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Abstract 

This work is a study on the insecticidal effect of aqueous extracts of seeds and leaves of Harmal Peganum harmala on 

both of two larvae L2 and L3 of barbarian locust Calliptamus barbarus (Orthoptera: Acrididae). GCP analysis revealed the 

presence of 1 2-benzenedicarboxylic acid, diisooctyl ester as the most frequently constituents found in the plant. 

Treatments on C. barbarus have been performed by two ways: contact and ingestion. Contact allowed us to obtain a 

cumulative mortality rate (after 3 days of treatments) which was 90% for a highest dose (2.4 g/l ) with an LD 50 of 0.67 g 

/l for AqE seeds and 50% of mortality with 3.01g / l for leaves. 

By ingestion and after 6 days of treatments, the cumulative mortality rate for the dose of 2.4 g/l and the LD 50 of AqE 

seeds were respectively 90% and 0.45 g /l. For leaves, these were 70% and 0.85 g /l.  

The comparative effect of contact and ingestion tests between the two “bioactive extract” by their respective LD 50 show 

that seeds AqE are more effective than leaves.  

This difference in mortality rate is due mainly to the variation in the contents in the various organs of the plant more 

important in seeds than leaves. Concerning the modes of action we noted that after 3 days of contact treatment, a result 

(90%) similar to that recorded 6 days after ingestion treatment is obtained for seeds. This difference in mortality time is 

interpreted by the faster mode of penetration by contact than by ingestion.  
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Introduction 

Food safety is mainly based on the protection of crops 
against bio-aggressors, including Orthoptera. Among the 
Calliptaminae, Calliptamus barbarus is the most 
polymorphous species. It has a chromatic and 
geographical polymorphism [1-4]. In addition, it is a 
dangerous species causing a lot of damage in Algeria.  

 
In agriculture, the protection of crops against pests, 

weeds and diseases is generally achieved through 
chemical control. This is based on the application of 
various phytosanitary products of synthesis [5]. 
Unfortunately, these chemicals cause health and 
environmental problems. The cause is the contamination 
of natural environments by non-degradable polluting 
molecules.  

 
For these reasons, it is therefore urgent to propose 

alternative solutions such as the use of natural pesticides. 
These pesticides are based on the extraction of “bioactive 
extract” from plants. Currently, this use is very 
widespread in the world hence the interest of this study. 
In order to control the larvae of C. barbarus, the choice 
was made on a plant species known for its therapeutic 
virtues. It is the Harmal: Peganum harmala 
(Zygophyllaceae).  

 
it should be noted that studies on the action of harmal 

on C. barbarus are absent , however on Schistocerca 
gregaria several research works has already been 
successfully carried out on this plant either on L5 or on 
adults acting by contact or ingestion, we can note among 
others those of Idrissi Hassani, et al. [6], Benzara, et al. [7]. 
Kemassi, et al. [8,9], as well as those of Abbassi, et al. 
[10,11]. For their part Idrissi Hassani, et al. [12] 
conducted a study on the Effects of oil and extracts of P. 
harmala leaves applied under the pronotum of S. gregaria. 
On their side Idrissi hassani, et al. [13] carried out a 
histological study about the action of Harmal on the 
digestive tract of Desert Locust. Finally, concerning the 
Migratory Locust Locusta migratoria it is necessary to 
point out the study of Benzara, et al. [14] having tested 
successfully the effect by contact of '' Harmal '' seeds on 
the migratory locust L5. 

 
The aim of this study is to test the insecticidal potency 

of aqueous extracts of seeds and leaves of P. harmala 
against the juveniles of the locust C. barbarus by two 
methods: the direct contact and their effect by ingestion.  
 

Material and Methods 

The “bioactive extracts” tested are the aqueous 
extracts (AqE) of seeds and leaves. Two processes were 
required for the extraction of the active ingredients. The 
method of maceration was chosen with a view to 
obtaining the extracts (mainly the alkaloids). 

 
Once the substances are obtained, their yield is 

calculated and their chemical composition analyzed 
before testing their insecticidal effect. 
 

Preparation of Extracts Based on Seeds and 
Leaves: Maceration Protocol 

The seeds were firstly cleaned of impurities, washed 
with tap water and dried in the dark for a few days. They 
are then ground (using an electric mixer) into a 
moderately fine powder, from which the various extracts 
have been prepared. The aqueous extract (AqE) is 
obtained according to the method described by 
Mbiantcha, et al. [15], with some modifications. 
Maceration is done with 100g of the grain powder in 1000 
ml of warm distilled water for 3 days. Filtration on 
hydrophilic cotton and then on Wattman paper was 
carried out. For the evaporation of distilled water, the 
filtrate is placed in an oven at 45°C. until an extract is 
obtained which is subsequently stored at 4°C in a freezer 
until it reaches its use. The raw extraction was carried out 
with 80% methanol (10 g of grain powder / 100ml) for 24 
hours at ambient temperature and protected from light. A 
second maceration is carried out after filtration on 
hydrophilic cotton and then through Watt man paper. The 
filtrates are recombined and then evaporated (by a rotary 
evaporator) almost dry. The final residues are dried in an 
oven as described previously [15].  
 

Efficacy Tests 

Prior to testing the effectiveness of “bioactive 
extracts”, C. barbarus larvae were placed in rearing cages. 
They should be fed with wheat seedlings supplemented 
with bran [7]. To perform the tests, the larvae were 
isolated in batches of 10 individuals in insect boxes. The 
experimental conditions in the laboratory are almost the 
same as those in the field (temperature, photoperiod and 
relative humidity). The treatments were carried out by 
direct spraying on insects in captivity or mixed with food. 
Four doses of active ingredient were used per liter of 
distilled water: 0.3, 0.6, 1.2 and 2.4 g/l. Two methods of 
treatment are used: contact and ingestion. Contact 
treatment involves spraying the product directly onto the 
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larvae. The second method is based on the treatment of 
insect foods. Note to confirm the biological tests, two 
controls are used. One negative (distilled water) and the 
other positive, an insecticide (ACEPLAN 20). To do this, 
16 boxes of insects in total are used, one box per dose. 
 

For contact treatment, the results (counts of dead 
individuals) were read 1, 2 and 3 days after spraying the 
product. For treatment by ingestion, and in order to allow 
the product to act against insects, the reading was done 2, 

4 and 6 days after the application of the product. 
 

Results  

Performance in “Bioactive Extracts” 

Five types of extracts (E) are prepared: two for seeds 
(aqueous Aq and methanolic Mt) and three for leaves 
(aqueous, methanolic and acetonic Ac). The yield of these 
extracts is calculated relative to 100 g of dry matter for 
each type. The results are shown in Figure 1. 

 
 

 

Abbreviations: AqE seeds: aqueous extracts of seeds, BrE grains: methanolic extracts of seeds, AqE leaves: aqueous 
extracts of leaves, MtE leaves: methanolic extracts of leaves, AcE leaves: Acetonic extracts of leaves. 
Figure 1: Yield of the different extracts of P. Harmala. 

 
 
These results show that the yield of different 

macerates differs according to the reagent used and the 
part of the plant concerned. The highest yield (20%) is 
obtained by acetone from the leaves. It is followed by 
methanolic and aqueous seeds as well as aqueous leaves.  
 

Determination of “Bioactive Extracts” 

The determination of the chemical composition of the 
aqueous extracts was carried out thanks to the gas 
chromatography phase (GCP) coupled with a mass 
spectrophotometer. GCP analysis of constituents of seeds 
revealed 43 peaks corresponding to 43 different 
components by their concentrations. The main 
compounds obtained are erroneously linear alkanes of 
CNHN crude formula. These components are not normally 
of interest for the present work because the secondary 

metabolisms of P. harmala seeds are mainly alkaloids. 
This may be due to possible contamination during fitting. 

 
In addition, the GCP has detected for the leaves, 10 

components. The 1, 2-benzenedicarboxylic acid, diisooctyl 
ester file type is the most frequently found with a rate of 
96.8% compared to the other 9 components. 
 

Biological Tests 

Effect by contact of the aqueous extracts of seeds: 
Figure 2 shows that the population treated with the AqE 
recorded progressive mortality according to dose and 
duration of treatment. The highest mortality rate (90%) 
was recorded on the 3rd day, with the highest dose (2.4 g 
/ l). This is the same result obtained with the positive 
control (Aceplan). On the other hand, the lowest dose (0.3 
g / l) had no effect on the larvae during the first day and 
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caused only 30% mortality on the 3rd day of treatment. 
The other doses (0.6 and 1.2 g / l) had an average effect 
on the larvae of C. barbarus (between 40% and 60%). It 
should be noted that all these results are compared with 
the negative control (distilled water). The following 
regression equation can be obtained by adjusting the 
cumulative mortality percentages (mortality after three 
days of treatment) as a function of the doses: y = 28.406x 
+ 23.043 (Figure 3). The correlation coefficient (r) is 
equal to 0.9942 (very strong correlation between dose 
and mortality). Thus, 99.42% of the mortality variation in 
the C. barbarus population is due to the AqE treatment 
effect of P. harmala seeds by contact. Similarly, analysis of 

variance (ANOVA) (Table 1) revealed a significant 
difference between doses and mortality rate (P equal to 
0.024, therefore less than 0.05).In consequence, the 
higher the dose and the higher the mortality. To calculate 
LD 50 (lethal dose to kill 50% of the population), doses 
are converted to log doses and cumulative mortality in 
Probit. The result is recorded in Table 2. The linear 
regression line of cumulative mortality probabilities as a 
function of the logarithm of the doses against the larvae is 
shown in Figure 4. The calculation of the LD50 from the 
equation of the regression line y = 1.97x + 5.33 shows that 
the dose of 0.67 g / l caused a mortality of 50% (Table 3). 

 
 

 

(T: negative control, T +: positive control) 
Figure 2: Effect by contact of AqE of seeds. 

 
 

 

Aprivations: (1) y = 21.449x + 40.87 (r = 0.9157); (2) y = 28.406x + 23.043 (r = 0.9942); 
 (3) y = 22.029x + 25.217 (r= 0.6976); (4) y = 15.072x + 13.043(r = 0.9797). 
Figure 3: Linear regression line of dose- mortality by contact of AqE’ seeds (2), of AqE’ leaves (4) and by ingestion of 
AqE’ seeds (1), of AqE’ leaves (3) on C. barbarus larvae. 
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Figure 4: determination of the LD50 for the test of seeds. 
 
 

Mode of action AqE’ seeds AqE’ leaves 
contact 0,02432001<0.05 S D 0,02220283<0.05 S D 

ingestion 0,00769298<0.01 V S D 0,02591312<0.05 S D 

Aprivations: S D: Significant Difference V S D: Very Significant Difference. 
Table 1: Probability obtained by analysis of the variance (ANOVA) for different extracts. 
 

Dose (g/l) Log dose 
mode of action Cumulative mortality (%) Probit 

 
S L S L 

0.3 -0.522 
C 30 20 4.48 4.16 
I 40 20 4.75 4.16 

0.6 -0.221 
C 40 20 4.75 4.16 
I 60 40 5.25 4.75 

1.2 0.079 
C 60 30 5.25 4.48 
I 70 70 5.52 5.52 

2.4 0.38 
C 90 50 6.28 5 
I 90 70 6.28 5.52 

Aprivations: C: Action by contact, I: Action by ingestion, S: seeds, L: leaves. 
Table 2: Logarithms of doses and Probit of cumulative mortality according to the test of AqE of seeds and leaves by 
contact and by ingestion. 
 

Log dose Dose 
-0.17 0 .67 g/l 
0 .48 3 .01 g /l 
-0 .34 0.45 g/l 
-0.07 0.85 g/l 

Table 3: Log dose and dose of LD50. 
 
Effect by contact of the aqueous extracts of leaves: 
Regarding the leaves, it should be noted that the results 

obtained are less important. They vary between 10% 
recorded with the dose 1.2 g / l at the first day up to 50% 
obtained with the dose 2.4g / l, the third day of treatment 
(Figure 5). The linear regression equation obtained is: y = 
15.072x + 13.043, (Figure 3), with a correlation 
coefficient of 97.97% (r = 0.9797). Variation in mortality 
rates is due at different doses used. Concerning the 
ANOVA test (Table 1), the probability (P) is equal to 
0.022, that is to say less than 0.05. There is a significant 
difference between the effects of different doses on insect 
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mortality. The regression of cumulative mortality 
probabilities as a function of the logarithm of the test 
doses for the AqE of leaves is given in Table 2 and Figure 

6. These last show a log dose of 0.48 corresponding to a 
LD50 of 3.01 g / l (Table 3). 

 
 

 

Figure 5: Contact effect of AqE leaves. 
 
 

 

Figure 6: Determination of the LD 50 for the AqE test of leaves. 
 

 

Comparative Effect of Contact Tests 

The comparative efficacy of the two contact “bioactive 
extracts” against C. barbarus juveniles is discussed in 
Figure 7. It should be noted that seeds AqE are more 
effective than those of leaves. It should be noted that this 
difference was confirmed by comparing the respective LD 

50s for the two bioactive substances. In fact, to kill 50% of 
the population of C. barbarus, a single dose of 0.67 /l was 
required for the AqE of seeds. While to obtain this same 
rate, the AqE of the leaves required a much higher dose 
(3.01 g / l). 
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Figure 7: Comparison between the insecticidal effects by contact of the 2 “bioactive extract”. 
 

 

Effect by Ingestion of the AqE of Seeds 

The results obtained for the ingestion efficacy tests are 
summarized in Figure 8. The AqE of seeds did not start to 
act until the 4th day. The mortality rate then evolved 
according to the concentration gradient (from the lowest 
to the highest). On day 6, the mortality rate reached the 
peak of 90% obtained with the dose of 2.4 g / l, as the 

positive control (Figure 8). For statistical analyzes, the 
correlation coefficient is calculated from the linear 
regression line of mortality rates as a function of doses: y 
= 21.449x + 40.87 (Figure 3) with a correlation coefficient 
r of 0.9157. The latter shows that 91.57% of the variation 
in the effect of the extracts of seeds is due to the variation 
of the doses.  

 
 

 

Figure 8: Effect by ingestion of AqE of seeds. 
 

 
In addition, the ANOVA test (Table 1) indicated that 

there is a very significant difference between doses and 
mortality rates (P = 0.007, therefore less than 0.01).Thus, 
the higher the dose, the greater the mortality. The linear 

regression line is calculated from Table 2 and Figure 9: y 
= 1.6169 x +5.5648. This yielded a LD 50 of 0.45 g / l 
(Table 3). 
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Figure 9: Determination of the LD 50 for the ingestion test of AqE of seeds. 
 

 

Effect by Ingestion of the AqE of Leaves  

With regard to leaves AqE (Figure 10), almost the 
same is true of the fact that mortality among the 
population of C. barbarus also decreased especially for 
low doses (0.3 and 0.6 g / l). It should be noted that at the 
6th day, the same mortality rate (70%) is mentioned 
respectively for the doses 1.2 and 2.4 g / l. The equation of 
the linear regression line for this test is: y = 22.029x + 
25.217 with a correlation coefficient r = 0.6976 (Figure 3). 
Compared with other tests, this coefficient showed a low 

correlation between the mortality rate and the doses. For 
the ANOVA test (Table1), a probability of 0.025 (P = 0.025 
<0.05) is obtained. There is therefore a significant 
difference between mortality rates and doses. The use of 
the data (Probit of Mortality and Log Doses) recorded in 
Table 2 has made it possible to obtain the linear 
regression line represented in Figure 11. The latter also 
made it possible to obtain an LD 50 equal to 0.85 g. / l 
(Table 3). 

 
 

 

Figure 10: Effect of ingestion of EAq leaves. 
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Figure 11: Determination of LD 50 for ingestion test of AqE of leaves. 
 

 

Comparative Effect of Ingestion Tests 

By comparing the results of the tests of the two 
“bioactive extracts” by ingestion on the individuals of C. 
barbarus, it is to observe a difference of remarkable 
mortality between the two. This difference is shown in 
Figure 12 which allowed knowing the comparative effect 
of different bioactive substances. In this respect, it should 

be noted that there is on one side an effect of the AqE of 
seeds more important than that of leaves. This difference 
in mortality rate is, as for the contact treatment, due 
mainly to the variation in the chemical composition of the 
various constituents and their contents in the various 
organs of the plant ingested. 

 
 

 

Figure 12: Comparison between the insecticidal effect by ingestion of the two “bioactive extract”. 
 

 

Comparison between the Two Modes of Action 
(by Contact and by Ingestion)  

The results compared in pairs are shown in Figures 
13, 14. After 3 days of contact treatment, a result (90%) 

similar to that recorded 6 days after ingestion treatment 
is obtained for the seeds (Figure 13). This difference in 
mortality time is interpreted by the difference between 
the faster mode of penetration by contact than by 
ingestion. Concerning the AqE of leaves, the situation is a 
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little different since their effect by ingestion is more important than that by contact (Figure 14).  
 
 

 

Figure 13: Comparison between the insecticidal effect by ingestion and contact of t seeds. 
 
 

 

Figure 14: Comparison between insecticidal effect by ingestion and contact of AqE of leaves. 

 

Discussion 

Comparing the yield of aqueous extracts of P. harmala 
seeds with that obtained by Farouk, et al. [16], namely 
6.1%, it should be noted that the result of this work is 
higher (8%). For the raw extract, the yield obtained in this 
study (11%) is better than that reported by Singh, et al. 
[17], equal to 5.1%. But this yield is lower than that 
obtained by Baghiani, et al. [18], 18.6%, having used other 
extraction methods. It should be noted that in P. harmala, 
the optimal exploitation of these natural products is 
possible if the harvesting of the plant material occurs 
during the phase vegetative growth [19]. 

 

According to Maruthu-Pandian, et al. [20] the 1,2-
benzenedicarboxylic acid, diisooctyl file type ester 
identified among leaf extracts of P. harmala is considered 
an antimicrobial and an antifouling. In addition, among 
these constituents, oleic acid and linoleic acid 
(unsaturated fatty acids) predominate. On the other hand, 
small amounts of palmitic acid and stearic acid (saturated 
fatty acids) are present [21]. 

 
By studying the toxic effect of AqE of P. harmala seeds 

by contact on larvae of 5 th stage (L5) of the locust: 
Schistocerca gregaria, Benzara, et al. [7] first obtained a 
low mortality rate of not more than 26% with doses of 0.3 
and 0.6 g / l. Then this rate increased to 50% with doses 
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1,2 and 2,4 g / l. These extracts are therefore more 
effective on the L2 and L3 of C. barbarus than on the L5 of 
S. gregaria. This may be due to the difference in 
developmental stages, with L2 and L3 showing greater 
sensitivity than L5 of S. gregaria, which are more 
resistant. 

 
With regard to the aqueous extracts of leaves, Idrissi 

Hassani, et al. [12] reported a 55% mortality rate for 
Desert Locust L4 at a dose of 3 ml / l. It should be noted, 
therefore, that with a mortality approaching 50% for the 
present work, the contact effect of the AqE leaves of the 
Harmal on the two species of locusts, C. barbarus and S. 
gregaria, is almost the same. The last locust species, the 
action of these same extracts led to a decrease in food 
intake, a reduction in motility and disruption of 
reproductive function [11]. This action also caused a 
blockage of ovarian development in females [6]. 

 
In addition, Benzara, et al. [14] by contact testing the 

effect of '' Harmal '' seeds on Locusta migratoria L5, 
obtained a low mortality rate estimated at 30% for the 0.3 
and 0.6 g / l doses. On the other hand, this mortality 
increased significantly with doses of 0.12 and 0.24 g / l, 
for which this rate reached respectively 60% and 80%. 
These results are fairly close to 10%. 

 
For the treatment of P. harmala by ingestion, Benzara, 

et al. [14] recorded 30 and 40% mortality rates. These are 
obtained with doses of 0.03 and 0.06 mg / ml. By 
increasing these concentrations to 0.12 and 0.24 mg / ml, 
the mortalities reach respectively 70 and 90%. For the 
current work, similar results are obtained, but with doses 
10 times higher, ie 1.2 and 2.4 g / l. 

 
By testing the ingestion activity of AqE of P. harmala 

during the flowering period on the L4 of the Desert Locust 
(S. gregaria), Abbassi, et al. [11] recorded a mortality rate 
of 75%. It should be noted from this information that the 
AqE of Harmal have proved, to varying proportions, their 
effectiveness against locusts. This efficacy is justified by a 
histological study in the middle intestine of S. gregaria 
[13]. In this study, it is shown that the Desert Locust has a 
reduction in external circular musculature. The latter led 
to a relaxation of the intestine and atrophy of the 
intestinal mucosa with reduced striated epithelium. The 
mesenteric epithelium in turn exhibits a granular 
appearance, an altered brush border, and typical signs of 
cellular necrosis [21]. These results may be explained in 
the work on extracts of P. harmala, which showed that 
alkaloids (alkane for the present case) are responsible for 

toxicity in insects. These alkaloids act through harmalol 
and harmol [21]. But, they act mostly through harmine 
and harmaline. These are two substances present at all 
the phenological stages of the plant and more particularly 
at the maturation stage of the seeds and roots. During this 
last stage, the rate varies from 2 to 7% compared to the 
foliage where only 0.5% is recorded comparing the two 
modes of action with each other Idrissi Hassani, et al. 
believe that in S. gregaria individuals, fed by ingestion 
through P. harmala leaves, there was a direct effect on 
epithelial cells and thus an inhibition of absorption and 
assimilation. In addition, there was an indirect effect with 
absorption of metabolites but without assimilation 
[7,13,22]. On the other hand for Benzara, et al. [14] the 
bio-pesticidal effect by seeds induced contact of P. 
harmala is less compared to ingestion treatment, despite 
the fragility of the larval cuticle. 
 

Conclusion 

In order to combat C. barbarus a potential pest of 
crops, “bioactive extracts” have been extracted from seeds 
and leaves of P. harmala an important medicinal plant. 
These substances have been applied as bio insecticidal by 
contact and by ingestion against juveniles of barbarian 
locust (L2 and L3). The results recorded after the 
biological tests were very satisfactory. After treatment of 
the larvae, the best efficacy was obtained using aqueous 
extract of P. harmala seeds used by contact at the dose of 
2.4 g /l (total mortality after 3 days of treatment). It is the 
same result obtained with the positive control (Aceplan) 
with which the mortality rate is 90%. 

 
It should be noted that for all “bioactive extracts”, the 

lowest mortality rates are recorded with the lowest doses 
either by ingestion (6 days) or by contact (3 days). For 
example, the seeds aqueous extracts caused only 30 to 
40% with the dose of 0.3 g /l. 

 
The insecticidal effect by contact of AqE’ seeds are 

evaluated by a LD50 of 0.67 g /l. regarding the effect by 
ingestion for the same “bioactive extract”, the LD50 
recorded is 0.45. Whereas for the AqE of leaves, it is to 
register a LD50 of 3.01 g /l by contact and 0.85 g. /l by 
ingestion.  

 
It should also be noted that these results are obtained 

with only the active ingredients without any adjuvant. It 
will be interesting to know what their effect will be by 
adding substances such as stabilizers, surfactants or other 
antioxidants and synergists. 
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