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Methanol extracts from four medicinal plants, Peganum harmala (Zygophyllaceae), Ajuga iva 
(Labiateae), Aristolochia baetica (Aristolochiaceae) and Raphanus raphanistrum (Brassicaceae) were 
studied for their insecticidal effects on the stored grain pest Tribolium castaneum (Herbst). Response 
varied with plant species. Larvae growth was significantly inhibited when they were fed with extracts 
incorporated into the diet. Good insecticidal activity against T. castaneum larvae and adults was 
achieved with extract of P. harmala seeds, followed by extract of A. iva, Ari. baetica and R. 
raphanistrum aerial parts. The extracts of the four plants disrupted the developmental cycle of the 
insect. Extracts of P. harmala, A. iva and Ari. baetica inhibited F1 progeny production. These naturally 
occurring plant extracts could be useful for managing populations of T. castaneum.  
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INTRODUCTION 
 
Higher plants are a rich source of novel natural 
substances that can be used to develop environmental 
safe methods for insect control (Arnason et al., 1989). 
Insecticidal activity of many plants against several insect 
pests has been demonstrated (Jilani and Su, 1983; 
Isman, 2000; Carlini and Grossi-de-Sá, 2002). The 
deleterious effects of plant extracts or pure compounds 
on insects can be manifested in several manners 
including toxicity, mortality, antifeedant growth inhibitor, 
suppression of reproductive behaviour and reduction of 
fecundity and fertility. Yang and Tang (1988) reviewed 
the plants used for pest insect control and found that 
there is a strong connection between medicinal and 
pesticidal plants. 

Tribolium castaneum (Herbst) is considered as a major  
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pest of stored grains (Howe, 1965). Annual post-harvest 
losses resulting from insect damages, microbial 
deterioration and others factors are estimated to be 10-
25% of worldwide production (Matthews, 1993). Control 
of these insects relies heavily on the use of synthetic 
insecticides and fumigants. But their widespread use has 
led to some serious problems including development of 
insect strains resistant to insecticides (Zettler and 
Cuperus, 1990; White, 1995; Ribeiro et al., 2003), toxic 
residues on stored grain, toxicity to consumers and 
increasing costs of application. However, there is an 
urgent need to develop safe alternatives that are of low 
cost, convenient to use and environmentally friendly. 
Considerable efforts have been focused on plant derived 
materials, potentially useful as commercial insecticides. 

Peganum harmala L. (Zygophyllaceae), Ajuga iva L. 
(Lamiaceae), Aristolochia baetica L. (Aristolochiaceae) 
and Raphanus raphanistrum L. (Brassicaceae) are 
common plants in Morocco, and mostly in North Africa. 
Bellakhdar (1997) had reported that P. harmala and A.  



 

 
 
 
 
iva are used for the treatment of diabetes, the roots of 
Ari. baetica are used for constipation and the whole plant 
is applied for external use against ringworm, and R. 
raphanistrum acts against rheumatism. 

The aim of our study is to evaluate the insecticidal 
activity of the methanol extracts from P. harmala, A. iva, 
Ari. baetica and R. raphanistrum against larvae and 
adults of Tribolium castaneum. We assessed the effect of 
different extracts on (1) weight of larvae; (2) mortality of 
larvae and adults; (3) larval period duration (5) adult 
emergence (6) progeny production (F1). 
 
 
MATERIALS AND METHODS 
 
Insects 
 
Tribolium castaneum was obtained from laboratory cultures 
maintained for the last 2 years in the dark in incubators at 26 ± 1°C 
and 65-75% r. h. This insect was reared on wheat flour mixed with 
yeast (10:1, w:w). In the present study, early last instar larvae 
weighting 1.95 ± 0.25 mg were used. Adults of 1 week old were 
used for the study of plant effects on progeny production. 
 
 
Plant materials 
 
Extracts were prepared from 4 plants commonly used in traditional 
medicine in Morocco. Seeds of Peganum harmala 
(Zygophyllaceae) were obtained from herbal stores, while Ajuga iva 
(Lamiateae) Aristolochia baetica (Aristolochiaceae) and Raphanus 
raphanistrum (Brassicaceae) where collected between December 
and March in the Tangier Region (NW of Morocco). Plants were 
rinsed with distilled water, dried in an oven at 45°C for 48 h and 
ground to a powder with an electrical blender.  
 
 
Preparation of extracts 
 
Each plant sample (20 g) was extracted twice with 160 ml methanol 
using sounding apparatus for 30 min. All four extracts were stored 
at 4°C. For testing, extracts were evaporated to dryness and the 
residue was weighted and redisolved in the same solvent, at a 
concentration of 100 mg of crude extract/ml of methanol 
 
 
Treatments 
 
Extracts were mixed with the diet at concentration of 10%. The 
solvent was allowed to evaporate at 37°C for 48 h. Twenty last-
instar larvae were added to each glass vial (diameter 4 cm, high 7 
cm) containing treated diet. A control was prepared in the same 
way but extract application was omitted. Five replicates were set up 
for the treated and control larvae. The weight of each larvae and 
larval mortality were assessed every two days after treatment. 
Growth of surviving larvae was measured and recorded every two 
days up to adulthood for the following growth parameters: duration 
of the larval period until pupation and % of emergence. The 
mortality of adults, that has emergent from the treated and control 
larvae, is taken every 4 days. 

To assess the effects of different extracts on progeny production 
(F1), 30 adults were added to each glass vial containing a culture 
medium treated as above. After 48 h, the adults were removed and 
the glass vials were returned to the incubator until F1 adult 
emergence.  The  F1  adults  were   counted   and   weighted.   Five 

Jbilou  et  al         937 
 
 
 
replicates were set up for each treatment and control. 
 
 
Statistical analyses 
 
Data were subjected to analysis of variance (ANOVA) using 
Statistica Software (Statistica, 1997). Results from the progeny 
production and emergence rate were analysed by one-way 
ANOVA. The others data (weight and mortality) were analysed by 
two-way ANOVA, each ANOVA examined two different factors: 
treatment and time after treatment. Post hoc testing was carried out 
using the Tukey test. A significance level of 0.05 was used for all 
statistical tests. 
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Figure 1. Effect of the extracts of different plants on weight 
(in mg) of Tribolium castaneum last instar larvae. Each 
point represents the mean of 100 larvae ± SD. 

 
 
 
RESULTS  
 
Effects on larval weight  
 
Control larvae exhibit an increasing individual weight 
(26.4%) during 8 days (Figure 1); it reaches 2.49 mg. The 
larvae treated with the extract of R. raphanistrum show a 
slight increase of the weight (8.95%) when compared to 
the control. However, larval weight was reduced by 
extracts of P. harmala, A. iva and Ari. baetica, it reached 
1.38, 1.48 and 1.74 mg, respectively, 8 days after 
treatment. The two way analysis of variance showed that 
the exposure period to the extract of all plants had a very 
significant effect on weight (F = 4.19-31.59; df = 4; p < 
0.01) as did treatment (F = 122.37-755.16; df = 1; p < 
0.001). In all cases, the relation between exposure period 
and treatment was very significant (F = 11.12-73.87; df = 
4; p < 0.001)  
 
 
Effects on larval mortality 
 
Figure 2 showed that no mortality occurred in larvae fed 
with control diet. All treatment provoked a very highly 
significant effect on mortality (F = 36.21-1092.78; df = 1; 
p < 0.001). Extract of P.  harmala  caused  58%  mortality  
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Figure 2. Effect of the extracts of different plants on cumulative 
mortality of Tribolium castaneum last instar larvae. Bars indicate 
standard deviation (SD) of observations. 

 
 
 

Table 1. Effect of plant extracts on the duration of last-instar larval 
period, and % of emergence of T. castaneum*. 
 

 
*Each datum represents the mean of five replicates, (n = 20). 
Means within a column followed by the same letter are not significantly 
different (Tukey’s HSD test, p < 0.05). 
 
 
 
during the 10 days after treatment. At the same time, 
mortality rates for the extracts from Ari. baetica, A. iva 
and R. raphanistrum reached 34, 31 and 26%.  
 
 
Effect on larval period  
 
In control, larval duration was 7.1 days. It was the same 
duration when larvae were fed with diet containing extract 
of Ari. baetica (p > 0.05) (Table 1). However in treated 
larvae with A. iva the duration was 6.6 days. Tukey test 
showed that A. iva had a significant effect (p < 0.05). R. 
raphanistrum and P. harmala showed a very significantly 
longer larval period (8.3 and 8.2 days respectively) in 
comparison with the duration of the control larval period 
(p < 0.001). 

 
 
 
 
Effect on emergence rate 
 
The effect of different extracts on emergence of adults of 
T. castaneum is shown in Table 1. The emergence rate in 
control reaches 100%. The number of the adults 
emerging from the pupae treated by P. harmala, A. iva 
and R. raphanistrum was not significantly affected (P > 
0.05). 
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Figure 3. Effect of the extracts of different plants on 
cumulative mortality of adults Tribolium castaneum. Bars 
indicate standard deviation (SD) of observations. 

 
 
 
Effects on adult mortality 
 
The methanol extracts of P. harmala, A. iva, Ari. baetica 
and R. raphanistrum significantly affected survival of 
adult with 92%, 45%, 32% and 15% of mortality 
respectively during 32 days after treatment (Figure 3). 
From all extracts, a two-way ANOVA revealed that the 
relation between exposure period and treatment was very 
significant (F = 4.62-76.55; df = 4; p < 0.01). 
 
 
Effect of different extracts on F1 progeny production 
 
Progeny production of T. castaneum was totally 
suppressed with extracts of P. harmala, A. iva and Ari. 
baetica (Table 2). The number of F1 adults that emerged 
in the treated medium with R. raphanistrum was low 
compared with control (F = 18.26; df = 1; p < 0.01). The 
weights of F1 adults that emerged in treated media were 
not affected (F = 1.14; df = 1; P > 0.05). 

Plant extract Larval period (day) % of emergence 
Control 7.1 ± 0.28a 100 ± 0.00a 
P. harmala 8.2 ± 0.40b 92.78 ± 6.62a 
A. iva 6.6 ± 0.21c 98.46 ± 3.44a 
Ari. baetica 7.5 ± 0.20a 98.58 ± 3.18a 
R. raphanistrum 8.3 ± 0.14b 98.66 ± 3.00a 
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Table 2. Effect of the extracts of different plants on emergence and weight of F1 adults of T. castaneum* 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
*Each datum represents the mean of five replicates, (n = 30). 
aMeans within a column followed by the same letter are not significantly different (Tukey’s HSD test, p < 0.05). 

 
 
 
DISCUSSION 
 
The present work revealed the effect of four plant 
extracts on T. castaneum. Significant insecticidal activity 
against T. castaneum larvae and adults was observed 
with crude methanol extract from P. harmala, followed by 
extracts of A. iva, Ari. baetica and R. raphanistrum. The 
larvae were more susceptible than adults to extracts of 
Ari. baetica and R. raphanistrum. In contrast, adults were 
more susceptible than larvae to extract of P. harmala and 
A. iva. Methanol extracts from the studied species 
reduced significantly larval growth just 2 days after 
treatment. The most active species were P. harmala and 
A. iva. Moreover, extract of P. harmala, R. raphanistrum, 
and A. iva disrupted developmental cycle of larvae by 
prolonging or reducing the duration of the last-instar 
larvae. Extract of R. raphanistrum reduced significantly 
the progeny production F1, while extracts of P. harmala, 
A. iva and Ari. baetica inhibited completely F1 progeny 
production. 

Similar observations on other plant extracts effect on 
several insects have been reported. For example, Sadek 
(2003) showed that the time of pupation of Spodoptera 
littoralis (Boisduval) of larvae increased by the extract of 
Adhatoda vasica (Nees). Jeyabalan et al. (2003) have 
reported that extract of Pelargonium citrosa (Van Leenii), 
prolonged the duration of larval instars and the total 
developmental time of Anopheles stephensi (Liston). 
Zhong et al. (2001) have also highlighted that extract 
from Rhododendron molle (G. Dorn) flowers extend the 
duration of development of Pieris rapae L. 

We have shown in this work that in pupae, plant 
extracts have not induced any mortality. This is in 
agreement with other works. In fact, Bell (1978) showed 
that pupae may exhibit a higher tolerance to chemical 
agents than active stages. Papachristos and 
Stamopoulos (2002) have reported that larvae of 
Acanthoscelides obtectus (Say) were more susceptible 
than pupae to the fumigant toxicity of the essential oils 
from Lavandula hybrida (Rev), Rosmarinus officinalis L. 
and Eucalyptus globules (Lab). Scott et al. (2003) have 
reported that pupal stage of Leptinotarsa decemlineata 
(Say) was less sensitive to the Piper nigrum L. extracts. 

From the Progeny production of T. castaneum, 
emergence of adult insects from all control samples 
indicated that tested insects were capable of effective 
oviposition and that prevention of progeny emergence 
was exclusively due to treatment. Thus, extracts of P. 
harmala, A. iva and Ari. baetica either suppressed 
oviposition or killed the larvae hatching from eggs laid in 
the medium culture. Huang et al. (2000) have reported 
similar results for T. castaneum when the Elletaria 
cardamom (Maton) oil was applied to wheat. Huang et al. 
(1997) have reported that F1 progeny production of T. 
castaneum was totally suppressed by nutmeg oil. 

These results suggest that there may be different 
compounds in extracts possessing different bioactivities. 
Previous works on the phytochemistry of some Ajuga 
species reported the isolation of neo-clerodane 
diterpenoids (Camps and Coll, 1993; Bondi et al., 2000) 
and phytoecdysteroids (Wessner et al., 1992). Crude 
ethanol extracts of A. iva (Simmonds and Blaney, 1992; 
Bellès et al., 1985) or A. pseudoiva (BenJannet et al., 
2001) have been shown to have antifeedant activity 
against some Lepidoptera. On the other hand, some 
insects are sensitive to ingested phytoecdysteroids (Kubo 
et al., 1983; Tanaka and Takeda; 1993; Blackford and 
Dinan., 1997; Kefete et al., 2004). Thus these 
compounds could be responsible of some features 
observed in T. castuneum. 

Some Aristolochia species are tested for their 
insecticidal activity. For example, acetone and ethanol 
extracts of the tubercula and several compounds isolated 
from Aristolochia pubescens L. are potential botanical 
insecticide agents for the control of Anticarsia gemmatalis 
L. larvae. They inhibit larval growth and induce 
malformed adults (Nascimento et al., 2004). Aristolochia 
clematitis L., A. grandiflora L. and A. bracteata L. are 
used as insect repellent against flies and maggots (Secoy 
and Smith, 1983), and against mosquitoes respectively 
(Zarroug et al., 1988). A. argentina L. showed a 
significant activity against Sitophilus oryzae L. (Broussalis 
et al., 1999). Aristolochia genus is a rich source of 
aristolochic acid which is unique to this genus, and of 
terpenoids (Wu et al., 2004). Jacobson (1982) has 
reported that aristolochic  acid  present  in  these  species  

Plant extract Number of F1 adults (Means ± SDa) Weight of F1 adults (mg) (Means ± SD*) 

Control 11.0 ± 2.0a 2.14 ± 0.05a 

P. harmala 0 - 

A. iva 0 - 

Ari. baetica 0 - 

R. raphanistrum 6.6 ± 1.14b 2.04 ± 0.11a 
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induce sterility in T. castaneum. 

Our results have shown that P. harmala posses high 
insecticidal activity on T. castaneum. Abbassi et al. 
(2003) have found the same effect on desert locust 
Schistocerca gregaria (Forskal). P. harmala is a rich 
source of �-carboline alkaloids as harmol, harmine and 
harmaline (Li, 1996; Kartal et al., 2003). These alkaloids 
as well as other secondary metabolites of this 
investigated plant may explain the toxic effect in the 
studied insects. The investigation on the effects of these 
pure molecules on T. castaneum is undertaken and this 
work is now in progress. 

We can conclude that this study suggest that methanol 
extracts of P. harmala , A. iva, Ari. baetica, plants 
belonging to families taxonomically unrelated to 
Meliaceae, possesses toxic principles with significant 
insecticidal effect and could be a potential grain 
protectant against T. castaneum. 
 
 
REFERENCES 
 
Abbassi K, Atay-Kadiri Z, Ghaout S (2003). Biological effects of 

alkaloids extracted from three plants of Moroccan arid areas on the 
desert locust. Physiol. Entomol. 26: 232-236. 

Arnason JT, Philogene BJR, Morand P (1989). Insecticides of plants 
origin. American Chemical Society Symposium Series Vol. 387. 
Washington. 

Bell CH (1978). Limiting concentrations for fumigant efficiency in the 
control of insect pests. In: Proceedings of the Second International 
Working Conference on Stored-Product Entomology, Ibadan, 
Negeria, pp 182-192. 

Bellakhdar J (1997). La pharmacopée traditionnelle. Médecine arabe 
ancienne et savoirs populaires. Paris, (eds) Ibis presse. 

Bellès X, Camps F, Coll J, Puilachs MD (1985). Insect antifeedant 
activity of clerodane diterpenoids against larvae of Spedoptera 
littoralis (Boisd) (Lepidoptera). J. Chem. Ecol. 11: 1439-1445.  

BenJannet H, Skhiri F, Mighri Z, Simmonds MSJ, Blaney WM (2001). 
Antifeedant activity of plant extracts and of new natural diglyceride 
compounds isolated from Ajuga pseudoiva leaves against 
Spodoptera littoralis larvae. Ind. Crop. Prod. 4: 213-222. 

Blackford MJP, Dinan L (1997). The effects of ingested 20-
hydroxyecdysone on the larvae of Aglais urticae, Inachis io, Cynthia 
cardui (Lepidoptera, Nymphalidae) and Tyria jacobaeae 
(Lepidoptera, Arctiidae). J. Insect Physiol. 43:315-327. 

Bondì ML, Al-Hillo MRY, Lamara K, Ladjel S, Bruno M,  Piozzi F, 
Simmonds MSJ (2000). Occurrence of the antifeedant 14,15-
dihydroajugapitin in the aerial parts of Ajuga iva from Algeria. 
Biochem. Syst. Ecol. 28:1023-1025. 

Broussalis AM, Ferraro GE, Martino VS, Pinzon R, Coussio JD, Alvarez 
JC (1999). Argentine plants as potencial source of insecticidal 
compounds. J. Ethnopharmacol. 67:219-223. 

Camps F, Coll J (1993). Insect alleochemicals from Ajuga iva plants. 
Phytochemistry 32:1361-1370. 

Carlini CR, Grossi-de Sá MF (2002). Plant toxic proteins with 
insecticidal properties. A review on their potentialities as 
bioinsecticides. Toxicon. 40 : 1515-1539. 

Jeyabalan D, Arul N, Thangamathi P (2003). Studies on effects of 
Pelargonium citrosa leaf extracts on malarial vector, Anopheles 
stephensi Liston. Bioresour. Technol. 89: 185-189. 

Howe RW (1965). Losses caused by insects and mites in stored foods 
and foodstuffs. Nutr. Abstr. Rev. 35: 285-302. 

Huang Y, Tan JM, Kini RM, Ho SH (1997). Toxic and antifeedant action 
of nutmeg oil against Tribolium castaneum (Herbst) and Sitophilus 
zeamais Motsch. J. Stored Prod. Res. 35: 289-298. 

Elletaria cardamumum (L.) Maton. to Sitophilus zeamais Motschulsky 
and Tribolium castaneum (Herbst). J. Stored Prod. Res. 36: 107-117. 

 
 
 
 
Isman MB (2000). Plant essential oils for pest diseases management. 

Crop Prot. 19: 603-608. 
Jacobson M (1982). Plants, insects and man- their interrelationships. 

Econ. Bot. 36: 346-354. 
Jilani G, Su HCF (1983). Laboratory studies on several plant materials 

as insect repellent for protection of cereal grains. J. Econ. Entomol. 
76: 154-157. 

Kartal M, Altun ML, Kurucu S (2003). HPLC method for the analysis of 
harmol, harmalol, harmine and harmaline in the seeds of Peganum 
harmala L. J. Pharm. Biomed. Anal 31: 263-269.  

Kefete G, Polgár LA, Báthori M, Coll J, Darvas B (2004). Per os efficacy 
of Ajuga extracts against sucking insects. Pest Manag. Sci. 60: 1099-
1104. 

Kubo I, klocke JA, Asano S (1983). Effects of ingested 
phytoecdysteroids on the growth and development of two 
lepidopterous larvae. J. Insect Physiol. 29:307-316. 

Li WK (1996). Extraction of alkaloids from Peganum harmala L. and 
study of their antihydatid chemical composition. J. Lanz. Med. Coll. 
22: 16-18. 

Matthews GA (1993). Insecticide application in stores. In: Matthews GA, 
Hislop EC (Eds) Application Technology for Crop Protection. CAB 
International, Wallingford, UK  pp 305-315.  

Nascimento IR, Murata AT, Bortoli SA, Lopes LM (2004). Insecticidal 
activity of chemical constituents from Aristolochia pubescens against 
Aticarsia gemmatalis larvae. Pest Manag. Sci. 60: 413-6. 

Papachristos DP, Stamopoulos DC (2002). Repellent, toxic and 
reproduction inhibitory effects of essential oil vapours on 
Acanthoscelides obtectus (Say) (Coleoptera: Bruchidae). J. Stored 
Prod. Res. 38: 117-128. 

Riebeiro BM, Guedes RNC, Oliveira EE, Santos JP (2003). Insecticide 
resistance and synergism in Brasilian populations of Sitophilus 
zeamais (Coleoptera: Curculionidae). J. Stored Prod. Res. 39: 21-31. 

Sadek MM (2003). Antifeedant and toxic activity of Adhatoda vasica leaf 
extract against Spodoptera littoralis (Lep., Noctuidae). J. Appl. Ent. 
127: 396-404.  

Scott IM, Jensen H, Scott JG, Isman MB, Arnason JT, Philogène BJR 
(2003). Botanical insecticides for controlling agricultural pests: 
Piperamides and the Colorado potato beetle Leptinotarsa 
decemlineata say (Coleoptera: Chrysomelidae). Arch. Insect 
Biochem. Physiol. 54: 212-225. 

Secoy DM, Smith EA (1983). Use of plants in control of agricultural and 
domestic pests. Econ. Bot. 37: 28-57. 

Simmondo MSJ, Blaney WM (1992). Labiate-insect interactions: effects 
of labiate derived compounds on insect behaviour. In: Harley RM, 
Reynolds T (Eds) Advance in Labiatea Science, Royal Botanic   
Gardens, Kew  pp 375-392. 

Statistica statsoft Inc. (1997). Statistica release 5.1. Tulsa, ok, USA. 
Su HCF, Speers RD, Patric CM (1972). Toxicity of Citrus oils to several 

stored product insects: Laboratory evaluation. J. Econ. Entomol. 65: 
1438-1441. 

Tanaka Y, Takeda S (1993). Ecdysone and 20-hydroxyecdysone 
supplements to the diet affect larval development in the silkworm, 
Bombyx mori, differently. J. Insect Physiol. 39: 805-809. 

Wessner M, Champion B, Girault JP, Kaouadji N, Saidi B, Lafont R 
(1992). Ecdysteroids from Ajuga iva. Phytochemistry 31: 3785-3788. 

White NDG (1995). Insects, mites, and insecticides in stored grain 
ecosystems. In: Jayas DS, White ND, Muir WE (Eds) Stored Grain 
Ecosystem. Marcel Dekker, NY. U.S.A, pp 123-168. 

Wu TS, Damu AG, Su CR, Kuo PC (2004). Terpenoids of Aristolochia 
and their biological activities. Nat. Prod. Rep. 21: 594-624. 

Yang RZ, Tangs CS (1988). Plants used for pest control in China: a 
literature review. Econ. Bot. 42: 376-406. 

Zarroug IMA, Nuggud AD, Bashir AK, Mageed AA (1988). Evaluation of 
Sudanese plants. Int. J. Crude Drug. Res. 26: 77-80. 

Zettler JL, Cuperus GW (1990). Pesticide resistance in Tribolium 
castaneum (Coleopteran: Tenebrionidae) and Rhyzopertha dominica 
(Coleoptera: Bostrichidae) in wheat. J. Econ. Entomol. 83: 1677-
1681. 

Zhong GH, Hu MY, Weng QF, Ma AQ, Xu WS (2001). Laboratory and 
field evaluations of extracts from Rhododendron molle flowers as 
insect growth regulator to imported cabbage worm, Pieris rapae L. 
(Lepidoptera: Pieridae). J. Appl. Ent. 125: 563-596.  


