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ABSTRACT

The impacts of aqueous extracts from different parts (root, stem, leaf and fruit) of bitter apple Citrullus colocynthis
(Cucurbitales: Cucurbitaceae), with five different concentrations, on controlling the bird cherry-oat aphid,
Rhopalosiphum padi (L.) (Homoptera: Aphididae) were investigated under laboratory conditions. Results showed that
the effects of the aqueous extracts from different parts of C. colocynthis significantly differed in reducing R. padi
numbers. The stem caused a higher mortality of R. padi, compared to other parts, in which the mortality percentages of
R. padi were 75%, 71.25%, 60%, 43.75% and 40% respectively, when the aphids were treated with the aqueous extract
of stem at 100000, 1000, 10, 0.1, 0.001 ppm, respectively. Also, toxicological parameters including LC50, LC90,
toxicological index and slope of the toxicity lines showed that stems of C. colocynthis were more potent in controlling R.
padi, compared to other parts. LC50 values of stem, root, leaf and fruit of C. colocynthis were 0.0002, 0.024, 0.043 and
0.055 ppm, respectively. Stem was revealed to be more effective than root by 0.83%, leaf by 0.47% and fruit by 0.36%
for controlling R. padi. This could be justified to a higher amount of some toxicants in the stem such as terpenoids,
cucurbitacin, glycosides, flavonoids and other compounds that may have a positive effect in controlling aphid pests. This
study suggests that more detailed, long-term studies on both the chemistry of C. colocynthis and its effects on the pests’
natural enemies are required before recommending its use as an alternative to synthetic pesticides.
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INTRODUCTION

Cereal crops are heavily attacked by aphid pests
that congregate on plant stems and leaves, sucking plant
nutrients as well as transmuting plant diseases which
weaken plant growth and development and result in yield
losses (DeBach and Rosen, 1974; Dixon, 1987; Shah et
al., 2007; Davoodi Dehkordi et al., 2013). The bird
cherry-oat aphid, Rhopalosiphum padi (L.) (Homoptera:
Aphididae) is considered to be one of the most
destructive pests of cereal crops in different parts of the
world (Taheri et al., 2010; Descamps and Chopa, 2011).
For instance, the estimated damage to cereal crops caused
by R. padi in some parts of Europe can result in yield
losses of up to 15% (Ostman et al., 2003). This has led to
the extensive application of synthetic pesticides annually
in cereal fields in order to guarantee sufficient levels of
food production. Indeed, the worldwide pesticide market
in 2000 was estimated to be worth approximately $29
billion (Marshall et al., 2003). However, the application
of synthetic pesticides has adverse effects on humans and
the environment.

Any adverse effects of synthetic pesticides on
humans are caused by pesticide residues left on crops
when they are eaten. These residues can negatively affect

human health through chronic illnesses such as cancer
and sterility (DeBach and Rosen, 1974; Bale et al., 2008).
Adverse effects of the application of pesticides on the
environment can be summarized as follows: biodiversity
loss, water contamination, disruption of food chains and
soil degradation (Bale et al., 2008; Altieri, 1991). This
has led policy makers and scientists to seek safer methods
for controlling insect pests (Coll and Bottrell, 1995;
Pimentel, 2005; Fetoh and Asiry, 2012).

In recent years, there has been a growing interest
in the use of botanical pesticides as an alternative to
synthetic pesticides, although botanical pesticides have
been used for thousands of years against insect pests
(Koul and Walia, 2009; Fetoh and Asiry, 2012).
Botanical pesticides can be defined as the extraction of
toxicant chemicals from plants by using a suitable solvent
in which these chemicals occur naturally (Koul and
Walia, 2009). Plants provide a valuable source of active
chemicals such as alkaloids, terpenoids, cucurbitacin,
glycosides, flavonoids and other compounds that have
been used as toxins against several insect pests which
affect commercial crops (Koul and Walia, 2009). It has
been suggested that leaf and flower extracts of the Sweet
Orange Citrus sinensis, Sweet Basil Ocimum canum,
Holy Basil Ocimum sanctum and Snak Jasmine
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Rhinacanthus nasutus in different solvents including
acetone, chloroform, ethyl acetate, hexane and methanol,
can be used as an eco-friendly method to control
lepidopteran pests in the field setting (Koul and Walia,
2009).

Bitter apple plants Citrullus colocynthis, also
known as bitter cucumber and colocynth or desert gourd,
belong to the family of Cucurbitaceae and have a wide
distribution, being commonly found in the sandy lands of
India, Arabia, West Asia, and Tropical Africa and in the
Mediterranean region (Pravin et al., 2013). Recently, an
increased attention has been paid to the use of C.
colocynthis as a natural insecticide and the biological
activity of this plant has been investigated against many
insect pests (Soam et al., 2013). This plant is known to
have a range of compounds, which show insecticidal,
antibacterial, larvicidal, deterrent, antifeedant, growth-
regulating and antifertility effects (Pravin et al., 2013;
Soam et al., 2013). Furthermore, this plant can be used
medically as an abortifacient, cathartic, purgative and
vermifuse, as well as for the treatment of fever, cancer,
amenorrhea, jaundice, leukemia, rheumatism, tumour and
as an insect repellant (Soam et al., 2013).

The current study aimed to investigate the
toxicity effect of aqueous extracts from different parts of
C. colocynthis (root, stem, leaf and fruit) against the bird
cherry-oat aphid, R. padi under laboratory conditions.
This study expects that there will be no significant
differences between the different extracts of C.
colocynthis parts against R. padi.

MATERIALS AND METHODS

Preparation of Citrullus colocynthis extracts: Different
parts (root, stem, leaf and fruit) of bitter apple C.
colocynthis were collected from Hail desert located in the
north central part of Saudi Arabia (27° 31′ 0″ N, 41° 41′
0″ E), in spring 2013. The collected plants and their parts
were carefully isolated from combined impurities such as
weeds, soil particles and other inessential matter. The
root, stem, leaf of C. colocynthis were washed and dried
at room temperature in dark conditions for three weeks,
while the fruit was left to dry for three months. The root,
stem, leaf and fruit of C. colocynthis were separately
powdered using an electric blender. Then, 10  grams of
grinded powder from each part of C. colocynthis were
dissolved in 100 ml distilled water in a conical flask,
exhaustively shaken manually and left to stand for 24 hrs,
then filtered through filter papers to acquire the stock
solution (10% w/v). Five dilutions were prepared for each
plant part used, as follows: 100000, 1000, 10, 0.1, 0.001
ppm. Thus, five serial concentrations of aqueous extracts
from four different parts of C. colocynthis were
investigated.

Collection of the bird cherry-oat aphid,
Rhopalosiphum padi: Wingless adults of the bird cherry-

oat aphid R. padi were collected from pesticides-free
barley crop (Hordeum vulgare L.) which was grown in a
private farm in Al-Homimah district, Hail region. Aphids
were collected from host plants, kept in plastic bags, and
then transmitted to the laboratory where they were kept in
the fridge for twenty-four hours prior to commencing the
experiment. The design of the experiment included
dividing the collected aphids randomly into four groups
(one for each plant part). Each group was tested with the
five extracts’ dilutions respectively, where each dilution
was tested on 20 aphids. Moreover, each dilution was
replicated four times.

Bioassay and aphid mortality: In order to assess the
effect of aqueous extracts from the four parts (root, stem,
leaf and fruit) of C. colocynthis on the mortality of R.
padi, pieces measuring 7 cm in length were cut out from
the center of barley leaves. Each leaf piece was separately
dipped into aqueous extracts from root, stem, leaf and
fruit of C. colocynthis with five different concentrations
for 30 seconds and then air dried. Then, each leaf piece
was placed in a Petri dish (90mm diameter × 15mm deep)
and 20 adults of R. padi were individually transmitted to
the middle of each leaf piece by using a soft hair brush.
Each Petri dish was covered with a wax Parafilm to
ensure that no aphids could escape from the Petri dish,
and then the Petri dishes were kept in an incubator at
25±1⁰C and 40-50% humidity. Aphid mortality was
assessed by counting dead aphids in the Petri dishes after
twenty-four hours.

Data analyses and Statistics: Prior to performing
analyses of the response variable (the mortality of R.
padi), data were transformed to loge (N+1) to improve
normality and homogeneity of variance. To assess the
effect of C. colocynthis on the mortality of R. padi,
transformed data were subjected to analysis using a
general linear model (GLM) within the Statistical
Analysis Software (SAS) package 9.2 (SAS, 2009). The
response variable of the mortality of R. padi numbers
(loge (N+1) transformed) was tested against the
explanatory variables of aqueous extracts of the different
four parts of C. colocynthis and their concentrations (with
5 levels) and the interaction between these two factors.
This model included replicate blocking as a covariate
factor. Differences among means were considered
significant at a probability level of five percent (P ≤
0.05). Where significant treatment effects were found,
post hoc Tukey’s test was performed to identify
differences in treatment means. In addition, calculation of
the percentage of mean mortality of R. padi was
preformed; results were adjusted using Abbot’s formula
and statistically computed according to Finney (1971). To
achieve the corresponding log-concentration probit lines,
the calculated percentage mortality of R. padi was plotted
with consistent concentrations on logarithmic probability
paper. The regression lines were created to determine the
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lethal concentrations of 50% and 90% (LC50 and LC90) on
R. padi. Additionally, the toxicity index was calculated
according to the equation of Sun (1951).

RESULTS AND DISCUSSION

Data revealed higher significant variations
between aqueous extracts from the four parts (stem, root,
leaf and fruit) of C. colocynthis on the mortality of R.
padi (F3.57 =53.71, P < 0.001), showing higher effects of
stem extract to decrease the survivorship of R. padi
(Table 1). Moreover, there were significantly higher
differences between the five concentrations of the
aqueous extracts from all parts of C. colocynthis, as more
R. padi adults were killed under these concentrations,
(F4.57 =94.76, P < 0.001), showing a higher influence of
the 100000 ppm and 1000 ppm on the mortality of R.
padi from all four parts of C. colocynthis (Table 1).
However, there was no a significant effect of the
arrangement of the Petri dishes (block) on the mortality
of R. padi (F3.57 =1.14, P = 0.34). Interestingly, the
interaction between C. colocynthis parts and their
concentrations showed a higher significant impact upon
the mortality of R. padi (F12.57 =4.20, P < 0.001). In a
general trend, all five concentrations of stem extract had
higher significant effects on the R. padi mortality
compared to other parts of C. colocynthis (t < 0.05),
although in some cases there were no significant
differences between the concentrations of stem, root, leaf
and fruit on the R. padi mortality (t > 0.05), according to
post hoc Tukey’s test (Table 1).

The percentage of aphid mortality fluctuated
between 75% and 40% when the aphids were treated with
the highest (100000 ppm) and lowest (0.001 ppm)
concentrations of stem extract, respectively (Table 2).
This effect also was greater when the aphids were treated
with the highest concentration (100000 ppm) of other C.
colocynthis parts in which root exerted 60% of aphid
mortality, while leaf and fruit showed 62.5% (Table 2).
However, the percentages of aphid mortality declined
when the aphids were treated with other concentrations of
other C. colocynthis parts (root, leaf and fruit) compared
with stem (Table 2). Similarly, toxicological index in
(Table 3) also showed a higher toxicity of the aqueous
extract from stem against R. padi compared with other
parts of C. colocynthis. In this table, LC50 values of
aqueous extracts from stem, root, leaf and fruit of C.
colocynthis were 0.0002, 0.024, 0.043 and 0.055 ppm,
respectively. The LC90 values also showed the same
trend: 14.378, 21.637, 35.617 and 128.08 ppm of the
stem, root, leaf and fruit, respectively. Stem extract of C.
colocynthis showed the maximum toxicity, as this part
has been revealed to be more effective than root by
0.83%, leaf by 0.47% and fruit by 0.36% (Table 3). In
addition, Probit lines of predicted percentages of R. padi
death showed a similar effect for the stem extract in

reducing R. padi numbers compared to other plant parts
(Figure 1). The figure shows that with increasing
concentrations of the aqueous stem extract, more death of
R. padi occurred, compared to the others parts of C.
colocynthis. Moreover, slope measures of the toxicity
lines of stem, fruit, root and leaf of C. colocynthis were
0.27, 0.38, 0.43 and 0.44, respectively. In summary, all
data analyses indicated that the aqueous stem extract of
C. colocynthis is the most effective for controlling the R.
padi aphids. The bird cherry-oat aphid (R. padi ) is one of
the most destructive insect pests that cause yield losses of
cereal productions on a world scale (Ostman et al., 2003).
This, in turn, has led to extensive application of synthetic
insecticides for controlling this aphid species within agro-
ecosystems. The extensive use of synthesized insecticides
has adverse effects on humans and the environment
(Marshall et al., 2003; Pimentel, 2005; Palis et al., 2006;
Schou et al., 2006; Winqvist et al., 2011). This has led
both policymakers and scientists to try to find other
sustainable methods such as natural products from
wildlife plants (Fetoh and Asiry, 2012). In this study, the
impact of aqueous extracts of C. colocynthis on the
mortality of the bird cherry-oat aphid R. padi under
laboratory conditions was investigated, revealing the
higher toxicity of C. colocynthis on aphids. In this study,
the toxicity of C. colocynthis against R. padi was very
obvious when aphids treated with the higher
concentration (100000 pm) of all C. colocynthis parts
showed a higher mortality of aphids after twenty-four
hours.

The bitter apple plant C. colocynthis has
antibacterial, larvicidal, deterrent, antifeedant, growth-
regulating and antifertility components affecting the
survivorship of insect pests (Pravin et al., 2013; Soam et
al., 2013). Such alkaloids, terpenoids, cucurbitacin,
glycosides and flavonoids have insecticidal attributes of
C. colocynthis (Gurudeeban et al., 2010). This may
explain the higher aphid mortality in the results of the
current study. This finding is in accordance with some
other studies, although studies of aphid control by using
the extract of C. colocynthis are rare. Sayeda et al. (2009)
found that formulated extract of C. colocynthis was
extremely toxic against adults of the cowpea aphid (Aphis
craccivora Koch.) with LC50 123.68 ppm. Similarly,
Soliman et al. (2005) reported a higher toxicity of
hexane, diethyl ether, ethyl acetate, acetone and ethanol
extracts of C. colocynthis against adults of the cotton
aphid (Aphis gossypii Glover.). Torkey et al. (2009)
noted that the ethanolic extract of C. colocynthis fruit
exerted the highest toxicity (LC50 11003ppm) against A.
craccivora compared with n-hexane, methylenechloride
and chloroform extracts. More recently, Soam et al.
(2013) documented that the application of aerial parts of
C. colocynthis at 250μg/ml and 500μg/ml concentrations
led to 100% mortality of mustard aphid (Lipaphis erysimi
Kalt) after 24hrs.
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Several studies on the activity of insecticides of
C. colocynthis against other insect pests have been
conducted, supporting the toxicity of C. colocynthis
against R. padi, which was noted in the current study.
Mullai and Jebanesan (2007) observed 100% mortality of
the larval stage of the filarial vector Culex
quinquefasciatus (Say) (Diptera : Culicidae) when this
pest was treated with the leaves extract of C. colocynthis
at 450 ppm, suggesting that the plant C. colocynthis
exhibits larvicidal, ovicidal and repellent activities
against Cx. quinquefasciatus and can be used as a natural
insecticidal product against mosquitoes. In addition,
Rahuman et al. (2008) found out that the leaves extract of
C. colocynthis had the oleic and linoleic acids, which
showed toxic effects against mosquito larvae. Rawi et al.

(2011) revealed that the methylene chloride fruits extract
of C. colocynthis was effective for reducing larval stage
of the Egyptian cotton leaf worm, Spodoptera littoralis
(Boisd.). Ramzi et al. (2013) reported the pesticidal
activity of the lectin of C. colocynthis against
Ectomyelois ceratoniae (Lepidoptera: Pyralidae) larvae,
showing the toxicity effect of C. colocynthis lectin on the
survivorship of E. ceratoniae larvae. Bashir et al. (2013)
showed the acaricidal activity of crude aqueous leaves
extract of C. colocynthis against the stored grain mite,
Rhizoglyphus tritici (Acari: Acaridae) in which the
activity of C. colocynthis for reducing this pest fluctuated
from 22% to 80%, 30% to 82%, 41% to 88%, and 47% to
92% after exposure periods of 7 days, 14 days, 21 days,
and 28 days, respectively.

Table (1): The effect of the five different concentrations of aqueous extracts (ppm) across four parts of Citrullus
colocynthis on the mortality of Rhopalosiphum padi adults. The mortality value of each concentration
from each part of C. colocynthis is the transformed mean of four replications and standard errors (±SE)
of mean after twenty-four hours.

Concentration
(ppm)

Plant part
Stem Root Leaf Fruit

100000 2.76±0.12 a 2.55±0.11 a 2.59±0.12 a 2.59±0.10 a
1000 2.71±0.10 a 2.27±0.05 b 2.13±0.09 c 2.08±0.06 c

10 2.56± 0.07 a 2.10±0.07 c 1.75±0.05 ab 1.75±0.05 ab
0.10 2.27±0.10 b 1.56±0.22 ab 1.37±0.12 ac 1.54±0.11 ab

0.001 2.19±0.07 b 0.90±0.14 abc 1.17±0.10 abc 1.25±0.03 ac
Means with the same letter are not significantly different (t > 0.05), according to post hoc Tukey’s test of means.

Table (2): the percentage of mean mortality and standard errors (±SE) of mean of Rhopalosiphum padi affected
by different concentrations (ppm) of aqueous extracts from different parts of Citrullus colocynthis.

Note: Numbers in parentheses refer to the mortality range.

In most cases, the insecticidal activity of C.
colocynthis extracts might be justified to the presence of
several compounds including: saponin, alkaloids and
glycosides (Gurudeeban et al., 2010; Ali et al., 2013).
However, no studies have been yet conducted to analyse
and estimate the amount of these compounds from all C.
colocynthis parts. The current study reports for the first
time the higher toxicity effect of C. colocynthis stems on
aphid control, suggesting that this part of the plant of C.

colocynthis could have an important chemical
compounds, which can be used as an alternative and
sustainable method to synthetic pesticides for controlling
aphid pests. This finding is in agreement with the study
of (Gutierrez, Jr. et al., 2014) who found out that the
methanolic extracts of stem part of the following plants:
Jatropha curcas, Citrus grandis and Tinospora rumphii
have larvicidal activities against the larval stages of
Aedes aegypti mosquito. Thus, chemical composition and

Concentration
(ppm)

Plant part
Stem Root Leaf Fruit

100000 75±1.18
(90-55)

60±1.56
(80-50)

62.5±1.53
(75-45)

62.5±1.37
(75-50)

1000 71.25±1.44
(85-55)

43.75±0.55
(50-40)

37.5±0.75
(40-30)

35±0.47
(40-30)

10 60± 0.94
(70-50)

36.25±0.55
(40-30)

23.75±0.29
(25-20)

22.5±0.29
(25-20)

0.10 43.75±0.87
(50-35)

20±1.05
(30-10)

15±0.47
(20-10)

18.75±0.55
(25-15)

0.001 40±0.67
(45-35)

7.50±0.33
(10-5)

11.25±0.29
(15-10)

13.75±0.87
(20-5)
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long-term studies are needed to understand the
underlining mechanism of how C. colocynthis extracts
affect aphid suppression. Large-scale field studies are
also required to test the stability of C. colocynthis as an
insecticide for controlling aphid pests. It would be also

worth if considering investigating whether there are any
side effects of C. colocynthis extracts on the natural
enemies of aphids. This, in turn, could provide a decision
for advising farmers to use it as a sustainable mean of
controlling aphid pests.

Table (3): Toxicological parameters of aqueous extracts from the different parts of Citrullus colocynthis after
twenty-four hours on Rhopalosiphum padi adults.

Toxicological
parameters

Plant part
Stem Root Leaf Fruit

LC50 0.0002 0.024 0.043 0.055
LC90 14.378 21.637 35.617 128.08

95% FL (Lower) 0.000054 0.01 0.018 0.02
95% FL (Upper) 0.0007 0.073 0.15 0.257
Index of toxicity 100 0.833 0.465 0.364
Resistance Ratio 1 120 215 275

Slope 0.267 0.433 0.439 0.381

Figure (1). Log- Probity curve of four aqueous extracts of Citrullus colocynthis on Rhopalosiphum padi adults
after twenty-four hours.
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