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Introduction

Introduction

Date palm (Phoenix dactylifera L.) is the central crop and the suitable choice in arid and
semi-arid areas of the globe. The dates are the source of economic income for the Saharan
populations of the Middle East and Africa (Boufis et al., 2014). Due to its food, ecological,
social and economic benefits, the date palm is the most valued fruit tree by oasis populations
(Trichine, 2010). The potential distribution of date palm is in the South-East which hosts nearly
60% of the national heritage (Benaouda, 2012).

Its fruits constitute a fairly complete vegetal food, rich in nutrients, notably
carbohydrates, minerals and vitamins, which are essentials for the proper functioning of the
human body as well as animals (Bouna, 2002). The current situation of the Algerian
phoenicultural patrimony is about 18,336,385 palm trees spread over an area of 160 000 ha,
with an annual production of dates is equal to 500 000 tons (Bouguedoura et al., 2019). The
production of dates is consumed, for the most part, inside the country, as far as Algeria's exports
of dates, officially declared, are estimated annually between 4 and 5% of the total national
production (Zeddour, 2011).

The human being experiences a lot of difficulties to preserve his agricultural and
nutritional products, at the level of the plantations and at the level of stocks. The percentage of
worm-eaten Deglet Nour dates in North Africa is always high, varying between 10% and 30%
(Lepigre, 1963). The failures are often due to the lack of a precise and detailed knowledge of
the biology of these pests, which attack the stored products, reducing them and making them
unfit for consumption, which causes serious problems for the exportation. A severe fight against
the insects has been conducted for several centuries and the methods of control have been
improving more and more (Lepigre, 1951).

In addition to all these losses, very little research has been performed on the possibility
of ending this problem caused by certain pests. In the framework of determining the agents
responsible for the damage to the stocks, our study puts in place a research that points out the
pests of the stored dates in Ouargla as well as their predators that can be used in a possible
biological control, which will undoubtedly guide and help the investors to better store their
dates in safety without chemical treatment.

In a classical way, this work is exposed in three chapters. The first is focused on the
generalities and the importance of the date palm and the dates, especially in stock. While the

second chapter presents the study region Ouargla and the station of Ain Beida, accompanied by
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the equipment and methods used in the field and laboratory, as well as the various ecological
indices and statistical analysis used for data exploitation. As for the third chapter, it contains
the obtained results which are interpreted and discussed along the way. Finally, a conclusion

with perspectives closes the present study.
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1.1 General Information on the Date Palm

The date palm is one of the most important plant families from a socio-economic point
of view. Indeed, it constitutes the backbone of agriculture in the Saharan regions (Gourchala,
2015). The world production of date palm fruits (dates) is variable but of great economic
importance (Aberlenc-Bertossi, 2012). It is a baie, generally of extended or rounded shape
(Espiard, 2002).
It is formed by an edible part represented by the pulp whose shape, consistency, and color at
maturity are variable according to the cultivars, and by a non-edible part formed by the core

having a hard consistency, also variable according to the cultivars (Dowson and Aten, 1963).

1.2 Taxonomy
The date palm was named Phoenix dactylifera by Linné in 1734. The term Phoenix
comes from Phoinix, the name of the date palm among the ancient Greeks who considered it as
the tree of the Phoenicians.
The term dactylifera refers to the dactylus finger in Latin, deriving from dachel in Hebrew
(Popenoe, 1938), because of the shape of the fruits (Linnaeus 1753; Munier 1973). It is

classified systematically as the following (Munier, 1973):

Kingdom Plantae

Division Tracheophyta

Class Magnoliopsida

Order Arecales

Family Arecaceae

Genus Phoenix L.

Species Phoenix dactylifera (Linné. 1753)

1.3 Dates Production in Algeria
Algeria is classified as one of the main date producing countries (4th in the world with
14% of world production (Bahloul, 2017). The production of dates in Algeria reached 12
million quintals in 2019, the Agriculture sector has achieved "an accomplishment™ that is the
labeling of "Deglet Nour™” which is produced in the wilaya of Biskra, adding that other types of
dates that are produced in other wilayas of the Great South (Omari, 2019).

The Algerian palm groves are located as the following (Tab. 1).


https://www.itis.gov/servlet/SingleRpt/SingleRpt?search_topic=TSN&search_value=202422
https://www.itis.gov/servlet/SingleRpt/SingleRpt?search_topic=TSN&search_value=846496
https://www.itis.gov/servlet/SingleRpt/SingleRpt?search_topic=TSN&search_value=18063
https://www.itis.gov/servlet/SingleRpt/SingleRpt?search_topic=TSN&search_value=42431
https://www.itis.gov/servlet/SingleRpt/SingleRpt?search_topic=TSN&search_value=500043
https://www.itis.gov/servlet/SingleRpt/SingleRpt?search_topic=TSN&search_value=42457

Bibliography

Table 1: Space of Algerian palm groves (Messar, 1996)

Region Superficie (%)
South-east (Biskra, Ouargla and EI Oued) 67
South-west (Bechar and Adrar) 21
South (Ghardara, Tamanrasset, Illizi and Tindouf) 10
Other 2

The southeast region (67%) has the largest surface area of date palm (Tab. 1). It is
followed by the south-west region (21%) and the south (10%).

Table 2: Number of date palms in Algeria (MADR, 2002)

Number of
State DegletNour Ghars Deglat Total date palmsin
Beida palms .
ratio
Adrar - - 2 150904 2 904150 2 860071
Laghouat 8470 7650 11580 27700 12580
Batna 700 3900 21270 25870 25330
Biskra 1964460 436530 748200 3149190 5802012
Bechar 5650 - - 770 030 360 150
Tamenrasset 2 940 - - 417 140 167 760
Tebessa 49550 49550 10650 68970 25200
Djelfa 2610 860 210 3680 1610
M’sila - - 18 000 18 000 14 000
Quargla 1092 330 783 750 193 130 2 310 069 1130 667
El Bayed - 45900 0 193 130 22 500
lizi 2 250 16 340 73030 91 620 49 930
Tindouf 350 24 250 - 24 600 3200
El Oued 1884 030 703 330 296 300 2 660 883 2 580 238
Khenchla 21 290 44 800 7370 73 460 51 040
Naama - 19 600 2 600 22 200 15 250
Ghardaia 377 100 154 400 378 900 910 400 631 600
Total 3559930 1660761 | 4048710 13 505 880 9300 370

According to Table 3, nearly 58.1% of national production of dates is conducted by the
two wilayas: Bisrkra (28.6%) and El Oued (29.5%). Deglet Nour occupies the 1st place and

represents 52.9% of total production of dates.
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1.4 Different Development Stages of the Date
The fertilized flowers, at the time of setting, give a fruit which grows in size, in
consistency and in color until the product picking (Peyron, 2000). The date passes through
stages of development, the names of these stages are different according to the date producing
countries (Tab. 3). In total, 5 stages are noted, which begins with the Loulou stage and ends
with the last stage called Tmar (Tidjani, 2005).

Table 3: Ripening stages of dates

Stage Stadge’s name
Stage | Loulou

Stage Il Khalal

Stage Il Bser

Stage 1V Martouba
Stage V Tmar

1.5 High Interest Cultivars
1.5.1 Deglat
The date cultivar selected in this study is widespread in the palm groves of the South-
east region. The date Deglat at maturity, is rather beige in color tinged with a little noticeable
brown. The epicarp is wrinkled, not very bright and easily broken. The mesocarp is not very
pulpy of dry consistency and fibrous texture (Buelguedj, 1996).
The choice of this cultivar is based on its gustatory quality, its abundance on the national level
and its facility of conservation.

1.5.2 Ghars
It is a very rustic cultivar which is found in the majority of the Algerian palm groves
plantations. The mature fruit has a soft consistency. Its revenue varies between 60 and 70 kg/tree

of good market value at the national level (Gourchala, 2015).

1.6 Physico-chemical Composition of dates
The documentation, during the last decades, has shown an important number of studies
on the biochemical composition and nutritional value of dates (Yousif et al., 1976; Vandercook
etal., 1977; Fayadh and Al-Showiman, 1990; Al-Hooti et al., 1997; Besbes et al., 2004). Sugars
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and water are the major elements for the consistency of the pulp (Estanov, 1990). In this section,

some biochemical date's characteristics are developed.

1.6.1 Water Content
The water content of dates evolves according to the stage of maturity (Tab. 4). The
humidity decreases from the green stages to the ripe stages (Booij et al., 1992). It varies from
one class to another, dates of soft consistencies have a humidity higher than 20%, on the other
hand the dry dates have a humidity lower than 20% and the dates of semi-soft consistency have
a humidity varying between 20-30% (Munier, 1973).

Table 4: Water content of some varieties of Algerian dates (Belguedj, 2002)

Dates class Cultivars Stage maturity Water %
soft consistencies Ghars Tmar 25.4
semi-soft consistency | DegletNour Tmar 22.6
dry Deglat et Deglatbaida Tmar 13.7

1.6.2 pH
Generally, the cultivars pH of dates varies depending on the stage of physiological
development of the date (Dowson and Aten, 1963). In general, it is slightly acidic-variant
between 5 and 6. This pH is prejudicial to bacteria but suitable for the development of fungal
flora (Reynes et al., 1994).

1.6.3 Electrical Conductivity
Generally, the soluble salt contents vary according to the studied cultivars. Soil
fertilization has an influence on its mineral composition (Hussein and Hussein, 1983). The
electrical conductivity of dates expresses the content of the product in mineral matter (Djafour
et al., 2005).
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2. Materials and methods

The estimation of pest damage has been the focus of research specialists for a very long
time. In order to conduct its study properly, a well-researched methodology and adequate
equipment are of major importance in conducting this kind of study (Dorbane, 2016). In this
chapter are detailed the material and methodology adopted for the study of stock pests in the
region of Ouargla.

It is necessary to mention that our study was used on dates of 2020 with a frequency of
two outings per month, for a period of time of 5 months (November to March).

2.1. Presentation of the study area

The present work is carried out in the Ouargla region (29° 13' to 33° 42' N; 3° 06' to 5°
20' E.), which is located at the bottom of a synclinal basin of the Oued M'ya valley (Rouvillois-
Brigol, 1975). It is located about 800 km southeast of the capital (Fig. 1), covering an area of
163,233 km2. Geomorphologically, it is bounded to the north by Sebkhet Safioune, to the east
by the Ergs El Touil and Arifdji, to the south by the ruins of Sedrata and the M'zab plateau to
the west (Rouvillois-Brigol, 1975). Within this region, the station of Ain Beida is selected.

2.2. Description of the station of Ain Beida
The Ain Beida station (31° 56’ 19" N, 5° 23" 23" E) is located 7km east of Ouargla (Fig.
2). It encompasses a total area of 177328.32 ha, with 132174 palm trees (CDARS, 2004). from
the North, it is almost entirely surrounded by the palm groves of Ain Beida (Chott and Adjadja),
from the South by Hassi Messaoud, from the East by El Borma and from the West the city of
Ouargla. It is also crossed by the drainage network of water to the outside of the basin and the
road network (Hacini and Zatout, 2012).

Within this station, 3 locations of date stocks are selected.
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Figure 1: - Location of the Ouargla region Figure 2: Location of Ain Beida (image
(Koull and Hlilat, 2015) google maps 25/05/2021)
2.2.1. Stock1

Stock 1 is a garage of 10x10mz2, with a height of 5m, where the dates are kept in
superposed crates, covered by a tarpaulin (Fig. 3). They are stored for a period of time ranging
from August to March. The dates are intended either for human consumption (good quality) or
for livestock (bad quality). It is a small location of stock used for the sale and purchase of local

production (Ouargla).

2.2.2. Stock 2
Stock 2 is a garage of 8x15m2, with a height of 6m. The dates are stored in crates on top
of each other in one side (Fig. 4A) and on the ground in the other side (Fig. 4B). The space is
semi-open, which allows animals (birds, poultry, rats, etc...) to easily access the stock (Fig. 4B).
The dates are stored throughout the year. They are intended either for human consumption or

for livestock. Part of this stock is exported to nearby countries in South Algeria.

10
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Figue 4 : Picture of stock 2

2.2.3. Stock 3
The stock 3 is a garage of 20x20m?2, without roof (open air). The dates are stored in
crates, on the ground or in refrigeration rooms, which are located nearby (400m). They are
stored in an unsteady way because of the continuous sale to the international market. The dates
in the cold rooms can be stored for almost a year.

2.3. Justification of the choice of cultivars

Considering the existence of a large number of cultivars of dates in Algeria, the choice
of cultivars for the realization of this work has required a considerable amount of reflection.
The cultivars of the selected dates in this study are common in the palm groves of the South-
East region, those cultivars are Ghars and Deglat. They present the most conserved dates in
stock given their sustainable usage throughout the year (Gourchala, 2015).
Dates in stock are known to be attacked by stock pests, which gives us a valid reason to conduct
this study (Idder et al., 2009)

2.4. Dates study
With the different methods that were used for the samples collection, the study of

morphological and physico-chemical characterizations, are exposed in this part.

2.4.1. Sample Collection
For date sampling, the mixed sampling method is the one used in this study, it is
represented as a combination of the two methods, the first one is the judgmental sampling (non-

probabilistic) and simple aleatory sampling (probabilistic).

11
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2.4.1.1. Judgmental sampling

Also called subjective sampling method. Judgmental sampling consists of taking a
sample based on certain judgments about the whole population. The sample is exposed to the
researcher's prejudices (Elect. Ref. 1).

Each outing, the crates that are chosen are highly exposed to pest’s attacks (rodents, insects...).

2.4.1.2. Simple aleatory sampling

In simple aleatory sampling, each member of the population has an equal chance of
being included in the sample (Ref. Elect.1).
The crates that were selected by the judgmental sampling method are taken into consideration
to randomly chose a batch of 1.5kg of dates for the 2 cultivars (Ghars and Deglat) from. The

objective is to have an idea on the infestation state of the stored dates in stock.

2.4.2. Pest collection methods
For the collection of insect pests, 3 collecting methods were used, including manual

capture, capture with a gauze and recuperation of pests inside the dates after opening of course.

2.4.2.1. Manual capturing

Manual capturing is an excellent technique for conducting inventories of large marge of
species that can be easily identified on the field or for complementing sampling with traps
(Gasmi, 2011; Noblecourt et al., 2012). It consists of the hand capture of insect pests found in

batches of dates, which are well excavated at the laboratory level.

2.4.2.2. Capture with a gauze fabric

In the laboratory, each batch of dates is covered by a gauze cover, which is used to block
insects, especially Lepidoptera, from emerging out of the infested date batches (Fig. 5). Each
day the set-up is checked to recuperate the pests for their determination and classification.

12
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Figure 5: Arrangement of dates in stock covered by a gauze fabric

2.4.2.3. Inventory of pests found inside the dates
In this part of the process, each date is opened with a cutter (Ghars) or a pair of forceps
(Deglat) to note the state of infestation and to recuperate the larvaes that are inside the wormed

dates.

2.4.3. Attack rate of dates in stock
For the loss detection of the stored dates, we were based on the criteria of aleatory
selection (simple aleatory method) of some dates (Ghars and Deglat) in each study location.

The attack rate is calculated using the following formula:

9% = 2% % 100
= — X
°~ Dt

Da: number of attacked dates;
Dt: Total number of dates

2.4.4 ldentification of pests inventoried in the study stations

After collecting insect species from the different batches of dates, each individual is
spread out under a binocular scope for the counting and determination of the captured species.
The determination keys used are Leclant (1978), Wolfgang (2009) and Bernard (2011).
The determination of the collected insects is based on the morphological aspect such as,
pigmentation and the abdomen ornamentation, the color and the body length, the shape and the
length of the antennas, the venation of the wings especially the median nervures, the bifurcation,
the shape of the tail and the number of the caudal bristles.

2.4.5 Biometric Characterisation of Dates
In this section, the date biometry is examined using a 0.1g precision electric scale (Fig.
6A) to measure the weight and a 0.01mm precision caliper to measure the high dimension (Fig.
6B) and length of the date (Fig. 6C).
13
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A. Weight measuring B. High dimension measuring C. Lenth measuring
Figure 6: Different biometric measures of dates

It is necessary to mention that for the biometric measurements, a total of 30 dates, of
each cultivar (Ghars and Deglat) and for each outing, is selected in a random way. The objective
is to detect and characterise the infested dates compared to the healthy ones.

2.4.6. Physico-chemical study
The physico-chemical analyses that are managed in this part are water content, pH and
electrical conductivity. The objective of this study is to compare these characteristics between

the attacked and non-attacked dates to see if the attacks have an effect on the quality of the date.

2.4.6.1. Water content determination
The principle and procedure of the water content determination method are given in the

following.

2.4.6.1.1. Principle
The water content is determined on a 1g portion of the sample spread in a porcelain
container and dried in an incubator (or an oven) at atmospheric pressure of a temperature
103+2°C (Noui, 2007).

2.4.6.1.2. Operating mode
This method consists in choosing 3 dates not attacked as witness dates and 3 dates
attacked, for the 2 cultivars, removing the cores, weighing them and putting them in the
incubator (or an oven) at a temperature of 105°C for 15 minutes. After the temperature has
cooled down, each sample is weighed. This manipulation is repeated 3 times every 1h and then
every 30mn until the weight stabilises for the cultivar Ghars (Fig. 7A & B) and Deglat (Fig. 7C
& D).
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BECHICHE M.M. 2021
Figure7: Dates before and after drying

Lastly, the water content is calculated according to the following formula (Noui, 2007):

M1-M2)

1
W1 00

H% =
H% = Humidity;

M1 = Humid weight;
M2 = dried weight.

2.4.6.2. pH Determination
The principle and operating mode of the pH determination method are given in the

following.

2.4.6.2.1. Principle
It is the determination in pH unit of the potential difference existing between 2 glass

electrodes prolonged in an aqueous solution of the crushed date pulp (Noui, 2007).

2.4.6.2.2. Operating mode
This method consists of selecting 3 unattacked dates as witness dates and 3 attacked
ones, for the 2 cultivars (Ghars and Deglat), removing the cores, cutting them into small pieces
and placing them in a beaker, then adding 50cc of distilled water (Fig. 8) and finally placing
them in a water bath (Fig. 9) for 30 min while stirring from time to time with a glass stick. Then
the mixture is crushed in a mortar and the determination is proceeded, taking care that the

electrode is completely immerged in the solution (Fig. 10).
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CHICHE M.M. 2021
Figure 8: Dates cut into small pieces

BECHICHE M.M. 202
Figure 10: pH measurement using a pH meter

2.4.6.3. Electrical conductivity determination (EC)
The principle and the operating procedure of the method for the determination of the

electrical conductivity are given in the following.

2.4.6.3.1. Principle
The electrical conductivity of dates expresses the content of mineral content in the
product, it is expressed in uS / cm after rinsing the electrode with distilled water. It should be
pointed out that the value of the temperature of the solution to be analyzed is taken into

consideration at the same time of the measurement of conductivity (Djafour et al., 2005).
2.4.6.3.2. Operating mode

A weight of 10g is taken from a crushed mixture of 3 non-attacked dates (witness) and

3 attacked dates, separately. They are placed in a beaker, added with 50cc of distilled water
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(Fig. 11). Then we proceed to the determination of conductivity taking care that the electrode
is completely immerged in the prepared solution (Fig. 12).

Figure 12: EC measurement using a conductivity meter

The conductivity is measured with a conductivity meter using the following formula:
EC (uS/cm) = measured EC x F

F: Is the temperature correction coefficient;
CE: Electrical conductivity.

2.4.7 Simulation test of favorable conditions for pest installation in storage locations
This experiment is realized with the aim of revealing some favorable conditions for the

installation of the pests at the level of the stocking locations.

2.4.7.1 Water dates submersion

Dates are transported on the national and international level, in climatic conditions
(humidity, rain..) and very particular storages in order to preserve them. The main idea is to
demonstrate the effect of the humidity of the date on the pest’s installation.
To conduct this experiment, 5 dates of each cultivar are chosen randomly and submerged in
water, for 1h, 12h and 24h (Fig. 13). After the soaking period, each batch is placed in a container
carrying the necessary information (date, duration of soaking, cultivar...), without any cover
(Fig. 14). Each day the containers are inspected to note any changes in the appearance and the
installation of pests.
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Figure 14: Exposed dates in a storage place

2.5 Results exploitation

In order to explore the results obtained in this study, ecological indices and statistical
analyses are used.
The results of the analyses, performed on the 2 cultivars Ghars and Deglat in the 3 stock
locations studied in the region of Ain Beida, are expressed in means, median and variability
between the dates cultivars. The variability is determined by ANOVA and Kruskall-Wallis test,
which are performed using Statistica (\VV6). The significance level used is o <0.05. To check the
reproducibility of the results, all experiments will be performed in three trials.

In addition, it is also used the index of the relative abundance that is presented below.

2.5.1. ANOVA test
The ANOVA test is a parametric test used for normal data. It allows us to test the
existence of an effect of a factor and/or the existence of an interaction on several factors by
comparing the means or variances. If one or the other of these tests rejects the hypothesis of
non-existence of an effect, it is then necessary, in a second step of the analysis, to estimate the

expectations of which the set describes the effects of the two factors as well as their interaction
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(Dress, 2007). It is used in our case to test the differences between the tested parameters (e.g.

attacked and non-attacked dates) and on the repetitions as well.

2.5.2. Kruskall-Wallis test
The Kruskall-Wallis is a non-parametric test, used when the data are not normal, to
compare the distributions of several samples statistically. It works, not from the precise values
observed, but from the ranges of these inter-classified values (Dress, 2007).

2.5.3. Relative abundance (RA%b)
It is the ratio in % between the number of individuals (Ni) of a category (species, class,
order) compared to the total number of individuals of all species (N) (Faurie et al. 2003). It is

given by the following formula:

Ni
AR% = — x 100
% N

RA%: Relative Abundance;
Ni: Number of individuals of the species (i) encountered;
N: Total number of individuals of all species.
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3. Results and discussions

The present chapter details the results obtained (pests and their predators, damage
estimation and impact of pests on morphological and physio-chemical characteristics of dates)
following from the study of stored date’s pests and their predators in the station of Ain Beida
(Ouargla). They are accompanied on both sides by discussions on comparisons with the study
and research done by other authors and researchers, having touched the same thematic or close
to it.

3.1 Stored dates pests and their predators
In this section, the lists and numbers of insects found in the batches of dates collected
from the different stock locations are presented.

3.1.1 Global list of insects found in stored date batches

Table 5 includes all the insects inventoried in the 3 stocking locations in Ain Beida.

Type Class Order Family Genus Species
Cotesia Cotesia flavipes
Braconidae Apanteles Apantele splutellae
Predator Hymenoptera Phanerotoma Phanerotoma kozali
Pteromalidae | Anisopteromalus | Anisopteromalus calandrae
Tenebrionidae | Tribolium Tribolium castaneum
Silvanidae Oryzaephilus Oryzaephilus surinamensis
Insecta | Coleoptera -
Dermestidae Dermestes Dermestes ater
Pest Nitidulidae Carpophilus Carpophilus hemipterus
L epidootera Pyralidae Apoomyelois Apomyelois ceratoniae
pidop Ephestia Ephestia kuehniella
. Drosophilidae | Drosophila Drosophila melanogaster
Diptera - — - o
Cecidomyiidae | Lestremia Lestremia cinerea

The sampling carried out by the use of different sampling methods in the three studied
stocking sites, allowed us to identify 2 groups of insects (Tab. 5), the depredators (8 species)
and their predators (4 species). Both have a total of 4 orders, the predators are represented with
only one order Hymenoptera, and the depredators are divided into 3 orders, which are
Coleoptera, Lepidoptera and Diptera (Tab. 5).

The families encountered in this inventory are a total of 9 families (Tab. 5), the families
Braconidae and Pteromalidae are distinguished, which belong to the predator type, while among
the depredators, Pyralidae, Tenebrionidae, Nitidulidae,

Silvanidae, Dermestidae,

Cecidomyiidae and Drosophilidae are distinguished (Tab. 5).
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3.1.2 Number of the collected species
Table 6 presents the total number and relative abundance (%) of insect species caught

in the 3 stocking sites in Ain Beida.

Table 6: Number and relative abundance (%) of the inventoried insects in the 2 studied

cultivars
Ghars Deglat
Species IN RA (%) IN RA (%)

Cotesia flavipes 93 28,79 100 25
Apanteles plutellae 30 9,29 19 4,75
Phanerotoma kozali 1 0,31 4 1
Anisopteromalus calandrae - - 3 0,75
Tribolium castaneum 1 0,31 1 0,25
Oryzaephilus surinamensis 98 30,34 48 12
Dermestes ater 1 0,31 1 0,25
Carpophilus hemipterus - - 2 0,50
Apomyelois ceratoniae 78 24,15 136 34
Ephestia kuehniella 20 6,19 83 20,75
Drosophila melanogaster 1 0,31 1 0,25
Lestremia cinerea - - 2 0,50
Total 323 100 400 100

-:Absence. IN : individal number ; RA : relative abundance.

The sampling realized by the use of different sampling methods in the three studied
stock locations, allowed us to distinguish 12 species, where the pests are the most responded
on the 2 studied cultivars (Tab. 6). In terms of species, the most important ones are Apomyelois
ceratoniae (34% in Ghars; 24.1% in Deglat), Oryzaephilus surinamensis (12% in Ghars; 30.3%
in Deglat) and Ephestia kuehniella (Ghars = 20.8%; Deglat = 6.2%).

For predators, the most noted species on the 2 cultivars studied was Cotesia flavipes (25% at
Ghars; 28.8% at Deglat).

3.2 Estimation of pest damage and its impact on the characteristics of stored dates

This section focuses on pest damage and its impact on the biometric characteristics of

stored dates.
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3.2.1 Attack rate of dates in stock

In Table 7 are presented the attack rates of stored dates based on the studied cultivars.

Table 7: Attack rate of the studied cultivars according to stock locations

Attack rate (%)

Cultivars Stock 1 Stock 2 Stock 3
Deglat 21 50 42,27
Ghars 21 26,40 15,91

The attack rates noted for the two cultivars (Deglat and Ghars) vary from one stock to
another (Tab. 7). For the cultivar Deglat, it varies between 21 and 50%/ while for the cultivar
Ghars, the rates vary between 15.9 and 26.4%.

In Table 8 the attack rates of stored dates according to the batches studied are presented.

Table 8: Attack rate of pests on the studied date cultivars according to the batches

Cultivars Deglat Ghars

T (%) Stock 1 Stock 2 Stock 3 Stock 1 Stock 2 Stock 3
Batch 0 31 53 31 31 31 31
Batch 1 30 50 43,3 30 30 3,33
Batch 2 10 60 46,67 10 30 33,3
Batch 3 16,67 46,67 46,76 16,67 20 13,33
Batch 4 20 46,67 70 20 23,33 26,67
Batch 5 10 40 - 10 13,33 -
Batch 6 20 - - 20 - -
Batch 7 6,67 - - 6,67 - -

The attack rates noted for the batches of the studied cultivars (Deglat and Ghars) in the
3 stock locations, vary from one batch to another (Tab. 8). Generally speaking, it was observed
that the most attacked lots were the lots of the cultivar Deglat compared with the lots of the

cultivar Ghars, and especially the lots of the 2nd stock with a rate equal to 60% (Tab. 8).
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3.2.2 Biometric analysis of dates
Biometric characteristics are one of the important parameters closely linked with
commercial quality and consumer requirements, which directly influence the offer and demand.
Indeed, they play a major role in the determination of possible causes of attack. Furthermore,
the results obtained in this part are presented in Figure 15, comparing the characteristics of the

2 cultivars Deglat and Ghars.
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Figure 15: Box plot of biometric variables grouped by the different stock locations

The comparison with the ANOVA test between the 3 stock locations according to the
biometric parameters shows a very highly significant difference (p <0.000). It is observed that
stock 2 is the place that contains the biggest dates compared to stock 1 and 3, with a mean equal
to 17.7+2.1mm (max= 35.8mm, min=10.9mm) of high dimension, 39.6£4.5mm (max=53mm,
min= 27.4mm) of length and 7.9+2g (max= 16.2g, min= 2.2g) of weight. While stock 1 has a
mean 17.2x2mm (max= 30.1mm, min=9mm) of large diameter, 37.1+1.7mm (max= 52.9mm,
min= 23.7mm) of length and 6.6+1.7g (max= 13.2g, min= 0, 9g) and 3rd stock has a mean
equal to 17.1+1.8mm (max= 23.8mm, min= 12.7mm) in large diameter, 38.4£3.8mm (max=

54.3mm, min=27.4mm) in length and 7.6x1.7g (max= 14.8g, min= 4g) in weight.
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In figure 16 presents the different parameters studied (high dimension, length and

weight) according to the 2 cultivars studied Ghars and Deglat.
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Figure 16: Box plot of biometric variables grouped by cultivars Ghars and Deglat

The comparison using the ANOVA test between the two cultivars Ghars and Deglat
according to the biometric parameters shows a very highly significant difference (p <0.000).
The cultivar Ghars is characterized by a high dimension of mean equal to 17.5+2.1mm (max =
25.5mm, min = 10.7mm), a length of mean of 39.7+4.8mm (max = 54.3mm, min = 5mm) and
a weight of mean 7.5+2.2g (max = 16.2g, min = 2.4g). While the cultivar Deglat is characterized
by a mean of high dimension equals to 17.2£2mm (max = 35.8mm, min = 9.9mm), mean length
36.8+3.4mm (max = 49.6mm, min = 24.2mm) and mean weight 7.1+1.5g (max = 14.1g, min=
0.99).

Discussion
According to Belguedj (2002), a date of Deglet Nour has a mean length of 60 mm and a diameter
of 18mm. Moreover, the study conducted by Sayah and Ould EI Hadj (2010), on the same
cultivar, shows that these dates have a mean length of 41.1 cm. Comparing these values with
our results, we find that all the dates studied present dimensions lower than the values indicated

by these last authors.
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On the other hand, our results are superior to those obtained by Haddou (2015) who indicated
that the average length of the same cultivar is equal to 31.1mm with an average diameter of
15.3mm. Munier (1973) reports that a Deglet Nour date of good market quality has an average
weight of 10 g. The results obtained in the present study show that the weight of all the studied
dates is lower than the value indicated by the author. According to Ben Abdallah (1990), the
quality of irrigation water seems to have a direct effect on the growth of date palm fruits and
their weight.

Acourene and Tama (2002) and Babahani and Bouguedoura (2004), state that chiseling and
restriction provide an augmentation in the weight of dates of the Deglet Nour cultivar. These
differences may be related to the influence of climate, the quality of soil and water used in
irrigation, and the care of the bunches and the palm (Haddou, 2015).

Figure 17 presents the biometric parameters of the different studied cultivars according

to the batches of dates.
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Figure 17: Box plot of biometric parameters of the different studied cultivars
according to batches
The biometric characteristics of the dates vary depending on the lots (Fig. 17). The
highest values are recorded in the first batches (Lots 1 to 4), while low values characterize the
last batches (Lots 6 and 7). So we can say that the more the dates are stored the more their

biometric properties decrease.
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Figure 18 presents the biometric parameters of the different studied cultivars according

to the infestation status of the dates (attacked or not attacked).
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Figure 18: Box plot of biometric variables grouped by the attack status of both, Ghars and

Deglat

The comparisons between biometric data with ANOVA test according to date attack

status shows that there is no significant difference between high dimension (p <0.779), length

(p <0.011) and weight (p <0.115) measurements of attacked and non-attacked dates.

The attacked date cultivars are characterized by a mean large diameter and length of,

17.5+2.1mm (max = 30.1mm, min = 10.7mm) and 17.9+4.4mm (max = 51.8mm, min = 5mm),

respectively (Fig. 18). And the non-attacked dates have a mean large diameter of 17.2+2mm

(max = 35.8mm, min = 10mm) and length of 38.4+4.4mm (max = 54.3mm, min = 27.4mm).

For the weight parameter, the values of attacked and non-attacked dates are very close and near

7.3+1.8g (Fig. 18).

Figure 19 presents the results of the attack status of the studied cultivars (Ghars and

Deglat) in function of time.
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Figure 19: Box plot of biometric variables of attack status of the studied cultivars

(Ghars and Deglat) in function of time

Using ANOVA test for comparison between biometric data and attack status shows the

existence of a very highly significant difference (p<0.000) between the date sizes. The 4th batch

which was taken in January 17, 2021 (Fig.19) is the most attacked with dates of higher size

based on high dimension (17.9+2mm; max = 23.6mm; min = 14.2mm). Moreover, it is observed
that the length of dates decreases according to the dates, the 7th batch taken on March 8, 2021

includes the dates of low caliber (16.5+1.5mm; max= 21.9mm; min= 14.5mm) comparing to

the other batches. The same is valid for length (35.3+£2.6mm; max= 44.8mm; min= 29mm) and

weight (6£0.9g; max= 10.6g; min= 4q).

In figure 20, all the biometric parameters are presented according to the pests.
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Hole represents the attack of Apomylois ceratoniae’s larvae

Figure 20: Box plot of biometric variables grouped by pest species

The comparisons between the biometric data with the ANOVA test according to
depredators and their impact on dates shows that there is a very highly significant difference
between the measures of high dimension (p <0.001), length (p <0.000) and weight (p <0.000),
of attacked and non-attacked dates (Fig. 20).
Dates attacked by Oligonychus afrasiaticus (in the field) are characterized by a high dimension
of 17.7+2.1mm (max = 30.1mm, min = 10.7mm; Fig. 20) mean, a length of 37.9+3.7mm (max
=50.8mm, min = 23.7mm) mean and a weight of 7.4+1.7g (max = 12.9g, min = 2.4g) mean.
It is observed that Fungi attack the dates that have a small size, characterized by a high
dimension mean of 16.3£3.3mm (max = 23.5mm, min = 12.4mm; Fig. 19), a mean length of
34+7.5mm (max = 49.6mm, min = 24.2mm), and mean weight of 5.3+2.8g (max = 9.6g, min =
0.99).
Unlike Fungi, Rattus rattus attack the large dates, where their mean high dimension is
17.3x2.6mm (max = 25.5mm, min = 10.9mm; Fig. 19), mean length 38.9+7.2mm (max =
51mm, min = 5mm) and mean weight 7.3+2.4g (max = 12g, min = 2.2Q).
Furthermore, Apomylois ceratoniae is noted in dates with a high dimension of 17.4+1.8mm
(max = 23.8mm, min = 13.2mm), a length of 38.3+4.3mm (max = 51.8mm, min = 29.6mm;

Fig. 19), and a weight of 7.4+1.8g (max = 14.8g, min = 3.79).
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Finally, for non-attacked dates, they have a high dimension of 17.2+2mm (max = 35.8mm, min
= 10mm; Fig. 19), length of 38.4+4.4mm (max = 54.3mm, min = 27.4mm) and weight of
7.4+1.9g (max = 16.2g, min = 2.5g) means.

Discussion

For the results of the present study, it should be mentioned that the attacks of Boufaroua
are done on the field and not in the stock locations. The dates that are attacked by this pest show
light and harsh patches as a result of its punctures and stings. The results obtained in this study
are in agreement with Dakhia et al. (2013), who cite that Oligonychus afrasiaticus attacks all
cultivars except the early matured ones.
Idder et al. (2009) showed that, the date moth Apomylois ceratoniae attacks the dates based on
their size, which shows that this pest selects its dates with a certain preference. So we can say
that the results announced in figure 20 confirm the results of this last author. Apomylois
ceratoniae adapts its size to the size of the attacked date, meaning that if it attacks the dates of
large caliber, the date moth will have a larger size while if it attacks dates with smaller caliber,

it will also have a relatively small size.

The figure 21 displays the results of the types of attack according to the sampling dates.
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Figure 21: Box plot of attack variables categorized by pests
The ANOVA test shows that there is no difference in injuries (physical attacks),

Oligonychus afrasiaticus and Rattus rattus in function of dates (p<0.127). On the other hand,
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the attack of Apomylois ceratonia presents a very highly significant difference (p<0.000)
according to the dates of sampling where we observe that the most attacked dates are the most
stored dates taken on March 8, 2021 and the least attacked dates are the least stored dates taken
in December 30, 2020.

Figure 22 shows the results of the difference between attacked and non-attacked

cultivars based on sampling dates.
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Figure 22: Box plot of attack status of the studied cultivars grouped by dates of sampling

The ANOVA test indicates that between Ghars and Deglat cultivars (attacked and not
attacked), according to the sampling dates, there is a very highly significant difference
(p<0.000), where we observe that the least attacked dates are the dates of Ghars cultivar which
were sampled on December 30, 2020. On the other hand, the most attacked dates are the dates

of cultivars Deglat which were sampled on February 14, 2021.

Discussion

According to Achoura et al, (2013), the evolution of pests is linked to different biotic
and abiotic ecological factors that significantly limit their outbreak. These same authors add
that the predatory activity is very marked in spring (January to March) when the ecological
conditions are favorable for the development of predators, which is confirmed by our results.

3.3 Damage estimation and impact of pests on physio-chemical characteristics
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Generally, physico-chemical and biochemical characteristics are an essential element to
control of food products quality and to know the duration of preservation, packaging and storing
(Ross, 1995). This section focuses on pest damage and its impact on the physico-chemical

characteristics of stored dates.

3.3.1 Water content determination
Water content is a fundamental parameter for the determination and rational conduct of
harvesting, storage or preservation operations (Meligi and Sourial, 1982). It is defined as the
weight loss experienced during desiccation (Doukani and Tabak, 2014). The water content

values found based on the studied cultivars are presented in table 9 and figure 23.

Table 9: Water content values of the two cultivars studied

Water content Ghars Deglat
Attacked dates 20,56% 15,56%
Non attacked dates 21,74% 20,50%
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Figure 23: Box plot of water content grouped by the infestation state
The mean humidity of the attacked dates of the cultivar Ghars (20.6%) is higher than
the one of Deglat (15.6%; Tab. 9). The application of the ANOVA test on the water content of
the stored dates shows a non-significant difference (p <0.748) between the variables according
to the state of attack of dates of Deglat cultivar, on the other hand it shows a very highly

significant difference for Ghars cultivar (p <0.000; Fig. 23).
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Discussion

Water is one of the essential constituents of the fruit. It has a fundamental importance
on the quality of dates and acts on their ability of conservation (Multon, 1991; Ben Salah and
Hellali, 2003). The water content of the studied cultivar Deglat is 15.6%. This result is close to
the one found by Munier (1973) who mentions a value of 18%. Moreover, Giddey (1982), Gatel
(1982) and Multon (1992) classify this date in the family of foods with intermediate humidity,

which are easy to preserve for long periods of of storage time at room temperature.

Concerning the value found for the cultivar Ghars, it is 20.6%, relatively higher than the values

of the European standards and Codex Alimentarius (2001), which is around 14%.

The obtained results are in accordance with those found by El-Naga and Abdel-Tawab (2012),
who note that the water content of dates is between 19.7 and 24.4%.

The variations in humidity levels are probably due to the extraction methods, climatic
conditions, storage and the type of date cultivars used (Mahtout and Saidani, 2017). On the
other hand, Al-Hooti et al, (2002) qualified the water content by a comparative study of 2 syrups
prepared from 2 cultivars (Birhi and Safri) different from those of this study with values
respectively 16.8% and 16.3%.

It is worth mentioning that a water activity (aw) of a fruit < 0.9 is likely to inhibit microbial
growth (Hamad, 2008). In the same context, Cheftel and Cheftel (1977) consider that the
concept of water activity (aw) is essential for the stability of foods especially in terms of
microbiology. However, it should be noted that there is a great variability in the water content
of the date fruit to such an extent that we find varieties with water contents exceeding 60%

(Nigerian varieties), requiring a stabilization treatment by drying (Falade and Abbo, 2007).

3.3.2 pH determination
pH is one of the parameters determining the ability to preserve food, it can be said that
it is among the main obstacles that the microbial flora must overcome to ensure its proliferation
(Giddey, 1982; Gatel, 1982). Generally, the pH of date cultivars varies according to the
physiological developmental stages of the date (Dowson and Aten, 1963). The pH values found
for dates of the two studied cultivars in the present study are mentioned in Table 10 and Figure
24,
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Table 10: pH value of the different studied cultivars

pH Ghars Deglat
Attacked dates 49 5,6
Non attacked dates 4,96 5,23
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Figure 24: Box plot of the weight and pH of dates grouped by infestation state

According to these results, the dry cultivar (Deglat) has a slightly basic pH compared to
the soft cultivar (Ghars). In general, the pH of the cultivar Deglat is 5.6 and Ghars is 4.9 (Table
10).

Attack status has a significant difference (p <0.048) based on the weight between attacked and
non-attacked dates, however there is a non-significant difference (p <0.450) based on attack

status.

Discussion
According to the analyses performed on common dates by Rygg (1977), a good quality
date has a pH around 6, and for a bad quality, the pH is lower than 5. Meligi and Sourial (1982)
and Acourene et al (2001), confirmed these results. The pH obtained in the present study for
(Deglat = 5.6) is close to the pH obtained by Acourene and Tama, (1997) who found the pH of
the same cultivar to be 5.9. Also, Mimouni (2015) reported a pH of the syrup of the same

cultivar in the order of 5.
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By comparing the pH of the studied dates with those of some Iragi and Egyptian cultivars, we
can say that our results are relatively inferior to those cited by Yousif et al, (1982), Khalil et al,
(2002) which give values between 5.6 and 6.8. This difference can be explained by several

factors such as the variety of dates used and the extraction method (Mimouni, 2009).

It should also be noted that a pH between 5 and 6 has advantages in the conservation of certain
vitamins of group B such as B1, B2, B5, B9 and B12 (Bourgeois, 2003), vitamins predominant

in dates.

3.3.3 Electrical conductivity Determination (EC)

The electrical conductivity expresses the ability of the aqueous solution to conduct an

electric charge. The results found are listed in Table 11 and figure 25.

Table 11: Electrical conductivity values of the studied cultivars

CE Ghars Deglat
Attacked dates (uS) 2,63 3,1
Non attacked dates 1,63 1,43
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Figure 25: Box plot of weight and electrical conductivity grouped by infestation status

Table 11 shows that the electrical conductivity of the attacked dates of cultivar Ghars
(EC = 2.6uS) is lower than that of cultivar Deglat (EC = 3.1S).

According to Figure 25 which represents the weight and electrical conductivity of the studied

dates Ghars and Deglat, we can distinguish a highly significant difference (p <0.000), in the
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weight parameter of attacked and non-attacked dates, a slight difference is observed (Fig. 25).
On the other hand, a significant difference is observed between the attacked and non-attacked
dates according to the electrical conductivity.

Discussion

The results found for the EC of Ghars (EC = 2.6uS) and Deglat (EC = 3.1S) are relatively
close to the results of Mimouni (2009), who said that the electrical conductivity equal to 2.69
puS/cm, 3.80 uS/cm and 3.53 puS/cm, respectively for the variety Deglet Nour, Deglat Beida and
Deglat.

We could also deduce the importance of conductivity based on the color, the darker it is the
more conductive the syrup is, moreover the electrical conductivity is in function of the mineral
content (Gheraissa and Hamidani, 2019).

It is also related to the content of ionizable matter, of which mineral material constitutes the
main part, where it depends on the nature of the dissolved ions and their concentrations (Rejsek,
2002).

3.4 Simulation test of favorable conditions for pest settlement in stock locations
This experiment is carried out in order to highlight some favorable conditions for the
installation of the pests at the level of the places of stocks.
The global list of captured species in this part of the study and their numbers is presented
in Table 12.
Table 12: Global list of date predator species and their numbers found in the water

submersion experiment

Ghars Deglat
Submersion time After Species IN RA (%) IN RA (%)
(Days)
1h 15 Ephestia kuehniella 2 4,08 -
12h - - - - -
. Drosophila melanogaster 8 16,33 -
24h Carpophilus hemipterus 2 4,08 -
15 Drosophila melanogaster 37 75,51 7 100
Total 3 49 100 7 100
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The experiment conducted on the pests that are likely to attack the dates in storages
allowed to distinguish 3 species, installed only on the cultivar Ghars. The most important
species in this experiment is Drosophila melanogaster (91.8%), classified as a secondary pest
(Tab. 12).

Discussion

This aspect is interesting in the sense that it could be taken into consideration when
elaborating a program and a strategy of prophylactic treatment in the stock places. In addition,
it is an indication of the phytosanitary state of the studied stockpiles. The aspect of availability,
spectrum or range of attack and effectiveness of these beneficials according to their life cycles
deserves to be developed, in the context of a possible biological control (Bouaicha, 2016).
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Conclusion

The study of pests of stored dates and their predators in the region of Ouargla, and their
influence on the biometric and physico-chemical parameters of these commodities in 3 places
of stock at the station of Ain Beida, carried out over a period of 5 months (November 2020 until
March 2021) with a frequency of 2 outings per month using two methods (hand capture and
gauze fabric) on 2 cultivars (Ghars and Deglat) This survey allowed to identify 8 species of
pests divided into 7 families (Tenebrionidae, Silvanidae, Dermestidae, Nitidulidae, Pyralidae,
Drosophilidae and Cecidomyiidae) and 4 species of predators divided into 2 families
(Braconidae and Pteromalidae).

In terms of pest species, the most important are Apomyelois ceratoniae (34% in Ghars;
24.1% in Deglat), Oryzaephilus surinamensis (12% in Ghars; 30.3% in Deglat) and Ephestia
kuehniella (Ghars = 20.8%; Deglat = 6.2%). These are considered stock-specific pests, with a
preference for the cultivar Ghars over Deglat. For predators, the most noted species on the 2

cultivars studied was Cotesia flavipes (Deglat= 25% and Ghars=28,8%).

In terms of biometric measurements, it is distinguished that the dates of the cultivar
Ghars are of large size compared to those of cultivars Deglat. The 2nd stock contains the dates
of larger size concerning the two studied cultivars (Ghars and Deglat), moreover, it is the stock
most attacked by A. ceratoniae, Rattus rattus and O. afrasiaticus since these pests have a great
preference towards the dates of large size. In addition, the longer the dates are stored, the more
they are exposed to attacks by these pests.

A few physico-chemical parameters of stored dates were examined in Ghars and Deglat
cultivars to demonstrate the influence of pests on the quality of attacked dates, Ghars cultivar
is slightly acidic compared to Deglat cultivar. It was also determined that the water content of
Ghars is higher than that of Deglat. Finally, for the electrical conductivity, it is lower for Ghars
comparing with that of Deglat.

The experiment carried out on the pests that are likely to attack the dates in the places
of stocks allowed to distinguish 3 species, installed exclusively on the cultivar Ghars, of which
Drosophila melanogaster (secondary pests) is the most important found species.

In perspective, it would be interesting to extend this study on other stations by increasing
the sampling effort as well as using other trapping techniques in order to capture other species.
In addition, further studies on the attacks of dates in storage based on biochemical

characteristics are needed considering the lack of documentation on this study. It is also

39



Conclusion

preferred if this study spreads on other cultivars for more knowledge of the possible attacks.

Finally, the biomolecular use is essential for the identification of the captured species.
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Etat et qualité phytosanitaire des dattes en stock dans la région de Ouargla

Résumé

L’étude biométrique et physico-chimique des dattes en stock dans les trois lieux de stocks a Ouargla est
réalisée durant 5 mois (Novembre jusqu’au Mars) sur deux cultivars Ghars et Deglat, afin de déterminer les
causes des attaques et leur influence sur la qualité et les propriétés des dattes stockées. Ce travail nous a
permis de recenser 12 espéces arthropodes, dont 4 sont des prédateurs et 8 déprédateurs. Ces derniers sont
représentés le plus par Apomylois ceratoniae (34%) et Ephestia kuehniella (20,8%). Alors que les prédateurs
sont notés le plus par Cotesia flavipes (28,8%). Le cultivar Deglat est Iégerement acide (pH =5,6) par rapport
au Ghars (pH =4,9), par contre il est inférieur en teneur en eau (15,6%) a celle du Ghars (20,6%) avec une
conductivité électrique égale a 3,1uS et 2,6uS respectivement. L’étude réalisée sur les déprédateurs
susceptibles d’attaquer les dattes dans les lieux de stocks a permis de distinguer 3 espéces, a savoir
Drosophila melanogaster, Carpophilus hemipterus et Ephestia kuehniella.

Mot clés : Stock, dattes, ravageurs, biométrie, physico-chimie, Ouargla.

State and phytosanitary quality of dates in stock in the region of Ouargla

Abstract

The biometric and physico-chemical study of the dates in stock in the three locations in Ouargla is carried
out during 5 months (November to March) on two cultivars Ghars and Deglat, in order to determine the
causes of the attacks and their influence on the quality and properties of the stored dates. This work has
allowed us to identify 12 arthropod species, of which 4 are predators and 8 pests. The laters are represented
most by Apomylois ceratoniae (34%) and Ephestia kuehniella (20.8%). While predators are noted most by
Cotesia flavipes (28.8%). The cultivar Deglat is slightly acidic (pH =5.6) compared to Ghars (pH =4.9),
however it is lower in water content (15.6%) than Ghars (20.6%) with an electrical conductivity equal to
3.1uS and 2.6pS respectively. The study conducted on the pests that are likely to attack the dates in the stock
locations has distinguished 3 species, namely Drosophila melanogaster, Carpophilus hemipterus and
Ephestia kuehniella.

Key words: Stock, Dates, Pests, Biometry, Physico-chemical, Ouargla.
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