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This publication describes the efficacy of Boscia senegalensis for the control of the groundnut bruchid, 
Caryedon serratus (Ol.). Crushed B. senegalensis fresh leaves and fruits were mixed with groundnuts  
and stored in hermetic containers. A high sensitivi ty of C. serratus adults at relatively low 
concentrations of the plant was observed. After 24 h of exposure, fresh crushed leaves mixed with 
peanuts seeds at 6% (w/w) induced 100% mortality of  adults. Same results were obtained with fresh 
crushed fruits at only 3% (w/w). Only 6% leaves or fruits of B. Senegalensis ensured a complete 
protection of groundnuts pods and shelled nuts agai nst the weevil C. serratus. The results show that 
this natural product, which liberate enzymatically Methyl isothiocyanate could potentially protect sto red 
groundnuts at farm level in Africa. 
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INTRODUCTION 
 
Groundnut (Arachis hypogaea L.) is one of the major 
sources of protein that can significantly improve the 
livelihood of the rural poor and increase foreign exchange 
earnings for many West African countries. It generates 
60, 42 and 21% of the rural cash earnings among 
groundnut producers in Senegal, Niger and Nigeria 
respectively, and accounts for about 70% of rural 
employment in Senegal (Ndjeunga et al., 2006). 
Groundnut is the major agricultural product of Senegal 
after millet/sorghum. The two crops occupy about 80%  of 
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the cultivated land in Senegal. Groundnut contributes 
more than 28% of daily calories intake of Senegalese 
(Evers, 1997). Apart from being a staple food, groundnut 
production, traditional processing and marketing are a 
main source of income for many rural households (Gaye, 
2008).  

Insect damage to basic food, cash crops or seeds 
appear to be one of the most serious constraints to 
increasing agricultural production and rendering systems 
more sustainable (Guèye et al., 2011). Groundnut 
(Arachis hypogaea L.) was the primary cash crop for 
three West African countries (Senegal, Nigeria, Gambia), 
but is prone to post-harvest insect infestation and losses. 
Due to severe losses caused by  the  groundnut  bruchid,  



 
 
 
 
Caryedon serratus (Ol.), which may reach 40% in six 
months (Gillier and Bockelée-Morvan, 1979), chemical 
pesticides are often applied under farm level conditions 
(CORAF, 2007). Unfortunately, their use is not without 
inconvenience and risk, as reported by many authors 
(Wilson and Tisdell, 2001; Maumbe and Swinton, 2003, 
World Health Organization, 2008; Sow et al., 2008). 
Repeated applications of these insecticides without 
respecting the recommended dose can lead to resistance 
that appears increasingly in target insects (Delobel and 
Tran, 1993; Fields and Muir, 1995; Haubruge and 
Amichot, 1998, Nauen et al., 2003). Bell (2000) reported 
that the global withdrawal of methyl bromide that was 
formerly used for the protection of groundnuts will be 
widely used in Senegal, by 2015. Until recently, methyl 
bromide and phosphine were the most common 
fumigants used in post-harvest protection due to their 
wide spectrum of action, but there is need to look for 
alternatives including potential natural pesticides. Beyond 
ecological and environmental problems, the main 
constraint to the use of synthetic insecticides by African 
farmers is insufficient financial means to procure 
pesticides and lack of basic training on the use of 
pesticides.  

The use of plants against stored grain pests is a well-
known practice prior to the advent of synthetic pesticides 
in rural areas. Several studies conducted in Senegal and 
other African countries (Seck et al., 1993; Sanon et al., 
2002, 2005; Thiaw, 2007) reported on the biological 
activities of local plants for crop protection and pest 
management. Seck et al. (1993; 1994) studied the 
biological activities of Senna occidentalis L., Calotropis 
procera Ait. and Boscia senegalensis (Pers.) Lam. ex 
Poir. on five insect species different from C. serratus and 
identified the active ingredients. These encouraging 
results were the motivation to evaluate the efficacy of B. 
senegalensis for the control of C. serratus. 
 
 
MATERIALS AND METHODS 
 
Insect cultures 
 
The mother strains of C. serratus were collected from pods of 
Piliostigma reticulatum at Keur Baka (15°57'W, 13°56'N), in the 
region of Kaolack, Senegal. Insects were maintained using 
groundnut seeds in glass jars of 1 L in the laboratory. After 2 to 3 
days of oviposition, infested seeds were removed and put in Petri 
dishes and then placed in a controlled incubator at 33 ± 2°C and 70 
± 5% relative humidity until cocoon formation. Cocoons were 
transferred into other Petri dishes at ambient temperature (22 ± 
4°C) and relative humidity 80 ± 5% till the emergenc e of adults.   
 
 
Plant materials 
 
Peanut pods used in this experiment were collected at the same 
locality. They were stored in the freezer for at least one week to 
eliminate any hidden infestation. Leaves and fruits of B. 
senegalensis were collected on a daily basis according to experi-
mental needs, at Thies city (16°56'W, 14°48'N). 
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Fumigation tests without groundnuts   
 
One day old adults of C. serratus were submitted to fumigation tests 
over a period of 10 days with fresh leaves and fruits of B. 
senegalensis, which were finely crushed with a laboratory mill 
(Blender type). Experiments were conducted in four replications 
with 25 unsexed insects using 1 L glass jars. Increasing 
concentrations of 1, 2, 3, 4, and 6 g/L of either fresh crushed leaves 
or crushed fruits were tested in 4 replicates. In parallel, experiments 
with whole fresh leaves and fruits were tested under the same 
conditions, but only at concentrations of 6 and 10 g/L. 25 unsexed 
untreated insects were followed as the control. In each jar, the plant 
substrate was placed at the bottom, inside a Petri dish with a 
perforated top. Insects were placed in the jar, outside the Petri dish 
to avoid their contact with the product, while exposing them to the 
volatiles emanating from the plant material. Jars were hermetically 
sealed and stored at 22 ± 4°C. Jars were open every 24  h for 
counting and removal of dead insects. Corrected mortality rates 
were calculated according to Abbott formula (Abbott, 1925): 
 

                                                 Number of dead beetles 
Observed mortality rate (%) = 100 ×   
         Total number of beetles 
                                 
 
                                                            (Observed mortality – Control mortality)  
 Corrected mortality rate (%) = 100 ×   
                                                               100 – Control mortality 

 

 
 
 
Fumigation tests in presence of groundnuts   
 
Fumigation tests were repeated on 100 g of groundnut kernels or 
groundnuts within pods, mixed with the same doses of fresh leaves 
or fruits of B. senegalensis, finely crushed as previously described 
prior to introducing the perforated Petri dishes containing 25 adults 
of C. serratus. 
 
 
Statistical analysis 
 
Observed mortalities were subjected to Analysis of Variance with 
SPSS 15.0 software followed by Newman–Keuls’ test in order to 
evaluate the differences between treatments. Moreover, LD50 were 
calculated by LD50 RIZA software. 
 
 
RESULTS 
 
Evaluation of the insecticidal activity of B. 
senegalensis fresh leaves and fruits on C. serratus 
adults   
 
Preliminary biological tests of B. senegalensis fresh 
leaves and fruits (Table 1) showed that intact organs 
have no effect on C. serratus adults, even after 10 days 
of exposure at 10 g/L. Maximum percentage mortalities 
recorded for whole leaves and fruits were only 2 and 3%, 
respectively. Under the same conditions, crushed fresh 
fruits and leaves showed 100% mortality of the insects 
within 24 h at low dosages of 2 and 3 g/L, respectively. 
Lower doses are not effective. Behavioral observation of 
the insects exposed to the crushed B. senegalensis 
leaves and fruits showed a significant agitation sometime 
after  the  exposure,  followed  by  increased  tibia volume 
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Table 1.  Mortality of Caryedon serratus adult after 10 days of fumigation with crushed fresh leaves (CFL) or whole fresh 
leaves (WFL) and crushed fresh fruits (CFF) or whole fresh fruits (WFF) of Boscia senegalensis. 
 

Treatments Doses  in g/L 
Percentage corrected mortality (cumulative) 

1 day 2 days 3 days 5 days 10 days  

CFL 

2 17 25 25 27 31 
3 100 100 100 100 100 
4 100 100 100 100 100 
6 100 100 100 100 100 

       

WFL 
6 0 0 0 0 1 
10 0 0 0 0 2 
2 100 100 100 100 100 

       

CFF 
3 100 100 100 100 100 
4 100 100 100 100 100 
6 100 100 100 100 100 

       

WFF 
6 0 0 0 0 0 
10 0 0 1 2 3 

 
 
 

Table 2.  Toxicity of crushed fresh leaves (CFL) and crushed fresh fruits (CFF) of Boscia senegalensis on Caryedon 
serratus adults in presence of groundnut pods (GP) and groundnut kernels (GK). 
 

Treatments 
Doses 
in g/L 

Corrected mortality 
after 24 h 

 
 

 
Treatments 

 

Doses 
(g/L) 

Corrected mortality  
after 24 h 

CFL + GP 

3 0  

CFF + GP 

1 0 
4 2  2 0 
6 100  3 100 
8 100  4 100 

       

   CFL + GK 

2 0  

CFF + GK 

1 0 
3 0  2 0 
4 0  3 0 
6 100  4 100 

 
 
 
and a permanent immobilization, leading to death within 
one to two hours. 
 
 
Efficiency of B. senegalensis fresh leaves and fruits 
on C. serratus adults in the presence of groundnut 
 
Results presented in Table 2 show 100% mortality of 
insects within 24 h of fumigation with crushed fresh 
leaves at 6 g/L mixed with groundnuts either as kernels 
or in pods. Lower doses were ineffective. For fresh 
crushed fruits, mixed with groundnuts pods, a 
concentration of 3 and 4 g/L killed all adults of C. 
serratus. Lower doses did not show any insecticidal 
activity. 

Calculated LC50 (Table 3) showed that LC50 of 2.7 and 
0.5 g/L were obtained respectively for leaves and fruits of 
B. senegalensis without substrate. The LC50 increased in 
the presence of groundnuts whether in pods or as 
kernels. On groundnut pods, the LC50 was 3.3 g crushed 
fresh leaves/100 g of groundnuts against 2.4 g crushed 
fresh fruits/100 g of groundnuts. On groundnut kernels, 
the LC50 of leaves and fruits was 3.3 and 3.5 g/100 g, 
respectively. 
 
 
DISCUSSION 
 
Results demonstrate a significant fumigant effect of B. 
senegalensis crushed fresh leaves and fruits on C. serratus 
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Table 3.  CL50 after 24 h of crushed fresh leaves (CFL) and crushed fresh fruits (CFF) of 
Boscia senegalensis on Caryedon serratus adults in presence (pods, kernel) or without 
groundnut.  
 

Treatments Substrate CL50 (g/L) 95% confidence 

CLF Without 2.7 2.5 - 2.9 
CFF Without 0.5 0.2 - 0.9 
    
CLF Pods 3.3 3.1 - 3.5 
CFF Pods 2.4 - 
    
CLF Kernels 3.3 3.1 - 3.5 
CFF Kernels 3.5 - 
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Figure 1.  Biological degradation pattern of glucocapparin.   

 
 
 
on like previous studies reported on C. maculatus (Seck 
et al., 1993; Seck, 1994; Sanon et al., 2005). 
Observations made on the behavior of insect from 
exposure to death showed a high knock-down effect 
similar to the mode of action of a pyrethroid, with 
resultant 100%  mortality from the first day of treatment. 
Nevertheless, the release of the molecule responsible for 
the toxicity requires crushing of the organs, so that 
compounds can become volatile. It is during crushing that 
the contact between the activating enzymes myrosinase 
(EC 3.1.6.1 Thioglucosidase) and glucocapparin is 
established (Vig et al., 2009; Morra and Borek, 2010). 
Figure 1 describes the mode of degradation of 
Glucosinolates (GLs) leading to isothiocyanates (ITCs). 
GLs are sugar anionic thioesters containing a β-
thioglucosidase-type bond, which can be quickly 

hydrolyzed by Myrosinase-catalyzed reaction to give 
stoichiometric amount of D-Glucose, hydrogen sulfate 
ion, generating a series of diverse aglucons such as 
ITCs, nitriles (Nis), thiocyanates, thiones (OZTs), etc. 
(Bernardi et al., 2000). Glucocapparin is the main 
glucosylated molecule responsible for the release of 
natural Methylisothiocyanate (MITC), which have been 
described as a powerful insecticide (Brown and Mora, 
2005; Zhenga and al., 2006). The higher observed 
biological activity of fruits as compared to leaves is 
consistent with the results obtained by Seck (1994) who 
tested the efficacy of this plant against Callosobruchus 
maculatus. Observed differences between Seck (1994) 
and the results of this study, could be due to differences 
in the concentration of active material. Concentrations of 
active material in plants are known to differ with location,  
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phenological stage and the ripeness of the organs (Fahey 
et al., 2001; Seck, 1994).  MITC has ovicidal and 
larvicidal effects on bruchids (Auger et al., 1994) and also 
exhibit insecticidal, nematicidal, fungicidal and herbicidal 
properties (Jewess et al., 1999; Tomlin, 2003), so that the 
observed effects could be due to release of MITC.  

LC50 values obtained in our experiment are very similar 
to those measured by Seck et al. (1993), which ranged 
from 1 to 4.2 g/L for fresh crushed leaves and 0.4 to 1.7 
g/L for fresh crushed fruits for the control of C. maculatus, 
Sitophilus zeamais and Tribolium castaneum. Our 
present results seem to indicate a mass effect when 
comparing the differences noted between the LC50 
without substrate and those obtained in the presence of 
groundnuts. Sanon et al. (2002) made similar 
observations on cowpea and suggested a partial 
absorption of the active product by the seeds (without 
determining the residual MITC). This hypothesis has to 
be investigated, and residual MITC levels need to be 
analyzed. 

From a practical point of view, the results suggest that 
B. senegalensis can be used as an alternative to 
synthetic insecticides for the protection of groundnut seed 
at village level under Sahelian conditions, regions where 
this plant is native (Baumer, 1995). Efficacity of leaves 
against C. serratus should be further tested, in view of 
their greater availability during the year for the protection 
of shelled, as well as groundnuts in pods. However, it 
should be pointed out that the presented results were 
obtained under hermetic conditions with no loss of 
fumigant substance. It would be interesting to conduct the 
study in accordance with farmers' practices, because 
airtightness would be difficult to guarantee in the case of 
granaries.  

On-going studies are oriented towards the establish-
ment of a validated method for the determination of MITC 
traces (GC-MS and GC with Flame Photometric 
Detector). It is, indeed necessary, to assess the 
persistence of this fumigant in stored grains because it 
seems to have significant toxicity. The analysis of 
residues will also indicate whether the treated peanuts 
would be safe for human consumption; although further 
toxicity studies are needed to effectively exclude human 
health risk and investigate if the taste of groundnuts is 
altered by these volatiles. 
 
 
ACKNOWLEDGEMENTS  
 
Sincere thanks are due to "Fonds National de 
Recherches Agricoles et Agroalimentaires (FNRAA)" 
funded by the World Bank who sponsored the study.  
 
 
REFERENCES  
 
Abbott WS (1925). A method for computing the effectiveness of an 

insecticide. J. Econ. Entomol., 18: 265-267. 

 
 
 
 
Auger J, Ferary S, Huignard J (1994). A possible new class of natural 

sulfur pesticides for fumigation. Ecologie, 25 (2): 93-101. 
Baumer M (1995). Arbres, arbustres et arbrisseaux nourrissiers en 

Afrique occidentale. Dakar, Enda-Editions, Séries Etudes et 
Recherches N° 168-169-170, 260 p.   

Bell CH (2000). Fumigation in the 21st century. Crop Prot., 19: 563-569. 
Bernardi R, Negri A, Ronchi S, Palmieri S (2000). Isolation of the 

epithiospecifier protein from oil-rape (Brassica napus spp. oleifera) 
seed and its characterization. FEBS Lett., 467: 296-298. 

Brown J, Morra JM (2005). Glucosinolate-containing seed meal as a soil 
amendment to control plant pests, 2000-2002. University of Idaho 
Moscow, Idaho, Subcontract Report, p. 99. 

CORAF (2007). Plan de gestion des pestes et pesticides. Rapport 
Programme de Productivité Agricole en Afrique de l’ouest / Banque 
Mondiale, E1553 – v2, 80 pp. 

Fahey JW, Zalcmann AT, Talalay P (2001). The chemical diversity and 
distribution of glucosinolates and isothiocyanates among plants. 
Phytochemistry, 56: 5-51. 

Gaye M (2008). Réformes agricoles et pauvreté rurale : Cas de la filière 
arachide au Sénégal. From Poverty to Power- Oxfam international- 
www.fp2p.org. 

Gillier P, Bockelée-Morvan A (1979). La protection des stocks 
d’arachide contre les insectes. Oléagineux, 3: 131-137. 

Guèye MT, Seck D, Wathelet J-P, Lognay G (2011). Lutte contre les 
ravageurs des stocks de céréales et de légumineuses au Sénégal et 
en Afrique occidentale : une revue. Biotechnol. Agron. Soc. Environ., 
15(1): 187-198. 

Haubruge E, Amichot M (1998). Les mécanismes responsables de la 
résistance aux insecticides chez les insectes et les acariens. 
Biotechnol. Agron. Soc. Environ., 2(3): 161-174. 

Jewess PJ, Lee PW, Plimmer JR (1999). Metabolic pathways of 
agrochemicals. Part 2: Insecticides and fungicides. Methyl 
Isothiocyanate and precursors overview. Editors-in-Chief Roberts T. 
R., Hutson D. H., pp. 1211-1212. 

Morra MJ, Borek V (2010). Glucosinolate preservation in stored 
Brassicaceae seed meals. J. Stored Prod. Res., 46: 98-102. 

Maumbe BM, Swinton S (2003). Hidden health costs of pesticide use in 
Zimbabwe’s smallholder cotton growers. Soc. Sci. Med., 57: 1559-
1571. 

Nauen R, Elbert A (2003). European monitoring of resistance to 
insecticides in Myzus persicae and Aphis gossypii (Hemiptera: 
Aphididae) with special reference to imidacloprid. Bull. Entomol. Res., 
93: 47-54. 

Ndjeunga J, Ntare BR, Waliyar F,  Ramouch M (2006). Groundnut seed 
systems in West Africa. CFC Technical Paper No 40., Common Fund 
for Commodities, PO Box 74656, 1070 BR Amsterdam; and 
International Crops Research Institute for the Semi-Arid Tropics, 
Patancheru 502 324, Andhra Pradesh, India, p. 232.  

Sanon A, Garba M, Auger J, Huiganrd J (2002). Analysis of insecticidal 
activity of methylisocyanate on Callosobruchus maculatus and its 
parasitoid Dinarus basalis. J. Stored Prod. Res., 38: 129-138. 

Sanon A, Sou S, Dabiré C, Ouedraogo AP, Huignard J (2005). 
Combining Boscia senegalensis Lamarck (Capparaceae) leaves and 
augmentation and the larval parasitoid Dinarmus basalis Rondani 
(Hymenoptera: Pteromalidae) for bruchids control in stored cowpea. 
J. Entomol., 2(1): 40-45. 

Seck D (1994). Développement de méthodes alternatives de contrôle 
des principaux insectes ravageurs des denrées emmagasinées au 
Sénégal par l'utilisation de plantes indigènes. Thèse de Doctorat, 
Faculté des Sciences Agronomiques de Gembloux, p. 192. 

Seck D, Lognay G, Haubruge E, Wathelet J-P, Marlier M, Gaspar C, 
Severin M (1993). Biological activity of the shrub Boscia senegalensis 
(Pers.) Lam. ex Poir. (Capparaceae) on stored grain insects. J. 
Chem. Ecol., 19(2): 377-389. 

Thiaw C, Guèye S, Guèye-Ndiaye A, Samb A, Sembène M (2007). 
Ovicid and adulticid effects of powders and extracts of Calotropis 
procera Ait. and of Senna occidentalis L. on Caryedon serratus (Ol.) 
destroyer of groundnut stocks. 

Tomlin CDS (2003). Methyl isothiocyanate in the pesticidal manual. A 
world compendium. Thirteenth Edition, pp. 663-664. 

Vig AP, Rampal G, Thind TS, Arora S (2009). Bio-protective effects of 
glucosinolates – A review. Food Sci. Technol., 42: 1561-1572. 



 
 
 
 
Wilson C, Tisdell C (2001). Why farmers continue to use pesticides 

despite environmental, health and sustainability costs. Ecolo. Econ., 
39: 449462 

World Health Organisation (2008). Clinical Management of acute 
pesticide intoxication: prevention of suicidal behaviours. Management 
of Mental and Brain Disorders / Department of Mental Health and 
Substance Abuse, 25 pp.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Gueye et al.          6353 
 
 
 
Zhenga W, Yates SR, Papiernik SK, Nunez J (2006). Conversion of 

metam sodium and emission of fumigant from soil columns. Atmos. 
Environ., 40: 7046-7056. 

 
 
 


