
Journal of Applied Sciences Research, 7(4): 526-534, 2011
ISSN 1995-0748
This is a refereed journal and all articles are professionally screened and reviewed

ORIGINAL ARTICLES

526

Effectiveness of Different Pesticides on Bollworm Insect, Helicoverpa Armigera (Hubner)
and Determining the Residue of Some Pesticide in Fresh and Processed Okra Fruits 

1Mahmoud M.M. Soliman and 2SH. E.M. Shalby

1Plant Protection Department, Faculty of Agriculture, South Valley University, Egypt
2Pests and Plant Protection Department, National Research Centre, Egypt.

ABSTRACT

The efficacy of five insecticides, i.e., diazinon, malathion, methoxyfenozide, pyriproxyfen and
tolfenpyrad, against Helicoverpa armigera on okra plants was studied. The residues of dazinon and
malathion on okra fruits were also determined. It was found that diazinon was highly potent insecticide,
where LC50 and LC90 values were 9.78 and 133.74 ppm, respectively. The other tested insecticides were
arranged according to their toxicity in descending order as follow: malathion; methoxyfenozide; pyriproxyfen
and tolfenpyrad. The efficacy of the tested insecticides was also indicated by the percentage of reduction
in bollworm larvae in 1, 3, 7, 10 and 15 days after three sprayings. Hence, it was noticed that the tested
insecticides against H. armigera larval stage reduced the percentage of infestation on okra plants. It could
be concluded that diazinon and malathion were the most effective insecticides in all periods after the three
sprayings with mean reduction percentages of 72.65, 86.18, 91.16 and 65.70, 81.02, 89.67 %, for diazinon
and malathion, respectively. The initial deposit of diazinon was 8.816 ppm in okra fruits. The residues of
diazinon decreased to 4.576 ppm within 24 hours after application. The residues of diazinon continuously
decreased to different levels, whereas no residues were detected after fifteen days of application. On the
other hand, the initial deposit of malathion was 16.453 ppm, and the residual level reached 0.002 ppm
after 15 days of application. Washing and different processing steps noticeably reduced the residues of
diazinon and malathion insecticides. The initial deposits of diazinon and malathion on okra pods reduced
from 8.816 and 16.453 ppm to 4.365 and 6.248 ppm, respectively at zero time after washing, revealing
removing of 50.49 and 62.03 % of diazinon and malathion, respectively. Freezing and storage processing
caused complete removal of diazinon residues on okra fruits after four months, compared to six months
for malathion. Drying process caused the removal of 93.94 and 93.55 % of diazinon and malathion from
okra fruits, respectively. 
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Introduction

Okra and green vegetables are important, widespread, and popular especially in Upper Egypt, where
Egyptians consume okra. increasing of okra cultivation during the last decade has drawn the attention of
its serious economic pests, i.e., cotton aphid, Aphis gossypii, cotton leaf worm, Spodoptera exigua,
Spodoptera littorais and bollworm insect, Helicoverpa armigera (Hubner) (Adiroubance and Letchoumanane
1998 and Sardana et al. 2004). 

Bollworm, H. armigera Hubner is a major pest on a wide range of crops in Asia, Africa, Southern
Europe and Australia. H. armigera is one of the most major pests of okra (Abelmoschus esculentus).
Larvae use to feed on the flowers, causing fall of them with consequent potential yield loss. Young larvae
cause pinhole damage to fruits and those small holes may later be point of disease or rot entry (Kay
2007). Wide use of insecticides has resulted in resistance against organochlorine, organophosphate,
carbamate, and pyrethroid in many countries (McCaffery 1998). Organophosphates and pyrethroids

Corresponding Author: Mahmoud M.M. Soliman, Plant Protection Department, South Valley University, Qena,
Egypt. 
E-mail: soliman.univ@gmail.com Phone: +2 0965211835, Fax: +2 0965211279.



527J. Appl. Sci. Res., 7(4): 526-534, 2011

insecticides are still used for H. armigera control, but their use may be eliminated with the introduction
of several new insecticides (e.g. spinosad, abamectin, Pyriproxyfen, indoxacarb) (Razaq et al., 2007).
Insecticides are currently the key of H. armigera management in almost all cropping systems around the
worldwide (Yang et al. 2005). Insecticide resistance in H. armigera to the major chemical groups has been
documented from Australia, Asia, and Europe, and to a lesser extent Africa (Gunning et al. 1991; Armes
et al. 1992; Forrester et al. 1993; Vassal et al. 1997; McCaffery 1998; Kranthi et al. 2001; Torres-Vila
et al. 2003; Bue`s and Boudinhon 2003).

In Egypt, pesticides are used to treat crops and to control pest infestation. Analysis of pesticide
residues after application on vegetable plants must be carried out for determining the safety period between
application and harvesting (Soliman et al., 2005). The organophosphorus insecticides, namely diazinon and
malathion, are widely used in Egypt in order to control many pests, especially on vegetables. 

The present study is an attempt to evaluate the effect of five insecticides: Diazinon, Malathion,
Methoxyfenozide, Tolfenpyrad and Pyriproxyfen, on larval stages of H. armigera. Moreover, this study aim
to determine safety period before marketing the product.

Materials and methods

Insecticides:

1- Diazinon (Diazate 60 %)
2- Malathion 57 % E.C.
3- Methoxyfenozide, (Runner GF-837 24 % EC)
4- Tolfenpyrad, (Hatshe Hatshe OMI-88 15 % EC)
5- Pyriproxyfen, (Admiral 10 % E.C) 

Bioassay:

Laboratory bioassay experiments were carried out to evaluate the relative toxicity of the tested
insecticides against larval stage of H. armigera by using a residual film technique Iwuala et al. (1981). 
A known volume for each tested concentration was evenly spread on the bottom of Petri dish surface (7
cm in diameter) and kept until dryness. Five concentrations for each treatment were used and each one
replicated five times. After completing film dryness, the number of larvae were placed in each of the
treated Petri dish, covered and incubated at 27±2 ºC. The percentage of mortality was calculated after 24
h. Then, mortality counts were corrected according to formula (Abbott, 1925), then submitted to probit 
analysis using Finney (1971).
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Field Evaluation:

Field experiment was carried out in the experimental farm of the Faculty of Agriculture, South Valley
University, Qena governorate, Egypt. Okra (Abelmoschus esculentus) local Varity (Baladi-El-moana) was
cultivated under normal field and agricultural practices. The experimental area was divided into plots 42
m2 (1/100 fed.). Treatments including untreated check replicated five times in a complete randomized block
design. The tested insecticides were diazinon, malathion, Methoxyfenozide, Tolfenpyrad and Pyriproxyfen
against bollworm insect, H. armigera. Okra crop was sprayed three times with the tested insecticides at
recommended concentrations according to the Egyptian Ministry of Agriculture, using knapsack sprayer. 
Samples from the treated plants were collected after initial deposits, 1, 3, 7, 10 and 15 days after
treatment. 

Then, the pods were examined for the infestation of bollworm larvae in the laboratory. The reduction
in the insect population was computed according to the equation of Henderson and Tilton. Statistical
analysis was done by using SPSS 10.1. Statistical significant was assessed by Duncan and Tukey test at
P < 0.05. 

Determination of Insecticide Residues:

Representative samples of okra fruits were taken from the treated plots after two hours of application
(initial deposits) and 1, 3, 5, 7, 10 and 15 days after spraying. Each sample (1 kg) was divided into two
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parts; the first one was washed before analysis. Then, Processing studies were carried out on the initial
sample, collected 2 hours after okra treatment. After that, the chosen samples were examined two hours
after spraying (0-time) to find out the effect of washing in tap water, boiling, freeze and storing processes
on the elimination and removal of the tested insecticides from these fruit samples (Zidan et al., 2000). 
Okra pods were washed and blanched in boiling water for 3 – 5 min, then, freezed & stored (blanched
in boiling water for 3 – 5 min, then, cooled quickly by water, packed and immediately placed in the deep
freezer at – 20 °C for 2, 4 and 6 months),  and finally dried. Okra fruits were trimmed, washed and
spread on clean paper and exposed to the sun for 7 days until drying. Clean polyethylene bags were used
for preserving the collected samples, then, the samples were stored at – 20 °C in deep freezer until
analysis.

Extraction and Clean Up:

Fifty grams sample of okra fruits were cut into small pieces. The samples were transferred into the
blender cup, and 100 ml acetone was added (Suman Gupta et al. 2009). The contents were macerated for
3–5 min and filtered through Whatman filter paper, using Buchner funnel. The solid residues were
transferred back to the blender cup, and the process of extraction was repeated two more times using fresh
100 mL acetone. The acetone extracts were combined and concentrated using rotary evaporator. 

The concentrated extract was quantitatively transferred to separatory funnel, diluted with 100 mL of 
10 % aqueous NaCl solution and partitioned three times with chloroform (50 ml each). The chloroform
phases were combined and evaporated to dryness using rotary evaporator. The residues were dissolved in
5 ml hexane, and clean up was done according to Suman Gupta et al. Gupta et al. (2009). The extracts
were cleaned by adsorption column chromatography using silica gel/neutral alumina as adsorbents. For
diazinon and malathion samples, silica gel (10 g) was wet packed in between two 2 cm layers of
anhydrous sodium sulfate,  and column was washed with 50 mL n-hexane, and the dissolved residues were
loaded on to the column. In order to ensure complete transfer of residues, flask was washed two more
times using small portions of hexane and washings were transferred to the column. The column was eluted
with a solvent system of chloroform: n-hexane: acetone at the ratio of 50: 40: 10 mL. The elution was
then collected in 250 mL flask and evaporated under vacuum to dryness. Residues were redissolved in
suitable volume of acetone for GC analysis. 

GLC Determination:

Pye Unicam 4500 gas chromatograph ,equipped with flame photometric detector (FPD) operated in the
phosphorous mode and a Pyrex glass column (1.5 X 4 mm i.d) packed with 4 % SE-30 + 6 % OV-230
on gas chromosorb Q 80 – 100 meshes, was used under the following conditions: injector temperature 240
°C, column temperature 240 °C, detector temperature 250 °C. Carrier gas (N2) with flow rate 4 ml / min,
Hydrogen and air flow rate 6 & 80 ml / min, respectively. Under these conditions, the retention time was
6 min for diazinon and 3.4 min for malathion. For recovery studies, diazinon and malathion were spiked
at three fortification levels, i.e., 0.1; 0.5 and 1.0 ppm in the control samples (with no chemical treatment)
of okra fruits. The method gave the highest recovery, which was used for residue analysis of okra fruit
samples.

Results and discussion

Toxicity of Tested Insecticides Against H. Armigera: Results, representing the toxic effect of diazinon,
malathion, methoxyfenozide, tolfenpyrad and pyriproxyfen on larval stage of H. armigera,  are shown in
table 1. Diazinon was found to be the most effective insecticide. The LC50 and LC90 values were 9.78
and 133.74 ppm, respectively. Toxicity of the other tested insecticides were arranged according to their
LC50’s in descending order as follow: malathion; methoxyfenozide; pyriproxyfen and tolfenpyrad. The LC50’s
of these insecticides were 26.06; 66.81; 75.96 and 82.35 ppm, and their toxicity indexes were 95.67, 87.35,
76.11 and 54.31 %, respectively. Diazinon insecticide was more toxic than tolfenpyrad by 4.163 fold at
LC50 level (Table 1).

Insecticides Efficiency Against Bollworm Insect, H. Armigera:

Evaluation of the five tested insecticides was carried out in the recommended rates, in order to
evaluate their efficacy against bollworm insect, H. armigera. Data concerning mean number and percentage
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reduction in infestation of larval stage of bollworm insect are shown in (Tables 2 ,3 and Figs. 1, 2).
Results in Table 2 and Fig. 1 indicate that there were differences between the control and treatments at
the mean numbers of larvae. On the other hand, there were no differences occurred among the treatments.
Mean life numbers of H. armigera larval stages were decreased 45 days after three sprayings. It was
decreased from 55, 52, 46, 44 and 40 to 20.00, 23.87, 25.60, 28.13 and 29.00, respectively, by using
diazinon, malathion, methoxyfenozide, pyriproxyfen and tolfenpyrad, respectively.

Patil and Jamadagni, (2008)  tested the efficacy of thiodicarb, endosulfan, chlorpyriphos and quinalphos
pod borers in black gram in the field. The minimum larval population of 0.83 and 0.58 larvae per five
plants were recorded with endosulfan, followed by thiodicarb (1.00 and 0.75 larvae per five plants,
respectively) at 3 and 7 days after spraying. Also, they found that lowest damage of 5.0 % was recorded
in thiodicarb, followed by chlorpyriphos 5.3 % and endosulfan 5.6 %. 

In the present study, the general mean number of H. armigera larval stage after the end of experiment
exhibited that, diazinon and malathion were the most effective insecticides, followed by methoxyfenozide,
pyriproxyfen and tolfenpyrad, respectively (Table 1 and Fig. 1). Concerning the effect of the tested
insecticides upon bollworm insect, H. armigera larval stage infesting okra fruits, the efficacy of the tested
insecticides was also, expressed as a percentage reduction in bollworm larvae 1, 3, 7, 10 and 15 days after
three sprayings. The data mentioned in table 3 and Fig. 2 clearly indicate that all tested insecticides
produced activity against H. armigera 45 days  after three sprayings on okra plants. Results show that
the used insecticides against H. armigera larval stage reduced the percentage of infestation on okra plants. 

It could be concluded that diazinon and malathion were the most effective insecticides in all periods
after the three sprayings, with mean reduction percentages of 72.65, 86.18, 91.16 and 65.70, 81.02, 89.67
%, for diazinon and malathion, respectively. With regard to the general mean reduction after treatment,
the values were 83.34 and 78.80 % in diazinon and malathion treatments, respectively Table 3 and Fig.
2. The rest of tested insecticides could be arranged according to their reduction effect in descending order
as follow: methoxyfenozide, pyriproxyfen and tolfenpyrad. According to the obtained results, it could be
mentioned that insecticides play an important role in controlling H. armigera infesting okra plants under
field conditions. The obtained results coincide with those reported by several investigators Saleh (2001),
Kay (2007) and Razaq et al. (2007).

Sharma and Bhardwaj, (2008)  found that treatment with deltamethrin insecticide proved most
effectiveness against fruit borer, Helicoverpa armigera (Hübner) in tomato, followed by endosulfan and
neemgold.

SinghHem et al (2008) studied the efficacy of some biopesticides and chemical insecticides,
monocrotophos against okra fruit and shoot borer, Earias vittella and Helicoverpa armigera. They indicated
that endosulfan + monocrotophos and NPV+ endosulfan were found to be the most effective in managing
both borer pests and gave significantly higher yield of marketable okra fruits with chemical insecticides.

Recovery Percentages of Diazinon and Malathion Insecticides:

For recovery studies, samples were taken from fortified diazinon and malathion (50 g.) at different
stages of processing ,as shown in Table 4. Recoveries ranged from 93.82 to 95.85 % for diazinon, whereas
malathion was from 95.68 to 96.87 %. The mean of recovery values for diazinon were 95.74, 95.85, 93.82
and 94.76 % for unwashed, washed, freezed and dried okra pods, respectively. The corresponding values
for malathion were, 96.78, 95.68, 96.21 and 96.16 %, respectively. These results are almost agree with
those obtained by Suman Gupta et al., (2009) using the same method of analysis for bifenthrin, fipronil
and indoxacarb from okra fruits.

Persistence of Diazinon and Malathion in Okra Fruits:

The residues of diazinon and malathion were detected on both unwashed and washed okra fruits, as
indicated in Table 5. In addition, the presented results demonstrate the initial deposits, as well as,  the
residual behavior of tested insecticides on and in okra fruits. The initial deposit of diazinon was 8.816
ppm in okra fruits. Then, it decreased to 4.576 ppm within 24 hours after application, showing 48.09 %
loss. As the time elapsed after the treatment, the residues were continuously decrease to different levels,
where no residues were detected after fifteen days of application. The half-life value (RL50) of diazinon
residue was 1.0 day in okra fruits. The results presented herein clearly show that the detected residue in
okra fruits after 3 days of treatment was 1.328 ppm. The residue of diazinon, dissipated with time and
non-detectable (ND), and 0.003 ppm residue were detected on 15th and 21st day, under detectable limit. 
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The initial deposit of malathion was 16.453 ppm. The residual level reached 0.002 ppm after 15 days
from application. The dissipation was high after five and seven days after application, the recorded values
were 1.168 and 0.436 ppm, respectively. The corresponding values of loss were 92.90 and 97.35 % for
the fifth and seventh days, respectively. The waiting period of malathion was less than seven days for the
recommended concentration. The study also included the effect of washing on insecticide residues on okra
fruits. It could be noticed from Table 5 that washing process significantly reduced the residues of diazinon
and malathion insecticides to a clear extent. For instance, the initial deposits of diazinon and malathion
on okra pods reduced from 8.816 and 16.453 ppm to 4.365 and 6.248 ppm, respectively at the initial
deposited after washing, revealing a removing rate of 50.49 % and 62.03 % of diazinon and malathion,
respectively. The removing rate of diazinon and malathion insecticides residues from okra fruits were 1.412,
0.358, 0.142, 0.074 and 0.013 ppm for diazinon by washing after 1, 3, 5, 7 and 10 days from treatment
and were 3.216, 1.365, 0.284, 0.043 and 0.01 ppm for malathion by washing after the same corresponding
periods.

Concerning the hazards, the results clearly show that the residues of diazinon and malathion were
undetected in the washed samples of okra pods within 15 days after treatment. Washed okra fruits
contained undetectable amounts of diazinon and malathion residues, 15 days after treatment where
unwashed fruits contained 0.003 and 0.002 ppm, respectively.

Washing caused 50.49 and 62.03 % removal of the insecticides residue; where 4.365 and 6.248 ppm
of diazinon and malathion residues, respectively, were detected in the whole washed okra pods of the
initial samples. The residual amounts of the insecticides on okra fruits differ before and after boiling in
water for 5 minutes. Before boiling, the residues of diazinon and malathion were 8.816 and 16.453 ppm,
respectively. After boiling, the residues decreased to 1.368 and 2.183 ppm, respectively. The corresponding
percentages of loss due to boiling were 52.17 and 67.33 % for diazinon and malathion, respectively.

Fig. 1: The mean number of H. armigera larval stage post spraying with the tested insecticides

Fig. 2: Percentages reduction of H. armigera larval stage after spraying with the tested insecticides
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Table 1: Comparative toxicity of the tested insecticides to larval stage of H. armigera attacking okra plants
Treatment LC50  (ppm) LC90 (ppm) Slope ± SE Confidence limit at: LC50 Toxicity index at:

--------------------------------- -------------------------------------
Lower Upper LC50 LC90

Diazinon 19.78 133.7 1.5440±0.12 17.57 23.63 100 100
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Malathion 26.06 139.8 2.397±0.14 19.29 32.41 75.9 9567
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Methoxyfenozide 66.81 153.1 3.558±0.22 63.23 70.2 29.61 87.35
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Pyriproxyfen 75.96 175.7 3.136±0.19 62.53 86.55 26.04 76.11
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Tolfenpyrad 82.35 246.3 2.550±0.13 54.62 109.2 24.02 54.31

Table 2: Mean number of H. armigera larval stage spraying with the tested insecticides
Treatment Mean No. of larval stage at indicated days after insecticides application

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Before First spray Second spray Third spray General mean
spray ------------------------------------------------------- --------------------------------------------------- ---------------------------------------------

periods (day) periods (day) periods (day)
1 3 7 10 15 1 3 7 10 15 1 3 7 10 15
------------------------------------------------------ --------------------------------------------------- -----------------------------------------------

Diazinon 55 22 19 14 9 43 14 10 10 9 56 26 24 14 16 14 20.00 ± 3.4 B
------------------------------------------------------ --------------------------------------------------- -----------------------------------------------

21.40 ± 8.4 b 19.80± 9.09 b 18.80 ± 2.5 b
Malathion 52 32 22 20 12 46 21 16 14 13 58 28 25 18 17 16 23.87 ± 3.3 B

------------------------------------------------------ --------------------------------------------------- -----------------------------------------------
26.40 ± 5.84 b 24.40 ± 8.51 b 20.80 ± 2.4 b

Methoxyfenozide 46 26 20 19 15 47 24 22 14 14 65 34 26 23 19 16 25.60 ± 3.6 B
------------------------------------------------------ --------------------------------------------------- -----------------------------------------------

25.40 ± 5.68 b 27.80 ± 9.52 b 23.60 ± 3.10 b
Pyriproxyfen 44 27 23 21 17 44 30 24 17 15 72 36 31 27 20 18 28.13 ± 3.7 B

------------------------------------------------------ --------------------------------------------------- -----------------------------------------------
26.40 ± 4.69 b 31.60 ± 10.44 b 26.40 ± 3.36 b

Tolfenpyrad 40 24 23 23 22 46 24 20 14 13 80 35 34 31 25 21 29.00 ± 4.24 B
------------------------------------------------------ --------------------------------------------------- ---------------------------------------

27.60 ± 4.61 b 30.20 ± 12.60 b 29.20 ± 2.69 b
Control 44 52 56 57 69 74 78 86 89 98 154 164 165 167 180 185 111.6 ± 13.1A

------------------------------------------------------ --------------------------------------------------- ---------------------------------------
61.60 ± 4.2 a 101.0 ± 13.63 a 172.2 ± 4.3 a

Table 3: The percentages reduction in infestation of bollworm insect, H. armigera larval stage post spraying with the tested insecticides 
Treatment Percentage reduction of larval stages at indicated days after spraying 

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
First spray Second spray Third spray General mean
------------------------------------------------------ -------------------------------------------------- --------------------------------------------

periods periods periods
1 3 7 10 15 1 3 7 10 15 1 3 7 10 15
------------------------------------------------------ --------------------------------------------------- --------------------------------------------

Diazinon 66.9 73.4 80 89.6 53.5 85.6 90.7 91 92.7 70.9 87.3 88.4 93.3 92.9 94 83.34 ± 3.10 A
------------------------------------------------------ --------------------------------------------------- --------------------------------------------

72.65 ± 6.09 a 86.18 ± 3.99 a 91.16 ± 1.38 a
Malathion 64.2 64.6 69.8 82.3 47.4 77.2 84.3 86.7 88.8 68.1 85.6 87.2 91.4 91.5 92.7 78.80 ± 3.40 AB

------------------------------------------------------ --------------------------------------------------- --------------------------------------------
65.70 ± 5.61 ab 81.02 ± 3.76 a 89.67 ± 1.39 b 

Methoxyfenozide 52.2 59.7 62.5 75.4 40.5 71.2 75.6 85 86.3 59.6 80.2 84.9 86.8 89.9 91.7 73.43 ± 3.97 C
------------------------------------------------------ --------------------------------------------------- --------------------------------------------

58.04 ± 5.76 bc 75.54 ± 4.88 bc 86.71 ± 2.02 bc
Pyriproxyfen 48.1 66.5 67.7 79.2 39.3 61.5 72.1 80.9 84.7 53.3 78.1 81.2 83.4 88.9 90.3 71.66 ± 3.97 BC

------------------------------------------------------ --------------------------------------------------- --------------------------------------------
60.13 ± 7.22 bc 70.49 ± 5.87 bc 84.36 ± 2.31 bc 

Tolfenpyrad 51.4 53.7 54.8 64.9 31.6 66.2 74.4 82.7 85.4 42.9 76.5 77.3 79.6 84.7 87.5 67.57 ± 4.45 BC
------------------------------------------------------ ---------------------------------------------------- --------------------------------------------

51.28 ± 5.44 c 70.31 ± 7.65 c 81.13 ± 2.14 bc 

Table 4: Recovery percentage of diazinon and malathion from okra pods
Amount added (ppm) Diazinon Malathion

----------------------------------------------------------- ---------------------------------------------------------------------
Unwashed Washed Freezing Dray Unwashed Washed Freezing Dray

0.1 98.12 96.48 92.54 94.63 95.24 94.35 98.72 93.86
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
0.5 93.63 94.35 93.21 92.45 97.33 95.79 96.34 98.45
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
1 95.46 96.73 95.72 97.24 98.06 96.89 93.56 96.18
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Mean 95.74 95.85 93.82 94.76 96.87 95.68 96.21 96.16

This shows the influence of boiling on the degradation of insecticide residues in treated okra fruits.
Similar findings were also reported by Maini and Collina (1972) Baker and Bottomley, (1982) and EL-
Makkay, et al. (1994).

Freezing and storing processes caused complete removal of diazinon residues on okra fruits after four
months; where this removal happened after six months for malathion. 
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Drying process caused the removal of 93.94 and 93.55 % of diazinon and malathion on okra fruits,
respectively.

Table 5: Diazinon and malathion residues in okra fruits with and without washing 
Sampling days Diazinon Malathion

------------------------------------------------------------------------------------------------------------------------------------------------------
Unwashed Washed Unwashed Washed
Residues (ppm) % Loss Residues (ppm) % Loss Residues (ppm) % Loss Residues (ppm) % Loss

Initial 8.816 - 4.365 50.49 16.453 - 6.248 62.03 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
1 4.576 48.1 1.412 69.14 9.162 44.3 3.216 64.9 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
3 1.328 84.9 0.358 73.04 5.116 68.9 1.365 73.32 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
5 0.572 93.5 0.142 75.17 1.168 92.9 0.284 75.68
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
7 0.392 95.6 0.074 81.12 0.436 97.4 0.043 90.14
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
10 0.148 98.3 0.013 91.22 0.128 99.2 0.01 92.19
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
15 0.003 100 nd 100 0.002 99.9 nd 100
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
21 nd* - nd nd - nd -
nd* non-detectable

Table 6: Effect of processing on diazinon and malathion residues in okra fruits 
Insecticides Diazinon Malathion

Residues (ppm) % loss Residues (ppm) % loss
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Initial deposits 8.816 - 16.453 -

Processing steps
1- Washing 4.365 50.49 6.248 62.03
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
2- Boiling in boiled water 4.217 52.17 5.376 67.33

------------------------------------------------------------------------------------------------------------------------------------------
in pods after boiled 1.368 84.48 2.183 86.73

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
3- Freezing and Storage two months 0.069 99.23 0.237 98.56 

------------------------------------------------------------------------------------------------------------------------------------------
four months ND - 0.031 99.81
------------------------------------------------------------------------------------------------------------------------------------------
six months ND - nd -

4- Dry 0.534 93.94 1.062 93.55
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