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ABSTRACT

Mustard aphid, Lipaphis erysimi (Aphididae: Hemiptera) is one of the major
constraints for mustard production in Bangladesh. Traditionally, a variety
of broad-spectrum chemical insecticides are being used to control this pest
which is detrimental to beneficial insects and the environment. Hence, sus-
tainable management was required. In the present study, as an alternative
to conventional insecticides, we have tested: insecticides claimed to be least
toxic to the environment (cypermethrin and carbofuran), botanicals (neem
oil and mahogany oil) and two non-chemical measures (wood ash and wood
ash combined with lime). Cypermethrin and neem oil followed by carbofu-
ran were most efficient to minimize aphid infestations. Comparing to the
untreated control plots, reduction of overall percent infestations of plants
(74 - 79%), leaves (74 - 90%), twigs (48 - 61%) and pods (64 - 77%) were
obtained through the application of cypermethrin, neem oil and carbofuran.
Mahogany oil, wood ash solely and wood ash + lime were also found effec-
tive compared to the control plots. Therefore, cypermethrin and neem oil
could be the first choice for the mustard growers followed by carbofuran to
manage mustard aphids effectively. Mahogany oil followed by wood ash
combined with lime and wood ash alone can be suggested only when aphid
infestations remain at the lower level.
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1 Introduction
Mustard aphids, Lipaphis erysimi Kaltenbach (Aphi-
didae: Hemiptera) is one of the major and econom-
ically damaging pests of mustard (Singh and Singh,
1983; Shylesha et al., 2006), can damage mustard
plants from seedling to harvesting stages (Begum,
1995; Biswas and Das, 2000). Both the nymphs and
adults suck the cell-sap from the plant parts resulting
in stunted growth of the plants, withered flowers, and
hindered pod formations. Besides, they may inject
toxic materials while feeding into the plants which
may cause chlorosis of the feeding sites, yellowing
of the veins and curling of leaves (Jayappa and Lin-

gappa, 1988). They also suppress plants by indirect
damages such as carrying viruses including mosaic
viruses (Kennedy et al., 1962) and influencing sooty
mould formation (Callan and Carris, 2004). If proper
efforts are not given, they may cause up to 90% dam-
age to the crops (Begum, 1995; Biswas and Das, 2000;
Rohilla et al., 2004; Bhattacharya, 2019). A severe
aphid infestation may build up within a short period
because of its rapid and unique reproduction capac-
ity (Agarwala and Datta, 1999; Bhattacharya, 2019).
For example, a single aphid may produce a colony of
5.9 billion offspring in just 6 weeks duration (Dixon,
2005).
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Sustainable management of mustard aphids is
a big challenge because of their unusual life cycle,
widespread habitats, and resistance to many pesti-
cides (Bhattacharya, 2019). The application of syn-
thetic insecticides is the usual way to control pests
in Bangladesh. Farmers often apply pesticides with-
out considering the efficacy and suitability against
the target pests and their harmful impacts. Appli-
cation in higher doses and frequencies is a common
practice in aphid infestations. Inappropriate applica-
tion of chemical insecticides affect beneficial insects
and non-target organisms and accelerate pest resur-
gence, secondary pest outbreaks and pesticide resis-
tance (Sekhon and Ahman, 1993). Above all, synthetic
chemicals are a great threat to the environment and
human health (Aktar et al., 2009).

Plant extracts and organic-based insecticides (for
example cypermethrin, carbofuran), on the other
hand, are comparatively less toxic to the non-target
organisms, easily degradable and least toxic to the
environment (Pickett and Bugg, 1998; Ruberson et al.,
1998; Srivastava and Guleria, 2003; Isman, 2006).
Many botanicals are being used traditionally for con-
trolling pest since long before. There are a large num-
ber of plant extracts that have been proven as suc-
cessful control measures for many pests in the field
and laboratory experiments (Bajpai and Sehgal, 2000;
Pedigo, 2002; Jahan et al., 2013; Rahman et al., 2013;
Majlish et al., 2015; Rahman et al., 2016; Sultana et al.,
2017). Plants like neem and mahogany can be found
throughout the country and extracts can be prepared
with minimum expenses and efforts (Luckman and
Metclalf, 1978; Hussain, 1989; Roy et al., 2005).

Wood ash, sometimes in association with other
materials like lime is applied on aphid infested crops
in some areas of Bangladesh. Wood ash forms a layer
on the plant surfaces and reduce exposure of feeding
surfaces to the insects and make them less favourable
(Elwell and Mass, 1995). Besides, wood ash provides
extra nutrients to the soil as a fertilizer. However,
wood ash may not be effective on the lower parts of
plants and the abaxial surfaces of the leaves as they
may not reach or stick on those parts. Hence, before
recommending wood ash as a control option of mus-
tard aphids, it is important to evaluate its efficacy
in the field trials. In the current study, short persis-
tent pesticides and non-chemical control options were
evaluated in the field trials for efficient management
of mustard aphids.

2 Materials and Methods

2.1 Experimental design and layout

The experiments were laid out in a Randomized Com-
plete Block Design (RCBD) with 3 replications of each
treatment. The experimental field (14 m × 6 m) was
divided longitudinally into 3 equal blocks (14 m × 2

m). Each block was divided into 7 plots of approxi-
mately 2 m2 (1.42 m × 1.42 m). A gap of 0.5 m was
kept in between 2 plots for intercultural operations
and data collection. Seeds of a mustard variety, BARI
Sarihsa-14 (developed by the Bangladesh Agriculture
Research Institute, BARI) were collected from a com-
mercial seed dealer at Mymensingh city and sown in
mid-November at the rate of 7 kg ha−1 in the plots by
broadcasting method followed by covering with soil
and light irrigation. Plants were grown with standard
agronomic practices (Azad et al., 2021).

2.2 Evaluation of treatments

Self-degradable, short-persistent and environment-
friendly control options were selected to evaluate
against mustard aphids. One contact insecticide,
cypermethrin (Ustaad 10EC @ 1 mL L−1 of water),
one systemic insecticide, Carbofuran (Biesteren 5G@
1.4 g m−2 area), two botanicals (neem oil, Azadirachta
indica and mahogany oil, Swietenia mahagoni @ 3 mL
L−2 of water) and two non-chemical materials (wood
ash alone @ 70 g m−2 area and the mixture of wood
ash and lime (3:1) @ 70 g m−2 area) were tested along
with untreated control each replicated thrice. Treat-
ments were applied at the flowering stage and five
treatments were applied at 7 days intervals. At 7 days
after each treatment application, plots were observed
and the plants that have the presence of aphids were
recorded as infested plants. To know the level of in-
festations, one infested plant was randomly selected
from each plot and the number of healthy and in-
fested leaves, twigs and pods were recorded. The
plant parts that have the presence of aphids were con-
sidered as infested. The percent aphid infestations
were calculated from the recorded data for the statis-
tical analyses, presentations, and interpretations.

2.3 Statistical analysis

Data were compiled, organized, and presented us-
ing the Microsoft Office Excel® program (Microsoft
Corporation 2016) and analysed statistically with a
statistical program, MSTAT-C (MSTAT-C, 1991). One-
way ANOVA (analysis of variance) followed by Least
Significant Difference tests (LSD) were performed to
summarise the difference among the treatments used
in the experiment.

3 Results

3.1 Levels of aphid infestations

Different levels of plant infestations by mustard
aphids were found in different plots treated with var-
ious treatments at 7 days after the 1st (F6,14 = 32.27;
P<0.001), 2nd (F6,14 = 45.52; P<0.001), 3rd (F6,14 =
40.98; P<0.001), 4th (F6,14 = 7.99; P<0.001) and 5th
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(F6,14 = 61.29; P<0.001) treatment application (Ta-
ble 1). All treatments were effective to reduce per-
cent plant infestations compared to untreated control
plots at different data recording P<0.05). At 7 days
after the 1st spraying, cypermethrin and neem oil
worked better than the sole application of wood ash
(P<0.05). The efficacy of carbofuran, mahogany oil
and the mixture of wood ash and lime were not differ-
ent from the efficacy of cypermethrin, neem oil and
wood ash (P>0.05). At 7 days after the 2nd spray-
ing, cypermethrin and neem oil were more efficient
than mahogany oil, wood ash + lime and wood ash
(P<0.05). Carbofuran was equally effective as cyper-
methrin, neem oil, mahogany oil (P>0.05) but more
effective than wood ash + lime and solely application
of wood ash (P>0.05). However, there was no signifi-
cant difference in the efficacy of mahogany oil, lime
+ wood ash and wood ash application (P>0.05). At
the 3rd data recording, the lowest aphid infestations
were found in cypermethrin, neem oil and carbofuran
treated plots than all other treatments (P<0.05). No
difference was found in the efficacies of mahogany oil,
wood ash + lime and wood ash application (P>0.05)
but they were effective to reduce plant infestations
compared to the untreated control plots (P<0.05). At 7
days after the 4th and 5th spraying, a similar trend in
the efficacies of treatments was observed. Cyperme-
thrin, neem oil and carbofuran were highly effective
among the treatments (P<0.05). At 7 days after the
4th spraying, mahogany oil and wood ash + lime
were comparatively less effective, and application
of wood ash was not effective compared to control
plots (P>0.05). On the other hand, mahogany oil was
equally effective as like cypermethrin, neem oil and
carbofuran (P>0.05) and wood ash + lime and wood
ash were less effective among the treatments. Con-
sidering the overall infestations in all 5 successive
observations, cypermethrin, neem oil and carbofuran
followed by the mahogany oil treated plots had lower
aphid infestations. Wood ash + lime and wood ash
treated plots had comparatively higher plant infes-
tations but lower than control plots (P>0.05). Over
75 to 80% of aphid infestations were reduced over
the control plots by the application of cypermethrin,
neem oil and carbofuran (Table 1).

3.2 Leaf infestations by aphids

Different levels of leaf infestations were found on
the different treatment treated and untreated plots
(Table 2). All treatments were effective in reducing
leaf infestations in almost all data recordings. At 7
days after first data spraying, the highest number of
leaves were found to be infested in untreated control
plots (F6,14 = 15.32; P<0.001; LSD; P<0.05). Cyper-
methrin, as well as neem oil, carbofuran, mahogany
oil and wood ash + lime, were found equally effec-
tive (P>0.05) in reducing leaf infestations among the

treatments (P<0.05). However, the leaf infestations in
wood ash treated plots was significantly higher than
in cypermethrin treated plots (P<0.05) but was not dif-
ferent from the other treatments (P>0.05). At 7 days
after the second spraying (F6,14=22.75; P<0.001), the
lowest leaf infestations were found in Cypermethrin
treated plots than all other treatments treated plots
(P<0.05). Neem oil, carbofuran, mahogany oil and
wood ash + lime were equally effective to reduce leaf
infestations (P>0.05) and more effective than the sole
application of wood ash (P<0.05). At 7 days after the
3rd spraying (F6,14 = 34.06; P<0.001), leaf infestations
were minimum in cypermethrin, carbofuran, neem
oil and mahogany oil-treated plots than on wood ash
+ lime and wood ash treated plots (P<0.05). Wood
ash + lime and wood ash application were found
effective comparing to the untreated plots (P<0.05).
No differences were observed in the efficacies among
cypermethrin, carbofuran, neem oil and mahogany
oil treatments (P>0.05) and in the efficacy between
wood ash + lime and wood ash (P>0.05). At the 4th
observation (F6,14 = 6.151; P<0.01), all treatments ex-
cept wood ash lowered leaf infestations significantly
compared to the control plots (P<0.05). However, leaf
infestations in wood ash treated plots were not differ-
ent than the leaf infestations in the plots treated with
mahogany oil and wood ash + lime (P>0.05).

At 7 days after the 5th spraying (F6,14 = 56.61;
P<0.001), cypermethrin and neem oil were the most
efficient considering the leaf infestations among the
treatments (P<0.05). Carbofuran was more effective
than mahogany oil, wood ash + lime and wood ash
application but was less effective than the cyperme-
thrin (P<0.05) and worked like neem oil (P>0.05) to
reduce leaf infestations. Considering the overall leaf
infestations, cypermethrin and neem oil followed by
carbofuran were found efficient than other treatments.
With the application of these treatments,≈75% to 90%
leaf infestations were reduced over the control plots
(Table 2).

3.3 Twig infestations by aphids

Percent twig infestations under various treatments
were significantly lower than on the untreated con-
trol plots in all successive observations (Table 3). At
7 days after the 1st spraying, twig infestations by
aphids were varied for different treatments (F6,14 =
25.32; P<0.001) and minimum twig infestations found
on cypermethrin, carbofuran and neem oil treated
plots (P<0.05). Mahogany oil and wood ash + lime
also worked like carbofuran and neem oil (P>0.05),
but they were less effective than the cypermethrin
(P<0.05). The sole application of wood ash was least
effective considering among the treatments.

Cypermethrin was found as the most prominent
and distinctly effective than other treatments in 2nd
(F6,14 = 72.34; P<0.001), 3rd (F6,14 = 26.52; P<0.001),
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Table 1. Percent plant infestations at 7 days after successive treatment applications

Treatments Seven days after Mean % ↓
1st spraying 2nd spraying 3rd spraying 4th spraying 5th spraying

Cypermethrin 0.44c 0.22d 0.32d 0.72c 2.24c 0.79c 79.30
Carbofuran 0.50bc 0.37cd 0.89c 1.32c 2.06c 1.03c 74.81
Neem oil 0.46c 0.25d 0.74cd 1.12c 2.23c 0.96c 76.06
Mahogany oil 0.66bc 0.70bc 2.22b 2.88b 2.79c 1.85bc 54.36
Wood ash + lime 0.56bc 0.87b 2.23b 2.96b 5.12b 2.34b 40.65
Wood ash 0.72b 0.92b 2.28b 3.65ab 6.07b 2.73b 33.17
Control 1.67a 2.39a 3.06 a 5.00 a 9.04a 4.23a

Sig. level *** *** *** *** *** ***

%↓ = percent reduction over control; Values in a column with the same letter are not statistically different
(P>0.05)

Table 2. Percent leaf infestations at 7 days after successive treatment applications

Treatments Seven days after Mean % ↓
1st spraying 2nd spraying 3rd spraying 4th spraying 5th spraying

Cypermethrin 0.10c 0.20d 0.43c 0.67c 2.93d 0.87d 90.38
Carbofuran 0.63bc 2.33c 2.22c 1.57c 5.13c 2.38cd 74.55
Neem oil 0.43bc 2.17c 0.90c 1.57c 3.93cd 1.80d 78.62
Mahogany oil 0.77bc 2.25c 2.41c 2.27bc 13.33b 4.21bc 54.18
Wood ash + lime 0.78bc 2.33c 4.99b 2.22bc 4.85c 3.03cd 67.42
Wood ash 1.43 b 6.13b 5.88b 4.20ab 13.01b 6.13b 25.34
Control 3.79 a 8.26a 13.67a 6.18a 16.10a 9.60a

Sig. level *** *** *** ** *** ***

%↓ = percent reduction over control; Values in a column with the same letter are not statistically different
(P>0.05)

Table 3. Percent twig infestations at 7 days after successive treatment applications

Treatments Seven days after Mean % ↓
1st spraying 2nd spraying 3rd spraying 4th spraying 5th spraying

Cypermethrin 16.78d 17.78d 16.67d 21.22d 27.78e 20.04e 61.98
Carbofuran 21.32cd 33.67c 28.67c 32.54c 34.44d 30.13d 48.8
Neem oil 20.63cd 32.33c 28.10c 30.00cd 30.55de 28.23de 51.26
Mahogany oil 27.11c 33.78c 34.94bc 26.52cd 50.00c 34.47cd 34.71
Wood ash + lime 28.67c 36.71c 34.22bc 27.97cd 73.81b 40.28c 22.44
Wood ash 44.44b 43.52b 39.84b 45.44b 77.78b 50.21b 19.34
Control 52.95a 63.33a 50.00a 62.22a 86.67a 63.04a

Sig. level *** *** *** *** *** ***

%↓ = percent reduction over control; Values in a column with the same letter are not statistically different
(P>0.05)

4th (F6,14 = 22.12; P<0.001) and 5th (F6,14 = 74.93;
P<0.001) data collections (P<0.05). Carbofuran, neem
oil and mahogany oil were found as the second
most effective in the 2nd, 3rd and 4th data collec-
tion. In most of the observations, wood ash + lime
was equally effective to the carbofuran, neem oil and
mahogany oil (P<0.05). Wood ash application was

found least effective among the treatments through-
out the trial. Considering the overall twig infestations
(F6,98=23.92; P<0.001), cypermethrin and neem oil fol-
lowed by carbofuran, and mahogany oil had greater
impacts and wood ash + lime and wood ash applica-
tion had least impacted to reduce twig infestations.
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Table 4. Percent pod infestations at 7 days after successive treatment applications

Treatments Seven days after Mean % ↓
1st spraying 2nd spraying 3rd spraying 4th spraying 5th spraying

Cypermethrin 8.55d 7.90e 2.93d 4.81c 11.11d 7.06e 77.25
Carbofuran 16.68cd 12.99cd 17.53c 10.40c 12.44d 14.01d 64.57
Neem oil 14.80cd 12.62d 14.00c 9.687c 11.62d 12.54d 64.25
Mahogany oil 24.83bc 16.40bc 22.26b 10.73c 20.69c 18.98c 39.54
Wood ash + lime 28.64ab 17.49b 24.23b 19.27b 20.95c 22.11c 36.55
Wood ash 29.89ab 16.46bc 31.32a 20.45b 35.14b 26.65b 25.54
Sig. level *** *** *** *** *** ***

%↓ = percent reduction over control; Values in a column with the same letter are not statistically different
(P>0.05)

3.4 Pod infestations by aphids

Percent pod infestations were varied for different
treatments in different data collections such as at 7
days after the first (F6,14 = 9.43; P<0.001), 2nd (F6,14 =
23.39; P<0.001), 3rd (F6,14 = 64.44; P<0.001), 4th (F6,14
= 28.04; P<0.001) and 5th (F6,14 = 59.13; P<0.001)
spraying (Table 4). At the 1st counting, cypermethrin,
carbofuran and neem oil were found most effective
than other treatments used in the experiment (P<0.05).
Mahogany oil was equally effective as carbofuran
and neem oil (P>0.05) during the trial. Wood ash
and wood ash+ lime were not effective to lower the
pod infestations compared to untreated control plots
(P>0.05). Mahogany oil treated plots had lower pod
infestations than untreated control plots (P<0.05) but
was alike to the application of wood ash and wood
ash + lime treated plots (P>0.05).

At 7 days after the second and 3rd spraying, the
lowest pod infestations were found on cypermethrin
treated plots (P<0.05). Impacts of carbofuran and
neem oil applications were not different to each other
(P>0.05) but less effective than cypermethrin applica-
tion (P<0.05). Mahogany oil and wood ash + lime at
the 3rd counting, and mahogany oil and wood ash
followed by wood ash + lime at the 2nd counting
were found least effective to lower pod infestations
per plant. However, wood ash was effective in the
3rd counting (P>0.05).

At 7 days after the 4th spraying, there was no
difference in the efficacies of cypermethrin, carbofu-
ran, neem oil and mahogany oil (P>0.05) and were
distinctly efficient than the other treatments consid-
ering the percent pod infestations (P<0.05). Unlike
the 4th counting, mahogany oil was not as effective
as cypermethrin, carbofuran and neem oil at 7 days
after the 5th spraying (P<0.05) but worked similarly
like wood ash + lime (P>0.05). Among the treatments,
solo application of wood ash was the least efficient to
lower the pod infestations (P<0.05).

Without the temporal effect of treatments, all were
effective to lower the pod infestations compared to

the control plots (P<0.05) although various levels of
pod infestations were observed for different treat-
ments (F6,98 = 44.46; P<0.001). Application of cyper-
methrin followed by carbofuran and neem oil appli-
cation were the most suited control measures to have
minimum pod infestations (P<0.05). The efficacies of
mahogany oil and wood ash + lime were not differ-
ent to each other (P>0.05) but were better than the
application of wood ash solely (P<0.05).

4 Discussion

Considering all parameters cypermethrin, neem oil
followed by carbofuran were found effective to re-
duce infestations (of plants, leaves, twigs, and pods)
caused by mustard aphids, Lipaphis erysimi in the field
trials (Tables 1 to 4). Insecticides of the cyperme-
thrin group are fast-acting and neurotoxin in action.
They are short persistent and degraded on soil and
plants in few weeks (European Food Safety Author-
ity et al., 2018). During the active period, cyperme-
thrin is highly toxic to the target pests and provide
effective control (Khalequzzaman and Nahar, 2008).
Many researchers evaluated cypermethrin as the most
suitable control measure of mustard aphids (Tripathi
et al., 1988; Ahmad and Miah, 1989; Sharma and Ku-
mar, 2014; Zafar et al., 2015). Moreover, cypermethrin
insecticides are listed as moderate to least toxic to
the environment and non-target organisms includ-
ing mammals (European Food Safety Authority et al.,
2018). Therefore, insecticides from the cypermethrin
group can be recommended to farmers to treat mus-
tard aphids.

Likewise, neem oil is an environment friendly
and self-degradable material from neem plants hav-
ing strong insecticidal properties Schmutterer (1990);
Deka and Singh (2001); Rahman et al. (2013); Majlish
et al. (2015). The azadirachtin and salannin along with
many unidentified compounds of neem oil are the
killing agents of neem oil. The mechanism of killing
insects involves deterring insects from feeding and
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regulating their growth. Neem oil has been reported
as an effective control option of mustard aphids in
the field (Ali et al., 2009) and laboratory experiments
(Pandey et al., 1987). Similar to neem oil, neem ex-
tracts (from the neem plant parts) reduced mustard
aphid populations (Gupta, 2005; Biswas, 2013). In
addition, positive synergistic effects of neem extract
in association with other control measures boosted
up the efficacy of control measures of mustard aphids
(Monim et al., 2010; Akter et al., 2015). Moreover, the
application of neem extracts could be a cost-effective
approach as the farmers can easily prepare them from
locally available neem plants (Luckman and Metclalf,
1978; Hussain, 1989; Roy et al., 2005).

Carbofuran can also be recommended as a control
option of mustard aphids (Tables 1 to 4). Carbofuran
is an organocarbamate insecticide that works as a sys-
temic insecticide and is widely used to kill borer and
sucking insects like mustard aphids. To control mus-
tard aphids, carbofuran has been reported as an effec-
tive option by many researchers (Bakhetia et al., 1986;
Aslam and Munir, 2000). Some researchers (Sharma
and Kumar, 2014) also recommended carbofuran as
the best option to control mustard aphids.

Other control measures namely, mahogany oil
(Swietenia mahagoni), wood ash + lime and wood ash
alone were also found effective in reducing aphid
infestations comparing to the control plots (Tables 1
to 4). Mahogany oil has repellent properties and it has
been suggested to use against many pests (Satti and
Elamin, 2012; Majumdar, 2013; Majlish et al., 2015;
Rahman et al., 2016; Sultana et al., 2017) including
aphids. Treatment like application of wood ash solely
or mixed with soapy water and or with lime can cause
a significant negative impact on pest populations (El-
well and Mass, 1995). Wood ash acts as a physical
barrier or poison between insects and feeding sur-
faces and often causes the abrasion of epicuticular
waxes. It also interferes with the chemical signals
emanating from the host plants thus obstructing the
initial host location by pests. The treated foliage fur-
ther becomes unpalatable to the pests like mustard
aphids. In contrast to the chemical insecticides, wood
ash and limes has no or minimum impacts on the ben-
eficial insects and the environment. Moreover, they
can supplement nutrients (eg. phosphorus) to the
plants. Wood ash and lime are easily available and
inexpensive and hence, they can be recommended to
treat mustard aphids at lower infestation levels.

5 Conclusion

It can be concluded that cypermethrin and neem oil
followed by carbofuran can be recommended to con-
trol mustard aphids effectively. Mahogany oil can
also be recommended if there is a low level of aphid
infestation to keep their population below the eco-

nomic injury level. Other control measures such as
wood ash + lime and wood ash solely produced a sig-
nificant difference compared to the untreated control
plots. Therefore, the application of wood ash + lime
and wood ash alone can be used to minimize aphid
infestations, but their impacts were the least among
the treatments.
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