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ABSTRACT 
 

The toxicity of chemical insecticide; malathion, bioinsecticide; Beauveria 
bassiana and a plant growth regulator (PGR); Extratone at different pH values of 
spray solution and its effects on some biological parameters of adult Aphis craccivora 
under laboratory conditions were studied. Data showed that malathion at LC50 
revealed more effective in acidic water, also revealed that, the ideal pH for water used 
for spraying fungi is alkaline (pH 8-10). Data indicated that the toxicity increased as a 
period after treatment, Malathion gave the maximum toxicity at pH 4 followed by pH 5 
while Biovar gave the maximum toxicity at pH 10 & 8 but Extratone gave the 
maximum toxicity at pH values 4 followed by pH 5. Malathion at LC50 in acidic water 
decreased longevity, pre-parturition, parturition and post-parturition periods and mean 
numbers of nymphs of adult per female. Biovar decreased longevity, pre-parturition, 
parturition and post-parturition periods and mean numbers of nymphs of adult per 
female at pH values 10 & 8. Extratone decreased longevity, parturition periods and 
mean numbers of nymphs of adult per female but increased pre-parturition and post-
parturition periods pH value 5. 
Keywords: Aphis craccivora, malathion, Beauveria bassiana, plant growth 

regulator (PGR), Extratone, pH values. 
 

INTRODUCTION 
 

The cowpea aphid, Aphis craccivora is one of the major insect pest 
attacking leguminous crops in Egypt. Malathion is the most effective and 
posses a highly toxic effect against A.  craccivora (Nasser et al., 2000). 
Entomopathogenic fungi are currently being used for the control of several 
insect pests as alternatives or supplements to chemical insecticides. 
Improvements in virulence and speed of kill can be achieved by 
understanding the mechanisms of fungal pathogenesis and genetically 
modifying targeted genes, thus improving the commercial efficacy of these 
biocontrol agents. Entomopathogenic fungi are considered as the best 
candidate for biological control of aphid (Latge

'
 and Papierok, 1988; Van et al, 

2007). Plant growth regulators proved to be diversely affect against A.  
craccivora. The goal when applying any pesticides is to optimize its effects on 
the target pest by applying the proper rate at the proper time with calibrated 
equipment. The quality of the water carrier can be another important factor 
that should be considered to optimize pest control. Minerals and the effect of 
pH in spray water can diminish the effectiveness of many herbicides and 
some insecticides. The aim of the present work is determining the effect of 
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different pH values of spray solution on the efficiency of some pesticides on 
cowpea aphid. 

 

MATERIALS AND METHODS 
 
Tested compounds: 
Chemical insecticide: 
- Trade name: Malathion57% (EC). 
-Chemical name:  o,o-dimethyl-s-(1,2(di-carbethoxy ethyl phosphoro 
dithioate)). 
-Recommended rate: 1.250 L/Feddan. 
Entomopathogenic fungus: 
- Trade name: Biovar. 
-Scientific name: Beauveria bassiana. 
- Recommended rate: 200g/100L at concentration of 2.3x10

7
 spores per gm. 

Plant growth regulator: 
- Trade name: Extratone. 

-Chemical compistion: It consists of  
                                   Napthylacetic acid…………2.5% 
                                   Moisture……………………5.0% 

                                   Inert………………………..92.5% 
-Recommended rate: 60cm/100L. 
Rearing technique of A.  craccivora: 
 A. craccivora were reared on faba bean plants under laboratory 
conditions at 20-25c

o
, 70+ 5% R.H. and under a photoperiod of 16:18 hours 

according to (El-Arnaouty, 1991). 
Biochemical assays: 
Toxicity of tested materials against aphid: 
Leaf dipping technique: 

Serial degrees of pH values of water were prepared at [10, 9, 8, 7.5, 7, 
6, 5 and 4 degree of pH-values and mixed with malathion at LC50 (0.73ppm) 
after determination it, B. bassiana at (200ppm) and also with Extratone at 
recommended concentration. Leaves of faba bean were dipped in the 
insecticides solutions for 10 seconds then left to dry at room temperature. 
Treated leaves were put separately in five Petri dishes for each concentration 
and untreated leaves were put in five Petri dishes as control then 20 
individuals of  A. craccivora were put in each replicate alive and dead 
individuals were counted and then percent mortalities were calculated after 
24, 48, 72 hr. post treatments under laboratory conditions (25-28

o
C and 70-

75R.H%.) (Ghatwary, 2000) and followed them daily to study the effect of 
tested materials on biological aspects. 
Citrate phosphate buffer system (Malic and Singh, 1980): 

Citrate phosphate buffer was used for the adjustment of hydrogen ion 
concentration (pH) in the present work. It is consisted of solution (A) and 
solution (B) solution (A) is formed of 19.21 gram of citric acid per 1000 ml 
distilled water and solution (B) consisted of 53.65 of di sodium basic 
phosphate (Na2 HPO4. 7H2O) or 71.7 gram of (Na2 HPO4. 12H2O) in 1000 
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ml distilled water. Xml of solution (A) and Y ml of solution (B) were diluted to 
100 ml with distilled water to give a known-pH-value as described in Table 
(1).pH meter CG710,NR SS81,V110/220,VA,Schett Gerate Gmbh D6 238 
Hotheim a-T-S. Germany) used for adjustment of the above pH values. 
 
Table (1): Amount of acid (0.1 M citric acid) and base (0.2 M Na2 HPO4. 

7H2O) added as a buffer and completed to 100 ml with 
distilled water to give the corresponding pH value.                                                                                                                                                                                                                                                                                                                                                                                               

pH-value Solution (A) X ml Solution (B) Y ml 

2 
3 
4 
5 
6 
7 
8 

49.0 
39.58 
30.82 
24.95 
18.43 
9.07 
1.38 

1.0 
10.42 
19.18 
25.05 
31.57 
40.93 
48.62 

  

RESULTS AND DISCUSSION 
 
Effect of different pH values of spray solution on the toxicity of 
malathion, Beauveria bassiana and Extratone on Aphis craccivora: 

Results of the toxicity of the tested materials at different pH values of 
water used for dilution  against A. craccivora are cited in Tables (2, 3 & 4) 
which indicated that the toxicity increased as a period after treatment till 
reached its maximum effect after 72 hrs. of treatment. Results also indicated 
that the toxicity of the tested materials were depend on the pH value of 
dilution water, malathion gave the maximum toxicity at pH 4 followed by pH 5 
while Biovar gave the maximum toxicity at pH 10 & 8 but Extratone gave the 
maximum toxicity at pH value 4 followed by pH 5.  

The results obtained are in harmony with those mentioned by (Peck, 
1985) who discussed the degradation of pesticides in alkaline water in spray 
tanks, data being provided on the degradation rates of captan, chlorpyrifos, 
Guthion [azinphos-methyl], Imidan [phosmet], carbaryl, malathion, diazinon 
and Benlate [benomyl.  (Sangita et al., 1995) demonstrated that, the 
persistence of malathion is increased by soil matter content and degradation 
is dependent on pH, large CaCO3 content and moderate soil water content. 
(Ravi et al., 1997) reported that organic matter content and pH affected the 
rate of decay carbaryl, carbendazim, carbofuran, dimethoate, malathion and 
methyl parathion [parathion-methyl] in water. (Harris et al.,1999) showed 
rapid degradation of malathion in well and pond water pH levels. (Nabi et al., 
1999) observed that the movement of most organophosphorus pesticides 
was enhanced with an increase in the degree of ionization of the acids (pKa) 
studied as background electrolytes. Movement also increased with an 
increase in the pH of acids.  

In general, the ideal water pH used for spraying fungi is alkaline (pH 8-
10). Many workers came with the same results (Shimazu et al., 1996) who 
investigated growth of B. bassiana at various pH at 25°C and the fungus was 



Hashem, H. H. A. et al. 

 1102 

found to be able to grow well at high pH of more than 10. The fungus was 
also resistant to copper chloride and to low sugar content. (Zhang et al.,2001) 
tested three isolates of B. bassiana, Bb 02, Bb 03 & Bb 07 which were shown 
to have quite strong pathogenicity against peach aphid, Myzus persicae. The 
optimum temperature for their growth appeared in the range of 25-30°C, and 
Bb 02 &  Bb 07 grew well at pH 4.0-6.0. 
 
Table (2): Effect of different pH values of spray solution on toxicity of 

malathion ,  Beauveria bassiana and Extratone against adult 
stages of Aphis craccivora after 24hr 

 
Table (3): Effect of different pH values of spray solution on toxicity of 

malathion , Beauveria bassiana and Extratone against adult 
stages of Aphis craccivora  after 48hr. 

 

Table (4): Effect of Malathion57%, Beauvaria bassiana and PGR/pH 
value mixtures against adult stage of Aphis  craccivora 
Koch after 72hr. 

 
Effect of malathion diluted with water at different pH values on the 
biological aspects of adult stages of Aphis craccivora: 
 The data presented in (Table 5) show that malathion at LC50 was 
more effective in more acidic water. Malathion at acidic water gave more 
potentiation than in alkaline and neutral water (control) but at pH (6, 8, 9, & 

pH value 

 
 
 

Treatments 

pH. Value 

10 9 8 6 5 4 

Observed 
Mortality 

% 

Observed 
Mortality 

% 

Observed 
Mortality 

% 

Observed 
Mortality 

% 

Observed 
Mortality 

% 

Observed 
Mortality 

% 

Malathion 57% 30 18 18 27 10 40 

Beauvaria bassiana 10 0 50 0 0 10 

PGR   Extratone 0 0 0 0 20 9 

pH value 

 
 
 

Treatments 

pH. Value 

10 9 8 6 5 4 

Observed 
Mortality 

% 

Observed 
Mortality 

% 

Observed 
Mortality 

% 

Observed 
Mortality

% 

Observed 
Mortality

% 

Observed 
Mortality 

% 

Malathion 60 27 36 46 50 80 

Beauvaria 
bassiana 

30 8 60 10 0 30 

PGR  Extratone 13 20 10 7 20 18 

pH value 

 
 
 

Treatments 

pH. Value 

10 9 8 6 5 4 

Observed 
Mortality 

% 

Observed 
Mortality 

% 

Observed 
Mortality 

% 

Observed 
Mortality 

% 

Observed 
Mortality 

% 

Observed 
Mortality 

% 

Malathion 80 45 36 64 80 90 

Beauvaria bassiana 60 16 60 30 10 40 

PGR  Extratone 25 30 10 27 40 45 
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10) the longevity of adult varied between 4.00+0.00 and 9.14+0.83 days while 
at pH, 7 the longevity of adult of A.craccivora was 5.88+0.69 days. The 
highest effect of longevity at pH value4 followed by pH 5 while the lowest 
effect at pH 8.  
 The pre-parturition period varied between 1.80+0.37 to 3.5+0.29 
days at different pH values. While, it was 1.00+0.00 day at pH, 7. The highest 
effect of pre-parturition period at pH value4 followed by pH 5 while the lowest 
effect at pH 9.  
 The parturition periods were varied between 1.00+0.00 to 6.43+1.09 
days while at pH, 7 was 4.25+0.49 days at different pH values. The highest 
effect of parturition period at pH value4 followed by pH 5 while the lowest 
effect at pH 8 and 9. 
 Post-parturition of adult of A. craccivora at pH, 6,  8, 9, &10 ranged 
between zero to 0.60+0.40 days and it was 0.63+0.26 day at pH,7. The 
highest effect of post-parturition period at pH value4 followed by pH 5 &6 
while the lowest effect at pH 9. 
 The mean number of nymphs per female ranged between 1.00+0.00 
to 17.71+2.29 nymphs after treated with malathion at pH (10, 9, 8 & 6) and 
the mean number of nymphs per female was 13.38+1.63 nymphs at pH,7. 
The highest effect of mean number of nymphs per female at pH value4 
followed by pH 5 while the lowest effect at pH 8. 
 
Table (5): Effect of malathion diluted with water at different pH values 

on the biological aspects of adult stage of A. craccivora 
under laboratory conditions. 

 
 

p
H

 v
a

lu
e
 

Longevity/day 
Period 

Mean+S.E. 
(Ranges) 

Pre-parturition 
Period /day 
Mean+S.E. 
(Ranges) 

Parturition 
Period/day 
Mean+S.E. 
(Ranges) 

Post- 
Parturition 
Period/day 
Mean+S.E. 
(Ranges) 

No. of 
nymphs/female 

Mean+S.E. 
(Ranges) 

10 
4.00+0.00 

(4-4) 

2.00+0.00 

(2-2) 

1.00+0.00 

(1-1) 

1.00+0.00 

(1-1) 

1.00+0.00 

(1-1) 

9 
7.00+1.53 

(4-13) 

1.80+0.37 

(1-3) 

5.40+1.29 

(3-10) 

0.60+0.40 

(0-2) 

9.80+3.12 

(2-2) 

8 
9.14+0.83 

(6-11) 

2.57+0.43 

(1-4) 

6.43+1.09 

(2-10) 

0.14+0.14 

(0-1) 

17.71+2.29 

(8-23) 

6 
8.25+0.25 

(8-9) 

3.50+0.29 

(3-4) 

4.75+0.48 

(4-6) 

0.00+0.00 

(0-0) 

15.25+5.11 

(7-29) 

5 
0.00+0.00 

(0-0) 

0.00+0.00 

(0-0) 

0.00+0.00 

(0-0) 

0.00+0.00 

(0-0) 

0.00+0.00 

(0-0) 

4 
0.00+0.00 

(0-0) 

0.00+0.00 

(0-0) 

0.00+0.00 

(0-0) 

0.00+0.00 

(0-0) 

0.00+0.00 

(0-0) 

7 
5.88+0.69 

(4-9) 

1.00+0.00 

(1-1) 

4.25+0.49 

(3-7) 

0.63+0.26 

(0-2) 

13.38+1.63 

(4-20) 
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Effect of Beauveria bassiana diluted with water at different pH values on  
the biological aspects of adult stage of Aphis craccivora: 
 B. bassiana is an entomopathogenic fungus used as a bioinsecticide 
in crop pest management. It exists saprophytically in the soil. The pH of the 
soil and the insect cuticle and its haemocoel may influence fungal survival 
and infection potential. The obtained data in (Table 6) showed the effect of B. 
bassiana on longevity of adult of A. craccivora and number of nymphs per 
female at different pH-values. The longevity of adult of A. craccivora after 
treatment with B. bassiana at pH from 10 to 4 ranged from 6.25+0.50 to 
9.86+1.18 days and at pH, 7 the longevity was 8.33+0.66 days. The highest 
effect of longevity at pH value10 followed by pH 8 while the lowest effect at 
pH 4 &5.  
  The pre-parturition period ranged from 1.50+0.28 to 4.5+0.34 days 
and pre-parturition period was 1.00+0.00 day at pH, 7. The pre-parturition 
period increased at all pH values than at pH 7. 
 The parturition periods ranged from 3.75+0.75 to 7.40+0.62 days at 
pH from 10 to 4 but at pH,7 the parturition period was 6.57+0.49 day. The 
highest effect of parturition period at pH value 8 while the lowest effect at pH 
4 and 5.  
 The post-parturition periods ranged from 0.17+0.17 to 1.00+0.32 
days and at pH, 7 the post-parturition period was 0.76+0.28 days. The lowest 
effect of post-parturition period at pH value 5.  
 The number of nymphs per female at pH from 10 to 4 ranged from 
7.25+2.56 to 16.20+1.26 and the number of nymphs per female 
was27.43+1.62 nymphs at pH 7. The highest effect of mean number of 
nymphs per female at pH value 10 followed by pH 8 while the lowest effect at 
pH 4. 
 

Table (6): Effect of B. bassiana diluted with water at different pH values 
on the biological aspects of adult stage of A. craccivora under 
laboratory conditions. 

p
H

 v
a

lu
e
 

Longevity/day 
Period 

Mean+S.E. 
(Ranges) 

Pre-
parturition 
Period/day 
Mean+S.E. 
(Ranges) 

Parturition 
Period/day 
Mean+S.E. 
(Ranges) 

Post- 
Parturition 
Period/day 
Mean+S.E. 
(Ranges) 

No. of 
nymphs/female 

Mean+S.E. 
(Ranges) 

10 
6.25+0.50 

(5-8) 
1.50+0.28 

(1-2) 
4.00+0.74 

(3-6) 
0.75+0.25 

(0-1) 
7.50+1.32 

(4-10) 

9 
9.70+0.79 

(6-15) 
1.80+0.13 

(1-2) 
7.40+0.62 

(4-8) 
0.50+0.31 

(0-3) 
16.20+1.26 

(10-24) 

8 
7.00+1.41 

(5-11) 
2.5+0.29 

(2-3 
3.75+0.75 

(2-5) 
0.75+0.50 

(0-3) 
7.25+2.56 

(2-14) 

6 
8.67+1.48 

(6-15) 
4.5+0.34 

(4-6) 
4.00+1.09 

(2-9) 
0.17+0.17 

(0-1) 
8.50+1.59 

(5-15) 

5 
9.86+1.18 

(6-15) 
4.29+0.29 

(3-5) 
5.28+1.36 

(1-12) 
0.29+0.29 

(0-2) 
8.86+1.97 

(2-19) 

4 
9.20+1.36 

(4-11) 
2.00+0.00 

(2-2) 
6.20+1.32 

(1-8) 
1.00+0.32 

(0-2) 
12.80+3.25 

(1-20) 

7 
8.33±0.66 

(4-15) 
1.00±0.00 

(1-1) 
6.57±0.49 

(1-10) 
0.76±0.28 

(0-4) 
27.43±1.62 

(14-39) 
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Effect of Extratone diluted with water at different pH values on the   
biological aspects of adult stage of Aphis craccivora: 

Results in (Table 7) show the effect of Extratone on the longevity, 
periods of parturition and number of nymphs per female of adult of A. 
craccivora at different pH-values. 

The longevity of adult from pH, 4 to 10 ranged from 8.18+1.10 to 
5.17+0.40 days while at PH, 7 was 7.13+0.67 days. These results show that, 
there weren't differences between the treatments and control so there was 
antagonism action. 

The pre-parturition period ranged from 1.36+0.24 to 3.20+0.20 day at 
pH from 10 to 4 and was 1.25+0.16 days at PH, 7. These results show that, 
the pre-parturition period increased at all pH values than at pH 7 

The parturition period ranged from 2.20+0.37 to 6.55+1.32 days at pH 
from 10 to 4 and was 5.88+0.72 days at PH, 7. These results show that. The 
parturition period decreased at all pH values than at pH 7 except at pH 6. 

The post-parturition periods ranged from 0.20+0.20 to 0.50+0.22 days 
and at pH, 7 the post-parturition period was zero days. These data also 
indicated that, there was increased in number of the post-parturition period at 
all pH values than at pH 7. 

The mean number of nymphs per female ranged from 4.60+1.81 
nymphs to 12.27+2.57 nymphs at pH from 10 to 4 and was12.50+2.05 
nymphs at pH, 7. The highest effect of mean number of nymphs per female at 
pH value 10 while the lowest effect at pH 6. 
 
Table (7): Effect of Extratone diluted with water at different pH values on 

biological aspects of adult stages of A. craccivora under 
laboratory conditions. 

p
H

 v
a

lu
e
 

Longevity/day 
Period 

Mean+S.E. 
(Ranges) 

Pre-
parturition 
Period /day 
Mean+S.E. 
(Ranges) 

Parturition 
Period/day  
Mean+S.E. 
(Ranges) 

Post- 
Parturition 
Period/day 
Mean+S.E. 
(Ranges) 

No. of 
nymphs/female 

Mean+S.E. 
(Ranges) 

10 
5.60+0.40 

(5-7) 

3.20+0.20 

(3-4) 

2.20+0.37 

(1-3) 

0.20+0.20 

(0-1) 

4.60+1.81 

(1-9) 

9 
6.43+0.75 

(4-9) 

2.57+0.30 

(1-3) 

0.48+3.57 

(2-5) 

0.29+0.18 

(0-1) 

8.57+1.57 

(2-14) 

8 
7.22+0.64 

(5-11) 

2.11+0.31 

(2-4) 

4.67+0.58 

(1-7) 

0.44+0.18 

(0-1) 

8.78+1.31 

(2-13) 

6 
8.18+1.10 

(4-14) 

1.36+0.24 

(1-3) 

6.55+1.32 

(1-13) 

0.27+0.19 

(0-2) 

12.27+2.57 

(2-27) 

5 
5.17+0.40 

(4-6) 

2.33+0.21 

(2-3) 

2.33+0.42 

(1-3) 

0.50+0.22 

(0-1) 

5.83+1.83 

(1-13) 

4 
6.67+0.88 

(4-9) 

2.50+0.34 

(1-3) 

3.83+0.95 

(1-6) 

0.33+0.21 

(0-1) 

10.00+2.92 

(1-17) 

7 
7.13+0.67 

(5-18) 

1.25+0.16 

(1-2) 

5.88+0.72 

(3-9) 

0.00+0.00 

(0-0) 

12.50+2.05 

(5-21) 
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كفياة  المثثييوو ور ير الاورارييا  المختلفة لمحلول الرش علي pH تأثير درجات الـ 

 عل  حشر  مو اللواياااسيانا  والإكستراتوو 
 و 1كييييير   لييييي  حسييييييو  ، 1إايييييرا ي  رتحييييي  شيييييكر  ،2حليييييي  حسيييييو  حميييييد  اشييييي  

2د  ريحا  محمود الجن
 

 مصر.  –جامعة الزقازيق  -كلية العلو   -1
 . مصر –جيز   –الدق   -مركز الاحوث الزراعية  –معهد احوث وقاية النااتات  -2

 

  

تممد اسة ممث تمميم س جمم د اس ممث ط الممث ةةا ممل ةة لتش ممث ة طشمماس ةةممس   شمم    مم    ا مم  ث 
 م  ث ةة ماةا ةة لتبمس  تم اةا  ن% اةةباف س   اةلإ  تسةتان . ا جما والمطا ةةاتم أ  و 75ةة لام ان 

 pH ‘فم  ط ةمث ةة لام مان  7 ش مث  pH 4ب   ا  ةة تس  بعا ةة ع  شث اواه  و لا و ش     ث ةه   اما 
.  تممد فمم  ط ةممث  ممامد ةةا مما ةةابمم ت  ةلإ  ممتسةتان 7ا pH 4ب ا مم    امما ‘ فمم  ط ةممث ةةب افمم س 8ا 01

شم  ةة مم  س ةةب اةا  مث ةشلماس ةةبم ةر ةط مس  ةة لتش مث    pHاسة ث تيم س ةة لام ان ف  اس  ا ةةـ 
. ا والطا ةةات أ  ون ةة لام ان  اا ةةتس    اصف    ما و ممس ف  ش مث فم  ةة م   وف س  سة   اسة 
اجشس لاس   س ةةلاس ةةب ةر افتسةا ةةتاةةا ا اا ةةلش  ا ة مس وامم  ا ل مد  ماا ةلأ مس ط الث 

 م   فم   011فلمس ةةباف س م   اما تس  م   ا و لم . ةةلش  ا ة س وام   ش  لاس فتس    س    ا  م 
اجشس لاس   س ةةلاس ةةب ةر افتسةا ةةتاةةا ا اا ةةلش  ا ة س وام  ا ل مد  ماا ةةلش م ا ةة ش ان 

ةلإ  متسةتان   مامد ةةا ما ةةابم ت   . 01ا  pH 8 اا اس ث  ة س وام   ش  لاس فتس    س    ا   
ن ةةشاب   ب   ا  فتس     جبمس ةةتاةةما اتل م د فتمس  ةةتاةةما  اا ةةتس    ةة اص  به ومس  ش  ط س   

  .pH 7ا   بعا ةةتاةةا الاس   س   ا  تا ل  اا ةةلش  ا ة س ط س     شث  اا اس ث 
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