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ABSTRACT

The experiments were conducted inside gastight steel bins, each of about
0.5 m* volume and filled with approximately 450 kg wheat grains. The bins were
situated on the ground of the agricultural experimental farm of the Faculty of
Agric., Moshtohor, Tukh, Qualyubia. Grain temperature was 2642 °C. Modified
atmospheres {(MAs) tested were 99% N, and 30+5% CO,. Insecticides used were
malathion, pirimiphos-methyl and agrothrin. Test insects were the adults of
Sitophilus oryzae, Rhizopertha dominica, active and diapausing larvae of
Trogoderma granarium. The results showed that pirimiphos-methyl and agrothrin
¢ach separately were the most and malathion the least toxic to all 3 test insects.
The sensitivity of the tested insects to the insecticides or MAs varied according to
insect species. Diapausing larvae of 7. granarium were the least sensitive species
to all the test insecticides and MAs. The efficacy of the tested MA of CO, against
the various insects was greater than the MA of N;. The mortality of the insects
was concentration and exposure period-dependent.

Combinations of the previously mentioned insecticides with N, or CO;
gave pronounced potentiation, additive and antagonistic effects according to
tested concentration, exposure period and insect species.

INTRODUCTION

The loss caused by insect infestation is the most serious problem in grain
storage (Sighamony et al,. 1986 and Jilani and Saxena, 1990). For more than 30
years, small dosages of synthetic insecticides have been used to protect stored
grain from insect infestation, but many stored-grain insects have developed
resistance to these insecticides (Parkin, 1965; Zattler, 1974; Champ and Dyte,
1976 and Redlinger et a!., 1988).

Modified atmospheres received considerable attention in recent years as
one of the alternative methods to control stored product pests. The use of
modified atmospheres. containing various levels of carbon diexide, or high
nitrogen content. against stored product pests were evaluated by several
investigators (Lindgren and Vinceni, 1970; Bell ef ol., 1984; Navarro ef /., 1985,
Navarro and Jay, 1987; El-Lakwah e¢f o/, 1992, Cfuya and Reichmuth, 1993;
Hashem and Reichmutk, 1994; El-Lakwak er af., 1997; Mohamed, 1999 and El-
Lakwah et ai., 2004).
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Malathion, chlorpyrifos-methyl and pirimiphos-methyl are the currently
registered organophosphate grain protectants against a variety of stored product
insects (Subramanyam ef al., 2003). El-Lakwah ef al., 1993, stated that the
organophosphorus compounds such as malathion and pirimiphos-methyl in
addition to pyrethroids are used extensively for control of stored product insects
this may be due to the high toxicity against insect pests and low mammalian
toxicity.

The objective of this work was to evaluate the effectiveness of the

combinations between modified atmospheres (CO; or N;) and insecticides

(malathion, pirimiphos-methyl and agrothrin) against Sitophilus oryzae (L.),
Rhizopertha dominica (F.) and Trogoderma granarium (Everts.).

MATERIALS AND METHODS

Insects:

Laboratory strains of the rice weevil (Sifophilus oryzae L.) and the lesser
grain borer (Rhizopertha dominica F.) were used as adult stage in these
experiments, in addition to active and diapausing larvac of Khapra beetlc
(Trogoderma granarium Everts),

Insect cultures: :

These insects were reared in glass jars of approx. 250 ml, each jar
contained about 200 g. of wheat kernels for S. oryzae, R. dominica and T.
granarium and covered with muslin cloth and fixed with rubber band. Insect
cultures were kept under controlled conditions of 26+2 °C and 5&5% RH at the
rearing room of the laboratory.

Active and diapausing larvae of 0.840.2 mg/larva and 2.740.2 mg/larva,
respectively were used for the bioassay tests. The used active larvae were those of
4 and 4% instars. Diapausing larvae were collected from a roll paper which had
been placed on the top of the culture media. Diapausing larvae are known to be
more tolerant to fumigants, inert gases and insecticides than active larvae taken
from culture media (Bell ef al., 1984).

Wheat grains were treated by freezing at —18 "C for two weeks before
application to eliminate any possible infestation by any other species. The
moisture content of the grains was about 14%.

Gases used:

- Carbon dioxide was provided as a pure gas in a pressure cylinder and
monitored using a CO; Gas-Analyzer model 200-600 (Gow-Mac Instrument
Co., USA).

- Nitrogen was provided as a pure gas of more than 99% gas in a pressure
cylinder and monitored using an Oxygen Analyzer 572, Servomex, England.

Insecticides:

- Malathion (1% dust), produced by Kafer El-Zayat Chemical and Pesticide Co.,
Egypt.

- Pirimiphos-methyl (40% dust), produced by ICI Agrochemical Co., England.

- Agrothrin (0.11% natural pyrethum) produced by Agropharm Co., UK.,
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Bioassay tests:

The appropriatc amount of the above mentioned dusts was mixed
thoroughly with wheat grains to give the required concentrations (two
concentrations for each insecticide; 2.5 and 5 ppm for both pirimiphos-methyl / 2
and 4 ppm for malathion and agrothrin). Batches of 30 adult insects (1-2 week-
old) or 30 active and diapausing larvae of T. granarium were confined in the cloth
bags (10x16 c¢m) each containing 50 g. treated or untreated wheat kernels for S.
oryzae, R. dominica and T. granarium. Each bag was closed well by a rubber
band and placed into the steel bins. All tests were triplicated.

Purging of the gases inside the bin:

After introducing the insect samples inside the bin, and to obtain 30%
CO; concentration, the cylinder of CO, was connected with the upper valve of the
bin through a polycthylene tube. The valve of the cylinder was opened for one
and half minute, while the bottom valve of the bin was opened and closed after
one minute from the initial purging of gas.

For achieving modified atmosphere of high nitrogen content (99% N,),
the upper valve of the bin was opened for 5 minutes after the connection of N,-
cylinder with bin, while the bottom bin valve was opened for two minutes, after
which it was closed tightly (El-Lakwah et al., 2003).

Treatment procedure:

Insect samples were exposed to different treatments for various exposure
periods (2, 3, 5, 7 and 14 days) inside gastight steel bins during summer time at
grain temperature of around 26+2°C and 55+5% RH.

Post- treatment procedure:
Acration was carried out after exposure periods, the mortality of the
insect adults was determined afier 48 hrs.

Calculation of Joint Action:

For the evaluation of the joint action of malathion, pirimiphos-methyl
and agrothrin under modified atmospheres, the following equation was adopted as
reported by Mansour ef al. (1966):

Co-toxicity Factor = (%Observed Mortality - %E Mortality) x 100
% xpected Mortality

This factor was used to classify the results into three categories. A
positive factor of +20 or more meant potentiation effect, a negative factor of -20
or more meant antagonism, atid any intermediate value, i.e. between +20 and -20
was considered an additive effect.

RESULTS AND DISCUSSION

The obtained resuits are given in Tables (1 to &), the daia revealed that
pirimiphos-methyl and agrothrin each separatcly, and at their lower
concendrations 2.5 and 2 ppm, respectively, were more toxic than the higher
conceniration of malathion 4 ppm to all 3 test insects. The preseni results
coincided with those of Hasan ef a/, (1983) in their experiments on the toxicity of
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bromophos (Nexion), 5 other organophosphorus and 2 organochlorine
insecticides against S. oryzae, T. castanewm, R. dominica and C. chinensis,
malathion was the least toxic to all 4 test insects.

Mortality percentages indicated also that the efficacy of insecticides and
CO; or N>, when each of them was used separately or in mixtures (the insecticide
under MA of CO; or N,) was increased with extending the time of exposure with
all the insect species.

A- The Efficacy and Combined Action of Tested Insecticides Under MA of
30+5% CO; to Various Insect Species at Grain Temperature of 26+ 2 *C,
Table (1) presents the results of the efficacy and combined action of
malathion dust under MA of 30£5% CO, to the adults of 5. oryzae and R.
dominica as well as active and diapausing larvae of T. granarium at grain
temperature of 26+ 2 °C and 55+ 5% RH.

Mortality values resulting from the mixtures of malathion and CO, were
in general greater than those obtained from each treatment alone, malathion dust
at 2 ppm and 7days- exposure gave 42 and 26% mortality with the adults of S,
oryzae and R, dominica, respectivly. These values increased to 68 and 33% at 4
ppm for the tow mentioned insects, respectively. Meanwhile, they were 78 and 84
as well as 30 and 34% after 14 days post — treatment at the low and high
malathion concentration for the active and diapausing larvae of T. granarium,
respectively. However, mortalities resulted from CO, alone were 30 and 6% at 2
days-exposure and these values increased to 97 and 99% after 7 days-exposure
for the adults of S. oryzae and R. dominica, respectivly. While these values were
25 and 16% at 5 days-exposure and increased to 77 and 66% after 14 days-
exposure for the active and diapausing larvae of T. granarium, respectively.
Treatment of malathion at 4 ppm under MA of 36+5% CO, resulted in complete
kill after one week exposure time for §. oryzae and R. dominica adults, while
these combined treatment resulted in 91% and 83% morality after two weeks
exposure period with the active and diapausing larvae of T. granarium,
respectively. it was quite clear that using MA of €CO; alone, or in combination
with the grain dust followed a time-dependent phenomenon. Co-toxicity values
presented in Table (1) which resulting from the mixtures of malathion at 2 and 4
ppm plus 30+5% CO, indicated potentiation or additive effect at the two
mentioned malathion concentrations and various periods of exposure with S.
oryzae, While in case of R. dominica, a negative effect was observed at short
exposure, but these effect turned to an additive effect at longer period as a
function of exposure time. In case of the active and diapausing larvae of T.
granarium, using malathion dust at fower concentration under MA of 30+5% CO,
at 26 2 °C resulted in antagonistic effects at the various tested exposure periods
of 5 - 14 days. Contrarily, combination of CO; and malathion at the higher
application rate of 4 ppm exhibited additive effects at the all periods of exposure.

Results of the efficacy and combined action of pirimiphos-methyl dust
at 2.5 and 5 ppm under MA of 30+5% CO; to the tested insects at grain
temperature of 26+ 2 °C, 55+ 5% RH. are recorded in Table (2).
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Table (1): The Combined Action of Malathion Dust Under MA of 30:5% CO,4 to
Various Insect Specics
Y5 Mortality & Viarioits Tremmeres
Malathion Malathion +
()
2@ |4

3

2
3
s
7
2
3
5
7
5
7
10
14

The obtained mortality percentages showed clearly that the efficacy of
pirimiphos-methyl to the different tested insect species was concentration-
dependent. The diapause farvae of Khapra beetle were slightly tolerant to
pirimiphos-methyl compared with the active larvae and the aduits of the tested
specics. Generally, the resulis revealed that the combined treatment of
pirimiphos-methyl under MA of CO, enhanced the resulted mortalities of all the
tested insects at all exposure periods. Co-toxicity values resulting from addition
of CO; at 305% concentration to pirimiphos-methyl at its two application rates
2.5 and 5 ppm induced mostly additive effects or sometimes potentiation actions
with all the insects at various periods of exposure.

Table (3} shows the results of efficacy and combined action of agrothrin
dust at 2 and 4 ppm under MA of 30£5% CO; to the tested insects at grain
temperature of 26x 2 °C and 55+ 5% RH.

Percentage monalities apparently indicated that the efficacy of agrothrin
was concentration-dependent. Treatment of the adults of S. oryzae and R.
dominica with agrothrin at the two applied concentration under the above
mentioned MA of O, gave considerably higher mortality values than those of
cach componen: azlone ai various exposure periods. Co-toxicity values of the
mixtures showed also additive or poientiation ¢ffects with the three inssct species
at the different periods of exposure.
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Table (2): The Combincd Action of Pirimiphos-methyl Dust Under MA of
3045% CO; to Various Insect Species at Grein Temperature of
26%2 *C and 55+5% RH.

%% Mortality at Various Treatments . s Type of
Exposure imiphos. | MA | Pirimiphos c‘;.ml Joint
”"W( days) methyl (ppmy) o;:? methyl + CO; Action
25@ (5@ | o0 |l @ | ® | @ & |@|®
S. dults ,
2 71 80 30 100 100 0 0 d d
3 86 25 90 100 100 0 0 d d
5 9 100 94 100 100 0 n d n
7 100 100 97 100 100 n n n [
R. dordinica-adults
2 15 36 6 46 9% 119 129 | » s
3 35 56 50 71 98 -17 -2 d d
5 51 74 98 95 100 -5 0 d d
7 66 97 29 100 100 0 0 d d
T. granarium active larvae
5 34 57 25 48 82 -19 0 d d
7 49 89 31 2 100 16 0 d d
10 74 94 54 9% 10 -4 0 d d
14 100 100 77 100 100 n n n n
T. granarium diapause larvae

5 20 23 16 43 52 19 33 d s
7 30 40 26 65 84 16 27 d s
10 33 43 46 80 9% 1 8 Jd d
14 54 66 66 88 98 -12 2 ] d d

d = additive effect / s = potentiation effect / n = co-toxicity factor was not
calculated, where the insect mortality of pirimiphos-methyl alone was 100%.

On the other hand, co-toxicity values of applying agrothrin at the
concentrations of 2 and 4 ppm under the above mentioned MA of CO; at 261 2°C
indicated antagonistic effects with the aclive and diapausing larvae of Khapra
beetle at alf the tested exposure periods of 5 — 14 days.

B- The Efficacy and Combined Action of Tested Insecticides Under MA of
" 99% N, to Various Insect Species at Grain Temperature of 26+ 2 °C.
Data of the efficacy and combined action of malathion dust at 2 and 4
ppm under MA of 99% N to the tested insects at grain temperature of 26+ 2 °C
and 55+ 5% RH. are given in Table (4).

- Mortality percentages resulting from applying malathion under MA of

99% N; at 26+ 2 °C gave apparently higher mortality values than when malathion
‘or N; was used scparately. Co-toxicity values resulting from the mixtures
indicated potentiation or additive effect with all the tested insects at various

exposure periods.
The results of the efficacy and combined action of pirimiphos-methyl

dust at 2.5 and 5 ppm under MA of N to the tested insects at grain temperature of
26+ 2 °C and 55+ 5% RH.are shown in Table (5).
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Table (3): The Combined Action of Agrothrin Dust Under MA of 30:5% CO, to
Various Insect at Grain Tem of 26¢2 °C and 55:5% RIL

%6 Mortality at Various Treatrments Co-taxicity T)pe of
Exposure " Agroshrin [MA of | Agrothrin+ | Factor Joint

- | o | P o

|| B|lw|o | wlo oo
S. oryzac-adults

2 28 54 30 98 100 69 19 | d
3 44 66 92 99 100 -1 0 d d
] 70 82 94 100 100 0 0 d d
7 9% 98 97 100 100 0 0 d d

R. dominica-adults

2 7 78 6 100 100 19 19 d d
3 84 85 50 100 100 0 0 d d
5 91 94 98 100 100 0 0 d d
7 100 100 9 100 100 n n n n

T. granarism active larvae

5 42 53 25 31 51 -54 -35 a a
7 59 78 31 38 68 -58 =32 a a
10 77 83 54 40 UL 60 =27 a a
14 89 93 7 43 79 -57 =21 a a

T. granarium diapause larvae

5 11 3 16 19 31 <30 =34 a a
7 25 45 26 35 53 =31 =25 a |
10 42 56 46 38 62 -57 -38 a a
14 58 67 66 42 71 -58 -29 A a

» = antagonistic effect / d = additive effect / s = potentistion effect / n = co-toxicity factor was
not calculated, where the insect mortality of agrothrin alone was 100%.

Results of the combinations of pirimiphos-methyl and 99% N indicated
generally improved mortalities with ali the tested insects at various periods of
exposure. Co-toxicity values of the mixtures produced in all cases potentiation or
additive effect.

Table (6) shows the results of the efficacy and combined action of
agrothrion dust at 2 and 4 ppm under MA of 99% N; to the tested insccts at grain
temperature of 26+ 2 °C and 55+ 5% RH.

Mortality values resulted from applying agrothrin under MA of 99% N,
gave generally greater mortalitics than each treatment alone for various insects at
the different periods of exposure. Co-toxicity vatues resulting from the mixtures
of agrothrin and 99% N, revealed in all cases additive or potentiation effect.

The present results agreed with Darwish, (1997), Mohamed, (1999) and El-
Lakwah et al. (1998, 2000a and 2000b) in their experiments on the combined action
of plant extracts in presence of various atmospheres of cither CO; or N,. Also El-
Lakwah et al. (2002) mentioned that the combined action of Dill and Cumin seed
extracts under MAs of various carbon dioxide concentrations or MA of very high
nitrogen condent resulted in cither synergistic or additive effects with both larvae
active and diapausing of 7. granarium. at the different periods of exposure.



328

Table (4): The Colnbhed Action of Malathion Dust Under MA of 99% N; to Various
Insect rntureoflﬁ:l:l'Cand SSH%RH
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1
3
22
42

5
14
21
26

3
4
36
68

6
24
28
33

20
41

98
100

78
85
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100
100

. granarium diapause larvae
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81
83
100
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200
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= udditlve effect /8= potentht!on emect { » = co-toxicity rnctor was not cnlcul-tcd. where tl:e
insect mortality of 99% N; alone was 100%,

Table (5): The Combined Action of Pirimiphos-methyl Dust Under MA of 99% N, to
. erature of 26£2 °C and 5545% RH.

Various 1reatm

(@

hos-

mdhy‘f+ N;

®)

d = sdditive effect / 3 = polentintion effect / n = co-toxicity factor was not calculated, where the
msect mortality of 99% N; or pirbmiphos-methyl each alone or together was 100%.

57

8
11
15
48

33
71
90
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83
88

100
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100
100
100
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Table (6): The Combined Action of Agrothrin Dust Under MA of 99% N, to
Various Insect Species at Grain Temperature of 26£2 *C and
55+5% RH.

% Mortality at Various Treatments
Agrothrin
(prm)
2(a) | 4(0)

]

&
C

28 54
44
70
96 98

- -5 -]
| - -

R. dominica-adults
78 8 93 95

84 It 98 100
9 15 100 100
100 48 100 100
T. granarium sctive larvae
42 65 80
59 73 91
77
89

-3 5 "% 1
-5

[~ - -]
- -

11
25
42
| 58
d = additive effect / s = potentiztion effect / n = co-toxicity factor was no¢ calculated,
where the insect mortality of 99% N, or Agrothrin esch alone was 100%.

- "
S G

ACKNOWLEDGMENT

This work was conducted and supported by the National Project of
Integrated Pest Management for Post-Harvest Pests, financed by EEC
Counterpart Funds.

REFERENCE

Bell, C.H.; Wilson, S.M. and Banks, H.J. {(1984): Studies on toxicity of phosphine
to tolerant stages of T. gramarium (Everts). J. Stored Prod. Res., 20
(2): 111-117,

Champ, B. R. and Dyte, C. E. (1976): Report of the FAO survey of pesticide
susceptibility of stored grain pests. Plant Prod. Prot. Series No. §,
Food and Agriculture Organization of the United Nations, Rome.

Darwish, A.A. (1997): Effect of neem and datura plant extract under modified
atmospheres on certain stored products insects. Annals Agric. Sc.,
Moshtohor, 35 (4): 2529-2542.



330 Annals Of Agric. Sc. Moshtohor, Vol. 44(1) 2006

El-Lalkkwah, F A ; Darwish, A.A and Omnia M.Khaled (1992): Effectiveness of
dill seed powder (Anethum graveolens L.} on some stored product
insects. Annals Agric. Sc., Moshtohor, vot. 30 (4): 2031-2037,

El-Lakwah, F.A.; Darwish, A.A and Mohamed, R.A. (1997): Efficacy of a
modified atmosphere of around 1% oxygen plus 99% nitrogen on
some stored product insects. Annals Agric. Sc., Moshtohor, vol. 35
(1): 549-557,

El-Lakwah, F.A; Hamed, M.S. and Abd-El-Aziz, A E.(1998): Toxicity and joint
action of neemazal with certain modified atmospheres against two
species of stored product insects. Ann. Agric. sci., Moshtohor, 36 (3):
1941-1958.

El-Lakwah, F.A; Fl-Kashlan, I.H; and Abd-El- Azxz, AE. (2000a): Effectiveness
of dill (Anethum graveolens L.) seed extract under modified
atmospheres against some stored product insects pests. Adv. Agric,
Res., (5), (3): 1589-1604.

El-Lakwah, F.A; Abd-El-Aziz, A E. and El-Kashlan, L. H. (2000b): Joint action
and effectiveness of black pepper seeds extract with modified
atmospheres against some stored product insects. Ann.Agric. sci.,
Moshtohor, 38 (4): 2529-2542.

El-Lakwah, F.A; Abd-El-Aziz, AE. and Azab, MM, (2002): Effectiveness of
petroleum ether extracts of dill and cumin seeds alone and under
modified atmospheres against Khapra beetle larvae — Trogoderma
granarium Everts. 2nd International Conference, Plant Protection
Research Institute, Cairo, Egypt, 1: 651-660.

El-Lakwah, F.A; Azab, M.M. and Ebrahim, W.M K. (2003): Effect of modified
atmospheres on mortality of some stored product insects, and their
effects alone and in mixtures with some insecticides on seed of certain
crops, The First Int. Egyptian — Romanian Conf.,, Zagazig, Egypt,
2003, 513 - 530.

El-Lakwah, F.A; Azab, MM. and Ebrahim, W.M.K. (2004): Influence of
temperature on the effectivencss of controlled atmospheres of various
carbor: dioxide concentrations or high nitrogen content on two stored
product insects. Annals of Agric. Sc., Moshtohor, 42 (2): 839-850.

El-Lakwah, F.A.; Khattab, MM _; Darwish, A A and Abd-El-Aziz, A A. (1993):
Effect of

some insecticides on seed germination, growth rate and chlerophyll content of
some crop scedlings, Annals Agric. Sci., Moshiohor, 31 (1} 549-564,

Hasan, S. B.; Deo, P. G. and Majumder, 8. K. (1983): Synergistic effect of some
organophosphorus pesticides on the toxicity of Nexion to four stored
grain insect pests. Pesticides, 17 (6}: 9-11.

Hashem. M.Y. and Reichmuth, C. (1994): Interactive effects of high carbon
dioxide or low-oxygen atmospheres and temperature on hatchability of
eggs of three stored- product Moths, J. Plant Discases and Protection,
101 (2); i78-182.

Jilani, G. and Saxena, R.C. (1990): Repellent and feeding deterrent effects of
turmeric oil, sweet flag oil, and ancem-based insecticide against lesser
grain borer (Coleoptera: Bostrichidae). J. Econ. Entomol., 83: 629-
634,



Efficiency Of Certain Insecticides Under Modified....... 331

Lindgren, D.L. and Vincent, L.E. (1970): Effect of atmospheric gases alone or in
combination on the mortality of granary and rice weevils. J. Econ.
Emomol., 63: 1926-1929.

Mansour, N.A.; El-Defrawi, M.E.; Toppozada, A. and Zeid, M. (1966):
Toxicological studies on the Egyptian cotton leafworm Prodenia
litura, potentiation and atagonism of organophosphorus and carbamate
insecticides. J. Econ. Entomol,, 59: 307-311.

Mohamed, R A. (1999); Effectiveness of some plant extracts under modified
atmospheres against the cowpea beetle Callosobruchus maculatus (F.).
Annals Agric. Sc., Moshtohor, 37 (1): 709-720.

Navarro, S.; Dias, R. and Donahage, E. (1985): Induced tolerance of S. oryzae
adults to carbon dioxide. J. Stored Prod. Res., 21:207-213,

Navarro, 8. and Jay, E.G. (1987): Application of medified atmospheres for
controlling stored grain insects. Monograph British Crop Protection
Council, 37: 229-236,

Ofuya, T.I. and Reichmuth, C. (1993): Mortality of the bean bruchid,
Acanthoscelides obtectus (Say) in some high carbon dioxide
atmospheres, J. Plant Diseases and Protection, 100 (2): 165-169,

Parkin, E.A. (1965): The onset of insecticide resistance among filed population of
stored product insects. J. Stored Prod. Res., 1: 3-8.

Redlinger, L.M.; Zettler, J.L.; Davis, R. and Simonaitis, R.A. (1988): Evaluation
of primiphos-methy! as a protectant for export grain. J. Econ.
Entomol., 81: 717-721.

Sighamony, S., Anees, 1.; Chandrakala, T. and Osman, Z. {1986): Efficacy of
certain indigenous plant products as grain protectants against
Sitophilus oryzae {L.) and Rhyzopertha dominica (F.). J. Stored Prod.
Res, 22; 21-23.

Subramanyam, B.; Toews, M.; Fang, L.; Credland, P.F.; Armitage, D.M.;
Bell,C H; Cogan, P.M. and Highley, E. (2003); Spinosad: an effective
replacement for organophosphate grain protectants. Advances in
stored-product protection. Proceedings of the 8% Int. Working Conf.
On Stored-Product Pro., York, UK, 22-26 July 2002: $16-920.

Zawtler, J.L. (1974). Toxicity to malathion-resistant strains of the Indian meal
moth. J. Econ. Entomol., 67: 450-451.

Ay jieall o gl b peka (peny dum Adaaadl o ¥ Cand Slagddl ey Aleld

il Gpan N g Jilla ¢ e daaa dana ¢ bRl el e
aa = gy Aadda — il del )0 L - Ll 46, .8

o Shapdl e Gaaliee B A0 Lleli Al 50 e jiy Gaadl 138 (5 jal

Ht e A landll ol pa¥t a0y g a1y diige — e gipa lly O LN

Gl s g p oo % T g S sl 8 %8 ey S
LpYEYR

CaitSy T VY e DS e AN Akas aal guall Jaks o jladh oy ol

e e dils pal puall Ginnia gy pealll Cigin o plor SIS 00 JJigay syl



332 Annals Of Agric. Sc. Moshtohor, Vol. 44(1) 2006

‘ JJYl ZHPO‘}S]H..IS]I C.ll)n:a.“ u.b Qi_)\..ﬁ'am adA Cg_}gl._n:\..:...ni*!s.“

Lpane 2 UIS (3 5501y e —asizasndl ape of il Ciaaa
Ip s o iBE UaS Lol Cuns @l ptall Spae JIYI OIS 9l dage Laiy
kel g g s Al of ga¥1 G AN cilageall 5 paadt < sl

JBY! i€ age all eluiiad ALl Cllpl of S pclasd <Ll a8,
a8 LS S g 3 e Aaadl ol patt 3 pdaddl clandt JSE dpuliaa
2 jike Leie S adii) i (51 )SH

O Sl SIS g S sl B e Gleli o L pilial < pelid
FS A e S i pdall &gl L of ol iy LS gpa g 8l e 4ol
oy yaill 3 5i g dgpall (e p2dGiaalt

e e Danddl ol oYt aas 50l Glagall o ik G300 el o8,

Ll i ol Sy Sl ol 285 of dibial 86 W 008 ] T i g S0
o yadll 353 ISy padiudt S0 Bkl g 6 e





