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ABSTRACT 

Entomopathogenic fungi Verticillium lecanii and linseed oil were 
used alone or in sequence to evaluate their direct and latent effect on 
newly hatched larvae of susceptible strain of the Pectinophora 
gossypiella (Saund.) under constant conditions 26±1C

o
 and 80-85 % RH. 

LC50 & LC 25 values for these two materials were estimated which was 
1.5 x 10 

7
& 0.5x10 

7
 spores for V. Lecanii and 4ml & 2ml for linseed oil. 

Percentage of larval, pupal mortality and adult emergence were 
estimated. The latent effect of the survived larvae was considered and the 
obtained results could be summarized as follows: V. lecanii, linseed oil, 
or both produced mortality after 1 day, ranging between 1.8 and 37%. 
PBW neonate was more sensitive to linseed oil than to V. lecanii. Larval 
period was 15.35, 17.79 and 18.16 days, respectively, when neonate was 
fed on V. lecanii, linseed oil and the sequence treatment compared with 
12.3 days for untreated control. Pupal duration increased significantly in 
all treatments. Fungi and linseed oil treatments prolonged larval and 
pupal durations and shortened the adult stages. Weights of 4

th
 instar 

larvae resulted from the V. Lecanii /line seed oil treatment were greatly 
reduced to 0.009 mg, while increased to 0.034 mg for larvae treated with 
linseed oil. Also, pathogenic fungi, sequence treatment followed by 
linseed oil alone affected on some biological characters such as fecundity 
of emerged females, eggs hatchability percentage and longevity of males 
and females. In addition, carbohydrate hydrolyzing enzymes, 
tranamenase enzymes, total soluble protein & total lipid were affected 
after 10 days of treatment of the newly hatched larvae. 

 
Key words: Entomopathogenic fungi Veticillium lecanii, Linseed oil, pink 
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INTRODUCTION 
The Pink bollworm Pectinophora gossypiella (Saund.) is considered the 

most destructive cotton pest in Egypt. Recently, scientists directed their effect 
toward the control of important cotton pests by new trends such as using plant 
extracts, B.T. products and pheromones… etc., to avoid resistance development 
and the environmental pollution caused by conventional insecticides. 

Lacey et al (2001) reported that the entomopathogens are safe for 
humans and other target organisms and help in reducing pesticide residues in 
preserved foods. The entomopathogenic fungus Verticillum lecanii, is 
commercially used control of the soft scales and aphids (Hall1976&Spoer 1978) 
some lepidopterous pests such as Pieris rapae L., (Hong et al., 2001).  Heliothes 
zea (Boddie) and the larvae of the gypsy moth (Hajek et al., 1997).  
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Also, in the last decad many authors found that using natural oils, as 
neem oil, soy been oil, cotton seed oil, linseed oil, may serve as antifeedants or 
growth regulators to some insect pests (Singh & Singh 1989; Broza et al.1989; 
Singh & Bhathal 1992; Lakhanpal et.al 1995 and Abo El-Ghar et al.1996).  
            The present work aims to study the biological and biochemical effects of 
Mycotat®, linseed oil, as well as combined against the newly hatched PBW 
larvae. The biological impact of these materials the at LC50 & LC25 
concentrations was also determined. Mycotat® is a microbial insecticide based 
on the spores of the entomopathogenic fungus V. lecanii, a special strain 
prepared as wettable powder.  

 
MATERIALS & METHODS 

The neonate larvae of pink bollworm, P. gossypiella used in the present 
study were taken from a laboratory culture reared for about 15 generations on an 
artificial diet previously described by Rashad and Ammar (1985). The 
materials used were prepared as follows: 
1- A stock solution of Mycotal was prepared by dissolving 2 mg in 1 L of water. 

Serial dilutions were used from 2x10  to 0.3x10
7
 for larvae treatments. 

2- A stock solution of linseed oil was prepared by adding 8ml of oil and 10 drops 
of triton x100 to 1 L. of water. The solution was shaken till fused.   

 
1- Toxicology tests: 
a) Mycotal: 

To estimate the LC25 and LC50 values for this microbial insecticide four 
concentrations namely 2X10

7
, 1X10

7
, 0.5X10

7
 and 0.25X10

7
 were tested in four 

replicates each. Petri dishes (9cm diameter) were used for this purpose. Each was 
sprayed with 2 ml of the chosen concentration, to which PBW larvae were 
transferred using a fine brush. A piece of moist cotton was placed in each dish to 
keep the R.H at 100%. Mortality percentages were determined after 1, 3 and 7 
days (neonate were treated by different concentrations of Mycotal for 2 hours 
then transferred individually to untreated diet poured into (2x7.5 cm) glass tubes  
to estimate the LC50 & LC25 values. 

To evaluate the effectiveness of this entomopathogenic fungi against 
PBW, 200 neonate larvae were exposed to the LC50 concentration for 2 hours 
only, then transferred individually to untreated diet. Similarly 100 untreated 
larvae were individually reared as control. Treated and untreated larvae were 
incubated under constant conditions; 26±1

o
C and 80-85 % RH. Mortality in 

larvae, pupae and adults, as well as other biological aspects were determined.  
b) linseed oil: 

Newly hatching larvae were individually transferred to 200 rearing diet 
glass tubes (50 x 4 replicates). One drop of linseed oil of the prepared 
concentrations 8, 4, 2 and 1ml/L was applied on top of the diet in each tube. 
Also,100 tubes were untreated as control. The LC50 & LC25 were estimated 
after 24 hrs. The same procedure was followed to study the effectiveness of both 
concentrations. The treated tubes were incubated until pupation. Pupae were 
transferred individually to clean tubes and incubated until moth emergence. The 
emerged moths (treated or untreated) were sexed and replicated in glass chimney 
cages (4 replicates,). A piece of cotton wool previously soaked in 10 % sugar 
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solution was hanged inside the cage for moths feeding and changed by new one 
every two days. Upper and lower opening of each cage were covered with 
muslin cloth followed by paper for egg – laying and tightly secured with rubber 
bands. Each cage was examined daily to separate the deposited eggs which were 
further observed to estimate % hatchability. 

Larval mortality percentage, larval duration, % pupation, pupal duration 
and malformation, pre-oviposition, oviposition, post-oviposition periods, male 
and female malformation and longevity, number of eggs/ female and % 
hatchability were estimated.          
c)- Mycotal in sequence with linseed: 

Four Petri dishes (9 cm diameter) were sprayed with Mycotal at the LC25 

rate to which 200 larvae (50 x 4 replicates) exposed as mentioned above. After 2 
hours, the alive larvae from each treatment were individually transferred to diet 
tubes treated by linseed oil at the LC25 level. Treated and control (untreated) 
larvae were incubated under the same controlled conditions to estimate the 
mortality of larvae, pupae, adults & durations and malformations. Statistical 
analysis of data was carried out using Costat software.  
2-Biochemical tests: 

For the biochemical studies, 5 replicates of 25 tubes prepared by the 
previous manner with LC50 of linseed oil, V. lecanii & LC25 of V. lecanii/ linseed 
oil. Alive larvae were collected after 12 days for each treatment, placed in clean 
vials. These studies were undertaken in association with the Dept. of Physiology 
in Plant Prot. Res. Institute. 
 -Total soluble protein: 
        Colorimetric determination of total soluble protein in total homogenate of 
larvae PBW larvae was carried out as described by (Gornalt et al. 1949).   
- Transaminase enzymes: 
        The activities of glutamic oxaloacetic transaminase (GOT) and glutamic 
pyruvie transminase (GPT) enzymes were determined colorimetrically according 
to the method of Reitman and Frankle (1957). 
-Carbohydrate hydrolyzing enzyme:  
         Activities of trehalase, amylase and digesting invertase, respectively were 
determined according to Ishaaya and Swiriski (1976). 
 
RESULTS AND DISCUSSION 
- Larval mortality: 

Data in Table (1) showed the effect of V. lecanii, linseed oil and both on 
newly hatched larvae of PBW. No mortality in PBW larvae was observed after 1day 
in control. On the other hand, V. lecanii and linseed oil and their sequence produced 
1.8, 37 and 21.15% mortality, respectively. The larvae were more sensitive to 
linseed oil than V. lecanii after 1 day of treatment. Also, all treatments caused 
progressive mortality after 3&7 days. V. lecanii treatment caused progressive 
mortality also within 15 days similar result was reported by Ramanujam et al. 
(2003) for V. lecanii against H. armigera and S. littura under laboratory conditions, 
with maximum % mortality 54.44 & 76.66%, respectively. Also, Hajek et al. (1997) 
found that V. lecanii caused larval mortality for the gypsy moth in laboratory 
bioassays. 
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- Larval duration:  
Data in Table (1) also showed that all treatments gave highly significant 

influence on the developmental period of survived larvae. The larval period was 
significantly prolonged in all treatments than the untreated check which averaged 
15.35, 17.79 and 18.16 days in V. lecanii, linseed oil & sequence treatments, 
respectively, compared with 12.3 days for control. Larvae treated with both 
materials were generally very small in size, colorless& inactive when compared with 
untreated ones.  
 - Pupation percentage and duration: 

Data in Table (1) also showed that the highest percent of pupation (92.9%) 
was that for linseed oil, treated larvae and the lowest (73.8%) was that for larvae 
receiving both materials used. 

The pupal duration increased significantly in all treatments compared with that 
for untreated larvae. Mean pupal duration increased from 7.9 days in control to 8.57, 
9.13 and 11.9 days in V. lecanii, linseed oil and both treatments, respectively, i.e. 
increased for 1.1, 1.2 & 1.5 times, respectively. 
 -Duration of immature stage : 

 Table (1) clearly showed that the three tested treatments had no significant 
affect on the immature stage period compared with control. This period was 23.3, 
26, 22.5 and 19.8 days for larvae treated with V. lecanii, linseed oil, both materials 
and untreated check, respectively. 

Larvae treated with linseed oil after exposure to V. lecanii were remained 
active and continued feeding on the diet for 1-12 days then became inactive, slow 
feeding and list weight (0.009 mg/larvae). On the contrary, in case of linseed oil 
treatment, larvae became very active feeding from the 2nd day of treatment until 
being full grown, weighting 0.034 mg /larva. Also, malformed full grown larva 
became large in size, black in color, (fig.1), whereas larvae treated with V. lecanii 
became inactive, slow feeding until death, and spores of fungi appeared externally 
on their bodies. Fig. (1).  
-Adult emergence : 
      Data in Table (1) also showed that % adult emergence from larvae treated with 
V. lecanii, linseed oil, and both were lower than untreated control. However, female 
adults emerged from larvae treated with linseed oil, were 3 times more than males 
Table (2). In addition, % malformation in emerged adults reached 5.9 in V. lecanii 
treatment, increased to 10.8 in linseed oil treatment. Non was observed in check or 
combined treatment (Table 1). 
Adult Longevity : 
      Data in Table (2) showed that longevity of females and males are highly affected 
in all treatments. That of females ranged 12.7-19.3days compared with 23.1 days in 
control, while that for males ranged 8.7-13.5days compared with 18.7days in 
control. The pre- oviposition periods were 2.1, 1.3, 2.2 and 2.5 days for larvae 
treated with V. lecanii, linseed oil & V. followed by linseed oil and control. 
      V. lecanii and linseed oil/V. lecanii treatments caused high reduction in 
oviposition period. This period was 7.8 and 10.3 days respectively, while for larvae 
treated with linseed oil, the oviposition period increased to 15.1 days compared with 
17.3 days for control. From these data, the reduction in the oviposition period was 
observed in treatments used reaching to 1.63 to 2.22 times that in control. 
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Also, the post – oviposition period was reduced. The lowest was 0.9 day 
with V. lecanii and line seed oil treatment and the highest was 2.5 days with 
linseed oil treatment. 
Fecundity and fertility: 
              Data in Table (2) indicated that the mean number of eggs laid by 
females from neonate treated by V. lecanii and (V. and linseed oil) were lower 
than the check. Average no. of laid eggs was 80.3 &97.8 eggs / female, 
respectively. While, the mean no. of eggs were 145.1 eggs / female at linseed oil 
treatment. 
Generally, all treatments caused reduction in total eggs laid / ♀ between 22.78-
57.26% than control. 
             Also, all treatments reduced % hatchability than the check by 49.47- 
61.05%  
Table (2).  
Biochemical effect of Mycotal, seed oil and both in sequence on P. 
gossypiella:      
  Transamenase enzymes:  
Glutamic oxalocetic transaminase (GOT):  
            Results in Table (3) showed that larvae of PBW fed on diet treated with 
V. lecanii caused decrease in GOT activity by 5.69 % than untreated, followed 
by V. lecanii and the treated with linseed oil increased the GOT activity by  3.64 
and 4.83 times, respectively.  
Glutamic Pyruvic transaminase (GPT): 
           The results presented in Table (3) show that all treatments caused 
decrease in GPT activity compared to control. The highest decrease in GPT 
activity recorded 71.9 % at linseed oil, and 54.63% at V. lecanii, while the least 
decrease recorded 50.9 %at V. lecanii followed by linseed oil treatment. 
Total soluble protein. 
  The results (table, 3) showed that feeding treatment with V. lecanii and 
linseed oil and the combination resulted in an increase in total protein to 1.9, 
1.24 and 1.42, respectively i. e., 41.1, 9.3 and 21.2 % more than the control 
(1.12mg/ml). 
Total lipid: 
       The data in Table (3) showed also that treatment greatly increased the lipids 
than the untreated (check) by 2.77, 2.59 and 4.83 times for V. lecanii, linseed oil 
and both, respectively.   
Carbohydrate hydrolyzing enzymes:  
Amylase, Invertase and Trehalas: 
 The results presented in Table (3) show that the amylase activity seemed 
to be affected to some extent after larval feeding on diet treated with V. lecanii 
and linseed oil by 36.45% and 21.5% below that of the control treatment. 
 Also, invertase activity was greatly reduced in PBW that were fed diet 
treated with V. lecanii by about 76.9% below that of the control treatment (Table 3). 
 In addition, data in Table (3) demonstrated that larval feeding on diet 
treated with V. lecinii, linseed oil and (V. + linseed oil) resulted in significant 
increase in trehalase activity. It reached 1.58, 1.56 and 2.17 times of the control, 
respectively.  



Mervat, A. A. Kandeel and Amira, M. Rashad                                               235 

Fayoum J. Agric. Res. & Dev., Vol.20, No.1, January, 2006 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

Table 2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



BIOLOGICAL AND BIOCHEMICAL EFFECTS OF THE MICROBIAL..236 

Fayoum J. Agric. Res. & Dev., Vol.20, No.1, January, 2006 

 
 
 
 
 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

Table 3 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Mervat, A. A. Kandeel and Amira, M. Rashad                                               237 

Fayoum J. Agric. Res. & Dev., Vol.20, No.1, January, 2006 

 
In conclusion, this work indicated that larvae of P. gossypiella were more 

susceptible to treatment of fungus & (fungus/oil) these treatment caused high 
larval and pupal mortality & malformation, reduction in body weight from initial 
number in tested larvae. Also treatment caused high significant reduction in 
oviposition, post oviposition and the total number of eggs laid by females treated 
with high reduction in hatchability.  

In this respect, Rashad& Aly (1994) reported the susceptibility of P. 
gossypiella larvae to M. anisopliae fungi. Aly (2002) used the same  
entomopathogenic fungus M. anisopliae against S. littoralis & A. ipsilon  which 
caused high mortality in larvae, pupa. Maged (1999) found that the oil extracted 
from lemongrass caused highly reduced developmental periods from neonate to 
adult emergence of A. ipsilon. Also, the V. lecanii, had high effect on larvae of 
some lepidopterans; Pieris rapae, Heliothis Zea  and  gypsy moth  as reported 
by Hong et. al (2001) and Hajek et . al (1997)  

The biochemical analyses of alive larvae of PBW treated with V. lecanii, 
linseed oil and V. lecanii followed by linseed oil indicates an obvious decrease in 
hamolymph nutrient content, i.e. total protein, lipids, and carbohydrate enzymes 
(Amylase & Trehalase and Invertase). In contrast an increase in GOT & GPT 
and invertase. 

Similar results were obtained by Klocke & Chan (1982), who reported 
that feeding larvae of Heliothis zea on condenessd tannin- treated diet had lower 
total protein, carbohydrate enzymes invertase and trehalase than control.   
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 بذرة الكتان للممرض الفطري فرتسليم وزيت بيولوجية وبيوكيماوية تدراسا
 ضد دودة اللوز القرنفلية)بكتينوفورا جوسيبييلا(

 
 رشادأميرة محمد  –ميرفت عبد السميع قنديل 

 جيزة –الدقى  –مركز البحوث الزراعية  –معهد بحوث وقاية النباتات 
 

 
)نراة  ارنكاوتةنا ارنمتةوي ثةرا كم  نوعةن  نة  ارنراتةنح همةدفنن  حةري م ةري تم دراسة     

ارفحةةر  رتسةةلكم ركاةةننكخر وات ةةر  كةةح تةةلر  اراتةةن  علةةس ارفحةةس ارمةةدكة رسةةزر  مسنسةة  نةة  دود  ارلةةو  
درثة  نووكة  ورحوتة   1 ± 62نو كرا ثوسكتزر  تمح ظروف  نتت   خ ارنعنا )مةرار  ) تكاتك ارحرنفلك 
% نة  ارم ةراح ارن تتةر  تنتةةن   رتة  كر 68% و88 ـ%ر .وتم تمدكد ارتراك  ارحنتا رة08 -08نستك  

 %68رلتراكة  فلا  ارتراك ا  راا نرا  علخ مد  وت  كر نعننل  تنرتتنتع )نعننل  تنرفحر كتتعهةن ار كةحر
راا ننهنن علس تعض ارصفنح ارتكورثك  والرك مدوة ارت و   خ اتحوار ارن تلف  تعةد ارنعننلة  رلم ةر  
 ارن تتر  نع دراس  ارتغكراح ارمند    خ ن نح تعض الإن كننح واردفو  وارتروتك . وهظهرح ارنتنوج:  

 اننل .إحنر   تراح ارحور اركرقس وارعلراء انن ظهرح ت  كراح علس اتحوار ار -
ارفحةةر وار كةةح نعةةن عةة  و نهةةن     تةةنرفحر لةةقلةة  هو ا  اةةا نةة  اركرقةةنح رلعنةةر ارراتةةع رلكرقةةنح ارنعنن -

 ارحتكعخ 

هظهرح ارنتنوج ان فنض هعداد ارتةكض ارنوةةول راةا هن ةس واةلرك نسةت  ارفحةس انةن ه ةرح علةخ حةوا  -
 مكن  ارم ر  اراننل . 

خ قلةةة  ن ةةةنح الإن كنةةةنح ارننقلةةة  رنثنوعةةة  اتنةةةك  هوةةةةمح ارنتةةةنوج ا  ثنكةةةع ارنعةةةننزح تسةةةتتح  ةةة -
GOT&GPT  كنن عدا نعننل  ارفحس ارمدكة تنرفحر ارنتتول تنر كح هو ارنعننل  تنر كةح ننفةرد هدح 

 .GOTإرخ  كند   خ ن نح 

ستتح ارنعننل  تنرتراك  ارنصفخ  رلنواد ارن تتر   كند   خ ارتروتكننح ارالك  ارلاوت  واردفو   خ كرقنح  -
 دود  ارلو  ارحرنفلك  تنرنحنرن  تنرانتروا.

 هدح نعننلةة  كرقةةنح دود  ارلةةو  ارحرنفلكةة  تةةنرفحر إرةةخ قلةة  تعةةض الإن كنةةنح ارنمللةة  رلارتوفكةةدراح -
 اتنفرتك ر وعلخ ارعاس تستتح ثنكع ارنعننزح إرخ  كند   خ إن كم ارتركهنرك . )اتنكلك  


