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ABSTRACT

Red pumpkin beetle (Awlacophora africana Weise) is an important
defoliator and vector of pathogens to its numerous crop hosts.

Control had largely been by synthetic insecticides with their attendant
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consequences on man and the environment thus necessitating
scientific studies on environmental-friendly management strategies.
The experiment was conducted in the Research Farm of Federal
University Wukari in the month of May 2019 with the aim of
Article History evaluating the attractiveness of _A. afiicana to Light-emitting diode
(LED) and Incandescent Light bulb colours. Five colours (red, yellow,
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propetly projected on 2 metre vertical screen (made of white
polyethene) placed one meter above the ground. A setup without bulb
served as the control. The light traps were arranged in a completely
randomized design (CRD) in 6 replicates and ran simultaneously for
six hours (1800 to 2400hrs). The pumpkin beetles attracted were
Student(s) . - .
collected in tubs containing soapy watet. A. africana collected were
«  Alexander Timothy Chukwu counted and recorded according to bulb type and colour. Samples

e Nuhu Samaila were identified at the Insect Museum of Ahmadu Bello University,
Zaria. Among the Incandescent bulbs, White colour was most
attractive to A. africana (4.3010.38) while red attracted the least
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while Red also attracted the least (0.781+0.03). Overall, LED attracted
more pumpkin beetles than Incandescent bulb even though Student
Newman Keul’s test indicates that the difference between them was
due to random variation (p = 0.16). Correlation and regression
analyses indicated increase in insect attraction with increased light
intensity. The results therefore suggest that white Incandescent or blue
LED bulb colours can be incorporated into insecticidal light traps to
suppress their population/attract them away from host plants or fixed
into ordinary light traps to harvest the insect for scientific studies.

Keywords: Attractiveness, Incandescent, Light bulb colours, Light-emitting diode, Red
pumpkin beetle (Aulacophora africana Weise).
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1 Introduction

Despite the vital ecosystem services insects provides, many species are pestiferous, causing substantial
damage to agriculture and agricultural produce. They also vector various pathogens of plants and animals
[1]. One of such noxious insects is the Red pumpkin beetle (Azulacophora africana Weise). Red pumpkin beetle
is a polyphagous insect, capable of attacking more than 81 plant species such as cucumber, pumpkin, bottle
gourd, squash, snake gourd, watermelon, among others. It is one of the most noxious pests of cucurbits,
with the adult beetle feeding voraciously on leaves, flowers and buds, while the larval stage feeds on root
tissues of seedlings, thus capable of causing up to 30 - 100% yield loss [2]. The damage caused by red
pumpkin beetle has been reported to be severe as the pest persists throughout the year, hence usually
difficult to control [3]. Aside synthetic chemical insecticides, different other control measures used on red
pumpkin beetle have been documented with minimal results. Datinon [4] reported inadequate knowledge
of control of red pumpkin beetle among Jatropha curcas farmers in Benin, Rashid [2] reported methods such
as ploughing and planking operations, application of wood dust, tobacco dust (snuff), kerosene oil, wood
ash, road dust, cow dung ash, spray of water and spray of chemicals while the use of resistant cucumber
variety was reported by Bidein [5] with little effect on the intensity of red pumpkin beetle infestation. Of
interest is that the use of synthetic pesticides has been the most effective control measure used against red
pumpkin beetles. However, indiscriminate use of these insecticides is not without its adverse effect on both
humans and the environment [6]. Hence the needs for an environmentally friendly and effective pest
control measure such as insecticidal light trap.

Artificial light sources have been reported to influence insect behaviours in various ways as insects have
been found to show preference to specific light colours and sources [7]. For instance, ultraviolet (UV) light
and blue coloured light have been reported as more attractive to most insects than do other wavelengths
[8], [9]- Hence in recent years, considerable interest is being focused on pest management strategies that
utilizes the responses of insects to light as a “clean” form of pest control that does not use synthetic
insecticides [9], [10].

2 Impact of Artificial Light on Nocturnal Insects

More than 60% invertebrates, red pumpkin beetles inclusive, are reported to be nocturnal, hence exhibits
phototaxis [11]. Also, the flight-to-light response of insects has largely been attributed to the source,
wavelength and intensity of the artificial light which interferes with the natural moon light used as cue by
the insects at night [9]. Although the phototactic response of nocturnal insect to artificial light are not
without its negative impact on the ecosystem and insect diversity as it makes the species more vulnerable
[11], inhibits a lot of bio-processes [12] among others, artificial light have been used in insect traps to study
insect population dynamics and diversity, sample population of pest species, delimitate infested areas,
among others [13].

Most research on the attractiveness of insects to artificial light have been on temperate environment and
only few have evaluated their responses at species level [14]. Thus, considering that red pumpkin beetle is
largely nocturnal, the present study investigated the bulb light colour and type which is most attractive to
the insect with the aim of providing such basic information which could be instrumental in its integrated
pest management strategies and/or used to hatrvest the species for scientific studies.

3  Materials and Methods
3.1 Study area

The experiment was carried out in the Research Farm of Federal University Wukari, Taraba State, Nigeria.
Waukari has an elevation of 187m above sea level, a mean annual temperature of 26.8°C and a mean annual
rainfall of 1205mm. It experiences a warm tropical climate characterized by dry and wet seasons. The wet
season commences in April and terminates in October with peak periods in June and September.
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3.2 Insect sampling technique

The experiment was carried out in May 2019. As shown in Figure 1, fabricated light traps were used as the
sampling instruments. The traps were constructed using white polyethylene sheetings (served as a screen)
which were attached to two wooden poles at 1m above ground level and a collecting tub containing soapy
water was placed under the traps. A total of 12 traps were constructed; 5 traps had differently coloured
(Red, Yellow, Green, Blue and White) light-emitting diode [LED] bulbs (ECOMIN-QP05014/3W; AC220-
240V /50-60Hz) attached on it, 5 other traps had differently coloured (Red, Yellow, Green, Blue and White)
Incandescent bulbs JUNGSRAM 25W; G45, 220V, E27, 1000h) attached on it. The 2 traps remaining
without bulbs served as control. The traps were arranged in a completely randomized design (CRD) in 6
replicates and ran simultaneously from 1800hr to 2400hr (6 hours). The light intensity for each bulb was
measured in a dark room using a digital Lux meter (Serial no.: 20111100416). The intensities were; 60.2 lux,
243.2 lux, 513.8 lux, 736.8 lux and 351.2 lux for red, yellow, green, blue and white LED bulbs respectively,
and 65.4 lux, 334 lux, 154.2 lux, 45.4 lux and 1094.2 lux, respectively for red, yellow, green, blue and white
Incandescent bulbs. The bulbs were powered using a tiger generator (T'G950). Collected insects were sorted
and kept in a labelled universal container containing 70% ethanol by colour and bulb type. Samples of
collected specimen were identified at the Insect Museum of Ahmadu Bello University, Zaria, Nigeria.

Figure 1: Fabricated light traps, spaced 3m apart used for sampling A. africana in the field

3.3 Data analysis

The data were normalized by transformation using Vx + 0.5 before variance analysis. Significantly different
treatment means was separated by Student Newman Keul’s (SNK) test at 5 % level of probability. Two-
tailed paired Student’s t-test was used for comparing the attractiveness of LED and Incandescent bulb
colours to A. africana. The relationship between light intensity of each bulb type and the density of A.
africana attracted were determined by correlation and linear regression. All analysis was done using IBM
SPSS Statistics version 23.0

4  Results

Among the LEDs, blue colour significantly (p = 0.001) attracted the highest (3.99£1.01) mean number of
A. africana. Following are white and green colours with 3.11£0.58 and 3.0910.71, respectively. The control
attracted the least (0.71£0.02) and was statistically comparable with yellow and red bulbs. Difference among
A. africana attracted by incandescent bulb colours was significant (p < 0.001) with white attracting the

highest. Control and red attracted the least but were statistically at par with yellow, blue and green bulbs
(Table 1).
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Tablel: Mean Number of A. africana Attracted by LED and Incandescent Bulb Colours

Bulb colour Mean Number Attracted by Mean Number Attracted by
LED bulb Incandescent bulb

White 3.11+0.582 4.30+0.382

Yellow 1.90+0.43%® 1.52+0.27°

Blue 3.99+1.012 0.86+0.15°

Red 0.78+0.03° 0.71+0.01°

Green 3.09+0.712 1.02+0.31°

Control 0.71+0.02° 0.71+0.02°

F value 5.49 5.24

P value 0.001 <0.001

Mean (+SE) followed by the same superscript letter(s) within a column are not significantly different using Student Newman Keul’s test (P < 0.05)

Table 2 reveals that, both individually and cumulatively; the LED bulb colours consistently attracted more
A. africana than the incandescent bulbs except, on white. However, except for blue and green colours (p =
0.03), differences, between the bulb types were due to random variation (toe > 0.05).

Table 2: Student’s T-test Analysis on the Attractiveness of LED and Incandescent Bulb Colours to A. africana

Mean attraction Mean attraction by Mean P-value
Bulb Colours by LED bulb Incandescent bulb difference T-value (to)
White 3.11+0.58 4.30+0.38 -1.19+0.70 -1.71 0.12
Yellow 1.9040.43 1.52+0.27 0.38+0.50 0.75 0.47
Blue 3.99+1.01 0.86+0.15 3.14+1.02 3.08 0.03
Red 0.7840.03 0.71+0.01 0.07+0.02 0.04 0.97
Green 3.09+0.71 1.02+0.31 2.07+0.78 2.67 0.03
Grand Mean 2.56+0.53 1.68+0.14 0.88+0.54 1.62 0.16

* = significantly different (P < 0.05), ™ = not significantly different (P > 0.05)

Table 3 shows a highly positive correlation between density of 4. africana and bulb light intensity for both
LED (p = 0.17,R? = 51.7%) and Incandescent (p < 0.001, R? = 99.4%).

Table 3: Correlation and Linear Regression between A.africana count and Bulb Light Intensity

Correlation Regression Coefficient of
Variables coefficient (r) equation determent (R?)
Mean Number of A. africana collected x
LED bulbs intensity 0.72" Y=1.563 + 0.03x 0.517
Mean Number of A. africana collected x
Incandescent bulbs intensity 0.99" Y=0.529 + 0.03x 0.994

*** = significantly different (P <0.01), "™ = not significantly different (P > 0.05)
5 Discussion

Light plays a vital part in insects’ life by affecting their feeding behaviour, providing cue for predator
avoidance, oviposition, navigation and mate selection [15]. Light has thus been used to manipulate or
manage insect species for the benefit of man and the environment [6]. The differential attractiveness of
different light colours and bulb types to different insect orders and families as observed in the present study
which focused on A. africana have been documented [6], [16] and this have been useful in the management
of the insect orders/families using light traps. Light traps using UV light have been reported to be very
effective in insect sampling [8] but the high cost of UV lamps has led to its steady replacement by LEDs
which have also be found to be effective and efficient in attractiveness to insects [14]. Owens [11] reported
that blue coloured light is most attractive to insects. This view was supported by the findings of Hickel [9]
which revealed that light wavelengths which are above 380nm are more attractive to beetles. Our findings
corroborated these as we observed that red pumpkin beetles are more attracted to blue and white LED
bulbs. The high attractiveness of white LED bulb to red pumpkin beetle in present study can be attributed
to its emission of radiations toward the blue region of light spectrum thereby providing a near-blue
colouration which aligns with the region of maximum insect stimulation as reported by Owens [11].
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Preference of insects to different light sources has been documented [16]-[17]. Antony [13] and Wakefield
[16] reported that Incandescent bulbs were more attractive to insects than LED and compound fluorescent
light sources due to the greater heat emitted by the Incandescent bulbs relative to the other bulb types. This
contradicts the findings of Hickel [9] and Pawson [18] who reported LED bulbs to be a more attractive
light source. The present study showed that though the overall difference in attractiveness of .4. africana
between LED and Incandescent bulbs was due to random variation, the LED bulbs were more attractive
to red pumpkin beetles than Incandescent bulbs. Light intensity has been reported as a major contributing
factor to insect attraction to light sources [11], [16]. Pawson [18] observed in their study that, higher light
intensity of LED over Incandescent bulbs influenced higher attractiveness to insects. Also, Wakefield [16]
who reported better attractiveness of Incandescent over LED bulbs attributed the finding to higher light
intensity.

The LED bulbs used in present study had lower wattages (3W) as compared to its Incandescent counterpart
which had (25W). However, the LED bulbs overall, had higher mean light intensity than the Incandescent
bulbs. Hence, the higher attractiveness of A. afiicana to LED bulbs than Incandescent bulbs could be
attributed to higher intensity. Furthermore, among the Incandescent bulbs, white colour which had the
highest mean attractiveness to A. afiicana in the present study also had the highest mean light intensity
suggesting that higher light intensity results in higher attractiveness of insects. Different insect light traps
have been developed over the years from light sources such as mercury vapour lamps, gas lamps and
fluorescent UV light tubes predominantly for pest management purposes [19]. But LED technology is
being steadily used to replace the afore-mentioned due to its efficiency, low energy consumption, lower
cost, among others [14], [20]. Conventional light traps are relatively inexpensive and with minimal effort,
light traps yield large number of insect specimen [19] and hence an effective, and eco-friendly means of
pest management [9]. However, its major disadvantage is its limitation to nocturnal species and hence has
limited effect on diurnal insect pests [19].

Although in the present study we made use of power plant in determining the response of red pumpkin
beetle to the respective light sources, colours and/or intensities; lack of electricity distribution to cropping
areas which was considered a major impediment to the use of light traps have been conquered with the
invention of autonomous light traps using photovoltaic solar energy for powering the electronic systems
[9] and, this solar power systems have been shown to be more efficient when incorporated with LED bulbs.

6 Conclusion

Nocturnal insects are sampled exclusively using light traps and knowledge of insect attractiveness to light
colours and sources can be used for developing measures to safeguard the health of the crop production
environment. The higher attractiveness of A. aficana to blue LED and white Incandescent bulbs could be
due to colour preference and/or higher light intensity of the bulbs. Hence, blue LED bulb or white
Incandescent bulb of high light intensity could be incorporated into insecticidal lamps and used to suppress
the population of A. africana cither in green houses or open fields or the light bulb colours and types could
also be incorporated into ordinary light traps and be used to harvest the insect for scientific research. But
on solar powered light traps, blue coloured LED bulb is suggested to conserve power and enhance
efficiency.
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