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ABSTRACT

Physico-chemical properties of crude diesel oil and botanical synthetic materials (thymol and camphor)
were studied and prepared as emulsifiable concentrate formulation (EC). Prepared formulations passed
successfully specified testes, then their toxicity were investigated against different stages of mealybug Ferrisia
virgata (Cockerell) under laboratory conditions. Results indicated that all tested formulations showed high
toxicity against all tested insect stages. The mixing, thymol or camphor with diesel oil increased toxicity of oil
against mealybug F. virgate, whereas mixture, thymol with diesel oil was more effective than camphor with
diesel oil. LCso values after two days of application were 4.02, 4.51, 4.86 and 5.33 ml/I for diesel oil, while it
were 0.17, 0.17, 0.25, and 0.25ml/I for mixture of oil and thymol, and 0.88, 0.99, 1.12, and 1.24 ml/I for mixture
of diesel oil and camphor for first, second, third and adult stages of F. virgate respectively. While LCs values
after three days of application were: 1.43, 1.49, 1.61 and 1.77 ml/I for diesel oil, while it were 0.03, 0.03, 0.08
and 0.11 ml/l for mixture of oil with thymol, and 0.14, 0.24, 0.21 and 0.16 ml/I for mixture of oil with camphor
for 1%, 2, 39 and adult of F. virgate respectively. Results showed, efficacy of tested materials increased by
increasing concentration and period after application and mixing botanical synthetic materials with diesel oil
increased toxicity against all tested stages; moreover, mixtures could be used for controlling mealybug in

medical, aromatic and ornamental plants after conducting more semi-field and field experiments.
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INTRODUCTION

The most widely recognized type of diesel is
petroleum diesel. Diesel is gotten from fossil fuels and
refined like gasoline. Diesel oil is delivered from the
fractional distillation of unrefined petroleum (oil) at
atmospheric pressure, at 200°C to 350°C Celsius degree.
These outcomes in a blend of hydrocarbon chains that
contains from 8 to 21 carbon atoms per molecule. The
thickness and the boiling point of the fuel increase with an
expansion in the quantity of carbon molecules. This helps in
the partition of the different segments by refining. The
chains from C7 to C11 vaporize below 100°C Celsius
degree and used as gasoline. The products between of C12
to C15 form kerosene, diesel oil and heavier fuel oils. The
No. 2 fuel oil is known as diesel oil and utilized for running
cars, trucks and different vehicles. Hydrocarbon chains over
the scope of C20 structure solids, like paraffin wax, tar and
asphalted bitumen (oil and Gas industry 2010).

Oils have little risks to individuals and most of
desirable species, including beneficial natural enemies of
insect pests. These advantages may permits oils to
coordinate well with organic controls. Harmfulness is
insignificant, compared with chemical pesticides, and oil
rapidly disseminate through dissipation, leaving little
buildup. Oils are suitable to apply with many of spray
equipment's and can be mixed with other pesticides to
increase their performance Cranshaw and Baxendale,
(2011). Mineral oils still have the advantage of being
effective against resistance of strains, and development of
resistance was not recorded for mineral oils (Micks and
Berlin, 1970). Guava mealy bug, Ferrisia virgata
(Cockerell), is one of the usually happening bugs found to
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make harm guava (Psidium guajava) trees and furthermore
to a few host plants. It sucks cell sap from the leaves,
delicate shoot and branches (Wabale et al. 2010). The
mealybug F. virgata can be found throughout the world, and
is known to feed on more than 100 plant species grown
throughout the world. It attacks the foliage, sucks a big
amount of plant sap for it's needed of protein and secretes
honey dew. Most of these individuals are accumulated
around their host branches, foliage, leaves, and twigs and
fruits. A large number of these species are secured with
white wax and have a distinct fringe of waxy filaments
around the circumference of their bodies and the long tails
and the presence of two stripes on the body. This species
produces an egg mass or ovisac (Ghose and Ghosh, 1990).

The aim of this study was preparing the crude diesel
oil alone and its mixture with botanical synthetic materials
(thymol and camphor) in the form of emulsifiable
concentrates formulation (ECs) and comparing the toxicity
of mineral oil (Diesel oil) alone and its mixture with
botanical synthetic materials against different stages of the
mealy bug F. virgate under laboratory conditions as
alternatives of chemical insecticides.

MATERIALS and METHODS

1- Tested chemicals:

1- active ingredient:

1-Diesel oil: It is a light medium cut of petroleum oil (Solar
cut), It was bought from fuel station, Cairo, Egypt.

2- Thymol extra pure (CioH140): It was supplied by El-
Gomhoria Co., Cairo, Egypt.

3-Camphor (C10H160): was supplied by EI- Gomhoaria Co.,
Cairo, Egypt.
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2- Solvents: Acetone, xylene and dimethyl formammide.,
were supplied by El- Gomhoria Co., Cairo, Egypt.

3- Surface active agents: Toximol, Toximol-R and
Toximol-H., were supplied by EI- Gomhoria Co.,
Cairo, Egypt. Poly ethylene glycol 600 di- lurate., were
supplied by the Egyptian Starch, Yeast and Detergents
Co., Alexandria, Egypt.

2. The physico-chemical
formulation components:

1. Active ingredient:

a) Solubility:

It was measured by calculating the volume of
distilled water, acetone and xylene for complete solubility
or miscibility of one gram of active ingredient at 20 °C
(Nelson and Fiero, 1954).

b) Free acidity or alkalinity:

It was measured by using the method described by
WHO specification (1979).

2. Surface active agents:

a) Surface tension:

It was measured using surface tensiomate for
solutions at 0.5 % (W/V) surfactant according to ASTM D-
1331 (2001).

b) Critical micelle concentration (CMC):

The (CMC) of the tested surfactants was measured
by using the method reported by (Osipow, 1964).
¢) Hydrophilic-lipophilic balance (HLB):

The (HLB) of the tested surfactants were measured
by using the method reported by (Lynch and Griffin, 1974).
d) Free acidity or alkalinity:

It was measured by using the method that
mentioned above.

3. Preparation of diesel oil and mixed with 10% thymol
and 10% camphor oil as Emulsifiable concentrates
(EC):

Emulsifiable concentrates a liquid formulation
contains technical material, organic water-immiscible
solvents and emulsifiers (surface active agents). When EC
formulations are diluted with water in a spray tank they
form a spontaneous emulsion. For preparing diesel oil,
diesel oil + thymol and diesel oil + camphor in form of
emulsifiable concentrate formulation, several trials were
carried out as follow:

Diesel oil and its mixtures prepared as ECs by
adding different weights to other different weights of
suitable emulsifier or blend of emulsifier and stirring to
homogeneity. Emulsion stability test was done for all
formulated formulas by using the method reported by
CIPAC MT 36.1 (2002) to determine which of them will
pass and suitable for application.

4. Determination of the physico- chemical properties of
the prepared Emulsifiable concentrates formulation
(EC):

a) Emulsion stability: It was measured by using the method
reported in CIPAC MT 36.1 (2002)

b) Persistent foam: it was determined by using the method
reported in CIPAC MT 47.2(2002).

c) Free acidity or alkalinity: It was determined by using the
same method that mentioned above.

e) Stability at elevated temperature 54 + 2 °C (accelerated
storage): It was determined by using the method
reported in CIPAC MT 46.3 (2002)

properties of the basic

5. Determination of the physico-chemical properties of
the spray solution of the local prepared formulation
at the field dilution rate:

a) Surface tension: It was measured by using the method
that mentioned above.

b) pH: It was measured by using Cole-Parmer pH
conductivity meter 1484-44 by using the method
described by Dobrat and Martijn (1995).

c) Viscosity: It was measured by using Brookfield
Viscometer Model DVII+Pro, by using the method
reported in ASTM D-2196 (2005).

d) Electrical Conductivity: It was measured by using Cole-
Parmer pH/Conductivity using the method described
by Dobrat and Martijn (1995).

3- Bioassay.

Laboratory experiment:

Toxicity of the tested materials was conducted by
using the method reported by EL- Hefny, et al., (2011)
with some modifications.

Samples of infested acacia leaves were collected
randomly from infested shrubs (each consisted of 8 leaves /
treatment), kept in paper bags and transferred to the
laboratory. Leaves were sprayed by using the concentrations
(1, 0.5, 0.25 and 0.125 %) for the three locally prepared
formulations used in the study and every concentration.
Treated leaves were kept in a petri- dishes, four replicate
were done for each treatment and four replicate treated by
water as a control. Insepectation was conducted after 24, 48
and 72 hours from treatment by counting dead and a live of
the different stages of F. virgata by the aid of
stereomicroscope. Also, a pre count was taken for each
treatment as an index; percentages of mortalities were
calculated according to Abbot's formula (1925).

Statistical analysis:

Mortality percentages were calculated according to
Abbot's formula (1925).

To estimate the LCs values, the corrected mortality
percentages were subjected to probit analysis according to
Finney (1952).

RESULTS AND DISCUSSION

a- Formulation part.

Results in Table (1) showed that diesel oil, thymol
and camphor were non-soluble in water, while diesel oil
was miscible in xylene and acetone but immiscible with
dimethyl formamide (DMF), however thymol and
camphor were soluble in acetone, xylene and dimethyl
formamide. All of them cleared that slightly acidic
property, the acidity values as % H,SO. were 0.049, 0.098
and 0.059 for diesel oil, thymol and camphor respectively.

Table 1. Physico-chemical properties of the active
ingredients

Solubility % (W/V) Free
Compounds water xylene Acetone DMF (?/f)",ﬂggj
Diesel oil N.S Miscible Miscible Immiscible 0.049
Thymol N.S 14285 100 125 0.098
Camphoroil  N.S 100 100 100 0.059
N.S = insoluble.

Data presented in Table (2) showed the physico-
chemical properties for the suggested surfactants called
Toximol R, Toximol H, Tween 80 and polyethylene glycol
600 di-oleate ( PEG 600DO) were measured to determine
if they were suitable to prepare the tested materials (diesel
oil and synthetic plant materials) as emulsifiable
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concentrates. According to HLB values, Toximol R,
Toximol H, and polyethylene glycol 600 di-oleate were
considered as emulsifying agent (emulsifiers) where its
values were 10- 12, whereas tween 80 was greater than 13
it could be considered as dispersing or emulsifying agent.
On the other hand, these surfactants reduced the surface
tension values compared with water, their values were 32,
36, 39.2 and 38.6 dyne/cm for Toximol R, Toximol H,
Tween 80 and PEG 600DO respectively. All of them were
acidic and the acidity values as % H,SO4 were: 0.49, 0.2,
0.5 and 0.88 respectively. PEG600DO had the highest
CMC value followed by Tween 80, toximol H and
Toximol R. the mentioned results showed clearly that, the
tested surfactants were suitable to formulate diesel oil and
synthetic plant materials (thymol and camphor) as
emulsifiable concentrates because it acts as emulsifiers.

Table 2. Physico- chemical properties of surface active

agents.

Surface Surface tension Free
active at 0.5% CMC% HLB acidity as
agent (dyne/cm) % H2S504
Toximol- R 32 0.3 10-12 0.49
Toximol-H 36 0.3 10-12 0.2
Tween 80 39.2 0.5 >13 0.50
PEG 600 DO 38.6 0.9 10-12 0.88

PEG 600 DO: poly ethylene glycol 600 dioleate.

According to data presented in Table (3), the local
prepared formulations (ECs) passed successfully from
storage at 54 °C for three days where no observable
changes in emulsion stability and foam were before and
after storage. On the other hand there was a little increase
in free acidity values with all prepared formulations.

Table 3. Physico-chemical properties of the locally prepared Emulsifiable concentrates (ECs) before and after

accelerated storage.

Before storage After storage
Emulsion stability Foam Free Emulsion stability Foam Free
Compounds (ml. cream. Sep.) (cmd) acidity as _ (ml. cream. Sep.) (cmd) acidity as
HW S.W HW SW %H2S04 HW S.\W HW SW % H;SO4
Diesel 0il 90% EC 0 0 0 0 0.059 0 0 0 0 011
Diesel oil + thymol 1 0 0 0 0.186 2 1 0 0 0.24
Diesel oil + Camphor oil 0 0 1 0 0.166 0 0 2 1 0.22

H.W: Hard water (342 ppm as CaCOs) S.W: Soft water (57 ppm)

As shown in Table (4) the properties of prepared
emulsifiable concentrate at the field concentration (0.5%)
were measured and the results obtained that, the spray
solution possesses low values of surface tension and high
values of viscosity compared with water values. Reducing in
surface tension value of pesticide spray solution give an
indication of rising spreading on the treated surface with a
consequence increase in pesticide efficacy (Ryckaert et. al.,
2007). Increasing the viscosity of spray solution causes
reducing drift, retention sticking and insecticidal efficacy
(Spanoghe et. al., 2007). On the other hand spray solution
for all prepared formulations had the same percentage of
salinity values as same as water these lower values increased
the formulations biological activity, whereas all of them
showed a little increase in the electrical conductivity values.

Table 4. Physico-chemical properties of spray solution
of prepared emulsifiable concentrates (ECs) at
field dilution rate (0.5 %0).

i Electrical Surface
Viscosity i % :
Compounds (Centipoise) co(r:ldrlqu%tcl)\sty Salinity (S@gz/%rﬁq)
Diesel oil 20 436 02 44
Diesel oil + thymol 1.94 442 0.2 352
Diesel oil + Camphor 194 439 0.2 395
Water 10 417 02 72.0

b- Bioassay part:
The efficacy of prepared ECs formulations against F.
virgate.

The toxicity of diesel oil, diesel oil + thymol and
diesel oil + camphor emulsifiable concentrate formulations
(ECs) were measured by conducting a laboratory
experiment using serial concentrations. The results in

Table (5 & 6) indicated that diesel oil + thymol
mixture was the most effective formulation against the
different developmental stages of mealybug F. virgata
followed by diesel oil + camphor and diesel oil, it means
that the formulated mixture of synthesized plant oils
(thymol or camphor) with mineral oil (diesel oil) was more
effective than the formulated diesel oil. However the
efficacy for all tested formulations was increased by
increasing concentrations and the period after application.

On the other hand there was slight differences in
efficacy among the different developmental insect stages,
where the LCsq values of diesel oil + thymol for 1%, 2nd , 3%
and adults after two days were:0.17, 0.17, 0.25 and 0.25
ml/L respectively, while they were: 0.03, 0.03, 0.08 and 0.11
ml/L after three days of application. While the LCsp values of
diesel oil + camphor for 1%, 2", 3 and adults after two days
were: 0.88, 0.99, 1.12 and 1.24 ml/L respectively but they
were: 0.14, 0.24, 0.21 and 0.16 ml/L respectively after three
days of application. Whereas the LCs, values of diesel oil for
1%, 2 3 and adults after two days were: 4.02, 4.51, 4.86
and 5.33 respectively, but were: 1.43, 1.49, 1.61 and 1.77
ml/L respectively after three days of application.

Table 5.The insecticidal efficacy of formulated tested materials against F. virgata.

% Mortality of F. vergata

materials (r:r?I?IE 1St 2nd 3rd Adults
Dayl Day2 Day3 Dayl Day2 Day3 Dayl Day2 Day3 Dayl Day2 Day3
1.25 196 268 463 164 248 454 158 244 434 146 219 412
Diesel oil 90% 25 324 400 648 316 377 634 307 367 613 283 343 587
(EC) 5.0 352 546 803 342 522 788 341 506 771 329 486 747
10.0 408 686 907 387 664 895 392 644 834 384 632 866
Diesel 0il(65%) + 1.25 50.7 817 979 494 806 979 472 786 969 414 7295 911
thymol 25 754 884 992 742 877 992 728 871 991 66.7 8090 959
(10%) 5.0 846 933 997 831 927 997 817 929 998 743 8723 983
10.0 887 964 100 871 960 100 869 964 100 773 9194 994
1.25 358 578 961 344 554 93 324 528 910 303 502 849
Diesel oil (70%) + 25 612 723 989 589 706 982 567 695 969 512 646 916
camphor (10%) 5.0 704 837 998 694 828 997 673 829 992 636 772 958
10.0 789 916 100 782 912 100 771 917 998 734 868 981
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Table 6. LCso, LCg0 and Slope values of ECs formulations against F. virgata.

Developmental stages of F. virgata

Material parameter 1St 2nd 3rd Adults
Day 2 Day 3 Day 2 Day 3 Day 2 Day 3 Day 2 Day 3
Diesel oil LCso 4.02 1.43 451 1.49 4.86 1.61 5.33 177
90% EC LCo 44.82 94 50.55 10.39 59.43 1141 58.66 13.16
Slope 1.2234 1.5682 1.2212 1.5188 1.1784 1.5077 1.2304 1.4706
Diesel 0il(65%) LCso 0.17 0.03 0.17 0.03 0.25 0.08 0.25 0.11
+ thymol LCoo 3.04 0.33 3.34 0.33 342 0.53 7.3 111
(10%) Slope 1.0186 1.2883 0.9827 1.2883 1.1204 1.5872 0.8746 13116
: 700 LCso 0.88 0.14 0.99 0.24 112 0.21 124 0.16
o oy LCw 8.44 0568 8.86 100 845 116 1857 210
P Slope 1.3081 1.8335 1.3487 2.0492 1.4595 1.7396 1.2330 1.1562
Mineral oil mode of action: Colorado  State  Univ., http:/Awww.ext.colostate.  edu/pubs
/insect/05569.html

Mineral oils block the insect air holes (spiracles)
which insects breathe, causing them to die from
asphyxiation. Also, the spread of oil through the respiratory
pores and block the insect's trachea which leads to insect
death. Qils may act as poisons, interacting with the fatty
acid of insect and interfering with normal metabolism.
Also may disrupt how an insect feeds. Dissolve the

external waxy layer on the insect body causing
dehydration. (Helmy et. al., 2012)
CONCLUSION

The physico- chemical properties diesel oil and
botanical synthetic materials (thymol& camphor) were
tested as active ingredients to determine the type of
formulation and if it could be miscible together or not.
These materials were prepared as emulsifiable concentrates
as solo or in mixtures. The prepared emulsifiable
concentrates passed successfully all specified testes, then
its insecticidal activity against the mealy bug F. virgata
developmental stages under laboratory conditions were
examined. The results indicated that all prepared
formulations showed good insecticidal activity against the
tested insect but with variable value, where diesel oil +
thymol was the most effective followed by diesel oil +
camphor and diesel oil alone. It means that mixing the
synthetized plant oils with mineral oils increased the
efficacy and decreased the effective concentration;
moreover they acts as perfume to bad smell of diesel oil so
these mixtures could be used for controlling mealybug in
medical, aromatic and ornamental plants after conducting
more semi- field and field experiments.
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