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ABSTRACT

Under environmental conditions of Burj EI-Arab warehouse, Alexandria Governorate, Egypt, a storage
experiment was carried out from 30" May 2020 to 26™ February 2021 to become conscious of the effect of
treatment with some chemical compounds (insecticides) i.e. deltamethrin at 1 and 2 ppm, malathion at 10 and
15 ppm and phosphine at 3 and 5 tablets/m? and natural compounds (botanical oils) i.e. clove, coriander and
lemongrass oils at 10 and 15% on storage efficiency of wheat after 9 months from harvesting time. The
experiment had arranged in a factorial experiment in a randomized complete block design (RCBD) with three
replications. The lowest insect infestation percentage and grains weight loss percentage and highest number of
dead insects/samples were resulted from treating wheat grains with phosphine at 5 tablets/mS. Treating wheat
grains with lemongrass oil at the rate of 15% recorded the lowest insect infestation percentage and grains weight
loss percentage and highest number of dead insects/sample. This study recommended treating samples of wheat
grains with phosphine at 5 tablets/m?besides lemongrass oil at 15% to enhance storage efficacy characters under
the environmental conditions of Burj El-Arab district, Alexandria Governorate, Egypt.
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INTRODUCTION

Wheat (Triticum aestivum vulgare L.) is the main
source of human food and constitutes an essential part of its
nutritional needs. It is the main winter cereal crop in Egypt.
Wheat is one of the most widespread crops in the world
because of its distinctive protein properties and is an
important source of food and energy (Abedi et al. 2010). It
is easily processed into various types of food like bread,
macaroni, biscuit, and sweets. Although wheat is useful as
livestock feed.

Wheat grains must be stored, transported, and
conveyed using methods that preserve their quality. The
storage time of the stored product can be divided based on
the period from short-term storage for drying to long-term
storage for strategic reserves. It can also be stored on the
farm or in large commercial facilities. Stored wheat grains
are vulnerable to insect attack, and an infestation can
degrade both the quality and quantity, resulting in a
significant decrease in volume, significant weight loss, and
reasonable germination damage (Phillips and Throne,
2010). Loss in stored wheat may reach about 50:60%, and
this is due to a lack of technical efficiency (Tadesse, 2020).
A common method of insect control in stored wheat grain is
through the use of some insecticides (e.g. deltamethrin,
malathion, or phosphine) in metal containers.

Synthetic pyrethroids, such as deltamethrin are
compounds derived from pyrethrins that are extracted from
dried chrysanthemum flowers. These compounds are
designed to be more toxic and quickly degrade. The
formulation that contains pyrethroids also includes synergists
that help increase their potency and reduce the body's ability
to detoxify these compounds (Khater et al., 2009).
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Attia et al. (2014) explained that the best treatment
for storing wheat grains was the use of deltamethrin at rates
ranging between 0.75 and 1.25 ppm. Seadh et al. (2014)
revealed that treating wheat grains with deltamethrin had a
significant impact on the chemical constituents compared to
the control treatment, After three to six months of stockpiling.

Malathion is a selective, broad-spectrum insecticide
that has low mammalian toxicity (oral LDsp =12,500 mg kg*
for rats) (Rengasamy and Parmar 1989). Seadh et al. (2014)
and Attia et al. (2014) found that treating wheat grains with
malathion at concentrations around 10 ppm had a significant
effect on storage efficiency and preservation of the chemical
components of the grains compared to other treatments and
controls.

Phosphine is one of the most toxic fumigants to
stored grain insect pests. Due to the advantages that
phosphine possesses of low cost, ease of use, and the
absence of residuals, there are several developments in
knowledge of phosphine that lend positive support to the
continued use of phosphine as a fumigant (Collins et al.,
2001). Ramadan (2016) found that fumigant wheat grains
by phosphine (at 3, 5, and 7 tablet phosphine/m? ) before the
start of storage, had a significant consequence on storage
efficacy characters (number of insects, insect infestation,
and weight loss percentages). Badawi et al. (2017) stated
that the lowest number of insects, insect infestation %, and
weight loss %, of wheat grains, were produced by treating
with phosphine ( at the rate of 8 ppm).

Due to the negative effects resulting from the
uncontrolled use of pesticides, such as environmental
pollution and toxicity to humans. Attention is turning
towards the use of natural products such as plant-derived


http://www.jppp.journals.ekb.eg/
http://www.jppp.journals.ekb.eg/

Abd Allah, S. A. etal.

materials and plant essential oils.

Essential oils can be defined as any volatile oils that
contain aromatic compounds and are characterized by an odor
and flavor characteristic of the plant source for them. These
oils are by-products of the metabolic processes within the
plant. The oils are found in glandular hairs or secretory cavities
of plant-cell walls, as a form of droplets in the leaves, stems,
roots, flowers, or even the fruits and bark of many plants.

Essential oils have many functions in plants, including
attracting or repelling insects, and protecting the plant from
heat or cold. Chemical components in oils are also used as
defense compounds against herbivores (Bakkali et al., 2008).

In the bioassay test, (EI-Gizawy et al., 2018) found
that clove oil was more toxic to stored grain insects when
used as a fumigant. They concluded that clove oil can be
used as grain protectants or fumigants to control stored
products insects. Hamza and Hamza (2018) revealed that
clove oil alone showed high efficiency to R. dominica
concerning mortality, the progeny of the adults, and weight
loss of wheat grain. Soe et al. (2020) concluded that clove
oil can be used as a safe alternative to the use of pesticides
in integrated stored grain pest management programs.

The medicinal properties and effectiveness against
stored grain insects of coriander essential oil because it
contains a Borneol, Cineole, Cymene, Dipentene, Linalool,
Phellandrene, Pinene, Terpineol, and Terpinolene (Islametal.,
2008). Sriti Eljazi et al. (2017) showed the possibility of using
coriander essential oil in controlling stored grain insects.

Lemongrass essential oils are characterized by their
insecticidal and repellent properties, so they can be used in the
schemes of stored grain pest management (Plata-Rueda et al.,
2020). Binseena et al.(2018) studied the Effect of lemongrass)
on the mortality of rice weevil, under laboratory conditions.
they found that lemongrass oil had moderate effectiveness
against the studied stored grain insect.

From the previous reference review, we can
conclude that essential oils can be used to control stored
grain insects, therefore, this investigation was established to
study the effect of treatment with some chemical and natural
compounds (essential oils) on the storage efficiency of
wheat under the environmental conditions of Alexandria
Governorate, Egypt.

MATERIALS AND METHODS

Pesticides and chemicals used:

All tested insecticides (Table 1) used in this study
were in formulated forms and were produced by T. Stanes
& Company Limited, India, and obtained from Gaara
establishment for import and export Co.

Table 1. Pesticides used in the current study.

Common Trade . Rate of

Formulation A
name name application
Aluminium phosphide ~ Phosphine ~ Tab 56%  3:5 tab/m?
Deltamethrin Deltamethrin ~ EC 25% 1:2 ppm
Malathion Malathion EC57%  10:15 ppm
Botanical oils:

Coriander, clove, and lemongrass essential oils were
introduced by: T. Stanes & Company Limited, India, and
obtained from Gaara establishment for import and export Co.

Field study:

Under environmental conditions of Burj El-Arab
warehouse, Alexandria Governorate, Egypt, a storage
experiment was carried out from 30" May 2020 to 26"
February 2021. The purpose of this experiment was to
become conscious of the effect of treatment with some
chemical insecticides and natural compounds (essential oils)
on the storage efficiency of wheat after 9 months from the
beginning of storage.

The experiment had arranged in a factorial
experiment in a randomized complete block design (RCBD)
with three replications.

The first factor included seven treatments with some
chemical insecticides before beginning the storage as
follows:
1.Storing wheat grains without any treatment (control

treatment).
2.Treating wheat grains with deltamethrin(1 ppm).
3.Treating wheat grains with deltamethrin (2 ppm).
4. Treating wheat grains with malathion (10 ppm).
5.Treating wheat grains with malathion (15 ppm).
6.Treating wheat grains with phosphine at the rate of 3
tablets/md.
7.Treating wheat grains with phosphine at the rate of 5
tablets/m®,

The second factor included seven treatments with
some natural substances (essential oils) before beginning the
storage as follows:
1.Storing wheat grains without any treatment (control

treatment).
2.Treating wheat grains with clove oil at the rate of 10%.
3.Treating wheat grains with clove oil at the rate of 15%.
4. Treating wheat grains with coriander oil at the rate of 10%.
5.Treating wheat grains with coriander oil at the rate of 15%.
6.Treating wheat grains with lemongrass oil at the rate of
10%.
7.Treating wheat grains with lemongrass oil at the rate of
15%.

The interaction between these two factors resulted in
49 treatments, and each treatment was replicated 3 times.

Inall studied treatments, about 10 kg of wheat grains
(mixture of cultivars) with 12-13% moisture content in each
replicate were stored in metal containers with sealing
directly after supply to Burj El-Arab warehouse, Alexandria
Governorate, Egypt. Storage wheat in metal containers with
the sealing model was performed as a simulation of the
storage in metal silos as a modern model of storage.
Treatment procedures

Phosphine or hydrogen phosphide (PHs) is one of
the most toxic compounds in all forms of life. Therefore,
exposure to the least amount of it should be avoided. Here it
should be noted that phosphine gas (PHs) is realized from
aluminum phosphide tablets when exposed to moist air. So,
the tablets were ground into a powder form using a generic
spice grinder and the quantity needed to achieve the desired
concentration for each sample (10 kg) was calculated. The
grains were placed in metal containers. Then the appropriate
amount of aluminum phosphide was placed to obtain the
required concentration. Then the grains and aluminum
phosphide powder were stirred until they mixed well. Then
the metal containers were closed tightly to prevent
phosphine gas from leaking.
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A concentration of 1% (10* ppm) of the two
pesticides used (deltamethrin and malathion) was prepared.
Then the required volume of the preparation solution was
calculated to obtain the desired concentration of both
pesticides (1-2 and 10-15 ppm for deltamethrin and
malathion respectively). This volume was completed to 100
ml with distilled water. The grains were laid out on a flat,
hard surface approximately one grain thick. This volume
was sprayed onto the flat grains using an ordinary sprayer.
The grains were left to dry completely at ambient
temperature. The grains were mixed by stirring them well
and then stored in the metal containers.

The studied plant essential oils (clove, coriander, and
lemongrass) were dissolved with acetone firstly and then
diluted with water to 1% for each plant oil. A 0.5% tween
80 was added to the solution and stirred well to obtain a
homogeneous emulsion. The same steps that were used with
pesticides were applied literally in the case of plant essential
oils.

Studied characters:

After 9 months from beginning storage, 1 kg of
wheat grains for each treatment was taken. Four replicates
(100 grains) from each treatment were manually picked
randomly for inspection and estimation of the following
storage efficiency characters:

1. Insect infestation percentage (%). Grains which having
holes or infestations were collected, also, the grains
which showed signs of insect damage were considered
infested. The infestation level was expressed as the
number and percentage damage grains according to the
formula of (Jood et al. 1996).

Damage grains percent = Number of insect dz
Number of total grains

2. Number of dead insects found in each replicate.

3. Grains weight loss percentage (%). The weight losses
in wheat grains caused by insect infestation were
calculated as follows according to (Dick 1987).

Weight loss % _(UND-ONw 0
CIBNLIOSS 70 = U (Nd + Nu)
Where:

Nu = Number of undamaged grains.
Nd = Number of damaged grains.

U = Weight of undamaged grains.

D = Weight of damaged grains.

Data were subjected to statistical analysis according
to the technique of analysis of variance (ANOVA) for a
factorial experiment in a randomized complete block design
(RCBD) as published by (Gomez and Gomez 1984) by
using the “MSTAT-C” computer software package. The
least significant difference (LSD) method was used to test
the differences between treatment means at a 5 % level of
probability as described by (Snedecor and Cochran 1980).
Also, Duncan's multiple range tests at a 5 % level of
probability as described by (Duncan 1955) were used to
compare means of treatment.

RESULTS AND DISCUSSION

Effect of treatment with insecticides:

Statistical analysis of the obtained data presented in
Tables 2, 3, and 4 and Figures 1, 2 and 3 showed that treating
wheat grains before the beginning of storage with some
insecticides at various rates (deltamethrin at 1 and 2 ppm,

malathion at 10 and 15 ppm and phosphine at 3 and 5
tablets'm3) had a significant effect on storage efficiency
characters (insect infestation percentage, number of dead
insects/sample and grains weight loss percentage) after 9
months from harvesting time.

The highest insect infestation percentage (11.85 %)
and lowest number of dead insects/sample (2.9) and the
heights grains weight loss percentage (6.38 %) resulted from
stored wheat grains without any treatment (control
treatment). Whereas, the lowest insect infestation
percentage (3.71 %) and grains weight loss percentage (2.00
%), and highest number of dead insects/sample (4.33) were
resulted from produced treating wheat with phosphine at the
rate of 5 tablets/m® (Tables 2, 3 and 4 and Figures 1,2 and
3). The second-best treatment was treating wheat grains
with deltamethrin (2 ppm), followed by treating wheat
grains with phosphine at the rate of 3 tablets/m?, then
deltamethrin (1 ppm), malathion (15 ppm), and malathion
(10 ppm) after 9 months from harvesting time.

The favorable role of treating wheat grains with
phosphine before storage (at the rate of 5 tablets/m3) which
reduced insect infestation percentage and grains weight loss
percentage and increased the number of dead insects/sample
may be ascribed to phosphine gas (PH3), that produced by
reacting between tablets of aluminum phosphide and air
humidity, is prohibited insects piercing and entering into grains
by poison effect. Moreover, (Winks, 1984) concluded that the
phosphine gas produced from aluminum phosphide works to
eliminate the most pesticide-resistant insects until the insect
population becomes susceptible again. In this regard,
phosphine was the primary fumigant currently being used
commercially for stored products (Taylor, 1994). The
constructive role of deltamethrin at the rate of 2 ppm may be
ascribed to its effectiveness in protecting grains from attack by
the major stored product (Korunic et al., 2012). Furthermore,
the effects of deltamethrin on the nervous, respiratory and
hematological systems of insects (Pimpéo et al., 2007). The
slight effect of malathion treatment as compared with
phosphine or deltamethrin treatments is probably due to
malathion being moderately toxic to mammals (WHO, 2020).

Therefore, (Storey et al., 1984) stated that malathion
was formerly widely used, but the increasing resistance of
many stored product pests to this pesticide has resulted in
the need for alternative control agents. On the other hand,
Anon (1988) stated that malathion was used extensively to
prevent insect infestation in stored grains. These findings are
in agreement with those reported by (Seadh et al. 2014; Attia
etal. 2014 and Badawi et al. 2017)

Effect of treatment with botanical oils:

The statistical analysis of the obtained data exhibited
that studied wheat grains treatment before the beginning of
storage with natural substances (botanical oils) i.e. clove,
coriander, and lemongrass oils at different rates of 10 and 15%
on storage efficiency (insect infestation percentage, number of
dead insects/sample and grains weight loss percentage) after 9
months from harvesting time (Tables 2, 3 and 4 and Figures 1,
2 and 3).The obtained results of this study cleared that treating
wheat grains with lemongrass oil at the rate of 15% recorded
the lowest insect infestation percentage (4.33 %) and grains
weight loss percentage (2.33 %) and highest number of dead
insects/sample (5.76) after 9 months from harvesting time
(Tables 2, 3 and 4 and Figures 1,2 and 3).
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Table 2. Means of insect infestation percentage (%6) as affected by treatment of wheat grains with some insecticides
and/or botanical oils as well as their interaction after 9 months from beginning storage

Botanical oils (Means + S.E) Overall
Insecticides Control Clove ail Coriander oail Lemon grass oil means
(10%) (15%) (10%) (15%) (10%) (15%) (Means +S.E)
Control 1423+ 1176 + 1052 + 1299+ 1238+ 1114 + 990+ 1185+
0619p 0619mno  0.619Im  0.000op 0.619n0 0.000Imn  0.000 kI 0.31f
(1 ppm) 743 + 557 % 433+ 6.81 ) 6.19 = 495+ 371+ 557+
Deltamethrin 0.000hij  0.000efg  0.619cde 0.619ghi 0.619fgh  0.619def 0.619 bcd 0.32c
2 ppm) 6.81 £ 433+ 3.09 % 557 % 495+ 3.71% 248 £ 442 +
0.619ghi 0.619cde 0.619abc 0.000efg 0.619def 0.000bcd 0.000 ab 0.35b
(10 ppm) 8.66 + 6.81+ 557+ 8.04 £ 743+ 6.19+ 4.95+ 6.81+
Malathion 0.619jk  0.619ghi 0.000efg  0.619ij 0.000hij 0.619fgh 0.619 def 0.31e
(15 ppm) 8.04 £ 6.19+ 495+ 743+ 6.81+ 557+ 433+ 6.19+
0.619j 0.619fgh  0.619def 0.000hij 0.619ghi  0.000efg 0.000 cde 0.35d
(3 tablets / 6.81 £ 495+ 371+ 6.19 £ 557 % 433 % 3.09+ 4,95+
Phosphine m°) 0.619ghi  0.619def 0.000bcd 0.619fgh 0.000efg 0.619cde 0.619 abc 0.32h
(5 tablets / 557+ 371+ 248 = 495+ 433 % 3.09 % 186+ 371+
md) 0.000efy 0.000bcd 0.619ab  0.619def 0.619cde 0.619abc 0.619a 0.32a
Overal means (Means+SE) 822+061g 6.19+058d 4.95+058h 743+057f 6.81+058e 557+053¢ 433+053a 6.21+024c
F fest Insecticides . Botinical ___* I1xB S —
LSD 0.54 oils 054 1.43

S.E: Standard errors. Means followed by the same letter (s) are not significantly difference (P=0.95 level)

Table 3. Means of number of dead insects/sample as affected by treatment of wheat grains with some insecticides
and/or botanical oils as well as their interaction after 9 months from beginning storage

Botanical oils (Means + S.E) Overall
Insecticides Control Clove ail Coriander oil Lemon grass ail means
(10%) (15%) (10%) (15%) (10%) (15%) (Means+S.E)
Control 133+ 200+ 233 % 267+ 367+ 333 5.00 £ 290+
0.333a  0.000abc  0.333bcd 0.333cde  0.333fgh  0.333efg  0.333 jkl 0.19a
(1 ppm) 3.00+ 3.00+ 333+ 3.67+ 433+ 4.00 + 5.67 + 3.86 +
Deltamethrin PP 0.000def 0.000def  0.333efg  0.333fgh 0.333hij  0.000ghi  0.000Im 0.19 cd
2 ppm) 233+ 300+ 3.67% 4.00 £ 500+ 433+ 6.67 £ 414+
PP 0.333bcd 0.577def  0.333fgh  0.000 ghi 0.000 jkI 0.333hij  0.333n 0.27 de
(10 ppm) 167+ 267+ 3.00 333+t 367+ 3.33% 533+t 329+
Malathion PP 0.333ab  0.333cde  0.000def 0.333efg  0.333fgh  0.333efg  0.333kl 0.21b
(15 ppm) 233+ 267+ 3.00 £ 333+ 4.00 + 3.67 % 5.00 £ 343+
PPM) 0667bcd 0.333cde  0.000def  0.333efg  0.000ghi  0.333fgh  0.333jkl 0.31b
(3tablets/ 2.00+ 2.67+ 3.00+ 3.67+ 5.00 + 4.00 + 6.33+ 381+
Phosphine md) 0.577abc  0.333cde  0.000 def 0.333 fgh 0.000 jKkI 0.000 ghi  0.000 mn 0.25¢
P (5tablets/ 3.33% 333+ 3.67 % 4,00 = 5.00 £ 4,67 = 6.33+ 433+
md) 0.333efg  0.333efg  0.333fgh  0.000 ghi 0.000 jkI 0.333ijk  0.333mn 0.22¢
Overal means 229+ 276+ 314+ 352+ 438 + 3.90 % 576 £ 3.68
(Means + S.E) 0.20a 0.14b 0.13¢c 0.13d 0.15e 0.13f 0.199g 0.10c
F test .. * .. . * *
LSD Insecticides —o0m Botinical oils o3 IxB o088

S.E: Standard errors. Means followed by the same letter (s) are not significantly difference (P=0.95 level)

Table 4. Means of grains weight loss percentage (%) as affected by treatment of wheat grains with some insecticides
and/or botanical oils as well as their interaction after 9 months from beginning storage

Botanical oils (Means + S.E) Overall
Insecticides Control Clove ail Coriander oil Lemon grass oil means
(10%) (15%) (10%) (15%) (10%) (15%) (Means*S.E)
Control 7.67+ 6.33+ 5.67 + 7.00 = 6.67 + 6.00 + 533+ 6.38 +
0.333p 0.333mno _ 0.333Im 0.000 op 0.333no  0.000Imn  0.000 kI 0.17f
(1 ppm) 400+ 300+  233+0333 367+ 333+ 267+ 200+ 3.00+
Deltamethrin 0.000 hij  0.000 efg cde 0.333ghi  0.333fgh  0.333def 0.333 bcd 017¢
2 ppm) 367+  233% 167+ 3.00+% 267+ 2.00 £ 133+ 238+
PP 0.333ghi  0.333cde  0.333abc  0.000efg  0.333def  0.000bcd  0.000 ab 0.19b
(10 ppm) 467+ 367+ 3.00+ 433+ 400+ 333+ 2.67+ 3.67+
Malathion 0.333jk  0.333ghi _ 0.000 efg 0.333j 0.000 hij 0.333fgh  0.333 def 0.17e
(15 ppm) 433+ 333+ 267+ 400+ 367+ 3.00+ 233+ 333+
0.333ij  0.333fgh  0.333def  0.000 hij 0.333ghi  0.000efg  0.000 cde 0.19d
(3tablets/ 3.67+ 267+ 2.00 £ 333+ 3.00+ 233+ 167+ 267+
Phosphine md) 0.333ghi  0.333def 0.000bcd  0.333fgh  0.000efg  0.333cde 0.333 abc 0.17b
(5tablets/ 3.00+ 200+ 133+ 267+ 233+ 167+ 1.00+ 200+
md) 0.000 efg  0.000 bcd 0.333 ab 0.333def  0.333cde  0.333abc  0.333a 0.17a
Overal means 443+ 333+ 267+ 4.00 £ 367+ 300+ 233 335+
(Means + S.E) 043g 0.33d 0.67b 0.22 f 0.67¢e 0.22¢c 0.33a 0.13c
* * *
I}iSt.?;t Insecticides o029 Botinical oilsT I[xB o077

S.E: Standard errors. Means followed by the same letter (s) are not significantly difference (P=0.95 level)
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Fig. 1. The effect of treatment wheat grains with some insecticide (a) and/or botanical oils(b) and their combination
(c) on insect infestation percentage(%).
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Fig. 2. The effect of treatment wheat grains with some insecticide(a) and/or botanical oils(b) and their combination
(c) on dead insects number/sample.
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Fig. 3. The effect of treatment wheat grains with some insecticide(a) and/or botanical oils(b) and their combination

(c) on Weight loss %.

However, treating wheat grains with clove oil at the
rate of 15% ranked secondly after the aforementioned
treatment and followed by treating wheat grains with
lemongrass oil at the rate of 10%, them treating wheat grains
with clove oil at the rate of 10%, coriander oil at the rate of
15% and coriander oil at the rate of 10% after 9 months from
harvesting time.

On the other hand, the highest insect infestation
percentage (8.22 %) and grains weight loss percentage (4.43
%), and lowest number of dead insects/sample (2.29) were
obtained from storing wheat grains without any treatment
(control treatment) after 9 months from harvesting time.

The reduction in insect infestation percentage and
grains weight loss percentage and an increasing number of
dead insects/sample by treating grains with lemongrass oil
at the rate of 15% are probably due to the insecticidal and
repellent activity of lemongrass oil and their components,
therefore, it has the potential for application in stored grain
pest management schemes (Plata-Rueda et al., 2020).

In addition, the toxicity of clove oil against insects,
so it could be used as a grain protectant or fumigant to
control stored products insects (EI-Gizawy et al., 2018). The
slight effect of coriander oil as compared with treatment
with lemongrass oil or clove oil is probably due to its role in
repellent and toxic properties against larvae and adult insects
(Farhana et al., 2006). These results conform with those
stated by (Sriti Eljazi et al. 2017 and Soe et al. 2020)
Effect of the interaction:

The interaction between the treatment of wheat grains
with some insecticides and/or botanical oils had a significant
effect on storage efficiency (insect infestation percentage,
number of dead insects/sample, and grains weight loss
percentage) after 9 months from beginning storage as
presented in Tables 2, 3 & 4 and Figures 1, 2 & 3.

The best results of insect infestation percentage (1.86
%), number of dead insects/sample (6.33), and grains weight
loss percentage (1.00 %) after 9 months from harvesting
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time were obtained from samples of wheat grains treated
with phosphine at the rate of 5 tablets/m? besides lemongrass
oil at the rate of 15% (Tables 2, 3 and 4 and Figures 1,2 and
3). The second-best interaction treatment was treating wheat
grains with phosphine at the rate of 3 tablets/m? in addition
to lemongrass oil at the rate of 15%. Although, the highest
insect infestation and grains weight loss percentages and
lowest number of dead insects/samples were obtained from
samples of wheat and grains did not treat without any
treatment (control treatment of both studied factors).

CONCLUSION

This study recommended treating samples of wheat
grains with phosphine at the rate of 5 tablets/m® besides
lemongrass oil at the rate of 15% to enhance storage efficacy
characters under the environmental conditions of Burj El-
Avrab district, Alexandria Governorate, Egypt.
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