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ABSTRACT 
 
 Some Chemical additives have been adopted to improve the potency of the formulation of Bacillus 
thuringiensis var. Kurstaki (HD-234) against Phthorimaea operculella and Helicoverpa armigera. Results 
showed that after the addition of boric acid the percentage of the corrected mortality was 89 ± 2.55 and 90 ± 
2.12% for P. operculella and H. armigera, respectively. Also results showed that when sodium dodecyle were 
added to the B.t. (HD-234) the means% of the corrected mortality recoded 88±2.47 and 91± 1.58 for the same 
corresponding pests. When urea were tested alone at 0.1% the means% of the corrected mortality recoded 4.0 
±2.41 and 8 ± 2.3 for P. operculella and H. armigera, which increased to 51 ±4.05 and 54 ±2.72, respectively. 
When urea was tested as protein solublizing agent, data showed that, there was no significance difference after 
the combination of urea at 0.1, 0.05 and 0.01% concentrations with B. thuringiensis (HD-234), it was not 
enhancer for B. thuringiensis. Larval mortality of P. operculella were 49 and 50%, respectively, when B. 
thuringiensis (HD-234) tested alone at LC50 and they increased to be 88 and 80% after the incorporation of L-
arginine and L-serine at 0.1% concentration, respectively; the efficiency of B. thuringiensis (HD-234) increased 
by factor of 1.80 and 1.60, respectively. After the incorporation of acetamide at 0.1% concentration to B. 
thuringiensis (HD-234) at LC50, larval mortality of P. operculella and H. armigera highly increased to be 82 
and 88%, respectively, as compared to 47 and 51% when B. thuringiensis (HD-234) tested alone at LC50. The 
efficiency of B. thuringiensis (HD-234) increased by factor of 1.74 and 1.73 after the combination of calcium 
acetate at 0.1 and 0.05% concentrations with B. thuringiensis (HD-234) enhancing the activity of B. 
thuringiensis measured by the increase in mortality percentage. Larval mortality highly increased from 46 and 
49% for B. thuringiensis alone at LC50 against P. operculella and H. armigera larvae, respectively, to 68 and 
70% after the incorporation of 0.1% calcium acetate with B. thuringiensis, causing 1.48 and 1.43 fold increase 
in the efficiency. When B. thuringiensis (HD-234) tested alone at LC50. the larval mortality of P. operculella 
and H. armigera was 47 and 51%, respectively; it decreased to reach 39 and 39%, respectively, after the 
incorporation of sorbic acid at 0.1% concentration larval mortality caused by B. thuringiensis (HD-234) alone 
was 50 and 52% at LC50 against 1st instar larvae of P. operculella and H. armigera, respectively, while larval 
mortality increased to 68 and 76% after the addition of 0.1% of dimethyle sulfoxide, respectively.  
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Introduction 
 
 In Egypt the potato tuber moth, Phthorimaea operculella (Zeller) (Lepidoptera: Gelechiidae) and the 
American cotton boll worm, Helicoverpa armigera (Hübner) (Lepidoptera: Noctuidae) are of the most 
economic important pests. Larvae cause severe damage to vegetable crops of family Solanaceae (Sarhan 2004; 
Soliman et al., 2008; Abul-Nasr et al., 1971& 1972; Sabbour, 2002).  
 Morris (1995) mentioned that the formulation inorganic salts causes an enhancement to the bacteria Bt. 
Salama et al. (1990 a&b) demonstrated that the efficacy of Dipel (commercial formulation of B. thuringiensis 
var. kurstaki) was greatly enhanced in terms of larval population reduction and crop yield increase by adding 
potassium carbonate, zinc sulphate, or calcium carbonate to the bacterial spray or bait at a concentration of 
0.075%. Thus, the use of B. thuringiensis as a successful commercial control agent against lepidopterous insect 
pests will be worldwide (Asmaa El-Sharkawey et al., 2009; Magda Sabbour and Shadia -Abd-El-Aziz, 2010); 
Schutz (1983) suggested that the insects adapted to feeding on the light diet would have a high1er gut pH, 
which would make it more susceptible to Bt. Morris (1995), reported that the infectiveness of tannic acid in 
enhancing Bt against the Spodoptera littoralis. B. thuringiensis var. kurstaki in the laboratory has been 
enhanced by the addition of toxic and non toxic compounds to the bacterial suspensions against the target 
larvae. These include boric acid (Doan and Wallis, 1964), chitinase (Smirnoff, 1971), thuringiensin (beta-
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exotoxin), lipid emylsifying agents, protein solublizing agents, and various non toxic nitrogenous compounds 
(Salama et al., 1985a; El-Moursy et al., 1993), inorganic salts, tannin, organic acids, and oxidized 
carbohydrates (Morris et al., 1995). 
 The aim of the present study aims to evaluate some chemical  compounds that represent in  different groups 
were used as additives to determine which of these additive compounds can potentiate the efficiency of B. 
thuringiensis var. kurstaki (HD-234) against the 1st instar larvae of Phthorimaea operculella and Helicoverpa 
armigera to explore the possible development of more effective formulations of B. thuringiensis for field 
application 
  
Materials And Methods 
 
Pathogen: 
 
 B. thuringiensis var. kurstaki (HD-234) was used during this study. For production of endotoxin 
preparation, growing cultures were used to inoculate 500 ml-conical flasks each containing 50ml of 
fermentation broth media (M2 medium). To prepare 1 liter from this medium, Proflo (10g), Peptone (2g), 
Dextrose (15g), Yeast extract (2g), MgSO .7H O (0.3g), FeSO .7H O (0.02g), ZnSO .7H O (0.02g), CaCO 
(1.0g) and MnSO (0.02g) were dissolved in 1 liter distilled water and pH adjusted to 7.0. The flasks were 
incubated for 48-72 hrs in a controlled environment shaker incubator, operated at 300 rpm and 30ºC, depending 
on time necessary to complete lysis. At the end of incubation period, the culture was centrifuged and the spore-
endotoxin complex was precipitated using lactose-acetone procedure as described by Dulmage et al. (1970).  
 
Tested Insects: 
 
 Standard laboratory colony of the potato tuber moth P. operculella was reared on potato tubers Solanum 
tuberosum as a natural host plant under controlled conditions (26±2°C and 70±5% R.H). Eggs were obtained 
from the stock culture and kept in Petri-dishes till larval hatch. The rearing technique by El-Sherif (1966) was 
adopted. Pupae were individually kept in specimen tubes (1×3cm) till adult emergence. Adult moth were kept in 
oviposition cages that consist of chimney glass (8cm in diameter and 16cm height), the lower rim of which 
rested on the bottom of a Petri-dish lined with a disk of filter paper (Watman) and the upper rim covered with 
muslin. Each cage was provided with a small piece of cotton soaked in 5% honey solution as food supply. The 
deposited eggs were collected and kept in Petri-dishes till larval hatching. Groups of newly hatched larvae were 
transferred into Petri-dishes containing fresh pieces of potato. Larval development was allowed to continue until 
the adult emergence. 
 Multiplying of the stock culture of H. armigera reared in the laboratory under controlled conditions 
(24±2°C and 80±5% R.H.) on semi-artificial diet described by Shorey and Hale (1965).  
 
Additives: 
 
 The Chemical additives used were getting from Sigma® Company or local-made, they were grouped as 
follow:  
1- Inorganic salts: The tested compounds were Boric acid, Calcium carbonate, Magnesium sulphate, Potassium 
carbonate and Zinc sulphate. 
2- Lipid emulsifying agents: Sodium Dodecyle Sulphate (SDS). 
3- Protein solublizing agents: Urea.  
4- Nitrogenous compounds: Including amino acids such as L-arginine and L-serine and Amides such as 
Acetamide.  
5- Organic acids:  Malic acid and Calcium acetate. 
6- Oxidized carbohydrates: Sorbic acid.  
7- Inorganic sulphide: Dimethyle sulphoxide. 
 
Bioassay of B. thuringiensis var. kurstaki (HD-234): 
 
 To deduce the LC50 of B. thuringiensis (HD-234) against 1st instar larvae of P. operculella, six serial 
dilutions of B. thuringiensis (500, 250, 125, 62.5, 31.25, 15.625 µg/ml) were prepared. Then they were tested 
against 1st instar larvae of P. operculella by dipping potato slices for 1 minute in 1.5% ripening agar containing 
B. thuringiensis (HD-234) suspensions at one of the different concentrations mentioned above. The slices were 
picked up and left to dry at room temperature (26±2°C), then placed in a small plastic cup (4cm height and 
4.5cm diameter), each to confine 10 first instar larvae of P. operculella. Five replicates were made for each 
concentration. The same number was used as a control where potato slices were dipped in 1.5% ripening agar 
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suspension without B. thuringiensis (HD-234) for 1 minute. The slice-agar coverage technique was used to 
ensure that the pathogen was well reached to the potato tuber moth larvae. 
 For H. armigera, bioassays were conducted by the surface contamination and by the diet incorporation 
methods, using 24-well tissue culture plates (Falcon 3047, Sigma® company) and the six serial dilutions of B. 
thuringiensis plus a water-only for the control group. The surface contamination method was essentially that 
described by Beegle (1990) and Ferre et al. (1991) with 50µl of each aliquots dilution or control being applied 
evenly to the surface of the artificial diet and allowed to dry before addition of the insects. The diet 
incorporation assay was based on the methods of Dulmage et al. (1971) and Beegle (1990). The water content 
of the diet was reduced by 10% and toxin solution stirred into the semi-artificial diet at 55–60°C at a ratio of 
1:9. A batch of control diet was prepared with water only. About 1 ml diet was poured into each well of a 24-
well tissue culture tray. One neonate larva was added to each well. Forty-eight neonates were tested for each 
dilution.  
 For both tested insects, records on the number of surviving and dead individuals were taken after 7 days. 
The percentage of observed larval mortality reported and corrected according to Abbott’s formula (Abbott, 
1925). The median lethal concentration LC50 of B. thuringiensis was calculated according to Finney (1971). 
 
Effect of additives on the efficiency of B. thuringiensis var. kurstaki (HD-234): 
 
 Additives are compounds that can enhance the formulation action (Rodham et al., 1999) and reduce the 
effective biopesticide dose required (Behle et al., 1999). 
 Selected groups of chemical compounds were tested in the present work with respect to their possible 
synergistic interactions with B. thuringiensis (HD-234) using the 1st instar larvae of P. operculella and H. 
armigera as the target insect pests. In selecting these compounds the following criteria were considered, the 
compound must be essentially nontoxic to man or animal, possesses no harm effect on plants at the tested 
concentration, biodegradable and commonly available at low price (Salama et al., 1985a and El-Moursy et al., 
1993) to assure the prospective of application in future for these compounds that would exhibit promising 
synergistic interaction with B. thuringiensis. 
 Preliminary experiments using additives alone (without combination with B. thuringiensis) were tested 
firstly at 0.1, 0.05 and 0.01% concentrations to evaluate the effect of them against the target insect pests. The 
additive which causes larval mortality within normal limits (up to 20%) was selected for testing (at the three 
concentrations 0.1, 0.05 and 0.01%) in combination with B. thuringiensis (HD-234) at LC50 (after El-Moursy et 
al., 1993), and then bioassayed according to the previous mentioned technique for the target insect pests. 
Mortality were recorded after 7 days and corrected by Abbott’s formula (Abbott, 1925). The collected data were 
statistically analyzed through comparing the treatment means by applying analysis of t-Test, (P<0.05), using the 
software “SPSS for Windows (Version 7.5.1 by SPSS Inc. Chicago)”. 
 
Resalts And Discusion 
 
Chemical additives: 
 
1- Inorganic salts: 
 
 Some ions may act as cofactors in the proteolytic process of the ingested delta-endotoxin, facilitating the 
cleavage of the protoxin in the insect gut (Fast, 1981). Larval mortality of P. operculella fed on inorganic salts 
alone ranged from 2.0 to 17.0% and ranged from 2.0-20.0% for H. armigera (Table1).  
 When magnesium Sulfate was tested as one of the inorganic salts, result showed that the larval mortality 
caused by B. thuringiensis (HD-234) alone was 51 and 49% at LC50 against 1st instar larvae of P. operculella 
and H. armigera, respectively. When the magnesium sulphate were added at 0.1% to Bt, it causes an 
enhancement, and larval mortality increased to 90 and 91%, respectively. This mean that, the efficiency of B. 
thuringiensis (HD-234) increased by factors of 1.76 and 1.86, against 1st instar larvae of P. operculella and H. 
armigera, respectively, when combined with 0.1% of magnesium sulphate (Table1).  
 Also, our results are agree with Sabbour (2002) who showed that, when magnesium salts added to the 
bacteria at the concentrations of 0.05% it causes 55 and 71% reduction in LC50 of B. bassiana and M. 
anisopiliae against P. operculella, respectively. Dixon and Webb, 1946, recoded that the divalent cations are 
generally known either as activators or co-factors for many proteolytic enzymes. 
 Boric acid, which known to be an abrasive when used as a contact insecticide; it is also used as a stomach 
poison for some insect species (Metcalfe and Flint, 1951). In our results, Boric acid showed highly significant 
effects after the combination with B. thuringiensis (HD-234) at the three concentrations. It causes an 
enhancement in the activity of B. thuringiensis measured by increasing mortality percentage from 49 and 51% 
for B. thuringiensis alone at LC50 to 89 and 90%, against P. operculella and H. armigera larvae, respectively, 
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causing 1.82- and 1.76-fold of increase in the potency, respectively (Table1). Similar results were obtained by 
Sabbour (2002) when boric acid caused 73 and 76% reduction in LC50 of Beauveria bassiana and Metarhizum 
anisopiliae against P. operculella, respectively at a concentration of 0.05%. The results reported by Morris et 
al. (1995) that boric acid alone caused larval mortality ranged between (0.0 and 4.3%) and it increases the 
efficiency of the endotoxin of B. thuringiensis var. kurstaki (Dipel 2X) against Mamestra configurata 3.5-, 3.5- 
and 1.1-fold at 0.10, 0.05 and 0.01% concentration, respectively, was matched with our findings. Also our 
results agree with that of Salama et al. (1985 a&b; 1986 a &b; 1989; 1990 a,b) when boric acid was added to B. 
thuringiensis against S. littoralis and Agrotis ypsilon. A similar enhancement in microbial control agents, B. 
thuringiensis with boric acid against larvae of Lymantria dispar was 7-fold at 1.0% concentration as reported by 
Doane and Wallis (1964). 
 
Table 1:  Effect of inorganic salts on the efficiency of B. thuringiensis var. kurstaki HD-234 against 1st instar larvae of P.operculella and H. armigera after 7 days of treatment 

                        Tested insects 
Treatment 

Mean% corrected mortality ± SE 
Mix 

Mean% corrected mortality ± 
SE t-value 

P. operculella H. armigera 
 

P. 
 operculella 

H.  
armigera 

P. 
 operculella 

H. 
 armigera 

B. thuringiensis alone at LC50 

49 ± 2.47 51 ± 4.25 

B.t. + 0.1 % boric acid 89 ± 2.55 90 ± 2.12 11.269** 8.204** 

B.t. + 0.05 % boric acid 83 ± 3.42 86 ± 2.83 8.059** 6.851**
B.t. + 0.01 % boric acid 79 ± 2.83 80 ± 1.70 7.989** 6.328** 

50 ± 2.24 53 ± 4.44 

B.t. + 0.1 % CaCO3 82 ± 2.28 90 ± 4.05 10.020** 6.325** 
B.t. + 0.05 % CaCO3 76 ± 2.41 84 ± 3.08 7.942** 6.000** 
B.t. + 0.01 % CaCO3 74 ± 2.61 80 ± 1.84 6.987** 5.826** 

51 ± 4.30 49 ± 2.72 
B.t. + 0.1 % MgSO4 90 ± 3.69 91 ± 1.58 6.884** 13.348** 
B.t. + 0.05% MgSO4 84 ± 3.11 86 ± 3.00 6.214** 9.136** 
B.t. + 0.01% MgSO4 69 ± 2.28 70 ± 4.25 3.697** 4.159** 

46 ± 3.16 51 ± 2.24 
B.t. + 0.1 % K2CO3 80 ± 2.92 87 ± 2.92 7.905** 9.798**
B.t. + 0.05% K2CO3 76 ± 2.47 85 ± 2.12 7.477** 11.031** 
B.t. + 0.01% K2CO3 70 ± 1.58 77 ± 3.22 6.788** 6.625** 

49 ± 1.14 50 ± 2.28 
B.t. + 0.1 % ZnSO4 87 ± 2.02 89 ± 1.84 16.353** 13.299**
B.t. + 0.05 % ZnSO4 79 ± 1.00 85 ± 2.41 19.781** 10.553** 
B.t. + 0.01 % ZnSO4 77 ± 2.47 80 ± 2.28 10.293** 9.303** 

0.1 % boric acid alone 17.0 ± 4.62 20.0 ± 4.04 - - - - - 
0.05 % boric acid alone 11.0 ± 3.42 18.0 ± 2.31 - - - - - 
0.01 % boric acid alone 9.0 ± 2.31 12.0 ± 1.15 - - - - - 
0.1 % CaCO3 alone 4.0 ± 1.15 8 ± 1.15 - - - - - 

0.05 % CaCO3 alone 4.0 ± 0.58 4 ± 0.58 - - - - - 
0.01 % CaCO3 alone 2.0 ± 1.15 2 ± 1.15 - - - - - 
0.1 % MgSO4 alone 8.0 ± 2.31 9 ± 2.31 - - - - - 

0.05% MgSO4 alone 4.0 ± 1.15 6 ± 1.73 - - - - - 

0.01% MgSO4 alone 2.0 ± 0.58 4 ± 1.58 - - - - - 
0.1 % K2CO3 alone 7.0 ± 2.89 9 ± 3.22 - - - - - 
0.05% K2CO3alone 4.0 ± 1.15 6 ± 2.92 - - - - - 
0.01% K2CO3 alone 2.0 ± 0.58 2 ± 1.15 - - - - - 
0.1 % ZnSO4 alone 9.0 ± 2.31 9 ± 2.41 - - - - - 
0.05 % ZnSO4 alone 6.0 ± 1.15 7 ± 3.22 - - - - - 
0.01 % ZnSO4 alone 2.0 ± 1.76 4 ± 2.12 - - - - - 

** = Highly significant 

 
 When calcium carbonate at 0.1% concentration were tested by combination of LC50 of the Bt against P. 
operculella and H. armigera, the results show a significant increase in mean percentage of corrected mortality 
reached to be 77±3.22. and 70±1.58 as compared to 46±3.42 and 49±2.47 when B. thuringiensis (HD-234) 
tested alone, respectively (Table1). 
 Our results were similar to that of Sabbour (2002) who found that when calcium carbonate at a 
concentration of 0.05% combined with the fungi caused 79% reduction in LC50 of B. bassiana against P. 
operculella. Also, similar reports were obtained by Morris et al. (1995) that larval mortality caused by calcium 
carbonate alone ranged from 2.0 to 3.0% and it increased the efficiency of the endotoxin of B. thuringiensis var. 
kurstaki (Dipel) against M. configurata by 1.6 fold at 0.05% concentration. 
 Our results agree with Couch and Ross (1980) who reported that calcium salts increased the proteolytic 
process of the intact crystal of B. thuringiensis, thus yielding either increased levels to the active toxin fractions 
responsible for exerting the mode of action of the toxin on the target insect. Narayanan et al. (1976), sussested 
that the low pH of the gut juice of S. littoralis is a main factor contributing to the weak susceptibility of this 
species to many B. thuringiensis preparations. Ragaei (1990) and Nickerson (1980), reported that, the addition 
of such alkaline compounds will change the pH of the gut, being more alkaline and thus enhancing the 
endotoxin breakdown and release of toxic fragments. 
 Potassium carbonate is tested as an inorganic salt to enhance the activity of B. thuringiensis, there was a 
highly significance after the combination of potassium carbonate at the tested concentrations with B. 
thuringiensis (HD-234) at LC50 tested against 1st instar larvae of P. operculella and H. armigera and it showed 
to be effective enhancer for B. thuringiensis. 
 When B. thuringiensis (HD-234) tested alone at LC50 against P. operculella and H. armigera, larval 
mortality was 46 and 51%, respectively, and it highly increased to be 80 and 87% after the incorporation of 
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potassium carbonate at 0.1% concentration; the efficiency of B. thuringiensis (HD-234) increased by factor of 
1.74 and 1.71, respectively (Table1). 
 These results are in agreement with those previously reported by Sabbour (2002) and Morris et al. (1995) 
on the effect of potassium carbonate as an enhancer for the activity of B. thuringiensis. Where Potassium 
carbonate at 0.05% concentration caused 21 and 41% reduction in LC50 of B. bassiana and M. anisopiliae 
against P. operculella, respectively. These results were in accordance with those reported by Sixin et al. (2002) 
and Zhiqian et al. (1999), who mentioned that, Potassium carbonate increased the activity of B. thuringiensis by 
2.090- and a 1.075- fold against Plutella xylostella. Also, our findings were matched with those mentioned by 
Ali and Basri. (1997), where the addition of 0.5% potassium carbonate to B. thuringiensis showed a 2-fold of 
increase in the percentage mortality of Metisa plana 4 days post treatment. Our results are matched with those 
of Morris et al. (1995) and Salama et al. (1986; 1990 a,b) whom reported that, larval mortality caused by 
potassium carbonate alone ranged from 3.3 to 2.4% and it increased the efficiency of the endotoxin of B. 
thuringiensis var. kurstaki (Dipel) against M. configurata 2.2 fold at 0.05% concentration. Also, potassium 
carbonate enhanced the effectiveness of B. thuringiensis against S. littoralis and A. ypsilon on soybean and 
various crops and also increased the toxicity of B. thuringiensis var. kurstaki HD-1 at (0.5%) against S. littoralis 
2.5 times as compared to the control. 
 Zinc sulphate is tested as an inorganic salt to enhance the activity of B. thuringiensis, after the 
incorporation of 0.1% zinc sulphate with B. thuringiensis, larval mortality of P. operculella and H. armigera 
was highly increased from 49 and 50% for B. thuringiensis alone at LC50 to 87 and 89%, respectively, causing 
1.78- and 1.78 fold increase in the potency (Table1). 
 Our results matched with that reported by Sabbour (2002) who found that, zinc sulphate at a concentration 
of 0.05% caused 56 and 65% reduction in LC50 of B. bassiana and M. anisopiliae against P. operculella, 
respectively. Also, matched with those reported by Morris et al. (1995) who found that, larval mortality caused 
by zinc sulphate alone ranged from 2.0 to 2.9% and it increased the efficiency of the endotoxin of B. 
thuringiensis var. kurstaki (Dipel) against M. configurata 2.2 fold at 0.05% concentration. The efficiency of B. 
thuringiensis against P. xylostella, P. interpunctella and S. littoralis enhanced by 0.1535-, 2.7- and 16- fold as 
compared to the control when zinc sulphate was added, this was matched with that reported by many authors 
(Zhipeng et al., 1999; Sixin et al., 2002; El-Moursy et al., 1992 and Salama et al., 1986a &b and Dixon and 
Webb, 1946). 
 
2- Lipid emulsifying agents: 
 
 Our obtained results for Sodium Dodecyle Sulphate (SDS) when tested as lipid emulsifying agent to 
enhance the activity of B. thuringiensis, was reported as an effective enhancer. When B. thuringiensis (HD-234) 
tested alone at LC50 against P. operculella and H. armigera larvae, the percentage of larval mortality was 47 and 
51% and it was increased markedly to be 88 and 90%, respectively, after the incorporation of SDS at 0.1% 
concentration; the efficiency of B. thuringiensis (HD-234) increased by factor of 1.87 and 1.76, respectively 
(Table 2).  
 
Table  2: Effect of Sodium dodecyle sulphate (SDS) on the efficiency of B. thuringiensis var. kurstaki HD-234 against 1st instar larvae of P.operculella and H. armigera after 7 days of 

treatment. 

                              Tested insects 
Treatments 

Mean% corrected mortality ± 
SE 

Mix 

Mean% corrected mortality ± 
SE 

t-value 

P. operculella H. 
armigera 

P. operculella H. 
armigera 

P. operculella 
H. 
armigera 

B. thuringiensis alone at LC50  47 ± 3.26 51 ± 1.41 
B.t. + 0.1 % SDS 88 ± 2.47 90 ± 1.58 10.033** 18.385** 
B.t. + 0.05 % SDS 82 ± 2.28 88 ± 2.47 8.805** 13.000** 
B.t. + 0.01 % SDS 76 ± 1.58 42 ± 2.92 8.012** 9.567**

0.1 % SDS alone 10.0 ± 2.02a 12 ± 4.04a - - - - - 
0.05 % SDS alone 6.0 ± 1.15a 8 ± 2.31a - - - - - 
0.01 % SDS alone 2.0 ± 0.58a 6 ± 1.58a - - - - - 

** = Highly significant 

 
 Similar results were obtained with Morris et al. (1995) that, the larval mortality caused by SDS alone 
ranged from 2.0 to 12.6% and it increased the efficiency of the endotoxin of B. thuringiensis var. kurstaki 
(Dipel) against M. configurata 1.1-, 3.5- and 1.8-fold at 0.10, 0.05 and 0.01% concentration, respectively. 
Burges (1998) recorded that due to their dual solubility in water and oils these compounds may affect the lipid 
rich membrane of the midgut epithelial cells of the target insect and thus alter the permeability barrier of the 
midgut epithelial cells as a result of damage. 
 
3- Protein solublizing agents: 
 
 Urea used for the denaturation of proteins and as a mild solubilization agent for insoluble or denatured 
proteins. Useful for renaturing proteins from samples already denatured with 6 M guanidine chloride such as 
inclusion bodies (Mukhopadhyay, 1997). When urea was tested as protein solublizing agent, data in Table (3) 
show that, there was insignificant difference after the combination of urea at 0.1, 0.05 and 0.01% concentrations 
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with B. thuringiensis (HD-234), it was not enhancer for B. thuringiensis. The disulfide bonds of the protein 
molecule has a significant role in preventing dissolution of the crystalline endotoxins of B. thuringiensis thus, it 
was thought that, the potential effect of such protein solublizing agents was due to the reduction of these bonds 
in the endotoxin molecule to sulfahydryl groups, increasing endotoxin solubility in the insect gut and thus high 
larval mortality, these findings were in accordance with those reported by Salama et al. (1985a) and Nickerson 
(1980).  
 
Table 3: Effect of urea as Protein solublizing agent on the efficiency of B. thuringiensis var. kurstak HD-234 against 1st instar larvae of P.operculella and H. armigera after 7 days of 

treatment. 

                           Tested insects 
Treatments 

Mean% corrected mortality ± 
SE 

Mix 
Mean% corrected mortality ± 
SE 

t-value 

P. operculella H. 
armigera 

 
P. operculella H. 

armigera 
P. operculella 

H. 
armigera 

B. thuringiensis alone at LC50  47 ± 2.55 52 ± 2.12 
B.t. + 0.1 % Urea 51 ± 4.05 54 ± 2.72 0.836 Ns 0.580 Ns 
B.t. + 0.05 % Urea 47 ± 3.26 50 ± 2.28 0.000 Ns 0.642 Ns 
B.t. + 0.01 % Urea 45 ± 2.41 48 ± 3.36 0.570 Ns 1.006 Ns 

0.1 % Urea alone 4.0 ± 2.41a 8 ± 2.31a - - - - - 
0.05 % Urea alone 2.0 ± 0.58a 6 ± 1.58a - - - - - 
0.01 % Urea alone 0.0 ± 0.0a 2 ± 0.58a - - - - - 

Ns = Not significant 

 
4- Amino acids: 
 
 Most of the nitrogen in the insect haemolymph is found in the form of amino acids, the alteration of the 
haemolymph composition may interfere with the normal physiological processes (Wigglesworth, 1972, 
Wolfersberger (1990).  
 Among the tested amino acids, L-arginine and L-serine and they showed to be effective enhancer for B. 
thuringiensis. Larval mortality of P. operculella were 49 and 50%, respectively, when B. thuringiensis (HD-
234) tested alone at LC50 and they markedly increased to be 88 and 80% after the incorporation of L-arginine 
and L-serine at 0.1% concentration, respectively; the efficiency of B. thuringiensis (HD-234) increased by 
factor of 1.80 and 1.60, respectively (Table 4). For H. armigera, Larval mortality was 53 and 52%, respectively 
when B. thuringiensis (HD-234) tested alone at LC50 and they markedly increased to be 90 and 88% after the 
incorporation of L-arginine and L-serine at 0.1% concentration, respectively; the efficiency of B. thuringiensis 
(HD-234) increased by factor of 1.70 and 1.70, respectively. 
 
Table 4:  Effect of amino acids on the efficiency of B. thuringiensis var. kurstaki HD-234 against 1st instar larvae of P.operculella and H. armigera after 7 days of treatment. 

                             Tested insects 
Treatments 

Mean% corrected mortality ± 
SE 

Mix 
Mean% corrected mortality ± 
SE 

t-value 

P. operculella H. 
armigera 

 
P. operculella H. 

armigera 
P. operculella 

H. 
armigera 

B. thuringiensis alone at LC50  
49 ± 2.00 53 ± 3.61 B.t. + 0.1 % L-arginine 88 ± 2.47 90 ± 3.69 12.272** 7.174** 
  B.t. + 0.05 % L-arginine 80 ± 1.58 86 ± 2.98 12.159** 7.052** 

   B.t. + 0.01 % L-arginine 73 ± 2.92 80 ± 2.83 6.788** 5.592**
50 ± 2.47 52 ± 2.12 B.t. + 0.1 % L-serine 80 ± 2.55 88 ± 1.58 8.852** 13.607** 

   B.t. + 0.05 % L-serine 78 ± 2.92 81 ± 2.47 7.328** 8.907** 
  B.t. + 0.01 % L-serine 76 ± 3.72 75 ± 2.92 5.909** 6.379**

0.1 % L-arginine alone 6.0 ± 2.47a 8 ± 3.69a - - - - - 
0.05 % L-arginine alone 6.0 ± 2.02a 6 ± 2.12a - - - - - 
0.01 % L-arginine alone 2.0 ± 1.15a 2 ± 1.58a - - - - - 
0.1 % L-serine alone 4.0 ± 1.15a 6 ± 1.15a - - - - - 
0.05 % L-serine alone 4.0 ± 0.58a 4 ± 2.12a - - - - - 
0.01 % L-serine alone 0.0 ± 0.0a 0.0 ± 0.0a - - - - - 

** = Highly significant 

 
 The obtained results of using L-arginine and L-serine at a concentration of 0.05% caused 47 and 50% 
reduction in LC50 of B. bassiana against P. operculella, respectively and caused 57 and 73% reduction in LC50 
of M. anisopiliae, respectively, were matched with of Sabbour (2002). Also, our results are in accordance with 
Morris et al. (1995) who found that L-arginine was an effective enhancer of delta endotoxin activity at the LC50  
that, larval mortality caused by L-arginine at 0.1% concentration alone ranged from 4.7 to 3.8 % and L-serine at 
0.05% alone caused an average of 2.0-3.0% larval mortality against M. configurata while the efficiency of the 
endotoxin of B. thuringiensis var. kurstaki (Dipel) increased by 3.5- and 1.7-fold after combination with L-
arginine at 0.1% and L-serine at 0.05%, respectively. Also, matched with those reported by El-Moursy et al. 
(1992), who reported that, the efficiency of B. thuringiensis against P. interpunctella enhanced by 3.6- and 5.2-
fold when L-arginine and L-serine were added, respectively. Results were also, matched with (Salama et al., 
1986a and 1989), that amino acids increased the efficiency of B. thuringiensis subsp. galleriae against A. 
ypsilon larvae by 7- to 40-fold over B. thuringiensis alone; the incorporation of L-arginine (0.1%) into the larval 
diet containing B. thuringiensis HD-I led to 6.5 fold increase in its efficiency against S. littoralis.  
 
1.5. Amide: 
 
 Nitrogenous compounds such as acetamide are known to reduce feeding and fecundity in lepidopterous 
larvae and have been suggested as synergists for chemical pesticides (Giles and Rothwell, 1983). Acetamide 
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and amino acids may lead to leakage of amino acids to the haemocel in an unorganized manner. It is excepted 
that, the regulatory mechanism of the insect would be challenged to reset the natural composition of haemolyph 
possibly through specific reaction. Data presented in Table (5) showed that, Acetamide (Acetic Acid Amide) as 
one of the nitrogenous compounds and it is an effective enhancer for B. thuringiensis, after the incorporation of 
acetamide at 0.1% concentration to B. thuringiensis (HD-234) at LC50, larval mortality of P. operculella and H. 
armigera highly increased to be 82 and 88%, respectively, as compared to 47 and 51% when B. thuringiensis 
(HD-234) tested alone at LC50 and the efficiency of B. thuringiensis (HD-234) increased by factor of 1.74 and 
1.73. This result was matched with reported by Sabbour (2002), who mentioned that Acetamide at a 
concentration of 0.05% caused 61 and 25% reduction in LC50 of B. bassiana and M. anisopiliae against P. 
operculella, respectively. Our results are in accordance with Morris et al. (1995) who found that, the larval 
mortality caused by acetamide alone ranged from 1.3 to 2.9% and it increased the efficiency of the endotoxin of 
B. thuringiensis var. kurstaki (Dipel) against M. configurata 1.5-fold at 0.01% concentration. Also, matched 
with those reported by Salama et al. (1986 and 1989) who reported that, Acetamide enhanced the efficiency of 
B. thuringiensis subsp. galleriae and B. thuringiensis HD-1 against A. ypsilon and S. littoralis larvae by 24- and 
20-fold.  
 
Table 5:  Effect of acetamide on the efficiency of B. thuringiensis var. kurstaki HD-234 against 1st instar larvae of P.operculella and H. armigera after 7 days of treatment. 

                             Tested insects 
Treatments 

Mean% corrected mortality ± 
SE 

Mix 
Mean% corrected mortality ± 
SE 

t-value 

P. operculella H. 
armigera 

 
P. operculella H. 

armigera 
P. operculella 

H. 
armigera 

B. thuringiensis alone at LC50  47 ± 3.42 51 ± 1.58 
B.t. + 0.1 % Acetamide 82 ± 2.92 88 ± 2.28 7.787** 13.334** 
B.t. + 0.05 % Acetamide 80 ± 2.98 84 ± 3.36 7.271** 8.883** 
B.t. + 0.01 % Acetamide 71 ± 3.81 78 ± 2.47 4.689** 9.207**

0.1 % alone 6.0 ± 2.92a 4 ± 1.15a - - - - - 
0.05 % Acetamide alone 2.0 ± 0.58a 2 ± 0.58a - - - - - 
0.01 % Acetamide alone 0.0 ± 0.0a 2 ± 1.15a - - - - - 

** = Highly significant 

 
1.6. Organic acids: 
 
 Calcium acetate was tested as one of this group, our results showed that, there was an significance increase 
after the combination of calcium acetate at 0.1 and 0.05% concentrations with B. thuringiensis (HD-234) and it 
causes an enhancement to the activity of B. thuringiensis measured by the increase in mortality percentage. 
Larval mortality highly increased from 46 and 49% for B. thuringiensis alone at LC50 against P. operculella and 
H. armigera larvae, respectively, to 68 and 70% after the incorporation of 0.1% calcium acetate with B. 
thuringiensis, causing 1.48- and 1.43 fold increase in the efficiency (Table 6). 
 
Table 6: Effect of organic acids on the efficiency of B. thuringiensis var. kurstaki HD-234 against 1st instar larvae of P.operculella and H. armigera after 7 days of treatment. 

                              Tested insects 
Treatments 

Mean% corrected mortality ± 
SE 

Mix 

Mean% corrected mortality ± 
SE 

t-value 

P. operculella H. 
armigera 

P. operculella H. 
armigera 

P. operculella 
H. 
armigera 

B. thuringiensis alone at LC50  

46 ± 3.42 49 ± 2.47 
B.t. + 0.1 % Ca(Ac)2 68 ± 2.72 70 ± 1.58 5.034** 7.161**
B.t. + 0.05 % Ca(Ac)2 64 ± 3.36 66 ± 2.47 3.753** 4.867** 
B.t. + 0.01 % Ca(Ac)2 52 ± 3.81 57 ± 2.92 1.172 Ns 2.094 Ns 

49 ± 3.61 51 ± 4.05 
B.t. + 0.1% Malic acid 60 ± 3.54 65 ± 3.36 2.178 Ns 2.660*
B.t. + 0.05% Malic acid 56 ± 2.28 61 ± 2.02 1.641 Ns 2.209 Ns 
B.t. + 0.01% Malic acid 52 ± 2.55 55 ± 2.92 0.679 Ns 0.402 Ns 

0.1 % Ca(Ac)2 alone 4.0 ± 1.15 4 ± 2.47 -  -  - 
0.05 % Ca(Ac)2 alone 2.0 ± 0.58 4 ± 2.12 - -  - 
0.01 % Ca(Ac)2 alone 0.0 ± 0.0 2 ± 1.15 -  -  - 
0.1 % Malic acid alone 6.0 ± 2.02 8 ± 3.36      
0.05% Malic acid alone 4.0 ± 1.73 8 ± 2.12   
0.01% Malic acid alone 0.0 ± 0.0 6 ± 1.58      

Ca (Ac)2 is calcium acetate, ** = Highly significant, Ns = Not significant 

 
 Our results are similar to that of Sixin et al. (2002) that, calcium acetate increased the activity of B. 
thuringiensis against P. xylostella by 0.9774 times. Also, matched with Sabbour (2002) that Calcium acetate at 
a concentration of 0.05% caused 50 and 34% reduction in LC50 of B. bassiana and M. anisopiliae against P. 
operculella, respectively. Also, with that of Salama et al. (1985a), who found that, the incorporation of calcium 
acetate (1.0%) into the larval diet containing B. thuringiensis led to 6 fold increase in its efficiency against S. 
littoralis. 
 On the other side, malic acid was tested as one of the organic acids group, there was no significance effects 
after the combination of malic acid at 0.1, 0.05 and 0.01% concentrations with B. thuringiensis (HD-234), it 
was not enhancer for B. thuringiensis (Table 6). Our results in accordance with that of Morris et al. (1995) and 
Ragaei (1990) who reported that, malic acid was ineffective as enhancer for the activity of B. thuringiensis 
against M. configurata and A. ipsilon. 
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1.7. Oxidized carbohydrates: 
 
 Sorbic acid was tested as one of this group, and it showed to have an antagonistic effect against B. 
thuringiensis. When B. thuringiensis (HD-234) tested alone at LC50, the larval mortality of P. operculella and 
H. armigera was 47 and 51%, respectively; it was markedly decreased to reach 39 and 39%, respectively, after 
the incorporation of sorbic acid at 0.1% concentration (Table 7). This result was in accordance with that 
reported by Morris et al. (1995) where sorbic acid was ineffective as enhancer for the activity of B. 
thuringiensis against M. Configurata. Also matched with Dunkel and Read (1986) who reported that sorbic acid 
caused embryo mortality in Coleoptera and delayed development and malformed adults in Lepidoptera. 
 
Table 7:  Effect of sorbic acid as oxidized carbohydrate on the efficiency of B. thuringiensis var. kurstaki HD-234 against 1st instar larvae of P.operculella and H. armigera after 7 days of 

treatment. 

                             Tested insects 
Treatments 

Mean% corrected mortality ± 
SE 

Mix 
Mean% corrected mortality ± 
SE 

t-value 

P. operculella H. 
armigera 

 
P. operculella H. 

armigera 
P. operculella 

H. 
armigera 

B. thuringiensis alone at LC50  47 ± 2.47 51 ± 3.16 
B.t. + 0.1 % Sorbic acid 39 ± 2.28 39 ± 1.41 2.380* 3.464** 
B.t. + 0.05 % Sorbic acid 45 ± 1.58 41 ± 2.47 0.682 Ns 2.492*
B.t. + 0.01 %Sorbic acid 47 ± 2.00 49 ± 1.41 0.000 Ns  0.577 Ns 

0.1 % Sorbic acid alone 12.0 ± 4.04 14 ± 4.05 - - - - - 
0.05% Sorbic acid alone 8.0 ± 2.89 12 ± 3.36 - - - - - 
0.01% Sorbic acid alone 6.0 ± 2.28 8 ± 2.47 - - - - - 

* = Significant. Ns = Not significant 

 
1.8. Inorganic sulphide: 
 
 Dimethyl sulfoxide dissolves a variety of organic substances including carbohydrates, polymers, peptides, 
as well as many inorganic salts (Vignes, 2000). Results in Table (8) indicated that, larval mortality caused by B. 
thuringiensis (HD-234) alone was 50 and 52% at LC50 against 1st instar larvae of P. operculella and H. 
armigera, respectively, while larval mortalities increased to 68 and 76% after the addition of 0.1% of dimethyle 
sulfoxide, respectively. Similar results were obtained by Morris et al. (1995) that, larval mortality caused by 
dimethyle sulfoxide was 17.3% and the efficiency of the endotoxin of B. thuringiensis var. kurstaki (Dipel) 
against M. configurata was 1.4-fold at 0.05 % concentration.  
 
Table 8: Effect of dimethyle sulfoxide (DMSO) on the efficiency of B. thuringiensis var. kurstaki HD-234 against 1st instar larvae of against P.operculella and H. armigera after 7 days of 

treatment. 

                             Tested insects 
Treatments 

Mean% corrected mortality ± 
SE 

Mix 
Mean% corrected mortality ± 
SE 

t-value 

P. operculella H. 
armigera 

 
P. operculella H. 

armigera 
P. operculella 

H. 
armigera 

B. thuringiensis alone at LC50  50 ± 1.41 52 ± 425 
B.t. + 0.1 % DMSO 68 ± 1.48 76 ± 3.36 7.746** 4.426** 
B.t. + 0.05 % DMSO 62 ± 2.28 69 ± 3.81 4.472** 2.977* 
B.t. + 0.01 % DMSO 54 ± 2.41 62 ± 3.42 1.432 Ns 1.832 Ns

0.1 % DMSO alone 4.0 ± 1.15a 6 ± 4.05a -  -  - 
0.05% DMSO alone 2.0 ± 0.58a 4 ± 2.12a -  -  - 
0.01% DMSO alone 0.0 ± 0.0a 2 ± 1.58a -  -  - 

** = Highly significant. Ns = Not significant 
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