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Abstract

The lethal and sublethal effects of the seed oils of two indigenous plants of the Algerian Sahara, Peganum harmala L.
(Zygophyllaceae) and Datura stramonium L. (Solanaceae), were investigated. Administration of 60 pl of oil by forced oral
injection using a micropipette to the Ls larvae of Schistocerca gregaria Forsk. (Orthoptera: Acrididae) revealed the
deterrent effect of these oils on treated larvae. The treatment resulted in various toxicological symptoms, such as intense
defecation, diarrhea, weight loss, reduction in motor activity, delay and difficulty in molting and, in the most extreme
cases, the death of treated individuals. During the treatment of Ls larvae of S. gregaria with P. harmala seed oil, various
toxicological symptoms appeared: 81.81% of individuals presented with diarrhea; 68.18% of individuals lost weight;
72.72% exhibited reduced motor activity, and 100% of surviving individuals experienced a delay in their molt. On the
other hand, in Ls larvae treated with D. stramonium seed oil, 77.27% of individuals had diarrhea, 100% showed weight
loss and 100% of individuals reduced their motor activity. D. stramonium seed oil has been shown to be more toxic than
P. harmala seed oil. The oral administration of 60 ul of D. stramonium seed oil caused the blocking of the phenomenon
of exuviation in 100% of the treated Ls larvae, resulting in death after 16 days. While P. harmala seed oils caused 50%
mortality after 12 days, the 50% surviving individuals were able to complete their imaginal molt with difficulties, which
resulted in malformations. The estimated lethal time 50 (LTso) in larvae (Ls) treated with D. stramonium seed oil was 3.67
days. It was more toxic than the LTso obtained in larvae (Ls) treated with the oil of P. harmala seeds, which was 12 days.

The food intake in Ls larvae of S. gregaria treated with D. stramonium seed oil was 0.28 + 0.18 g/day, it was lower than
the average daily consumption recorded in the Ls larvae treated with P. harmala seed oil, which was 0.67 + 0.36 g/day,
D. stramonium seed oil appears to be more toxic, and profoundly affects food intake. The values of the apparent
digestive utilization coefficient (DUC a) reported for Lslarvae treated with seed oil of P. harmala and D. stramonium were
39.32 £ 13.07% and 34.23 + 29,07%, respectively. These values were significantly lower compared to the control group
value, which was 70.63 + 19.56%. Likewise, the digestive conversion coefficients (CCD) recorded in the Lsof S. gregaria
treated with the seed oils of P. harmala and D. stramonium were -75.07 + 54.45% and -3.08 + 1.18, respectively.
However, in the control group of Ls larvae, the noted CCD was 1.004 + 0.073. Values of the consumption index (Cl)
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reported for Ls larvae treated with the seed oils of P. harmala and D. stramonium were low, 6.74 + 4.45 and 3.82 + 2.45,
respectively, while for the Lslarvae of the control group, it was 15.74 + 3.51.
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Introduction

In several regions of the world, apart from climatic factors, food security relies primarily on crop protection.
Locusts are a particularly alarming group of insects. During periods of invasions, juveniles and adults invade
fields in their billions, devastating food resources and crops in many countries. The desert locust
Schistocerca gregaria is the most feared locust species for crops. More than 60 African and Asian countries
are affected by intermittent invasions and upsurges (Lecoq, 2005; 2014). Faced with this scourge, for years
chemical pesticides were the most used and effective means to stop the progression of hopper bands and
swarms. In Africa more than 13 million liters of insecticides were sprayed during the last invasion of 2003-
2005 (Brader et al., 2006). Although they are effective, the collateral effects on contaminated environments
are severely damaging through the pollution of natural ecosystems, water, soil, etc.

In order to minimize the large-scale spreading of chemical pesticides, the scientific community is interested in
the research and development of other effective control methods that are less toxic to the environment.
Several studies have highlighted the potential of biocide extracts of many plant species including the work of
(Ould El Hadj et al., 2006; Kemassi et al., 2010, 2012a, 2012b, 2013, 2014, 2015, 2018, 2019, Cherif et al.,
2016; Bouziane et al., 2018), and some Saharan plant species have been characterized by certain
pharmacological properties that partly emanate from the various adaptation methods that allow them to
develop in extreme and harsh environments; such phenomena make the flora of the Sahara the object of
study and biological conservation. In the Sahara, there are more than 500 taxa, the majority of which have
medicinal uses (Ozenda, 1991). Peganum harmala L. (Zygophyllaceae) and Datura stramonium L.
(Solanaceae) are two Saharan species known for their various medicinal uses and strong toxicities because
of their richness in secondary metabolites, particularly in alkaloids.

The present study sought to evaluate the lethal and sublethal effects of the seed oils of two Saharan plant
species, P. harmala L. (Zygophyllaceae) and D. stramonium L. (Solanaceae), on fifth-stage juveniles of the
desert locust Schistocerca gregaria.

Materials and methods

Biological material

The biological material used consisted of the ripe seeds of two plant species, D. stramonium and P. harmala,
and 5t stage larvae of the desert locust Schistocerca gregaria (Forskal, 1775).

Datura stramonium is an annual plant of the Solanaceae family (Fig. 1) Its height varies from 30 cm to 2 m. It
is characterized by large oval leaves and white flowers. The fruits are in the form of a thorny capsule filled
with seeds (Bellakhder, 1997). It can be found in various environments; it grows wild in all hot and temperate
regions of the world and in some regions of Europe (Reynaud-Maurupt, 2006). Its flowering period is between
July and September. D. stramonium is rich in secondary metabolites, in particular alkaloids (Goulle et al., 2004).

Peganum harmala is a perennial herbaceous plant with a height of 30 to 90 cm and an ordinary and sparsely
branched stem, densely leafed. The leaves are elongated and irregular with a size of 5x5 c¢cm (Fig. 2). It is
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characterized by white flowers. The fruits are smalll, spherical capsules depressed at the top containing small
black seeds (Ozenda, 1991). Given its richness in alkaloids, P. harmala is known for its high toxicity for
animals and humans (El Bahri & Chemli, 1991; Bruneton, 1993; Bellakhder, 1997).

Photos of the plants and locusts were taken by the first author of this paper (Ahmed Ait Aoudia 2020).

Figure 1. Datura stramonium at the vegetation stage (Oued
Metlili, Ghardaia Region - Northern Sahara of Algeria).

Ghardaia Region - Northern Sahara of Algeria).



4 A.AITAOUDIA et al.

Desert locust Schistocerca gregaria

The desert locust Schistocerca gregaria (Orthoptera: Acrididae) is the most destructive locust species for
crops in the arid and semi-arid zones of North Africa up to the Indian/Pakistani border, where it threatens the
food resources of populations in more than 50 African and Asian countries (Roffey, 1982; Lecog, 2004). It is
a locust exhibiting a phenomenon of phase polymorphism, that is to say the possibility of developing various
and reversible aspects, depending on the density of the populations. These different aspects are referred to
as phases. We speak of solitary phase for low density populations and gregarious phase for high density
populations. During periods of invasions, gregarious larvae and imagos invade fields over a geographic area
of over 12.5 million km2 in Africa and Asia (Symmons & Cressman, 2001). In addition, the desert locust is
polyphagous and has an exceptional capacity for dispersal and adaptation to different climatic conditions
(Lecoq, 2004).

Extraction of oils

The ripe seeds of the two species come from plants sampled in Oued Metlili (Ghardaia region of the Algerian
Sahara). After harvesting the seeds and cleaning them of any debris or dust, grinding was carried out using
an M20 Universal type knife mill, IKA®- Germany. The powder was then stored in hermetically sealed and
labeled jars. We used 100 g of P. harmala and D. stramonium seed powder, which produced 3.9 mL and 3
mL of plant oil, respectively. The extraction of the seed oil was carried out by hexane in a 250 ml capacity
Soxhlet device. Extraction from the seed powder took about 6 h at a temperature of 50°C. To purify the
obtained product, it was passed through a vapor rotor until the complete elimination of hexane.

Desert locust mass rearing

Individuals from a single population captured in pivot-irrigated cereal perimeters in the Hassi Lefthal Ghardaia
area (Algerian Sahara) were kept in a parallelepiped cage with a wooden frame measuring 120 ¢cm x 70 cm x
60 cm. The cage was covered with a fine wire mesh. A small sliding door on the front face of the cage
allowed access. The bottom of the cage had circular openings where nest boxes filled with sand from dunes
were placed and moistened regularly. Individuals were maintained at a temperature of 35 + 1°C, with
continuous lighting and a relative humidity of 55 + 3%. The food consisted mainly of Poaceae, including
durum wheat (Triticum durum L.), barley (Hordeum vulgare L.), sod (Stenotaphrum americanum L.) and
cabbage leaves (Brassica oleracea L.) (Brassicaceae), with wheat bran as a supplement. Provision of food,
cage cleaning, humidification and checking the nest boxes were carried out daily.

For laboratory convenience and to demonstrate the action of these vegetable oils on the molt, 5t stage (Ls)
larvae were selected for experimentation.

Application of tests

Ls larvae were placed individually in 500-mL jars, fitted with supports to allow the larvae to roost during the
molt. Ls larvae were fasted for 24 h to empty their digestive tract and to starve them. The test consisted of
injecting into the esophagus of the insect a volume of 60 I of vegetable oil or a control liquid (distilled water)
by forced injection. Given their exceptional nutritional value and their palatability to this locust, after injection,
the treated larvae were returned to their boxes and fed with specified surfaces and weight of the fresh leaves
of cabbage Brassica oleracea fragments After 24 h, the jars were cleaned. Not ingested fragments of
cabbage leaves by the larvae were collected in order to take their imprints on graph paper. These will be
used to calculate the leaf area consumed which will be used to estimate the quantity of cabbage leaves
consumed. To study the effect of the extracts on the digestion of Ls larvae, the feces were collected. The weight
changes of individuals, the number of deaths, the weight of feces and the weight and area of non-ingested
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cabbage fragments were recorded daily. The experiment was pursued until the total mortality of the individuals
of the treated batches or in the case of the passage of the entire treated population to the imago instar.

Three batches of 22 larvae (11 males and 11 females) were used, making a total of 66 Ls larvae, with two
batches for treatment and one for the control.

Studied parameters

In the present study, the lethal and sublethal effects of the seed oils of two Saharan plants on some biological
parameters of Ls larvae of S. gregaria were studied, namely mortality, molting, consumption, weight growth,
digestion, motor skills, etc.

Effect on mortality

In toxicology, mortality is the most important parameter for evaluating the effectiveness of a natural or
synthetic product. It is calculated by different formulas including an assessment of cumulative morality,
corrected mortality and lethal time 50, which were used for this study.

Cumulative mortality corresponded to the number of dead individuals relative to the total number of
individuals within the treated population. This was calculated using the following formula:
Mc (%) = (No. of dead individuals / No. of individuals treated) x 100 (Lazar, 1968).

Corrected mortality was estimated by applying Schneider’s formula, as follows:
Corrected mortality (%) = Mc = [M2 - M1/100 - M1] x 100 (Lazar, 1968).

Mc:% corrected mortality

M2:% of mortality in the treated population

M1:% mortality in the control population

Lethal time LTso is the time required for 50% of individuals in the treated population to die from exposure to a
given product. It was calculated from the probit regression line corresponding to the percentages of
mortalities corrected for the logarithms of treatment duration (Ramade, 2007).

Effect on digestion

The effects of the tested extracts on the digestion of desert locust Ls larvae were studied by estimating the
apparent digestive utilization coefficient (DUC a), the consumption index (Cl) and the efficiency of conversion
of ingested food (ECI).

Apparent digestive utilization coefficient (DUC a) is the percentage of nutrients ingested note excreted in
feces. It represents the results of the interaction between the digestive tract and the composition of the plant
consumed. The DUC a was determined according to the equation of Walbauer (1968).

DUC = ((Weight of food ingested - weight of feces) / Quantity ingested) x 100

Consumption index (Cl) was evaluated by calculating the ratio between the amount of food consumed by an
animal during a specified period and its gain in live weight during the same period (Boccard, 1963), using the
following formula:

Cl = Weight of food ingested / gain in live weight

Efficiency of conversion of ingested food was the ratio of the increase in an animal’s weight over 24 h to the
amount of food ingested during the same period Walbauer, 1968). It was estimated by the following formula:
ECI (%) = [(Bodyweight gain) / (Weight of food ingested)] x 100
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Statistical analyses

The experiment results were statistically analyzed by the mean of one-way analysis of variance ANOVA and
when results were significant at p =0.5. Tukey (HSD) and Kruskal-Wallis tests was used. XLSTAT Version
2012 software was used to interpret the experimental results of the various tests.

Results
Effect on mortality
An insect is considered to be sensitive to a given product if the latter is lethal at low doses. The mortality

rates observed in control Ls larvae treated with the seed oils of the two Saharan species are shown in Table I.
It was noted that the seed oils of the two species cause appreciable rates of mortality.

Table I. Cumulative mortality rate recorded in Ls larvae in control and larvae treated with
Peganum harmala and Datura stramonium seed oils.

Time (days) Experimental batches (Mortality rates %)
Control P. harmala D. stramonium
1 0(A) 0(A) 0(A)
2 0(A) 18.18(B) 13.63(B)
3 0(A) 22.72(B) 40.90(C)
4 0(A) 36.36(B) 54.54(C)
5 0(A) 36.36(B) 59.09(C)
6 0(A) 36.36(B) 68.18(C)
7 0(A) 36.36(B) 81.81(C)
8 0(A) 36.36(B) 90.90(C)
9 0(A) 40.90(B) 90.90(C)
10 Imago 40.90(A) 90.90(B)
1 Imago 40.90(A) 90.90(B)
12 Imago 50(A) 90.90(B)
13 Imago Imago 90.90(A)
14 Imago Imago 95.45(A)
15 Imago Imago 95.45(A)
16 Imago Imago 100(A)

The cumulative mortality rate recorded in Ls treated with the P. harmala and D. stramonium seed oils was
higher than those recorded in larvae of the control group where no mortality was recorded (Table I). The
100% mortality rate was reached after 16 days in Ls larvae treated with D. stramonium seed oil (Fig. 3). On
the other hand, the Ls seem less sensitive to the action of P. harmala seed oil, where a mortality rate of 50%
was reported in the Ls larvae after 16 days, and the surviving Ls larvae were able to complete their imaginal
molt (Fig. 3). No mortality was observed in the control Ls (Fig. 3) and they were able to complete their
imaginal molt after 8 + 0.5 days. It was important to note that the Ls larvae treated with the two oils presented
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symptoms before their death, including intoxication manifested by a decrease in locomotor activity, liquefied
feces, reduced ability to perch. In some Ls larvae treated with D. stramonium seed oil, there was a blackening
of the ventral surface a few hours after their death (Fig. 4) Difficulties in molting were observed in Ls larvae
treated with seed P. harmala oil (Fig. 5), leading either to the death of the individuals treated following a
blockage of the exuviation phenomenon (50%), or to deformation of wings and legs (36.36%) (Fig. 6) Only a
few larvae (13.64%) of the treated population completed their imaginal molt without morphological
abnormalities. For Ls larvae treated with D. stramonium seed oil, no larvae succeeded in the imaginal molt.
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Figure 3. Variations in the mortality rates observed in control Ls larvae and those treated with seed oils of Peganum
harmala and Datura stramonium.

Lethal time 50 (LTso) evaluation

The evaluation of the LTso makes it possible to assess the speed of action of the studied oils. To evaluate the LTso
of the seed oils of P. harmala and D. stramonium on Ls larvae of S. gregaria, the probit regression lines of the
mortality rate as a function of the logarithms of the treatment times were drawn (Fig. 7). Estimation of the LTso
showed that the seed oil of D. stramonium was more toxic compared to that obtained from the seeds of P. harmala,
being in the order of 3.67 days, while it was 12 days for D. stramonium and P. harmala seed oil respectively (Fig. 7).

Effect on food intake

The average daily quantities in grams ingested by the Ls larvae of S. gregaria are shown in Table 1. In the control
larvae, the average daily consumption of fresh cabbage leaves was 1.55 £ 0.87g/day. A difference in consumption
between sexes was reported. For males, it was 1.29 £ 0.81 g/day and for females 1.8 £ 0.95 g/day. For Ls larvae
treated with P. harmala seed oil, the average daily consumption was lower than the control; it was 0.67 £
0.36g/day. Male Ls larvae appear to be more sensitive to the deterrent effects of P. harmala seed oil, the average
consumption noted was 0.24+0.22 g/day, while it was 1.03 £ 0,49 g/day in females. In addition, D. stramonium
seed oil appears to be the more toxic, and profoundly affects food intake in S. gregaria Ls larvae; the average
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recorded consumption was 0.28 + 0.18 g/day. At the same time, male Ls larvae were more sensitive than females;
the mean consumption reported was 0.18 + 0.14 g / day and 0.34 + 0.24 g/day in male and female Ls larvae,
respectively.

Figure 4. Blackening of the ventral surface observed in Ls larvae of
Schistocerca gregaria treated with seed oils of Datura stramonium.

Figure 5 (A, B). Dead larvae as a result of the inability to molt observed in Ls of
Schistocerca gregaria treated with Peganum harmala seed oil.

Figure 6 (A, B, C). Morphological abnormalities observed in Ls larvae of Schistocerca gregaria treated with Peganum
harmala seed oil.
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Figure 7 (A, B). Regression lines of mortality rates recorded in Ls larvae treated with Peganum harmala and Datura
stramonium seed oils as a function of time. A — Variation over time in the mortality rate recorded in L5 larvae of
Schistocerca gregaria treated with Datura stramonium seed oil. B — Variation over time in the mortality rate recorded in L5
larvae of Schistocerca gregaria treated with Peganum harmala seed oil.

Table Il. Variation over time of the average consumption of cabbage leaves recorded in control Ls larvae of
Schistocerca gregaria and those treated with the seed oils of Datura stramonium and Peganum harmala.

Time (days) Experimental batches (Consumption in grams)
Control P. harmala D. stramonium

1 1.95£0.79(A) 0.68+0.44(B) 0.42+0.14(B)
2 2.24+0.64(A) 0.76+0.29(B) 0.44+0.26(B)
3 2.68+0.95(A) 1.09+0.79(B) 0.47+0.29(B)
4 2.70+0.78(A) 1.124£0.76(B) 0.5£0.09(B)
5 1.67+0.96(A) 1.21+0.79(B) 0.29+£0.35 (B)
6 0.57+0.72(A) 0.64+0.39(A) 0.31£0.03(A)
7 0.17+0.31(A) 0.21+0.04(A) 0.45+0.18(A)
8 0.79+0.76(A) 0.17+0.15 (B) 0.35+0.13(B)
9 1.18+0.73(A) 0.31£0.11 (B) 0.31£0.13 (B)

10 Imago 0.3£0.004(A) 0.22+0.22(A)

11 Imago 0.75+0.48(A) 0.10+0.10(A)

12 Imago 0.88+1.24(A) 0.00+£0.00(A)

13 Imago Imago

14 Imago Imago

15 Imago Imago

16 Imago Imago

From the obtained results, the Ls larvae of the desert locust appear to be sensitive to the seed oils of
D. stramonium and P. harmala. These oils significantly affect the intake of food, indicating that their anti-
appetite power is very strong. In the light of these results, it appears that the applied treatments generate a
significant reduction in the consumption of cabbage leaves by the Ls larvae of desert locust particularly during
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the first five days of treatment, where it appeared a particular difference in the consumption of cabbage
leaves between the larvae Ls of the control lot and those of the lots treated with the seed oils of P. harmala
and D. Stramonium. By extending the experimental follow-up period either from the sixth day, no significant
difference is recorded in the quantities of cabbage leaves consumed by the larvae of different lots. At the
tenth day of experimental follow-up, all Ls larvae were able to complete their imaginal moult, on the other
hand at the batch treated by the seed oil of P. harmala and D. Stramonium, the larvae Ls of the desert locust
showed signs of intoxication including death, unusual water losses in the form of diarrhea, difficulties and the
inability to moult followed by the death of the individual. For Ls larvae of the batch treated with seed oil of P.
harmala having succeeded their imaginal moult, they undergo death a few days (delayed mortality).

Effect on growth and development

The deterrent effects of P. harmala and D. stramonium seed oils on food intake are limited weight growth or a
drop in body weight of the treated larvae. Variations in the average daily weight of the Ls larvae of S. gregaria
for the control group and those treated with the seed oils of P. harmala and D. stramonium are given in Table
3. The obtained results show that a low weight gain was reported in Ls larvae treated with P. harmala seed oil
compared to the control group (Table 3, Fig. 8), where a weight gain of 19.65% and 11.63% was noted for
male and female larvae, respectively. This weight gain was markedly higher in the control Ls larvae; it was
around 53.38% for males and 53.33% for females. The forced administration of the seed oil of D. stramonium
to S. gregaria Ls larvae caused a significant drop in weight of 28.03% and 7.07% in male and female Ls
larvae, respectively (Fig. 8).

Table Ill. Weight variation recorded in control Schistocerca gregaria Ls larvae and those treated with
Peganum harmala and Datura stramonium seed oils.

Time (Days) Experimental batches (Weight variation in grams)
Control (g) P. harmala D. stramonium
1 0.75£0.13(A) 0.74+0.1(A) 0.59+0.1(B)
2 1.21£0.22(A) 0.78+0.21(B) 0.60+0.19(C)
3 1.400.22(A) 1.02+0.35(B) 0.65+0.27(C)
4 1.58+0.22(A) 1.16+0.4(B) 0.77+0.29(C)
5 1.7420.23(A) 1.48+0.29(B) 0.87+0.27(C)
6 1.81£0.22(A) 1.73+0.29(A) 0.940.33(B)
7 1.77£0.26(A) 1.7520.3(A) 0.98+0.31(B)
8 1.67£0.27(A) 1.71£0.31(A) 1.300.35(B)
9 1.67+0.20(A) 1.59+0.31(B) 1.58+0.17(B)
10 Imago 1.53+£0.3(A) 1.64+0.14(B)
" Imago 1.55+0.41(A) 1.65+0.04(B)
12 Imago 1.49+0.63(A) 1.63+0.009(B)
13 Imago Imago 1.57+0.003(A)
14 Imago Imago 1.52+00(A)
15 Imago Imago 1.43+00(A)
16 Imago Imago 1.29+00(A)
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Figure 8. Weight change from initial weight of Schistocerca gregaria Ls larvae in the control group and
those treated with Peganum harmala and Datura stramonium.

Effect on digestion

The effects of the seed oils of two Saharan plant species on digestion was examined by estimating the
apparent digestive utilization coefficient (DUC a), consumption index (Cl) and the efficiency of conversion of
ingested food (ECI).

The average values of the DUC a, Cl and ECI estimated for S. gregaria Ls larvae revealed the harmful effects of
the applied treatments (Table IV). The tested seed oils caused digestive disturbances in the insects, translated
into a loss in the ability to convert ingested food into weight, intense defecation, and liquefied feces.

Table IV. Digestive parameters estimated for the Ls larvae of control Schistocerca gregaria and those treated with the
seed oils of Peganum harmala and Datura stramonium.

Apparent Digestive Utilization Efficiency of Conversion

Parameters Coefficient (DUC a) (%) Consumption Index (Cl) of Ingested food (ECI%)

Controls 70.63+19.56(B) 15.74+3.51(A) 1.004£0.073(A)
Experimental batches P. harmala 39.32+13.07(B) 6.74+4.45(B) -5.07+£54.45(A)

D. stramonium 34.23+29.07(B) 3.82+2.45(B) -3.08+1.18(A)

The values of the DUC a reported for Ls larvae treated with seed oil of P. harmala and D. stramonium were
39.32 + 13.07% and 34.23 + 29.07%, respectively. These values were significantly lower than that of the
control group which was 70.63 + 19.56%.

Likewise, the ECI recorded in Ls of S. gregaria treated with the seed oils of P. harmala and D. stramonium
was -75.07 £ 54.45% and -3.08 + 1.18, respectively. However, in the control Ls larvae, the noted ECI was
1.004 £ 0.073 (Table IV). The negative ECI values were from the weight loss recorded in Ls larvae treated
with the seed oils of the two plant species. The digestive capacity and the altered conversion of food into
weight resulted in appreciable losses in weight; the CI confirms the obtained results. The values of the Cl
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reported for Ls treated with seed oil of P. harmala and D. stramonium were low, they are 6.74 + 4.45 and
3.82 + 2.45, respectively. For Ls of the control batch, the Cl was15.74 + 3.51 (Table 1V). Table IV shows that
for the results of the DUC a, group A contains the control individuals and group B contains P. harmala and D.
stramonium, indicating that the average of the controls, which was 70.63 + 19.56%, was much higher than
the averages of P. harmala and D. stramonium (39.32 + 13.07 and 34.23 + 29.07, respectively). For the Cl,
group A contains the controls and group B contains P. harmala and D. stramonium, showing that the mean of
the control group of 15.74 + 3.51 was higher compared to the means of P. harmala and D. stramonium (6.74
+ 4.45 and 3.82 + 2.45, respectively). Moreover, in the results of the digestive conversion coefficient (ECI),
group A contains the controls and P. harmala and D. stramonium; this result is explained by the absence of a
significant difference between the means of the controls and those of P. harmala and D. stramonium.

Discussion

Effects on mortality

An insect is sensitive to a given insecticide, so when applied at a low dose it causes death. Ls larvae of
S. gregaria treated with P. harmala seed oil showed a mortality rate of 50% after 12 days, and a mortality rate
of 100% after 16 days for those treated with D. stramonium seed oil. Some individuals died from the inability
to molt, while the survivors were able to complete their imaginal molt, but morphological abnormalities were
observed, including wing deformities. However, no mortality was observed in control Ls larvae. The study on
toxicity by contact and by ingestion of the ethanolic extract of the seeds of P. harmala by the Ls larvae of S.
gregaria shows their sensitivities; a mortality rate of 100% was obtained after 5 days for the dose D1 = S
(100% of the stock solution) and after 6 days for the dose D2 = S/ 2 (50% of the stock solution), and on the
8th day for the dose D3 = S / 4 (25% of the stock solution). Similarly, this extract, applied by ingestion,
caused a mortality rate of 100% after 15 days for the dose D1 = S (100% of the stock solution) and after 16
days for the dose D2 = S / 2 (50% of the stock solution) and a mortality rate of 77.78% after 16 days for the
dose D3 = S / 4 (25% of the stock solution) (Aissaoui, 2014). This toxicity of the ethanolic extract of P.
harmala seeds is probably due to the effects of secondary substances, including indole alkaloids (harmine
and harmaline), which are predominant in the seeds of this species (Aissaoui, 2014). Kemassi et al., (2013)
reported on the contact toxicity of essential foliar oils of P. harmala; a 100% mortality rate was reached after
8 min and 30 s in Ls larvae of S. gregaria. In addition, ingestion of lettuce leaves treated with the ethanolic
extract of P. harmala leaves caused a mortality rate of 75% after 14 days in Ls larvae of S. gregaria (Abbassi
et al., 2005). Indole alkaloids including harmine and harmaline identified in leaf and seed extracts of P.
harmala or those isolated from seeds of D. stramonium including hyoscyamine and scopolamine, are the
main cause of the lethal effects of these extracts on the insects, they act on the central nervous system of
insects and generates the intestine distension by a lack of nervous tone. These metabolites have an action
on the digestive system by generating a deficit of assimilation, the lesions of the intestinal mucosa and
disturb the water metabolism (Fuentes & Longo, 1970; Baran, 2000).

Evaluation of lethal time 50 (LTso)

LTso values in 5 min and 43 s are recorded for the essential oils of P. harmala applied by contact to S.
gregaria Ls larvae (Kemassi et al., 2013). Ls larvae showed sensitivity to two ethanolic extracts of P. harmala.
Ingestion application of ethanolic extracts of P. harmala to S. gregaria Ls larvae gave LTso values of 2.2 days,
2.29 days and 2.57 days for doses D1 =S and D2 =S/ 2, D3 = S/ 4 respectively. Likewise, the application
of the same extracts by contact obtained LTso values of 2.61 days, 0.75 days and 1.06 days for doses D1, D2
and D3, respectively (Aissaoui, 2014). Kemassi et al. (2018) in their study on the toxicity of the total alkaloids
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of Cleome arabica L. (Capparidaceae) on S. gregaria reported lethal times of 8.77 days and 11.19 days,
estimated for Ls male and female larvae, respectively, and 13.42 days noted for female imagoes and 17.58
days for male imagoes. The alkaloid extract of Euphorbia guyoniana Boiss. & Reut. (Euphorbiaceae) seems
to be toxic for the desert locust. The estimated lethal times were around 7.05 days for male Ls larvae, 7.31 days
for female Ls larvae, and 5.99 days and 9.06 days for male and female imagoes, respectively (Kemassi, 2014).

Effect on food intake

The desert locust is characterized by its great voracity and polyphagia (Duranton and Lecoq, 1990). The low
consumption of cabbage noted in Ls larvae treated with P. harmala and D. stramonium seed oils was
probably linked to the presence of substances with an anti-appetizing effect; a notable decrease in food
intake was reported in the treated larvae. It is commonly accepted that the seeds of P. harmala and D.
stramonium are very toxic, they contain between 3% and 4% of alkaloid substances (Baran, 2000; Abbassi et
al., 2003). The observed decrease in food intake probably arises from the dissuasive action of these toxic
compounds on the taste organs of the insect including the maxillary palps, which play an important role
during food prospecting (Chapmane, 1974; Idrissi-Hassani et al., 2002).

Effect on growth and development

Ls larvae treated with P. harmala and D. stramonium seed oils showed a drop in weight, especially in those
treated with D. stramonium seed oil. However, in the control Ls larvae, a change in weight was also observed.
It is commonly accepted that digestion in locusts is sequential; the food ingested is mainly assimilated at the
level of the mesenteron of the digestive tract. Weight gain is linked to the ability of insects to convert ingested
food into growth tissue (Nicole, 2002). Therefore, the drop in weight observed in Ls larvae treated with seed
oil of P. harmala and D. stramonium was likely the result of the action of these oils on the digestive tract. In
addition, Idrissi-Hassani and Hermas (2008) noted that ingestion of the aerial parts of P. harmala causes
lesions in the digestive tract of S. gregaria imagoes, in particular on the epithelial cells of the mesenteron.
Similar works have shown that the Ls larvae of S. gregaria treated by different modes with P. harmala seed
extracts lose weight following the annihilation or limitation of food intake or by the effects of digestion and
water metabolism, externalized through intense defecation or liquid feces (Abbassi et al., 2003; Kemassi et
al., 2012a). Abbassi et al., (2003) reported that alkaloids have an inhibitory action on the reabsorption of
water by the rectum, hence the increase in urine in the form of hydrated feces through the disruption of the
regulatory function of the Malpighi tube in S. gregaria. Deltamethrin, an insecticide widely used in locust
control, induces in the imagoes of Locusta migratoria L. (Orthoptera: Acrididag) a harmful action on the
neuro-endocrine system responsible for the regulation of water balance (Proux et al., 1993; Alaoui, 1994).

Effect on digestion

Legal (1989) noted that the apparent digestive utilization factor represents the interaction between the
digestive tract and the composition of the plants consumed. Therefore, it should be noted that the low values
of the DUC a, ECI and ClI recorded for Ls larvae of S. gregaria treated with P. harmala and D. stramonium
seed oils compared to the values of the various indices reported for the control group of larvae Ls arise from
the action of these oils on the digestive tract by affecting the processes of nutrient assimilation and the
reabsorption of the water contained in the food consumed, phenomena which were externalized by intense
defecations and by unusual water losses in the form of diarrhea. Proux (1991) noted that water metabolism in
locusts was controlled by the neuroendocrine system, which acts on the subesophageal ganglion that acts on
the Malpighi tube for the secretion of primary urine, and which also controls the reabsorption of water
contained in food. Hence, any disturbance of these mechanisms places the insect in a situation of imbalance.
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Conclusion

The study of the larvicidal activity of seed oils from two indigenous plants collected in the Algerian Sahara
highlights the lethal and sublethal effects of the oils on Ls larvae of S. gregaria. Administration of P. harmala
and D. stramonium seed oils markedly affected food intake, digestion, molting, digestive conversion and
weight growth in Ls larvae. These harmful effects resulted in the death of treated larvae with differences in
toxicity; D. stramonium seed oil appears to be more toxic than P. harmala seed oil in terms of time.
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YTUUAJ YIbA CEMEHA [1BEJY AYTOXTOHUX BUTbAKA U3 AIKUPCKE
CAXAPE HA NNAPBE MYCTUHCKOI CKAKABLIA

AXMEL AT AyamnA, ABOENAX KEMACK, AMEN XEPYUHW, 3AKAPVA TEBAYW, PUMA [JEPYMLLE,
HABAN BY3WAHE v [1nav MOXAMEL Yna En XAnJ

N3Boa

WcTpaxeHn cy netanHu u cybneTanHu edekTu yrba CeMeHa [ABejy ayTOXTOHWX Ourbaka W3 amkupcke
Caxape, Peganum harmala L. (Zygophyllaceae) u Datura stramonium L. (Solanaceae). MpumeHa 60 un yrba
NPUHYOHOM OpanHoM ukekuujom nomohy Mmukponunete Ha napee J15 Schistocerca gregaria Forsk.
(Orthoptera: Acrididae) oTkpunu cy opspahajyhu edekaT OBMX yrba Ha TpeTWpaHe napee. TpeTMaH je
pesynTupao pasnuynTUM TOKCWKOMOLLKM CUMNTOMMMA, Kao LITO Cy WHTEH3MBHa Aedbekauuja, Nponue,
rybutak TexuHe, CMareHe MOTOPUYKE aKTUBHOCTMW, Kallkbere W MoTelwkohe y npecBrmayewy W, Y
HaJeKCTPEMHUjUM CIy4ajeBuMa, CMPT TpeTUPaHMX jeamHku. Tokom TpeTMaHa napsu J15 S. gregaria yrbem
cemeHa P. harmala, nojaBunu cy ce pa3nuuuti Tokcukonowkm cumntomu: 81,81% jeauHku ca aujapejom;
68,18% jeowHkn ca rybutkom TexuHe; 72,72% je nokasano cMareHy MoTopuuky aktusHocT, a 100%
NPEXMBENUX jeMHKM je KacHuno ca npecernadvewem. C apyre ctpaHe, kog napsu J15 TpeTupaHux yrbem
cemeHa D. stramonium, 77,27% jeguHku je umano aujapejy, 100% je nokasano rybutak TexuHe u 100%
jednHKY je Mano cMareHy MOTOPHY akTUBHOCT. [oka3ano ce Aa je yrbe cemeHa D. stramonium TOKCUYHWje
of yrba cemeHa P. harmala. OpanHa npumeHa 60 un yrba cemeHa D. stramonium n3asBana je 6nokupare
tbeHomeHa er3ysujaumje y 100% TpeTupaHux napswu J15, WTo je 4OBENO A0 CMPTW HakoH 16 faHa. [lok cy yrba
cemeHa P. harmala npoyspokosana 50% cmpTHOCTW HakoH 12 aaHa, 50% npexvBenux jeauHku je yeneno fa
3aBpLUX CBOje NpecBrayeke y agynTe ca notewwkohama, LWTO je pesynTupanc Mandgopmadmjama. MNpoueteHo
cmpToHocHo Bpeme 50 (NTT50) kop napsm (J15) TpeTpaHnx yrbem cemeHa D. stramonium 6uno je 3,67 naHa.
Bvo je Tokenynmin og JTTS0 y napeama (J15) TpeTupaHum yrbem cemena P. harmala, wto je Tpajano 12 paHa.

YHoC xpaHe ko napsu J15 S. gregaria TpeTupaHux yrbem cemeHa D. stramonium wsHocvo je 0,28 + 0,18
r/aaH, WTo je 6uno mMare of NpoceyHe LHEBHE NOTPOLLHe 3abenexeHe ko napeu J15 TpeTUpaHuX yrbem
cemeHa P. harmala, koja je 6una 0,67 + 0,36 r/aaH, yroe cemeHa D. stramonium je OTPOBHUWje 1 BeOMa yTh4e
Ha yHOC XpaHe. BpegHocTw npusnaHor koedmumjeHTa uckopuwhera aurectuje (DUC) 3abenexeHe 3a
napse J15 TpeTupaHe yrbem cemeHa P. harmala w D. stramonium 6une cy 39,32 £+ 13,07% un 34,23 +
29,07%, pecnekTsHo. OBe BpeaHOCTU cy Gune 3Ha4ajHO HIKe Yy OAHOCY Ha BPEAHOCT KOHTPOIHE rpyne koja
je usHocuna 70,63 £ 19,56%. CnnuHo, gurecTueHW koedmumjeHT koHBepanje (CCD) sabenexenn y 115 S.
gregaria TpeTUPaHUX CeMEHCKkUM yrouma P. harmala v D. stramonium 6unu cy -75,07 + 54,45% 1 -3,08 + 1,18,
pecnekTuBHo. MefyTum, y KOHTpOIHoj rpynu napew J15 3abenexera CCD je 6una 1.004 £ 0.073. BpegHoctu
unaekca notpowtse (Cl) 3a napse J15 TpeTupaHe yrbiMa 13 cemeHa P. harmala v D. stramonium 6une cy
Hucke, 6,74 + 4,45 1 3,82 + 2,45, pecnekTuBHO, 0K je 3a napBe J15 KOHTpOnHe rpyne To 6uno 15,74 + 3,51.
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