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The study aimed to evaluate the insecticidal efficiency and repellency of ginger rhizome Zingiber 
officinale against black bean aphid, Aphis fabae Scop. under laboratory conditions. Different 
concentrations were prepared with methanolic extract and tested in two methods of application: residual 
and contact toxicity bioassay on the nymphal instars and adults of aphid. Results showed high 
insecticidal potency of Z. officinale extract and the effect varied with the concentrations used. In residual 
bioassay, ginger extract demonstrates insecticidal activity against A. fabae. 20 mg/ml concentration 
induced the highest mortality rate (70%) in adults recorded after 48 h. whereas the same concentration 
caused 55.87 % and 82.45 % adults mortality after 24 and 48 h. respectively when applied directly. The 
mortality rate increased with time for all nymphal instars in both applications.Ginger powder exhibit 
repellent activity for 3rd, 4th nymphal instars, and adult of A. fabae. Meanwhile, the phytochemical 
analysis of the extracts confirmed the presence of saponins, alkaloids, flavonoids, glycosides, resins, 
and anthraquinones. It was concluded from the results that ginger is a natural source of repellent 
materials and possess powerful insecticide activity and can be used as alternative safe botanical 
insecticides designed for plant protection against A. fabae. 
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INTRODUCTION 

Broad bean, Vicia faba L. (Fabales: 
Fabaceae) is one of the oldest field crops 
cultivated in the world. It considered a major 
source of protein, carbohydrates, and fiber. 
Several insect pests and disease attack V. fabae 
during its development with the most destructive 
pest is the black bean aphid, Aphis fabae Scopoli 
(Homoptera: Aphididae). It is a worldwide 
importance pest causing heavy crops losses by 
feeding on plant sap; secrete an excessive 
amount of honeydew which attracts sooty mold 
and transmitting more than 30 plant viruses as 
vectors (Blackman and Eastop, 2007). Aphid 
control is very difficult because of its ability to 

growth, rapid reproduction, polymorph and 
adaptation. Therefore, it is necessary to find new 
ecofriendly modes for their management. 

Common control pest mechanisms include the 
use of synthetic chemical insecticides which are 
found to be associated with health and 
environmental hazards through the high costs of 
synthetic pesticides development, the destruction 
of beneficial insects, high levels of resistance, 
magnification of insecticide residue in humans 
and wildlife and disruption of natural biological 
control ecosystem (Ruchika and Kumar, 2012).  

Natural plant products and their analogs 
consider as biopesticides an important source of 
new agricultural chemicals used in the control of 
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insect pest. Several plant products have been 
used due to their content of different 
allelochemical substances and their effect as a 
repellant or insecticides. Ginger (Zingiber 
officinale Roscoe) belongs to Zingiberaceae 
family of flowering plants. It is a perennial plant 
cultivated in the tropical and subtropical regions 
for its edible rhizome, with the rootstocks serving 
a variety of purposes, including culinary and 
medicinal (Grant, 2000). The family Zingiberaceae 
contains a variety of compounds which have 
shown insecticidal, oviposition, antifeedant, 
growth regulating, reducing fecundity, 
development modifying properties and repellent 
activity against many tested insects (Abdul 
Rahuman et al., 2008; Owolabi et al., 2009). Ali et 
al. (2008) revealed that the chemical components 
of Z. officinale may vary considerably, according 
to cultivation location and if the rhizome is fresh or 
dried. Previous studies investigate the insecticidal 
effects of Z. officinale against maize weevil, 
Sitophillius zeamaize, rice weevil S. oryzae and 
red flour beetle Tribolium castaneum (Salvadores 
et al., 2007; Aswalan et al., 2012 and Abdullha, 
2016). Therefore, the study was aimed to evaluate 
the insecticidal potency of Z. officinale on the 
control of A. fabae and revealed its phytochemical 
components. 
 
MATERIALS AND METHODS 

Preparation of ginger extract 
The fresh rhizome of ginger Zingiber 

officinale was purchased from a local market in 
Baghdad/ Iraq. The rhizomes were washed with 
clean water and drained. The samples were cut 
into slices and dried under shade for 3 days and 
subsequently milled into powder using a 
commercial electric blender, then sieved through 
a 2 mm mesh and then stored in an airtight 
container for subsequent analysis.   

Methanol extract  
Using the Soxhlet’s extraction technique, 20g 

of dry ginger powder was put into a thimble with 
200 ml methanol as an extraction solvent. The 
assembly was heated at 55 ˚C on an 
electrothermal heater. Then extract was 
concentrated on a hot plate at 70 °C in a water 
bath till dryness. The obtained residue of dried 
extract was 2 g stored in a refrigerator at 4˚C for 
further use. The extraction process was repeated 
several times to obtain the required quantity. To 
prepare the extract solution at 5, 10, 15 and 20 
mg/ml concentrations, 0.05, 0.1, 0.15 and 0.2 g of 

dried extract was dissolved in 10 ml of distilled 
water, respectively. 

Insects rearing 
Aphis fabae were collected from infested 

broad bean leaves, Vicia faba L., from agricultural 
fields in Al-Jadiriya, Baghdad city during January 
and June 2018. Aphids were identified from the 
Plant Protection Department/Agriculture 
College/Baghdad University. Aphid adults were 
reared on broad bean seedlings in Petri dishes 
covered with muslin and incubated at 25± 2°C and 
65 ± 5% relative humidity and 16: 18 (L: D) h 
photoperiod. For obtaining different nymphal 
instars; adult's females (viviparous) were 
transferred with a fine camel hair brush to Petri 
dishes (9 cm diameter) containing filter paper with 
bean leaves and kept for 24 h. The young first 
instars nymphs were transferred to another Petri 
dish and monitored for molting to the second 
instars and so on to obtain nymphs of known age 
(Abdulhay and Al-Rawy, 2012). 

Residual toxicity bioassay 
Clean broad bean leaves were collected and 

cut into leaf discs. Each leaf disc (2.5cm diameter) 
was dipped into 50μL of different concentration of 
methanolic extract the air dried for 2 minutes. 
While the discs leaves were dipped with distilled 
water for control. Then leaf discs were placed in a 
plastic container (4cm diameter × 3cm height). 
Three replicates of 10 insects from different 
nymphal instars were introduced on each leaf disc 
and the container was sealed with a plastic lid. 
Mortality was assessed after 24 and 48 hr. 

Contact toxicity bioassay through direct 
spraying 

Being more resistance stage, adults from 
Aphis fabae were transferred into a filter paper 
(diameter: 4cm) placed in a plastic container 
(4cm; height: 3cm). Different concentrations of 
methanolic solution were sprayed on aphids then 
transferred to a broad bean leaf disc (2.5 cm 
diameter) found in a clean container. While for 
control assay aphids were sprayed with distilled 
water only. Mortality was assessed after 24 and 
48 hr. Three replicates with 10 adults were 
conducted for all concentration; aphids. 
Experiments were conducted at room temperature 
(23ºC). 

Repellency of Zingiber officinale  
The repellency of ginger powder was 

investigated using broad bean leaves divided into 
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two equal halves and placed in Petri dish. The first 
half was treated with raw ginger powder while the 
second was treated with distilled water. The 
leaves were placed in a tube (1.5cm in diameter) 
in the middle of the dish. The tube contained 30 
insects for three stages (10 of 3rd, 10 of 4th 
nymphal instar, and 10 adults) covered with a 
perforated cloth. The insects were counted in 
treated and untreated halves after 30 minutes and 
60 minutes. 
Percentage of repellency (PR) was calculated 
according to Nerio et al. (2009) as follows:  
Percentage of repellency (PR) = (C − T / C + T) × 
100  
Where: C = No. of aphids on the untreated leaf 
and T = No. of aphids on the treated leaf. 

Phytochemical screening 
The methanolic extract of ginger was 

chemically tested for the presence saponins, 
alkaloids, flavonoids, glycosides, resins, volatile 
oil, general phenols, and coumarins. These 
compounds were screened in according to the 
standard methods (Harborne, 1998).  

Statistical analysis 
The mortality rate was analyzed using SPSS 

software. Probit analysis was used to determinate 
LC50 values. The mortality rate was corrected 
according to Abbott's formula correction. Data 
were analyzed using one-way analysis of variance 
(ANOVA) and least significant differences test. 
The results were expressed as means± standard 
deviation. 
 
RESULTS AND DISCUSSION 

Residual toxicity bioassay  
Table 1 showed the effects of Z. officinale 

methanolic extract on mortality percentage of A. 
fabae. Most extract concentrations were not active 
as residual toxins after 24 h. But the insecticidal 
activity on the nymphal instar and adults were 
increased after 48h from treatment as shown in 
table 2. The mortality of the first nymphal instar 
reached 21.5, 34.49, 40.0 and 48.6% at 5, 10, 15 
and 20 g/ml concentration after 24 h., 
respectively. While, at the same concentrations 
the mortality reached 48.54, 56.0, 65.30 and 82.9 
%, respectively after 48 h. Also, the results 
indicated that all treatments on the 1st, 2nd, 3rd, 
4th nymphal instar and adults showed a highly 
significant difference (P<0.01) when compared 
with the control after 48h. 

The previous study tested the efficacy of the 
aqueous extract of Z.officinale for the control of 
the major insect of cabbage compared with 
abamectin as a synthetic insecticide and the 
results showed that ginger extract reduced the 
numbers due to its repellant properties (Abigail, 
2016). While, Shehawy (2007) tested the 
insecticidal activity of ethanolic and acetonic 
extracts of some plant extract against five species 
of aphids and found that the acetonic extracts of 
lupine were the most potent against all species of 
aphids followed by fenugreek seeds, black 
pepper, ginger rhizomes, then demsesa. Also, the 
effect of Z. officinale methanolic extract on the 
mortality of M. domestica larvae using dipping 
technique showed that the results of mortality 
percentage were significant (P>0.05) as 
concentrations increased from 200-1000 ppm, but 
the mortality was not significant when the 
exposure duration increased from 12-72 hours. 
Extracts of Z. officinale were toxic to emerged 
larvae (one day) of M. domestica (Ojianwuna and 
Surveyor, 2017). 

Table 1. Effect of residual toxicity of Zingibel officinale methanolic extract on mortality percentage 
of A. fabae after 24 

Insect mortality rate (%) (Mean ± SD) 
Extract 

concentration 
(g/ml) Adult 

4thnymph 
 instar 

3rdnymph 
 instar 

2ndnymph  
instar 

1stnymph 
 instar 

9.00± 0.99 a 9.40± 0.27 12.10±1.02 14.0± 0.29 a 18.0± 1.54 a Control 

9.12±1.21a 15.5±3.23 a 17.0±4.33 a 18.22±2.34 a 21.50±2.34 a 5 

12.52±2.53b 16.88±3.45 a 19.50±2.58  a 23.0±2.54 a 34.49±4.01 b 10 

21.56 ± 3.0 c 25.7±2.75 b 28.11±3.22 b 31.50±5.04 b 40.0±3.22 b 15 

25.81± 2.23c 29.2±4.51 c 38.52±3.23 c 45.00±3.62 c 48.6±2.75 c 20 

Different subscripted letters means values significantly than respective control (P≤ 0.05). 
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Table 2. Effect of residual toxicity of Zingibel officinale methanolic extract on mortality percentage 

of Aphis fabae after 48. 

Insect mortality rate (%) (Mean ± SD) 
Extract  

Concentration 
 (mg/ml) Adult 

4thnymph 
 instar 

3rdnymph 
 instar 

2ndnymph 
 instar 

1stnymph 
 instar 

9.00± 0.99 a 9.40± 0.27a 12.10±1.02a 14.0± 0.29 a 18.0± 1.54 a Control 

30.54±2.03 b 32.0±3.23 b 40.66±4.33 b 44.90±2.34 b 48.54±2.34 b 5 

50.0±2.03c 50.22±3.45c 51.50±2.58 b 54.06±2.54 b 56.0±4.01 b 10 

60.0±4.50c 60.8±2.75c 60.0±3.22 c 60.07±5.04c 65.30±3.22bc 15 

70.0±3.81c 72.5±4.51d 75.52±3.23c 80.0±3.62 d 82.90±2.75 c 20 

Different subscripted letters means values significantly than respective control (P≤ 0.05). 
 

Contact toxicity bioassay 
The results in figure 1 showed that the tested 

concentrations of Z. officinale methanolic extract 
were toxic against adults. The concentrations 10, 
15 and 20 g/ml were active as contact toxins 
against A. fabae exhibiting 48.50, 65.74 and 82.45 
% mortality after 48h. The concentration 20 g/ml 
caused 55.87 % and 82.45 % of adults mortality 
after 24 and 48 h., respectively. Significant 
differences were found among concentrations 
after 48 h. 

Hasanshahi et al., (2016) studied the 
insecticidal effeciency and the production of 
nymph deterrent of three essential oils from 
fennel, Foeniculum vulgare , 
cinnamon, Cinnamomumzeylanicu m and 
savory, Satureja isophylla  in the control of  A. 
fabae and conducted that fennel essential oil had 
the highest deterrence effect. Ginger extract has 
been used to control aphids in various infested 
plants of Brassica family. It has a repellant mode 
of action against the aphids but no effect on none 
target organisms such as parasitoids (Sridhar et 
al., 2002). 

Repellency of ginger extract to the larval instar 
and adults  

The results obtained in table 3 showed that 
ginger powder had a strong repellent effect 
against 3rd, 4th nymphal instar and adults of A. 
fabae. Aphids were able to discriminate between 
plant leaves which contain ginger powder or non-
acceptable or not. The percentage repellency was 
found to be 100 % for 3rd nymphal instar, 4th 
nymphal instars after 2 h., respectively decreased 

to 90 and 80 % for adults after 4 h. This may be 
attributed to the presence of some allelochemical 
substances that deter insect present in ginger 
rhizomes. 
Table 3. Repellency percentage of methanolic 

extract of Z. officinale 

 
Nymphal instar 

Repellency % (PR) 

After 2 h. After 4 h. 

3rd nymphal instar 100 100 

4rd nymphal instar 100 90 

Adults 90 80 

Several studies have focused on the repellent 
and the insecticidal of plants on many pests. Abid 
and Butt (2015) demonstrated the repellent 
activity of three plant extracts: cardamom, ginger, 
and nutmeg against carpenter ant, mango 
mealybug and red flour beetle. The results found 
that with increasing concentrations the percent 
repellency reached 100% after 4-5 hours of 
exposure. Also, ethanolic ginger extract proved to 
be effective against mango mealybug, with high 
repellency up to 100% at 1.5% after 3 hours. 
Furthermore, the repellent activities of ginger 
essential oils against German cockroaches 
provided complete repellency (100%) after 48 
hours of exposures (Nour et al., 2017).  

Phytochemical analysis   
Table 4 showed that Z. officinale extract 

contains saponins, alkaloids, flavonoids, 
glycosides, and resins. Preuss et al., (2005) 
reported that the concentration of bioactive 
components in the plant varies among different 
plants species with age and with the 
environmental conditions.The presence of 
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antioxidative compounds like flavonoids in ginger 
extract has provided evidence for the antimicrobial 
of the aqueous and methanol extracts (Aziz et al., 
2015) as it contains extremely high levels of 
phytochemicals (Bashir, 2013). Hoffman (2007) 
found in dried ginger powder, shogaol a 
dehydrated product of gingerol, oleoresin, which is 
isolated by acetone and ethanol extraction, 
contains 4-7.5% of dried powder, zingerone, and 
paradol. The identified compounds in ginger 
extract are almost in agreement with previous 
studies found that in addition to its constituents, 
ginger also contains about 2% essential oil which 
is principally made up of zingiberene; the 

gingerols and shogaol which belong to phenolic 
compounds were identified as the major active 
components in the fresh ginger rhizome, (Ali, 
2008).Although the amount of phenolic 
compounds obtained depends on the type of 
solvent used for extraction (Rathi and Abdulhay, 
2018). The active antioxidants found in ginger are 
shogaols and gingerols with some phenolic 
ketone derivatives), meanwhile dried extract 
contains monoterpenes and sesquiterpenes 
(Fuhrman et al., 2000; Stoilova et al., 2007 and 
Kota et al., 2008). 
 

 
Figure 1. Effect of Zingibel officinale methanolic extract on mortality percentage of A. fabae 

applied directly 
 

Table 4. Phytochemical screening of Zingiber Officinale methanolic extract. 
 

      
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Note: (+) = present and (-) = absent 

 
 
 

Secondary metabolites Reagent Detection 

Saponins 
 

Frothing Test 
+ (presence of  
a steady froth) 

Alkaloids Wagner’s reagent + (reddish precipitate) 

Flavonoids Methanol with KOH 
+ (presence of 
 yellow color) 

Glycosides 
Benedict reagent 
after hydrolysis 

+ (presence of  
red precipitant)  

Resins Ethanol with HCL 
+ (turbidity 

 appearance) 

Volatile oil UV apparatus - 

General phenols FeCl3 after hydrolysis - 

Coumarins NaOH with UV apparatus - 
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CONCLUSION 
It can be concluded from the results that 

ginger methanolic extract was an effective 
botanical insecticide against A. fabae. As 
comparing between residual and contact 
bioassay; the second method was more active 
and caused high percentage mortality after 48 
hours. Strong repellency was found for ginger 
powder against 3rd, 4th nymphal instar and adults 
of A. fabae which leads to minimizing the plant 
damage and economic losses caused by this 
insect. 
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