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Abstract

aboratory experiments were conducted to investigate the
L ovicidal effect of six plant oils {Cloves (Syzygium

aromaticum), Sesame (Sesamum indicum) , Peppermint
(Mentha piperta), Colocynth (Citrullus colocynthis), Marjoram
(Majorana hortensis), and Orange (Citrus sinenis) } against
Phthorimaea operculella eggs. And to find out the compatibility of
these oils with the predator Chrysoperla carnea . Data indicated
that the toxicity values of the tested oils based on LCs, values were
arranged in ascending orders as follows Marjoram < cloves <
Sesame < Peppermint < Orange < Colocynth. Marjoram oil revealed
the highest mortality % while the LCso was (0.646 ml/L) compared
to other oils. Whereas Colocynth oil was the lowest toxic oil
representing the highest LCso (3.662 ml/L). Duncan analysis
categorized the tested oils into three groups according to their
negative effect on egg hatchability. Marjoram & Cloves oil came in
the first category, where the hatchability % recorded 10.9 and
11.5, respectively at the concentration 1%. The study also
indicated that superiority predation efficiency 96.4 % with
Marjoram oil treated P. operculella eggs and predator lived for 15.3
days out of 16 days. Treatment with Marjoram oil was found safe
to C carnea in comparison to others natural oils. Data indicated
that Duncan analysis categorized the tested oils into different
groups at the length of biochemical analysis of fatty acid, total
phenols, tannis and triglycerides. In spite of Marjoram oil recorded
the highest inhibition of hatchability of P. operculella eggs but
recorded 1866.7 g triolein\ml. So must be used freshly extraction
of Marjoram oil in IPM program. (i.e. Expire date is very important
at this case). Finally, the Marjoram oil had a promise results
against P. operculla eggs especially it had not passive effects
against one of the most common arthropod predators (green lace
wing). This is a primary study needs for more efforts to apply in
suitable way and tactics in the field and store in broad scale.

INTRODUCTION

Potatoes are the fifth most economically important crop in the world. Egypt
produces 2.6 million metric tons of potatoes and exports 411.000 metric tons to
Europe and the Arab countries (FAO STAT. 2015). The potato tuber moth,
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Phthorimaea operculella (Lepidoptera, Gelechiidae) is a noxious pest of potato in both
field and storage conditions (Dawood et al., 1999).

The use of chemical pesticides to control potato tuber moth has resulted in
harmful side effects such as health hazards from residues reduction in populations of
natural enemies and the development of insect resistance to pesticides (Llanderal-
Cazares et al. 1996).

Weinzierl and Henn (1991) reported a new interest in using natural products to
control pests to reduce chemical insecticides hazards. Among these natural products,
the botanical oils paid the researchers attention to reduce harmful effects of chemical
insecticides on human. In recent years, crop protection based on biological control of
crop pests with safe tools to recognize as a valuable tool in pest management. The
appropriate use of environment-friendly products can play a significant role in
sustainable crop production by providing a stable pest management program.

Therefore, there is an urgent need for safe but effective, biodegradable
products with no toxic effects on non- target organisms. This has created a worldwide
interest in the development of alternative strategies including the search for new
types of treatments. In recent years, there has been an increased interest in natural
plant derived materials as alternative pesticides to convention, broad spectrum
toxicants.

The present work aimed to study the compatibility between using some plant
oils as ovicidal effect and releasing of C. carnea against P. operculella eggs. The
common green lacewing, Chrysoperla carnea (Stephens) (Neuroptera: Chrysopidae)
is one of the most common arthropod predators with a wide prey range including
aphids, eggs and neonates of lepidopteron insects, scales, whiteflies, mites, and other
soft bodied insects (McEwen et al. 2001).

The present study was designed to investigate ovicidal efficiency of some
botanical oils against P. operculella eggs and to find out the compatibility of these oils
with the predator Chrysoperila carnea under laboratory conditions.

MATERIALS AND METHODS

1- Insect culture:

Larvae of the potato tuber moths, P. operculella (PTM) were reared on clean
potato tubers in the laboratory condition (26+2°C and 70+5 R.H.) in cages (40x40x40
cm.). Potato tubers were cleaned from dust and parasites by washing and drying with
clean towels or tissue papers. A thin layer of sterilized, clean fresh wood dust
(exposed to high temperature in oven to kill other insects or parasites) was distributed
on the bottom of the rearing cages for pupation.

The moths were fed on sugar solution 10% on cotton pieces. Infested potato
tubers were introduced into breeding cages. After pupation, pupae were carefully
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collected, to be used for starting the experimental cultures. Newly emerged adults
were sexed and allowed to mate in glass jars of one liter capacity at the ratio of 10:10
(female: male). Each jar was supplied with small cotton pieces soaked with 10%
sugar solution for adult feeding and black tissue paper for egg laying. The black strip
paper departed for different sizes according to the egg masses.

2-Plant oils

Six plant oils were purchased from El-Captain Company (CAP PHARM) for
extracting oils, Natural plants& COSMECICS. Egypt

The selected oils were: Cloves (Syzygium aromaticum) Fam. Myrtaceae; Sesame
(Sesamum indicum) Fam. Pedaliaceae; peppermint (Mentha piperta) Fam. Labiatae;
Colocynth (Gitrullus colocynthis) Fam. Cucurbitaceae; Marjoram (Majorana hortensis)
Fam. Labiatae and Orange (Citrus sinenis) Fam. Rutaceae. Six concentrations tested
through diluting 10, 5, 2.5, 1.0, 0.5 and 0.25 ml of each aforementioned oil in one
liter water (to be used in dipping process of paper contain the PTM eggs).
3-Ovicidal efficacy:

To study the ovicidal effect of different plant oils against P. opercullea eggs. The
black paper with egg masses of the P. opercullea moth was dipped instantly for 10
seconds into six concentrations of the aforementioned plant oils. In control group the
black paper were dipped in distilled water. The treated black paper were dried at
room temperature and then placed into Petri dishes (9 cm diameter) having moist
filters paper at allowed to hatch. The observations of egg hatchability were recorded
up to 14 days. Each treatment was replicated four times. The percentage of egg
hatchability was calculated according to Abbots formula (1925).
4-Evaluation of indirect effects of plant oils on predation efficiency and
predator longevity.

This experiment was carried to study the indirect effect of aforementioned plant
oils on predation rate and longevity parameter of Chrysoperla carnea (Stephens)
larvae. The black paper with egg masses of potato tuber moth was dipped instantly
for 10 seconds in plant oils (at the highest concentration) or water solutions (test
groups and control). After the eggs dried at room temperature, they were placed into
petri dishes (9 cm diameter), inside them a single second instar larvae was released
and fed with treated eggs,. Three replicates were performed per each treatment. Egg
consumption was evaluated daily till the end of experiment. To assess the longevity
parameter, mortality was recorded until the death of all individuals and was calculated
with value of replicates per treatment.
5-Chemical analysis:
1-Quantification of total phenols according to Singelton and Rossi (1965)

2- Quantification of tannins according to Singelton and Rossi (1965)
3- Quantification of free fatty acids according to Sadasivam and Manickam (1991)
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4- Quantification of triglycerides were assayed using Stanbio kit (Stanbio Laboratory,
Inc.2930 East Houston Street, San Antonio, Texas 78202).
6-Statistical analysis:

The obtained results were statistically analyzed by using SAS Program
Computer including F- test (SAS Institute, 2003).

Data were analyzed for determination of LCso and LCoo using Log-Probit analysis
software developed (LdP line soft ware) by Dr. Ehab Bakr, (Plant Protection Research
Institute “http://www.Ehabsoft.com” according to Finney, 1971).

RESULTS
Table 1. Toxicity of some botanical oils against P. operculella eggs under laboratory conditions
L *Toxicit
Plant oil LCS;;;T_Iue V;:Z Slope + S.E index- LCyso
ml/L
Marjoram (Origanum majorana) 0.646 16.039 0.9188 = 0.1019 100.0
Cloves ( syzygium aromaticum) 0.752 13.724 1.0163 + 0.1034 85.90
Sesame ( Sesamum indicum) 2.114 16.574 1.4332 +0.1119 30.56
Peppermint (Mentha piperita) 3.164 86.817 0.891 £ 0.1003 20.42
Orange ( Citrullus colocynthis) 3.427 57.794 1.0445 + 0.1043 18.85
Colocynth (Citrus sinesis) 3.662 28.028 1.4499 + 0.1186 17.64

*Toxicity index = LCsoof standard X 100/ LCso of a test sample
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Fig. 1. LC-P lines of some tested botanical oils against P. operculella eggs under

laboratory conditions after 14 days from treatment.
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1. Ovicidal efficiency of some botanical oils against hatchability of P.
operculella eggs under laboratory conditions.

The effectiveness of different concentrations of six plant oils on egg hatchability
of the potato tuber moth is given in Table (1) Results obtained indicated that all the
tested oils had ovicidal activity against p. operculella eggs and percent egg
hatchability was concentration dependent. Also, data revealed that the percent of egg
hatching decreased significantly with increasing oil concentrations. Data in table (2)
indicated that ovicidal effect of six botanical oils against potato tuber eggs under
laboratory conditions. Dancun analysis categorized the tested oils into three groups
according to their efficiency of decreasing egg hatchability. Marjoram &Cloves oil
came in the first category, where the hatchability % recorded 10.9 and 11.5,
respectively at the concentration 1%. While, Sesame & Colocynth oil were recorded
the second category, with hatchability % 19.2 and 20.5, respectively at the highest
concentration (1%). On the other hand, both orange oil & peppermint oil showed
hatchability %31.5 and 36.4 in the third category at the same previous concentration.

The LCso values are shown in Tablel. With corresponding slopes and toxicity
indexes for each plant oil tested against eggs of potato tuber moth. According to LCso
values Marjoram oil was the most effective all among the tested oils followed closely
by cloves oil. LCso values recorded 0.646 ml/L for Marjoram oil and 0.752 ml/ L for
cloves oil. Main while Colocynth oil appeared to be the least effective oil against the
eggs of potato tuber moth followed descending by orange, peppermint and sesame
oils. The respective values of LCso of those oils were 3.427 ml/L, 3.164 ml/L and 2.114
ml/L respectively.

The toxicity parameters are toxicity index developed by Sun (1950). As for the
toxicity index it is obtained by comparing the toxicity or efficiency of a fixed level (LCso
or LC o) to their most effective oils. Since Marjoram was the most toxic oil among the
tested ones, it was used as a standard in calculating the toxicity index, which can be
determined by the following equation:

Sunrs toxicity index = LCso or LC 90 of the standard material/ LCso or LC 90 of a

test sample X100.
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Table 2. Evaluation of ovicidal efficiency of some botanical oils against P. operculella eggs

Treatment Conc./ L. Aveg. No. of eggs Aveg. No. of hatched %egg % of
pre-teat. larvae hatch inhibition

Colocynth oil | 10ml 24.3 5.0 20.5c 79.5

5 ml 26.3 9.7 36.7 63.3

2.5 ml 22.7 14.0 61.8 38.2

1ml 18.3 14.0 76.4 23.6

0.5 ml 20.7 17.7 85.5 14.5

0.25 ml 23.7 20.7 87.3 12.7

Marjoram oil | 10ml 18.3 2.0 109d 89.1

5 ml 12.0 2.7 22.2 77.8

2.5 ml 22.3 6.0 26.9 73.1

1ml 24.3 10.0 41.1 58.9

0.5 ml 21.0 10.0 47.6 52.4

0.25 ml 24.7 14.7 59.5 40.5

Orange oil 10ml 24.3 7.7 31.5b 68.5

5 ml 18.3 7.0 38.2 61.8

2.5 ml 16.3 9.0 55.1 44.9

1ml 23.0 13.7 59.4 40.6

0.5 ml 19.7 15.0 76.3 23.7

0.25 ml 20.7 17.7 85.5 14.5

Cloves oil 10ml 29.0 3.3 11.5d 88.5

5 ml 24.0 5.3 22.2 77.8

2.5 ml 25.0 6.0 24.0 76.0

1ml 17.0 7.3 43.1 56.9

0.5 ml 16.7 8.0 48.0 52.0

0.25 ml 14.7 9.7 65.9 34.1

Sesame oil 10ml 40.0 7.7 19.2c 80.8

5 mi 15.0 4.7 31.1 68.9

2.5 ml 19.3 7.0 36.2 63.8

1ml 20.0 11.3 56.7 43.3

0.5 ml 17.0 14.0 82.4 17.6

0.25 ml 10.3 9.0 87.1 12.9

Peppermint | 10ml 22.0 8.0 364b 63.6

oil 5ml 18.3 7.7 41.8 58.2

2.5 ml 29.0 13.0 44.8 55.2

1 ml 16.3 8.0 49.0 51.0

0.5 ml 22.0 16.7 75.8 24.2

0.25 ml 13.3 11.3 85.0 15.0

Control 24.0 22.7 94.4 a 5.6

Within columns, means followed by the same letter are not significantly different at 5% level (P>0.05)

2. Evaluation of indirect effects of plant oils on predation efficiency and

predator longevity.

Data presented in table (3) showed that predation efficiency of Chrysoperia
carnea larvae recorded 66.1 and 61.0 % when fed on potato tuber moth eggs treated

with cloves and orange oils respectively and the larvae lived only 2 days out of a
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potential 16.0 days when fed on untreated eggs. Also, data revealed that predation
efficiency and longevity of larvae recorded 81.0 % and 10.0 days respectively for
sesame oil and recorded 77.9 % and 5.3 days respectively for peppermint oil. When
the larvae were fed on eggs treated with colocynth oil their predation efficiency was
slightly affected (95.6 %) but their longevity was greatly reduced (7.3 days). On the
other hand, predation efficiency and longevity were slightly diminished in comparison
with control treatment (100% and 16 days respectively) when fed on eggs treated
with Marjoram oil (96.4% and 15.3 days respectively). Thus it can be concluded that
Marjoram oil has little adverse effects on Chrysoperia carnea larvae in comparison to
other plant oils.

Duncan analysis categorized the tested plant oils according to the longevity of
the predator when fed on the potato tubers egg treated with tested as following :
Orange < cloves < Peppermint < Colocynth < Sesame < Marjoram oil < control with
2,2,5.3,7.3, 10, 15.3 and 16 days , respectively.

Table 3. Efficiency of some botanical oils on the predation efficiency of C. carnea to P.
operculella eggs.

Treatment Mean No. of Mean No. of predation Longevity

eggs Consumed eggs Efficiency % parameter
Colocynth oil 59.3 56.7 95.6 7.3 ab
Marjoram oil 112.0 108.0 96.4 153 a
Orange oil 21.3 13.0 61.0 20c
Cloves ol 22.7 15.0 66.1 2.0c
Sesame oil 56.6 46.0 81.0 10.0b
Peppermint oil 42.0 32.7 77.9 5.3 ab
Control 121.3 121.0 100.0 16.0a

Within columns, means followed by the same letter are not significantly different at 5% level (P>0.05)

Table 4. Biochemical analysis of the tested oils against P. opercula eggs

Acid value (fatty acids) Triglycerides Total phenols Tannis
Mg triolein\ml mg% Mg GAE\mI Mg tannic
acid\ml
Marjoram 1866.7 b 209.0 a 329.7 ¢ 1243 b
Orange 1847.7 b 63.3d 250.0d 71.7d
Colocynth 987.7d 210.0a 400.7 b 148.0 a
Peppermint 4353 e 80.3 c 2453d 75.3d
Sesame 1673.0 ¢ 2123 a 3723 b 130.3 b
Cloves 2100.0 a 112.3b 606.7 a 108.7 c

Within columns, means followed by the same letter are not significantly different at 5% level (P>0.05)
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Data tabulated in table (4 ) indicated that Duncan analysis categorized the
tested oils into five groups at the length of biochemical analysis of fatty acids. Cloves
came in the first category with 2100.0 pg\triolein\ml. Both Marjoram and Orange oil
categorized in the second arrangement. Each Sesame, Colocynth and Peppermint
categorized in three separated groups. The peppermint had the lowest fatty acids
values with 435.3 g triolein\ml.

In respect to, triglycerides values in the tested oils, Duncan analysis showed four
groups. Each Sesame, Colocynth and Marjoram oil were in the first category with
212.3, 210.0 and 209.0 mg%, respectively. Cloves, Peppermint and orange recorded
the 2", 3th and 4" arrangement, with the triglycerides values were 112.3, 80.3 and
63.3 mg%, respectively.

Biochemical and statistical analysis categorized the tested oils into four groups
according to the total phenols values. The following are the descending arrangement:
Cloves> Colocynth, Sesame> Marjoram >Orange> Peppermint with total phenols
values were 606.7>400.7, 372.3>329.7>250.0>245.3 ug GAE\ml, respectively.

Also, the biochemical and statistical analysis showed the tested oils in four
groups based on the Tannis values were Colocynth> Sesame, Marjoram> Cloves>
Peppermint, Orange with Tannis values, were 148.0>130.3, 124.3>108.7> 75.3, 71.7

Mg tannic acid\ml, respectively.
DISCUSSION

Insecticides, since long time ago, is considered as the backbone in crop
protection, while biocontrol has gained more credibility in the last decades as safely
alternative control measures (Senior & McEwen 2001). Under such conditions, the use
of botanical oils is alternate chosen instead of using insecticides. The present study
has therefore been undertaken to study the ovicidal effect of some natural oils against
the potato tuber moth under laboratory conditions, so that information may be utilized
for the management of this pest under field/store conditions. Also, the present work is
aim to study the harmony between using some plant oils as ovicidal effect and
releasing of C. carnea against P. operculella eggs. C. carnea has long been considered
as a promising candidate for pest management programs worldwide (McEwen et al.
2001) due to its wide prey range and geographical distribution, resistance/ tolerance
to pesticides, voracious larval feeding capacity, as well as, commercial availability
(Medina et al. 2003). Inundative releases of C. carnea were effective in controlling

populations of pest complexes in various crops.
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Prates et al, (1998) showed that essential oils reveal contact toxicity through the
insect cuticle and caused fumigant toxicity through the respiratory and digestive
systems. Moreover, Lamiri et al., (2001) demonstrated that the insecticidal activity of
an essential oil could be attributed either to the major compound present in the oil or
to the synergistic and/or antagonistic effects of all the components of the oil. Our data
exhibited, Marjoram oil at the conc. 10 mI\20 L represented inhibition % of A.
operculla eggs up to 89.1; and also recorded the highest of predation efficiency
(96.45%) of C. carena, when fed on treated P. operculla eggs. Marjoram il has little
difference in longevity of predator (15.3days) compared to control treatment (16
days). The previous data clearly indicated that Marjoram oil had highly selective
against P.operculla eggs and safe effect on predator C. carena. The major
constituents of the essential oil of M. hortensis plant growing in Egypt are 4-terpineol
(29.96%) and B-terpinene (11.34%) Mohamed and Abd El galeil (2008) & Koschier et
al., (2002) stated that 4-terpineol and B-terpinene exhibited insecticidal effects. Also
Nowak and Ogonowskl 2010 mentioned that among the most important biological
active components of marjoram herbs is tannis-up to 10%. Our data indicated that
marjoram oil came in the second category among the tested oils with 124.3 ug tannic
acid/ml. The components balance of marjoram oil promote the highly toxic effect
against P. operculla eggs and safe effect on C. carena predator, where the total
phenol came in the fourth category with 329.7 ug GAE/ml. In spite of, Clove oil
demonstrated highly significant effect against P. operculla eggs reached to 88.5%, but
recorded moderate efficiency predaceous % (61.1) of C. carena on egg treated with
clove oil and also showed the lowest longevity of predaceous (2 day of 16 days
compared with control treatment). Alma et al., (2007) showed the major components
of clover oil were Eugenol 87.0% and Eugenl acetate 8.0%. This explain the Eugenol
and Eugenl acetate had the same significant toxic effect on both P. opercula eggs and
the predator C. carena . Also the highest value of total phenols of clove oil was
(606.7 ug/ml) promote the highly toxic effect in both P. operculla eggs C. carena
predator. The inhibition % of egg hatchability of colocynth oil and sesame oil are
categorized in the same group with 79.5 and 80.8%, respectively. Also the colocynth
oil had the second category, and followed by sesame oil in respect to efficiency
predaceous% and length of lifetime with (95.6&81.3%) & (7.3& 10.0 day),
respectively. The closed arrangement can be explained in light of the value of total
phenols and tannis of colocynth (400.7 ug GAE/ml, 148.0 ug tannic acid/ml) and
sesame oil (372.3 ug GAE/ml, 130.0 ug tannic acid/ml), respectively. On the other
hand, Nzikou et al., (2009) mentioned that, sesame oil was found contain high levels
of unsaturated fatty acids, especially Oleic (up to 38.84%) and Linoleic (up to
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46.26%). Sesame indicum L. oil can be classified in the oleic-linoleicacid group. In the
same trend, Abdul Rahuman and Venkatesan, 2008 mentioned that oleic and linoleic
acids on the seed of Citrulls colocynthis were quite potent against fourth instars of
larvae of Aedes aegyptiL.

The acid value (AV) is a common parameter in the specification of fats and oils. It
is defined as the weight of KOH in mg needed to neutralize the organic acids present
in 1g of fat and it is a measure of the free fatty acids (FFA) present in the fat or oil.
FFA are a source of flavors and aromas. On one side, we have short chain FFA which
tend to be water soluble and volatile with characteristic smell. On the other side, we
have long chain saturated and unsaturated fatty acids. The later are more prone to
oxidation in their free form and their breakdown products (aldehydes, ketones,
alcohols, and organic acids) provide characteristic flavors and aromas. In most cases
these flavors and aromas are considered a defect in oils, fats, and foods that contain
them. In spite of Marjoram oil recorded the highest inhibition of hatchability of A.
operculella eggs which recorded 1866.7 pg triolein\ml. So must be used freshly
extraction of Marjoram oil in IPM program. (i.e. The expire date is very important at
this case).

Finally, the marjoram oil has a promise results against P. operculla eggs
especially it had no passive effects on the predators (green lace wing) and suitable for
use to integrated pest management of potato tuber moth. This is primary study need
more efforts to apply in suitable method and tactics in the field and store in broad

scale.
CONCLUSION

Marjoram oil and common green lacewing, Chrysoperla carnea (Stephens) are
biological agents had harmony effect against P. operculella eggs. Taking in
consideration the freshly extraction of Marjoram oil and expire date is very important

in IPM program.
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