Potato Pests: Biocontrol and Value Addition products
ABSTRACT
Potato (Solanum tuberosum L.) is a globally important food crop. Yet, its productivity is severely constrained by a complex of insect pests including aphids, tuber moths, cutworms and leaf-feeding beetles. Conventional reliance on chemical insecticides has raised concerns over environmental safety, pest resistance and residue accumulation. In response, eco-friendly biological control strategies such as the use of natural enemies (predators, parasitoids, entomopathogenic fungi and nematodes), botanicals and microbial biopesticides are gaining prominence as sustainable alternatives. This review synthesizes current knowledge on major insect pests of potato and highlights advances in biological control approaches that reduce chemical dependence while maintaining yield stability. Beyond pest suppression, the paper explores pathways for value addition, including the development of biopesticide based products, integration of pest-resistant cultivars and utilization of potato value added products for industrial and nutritional applications. By linking pest management with value chain innovation, eco-friendly biological control offers a dual benefit: safeguarding potato production and contributing to sustainable agricultural economies.
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1. INTRODUCTION
Potato (Solanum tuberosum L.) is a tuberous crop from the Solanaceae family. It originated in the Andes area of South America and was grown pre-Columbian times (Jackson et al., 1978). Potatoes were brought to Spain and the rest of Europe between 1565 and 1573 (Jellis and Richardson, 1987). One of the most significant root and tuber crops for food commodities is the potato (Solanum tuberosum). It is the fifth most significant staple food crop in the world (Orlando et al., 2020), with temperate regions producing the majority of it, followed by several subtropical and tropical nations (Devaux et al., 2014).
Potato is a cool-season crop whose growth and productivity are heavily influenced by soil and climatic factors. Air temperatures of 15-20°C are optimal for vegetative growth, while slightly cooler conditions promote tuber initiation and development. Temperatures above 30°C impair tuberization, reduce dry matter accumulation and ultimately limit yield potential (Haverkort & Struik, 2015). High soil temperatures in hot tropical environments retard emergence, limit canopy development and lower overall productivity (Midmore, 1984).
Potato cultivation relies heavily on soil conditions. The crop thrives in well-drained, loose and aerated soils, particularly sandy loam to loam, which allows for proper tuber expansion and reduces deformities. Soil health, including organic matter content, structure and microbial activity, is critical to productivity. Crop rotation, organic amendments and cover cropping improve soil fertility, water retention and resilience (Hills et al., 2020).
The majority of potatoes in cultivation are outbred auto-tetraploids that are reproduced vegetatively by planting tubers (Simmonds, 1997). These tubers give rise to main stems, which exhibit a varied architecture based on genotype, tuber physiological age and environmental conditions in terms of the number of major branches, nodes and height (Cutter, 1978).
From emergence to maturity, potato types take anything from 90 to more than 150 days to vegetate. The position of potatoes in arable crop systems also affects this. The most popular period to sow potatoes is in the spring (northern hemisphere) to be picked in the summer or fall. Double transplanting rice and planting early-maturing potatoes in between the two rice crops are two ways to intensify potato cultivation in a warm climate like India. This increases system productivity without compromising each crop's production or acreage and it opens up new opportunities for small-scale potato producers (Arya et al., 2015).
In the Indo-Gangetic Plains, early plantings made feasible by heat-tolerant, virus-resistant cultivars not only increase yields but also promote high selling prices because of early market access (Bonierbale et al., 2020). On the other hand, early plantings promote the infection and spread of the fungal disease "early blight" (Alternaria solani) in temperate regions (Adolf et al., 2020).
Animal manures, green manures, composts and certified organic fertilizers are frequently used with cover crops in organic agricultural systems to maintain soil fertility and organic matter levels (Ierna and Distefano, 2024). According to recent developments, organo-mineral fertilizers stabilize soil nutrient levels and organic matter content while increasing production and nitrogen absorption in potato systems (Oladele et al., 2025).
Potato cultivation worldwide suffers heavy losses from major insect pests such as the potato tuber moth (Phthorimaea operculella) (Chakrabarti et al., 2022), aphids (Myzus persicae), cutworms (Agrotis spp.) and white grubs (Holotrichia spp.) (Munyaneza & Bizimungu, 2022). Conventional reliance on chemical insecticides has led to resistance development, residue concerns and ecological imbalance. In contrast, biological control offers a sustainable alternative, employing natural enemies like parasitoid wasps, ladybird beetles, lacewings, entomopathogenic fungi and nematodes to suppress pest populations effectively. Plant‑derived biopesticides (e.g., neem, essential oils and aromatic powders) further enhance eco‑friendly management by reducing oviposition and larval survival. Beyond pest suppression, these strategies contribute to value‑added outcomes: safer produce for consumers, reduced environmental contamination and opportunities for commercialization of biopesticide formulations as niche products in integrated pest management markets. Thus, biological control not only minimizes dependence on chemicals but also aligns with sustainable agriculture and economic innovation in potato production systems.
Pest pressures are putting potato agriculture at risk, compromising productivity and quality. The traditional reliance on chemical pesticides has resulted in resistance development, environmental deterioration and toxic residues in food chains. In contrast, biological control, which employs natural enemies, microbial agents and eco-friendly biopesticides, provides a more sustainable and safe option. These measures not only effectively control insect populations, but also protect soil health, biodiversity and consumer safety. Furthermore, combining biological control with value-added channels, such as biopesticide commercialization and eco-labeled potato products, improves both ecological resilience and economic prospects. Thus, biological control outperforms chemical inputs, combining pest management with sustainability and innovation.
Table 1. Potato pest and their damaging stage
	SN
	Common name
	Scientific name
	Family: order
	Damaging stage

	1
	Colorado potato beetle
	Leptinotarsa decemlineata
	Chrysomelidae: Coleoptera
	Larvae and Adult

	2
	Potato tuber moth
	Phthorimaea operculella (Zeller)
	Gelechiidae: Lepidoptera
	Caterpillar

	3
	White grub
	Holotrichia spp.
	Scarabaediae: Coleoptera
	Grub

	4
	Aphid
	Myzus persicae
	Aphididae: Hemiptera
	Nymph and adult

	5
	Cut worm
	Agrotis ipsilon
	Noctuidae: lepidoptera
	Caterpillar



2. Major pest and their biological control
2.1 Colorado potato beetle, Leptinotarsa decemlineata
Soil-dwelling pupae of Leptinotarsa decemlineata are effectively targeted by several entomopathogenic nematodes, including species of Steinernema and Heterorhabditis (Göldel et al., 2020; Wraight et al., 2009). Laboratory assessments have demonstrated the biocontrol potential of Steinernema carpocapsae, Steinernema feltiae and Heterorhabditis bacteriophora against final instar larvae at varying temperatures and dosages (Čačija et al., 2021; Kepenekci et al., 2016). In addition to nematodes, bacterial strains of Bacillus thuringiensis (Bt) have proven effective against larvae (Hackett et al., 1992; Ghassemi-Kahrizeh and Aramideh, 2015). Fungal pathogens such as Beauveria bassiana and Metarhizium anisopliae also infect and kill beetles, offering another eco-friendly avenue for biological control (Wraight et al., 2009; Lacey et al., 1999).
2.2 Potato tuber moth, Phthorimaea operculella (Zeller)
Biological control of the PTM, potato tuber moth (Phthorimaea operculella) has been explored through diverse eco-friendly agents, including bacteria, botanicals and mites. Pyemotes zhonghuajia has shown an effective biocontrol agent when host size and mite density are properly maintained (Xiao et al., 2026). Similarly, bacterial formulations such as Bacillus thuringiensis (Bt) have proven highly effective, with a 2% Bt dip reducing tuber damage incidence to 24.05% compared to untreated controls (Prasad et al., 2020). Predatory mite studies revealed that while Macrocheles robustulus exhibited limited predation, Blattisocius tarsalis successfully consumed PTM eggs, displaying a type II functional response at higher egg densities (Gallego et al., 2020). Botanicals have also emerged as powerful biological alternatives to synthetic insecticides. Dried leaves and flowers of Minthostachys species reduced tuber damage by nearly 80%, while essential oils lowered egg production by a similar margin. Cardamom oils at 0.02% and 0.05% concentrations significantly reduced egg hatchability (67.5% and 86.7%, respectively) (Moawad & Ebadah, 2007) and orange-peel oil suppressed PTM fertility (Sharaby, 1988). Neem seed extract was particularly effective in Egyptian potato stores, reducing storage loss to 25% compared with 10% under carbaryl treatment (Salem, 1991). Additional plant powders such as clove flowers, santonica flowers and black pepper seeds were effective against larvae and eggs (El Ghanam, 2017), while Allium cepa, Pelargonium graveolens and Cymbopogon citratus reduced egg deposition, adult emergence and larval penetration, with talcum powder mixtures providing extended protection for 30–40 days (Sharaby et al., 2009). Moreover, Acorus calamus demonstrated long-lasting activity, causing high larval mortality and reduced adult emergence and has been recommended as a superior botanical alternative to chemical insecticides, with weekly applications of 5% w/w proving highly effective (Basnet et al., 2022). Collectively, these findings underscore the integrated biological control potential of mites, Bt formulations and botanicals in sustainably managing PTM populations in both storage and field conditions.
2.3 White grub, Holotrichia spp.
White grubs are managed through biological control agents including fungi, nematodes and bacteria. Entomopathogenic fungi such as Beauveria and Metarhizium are widely applied, with commercial products like Bio Green, ORY‑X, Grub X 10G and Meta‑Guard proving effective in crops like paddy, ginger and sugarcane. Entomopathogenic nematodes (Heterorhabditis indica, H. bacteriophora) control potato white grubs, while bacterial pathogens such as Paenibacillus popilliae (causing milky disease) and Bacillus cereus are lethal to species like Holotrichia and Anomala. Together, these entomopathogens provide sustainable, eco‑friendly biological control of white grub infestations (Chandel et al., 2019). White grubs in East Africa are managed through biological control with entomopathogenic nematodes (EPNs). Rwandan and international strains of Heterorhabditis bacteriophora and Steinernema carpocapsae showed moderate lab efficacy, while field trials proved Steinernema RW14-M-C2b-1 and S. longicaudum X7 highly effective, reducing grub populations by up to 95%. These findings highlight EPNs, especially Steinernema strains, as promising eco‑friendly biological control agents for tuber production (Kajuga et al., 2018). Entomopathogenic nematodes (EPNs) are a biological management method for white grubs. While Heterorhabditis bacteriophora and Steinernema carpocapsae strains from Rwanda and other countries had modest lab performance, field tests demonstrated the high efficacy of S. longicaudum X7 and Steinernema RW14-M-C2b-1, which reduced grub populations by up to 95%. These findings demonstrate the potential of EPNs as environmentally benign biological control agents for tuber development, particularly Steinernema strains (Wraight et al., 2009).
2.4 Aphids, Myzus persicae
A greenhouse study tested four bio‑agents against potato aphids. Lady beetles achieved 100% control, parasitic wasps 94%, lacewings 90% and damsel bugs 84%, with an overall reduction of 92%. Lady beetles proved the most effective, highlighting their strong potential for sustainable aphid management in potato (Nazari, 2025). Lady beetles (Harmonia axyridis, Adalia bipunctata, Coccinella septempunctata) were tested. The study showed that IV instar larvae of H. axyridis are most effective for preventive release in greenhouses, while A. bipunctata adults are valuable at low aphid densities. C. septempunctata works mainly in fields with high aphid populations (Belyakova & Polikarpova, 2018). Natural enemies like ladybird beetles, lacewings, hoverflies and parasitoid wasps suppress aphid populations in potato fields. Host plant resistance and ecological management (e.g., trap crops, habitat manipulation) further reduce aphid growth and virus transmission, minimizing reliance on chemical insecticides (Blackman, 1976). The study shows that botanical extracts and biopesticides can effectively suppress aphids in potato. Polygonum flower extract (5%) reduced aphid populations by over 70%, tobacco leaf extract (10%) achieved about 65% suppression and azadirachtin recorded ~60% control. These eco-friendly options, though less potent than imidacloprid, provided significant yield benefits and are suitable for IPM and organic farming programmes (Ghosh 2015). 
2.5 Cut worm, Agrotis ipsilon
The study shows that entomopathogenic nematodes, particularly Steinernema glaseri, are highly effective against cutworm (Agrotis ipsilon) larvae in potato. At 5×10⁹ IJ/ha, S. glaseri achieved 83% larval mortality and reduced tuber damage to 23.8%, compared to 71.4% damage in untreated controls. Heterorhabditis indica was also effective but less virulent than S. glaseri (Radhakrishnan et al., 2017). Steinernema feltiae LR showed strong pathogenicity against potato cutworm larvae, achieving nearly 100% mortality across tested temperatures, while pupae were less susceptible (around 63%). Application in aqueous suspension was the most effective method, with control levels comparable to synthetic insecticides, though efficacy declined above 28 °C (Lankin et al., 2020). Conserve natural enemies like parasitoids (Braconids, Microgaster sp., Bracon kitcheneri, Fileanta ruficanda) and predators (Broscus punctatus, Liogryllus bimaculatus) to suppress potato cutworm. Encourage predatory birds by placing birdbaths and feeders near planting beds, strengthening biological control in the field (Joshi & Solanki, 2020). 
3. Value-added products of potato
Potatoes can be transformed into a wide range of value-added products, from everyday snacks like chips and French fries to innovative items such as potato cookies, porridge mixes and gluten-free bakery goods. These products enhance marketability, nutritional appeal and consumer convenience.
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Fig 1. Value-added products of potato
3.1 Potato chips
Potato chips are made by selecting potatoes with low reducing sugars, then washing, peeling and   slicing them uniformly to ensure even heat transfer. The slices are rinsed to remove surface starch and they can be blanched to reduce enzymatic browning and improve texture. Frying at controlled temperatures (~170-180 °C) removes moisture and gelatinises starch, leading to crispness and colour development through Maillard reactions. After frying, chips are de-oiled, seasoned, cooled and packaged in moisture- and oxygen-barrier materials to preserve quality and extend shelf life (Goyal and Goyal, 2018). These technological advancements have not only increased production efficiency, but also improved the quality and taste of potato chips, making them a popular snack around the world. As consumers' health awareness grows, so does the demand for low-fat, low-salt, minimally processed and functional potato chips (Camire and Kubow 2009). International companies like Lay's and Pringles continue to dominate the high-end market despite the growth of domestic brands. Three Squirrels, Oishi, Copico, Shuyuan, Bugles, Pringles, Haoyouqu, Orion, Calbee, QinQin, Cadina, Xiao Wangzi, I'believe, Zidi, Royce and other brands are competitors (Morris and Taylor, 2019).
3.2 Potato flakes 
Potato flakes are made by washing, peeling and slicing potatoes, then removing starch and preheating at approximately 68-73 °C to inactivate enzymes. The slices are steam-cooked (~100 °C) to gelatinise the starch, then mashed into a uniform paste and drum-dried (~140 °C) to remove moisture quickly. The dried sheet is then flaked into uniform particles, ensuring low moisture content, extended shelf life and rehydration quality (Lamberti et al., 2004). In India, dehydrated potato flakes are primarily used in the production of "aloo bhujia" snacks. Iscon Balaji Foods Pvt. Ltd. in Gujarat is the largest manufacturer, with an annual production capacity of 20,000 tonnes, followed by Vegit (a subsidiary of Melino Group) in Uttar Pradesh, which produces 8000 tonnes annually. The industry is expanding its capacity to meet rising market demand (Kaur et al., 2024).
3.3 Potato snacks
Sweet potato snack foods are prepared by selecting suitable roots with appropriate dry matter and sugar content, then washing, peeling and reducing size (slicing or comminution). Pretreatments such as blanching or soaking are used to deactivate enzymes, reduce browning and alter sugar levels. Subsequent processing, typically frying, baking, or extrusion, causes starch gelatinisation, moisture reduction and Maillard browning, all of which influence texture, colourand  flavour characteristics. To maintain crispness and stability, the products are cooled, seasoned and packaged under moisture and oxygen-controlled conditions (Mu et al., 2019).
3.4 Canned potatoes 
Canned potatoes are made by peeling and chopping potatoes into uniform pieces, then blanching them to reduce the initial microbial load and inactivate enzymes. After that, the product is put into brine-filled cans and put through rotary autoclaving, which produces more consistent sterilisation by enhancing heat transfer through simultaneous thermal processing and can rotation. Compared to static processing, this method minimises texture loss and surface damage while promoting controlled starch gelatinisation and softening. In order to achieve commercial sterility along with desired firmness and colour retention, parameters like temperature, processing time and rotational speed must be optimised. Rapid cooling is then used to maintain quality and guarantee shelf stability (Rattan and Ramaswamy, 2014).
3.5 Frozen fries 
Frozen fries are made by selecting high-dry matter potatoes, then washing, peeling, cutting into strips and blanching to inactivate enzymes and reduce reducing sugars. The strips are then partially fried (par-fried) to create surface texture and colour, followed by rapid freezing (IQF) to preserve structure and reduce ice crystal damage. Key quality attributes such as texture, colour and oil uptake are optimised by controlling blanching, frying temperature and freezing rate, while keeping sugar levels low to prevent excessive browning (Saini et al., 2023).
3.6 Potato Starch
Potato starch is extracted by washing, peeling and rasping potatoes to release intracellular starch granules, which are then separated using sieves and centrifuges. The starch slurry is purified to remove fibres, proteins and solubles, then concentrated and dried to produce fine starch powder. Processing conditions are optimised to maintain granule integrity, viscosity and functional properties like gelatinisation and water-binding capacity, which are important in industrial applications (Saini et al., 2023).

4. Advantages and challenges of potato by products
Potato processing produces a significant amount of byproducts, including peels, pulp, starch residues and wastewater. These materials are increasingly recognised as valuable resources for food, feed and industrial applications, thereby promoting sustainable waste management and circular economy strategies.
4.1 Advantages
4.1.1 Nutritional and bioactive diversity:
Potato byproducts, particularly peels, are high in dietary fibre, phenolic compounds, flavonoids and important minerals like potassium and iron. These compounds have strong antioxidant properties, making them suitable for use in functional foods and nutraceutical products.
4.1.2 Techno-functional Properties:
Potato pulp and starch residues have important functional properties, including water retention, emulsification, gel formation and thickening ability. These properties make them useful in food formulations such as bakery products, soups and sauces.
4.1.3 Industrial Applications:
Starch-rich residues are commonly used in the manufacture of biodegradable films, adhesives, paper coatings and textile sizing agents. This reduces reliance on synthetic materials and encourages environmentally friendly industrial practices.
4.1.4 Biotechnological Potential:
Potato byproducts can be efficiently converted into value-added products like bioethanol, biogas, organic acids and industrial enzymes using microbial fermentation and anaerobic digestion. This helps to generate renewable energy and manage waste in a sustainable manner.
4.1.5 Animal Feed Utilisation:
Potato byproducts, with their high carbohydrate content, are an economical energy source for livestock feeding, particularly for cattle and pigs. This lowers feed costs and provides a useful outlet for agro-industrial waste.
4.1.6 Environmental Sustainability:
The use of potato waste reduces landfill disposal and environmental pollution. It promotes the circular economy by converting waste streams into useful products, thereby increasing overall resource efficiency.
4.2 Challenges
4.2.1 High rate of perishability
Potato by-products are particularly vulnerable to microbial deterioration and enzymatic breakdown due to their high moisture content. Their shelf life is severely constrained if they are not processed or preserved right away (by drying, fermenting or ensiling).
4.2.2 Handling and transportation limitations:
Due to their bulk and low density, these by-products are expensive and inefficient to handle, store and transport, particularly over long distances.
4.2. 3 Presence of toxic compounds:
Glycoalkaloids, such as solanine and chaconine, are particularly concentrated in potato peels and can be toxic if consumed in large quantities. Proper processing and detoxification are required to ensure food and feed safety.
4.2.4 Variability of composition:
The chemical composition of potato byproducts varies according to the potato variety, agronomic conditions and processing methods. This variability complicates standardization and consistent industrial utilization.
4.2.5 Wastewater management issues:
Potato processing produces wastewater with a high biochemical oxygen demand (BOD) and chemical oxygen demand (COD) due to the presence of dissolved starch and organic material. If left untreated, it can cause significant environmental pollution, necessitating efficient and often costly treatment systems.
4.2.6 Economic and technological limits:
Advanced technologies for drying, extraction and bioconversion may have a high initial investment and operational costs. This may limit adoption, especially in small- and medium-sized processing industries.
5. CONCLUSION
A wide range of insect pests provide ongoing problems to potato production and traditional chemical-based management has become unsustainable because of resistance, residual issues and ecological threats. Predators, parasitoids, entomopathogens, botanicals and microbial biopesticides are examples of eco-friendly biological control methods that provide efficient, robust and sustainable substitutes. These methods protect agricultural yields while simultaneously promoting cleaner food chains and healthier ecosystems by lowering reliance on chemicals. Crucially, chances for innovation and economic growth are created when biological management is combined with value addition channels including the commercialization of biopesticides, pest-resistant cultivars and industrial goods based on potatoes. Therefore, eco-friendly pest control is a two-pronged approach that guarantees sustainable potato production while bolstering agricultural economies through value chain diversification. To ensure long-term sustainability, future research should concentrate on expanding these methods, improving farmer uptake, and integrating biological control with contemporary agri-tech platforms.
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