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Abstract. This study investigated cereal pests (wheat and barley) grown in
southeastern Algeria’s arid climate. Using three sampling techniques (yellow
pan traps and Pitfall traps, a comprehensive collection of insect specimens
was obtained, comprising 2526 individuals taxonomically classified into 20
distinct species, 15 genera, ten families, and six orders. Homoptera and
according to quantitative analysis, Thysanoptera was the most dominant
taxa, with six and four occurrences, respectively. In contrast, the dominant
species were Mayetiola destructor (Say 1817) (Diptera, Cecidomyiidae)
with 412 specimens, Rhopalosiphum maidis (Fitch 1856) (Homoptera,
Aphididae) with 404 specimens then Oulema melanopa (Linné 1758)
(Coleoptera, Chrysomelidae) with 342 specimens. The observed and expected
species richness diversity parameters were comparatively more significant
in the cereal ecosystem cultivated in the El Outaya location than in the Sidi
Okbalocation. (Kruskal-Wallis, df = 3, P=0.019). The results obtained from
the Generalised Linear Models (GLM) indicated a statistically significant
variation in species richness across the different sites and crops (wheat
and barley) (df = 3, Mean Square = 47.70, F = 3.58, P = 0.020).While there
were very significant differences in the average number of individuals per
species (N/S ratio) (df = 3, mean square = 22.08, F = 5.526, P = 0.002).
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Species richness extrapolation revealed that diversity is anticipated as the
number of individuals captured increases, however, at a slower rate as the
sampled population increases. The species distribution showed that some
insect species are found at all phenological stages and all sampling sites.
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Introduction

Since antiquity, cereals have been the main staple food and are strategically
important in human nutrition and animal feed. As well as cereal farming has
played an essential role in the development of various civilizations (rice for
Asian civilizations, maize for pre-Columbian civilizations, and wheat for the
Mediterranean basin and the Near East) (Boulal et al., 2007).

Cereals are the staple diet in most southern Mediterranean countries.
They are therefore considered strategic in the food security of populations
(Lemeilleur et al., 2009). In Algeria, cereal growing plays a leading role in the
national economy. It occupies the first place in strategic crops; most farmers
practice it; according to statistics from the Ministry of Agriculture, the general
census of agriculture (RGA) in 2013 gives us about 600.000 cereal farmers, or
nearly 60% of all farms without taking fallow land into account. According to
the FAOSTAT database (2021), the area occupied by cereals is 1.941.863 ha.
This agricultural area is very narrow compared to the total area of Algeria
which amounts to 238 million hectares of which 191 million are unproductive.
Additionally, cereal production in Algeria is affected by various factors, including
changes in weather patterns, which constitute the critical factor in determining
the profitability of production. This strong correlation between climatic
conditions and production causes a significant irregularity in cereal yields from
year to year. Furthermore, according to figures from the Minister of Agriculture
quoted by the official agency (APS, 2016), the national production of cereals
(barley, oats, durum wheat and common wheat) decreased to 34.750 million
quintals during the 2015/2016 campaign. The estimated yield rate was 16
quintals per hectare. It was 40 million quintals in 2014/2015, 35 million
quintals in 2013/2014 and 49.1 million quintals in 2012/2013.

Despite the application of several programs to develop the agricultural
sector in Algeria, in particular the national agricultural and rural development
plan (PNDAR) in 2001/2002, cereal yields are still low and very irregular:
14.337 quintals/ha during the 2020-2021 agriculture campaign (FAOSTAT,
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2021). Thus, in terms of productivity, Algeria is lagging behind Mediterranean
countries, North Africa and Europe. This can be explained by various constraints
such as environmental conditions (soil and climate), technical (seeds, cultivation
practices) or human (organization and training of producers).

Besides, cereals in Algeria are frequently attacked by several pests that
can damage the crop and reduce their yields. The most significant damages are
due to insects; Indeed, these latter can cause severe crop losses by direct and
indirect damage (some species are vectors of viruses and other diseases).
Several authors have studied cereals entomofauna as well as the population
dynamics of certain pests, such as Boujite (2007); Boughida & Dif (2010); Kellil
(2019) and Bakroune (2021). Nevertheless, limited research was conducted in
Algeria regarding pests affecting cereal crops, especially in arid regions under
drought conditions and desertification. Thus, the present study presents a
comprehensive inventory of pests that inhabit cereal ecosystems cultivated in
the arid Ziban region (Biskra, southeastern Algeria). The aims of the investigation
are: (i) assessment of species richness of insects pests in a cereal agrosystem in
arid climat; (ii)determine the influence of varieties (wheat and/or barley) on
insects diversity and (iii)determine the influence of phenological stages of
crops on the diversity and the distribution of insects.

Materials and methods

Study area

This investigation was carried out from January to May 2016 in four sites
across the Ziban region in Biskra province (Southeast Algeria), the study area
islocated at (34° 50’ 13.326” N, 5°45’ 3.7728” E at an elevation: 97.623 m a.s.l.)
(Fig. 1). Meteorological data for two decades (2000-2020) in Biskra indicated a
dry climate in the region; with a maximum temperature of 41.76 °C in July
(hottest month) and a minimum temperature of 17 °C h in December (coldest
month). Rainfall has been scarce recently, with a maximum in winter (20.33 mm
in January) and a minimum in summer (0.80 mm in July).All these factors led to
a prolonged dry period; characteristic of North Africa’s arid zones (Le Houérou,
1992). The ombrothermic diagram shows a six-month dry period, starting from
May and ending in October (Fig.1). According to Emberger’s climagram, the
Biskra region is in an arid climatic stage (with a mild winter) characterized by
low rainfall, high temperatures, high luminosity, and intense evaporation.
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Insects sampling

Our work was carried out from January to May 2016. Samplings were done
on four plots located in two different zones in Biskra region (southeastern
Algeria). Two in El Outaya and two others in Sidi Okba. The plots for wheat and
barley at every site are situated 5 kilometers apart from each other. During our
experiment, three methods were used for trapping insects: (i) sight hunting
(Colas, 1974), which involves random summation, (ii) yellow pan traps, which
are commonly used in faunistic and entomological studies of agricultural
environments due to their effectiveness, simplicity, and low cost. These traps can
be used on a large scale, and (iii) pitfall traps. In this method, the traps are filled
to a level of two-thirds with a solution of soapy water, which reduces the surface
tension of the water and dissolves the layer of fat that envelops the bodies of the
captured insects (Winchester, 1999). This layer of fat is known to hinder the
escape of the insects from the trap. A total of 05 yellow pan traps and 05 Pitfall
traps were placed at each field on a homogenous square parcel of land measuring
20 by 20 meters, with a total area of 400 square meters (Benkhelil, 1992), at least
50 meters away from the edges to prevent the edge effect. The experimental traps
are filled with soapy water up to two-thirds of their capacity. Samples are
collected every ten days throughout the experiment (Fig. 1).

Climograph

¥  Sampling stations
Municipalities bounderies
* Yellow pan traps

® Pitfall traps

Figure 1. Geographical location of study sites (D1, D2, D3, D4) located in arid climate in
the Ziban region (Ci, C2) in the Province of Biskra (B) in southeastern Algeria (A).
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Insects identification

Captured insects are retrieved using a filter that allows us to collect only
insects. The filter designed specifically for collecting entomofauna. The insects
are kept in pill boxes containing 70% alcohol and labeled with trap type; collection
date, location, and species of cereal. After collecting the insect samples, they are
taken to the laboratory for analysis under a binocular microscope. The insects are
then sorted in a systematic order to help with identification and counting. To
accurately identify the insects, we consulted with specialists from the Department
of Agricultural and Forestry Zoology of El-Harrach and the C.R.S.T.R.A. of Biskra.

We collected insects from cereals during different growing stages are
counted and examined them under a binocular microscope in the laboratory. To
identify these insects, we referred to keys from Remaudiere and Seco Fernandez
(1990); Leclant (1999); Leraut (2007).

Data analysis

Biodiversity analysis

- Taxonomic diversity (species diversity). Diversity of insect pests of cereals
in each plot was evaluated by calculating the following ecological indices: (i) the
relative frequency (RF) of each insect, which was determined by calculating the
percentage of the number of individuals of a species in each station relative
to the total number N; (ii) the Density/400m? (D), which was computed as
D = N/P, where N represents the total number of individuals of a species
collected on the surface considered, and P is the total number of samples;
(iii) species richness (S), which represents the overall number of determined
species;(iv) Frequency of occurrence (FO%), according to Dajoz (1985), it shows
the proportion of species appearances to all species for a specific species it is
calculated by the following formula: F.0 % = ni1 / N2 x 100. To determine the
number of constancy classes (N.c.), we used the Sturge index (Scherrer, 1984).
The formula is as follows: N.c. = 1 + (3.3 log 10 N3), where N3 represents
the total number of captured individuals.;(v) The Shannon diversity index (H):
H = ((ni/N) log2(ni/N)), where ni denotes the frequency of a species and
N denotes the total number of individuals in a sample; (vi) evenness (E): E = H/
Hmax, where Hmax = log2S; and (vii) the Simpson reciprocal index, SRI = (1/D),
with D = X(ni(ni -1)/N(N-1)). (viii) Menhinick’s diversity index is calculated as
the number of species (S) in the sample divided by the square root of the total
number of individuals (N) in the sample written as IMn=S/vN. (ix) The Margalef
richness index (RMg) estimates absolute species richness, regardless of sample
size. RMg index used to assess diversity across various sites. It does not have a
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defined threshold and allows for weighting of sample sizes. Despite being easy
to calculate, this index can be greatly influenced by the amount of sampling effort
put in (Margalef, 1969). The value of this index is obtained by the following
formula: RMg = S-1/In (N). (x) the value of Fisher alpha index, a diversity index,
defined implicitly by the formula S=a*In (1+n/a), where S is number of taxa, n
is number of individuals and a is the Fisher’s alpha. (xi) Berger-Parker dominance,
this index calculates the proportion of the community represented by the most
abundant species. All other species are ignored (Berger, 1970). (xii) the value
1/8S. (xiii) the ration N/S.

- Species accumulation curves. The impact of the number of captured
individuals on the cumulative specific richness observed (Sobs) by site and by
cereal variety was evaluated. Using the Estimate S program (Colwell, 2013), the
diversity index (Richness S, Shannon index H’and Simpson index), were utilized
in order to carry out the species richness estimates (Sest).

Statistical analysis

The normality of the abundance data was assessed using the Shapiro-
Wilk test, followed by the evaluation of species abundance variation using the
nonparametric Kruskal-Wallis’s test (x2). For each sampling site in the study
area, the calculated ecological diversity index (N, S, H, E, SRI, and the ratio N/S),
and descriptive statistics were displayed in the form of boxplots for each insect
family. The study employed generalized linear models (GLMs) to examine the
diversity parameters of aphids across different seasons. A one-way analysis of
variance (ANOVA) was performed, and a Tukey’s HSD post hoc significance test
(p 0.05) was used to determine if there was a significant difference in the means
of N and S between and within the sampling locations. Statistical analyses was
carried out using the free software R (R Core Team, 2019). Principal component
analysis (PCA) was employed to investigate the impact of crops on the distribution
pattern of insect pests across different locations. A visual representation of the
frequency distribution of pest insect species across various phenological stages
was presented through Venn diagram.

Results

Inventory

The plots fauna inventory comprised 20 cereal pest taxa that were
categorized into six orders and ten distinct families, as presented in Table 1.
The order with the highest representation was Homoptera (Fig. 2), which
comprised six aphid species dependent on cereals. The aphid community at the
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El Outaya location exhibits a higher level of attraction towards cereals than the
Sidi Okba site, which only harbours four taxa. The Thysanoptera which ranked
second in terms of species diversity exhibited a total of four species belonging
to the Tripidae family. Both Lepidoptera and Diptera were comprised of three
distinct species each. The Hemiptera taxonomic group comprises two species
that rely on cereals as their primary source of sustenance, namely Aelia germari
and Aelia acuminata. The Coleoptera taxa were observed to be comprised of
two additional significant cereal pests, namely the Chrysomelidae Oulema
melanopa and the Scarabaeidae Geotrogus deserticola. El Outaya and Sidi Okba
sites harbor 18 and 17 species, respectively as determined by the qualitative
analysis. Statistically significant difference in insect species diversity was observed
among the two sites (Kruskal-Wallis, df = 3, P = 0.019).

The results of principal component analysis (PCA) shown that the ordination
structure is divided into three clusters in wheat and four in barely (Fig. 3). The
species Mayetiola destructor, Oulema melanopa, Rhopalosiphum padi, Limothrips
cerealium and Rhopalosiphum maidisare are characterized by high values for
the variables Occurence.%, Frequency, N Density Ind/400m? (variables are sorted
from the strongest) (Tab. 2).
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Figure 2. Abundance of the orders of the main cereal pests in the two study sites.
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Figure 3. Plot of the results of the principal component analysis (PCA) of the
pest/crop/locality ordination in the Ziban region (Biskra, south east Algeria).

Distribution of insects in the sites

The statistical analyses conducted using the Kolmogorov-Smirnova and
Shapiro-Wilk tests revealed a significant correlation between species richness,
insect abundances, and the N /s ratio in the ecosystems (of the two sites and the
four plots), as presented in Table 2, with respective statistical values of S (F=3.582,
P=0.020), N (F=3.569, P=0.021) and the ratio N/S (F = 5.535, P = 0.002) (Fig. 3).
Nevertheless, the remaining diversity parameters exhibit no significant variations
across the study sites (Shannon diversity index: F = 1.797, P = 0.160, Inverse of
diversity index: F = 1.311, P = 0.282, Evenness: X? = 19.961, P< 0.001) (Fig. 4).

Following the Tukey’s post-hoc test, and the Dunn'’s test (for Evenness),
the identical letters linked with average values (circles) are not significantly
different.
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Table 2. Kolmogorov-Smirnov and Shapiro-Wilk normality tests for the ecological
indices studied in overall (whole region).

Normality tests

Ecological Kolmogorov-Smirnov? Shapiro-Wilk
indices Statistic df Sig.  Statistic df Sig.
Taxa_S 0.122 46 0.081 0.952 46 0.058
Individuals 0.111 46 0.197 0.940 46 0.019
Dominance_D 0.170 46 0.002 0.817 46 0.000
Shannon_H 0.126 46 0.063 0.927 46 0.006
Simpson_1D 0.170 46 0.002 0.817 46 0.000
Evenness_E 0.135 46 0.036 0.953 46 0.061
Menbhinick 0.160 46 0.005 0.952 46 0.057
Margalef 0.093 46 .200" 0.966 46 0.200
Equitability_] 0.080 46 .200° 0.988 46 0.922
Fisher_alpha 0.139 46 0.026 0.918 46 0.003
Berger-Parker 0.146 46 0.015 0.846 46 0.000
1/S 0.128 46 0.055 0.886 46 0.000
N/S 0.114 46 0.167 0.936 46 0.014
df: degree of freedom, Sig.: significance
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Figure 4. Boxplots representing the Ziban region’s (Biskra, SE Algeria)
various sites’ insect diversity parameters.
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Variation of insect diversity parameters

Overall, El Outaya site’s cereal ecosystem reported higher diversity
parameters than Sidi Okba site, with monthly variation values ranging from 4
to 18 in El Outaya and 8 to 15 in Sidi Okba. The abundance of cereal pests
captured in Sidi Okba was higher (714 specimens in wheat with a range of 0.268
- 0.143 and 636 specimens captured in barley with a range of 0.243 - 0.105),
than El Outaya (789 individuals in wheat with a range of 0,262 - 0,1001 per
month and 387 specimens in barley with a range of 0,308 - 0,098) (Tab. 2). The
study’s findings indicate that there was a significant difference in species
richness between the various sites and crops (wheat and barley) as determined
by the generalized linear models (GLM) analysis (df = 3, Mean Square = 47.70,
F = 3.58, P = 0.020). The N/S ratio exhibited a substantial degree of variation
across species, as evidenced by a statistically significant result (df = 3, mean
square = 22.08, F = 5.526, P = 0.002) (Tab. 3). The El Outaya site exhibited
higher values of Shannon diversity index and evenness in both wheat (H' =
2.494,E = 0.712) and barley (H' = 2.473, E = 0.892) compared to the Sidi Okba
site (H' = 2.064, E = 0.877 in wheat and H' = 2.477, E = 0.793 in barley) (Tab. 4).
The Simpson reciprocal index (Simpson_1-D) exhibited a comparable pattern
across the various sites, irrespective of the crop type.

In addition, the GLM revealed that the diversity parameters of Menhinick,
Margalef, Fisher_alpha and Berger-Parker have no significant variation (Pvalue > 0.05).

Table 3. Variation of diversity indices of pests of cereal sampled
in arid lands of southeastern Algeria.

Index Sidi Okba El Outaya
Wheat Barely Wheat Barely

Min Max Min Max Min Max Min Max
Taxa_S 5.00 12.00 8.00 15.00 5.00 18.00 4.00 16.00
Individuals 13.00 303.00 37.00 199.00 21.00 197.00 9.00 144.00
Dominance_D 0.14 0.27 0.11 0.24 0.10 0.26 0.10 0.31
Shannon_H 1.48 2.06 1.68 2.48 1.23 2.49 1.27 2.47
Simpson_1-D 0.73 0.86 0.76 0.89 0.62 0.90 0.69 0.90
Evenness_e"H/S 0.66 0.88 0.65 0.79 0.65 0.71 0.70 0.89
Menhinick 0.63 1.39 1.32 1.63 0.98 1.30 0.88 1.37
Margalef 1.35 2.18 1.94 3.15 1.31 3.22 1.34 3.05
Equitability_] 0.83 0.92 0.81 0.91 0.76 0.89 0.87 0.92
Fisher_alpha 1.94 3.04 2.88 5.29 2.08 4.82 2.14 4.70

Berger-Parker 0.18 0.38 0.21 0.41 0.18 0.57 0.18 044
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Estimation of species richness (rarefaction and extrapolation)

The rarefaction curves exhibited an upward trend as the number of captured
individuals increased, eventually attaining a plateau (Fig. 5). As the sampled
population grew, the number of species observed S grew, but at a slower rate. The
estimated specific richness of the pests captured (S) reached specific stability
from 810 and 250 individuals for wheat and barley respectively in El Outaya site,
and 700 and 600 individuals for barley, and wheat respectively in Sidi Okba site.
The use of three estimators (Richness S, Shannon index H’, and Simpson index
Simpson_1-D) showed that the estimated species richness curves had a striking
resemblance in shape. Additionally, the populations of each site in the three
estimators were combined when the total number of samples collected (the
reference number) was smaller than the actual number of individuals.
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Figure 5. Rarefaction curves of expected species richness in a cereal ecosystem

with a dry climate (Biskra, southeast Algeria). The lower and higher limits of the 95%
confidence intervals for the number of species (S) are shown by the light-colored areas
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Table 4. Evaluation of the fluctuation of insect diversity parameters among sites in
Southeast Algeria using generalized linear models

Diversity Source Type I1I Mean F Sig.
index sum of square
squares

S Corr.model 143.1202 3 47.707 3.582 0.020
Intercept 5913.547 1 5913.547 444.049 0.000

site_crop 143.120 3 47.707 3.582 0.020

N Corr.model 9587.4502 3 3195.817 3.570 0.021
Intercept 165000.7 1 165000.7 184.313 0.000

site_crop 9587.450 3 3195.817 3.570 0.021
Dominance_D Corr. model .0492 3 0.016 0.946 0.426
Intercept 1.774 1 1.774 102.214 0.000

site_crop 0.049 3 0.016 0.946 0.426

Shannon_H Corr. model 1.0252 3 0.342 1.803 0.159
Intercept 206.595 1 206.595 1090.104  0.000

site_crop 1.025 3 0.342 1.803 0.159

Simpson_1-D Corr. model .0492 3 0.016 0.946 0.426
Intercept 34.566 1 34.566 1991.904  0.000

site_crop 0.049 3 0.016 0.946 0.426

Evenness_E  Corr. model 1252 3 0.042 7.487 0.000
Intercept 30.754 1 30.754 5507.929 0.000

site_crop 0.125 3 0.042 7.487 0.000

Menhinick Corr. model 1.0512 3 0.350 2.226 0.097
Intercept 113.073 1 113.073 718.547 0.000

site_crop 1.051 3 0.350 2.226 0.097

Margalef Corr.model  4.522a 3 1.507 2.535 0.068
Intercept 304.592 1 304.592 512.222 0.000

site_crop 4.522 3 1.507 2.535 0.068

Fisher_alpha Corr.model 21.7042 3 7.235 2.228 0.097
Intercept 976.355 1 976.355 300.617 0.000

site_crop 21.704 3 7.235 2.228 0.097
Berger-Parker Corr. model .0152 3 0.005 0.290 0.833
Intercept 4.242 1 4.242 240.399 0.000

site_crop 0.015 3 0.005 0.290 0.833

N/S Corr.model 66.2512 3 22.084 5.526 0.002
Intercept 1355.067 1 1355.067 339.098 0.000

site_crop 66.251 3 22.084 5.526 0.002

Mean square values: are variance estimates.
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Insect diversity depending on phenological stages

The Venn diagram (Fig. 6), indicates that Sidi Okba was host to seven pest
species, namely Hydrellia griseola, Limothrips cerealium, Lyriomiza trifolii, Mayetiola
destructor, Rhopalosiphum maidis, Rhopalosiphum padi, and Sitotroga cerealella,
throughout the entire sampling period. While only two species shared among the
months on wheat in the same site (Lyriomiza trifolii, Mayetiola destructor), and
three species shared between all months of study under barely in El Outaya
(Limothrips cerealium, Oulema melanopa and Rhopalosiphum maidis), However, four
species were recorded in wheat at El Outaya (Limothrips cerealium, Lyriomiza trifolii,
Mayetiola destructor and Rhopalosiphum maidis). According to Sturge’s rule, all
these species are considered omnipresent. Through our study, it was shown that
February, March and April are the most diverse months, this coincided with the
cereals phenological stages, boot, heading, flowering and grain fill.

Additionally, a notable disparity was observed in the frequency of the
species identified during the phenological phases (Kruskal-Wallis, df= 4, P = 0.045).

El Outaya

Sidi Okba

Barley Wheat
Figure 6. Venn diagram illustrating the distribution of the richness of pests found (S)

over the five months of investigation at sample locations for the connected
cereal ecosystem of the research area.
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Discussion

The census of insect pests we conducted in a cereal agrosystem covered
awide range of bio-aggressor species in the Ziban (Biskra, Algeria) region, were
dispersed among six orders, ten families, sixteen genera, and twenty species.
Compared to Sidi Okba (17 species), El Outaya location has a higher diversity of
18 species. Homoptera significantly outnumbers the other orders in abundance
in both locations, whether on wheat or on barely. Six Aphididae species that
depend on cereals are included; they are among the most prevalent pests in
Algeria that endanger cereal crops (Laamari, 2004; Assabah, 2011; Saharaoui
2017). Bakroune in 2012 had listed 26 species of aphids in the Biskra region,
including 18 in El Outaya. For their part, Laamari et al. (2010) mentioned a
richness of 30 species in several localities of the Biskra region. Tahar Chaouche
(2019) inventoried 32 species in the wild in different localities in the Biskra
region. In the region of Sidi Okba, Laamari et al. (2009), cited 11 aphid species
belonging to the genera Aphis, Brachycaudus ,Brevicoryne, Capitophorus, Dysaphis,
Rhopalosiphumand Sitobion. Hamidi et al. (2013), identified 10 species of
aphids in Biskra city. In addition, in the high plain’s region of Setif, Kellil in 2019
identified 24 taxa. Additionally, Ketfi (2018) noted the presence of R. padi, R.
maidis, and S. avevae in Constantine region, with a combined total of 508
individuals on durum wheat and 531 individuals on soft wheat. In the sub-
humid bioclimatic stage in Oued Smar, Assabah (2011), had inventoried four
species of aphids dependent on cereals in a plot of durum wheat, where the
species R. padi is quantitatively the most dominant with an abundance of
63.53%. Followed by R. maidis with 6.87%. The species S. avenae and S. fragariae
represent very low proportions not exceeding 4%. According to Belkahla and
Lapierre (1999), R. padi, S. fragariae and S. avenae are among the aphids
considered potential vectors of the virus responsible for the incipient jaundice
disease of barley in cereal-growing areas in Algeria.

The spatiotemporal evolution of each species shows that the species R.
maidis, R. padi and S avenae are present in the two sites on both varieties (wheat
and barley); they are constant species present during all the plant phenological
phases. The activity of aphids is related to the biological cycle of the species and
the phenological stage of the host plant, as well as the influence of climatic
conditions. Hulle and d’Acier (2007) reported that the minimum temperature for
the development of aphids is 4°C on average, below this threshold, they no longer
multiply. According to Ortega (1988), R. maidis is a very popular pest worldwide.
But in harsh climatic conditions such as winter, it does not survive (Blackman and
Eastop, 2007). This species is probably the most important cereal aphid in hot,
tropical and subtropical regions of Africa and Asia (So et al,, 2010).

37



N. BAKROUNE, A-T. OUAMANE, M. BOULTIF, F. BETTICHE, S. TORKI

Four species of thrips were listed in the context of our study, among these
taxa only the species Limothrips cerealium has the status of pest of cereals. The
other taxa Thrips tabaci, Melanthrips pallidior and Aeolothrips fasciatusare much
more stretched out by the spontaneous vegetation in or around the plot. The L.
cerealium species has already been reported in the Biskra region by Rechid
(2011) on Echium parviflorum, Asphodelus refractus and Beta vulgaris and by Razi
(2017), on onions in several localities. On their part Benmessaoud et al. (2011),
noted the presence of this species on Triticum and Jasminus in Algiers. It is also
mentioned in North Africa, in Morocco by Zur Strassen (1968), in Tunisia Jenser
(1982), in Egypt Preisner (1960). According to Elimen et al. (2014), it is a very
popular pest in cereal fields in Europe. The appearance of thrips coincides with
the first vegetative stages of the host plant (wheat and/or barley).

The infestation of cereal plots by thrips increases over time, especially by
L. cerealium and T. tabaci, to reach the peak of pullulation in the spring
(between March and April), it is matched with heading and flowering stages.
Several conditions can play a determining role in diversity, abundance and
dynamics of thrips such as plant phenology (Mehra and Singh, 2013), climatic
conditions (Toapanta et al,, 2001), the diversity of crops practiced within the
study sites (Razi, 2017).

Diptera order occupies the third position with three cereal pests, where the
Mayetiola destructor (Cecidomyiidae family) is the most dominant species in the
two cereal varieties. This species was reported by the National Institute for Plant
Protection services (NIPP, Algeria) in the Annaba and Guelma regions (Bakroune,
2021). Other researchers have reported this Diptera in several regions of Algeria
(Berchiche, 2004; Saidouni, 2012), in the Mitidja region on soft wheat and barley.
Today this pest has spread to all regions of Algeria. In Morocco, M. destructor has
been observed in all cereal-growing regions (Nadjimi et al,, 2002; Nsar Ellah and
Lhaloui, 2006). According to Roy et al. (2008), this pest is recognized as being very
harmful for the cultivation of wheat Triticum aestivum (Linné, 1753) and T.
turgidium (Linné, 1753) where the damage can reach 100% of the yield. This
species developed at least three generations during the 2015/2016 cereal
campaign. Lhalouiet et al. (2004) mentioned that the number of generations varies
according to climatic conditions. It varies between 2 to 6 generations per year
(Elimen et al, 2018). The results of monitoring the Hessian fly (M. destructor) in
Morocco show that this species has three generations per year, two complete
generations and a partial one which can only develop if the end of the growing
season is rainy (Lhaloui, 1995). This confirms that the number of generations is
related to climatic conditions. The Agromyzidae Liriomyza trifolii is the second
cereal pest with intense activity in the two study sites. It is a very polyphagous
species (Spencer, 1990), it has been observed in 29 taxonomic families (Mujica et
al, 2016). L. trifolii, is native to North America, Central America and South America.
[t spread to other parts of the world in the 1960s-1980s (Mujica et al, 2016).
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Hydrellia griseola is the third species that deserves to be reported as a
critical cereal pest. It was captured in both cereal varieties. It is a Diptera, also
called grain fly or grain miner, sometimes the tiny rice miner; it belongs to the
Ephydridae family. Hydrellia is cosmopolitan, with more than 120 species
identified. Hassan et al. (2019), noted that the Ephydridae family has a wealth
of 2000 species identified across the world. The damage of this species is mainly
due to the larvae (miners), which attack the blade and the sheath of the leaves
as well as the roots.

Lepidoptera includes two families, namely the Noctuidae and the
Gelechiidae. The Noctuidae predominate with two species, Helicoverpa armigera
and Agrotis segetum. As an indication, more than 35000 Noctuiidae are described
worldwide, and perhaps more than 100000 species in total, with more than
4200 genera (Murlis et al, 2000). Gourari (2015) identified 12 species of
Noctuidae, representing a present rate of 19% of all entomofauna captured in
Séttif region. In addition, Barkou et al. (2017), in his study on the diversity of
butterflies in the Algerian coastal regions, had cited the species Agrotis segetum
and Helicoverpa armigera in his inventory. The Gelechiidae family is represented
by Sitotroga cerealella which is considered as a cereal pest. This species showed
intense activity in both study sites. According to Athanassiou et al. (2005), S.
cerealella attacks all varieties of cereals (barley, wheat, rice, millet, sorghum);
weight loss can reach 50% for wheat. Infestations begin during plant growth
and continue during storage (Bushra and Aslan, 2014). This species one of the
main pests of stored cereals in Morocco (Benayad, 2013).

According to Akter et al. (2013), adult longevity of S. cerealella is 2-4
weeks depending on developmental conditions, with 5-6 generations per year.
Adjalian et al. (2014), indicated that the development of S. cerealella populations is
maximal in a range of temperatures oscillating between 20 and 30° C.

Among beetles, Oulema melanopa is the only key bioaggressor of cereals
that predominates. It is a species belonging to the Chrysomelidae family. Adults
and larvae consume cereal leaves (Bai et al,, 2002). In Algeria, Kellil (2019)
indicated that studies on the cereal leaf beetle are insufficient, despite the
significant damage that this species can cause to production. However, Rouag
et al. (2014), reported the presence of two species of the genus Oulema in the
Setif region (0. melanopus and 0. hoffmannseggi).

Heavy infestations of 0. melanopa occurred during boot, heading and
Flowering stages, between the end of February and mid-April. These results are
consistent with those obtained by Kellil in 2019 in his study of the population
dynamics of 0. melanopa on cereals in Setif. Kher et al. (2011) point out that the
beetle’s phenology and adaptability differ from region to other. According to
Philips et al. (2012), many physical and biological factors intervene directly or
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indirectly in the fluctuations of the beetle population, such as habitat, microclimate,
food, quality of the host plant and the abundance of natural enemies or
competing species.

Two species of hemipterans of the Pentatomidae family recognized as
pests of cereals were identified. These are the bugs Aelia germari and Aelia
acuminata. Our inventory results show that the two Aelia species are practically
absent on durum wheat in Sidi okba. On the other hand, the species A. germani
is present only on barley in the same site. In El Outaya the two species are
present in the two cereal varieties.

Safavi (1968) in Zair (2016), reports that cereal crops in North Africa are
frequently attacked by various species of Pentatomidae belonging mainly to the
genus Aelia, and record considerable damage. According to the N.I.P. report
(2016), the specie A. germari, constitutes a permanent danger in cereal-growing
regions (High-Plains). In Constantine, Benaoun and Meziani (2015) captured
15% of the bug of the genus Aelia. In the region of Tlemcen, Zair (2016),
reported the species A. germari in 4 localities of the Wilaya in a total area of 108
ha. The installation of the two species of Aelia in cereal plots should be on time.
They intervene at the grain fill and maturation stages (mid-March to end of the
cereal campaign). At the same time Boutheldja and Orlici (2014) indicated that
this insect causes damage in the field, before grain maturity.

Conclusion

The present study allowed us to better understand the diversity and
distribution of cereal bioagressors in an arid climate (the region of Ziban, Biskra,
south-eastern Algeria). Throughout the cereal campaign, the cereal agrosystem
has a varied richness of insect species. A distinct insect community accompanies
each phenological stage. The diversity varies according to the cereal varieties
(wheat, barley) and the collection sites. The results obtained from this study can
potentially function as a benchmark for other ecological inquiries about the
interdependent associations between insects and cereal agroecosystems.
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