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Abstract
[bookmark: _Hlk122599423]Coconut Cocos nucifera L. (Palmaceae) is susceptible to greater than 830 insect and mite species, 173 fungi, and 78 nematode species. Pests infesting coconuts mainly belong to different orders, among which Coleoptera are the most significant. Coleopteran pests of coconut include Asiatic Rhinoceros Beetle, Oryctes rhinoceros, Red Palm Weevil, Rhynchophorus ferrugineus, Coconut white grub, Leucopholis coneophora, Leaf Browsing Beetle, Callispa keram, Asian grey weevil Myllocerus undatus, Coconut hispine beetle, Brontispa longissimi, and Leaf beetle Wallacea jarawa. This review gathers current knowledge about their biology, ecology, and damage methods, along with traditional and modern management techniques. Also, focuses on integrated pest management (IPM) strategies that include cultural, mechanical, biological, and chemical control methods along with recent developments like pheromone-based trapping, microbial agents, and molecular tools for early detection. Despite significant advancements, challenges persist in achieving sustainable control due to pest adaptability, climate effects, and management issues. Improved monitoring, effective management practices, and farmer involvement are essential for reducing coleopteran pest outbreaks and ensuring sustainable coconut production.
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Introduction 
[bookmark: _Hlk122599459]Coconut Cocus nucifera L. (Palmaceae) is widely cultivated in the tropical and subtropical regions of the world, and millions of people depend on this crop directly or indirectly. It is also an important commercial crop grown in tropical regions of India and is predominantly cultivated in small and marginal holdings. Although Kerala has the largest area under this oil crop, the productivity was comparatively lower than other states from 2010-11 to 2019-2020 (Mitra and Sharma., 2020). In India according to 2023-24 statistics, the maximum area (765840 ha) under coconut is in Kerala, with more production in Karnataka (6151 million nuts), and productivity is higher in Andhra Pradesh (15,899 nuts/ha). (Coconut Development Board, 2026).
The coconut is susceptible to greater than 830 insect and mite species, 173 fungi, and 78 nematode species. The annual crop loss due to pest complex was estimated as 618.50 million nuts in Kerala, a predominant coconut-growing state in India (Abraham, 1994). Damage by insect, mite, and vertebrate pests induces a crop loss as high as 30% in palms (Gitau et al., 2009). Pests infesting coconut mainly belong to different orders such as coleoptera, lepidoptera, hemiptera, and acarina among which coleopterans are the major. Most species of beetles feed on leaves, roots, or bores in plant buds. Coleopteran pests of coconut include:
· Asiatic Rhinoceros Beetle, Oryctes rhinoceros 
· Red Palm Weevil, Rhynchophorus ferrugineus 
· Coconut white grub, Leucopholis coneophora
· Leaf Browsing Beetle, Callispa keram 
· Asian grey weevil (Myllocerus undatus)
· Coconut hispine beetle, Brontispa longissima 
· Leaf beetle Wallacea jarawa 
Asiatic Rhinoceros Beetle, Oryctes rhinoceros Linn. (Coleoptera: Scarabaeidae)
Coconut rhinoceros beetle Oryctes rhinoceros is indigenous to the Asian continent, including areas of western Pakistan, India, Sri Lanka, Southeast Asia, and the Philippines (Bedford, 1980). Besides coconut, the pest attacks palmyrah palm (Borassus flabellifer), toddy palm (Phoenix sylvestris), oil palm (Elaeis guineensis), date palm (Phoenix dactylifera), areca palm (Areca catechu), agave, sugarcane, pineapple, tree fern, banana, and taro (Hao et al., 2022).
The adult is a stout black beetle with erect cephalic horns and shows distinct sexual dimorphism. The female has a densely haired pygidium, while that of the male has a smooth and glossy abdomen. The potential egg-laying sites include decaying organic matter, like cattle dung, farmyard manure, compost heaps, and decaying coconut logs. They are active at night. They occur throughout the year, with peak adult emergence during June to September (Hinckley, 1973).
The adult beetles damage palms of all ages by boring into the unopened spear leaves and spathes and chewing off the soft internal tissues. At the entry points, chewed fibres are expelled as they bore deeper. A geometric ‘V’-shaped cut pattern on the injured spindles is the characteristic symptom. The beetle attack in juvenile palms results in twisted spear leaves, producing an elephant-tusk-like symptom, leading to deformed juvenile palms with stunted growing points. (Josephrajkumar et al., 2018).
Red Palm Weevil, Rhynchophorus ferrugineus Olivier (Coleoptera: Curculionidae)
A highly destructive pest of coconut is the red palm weevil (RPW), Rhynchophorus ferrugineus Olivier, which was first recorded in India by 1891, as reported by the Indian Museum notes. Approximately 0.5% of palms are infested annually in Kerala, while in India, nearly 12% of young coconut palms are affected (Faleiro, 2003). Excluding coconut, the beetle is reported in 26 palm species belonging to 16 genera worldwide (Azmi et al., 2017).
The red palm weevil enters the palm mainly through three regions: the crown, stem, and bole. The attack on the crown region results in the death of young heart leaves, thus causing the death of the palm. The life stages of the beetle are seen inside the palm, chewing, which makes it difficult to identify the infestation during the early stages. The major symptoms include yellowing and wilting of the inner and middle whorl of leaves, small circular holes on the palm trunk, oozing out of a brown viscous fluid with fermented odour around the infested tunnel, longitudinal splitting of the leaf base, presence of cocoon or chewed-up fibres at the leaf axil or palm base, resulting in the falling of the crown (Josephrajkumar et al.,2016).
Coconut white grub Leucopholis coneophora Burm. (Coleoptera: Scarabaeidae).
Leucopholis coneophora is an univoltine subterranean pest of coconut. First reported as a pest of coconut by Nirula et al. (1952). Apart from coconut, it feeds on the roots of arecanut, as well as on rhizomatous and tuberous intercrops raised in palm gardens, viz., banana, colocasia, cassava, elephant foot yam, greater and lesser yams, sweet potato, and fodder grasses. Thus, known to be highly polyphagous in nature. It is reported to feed on the roots of rubber and cocoa, also. It damages seedlings and adult palms by feeding on roots, boring the bole and collar regions, and severe infestation leads to the death of the seedlings. In adult palms, they feed on roots, impairing the conduction of water and nutrients and thus leading to yellowing of fronds, gradual shedding, and complete yield loss (Josephrajkumar et al., 2018).
Leaf Browsing Beetle, Callispa keram (Coleoptera: Chrysomelidae)
Nair and Oommen (1965) reported the occurrence of an unspecified species of Callispa Baly on coconut palm in Kerala, India. Feeding troughs of adults appear as characteristic narrow lines on the leaves, while those of the larvae appear as brownish, irregular patches. Callispa keram was not observed in the high-altitude regions of Kerala, as well as in the dry coconut growing tracts of Tamil Nadu, adjoining Kerala (Shameem and Prathapan, 2013).
Asian grey weevil, Myllocerus undatus (Curculionidae: Coleoptera)
The occurrence of Asian grey weevil Myllocerus undatus (Curculionidae: Coleoptera) damaging coconut seedlings was reported for the first time in 2010 from Kerala, India. A mild to moderate level of infestation damages 5–10% leaf lamina of un-split leaves with a typical notching-like symptom along the leaf margins (Josephrajkumar et al., 2011).
Invasive coleopteran pests of coconut
The Central plantation crop and Research Institute has issued a red alert on three pests destroying coconut palms across the country. They are: Brontispa longissima, and Wallacea sp. These pests were restricted to the Maldives, Myanmar, Indonesia, and the Philippines
Coconut hispine beetle, Brontispa longissima Gestro (Coleoptera: Chrysomelidae)
The coconut leaf beetle, Brontispa longissima Gestro, is an invasive species that has the potential to devastate our coconut industry. This exotic pest has destroyed the coconut industry of our neighbouring countries, such as Indonesia, Papua New Guinea, Taiwan, Australia, Malaysia, Philippines, Maldives, Vietnam, Thailand, Cambodia, Singapore, China, and the Union of Myanmar. Young palms are more susceptible, and larvae chew large areas of spear leaf, causing death of the underlying tissues. Leaflets show longitudinal white streaks, and as the leaf emerges, leaflets curl and turn brown, scorched with a ragged appearance. (Singh and Rethinam, 2004)
Leaf beetle Wallacea jarawa (Chrysomelidae: Coleoptera)
Yellowish brown beetle, Wallacea Jarawa is a close relative of the chrysomelid beetle, B. longissimi. They were found infesting the spindle leaves of coconut palms in the Andaman and Nicobar Islands. Host plants are confined to the family Arecaceae. Both the adult and larvae are seen inside the unopened tender leaves. They scrape the green matter, resulting in numerous brown patches that coalesce to a blighted appearance on unfurling.  (Prathapan and Shameem, 2017).
Integrated Management of Coleopteran Pests
Integrated pest management is an approach where appropriate techniques are implemented meticulously, considering the population dynamics and environment, to keep pest infestation levels under check (Dent, 2020). 
Pest Detection and Monitoring
 	Protecting crops from pests requires periodic monitoring of the field, which can aid in the proper management of the pests as well as reduce the cost of management (Dara, 2019). Detection and monitoring of coconut pests play a crucial role in maintaining the health and productivity of palms. Conventionally, farmers and researchers rely on manual inspection to identify beetle infestations; however, this approach is time-consuming and labor-intensive, particularly in large plantations. Moreover, it can delay pest detection, potentially leading to rapid crop loss (Madhumathi et al., 2023). Recent advances in crop pest monitoring have introduced electronic devices that enable the detection of beetle presence within palms and facilitate the identification and tracking of their breeding sites. Coconut rhinoceros beetles equipped with radio transmitters were released into the wild to track the location of hidden breeding sites, facilitating their removal or treatment (Moore et al., 2017). In the case of the red palm weevil, specialized devices equipped with sensors were developed to identify the sounds produced by the weevil from an infested palm. This acoustic device captures and amplifies the gnawing sounds of the red palm weevil, thereby saving time and labour costs, since a single palm can be checked in about 30 seconds, which is considerably less than the time spent checking for symptoms by conventional methods. Over 97 % accuracy has been shown by these devices (Siriwardena et al., 2010). There are several other devices developed for the timely detection of the red palm weevil, considering its highly destructive nature to the coconut palms (Josephrajkumar et al., 2019; Parvathy et al., 2021). These sophisticated devices enable the early implementation of the integrated management strategies for the timely management of the beetles (Lima et al., 2020).
Cultural control
Cultural control is one of the oldest pest management strategies, which deals with the natural control of the pest by hindering its habitat and making it less favourable for its survival (Bashyala et al., 2022). In the case of coconut, proper disposal of the dead and decaying coconut logs and other organic debris in the vicinity of coconut plantations must be carried out at regular intervals since they act as prolific breeding grounds of the beetle. Mulching the seedlings with coconut leaves must be avoided during the initial phase of their establishment. Moreover, to prevent the attack of the red palm weevil on the palms, avoiding injury to the crown, bole, or fronds is necessary. While cutting the fronds, it has to be done by leaving at least 1.2 m from the trunk (Nair and Josephrajkumar, 2010). Ecologically engineered gardens with different intercrops, along with coconut, have shown reduced pest incidence than in monocropping (Josephrajkumar et al., 2018). 
Mechanical control
This involves periodic and systematic examination of the palm crown for larval stages of red palm weevil and removing the adult beetle by means of a metal hook during peak periods of pest abundance (June to September) for the rhinoceros beetle. To suppress O. rhinoceros, all breeding places should be eliminated. Handpicking and destruction are suitable for adult white grubs during the peak emergence period. Nylon nets act as a passive trap for rhinoceros beetle, where unopened spear leaf and 2-4 adjacent leaf bases are loosely wrapped with nylon nets from  June to December. This was reported to reduce damaged leaves from 61.02 to 7.53% (Sujithra et al., 2019). 
Attractants
Mass trapping of the target pest intends to reduce or eradicate the population by capturing as many insects as possible. The attractant can be a synthetic pheromone, food, or host attractant (Smart et al., 2014). An effective trapping method with rotting castor cake slurry kept in mud pots has been developed to attract the rhinoceros beetle (Rajamanickam et al., 1992).  Coconut logs treated with tender coconut water and castor cake can be used to capture adult red palm weevil (Justin and Soundararajan, 2006). Hallett et al. (1995) reported the potential of using ethyl 4-methyl octanoate (E4MO), a male-produced aggregation pheromone, to attract and control the rhinoceros beetle. Hallett et al. (1993) identified and synthesized the ferrugineol (4-methyl-5-nonanol) from male-produced aggregation pheromone for attracting red palm weevil.
Botanicals for the pest management
Plant-derived secondary metabolites have been observed to possess a range of properties, including pesticidal effects, insect repellency, and antifeedant activity (Prakash and Rao, 2018). Botanicals have long been investigated for the management of the beetles infesting coconut. Application of powdered oil cakes of neem (Azadirachta indica A.  Juss.), or marotti (Hydnocarpus wightiana Bl.) or pongamia cake (Pongamia pinnata Linn.) at 250 g mixed with equal volume of sand, into the topmost three leaf axils around the spindle leaf thrice a year during May, September and December is recommended as a prophylactic measure against rhinoceros beetle and red palm weevil. Placing three or four naphthalene balls in the leaf axil at the base of the spindle leaf at 12g palm−1 and covering them with sand to prevent quick evaporation provides good protection against the pest for 45–60 days. Incorporation of the biomass of the weed plant Clerodendron infortunatum Linn. @ 10 percent w/w in the compost pit is recommended against the rhinoceros beetle (KAU POP, 2024)
A new formulations of botanical cake and paste were developed against the rhinoceros beetle. This was composed of 10% hexane and methanolic extract of Clerodendron infortunatum L. and Chromalena odorata (L.) and 10% cashew nut shell liquid (Wankhede et al., 2020).  Neem cake @200g and Annona squamosa leaves @200g were found to have a significant effect on the grubs of rhinoceros beetle (Suhasini et al.,2017). A study was done to evaluate the impact of the essential oils of purslane, mustard, and castor (bulk and nano) on R. ferrugineus and to evaluate the oviposition deterrent effect to prevent new infestations. Prepared concentrations of essential oils (bulk and nano) were tested for their impact on larvae, pupae, and adults. The most effective oil was purslane oil (bulk and nano), followed by mustard, and the least effective was castor (Abdel-raheem et al., 2020). 
Biological Control
Entomopathogenic fungus
The microbial agent, the Green muscardine fungus (Metarhizium anisopliae), causes disease in immatures and adults of the rhinoceros beetle and the red palm weevil. Metarhizium was first reported in Western Samoa in 1913 and later in India by Nirula et al. (1955). Cent percent mycosis of rhinoceros grubs by Metarhizium was reported by Varma (2013). Moslim et al. (2009) developed and evaluated an inoculation trap for the auto-dissemination of Metarhizium anisopliae spores to manage Oryctes rhinoceros under field conditions. M. anisopliae strain called MET-GRA4 was tested for pathogenicity against adult red palm weevil and treated in vitro with different spore viabilities. The isolates were pathogenic, causing 100% mortality 21 days post-infection (Ishak et al., 2020).
Nineteen different isolates of the entomopathogenic fungi Beauveria bassiana and Metarhizium anisopliae (Ascomycota: Hypocreales), recovered from different soil samples (field crops, fruit orchards, vegetable fields, and forests) and insect cadavers, were tested against red palm weevil at two different spore concentrations (1 × 107 and 1 × 108 conidia mL-1). Three isolates of B. bassiana and two of M. anisopliae gave greater than 88 % larval and  greater than 75 % adult mortality of R. ferrugineus on their highest dose rate, respectively (Yasin et al.,2017)
Entomopathogenic virus
[bookmark: _Hlk122601821][bookmark: _Hlk122601857]Oryctes rhinoceros Nudivirus (OrNV), an entomopathogenic virus multiplies in adults of Oryctes rhinoceros. Beetles were infected with an Indian isolate of Oryctes baculovirus and released into the wild population of O. rhinoceros in Minicoy Island (India) for the biological suppression of the rhinoceros beetle. The disease had established itself within 9 months and suppressed the pest population to low levels. Consequently, pest damage to coconut palms also declined. A low level of pest population was maintained by the virus disease even after 3.5 years, following the introduction of Oryctes baculovirus into Minicoy Island (Mohan and Pillai, 1993).
[bookmark: _Hlk122601894][bookmark: _Hlk122601904]A new halotype of rhinoceros beetle (CRB-G) was observed in the Pacific Islands, which escaped biological control by OrNV. CRB-G is resistant to oral infection by OrNV injection, which caused mortality. (Marshall et al., 2017)
[bookmark: _Hlk122601981]Investigation on a disease prevalent among the life stages of the red palm weevil, in Trivandrum district (Kerala), led to the detection of cytoplasmic polyhedrosis virus, which infects all the stages of RPW (Gopinadhan et al.,1990). 
Entomopathogenic Nematode
[bookmark: _Hlk122602050][bookmark: _Hlk122602061]Prophylactic delivery of filter paper sachets of 10 Heterorhabditis indica-infected Galleria mellonella cadavers and botanical cake on the leaf axils reduced 35-85 % rhinoceros beetle attack and shielded palms from red palm weevil invasion during the monsoon period. (Josephrajkumar et al., 2018). A study was devised to evaluate the suppressive effect of native EPN against white grub, L. coneophora. Soil application of ‘Kalpa EPN (CPCRI – SC1) @ of 1039501 IJs/m2 reduced white grub population by 60.2% (Sujithra and Subaharan, 2022).
Entomopathogenic bacteria against Red Palm Weevil
[bookmark: _Hlk122602097][bookmark: _Hlk122602121]Pseudomonas aeruginosa was identified as a facultative pathogen of red palm weevil. Intra-haemocoelic injection of the pathogen within larvae and pre-pupae was more effective at killing the insects than inoculation by force feeding or by washing the insects in a suspension of the pathogen. Injection of 3 × 10^3 bacteria/insect killed 69% of larvae. (Banerjee and Dangar, 1995). 
Natural enemies 
Among earwigs, Chelisoches moris (Fabricius) was reported as a common predator of RPW eggs and larvae in the canopy of coconut plantations in India (Abraham and Kurian, 1973). Ectoparasitic podapolid mites associated with Rhynchophorus species, such as Rhynchopolipus rhynchophori (Ewing), were used as a successful biocontrol agent against RPW (Abdullah, 2009).
[bookmark: _Hlk122602497]Chemical control
[bookmark: _Hlk122602626]Chemical control is most effective in controlling the adult rhinoceros beetle by hindering their attack on the crown region (Jackson et al., 2021). Crown cleaning and application of 20g Cartap hydrochloride 4G mixed with 200 g sand in the innermost 2-3 leaf axils can be done in palms for controlling both the rhinoceros beetle and the red palm weevil. This treatment has to be done thrice, during January, May and September (KAU, 2024). For Coconut root grub (Josephrajkumar et al., 2018), blanket application of bifenthrin at 2 kg a.i. ha−1 (Talstar 10 EC at 20 l ha−1 in 500 l of water) when the first-instar stage of grubs dominate in the field, and the second round need-based root zone application of chlorpyrifos 20 EC at 7 ml palm−1 after 45 days of the first round insecticide application is recommended.
[bookmark: _Hlk122602264]Sterile Insect Technique for the control of Red Palm Weevil
[bookmark: _Hlk122602280][bookmark: _Hlk122602296][bookmark: _Hlk122602415]The feasibility of using the Sterile Insect Technique on red palm weevil was studied using cobalt-60 gamma radiation. The study showed that 10-day-old weevils after irradiation are the most ideal for field release. Also, the irradiated-to-wild male ratio of 10:1 was found to be optimal for field release in order to effectively compete with wild males. (Krishnakumar and Maheswari, 2007).
[bookmark: _Hlk122602662]Biotechnology Tools for Integrated Pest Management
[bookmark: _Hlk122602685][bookmark: _Hlk122602840]RNA interference (RNAi) is a powerful strategy for gene function analysis, and it is also widely studied as a promising method in pest control. Double-stranded RNAs targeting genes encoding for V-type ATPase, polyadenylate binding protein, and three forms of actin resulted in 30.8 to 100 percent mortality of adult and larval stages of the coconut rhinoceros beetle within 14 days. Microinjection of 2nd instars with 10 and 100 ng of dsRNAs induced 20–100% and 80–100% mortality at 7 and 14 days post-injection (Watanabe et al., 2020)
[bookmark: _Hlk122602940]Conclusion
Coleopterans remain the major group of insects attacking the coconut palm, threatening the productivity and sustainability of palms across tropical countries. Coconut rhinoceros beetle, Oryctes rhinoceros, and red palm weevil, Rhynchophorus ferrugineus, are the two coleopterans responsible for the majority of infestations in coconut palm. Damage caused by the rhinoceros beetle often predisposes the palm to subsequent invasion by the red palm weevil, thereby increasing the overall impact on the palm. Hence, an integrated approach involving all the components of pest management can help in effectively managing the pest population. Nevertheless, long-term success will depend on continuous monitoring, farmer awareness, proper quarantine regulations, and region-specific management strategies, along with IPM tools. 
References
Abdel‐Raheem, M., Alghamdi, H.A., & Reyad, N.F. (2020). Nano essential oils against the red palm weevil, Rhynchophorus ferrugineus Olivier (Coleoptera: Curculionidae). Entomological research, 50(5):215-20.
Abdullah, M.A. (2009). Biological control of the red palm weevil, Rhynchophorus ferrugineus (Olivier) (Coleoptera: Curculionidae) by the parasitoid mite, Rhynchopolipus rhynchophori (Ewing) (Acarina: Podapolipidae). Journal of the Egyptian Society of Parasitology. 39(2):679-686.
Abraham, C.C.  (1994). Pests of coconut and arecanut. In: Chadha, K. L., & Rethinam, P. (Eds.), Advances in horticulture-plantation crops and spices crops (Part II., pp. 706-726). Malhotra Publishing House, New Delhi.
Abraham, V.A., & Kurian, C. (1973). Chelisoches moris F.(Forficulidae: Dermaptera), a predator on eggs and early instar grubs of the red palm weevil Rhynchophorus ferrugineus F.(Curculionidae: Coleoptera). Journal of Plantation Crops.1:147–152
Azmi, W.A., Lian, C.J., Zakeri, H.A., Yusuf, N., Omar, W.B., Wai, Y.K., & Husasin, M. (2017) The red palm weevil, Rhynchophorus ferrugineus: Current issues and challenges in Malaysia. Oil Palm Bulletin. 74:17-24.
Banerjee, A., & Dangar, TK. (1995). Pseudomonas aeruginosa, a facultative pathogen of red palm weevil, Rhynchophorus ferrugineus. World Journal of Microbiology and Biotechnology. 11(6):618-20.
Bashyala, S., Poudela, D., & Gautamb, B. (2022). A review on cultural practice as an effective pest management approach under integrated pest management. Trop. Agroecosyst. (TAEC). 3:34-40.
Bedford, G.O. (1980). Biology, ecology and control of palm rhinoceros beetles. Annual Review of Entomology. 25:309–339
CDB [Coconut Development Board]. (2026). Statistics. [on-line]. Available: http://www.coconutboard.gov.in/Statistics.aspx.
Dara, S.K. (2019). The new integrated pest management paradigm for the modern age. Journal of Integrated Pest Management. 10(1):12-17.
Dent, D., & Binks, R. H. (2020). Insect pest management. Cabi.
Faleiro, J., Rangnekar, P.A., & Satarkar, V.R., (2003). Age and fecundity of female red palm weevils Rhynchophorus ferrugineus (Olivier)(Coleoptera: Rhynchophoridae) captured by pheromone traps in coconut plantations of India. Crop Protection. 22(7):999-1002.
Gitau, C.W., Gurr, G.M., Dewhurst, C.F., Fletcher, M.J., & Mitchell, A. (2009). Insect pests and insect‐vectored diseases of palms. Australian Journal of Entomology. 48(4):328-342.
Gopinadhan, P.B., Mohandas, N., & Nair, K.V. (1990). Cytoplasmic polyhedrosis virus infecting red palm weevil of coconut. Current science. 10:577-580.
Hallett, R.H., Gries, G., Gries, R., Borden, J.H., Czyzewska, E., Oehlschlager, A.C., Pierce, J. H.D., Angerilli, N.P., & Rauf, A. (1993). Aggregation pheromones of two Asian palm weevils, Rhynchophorus ferrugineus and R. vulneratus. Naturwissenschaften.80(7):328-31.
Hallett, R.H., Perez, A. L., Gries, G., Gries, R., Pierce, J.H.D., Yue, J., Oehlschlager, A.C., Gonzalez, L.M., & Borden, J.H. (1995). Aggregation pheromone of coconut rhinoceros beetle, Oryctes rhinoceros (L.) (Coleoptera: Scarabaeidae). Journal of Chemical Ecology.21(10):1549-70.
Hao, M., Aidoo, O.F., Qian, Y., Wang, D., Ding, F., Ma, T., Tettey, E., Ninsin, K.D., Osabutey, A.F., & Borgemeister, C. (2022). Global potential distribution of Oryctes rhinoceros, as predicted by Boosted Regression Tree model. Global Ecology and Conservation. 37: 02175.
Hinckley, A.D. (1973). Ecology of the coconut rhinoceros beetle, Oryctes rhinoceros (L.) (Coleoptera: Dynastidae). Biotropica. 111–116.
Ishak, I., Ng, L.C., Haris-Hussain, M., Jalinas, J., Idris, A.B., Azlina, Z., Samsudin, A., & Wahizatul, A.A. (2020). Pathogenicity of an indigenous strain of the entomopathogenic fungus Metarhizium anisopliae (Hypocreales: Clavicipitaceae) (MET-GRA4 strain) as a potential biological control agent against the red palm weevil (Coleoptera: Dryophthoridae). Journal of Economic Entomology. 113(1):43-9.
Jackson, T., Marshall, S., Mansfield, S., & Atumurirava, F. (2021). Coconut rhinoceros beetle (Oryctes rhinoceros): A manual for control and management of the pest in Pacific Island countries and territories. Pacific Community (SPC).
Josephrajkumar, A., Chandrika Mohan, C., Paul, J., Regi, J., Thomas, V.H., & Krishnakumar, V. (2019). Smart vigilance and stimulo-deterrence in the biosuppression of red palm weevil infesting coconut. In: Book of Abstracts: Outsmarting the Red Palm Weevil: A Global Challenge, Red Palm Weevil Symposium, XIX International Plant Protection Congress (IPPC, 2019), 10–14 November 2019, Hyderabad-500030, Telangana, India. 18pp.
Josephrajkumar, A., Chandrika Mohan, C.M., Anjali, A.S., Thomas, S., & Shanavas, M. (2016). Management strategies to knock down red palm weevil infesting coconut. Indian Coconut Journal. 59(6):29-31.
Josephrajkumar, A., Chandrika Mohan, C.M., Thomas, R.J., & Krishnakumar, V. (2018). Ecological bio-engineering in coconut ecosystem to deter pests. 16-18.
Josephrajkumar, A., Mohan, C., Prathibha, P.S., Rajkumar, N., Nalinakumari, T., & Nair, C.P. (2019). Pest dynamics and suppression strategies. In: The Coconut Palm (Cocos nucifera L.) – Research and Development Perspectives. Singapore: Springer Singapore. 557–634.
Josephrajkumar, A., Rajan, P., Mohan, C., & Thomas, R.J. (2011). First record of Asian grey weevil (Myllocerus undatus) on coconut from Kerala, India. Phytoparasitica. 39(1):63-5.
Justin, C., & Soundararajan, R.P. (2006). Effect of food attractants on coconut red palm weevil, Rhynchophorus ferrugineus Oliver. Indian Journal of Agricultural Research. 40(2):154-6.
KAU (Kerala Agricultural University). (2024). Package of Practices Recommendations: Crops (15th Ed.). Kerala Agricultural University, Thrissur, 360p.
Krishnakumar, R., & Maheswari, P. (2007). Assessment of the sterile insect technique to manage red palm weevil Rhynchophorus ferrugineus in coconut. In: Area-Wide Control of Insect Pests: From Research to Field Implementation. Dordrecht: Springer Netherlands. 475–485.
Lima, M.C.F., de Almeida Leandro, M.E.D., Valero, C., Coronel, L.C.P., & Bazzo, C.O.G. (2020). Automatic detection and monitoring of insect pests—A review. Agriculture. 10(5):161.
Madhumathi, C.S., Mynadevi, R., G.K., N.P., Selvashankari, P., & Shaliga, S. (2025). Drone based coconut tree monitoring system. In: 2025 International Conference on Computing and Communication Technologies (ICCCT). IEEE. 1–6.
Marshall, S.D., Moore, A., Vaqalo, M., Noble, A., & Jackson, T.A. (2017). A new haplotype of the coconut rhinoceros beetle, Oryctes rhinoceros, has escaped biological control by Oryctes rhinoceros nudivirus and is invading Pacific Islands. Journal of Invertebrate Pathology. 149:127-34.
Mohan, K.S., & Pillai, G.B. (1993). Biological control of Oryctes rhinoceros (L.) using an Indian isolate of Oryctes baculovirus. International Journal of Tropical Insect Science. 14(5):551-8.
Moore, A., Barahona, D.C., Lehman, K.A., Skabeikis, D.D., Iriarte, I.R., Jang, E.B., & Siderhurst, M.S. (2017). Judas beetles: discovering cryptic breeding sites by radio-tracking coconut rhinoceros beetles, Oryctes rhinoceros (Coleoptera: Scarabaeidae). Environmental Entomology. 46(1):92-9.
Moslim, R., Kamarudin, N., & Wahid, M.B. (2009). Pathogenicity of granule formulations of Metarhizium anisopliae against the larvae of the oil palm rhinoceros beetle, Oryctes rhinoceros (L.). Journal of Oil Palm Research. 21(1):602-12.
Nair, C.P.R., & Josephrajkumar, A. (2010). Integrated pest management for coconut-based farming system. In: Coconut based cropping/farming systems. 149
Nair, M.R.G.K., & Oommen, C.N. (1965). Callispa sp. (Hispinae: Chrysomelidae) as a minor pest of coconut in Kerala. 230–232.
Nirula, K.K., Antony, J., & Menon, K.P.V. (1952). A new pest of coconut palm in India. 137–140.
Nirula, K.K., Radha, K., & Menon, K.P.V. (1955). The green muscardine disease of Oryctes rhinoceros L.: symptomatology, epizootology and economic importance. 3–10.
Parvathy, S.R., Jayan, D.P., Pathrose, N., & Rajesh, K.R. (2021). Convolutional autoencoder based deep learning model for identification of red palm weevil signals. In: 2021 Asia-Pacific Signal and Information Processing Association Annual Summit and Conference (APSIPA ASC). IEEE. 1987–1992.
Prakash, A., & Rao, J. (2018). Botanical pesticides in agriculture. CRC Press.
Prathapan, K.D., & Shameem, K.M. (2017). A new species of Wallacea Baly (Coleoptera: Chrysomelidae: Cassidinae: Bothryonopini) infesting coconut palm in the Indian Ocean Islands of Andaman & Nicobar. Zootaxa. 4347(2):381-91.
Rajamanickam, K., Kennedy, F.J., Lourduraj, A.C., & Raveendran, T.S. (1992). Attractants—an aid in rhinoceros beetle (Oryctes rhinoceros L.) management. Indian Coconut Journal. 23(1):6–7.
RKVY. (2015). Development of technologies including alternatives for banned pesticides for the management of pests and diseases of major crops in Kerala. Project Co-ordinating Cell, Department of Entomology, College of Agriculture, Vellayani.
Shameem, K.M., & Prathapan, K.D. (2013). A new species of Callispa Baly (Coleoptera, Chrysomelidae, Cassidinae, Callispini) infesting coconut palm (Cocos nucifera L.) in India. ZooKeys. (269):1.
Singh, S.P., & Rethinam, P. (2004). Coconut hispine beetle Brontispa longissima (Gestro) (Coleoptera: Chrysomelidae). Cord. 20(1):1-20.
Siriwardena, K.A., Fernando, L.C., Nanayakkara, N., Perera, K.F., Kumara, A.D., & Nanayakkara, T. (2010). Portable acoustic device for detection of coconut palms infested by Rhynchophorus ferrugineus (Coleoptera: Curculionidae). Crop Protection. 29(1):25-9.
Smart, L.E., Aradottir, G.I., & Bruce, T.J.A. (2014). Role of semiochemicals in integrated pest management. In: Integrated pest management. Academic Press. 93–109.
Suhasini, V., Balamurugan, G., & Arivudainambi, S. (2017). Efficacy of certain botanicals against the grubs of coconut rhinoceros beetle, Oryctes rhinoceros (L.) (Scarabaeidae: Coleoptera). International Journal of Entomology Research. 2(3):01-3.
Sujithra, M., & Subaharan, K. (2022). Field evaluation of the entomopathogenic nematodes (EPNs) for sustainable management of white grub, Leucopholis coneophora Burm. in coconut. Indian Journal of Nematology. 52(1):1-6.
Sujithra, M., Rajkumar, M., Hegde, V., Subramanian, P., & Govindharaj, G.P. (2024). Nylon nets: a simple pest exclusion barrier technique to manage rhinoceros beetle menace in coconut plantations. International Journal of Pest Management. 70(4):810-7.
Varma, Y.C. (2013). Efficacy of ecofriendly management against rhinoceros beetle grubs in coconut. Journal of Biopesticides. 6(2):101.
Wankhede, S.M., Shinde, V.V., Ghavale, S.L., Joseph Rajkumar, A., & Maheswarappa, H.P. (2020). Efficacy of biorationals and chlorantraniliprole against coconut rhinoceros beetle (Oryctes rhinoceros Linn.).
Watanabe, S., Adams, B.L., Kong, A., Masang, N., Vowell, T., & Melzer, M. (2020). Identification of genes that result in high mortality of Oryctes rhinoceros (Scarabaeidae: Coleoptera) when targeted using an RNA interference approach: implications for large invasive insects. Annals of the Entomological Society of America. 113(4):310-7.
Yasin, M., Wakil, W., El‐Shafie, H.A., Bedford, G.O., & Miller, T.A. (2017). Potential role of microbial pathogens in control of red palm weevil (Rhynchophorus ferrugineus) – a review. Entomological Research. 47(4):219-34.



