities of the mixtures for exposure periods between

24-96 hours (El-Lakwah et al., 1989).

Kashi and Bond (1975) reported that COZ‘ was found
to potentiate the action of phosphine against a normal
strain of T. confusum and against normal and resistant
strains of S, granarius so that the length of the exposure

period could be reduced,

Results obtained in this work on bioeffectiveness
of mixing carbon dioxide to phosphine revealed that the
twa concentrations of 002 (25 and 50%) mixed with phosphine
increased the efficiency of phosphine at the LT50 level

against all stages of the insect species tested.

A£ the Lng level, the addition of 002 to phosphine
increased also the efficiency of phosphine against adults
and larvae of the threeinsect species. For pupae and eggs,
the addition of 002 to phosphine caused in some cases a
rise in the efficacy of phosphine, but in other cases a

decrease in the efficacy was observed.




