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Abstract 
Date moth, Ephestia cautella (Walker), is a major worldwide pest of dates and 

other stored products. Aluminum Phosphide(AlP) is used extensively as a fumigant for 
stored products. However, AlP has the disadvantage of requiring longer fumigation 
times which are not acceptable for date processing in date factories. Accordingly, 
anaccelerating reaction of chemical hydrolysis was conducted by adding H2O to AlP as 
a proton donor at a ratio of approximately 1:1 to generate phosphine gas. Application 
of AlP against E. cautella under accelerated conditions in the fumigation chambers of 
the national date factory showed dramatic effect against tested stages (adults, larvae 
and eggs). Percent adult mortality reached 10%, 96.7% and 100% after  exposure 
periods 1, 2, and 4 h at a concentration of 6 g AlP/m3, with  LT99 at 126 min.  Under the 
same conditions, larval  mortality was 16.7%, 96.7% and 100%, with LT99 at 129 min. 
No eggs treated with AlP for 12 h hatched.  In addition, the data showed that 
treatment under accelerated conditions left  no detectable residues in treated dates, 
using spectroscopy analysis. 
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Introduction 
Dates are one of the most important 

strategic and food security crops in the 
Arab world. There are many pests 
attacking post-harvest dates causing 
significant losses. Ephestia cautella with 
its physiological adaptability, is one of the 
most destructive insects in warehouses 
and is considered a pest of other stored 
products such as dried fig, wheat-flour, 
chocolate dried fruits, nuts, grain and 
their processed products (Singh and  
Moore, 1985). E. cautella larvae can 
cause considerable damage to stored 
foods by feeding or by contamination 
with dead bodies and their own products, 
e.g., excreta, webbing and faeces. The 
total production of dates in world  about 
5.4 million metric tonnes (Mt) in 2001 

and increased to 7.2 million Mt in 2009 
(communication with Wonll Lim, FAO, 
http://faostat.fao.org/site/339/default.as
px.) Dates are produced largely in hot 
arid regions of South West Asia and North 
Africa and all over the worldwide as a high-
value confectionery. Dates remain an 
extremely important subsistence crop in most 
desert regions (Botes and Zaid, 2002). 

To protect harvested dates from 
pests, a process of fumigation using 
methyl bromide is the most important 
control methodin the stores. However, 
due to environmental problems caused 
by the fumigation process using methyl 
bromide, its production has been banned 
in 2015 over the world. Therefore, a 
suitable replacement of methyl bromide 
is needed to control pests in stores and 
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this has become a national necessity 
(Abo-El-Saad et al. 2011). For the above 
reasons, the importance of  hydrogen 
phosphide (PH3) as a major fumigant for 
controlling insect pests in stored 
products has become even greater at the 
present time (Taylor 1994).   

The number of days required for PH3 to be 
generated from the solid formulation 
depends on temperature, moisture and 
the brand of fumigant (Banks et al., 
1991). PH3 is a widely used fumigant as it 
is effective against a wide range of pest 
species, does not leave unacceptable 
residues in treated commodities, and can 
be conveniently generated in situ from 
solid formulations. It is particularly suited 
for use in tropical climates, where 5–7 
days of exposure of commodities at an 
effective concentration usually provides 
complete control of all insect pests 
(Williams et al., 2000).  However, in 
temperate regions, longer exposures (up 
to 3 weeks) may be required to achieve 
similar effects (Champ, 1985; Taylor and 
Halliday, 1986; Taylor, 1989; Chaudhry, 
1997, 2000). 

Chemical fumigation has two 
advantages for postharvest control, ease 
of use and low cost. Most postharvest 
pest management programs, therefore, 
rely heavily on fumigants, and most 
processing systems are designed to allow 
for fumigant treatments. Nevertheless, 
hydrogen phosphide fumigation takes a 
relatively long time (Yokoyama et al., 
1993). Fumigants, which must be toxic in 
the gaseous state, have been used for 
many years for the control of these 
insects (Moffitt and  Burditt, 1989; 
Taylor, 1994; Bell, 2000). Phosphine is 
used extensively as a fumigant for stored 
products, having the advantage of leaving 

no detectable toxic residues in the 
product following ventilation. However, it 
has the disadvantage that longer 
fumigation times are required than for 
methyl bromide (Bond, 1984; Evans, 
1987). Thus, this extended period of time 
is not appropriated by date factories in 
the Kingdom of Saudi Arabia,- due to the 
accumulation of dates over the 
harvesting at any sepecified period, so 
this study amied to accelerate the 
chemical hydrolysis reaction of AlP in 
national date factories to produce PH3 
gas as an alternative to methyl bromide 
and to assess of its effectiveness  against 
E. cautella. In addtion, mechanism of 
phosphine toxicity is not well understood 
but biochemical and physiological 
changes which occur as result of 
phosphine exposure can be classified as 
neural, metabolic and redox related 
response (Nath et al., 2011). The 
biochemical changes were consistent 
with those reported by Shakoori, et al 
(2016) indicated that Sub lethal dose of 
phosphine (LC20) significantly decreased 
the  glycogen, lipids, DNA and RNA 
contents of all adult beetles, while free 
amino acids and glucose contents were 
increased in resistant population 
throughout the exposure period. 

MATERIALS AND METHODS 
Insect culture technique 

Ephestia cautella was successfully 
reared in laboratory cultures at the Date 
Palm Research Center of Excellence, King 
Faisal University, Hofuf, Saudi Arabia, on 
a standard diet composed of a mixture of 
50% crushed date fruit, 10% barley, 20% 
broiler feed and 20% layer feed (by 
weight) as described by Al-Azab (2007). 
The sterilized diet was mixed with 400 ml 
of glycerol. Newly-emerged adults were 
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paired in wooden cage with screen sides. 
A piece of white paper was put under the 
cage to collect the eggs, which fell 
through the wire mesh, and these where 
then transferred to Petri-dishes. Fifteen 
mg eggs of E. cautella were checked 
under microscope to remove any 
parasitized eggs. The eggs were then 
transferred into a one liter glass jar containing 
200 gm of  previously sterilized diet. The glass 
jar was covered with a layer of cheesecloth 
and placed in an incubator with 50-60% 
relative humidity, at 29±1 oC and 12 L :12 D. 

Chemicals  
All chemical compounds were 

purchased from Sigma-Aldrich Co. except 
AlP was purchased from Detia Freyberg 
GmbH, Germany in form of tablets 56%, 
each of which 3g. 

Fumigation 
Seven fumigation chambers located in 

the date factory at Al-Ahsa, Ministry of 
Agriculture, Saudi Arabia, were used. 
Dimentions  of each fumigation chamber 
were 12×3×2.6 m (ca. 93.6 m3, 21 
tonnes). Eighteen tonnes (Variety; 
khallas) were distributed in 600 boxes in 
each chamber. The larvae and adult 
moths plus 5 g of rearing medium were 
then placed in plastic cages (8 cm width × 
8 cm length× 12 cm height) made from a 
fine mesh cloth allowing free gas to flow 
and to prevent the insect escaping. Eggs 
were placed in open Petri dishes for 
fumigation. The experiment was carried 
out in three replicates, each with 10 non-
sexed adults (1-2 days old), 10 larvae (10 
days old), and 20 eggs (newly layed,1- 
day old).  Non-exposed replicates and 
exposed without H2O were run as 
control. AlP was applied at the rate of 6 
g/m2 (564 gm/chamber) in 3 buckets 
each of which contained ~188 ml and 

each chamber with 3 buckets considered 
as one replicate. The PH3 gas was 
generated immediately by adding ~ 63 
tablets of AlP to each bucket and 
fumigation was done for 1, 2, 4, 6, 8, 12 
h. Mortality and toxicity values were 
calculated based on methods of Finney 
(1971). Eggs were kept in an incubator 
under conditions similar to those in the 
fumigation chambers for 5-7 days, and  
then their percent hatchability 
calculated. 

Assessment of phosphine residues in treated 
dates   
     Twenty-five grams of dates treated by 
PH3 at various exposure periods of time 
(1, 2, 4, 6, 8 and 12 h) were homogenized 
in 80 ml of Tris-HCl pH 8.0 using an 
electrical blender. The homogenates 
were filtered through a double layer of 
cheesecloth, then centrifuged at 10,000 
rpm for 10 min at -4oC. The pellets were 
discarded and 100 µl of each clear 
supernatant was added to 1 ml of 
ammonium molybdate-ferrous sulfate 
color reagent. The color developed 
immediately and inorganic phosphate (Pi) 
was determined colorimetrically as 
described by Taussky and Shorr, (1953), 
Heseltine (1963) and Al-Azab (2007). The 
density of the color was measured 
spectro-photometrically and the 
concentration of Pi was calculated from a 
standard curve. These methods are based 
on a colorimetric determination of the 
phosphate as the blue reduction product 
of the phosphomolybdate. Accuracy for 
phosphine residues in grain is 0.01 ppm. 

Statistical analysis 
Data were analyzed using MINITAB 

Statistical software, version 13.30, 
Copyright 2000; Minitab Inc. and means 
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were compared by Duncan's multiple 
range tests at 5% level of significance. 

 

Results and Discussion 
Mortality of  E.  cautella 

The data clearly indicate that 
fumigation by A1P under accelerated 
conditions was highly effective against 
various stages of E. cautella. When 
adding water as a proton donor to 
aluminium phosphide at a ratio of 
approximately 1:1, PH3 gas was 
generated immediately and acted  
against the different stages of  the test 
insect. Fig. 1 illustrates the effect of 
generated phosphine gas against  E. 
cautella adults for periods of  1, 2, 4, 6, 8, 
and 12 h. The percent adult mortality was 
dramatically increased with increasing 
exposure periods, with 100% mortality 
after 4 h. Moreover, the effective time 
causing 99% mortality of adults (LT99) 
was126 min (Table 1) with 95% fiducial 
limits (1.9-2.5). Larval mortality was 
equally high, also with 100%  after  4 h 
(Fig.2). LT99 was 129 min (Table 1) with 
95% fiducial limits (1.9-2.6). In addition, 
percent egg hatchability was 0.0%  after 
12 h  (Fig. 3). 

The major problem at the date 
factory is that several tonnes of dates 
would be received daily during the date 
harvest season (ca. 25,000 tonnes 
annually). Currently,  such large volumes 
of dates require such effective fumigants 
as methyl bromide. Since, AlP is not 
suitable as a fumigation agent due to the 
longer periods needed to be effective 
(ranging from 3 to 7 days for complete 
hydrolysis), to the generation of 
phosphine gas in few minutes under 
accelerated conditions is a very promising 

alternative, particularly as methyl 
bromide has been banned world-wide by 
the end of 2015. 

Our present data showed that 
accelerating the reaction of AlP to 
generate  phosphine gas is a suitable and 
quick way to control E. cautella. In 
addition, the use of H2O as a proton 
donor is ideal due to its abundance, 
cheapness and absence of harmful 
residues. To avoid other secondary 
products associated with accelerated 
reaction of AlP, we focused on using H2O 
as the proton donor rather than 
hydrochloric acid or acetic acid. Our data 
indicate that water was very suitable.  
When water was used at a ratio of 
approximately 1:1 with AlP, the reaction 
was complete within 2-5 min. The 
present data are consistent to those 
reported by Collins et al. (2005) who 
indicated that aluminum phosphide 
became the major fumigant used to 
disinfest stored commodities worldwide, 
having the advantage of leaving no 
detectable toxic residues in the produce 
following ventilation.  AIP is particularly 
suited for use in tropical climates, where 
5–7 days of exposure of commodities at 
an effective concentration usually 
provides complete control of all insect 
pests. However, in temperate regions, 
longer exposures (up to 3 weeks) may be 
required to achieve similar effects 
(Champ, 1985; Taylor and Halliday, 1986; 
Taylor, 1989; Chaudhry, 1997, 2000),  
However, AIP has the disadvantage that 
longer fumigation times are required 
than for methyl bromide (Bond, 1984).  
This has been overcome by our study 
which has reduced the exposure time 
from days  to hours. 
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PH3 Residues  
Residues of  PH3 in treated dates with 

AlP under accelerated conditions by 
adding water as the proton donor were 
determined   colormetrically based on 
measuring concentration of inorganic 
phosphate (Pi). The data in Table (2) 
clearly shows that no treatments differed 
from the control, i.e, the level of Pi in 
control was 37 µmol Pi /ml, and the 
range of all treatments was 34.5–37.0 
µmol Pi /ml.  There was therefore, no 
detectable residues of phosphine when 
dates were fumigated with PH3  for these 
exposure periods.  PH3 generated from 
AlP under these accelerated conditions is 
therefore promising alternative to methyl 
bromide. These data represented an 
important information for consumers 
where several thousand tonnes of dates 
are  annually consumed in Arabian 
countries either by the direct 
consumption or indirectly by the 
inclusion of dates in other food products, 
such as some drinks, yogurt, pastries and 
biscuits. Furthermore,  it is consistent 
with the data reported by Bruce et al. 
(1962) who stated  that the laboratory 
and field treatment of grain with 
Phostoxin indicate that the phosphine 
residues rapidly disappear and no 
residues are to be expected in bread 
baked with phostoxin-treated grain or 
flour. In addition, any phosphine residue 
present in the food must, therefore, 
come from sorption of the phosphine 
gas. Using an indirect method for the 
analysis of phosphine residues, 
FAO/WHO (1967) indicated that  no 
evidence of phosphine absorption by or 
adsorption on many foods. Although 
fresh vegetables are not customarily 
fumigated, Dieterich et al (1967) included 

these items  in his  study without toxic 
effects from fumigation. 

In conclusion, our study has shown 
that aluminum phosphide under 
accelerated conditions using H2O as a 
proton donor, is effective against all 
stages of E. cautella. The study also 
showed no detectable residues of PH3 in 
dates after exposure to 12 hours at the 
recommended dose. Thus, PH3 at the 
experimental application rate and under 
accelerated conditions, could be used in 
integrated management programs 
against insect pests in warehouses as an 
alternative to methyl bromide. 

 

 

 

Fig. 1: Surviving, Ephestia cautella adults after 
various exposure times for aluminum 
phosphide under accelerated conditions. 
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Fig. 2: Surviving, Ephestia cautella larvae after 
various exposure times for aluminum  phosphide 
under accelerated condition in national date factory 
fumigation chambers. 

 

 
 
 

Fig. 3: Percent hatchability of Ephestia  cautellaeggs 
after various exposure times for aluminum 
phosphide under accelerated condition in national 
date factory fumigation chambers. 

Table 1:LT99 values of phosphine against all life stages of Ephestia  cautella 
Stage LT99 (hour) 

(95% fiducial limits) 
Chi square 
(X2) 

Degrees of freedom Slope±SE P 
 

Larva 2.15(1.9-2.6) 0.001 4 4.22±0.77 1.0 
Adult 2.1(1.9-2.5) 0.001 4 5.01±0.93 1.0 
 
Table (2): Residues of Pi in dates thathave been exposed to AlP under 
accelerateconditions at various exposure times. 
Exposure time (hour) µmole Pi/ml (mean ± SD)  
0.0 
1.0 
2.0 
4.0 
6.0 
8.0 
12.0 

37.3± 0.6 
37.3 ± 1.0 
34.8 ± 2.0 
34.5 ± 1.0 
35.0 ± 2.0 
37.0 ± 0.6 
36.9 ± 1.0 

F-test 
LSD at 5% 

NS 
2.2 

NS= non-significant 
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تجربة میدانیة  في مصنع : فراشة التمرالتدخین بمركب فوسفید الالمونیوم تحت ظروف الإسراع من تحللھ ضد 
  التمر
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  الملخص العربي
  

من الآفات الرئیسیة التي تصیب التمور علي مستوي العالم بالأضافة إلي Ephestia cautellaتعتبر فراشة التمر 
ولعل أھم عیوب . الالمومنیوم كبدیل لتدخین المنتجات المخزونةویستخدم الأن فوسفید . المنتجات المخزونة الأخري

فوسفید الالمونیوم أنھ یحتاج إلي وقت طویل في عملیة التدخین وھذا لایناسب مصنع تعبئة وتصنیع التمور وذلك 
 1:1بنسبة بناء علي ذلك تم الإسراع من تحلل فوسفید الالمونیوم باضافة الماء . لتكدس التمور في فترة زمنیة محددة

تم تطبیق فوسفید الالمونیوم تحت ظروف التعجیل ھذه في غرف . كمانح للبروتونات وذلك لتولید غاز الفوسفین
التدخین بمصنع التمورالوطني ضد فراشة التمر حیث أظھرت النتائج فاعلیة عالیة علي أطوار الحشرة المختلفة 

بعد % 100، %96.7، % 10وت علي الحشرات الكاملة وصلت نسبة الم). البیضة –الیرقة  –الحشرة الكاملة (
دقیقة، بینما  126تساوي  LT99 وكانت قیمة   3م/ جم فوسفید المونیوم  6ساعة بتركیز  4، 2، 1التعریض لمدة 

كما أن . دقیقة عند نفس الظروف 129كانت  LT99وقیمة % 100،%96.7، %16.7كانت نسبة الموت علي الیرقات 
وبالأضافة الي ھذا فقد أظھرت النتائج . ساعة لم یفقس 12البیض المعامل بنفس التركیز ولمدة  النتائج أوضحت أن

أن معاملة التمور بفوسفید الالمونیوم تحت ھذه الظروف لم تترك متبقیات علي التمور یمكن قیاسھا بأجھزة التحلیل 
  .الطیفي
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