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from Uttarakhand11, and help industries to reduce labour
cost required for the cleaning of HRDs. Proper supply
chain management is also crucial for sustenance of the
sector and may be strengthened by establishing Farmer
Producer Organizations/Farmer Producer Companies and
developing marketing infrastructure. Primary processing
and value addition along with strengthening of marketing
network should be considered for regular supply of quality HRDs to industries2. This can be achieved by establishing new and strengthening existing herbal collection
and retail/wholesale outlets (mandis) with post-harvest
processing and testing facilities. Linkages between
farmers and buyers, and buy-back interventions through
on-line virtual platforms such as e-charak and e-NAM are
other measures that can be taken into consideration.
In conclusion, a comprehensive national-level policy/
strategy is needed to address various issues pertaining to
the cultivation, collection, processing, harvesting, quality
and marketing of HRDs.
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Light emitting diode (LED)-based insect monitoring
approach is drawing the attention of researchers. In
the present study, we evaluated the insect pest response to four different coloured LEDs (blue, green,
red and warm white or yellow) in the laboratory (darkroom) and in field conditions. The field studies indicated that Odoiporus longicollis is attracted to blue
LED with a longitudinal split banana stem trap
(LSBST), with an average of 7 ± 1 weevils per trap,
compared to other LEDs and LSBST. However, the
corm weevil was not attracted to the traps significantly.
To confirm the weevil response to LED trap, an experiment was performed in the laboratory. Interestingly,
the laboratory experiment indicated a higher attraction of O. longicollis towards blue LED + LSBST with
63 ± 5.77% in male and 53.33 ± 5.77% in female, and
of Cosmopolites sordidus with 43.33 ± 5.77% in both
male and female when compared with other traps.
The overall results suggest that blue LED can be used
as a light trap for monitoring as well as the mass
trapping of banana weevils in the garden.
Keywords: Banana weevils, integrated pest management, light-emitting diode, trapping efficiency.
BANANA is one of the most important and preferred dietary
fruit crops, but its production remains insufficient for the
rapidly growing population1. Banana weevils (Cosmopolites sordidus and Odoiporous longicollis) affect the
growth and yield of banana cultivars like Nendran, Poovan (AAB), Karpuravalli and Monthan (ABB)2–4. C. sordidus and O. longicollis adults lay their eggs on the outer
leaf sheath and corm respectively, and live inside the
freshly cut pseudostem or dead plants. The larvae of O.
longicollis feed on the pseudostem by making a tunnel
which leads to stem break and the plant is damaged. C.
sordidus weevils feed on corm and prevent sucker or
mate formation, which results in the plant producing
small or immature bunches. These weevils cause production loss ranging from 10% to 90% (refs 2–4). Since adult
weevils and grubs live within the pseudostem, it is
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difficult to manage them with pesticides; they are resistant to insecticides too. Moreover, pesticides are toxic to
natural ecosystem5.
To minimize pesticide usage, there are many technologies like coloured light, yellow pan and sticky traps used
for monitoring and mass trapping the insect pest in the
field for a long time6–10. The light-based insect traps were
developed using visual cues and phototactic behaviour of
insects11,12. Phototaxis is a kind of insect behaviour where
it can sense the light from a broad to narrow range such
as ultraviolet (UV), violet and dark blue with less intensity13–16. Green et al.7 suggested that light emitting diode
(LED) can be used to replace the more power-demanding
traditional light traps. It has been proved that LEDs reduced pesticide usage (25–65%) and suppress pest populations in the garden17. Further, the LED technology is
easy to execute because it has wavelengths which are insect-specific, and is portable with an extended lifetime17.
LED powered by solar energy is an effective alternative
to the conventional electric light traps; it is economically
and environmentally advantageous. LED traps have been
extensively used to control insect pests like [Liriomyza
trifolii, Trialeurodes vaporariorum, Lasioderma serricorne (F.) and Stegobium panicellum (L)] which are
attracted to UV and blue LED18–21. The present study was
aimed to monitor the banana stem and corm weevil response to LED traps in combination with the host plant
under field and laboratory conditions.
In order to evaluate the traps under field conditions,
two banana gardens endemic to banana weevils, one each
from Thirukkattupalli and Tiruppanandal, Thanjavur district, Tamil Nadu, were selected for the study. The garden
had cultivars of Poovan either with Karpuravalli or Monthan. The pre-surveillance of pest distribution and damage
symptoms like bores and jelly exudation in the pseudostem, number of insect pests and their population were
recorded in the selected field. Four different coloured
LEDs with different wavelength, viz. 400 ± 460, 680 ±
700, 530 ± 550 and 395 ± 530 nm for blue, red, green and
warm white (produces a yellow hue) respectively, with a
DC 12 V adapter were used. We used four LED traps in
each colour per acre. Each trap was prepared using 1 m
LED strip rolled on a 30 cm long 2″ PVC pipe.
Initially, five treatments (T1, blue LED + longitudinal
split banana stem trap (LSBST); T2, green LED +
LSBST; L3, red LED + LSBST; L4, LSBS/corm trap
alone, and T5, LED alone from each colour) were deployed with a 30 m distance between each trap under field
conditions. Later, blue and warm white or yellow hue
LEDs and LSBS/corm trap were repeated for further confirmation. Lighting was scheduled from 8.00 p.m. to
6.00 a.m. The field experiment was replicated thrice. The
attracted insect pests in the banana garden were collected
and stored in a 15 ml perforated plastic container with the
host. The collected insects were brought to the laboratory
for further studies.
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The field-collected banana stem weevil, O. longicollis
and banana corm weevil, C. sordidus were reared in the
laboratory by providing fresh pseudostem and corm materials. Every 15 days, the weevils were separated from the
existing rearing chamber and transferred into a new
chamber. The rearing unit was placed in an insect rearing
room with 23° ± 2°C and 70% humidity. The male and
female weevils were separated from culture prior to the
experiment. Ten weevils from each species and sex were
used per treatment. The treatments were as follows: T1,
blue LED + LSBST; L2, LSBS/corm trap alone, and T3,
LED alone. The experiment was replicated thrice, and
weevil attraction was recorded and presented in percentage.
The mean number and percentage of LED-attracted
insect pests in the banana garden were analysed by oneway ANOVA and pairwise comparison using Paleontological Statistics (PAST) software22. A P-value <0.05 was
considered significant among or between treatments.
As a preliminary study, evaluation of LED traps was
carried out at ICAR-National Research Centre for Banana
(NRCB), Tiruchirappalli (District), Tamil Nadu, India,

Figure 1. Attractiveness of LED light on monitoring weevils in the
banana garden. T1, Blue + LSBST; T2, Red + LSBST; T3, Green +
LSBST; T4, Warm white/yellow + LSBST, T5, LSBS trap alone.

Figure 2. Attractiveness of blue and warm white/yellow LED light
towards weevils in the banana garden.
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Figure 3.

In vitro characterization of photoreception in banana weevils to the blue LED.

but less weevil trapping was recorded due to the low level
of infestation. For this study, we selected banana gardens
which were endemic to weevils. The pre-surveillance
data indicated that the selected banana fields at Thirukkattupalli and Tiruppanandal showed 40% and 50% infestation for banana stem weevil respectively, and 30% and
15% of infestation for corm weevil respectively. The infestation rate was calculated based on the overall infested
banana plant in the field/acre. Field evaluation showed
that the banana weevils were attracted to plant of LED
lights. Among the four LEDs, blue and warm white/
yellow LEDs showed attraction of banana stem weevil
close to significant value than other LEDs (F = 2.874,
df = 4, P = 0.08). However, blue LEDs did not attract
significant number of banana corm weevils (F = 1.699,
df = 2, P = 0.2262) (Figure 1). To confirm and evaluate
the attractive efficacy of blue and yellow LED traps, they
were again studied under field condition. The results revealed that significant difference was found among the
traps (blue, yellow and pseudostem) for stem weevil
(F = 29.63, df = 2, P = 0.0008) and corm weevil (F = 6.5,
df = 2, P = 0.0315). Interestingly, significant difference
was recorded for stem/corm with blue LED when compared with LED alone, as analysed using one-way
ANOVA–Tukey’s pairwise comparison (Figure 2).
In addition to the field study, photoreception of banana
weevils under controlled insect chamber towards blue
LED alone, LSBS/corm trap alone, and LED + LSBS/
corm trap was studied. The results revealed that significant difference was found between the traps in both the
weevils and for both sexes (banana stem weevil male:
F = 18.6, df = 2, P = 0.0027 and female: F = 17.11,
df = 2, P = 0.003; banana corm weevil male: F = 13.78,
df = 2, P = 0.005 and female: F = 40.33, df = 2, P =
0.0003). This experiment further confirmed that blue
LED significantly attracted more weevil when it was eva1704

luated along with stem trap. The response of banana corm
weevil was meagre to LED traps. But more weevil attractions were recorded with corm alone and LED with a
corm trap. However, there was no significant difference
between corm alone and LED with corm trap using oneway ANOVA–Tukey’s pairwise comparison (Figure 3).
This may be due to the negative phototactic behaviour of
corm weevil. The use of blue LEDs could be economically
safe and reduces the risk of electric shock to the operator
as fluorescent tubes need high voltage.
The area under banana cultivation is increasing and is
also affected by various pests2. O. longicollis and C. sordidus have been a major threat to banana cultivation4.
Technologies for the management of banana weevils involving identification of resistant sources, monitoring and
managing them using LSBS trap coated with Beauveria
bassiana as a delivery system for biocontrol method and
semiochemicals have been developed and practised by
the farmers3,4,23–26. The use of light-based trap is the
present trend and one of the best components in the Integrated Pest Management (IPM) programme. In the
present study, attraction of a large number of O. longicollis to blue LED was found when compared with C. sordidus. Bae et al.13 and Park and Lee16 reported that blue
LED is more attractive for a wide range of insect pests,
including Coleoptera than UV LED, and green, yellow,
white and infrared LEDs. The attraction of corm weevil
blue LEDs was less when compared with other LEDs.
However, blue LED enhanced the capture of banana stem
weevil where used alone, but it reduced weevil attraction
when implemented with other LEDs in the field (pers.
obs.). This may be due to the phototaxis nature of other
LEDs towards banana stem weevil which disturbed their
movement towards blue LED.
Through the results of an in vitro study under controlled environment, we found that blue LED alone when
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used in isolation attracted the weevils, but in 10 min they
moved away. This demands a host to be in tandem with
LED light in order to enhance the trapping efficiency.
This is the reason that blue LED trap could not retain the
attracted weevils in the field. This concept was supported
by the study of McQuate et al.20, who reported that green
LED with pheromone trap caught a significant number of
sweet potato weevils (Cylas formicarius). Similarly, a
combination of olfactory and visual cues were efficiently
used for capturing the cigarette beetle, Lasioderma serricorne but in the case of Cylas formicarius, attraction was
recorded to green LED with pheromone trap18,19. It has
been reported that red LED attracted the highest percentage of Tribolium castaneum adults under storage condition, but there was no response by the banana weevils,
this could be due to species-specific variation in the photoreception20.
Hori et al.27 suggested that radiating blue light (LED)
is a novel, clean and safe pest control technique by simply killing the insect pests. The LEDs + entomopathogenic
fungus (Beauveria bassiana and Metarhizium anisopliae)-coated LSBST can be used as a biocontrol trap and
an eco-friendly approach for weevil management27,28.
Further research is required to fully understand the molecular mechanism of LED on the behaviour of on banana
weevils and the effect of LED on eco-friendly insects.
This method of trapping has advantages of being cheap
and easily available, but also needs improvement in design, height of traps and wavelength of light emitted by
them, and the effect of lunar phase on the catch24. In
future, development of LEDs (specific to insects with the
respective wavelength and colour) with chemicals based
on either banana weevil pheromone or host plant volatiles
could be an important component in IPM for the monitoring and control of banana weevils25,29.
The study shows that blue LED + LSBS trap can be
used in the field for monitoring and mass-trapping of
banana weevils. To the best of our knowledge, there are
no previous reports of LED with LSBS trap as a method
for the monitoring and management of banana weevils.
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Urbanization has a direct impact on avian communities as it modifies the landscape, consequently changing bird distribution, abundance and the resources on
which avian populations depend. With increasing
anthropocentric activities, there has been a marked
decline in the urban population of house sparrows in
Delhi, India. This study was undertaken to determine
the impact of varying levels of urbanization (high-,
medium- and low-density urban areas, suburban
areas and agricultural areas) on the population and
occupancy of sparrows. The encounter rate and occupancy probability were high in sub-urban and
high-density urban areas, while they were low in low*For correspondence. (e-mail: shikhachoudhary03@gmail.com)
1706

density urban and agricultural areas. With active
public participation, the sparrows can be conserved
and their population can be re-established in areas
where they have become extinct.
Keywords: Encounter rate, house sparrow, occupancy,
population status, urbanization.
AS a landscape becomes more urbanized and anthropocentric, ecological conditions change rapidly and ultimately influence the distribution and population status of
urban birds. Avian population density often increases, but
species diversity tends to decrease1,2. Urbanization has direct and indirect effects on the native bird population, as
town planning can change habitat, food availability, nest
site availability, predator diversity, competitors and disease. These factors significantly affect the population
structure and composition of urban birds3. As a result the
most common and abundant bird species have become
rare. The house sparrow (Passer domesticus) is one such
urban bird that has suffered extensively due to urbanization4,5.
The house sparrow is a member of family Passeridae
which naturally occurs in Europe, parts of Asia and the
Indian subcontinent. From these regions it has been introduced by humans, intentionally or accidentally, to the
rest of the world6. The bird had a robust association with
human civilization since the Bronze Age7, and has always
been a crucial part of our culture and traditions. Across
the world, the house sparrow is the most familiar bird and
because of this familiarity, it is portrayed as the main
character in many of our folklore, fables, ceremonial
songs, stories, poems, idioms and phrases4,8. House sparrows serve as an important bioindicator species in urban
landscapes9, and also have ecological services as they
feed on insects from their surroundings and play a role in
eliminating harmful insects like mosquito larvae.
A species once considered as a pest to crops and having a negative influence on native avifauna and human10,
is now on the verge of extinction in urban landscapes
across the globe. It is presently a ‘Least concern’ species
in the IUCN Red List11. However, in recent decades a
marked decline in the sparrow population has been
reported in many cities around the world4–6,9,12. Since the
mid-1970s, sparrow populations in rural areas have
declined by 47%, while a 60% reduction in urban sparrow
populations has been reported12. Most population surveys
conducted in different urban centres across India show a
declining trend9,13–18. According to a survey report of
Indian Council of Agricultural Research, house sparrow
population had declined by 80% in Andhra Pradesh, 20%
in Kerala, Gujarat and Rajasthan and around 70–80% in
the coastal areas4. According to the state of India Bird
report19, six largest metro cities (including Delhi) in the
country witnessed a gradual decline in sparrow abundance.
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