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ABSTRACT

There are many constraints in chickpea production, of which pod borer,
Helicoverpa armigera Hubner is the most notorious pest which causes both
quantitative and qualitative loss. Therefore, the study was conducted at the
research field of Plant Pathology and Seed Science Department, Faculty of
Agriculture, Sylhet Agricultural University (SAU), Sylhet, Bangladesh to
evaluate the effectiveness of different synthetic insecticides and natural botanicals
against the pod borer attacking chickpea during 25 November, 2018 to15 April,
2019. The six treatments viz., spraying of lamda-cyhalothrin @ 1.5 ml L' of water,
chloropyrifos + cypermethrin @ 2 ml L of water, chlorantranilprole @ 0.15g
L' of water, neem leaf extract (1:4), bishkatali leaf extract (1:4), marigold leaf
extract (1:4), and untreated control (water sprayed only) were evaluated in this
experiment. The parameter viz., pod damage (%), number of pod plant!, number
of bored pod per 10 infested pods, plant height (cm), number of branch plant?,
weight of 1000 seeds (g), yield of chickpea (t ha') were investigated to evaluate
the treatments against the pod borer. Results indicated that lamda-cyhalothrin
was found as most effective insecticide because it caused the highest pod damage
reduction over the untreated control (72.53%) and provided the highest yield (1.6
t ha') and highest marginal benefit cost ratio (MBCR) (4.60). Thus, it may be
concluded that spraying of lamda-cyhalothrin may be an effective management
practice against the chickpea pod borer.
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INTRODUCTION

Chickpea (Cicer arietinum L.) is an important legume crop belonging to the family
Fabaceae. It is also known as gram or Bengal gram, garbanzo, or garbanzo bean,
and is sometimes known as Egyptian pea. It is one of the most important food grain
legumes in the world with the production of 14.78 million tons from 14.56 million
hectares with 1014.60 kg ha' in 2017 (FAOSTAT 2019). Asia contributes 90%
of chickpea production in the world (Ahmed and Awan 2013). The average yield
of chickpea is 0.80 t ha'! in Bangladesh which is lower compared to the potential
yield of this crop and average yield of other pulse-growing countries (BBS 2011).
It contributes 3.87% of the total pulse production in Bangladesh (BBS 2013). The
major chickpea-producing countries are India (67.41%), Australia (6.21%), Pakistan
(5.73%), Turkey (3.86%), and Myanmar (3.74%) (FAOSTAT 2015).

Chickpea is an important source of energy, protein and soluble and insoluble
fiber. It provides the highest level of protein (>20%) as an alternative to meat
for poor people (Hefnawy et al. 2012). Along with vegetable protein, it is also a
source of carbohydrate, cholesterol lowering fiber, oil, ash, phosphorus, calcium,
magnesium, iron and zinc, unsaturated fatty acids and -carotene (Muehlbauer and
Rajesh 2008, Jukanti et al. 2012, Patil et al. 2017). Mature chickpea grains contain
60-65% carbohydrates, 6% fat and 12 to 31% proteins, which is higher than any
other pulse crops (Kerketta ef al. 2015). Chickpea is used for human consumption
as well as feed for animals. Its seeds are eaten as green vegetable, fried, roasted,
as snack food and ground to obtain flour and dhal (Pachundkar et al. 2013). Its
straw has also good forage value (Shrestha et al. 2011). It also contains essential
amino acids like isoleucine, leucine, lysine, phenylalanine, and valine (Karim and
Fattah 2006). Additionally, it has the ability to fix atmospheric nitrogen and can also
tolerate high temperatures during and after flowering (Cumming and Jenkins 2011).
It is one of the earliest cultivated legumes (Bell 2014).

Chronological data regarding chickpea production shows an irregular trend due
to abiotic factors like weather conditions, intensity of rains and different biotic factors
such as diseases and insect pests (MINFAL 2016). Among insect pests, chickpea
pod borer (Helicoverpa armigera Hubner) (Lepidoptera: Noctuidae), is the most
common and critical challenge for successful chickpea production around the world
(Ujjan et al. 2019, Kumar ef al. 2019, Jai et al. 2020). In case of outbreaks, yield
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losses caused by chickpea pod borer range from 10-90% and 50-60% pod damage
in the crop depending upon the insect population and susceptibility of genotypes
(Sharma et al. 2012, Kambrekar 2012, Igbal et al. 2014, Ahmed and Awan 2013).
Single larva can damage 40 pods and it feeds on floral buds, flowers and young
pods of the growing crop (Khan et al. 2009, Bajia and Bairwa 2015). H. armigera
is widely dispersed throughout the African, Asian, European and Mediterranean
regions (EPPO 2006, Zohary et al. 2012).

The wider host range, multiple generation, migratory behavior and high
fecundity of gram pod borer made it difficult to manage. The chemical control
options are still regarded as the last resort for its management due to their quick
known effects (Sreekanth 2014). In Bangladesh, synthetic insecticides are generally
used to control the pest. However, continuous and indiscriminate use of synthetic
pesticides has resulted in residues, development of insecticide resistance, adverse
effects on non-target organisms, humans and the environment (Boulamtat et al.
2020, Patil 2017, Hossain et al. 2010, Kumar and Sarada 2015). Based on the above
negative consequences, many medicinal plants, botanicals and spice crops have
been evaluated as alternative pest control agents (Yankanchi and Gonugade 2009).
Botanicals can be characterized as environmentally non-persistent and therefore
they are unlikely to result in environmental contamination. It has been reported that
certain plant preparations and traditional methods are much safer than chemical
insecticides (Yankanchi and Patil 2009). Considering the severe attack of gram pod
borer, the present study attempted to develop environmentally safe and economically
viable management practices against the pod borer infesting chickpea crop under
field conditions in the northeastern part of Bangladesh.

MATERIALS AND METHODS

Field/Plot details: With a view to developing the most effective management
practice(s) against pod borer of chickpea, the experiment was carried out in the
research field of Plant Pathology and Seed Science Department, Faculty of
Agriculture, Sylhet Agricultural University (SAU), Sylhet, Bangladesh during Rabi
2018-19. The experimental site was located at the northeastern corner of Bangladesh
lying between 23°57" and 25°13" North latitude, 90°56’ and 92°21’ East longitude.
The site falls under the Agro-ecological Zone-20: Eastern Surma-Kusiyara Flood
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Plain (UNDP and FAO 1988). The chickpea genotype BARI Chola-9 was raised as
per standard agronomic practices during Rabi 2018-19. Seeds were collected from
farmers’ fields as per the International Rules for Seed Testing (ISTA 2001) at 15
days before sowing the chickpea seed. The soil of experimental site is grey, sandy
loams in texture and belongs to the ‘Non-calcareous Grey’ soils. Organic matter
content of the soil is moderate with pH 4.8. The individual plot size was 1 m x 2 m.
Blocks were 1.0 m apart and rows were 0.5 m apart. Plant spacing was 10 cm and
line spacing was 40 cm.

Experimental design: The experiment was laid out in a Randomized Complete
Block Design (RCBD) with three replications. There were six treatments and
untreated control. Description of each treatment is shown in Table 1.

All the treatments were applied in field as foliar application manually with
hydraulic knapsack sprayer machine. The land of the experimental plots was
prepared as per standard agronomic practices and fertilizers were applied as per the
recommendation of Bangladesh Agricultural Research Council, Dhaka (FRG 2012)
(Table 2). The seeds were sown in the treatment plots about 2.0 cm depth in 4 lines
per plot in the afternoon.

Table 1. Description of all the treatments used in this experiment

Treatments Active ingredients Mode of action Dose
(ml L' of water)
Karate 2.5EC lamda- Nerve poison 1.5 ml
chyhalothrin (cholinesterase inhibitor)
Nitro 5S05EC Chloropyrifos + Nerve poison, contact and 2 ml
cypermethrin stomach poison
Virtako 40WG Chlorantraniliprole Systemic (Ryanodine 0.15¢g
receptor Modulator)
Neem leaf extract Azadirachtin Antifeedants, growth 1:4
regulators and sterilants (extracts and water)
Bishkatali leaf Monoterpenoids Antibacterial, antiviral, 1:4
extract anti-stomach complaint (extracts and water)
Marigold leaf extract Pyrethrin Antibacterial, antifungal, 1:4
larvicidal, activity (extracts and water)

Untreated control
(water sprayed only)
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Table 2. Fertilizer for chickpea as per Bangladesh Agricultural Research Council

(FRG 2012)

Name of the fertilizer Dose (kg ha)
Urea 45 kg ha!
TSP 85 kg ha'
MOP 35 kg ha'!
Boric acid 10 kg ha'!

Preparation of insecticidal solution: The insecticidal spray solution of desired
concentration as per treatment was freshly prepared every time at the time just before
the start of spraying operations. To prepare botanical insecticides i.e., fresh leaves
of neem (Azadirachta indica), bishkathali (Polygonum hydropiper) and marigold
(Tagetes patula) were collected from the surrounding areas of Sylhet Agricultural
University, Sylhet, Bangladesh. The collected plant parts were chopped after
cleaning under running tap water. The extracts were prepared by crushing the plant
parts in a blender with distilled water at 1:1 (100g crushed plant materials in 100
ml water). The extracts were filtered through cheese cloth and poured in the bottle.
The extracts thus obtained were kept in a refrigerator at 4+1°C until use in the plots.

Application of synthetic insecticides and botanicals: First spray of each insecticide
was applied when 50% plants attained flowering stage. Second and third spray was
applied after 10 days interval from the first spray. Insecticides were sprayed as
solution into the experimental plot as per treatment. Each spray solution was prepared
by mixing desired quantity of insecticides with tap water. The whole surface of the
plant was sprayed with the solution of the insecticides. In case of control plot water
was sprayed only. Special attention was given to complete coverage of the growing
plants with the spray volume. The spraying was done in the afternoon to avoid
bright sunlight and drift caused by strong wind and adverse effect on pollinating
bees. Chickpea was harvested when 90% of the pods turned into dark brown in color
and then dried separately in bright sunshine.

Data collection: Observations were started 30 days after sowing (DAS) in one

meter length from each plot at vegetative stage to determine the economic threshold

level (one larva per meter per row) of chickpea pod borers for timely application of

chemicals. Ten plants were selected at random from each treatment. The plant height

was measured from ground level to the tip of the plant. Total number of branch, total
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number of healthy and bored pods were counted and mean was calculated. Weight
of 1000 seeds was also measured by electronic balance.

Pod damage (%): On maturity of crop, the pod damage (%) was determined by
counting total number of pod and number of damaged pods from randomly selected
ten plants from each treatment, using the following formula:

No. of damaged pods
No. of total pods <100

Percent pod damage =

Pod damage reduction over control was measured using following formula:

TO_ Tr

0

Pod damage reduction over control = %100

Where,
T, - Mean value of the control (untreated) plot
T, — Mean value of treated plots

Grain yield: The grain yield per plot was recorded at harvest including untreated
control and it was converted into t ha.

Economic analysis: Marginal Benefit Cost Ratio (MBCR) was calculated
considering the total expenditure of management cost and the total return from that
particular treatment as described by Hossain ef al. (2016) as follows:

Adjusted net return
Total management cost

Marginal Benefit Cost Ratio (MBCR) =

Adjusted net return = Net return from the treated plant — Net return from the control
plant.

Statistical analysis: The collected data on different parameters were statistically
analyzed by using the MSTAT-C computer software package program (Russell
1986) to find out the level of significant differences resulting from experimental
treatments. The difference between the treatment means were evaluated for
significance using Duncan’s Multiple Range Test (DMRT) following the procedure
as described by Gomez and Gomez (1984).
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RESULTS AND DISCUSSION

Effect of different treatments on percent pod infestation by chickpea pod borer:
The results showed that each individual treatment was significantly efficient than
the untreated control (Table 3). The best result in terms of lowest pod infestation
(4.73%) was obtained from lamda-cyhalothrin treated plot followed by 5.14% in
chlorantranilprole treated ones. 5.57% in chloropyrifos + cypermethrin, 6.50%
in neem leaf extract, 6.96% in bishkatali leaf extract and 7.77% in marigold leaf
extract treated plots were found. However, comparing all the treated plots with
that of untreated control plot, the treated plots were significantly effective since
the pod damage percentage in case of untreated control plot was 17.21%. The pod
infestation reduction over untreated control, the highest percent reduction of pod
infestation (72.53%) was calculated in lamda-cyhalothrin treated plots followed
by 70.15% in chlorantranilprole, 67.65% in chloropyrifos + cypermethrin, 62.25%
in neem leaf extract, 59.58% in bishkatali leaf extract, 54.88% in marigold leaf
extract treated plots. From these results, it was found that lamda-cyhalothrin was
more effective to reduce pod infestation. The present results are in agreement with
Hossain ef al. (2010), where lambda-cyhalothrin (Karate 2.5EC) exhibited better
results (only 2.55% pod damage) for suppressing chickpea pod borer.

Table 3. Effect of different treatments on percent pod infestation by chickpea pod

borer

Treatments Pod infestation (%) Reduction over control (%)
Lamda-cyhalothrin 4.73¢ (2.170) 72.53
Chloropyrifos + cypermethrin 5.57c-e (2.357) 67.65
Chlorantranilprole 5.14de (2.267) 70.15
Neem leaf extract 6.50b-d (2.547) 62.25
Bishkatali leaf extract 6.96bc (2.613) 59.58
Marigold leaf extract 7.77b (2.787) 54.88
o o e -
LSD 01 0.294 -
CV (%) 4.34 -

Common letters in a column denote no significant difference between treatments (DMRT, P>0.01).
All the values in parentheses are square root transformed value.
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Effect of different treatments on the number of bore on pods due to chickpea
pod borer: The number of bore on pods 10! infested pods significantly differed
among the treatments (Table 4). The highest number of bore on pods (12.17 107!
infested pods) was found in untreated control plot and the lowest number (10.73 10!
infested pods) was obtained from lamda-cyhalothrin treated plots. The intermediate
number of bore followed by 11.50 10" in pods of bishkathali leaf extract treated
plot, 11.40 10" bore pods in neem leaf extract, 11.37 10" in marigold leaf extract,
which was followed by 11.10 10! bore pods in chloropyrifos + cypermethrin, 11.20°
10 bore pods in chlorantranilprole treated plot which were not significantly different
from that of untreated control plot.

In terms of percent reduction over untreated control, the highest reduction of
number of bored pods (11.83%) though very poor was recorded in lamda-cyhalothrin
and lowest (5.51%) was recorded in bishkathali leaf extract treated plots.

Effectof different treatments on number of pod per chickpea plant: The effectiveness
of various treatments on number of pod per plant has been shown in Table 5. The
highest number of pod per plant (49.20) was observed in chlorantranilprole treated
plot and the second highest was recorded in lamda-cyhalothrin (46.00 pod plant™).
Significantly the lowest number of pod per plant (32.77) was harvested in untreated
control plot. The best result in terms of percent increase of number of pod (50.14%)

Table 4. Effect of different treatments on number of bore on pods

Treatments No. of bore on pods 10" Reduction over untreated
infested pods control (%)

Lamda-cyhalothrin 10.73 b 11.83
Chloropyrifos + cypermethrin 11.10b 8.79
Chlorantranilprole 11.20b 7.97
Neem leaf extract 11.40 ab 6.33
Bishkathali leaf extract 11.50 ab 5.51
Marigold leaf extract 11.37 ab 6.57
Untreated control (water sprayed only) 12.17 a -

LSD () 0.75 -

CV (%) 2.64 -

Note: Common letters in a column denote no significant difference between treatments (DMRT,
P>0.01).
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Table 5. Effect of different treatments on number of pod per plant of chickpea

Treatments No. of pod plant’! Increase over control (%)
Lamda-cyhalothrin 46.00 ab 40.37
Chloropyrifos + cypermethrin 42.00 abc 28.17
Chlorantranilprole 49.20 a 50.14

Neem leaf extract 44.00 ab 34.27
Bishkathali leaf extract 36.87 bc 12.51

Marigold leaf extract 38.00 be 15.96
;r;;r}e]::(tiegnclg?trol (water 3277 ¢

LSD (g5 9.41 -

CV (%) 12.82 -

Common letters in a column denote no significant difference between treatments (DMRT, P>0.05).

over control was recorded in chlorantranilprole treated plots followed by 40.37% in
lamda-cyhalothrin treated plot.

Effect of different treatments on plant height, number of branch per plant,
weight of 1000 seeds and grain yield of chickpea: The range of plant height in every
plot was 39.60 cm to 43.43 cm (Table 6). The plot treated with chlorantranilprole
had the highest plant height (43.43 cm), followed by the plot treated with lamda
cyhalothrin (42.87 cm), and the plot under untreated control had the lowest plant
height (39.60 cm).

The number of branches plant' was not significantly affected by different
treatments (Table 6). The plot treated with marigold leaf extract (1:4) showed a
statistically larger number of branches plant (15.20). The plots treated with neem
leaf extract (1:4) showed the fewest branches 12.47 plant™.

The effects of various treatments on thousand grain weight (g) were significant
(Table 6). The results showed that the lamda-cyhalothrin treated plot had the
maximum weight of 1000 seeds (232g), whereas the untreated control plots had the
lowest weight (198.3g). The intermediate weight 226.7g was in chloropyrifos +
cypermethrin treated plot, 222.7g in chlorantranilprole, 216g in neem leaf extract,
209¢g in bishkatali leaf extract treated plots and 201g in marigold leaf extract treated
plots were obtained.
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All treatments were superior to the untreated control in terms of higher grains
yield. The highest yield (1.6 t ha') was recorded in lamda-cyhalothrin treated
plot and the lowest yield (1.05 t ha') was obtained from untreated control plot
(Table 6). The yields of chloropyrifos + cypermethrin treated plot was 1.4 t ha'',
neem leaf extract treated plot was 1.31 t ha!, chlorantranilprole used plot had 1.3 t
ha'!, bishkathali leaf extract treated plot resulted 1.28 t ha"! and marigold leaf extract
sprayed plot had 1.25 t ha'.

Mathirajan et al. (2000) observed that the highest yield (1506 kg ha') was
obtained from the lambda-cyhalothrin treated plot. Hossain et al. (2010) also
conducted a study for the management of chickpea pod borer (Helicoverpa armigera)
and found that the highest yield (1338 kg ha') was obtained from lambda-cyhalothrin
treated plot. The data of yield increase over untreated control indicated that highest
yield increase over control was recorded in lamda-cyhalothrin treated plot (53.38%)
and lowest in marigold leaf extract treated plot (19.05%). The yield increase over
untreated control from chloropyrifos + cypermethrin plot had 33.33%, neem leaf
extract plot provided 24.76%, chlorantranilprole plot gave 23.81% and bishkathali
leaf extract plot resulted 21.91%.

Table 6. Effect of different treatments on plant height, number of branch per plant,
weight of 1000 seeds and grain yield of chickpea

Treatments Plant height No.of  Weightof Grain  Yield increase
(cm) branch  1000-seeds yield (t over untreated
plant’! (2) ha') control (%)
Lamda-cyhalothrin 42.87 15.00 232 a 1.6a 53.38
Chloropyrifos + cypermethrin 40.57 14.73 226.7 ab 1.4b 33.33
Chlorantranilprole 43.43 13.73 222.7 a-c 1.3 be 23.81
Neem leaf extract 40.30 12.47 216.0bc  1.31 bc 24.76
Biskatali leaf extract 41.97 13.80 209.3cd  1.28 be 21.91
Marigold leaf extract 40.37 15.20 201d 1.25¢ 19.05
Untreated control (water 39.60 12.73 198.3d 1.05d -
sprayed only)
CV (%) 5.21 20.70 2.62 3.83 -
Significance/LSD (0.01) NS NS 14.05 0.14 -

Common letters in a column denote no significant difference between treatments (DMRT, P>0.01).
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Marginal Benefit Cost Ratio (MBCR): The data of economics of different
insecticides presented in Table 7 indicated that the highest net return was recorded
from lamda-cyhalothrin (Karate 2.5EC) treated plot (Tk. 82600) followed by
chloropyrifos + cypermethrin (Nitro 505EC) sprayed plot (Tk. 70637) and the
lowest net return was recorded from marigold leaf extract (1:4) applied plot (Tk.
65250). The highest gross return (88000 Tk. ha') was found in lamda-cyhalothrin
treated plot and lowest gross return (57750Tk. ha') was found in untreated control.
The highest Marginal Benefit Cost Ratio (MBCR) was found in lamda-cyhalothrin
plot (4.60:1) followed by neem leaf extract plot (3.77:1). On the other hand, the
lowest Marginal Benefit Cost Ratio was recorded from chlorantranilprole treated
plot (1.78:1). The present results are in agreement with the results of Hossain et al.
(2010) who reported that the highest MBCR was found from lambda-cyhalothrin
application. Among the botanical insecticides evaluated, neem leaf extract treated
plots produced the highest yieldand MBCR. Although lower yield was obtained from
botanicals treated plots, they gave higher MBCR than some synthetic insecticides
due to less cost involvement with those treatments.

Table 7. Economic analysis of different treatments for the control of chickpea pod

borer

Treatments No. of Yield  Gross Cost of Net Adjusted MBCR

spray (tha') return treatment return netreturn (TkTk")
(Tk ha') (Tkha') (Tkha') ((Tkha')

Lamda-cyhalothrin 3 1.6 88000 5400 82600 24850 4.60

Chloropyrifos + 3 1.4 77000 6363 70637 12887 2.03

cypermethrin

Chlorantranilprole 3 1.3 71500 4950 66550 8800 1.78

Neem leaf extract (1:4) 3 1.31 72050 3000 69050 11300 3.77
Bishkathali leaf extract 3 1.28 70400 3000 67000 9250 3.08

(1:4)

Marigold leaf extract 3 1.25 68750 3500 65250 7500 2.14
(1:4)

Untreated control - 1.05 57750 - 57750 - -

Cost of synthetic insecticides and botanicals: Lamda-cyhalothrin @ Tk. 68 per 50 ml bottle,
chloropyrifos + cypermethrin @ Tk. 80 per 50 ml bottle, chlorantranilprole @ Tk. 140 per 10g packet,
Collection and processing cost of neem leaf extract @ Tk. 400/spray, Collection and processing cost
of bishkathali leaf extract @ Tk. 400/spray, Collection and processing cost of marigold leaf extract
@ Tk. 550/spray. Market price of chickpea = Tk.55/kg, Labour cost = Tk.300/day/labour. Labor
requirement: For insecticide preparation and application @ 2 labor ha! spray™.
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CONCLUSION

Based on the results of the study it can be concluded that in respect of protection
level and economic return from spraying of lamda-cyhalothrin @ 1.5ml L' of water
is effective treatment for the management of chickpea pod borer, Helicoverpa
armigera (Hubner). Although application of neem leaf extract is less effective
against the chickpea pod borer but it is environmentally safe, readily available, and
cost effective and thus may be recommended for the management of chickpea pod
borer.
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