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ABSTRACT

Bellatreche, M., Messgo-Moumene, S., Guendouz-Benrima, A., and Chaieb, 1. 2021. Control of Tuta
absoluta using pheromone traps on tomato crops under greenhouse in Algeria. Tunisian Journal of
Plant Protection 16 (1): 1-10.

The present study aimed to assess the effectiveness of pheromone traps of adults of Tuta absoluta in 4 potential tomato
production areas in Algeria: Tipaza (Center), Mostaganem (West), Jijel (East) and Biskra (South), during the 2012-2014
campaigns. Two tomato greenhouses were considered for each zone in which, one was protected by the setup of
pheromone traps and the other as an insecticide sprayed control. Tomato leaf samples were taken from each greenhouse,
each month of each year according to the areas of studies to calculate the rates of infestation. Higher infestation rates
were recorded in the greenhouses with local agricultural practices (control) compared with those protected by pheromone
traps. With the use of the pheromone traps, a remarkable reduction affected the infestation of the greenhouses in the 4
studied areas during the years 2012 to 2014. The southern area seemed to be the most infested and at a least degree the
areas of the West, the Center and the East, respectively. The temporal evolution of infestation rates showed an increase
since January until July with June and July showing the higher infestation rates. These results showed the efficacy of
trapping of T. absoluta males and the importance of their sustainable use in the integrated control system against this
devastating insect in Algeria.
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Tuta absoluta (Lepidoptera:
Gelechiidae) is a microlepidoptera leaf miner
causing significant damage on the crop of the

2007). Moreover, this species showed in several
countries insecticide resistance (Leite et al.
2004; Haddi 2011).

tomato (Badaoui 2018). The larvae can cause
damage ranging from 80 to 100% (Desneux et al.
2010). In 2007, numerous foci of infestation
were observed along the Mediterranean coast
(Urbaneja et al. 2007). The insect was reported
from Algeria in 2008, in Mostganem in the west
initially, then spread in the center and to the east
(Badaoui et al. 2011).

The control of T. absoluta is based
mainly on chemicals sprays. However, this
method is known to have serious consequences
on the man and his environment (Al-Sayeda
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Facing this situation, the researchers
focused on finding alternative means in
particular the biological control. Many studies
were undertaken in Algeria to develop the
biological alternative control methods. We can
cite the use of indigenous predatory and
parasitoids (Mahdi 2014; Dehliz 2016; Badaoui
2018), entomo-pathogenic ~ fungi and
biopesticides which were adopted to control the
insect (Badaoui et al. 2011). Some work
concerned the use of the extracts of plants such
as Inula viscosa, Salvia officinalis and Urtica
urens (Bellatreche 2012).

In addition, many research tasks have
also reported the importance the semiochemical
control by using pheromone traps as a good
method to reduce insect populations by reduction
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of the number of male adults (Collavino and
Gimenez 2008; Germain et al. 2009). For this
goal, agricultural local authorities have setup a
massive surveillance and trapping system in
Algeria, since September 2008. Thus, a total of
1,128,030 of pheromones traps were purchased
and used during two campaigns to cover the total
area allocated to tomato which is annually
around of 3.000 ha of greenhouse cropping
tomato, 13.000 ha of industrial tomato and
20.000 ha of consumption tomato grown in open
field (MADRP 2014).

The monitoring and study of this
trapping system is essential for their application
as a strategy to control this devastating insect.
Hence, this study aimed to appropriately assess
the effectiveness of pheromone trapping of T.
absoluta adults in the potential cropping areas of
tomato in Algeria.

MATERIALS AND METHODS
Study area.

The experimentation was carried out on
tomato crops grown under greenhouse in four
potential areas of tomato production in Algeria:

in Douaouda (Governorate of Tipaza), Emir
Abdelkader (Governorate of Jijel), Khadra
(Governorate of Mostaganem) and Ain Naga
(Governorate of Biskra). For this purpose, 8
tunnel greenhouses of 400 m? surface area (600
plants) were used; two greenhouses per region,
one with pheromone traps and the other not
(control) (Fig. 1).

Search and insect identification.

From collected samples, a montage of
the male genitalia was carried out at the
Entomology Laboratory of the National Plant
Protection Institute (INPV, Algiers), in order to
confirm the identification of T. absoluta
(Gonzales et al. 2011).

Installation of pheromone traps and
sampling.

The “Delta” pheromone sex traps were
used to capture adult males. This type of trap has
a sticky plate at floor level and a capsule with
female pheromone. The capsule diffuses
pheromones that attract males (Fig. 1).

Fig. 1. Delta trap for Tuta absoluta adult males in tomato greenhouse

Two traps were placed in the
greenhouse at 1m height (Fig. 2). A renewal of
pheromone capsules was made every month,
from January to late July during 2012 to 2014.

Leaf samples were taken each month,
starting at one week after the installation of each
new pheromone, according to the method of
transects of Frontier (1983). Three blocks of
plants were chosen, two at each end of the
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greenhouse and the other in the middle (Fig. 2).
The sampling was of the systematic: 150 leaves
taken from each greenhouse, and 50 leaves per
block. In each block, the 50 leaves are taken from
three levels of the plants, (F1: high, F2: middle,
F3: low), then put in plastic boxes where were
mentioned the harvest date, the tomato variety
name and the place of sample.
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Fig.2. Diagram of the experimental plan for pheromone traps used of the

control of Tuta absoluta.

Infestation assessment.

The various leaves collected were
regularly examined in the laboratory under a
binocular microscope after each sampling. The
infestation symptoms were identified as typical
galleries in leaves containing live larvae of the
insect.

Infestation rates have been calculated
using the following formula: I (%) = Ni / Ntx
100, with I: Infestation rate; Ni: Number of
infested leaves; Nt: Number of the total observed
leaves.

The threshold levels have been
established using the rating scale summarized in
Table 1 (Monserrat 2009).

Table 1. Scoring scale of risk levels of Tuta absoluta in greenhouse tomato crop

Phytosanitary risk threshold Infestation rate

Threshold 0 0%

Threshold 1(Very low level) 5% of leaves with an active gallery

Threshold 2 (Low level) 5 to 25% of leaves with an active gallery

Threshold 3 (Moderate level) | 25 to 50% of leaves with an active gallery

Threshold 4 (High level) More than 50% of leaves with an active gallery
Threshold 5(Very high level) More than 50% of leaves with more than one active gallery

Treatments of the greenhouse tomato
crops.

In tomato crop greenhouses in the four
studied regions (Biskra, Tipaza, Mostaganem
and Jijel), no insecticide sprays against T.
absoluta were applied, unlike positive control
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greenhouses where farmers applied several
insecticides, according to the local area
practices. Seven insecticides are generally used
including Chlorpyriphos-Ethyl,  Abamectin,
Lambda-Cyhalothrin, Spinetoram, Cyromazine,
Chlorantranlprole and Thiamethoxam (Fig.3).
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Fig. 3. Effect of the number of the insecticides and the chemical sprays applied on the Tuta absoluta infestation

in the control greenhouses.

Statistical analysis.

The analysis of variance was used to
explain the meaning of the variability of a
quantitative mean according to the factors
involved (campaign, region, month and
treatment). The general linear model (GLM) was
used to know explicitly the effect of an
independent factor. Our study was based on the
variation of infestation rates depending on the
factors studied, in particular the years, regions,
months of sampling and treatments. Their
comparison focused also on the greenhouses
protected by pheromone traps and the control
greenhouses performing local area practices.
They were analyzed by statistical tests
(ANOVA) carried out using the SYSTAT V7
software (Hammer et al. 2001).

The correlation analysis of the
evolution of infestation rates as a function of
maximum and minimum temperatures was
performed by PAST software (Hammer; v 12).
The comparison of the averages between the
infestation rates according to regions was
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Carried out by XLSTAT (version
2014). The graphical representation of the results
was made by histograms with calculations of
standard errors for each parameter studied (year,
region, month of sampling and treatment).

RESULTS
Effect of the applied mode of crop
protection.

The infestation rates recorded on
tomato plants grown under greenhouses
confirmed the presence of larvae recovered from
leaves and adults found in traps confirmed the
presence of Tuta absoluta in tomato greenhouses
in all regions (Fig.4).

A highly significant variability was
detected on the infestation according to the years
of study, the mode of protection (pheromone
traps and local practice (Fig.4a, b) and the
sampling
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Fig.4. Infestation of tomato leaves by Tuta absoluta according to the mode of protection during the period 2012-

2014, a: results of the total of all regions, b: results by region.

A low infestation was recorded on the
leaves of the tomato at the level of the two
greenhouses (less than 35%) (Fig.4). In fact, the
infestation rates recorded were decreasing in
greenhouses with pheromone traps and in control
greenhouses during the years of study
respectively; they went from around 19 and 31%
in 2012, to around 11 and15% in 2013, to around
9 and 14% in 2014 (Fig. 4).
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Infestation  rates according to the
studied areas.
Furthermore, the analysis of the

variance in the infestation rates of plants during
the three successive years: 2012, 2013 and 2014
showed a highly significant difference.

The comparison analysis of the
averages showed the presence of 2 groups (a)
and (b) and an intermediate group (ab) (Fig. 5).
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Fig.5. Variability of the infestation rate of tomato leaves by Tuta absoluta according to the studiedareas,
during the period 2012 -2014. The bars surmounted by the same letter are not significantly different.

Variability was revealed on the number
of infested tomato leaves, according to the years
and according to the studied areas. The
infestation was important in 2012 but showed a
remarkable reduction in the following years
(2013-2014). The southern area (Biskra) seemed
to be the most infested with recorded rates of
around 27, 17 and 15% respectively during the
three years, unlike the eastern area (Jijel) whose
infestation rates remained lower at around 12, 5
and 4%, respectively (Fig.5)
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Effect of the temperature on the
infestation rate.

Analysis of the correlation between the
infestation rate and the maximum and minimum
temperatures  showed highly  significant
differences (P=0.000; P<0.001) and a positive
correlation with determination coefficients of
0.49 and 0.48, respectively (Fig.6).
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Fig. 6. Monthly variability in infestation rates of tomato plants under greenhouses by T. absoluta during the

period 2012_2014 depending on ambient temperatures. a: Biskra region, b: Mostaganem region, c: Tipaza

region, d: Jijel region.
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The infestation of tomato plants by T.
absoluta showed variability according to the
studied areas and according to the sampling
periods (months) during the three years of study.
It was irregular in 2012 for the regions of Tipaza,
Mostaganem and Biskra but appears to be
regular in the same year in the region of Jijel and
in the following two years for all regions (Fig.6).

DISCUSSION

The infestation of tomato leaves by T.
absoluta showed variability in the greenhouses
of the studied Algerian areas. The values
recorded during the studied years converge to
those noted by Filho et al. (2000) on leaves of
tomatoes grown in greenhouses in Brazil.

Furthermore, our results explain a
remarkable reduction of infestation of tomato
leaves in protected greenhouses by pheromone
traps compared to control greenhouses with local
practices. In this sense, Ababsia et al. (2011)
confirmed that fruit infestation does not depend
only on the installation of sex pheromone traps,
but also on the isolation of the greenhouse from
the outside. Cherif (2018) reported some dose of
two sex pheromone traps per greenhouse were
the most effective compared to other tested
doses. In contrast, Braham (2014) showed that
there was no significant difference between mass
trapping technique and chemical control
strategy.

Our results also highlighted a major
infestation during the three years of study in the
greenhouses of the Biskra, Mostaganem and
Tipaza areas, unlike that recorded in the Jijel
region. This explains the influence of weather
conditions on the degree of infestation, mainly
the temperature. Gonzalez et al. (2011) showed
the importance of the temperature on the activity
and the intensity of trapping during the season.
Guenaoui (2008) also recorded that the
populations of T. absoluta are regulated by
climatic factors, in particular temperature and
humidity. Daoudi-Haciniet al. (2011) reported

that temperature is an important factor in the bio-
ecology of this insect. The same findings were
recorded in the work of Mahdi (2014). In
contrast, the results recorded by Elouissi in
(2016) showed that temperatures and humidity
rates do not affect directly the number of adult
males trapped over the months of study.

The temporal evolution of infestation
rates showed an increase since January to July,
with the months of June and July recording the
higher infestations. Our results agree with
several works such as those of Leite et al. (2004)
who also noted a severe intensity of attack
towards the end of the crop cycle, hence the
importance of eliminating the previous crop.

In the Biskra area, Drouai in 2011 noted
a low infestation during the fall-winter period,
but it increased significantly during the spring
period. Ababsia (2012) also mentioned that the
tomato crops grown in west and southern Algeria
were more infested.

Bellatreche (2012) recorded values
greater than 50% in the coastal region on the
crops of three varieties of tomatoes: Zahra,
Doucen and Kartier, particularly from May.
Benzara et al. (2014) mentioned that the leaf
miner activity begins in March and accelerates
with the increase in temperature as spring runs.
It results in an increase in numbers of eggs and
larvae during April, then much more from May,
June until mid-July.

In conclusion, the use of pheromone
trapping against the tomato leaf miner T.
absoluta, in for (04) different areas of tomato
cropping, showed higher infestation rates in
greenhouses with local agricultural practices
compared to those protected by pheromone
traps. The southern region seemed the most
infested and, to a lesser degree, the western, the
central and the -eastern respectively. The
temporal evolution of infestation rates recorded
an infestation increase from January to July but.

RESUME

Bellatreche M., Messgo-Moumene S., Guendouz-Benrima A. et Chaieb I. 2021.Contréle de Tuta
absoluta a I'aide de piéges a phéromone sur des cultures de tomates sous-serre en Algérie. Tunisian

Journal of Plant Protection 16 (1): 1-10.

La présente étude vise 1’évaluation de I’efficacité des piéges a phéromone sur les adultes de Tuta absoluta
dans 4 zones potentielles de production de tomates en Algérie: Tipaza (Centre), Mostaganem (Ouest), Jijel
(Est) et Biskra (Sud), durant la période 2012-2014. Deux serres de tomates ont été considérées pour chaque
zone dans laquelle, l'une était protégée par la mise en place de pieges a phéromone et l'autre par la lutte
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insecticide. Des échantillons de feuilles de tomate ont été prélevés de chaque serre, chaque mois de chaque
année selon les zones détudes pour évaluer D’infestation. Les taux dinfestation les plus élevés ont été
enregistrés dans les serres avec des pratiques agricoles locales (témoin) comparées a celles protégées par
des piéges a phéromone. Dans le cas d’utilisation des piéges a phéromone, une réduction remarquable a
affecté linfestation des serres dans les 4 zones étudiées au cours des années 2012 a 2014. La zone sud
semblait étre la plus infestée et par degré moindre les zones de I'Ouest, du Centre et de I'Est,
respectivement. L'évolution temporelle des taux d'infestation a montré une augmentation depuis le mois
Janvier jusqu’au mois de Juillet ou, Juin et Juillet ont montré les taux d'infestation les plus élevés. Ces
résultats ont confirmé donc lefficacité du piégeage des males de T. absoluta et limportance de leur
utilisation durable dans le systeme de lutte intégrée contre cet insecte dévastateur en Algérie.

Mots clés: controle, pieges a phéromone, serre plastique, tomate, Tuta absoluta

uadla
aladiuly (Tuta absoluta) ahlekl) 3 8a dadl<a 2021 bl JLd) g Aay) Cp- 5928 Abie g (o ga- e Bl g Jana ¢ skl
Sl B Al gl cal alalalal) Ao ) Ao duiga g b dilaa

Tunisian Journal of Plant Protection 16 (1): 1-10.

* (Tuta absoluta) phlekall 5 glal A2l < jball o Galdill el g ga yall Slas Jlaninl dallad andi ) Al all o3a &_Mg.ﬂ
2012 ol 5all Pl ((5im) 55 (G) s (8) pbinn s (hs) 538 (a5 i sl (b el L 3l
381 4 &y llnes (5 AT Aalln & po sl e Jlaninly Laaloa) Fulam i Zakaia S 3 (St (i A1 52014
Ui 5 oaY) o ] ol Al it v e ke S (hn et JS (S50 s S con cbbald) 31, 5 (0 i
Jeais) a5 30l e Band 3 Fnanal) el &yl (35LaN) Al e ) 31 Jeac ) 3 RS &gl 3 e Auba)
2012 ¢ omld OS2 i 53t 31 g 1 SRR S50l gl A e ) S 3 il Jan ) i ol Sl
Jadidll & yelal (sl e dd il 8 as ) Q5 Ay gl alaliall Ji Aa s diba) oY) Ay pal) dshidl < 2014 )
5o/ 385 (5 et O Ly TleaY) At iy im el i o) i s e 50 8 AL 83 ) il e 3)
AL A€ Al 6 ) Lgaladid daaal y alalalall s lia S5 slilacal Alad i) o3 oS LS 4t K e Al s/ sl

I0all 83 el 5 ydall sl A

Tuta absoluta “AadlSa «dyiga gy dlias calaboda A O gy Dalido SlalS

LITERATURE CITED

Ababsia, A. 2012. Gestion phytosanitaire en mode P.B.I.
d’une culture de tomate sous serre : cas de Tuta
absoluta (Meyrick, 1917). These de Magister, ENSA
El Harrach, Algeria, 121 pp.

Ababsia, L., Souttou, K., Sekour, M., Beddada, A., Guezoul,

Benzara, A., Selmane, F., and Sahraoui, L. 2014. Utilisation
de quatre types de piégeage pour I’étude de la
dynamique des populations de Tuta absoluta (meyrick,
1917) (Lepidoptera : Gelechiidae). Pages 3-21. In :
Proceeding de la dixieme conférence internationale sur

0., and Doumandji S. 2011. Ecologie trophique du
Cratérope fauve Turdoides fulvus (Desfontaies, 1787)
dans deux régions du Sahara Septentrional en Algérie.
Lebanese Science Journal 12 (2) : 3-9.

AL-Sayeda, H. 2007. Transfert d’un insecticide systémique,
I’imidaclopride, chez la tomate : implication du
transport phloémien. Thése de Doctorat. National
Polytechnique de Toulouse, France, 154 pp.

Badaoui, M. 2018. Contribution a I’étude de la dynamique
des populations de Tuta absoluta Meyrick
(Lepidoptera : Gelechiidae) et essais de controle
biologique sur la culture de tomate. Thése de Doctorat,
université de Mostaganem, Algérie, 130 pp.

Badaoui M.I., Berkani, A., and Lotmani, B., 2011. Les
entomopathogénes autochtones, nouvel espoir dans le
contréle biologique de Tuta absoluta Meyrick 1917
(Lepidoptera : Gelechiidae) en Algérie.Entomologie-
faunistique-Faunistic entomology, 63 (3) : 165-169.

Bellatreche, M. 2012. Bioecologie de Tuta absoluta
(Lepidoptera, Gelechiidae) sur différentes variétés de
tomate en serre et essai de lutte a I’aide de quelques
extraits de plantes. Thése de Magister, Université de
Blida 1, Algeria, 152 pp.

Tunisian Journal of Plant Protection

les ravageurs en agriculture, Octobre 22-23, 2014,
Montpellier, France.

Braham, M. 2014. Is mass trapping technique useful for the
control of the tomato Leaf miner, Tuta absoluta
(Lepidoptera:  Gelechiidae). Greener Journal of
Agronomy, Forestry and Horticulture 2 (3): 44-61.

Collavino, M.D., and Gimenez R.A. 2008. Efficacy of
imidacloprid to control the tomato borer (Tuta absoluta
Meyrick). Idesia (Chile) 26 (1): 65-72.

Cherif, A., Harbaoui, K., Zappala, L., and Grissa-Lebdi, K.
2018. Efficacy of mass trapping and insecticides to
control Tuta absoluta in Tunisia. Journal of Plant
Diseases and Protection, 125:51-61.

Daoudi-Hacini, S., Mahdi, K., Sahraoui, L., and Doumandji
S. 2011. Effet de la température sur le cycle de
développement de la mineuse de la tomate Tuta
absoluta (MEYRICK, 1917) (Lepidoptra
Gelechiidae) dans 1’Algérois. Pages 2-18. In
Proceeding du Séminaire international sur la protection
des végétaux, Avril 18-21, 2011, I.N.A EIl Harrach,
Algeria.

Dehliz, A. 2016. Etude des potentialités des entomophages
autochtones en vue de lutter contre le nouveau ravageur
de la tomate Tuta absoluta (Meyrick) (Lep.

Vol. 16, No 1, 2021


https://link.springer.com/journal/41348
https://link.springer.com/journal/41348

Gelechiidae) dans la région du sud-est algérien. Theése
Doctorat, Université de Mostaganem, Algérie, 130 pp.

Desneux, N., Wajenberg, E., Wyckhuys, K.A.G., Burgio, G.,
Arpaia, S., Narvaez-Vasquez, C.A., Pizzol, J., Lez-
Cabrera, J.G., Ruescas, D.C., Tabone, E., Frandon, J.,
Poncet, C., cabello, T., and Urbaneya, A.2010.
Biological invasion of European tomato crops by Tuta
absoluta ecology, geographic expansion and
prospects for biological control. Journal of Pest Science
83:197-215.

Drouai, H. 2011. Comportement de Tuta absoluta (Meyrick,
1917) vis-a-vis de trois variétés de tomate dans la
région de Biskra. Thése de Magister, ENSA El
Harrach, Algeria, 83 pp.

Elouissi, M. 2016. Contribution a I’étude de la bio écologie
des populations de la mineuse de la tomate Tuta
absoluta (Lepidoptera, Gelechiidae) en vue de
I’optimisation de son contréle dans la région de
Mascara. These de doctorat, Université Abdelhamid
Ibn Badis, Mostaganem, Algeria, 197 pp.

Filho, M.M., Evaldo, F., Vilela, A.B., Jerrold, M., Ales,
S., and Gulab, N.J. 2000. Field trapping of tomato
moth, Tuta absoluta with pheromone traps. Journal of
Chemical Ecology 26 (4) : 875-881.

Frontier, S. 1983. L’échantillonnage de la diversité
spécifique, Pages 416-436. In Stratégies
d’échantillonnage en écologie, Ed. Masson-Presses
Paris, France.

Germain, J.F., Lacordaire, A.l., Cocquempot, C., Ramel, J.M.
and, Oudard, E., 2009. Un nouveau ravageur de la tomate
en France : Tuta absoluta. PHM-Revue Horticole 512:
37-41.

Gonzalez Cabrera, J., Molla, O., 10ontén, H., and Urbaneja,
A. 2011. Efficacy of Bacillus thuringiensis (Berliner)
in controlling the tomato borer, Tuta absoluta
(Meyrick) (Lepidoptera: Gelechiidae). BioControl 56 :
71-80.

Guenaoui, Y., and Guelamallah, A. 2008. Tuta absoluta
(MEYRICK) (Lepidoptera : Gelichiidae), nouveau

ravageur de la tomate en Algérie. Premiéres données
sur sa biologie en fonction de la température. Page 8.
In : Proceedings de 1’AFPP-8'm conférence
internationale sur les ravageurs en agriculture, 2008,
Octobre 22-23, Montpellier, France.

Guenaoui, Y. 2008. Nouveau ravageur de la tomate en
Algérie. Premiére observation de Tuta absoluta,
mineuse de la tomate, invasive dans la région de
Mostaganem, au printemps 2008. Phytoma 617: 18-19.

Haddi, K. 2011. Studies on insecticide resistance in Tuta
absoluta (Meyrick), with special emphasis on
characterization of two target site mechanisms.
Doctorate Thesis in  Entomological Sciences,
University of Catania, Italy, 148 pp.

Hammer, O., Harper, D.A.T., and Ryan P.D. 2001. PAST:
Paleontological ~ Statistic software package for
education and data analysis. Paleontologia Eletronica 4
(1): 1-9.

Leite, G.L.D., Picango, M., Jham, G.N. and, Marquini, F.
2004. Intensity of Tuta absoluta (Meyrick, 1917)
(Lepidoptera, Gelechiidae) and Lyriomyza spp.
(Diptera, Agromyzidae) attacks on Lycopersicum
esculentum Mill. Leaves. Ciénc. Agrotec., Lavras 28
(1) : 42-48.

MADRP, 2014. Ministére de [I’Agriculture, du
Développement rural et de la Péche. La mineuse de
tomate. https ://www.inpv.edu.dz/presentation-de-
linpv (23/12/2019).

Mahdi, K. 2014. Importance des facteurs limitant les
pullulations de lamineuse de la tomate Tuta absoluta
(Meyrick, 1917) dans I’Algérois. These de doctorat,
ENSA El Harrach, Algeria, 262 pp.

Monserrat, A. 2009. La polilla del tomate, Tuta absoluta, en
la Regién de Murcia: bases para su control”. Serie
Técnicay de Estudios, 34. Conserjeria de Agricultura'y
Agua,112pp.

Urbaneja, A., Vercher, R., Navarro, V., Garcia, M.F., and
Porcuna, J.L. 2007. La polilla del tomate Tuta absoluta.
Phytomal94: 16-23.

Tunisian Journal of Plant Protection

10

Vol. 16, No 1, 2021



