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A study to determine the effect of nitrogen mixed with phosphine on controlling stored-grain insects
was conducted in the storehouse. Adults of Sitophilus oryzae (L.), Tribolium castaneum (Herbst),
Rhizopertha dominica (F.), Callosobrochus maculatus (F.) and 3th larvae of Plodia interpunctella
(Hubner) were exposed the mixture of nitrogen and phosphine. After exposure periods of 24 h, the
insects were transferred to clean jars containing food and held at 27+2°C and 65 +5% R H. Experiments
were performed in different heights (30, 35, 40, 45 and 100 cm) and nutrition materials (rice, wheat and
date), in penetration tests and empty-space tests. In empty-space trials, the highest mortality was for S.
oryzae and P. interpunctella. In the penetration tests, treatment with high-pressure nitrogen and
phosphine under different height and foodstuff resulted in different rates of mortality. The mixture of
nitrogen and phosphine in the interaction between height and diet (height x diet) was not significant for
T. castaneum, R. dominica, C. maculatus and P. interpunctella, but for S. oryzae, it was significant. The
influence of nitrogen gas and phosphine in the date was more than it was in rice and wheat. The
mixture of nitrogen with phosphine can be a suitable fumigant for decreasing phosphine under ambient
storage conditions in penetration and empty-space fumigations.

Key words: Fumigant, Insect, nitrogen, phosphine, Sitophilus oryzae, Tribolium castaneum, Rhizopertha
dominica, Callosobrochus maculatus, Plodia interpunctella.

INTRODUCTION

Stored products of agricultural are attacked by more than
1200 species of pests (Rajendran, 2002). In recent years,
the number of fumigants available for use against stored-
product insects has been decreased because of the
removal of fumigants such as carbon disulphide and
ethylene dibromide and only two fumigants, methyl
bromide and phosphine are in use (Leesch, 1995).
Methyl bromide depletes the ozone layer (Cassanova,
2002). Application of methyl bromide will be abolished in
the developed countries in immediate feature (UNEP,
1998). Phosphine is an appropriate fumigant, but
because of slowness in its function, insects’ resistance to
it has been developed in various countries (Zettler, 1993).
Mills shows the constant use of phosphine as the main
result for the increase in the insects' resistance to this
fumigant (Mills, 2001; Mills and Pacho, 1996). Resistance
to phosphine has been observed in Sitophilus oryzae,
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Tribolium castaneum and Rhizopertha dominica (Chimbe
and Galley, 1996; Collins et al., 2002). The resistance of
stored-grain insects to phosphine was reported following
a worldwide survey carried out by the Food and
Agriculture Organization (FAQO) of the United Nations in
1972 and 1973 (Champ and Dyte, 1976), which detected
resistance in 33 of the 82 countries surveyed, involving
82 of the 849 populations tested (Athie et al., 1998). Due
to the Montreal protocol, pesticide resistance and the
increased demand for organic grains, food manufacturers
and grain handlers around the world are looking for novel
ways to control insects and pathogens in stored
commodities (Zettler et al., 1989; Zettler and Cuperus,
1990). Exposure of insects to toxic concentrations of
atmospheric gases has been practiced for centuries and
has been promoted in recent years as a biorational
substitute for chemical fumigations (Navarro, 2006).

The cost of gases needed for controlled atmospheres
may also be a hindrance to adoption. Carbon dioxide has
been used as a viable alternative to phosphine for the
control of insects attacking stored products (Jay, 1986).
CO. is efficient only when concentrations higher than
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40% are maintained for long periods. Exposure periods
longer than 14 days are required to kill the insects when
the concentration of CO in the air is below 40% (Kashi,
1981). CO, due to the technology for the generation of
low O, and high CO, burner gas through cleaned effluent
from an exothermic gas-burning generator (Storey, 1973)
is expensive and must be available in large supply for
certain applications. Ny for use in low O, treatments is
less expensive and can be generated from ambient air, in
which it is close to 80% concentration, via membrane-
adsorption technology (Phillips and Throne, 2010).
Ozonation is a powerful oxidant that reduces or inhibits
mold spore development and kills stored product insects,
therefore serving as a non-chemical alternative for stored
grain protection (EPA, 1999; Mendez et al., 2003).
Treatment of stored product food commodities with
nitrogen has been studies previously (Rajendran, 2005).
Gunasekaran and Rajendran (2005) demonstrated that
O,, N, and CO, were toxic to some stored—product
insects. Comprehensive data on the toxicity of nitrogen
against the rusty grain beetle, Cryptolestes furrugineus
(Stephens) which is the major pest of stored spices and
spice products, is limited (Li et al., 2009). Nitrogen is a
common normally colourless, odourless, tasteless and
mostly diatomic non-metal gas. It has five electrons in its
outer shell, so it is trivalent in most compounds and
nitrogen constitutes 78% of earth's atmosphere and is a
constituent of all living tissues (Croswell, 1996). Nitrogen
is an essential element for life, because it is a constituent
of DNA and, as such, is part of the genetic code (Jahn et
al., 2005). Nitrogen molecules occur mainly in air, in
water and soils, nitrogen can be found in nitrates and
nitrites. All of these substances are a part of the nitrogen
cycle and there are all interconnected (Bothe et al.,
2007).

The application of fumigant mixtures has been
recognized as a means of overcoming the disadvantages
of using a single fumigant. A combination of fumigants is
advisable, because none of the common fumigants, used
singly, possesses the ideal characteristics (Navarro,
1986). In the absence of suitable alternative fumigants,
any loss of phosphine and methyl bromide fumigants will
have serious implications to the safety/protection of
stored and export food commodities against pest
organism. Hence, there is a need to explore for
alternative fumigants that are safe to our food and the
environment. The purpose of this study was to determine
the effect of N, mixed with phosphine on the mortality of
stored-products insects to reduce the appropriate amount
of phosphine.

MATERIALS AND METHODS

This study was carried out in two stages at the fumigation store of
entomology, Urmia University during the period of 2009 to 2010. In
the first stage, nitrogen and phosphine were tested against insects
in an empty- space. In the second stage, the effect of nitrogen and

phosphine were determined by confining the insects under different

heights and nutrition materials.

Chemicals
Phosphine

The test phosphine tablets were 1 g PH3 active ingredient and 2 g
aluminum oxide with 3 g weight. All doses used in this study are
expressed as commercial formulations.

Nitrogen

The nitrogen gas was applied to containers from a vessel of liquid
nitrogen with appropriate vaporizers and pressure regulators to
control the flow rate. The fumigation store had the following internal
dimensions of 4.7 m long, 2.8 m wide and 2.9 m high (volume
about 38 m®) containing bins with different height (30, 35, 40, 45
and 100 cm) and 20 cm diameter were placed in the middle of the
fumigation chamber of rice, wheat and date and used for filling the
bins.

Insects

Sitophilus  oryzae  (Coleoptera:  Curculionidae),  Triobolium
castaneum (Coleoptera: Tenebrionidae), Rhizopertha dominica
(Coleoptera: Bostrychidae), Callosobrochus maculatus (Coleoptera:
Bruchidae) and Plodia interpunctella (Lepidoptera: Pyralidae) adults
were collected from local mills, stores and shops in Urmia (37.39°N
45.40°E), a town in Iran. Cultures were established and maintained
on healthy uncontaminated food at 27+2°C and 65+5% R.H. in
glass bottles 1.5 L covered with pieces of muslin cloth fixed by
rubber bands. All insects were cultured under moderately crowded
conditions to ensure proper development and equal size of the
resultant adults. S. oryzae and R. dominica were reared on Soft
kernel wheat (Padin et al., 2002; Bell et al., 1977); the culture
medium comprised whole-wheat flour with 5% yeast for T.
castaneum (Childs and Overby, 1983). C. maculatus was reared on
chickpeas (Keita et al., 2000) and P. interpunctella was reared on
diet of 80% ground wheat 10% glycerin, 5% brewer’s yeast and 5%
honey (Rafaeli and Gileadi, 1995).

Bioassays

The following developmental stages of insects were used in these
tests: (1) S. oryzae and R. dominica adults 7+2 day old; (2) T.
castaneum adults of 143 day old; (3) C. maculatus adults of 3 day
old and (4) 3thlarvae of P. interpunctella. Preliminary dose-mortality
tests were done before each experiment to determine a range of
doses that would produce 25 to 75% mortality at the lowest and the
highest doses, respectively (Robertson and Preisler, 1992). In each
experiment, insects were allowed to recover on their usual media at
27+2°C and 60+5% R.H. In each bioassay, mortality was recorded
after exposure and recovery period. Those insects that did not
move when lightly probed or shaken in the light and mild heat were
considered dead. Empty-space and penetration tests were
conducted in 38 m® capacity chamber.

Empty-space tests

Adults (mixed-sex) of S. oryzae, T. castaneum, R. dominica, C.
maculatus and 3th larvae of P. interpunctella were fumigated for 24
h in the fumigation chamber separately. The test insects were
confined in cages constructed with 40 mesh wire gauze. Each cage
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Table 1. Variance analysis of different treatments of the five experimented insects mortality in the

empty-space tests.

Source df Mean square F P
Between groups 4 929.583 41.797 0.000**
Within groups 10 22.240

Total 14

"¢ Pis not significant; *p is significant at 0.05 level;**p is significant at 0.01 level.

Table 2. Arcsin Vx average mortality of insects in the empty-space tests*.

Insect Mean of mortality percentage

Group 1 Group 2 Group 3
R. dominica 42.1206
T. castaneum 65.9540
C. maculatus 73.4030 73.4030
S. oryzae 84.7380
P. interpunctella 84.7380
0 1.000 0.360 0.086

In each column mean that letters are different at a 5 percent level with one another are significant

differences.

contained 20 insects and 3 g food. The appropriate amount of
phosphine tablets (Three-quarters of the recommended phosphine
dose = 28.5 tablets) were placed in several parts of the chamber,
then the door of the chamber were entirely closed and 3 kg of N»
was injected with a hose which was made between the injection
gate of the chamber and the N cylinder. Immediately after the N
injection, the injection gate was closed. In each test, the control
insects were treated identically except that none were exposed to
phosphine and N». After exposure periods of 24 h, the insects were
transferred to clean jars containing food and were held at 27+2°C
and 65 #5% R.H. Mortality rates of S. oryzae, T. castaneum, R.
dominica, C. maculatus adult and 3th larvae of P. interpunctella
were recorded 24 h after the termination exposure (Pourmirza and
Tajbakhsh, 2008).

Penetration tests

The penetration tests were carried out in the earlier mentioned
chamber (38 m®). Experiments were performed in different heights
(30, 35, 40, 45 and 100 cm) and nutrition materials (rice, wheat and
date). For each experiment, five cages for the five experimental
species [Adults (mixed-sex) of S. oryzae, T. castaneum, R.
dominica, C. maculatus and 3th larvae of P. interpunctella, each
containing 20 adults of one insect species with 3 g food] were
placed horizontally at the bottom of PVC bins with different heights.
Each bin was filled by the three mentioned nutrition materials
separately.

The procedure used was similar to those described for the
empty- space tests (in penetration tests, 4 kg N> was used for
injection). Each experiment was replicated three times for three
days. The control case was prepared in identical manner without
the application of the test compounds. After exposure periods of 24
h, the insects were transferred to clean jars containing food and
were held at 27+2°C and 65+5% R.H. Mortality rates of S. oryzae,
T. castaneum, R. dominica, C. maculatus adult and 3th larvae of P.
interpunctella were recorded after 24 h after the termination

exposure. The appropriate amount of phosphine tablets in these
trials were half the recommended dose (19 tablets) (Pourmirza and
Tajbakhsh, 2008).

Data analysis

Mortality data from all the bioassays were analyzed with SPSS
software (SPSS Inc, 1993). In all the experiments, the data were
statistically analyzed using one-way analysis of variance (ANOVA)
followed by Tukey's honestly significant difference (HSD) test to
determine the statistical differences between the means at o= 0.05.

RESULTS AND DISCUSSION

Table 1 shows that the F values of the insects had
significant difference in the empty-space test; in this
space the highest mortality was for S.oryzae and P.
interpunctella (Table 2) and the lowest mortality was
observed in R. dominica (Table 2 and Figure 6).
Treatment with nitrogen and phosphine in the empty-
space test resulted in different rates of mortality, for
example, for S. oryzae and P. interpunctella, mortality
percentage was observed significantly different with other
insects, while significant difference was not achieved
within T. castaneum and C. maculatus (Table 3).

Table 4 shows that the F values of height were
significant for S. oryzae, T. castaneum, R. dominica and
C. maculatus, but for P. interpunctella, it was not
significant. This table shows that the F values of the diet
were significant for S. oryzae, T. castaneum and R.
dominica, but not for C. maculatus and P. interpunctella.
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Table 3. Multiple Comparisons of insects in empty-space test.

Mean Standard e 95% confidence interval
Insect Insect difference error Significance Lower bound _ Upper bound
T. castaneum 18.78400* 3.85058 0.005 6.1114 31.4566
S. oryzae R. dominica 42.61734* 3.85058 0.000 29.9448 55.2899
C. maculatus 11.33494 3.85058 0.086 -1.3376 24.0075
P.interpunctella  .00000 3.85058 1.000 -12.6726 12.6726
S. oryzae -18.78400* 3.85058 0.005 -31.4566 -6.1114
T. castaneum R. dominica 23.83334* 3.85058 0.001 11.1608 36.5059
C. maculatus -7.44906 3.85058 0.360 -20.1216 5.2235
P.interpunctella  -18.78400* 3.85058 0.005 -31.4566 -6.1114
S. oryzae -42.61734* 3.85058 0.000 -55.2899 -29.9448
R. dominica T. castaneum -23.83334* 3.85058 0.001 -36.5059 -11.1608
C. maculatus -31.28240* 3.85058 0.000 -43.9550 -18.6098
P. interpunctella -42.61734* 3.85058 0.000 -55.2899 -29.9448
S. oryzae -11.33494 3.85058 0.086 -24.0075 1.3376
C. maculatus T. castaneum 7.44906 3.85058 0.360 -5.2235 20.1216
R. dominica 31.28240* 3.85058 0.000 18.6098 43.9550
P. interpunctella -11.33494 3.85058 0.086 -24.0075 1.3376
S. oryzae .00000 3.85058 1.000 -12.6726 12.6726
P. interpunctella  T. castaneum 18.78400* 3.85058 0.005 6.1114 31.4566
R. dominica 42.61734* 3.85058 0.000 29.9448 55.2899
C. maculatus 11.33494 3.85058 0.086 -1.3376 24.0075

*pis significant at 0.05 level.

The interaction between height and diet (height x diet)
were not significant for T. castaneum, R. dominica, C.
maculatus and P. interpunctella, but for S .oryzae it was
significant in p < 0.01.

Treatment with high-pressure nitrogen and phosphine
under different height and foodstuff may result in different
rates of mortality; for example, at 100 cm, mortality
percentage for S. oryzae and R. dominica was observed
significantly different from other heights (Tables 5 and 7),
while the same level of control was achieved within 100
cm with 30, 35, 40 and 45 cm in T. castaneum, C.
maculatus and P. interpunctella (Tables 6 and 8). The
results showed that for each of the bins, nitrogen and
phosphine mixture achieved almost complete mortality
against P. interpunctella in all the heights (Table 9). The
results showed that there was a significant difference in
the mortality between 30 cm with other heights in C.
maculatus (Table 8).

Figures 1, 3 and 5 shows that the influence of nitrogen
gas and phosphine in the date was more than that of rice
and wheat, because the highest mortality of S. oryzae, R.
dominica and P. interpunctella was observed in the bins
that contained date. The lowest mortality rate of R.
dominica and C. maculatus occurred in the wheat

reservoirs (Figures 3 and 4), but for T. castaneum and P.
interpunctella, the lowest mortality rate was related to rice
which had less influence of nitrogen gas and phosphine
(Figures 2 and 5).

For the control of stored-product pest insects,
particularly on grain, farmers mostly rely on the treatment
by using contact insecticide on raw cereals. Because
such treatments may result in the presence of residues in
those products prepared from treated grain, there are
restrictions in the level of insecticide residues allowed in
such products (Pourmirza and Tajbakhsh, 2008).
Therefore, the number of suitable contact insecticides
that can be used in the control of stored-product insects
are limited (White and Leesch, 1995; Arthur, 1999).
Fumigation is one of the most successful methods for the
rapid control of insects infesting foodstuffs (Weller and
Morton, 2001). Presently, large proportions of stored
foodstuffs are fumigated with methyl bromide and
phosphine. In many instances, the major reliance has
been placed on the methyl bromide fumigation and the
stock management was neglected. Phosphine as
fumigant offers a cost effective method of insects’ control
(Rajendran and Muralidharan, 2001). Strict controls on
detectable concentrations of phosphine are necessarily
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Table 4. Variance analysis of different treatments of five experimented insects mortality in penetration tests.
S.V S. oryzae T. castaneum R. dominica C. maculatus P. interpunctella
df Mean F Q2 df  Mean F Q2 df Mean F Q2 df Mean F Q2 df Mean Q2
square square square square square
Height(a) 4 373.73 48.72* 0.037 4 23013 2519 0.052 4 342.13 17.05* 1.46 4 541.28 31.63** 0.146 4 95.50 1.60n.s 0.074
Diet(b) 2 210.84 27.48** 0.01 2 58.84 6.44* 0.006 2 92.53 4.61* 0.197 2 21.36 1.24n.s 0.002 2 163.44 2.75n.s 0.063
height x diet (ab) 8 70.71 9.22* 8 15.32 1.67n.s 8 13.33 .66n.s 8 9.92 0.58n.s 8 12.12 0.20n.s
Total 14 14 14 14 14
(Pa/Q2b 3.7 8.6 7.45 73 1.17
"*pis not significant; *p is significant at 0.05 level; ** p is significant at 0.01 level; Q%a/O%b is equal to the ratio of height superiority to nutrient in mortality.
Table 5. Multiple comparisons of height for S. oryzae.
. . . Standard e 95% confidence interval
High (cm High (cm Mean difference Significance
gh (cm) gh (cm) error 9 Lower bound Upper bound
35 .0000 1.30559 1.000 -3.7951 3.7951
30 40 1.2522 1.30559 0.871 -2.5429 5.0473
45 11.2144* 1.30559 0.000 7.4193 15.0096
100 15.3038* 1.34577 0.000 11.3918 19.2157
30 .0000 1.30559 1.000 -3.7951 3.7951
35 40 1.2522 1.30559 0.871 -2.5429 5.0473
45 11.2144* 1.30559 0.000 7.4193 15.0096
100 15.3038* 1.34577 0.000 11.3918 19.2157
30 -1.2522 1.30559 0.871 -5.0473 2.5429
40 35 -1.2522 1.30559 0.871 -5.0473 2.5429
45 9.9622* 1.30559 0.000 6.1671 13.7573
100 14.0515" 1.34577 0.000 10.1396 17.9634
30 -11.2144* 1.30559 0.000 -15.0096 -7.4193
45 35 -11.2144* 1.30559 0.000 -15.0096 -7.4193
40 -9.9622* 1.30559 0.000 -13.7573 -6.1671
100 4.0893" 1.34577 0.037 0.1774 8.0012
30 -15.3038* 1.34577 0.000 -19.2157 -11.3918
100 35 -15.3038* 1.34577 0.000 -19.2157 -11.3918
40 -14.0515* 1.34577 0.000 -17.9634 -10.1396
45 -4.0893* 1.34577 0.037 -8.0012 -0.1774

*pis significant at 0.05 level.
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Table 6. Multiple comparisons of height for T. castaneum.

. . . Standard e 95% confidence interval
High (cm) High (cm) Mean difference error Significance Lower bound Upper bound

35 3.3473 1.42483 0.158 -0.7856 7.4802
30 40 7.7728* 1.42483 0.000 3.6400 11.9057
45 10.3273* 1.42483 0.000 6.1944 14.4602
100 12.3445* 1.42483 0.000 8.2117 16.4774

30 -3.3473 1.42483 0.158 -7.4802 .7856

35 40 4.4256* 1.42483 0.031 .2927 8.5584
45 6.9800* 1.42483 0.000 2.8471 11.1129

100 8.9973* 1.42483 0.000 4.8644 13.1301

30 -7.7728* 1.42483 0.000 -11.9057 -3.6400

40 35 -4.4256* 1.42483 0.031 -8.5584 -.2927
45 2.5544 1.42483 0.396 -1.5784 6.6873

100 4.5717* 1.42483 0.024 .4388 8.7046

30 -10.3273* 1.42483 0.000 -14.4602 -6.1944

45 35 -6.9800* 1.42483 0.000 -11.1129 -2.8471
40 -2.5544 1.42483 0.396 -6.6873 1.5784

100 2.0173 1.42483 0.623 -2.1156 6.1501

30 -12.3445* 1.42483 0.000 -16.4774 -8.2117

100 35 -8.9973* 1.42483 0.000 -13.1301 -4.8644
40 -4.5717* 1.42483 0.024 -8.7046 -.4388

45 -2.0173 1.42483 0.623 -6.1501 2.1156

*pis significant at 0.05 level.

Table 7. Multiple comparisons of height for R. dominica.

. . . Standard Significance 95% confidence interval
High (cm) High (cm) Mean difference error Lower bound Upper bound
35 4.6589 2.11157 0.206 -1.4791 10.7968
30 40 6.0456 2.11157 0.055 -0.0924 12.1835
45 11.0144* 2.11157 0.000 4.8765 17.1524
100 17.4464* 2.17655 0.000 11.1195 23.7732
30 -4.6589 2.11157 0.206 -10.7968 1.4791
35 40 1.3867 2.11157 0.964 -4.7513 7.5246
45 6.3556* 2.11157 0.040 .2176 12.4935
100 12.7875* 2.17655 0.000 6.4607 19.1143
30 -6.0456 2.11157 0.055 -12.1835 0.0924
40 35 -1.3867 2.11157 0.964 -7.5246 4.7513
45 4.9689 2.11157 0.157 -1.1691 11.1068
100 11.4008* 2.17655 0.000 5.0740 17.7277
30 -11.0144* 2.11157 0.000 -17.1524 -4.8765
45 35 -6.3556* 2.11157 0.040 -12.4935 -0.2176
40 -4.9689 2.11157 0.157 -11.1068 1.1691

100 6.4319* 2.17655 0.045 .1051 12.7588
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Table 7 Contd. Multiple comparisons of height for R. dominica.

30 -17.4464* 2.17655 0.000 -23.7732 -11.1195
100 35 -12.7875* 2.17655 0.000 -19.1143 -6.4607

40 -11.4008* 2.17655 0.000 -17.7277 -5.0740

45 -6.4319* 2.17655 0.045 -12.7588 -0.1051

*pis significant at 0.05 level.

Table 8. Multiple comparisons of height for C. maculatus.

. . . Standard e 95% confidence interval
High (cm) High (cm)  Mean difference error Significance Lower bound _ Upper bound
35 8.7378* 1.94994 0.001 3.0697 14.4059
30 40 13.5622* 1.94994 0.000 7.8941 19.2303
45 16.3656* 1.94994 0.000 10.6974 22.0337
100 20.8228* 2.00995 0.000 14.9802 26.6653
30 -8.7378* 1.94994 0.001 -14.4059 -3.0697
35 40 4.8244 1.94994 0.125 -0.8437 10.4926
45 7.6278* 1.94994 0.004 1.9597 13.2959
100 12.0850* 2.00995 0.000 6.2424 17.9276
30 -13.5622* 1.94994 0.000 -19.2303 -7.8941
40 35 -4.8244 1.94994 0.125 -10.4926 0.8437
45 2.8033 1.94994 0.609 -2.8648 8.4714
100 7.2606* 2.00995 0.009 1.4180 13.1031
30 -16.3656* 1.94994 0.000 -22.0337 -10.6974
45 35 -7.6278* 1.94994 0.004 -13.2959 -1.9597
40 -2.8033 1.94994 0.609 -8.4714 2.8648
100 4.4572 2.00995 0.202 -1.3853 10.2998
30 -20.8228* 2.00995 0.000 -26.6653 -14.9802
100 35 -12.0850* 2.00995 0.000 -17.9276 -6.2424
40 -7.2606* 2.00995 0.009 -13.1031 -1.4180
45 -4.4572 2.00995 0.202 -10.2998 1.3853

*pis significant at 0.05 level.

Table 9. Multiple comparisons of height for 3" larvae of P. interpunctelia.

. . . Standard . 95% confidence interval
High (cm) High (cm) Mean difference error Significance Lower bound Upper bound

35 1.8644 3.63320 0.985 -8.6740 12.4029

30 40 4.2122 3.63320 0.774 -6.3263 14.7507

45 6.7167 3.63320 0.366 -3.8218 17.2551

100 7.8122 3.63320 0.226 -2.7263 18.3507

30 -1.8644 3.63320 0.985 -12.4029 8.6740

35 40 2.3478 3.63320 0.966 -8.1907 12.8863

45 4.8522 3.63320 0.672 -5.6863 15.3907

100 5.9478 3.63320 0.486 -4.5907 16.4863
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Table 9 Contd. Multiple comparisons of height for 3" larvae of P. interpunctella.

40

45

100

30 -4.2122 3.63320 0.774 -14.7507
35 -2.3478 3.63320 0.966 -12.8863
45 2.5044 3.63320 0.957 -8.0340

100 3.6000 3.63320 0.857 -6.9385

30 -6.7167 3.63320 0.366 -17.2551
35 -4.8522 3.63320 0.672 -15.3907
40 -2.5044 3.63320 0.957 -13.0429
100 1.0956 3.63320 0.998 -9.4429

30 -7.8122 3.63320 0.226 -18.3507
35 -5.9478 3.63320 0.486 -16.4863
40 -3.6000 3.63320 0.857 -14.1385
45 -1.0956 3.63320 0.998 -11.6340

6.3263
8.1907
13.0429
14.1385

3.8218
5.6863
8.0340
11.6340

2.7263
4.5907
6.9385
9.4429

*pis significant at 0.05 level.
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Figure 1. The comparison of mortality of S. oryzae in the different height and foodstuffs.
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Figure 6. The comparison of mortality of insects in the empty-space test.

imposed by some organizations. Since excessive residue
from fumigation is a potential hazard to consumers,
phosphine is under close scrutiny and will have limited
use in the immediate future (Pourmirza and Tajbakhsh,
2008). A new approach in insect control researches could
be the use of less hazardous substances, which are more
compatible with the environment. The application of gas
and phosphine as a less hazardous compound may be

an appropriate approach to this objective. Trials have
been conducted on the use of nitrogen as a fumigant to
replace phosphine in the control of insects damaging
stored products. The use of N, rich atmospheres showed
promising results in disinfesting food commodities in
small storage facilities (Bennett, 2003).

Bennett (2003) recorded a high percentage of mortality
on S. oryzae, R. dominica, Trogoderma granarium



Everts. and T. castaneum after six days exposure to
biogas in PVC bins. In this study however, the use of
nitrogen gas with phosphine as its main components,
achieved good results in the control of stored pests,
because the results showed that in the stored-product
infested with C. maculatus and T. castaneum, there was
significant mortality. S. oryzae and P. interpunctella
recorded up to 100% mortality after 24 h of exposure to
nitrogen and phosphine mixture in PVC bins. The
addition of N, to phosphine caused an increase in the
mortality of the population of the five species as also
observed by Athie et al. (1998) with the addition of CO, to
phosphine. The mortality data for adults of S. oryzae, C.
mculatus, T. castaneum and P. interpunctella in this
study agrees with those of Li et al. (2009), who treated
the C. furrugineus only with liquid nitrogen in bins which
were filled with hard red spring wheat. This effect of gas
in mixture with phosphine was also indicated by
Desmarchelier and Wohlgemuth (1984) and El-Lakwah et
al. (1991). In this study, N, was very effective in mortality
to all the tested insects in the empty space and
penetration tests. This finding agrees with the data
collected by Gunasekaran and Rajendran (2005) which
demonstrated that O,, N, and CO, were toxic to some
stored-product insects.

Due to the problem of insect resistance to phosphine
and the lack of viable alternatives for control methods
and also because synergistic interaction implies that the
risk-reduced phosphine dose can be used with N, for its
effectiveness against strains of stored-product insects
and the spectrum of activity under different environmental
conditions, N, treatment under suitable temperatures and
with low concentrations of phosphine is recommended as
a replacement for methyl bromide in treating stored
products and other food and it is desirable for
management of stored-product insects in conventional
small stores with common available facilities.
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