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Mustard aphid (Lipaphis erysimi) and English grain aphid (Sitobion avenae) are among the most important pests in mustard and
wheat fields in Nepal. Biocide Manic (Metarhizium anisopliae a.i.=1x 10° spores/ml) at 3 ml/l water, Agri Sakti (Beauveria
bassiana a.i. =1 x 10” spores/ml) at 3.3 ml/l water, Varunastra (Verticillium lecanii spores 2% aqueous suspension, 2 x 10° CFU/
ml) at 6 ml/l water, Mahastra (Bacillus thuringiensis var. kurstaki 0.5% wettable powder) at 6 g/l water, Neemraj Super (Aza-
dirachitin 0.3% w/w) at 3.3 ml/l water, Tracer (Spinosad 90% spinosyns) at 0.33 ml/l water, and control treatment (pure water)
were used to test their efficacy against L. erysimi and S. avenae, using leaf dip and spray methods under laboratory conditions in
Rupandehi, Nepal, in the year 2018. Each treatment was replicated four times, and the experiment was carried out in a randomized
complete block design. Mortality of aphids was recorded at 24, 48, 72, and 98 hours after treatment application. The result revealed
highest mortality of mustard aphids with Agri Sakti at 24 hours after treatment (HAT); however, Neemraj Super was found to be
the most effective at 48, 72, and 96 HAT with the leaf spray method. With the leaf dip method, Neemraj Super killed more mustard
aphids than other treatments at all observed time points. Among tested biorational products, Agri Sakti was found to be most
effective against English grain aphids in both leaf spray and leaf dip methods. In all the bioassays, the mortality caused by
biorational compounds over control was highly significant. The present study suggests for further verification of the biorational
products in the field and development of novel management strategies against different species of aphids.

1. Introduction

Rapeseed mustard (Brassica campestris L. var tori; family:
Brassicaceae) is an important oilseed crop in Nepal [1].
Among the oilseed crops grown, rapeseed has the highest
share of acreage, i.e., 85% [2], and provides about 80% of
the vegetable oil need in Nepalese diet [3]. 159,710 mt of
mustard is grown on 160,405 ha, with a productivity of
0.99 mt/ha [4]. This productivity is lower compared to that
of other countries [5]. Among many factors responsible
for the low yield, insect pests play a key role. Rapeseed
mustard is attacked by more than 43 species of insect pests
[6], with Mustard aphid, Lipaphis erysimi (Kalt.), being

the key pest species in Nepal [7, 8]. L. erysimi can result in
approximately 35-75% reduction in yield [9, 10] or a
6-87% reduction in the oil content [11, 12]. Large mustard
aphid colonies cause deformations of twigs and tender
parts of the plant and curling of the leaves. The infested
parts shrivel and finally turn yellow [13]. Aphids are
mainly found on the undersides of leaves and prefer young
leaves and inflorescences [14]. Apart from the primary
damage caused by feeding, aphids also secrete honeydew,
which serves as a medium for sooty mould development,
further obstructing photosynthesis [15]. Aphids are also
responsible for the transmission of viruses such as the
turnip mosaic virus [16].
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Wheat (Triticum aestivum L.; family: Graminae) is the
third most important cereal in Nepal after rice and maize. A
previous study reported that 1,879,191 mt of wheat is pro-
duced on 735,850 ha of land in Nepal, with a productivity of
2.55mton/ha [4]. Wheat is affected by various insect pests
like aphids, armyworms, sting bugs, wheat midge, and
Hessian flies. The English grain aphid Sitobion avenae (Fab.)
is a very common pest of cultivated cereals grown
throughout the world [17]. They colonise the leaves and
stalks of young developing plants. When heading begins,
they migrate to the ear and develop in the bracts and kernels.
They suck the phloem sap and inject toxic saliva into the
plant tissues [18]. The saliva causes galling, rolling, and
deformation of leaves. The rolled leaves trap the repro-
ductive parts of the plants, reducing pollination and fer-
tilisation [19]. Upon heavy infestation, a reduced number of
well-developed grains are formed, which reduces yield [20].
The aphids also transmit destructive viruses such as barley
yellow dwarf virus [21]. Yield loss due to aphid infestation
may reach 30-60% [22].

Chemical insecticides have often been used irrationally
and haphazardly without regard to human health and
environmental damage [23]. Their repeated use has in-
creased pest resistance [24, 25], pest resurgence, and sec-
ondary pest outbreaks [26] and increased the pesticide
residue levels in the harvested products [27]. Excessive use
of chemical insecticides is also responsible for the pollution
of soil and air [28], along with harmful effects on nontarget
organisms, including pollinators [29], ultimately putting a
risk to the balance of nature and human health [30].
Therefore, sustainable strategies are needed for the man-
agement of aphids.

Microorganisms are active ingredients in biopesticides
[31]. Entomopathogenic fungi are mostly host-specific
and pose minimal risk to the environment and mammals
[32]. Beauveria bassiana (Bals. Criv.) causes white mus-
cardine and Metarhizium anisopliae (Metsch.) causes
green muscardine disease in target insects [33, 34]. Use of
Verticillium lecanii (Z.) is suggested as a complementary
biological control strategy in an integrated pest man-
agement (IPM) program against aphids [35]. The rod-
shape, spore-forming, Gram-positive entomopathogenic
bacterium Bacillus thuringiensis Berliner can produce a
crystal protein [36]. Azadirachtin is the main pesticidal
component of neem extracts, which has feeding-deterrent,
repellent, toxic, and growth disruption properties against
aphids [37]. These biopesticides are commercially avail-
able in different formulations and under different brand
names [38]. They are environmentally friendly, safe, and
have no residual effects [39]. This investigation was car-
ried out to evaluate the efficacy of biorational compounds
and chemical insecticide against mustard and English
grain aphids under laboratory conditions in Rupandehi,
Nepal.

2. Methodology

The research was conducted at the Entomology Labora-
tory of the Institute of Agriculture and Animal Science
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(TIAAS), Paklihawa Campus, Nepal. The experiment was
carried out from February 10, 2018, to March 8, 2018, with
an average temperature of 22.5°C (18°C-25°C) and a
relative humidity of 80% during the research period.
Healthy and unaffected mustard and wheat plants were
collected from fields of the TAAS farm and transplanted
into two separate pots, respectively. The pots were then
covered with nylon net mesh. Two-hundred mustard
aphids and 200 English grain aphids were collected from
mustard and wheat fields, respectively, and released
into the respective pots covered with nylon mesh. After
three days, the old adult aphids were removed and the
newly emerged adults were used in further laboratory
studies.

2.1. Materials. The compounds used in the study are listed in
Table 1. They were prepared as follows:

(i) Biocide Manic, manufactured by Agricare Nepal
Pvt. Ltd., available in liquid form, was prepared at a
concentration of 3ml/1000ml water. Five grams
sugar was added to provide nutrient to the fungus,
and 3 drops of Tween-80 were added to homoge-
nize the suspension.

(ii) Agri Sakti, manufactured by Agricare Nepal Pvt.
Ltd., available in liquid form, was prepared at a
concentration of 3.3 ml/1000 ml water. 20 g sugar
was added as a nutrient, and 3 drops of Tween-80
were added as an emulsifier.

(iii) Varunastra, manufactured by International Pan-
aacea Ltd., India, available in liquid form, was
prepared at a concentration of 6 ml/1000 ml water,
and 3 drops of Tween-80 were added as a
surfactant.

(iv) Mahastra, manufactured by International Panaacea
Ltd., available as a powder formulation, was pre-
pared at the concentration of 6 g/1000 ml water.

(v) Neemraj Super, manufactured by Khadkeshwar Oil
Mills Pvt. Ltd. and marketed by Neem India
Products Pvt. Ltd., available in liquid form, was
prepared at a concentration of 3.3 ml/l000 water.

(vi) Tracer, manufactured by Dow Agro-Sciences India
Pvt. Ltd., available in viscous form, was prepared at
the concentration of 0.33 ml/1000 ml water.

(vii) Pure water was used as the control treatment.

2.2. Bioassays. Fresh, uninfected rapeseed mustard twigs
and wheat ears collected from the IAAS farm were washed
thoroughly, dipped in a 1% sodium hypochlorite (NaOCl)
solution for 30 seconds, rinsed in distilled water, and air-
dried before treatment. Sterilized Petri dishes were provided
with a moistened Whatman filter paper to maintain the
humidity and hydrate the leaves. One mustard twig or wheat
ear was used per Petri dish.

Two methods were used for evaluation of the efficacy of
the treatments studied.
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TaBLE 1: Treatment details.
Trade name Chemical/scientific Dose Manufacturer Formulation
name
Biocide L . . . 9
Manic M. anisopliae 3ml/l water ~ Agricare Nepal Pvt. Ltd. M. anisopliae (a.i.)=1x10" spores/ml
Agri Shakti B. bassiana water Agricare Nepal Pvt. Ltd. B. bassiana=1x10" spores/ml
iy — 0 .
Varunastra V. lecanii 6 ml/l water International Panaacea Ltd. V. lecanii spores 28A) aqueous suspension,
2x10° CFU/ml
B. thuringiensis var. . Delta endotoxin of B. thuringiensis var. kurstaki,
Mahastra Kurstaki 6g/l water  International Panaacea Ltd. 0.5% W.P.
Neemra) Azadirachtin 33mll Khadkeshwar oil Mills Pvt. Azadirachtin (a.i.) (min) 0.3% w/w
Super water Ltd.
. 0.33ml/l Dow Agro-Sciences India 0 s
Tracer Spinosad water Pyt. Lid. 90% spinosyns
Control Pure water

2.2.1. Leaf Dip Method. Sterilized mustard twigs or wheat
ears were dipped into the appropriate biocide suspensions
for 30 seconds and placed into Petri dishes. The treated twigs
and ears were air-dried before fifty adult aphids were re-
leased into each Petri dish.

2.2.2. Leaf Spray Method. Sterilized mustard twigs or wheat
ears were placed into Petri dishes with moistened Whatman
filter papers. Fifty adult aphids were released to each dish.
Treatments were then sprayed directly into the dishes.

Each treatment was replicated four times, and the ex-
perimental units were arranged in a randomized complete
block design. Mortality assessment of aphids was based on
visual inspection (movement of body parts and change in
body colour of the aphids). Assessments were done 24, 48,
72, and 98 hours after the treatment was applied.

2.3. Statistical Analysis. The experimental data were pro-
cessed by using Excel 2007 and analyzed by using Agricolae
package of RStudio 3.5.0. Mortality data of aphids were
arcsine transformed, and pairwise comparison of means was
carried out with Duncan’s multiple range test (DMRT) at 5%
level [40].

3. Results

In the leaf spray bioassays with mustard aphids, the results
revealed that the mortality caused by Agri Sakti was the
greatest among all treatments at 24 hours after treatment
(HAT) (M=29.17+1.59; F;4=18.25; p<0.001). However
Neemraj Super killed more aphids than did other treatments
at 48 HAT (M=48.33+2.89; F;4=22.75 p<0.001), 72
HAT (M =66.67 +3.04; F; s=32.71; p<0.001), and 96 HAT
(M=81.67 +3.19; F;4=36.14; p<0.001). With the leaf dip
method against mustard aphids, the mortality caused by
Neemraj Super at 24 hours after release of aphids (HAR)
(M=31.67+2.89; F;5=34.57; p<0.001), 48 HAR
(M=5250+250; F;6=3695 p<0.001), 72 HAR
(M=68.33+3.97; F35=24.14; p<0.001), and 96 HAR
(M =78.33+3.97; F55=23.07; p<0.001) showed it to be the
most effective treatment at all time points. The effect of

treatments with biorational compounds by both methods on
mortality of mustard aphids was highly significant over
control at all time points (Table 2).

In tests against English grain aphids using the leaf spray
method, Agri Shakti was the most effective at all time points
(24 HAT: M =41.67 +0.96; F5 s =370.19; p < 0.001; 48 HAT:
M=7333+136; F;5=169.38; p<0.001; 72 HAT:
M=91.67+£0.96; F;4=27891; p<0.001; 96 HAT:
M=99.17+0.83; F;5=262.31; p<0.001). Likewise, using
the leaf dip method against English grain aphids, Agri Shakti
was the most effective treatment at all time points 24 HAR
(41.67£0.96) (F56=370.19; p<0.001), 48 HAR
(66.67+1.36) (F35=169.38; p<0.001), 72 HAR
(85.00+0.96) (F;5=27891; p<0.001), and 96 HAR
(98.33£0.96) (Fs4=262.31; p<0.001) (Table 3).

4. Discussion

The results of this study revealed that the mortality of both
aphid species was consistently higher following treatment
with biorational compounds than in the untreated control
group. Application of Neemraj Super in both the leaf spray
and leaf dip assays achieved the highest mortality of mustard
aphids. A similar result was observed by Jahan [41] who
reported that treating twigs with neem leaf extracts for 96 h
resulted in a 50.58% reduction in the aphid population.
Pandey et al. [42] reported that neem oil was 1.5% effective
against L. erysimi under laboratory conditions, which is in
line with our present results. Similarly, other studies have
proved azadirachtin to be effective for managing the L.
erysimi population [43, 44]. Lowery and Isman [26] reported
that crude formulations of neem seed extracts contain
limonoids, a class of tetranortriterpenes with repellent and
antifeedant modes of action [45]. In addition, azadirachtin
has a strong negative influence on the behaviour, postem-
bryonic development, and fecundity, contributing to its
insecticidal properties [46]. The growth and development of
aphids is inhibited due to a disbalance in hormonal regu-
lation and the failure of growth of the reproductive organ
[47]. Moreover, azadirachtin is known to affect more than
400 insect species belonging to the orders Diptera, Hyme-
noptera, Coleoptera, Lepidoptera, Orthoptera, Homoptera,
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and Hemiptera but is usually safe for beneficial organisms
such as bees, predators and parasitoids, and mammals and
for the environment [48].

In addition to Neemraj Super, Agri Sakti was found to be
the most effective biorational compound against the English
grain aphid, both in spray and dip bioassays. This result is in
line with the findings of Fang et al. [49]; who recorded a
significant decrease in the aphid population by the appli-
cation of the fungal entomopathogen B. bassiana. Many
studies have shown the effectiveness of B. bassiana for
controlling English grain aphid [50-52]. According to Fang
et al. [49], B. bassiana was associated with higher aphid
mortality rates due to mycosis by secreting specific hy-
drolytic enzymes that degrade the insect’s cuticle, such as
proteinase, chitinase, and lipase.

5. Conclusion

At all the observed time points, the mortality of mustard
aphids and English grain aphids was significantly higher
following the treatment with each biorational compound
compared with the control. All biorational products used in
the research could be good alternatives to chemical pesti-
cides for the management of mustard and wheat aphids.
They are safer, more environmentally sound, and more
economically viable than their chemical counterparts. The
spray method was found to be superior to the dipping
method. Further studies are necessary to evaluate the efficacy
of these biorational compounds infield conditions before
they can be recommended as novel aphid management
techniques.
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