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ABSTRACT

Tea (Camellia sinensis L.) is attacked by a wide range of insect pests that significantly reduce yield and quality, leading to heavy reliance
on chemical insecticides for their control. Prolonged and indiscriminate use of these chemicals in tea plantations has resulted in the
development of pest resistance, pesticide residues in tea products, and adverse ecological impacts. The formulations made of neem are a
green alternative to the traditional pesticides. Nanotechnology has made it possible to develop the neem-based formulations to increase
bioavailability of such phytochemicals. These nano-enabled products have an enhanced deadly and sub-lethal effect when it comes to the
key tea pests. This article summarizes the present developments, performance, and future of neem-based nano-formulations in sustainable
tea pest management. This article reviews the current progress, effectiveness, and future prospects of neem-based nano-formulations as

a sustainable approach to tea pest management.
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Introduction

Tea trees 60 or 70 million years ago discovered in southwest China and in
written source Chinese start drinking tea 3000 years ago. Additionally
drinking tea can help people experience longevity as well as joyful
satisfaction, relaxed, calm and rejuvenated and although there are 3 billion
users of tea globally. its various health advantages anticancer, anti-diabetic
anti-inflammatory, cardiovascular-preserving, antioxidant,
noninflammatory and anti-obesity [1]. Over the past few centuries like
China, Kenya, India, and Sri Lanka have increased both production and
consumption of tea. annual growth in tea production Between 1991 and
2000 was 2.31%, from 1078.17 million kg to 1324.65 million kilograms and
From 2001 to 2012 was average annual growth rate of 3.4% exports
increased from 1400.55 million kg to 1740 million kg in worldwide
[2].Commercial tea is classified into three primary categories and drank
worldwide fully fermented black tea 78%,non-fermented green tea 20%
and semi-fermented oolong tea 2%.Fresh tea leaf consists of amino acid
4%,carbohydrate by 25%,organic acid by 51.5%,protein by 15%,poly-
phenol by 36%, lignin by 6.5%,chlorophyll by 0.5%,ash by 5%,and
carotene and volatile chemicals by less than 0.1% in dry matter
[3]-Worldwide, 1031 arthropod species and one species feed each part of the
plant including seeds, stems, flowers, leaves, roots and if unchecked yield
loss 11% to 55% [4].Globally, Tea plants are linked to 1034 species of
arthropods and 82 species of nematodes (Chen and Chen (1989)and in
Bangladesh 4 mite species,25 insect species and 10 nematode species are
recorded (Ahmed, 2005). Tea pest can be divided into three groups leaf pest,
such as looper caterpillar, tea mosquito bugs, flush worm, leaf roller, aphid,
thrips and all mite stem pest, such as red coffee borer and root pests, such
as cockchafer grub, termites and nematodes (Mamun and Iyengar, 2010)
[5].

Neem Phytochemicals and Their Insecticidal Importance: These days
"neem" provide "good health" refers to the Neem (4.indica) tree. The neem
tree is mostly grown in southern Africa and Asia. The various parts of the
neem trees including the bark, flowers, leaves, gum and oil are treatment in
the number of illnesses, including hypertension, heart disease, Diabetes and
cancer to the previously described medicinal folklore [6]. Two most
significant groups of phytochemicals Isoprenoids and non-isoprenoids and
more than 300 phytochemicals. isoprenoids include triterpenoids, limonoids
and isoprenoids and the non-isoprene sulfur include compounds, Proteins,
tannin, sugars (polysaccharides), polyphenolics such as flavonoids and their
dihydrochalcone, glycosides, coumarin, phenolic acids and aliphatic
chemicals [7]. Phytochemicals have a significant impact on reject the plant
or whether pests accept on one hand, chemicals may be offensive or harmful
but alternatively, organic items give benefits them [8].

Types of Neem-Based Nano-Formulations:
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Neem oil nano emulsions are more efficient, reliable, and provide superior
functions. Neem oil nano emulsion gaining research in a various field
including agriculture and food sector and use starch, chitosan, or pectin-
based active packaging of foods including vegetables and fruits [9].
Nanotechnology gives the various benefits to the food industry and excepts
to prove the solution to the industry's problems. Advantages and
opportunities; such as, intelligent prepackaging, promising processionals,
the creation of environmentally friendly techniques, beverage products,
low-calorie food and the creation of products with desirable textures and
tastes [10]. Conventional pesticides can be effectively tackled by creating
an ecologically friendly pesticide delivery system (PDS) based on multiple
financiers and nanotechnology provide fresh pesticide formulation research
and effectively solved nanosized, effective, safe pesticide system and
targeted [11].

Toxicological Effects of Neem Nano-Formulations on Major Tea Pests:
Major insect pest of tea including, the red spider mite, aphids, tea mosquito
bug, bunch caterpillar, thrips, shot hole borer, tea looper complex,
scavenger termites and live wood-eating termites [12]. Neem tree plant
parts, including seeds, fruit, bark, flowers and leaves has been found having
an insecticidal impact on insects. These biochemicals stop eating and
oviposition, regulate insect growth and can block the production of cuticle
in insects and are limited by their low stability and ease of degradation. The
use of nanoparticles in the production of bioinsecticides will result in a
product that is effective, safe, responsive and Recyclable. Neem
biochemicals are able to produce nanocomposite, nano delivered, nano
emulsified and nano emulsified nano bioinsecticides are easy to apply and
equally effective [13].

Tea Pest Management:

Plant protection practices Cultural Practices is the most effective,
environmentally friendly and risk free include Plucking, Pruning, Shade
Regulation, Filed Sanitation, Fertilizer Application, Trap Crop. Physical
Methods the goal of this approach is to lower the number of pests by
employing tools like Hand Destruction, Heat Treatment and Soil Isolation,
Light Traps. Biological Control Predator, Parasitoids, Pathogen, Botanical
Products and Use of Sex Pheromone. Chemical control, pesticide play a
vital role to pest control like DDT was extensively used [14]. Neem plants
are the most important source of botanical pesticide. About Neem has been
used to control pests in many kinds of formulations, including neem
decoction, neem cake, neem seed kernel extracts (NSKE), and neem oil.
Thus, red spider mites, Looper caterpillars, thrips, and nematodes can all
controlled by neem [15]. Adopted, many agriculture management
techniques (AMPs)for ecological advancement, including contour farming,
crop rotation, planting of shade trees, agroforestry cropping systems, Cover
crops a productive agricultural method for ecological intensification [16].
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Conclusion: In terms of dealing with the pests of tea, neem nano-
formulations are an option to overcome the disadvantages of traditional
botanical insecticides. The nanoencapsulation and controlled-release
systems enhance phytochemicals in neem in terms of their effectiveness,
persistence, and penetration. These formulations report better toxicological
impact against tea pests compared to traditional formulations. They are
often equally effective as synthetic pesticides, and they are also less harmful
to non-target organisms and the environment. Mass field tests and detailed
safety tests are however quite limited. Further research to help in the
production of sustainable tea should focus on the field testing, legal
structure, and its integration with IPM systems.

References

[1] Pan SY, Nie Q, Tai HC, Song XL, Tong YF, Zhang LJ, Wu XW, Lin ZH, Zhang YY, Ye DY,
Zhang Y. Tea and tea drinking: China’s outstanding contributions to the mankind. Chinese
medicine. 2022 Feb 22;17(1):27.

[2] Gunathilaka RD, Tularam GA. The tea industry and a review of its price modelling in major
tea producing countries. Journal of Management and Strategy. 2016 Jan;7(1):21-36.

[3] Basaran B. The importance of tea in the correlation between caffeine and health. InBioactive
Compounds in Nutraceutical and Functional Food for Good Human Health 2020 Sep 16.
IntechOpen.

[4] Hazarika LK, Bhuyan M, Hazarika BN. Insect pests of tea and their management. Annual
review of entomology. 2009 Jan 7;54(1):267-84.

[5] Mamun MS, Ahmed M, Paul SK. Integrated approaches in tea pest management for sustainable
tea production. InProceedings of the workshop on tea production technology updated 2014 Dec

Published on: 31 December, 2025

16]

171
18]
191

[10]

[11]

[12]

[13]
[14]
[15]

[16]

(Vol. 24, pp. 18-32). Dhaka: 24 December 2014, organized by Bangladesh Tea Research
Institute, Srimangal, Moulvibazar and Krishi Gobeshona Foundation, BARC campus.

Islas JF, Acosta E, Zuca G, Delgado-Gallegos JL, Moreno-Treviiio MG, Escalante B, Moreno-
Cuevas JE. An overview of Neem (Azadirachta indica) and its potential impact on health.
Journal of functional foods. 2020 Nov 1;74:104171.

Maji S, Modak S. Neem: Treasure of natural phytochemicals. Chemical Science Review and
Letters. 2021;10(39):396-401.

Mordue AJ. Present concepts of the mode of action of azadirachtin from neem. InNeem: Today
and in the new millennium 2004 Mar 31 (pp. 229-242). Dordrecht: Springer Netherlands.
Kumar S, Singh N, Devi LS, Kumar S, Kamle M, Kumar P, Mukherjee A. Neem oil and its
nanoemulsion in sustainable food preservation and packaging: Current status and future
prospects. Journal of Agriculture and Food Research. 2022 Mar 1;7:100254.

Katouzian I, Jafari SM. Nano-encapsulation as a promising approach for targeted delivery and
controlled release of vitamins. Trends in Food Science & Technology. 2016 Jul 1;53:34-48.
Jiang X, Yang F, Jia W, Jiang Y, Wu X, Song S, Shen H, Shen J. Nanomaterials and
nanotechnology in agricultural pesticide delivery: a review. Langmuir. 2024 Aug
23;40(36):18806-20.

Islam MS, Islam AS, Hasan R, Siddika A, Tanni KT, Maleque MA. MAJOR PESTS OF TEA
AND THEIR INTEGRATED MANAGEMENT WITH A FOCUS ON TEA RED SPIDER
MITE: A REVIEW.

Ojo SK, Ojo AM, Ayo 10, Oluwole BR, Otugboyega JO. Nanobioinsecticides Derived from
Neem-Based Preparations. Handbook of Agricultural Biotechnology. 2024 Oct 7;4:27-68.
Talukdar B, Deka MK, Dutta C. Chapter-9 Major Insect Pests of Tea and Their Management
in NE Region. Dynamic Agriculture: Problems and Way Forward. 2025:139.

Mamun MS. Development of tea science and tea industry in Bangladesh and advances of plant
extracts in tea pest management. Int. J. Sustain. Agril. Tech. 2011;7(5):40-6.

Pokharel SS, Yu H, Fang W, Parajulee MN, Chen F. Intercropping cover crops for a vital
ecosystem service: A review of the biocontrol of insect pests in tea agroecosystems. Plants.
2023 Jun 18;12(12):2361.

30

https://biologicaltimes.com/



https://biologicaltimes.com/

