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ABSTRACT 

The enriched methanolic extracts of seeds of Melia azedarach and leaves of Ailanthus 
altissima have had the same effect on the valves of the cardiac sphinector of Agrotis ipsilon 
larvae. At the low concentrations, the sphinector was expanded, and the valves degenerated 
at the high concentrations. M. azedarach extract was separated the peritrophic membrane 
and muscles of the midgut, while the extract of A. altissima was thicked the peritrophic 
membrane only. The application of extracts were effected on developed pupae and adults of 
treated larvae, this effect was represented by failure of adults emergence and degrees of 
wings malformations. Also, the extracts were significantly reduced the weight of A. ipsilon 
larvae fed on treated diets. For treated larvae, Lc50 of black cutworm larvae were 2.5 and 3.5 
ppm for M. azedarach and A. altissima respectively. 
Keywords: Agrotis ipsilon, Melia azedarach, Alilanthus altissima, malformation, mortality. 

 
   ــــــــــــــــــــــــــــــــــــــــــــــــــــــ

تأثير مستخلصا السبحبح وشجرة الجنة في القناة الهضمية ليرقة الدودة القارضة السوداء 

  (.Agrotis ipsilon Hufn) (Lepidoptera: Noctuidae)ونموها
 

 الملخص

 وأوراق شـجرة الجنـة   Melia azedarch المركز لبـذور الـسبحبح    الميثانولييؤثر المستخلص

Ailanthus altissima تأثيراً متشابهاً في الصمام القلبي ليرقات الدودة القارضة السوداء، اذ توسع الصمام 

سبب مستخلص ثمـار    . في المعاملات واطئة التراكيز وبدأ بالضمور والتلاشي في المعاملات عالية التراكيز          

 بينما مستخلص شجرة الجنة زاد مـن سـمك    الأوسطضلات للمعي   السبحبح انفصال الغشاء حول الغذاء والع     

 والبالغات المعامل غذاء اليرقـات      ى المعاملة بالمستخلصات في تطور العذار     أثرت.  فقط الغشاء حول الغذاء  

وقد تمثل هذا التأثير بفشل بزوغ البالغات ودرجات من تشوه تلك البالغـات،             . المتطورة عنها بالمستخلصات  
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 3.5 و   2.5ليرقات الدودة القارضة السوداء      Lc50 اليرقات المعاملة  معنوياً، وقد بلغت قيمة         كما نقص وزن  

  . شجرة الجنة  على التواليوأوراقجزء في المليون لبذور السبحبح 

  ــــــــــــــــــــــــــــــــــــــــــــــــــــــــ
INTRODUCTION 

Plants produce a variety  of secondary metabolites, some of them in a significant 
amounts which are interfere with growth and development of phytophagous insects, 
therefore, application of the insect’s diet with sublethal doses of these bioactive ingredients 
will cause mortality and abnormal progenies. 

Chinaberry tree Melia azedarach L., is one of the important known species in the 
family meliaceae because it is rich in triterpenoids and limonoids (Srivastava and Gupta, 
1985; Ascher et al, 1995; Huang et al., 1995; Nakatani et al., 1998). The extract of the 
different parts of M. azedarch have various effects on  the developed insects of different 
orders, especially lepidoptera, when the larval diets treated with low concentrations of the 
plant extract, e.g. prolongation of egg, nymph and larval periods (Cespedes et al., 2000; 
De’Souze and vendramm., 2000; Mekhlif, 2004), antifeedant and failure of adult emergence 
(Carpinella et al., 2003), endocrine effects (Schmidt et al., 1998), and malformation of 
immature stages and adults (Schmidt et al., 1997 ; Al-Hamadani, 2002) and antimolting of 
immature stages (Cabral et al., 1996). 

Tree of heaven, Ailanthus altissima (Mill.) Swingle (glandulosa Desf.) belongs to 
Quassia family (Simaroubaceae) (Sandor and Vera, 1979) was introduced to Mosul city in 
Iraq since about one decade as ornamental tropical tree, and cultivated in Mosul forest and 
other city areas. Extracts of A. altissima includes quassinoid triterpenoids, ailonthone, 
amarolide, acetyl amarolide and 2-dihydroxy ailanthone (Casinovi et al., 1983; Aono et al., 
1999). The aqueous extract of A. altissima leaves have insecticidal and herbicidal activities 
(Heisey, 1996; Tsao et al., 2002) and have been used to control insects such as Pieris rape 
and Platyedra gussyaella (Yang and Tang, 1988). 

Black cuturom, Agrotis ipsilon Hufn. is one of notorious migrant pests in Iraq, it infest 
many plants in Iraq such as, cabbage, beet, lettuce, etc. It is multivoltine (Wiltshire, 1957). 
Application of enriched methanolic extract of M. azedarach with concentrations ranged 
between 10 and 100 ppm had been effected on larval growth parameters of A. ipsilon 
(Schmidt et al., 1997; Schmidt et al., 1998). 

The purpose of this work was to evaluate the effect of enriched extracts of M. 
azedarach and A. altissima on some biological aspects and to investigate influence of the 
extract active compounds on functional tissues of treated larvae and other developed stages. 

 
MATERIALS AND METHODS 

Insects 
The flying fertalized females of Agrotis ipsilon were captured by handle net around 

fluorescence light in the garden houses during early June, the time of passing migratory 
months in Mosul city in Iraq. The captured females fed on 15% honey solution in the 
suitable insetory. Filter paper strips were put for egg laying. 

In order establishment the colony, the patches of the eggs were removed and incubated 
for two days, at 27±1 ºC, 60% relation humidity and 16:8 day time conditions the hatching 
neonate larvae fed on artificial diet (Al-Hamadani ,2002 ; Mekhlif ,2004). 
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 After pupation, the pupae were sexually isolated for adults emergence. 
Preparation of the extract 

The unripe fruits of chinaberry were collected at the late October, washed and frozen. 
Leaves of heaven of china tree were washed and dried in the shade through June and ground 
with a coffee mill to a dry powder. The chinaberry unripe fruits were grounded by mortar. 

To prepare the enriched extract, 50 gm of each A. altissima leaves powder and unripe 
fruits ground of M. azedarach were separately macerated with 150 ml 80% methanol for 24 
hours. These extracts were transferred into a glass beaker, then, each extract was stirred for 
6 hours and filtered under low pressure. The dry extract was redissolved in 80% methanol in 
separating funnel and washed with the same volume of petroleum ether (B.p. 30-35 °C) by 
hand shaking for half an hour. The extract was separated into two layers; the methanol 
extract was dried as formerly described, and washed with equal volumes of distilled water 
and ethyl acetate in a separating funnel. The ethyl acetate extract was released and dried. 
Then, the dry extracts were weighted and redissolved in 80% methanol to prepare a stock 
solution. 

 

Preparation of the larvae for treatments 
All the experimental applications were conducted with third instar larvae. The larvae 

were fasted for six hours before they fed on treated diets, by placing them in large container 
to avoid cannibalism behavior. 

The third in star larvae were kept singly in a plastic container (d = 10 cm, h = 30 cm) 
with circular piece of about 20 gm of the treated diet, the diet piece was refreshed every two 
days. 

 
Extract effect estimation 

The effect of the extracts on treated larvae were estimated through adults 
malformations by sublethal doses less than 25 ppm and larval mortality thought 50 larvae 
for each treatment. Also, the effect of the extracts were investigated at the level of tissues 
deterioration of the treated larva digestive system. Tissues preparations and staining 
protocol were conducted after, Ewen (1962) and Mekhlif (2004). 
 

RESULTS AND DISCUSSION 
Extract effect on mortality and weight 

Fig. (1) was showed the mortality of Agrotis ipsilon larvae which their diet treated with 
different concentrations of enriched Melia azedarach and Ailanthus altissima extracts. The 
effective concentration Ec50 (the concentration of the extract which causes mortality of 50% 
of treated larvae) of M. azedarach and A. altissima were 2.7 and 3.5 ppm respectively. The 
applied concentrations: 1, 5, 10 and 15 ppm were approximately caused similar black 
cutworm mortality either for unripe M. azedarach nor leaves A. altissima. But the later two 
concentrations: 25 and 50 ppm of A. altissima were more effective in relation to the same 
concentrations of M. azedarach extract. 

The mechanism of larval mortality when the diets treated with chinaberry and tree of 
heaven extracts at the concentrations 1, 5, 10 and 15 ppm was attributed to the similarity of 
metabolic pathways of limonoid and quassinoid triterpenoids which extracted from 
chinaberry and tree of heaven respectively (Casinovi et al., 1983; Srivastava and Gupta, 
1985; Ascher et al, 1995; Huang et al., 1995; Nakatani et al., 1998; Aono et al., 1999). It 
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was concluded from Fig. (1) the additional concentrations of quassinoids and other specific 
ingredients of tree extract of heaven would proportionally increased the mortality of treated 
larvae up to 98% at the concentration 50 ppm. In comparison between the larval mortality 
for the last two concentrations 25 and 50 ppm, the mortality was increased from 82 to 86% 
for M. azedarach, while that of A. altissima increased from 72 to 98%, so that, the mortality 
was multiplied more than six folds between the applied extracts at the concentrations 25 and 
50 ppm (Fig 1). 

The results in the table 1 shows that all the applied concentrations; 1, 10, 25 and 50 
ppm were significantly reduced the weight of treated larvae of A. ipsilon. Also, the treated 
larvae were more affected by M. azedarch extract than A. altissima extract. 
 

Malformation effect of the extracts 
Generally, the normal newly emerged insect was characterized by curled wings, but 

with advanced time, the wings were expanded till they took usual appearance However, in 
the present study, after pupation, there was percent of emerged adults their wings varied 
between severely curled and folded with different degrees (Plate 1). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1: Mortality of Agrotis ipsilon larvae, diet was treated with the extracts M. azedarach               

unripe fruits and leaves A. altissima 
 

 

Table 1: Effect of Melia azedarech and Ailanthus altissima extracts on weight of 
Agrotis ipsilon treated larvae (mg)  

Concentration (ppm)  
Plant extract 0 1 10 25 50 

M. azedarach 412 a 338 c 306 d 274 e 219 f 
A. altissima 412 a 362 b 340 c 302 d 289 de 
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Note: Means followed by the different letters are significantly different according to              
Duncan’s multiple range test (P < 0.01) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Plate 1: Pupae and adults of Agrotis ipsilon which had been treated at larvae stage with  
       different concentrations of Melia azedarach and Ailanthus altissima extracts 

a,b, and  c- are pupae stage with different emergence failure. 
d,e, and  f- represent puparium adhesion. 
g- Control. 
h and  i- are adults with curly wings. 
j- conversion of wings. 
k- hind wings vestigial. 
l- malformed right wings. 

a   b c 

d e f 

g h i 

j k l 



Atallah F. Mekhlif 
 

13

 

The malformed adult wings when larval stage feeding on diet  treated with M. azedarach 
and A. altissima extracts is apparently belong to unsufficient hemolymph hydrolyic pressure 
to ensure complete wings expandence. 

Also, Plate 1 illustrates that complete or part of puparium was adhesived to adult 
abdomen or other its appendages. Eclusion is depend on the rate of polypeptide and ecdyson 
hormones (Begley et al., 2005), in this manner, the effective ingredients of the extracts were 
eliminate the role of eclusion hormones through denaturation of eclusion hormone or 
reducing the hormones titer in the hemolymph, other studies were found that triterpenoid 
azedarchtin group effected  hormones titer in the hemolymph (Barynby and Klocke, 1990). 

On the other hand, completed failure of emergence was found in spite of full grown 
pupae, the causative of this failure as well as previous resions, was the triterpenoids which 
multiplied the thickness of the integument (Mekhlif, 2004), so that, preventing the 
formation of ecdysial lines through pupation. 

The dried liquid contents of the pupa means the applied extracts of chinaberry and tree 
of heaven prevents the pathways of histolysis and histogensis for the developed treated 
pupae (Plate. 1a). 

For each treatment at the concentrations 10, 15 and 25 ppm of A. altissima extract, the 
percent of the eclusion failure parameter was more than 40% while that of undeveloped 
pupa was approximately one third of examined pupae. The curled and adhesived puparium 
parameters were only recorded for 1 ppm treatment. Also, it was not found significant 
differences between the effect of chinaberry and tree of heaven extracts on the studied 
parameters except for undeveloped pupae, which was less recording at the concentrations 
10, 15 and 25 ppm for chinaberry extract (Fig. 2,3). 
 
Effect on cardiac spninictor 

Plate 2a shows the longitudinal section of control larva at the junction between crop 
and midgut. The valves between crop and midgut is control food passing between these two 
parts of digestive tract of Lepidoptera through interval opening of this valve (Richards and 
Davies, 1978). Treatment of the feeding diets with low concentrations (1, 5, 10 and 15 ppm) 
of M. azedarach was disrupted the valves function, and they were continuously still opened 
(Plate 2b). But the sections of the larvae which their diets treated with 25 and 50 ppm of M. 
azedarach were appeared significant reduction of the valves size and lost its ability to 
control food passing between crop and midgut (Plate 2c). 
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Fig. 2: Effect of the M. azedarach unripe fruits extract on emergence of  A. ipsilon (%) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Fig. 3: Effect of the A. altissima leaves extract on emergence of  A. ipsilon (%) 
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Plate 2: Longitudinal section through cardiac sphinictor region of last instar larvae,    

Agrotis ipsilion, diet of the larvae had been treated with Melia azedarach extract 
a- control. 
b- treated with 1.0 ppm 
c- treated with 50 ppm 
arrows indicate to the spinictor valvae 

Longitudinal sections of treated larvae with A. altissima extract were showed the same 
effect of M. azedarach. 
Effect on larvae midgut 

In the application with M. azedarach and A. altissima extracts, the chinaberry extract 
was found more effective than the extract of tree of heaven. Sections of the midgut of black 
cutworm treated larvae explains the effect of M. azedarach extract which was took place by 
two ways: firstly, the extract was separated the peritrophic membrane and dissociated 
circulure and longitudinal muscles, therefore, M. azedarach was caused disruption of 
peristaltic and diastolic movement of the digative tract and the epithelia of the midgut was 
physically separated away than food materials (Plate 3). Secondly, M. azedarach was 
affected as antifeedant, especially at high the concentrations were used (Plate 3E). Schmidt  

 (1997) and Al-Hamadani (2002) were studied the effect of M. azedarach on 
Spodoptera exigua, S. littoralis and A. ipsilon. 

 

b a 

c 
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The peritrophic membrane of treated larvae with A. altissima was densely stained with 
AF stain (Plate 3D) in relation to peritrophic membrane of normal larva (plate 3A), 
therefore, the permeability and food absorption were significantly reduced. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Plate 3: Effect of Melia azedarach and Ailanthus altissima extracts on midgut of Agrotis ipsilon larvae 
A- Control, B- Diet treated with 5 ppm,  
C- Diet treated with 10 ppm, 
D and E- Diet treated with 50 ppm,  
Note: B,C and E- The extract of M. azedarach. Extract for D was A. altissima. 
Dt = digestive tract, Cu = cuticle, Ep = epithelia, Fb = fat bodies,  
Ml = muscular layer and Pm = peritrophic membrane. 
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