


Review Article

Sucking insect pests of mulberry and their integrated management for sustainable sericulture
Abstract
Mulberry leaf production is constrained by sap-feeding and cell-content-feeding insect pests, whose damage may reduce both the availability and suitability of foliage for silkworm rearing. This narrative review examines aphids, thrips, whiteflies, pink hibiscus mealybug and papaya mealybug, with particular attention to Indian sericulture and evidence available through 2026. Published taxonomic investigations, pest-management studies and institutional reports were assessed for pest identity, injury patterns, management outcomes and implications for silkworm safety. Recent surveys indicate that mulberry-associated thrips in southern India form a species complex, making species-level identification important when interpreting damage and selecting interventions. Evidence on papaya mealybug demonstrates the value of parasitoid-based biological control, although outcomes depend on local conditions and the time required for natural enemies to become established. Field studies of insecticides illustrate why reductions in pest populations must be considered alongside the effects of treated leaves on silkworm development. Hyperspectral measurements offer potential for detecting pest-associated leaf stress but cannot yet substitute for confirmed insect identification. An integrated approach should combine clean planting material, regular scouting, selective sanitation, appropriate crop nutrition and conservation of natural enemies. Chemical interventions require authorised use and locally validated intervals before harvested leaves are fed to silkworms. Further research should establish crop-specific action thresholds and assess usable leaf yield, pesticide residues and cocoon traits under replicated field conditions. 
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1. Introduction
Mulberry is the primary cultivated source of leaves for feeding domestic silkworms. Crop protection in this production system has two related objectives: to ensure an adequate supply of usable leaves and to ensure that harvested foliage supports healthy silkworm development. A treatment that reduces pest abundance but leaves hazardous residues can be counterproductive to leaf production. Decisions must therefore relate observations in the mulberry garden to the timing of leaf harvest and rearing operations.
Recent assessments of insect pest management emphasise the value of comparing pest-control benefits with environmental risks (Peterson, 2025). A synthesis of pesticide effects on non-target organisms likewise supports caution when evaluating intervention safety, although these broader results do not establish silkworm-specific exposure limits (Wan et al., 2025).
The term ‘sucking pests’ encompasses insects with different feeding mechanisms. Aphids, whiteflies and mealybugs are hemipterans that use piercing stylets to obtain plant fluids, whereas thrips puncture tissues and extract cell contents. These differences influence symptoms and sampling. Honeydew and associated sooty mould are prominent with many hemipterans, whereas silvering, bronzing and distortion are common with thrips injury (Central Silk Board, n.d.; Mound, 2005). A recent review of mulberry pest management identifies the selection and integration of biological control agents as an important practical consideration (Shruthi et al., 2024). A study of abamectin-treated mulberry foliage measured silkworm cocoon and filament traits at defined post-application intervals, illustrating the need to assess feeding outcomes under the conditions tested (Shwetha et al., 2025).
New species identifications and invasive-pest records necessitate a species-level re-evaluation of mulberry-pest descriptions. Specifically, a southern Indian investigation challenged the assumption that one named thrips species accounts for the local pest complex (Sreerama Kumar et al., 2024). This review synthesises evidence on major pest groups, evaluates recent findings and develops practical management priorities. It does not present new experimental results or an estimate of a pooled yield-loss percentage. A broader review of hyperspectral imaging in precision agriculture identifies field implementation and validation as challenges for translating crop-stress monitoring into practice (Ram et al., 2024). Despite advances in pest identification, biological control and monitoring, the evidence considered in this review remains insufficient to establish broadly transferable, species-specific action thresholds and silkworm-safe intervention intervals for mulberry production.
The objective of this review is to appraise evidence on sucking-pest identity, injury assessment and integrated management in mulberry while considering the safety of harvested foliage for silkworm rearing.
2. Review scope and evidence appraisal
2.1 Review scope and literature selection
This is a focused narrative review rather than a systematic review or meta-analysis. The manuscript was reassessed using targeted web searches and publisher or institutional sources accessed on 3 October 2026. Search terms combined mulberry or Morus with sucking pests, thrips, whitefly, mealybug, biological control, silkworm safety and hyperspectral monitoring. Recent additions were selected from 2024–2026 publications and official pest reports; older sources were retained where they supported foundational biology or direct mulberry evidence.
2.2 Evidence appraisal and limitations
Sources were evaluated for pest identity, host crop, location, experimental setting and relevance to silkworm feeding. Taxonomic studies were used to qualify historical species records. Official pest reports were interpreted as geographically and temporally bounded assessments. Results from laboratory or limited field trials were not treated as proof of universal field performance, a legally approved pesticide use or a generally safe feeding interval. The selected evidence is summarized in Table 2. No exhaustive database search, formal risk-of-bias scoring or quantitative synthesis was undertaken.
3. Pest identity and biological characteristics
Table 1 summarises the principal groups discussed here. It is a diagnostic guide for scouting, not an identification key. Similar symptoms can have different causes, and species confirmation may require mounted specimens and expert examination. The relative importance of each group varies among locations and pruning cycles.
3.1 Aphids
Aphis gossypii is a widely distributed, polyphagous aphid relevant to crop surveillance. Colonies on tender growth should be identified rather than assigned to this species solely from their colour. Small, soft-bodied aphids typically occur as wingless colonising forms and winged dispersal forms. Their paired abdominal cornicles are useful recognition characters; honeydew is excreted through the anus, not secreted by the cornicles or cauda (Cocuzza, 2024).
Aphids develop through nymphal instars without a pupal stage. Viviparous parthenogenesis can enable rapid colony growth under suitable conditions, but reproductive rates depend on the host and environment. Feeding is associated with leaf curling, chlorosis and honeydew contamination. Their importance as vectors in other crops does not by itself establish transmission of a specific mulberry pathogen. Mulberry surveys should record aphid identity, abundance and symptoms before inferring either economic importance or a vector relationship.
Aphid wing and reproductive polyphenisms are linked to environmental signals and maternal developmental regulation. Viviparity can connect maternal conditions with developing offspring, which provides a biological explanation for rapid changes in colony structure. These general aphid mechanisms should be distinguished from measured population-growth rates on mulberry (Ogawa & Miura, 2014).
3.2 Thrips and the changing species complex
Older mulberry literature frequently identifies Pseudodendrothrips mori. However, examination of specimens collected in Andhra Pradesh, Karnataka and Tamil Nadu during 2017–2023 identified Pseudodendrothrips darci, Bathrips melanicornis, Scirtothrips dorsalis, Thrips palmi and Thrips parvispinus. Pseudodendrothrips darci was the most common species in the surveyed states. The same study discusses correction of an earlier Pseudodendrothrips bhattii record and the danger of presumed identifications (Sreerama Kumar et al., 2024).
Thrips have one pair of antennae and asymmetrical mouthparts, including a functional left mandible. Feeding larvae and adults damage leaf cells. Development includes eggs, two feeding larval instars and non-feeding prepupal and pupal stages before adulthood; it should not be described as simultaneous complete and incomplete metamorphosis. The duration of development and the location of resting stages depend on species and conditions (Mound, 2005).
Silvering, dark faecal specks, bronzing and distorted leaves are useful field indicators. In the recent southern Indian investigation, upward curling was associated with Pseudodendrothrips darci and downward curling with Thrips parvispinus at a mixed-infestation site. These associations guide specimen collection but do not replace identification. Management trials should preserve vouchers and state how identities were established (Sreerama Kumar et al., 2024).
Taxonomic revision directly supports for reassessing historical records: Rachana et al. (2022) supplied an identification key to Indian Pseudodendrothrips and concluded that the Indian record of Pseudodendrothrips bhattii represented Pseudodendrothrips darci. More broadly, the small size and concealed habits of thrips complicate early detection and facilitate movement with plants. Nursery inspection and accurate identification are therefore important components of invasive-thrips surveillance (Morse & Hoddle, 2006).
3.3 Whiteflies
Mulberry whiteflies form a locally variable species complex; Bemisia tabaci should not be assumed to be the principal species everywhere. Central Silk Board guidance documents Dialeuropora decempuncta on mulberry, and recent mulberry monitoring research includes Aleurodicus dispersus. Both adult identity and immature-stage characters matter when distinguishing taxa (Central Silk Board, n.d.; Kalpana et al., 2026).
Adult whiteflies are small and wax-covered. Eggs and settled immature stages occur mainly on leaf undersides; the first-instar crawler disperses locally before later stages become relatively sedentary. Sap extraction, honeydew and sooty mould can reduce the suitability of leaves for rearing. Spiralling wax or egg arrangements are valuable clues for particular taxa but should not be generalised to every whitefly. Yellow sticky cards provide an adult-flight index and should be paired with direct counts on foliage.
Even when Bemisia tabaci is confirmed, its name encompasses a complex of morphologically similar species rather than a biologically uniform entity. De Barro et al. (2011) explain why historical biotype terminology can obscure this diversity. Reports should state the basis of identification and avoid transferring insecticide susceptibility or vector competence between populations without supporting evidence.
3.4 Pink hibiscus mealybug
Maconellicoccus hirsutus is a polyphagous pseudococcid associated with distorted tender shoots and compact, bunchy growth in mulberry. Females and feeding immatures are covered with wax, which can obscure body characters. Females continue feeding; adult males have reduced mouthparts and do not feed (European and Mediterranean Plant Protection Organization [EPPO], 2026).
Eggs occur within waxy ovisacs. Crawlers are important for dispersal and colonization, whereas later female stages are less mobile. Reproduction and generation time vary with location and environmental conditions, so a single fecundity or lifespan value should not be transferred across studies. Planting material and nearby infested hosts can maintain infestations. Conservation or release of suitable natural enemies, including Cryptolaemus montrouzieri and Anagyrus kamali where available and appropriate, is preferable to repeated disruptive spraying (EPPO, 2026).
3.5 Papaya mealybug
Paracoccus marginatus is a separate species that must be distinguished from pink hibiscus mealybug. Females are typically yellowish beneath their wax covering, but species confirmation requires diagnostic characters rather than body colour alone. Feeding females and nymphs occupy leaves and tender shoots; males do not feed. Mulberry is among the hosts listed in India’s official pest report (Government of India, 2024).
The Indian report records initial detection on papaya in Coimbatore in 2008 and subsequent spread to other states. Its July 2024 assessment states that biological control had suppressed the pest below economic threshold levels in reported areas. This is evidence of successful suppression at the reporting scale, not assurance that an individual mulberry garden cannot experience renewed infestation. Continued scouting and conservation of established parasitoids remain necessary (Government of India, 2024).
Table 1 Principal sucking insect groups and field recognition priorities
	Group and examples
	Main injury indicators
	Confirmation priority

	Aphids such as Aphis gossypii
	Colonies on young growth; curling and honeydew
	Use aphid morphology; do not rely on colour

	Thrips including Pseudodendrothrips darci and Thrips parvispinus
	Silvering, faecal specks and leaf distortion
	Examine mounted specimens; retain vouchers

	Whiteflies including Aleurodicus dispersus and Dialeuropora decempuncta
	Leaf-underside colonies, wax and sooty mould
	Identify adults and immature stages

	Maconellicoccus hirsutus
	Waxy colonies and bunchy shoots
	Distinguish from other mealybugs

	Paracoccus marginatus
	Waxy colonies, chlorosis and distorted growth
	Confirm identity before parasitoid selection


Sources: Cocuzza (2024), EPPO (2026) and Government of India (2024). Additional diagnostic evidence: Central Silk Board (n.d.), Sreerama Kumar et al. (2024) and Kalpana et al. (2026).
4. Injury assessment and monitoring
Mulberry injury involves more than pest presence; it also affects the supply of usable leaves. Scouting records must distinguish live insects from wax residues, honeydew, dead colonies and old damage. Leaf position and age should be standardised because a count from tender terminal foliage cannot be directly compared to a count from mature leaves. The monitoring approach presented below is a proposed framework that requires local validation and is not a published global sampling standard.
A routine scouting route should include the edges of fields and the interior. At each visit, observers may inspect a fixed number of plants, recording insects per sampled leaf, proportion of infested shoots, fresh injury, natural enemies and days after pruning. Suspected new species should be collected separately and labelled by site, date, host variety and plant part. Sticky-card catches should be regarded as an index of relative flight activity and should not be used as a substitute for estimates of leaf infestation.
There is no universal weather rule that can be applied to this complex. Rainfall, irrigation, leaf flush and temperature can affect pests and natural enemies differently. Site records should therefore link repeated pest observations to measured weather and crop stage. Severe distortion can also be caused by mites or non-insect stresses, so diagnostic examination should precede treatment. Mites are beyond the taxonomic scope of this insect review but are an important differential diagnosis in mulberry fields.
5. Integrated management in sericulture
5.1 Prevention and cultural management
Integrated pest management employs compatible strategies selected from field observations and does not rely on calendar-based spraying. Its ecological basis emphasises the crop, pests, natural enemies and production objectives as an interacting system (Kogan, 1998). Clean planting material and the separation of infested nursery plants can minimise the introduction of pests in sericulture. Pruning residues with active colonies should be contained and removed rather than moved through uninfested rows.
Crop nutrition and irrigation should be aligned with agronomic needs. Excessive tender growth induced by nitrogen may favour some sap feeders, but withholding fertiliser indiscriminately can reduce leaf production. Localised populations may be reduced by selective removal of heavily infested shoots; however, uprooting of established mulberry plants is generally disproportionate for manageable foliar infestations. Before widespread clearance, surrounding vegetation should be examined for pest reservoirs and beneficial insects.
Vegetation management can help natural enemies by providing shelter, nectar, pollen and alternative prey or hosts; Gurr et al. (2017) point out that these resources have to be chosen and evaluated within the farming system. For mulberry, the effects of flowering borders or retained vegetation on pests and beneficial insects require testing. Habitat diversification is a management hypothesis requiring local testing and not a universally applicable prescription.
5.2 Mechanical methods and conservation of natural enemies
Where water quality and crop conditions permit, selective sanitation and carefully directed water sprays may reduce early localized infestations. Sticky traps are primarily monitoring aids. Trapping alone cannot be assumed to suppress an established leaf-underside population. Physical exclusion and inspection are particularly important for nursery plants. Subsequent counts should evaluate the effects of these measures rather than only the immediate removal of visible insects.
Scouting should include records of predators and parasitoids. Wax-covered colonies can also be a source of ladybird larvae, lacewing larvae and other predators. Mummified hosts suggest parasitoid activity. The presence of a natural enemy does not in itself indicate sufficient control, but an increase in parasitism in combination with decreasing live pest counts may justify postponing disruptive intervention. Parasitoid selection should be species-specific and agents used against pink hibiscus mealybug should not be automatically transferred to papaya mealybug.
There are three principal approaches to biological control: conservation, augmentation and classical introduction. Conservation supports resident enemies, augmentation increases natural-enemy populations through releases, and classical control aims to establish introduced enemies against an invasive pest. Their operational timescales and evidence requirements differ (Bale et al., 2008). The commercial availability of an agent is not sufficient to demonstrate its suitability; delivery, culture quality, crop conditions and identification influence its implementation (van Lenteren et al., 2018).
5.3 Biological control of papaya mealybug
Evidence from mulberry studies indicates the importance of Acerophagus papayae. In a study in Tamil Nadu, three introduced encyrtid parasitoids were released at six locations, and a progressive decline in papaya mealybug populations was observed. By the sixth month, the population reduction was 96.6% and parasitism was 72.2%; among the released species, Acerophagus papayae was the most active in the field (Sakthivel, 2013). This delayed response highlights the need to allow parasitoids to become established rather than anticipate immediate elimination after release.
Release programmes need correct host identification, healthy cultures of the parasitoids and coordination with local sericulture or biological control services. Frequent use of insecticides during establishment can undermine the intended program. Positive results from India give strong support for conservation, but the performance of an introduced parasitoid depends on host availability and the local environment. In Africa, modelling showed that climatic suitability for Acerophagus papayae does not always overlap with all areas suitable for its host, and illustrating why performance cannot be assumed across regions (Finch et al., 2024).
Introductions of exotic natural enemies should take into account host specificity and possible effects on non-target organisms. The risk assessment should be done using the appropriate regulatory process and expert judgement (van Lenteren et al., 2006) before introduction. The fact that there have been successful introductions in the past is no justification for growers to move or release unassessed organisms independently.
5.4 Botanicals and microbial products
Botanical and microbial insecticides could form part of a diversified programme, but their origin does not guarantee safety for Bombyx mori. Product concentration, formulation, persistence and application timing can influence pest responses and exposure during feeding. Recommendations for routine use on mulberry should be preceded by laboratory assessments of target-insect mortality, field evaluation and assessment of silkworm feeding.
For fungal biological control, strain-specific efficacy and compatibility need to be demonstrated. The risk assessment should address the exposure of insects in the rearing house and contamination of harvested foliage. Lists of fungal species, spray concentrations or untested neem application rates cannot replace validated, crop-specific programs. Trials should report pest identity, viable inoculum or active ingredient, untreated controls, environmental conditions and effects on beneficial arthropods.
In the wider botanical-insecticide literature, promising laboratory activity is distinguished from products with reproducible formulations, regulatory authorisation and practical field performance. Examples of established candidates include neem and pyrethrum, whereas many essential oil candidates face barriers to development and commercialisation (Isman, 2020). For the mulberry-specific evaluations, the composition and formulation should be reported so that an observed response can be reproduced.
Fungal pest-control products also comprise defined organisms and specific formulation types; they are not interchangeable preparations. The diversity of active fungi and commercial formulations is illustrated by the international inventory compiled by de Faria and Wraight (2007). Their classification is useful for a careful description of the products, but their efficacy and compatibility with silkworm rearing still need to be directly tested.
5.5 Chemical intervention and silkworm safety
Pesticide options should be considered only if pest identity, infestation trend, usable-leaf loss and non-chemical control warrant intervention. Authorisation for the crop and target pest must be checked independently from the research publication. Efficacy in an experiment does not imply that a product is approved for use. A generic list of concentrations cannot determine this choice. Decisions should be based on product-label instructions and relevant local requirements.
Recent diafenthiuron research illustrates the difference between efficacy and feed safety. A field study carried out in 2026 reported suppression of thrips and mites and better leaf production under its experimental conditions (Gagana Sindhu et al., 2026). A 2025 feeding study evaluated sprayed leaves at defined intervals after treatment and separately reported favourable rearing outcomes 20 days after application (Gagana Sindhu et al., 2025). These observations warrant further validation but do not establish a universal 20-day interval for different formulations, spray schedules, silkworm stages or environments.
Where chemical treatment is necessary, resistance management should rotate truly different modes of action. Effective rotation is not achieved by simply changing a trade name without changing the mode of action. The Insecticide Resistance Action Committee classification can be used as a reference for this purpose, but it does not specify legal crop use or silkworm safety (Insecticide Resistance Action Committee [IRAC], 2026). Feeding decisions should also consider the availability of untreated foliage and spray drift from neighbouring crops.
A mode-of-action programme should be linked to standardised susceptibility bioassays and field treatment histories. Sparks and Nauen (2015) describe classification as a basis for the selection of rotation options in resistance management. A reduction in field efficacy cannot be taken as proof of resistance inheritance because performance can also be affected by coverage, pest identity, timing of application and weather.
6. Recent developments and critical interpretation
Table 2 separates recent findings from their practical limitations. Three developments are especially relevant: revised pest identities, official evidence of suppression through biological control, and monitoring methods that detect stress before extensive visible injury. These advances strengthen management only when interpreted within the host, location and experimental conditions in which they were generated.
Table 2 Selected recent evidence and implications for mulberry management
	Source
	Verified contribution
	Interpretive limit

	Sreerama Kumar et al. (2024)
	Documents a diverse southern Indian thrips complex
	Surveyed sites do not establish national dominance

	Government of India (2024)
	Reports papaya mealybug suppression through biological control
	Official status does not exclude local resurgence

	Finch et al. (2024)
	Models parasitoid and pest climatic suitability in Africa
	Prediction is not a release trial in Indian mulberry

	Gagana Sindhu et al. (2025, 2026)
	Provides pesticide feeding-safety and field-efficacy evidence
	Experimental results do not establish universal crop-use safety

	Kalpana et al. (2026)
	Reports hyperspectral red-edge shifts in infested V1 mulberry
	Stress detection needs independent and multi-stress validation


This table summarises selected evidence; it is not a meta-analysis or a comparison of treatment efficacy across studies.
Kalpana et al. (2026) used hyperspectral measurements on V1 mulberry and reported a shift in the red-edge position towards shorter wavelengths in pest-infested plants. Measurements at several post-pruning ages indicate potential for detecting physiological stress associated with whitefly, mealybug and thrips infestation. However, spectral stress signatures should not be equated with definitive insect identification. Nutrient deficiency, water stress and other leaf disorders require inclusion as competing explanations during validation.
A practical digital programme would combine images or spectral observations with confirmed pest counts and crop records. Algorithms should be assessed across independent farms and seasons, with explicit reporting of false alarms and missed infestations. The value to sericulture would depend on whether earlier detection improves usable leaf availability while reducing hazardous interventions. These are proposed evaluation criteria, not established outcomes of the cited spectral study.
Acute mortality is only one component of pesticide effects on beneficial arthropods. Changes in behaviour, physiology and reproductive performance can impair biological control even when many exposed individuals survive (Desneux et al., 2007). This broader evidence supports the inclusion of sublethal endpoints in mulberry natural-enemy studies; it should not be interpreted as a numerical toxicity estimate for Bombyx mori.
7. Research gaps and priorities
Taxonomic uncertainty is a major limitation. Voucher specimens should be retained and the method of identification documented before ascribing species-specific biology, response to climate or control efficacy. Molecular tools are useful to complement morphological diagnosis, if reliable reference sequences are available. Local species composition may change and should be carefully re-examined in historical records, but this should not be a reason to erase all older records from another region.
Action thresholds should relate pest density to the actual production objective. Replicated studies should quantify harvestable leaf biomass, proportion suitable for feeding, leaf nutritional traits and cocoon performance. Economic comparisons should take account of the cost of the intervention, the loss of leaf due to contamination and the time taken to obtain replacement foliage. A threshold based on cotton, vegetable or fruit crops cannot be assumed to be applicable to mulberry. Safety studies should evaluate the exposure pathway from treated foliage to larvae, including different instars, repeated feeding and sublethal effects. Suitable end-points include survival, development time, larval weight, cocoon weight, shell weight and reproductive performance where appropriate. Using residue measurements and standardised feeding bioassays would increase the transferability of the results compared to mortality observations alone. Target pest efficacy should be considered along with natural enemy compatibility. Finally, integrated programmes need to be compared with routine farm practice over several seasons. Evaluations should include the pest complex, pruning schedule, weather, natural-enemy status, and availability of untreated feed. Such studies can test whether scouting, biological control and selective intervention continue to work when outbreaks involve multiple species simultaneously. Involving farmers would help determine the feasibility of the proposed monitoring and record-keeping requirements.
8. Conclusion
Integrated management of sucking insect pests in mulberry must protect both leaf production and the silkworms that depend on harvested foliage. Evidence reviewed here indicates that pest identification is a prerequisite for interpreting field symptoms and choosing suitable interventions, particularly where several thrips species coexist. Published findings also support the role of natural enemies in suppressing papaya mealybug, while demonstrating that biological control requires suitable establishment conditions and continued surveillance. Preventive practices, clean planting material, routine scouting, selective removal of infested shoots and balanced crop management provide a practical foundation for integrated management. Monitoring should distinguish active infestations from residual damage and record crop stage, pest abundance and natural-enemy activity. Botanical, microbial and chemical products should not be regarded as intrinsically safe for silkworms; their use requires species-specific efficacy data and appropriate exposure assessment. In particular, chemical treatment decisions must comply with current authorisations and validated feeding intervals. Further replicated studies should link confirmed pest identities and population levels with harvestable leaf yield, residue exposure and cocoon performance across pruning cycles and seasons. Such evidence would help refine locally applicable, silkworm-compatible management recommendations. 

Limitations 
This article is a focused narrative review rather than a systematic review or meta-analysis. Its conclusions draw on taxonomic studies, institutional reports and pest-management investigations conducted under differing locations and experimental conditions. These differences limit the transferability of pest rankings, biological-control outcomes and pesticide feeding intervals. Available findings also provide an incomplete basis for establishing species-specific action thresholds or for distinguishing pest-induced spectral stress from other sources of leaf stress. Consequently, the proposed monitoring and management priorities require locally replicated evaluation before they can be treated as broadly applicable recommendations.
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