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Abstract: Stored product insect pests, mainly sap beetles and moths, attack dates during the storage
period. Currently, after methyl bromide phases-out, phosphine fumigation, heat treatment, and
modified atmosphere are used for date disinfestation. Each of these methods has advantages but
also serious limitations. To improve phosphine fumigation for date disinfestation, FumBox® - a
mobile fumigation container - was designed and tested in commercial conditions. The FumBox®,
modified dry 40 ft. HC standard container (76.4 m?), was equipped with a newly developed
platform generating and constantly monitoring phosphine gas concentrations, air temper-
ature and relative air humidity of the fumigated goods. Magtoxin® Plates 56 % and Phos-
toxin® Tablets 56 % (Detia Freyberg GmbH, Germany) were used. Dates of Medjool variety were
treated. The phosphine was used at a dosage range of 1-3 g/m? and the exposure time between 24—
72 hrs. Total date disinfestation was achieved in all fumigation treatments. The use of Magtoxin
Plates with the D.G. provided more effective, quicker, and safer date disinfestation compared to
Phostoxin tablets. The fumigated dates were phosphine residue-free. No changes in organoleptic
properties were noted.
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1. Introduction

In the MENA region, the date sector has played a significant strategic, economic, so-
cial and environmental role. Stored product insect pests, mainly sap beetles and moths,
attack dates during the storage period and may cause serious damage. Currently, after
methyl bromide phases-out, phosphine fumigation, heat treatment and modified atmos-
phere are used for date disinfestation [1-3]. Each of these methods has advantages but
also serious limitations. To improve phosphine fumigation of date disinfestation, some
innovative technologies have been proposed [4-7]. FumBox®, a mobile fumigation con-
tainer was tested in commercial conditions for date disinfestation. FumBox® was designed
and developed by Sunbula Environmental Solutions Co. Jenin, West Bank, Palestine.

2. Materials and Methods

FumBox®, a modified dry 40 ft. HC standard container (76.4 m?3), was equipped with
a newly developed platform (P.G.) generating and constantly monitoring phosphine gas
concentrations, air temperature and relative air humidity of the fumigated goods.
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Two phosphine formulas were tested: Phostoxin Tablets 56 % (Detia Degesch GmbH,
Germany) and Magtoxin Plates 56 % (Detia Degesch GmbH, Germany). The phosphine
dosage range was 1-3 g/m?. The exposure time was between 2472 hrs.

In each fumigation treatment, six date samples each of 0.5 kg were randomly col-
lected; three samples were collected prior to the fumigation treatment and three samples
were collected after fumigation treatment for organoleptic evaluation, phosphine residue
lab tests & fumigation efficiency. Tests took place five days after the fumigation treat-
ments. The prior-fumigation samples served as control samples. All fumigations were car-
ried out on Medjool dates variety.

3. Results

Much higher and faster phosphine concentrations were obtained with Magtoxin
Plates 2 g/m?® using FumBox® and P.G. for 24 hrs versus Magtoxin Plates 2 g/m? using
FumBox® only for 24 hrs (1280 ppm after 9.5 hrs; 900 ppm after 17 hrs respectively - Figure
1). Fumigation with Magtoxin Plates 3 g/m3 for 24 hrs using FumBox® only, obtained very
high phosphine concentration of 1470 ppm after 18 hrs. Fumigation with Magtoxin Plates
2 g/m? using FumBox® and P.G. for the duration of 24 hrs versus 48 hrs showed slightly
higher maximal phosphine concentrations (1280 ppm after 9.5 hrs; 1190 ppm after 9.5 hrs
respectively - Figure 2). Fumigation with Magtoxin Plates 2 g/m? for 72 hrs obtained sim-
ilar results. Fumigation for 24 hrs using FumBox® only with Magtoxin Plates 2 g/m? versus
Phostoxin Tablets 2 g/m?3 showed a significantly higher and faster maximum peak of phos-
phine concentrations (900 ppm after 17 hrs; 580 ppm after 21 hrs respectively - Figure 3).

Prior-fumigation date samples were naturally infested by moth's larva and adult sap
beetles in a range of 4 % to 28 %. In all post-fumigation sample treatments, no live insects
were detected. Fumigation with Magtoxin Plates 2 g/m? for 24 hrs using FumBox® and
P.G,, resulted in date infestation with dead insects of 0-0.75 %, and without P.G. was 1.8
%. Fumigating with Phostoxin Tablets 2 g/m?3 for 24 hrs using FumBox® only, resulted in
date infestation with dead insects of 3-21 %. Phosphine residue lab tests were carried out
on all post-fumigation date samples. No residues were found in the fumigated dates five
days after the fumigation treatments. In addition, no changes in organoleptic properties
were noted.
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Fumigation using FumBox® and P.G. vs Fumigation using FumBox" only
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Figure 1. Phosphine gas concentrations, air temperatures & relative air humidity during fumigation. Fumigant Magtoxin Plates 56 %, dosage 2 g/m® duration 24 hrs, with FumBox® &
Phosphine Generator (P.G) vs FumBox® only. Data of air temperatures & relative humidity refer to fumigation with FumBox® & (P.G). The second treatment was conducted under

similar weather conditions.
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Fumigation using FumBox" and P.G
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Figure 2. Phosphine gas concentrations, air temperatures & relative air humidity during fumigation. Fumigant Magtoxin Plates 56 %, dosage 2g/m? duration 24 vs 48 hrs, with FumBox®
& Phosphine Generator (P.G). Data of air temperatures & relative humidity refer to 24 hrs fumigation. The second treatment was conducted under similar weather conditions.
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Fumigation using FumBox"
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Figure 3. Phosphine gas concentrations, air temperatures & relative air humidity during fumigation. Fumigant: Magtoxin Plates 56 % vs Phostoxin Tablets 56 %, dosage 2g/m?® duration
24 hrs, both with FumBox®. Data of air temperatures & relative humidity refer to fumigation with plates. The second treatment was conducted under similar weather conditions.
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4. Discussion

The efficacy of phosphine for date disinfestation was demonstrated in previous re-
search studies [4-8]. Our current experiments, which used and incorporated the newly
designed mobile fumigation container FumBox® and P.G., demonstrated that Magtoxin
Plates 2 g/m? for 24 hrs resulted in the best date disinfestation outcome. Higher concen-
trations and/or prolonged exposure time killed all insects at all stages of development, -
the economic protocol was 2 g/m? for 24 hrs. The fumigated dates were found to be phosphine
residue-free. In addition, no changes in organoleptic properties were noted, which is consistent with
earlier results published in previous studies [8-10]. The plate formula provided a maximal
phosphine concentration much earlier and faster than phostoxin tablet formula. Further-
more, using Magtoxin Plates vs. Phostoxin Tablets, particularly with the FumBox® to-
gether with P.G. confers safety advantages to the fumigator, the fumigated goods as well
as the environment.

References

1. Navarro, S. Postharvest treatment of dates. Stewart Postharvest Review 2006, 2, 1-9.

2. Navarro, H.; Navarro, S. Post-harvest Processing of Dates: Drying, Disinfestation and Storage. In Sustainable Pest Management
in Date Palm: Current Status and Emerging Challenges. Sustainability in Plant and Crop Protection. Wakil, W., Romeno Faleiro,
J., Miller, T. Eds.; Springer, Cham, 2015, pp. 391-409.

3. Rafaeli A.; Kostyukovsky, M.; Carmeli, D. Successful disinfestations of sap-beetle contaminations from organically grown
dates using heat treatment: A case study. Phytoparasitica, 2006, 34, 204-212.

4. Kostyukovsky, M.; Shaaya, E. Advanced methods for controlling insect pests in dry food. In AdvancedTechnologies for Managing
Insect Pests. Ishaaya, 1., Horowitz, R. Eds.; Springer, Dordrecht Heidelberg London New York, 2012, pp. 279-294.

5. Kostyukovsky, M.; Trostanetsky, A.; Menasherov, M.; Yasinov, G., Hazan, T. Improvement of Phosphine Fumigation by the
Use of Speedbox. In Proceedings of the 10th International Working Conference on Stored Product Protection 22-26 July 2010
Estoril, Portugal. 2010, Julius-Kiithn-Archiv, 425, pp. 377-380.

6. Kostyukovsky, M.; Trostanetsky, A.; Quinn, E.; Bernstein, S; Hazan, T. Improved Speedbox as an effective instrument for phos-
phine fumigation. IOBC-WPRS Bulletin. 2013, 98, 315-320.

7. Kostyukovsky, M.; Rapaport, A.; Quinn, E.; Jabour F. Dates fumigation with phosphine. In Proceedings of the 12th International
Working Conference on Stored Product Protection 7-12 Oct 2018 Berlin, Germany. 2018.

8.  Al-Omar, M.A,; Al-Bassomy M. Persistence of phosphine gas in fumigated Iraqi dates. J. Food Safety. 1984, 6, 253-260.

9.  Douibi, M. H,; Salem, A.B.; Abdelleoui, M.; Haouari, W. Study of the efficacy of phosphine on stored dates— insects and its effect
on the organoleptic parameters and residues on treated dates. Intern.].Agri.Innovation.Res. 2017. 6, 2319-1473.

10. Adam, M.Y.; Saeed, LK.; Kabbashi, E.B.M.; Effect of Phosphine Fumigation on Dry Date Storage Quality. |. Acad. Indus. Res.

2018. 7, 1-6.


mailto:vtada@volcani.agri.gov.il
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=AL-OMAR%2C+MUTHANNA+A
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=AL-BASSOMY%2C+MABROUK

