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ABSTRACT

The present study aims to evaluate effectiveness the modified atmospheres
of larvae and adults of the saw-toothed grain beetle, Oryzaephilus surinamensis
based on either high carbon dioxide (CO-) contents or high nitrogen (N2) contents at
optimum conditions (25°C and 655 % RH). The experiments were carried out using
20, 40, and 50% CO; as well as 97 and 98% N gases in the air at different exposure
periods.

The mortality was recorded at exposure periods; 3, 6, 12, 24, 48, 72, 96, 120
and 144 h. Results showed that the larvae and adults mortalities of O. surinamensis
responded to modified atmospheres (MAs) enriched with either CO, or N, and
increased significantly (P < 0.01) with increasing either exposure time length or gas
concentration. MAs enriched with N, were more effective than those contained CO».
Modified atmospheres tested had strong effects against all stages of O. surinamensis.
Six days were adequate to kill larvae and adults completely under all tested modified
atmospheres contained different concentrations of CO,. Five days were required to kill
larvae were required completely under the two modified atmospheres contained 97
and 98% N2 whereas 72 h to kill adults under the same concentrations.

Keywords: Methyl bromide, Date palm fruits, Carbon dioxide, Nitrogen, Oryzaephilus
surinamensis.

INTRODUCTION

Date is one of the fruits that have great economic importance in
Egypt. The date is stored for months until it reaches the consumers.
Sometimes the storage of date fruits extends for more than a year. During
this storage, the date fruits can be attacked by numerous of insect pests that
affect their marketing value (Sen et al., 2010). The most common insect pests
that cause great losses in date fruits are the saw-toothed grain beetle,
Oryzaephilus surinamensis (L.) (Coleoptera: Silvanidae), Indian meal moth,
Plodia interpunctella (Lepidoptera: Pyralidae) and fig moth Cadra, (Ephestia)
cautella (Lepidoptera: Pyralidae) (Abbas et al., 2011).

The saw-toothed grain beetle, Oryzaephilus surinamensis, is an
important and widespread pest of stored grains and cereal products. It is
usually found as a secondary pest on grain damaged by other insects, such
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as the grain weevil, Sitophilus granarius (L.) as the larvae cannot develop on
sound grains (Tunchilek, 1997). Therefore, the important factors that
contribute to it, its seriousness on dates include its ability to develop
resistance to insecticides (Dakhil, 1987) and the tendency of larvae to feed
inside date fruit (Al-Taweel et al., 1990).

Moreover, the use of methyl bromide to fumigate food commodities
and facilities must be phased out in accordance with the montreal protocol
due to its effect on the ozone layer (UNEP, 2006). The development of
alternative treatments for pest control is an increasing demand for food
industry and has been promoted by governments through national
legislations and funding the research projects. Alternatives should meet
consumer demands towards reducing or eliminate the use of pesticides and
maintained the same time high degree of control efficacy (Riudavets et al.,
2010).

Modified atmospheres have been used for disinfesting raw or semi-
processed food products, such as cereal grains and dried fruits, while still in
storage. Treatments based on reduced oxygen (O,) and high carbon dioxide
(CO,) or nitrogen (N,) contents are technically suitable alternatives for
arthropod pest control in durable commodities (Riudavets et al., 2010).
Atmospheres rich in CO,, with more than 40% in the air, are faster at
controlling pests than those with high contents of N, (Navarro, 2006).
Literatures on the effects of different types of CO, treatments and dosages on
key pests are available for many species and stages of stored-product pests
under particular sets of conditions (Annis & Morton, 1997). Depending on the
temperature, CO, treatments may take from a few days to several weeks to
be effective in gas-tight chambers or silos (Riudavets et al., 2009). The
toxicity of CO, to insects is known to vary among species, developmental
stages and age groups. Parameters of the physical environment, such as
temperature, humidity, and CO, levels in storage, also influence toxicity. In
the majority of studies involving CO,, much attention has been focused on
determining the time required to kill insect pests (Van Epenhuijsen et al.,
2002).

Modified atmospheres containing high levels of N, were experimentally
tested against some stored-products insects beside other MAs enriched with
various levels of CO,. Larvae, pupae, and adults of Tribolium castaneum
(Herbst) were exposed to atmospheres containing high N, or CO,
concentrations at about 50% R.H. and 27°C for periods up to 72 hr. Overall,
99% N, caused greater mortality in adults than did 58% CO, while 58% CO,
was more effective against pupae. The difference in larval mortality exposed
to the two atmospheres was not significant, though 99% N, caused greater
mortalities of ten 48 h. Mortality of all life stages tested were low when the
insects were exposed to an atmosphere of 97% N, (Jay and Cuff, 1981). The
use of N, gas to attain low oxygen atmospheres for eradicating insect
infestation of museum objects is a feasible alternative to toxic gases. All
insects commonly found in museums can be eradicated in a 0.1 % oxygen
atmosphere (Daniel et al., 1993). Moreover, Ofuya and Reichmuth (1993)
investigated the mortality of eggs, larvae, pupae and adults of the cowpea
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bruchid, Callosobruchus maculatus (F.) and the bean
bruchid, Acanthoscelides obtectus (Say) in 100% N, atmosphere at 25 and
32°C, respectively at 70£5% R.H. They found that all adults of both bruchids
were killed within one day of exposure to pure N, atmosphere. All eggs and
young larvae of A. obtectus were Kkilled within 3-5 days, while complete
mortality of larvae and pupae was observed within 5-9 days.

However, scantly attention has been paid on Effect of different
modified atmospheres, an alternative to methyl bromide on different stages of
Saw toothed grain beetles, Oryzaphilus surinamiensis (L.) (Coleptera:
Silvanidae).

Therefore, this study was designed to quantify the dosage mortality
of O. surinamensis to CO, or high N, and more specifically to define the
concentration and time combinations that give high mortality for larvae and
adults stages.

MATERIALS AND METHODS

Insect culture

The insect strain tested was obtained from naturally infested dried
fruits. It was reared on the dust of date-palm fruits. Cultures and test insects
were kept in a darkened incubator maintained at 30+2°C and 65+5% R.H.
The insects used in this study were reared on the same food medium. The
dust of date-palm fruits was sterilized at 60°C for 10 h to eliminate possible
contaminants (El-Kady, 1978). Adults of known age were obtained from
cultures which were sieved daily. The adults were then put into jars
containing black cloths. The eggs were collected daily from the black cloths.
Laboratory experiments

MAs were investigated in the laboratory of Modified atmospheres at
the Department of Economic Entomology and Pesticides, Faculty of
Agriculture, Cairo University according to the method described by Hashem
et al. (2012). Experiments aimed to study the susceptibility of larvae and
adults of O. surinamensis to different concentrations of CO, and N, in the air
at 25°C for different exposure periods. Larvae and adults required for the
MAs experiments were obtained from the stock culture as described earlier.
After exposure to MAs, treated stages were maintained under the optimum
constant laboratory conditions of 25°C and 65+5 % R.H. All tested MAs
treatments were repeated three times and three similar replicates of every
treatment were left untreated for control purpose.
Gas treatment equipment

As described by Desmarchelier (1984), treatment with gas mixtures
took place inside gas-tight sealed glass bottles of 550 cm?® capacity (Dreshel
flask). Every flask was tightly plugged with a special glass stopper containing
two lateral valves (an inlet and outlet valve) leading to two vertical glass
tubes. One of these tubes was long and reached near the bottom of the flask,
while the other was short and reached the upper quarter of it. The long tube
worked as a gas inlet and the short one worked as a gas outlet. Valves were
opened at the beginning of the treatment and left open until the desired gas
concentration inside the flask was obtained, as indicated by an oxygen

921



El-Mohandes, M. A. et al.

analyzer (Hashem, 1990). CO, or N, cylinders were used for gases supply
and were connected to the inlet tube of the flask with a short hose. The outlet
tube of the Dreshel flask was connected to the CO,-O, analyzer with another
short hose (Servomex 570 A).
Preparing larvae and adults for gas treatment

Third instar larvae and newly-emerged adults were used in this study.
Larvae and adults were separated from the medium by camel brush. Twenty
specimens for each stage were put in each glass tube which containing 2 g
dust of palm-date fruits. The tubes were closed with cloths and tighten with
rubber band. Then, the tubes were introduced into the dreshel flasks to be
tested with MAs.
The CO, and N, concentrations in air and exposure periods tested

Using the gas treatment equipment described above, larvae and
adults were exposed to three different air concentrations of CO, and two
concentrations of N, under the prevailing laboratory conditions. The tested
MAs containing CO, were: 1) 20% CO,, 16% O, and 64% N,, 2): 40% CO,,
12% O, and 48% N, and 3) 50% CO,, 10% O, and 40% N,. The tested MAs
containing N, were: 1) 97% N, & 3% 0O,) and 98% N2 & 2% O2. The
exposure periods for each of the three tested MA treatments containing CO,
were 3, 6, 12, 24, 48, 72, 96, 120 and144 h for each adults and larvae
treatments. The exposure periods of each of the two MA treatments
containing N, were 3, 6, 12, 24, 48 and 72 h for adult treatments and
exceeded to 96 and 120 h for larvae treatments. After treatment, the Dreshel
flasks were transferred to incubators adjusted to constant temperatures of 25
+2°C and 65+ 5 % R.H.
Mortality percentages of the different developmental larval instars

By the end of the tested exposure periods, dreshel flasks were
aerated, and the treated stages were removed and incubated under the
conditions of 25 + 2 °C and 65 + 5% R.H. remained inside the tubes and were
examined daily to record mortality percentages.
Statistical analysis

Mortality counts were corrected using Abbott's formula (Abbott,
1925). F. and Duncan tests were adopted for calculating the corrected
mortality rates of larval instars and were performed with an SPSS computing
program using ANOVA, as described by Snedecor & Cochran (1967). Data
on the effect of exposure periods on the mortality of the larvae and adults
stages were subjected to probity analysis as described by Finney (1971).
LTso and LTgs values were also calculated using the computer program
developed by Noack and Reichmuth (1978).

RESULTS

1- Effect of CO, on mortality of larvae and third instar adults of O.
surinamensis
1-1- Larval stage
Mortality percentages of 3" instar larvae of O. surinamensis exposed
to three concentrations of CO, at 25°C were indicated in Fig (1). The mortality
% increased with increasing both CO, concentrations and exposure period.
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Mortality percentage was 100% at six days with 20% CO,, five days with 40%
CO, and three days exposure period with 50% CO, LTs, and LTgs values at
25 °C declined gradually from low to high concentrations of CO,. LTg, values
were 1.07, 1.15 and 0.55 with 20, 40 and 50% CO.,. LTy values were 8.76,
11.37 and 2.61 with the same concentrations, respectively (Table 1).

Exposure periods (h)

Fig. (1): Mortality percentages (MeanzSE) for Larva of O. surinamensis
exposed to different modified atmospheres (MAS) containing
different concentrations of CO, combined with different

exposure periods at 25°C.

Table (1): LTso and LTgs values, and their confidence limits, for Larva of
O. surinamensis exposed to different modified atmospheres
(MAs) combined with different exposure periods at 25°C.

Confidence limits (h)

Modified LTso LTy
atmosphere | (h) (h) L Tso L Tos

Lower Upper Lower Upper
20 % CO, 40.8 | 210.456 | 27.7176 | 57.0912 | 172.133 | 405.5808
40 % CO, 27.744 | 273.024 | 18.1488 | 41.4696 | 209.508 | 650.9016
60 % CO, 13.32 | 62.736 | 9.1416 | 18.9288 | 48.8568 | 126.3528

1-2- Adult stage

The mortality percentage increased with increasing both CO,
concentrations and exposure period. Mortality percentage was 100% at 6, 5
and 4 days exposure period with 20, 40 and 50% CO,, respectively at 25°C.
The high concentration (50%) of CO, had the highest effect on O.
surinamensis adults at 25°C. It could cause 100% mortality after four days
exposure period (Fig.2).
Table (2) showed the LTsy and LTgs values at 25 °C. Those declined
gradually from low to high concentrations of CO,. LTso was 1.96, 0.86 and
0.62 with 20, 40 and 50% CO,, respectively. LTgs values were 10.79, 3.41
and 2.29 with the same concentrations, respectively.
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Exposure periods (h)

Fig. (2): Mortality percentages (MeanzSE) for adult of O. surinamensis
exposed to different modified atmospheres (MAs) containing
different concentrations of CO, combined with different
exposure periods at 25°C.

Table (2): LTg and LTgs values, and their confidence limits, for adult of
O. surinamensis exposed to different modified atmospheres
(MAs) combined with different exposure periods at 25°C.

Modified Confidence limits (h)

LTso LTos
atmospher h) (h) LTso LTos
€ Lower | Upper Lower Upper
20 % CO, 47é08 252.10 28.282 73.246 233(.5685 718(.5485
40 % CO2 20466 81.888 18':’42 22.944 70.188 98.4144
50 % CO, 14.88 | 55.104 11'162 18'595 44.0664 | 80.6064

2- Effect of N, gas on for mortality of adults and third instar larvae of O.
surinamensis

2-1- Larval stage

The mortality percentage of 3" instar larvae of O. surinamensis
exposed to 97% and 98% Nitrogen at 25°C. increased with increasing both
N, concentration and exposure period (Fig 3). Mortality percentage was
100% with 98% N, at five days exposure period but the N, concentration of
97% caused 98.3 % mortality with the same exposure period. The high
concentration of N, (98%) had the highest effects on O. surinamensis larvae.
It could cause 100% mortality after five days exposure periods. Table (3)
showed the respective findings of LTsq and LTgs together with their
confidence limits in cases of 97% N, (35.684 and 225.986 h) and 98% (24.48
and 163.64 h).
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Exposure periods (h)

Fig. (3): Mortality percentages for larvae of O. surinamensis exposed to
different nitrogen atmospheres combined with different

exposure periods at 25°C.

Table (3): LTsg and LTgs values, together with their confidence limits for
3" instar larvae of O. surinamensis exposed to different
nitrogen atmospheres combined with different exposure

periods at 25°C.

Modified LT, LT Confidence limits (h)
atmosphere (h) (h) LTso LTos

Lower | Upper Lower Upper
97% N, 35.684 | 225.986 | 21.305 | 58.354 | 197.023 |665.212
98% N, 24.482 | 163.647 | 15.222 | 37.102 | 129.701 |374.087

2-2- Adult stage

The adult mortality percentage of O. surinamensis exposed to 97% and
98% Nitrogen increased with increasing both Nitrogen concentrations and
exposure period (Fig. 4). The mortality percentage was 100% after three days
exposure period. The LTsy and LTgs values at 25 °C declined gradually from
low to high N, concentrations. LTs, and LTgs values were (11.9 and 63.4 h),
(7.3 and 40.4 h) with 97 and 98% N, concentrations, respectively (Table 4).

% mortality
\
N

Exposure periods (h)

Fig. (4): Mortality percentages for adults of O. surinamensis exposed to

different
exposure periods at 25°C.
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Table (4): LTsg and LTgs values, together with their confidence limits for
adults of O. surinamensis exposed to different nitrogen
atmospheres combined with different exposure periods at

25°C.
Modified LTeo LTes Confidence limits (h)
atmosphere | () | (h) L Tso L Tos
Lower Upper Lower Upper
97% N, 11.92 | 63.43 4.81 24.27 59.37 408.35
98% N, 7.31 40.35 4.23 10.99 29.60 107.12
DISCUSSION

The study conducted by Hashem et al. (2012) tested different modified
atmospheres (MAs) enriched with CO, against the saw-toothed grain beetle
as methyl bromide (MB) alternative. They proved that all stages of O.
surinamensis could be killed within four days exposure. Furthermore, there is
a previous study showed that no adverse affects of MAs the date fruit's
quality (Dehghan Shoar et al., 2010). In this research, different MAs
containing 20, 40 and 50% CO, in air were firstly tested against larvae and
adults of O. surinamensis at 25°C and 65+5% R.H.

Few researches applied MAs in controlling saw-toothed grain beetle, O.
surinamensis. Riudavets et al. (2009) applied MAs containing 50% and 90%
CO, against all stages of O. surinamensis for four and eight days at 25°C.
While, Riudavets et al. (2010) used CO, at high pressure with reduced the
time required to kill the insect pests. Nielsen (2001) applied atmospheres with
high content of CO, under a pressure against the adults of O. surinamensis.
However, Locatelli and Daolio (1993) studied the effectiveness of CO, under
reduced pressure against life stages of O. surinamensis. MAs used to protect
commodities throughout their storage life by using low O, levels (Conyers and
Bell, 2007). Additionally, Leelaja et al. (2007) used CO, to enhance the
toxicity of allyl acetate against the adult beetle of O. surinamensis.

The present study applied different MAs based on either high CO, or
high N, contents at optimum conditions of 25°C and 655 % RH. The
experiments were conducted using 20, 40, and 50% CO, as well as 97% and
98% N, gases in the air against 3™ instar larvae and newly emergence adults
of saw-toothed grain beetle O. surinamensis at different exposure periods.
The target was to identify the sensitivity of O. surinamensis stages to high
levels of CO, or N, as well as to detect the exact time to achieve 100%
mortality of each stage. This study is considered the first that used these
levels of CO, at such exposure periods ( 3, 6, 12, 24, 48, 72, 96, 120 and
144 h for adults and larvae and 3, 6, 12, 24, 48, 72 h for adults and
exceeded to 96 and120 h for larvae with N, concentrations. Only a single
previous study that conducted by Riudavet et al. (2009) used CO, against all
stages of O. surinamensis. They applied only two levels of MAs that
contained 50 and 90% CO, at two exposure periods, 4 and 8 days. There
was a large gap between the two tested modified atmospheres and the two
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exposure periods. So, some stages may be killed completely with MAs
contained CO, less than 90% through time less than that recorded by
Riudavet et al. (2009).

Complete mortalities for adults were recorded at exposure period of
144 h with MAs contained 20% CO,, 120 h with MAs contained 40% CO, and
96 h with 50% CO, while complete mortalities for adults were recorded at
exposure period of 72 h with modified atmospheres contained 97 and 98%
N,. The mortality % of third instar larvae were 100% at exposure period144 h
at 20% CO,, 120 h with MAs containing 40% CO, and 72 h with 50% CO, 97
N, and 98% N,. These findings agree with that recorded by Riudavets et al.
(2009). They found that all stages (exceptionally, pupa) of O. surinamensis
which treated with MAs contained 50% CO, were completely killed at 4 days
exposure. They added that pupa was completely killed at the same period
when it was treated with MAs contained 90% CO..

In conclusion, five tested MAs contained CO, (20, 40 and 50%) and
N, (97 and 98%) had strong effect against larvae and adults of the saw-
toothed grain beetle O. surinamensis. Six days were adequate to kill larvae
and adults completely under all tested MAs contented different concentration
of CO,. Five days were required to kill larvae completely under the two MAs
containing 97 and 98% N, and 72 h to kill adults completely under the same
concentrations. In addition, modified atmospheres as can effectively replace
to the Methyl bromide in controlling these pests that infest palm-date fruits.

REFERENCES

Abbott, W.S. (1925). A method of computing the effectiveness of an
insecticide. Journal of Economic Entomology 18, 265-267.

Abbas, H., Nouraddin, S., Reza, Z.H., Iraj, B., Mohammad, B., Hasan, Z.,
Hossein, A.M., and Hadi, F. (2011). Effect of gamma radiation on
different stages of Indian meal moth Plodia interpunctella Hubner
(Lepidoptera: Pyralidae). African Journal of Biotechnology, 10, 4259-
4264.

Al- Taweel, A.A.; Ahmed, M.S.H.; Kadhum, S.S. and Hamed, A.A. (1990).
Effects of gamma radiation on the progeny of irradiated Ephestia
cautella (Walker) (Lepidoptera-Pyralidae) males J. Stored Prod. Res. 26:
233-336.

Annis, P.C. and Morton, R. (1997).The acute mortality effects of carbon
dioxide on various life stages of Sitophilus oryzae. J. Stored Prod.Res.
33.115-124

Conyers, S.T. and Bell, C.H. (2007). A novel use of modified atmospheres:
Storage insect population control. J. Stored Prod. Res., 43: 367-374.

Dakhil S.H. (1987). phosphine, resistance in the fig moth Ephestia cautella

(Walker) (Lepidoptera: Pyralidae). M.Sc. Thesis, College of agriculture,
university of Baghdad.

927


http://www.scopus.com/authid/detail.url?authorId=6603313748
http://www.scopus.com/authid/detail.url?authorId=7402354654

El-Mohandes, M. A. et al.

Daniel, V., Hanlon, G. and Maekawa, S. (1993). Eradication of insect pests in
museums using nitrogen. Western Association for Art Conservation
Newsletter, 15: 15-19.

Dehghan-Shoar, Z., Hamidi-Esfahani, Z. and Abbasi, S. (2010). Effect of
temperature and modified atmosphere on quality reservation of sayer
date fruits (Phoenix dactylifera L.). Journal of Food processing and
Reservation 34, 323-334.

Desmarchelier, J.M. (1984). Effect of carbon dioxide on the efficacy of
phosphine against different stored product insects. Mitteilungen aus der
Biologischen Bundesanstalt fir Land- und Forstwirtschaftt, Berlin Dahlem
Heft 220, 57.

El-Kady, E. A. (1978). Use of radiation disinfestation in the control of rice
insect pests during storage. IAEA-SM-250/14, pp. 229-244. International
Atomic Energy Agency, Vienna.

Finney, D.J. (1971). Probit analysis. Cambridge Univ. Press. 3rd edn, 333 p.

Hashem, M. Y. (1990). Vergeleichende Untersuchungen Uber den Einfluss
von Phosphorwassertoff (PH3) und inerten gasen (N, und CO, ) auf den
grossen  Kornbonhrer  Prostephanus  truncatus  (Horn)  und
Getreidekapuziner Rhizopertha dominica (F.) (Coleoptera: Bostrichidae)
Ph.D. Thesis, Giessen Univ. Germany,159 pp.

Hashem, M.Y., Ahmed, S.S., EI-Mohandes, M.A. and Gharib, M.A. (2012).
Susceptibility of different life stages of saw-toothed grain beetle
Oryzaephilus surinamensis (L.) (Coleoptera: Silvanidae) to modified
atmospheres enriched with carbon dioxide. Journal of Stored Products
Research 48, 46-51.

Jay, E.G. and Cuff, W. (1981). Weight loss and mortality of three life stages
of Tribolium castaneum (Herbst) when exposed to four modified
atmospheres. Journal of Stored Products Research, 17 (3): 117-124.

Leelaja, B.C., Rajashekar, Y., Vanitha Reddy, P., Begum, K. and Rajendran,
S. (2007). Enhanced fumigant toxicity of allyl acetate to stored-product
beetles in the presence of carbon dioxide. J. Stored Prod. Res., 43: 45-
48.

Locatelli, D.P. and Daolio, E. (1993). Effectiveness of carbon dioxide under
reduced pressure against some insects infesting packaged rice. Journal
of Stored Products Research 29, 81-87.

Navarro, S. (2006). Modified atmospheres for the control of stored product
insects and mites. In: Heaps, J.W. (Ed.), Insect Management for Food
Storage and Processing. AACC International, St. Paul, Minnesota, USA,
pp. 105-145.

Nielsen, P.S. (2001). The effect of carbon dioxide under pressure against
eggs of Ephestia kuehniella Zeller and adults of Stegobium paniceum (L.)
and Oryzaephilus surinamensis (L.). Anzeiger fur Schadlingskunde, 74:
85-88.

Noack, S. and Reichmuth, C.H. (1978). Ein rechnerisches Verfahren zur
Bestimmung von beliebigen dosis-werten eines wirkstoffes aus empirisch
ermittelten dosis-Wirkung-Datem-Mitt. Biol. Bundanst Ld-u. Forstw., Heft
185, p. 49.

928


http://www.scopus.com/authid/detail.url?authorId=15132115300
http://www.scopus.com/authid/detail.url?authorId=15078169700
http://www.scopus.com/authid/detail.url?authorId=15078776200
http://www.scopus.com/authid/detail.url?authorId=15077932200
http://www.scopus.com/authid/detail.url?authorId=7103207853
http://www.scopus.com/authid/detail.url?authorId=7103207853
http://www.scopus.com/authid/detail.url?authorId=7003940634
http://www.scopus.com/authid/detail.url?authorId=24310458200
http://www.scopus.com/authid/detail.url?authorId=7402902805
http://www.scopus.com/source/sourceInfo.url?sourceId=19135&origin=recordpage

J. Plant Prot. and Path., Mansoura Univ., Vol. 5 (10), October, 2014

Ofuya, T.I. and Reichmuth, C. (1993). Control of two bruchid pests of stored
grain legumes in a nitrogen atmosphere (1993) Crop Protection, 12,394-
396.

Riudavets, J., Castané, C., Alomar, O., Pons, M.J. and Gabarra, R. (2009).
Modified atmosphere packaging (MAP) as an alternative measure for
controlling ten pests that attack processed food products. Journal of
Stored Products Research 45, 91-96.

Riudavets, J., Castafié, C., Alomar, O., Pons, M.J. and Gabarra, R. (2010).
The use of carbon dioxide at high pressure to control nine stored-product
pests. Journal of Stored Products Research 46, 228-233.

Sen, F., Meyvaci, K.B., Turanli, F. and Aksoy, U. (2010). Effects of short-
term controlled atmosphere treatment at elevated temperature on dried
fig fruit. Journal of Stored Products Research, 46, 28-33.

Snedecor, G.W. and Cochran, W.G. (1967). Statistical methods, 6th ed., lowa
State Univ. Press, Ames, lowa, USA, 259 p.

Tuncbilek, A.S. (1997). Susceptibility of the Saw-toothed Grain Beetle,
Oryzaephilus surinamensis (L.), to Gamma Radiation. J. Stored Prod.
Res., 33(4): 331-334.

UNEP, (United Nations Environment Programme) (2006). Report of the
Methyl Bromide Technical Options Committee (MBTOC). 2006
assessment. http://www.unep.org/ozone/teap/Reports/ TEAP_Reports/.

Van Epenhuijsen, C.W., Carpenter, A. and Butler, R. (2002). Controlled
atmospheres for the post-harvest control of Myzus persicae (Sulzer)
(Homoptera: Aphididae): effects of carbon dioxide concentration. Journal
of Stored Products Research 38, 281-291.

s luadidl A8aal) 5 gha¥) o Jfinall dra gyl Jilas Damal) 430 o) o) st (lamy il
(Coleptera:  Oryzaphilus surinamiensis (L.) aliys—dl
Silvanidae)
9 el S Ay a e A gt anac (wdigall 4aal s
TG el as dana deu
- ss)hm\ c‘)mia.xeu sﬁj‘ﬂ a-ﬂdl% sSJAmL.'Zsb)'S\LAS A,.U:\AJ‘ KS\‘)‘}SU@#\M*
raa b padl Al daaly e )3l A AalaiBY) il pdal) aud **
s B ALY ¢ pal K.ig.u ¢JAJ':Y‘ LAL% b _alall 3.9‘))5\ a.;l.\s ca..i*élaéﬁ\l\ & pudal) ?“3 Fkek

Sl el e JS e Aaeadl A0 5el 615t e Aalind) Al apds 1) Al o3 Cangd
sl b osSl Akl 6 Gle 38 sale (sedl sl il Sy ol sudl eludiad ALASH 5 pdally il
B A s iy A dysha ) %65 5 225 A sl (Bl saill ik v all o O el sf el
Oe il (% 50 <405 <20 ) slsell (B 05180 28] B (g At ansi e (5 5int Alsea 451 g8 o) sal 3
i 3 Cya Adlide gy o3 <y e Glld g (%98 <97) cum sl Sl e s sind Alamall A5 el 61 52 Y)
Aele 144 120 <96 <72 48 24 12 6 3 el &8 e & gall 4y iall Al

sl G 3855 e IS 33k ALK @l pdially il el Ay giall il Baly ) il < el
83050 el Ll gel) o) sa¥) O il copelals el 558 by sl S Slsdlsall (B s SN
2l 5 e 5aly 3 Alaaall £ gl 2 s Glli e ALSH ) piall iyl e il T cpm s gl Sle 3€ g
Sl alatiuly Al 200 el ol sa N (AU B delu 144 sadd (o el 5y of Ll i) Casiadf s 50 S
120 53l iy jail) (55 Laiyy caly ) sl eLuatild ALK 5 a5 iyl e oliaill R4S i€ (0 KU 2 G
725 «isll %100 N sl dasi Jsasl cpns il Sl aladiuly Aaeall Al s6d) ¢ 2 (pLl Awad) delu
ALK ) paall (alf 4335) L Aol

929


http://www.scopus.com/authid/detail.url?authorId=6603124176
http://www.scopus.com/authid/detail.url?authorId=6602620704
http://www.scopus.com/authid/detail.url?authorId=6507279026
http://www.scopus.com/authid/detail.url?authorId=15124786200
http://www.scopus.com/authid/detail.url?authorId=6602187017
http://www.unep.org/ozone/teap/Reports/TEAP_Reports/

