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Abstract: The study has for objective the determination of the efficiency of the aqueous extracts from seeds of Peganum harmala L. 
on the mortality of the larvas of 5th stage and on the fertility of the female adults of Locusta migratoria cinerascens. For that purpose, 
a breeding of lo custs was realized in th e conditions of labor atories. At hatching, the larvae are fed daily  basis lawn Stenotaphrum 
americanum and a pro tein supplement of  wheat b ran. The extraction of the aqueous extract of the seeds  of P. harmala is done after 
maceration in the ethanol, under magnetic stirring using a rotavapor. To determine larval mortality L5, two modes of treatment have 
been made, one by contact and another by ingestion, using for bo th treatment 4 doses in a geometric progression, 0.03 mg/mL, 0.06 
mg/mL, 0.12 mg/mL  and 24 mg/mL. Th e results showed that the mortality for the doses of 0 .12 mg/mL and 0.24 mg/mL, reaches 
respectively 40% and 60% on the 3rd day, as well for the treatment by contact as by ingestion. But the LD50 for ingestion treatment 
is lower. It is 0.19 mg/mL contrary to that of the contact treatment (0.19 mg/mL). The larvae that survived the treatment by ingestion, 
have suffered morphological changes as well as physiological which consist of a deformation of the wings, delayed of the larval molt, 
of 6 day s, b locking the fledg ing, the ch ange of the pigmentation as well as an extension of  the  preoviposition. Fertility was a lso 
affected and females lay only twice, a small number of eggs, unlike untreated females which come to lay 3 times with an average of 
62.7 eggs/female at first spawning against 50 eggs for the females treated. 
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1. Introduction 

Locusts as harmful insects occupy a very i mportant 
place am ong agricultural p ests. It is a heterogeneous 
group t hat includes bot h the l ocust and t he 
grasshopper. The majority of crop pests are located in 
the African c ontinent. The  subspecies L. migratoria 

cinerascens, wid e distribution M editerranean is 
present i n Europe (Franc e, Italy , Spai n, Yugoslavia, 
Greece) and North Africa (Morocco, Algeria, Tunisia) 
[1]. In Algeria, it is characteristic of coastal areas and 
plains of the Tellien Atlas as well as in the south of the 
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Saharan Atlas, including Tamanrasset and Adrar which 
offer a  perm anent ha bitat co nducive t o m aintaining 
and the dispersion of the locusts, whether in remission 
or invasion perio d, du e to its favorable cl imatic 
ecological c onditions [2-4]. Inde ed, L. cinerascens 

migratoria has the ability to be in two phases, the one 
solitary and the o ther on e gregarious. T hese are the 
larval b ands of t he gregarious phase w hich are  
formidable biography ag gressors and w hich ca uses 
considerable damage to farmers because of their large 
polyphagia [5]. In fact, since its signaling in 1991 and 
1994, in  t he per imeters of irri gated w heat of 
Zaouiet-Kounta (Adrar) [2] and in the region of Touat 
(Adrar) [ 6], in the central Sahara Alge rian, it has 
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become a pest  potential concern. A great many plants 
are t hen l ikely to be attacked, they are timber as the 
banana and date palm [7-10]. 

Currently c hemical c ontrol against i nsects i n 
general, a nd l ocusts i n par ticular uses an arsenal  of  
active materials e qually e ffective as  t he other. It  
remains, in effect, the only solution to cope with this 
scourge, i n c ase of invasion, d espite th e catastrophic 
consequences on t he e nvironment a nd the fra gile 
ecosystems of des ert re gions or sem i des ert. O f t his 
fact, several scien tists were int erested in the 
alternative s olutions to  substitute t he p esticides 
organic of sy nthesis by  bio pesticides of veg etable 
origin, bi odegradable, no t po lluting an d resp ectful o f 
the environment [11-15].  

Indeed, the use of plants as a source of pesticides is 
reported by  an a bundant literature [16-18]. Of by  
secondary co mpounds (a lkaloids, car denolides a nd 
glucosinolates terpenes) that they contain, many plants 
are now known to posses s inse cticidal properti es. 
Their t oxic action (c ontact a nd i nhalation), t heir 
repellency, their ant i-palatability, as well as t heir 
adverse effects on th e reproductive potential, growth, 
development, an d longevity [1 9] i nsects ha ve been 
repeatedly prove n. R egarding A lgeria, the use of  
plants rich in allelochimiques molecules as a means of 
protection of cultures rem ains an are a of l ow or  n ot 
exploited ev en if the prob lems posed by  the 
insecticides are always of current events. The recourse 
to plants as  a s ource of pest icides is necessary , 
especially since t he country has a very rich botanical 
heritage but unfortunately very  little e xplored. It  i s 
this lack of  dat a o n t he Alg erian pla nts wi th 
insecticidal character which incited to us to opt for the 
choice of  P. harmala as biopesticide be cause of  i ts 
high toxicity. 

In Algeria,  P. Harmala with  p lant wid e 
geographical distribution occupies mainly the northern 
Sahara a nd the A lgerian highlands. It  is use d i n 
traditional m edicine in A lgeria a nd t he Maghreb, in  
internal a nd external use to treat  dif ferent dis orders, 

but it is not consumed by the animals they are cattle or 
sheep. All parts of the plant (root, stem, leaf and seed) 
are characterized by high toxicity linked to its richness 
in al kaloids indol iques [20], which are becoming 
much more significant during the phase of ripening of 
the seed [21]. This  is why  we considered i t useful to  
study the ef fect of a queous extracts from seeds of P. 

harmala on some physiological parameters (mortality, 
larval m olt, ferti lity and p igmentation) and 
morphological changes on larvae of the 5th stage of L. 

migratoria cinerascens. 

2. Materials and Methods 

2. 1 Breeding of the Locust 

Breeding was perform ed in rectangular c ages wit h 
wooden stand, dimensions 119 cm × 44 cm × 36  cm, 
they are provided w ith n est b oxes containing m oist 
sand in w hich egg pods are  intro duced. At hat ching, 
the larvae are fed da ily base d turf, Stenotaphrum 

americanum ( Poaceae), and a  protei n suppl ement of 
wheat bra n. E ggs and l arvae are s ubject to the sam e 
experimental condi tions: a  te mperature of 31 °C ± 
2 °C, a photoperiod of 12 h and a relative humidity of 
40% ± 5%. 

2.2 Extraction of the Aqueous Extract of the Seeds 

The seed s are d ried fo r several  days b efore b eing 
ground using a coffee grinder. 10 mg of the ground are 
removed, then soaked in 50 mL of ethanol for 2 h with 
magnetic stir ring us ing a rotary eva porator. A fter 
removal of alcohol, doses  in  geometric progressi on, 
are obtained by simple dilution: d1 = 0. 03 mg/mL, d2 
= 0.06 m g/mL, d 3 = 0.12 mg/mL and d 4 = 0.24 
mg/mL). 

2.3 Treatment of L5 Larvae 

Two pr ocessing modes, each w ith fo ur repl icates 
and o ne c ontrol, w ere c onducted, by  contact and 
ingestion one by one. Spraying of the aqueous extract 
is made on crickets or f ood, according to the mode of 
treatment. It was perfor med on 10 larvae (L5), in 
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cages of d imensions 5 1 cm  × 49 c m × 71 cm , 
containing al ways S. americanum. Lots o f in sect 
controls (10 larvae) were tr eated with dis tilled water. 
The c ounting of larva l mortality w as do ne for 3 
consecutive days (2 4 h, 48 h and 72 h) and 10th day. 
The pr ocessing conditi ons are maintained as in the 
case of livestock. 

2.4 Determination of Fertility Treatment after 

Ingestion 

The determination of fertility was performed taking 
into a ccount 10  u ntreated fem ales an d 5  fe males 
survived treatmentby ingestion. They were isolat ed in 
two separate cages, the same size a nd under the same 
conditions as  a bove. Fer tility is  determined by 
counting the number of eggs given after each egg. For 
reasons th at are o utside our c ontrol, we di d not 
consider individuals w ho ha ve not s urvived t he 
treatment con tact in determining t he f ertility of L. 

migratoria cinerascens. 

2.5 Method of Analysis Results 

To e stimate th e LD 50, le thal dose from  which  we  
obtain 50% mortality, c orrected m ortalities wer e 
transformed into  probit, a dose in decimal logarithm, 
that esta blish the e quations of regressio n li nes. Th e 
results are also treat ed st atistically by  analysis of  
variance (XLSTAT version 6.0, ANOVA). 

3. Results and Discussion 

3.1 Treatment Effect of Contact on Larval Mortality 

Like m any pl ants, P. harmala has grea t potential 
insecticides with respect to L. migratoria cinerascens. 
Its toxic effect lethality caused more or less important 
depending on the mode of penetration of the aqueous 
extract a nd do ses. Th e to xicity of th e ext ract i s ev en 

higher than the doses are important both for the test of 
contact and ingestion, although the biopesticide effect 
of the latter is more im portant. H owever, i nsect 
mortality decreases wi th time and it does no t exceed 
10% on day 10 for doses d 1 = 0.03  mg/mL and d2 = 
0.06 m g/mL (T able 1).  This is  li kely due to the 
volatility of certain components of the aqueous extract. 
This characteristic should be checked since Ref. [22]  
showed a t oxicity of 100% at day 16 of t reatment. In 
the same way, the extract of Calotropis procera, rich 
in alkaloids, caused a mortality of 100% on the desert 
locust after 15-day treatment (Schistocerca gregaria). 
In the case, although the doses d 3 = 0.12 mg/mL and 
d4 =  0. 24 m g/mL gav e re spective deaths, 40% a nd 
60%, t he t hird day, th ey are 2 0%, day  10 or  
cumulative mortality for bo th doses is 6 0% and 80% 
(Table 1). 

The biocidal action of P. harmala concerns not only 
the migratory locust, but also other zoological groups 
where its i nsecticidal ac tivity by contact of the black 
bean a phid ( Aphis fa bae) ca uses toxicity by  30%. 
While by in gestion, m ortality was 70% [23]. It als o 
showed that the a queous e xtract of P. harmala has  a  
nematicidal ranging from 60% to 95%, the only direct 
contact in vitro, s imilar t o that of a n ematicide 
business (Vydate) against Meloidogyne spp (root-knot 
nematodes) [13]. Also, Acacia gummifera Acacia 

gummifera (Fabaceae) a nd Tagetes patula L. 
(Asteraceae) have a t oxic power of 84% a nd 82% 
against n ematodes because of  th eir re latively h igh 
content of flavonoids [2 4], substances th at also ex ist 
in P. harmala. 

The ca lculation of LD 50 gave a va lue of 0.1 9 
mg/mL and t he c orrelation b etween m ortality a nd 
dose(r = 0.94) (Fig. 1). Similarly, the analysis of variance 

 

Table 1  Mortalities in probits of the larvae L5 of L. migratoria cinerascens after treatment by contact. 

Doses (g/mL) Percentage of corrected mortality at 3 days Percent mortality the 10th day Cumulative mortality 
d1 
d2 
d3 
d4 
Witness 

20 
20 
40 
60 
0 

10 
10 
20 
20 
0 

30 
30 
60 
80 
0 
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(ANOVA) re vealed asi gnificant dif ference between 
doses at  P  0.0 5 (F = 3.78, df = 1.19,  P = 0. 026). 
Consequently, mortality is even m ore im portant t hat 
the dose is high. 

3.2 Treatment Effect of Ingestion on Larval Mortality 

As for t he contact tre atment, t he d oses of 0.03 
mg/mL and 0.06 m g/mL cause d l ow m ortality a t 3 
days (20% and 30%). It reached 60% and 80% always 

on 3rd day, for doses of 0.12 mg/mL and 0.24 mg/mL. 
Again, m ortality a t day 1 0 d oes not e xceed 10% 
whatever t he dose , whi le cumulative mortality was  
70% and 90% (Table 2).  

The c alculation o f LD 50 gav e a va lue of 0.095 
mg/mL. The correlation coefficient is  close to 1 ( r = 
0.99), a nd i ndicates a  st rong corre lation between 
mortality a nd d ose (Fig.  2).  Th e a nalysis          
of variance(ANOVA) showed a significant difference  

 

 
Fig. 1  Regression of mortality in probit treatment by contact. 
 

Table 2  Mortalities in probits of the larvae L5 of L. migratoria cinerascens after treatment by ingestion. 

Doses (g/mL) Percentage of corrected mortality at 3 days Percentage mortality the 10th day cumulative mortality 
d1 20 10 30 
d2 30 10 40 
d3 60 10 70 
d4 80 10 90 
Witness 0 10 10 
 

 
Fig. 2  Regression of mortality in probit (treatment by ingestion). 
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Table 3  Fecundity of females of L. migratoria cinerascens before and after treatment (n = 10). 

 First spawning Second spawning Third spawning 
Untreated females 62.7 49.3 32.7 
Treated females 50 31 0 
 

between doses at P  0.05 (F = 3.57 , df = 1.19, Pr = 
0.027). And mortality is even more important that the 
dose is high. 

3.3 Effects of Both Treatments on the Physiology and 

Morphology 

The larvae, which survived the treatment with oral 
intake, un derwent b oth morphological and 
physiological changes which lead to a deformation of 
the wings of certain individuals (2 females and 1 male, 
died on e day  after fledg ing), a de lay o f 6 day s the  
larval molt (12 days for un treated individuals and 18 
days for in dividuals trea ted), b locking fledging ( 4 
females an d 2 m ales), c hange in pigmentation (3 
females bro wnish d ied two day s af ter molting 
imaginal) an d an e xtension of the preoviposition (1 0 
days fo r femal es t reated and 6 days for u ntreated 
females).  

Fecundity w as also  a ltered. Am ong fi ve fem ales 
survived to tr eatment ef fect of Ingest ion, thre e have 
produced an average of 50 eggs/female, one of them 
has la id tw ice by  prod ucing 31 e ggs w hile the other 
two are  d ied with out being able to l ay eg gs. I n 
contrast, among 10 untreated females, nine have l aid 
eggs once, emitting on average 62.7 eggs. 4 have lain 
twice by producing 49.3 eggs/female, 3 have lain three 
times by  produci ng 32.7 eggs/female. Som e fem ales 
lay three times as well. The number of eggs produced 
progressively decreases from first to third oviposition 
(Table 3). 

Moreover, P. harmala al so cau ses ph ysiological 
disturbances of the insect in this case a delay of larval 
moulting 6 t o 8 day s, and a ch ange i n p igmentation. 
The la tter b ecomes brownish at t he le gs, pro notum 
and abdomen. The resu lts are consistent with those of 
[22] w ho o bserved th e s ame phe nomenon on S. 

gregaria. T he ef fect of antipalatable P. harmala 

resulting in decreased we ight of i nsects, de layed 
sexual m aturity a nd red uced fert ility, whi ch is  
particularly m arked after treatment by  in gestion [11- 
25]. O ther p lants suc h as Mentha spicata L.  an d 
Origanum glandulosum L. ( Lamiaceae) had the same 
effect on the fecundity and Callosobruchus maculatus 

L. (Coleoptera) [26]. 

4. Conclusion 

It is k nown that toxins in P. harmala are harmane, 
harmaline, harmine and harmol (harmalol), harmaline 
which is most toxic to the extent that it contains 2/3 of 
alkaloids [27]. The process is the toxicity to the wealth 
of i ndole a lkaloids th at a ct through harmine a nd 
harmaline, s ubstances present i n al l p henological 
stages of the plant and especially in the seeds of which 
the alkaloid le vels ri ses sharply in summer (3-4%) 
during the p hase of frui t ri pening [25]. The harmine 
and ha rmaline a re re sponsible fo r the tox icity o f th e 
aqueous ext ract face t o fac e the L ocust and a ct by 
ingestion th rough th e di gestive tract, which  deserves 
further study. 

In th e prese nt st udy, the aut hors h ave trie d t o 
emphasize the poy rntialities agro phytosanitary of P. 

harmala, a plant widespread i n Algeria, which co uld 
be a sou rce o f na tural insecticide co uld rep lace 
chemical inputs that  have  partly contributed t o the 
pollution of  th e biosphere. T he i nvolvement of 
aqueous e xtracts of t his plant i n t he fig ht economic 
factor as chemical crop pr otection m ight fit i nto t he 
context of alternative a nd com plementary strategy  
indefense of plants. 
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