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ABSTRACT

Rice is an important cereal crop for food security in Bhutan, but its production is
threatened by many insect pests including planthoppers and leafhoppers. This study
monitored and analyzed the population dynamics of green leafhopper, brown
planthopper, white-backed planthopper, and zigzag leafhopper using commercial light
traps in two Gewogs of Sarpang Dzongkhag: Chuzergang Gewog (Dawathang in 2018,
2020, and 2021; Karbithang in 2018) and in Samtenling Gewog (ARDC Samtenling in
2020, 2021, and 2022, farmer's field in Samtenling in 2022. The results showed variation
in hopper populations between monitoring sites and time period. Green leafhopper was
consistently the most abundant species across all sites and years, with mean trap counts
ranging from 182 to 1,736 individuals per trap. In contrast, brown planthopper showed
fluctuating trends, peaking at 608 per trap in some sites and declining to below 100 in
others. White backed planthopper and zigzag leafhopper remained relatively low, with
trap means ranging from near zero to 331 and 258, respectively. Relative abundance
data showed these similar patterns, with green leaf hopper dominating the hopper
composition, comprising 52.7%—69.1% of populations across sites. In contrast, white
backed planthopper and zigzag leafhopper represented the least abundant species.
Across rice growth stages at four monitoring sites, mean hopper counts were lowest
during tillering, increased significantly during booting, and peaked at grain-filling. The
highest pest pressure occurred during grain-filling, with green leafhopper and brown
planthopper being the most abundant. Populations declined at maturity. These findings
underscore the importance of monitoring hopper populations across different sites and
time periods to better understand their dynamics. Additionally, it is important to
implement targeted pest management strategies during critical growth stages,
particularly booting and grain-filling, to effectively mitigate hopper pressure and reduce
crop losses.
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1 Introduction

Rice (Oryza sativa L.) is an important food source and a key component of global food security,
as it sustains over half of the world's population (Maurya, Dwivedi, Khan, Giri, & Dixit, 2022).
This staple food crop is integral to the diets of billions of people, particularly in Asia where it
is a primary source of carbohydrates and nutrition. In 2022, global rice production reached
approximately 780 million tonnes, making it the fourth-most-produced cereal, following
maize, wheat, and barley (Food & Agriculture Organisation [FAO], 2023). This huge
production capacity reflects rice’s important role in meeting the dietary needs of a rapidly
growing global population. In Bhutan, rice is the most widely grown cereal, with 40,563 metric
tons (mt) of irrigated paddy and 241 mt of upland paddy harvested in 2023, highlighting its
vital role in the nation’s food production (National Statistics Bureau [NSB], 2023). Despite its
relatively small scale compared to global production, Bhutan’s focus on rice underscores its

importance in maintaining local food supply.

Insect pest attacks significantly limit rice yields, causing annual losses of up to 20-30%
(Haider, Akhtar, Noman, & Qasim, 2021). Major insect pests include stem borers like the
yellow stem borer in the Philippines (Bandong & Litsinger, 2005), and leaf folder in Pakistan
(Haider, Akhter, & Sabir, 2014). Sucking pests, such as planthopper and leathopper, cause
severe damage to paddy, resulting in reduced yields and poor grain quality. Rice planthoppers
are especially destructive, damaging about 20 million hectares annually (Hu et al., 2014). The
common leaf and plant hopper in the rice ecosystem is the rice green leathopper, brown plant
hopper, and white-backed plant hopper (Deshwal et al., 2019; Kumar et al., 2023). Adults and
nymphs of these pests cause 'hopper-burn' by sucking sap from tillers, leading to chlorosis,

wilting, and yield losses of 10 to 70% (Dey, Das, & De, 2024)

Hopper burn has led to significant yield and economic losses globally (Horgan et al., 2018;
Quayum, Hossain, & Sharmin, 2023). In addition to physical damage, hoppers are vectors for
viral diseases like rice tungro virus, rice ragged stunt, rice grassy stunt viruses, and southern
rice black-streaked dwarf virus, causing stunted growth, yellowing, and reduced grain yield
(Lu, Zhang, He, & Zhou, 2016). Hoppers can migrate long distances, leading to outbreaks in
rice-growing areas (Hereward et al., 2020; Huang et al., 2022), such as the migration of brown
plant hoppers and white-backed planthoppers from northern Vietnam to southern China in the

spring (Otuka, Matsumura, Watanabe, & Van Dinh, 2008).
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Early detection and effective monitoring are crucial to mitigate the impact of insect pest
infestations. Light traps have gained attention as a promising tool for monitoring seasonal
fluctuations of insect pests (Abbas et al., 2019). These traps, which attract nocturnal insects
using light sources, offer a non-invasive and environmentally friendly means of tracking pests
(Rashid, Ridoy, Rahman, Rahman, & Mondal, 2022). Light trap catch data can show peak
insect activity periods (Dadmal & Khadakkar, 2014), enabling precise timing of control
measures, and early detection of outbreaks. Additionally, light traps can directly reduce
populations by capturing significant numbers of pests (Patidar, Vaishampayan, Band, & Sahu,
2019). Ali et al. (2020) reported that light traps captured approximately 94% more insects

compared to field sampling, demonstrating their higher effectiveness.

In Bhutan, research on planthoppers and leathoppers is limited, particularly regarding the
identification, abundance, and population dynamics in the paddy ecosystem. This study aimed
to fill this research gap by conducting a systematic investigation into the diversity, abundance,
and population dynamics of hopper species in paddy fields using a light trap. Such findings
will not only enhance the understanding of hopper ecology in the subtropical region but also
support the development of precise and sustainable pest management strategies tailored to local
conditions. The study is expected to have practical implications for local farmers, extension
agents, and policymakers. The data presented here can support tailored integrated pest
management programs, potentially improving rice production practices and mitigating crop

losses due to hopper infestations.

2  Materials and Methods

2.1 Monitoring sites and period

The study was conducted across multiple years in two Gewogs of Sarpang Dzongkhag. In
Chuzergang Gewog, monitoring was carried out at Dawathang (26.8631°N, 90.5275°E; 245 m
asl) during 2018, 2020, and 2021, and at Karbithang (26.8662°N, 90.5104°E; 227 m asl) in
2018. In Samtenling Gewog, monitoring was conducted at ARDC Samtenling (26.9047°N,
90.4309°E; 381 m asl) in 2020, 2021, and 2022, and at a farmer's field in Samtenling
(26.9081°N, 90.4267°E; 389 m asl) in 2022.

2.2 Light trap
A commercial insect light trap manufactured by Physilab and marketed by S.K. Appliances,
Ambala, Haryana, India, was used in the study. The trap was made of mild steel and a 100 W

incandescent bulb was used (Figure 1). It contains a box at the bottom measuring 40 cm (length)
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x 40 cm (breadth) x 25 cm (height) for placing an insect collection tray and a funnel (30 cm in
length, 5 cm diameter at the tail end) that directs trapped insects into the collection tray. The
trap is equipped with a roof covering the entire setup. The trap was placed in the center of the
paddy field, with a shelter to protect it from rain. The traps were raised 2 meters above the

ground. They were turned on at 6:30 AM and turned off at 6:30 PM.

Figure 20. Light trap installed in a paddy field for hopper monitoring

2.3 Data collection

Hopper counting commenced at the tillering stage, approximately one month after
transplanting, and continued weekly until the paddy reached maturity. The number of adult
green leaf hoppers, brown plant hoppers, white-backed plant hoppers, and zigzag plant hoppers
were collected weekly from August to November. Segregation of the light trap catches was
done in the laboratory, as the traps contained many non-target species. In the laboratory, the
hoppers were morphologically identified based on key characteristics described by Wilson &
Claridge (1991).

2.4 Data analyses

Data visualization and exploratory summaries were performed using RStudio version 4.4.2
(2024-10-31 ucrt). Yearly and site-specific trends in hopper populations were analyzed by
calculating the mean counts of each species per year and per monitoring site, respectively, to
show temporal and spatial variations. To ensure the accuracy and reliability of the results, any

data points from years with missing or incomplete records were excluded from the analysis.

Relative abundance by monitoring year and site was calculated by first summing the total

counts of all hopper species for each year and site to obtain the total abundance. For each year
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and site, the abundance of each species was then summed individually. The relative abundance
of each species was calculated by dividing its abundance by the total abundance for that year
or site and multiplying by 100 to express it as a percentage. Relative abundance is important
for the comparison of species populations across different years and sites, providing insights

into their ecological roles and variations in distribution.

To analyze mean hopper counts by paddy stage, the data were categorized into Tillering
(hopper catches in August), Booting (hopper catches in September), Grain Filling (hopper
catches in October), and Maturity (hopper catches in November). For each paddy stage, the
counts of green leathopper (GLH), brown planthopper (BPH), white-backed planthopper
(WBPH), and zigzag leathopper (ZZLH) were summed across years and monitoring sites. The
mean count for each hopper type was then calculated by dividing the total counts by the number

of observations for each respective stage.

3 Results and Discussion

3.1 Population Trend by Year and Monitoring Sites

The four hopper species trapped were GLH, BPH, WBPH, and ZZLH (Figure 2). The mean
number of different hopper species trapped per trap showed prominent year-to-year variation.
In 2020, the GLH had the highest mean count of 245 individuals per trap, followed by the BPH
at 134.5. WBPH and ZZLH were comparatively lower, averaging 87.2 and 18.6 respectively.
The trend continued in subsequent years, with GLH consistently dominating, though its
numbers slightly declined over time from 245.3 in 2020 to 173.6 in 2022 before increasing
again to 214.8 in 2023. Meanwhile, BPH fluctuated, peaking again in 2023 at 112.1 per trap.
WBPH and ZZLH followed similar fluctuations but remained the least abundant overall
(Figure 3). A summary of total counts and means by year and site is provided in Table 1 and

Table 2.
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Figure 21. Four types of hoppers trapped in the light trap. From left to right: White-backed
plant hopper, Zigzag leathopper, Brown planthopper and Green leathopper
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Figure 22. Mean number of hoppers per trap by year for BPH, WBPH, GLH, and ZZLH,
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showing yearly variation in species abundance.

Temperature strongly affects insect abundance, development rate, and number of generations
(Haider et al., 2021). The surge in population may be attributed to favourable weather
conditions, such as higher temperatures. Laszlo, Janos, & Marta (2012) found that light trap
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catches increased with rising temperatures. Conversely, the decline in hopper numbers could
reflect adverse environmental conditions, such as excessive rainfall. Rainfall reduces the insect
population by damaging their wings and dislodging from the plants (Karthik, Reddy, &
Yashaswini, 2022). Madhuri, Dash, & Rout (2017) found that rainfall reduced the GLH

population.

The mean number of different hopper species trapped per site showed prominent variation
across locations. GLH had the highest mean counts, ranging from 182 individuals per trap at
Karbithang to 1,736 at the farmer field in Samtenling. BPH counts varied between 76.9 and
608, while WBPH and ZZLH were comparatively lower, with WBPH averaging from 4.17 at
Karbithang to 331 at ARDC Samtenling, and ZZLH ranging from 0 to 258 individuals per trap.
This pattern indicates that GLH consistently dominates the hopper population across sites,

whereas WBPH and ZZLH remain the least abundant overall (Figure 4).
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Figure 23. Mean number of hoppers per trap by year for BPH, WBPH, GLH, and ZZLH,
showing yearly variation in species abundance. The data presented for ARDC Samtenling
represent the total counts collected over three years (2020, 2021, and 2022), whereas the data

for Farmer field, Samtenling correspond to only one year (2022).
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Table 16. Hopper population counts by species and year from two monitoring sites in
Samtenling Gewog.

Hopper ARDC Samtenling Farmer field, Samtenlling

species 018 2020 2021 2022 Total Mean 2018 2020 2021 2022 Total Mean
GLH - 5851 18,070 25,407 49,328 16443 - - - 17357 17357 17357
BPH - 5491 14,136 2867 22,494 7498 - - - 3479 3479 3479
WBPH - 1699 6072 4472 12,243 4081 - - - 2606 2606 2606
ZZPH - 949 4554 4051 9554 3185 - - - 2452 2452 2452
Total - 13990 42,832 36,797 93,619 31206 - - - 25894 25894 25894
Mean - 3498 10,708 9199 23405 7802 - - - 6474 6474 6474

Table 17. Hopper population counts by species and year from two monitoring sites in
Chuzergang Gewog.

Hopper Dawathang Karbithang

SPECICs 018 2020 2021 2022 Total Mean 2018 2020 2021 2022 Total Mean
GLH 2242 1506 21485 - 25233 8411 2173 - - - 2173 2173
BPH 443 1699 13829 - 15971 5324 923 - - - 923 923
WBPH 0 201 2511 - 2712 904 50 - - - 50 50
ZZPH 0 124 4949 - 5073 1691 0 - - - 0 0
Total ~ 2685 3530 42774 - 48989 16330 3151 - - - 3153 3153
Mean 671 883 10694 - 12247 4083 788 - - - 788 788

* The dash (-) indicates that monitoring was not conducted during those periods.

3.2 Relative Abundance by Monitoring Sites

The relative abundance of hopper species showed significant variation across the monitored
sites. At ARDC Samtenling, GLH constituted the majority of the hopper population,
accounting for 52.7%, followed by BPH at 24.0%. The population of WBPH and ZZLH were
comparatively lower, representing 13.1% and 10.2%, respectively. In Dawathang, GLH
remained the dominant species with a relative abundance of 51.5%, while BPH comprised
32.6% of the population. The proportions of WBPH and ZZLH were 5.5% and 10.4%,
respectively. At the Farmer Field site in Samtenling, GLH was prevalent, constituting 67.0%

of the hopper population. BPH accounted for 13.4%, whereas WBPH and ZZLH comprised
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10.1% and 9.5%, respectively. In Karbithang, GLH was dominant population at 69.1%, with
BPH contributing 29.3%. The presence of WBPH was minimal (1.6%), and ZZLH was nearly
absent. Overall, GLH consistently exhibited the highest relative abundance across all

monitoring sites, followed by BPH (Figure 5).
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Figure 24. Relative abundance (%) of different hopper species across monitoring sites. The
proportions of each species: GLH, BPH, WBPH, and ZZLH are stacked to illustrate inter-
annual variations in species composition. Note: WBPH relative abundance in Karbithang

(1.6%) is not labelled due to its small value.

Similar observations of GLH abundance have also been reported in Bangladesh (Rahman,
Maleque, Uddin, & Ahmed, 2017). The GLH’s dominance in rice fields is concerning due to
its role in transmitting the tungro virus, a major threat to rice crop (Rosida, Kuswinanti,
Nasruddin, & Amin, 2020). Rice Tungro Disease (RTD) is the most damaging viral disease of
rice in South and Southeast Asia with numerous outbreaks in Bangladesh, Malaysia, the
Philippines, China, Thailand, and India (Dey et al., 2024). Tungro virus infection causes
stunted growth, yellow to orange-yellow leaves with brown spots, discoloration from the tip to

the base, fewer tillers, and mostly hollow grains (Kim, Raymundo, & Aikins, 2019).

BPH was the second most abundant species. The presence of BPH is alarming as they cause

hopper burn leading to significant crop damage. BPH is the most destructive rice insect pest in
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temperate and tropical regions of East and South Asia (Satturu et al., 2020). They transmit viral
diseases such as grassy and ragged stunt viruses (Normile, 2008). In 2005, the brown plant
hoppers caused an estimated 1.88 million tons of rice yield loss in China (Gurr et al., 2011).
Extensive pesticide uses to manage brown plant hoppers has led to resistance to these chemicals

(Tanaka, Endo, & Kazano, 2000).

3.3 Relative Abundance by Monitoring Year

The relative abundance of hopper species varied across the monitoring years. In 2018, GLH
were the most dominant, comprising 75.7% of the total catch, followed by brown BPH at
23.4%, while WBPH and ZZLH were nearly absent. In 2020, GLH and BPH showed nearly
equal abundance, accounting for 42.0% and 41.0% respectively, with WBPH and ZZLH
contributing 10.8% and 6.1%. The trend shifted in 2021, where GLH maintained dominance at
46.2%, followed by BPH (32.7%), ZZLH (11.1%), and WBPH (10.0%). In 2022, GLH
remained the most abundant species at 68.2%, with WBPH (11.3%), ZZLH (10.4%), and BPH
(10.1%) showing comparable and lower proportions. These patterns highlight year-to-year
fluctuations in species dominance, with GLH consistently being the most prevalent hopper

across all years (Figure 6).
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Figure 25. Relative abundance (%) of different hopper species across monitoring years. The
proportions of each species: GLH, BPH, WBPH, and ZZLH are stacked to illustrate inter-
annual variations in species composition. Note: WBPH relative abundance in 2018 (0.86%) is
not labelled due to its small value.
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The reasons for variations in abundance could not be conclusively determined. One possible
explanation is that the light trap catches might have been influenced by the type of light used
in the study. Variations in factors such as light intensity, wavelength, and trap design can affect
the efficiency of trapping different species (Bowden, 1982). Future studies could explore the
impact of different light trap types on hopper catch rates to optimize monitoring methods and

ensure consistency in data collection.

Other possible reasons include changes in temperature, humidity, and rainfall, which can
directly impact the life cycles and reproductive rates of hopper species (Laszlo et al., 2012;
Sarkar, Baliarsingh, Mishra, Nanda, & Panigrahi, 2018; Haider et al., 2021). Variations in
agricultural practices, such as the timing of planting, and crop stage could have contributed to
changes in the population dynamics (Sharma, Raju, Singh, & Babu, 2023; Prabowo, Hidayat,
Wiyono, & Dadang, 2023). Additionally, natural predation by predators and parasitoids might
have affected hopper populations (Gurr et al., 2011).

3.4 Hopper Population Trends by Paddy Stage

Hopper pressure in the rice crop varied across different growth stages (Figure 7). During the
tillering stage, hopper pressure was minimal, with mean counts of GLH at 52 per trap, BPH at
59 per trap, WBPH at 50 per trap, and ZZLH at 35 per trap. This observation aligned with the
findings of Heong & Hardy (2009), who found that the early stages of rice growth were less

conducive to hopper reproduction due to limited food availability.

As paddy progressed to the booting stage, hopper populations increased significantly, with
mean counts of GLH at 1236 per trap, BPH at 171 per trap, WBPH at 117 per trap, and ZZLH
at 110 per trap. Cheng, Zhu, & He (2013) highlighted that the booting stage offers a more
favorable environment for hopper activity, with the denser crop canopy and higher nutrient
levels promoting their reproduction. This stage represents a critical period for pest management

interventions to prevent further increases in pest pressure.

The grain-filling stage experienced the highest pest pressure, with mean counts of GLH at 1484
per trap, BPH at 674 per trap, WBPH at 245 per trap, and ZZLH at 346 per trap. According to
Han, Wu, Yang, Zhang, & Xiao (2018), the rice plants at this stage provide abundant nutrients

for pest growth. Effective pest control during this phase is essential to safeguard yield potential.
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Figure 26. Mean number of hoppers trapped across different paddy growth stages.

At maturity, the mean counts showed variation, with GLH at 359 per trap, BPH at 616 per trap,
WBPH at 71 per trap, and ZZLH at 96 per trap. Despite the decline in GLH and WBPH
populations, BPH and ZZLH remained active, which supports Heong & Hardy (2009) findings
that BPH remained persistent late into the rice cycle, potentially affecting final yields.

4 Conclusion

The study provides an understanding of the population dynamics, site variations, and seasonal
patterns of major hopper species in rice fields, offering important information for sustainable
pest management strategies. Among the four hopper species monitored, the green leathopper
was the most abundant across four different monitoring sites and years, highlighting its
significant potential to impact rice crops. Its ability to spread viral diseases such as the tungro
virus makes it a critical pest requiring focused management efforts. The brown planthopper
was the second most abundant species, and it poses a major threat due to its role in causing
hopper burn. The white-backed planthopper and zigzag leathopper were less abundant but their
population surged during the grain-filling and maturity stages, indicating that these stages are
particularly vulnerable to pest pressure. Monitoring site-specific variations in hopper
populations revealed that different environments could significantly influence pest abundance.

Understanding these site-specific dynamics allows for targeted pest management interventions
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tailored to local conditions. Seasonal dynamics of hopper populations further highlighted the
critical stages in the rice crop cycle that require intervention. The booting and grain-filling
stages were identified as periods of peak hopper pressure, emphasizing the need for vigilant
monitoring and timely pest control measures during these phases. Overall, the findings
underscore the need for integrated pest management to minimize hopper populations and their
impact on rice yields. Future research that focuses on exploring the factors driving site-specific
variations and the role of climate change in influencing hopper dynamics will enhance pest

management strategies, ensuring sustainable rice production.
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