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Abstract:

Aphids are very serious pest in
greenhouses and field in many
countries. The toxicity of two
insecticides with different mode
of action and three petroleum
ether plant extracts were tested
against two aphid species; Brevi-
coryne brassicae L, and Aphis
craccivora koch in the laboratory
using leaf-dip bioassay. The tox-
icity index showed that the car-
bamate insecticide, primicarb has
the highest aphicidal activity.
Based on the LCs, values, primi-
carb was the most toxic com-
pound with LCsys of 0.12 and
0.26 mg/L against B. brassicae
and A. craccivora, respectively.
Imidacloprid was the least toxic
compound against B. brassicae
with LCg of 2.14 mg/L. Against
A. craccivora, henbane extract
was the least toxic compound
(LCs0=19.7 mg/L.). The results
indicated that field efficiency of
primicarb and imidacloprid were
compatible with the laboratory
results. However, plant extracts
showed opposite results under
field conditions.

Key words: imidacloprid, primi-
carb, petroleum ether plant ex-
tracts, leaf-dip bioassay, field
efficiency.

Introduction
Aphids (Homoptera: Aphididae)
cause plant damage

by direct feeding or indirect by
transmission of virus diseases.
The cabbage aphid, Brevicoryne
brassicae L. is one of the major
pests of vegetable brassicas. The
cowpea aphid, Aphis craccivora
koch is distributed world wide. In
Egypt, the cowpea aphid is one
of the most important insect pest
of legumes such as faba bean,
cowpea, pea, lablab ... etc. It has
been  reported to  cause
considerable loss in yield in
different parts of the country
(Bishara et al, 1984).
Controlling aphid in crops is very
important to increase the quality
and quantity of the products.
Chemical control is the major
effective method that used by
farmers. In recent years, selective
insecticides, like neonicotinoids
were introduced in the market
instead of traditional insecticides
because insect pests became re-
sistant to the most of
conventional insecticides. These
selective insecticides are envi-
ronmentally friendly (Yeh et al.,
1997). Primicarb is one of anti-
acetylcholine esterase belongs to
carbamate group. This
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compound showed a good poten-
cy against aphids. However, last
years, some researchers
found that some aphid species
have less susceptibility against
primicarb (Rongai et al. (1998)
and El-Ghareeb (1993). The in-
formation about susceptibility of
the two tested aphid species to-
ward primicarb is very important.
Imidacloprid is one of neonico-
tinoid group. It has a broad activ-
ity against several sucking in-
sects (Elbert et al, 1998). The
mode of action of this group is
binding agonistically with the
nicotinic acetylcholine receptors
in the central nervous system of
several pest insects (Nauen et al,
2001).

Using botanical
insecticides in pest control in
Egypt is not new. Terrestrial
plants produce a bewildering ar-
ray of natural products terpe-
noids, phenolics, alkaloids-likely
exceeding 100,000 novel chemi-
cal structures. Many of these are
thought to serve on an ecological
function for the plants producing
them, serving to defend the
plants from herbivores and path-
ogens(Isman and Akhtar,
2007). Few commercialized
botanical insecticides are
available compared with
synthetic insecticides.

Datura is a medicinal plant
that belongs to the family sola-
naceae. Many of medicinal plants
have chemical compounds like
alkaloids and oxalic acid that
considered poisons (Gardner and

Pfister, 2007) to human and
pests. Poor farmers need safe and

cheap way of controlling pests.

Botanical insecticides
(Greenberg et al, 2005) are

more preferred than conventional
insecticides as they have little or
no negative effect on the agricul-
tural environment (Isman, 2006).
The activity of plant extracts
against aphids was not so far un-
der the lab and field condi-
tions(Gorur et al, 2008).The ob-
jectives of our investigation can
be categorized as following:

1- Comparing the activity of
two commonly synthetic in-
secticides and certain plant
extracts on cabbage and
cowpea aphid species using
leaf dip bioassay under la-
boratory condition.

2- Efficiency of the tested com-
pounds against cabbage
aphid in cabbage field.

Materials and methods

Chemicals

The details of insecticides
used in this investigation are
shown in table 1. The common
name, scientific name, family
and extraction part of plant used

in extraction are noted in table 2.

The extraction preparations were

done as follow: Fresh seeds of

datura and leaves of hebane were
collected from Assiut west desert
in Upper Egypt. Fruits of black
pepper were brought from local
market. The fresh plant parts
were dried under room tempera-
ture. The dried parts were ground
in electric mill. About 200 g of
dry powder material were ex-
tracted in a soxhlet extractor with

petroleum ether (500 ml) as a

solvent for 6 hours. The solvent
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was evaporated at 40-60° C using
rotary evaporator to become
semi-dry material. The crude ex-
tract was transferred quantitative-
ly in flask and then kept under 10
C° until used for toxicological
investigation. The surfactant Tri-

ton X-100 (100 % purity, BDH
Chem, Ltd. Poole England) im-
ported from England by a local
chemical company was used in
preparing the extract concentra-
tions.

Table 1. List of the two tested insecticides.

Insecticide |Trade name [Chemical group |Formulation type and
% a.i.

Imidacloprid |Gaucho® Neonicotinoide |70% WS*®

Primicarb  |Aphox ® Carbamate 50% WDG"

"WS=Water-soluble concentrates;"WDG= water dispersal granule
Table 2. List of plant species used as source of extract using petroleum

ether.

Common Scientific name  |Family Extraction part

name

black pepper  |Piper nigrum Piperaceae Fruits

Jimson weed/ |Datura stramoni- |Solanaceae Seeds

datura um

henbane Hyoscyamus muti- |Solanaceae seeds and leaves
cus

Insects

Aphids used in the bioas-
say were collected from Assiut
University Experimental Farm
during 2008/2009 season. B.
brassicae aphids were taken from
cabbage, Brassica oleracea V.
capitata field, while cowpea
aphid, A. craccivora population
were collected from the field of
faba bean, Vicia faba.
Laboratory bioassay

The leaf dip-bioassay

technique (O’Brien et al., 1992)
with little modification was used
in the toxicity tests. Five to six
concentrations of aqueous solu-
tion of each compound plus 0.1%
Triton X-199 as a surfactant were
prepared. Half
concentration of the Triton was
applied with cowpea aphid. In

each tested concentration, sepa-
rate batches of at least 20 apter-
ous adults of approximately the
same size were dipped for 10
seconds. The treated aphids were
allowed to dry at room tempera-
ture for about half an hour. Con-
trol batches of aphids were simi-
larly dipped in a solution of dis-
tilled water plus the surfactant.
After the treated batches of
aphids had dried, they were indi-
vidually transferred to petri dish-
es( 9 cm diameter) and held for
48 hours at 22+2°C, 60+5 RH
and photoperiod 12:12 (L:D).
Aphid mortality was recorded 48
hours after treatment with a bin-
ocular microscope. An aphid
was considered dead if it was
incapable of coordinated forward
movement. The toxicity experi-
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ment of each compound was re-
peated twice. Results were cor-
rected by Abbott’s formula (Ab-
bott, 1925); LCs, and slope val-
ues were determined by a com-
puterized probit analysis pro-
gram.
Field experiment

The field tests were
conducted on cabbage heads of
Brassica oleracea v. capitata at
Assiut  University experimental
Farm, Assiut, Egypt. The
cabbage seedlings were
cultivated on September, 15" at
50 cm distance. Normal
agricultural practices were
applied. The experimental area
was divided into plots of 10 m?.
The experiment was arranged in
complete randomized design
(CRD)  with threereplicates.
Spraying application of tested
compounds was done on Decem-
ber 31, 2008 in a clear day with-
out wind. The knapsack sprayer
with one nozzle covering 476
liter per hectar was used in appli-
cation. The extracts and insecti-
cides were diluted with tap water
and Triton X-10 Was added at
rate of 0.1 % as detergent. The
aphid populations were counted
in three external leaves in the

marked heads before spraying at
interval period 1, 5 and 10 days.
The % reductions were
calculated according to the
equation of Henderson and Tilton
(1955).
Results and discussion

Data represented in tables 3
& 4 showed that primicarb insec-
ticide was the most toxic com-
pound against cabbage and cow-
pea aphids followed by black
pepper extract. Whereas, the
LCs, values of primicarb and
black pepper extract were 0.12
and 1.15; 0.26 and 0.31mg/L for
cabbage and cowpea aphids, re-
spectively. Based on the toxicity
index, primicarb was more toxic
than imidacloprid by 17.83 fold.
The toxicity of the tested insecti-
cides was almost similar against
the two tested species; where as
the maximum difference in the
toxicity against the two tested
aphids was around two fold for
primicarb. Our results were in the
opposite with the results reported
by Nauen et al. (1996) where
they found that imidacloprid was
more active than primicarb by 23
fold aginst Myzus persicae using
dipping bioassy technique.
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Table 3. Toxicity of two

insecticides with different mode of actions

and three plant extracts on cabbage aphid, Brevicoryne brassicae after
48 hrs using leaf-dip bioassay technique.

LCso mg/L (95 Regression Toxicity
Compounds %FL) equation Index”
Insecticides
. . 2.14
Imidacloprid (0.85-4.21) Y=-0.41+1.24x 5.61
_ 0.12
Primicarb (0008-018) Y=1.61+1.75x 100.00
Plant Extracts
Black pep- 1.15
)" Y=4.89+1.74x 10.43
per
1.23 B
Datura (019-879) Y=-0.09+0.96x 9.76
Henbane () 4.52+1.20x :

" Toxicity Index (Sun, 1950), (LCs, of the most toxic tested
compound / LCs of the tested compound)*100 (-)° undetected

Table 4. Toxicity of two recent insecticides with different mode of

action and three plant extracts on cowpea aphid, Aphis craccivora

koch after 48 hrs using leaf-dip bioassay technique.

Compounds | LCsq mg/L (95 Regression Toxicity
%FL) equation Index
Insecticides
. . 2.04
Imidacloprid (1.23-2.70) Y=0.40+1.28x 12.75
. 0.26
Primicarb (023_030) Y=1.41+2.42x 100.00
Plant Extracts
Black pep- 097 Y=0.02+1.28 26.80
per (0.24-12.44) =002+ L1.20X :
2.77
Datura )" Y=0.06+1.20x 9.39
19.07 _
Henbane (0.84-171) Y=-0.56+0.56x 1.36

“ Toxicity Index (Sun, 1950) , (LCs, of the most toxic tested
compound / LCsyof the tested compound)*100(-)° undetected
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In the present study, black pep-
per, datura and henbane extracts
exhibited  aphicidal  activity
against the two aphid species.
Primicarb showed more potency
than black pepper, datura, and
henbane extracts by 9.58, 10.25,
and 11.50 fold, respectively, on
cabbage aphid. Primicarb was
also more toxic than the same
corresponding plant extracts by
3.73, 10.65, 73.35 fold on cow-
pea aphid, respectively. The tox-
icity of all tested extracts against
the two aphid species was almost
the same except for henbane.
Cowpea aphid showed more re-
sistance than cabbage aphid
against henbane by 14 fold (table
3&4). According to tables 3&4,
primicarb was the only com-
pound which had a high slope
value (slope=2.42) with A. crac-
civora, while the rest of tested
compounds exhibited relatively
low slopes

(slope<2).These results indicate
that the two populations of tested
aphid species were highly ho-
mogenous in responding to
primicarb. The other compounds
were varied in the homogeneity.
More heterogeneity was observed
in responding in the case of hen-
bane with B.

brassicae and A. craccivora.
Some investigation on other pests
confirmed the present results.
Soliman et al(2005)found high
activity of crude extracts by hex-
ane,diethyl ether, ethyl

acetate of Hyoscymus muticus
against Aphis gossypii Glov. The
LCs, values of these extracts
were 0.73, 0.88 and 1.01 mg/cm?,

respectively. Many authors tested
the medicinal and ornamental
plant extracts toward different
aphid species under laboratoy
conditions (Moawad and Al-
Barty, 2011; Salari et al, 2010).
The aphicidal and growth
inhibition effects of nemazal on
A. craccivora were investigated
by Dimetry and El-Hawary,
1995. Extraction of Piper nigrum
fruit by methanol contains
pellitorine, guineensine,
pipercide, and retrofractamide A.
These compounds have a
mosquitocidal effect (Shaalan et
al, 2005). The acute toxicity of
the tested plant extract can be
explained where fruits of black
pepper, Piper nigrum L. contain
piperin, the insecticidal alkaloids.
Piperin is an alkaloidal amide
of oleoresin of pepper
(Matsubara and Tanimura,1966).
The efficacy of
datura extracts in the present
study may be due to its alkaloidal
constituents such as hyoscine,
atropine and hoscyamine which
have neurotoxic
effects(Bruneton,1995).
Atropine and hoscyamine have
also physiological activity.
Atropine is an inhibitor of
muscarinic receptors of
peripheral organs innervated by
the parasympathetic post
gangelionic fibers.

Data represened in figure 1
showed that primicarb provided
high effeciency against cabbage
aphid under field conditions
compared with the rest

compounds. Otherwise
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imidacloprid at 47.6 g ha™ pro-
vided similar control to 125 g

120

ha™ of primicarb at 1, 5 and 10
days after spraying application.

100

[m 5 m10 Days

20

=L

% Reduction

40

o

imidacleprid primicarh

black pepper

datura henbane

Compounds

Figure 1. Mean

reduction percentages

in cabbage aphid,

Brevicoryne brassicae L. population that infesting cabbage plants as a
result of treatments with primicarb 125 g a.i/hectare, the rest com-
pounds in 47.6 ga.i/ hectareunder field conditions.

Inspite of black pepper, datu-
ra and henbane extracted by pe-
troleum ether showed high po-
tency against the two aphid spe-
cies in laboratory, the field re-
sults were the  opposite.
Successful pest control by foliar
application not simply related to
systematic behaviour alone but it

depened on phesico-chemical
characteristics of the active
ingredient, the plant
species(eg.,different barrier,
properties of cuticles),
metabolism  and  functional

morphology of the pest species
considered(Buchholz and
Nauen,2001). Environmental
factors such as ultraviolet light,
temperature, PH and microbial
activity play important role in
natural  products degradation

under field conditions. Leatemia
and Isman, 2004 reported that
using the same seed extraction
process, the insecticidal potency
of some seed extraction are
varied from regions and annual in
Indonsia. Isman (2006) Suggest
that there must be some degree of
chemical standardization for
botanical insecticide, presmably
based on the putative active
ingrdient to provide a reiable
level of effeciacy. In most cases,
the crude extractions contain low
concentration of active
ingredients. Igbal et al, 2011
found reduction in wheat aphid
infestation after application of
water hot pepper, Capsicum
frutescens extracts. Many of the
plants discussed in this study are
tropical in distribution and
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available to  growers in
developing countries. It is time to
refocus on the development and
application of known botanicals
rather than screen more plants
and isolate  further  novel
bioactive substances.

In conclusion, the battle to
control aphids will continue as
long as these pest compete with
mankind for food recourses. La-
boratory screening of the potency
of crude plant extracts on pests is
essential. The second step is iso-
lation and identification of the
active ingredients in those ex-
tracts. Even though, crude ex-
tracts may be easiest and cheap-
est for the farmers compared with
the active ingredient formula-
tions. More polar and non-polar
extracts of the tested plant need
to evaluate. The primicarb and
imidacloprid still provide good
efficacy in the field control.
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