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Abstract

Biocontrol of the pine processionary moth Thaumetopoea pityocampa (Denis and Schif-
fermuller, 1775) with plant extracts. The purpose of this study was to propose alternative
solutions based on the use of natural, bio—insecticidal products to fight against the proces-
sionary moth, Thaumetopoea pityocampa (T. pityocampa), considered a defoliator because
of the damage it causes to silvicultural. This insect also causes health problems in forests
or wooded areas open to the public. To meet this objective, we evaluated the toxicity of
six extracts from two plants: Taxus baccata and Populus nigra, collected from the regions
of Blida, against firstinstar larvae of T. pityocampa. The results from these biological tests
showed a significant difference between the six extracts. The LD50 (lethal dose) values
were calculated by probit analysis using Finney's table. The LD50 was also low for the two
extracts Populus Methanol and Populus Methanol Chloroform (1.4 mg/ml and 3.3 mg/ml,
respectively). However, the LD50 was relatively high for the rest of the extracts. In conclu-
sion, the Bio—insecticides of Populus Methanol (PMP) and Populus Methanol Chloroform
(PMC) showed to be active and could be integrated into the biological control of the egg
parasitoids of T. pityocampa.
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Resumen

Control biolégico de la mariposa de la procesionaria del pino Thaumetopoea pityocam-
pa (Denis y Schiffermuller, 1775) mediante varios extractos vegetales. La finalidad del
presente estudio es ofrecer alternativas con insecticidas bioldgicos elaborados a partir
de productos naturales para combatir la mariposa de la procesionaria, Thaumetopoea
pityocampa (T. pityocampa), considerada una plaga defoliadora debido a los dafios que
causa en la silvicultura. Este insecto ocasiona asimismo problemas de salud en bosques
0 zonas forestales abiertas al publico. Para ello hemos evaluado la toxicidad de seis ex-
tractos procedentes de dos plantas: Taxus baccata y Populus nigra, recogidos en distintas
zonas de Blida, contra larvas en estadio 1 de T. pityocampa. Los ensayos bioldgicos han
demostrado una reduccion significativamente diferente de estos insectos con cada uno
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de los seis extractos. Los valores LD50 (dosis letal) se calcularon aplicando el analisis
probit con la tabla de Finney. Los valores LD50 fueron bajos en el caso de dos extractos:
el metanol de chopo (Populus Methanol) y el cloroformo—metanol de chopo (Populus
Methanol Chloroform), con 1,4 mg/ml y 3,3 mg/ml, respectivamente. En cambio, las dosis
LD50 del resto de extractos fueron relativamente elevadas. En conclusién, los insecticidas
bioldgicos metanol de chopo (PMP) y cloroformo—metanol de chopo (PMC) resultaron mas
eficaces y, por lo tanto, podrian integrarse en el control biolégico de T. pityocampa junto
con parasitoides de huevos.

Palabras clave: Thaumetopoea pityocampa, LD50, Populus nigra, Taxus baccata.

Resum

Control biologic de la papallona de la processionaria del pi Thaumetopoea pityocampa (Denis
i Schiffermuller, 1775) mitiancant diversos extractes vegetals. La finalitat del present estudi
és oferir alternatives amb insecticides biolodgics elaborats a partir de productes naturals per
combatre la papallona de la processionaria, Thaumetopoea pityocampa (T. pityocampa),
considerada una plaga defoliadora a causa dels danys que produeix en la silvicultura. Aquest
insecte ocasiona aixi mateix problemes de salut en boscos o zones forestals obertes al
public. Amb aquest objectiu hem avaluat la toxicitat de sis extractes procedents de dues
plantes: Taxus baccata i Populus nigra, recollits en diferents zones de Blida, contra larves
en estadi 1 de T. pityocampa. Els assajos bioldgics han demostrat una reduccio signifi-
cativament diferent d’aquests insectes amb cadascun dels sis extractes. Els valors LD50
(dosi letal) es van calcular aplicant I'analisi probit amb la taula de Finney. Els valors LD50
van ser baixos en el cas de dos extractes: el metanol de pollancre (Populus Methanol) i el
cloroform—metanol de pollancre (Populus Methanol Chloroform), amb 1,4 mg/ml i 3,3 mg/
ml, respectivament. En canvi, les dosis LD50 de la resta d’extractes van ser relativament
elevades. En conclusio, els insecticides biologics metanol de pollancre (PMP) i cloroform—
metanol de pollancre (PMC) van resultar més eficagos i, per tant, es podrien integrar en el
control bioldgic de T. pityocampa juntament amb parasitoides d’ous.

Paraules clau: Thaumetopoea pityocampa, LD50, Populus nigra, Taxus baccata.
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Introduction

Forest areas are estimated to cover about four billion hectares worldwide, including 30 % of
the land area (FAO, 2015). In Algeria, forest covers an area of 4.7 million hectares with an
afforestation rate of 11 % (DGF, 2007). Cedar forest is part of the Mediterranean ecosystems
and has a fundamental role in the equilibrium of the mountain ecosystem in North Africa.
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In Algeria, the Atlas cedar, Cedrus atlantica Manetti (1844), occupies 40,000 ha. Its great
biological richness is a focus of exceptional interest in regards to protection and extension.
The requirement to protect this cedar is always upstream of forestry programs. These biotic
communities are threatened by various species of defoliators, mostly the pine processionary
moth, Thaumetopoea pityocampa (Fraval, 2007). This primary insect weakens its host and
exposes it to other insects, in particular, xylophages (Zamoum, 2002).

The larvae of Thaumetopoea pityocampa, known for their gregarious lifestyles, their
voracity, their mode of moving in a single file (Seigue, 1985) and their urtication properties,
cause many health problems for humans and animals (Battisti et al., 2017). The extension
of the range of the host species plays an important role in the movement of this insect
(Leblond, 2009). This situation of progradation necessitates local control actions, especially
in forests or wooded areas used by the public, in order to reduce infestations of this pest
and to protect the most sensitive stands, particularly: (a) sensitive young stands in protected
forest and production forest when the survival of trees is threatened by strong repeated
defoliation; and (b) forests frequented by the public, where the control decisions differs as
the primary damage is the unsightly trees in the leafless period and the harmful reactions
due to urtication caused by the hair of the larvae.

Plants produce secondary compounds to defend themselves against organisms such
as pathogens and pests (Meric, 2005). These secondary compounds have a wide mode
of action on insects, including repulsive effects and digestive inhibition (Regnault—Roger
and Hamraoui, 1997).

Historically, botanicals were used long before other kinds of pesticides. The ancient
Chinese, Greeks, and Romans used plants or plant extracts with sulphur and arsenic as
insecticides (Tschirley, 1979). More than 2,000 plant species with insecticidal properties have
been recorded (Grainge and Ahmed, 1988). It has been reported that the Romans used
powders prepared from Veratrum sp. as insecticides and rodenticides. In the tropics the use
of neem (Azadirachta indica Juss. Meliaceae) has been recorded for at least 4,000 years
(Larson, 1989). In the 19" century, only a few compounds of plant origin were identified and
widely used as repellents or toxic products, including nicotine (alkaloid) and its derivatives,
rotenone, pyrethrum, and vegetable oils. Several studies have shown the importance of
Taxus baccata and Populus nigra. Among these studies, we can mention those of Roberts
and Wink (1998) on two new European yew taxoids (Taxus baccata) that act as pyrethroid
insecticides Synergists against the black vine weevil (Otiorhynchus sulcatus). The seeds
and foliage of Taxus baccata are rich in toxic alkaloids (Miller, 1980). All parts of the tree
are toxic and contain Taxine, a complex mixture of alkaloids that are rapidly absorbed by
digestion and interfere with the action of the heart (Cooper and Johnson, 1984). In addition,
Popova et al. (2005) evaluated the antibacterial activity of black propolis from Turkey and
its qualitative and quantitative chemical composition. The effects insecticides of Populus
nigra has been evaluated by Cao et al. (2010) against Lymantria dispar L.

The objective of our work was to study the effects of the application of plant extracts
against the processionary moth, T. pityocampa. We assessed the insecticide potential and
disturbance of the host recognition by natural extracts. This effect was measured on several
biological parameters that characterize the dynamics of the insect population in general and
the gradation in particular while preserving the parasitoids.

Material and methods

Harvesting and preparation of the biological material

During the summer of 2018, we harvested a 200 egg mass of the processionary moth, T.
pityocyampa. The eggs were stored individually in test tubes of 10 cm in length and 1 cm
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in diameter. The 1%t instar larvae (L1) of T. pityocampa were collected from infected Cedrus
atlantica trees in the forest areas (Chréa) in the Blida region of Algeria at an altitude of
1,388 m.

Plant material

The aerial parts (stem and leaves) of Taxus baccata and Populus nigra were collected during
April 2018 at a floral stage of the plant, in the region of Blida, 50 km southwest of Algiers
(Algeria) (36° 26" 4.15" N 2° 53' 20.29" E) (fig. 1). Plant samples were dried naturally on
laboratory benches at room temperature (24-25°C) for two months. The dried plant ma-
terials were ground to a homogenous powder using a RECOCHET blender (Réf. CSL04).

Preparation of plant total extracts

To prepare the total extracts from the two plants species, 10 g of each powder was shaken
separately for 48 h in a 100 ml volume (V) of: Pure Methanol, Water—Methanol (Volume1/
Volume2) and Methanol-Chloroform (2V1/V2) at room temperature (25°C). The extracts
were filtered using Whatman filter paper (No. 1). Each filtrate was concentrated under re-
duced pressure at 40°C using a Rotavapor (Buchi R-215). Each extract was resuspended
in methanol to make a stock solution. The extracts were kept at 4°C until further tests.
Finally, six extracts were prepared:
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Taxus Methanol Pure (TMP), Taxus Methanol Chloroform (TMC), Taxus Methanol-Water
(TME), Populus Methanol Pure (PMP), Populus Methanol Chloroform (PMC),and Populus
Methanol-Water (PME).

Rate of extraction yield in percentages

The performance of the extraction of each fraction (R) is defined as a ratio of extract quantity
(E) on the quantity of plant material (MS):

R = E/MS x 100 (Abbott, 1925)

Insecticidal effect of plant extracts

The insecticidal effect of the extracts against the first instar larvae of T. pityocampa was
evaluated by means of contact toxicity. For this purpose, we used an impregnated paper
assay, following the method described by Stefanazzi et al. (2011) with some modifications.
Based on preliminary results, a range of doses: 0.2% (2 mg/ml), 0.4 % (4 mg/ml) and 0.8 %
(8 mg/ml) were formulated and applied to Whatman filter paper (No. 1) (9 cm diameter).
The extracted solvent was air—dried for 10 min. Each filter paper was then placed inside a
glass Petri dish with 20 larvae of this insect and 15 g amounts of fresh needles of Pinus
pinea. The dishes were kept in optimal laboratory condition (27+2°C, 70+5 % relative hu-
midity and in darkness). Following exposure, the mortality larvae were determined at 24 h,
48 h and 72 h. Petri dishes with sterile water (T,) were used as controls. Three replicates
were used for each dose and exposure time combination, and larvicidal activity of the plant
extracts was expressed as the percentage of mean mortality of the larvae. The lethal dose
(LD50) values were calculated by probit analysis using Finney's table.

Statistical analyses

Statistical analysis was conducted using SAS software 9. The differences between treatments
were detected by analysis of variance (ANOVA). P-values < 0—05 were regarded as sig-
nificant. The multiple comparisons (two—two) of the averages between the different plant
extracts were performed using Tukey's test of least significant differences (LSD).

Results and discussion

Rate (%) of yield extraction

Table 1 shows the yields of the crude extracts obtained from aerial parts of two local plants,
Taxus baccata and Populus nigra, using different solvents (Methanol, Methanol-Chloroform
and Methanol-Water). The extraction yield was in the range of 20-77 %, with the highest
yield being obtained for Populus nigra when the solvents Methanol and Methanol-Chloroform
gave the best extraction results (61% and 77 % respectively).

Descriptive analysis of mortality average

Forty—eight hours after the application of the compounds tested at different concentrations
against the 1% instar larvae of T. pityocampa (fig. 2, table 2), we found that the extracts
PME and PMC were highly toxic, causing mortality averages, respectively, of 50 % and 35 %
for dose 1 (D1) (2 mg/ml), 88.35% and 40% for dose 2 (D2) (4 mg/ml), and 100% and
95% for dose 3 (D3) (8 mg/ml). In contrast, extracts PME, TMP, TMC and TME had low
toxicity against the 1% instar larvae of T. pityocampa. Based on these results, D3 showed
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Table 1. Yields of extract solvents from Taxus baccata and Populus nigra.

Tabla 1. Rendimiento de los extractos solventes obtenidos a partir de Taxus baccata
y Populus nigra.

Plant Solvent Extraction yield (%)

Populus nigra Pure Methanol 61
Methanol-Water 27
Methanol-Chloroform 77

Taxus baccata Pure Methanol 20
Methanol-Water 22
Methanol-Chloroform 20

important efficiency after 48 h in accordance with D1 and D2 and with a mortality average
of 100% and 95 %, respectively, for the PMP extract and PMC extract. Dose D3 caused
50 % of mortality for the extracts, PME, TMC, TMP and TME. Furthermore, D1 and D2 did
not reach 50 % of mortality until 48 h of exposure time. The extract PMP reached 70 % and
88.35% respectively for D1 and D2. In the same context, Kesdek et al. (2014) evaluated
the larvicidal activity of some plant extracts against the second larvae of the processionary
moth, T. pityocampa in Turkey. They found a minimal mortality average of 20 % after 24h of
exposure to the extracts of Origanum onites and Satureja hortensi, contrary to the maximum
rate of 73.33 % for the extracts of Tanacetum argyrophyllum and Nepeta meyeri.

Variation of the mortality rate

Table 3 summarizes the daily cumulative mortality rate of L1 after the exposure time of
1st instar larvae (L1) of T. pityocampa on different concentrations of the plant extracts
from Taxus baccata and Populus nigra,. The ANOVA procedure shows a highly significant
difference between the variables, days (DF = 2, F = 350, P < 0.0001), extracts (DF = 4,
F =33.10, P < 0.0001) and dose (DF =2, F=67.17, P < 0.0001) that are in accordance
with the mortality rate.

Comparison of the averages

The multiple comparisons (two—two) of the averages between the different plant extracts
using the test of least significant differences (LSD) show no significant difference between
extracts TMC and TMP, TMP and PME, TME and PME. In contrast, we found a significant
difference of 0.05 between the remaining comparisons.

The grouping of homogeneous extracts revealed five groups, ranging from highly effective
to less effective depending on the average mortality of larvae L1 of T. pityocampa (table 4).
Extract PMP was found in group A. This extract has greater toxicity than all the other ex-
tracts. Group B represented the extract PMC. Groups C and D respectively represented
the extracts PME and TME. Finally, an intermediate group, CD, consisted of both TMC and
TMP extracts. These results confirm the study of Yang et al. (2003) about the importance of
poplars against the defoliating insects. Their bio—assays of transgenic poplar clone 741 on
the larvae of Lymantria dispar, Clostera anachoreta (Fabricius) were carried out annually.
Their results showed that three transgenic sub—clones tested had high resistance against
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Fig. 2. Evaluation of 1stinstar larvae of Thaumetopoea pityocampa after treatment with
the extracts TMP, TMC, TME, PMP, PME, PMC: TO, witness of our experimentation

(by sterile water); D, extract dose.

Fig. 2. Evaluacion de larvas en estadio 1 de Thaumetopoea pityocampa tras el trata-
miento con extractos de TMP, TMC, TME, PMP, PME, PMC: TO, testigo de nuestro
experimento (con agua estéril); D, dosis de extracto.
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Table 2. Descriptive analysis of the mortality averages (48 h): TMP, Taxus Methanol
Pure; TMC, Taxus Methanol Chloroform; TME, Taxus Methanol-Water; PMP, Populus
Methanol Pure; PMC, Populus Methanol Chloroform; PME, Populus Methanol-Water.

Tabla 2. Anélisis descriptivo de la medias de mortalidad (48 h): TMP, metanol de tejo
puro; TMC, cloroformo—metanol de tejo; TME, metanol de tejo—agua; PMP, metanol
de chopo puro; PMC, cloroformo—metanol de chopo, PME, metanol de chopo—agua.

Mortality averages (%)

Dose Populus nigra Taxus baccata
mg/ml PMC PMP PME TMC TMP TME
D1 (2 mg/ml) 35 50 8.35 21.65 20 13.35
D2 (4 mg/ml) 40 88.35 28.35 35 35 15
D3 (8 mg/ml) 95 100 51.65 43.35 48.35 46.65

these insects. The insecticidal activity on the first larvae stage was obvious and decreased
gradually with the development of the larvae (instar stage). Growth and development of the
surviving larvae were seriously inhibited and delayed and in some cases could not even
complete their development.

LD50 of the various substances tested against the 1%t instar larvae L1 of Thaumetopoea
pityocampa

Table 5 and figure 3 summarize the lethal amounts with 50% (LD50) of the extracts of
Taxus baccata and Populus nigra.

LD50 results for the 1%t instar larvae (L1) of T. pityocampa showed that two of the plant

Table 3. Variance analyses of Thaumetopoea pityocampa mortality. The F—value is the
ratio produced by dividing the Mean Square for the Model by the Mean. The Type
Il SS is the sum of squares for a balanced test of each effect, adjusted for all other
effects. (DF is the degrees of freedom.)

Tabla 3. Anélisis de varianza de la mortalidad de Thaumetopoea pityocampa. El valor
F es la relacion existente tras dividir la media cuadratica del modelo por la media. El
tipo Il SS es la suma de los cuadrados para un test de equilibrado de cada efecto,
ajustada para cada uno de los otros efectos. (DF son los grados de libertad.)

Source DF Type lll SS Mean F P>F
Day 2 4,721 2,361 350 < 0.0001
Extract 4 894 223 33.10 < 0.0001
Dose 2 907 453 67.17 < 0.0001
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Table 4. Multiple comparisons (two-two) of plants extracts by Tukey test (LSD): Nb,
number of observations; TMP, Taxus Methanol Pure; TMC, Taxus Methanol Chloroform:;
TME, Taxus Methanol-Water; PMP, Populus Methanol Pure; PMC, Populus Methanol
Chloroform; PME, Populus Methanol-Water.

Tabla 4. Comparaciones multiples (dos-dos) de los extractos vegetales mediante la
prueba de Tukey (LSD): Nb, numero de observacion; TMP, metanol de tejo puro;
TMC, cloroformo—metanol de tejo; TME, metanol de tejo-agua;, PMP, metanol de
chopo puro; PMC, cloroformo—metanol de chopo;, PME, metanol de chopo—agua.

Extracts Nb Average Tukey group
PMP 27 14.59 A

PMC 27 11.40 B

PME 27 7.77 C

T™MC 27 7.25 CcD
TMP 27 6.70 CD
TME 27 6.03 D

Table 5. LD50 values of the different extracts of Taxus baccata and Populus nigra
against 1%t instar larvae (L1) of Thaumetopoea pityocampa: LD50, lethal dose causes
the death of 50% of a group of test insect; R2, Coefficient of determination; TMP,
Taxus Methanol Pure; TMC, Taxus Methanol Chloroform; TME, Taxus Methanol—
Water; PMP, Populus Methanol Pure; PMC, Populus Methanol Chloroform; PME,
Populus Methanol-Water.

Tabla 5. Valores LD50 de los diferentes extractos de Taxus baccata y Populus nigra
para larvas en estado 1 (L1) de Thaumetopoea pityocampa: LD50, la dosis letal causa
la muerte del 50% de un grupo de insectos sometido a ensayo,; R2, coeficiente de
determinacion;, TMP, metanol de tejo puro; TMC, cloroformo—metanol de tejo, TME,
metanol de tejo—agua; PMP, metanol de chopo puro;, PMC, cloroformo—metanol de
chopo; PME, metanol de chopo—agua.

Treatment R2 DL50 (%)
PMP 0.996 0.18
PMC 0.928 0.37
PME 0.993 0.75
TMP 0.994 0.80
T™MC 0.972 0.93
TME 0.801 0.88
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Fig. 3. Right regression of the relation log dose—probit analysis.

Fig. 3. Regresion adecuada de la relacion dosis logaritmica—probit.

extracts tested were interesting in terms of toxicity: the PMP extract and the PMC extract.
They presented the weakest concentration of LD50 at 0.18% (1.8 mg/ml) and 0.37%
(3.7 mg/ml) respectively. On the other hand, extracts PME, TMP, TMC and TME were less
toxic, with values respectively of 0.75 % (7.5mg/ml), 0.8 % (8 mg/ml), 0.93% (9,3 mg/ml) and
0.88% (8.8 mg/ml). Kesdek et al. (2014) found a mortality rate between 3.33 % and 86.6 %
for Origanum rotundifolium extracts and Nepeta meyeri extracts against the 2", 39and 4"
instar larvae of T. pityocampa. In addition, Ouakid et al. (2005) studied the effects of some
plant extracts that associated Oak cork against Lymantria dispar; the results showed that
the extracts of Quercus suber and Quercus faginea were most effective on the old larvae
of Lymantria dispar. Charriere—Ladreix (1973) studied the flavonoid secretion of Populus
nigra L buds. The same author in 1976 showed the intracellular distribution of the flavo-
nic secretion of Populus nigra. L. Salle and Andary (1990) presented the importance of
polyphenols on the resistance mechanisms of four poplar cultivars in response to Viscum
album L attack. In addition, the anti—xanthine oxidase and anti—radical activity of populus
nigra bud extracts were evaluated by Adrar in 2009. Furthermore, studies by Daniewski
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et al. (1998) highlight the insecticidal importance and the high anti—nutritional activity of
extracts of Taxus baccata against the pests Tribolium confusum, Trogoderma granarium
and Sitophilus granarius. Elsohly et al. (1997) reported the taxane content of needle stems
of Taxus baccata from nurseries in the United States.

Conclusion

Findings from our study indicate that extracts of Taxus baccata and Populus nigra had a
larvicidal effect on T. pityocampa. The extracts Populus Methanol Pure and Populus Metha-
nol Chloroform show promising insecticidal activities. These plant extracts can therefore
be considered potential alternatives to control against the instar larvae of T. pityocampa.
Further research should be conducted to isolate the bio—compounds involved in this activity
and to determine their mode of action in order to facilitate the development of formulations
of new bio—pesticides in the control of T. pityocampa. Planning and performing tests under
natural forest conditions is needed to evaluate the real effectiveness of these extracts
against T. pityocampa.

Acknowledgements

This study was funded by the Ministry of High Education and Scientific Research, the Na-
tional High School of Agronomy, Ecole Normale Superieure Kouba, and the PhD program,
Algeria. Thanks go to the head and laboratory staff at of the Zoology Department, ENSA
Algiers and eco-biology laboratory-ENS—Kouba Algeria for providing laboratory facilities.

References

Abbott, W., 1925. A method of computing the effectiveness of an insecticide. Journal of
Economic Entomology, 18: 265—-267.

Adrar, S., 2009. Evaluation des activités anti—xanthine oxydase et anti-radicalaire des
extraits de bourgeons de Populus nigra et des feuilles de Fraxinus angustifolia. PhD
thesis, University Abderrahmane Mira—Béjaia, Argelia.

Battisti, A., Larsson, S., Roques, A., 2017. Processionary Moths and Associated Urtication
Risk: Global Change—Driven Effects. Annual Review of Entomology, 62(1): 15-45, Doi:
https://doi.org/10.1146/annurev—ento—031616—034918

Cao, C. W,, Liu, G. F,, Wang, Z. Y., Yan, S. C., Ma, L., Yang, C. P,, 2010. Response of the
gypsy moth, Lymantria dispar to transgenic poplar, Populus simonii x P. nigra, expressing
fusion protein gene of the spider insecticidal peptide and Bt—toxin C—peptide. Journal of
Insect Science, 10(200): 1-13.

Charriére—Ladreix, Y., 1976. Repartition intracellulaire du sécrétat flavonique de Populus
nigra L. Planta (Berl.), 129: 167-174.

Cooper, M. R., Johnson, A. W., 1984. Poisonous Plants in Britain and their Effects on
Animals and Man. Ministry of Agriculture, Fisheries and Food, HMSO, Reference Book,
London, UK.

Daniewski, W. M., Gumulka, M., Anczewski, W., Masnyk, M., Bloszyk, E., Gupta, K. K.,
1998. Why the yew tree (Taxus baccata) is not attacked by insects. Phytochemistry,
49(5): 1279-1282.

DGF (Directorate General of the forests), 2007. Politique forestiére national et stratégie
d’aménagement et de développement durable des resources forestiéres et alfatieres.
Directorate General of the forests, Algeria.

83


http://amz.museucienciesjournals.cat
https://doi.org/10.1146/annurev–ento–031616–034918

Arxius de Miscel-lania Zoologica, 17 (2019): 73-84 Kherroubi et al.

Elsohly, H. N., Croom, E. M. Jr, Kopycki, W. J., Joshi, A. S., Elsohly, M. A., Mc—Chesney,
J. D., 1997. Taxane contents of Taxus cultivars grown in American nurseries. Journal of
Environmental Horticulture, 15: 200-205.

FAO, 2015. Evaluation des ressources forestiers mondiales, rapport principal. Ed. Organi-
sation des nations unies pour 'alimentation et I'agriculture, Rome.

Fraval, A., 2007. Les Processionnaires, 1ére partie La Processionnaire du pin. Insectes
147: 35-39.

Grainge, M., Ahmed, S., 1988. Handbook of plants with pest—control properties. John Wiley
& Sons Limited, Chichester, West Sussex, UK.

Kesdek, M., Kordali, S., Coban, K., Usanmaz, A., Ercisli, S., 2014. Larvicidal effect of some
plant extracts on the Pine Processionary Moth, Thaumetopoea pityocampa (Denis & Schiffer-
muller) in laboratory conditions. Acta Scientiarum Polonorum, Hortorum Cultus, 3: 145—162.

Larson, D. W., 1989. Origins of containment: A psychological explanation. Princeton Uni-
versity Press, New Jersey, USA.

Leblond, A., 2009. Inventaire et évaluation des méthodes de lutte contre la procession-
naire du pin. Mémoire, Université de Rennes 1, Rennes, France, https://prodinra.inra.
fr/record/32931

Meric, K., 2005. Etudes sur les composés polyphénoliques en relation avec I'alimentation
de la tordeuse des bourgeons de I'épinette (Choristoneura fumiferana (Clem.)). PhD
thesis, University of Laval.

Miller, R. W., 1980. A brief survey of Taxus alkaloids and other taxane derivatives. Journal
of Natural Products, 43: 425-437.

Ouakid, M. L., Farine, J. P., Soltani, N., 2005. Effets des extraits de plantes associees au
chene-liege sur I'attraction en enceinte des cheinilles de Lymantria dispar. IOBC/WPRS
Bulletin, 28(8): 171-178.

Popova, M., Silici, S., Kaftanoglu, O., Bankova, V., 2005. Antibacterial activity of Turkish
propolis and its qualitative and quantitative chemical composition. Phytomedicine, 12(3):
221-228.

Regnault—-Roger, R. C., Hamroui, A., 1997. Lutte contre les insectes phytophages par les
plantes aromatiques et leurs molécules allélochimiques, Acta Botanica Gallica, Botany
Letters, 144(4): 401—412, https://doi.org/10.1080/12538078.1997.10515779

Roberts, M. F., Wink, M., 1998. Alkaloids: Biochemistry, ecology and medicinal applications.
Plenum Press, New York.

Salle, G., Andary, C., 1990. Mécanismes de résistance de quatre cultivars de peuplier
en réponse a l'attaque du gui (Viscum album L). Comptes rendus de I'Académie des
sciences. Série 3, Sciences de la vie, 311(12): 439—-444.

Seigue, A., 1985. La forét circummeéditerranéenne et ces probléemes, Techniques agricoles
et productions méditerranéennes. Ed. Maisonneuve et Larose, Paris.

Stefanazzi, N., Stadler, T., Ferrero, A., 2011. Composition and toxic, repellent and feeding
deterrent activity essential oils against the stored—grain pests Tribolium castaneum
(coleopteran: Tenebrionidae) and Sitophilus orysae (Coleoptera, Curculionidae). Pest
Management Science, 67: 639-646, Doi: https://doi.org/10.1002/ps.2102

Tschirley, F. H., 1979. The role of pesticides in increasing agricultural production. In: Pes-
ticides: 3—-20 (T. J. Sheets, D. Pimentel, Eds.). Contemporary Issues in Science and
Society, Humana Press, Doi: https://doi.org/10.1007/978-1-4612—6242—-8_1

Yang, M. S., Lang, H. Y., Gao, B. J., Wang, J. M., Zheng, J. B., 2003. Insecticidal activity
and transgene expression stability of transgenic hybrid poplar clone 741 carrying two
insect-resistant genes. Silvae Genetica, 52(5-6): 197—201.

Zamoum, M., 2002. Quelques éléments pour la préservation de la santé des foréts en
Algérie. Revue de la forét Algérienne, 4: 4-7.

84


http://amz.museucienciesjournals.cat
https://www.scimagojr.com/journalsearch.php?q=19300157021&tip=sid&clean=0
https://prodinra.inra.fr/record/32931
https://prodinra.inra.fr/record/32931
https://doi.org/10.1080/12538078.1997.10515779
https://doi.org/10.1002/ps.2102

