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Abstract 

Rice (Oryza sativa L.) is a significant source of nutrition for the human diet and is an economically 

important food crop worldwide. The brown planthopper (Nilaparvata lugens) severely limits its 

production by direct phloem feeding and indirect virus transmission. Chemical insecticides have 

given rise to resistance to brown planthopper (BPH), environmental pollution, and a negative 

impact on non-target organisms and human health due to their excessive use. In efforts to manage 

these concerns, environmentally acceptable and sustainable substitutes have intensified. The 

flavonoids play a crucial role in plant growth and protection by fostering tolerance to specific 

biotic stressors and environmental abiotic challenges. It is crucial to use these adaptable low 

molecular weight flavonoids for sustainable and environmentally friendly agriculture when finding 

a natural way. These are potential biopesticides due to their extensive biological activity against 

the BPH. The review highlights the existing evidence on the potential of flavonoids in sustainable 

management of BPH, with a particular focus on their various modes of action. Furthermore, the 

relative efficacies of flavonoids and synthetic insecticides are compared in terms of selectivity, 

environmental safety, and resistance development. Bio-pesticides can be used in integrated pest 

management (IPM) methods to limit the use of chemical insecticides and eco-friendly, sustainable 

management of BPH in the rice crop. 
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Introduction 

Rice (Oryza sativa L.), on which half of the world's population depends, is a prominent staple crop 

in Asia and globally (Hori and Sun 2022; Kemparaju 2023; Ali et al. 2024; Ge 2026). Its 

production must be sustainable due to the expanding population growth and to ensure food security 

(Abduh et al. 2026). Biotic (pests and diseases) and abiotic (environmental) stressors make its 

production highly challenging and contribute to the decline in rice (Shi et al. 2023; Krishnan et al. 

2026). Addressing these issues and reducing risks are essential in rice production to improve food 

security and sustenance for the billion people worldwide (Asma et al. 2023; Afzal et al. 2025). 
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Globally, economic losses and crop yield in agriculture are affected by these stressors (Singh et al. 

2024). The significant challenge in rice production is that pests cohabit with rice growth (Iftikhar 

et al. 2023). Brown plant hopper is a crucial economic pest of more than 100 species that severely 

damages rice plants (Iamba and Dono 2021). It can damage the rice crop directly through sap 

sucking and indirectly through vectors, from the vegetative to the reproductive stage, in all rice-

producing regions of the world (Ganamala and Kumar 2024). Rising CO2 levels contribute to 

climate change and may cause pest and disease outbreaks (Nawaz et al. 2025). Both the nymphal 

and adult stages of BPH extract sap from rice tillers and form the feeding tube sheath (Venugopal 

et al. 2025). When the persistent female laid their eggs in plant tissues, the plant dries up, resulting 

in "hopper burn" signs, which end in drying and lodging of the plant. The photosynthetic rate is 

affected by the diminution in leaf area, which causes significant yield reduction (Liu et al. 2025). 

The direct (feeding) damage and indirect transmission of viral diseases, including ragged stunt 

virus and grassy stunt virus, adversely affect plant health and cause severe yield losses (Iqbal et 

al. 2022).   Chemical pesticides that are frequently used to control the BPH population are 

hazardous to human health and the environment (Jeevanandham et al. 2023).  Flavonoids are 

secondary metabolites found in a wide variety of natural sources, such as plant species, known to 

enhance plant growth and survival in many ways (Abd El-Hack et al. 2025). The flavonols, 

flavones, Anthocyanidins, isoflavones, flavanones, and chalcones are the subclasses into which 

flavonoids are typically divided. The resistance to biotic and abiotic stressors, plant development, 

and flower colors to attract pollinators are greatly influenced by flavonoids (Shen et al. 2022). Rice 

byproducts from various varieties are rich sources of antioxidant compounds, including luteolin, 

apigenin, myricetin, quercetin, and catechin (Bagchi et al. 2021; Andriani et al. 2022; Zubair et al. 

2023). These flavonoid compounds protect rice plants by inhibiting feeding, oviposition, and 

reproduction of Brown plant hopper (BPH) (Liu et al. 2023). These botanical insecticides are well 

known to prevent feeding, disrupt their growth stages, inhibit oviposition, and even kill the pest 

permanently (Acheuk et al. 2022). They provide an eco-friendly, sustainable substitute for 

chemical pesticides by reducing the hazards to the environment and human health (Muhyuddin et 

al. 2025).  Flavonoids, when integrated with integrated pest management (IMP) techniques is a 

sustainable solution due to their compatibility with biological control agents for pests (Ramaroson 

et al. 2022). There is an urgent need for biopesticides like chrysoeriol7 (C7) for the development 

and dissemination that are utilized to manage plant diseases and pests like the brown planthopper 

in rice and keep the environment safe (Kim et al. 2022). The climatic variations, instability, limited 

life span, and knowledge gaps of environmental effectiveness on these biopesticides are some 

limitations (Kocamaz and Merhan 2026). This review article will synthesize the stressors in rice 

and the eco-friendly, sustainable management of brown planthopper via the use of biopesticides 

(flavonoids) rather than synthetic pesticides. 

BPH Stressors in Rice 

The rice brown planthopper (BPH) (Nilaparvata lugens) is a sap-sucking and pathogen-infecting 

pest. The BPH has a direct and indirect impact on the rice plant. Rice might experience significant 

biological stress due to BPH. Additionally, the BPH can indirectly propagate the rice grassy stunt 

virus (RGSV) and rice ragged stunt virus (RRSV). In extreme situations, the rice plant exhibits 

hopper burn appearance, a reduction in grain yield, and the plant dies (Li et al. 2024). They take 

enormous amounts of nutrients from the plant by inserting needle-like mouthparts results in stunted 

growth and ultimately the death of the plant. The adult female BPHs during the oviposition pierce 

rice plant tissues with their probosces, inflicting more extensive harm to the host plant. This injury 

encourages the spread of viruses, which contribute to actual insect-caused losses (Wang et al. 

2024). It has the greatest contribution to productivity loss via inducing colonization of the rice 

plant, damaging tissues, and lowering plant nutrients.  Chlorophyll content and plant height give 



______________________________________________________________________________ 

Volume: 4, No: 1  January-March, 2026 

5633 

the best information regarding analyzing resistance and population following BPH infection (Kim 

et al. 2022). 

Figure 1: Biotic and abiotic stress responses in rice induced by brown planthopper (N.lugens) 

infestation 

Action of Flavonoids Against the Brown Planthopper:  

Flavonoids play distinct roles at different stages of plant growth, such as altering plant color and 

regulating root growth (Wu et al. 2023). It contains Antifeedant qualities that shield plants from 

oviposition-inducing herbivores, attract parasitic and predatory insects, and protect against 

reactive oxygen species (ROS) and pathogen infection (Al-Khayri et al. 2023).  

Antifeedant Activity 

Many agricultural pests rely on chemical communication to detect the host plant via olfactory 

signals (Anton and Cortesero 2022). Schaftoside and isovitexin are two natural flavonoid 

compounds present in resistant varieties of rice, acting as antifeedants that alter the feeding 

behavior of the brown planthopper (Zhang et al. 2022). When BPH consumes these plants, its 

feeding activity is reduced due to the flavonoids makes the plant sap unappealing and unsuitable 

for feeding. These flavonoids shield the plant by preventing effective feeding instead of outright 

killing the plant-hopper that causes the nutritional stress and lowers the chances of survival of the 

plant-hopper (Hao et al. 2018). The researcher's analysis revealed that when the brown planthopper 

is exposed to these compounds, it takes less phloem sap because these substances disrupt normal 

stylet penetration and phloem ingestion (Duan et al. 2025). Flavonoids provide long-term 

environment friendly pest management by strong antifeedant efficacy and with minimal negative 

effects on non-target organisms (Riddick 2024). 

Insecticidal Effects of Flavonoids 

The review study found that, when BPH infestation occurred on the rice plant, the sakuranetin 

concentration in the plant phloem was detected ten times higher than that of other flavonoids. 

Artificial diet and plant-based essays showed that Sakuranetin-exposed BPH nymphs had lower 

survival rates, and deficient rice mutants promote rapid BPH development (Kundu et al. 2023). 

These findings show that sakuranetin, induced by BPH infestation crucial for rice defense by 

lowering BPH performance (Liu et al. 2023). The nymphal stage of agricultural sap-feeding pests 

is more sensitive to chemical pesticides than adults because they ingest more disruptive pesticides, 
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have low mobility, and a thin cuticle (Du et al. 2025). A chrysoeriol7 (C7), a secondary metabolite 

naturally produced by plants, confers resistance to BPH (Kim et al. 2022). 

Figure 2: This figure shows the molecular mechanisms underlying flavonoid-mediated effects on 

the brown planthopper 

 
Detoxification and resistance 

The insects contain digestive enzymes such as amylases, lipases, proteases, sucrases, and 

trehalases to break complex plant compounds and get essential nutrients for growth and 

development. The plant secondary metabolites can be manipulated and used for preventing and 

suppressing particular digestive enzymes in pest insects to create pest-resistant crops. It is essential 

to develop more effective enzyme inhibitors and enzyme-based control methods in agricultural 

systems to reduce off-target effects (Chamani et al. 2025). These enzymes protect the insect from 

adverse effects by converting toxic substances into non-toxic substances. The secondary 

metabolite's toxicity inhibits detoxification enzymes (e.g., glutathione S-transferases and 

esterases) and suppresses the digestive enzymes of insects. The insect's energy is redirected from 

feeding to eliminate the toxins from the body, and the insect becomes weak, ultimately leading to 

death. This oxidative stress and nutritional imbalance increase the insect's fatality rate (Pereira et 

al. 2024).  

Oviposition Deterrence 

The tricin (5,7,4′-trihydroxy-3′,5′-dimethoxyflavone) present in rice leaves protects the rice plant 

by preventing the feeding and oviposition of BPH infestation. BPH infestation changes the 

concentration of tricin depending on the density of the population attack (Zhang et al. 2017). 

Sakuranetin indirectly inhibits reproduction and oviposition by disrupting endosymbionts (Liu et 

al. 2023). 
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Table 1: Flavonoids' modes of action of flavonoids against the brown planthopper supporting 

sustainable pest management 

 

Environmental and Ecotoxicological Aspects 

Flavonoids are included in plant-derived biopesticides; they are biodegradable and readily broken 

down, exhibit low persistence in the ecosystem, and offer an eco-friendly alternative to chemical 

pesticides. Their mode of action is selectively toxic towards target pests and is less harmful to 

humans and animals. These secondary metabolites not only control pests but also improve plant 

development, boost beneficial insect populations, improve disease resistance, and diminish health 
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risks (Hejran et al. 2024). They act as defensive molecules and are vital instruments for advancing 

sustainability in agriculture by shielding crops from pests and diseases and reducing the need for 

chemical pesticides (Tirunagaru et al. 2025). Pesticides such as carbamate, organochlorine, 

organophosphate, and pyrethroid are categorized on the basis of their chemical structures. The 

physicochemical properties of these pesticides led to their contamination of the lithosphere, 

hydrosphere, and biosphere through overuse in paddy fields. This could result in the pest 

population becoming resistant to them, environmental pollution, hazardous to human health, and 

non-target organisms (Mohd Nizam et al. 2023). The botanicals are a growing trend in organic 

farming, and customers are prepared to pay more for organic produce due to its safety profile 

(Ngegba et al. 2022). Biopesticides can replace chemical pesticides with commensurate 

agricultural production (Fenibo et al. 2022). According to reviews, they can serve as a sustainable 

pest control technique, integrated with biological control agents (BCAs), to promote ecological 

balance and reduce pesticide use. Their compatibility with BCAs is crucial for pest suppression 

(Ramaroson et al. 2022; Iftikhar et al. 2023). 

 

Table 2: This table evaluates the comparative effectiveness of synthetic insecticides and 

flavonoids against brown planthopper in rice, with emphasis on resistance development, 

environmental impact, and selectivity toward non-target organisms. 

 

Challenges and Limitations 

Farmers prefer to use chemical pesticides for rapid pest control (Ngegba et al. 2022). Factors 

including climatic variability, variations in standardized extraction and formulation techniques, 

instability in field settings, and high regulatory standards are all barriers to the broad adoption of 

these botanicals (Saikumar et al. 2025). Mostly, research focused on the target pest and did not 

describe the effectiveness of flavonoids on beneficial organisms. The use of biopesticides is 

limited because they are rapidly biodegradable and have lower efficacy in the environment as 
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compared to conventional insecticides (Pereira et al. 2024). There is a need to advance public 

acceptance, address regulatory obstacles, and increase market penetration (Afzal et al. 2025; 

Fenibo and Matambo 2025). The long-term effects of biopesticides on non-target organisms and 

the environmental data on biopesticides are still scarce. Inconsistent field performance, limited 

shelf life, and slow action in various climatic conditions make their practical implementation 

challenging (Fenibo et al. 2022; Kocamaz and Merhan 2026). 

Future Perspectives 

The ecological compatibility and formulation stability of flavonoid compounds can be 

strengthened by the use of green synthesis techniques, non-toxic solvents, and energy-efficient 

procedures. RNA interference, omics, and nano-based technologies can address the drawbacks, 

such as sluggish action and limited shelf life (Afzal et al. 2025). Nanoencapsulation and 

Biotechnological approaches can be used for metabolite synthesis and stability. Future research 

should focus on develop formulation with a clear mechanism of action and identifying new plants 

that have bio-pesticidal effects. Researchers should concentrate on the controlled release of these 

bio-pesticides over time and their administration to ensure a safe environment. Plant-based 

pesticides should become an essential part of integrated pest management (IPM) to mitigate the 

risk of resurgence of pests, resistance development, reduce reliance on chemical pesticides, and 

promote ecological safety (Fatima et al. 2026). The utilization of research, abilities, and 

biopesticides with IPM would promote sustainable agriculture by boosting agricultural output 

while minimizing the use of chemical pesticides. 

Conclusion 

The growing challenges of using chemical pesticides to control the brown plant hopper support 

the urgency of having an environmentally safe, sustainable solution. There is evidence that 

flavonoids have great potential as biopesticides against the brown planthopper. They interfere with 

feeding habits, survival, growth, reproduction, enzyme inhibition, hormonal control, and 

oviposition, and thus they have been shown to effectively make planthopper populations stagnate 

and minimize the chances of resistance development. Flavonoids have higher ecological 

superiority than synthetic insecticides, including lower toxicity to non-target organisms, 

biodegradability, and the ability to be utilized in integrated pest management programs. Flavonoids 

provide an easy-to-use, environmentally friendly alternative to managing brown planthoppers and 

can be used to even greater effect to make rice production methods even more sustainable.  

Irrespective of these edges, they have challenges in formulation, stability, and the absence of 

research on a field scale, which restricts their use in practice. In the future, evaluating ecological 

effects, nano-based technology, and emerging formulation technologies, with a clear mechanism 

of action, may fulfill these gaps and challenges  
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