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Abstract

Present study evaluated the effect of sequential application of a bio-pesticide
(Bacillus thuringiensis subsp. Kurstaki) (Bt), a botanical (heem oil) and a
chemical insecticide (cypermethrin 25EC) as well as cypermethrin 25EC alone
in the management of aphid (Aphis craccivora) and pod borer (Maruca vitrata)
attacking yard long bean (Vigna unguiculata sesquipedalis) in the field. In each
treatment Bt, neem oil and cypermethrin were applied in alternative sequence as
well as cypermethrin alone at 07 days intervals. All the treatments reduced aphid
population and flower infestation after 24, 48 and 72h of treatment compared to
untreated control. Aphid population reduction by the treatments over control
was ranged from 34.4 to 71.9%, and the treatment with cypermethrin alone had
the lowest abundance of aphid and flower infestation. The Bt followed by neem
oil and cypermethrin significantly reduced the pod infestation by pod borer and
increased yield (38.9-41.4%) over control with BCR: 1.85-2.16. Use of
cypermethrin alone was most effective and showed the lowest pod infestation
and revealed the increased yield over control (47.7%) with BCR 4.70.
Considering the hazardous affect of cypermethrin alone, its application followed
by bio-pesticide and botanical sequentially would be promising components for
integrated pest management strategies against aphid and pod borer attacking
yard long bean.

Keywords: Bacillus thuringiensis, cypermethrin, neem oil, yard long bean,
sequentially.

Introduction

Yard long bean, Vigna unguiculata sesquipedalis is one of the most popular
vegetables in Southeast Asia (AVRDC, 2001; Ali et al., 2002). It is a vigorous
climbing annual vine crop and known as long poded cowpea or Chinese long
bean or snake bean. The tender green pods of yard long bean are a good source of
protein, iron, calcium, phosphorus, vitamin A, vitamin C and dietary fiber (Singh
et al., 2001). Farmers in Bangladesh grow yard long bean throughout the year to
meet high market demand, but the crop in subtropical conditions is highly prone
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to the attack of insect pests. The insects attack at flowering and post-flowering
stages is a major factor to limit the production (Jackai et al., 1992). The aphid
Aphis craccivora Koch (Hemiptera: Aphididae) and pod borer, Maruca vitrata
Fabricius (Lepidoptera: Pyralidae) reduce the productivity significantly. The pod
borer larvae damage flower buds, flowers, green pods and seeds of this crop
thereby reduce 54.4% production (Singh and Jackai, 1988).

The aphid is a polyphagous insect which causes serious damage to bean plants
from seedling to the pod bearing stage. They feed on phloem sap with their
piercing sucking mouthparts, and their feeding injury causes leaf and fruit growth
abnormalities, leaf yellowing and curling, reduction of leaf canopy area, and
senescence of premature leaves (Beckendorf et al., 2008). Aphid infestations
reduce branching and the infested plants become stunted, suffer from withering
or shedding of flowers, and produce lower number of pods (Beckendorf et al.,
2008). This insect also plays a role in the transmission of necrotic yellow, mosaic
yellow and leaf roll viruses in bean plants (Smith and Boyko, 2007).

To reduce the crop loss, farmers indiscriminately use chemical pesticides. The
synthetic chemicals destroy indigenous biodiversity, cause personal and
environmental hazards and develop resistance in insects (Hoi, 2010). The lower
mammalian toxicity and rapid degradation of botanical pesticides make them a
suitable tool in integrated pest management programs (Amin et al., 2000; Roy et
al., 2012; Roy et al., 2014). Some essential oils have insecticidal activities on
Diptera larvae and adults (Chang et al., 2009). Bio-pesticides are one of the most
effective tools available for managing vegetable pests. However, complete
reliance on botanical or bio-pesticides alone seems to be less effective in
reducing the economic damage caused by insects on vegetables. Hence, this
study was conducted to validate an integrated pest management strategy by
applying neem oil, Bacillus thuringiensis (Bt) and cypermethrin at an alternative
sequence and cypermethrin alone for the management of aphid and pod borer
attacking the yard long beans in the field with special emphasis on the yield and
benefit cost ratio.

Materials and Method

Experimental site and duration

The study was conducted in the field laboratory of the Department of
Entomology, Bangabandhu Sheikh Mujibur Rahman Agricultural University,
Gazipur during January to May, 2016.

Experimental design and cultivation of yard long bean

Yard long bean seeds were collected from the Horticulture Research Center of
Bangladesh Agricultural Research Institute (BARI) and cultivated in a
randomized complete block design with a plot size of 4 m x 4 m. Seedlings were
grown in a nursery to prevent damage from pests and diseases. Ten day, old



MANAGEMENT OF APHID AND POD BORER ATTACKING YARD-LONG BEAN 533

seedlings were transplanted in the plots. The spaces between blocks and between
plots were 0.5 m and 1.0 m, respectively. Seedlings were transplanted on 16
January, 2016 in rows. Each plot contained 5 rows and each row had 5 pits
separated by 60 cm. At the stage of branching, the plants were supported by
bamboo sticks to facilitate creeping. The manures and fertilizers were applied
according to the recommended doses of BARI. Weeding, irrigation etc.
were done whenever necessary. Pest incidences were monitored from one week
after transplanting until last harvest.

Experimental treatments

Five treatments with an alternative sequential application of neem oil, B.
thuringiensis (Bt) and cypermethrin 25EC (one after another) as well as
cypermethrin alone were adopted. The Bt subsp. kurstaki were collected from the
Ispahani Agro limited, Gazipur. Neem oil was bought from a pesticide shop in
Dhaka. An untreated control was kept for scientific interpretation. Application of
the treatments was started at the advent of the infestation of the pest and applied
three times at weekly interval. The concentrations of Bt, neem oil and
cypermethrin were 5 ml It water, 25 ml It water and 0.5 ml I"* water,
respectively. The treatments with order of alternate sequence at weekly
application are Bt — cypermethrin — neem oil; cypermethrin — neem oil — Bt;
neem oil — Bt — cypermethrin; cypermethrin — Bt — neem oil; cypermethrin
alone (three times), and control.

Data collection

The numbers of aphid per inflorescence were counted at 24, 48, and 72 h after
each treatment. The topmost inflorescence from the third plant of the third row
was used for counting the aphid population. The total number of bloomed
flowers and the number of infested flowers of the topmost inflorescence from
the third plant of the third row were counted to calculate the flower infestation
level.

Healthy and infested (bore holes with or without frass) pods were plucked and
percent pod infestation was calculated at each harvest. The recorded pod
infestation at each harvest was pooled for the entire season and the mean pod
infestation was derived for each replication. Yield was recorded at every harvest
and the yields were categorized as marketable and infested based on the absence
or presence of pod borer infestation. The pod yield recorded during each
observation was pooled for the entire season and the total pod yield was derived
for each replication, which was then used for estimating the total yield in tons per
hectare for each treatment.

Data analysis: Data were analyzed by general linear model (GLM) followed by
analysis of variance (ANOVA) and then mean comparisons were done by
Duncan’s Multiple Range Test (DMRT) through SPSS (IBM SPSS statistics 21).
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Results and Discussion
Result

The effects of bio-pesticides and chemical insecticide on the population
abundance of aphid attacking yard long bean inflorescence (number of aphid
inflorescence™) are presented in Table 1. The treatments had significant effect
(Fs,144=33.4, p < 0.001) on the abundance but the effects of hours after treatment
(F2, 144 = 2.8, p = 0.06) and interaction between treatments and hours after
treatment (Fiwo, 144 = 0.28, p = 0.99) were insignificant. Aphid population
abundance at 24, 48 and 72 hours after treatment varied from 2.1+0.6 to 6.4+1.4,
1.8+0.7 to 6.4+1.6 and 1.6+0.5 to 6.4+1.4 inflorescence™, respectively. The mean
aphid population among the treatments varied from 1.8+0.6 to 6.4+1.5
inflorescence™ and the results differed significantly (Fs, 156 = 34.2, p < 0.001). The
lowest and the highest populations were shown by cypermethrin — cypermethrin
— cypermethrin; and control, respectively. Aphid population reduction over
control varied from 34.4 to 71.9% and the treatment with cypermethrin alone
showed the highest reduction.

Table 1. Effect of Bacillus thuringiensis (Bt), neem oil and cypermethrin applied
sequentially at 7 days interval (3 times) on the population abundance of
aphid attacking yard long bean inflorescence in the field

Treatments with order of Number of aphid inflorescence™! %
. i Mean :
alternative application opulation Population
sequence 24 HAT 48HAT 72HAT |POP reduction

Bt — cypermethrin — 3.9£1.7bA 3.7+1.2bcA 2.8+1.5bcA 3.4+1.5c 46.9
neem oil

Cypermethrin — neem oil 3.7+1.2bA 3.0+1.0cA 3.0+1.5bcA 3.2+1.3c 50.0
— Bt

Neem oil — Bt — 4.4+1.7bA 4.4+1.3bA 3.7+1.6bA 4.2+1.5b 34.4
cypermethrin

Cypermethrin — Bt — 3.7+1.4bA 3.2+1.4cA 3.0£1.9bcA 3.3tl.6c 48.4
neem oil

Cypermethrin alone (three 2.1+0.6cA 1.8+0.7dA 1.6+0.5cA  1.8+0.6d 71.9
times)

Control 6.4+1.4aA 6.4+1.6aA 6.4+1.4aA 6.4t1.5a

Data expressed as mean + SD. Means followed by the same lowercase letter(s) in the
same column or by the same uppercase letter(s) in the same row are not significantly
different, as assed by DMRT (p < 0.05).

Table 2 shows the yard long bean flower infestation levels caused by aphid in
different treatments. The infestation levels ranged from 20.3+1.7 to 52.6+10.3%
and the results differed significantly (Fs, 4s = 4.2, p < 0.01). All the treatments
revealed significantly lower percentage of infestation compared to the untreated
control. The treatment with cypermethrin alone applied three times resulted
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significantly lower level of infestation than its sequential application with Bt and
neem oil.

There was significant difference (Fs4s = 8.2, p < 0.001) in pod infestation levels
of yard long beans caused by pod borer (Table 2). Pod infestation levels ranged
from 14.8+1.3 to 40.3+4.9%, and the treatments had significantly lower
percentage of infestation compared to control. The lowest infestation level was
occurred when cypermethrin alone was applied three times.

Table 2. Effect of Bacillus thuringiensis (Bt), neem oil and cypermethrin applied
sequentially at 7 days interval (3 times) on the flower and pod infestation
of yard long bean by aphid and pod borer, respectively

% Infestation

Treatments with order of

alternative application sequence | F10Wer infestation by

Pod infestation by pod borer

aphid
Bt — cypermethrin — neem oil ~ 35.1+2.7 bc 22.2+2.3 bc
Cypermethrin — neem oil — Bt~ 25.9£3.9 bc 23.5+2.3 bc
Neem oil — Bt — cypermethrin ~ 38.5+6.0 ab 25.0£2.6 b
Cypermethrin — Bt — neem oil ~ 30.7+4.6 bc 22.1+3.0 bc
Cypermethrin alone (three times) 20.3+1.7 c 14.8+1.3¢c
Control 52.6+10.3 a 40.3+4.9 a

Data expressed as mean £ SD. Means followed by the same lowercase letter(s) in the
same column or by the same uppercase letter(s) in the same row are not significantly
different, as assed by DMRT (p < 0.05).

Table 3. Yield of yard long bean obtained by the management of aphid and pod
borer using the sequential application of Bacillus thuringiensis (Bt), neem
oil and cypermethrin at 7 days interval (3 times)

T . Yield (t/ha) % Marketable
reatments with order of :
alternative application sequence | Marketable | Infested Gross yfgﬂt?gf '
Bt — cypermethrin — neem oil ~ 9.9+0.7ab 2.5+0.2b 12.4+0.8a 41.4
Cypermethrin — neem oil — Bt 9.7+0.4ab 2.5+0.3b 12.3+0.5a 40.2
Neem oil — Bt — cypermethrin  9.8+1.4ab 2.6£0.3ab 12.5+1.3a 40.8
Cypermethrin — Bt — neem oil  9.5£0.8b 2.6+0.2ab 12.1+0.9a 38.9
Cypermethrin alone (three times) 11.1+0.4a 1.9+0.3c 13.0£0.5a 47.7

Control 5.8+0.9c 3.0+0.2a 8.8+0.8b -

Data expressed as mean + SD. Means within a column followed by the same letter(s) are
not significantly different as assessed by DMRT (p < 0.05).

There are significant differences in the marketable yield (Fs, .- = 14.4, p < 0.001),
infested yield (Fs, 12 = 6.7, p < 0.01) and gross yield (Fs, 12 = 9.5, p < 0.01) of the
yard long bean pods (Table 3). The marketable yield, infested yield and gross yield
of the pods ranged from 9.5+0.8 to 11.1+0.4, 1.9+0.3 to 3.0+£0.2 and 8.8+0.8 to
13.0+0.5 ton ha?, respectively. All the treatments revealed significantly higher
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marketable yield and gross yield than untreated control. The infested yield was the
highest (3.0£0.2 t ha™) in the control treatment. The marketable yield and gross
yield were the highest in the treatment with cypermethrin alone applied three times.
Marketable yield over control varied from 38.9 to 47.7% and the treatment with
cypermethrin alone showed the highest level.

The costs of the different treatments for aphid and pod borer management and the
return obtained from the yard long bean yield are presented in Table 4. The cost
was the lowest (TK. 18580/=) for the treatment with cypermethrin alone applied
three times accordingly its gross return (TK. 222000/=), net return (TK.
203420/=), adjusted net return (TK. 87420/=) and BCR (4.70) were the highest.

Table 4. Benefit-cost ratio analysis of Bacillus thuringiensis (Bt), neem oil and
cypermethrin applied sequentially at 7 days interval (3 times) for
management of aphid and pod borer in yard long bean field

Manage- Gross Net Adjusted
ment return return | netreturn | BCR
Cost (Taka) | (Taka) (Taka) (Taka)

Treatments with order of
alternative application sequence

Bt — cypermethrin — neem oil 25930/=  198000/= 172070/= 56070/= 2.16
Cypermethrin — neem oil — Bt 25930/=  194000/= 168070/= 52070/= 2.0
Neem oil — Bt — cypermethrin 25930/= 196000/= 170070/= 54070/= 2.08
Cypermethrin — Bt — neem oil 25930/= 190000/= 164070/= 48070/= 1.85
Cypermethrin alone (three times) ~ 18580/=  222000/= 203420/= 87420/= 4.70
Control 116000/= 116000/= -

1 Kg price TK. 20 only.

Discussion

This study clearly indicated that the abundance of aphid on bean inflorescence
varied among the treatments. The application of cypermethrin alone and
sequential application of cypermethrin, Bt and neem oil significantly reduced
aphid population as well as flower infestation, but cypermethrin applied alone
was found to be the most effective in reducing aphid population and flower
infestation. The present findings corroborate with Weaver et al. (1997) who
reported that the bio-pesticides and oils were subjected to simple chemical
fractionation and had great potential for insect control.

Yule and Srinivasan (2014) reported that B. thuringiensis followed by
cypermethrin reduced 23-85% yard long bean pod damage by M. vitrata. In the
present study, sequential application of cypermethrin, Bt and neem oil showed
significantly lower level of pod damage compared to untreated control. However,
treatment with sequential use of cypermethrin followed by Bt and neem oil was not
found to be superior compared to three times application of cypermethrin alone.

Chemical pesticides or Bt or neem oil could stress the exposing insect pests and
subsequent application of Bt and neem oil on stressed pests could lead to high



MANAGEMENT OF APHID AND POD BORER ATTACKING YARD-LONG BEAN 537

mortality rates (Khalique and Ahmed, 2001). But in this study, Bt, neem oil and
chemical were used, because using the same pesticide or Bt or neem oil
repeatedly might lead to the development of resistance in insects (Ekesi, 1999).
Many studies confirmed moderate to high effectiveness of B. thuringiensis
against M. vitrata in field conditions (Sunitha et al., 2008; Sreekanth and
Seshamahalakshmi, 2012). However, an earlier study by Yule and Srinivasan
(2013) revealed that B. thuringiensis alone could not reduce yield losses, and
neem is effective only at higher concentrations for lepidopteran pests.

In this study, highest yield was obtained from the plants that were treated with
only cypermethrin followed by the treatments with Bt and neem oil, and
cypermethrin applied sequentially one after another at 7 days interval for three
times. Yule and Srinivasan (2014) reported that B. thuringiensis in combination
with cypermethrin reduced pod damage by M. vitrata in yard long bean and
substantially increased yield 22-190%. The present study showed that Bt, neem
oil and cypermethrin applied sequentially reduced aphid populations from 34.4 to
50.0% over control. The treatment combination reduced flower infestation by
aphid, and pod infestation by borer, and resulted higher yield (38.9 to 41.4% over
control). Annan et al. (1995) observed reduced plant growth and yield in the
cowpea, Vigna unguiculata due to the infestation of A. craccivora. The gross
return, net return, adjusted net return, and benefit-cost ratio of the treatments
varied with their management expenditure and yield.

This study revealed that an integrated strategy based on Bt, neem oil and
cypermethrin applied sequentially could effectively curtail yield losses caused by
aphid and pod borer in yard long bean. The sequential application of chemical
insecticide, Bt and neem oil reduces the amount of chemical pesticides
significantly in the environment, which might avoid the development of
resistance and loss in biodiversity. Because of the global focus on improving the
safety of pesticides for human health and the environment, it is necessary to
replace chemical insecticides by bio-pesticides.
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