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ABSTRACT 
 

The present study was conducted during season 2014 to evaluate the residual effect of Proclaim® 

(Emamectin benzoate), Takumi® (flubendiamide), Vertimec® (Abamectin), Dipel® (Bacillus thuringiensis) and 
the neem based product Achook® (Azadirachtin ) against the fourth instar larvae of the mulberry silkworm 
(Bombyx mori L.) after interval time (1, 2 and 3 days)under the laboratory conditions . The concentrations of 
recommended dose, its half and its quarter of dose of tested pesticides were examined against the fourth instar. 
The mortality of larvae behind the inorganic elements was recorded in the haemolymph. The highest mortality 
of larvae occurred by the recommended and half recommended dose of Vertimec® followed by Proclaim® as 
9.33, 8.66   and 7.33 , 9 .respectively, after 24 hrs. Whereas, the lowest mortality after 24 hrs was determined by 
the recommended, half and quarter dose of Takumi® where recorded (0). Increasing mortality was recorded with 
extending  the time after treatment, and the maximum effect was noticed by Vertimec® and Proclaim®. 
Additionally, all treatments decreased the levels of inorganic elements in the haemolymph. 

 
Key word: Pesticides, biological assessment,  Bombyx mori, insect haemolymph 

 
Introduction 

 
The mulberry silkworm (Bombyx mori L.) is one of the most important insects of economic returns in many 

countries, especially East Asian countries. Therefore, these countries are planting trees to feed the larvae of the 
mulberry silkworm. The cultivated areas are rear by mulberry trees due to their infestation by a lot of pests. 
These pests affect the yield of those cultivated areas and cause considerable damage to the plant and yield loss. 
The insecticides applied for controlling such pests, in turn, have a greater impact on the silkworm. Therefore, 
certain pesticides were evaluated in terms of their residual effect on the silk worm. Pesticides are usually applied 
at minimum doses to avoid mortality in silkworms. Such investigators (Kuwana et al., 1967; Watanabe and 
Tkano;1966 a&b; Naseema and Shivanandappa 2003) had evaluated the toxicity of different pesticides to 
silkworm. Also, Dedos and Fugo (1996), Gamo and Hribe (1977) and Kuribayashi (1980,1981&1982)  had 
evaluated the effect of pesticides on silkworm. Mathirajan and Raguraman (2003). Synthetic chemicals were 
evaluated against the silkworm (Kodandaram et al., 2008).  Also , Madel and Bhatacharya (2003) and Tiwari et 
al. (2006) had used neem derived botanicals to control various pests effectively to show whether these neem 
based pesticides are safe to silk worms if they are applied on mulberry plants or contaminated with them . 

Their investigation was carried out to find out the residual effect of an organophosphorous pesticide 
(metacid) and a plant based pesticide, (neem oil) on the silkworm (Bombyx mori L.). These biopesticides, 
already, established as an alternative to eco-destabilizing chemical insecticides especially against lepidopteran 
pests (Chatterjee and Choudhury, 2003). The present study was carried out to evaluate the residual effect of 
certain pesticides emmamectin benzoate, flubendiamide, Abamectin, Dipel® and Achook® as the neem based 
product on the mortality percentage of silkworm (Bombyx mori) that is an important domesticated insect. On the 
other hand, this study investigates the effect of pesticides on the level of haemolymph metal ions, whereas 
haemolymph is a dynamic fluid tissue with close metabolic relationship with other tissues and organs. It plays 
an important role in excretion, defense, moulting and metamorphosis Mullins (1985). Calcium, iron, 
magnesium, manganese, phosphorus, potassium and zinc are essential for normal growth and development of 
the mulberry silkworm (Ito, 1967). 
 
Materials and Methods 
 
A. The tested insect: 
 
1. Eggs hatching:-  

 
Eggs of the silkworm Bombyx mori L. (local strain) has been received from the Agricultural Research 

Center, was incubated in an incubator  at the temperature of 25-26 ˚C and relative humidity of 95%, and after 
seven days of incubation, the eggs were hatched. 
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2. Silkworms breeding:- 

 
Hatched 1st instar larvae were raised at the hygro- thermic conditions of 23-25 ˚C and 65-80% R.H. and 

these larvae were fed with chopped mulberry leaves until they reached the fourth instar. 
 
B.The evaluated of pesticides 

1. Emmamectin benzoate: it was used as Proclaim® 5%SG 
 
IUPAC name: 
 

A mixture of ≥ 90% (10E,14E,16E)-(1R,4S,5′S,6S,6′R,8R,12S,13S,20R,21R,24S)-6′-[(S)-sec-butyl]-21,24-
dihydroxy-5′,11,13,22-tetramethyl-2-oxo-(3,7,19-trioxatetracyclo[15.6.1.14,8.020,24]pentacosa-10,14,16,22-
tetraene)-6-spiro-2′-(5′,6′-dihydro-2′H-pyran)-12-yl 2,6-dideoxy-3-O-methyl-4-O-(2,4,6-trideoxy-3-O-methyl-4-
methylamino-α-L-lyxo-hexapyranosyl)-α-L-arabino-hexapyranoside benzoate and ≤ 10% (10E,14E,16E)-
(1R,4S,5′S,6S,6′R,8R,12S,13S,20R,21R,24S)-21,24-dihydroxy-6′-isopropyl-5′,11,13,22-tetramethyl-2-oxo-
(3,7,19-trioxatetracyclo[15.6.1.14,8.020,24]pentacosa-10,14,16,22-tetraene)-6-spiro-2′-(5′,6′-dihydro-2′H-pyran)-
12-yl 2,6-dideoxy-3-O-methyl-4-O-(2,4,6-trideoxy-3-O-methyl-4-methylamino-α-L-lyxo-hexapyranosyl)-α-L-
arabino-hexapyranoside benzoate. 
 
2.Fubendiamide: 
 

It was used as Takumi 20%WG 
 
3. Abamectin: 
 

It was used as Vertimec®1.8E.C IUPAC name: 
 
Mixture of: (10E,14E,16E)-(1R,4S,5′S,6S,6′R,8R,12S,13S,20R,21R,24S)-6′-[(S)-sec-butyl]-21,24-

dihydroxy-5′,11,13,22-tetramethyl-2-oxo-(3,7,19-trioxatetracyclo[15.6.1.14,8.020,24]pentacosa-10,14,16,22-
tetraene)-6-spiro-2′-(5′,6′-dihydro-2′H-pyran)-12-yl2,6-dideoxy-4-O-(2,6-dideoxy-3-O-methyl-α-L-arabino-
hexopyranosyl)-3-O-methyl-α-L-arabino-hexopyranosideand(10E,14E,16E)-(1R, 4S, 5′S, 6S, 6′R, 8R, 12S, 
13S, 20R, 21R,24S)- 21,22-dihydroxy-6′-isopropyl-5′,11,13,22-tetramethyl-2-oxo-(3,7,19-trioxatetracyclo 
[15.6.1.14,8.020,24] pentacosa-10,14,16,22-tetraene)-6-spiro-2′-(5′,6′-dihydro-2′H-pyran)-12-yl 2,6-dideoxy-4-
O-(2,6-dideoxy-3-O-methyl-α-L-arabino-hexopyranosyl)-3-O-methyl-α-L-arabino-hexopyranoside 
 
4.Bacillus thuringiensis sub sp. Kurstaki (Btk): 

 
It was used as Dipel®2x 6.4%w.p. 

 
5. A neem based product Achook® 0.15%EC: 

 
These different insecticidal compounds were tested against the 4th larval instar of the mulberry silkworm 

(Bombyx mori L.). The recommended dose of each evaluated insecticide was prepared, and the same application 
was repeated with the half and quarter recommended dose of the tested insecticides.  Three medium sized 
mulberry leaves were dipped in the recommended, half and quarter doses, as recommended by the Ministry of 
Agriculture in Egypt for 30 seconds Table(1). After leaves being dried, the treated leaves were transferred to 
200 ml glass vessels, each containing ten of the 4th instar larvae. Each concentration was replicated three times. 
Then, the culture vessels were covered with a piece of muslin that fixed tightly with a rubber band and they 
were kept under the higrothermic conditions of 25 ± 2 oC and 75 ± 5% R.H.  The same steps were followed with 
groups of the untreated larvae (control treatment) that fed on pesticide free of leaves.  Larval mortalities were 
detected after 24,48 and 72 hrs post-treatment for evaluating the effect of certain pesticides. Mortality 
corrections were done and adjusted using Abbott,s formula (Abbott, 1925). 
 
C. Haemolymph collection: 

 
After 24hrs from the application of insecticides, the Haemolymph was collected in a pre-chilled test tube 

containing a few crystals of thiourea  by cutting the first proleg of the 4th larval instar. Haemolymph from pupae 
was obtained by piercing a sharp sterilized syringe needle into the first abdominal segment and applying gentle 
pressure on the thorax and abdomen. The haemolymph was centrifuged at 3000 g for 10 min at 4 oC and the 
supernatant used in the metal ion estimations. 
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1. Estimation of metal ions:  
 
To 1 ml of haemolymph, 10 ml ofdiacid 9:4 (nitric acid and perchloric acid) was added and digested using 

digestion chamber (Digester 1009) until a clear solution was obtained. The solution was then cooled and the 
volume was made upto 20ml with double distilled water. The solution was filtered through Whatman No.1filter 
paper. The cations were estimated from the aliquots of filtrate. Traces of metal ions (calcium, Iron, copper, 
manganese and zinc) were estimated using atomic absorption spectrophotometer (GBC 932 Plus). 

 
Table 1: The evaluated insecticides and their suggested tested dose against the 4th larval instar of the silkworm B. mori L 

Insecticides Unit 
Recommended 
dose/200liters 

Half tested dose/200 
liters 

Quarter tested 
dose/200 liters 

SG  5%®Proclaim  g 60 30 15  
20% WG®Takumi g 100 50 25 

1.8% EC®imecVert ml 80 40 20 
2x 6.4% W.P ®Dipel g 200 100 50 

0.15% EC ®Achook ml 750  375 187.5 
SG = Soluble Granule, W.G= Water Dispersible Granules, EC = Emulsifiable Concentration and W.P=Wettable Powder 

 
Statistical analysis: 

 
Statistical analysis was run to check the significance of differences between mean treatments (Goulden, 

1952). The least significant differences (L.S.D) were determined according to Duncan (1955). 
 

Results and Discussion  
 

A. Effect of certain pesticides on the mortality percentage of Bombyx mori L after interval days: 
 
The results in Table (2) showed that Vertmic® was more effective than the other tested compounds after 24 

hrs of post-treatment by recommended dose. Where the mean number of mortality by recommended dose was 
(9.33) followed by Proclaim®, Dipel®, Achook® and Takumi® (8.66, 6.33, 2.0 and 0.0), each in turn. There was 
significant difference concerning the effect of the percentage of mortality, which increased with the progression 
of days after treatment. Regarding the events after 24hrs of post-treatment by half recommended dose there were 
no significant difference among Vertmic®, Proclaim® and Dipel® where all of them achieved the mean number 
of mortality (7.33, 9 and 4.66, consecutively). On the other hand, quarter dose after 24 hrs of post treatments 
cleared a similar result; whereas,  Proclaim®  achieved mean number of mortality 7.66 followed by Vertimec® 
and Dipel® (6.33 and 2.66). The obtained results showed that no significant differences among Achook®, 
Takumi® and untreated check (2.0, 0.0 and 0.0., orderly) by recommended dose of pesticides. Takumi® achieved 
the lowest mean number of mortality against the4th larval instar (0) compare to the different concentrations of 
pesticides. 

 
Table 2: Effect of recommended, half and quarter doses of certain pesticides on the forth instars of larval 

mortality of B. mori after 24hours from application 

Quarter recommended Half recommended Recommended dose Treatments 

6.33 a 7.33 a 9.33 a Vertimec®1.8% EC 

7.66 a 9.00 a 8.66 ab Proclaim®5% SG 

0.33 c 
 

0.33 b 2.00 c Achook® 0.15% EC 

2.66 b 4.66 a 
 

6.33 b Dipel 2x® 6.4% W.P 

0.00c 
 

0.00b 
 

0.00c 
 

Takumi®20% WG 

0.00c 
 

0.00b 
 

0.00c 
 

Control 

 

*Means followed by the same letter(s) in each column are not significantly different at P ≤ 0.05 level. 
 
The results in Table (3) exhibited that the effect of recommended, half and quarters of the tested pesticides 

on the fourth instar of larval mortality of B. mori after 48 hrs from application. The obtained results showed that 
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no significant differences between Vertimec® and Proclaim® where both of them after 48 hrs recorded the 
highest mean number of mortality (10) by the recommended and half doses. 

On the other hand, after 48 hrs from applying recommended dose of pesticides the data showed that no 
significant differences among Vertimec®,  Proclaim®, Takumi® and Dipel®(10, 10, 8.66 and 8.33, in series ). 
Similar results were obtained with the half recommended doses of pesticides where data cleared no significant 
differences among Vertimec®,  Proclaim®, Dipel® and Takumi® (10, 10, 10 and 8.66, respectively ).   

Quarter recommended dose of certain pesticides achieved the highly effect of the mean number of mortality 
by Proclaim® and  Vertimec®(9.33 and 9.00) followed by Dipel® , Achook® and Takumi®( 5.66, 3.66 and 3.33., 
respectively). After 48 hrsfrom applications of different doses of pesticides; the lowest mean number of 
mortality was achieved by Achook® where recorded mean number of mortality (5) followed by half and quarter 
doses (4.66 and 3.66). 

 
Table 3: Effect of recommended, half and quarter dose of certain pesticides on the forth instars of   larval 

mortality of B. mori after 48 hours from application 

Quarter recommended Half recommended Recommended dose Treatments 

9.00  a 
 

10.00 a 
 

10.00 a Vertimec®1.8% EC 

9.33 a 
 

10.00 a 
 

10.00 a Proclaim®5% SG 

3.66   b 
 

4.66 b 5.00 b 
 

Achook® 0.15% EC 

5.66   b 
 

10.00 a 
 

8.33 a 
 

Dipel 2x® 6.4% W.P 

3.33   b 
 

8.66  a 
 

8.66 a Takumi®20% WG 

0.00c 
 

0.00c 
 

0.00c 
 

Control 

 

*Means followed by the same letter(s) in each column are not significantly different at P ≤ 0.05 level. 
 
The data in Table (4) divulged that no significant differences between Proclaim® and Vertimec® where 

recommended, half doses were achieved the highest mean number of mortality (10) except for quarter dose 
achieved the mean number of mortality (10 and 9). Recommended dose of applications showed no significant 
differences of the mean number of mortality by  Proclaim® ,  Vertimec® ,Takumi®  and Dipel® where all of them 
recorded (10.00) except for Dipel®   recorded (9.00). After applying the half recommended dose the highly mean 
number of mortality was taken place by the Proclaim® ,  Vertimec®  and Dipel®  (10.00) followed by Takumi®   
and Achook® ( 9.66 and 5.00). 

Similar results were reproducible  with quarter dose of used pesticides , where the highest mean number of 
mortality achieved by Proclaim® followed by Vertimec®, Dipel® and Takumi® (10.00, 9.00, 6.33 and 
5.00,respectively). Generally, Proclaim® and Vertimec® manifested some more incubation time for 
manifestation of fungal pathogenicity. So, the interaction among the different bio pesticides and hours after 
treatment were found to be significant. Proclaim® and Vertimec®  was the most toxic biopesticides and followed 
by Dipel®.Nevertheless, the biopesticides might need the relative humidity to be75 ± 5%  and a moderate 
temperature of 25 ± 2 oC to be effecting on  the silkworm. Also, data were cleared no significant difference of a 
mean number of mortality among Proclaim®, Vertimec® and Dipel®, after interval days of post-treatment.  
While Achook® which extracted from the neem tree (Azadirachta indica) recorded the percentage mortality 
83.33% after 72 hrs of post-treatment. This may be ascribed due to its effect on the insect moulting. For the 
Takumi® (a new insecticide), which was marketed by Nihon Nohyaku Co. Takumi® achieved the lowest 
percentage mortality effect on the silkworm, 72hrs after post-treatment (76.66%). Where Takumi® was highly 
effective on lepidopterous pests which cause significant damage to many crops such as Brassica vegetables, 
pome and stone fruits, rice, tea and cotton worldwide. Flubendiamide activates the ryanodine sensitive calcium 
release channels (ryanodine receptors) on the intracellular calcium homeostasis, which induces body contraction 
followed by a rapid cessation of feeding. 

The above-obtained results are in agreement with those mentioned in the works of many investigators; i.e. , 
Chatterjee and Choudhury (2003) who found that the Btk. and avermectin were in their high toxicity to 
beneficial insect like silk worm (Bombyx mori L.). Also, Yao et al., (2008) studied the relative toxicity of Bt rice 
pollen to domestic silkworm (Bombyx mori L innaeus) [Lepidoptera: Bombycidae], and found that Bombyx mori 
were sensitive to pollen from Bt rice lines, B1 and KMD1, but were not sensitive to pollen from Bt rice line 
TT9-3. Young larvae were more affected by continuous exposure to Bt pollen than older larvae but less affected 
by non-Bt pollen.  
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Table 4: Effect of recommended, half and quarter dose of certain pesticides on the forth instars of larval 
mortality of B. mori after 72hours from application 

 

Quarter recommended Half recommended Recommended dose Treatments 

9 a 10  a 
 

10 a 
 

Vertimec®1.8% EC 

10 a 10   a 
 

10 a 
 

Proclaim®5% SG 

4.33 c 5    b 
 

5  b 
 

Achook® 0.15% EC 

6.33 b 
 

10   a 
 

9  a 
 

Dipel 2x® 6.4% W.P 

5 bc 
 

9.66  a 
 

10  a 
 

Takumi®20% WG 

0 d 
 

0 c 
 

0 c Control 

 
- Means followed by the same letter(s) in each column are not significantly different at P ≤ 0.05 level 
 

 
B.  Effect of certain pesticides on metal ion concentrations in the haemolymph of the Silkworm (Bombyx mori 
L.): 

 
Insect haemolymph provides and distributes metabolic sources and products throughout the insect body. 

The change in the haemolymph cation level during larval-pupal development is of interest in connection with 
changes in behaviour and metamorphosis accompanying histolysis and organogenesis (Hoyle, 1956). 

The most important osmotic effectors are inorganic ions and small organic molecules, including sugars and 
amino acids. These compounds are, also, essential substrates for the maintenance and growth of insect tissues 
and organs. Insect haemolymph contains low concentrations of transition metals, including zinc, manganese, 
copper and iron; the iron is not free in the haemolymph, but is bound two proteins, ferritin and transferrin, which 
ensure that iron is kept in a soluble and non-toxic form. 

The concentrations of some cations in the haemolymph were estimated for those larvae treated with 
insecticides and compared with the untreated larvae. Determinations of the concentrations of five inorganic 
elements are presented in Table ( 5 ). The concentrations of two inorganic elements namely Cu and Zn were not 
detected   in the haemolymph. Among these determined elements; potassium (K+) was found to represent the 
highest concentration followed by Mg, while Cu and Fe were the least. As a fact, the high potassium level was 
characteristic of phytophagous insects (Wiggelsworth, 1972).  

 
B.1. Haemolymph calcium concentration: 

 
The inorganic constituents such as Na+, K+, Ca++ are of vital importance in view of their role in the 

neurophysiology of the insect and their levels inside and outside the nerve membrane and they have to 
maintained for the propagation of impulses (Roeder ,1953). 

The haemolymph calcium levels of the 4th instar larvae were lower than untreated larvae after application of 
pesticides. Where the highest concentration of calcium was occurred after treated with quarter dose of 
Proclaim® (3.215 ppm) followed by half and recommended dose of Proclaim® (3.175 and 3.156 mg/l).Whereas, 
the calcium concentrations was not detected after treatment the mulberry with different concentrations of 
Achook®,but when Dipel 2x® was applied the highest levels of calcium were recorded by quarter dose (1.406 
mg/l) followed by half and recommended dose ( 1.404 and 0.662 mg/l). 

In addition to the effect of Vertimec® and Takumi® which were investigated against levels of calcium after 
application different concentrations, the highest concentration of calcium was recorded by quarter dose of both 
of them (2.484 and 0.858 mg/l).This results agree with those of Salama et al. (1994) found that treated larvae of 
P. operculella with B. thuringiensis showed some reduction of calcium and magnesium ions but there was no 
obvious change in the level of zinc ions. A slight decrease in sodium and obvious increase in potassium and 
manganese ions occurred. 

 
B.2. Haemolymph  iron concentration: 

 
Iron concentration in the 4thinstar,s larval haemolymph after the application pesticides showed in Table (5). 

A significant drop in the iron levels was observed after treatments. The haemolymph iron levels not detected 
after application recommended dose, half dose and quarter dose of all pesticides except for the quarter dose of 
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Vertimec® and proclaim®(2.846 and 3.072 mg/l) .whereas, the iron concentration in the control reported  (13.4 
mg/l). 

Iron must be absorbed from the diet in to gut cells, from the apical to the basal membrane of the gut 
epithelium and transferred to the haemolymph. Iron must be acquired to provide catalysis for oxidative 
metabolism, but it must be controlled to avoid destructive oxidative reactions Nicole et al. (2002). obtained 
results which are in cope with those obtained by Kordy (2005) who found that the concentrations of the all 
detected inorganic elements in those larvae treated with Biofly®1 and Lufenuron were less than those 
concentration determined in the control larvae and the larvae treated with the tested insecticides. 
 
B.3. Haemolymph manganese concentration: 

 
The haemolymph copper levels were not detected after different concentrations of Achook®   and Takumi®    

but , the highest level of concentration of calcium was occurred by quarter dose of  Proclaim®     when compared 
with the untreated larvae of silkworm (3.99 mg/l). 

 
B.4. Haemolymph copper concentration: 

 
The haemolymph copper levels were decreased after 24 hrs from application different concentration of 

pesticides. Where the haemolymph copper concentrations were not detected when compared with the untreated 
larvae (8.15 mg/l). 

 
B.5. Haemolymph Zinc Concentration: 

 
The haemolymph zinc levels were decreased after 24 hrs from application different concentrations of 

pesticides. Where the haemolymph zinc concentrations were not detected when compared with the untreated 
larvae (14.65 mg/l). 
 
Table 5: Effect of pesticides on the haemolymph ion concentration of the forth instars of larval of  B. mori after 24 hours from application. 

Treatments 
Different 
concentration 

Haemolymph metal ion (mg/l) 

Calcium Iron Manganese Copper Zinc 

Vertimec®1.8% EC 

R 2.182 N.D N.D N.D N.D 

H 2.482 N.D 0.04 N.D N.D 

Q 2.484 2.846 0.004 N.D N.D 

Proclaim®5% SG 

R 3.156 N.D 0.002 N.D N.D 

H 3.175 N.D 0.062 N.D N.D 

Q 3.215 3.072 0.082 N.D N.D 

Achook® 0.15% EC 

R N.D N.D N.D N.D N.D 

H N.D N.D N.D N.D N.D 

Q N.D N.D N.D N.D N.D 

Dipel 2x® 6.4% W.P 

R 0.662 N.D N.D N.D N.D 

H 1.404 N.D N.D N.D N.D 

Q 1.406 N.D 0.004 N.D N.D 

Takumi®20% WG 

R 0.402 N.D N.D N.D N.D 

H 0.516 N.D N.D N.D N.D 

Q 0.858 N.D N.D N.D N.D 

Control  11.26 13.4 3.99 8.15 14.65 

R= Recommended dose , H=Half dose and Q=Quarter dose     N.D.= Not Detected( very low concentration) 
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