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Abstract: Diamondback moth (DBM), Plutella xylostella (Plutellidae; Lepidoptera), is the major pest inflicting
significant losses to cauliflower and cabbage plants in India. We attempted to identify the suitable dilutions of
alphamethrin and chlorpyrifos for the mortality of second instar larvae. The larvea of DBM were collected from the
cauliflower field in Rajahicamp, Kushmhi, Gorakhpur, Uttar Pradesh, India. Leaf disc method for toxicity bioassay
was prepared from the cauliflower leaf from unsprayed field. After determining the mortality of larvae, a narrower
range of 6 dilutions as 10, 20, 40, 60, 80 and 100 ppm of each pesticide was used for the period of 24, 48, 72 and 96
h, respectively. The experiment was conducted in six replicates. A control was also run simultaneously without any
pesticide. Alphamethrin showed the LD1o, LDso and LDoo values as 12.28, 8.83, 5.39, 4.06 and 56.55, 47.34, 34.00,
24.35 and 260.27, 253.75, 214.59, 146.06; ppm for 24, 48, 72 and 96 h, respectively. LD1o, LDso and LDgo values for
chlorpyrifos were 10.80, 8.11, 5.04, 3.93 and 52.87, 43.88, 31.69, 22.60 and 258.89, 237.48, 199.46, 129.87 ppm for
24,48, 72 and 96 h, respectively. The slopes values were 1.93+0.23 to 1.65+0.21 for alphamethrin and 1.86+0.22 to
1.69+0.21 for chlorpyrifos for 24-96 h. This indicates a rapid change in mortality with increase in pesticide dosage
especially the chlorpyrifos. Our study suggests that these pesticides especially chlorpyrifos upto amount 60 ppm
diluted solution during 48-96 h were the sufficient dose against the DBM larva of cruciferous cultivars particularly
cauliflower and cabbage crops and minimal the insecticide resistance capability.
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Introduction
The diamondback moth (DBM), Plutella xylostella  cultivation of cruciferous crops wherever they are
L., is the most serious constraint in the profitable = grown (Talekar and Shelton, 1993). The larvae of
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DBM infest the leaves, leading to a reduction in the
plant's photosynthetic surface area, hindering its
growth and productivity. DBM was initially
documented in India in 1914, infesting cruciferous
vegetables (Regupathy, 1996). This insect
primarily thrives on host plants within the
Brassicaceae family which are characterized by
having  sulfur-containing secondary plant
components glucosinolates. The
presence of glucosinolates may be toxic to
generalist insects, but in the case of DBM, certain
glucosinolates, particularly cardenolides, plant
volatiles, and waxes, as well as host plant
nutritional quality, leaf morphology, and leaf color,
or a combination of these factors, may trigger
DBM reproductive and feeding behaviors (Sarfraz
etal.,, 2006).

known as

DBM is known to cause yield losses of 31-10%
(Abraham and Padmanabhan, 1968). Agricul-
turists frequently use synthetic insecticides to
reduce the loss. Chemical control represents an
affordable, convenient, and efficacious approach
for managing pest insects, offering a practical
solution for farmers seeking to mitigate crop
damage and enhance agricultural productivity
(Matthews, 2008; Tomenson and Matthews,
2009). However, overuse of insecticides has
fostered resistance and eradicated natural
predators of the pest, exacerbated control
challenges, and disrupted the ecological balance
within affected ecosystems (Ankersmit, 1953;
Johnson 1953). The approach entails

employing insecticides that pose greater harm to

initial

the pest compared to their impact on natural
enemies (Goulart et al., 2012; Pereira et al.,, 2014).
Conversely, this approach involves reducing the
exposure of non-target organisms, achieved
through meticulous selection, timing, dosage,
placement, and formulation. Dose- and time-
dependent assessment can minimize collateral
damage to beneficial organisms while effectively
controlling the target pest population. Frequently,
the use of chemical insecticides at elevated levels
has led to the emergence of resistance among DBM
insecticides

offspring against various across

different regions of India, including eastern Uttar
Pradesh.

Alphamethrin and chlorpyrifos are both
insecticides widely utilized in farming and public
health for pest control. Alphamethrin is a synthetic
pyrethroid insecticide derived from natural
pyrethrins found in chrysanthemum flowers. It is a
neurotoxin that disrupts the neural system of
insects (Thatheyus and Selvam, 2013). On the
other hand, chlorpyrifos is an organophosphate
insecticide, containing phosphorus as a central
component. It is a broad-spectrum pesticide with
systemic and contact activity. It inhibits the
leading to the
accumulation of acetylcholine in the nervous
system, which disrupts
causing paralysis and the eventual death of insects
(Nandi et al, 2022). Both
generally used to manage a variety of pests in
agriculture, such as aphids, caterpillars, thrips,
beetles, and mites (Bielza, 2016). It is also used in
public health programs to control termites and
mosquitoes.

enzyme acetylcholinesterase,
neurotransmission,

insecticides are

Thus, there is a need to test the efficiency of
commercially used and newer chemical molecules
with higher insecticidal properties,
mammalian toxicity, and a lower dosage of
application to monitor the level of resistance.
Therefore, the present study was aimed at
evaluating the bio-efficacy of suitable doses of
these synthetic insecticides for the management of
DBM.

lower

Materials and Methods
Collection and rearing of larvae:

The larvae of DBM were collected from Village
Rajahicamp, Kushmhi, Gorakhpur district, UP,
India, and kept in a box lined with blotting paper.
Then, they were transported to the laboratory of
the Department of Zoology at DDU Gorakhpur
University for further experiments. Collected
samples were kept in jars and provided with fresh
Cabbage (Brassica oleracea) leaves and covered
with muslin cloth tightly fixed by a rubber band
until adult emergence started. Ten per cent (10%)
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honey solution was provided as food to adults on
petri plates. The day before hatching, fresh
cabbage leaves were introduced amidst older
leaves to serve as food for newly emerged larvae.
Each larval stage was nurtured separately in its
own rearing tray. We have used our own-made
oviposition chamber for rearing purposes, which
is made up of wood, light plastic, and muslin cloth.
When the larvae reached full maturity (2rd instar),
strips of corrugated paper were placed to serve as
pupation sites. The culture was maintained under
controlled conditions at 27x22C and 70+5%
relative humidity. The bioassays were started
after three generations of DBM.

Larvicidal bioassay:

The larvicidal
accordance with the World Health Organization’s
(WHO'’s) guidelines for laboratory and field testing
of DBM larvicide with slight modifications (WHO,
2005). Larvae were transferred by means of a soft
camel hair brush to the jars, each containing
insecticide-free cabbage or cauliflower leaves. Six
replicates for each dilution and an equal number
of controls were simultaneously used for the
experiments. Firstly, DBM insects were held up to
late second instars using a standard leaf disc
bioassay (Tabashnik, 1987). Each leaf disc of 4.5
cm in diameter was made from the cauliflower leaf
collected from the unsprayed field. Firstly, we
treated the with
streptomycin  for the foreign
organisms. These were carefully washed, dried,
immersed, or dipped in a stock solution of
alphamethrin or chlorpyrifos for 30 sec and
allowed to dry at room temperature for 1-1.5 h.

bioassay was carried out in

have cauliflower leaves

removal of

The test solution of insecticides was freshly
prepared in distilled water as a surfactant. For the
controls, the leaf disc was only immersed in
distilled water and stapled in Petri dishes. We
tested six concentrations: 10, 20, 40, 60, 80, and
100 ppm concentrations over replicated six times,
including controls against late second instar
larvae. On drying, the leaf discs were placed in
individual Petri dishes containing moistened filter
paper. Larval survivability was assessed after 24,

48, 72 and 96 h, respectively. Larvae were
considered dead if they could not show any
movement.

Statistical Analysis:

Larvicidal activities of synthetic insecticides were
carried out for lethal dose (LD) values with lower
and upper confidence limits (LDL and UDL), slope
value (mean * SE), t-ratio, heterogeneity, and chi-
square test. P < 0.05 was taken as significant.
Using probit analysis, the POLO Plus program
(LeOra Software version 2.0) determined the LD1o,
LDso, and LDgg values.

Results

The treated larvae become slowly inactive after
11-12 h, and then they can not show any
movement. Determinations on the effective dose
of the toxicity of the dilutions were obtained in
terms of ppm (parts per million) with a mean # SE
for the slope value.

Assessment of toxicity of alphamethrin:

Alphamethrin was significantly efficient for
control of DBM larvae control. We have found that
60 and 80 ppm were sufficient sub-lethal doses for
larvicidal activity. However, 10 and 20 ppm
dilutions did not show toxic doses against DBM
larvae. We have found that LD1o, LDso, and LDqg
values were 12.28, 56.55, and 260.27 ppm for 24
h; 8.83, 47.34, and 253.75 ppm for 48 h; 5.39,
34.00, and 214.59 ppm for 72 h; and 4.06, 24.35,
and 146.06 ppm for 96 h, respectively (Table 1).
The suitable dose of dilutions of alphamethrin
against the larvicidal activity of DBM showed
78.33-93.33% mortality at 100 ppm in 24 to 96 h
of exposure (Fig. 1a).

Larvicidal efficacy of Chlorpyrifos:

Chlorpyrifos showed effective as well as sufficient
DBM larval activity at the experimental dilutions
of 10, 20, 40, 60, 80, and 100 ppm. The LD1q,
LDso,and LDgy values were 10.80, 52.87, and
258.89 ppm for 24 h; 8.11, 43.88, and 237.48 ppm
for 48 h; 5.04, 31.69, and 199.46 ppm for 72 h; and
3.93, 22.60, and 129.87 ppm for 96 h, respectively
(Table 2). The larvicidal activity of chlorpyrifos
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Table 1: Toxicity (LD values) of different dilutions of alphamethrin against DBM larvae after 24 to 96 h

exposure period

Exposure Effective dose Limits (PPM) Slope t Hetero- | Chi-square
Period (ppm) LCL UCL Value ratio | geneity value
(Hours)

LD1o=12.28 7.88 16.45
24 LDso = 56.55 47.77 68.61 1.93+0.23 8.38 0.61 20.84
LDgo=260.27 180.96 457.90
LD1o=8.83 5.10 12.53
48 LDso=47.34 39.45 57.54 1.76+0.22 8.05 0.49 16.62
LDgo=253.75 172.72 466.36
LD1o=5.39 2.64 8.36
72 LDso = 34.00 27.36 41.43 1.60+0.21 7.72 0.58 19.77
LDgo=214.59 145.73 399.34
LD1o=4.06 1.90 6.50
96 LDso = 24.35 18.87 29.79 1.65+0.21 7.88 0.59 20.08
LDgo = 146.06 105.14 243.70

Batches of ten larvae were exposed to four different dilutions in ppm (parts per million) in the boxes. Each set
of experiments was replicated six times, and mortality was recorded after every 24 h up to 96 h. Regression
analysis showed that a significant value of p<0.05 with confidence limits (LCL = lower confidence limit, UCL =
upper confidence limit), slope value (+SE), and t-ratio were applied to locate significant changes with control.

Here, LD10, LCs0,and LCop mean lethal concentrations that kill 10%, 50%, and 90% of DBM larvae.
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Fig. 1: Effective dose of different dilutions of (a) alphamethrin and (b) chlorpyrifos at 24 h, 48 h, 72 h, and
96 h, where dose is denoted in parts per million (ppm) and larvicidal capability is denoted by per cent

response in DBM mortality.

dilutions showed 80-95% mortality at 100 ppm in
24-96 h of exposure periods against DBM (Fig.
1b).

Discussion

In the present study, the sub-lethal doses of
insecticides were 24.35 ppm of alphamethrin and

22.60 ppm of chlorpyrifos, in which chlorpyrifos
up to 60 ppm diluted solution during 48-96 h
were the sufficient dose against the DBM larvae of
cruciferous cultivars. DBM is the most important
pest, causing severe loss of cruciferous crop yield
(Ansari and Kumar, 2022). Worldwide direct
losses from brassica and control expenses from
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Table 2: Toxicity (LD values) of different dilution of chlorpyrifos against DBM larvae after 24 to 96 h exposure

period
Exposure Effective dose Limits (PPM) Slope Value t Hetero- Chi-square
period (ppm) LCL UCL ratio geneity value
(Hours)
LD10=10.80 6.67 14.77
24 LDso= 52.87 44.45 64.21 1.86+0.22 8.27 0.63 21.36
LDgo=258.89 178.37 463.55
LD1o=8.11 4.60 11.63
48 LDso=43.88 36.46 53.09 1.75+0.22 8.09 0.52 17.54
LDgo=237.48 163.12 429.07
LD1o=5.04 2.43 7.88
72 LDso=31.69 25.32 38.61 1.60+0.21 7.74 0.65 22.14
LDgo=199.46 136.92 363.84
LD1o=3.93 1.86 6.27
96 LDso=22.60 17.42 27.67 1.69+0.21 8.01 0.59 20.10
LDgo = 129.87 95.32 208.71

Batches of ten larvae were exposed to four different dilutions in ppm (parts per million) in the boxes. Each set of
experiments was replicated six times, and mortality was recorded after every 24 h up to 96 h. Regression analysis
showed that a significant value of p < 0.05 with confidence limits (LCL = lower confidence limit, UCL = upper
confidence limit), slope value (+SE), and t-ratio were applied to locate significant changes with control. Here, LC4,,

LCsg, and LCqg mean the lethal concentration that kills 10%, 50%, and 90% of DBM larvae.

DBM are expected to be $1 billion (Grzywacz et al.,
2010). Originating in Europe and the
Mediterranean region, cabbage is the second most
important Cole crop, after cauliflower. It is one of
the most commonly cultivated winter vegetables
in India and the second-largest producer of
cabbage in the world after China (Wikipedia
contributors, 2024). The other most important
cruciferous cultivar is cauliflower, and it is
reported that 52% of the yield loss on cauliflower
is due to DBM in India (Krishnamoorthy, 2004).
So, our findings suggest the required pesticide
amount to reduce the yield loss of cauliflower and
cabbage through DBM.

The toxicity of most of the organophosphates
and pyrethroids is positively correlated with
temperature (Normant and Chambers, 1970). The
use of synthetic
primary control strategy against DBM (Kibata,
1996). This pest has become resistant to every
major class of pesticide, including biopesticides

insecticides constitutes the

based on the Bacillus thuringiensis bacterium
(Tabashnik et al, 1990; Zhou et al, 2011). The

infected cultivar treated with the chemical
insecticide Anthsuper (chloropyrifos 16% Al +
alphacypermethrin 1% E.C) was found to
significantly reduce the larval population of DBM
(Bhattarai and Tiwari, 2021). The present
observation is also supported by Leibee and
Savage (1992), where the combination of
chlorpyrifos and cytomethrin was most effective
to control DBM and Trichoplusia ni (cabbage
looper) in field conditions. Treatment with
chlorpyriphos 50% EC and Cypermethrin 5% EC
was found to fully control DBM larvae after 15
days (Boopathi et al., 2010).

In the present study, Alphamethrin was also
efficient to control DBM larvae. Under laboratory
conditions the application of sublethal doses of
alphamethrin at concentrations of 0.03% and
0.01% on 8-day-old
caterpillar Spodoptera litura fed continuously on

treated leaf discs for 2 days resulted in a

larvae of the tobacco

significant decrease in feeding activity and larval
weight at 2 days after treatment compared to the
control group (Kumar and Srivastava, 2008).
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Insecticides are frequently the effective solution
for swiftly and cost-effectively reducing pest
populations below economically damaging levels.
When crops are under pest attack, it is imperative
to employ suitable methods to prevent damage.
Over recent decades, the utilization of toxic
chemicals and bio-pesticides for pest control has
seen a significant rise. Concerns over the toxicity
of insecticides to humans and wildlife have
encouraged efforts to adopt more precise, target-
specific (Begum et al, 2017).
Alphamethrin and chlorpyrifos effectively manage
agricultural pest species while minimizing impacts
on natural enemies. Furthermore, we concluded
that, in general, alphamethrin and chlorpyrifos
have wider safety margins for parasitoids and
predators, although higher concentrations can be
lethal to certain beneficial arthropods. To
maintain their effectiveness, these insecticides
should be rotated judiciously with other suitable
options in spray programs, limiting the number of
applications. Therefore, it is crucial to identify the
most effective chemicals against specific insect
pests that are environmentally friendly and
biodegradable. Farmers find themselves obligated
to utilize chemical insecticides for profitable
cultivation, as traditional and cultural methods
alone often fail to provide adequate control over
pest infestations. This scenario has spurred the
adoption of alternative insecticide doses to ensure
effective control of DBM. Additionally, resistance
to these traditional insecticides can be addressed
by utilizing precise application rates.

chemicals

Conclusion

In the present study we assessed the mortality
caused by insecticides on DBM larvae. 100 ppm
diluted alphamethrin and chlorpyrifos showed
80-95% mortality in DBM larvae after the
durations of 24 h and 96 h. The sub-lethal doses
were recorded in our study as 24.35 ppm for
alphamethrin and 22.60 ppm for chlorpyrifos. So,
of the
insecticides are permissible doses for protection

our recommended dilutions above
of cruciferous cultivars, particularly cauliflower

and cabbage crops, from DBM and minimal

insecticide resistance capability.
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