Impact of Botanically Derived Seed Treatments on the Management of Insect Pests and Preservation of Seed Quality in Stored Pearl Millet (Pennisetum glaucum L.)


Abstract
The present study evaluated the efficacy of botanically derived seed treatments for managing insect pests and maintaining the quality of stored pearl millet [Pennisetum glaucum (L.)] under ambient conditions. Certified seeds of the variety “Dhanshakti” were treated with eight botanicals—eucalyptus leaves, garlic powder, marigold leaves, turmeric powder, lemongrass, citrus leaves, garden mint leaves, and ginger leaves alongside an untreated control. The seeds were stored for four months, and observations were recorded on seed damage, weight loss, and germination percentage. Among the treatments, eucalyptus leaves were most effective, reducing seed damage (4.58%) and weight loss (3.44%) while maintaining the highest germination (88.9%). Garlic powder ranked second (seed damage 5.44%, weight loss 4.08%, germination 85.7%), followed by marigold leaves (6.34% damage, 83.1% germination). Turmeric powder, lemongrass, and citrus leaves showed moderate protection, sustaining germination above 79%. Garden mint and ginger leaves were less effective, with ginger leaves showing the highest damage (7.98%) and lower germination (76.5%) among the botanicals. The untreated control exhibited maximum damage (11.18%), weight loss (8.38%), and the lowest germination (69.7%). These results highlight eucalyptus leaves and garlic powder as promising eco-friendly, cost-effective seed protectants, offering safer alternatives for pest management and improved grain storage, particularly for smallholder farmers in millet-growing regions.
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Introduction
Pearl millet (Pennisetum glaucum (L.)) is one of the most important coarse cereals cultivated across the arid and semi-arid regions of Africa and Asia, including India. Its remarkable tolerance to drought, elevated temperatures, and nutrient-poor soils makes it a vital crop for marginal farmers and a key contributor to food and nutritional security. Beyond its adaptability, pearl millet is nutritionally dense, providing proteins, dietary fiber, and essential micronutrients such as iron and zinc, which are critical for combating malnutrition and improving public health (Ali et al., 2023; Poelman et al., 2023).
Despite these advantages, pearl millet remains highly vulnerable to post-harvest losses, predominantly caused by insect pests during storage. Such infestations severely reduce both grain quality and quantity, with losses estimated to reach up to 40% in developing countries. Among these pests, the maize weevil (Sitophilus zeamais) is particularly destructive (Phokwe & Manganyi, 2023). Addressing this challenge requires sustainable and innovative management strategies, especially considering the environmental and health risks associated with chemical insecticides (Kadir et al., 2025). Conventional synthetic insecticides not only pose phytotoxic effects but also raise food safety concerns, underlining the urgent need for eco-friendly alternatives (Ogbonnaya et al., 2022; Kavallieratos et al., 2021).
In this context, botanical pesticides have gained increasing attention. Derived from natural plant compounds, these bio-rational agents are biodegradable, environmentally safe, and pose minimal risks to non-target organisms (Bruce & Boateng, 2025). Several plant extracts have shown efficacy against major storage pests, including the maize weevil, by disrupting adult survival and inhibiting vital enzymatic activities (Halliru & Suleiman, 2022). Their non-toxic mode of action not only reduces economic losses associated with grain damage but also provides a sustainable pest management approach suitable for smallholder farmers (Akbar et al., 2022; Berhe et al., 2022). Thus, botanical protectants represent a promising alternative to synthetic insecticides for safeguarding pearl millet during storage while ensuring food safety and sustainability.
Seed quality is a fundamental determinant of agricultural success, exerting a strong influence on crop productivity and yield potential. The use of high-quality seeds ensures uniform field establishment and vigorous seedling growth, enabling plants to better withstand both abiotic and biotic stresses (Jacob, Kumar, Varghese, & Sinha, 2016). Despite this importance, seed deterioration during storage remains unavoidable, driven by metabolic changes, alterations in composition, and reductions in enzymatic activity (Doijode, 2000). Such processes gradually reduce seed viability and vigor, presenting a major challenge for long-term storage and sustainable crop production.
In this context, the present study was undertaken to investigate the efficacy of botanically derived seed treatments for the management of insect pests and the preservation of seed quality in stored pearl millet. The findings aim to provide insights into sustainable, eco-friendly grain storage practices that reduce dependence on synthetic chemicals.
Materials and Methods
Experimental Site and Duration
The study entitled “Impact of Botanically Derived Seed Treatments on the Management of Insect Pests and Preservation of Seed Quality in Stored Pearl Millet (Pennisetum glaucum (L.))” was conducted in the Laboratory of Agricultural Entomology, Institute of Agricultural Sciences, Bundelkhand University, Jhansi (U.P.), during October 2024–April 2025.
Seed Material
Certified and freshly harvested seeds of pearl millet cultivar Dhanshakti were procured from the Department of Agronomy, Bundelkhand University, Jhansi. Prior to treatment, initial observations on germination, seed vigour, and moisture content were recorded.
[bookmark: _GoBack]Experimental Design
The experiment was laid out in a Completely Randomized Design (CRD) with nine treatments and three replications.
Table 1. Treatment details
	Treatment code
	Botanical agent
	Scientific name
	Formulation
	Dosage (w/w)

	T1
	Citrus leaves
	Citrus spp.
	Powder
	1%

	T2
	Garlic powder
	Allium sativum
	Powder
	1%

	T3
	Eucalyptus leaves
	Eucalyptus globulus
	Powder
	1%

	T4
	Ginger leaves
	Zingiber officinale
	Powder
	1%

	T5
	Turmeric powder
	Curcuma longa
	Powder
	1%

	T6
	Lemongrass
	Cymbopogon citratus
	Powder
	1%

	T7
	Marigold leaves
	Tagetes spp.
	Powder
	1%

	T8
	Garden mint leaves
	Mentha spp.
	Powder
	1%

	T9
	Control (untreated)
	–
	–
	–


Preparation of Botanical Treatments
Fresh leaves were collected locally and shade-dried for 7–10 days. Dried materials were ground into fine powders, sieved, and stored in airtight containers. For aqueous extracts, 50 g of powder was soaked in 500 ml distilled water for 24 h and filtered through muslin cloth.
Seed Treatment Protocol
For powder application, 1 kg of seeds was uniformly coated with botanical powders at 1% (w/w) using hand mixing. For extracts, seeds were soaked for 30 min, shade-dried to original moisture content, and stored. Untreated seeds served as the control.
Storage Conditions
Treated and control seeds (1 kg each) were stored in high-density polyethylene (HDPE) bags under ambient laboratory conditions (25 ± 2 °C; 65 ± 5% RH) for six months.
Artificial Infestation
To simulate pest pressure, 10 pairs of Sitophilus oryzae adults were introduced into each storage bag at the onset of storage. Additional experiments were conducted using Trogoderma granarium larvae and Rhyzopertha dominica adults reared on disinfested pearl millet grains. Pest cultures were maintained under controlled conditions following fumigation of grains with aluminum phosphide to eliminate latent infestations.
Statistical Analysis
Data were analyzed using Analysis of Variance (ANOVA) as per the CRD model. Treatment means were compared using appropriate post-hoc tests at a 5% significance level. Data analysis was carried out using SPSS and R software.

Results And Discussion
3.1 Population Dynamics of Insect Pests in Stored Pearl Millet
An experiment conducted under controlled laboratory conditions revealed the population dynamics of four major insect pests infesting stored pearl millet: Sitophilus oryzae (Rice weevil), Tribolium castaneum (Red flour beetle), Rhyzopertha dominica (Lesser grain borer), and Trogoderma granarium (Khapra beetle). Infestation was monitored monthly for four months and expressed as the percentage of grains showing visible insect damage (Table 2).
Table 2 infestation of Major insect pest on stored pearl millet
	Insect Pest
	1st Month (%)
	2nd Month (%)
	3rd Month (%)
	4th Month (%)
	Average Infestation
(%)
	Total Average Infestation

	Sitophilus oryzae (Rice weevil)
	5.6
	12.4
	21.8
	30.2
	17.5
	13.1

	Tribolium castaneum (Red flour beetle)
	
3.2
	
8.6
	
15.1
	
22.7
	
12.4
	
32.5

	Rhyzopertha dominica (Lesser grain borer)
	
2.8
	
7.3
	
13.9
	
20.5
	
11.1
	
59.5

	Trogoderma granarium (Khapra beetle)
	
1.5
	
4.2
	
8.7
	
12.6
	
6.75
	
86





	



The results showed a consistent increase in infestation with storage duration. S. oryzae recorded the highest escalation (5.6% in the 1st month to 30.2% in the 4th month). T. castaneum also increased steadily from 3.2% to 22.7%. R. dominica infestation rose from 2.8% in the first month to 20.5% by the fourth month. Although T. granarium started with the lowest initial infestation (1.5%), it showed the highest cumulative average (86%), indicating its persistence during prolonged storage. The progressive infestation pattern reflects the adaptability of storage pests to pearl millet grains. S. oryzae, being a primary pest with internal feeding behavior, caused rapid and significant damage.  These results emphasize the urgent need for safe and effective storage strategies, particularly botanical protectants, to mitigate pest buildup during long-term storage. Similar findings have been reported by Jacob et al. (2016), Rai et al. (2019), Kumar (2007), Farooq et al. (2012)
3.2 Efficacy of Botanicals Against R. dominica and T. granarium
Botanical treatments significantly reduced seed damage compared to the untreated control (Table 3). Untreated seeds recorded the highest mean damage (11.18%), while eucalyptus-treated seeds showed the lowest (4.58%), followed closely by garlic powder (5.44%). Citrus leaves and turmeric powder each recorded 6.82% mean damage, marigold leaves 6.34%, lemongrass 7.06%, and mint 7.40%. Ginger leaves were least effective (7.98%), though still superior to the control. The effectiveness of eucalyptus leaves may be attributed to eucalyptol (1,8-cineole), a compound with proven insecticidal and fumigant properties. Similar findings have been reported by Jacob et al. (2016), Rai et al. (2019), Kumar (2007), Farooq et al. (2012).
Table 3 Efficacy of different botanicals against stored grain insect pest (Rhizopertha dominica and Trogoderma granarium) infesting pearl millet
	Treatment Number
	Treatment details
	Seed damage (%)
	
Mean

	
	
	Months after storage
	

	
	
	0
	1
	2
	3
	4
	

	T1
	Citrus Leaves
	0.00
	2.4
	5.5
	9.1
	13.1
	6.82

	T2
	Garlic Powder
	0.00
	2.1
	4.8
	8.2
	12.1
	5.44

	T3
	Eucalyptus
Leaves
	0.00
	1.8
	3.9
	6.5
	10.7
	4.58

	T4
	Ginger Leaves
	0.00
	3.2
	7.2
	12.5
	17.0
	7.98

	T5
	Turmeric Powder
	0.00
	2.7
	6.2
	10.3
	14.9
	6.82

	T6
	Lemongrass
	0.00
	2.9
	6.5
	10.7
	15.2
	7.06

	T7
	Marigold Leaves
	0.00
	2.4
	5.8
	9.6
	13.9
	6.34

	T8
	Garden Mint
Leaves
	0.00
	3.0
	6.8
	11.2
	16.0
	7.40

	T9
	Control
(Untreated Seeds)
	0.00
	8.1
	14.1
	16.6
	17.1
	11.18

	C.D. at 5 %
	-
	0.42
	0.51
	0.68
	0.74
	-

	S.E.±
	-
	0.13
	0.17
	0.21
	0.25
	-



3.3 Weight Loss
Weight loss corresponded with seed damage patterns. Eucalyptus leaves recorded the lowest weight loss (3.44%), followed by garlic powder (4.08%). Marigold (4.76%) and turmeric (5.12%) offered moderate protection. Citrus (5.12%), lemongrass (5.30%), mint (5.55%), and ginger (5.98%) were less effective but still significantly superior to the control (8.38%).
Reduced weight loss in eucalyptus and garlic treatments aligns with their strong bioactive compounds. Turmeric and marigold also suppressed pest activity through curcuminoids and thiophenes, respectively. Citrus, mint, and lemongrass demonstrated moderate efficacy, consistent with prior studies attributing protection to volatile terpenoids such as limonene, citral, and menthol Ginger’s weaker effect may relate to rapid loss of bioactive components. These findings confirm that botanical seed treatments significantly reduce quantitative losses, with eucalyptus and garlic as the most effective. Similar findings have been reported by Jacob et al. (2016), Rai et al. (2019), Kumar (2007), Farooq et al. (2012).
Table. 4 Effect of Botanical Treatments on Seed Damage and Estimated Total Weight Loss in Stored Pearl Millet
	Treatment No.
	Treatment Details
	0 M
	1 M
	2 M
	3 M
	4 M
	Mean Seed Damage (%)
	Estimated Total Weight Loss (%)

	T1
	Citrus
Leaves
	0.0
	2.4
	5.5
	9.1
	13.1
	6.82
	5.12

	T2
	Garlic
Powder
	0.0
	2.1
	4.8
	8.2
	12.1
	5.44
	4.08

	T3
	Eucalyptus
Leaves
	0.0
	1.8
	3.9
	6.5
	10.7
	4.58
	3.44

	T4
	Ginger
Leaves
	0.0
	3.2
	7.2
	12.5
	17.0
	7.98
	5.98

	T5
	Turmeric
Powder
	0.0
	2.7
	6.2
	10.3
	14.9
	6.82
	5.12

	T6
	Lemongrass
	0.0
	2.9
	6.5
	10.7
	15.2
	7.06
	5.3

	T7
	Marigold
Leaves
	0.0
	2.4
	5.8
	9.6
	13.9
	6.34
	4.76

	T8
	Garden Mint
Leaves
	0.0
	3.0
	6.8
	11.2
	16.0
	7.4
	5.55

	T9
	Control
(Untreated Seeds)
	0.0
	8.1
	14.1
	16.6
	17.1
	11.18
	8.38

	C.D. at
5%
	-
	-
	0.42
	0.51
	0.68
	0.74
	-
	-

	S.E. ±
	-
	-
	0.13
	0.17
	0.21
	0.25
	-
	-



Germination Percentage
Botanical treatments preserved higher germination percentages compared to untreated seeds (Table 5). Eucalyptus leaves recorded the highest germination (88.9%), followed by garlic powder (85.7%), marigold leaves (83.1%), and citrus leaves (82.4%). Turmeric (80.2%), lemongrass (79.4%), and mint (78.3%) maintained moderate germination, while ginger leaves (76.5%) showed the lowest among botanicals. Control seeds had the poorest germination (69.7%).
Seed viability preservation reflects the pest-suppressive and antimicrobial action of botanicals. Eucalyptus’s superior efficacy is due to antifungal and insecticidal compounds that protect seed integrity. Garlic, rich in allicin, maintained high germination by reducing microbial deterioration. Marigold’s bioactive thiophenes also supported seed viability. Turmeric and lemongrass contributed moderately, while mint and ginger were comparatively weaker, possibly due to rapid volatilization or degradation of active compounds. Similar findings have been reported by Jacob et al. (2016), Rai et al. (2019), Kumar (2007), Farooq et al. (2012), Sherry et al. (2007), Lagoa et al. (2012), Vanangamudi et al. (2003), and Guan et al. (2013).
Table 5 Germination percentage after treatment
	
Treatment Number
	
Treatment details
	Germination
Percentage % Mean

	T1
	Citrus Leaves
	82.4

	T2
	Garlic Powder
	85.7

	T3
	Eucalyptus Leaves
	88.9

	T4
	Ginger Leaves
	76.5

	T5
	Turmeric Powder
	80.2

	T6
	Lemongrass
	79.4

	T7
	Marigold Leaves
	83.1

	T8
	Garden Mint Leaves
	78.3

	T9
	Control (Untreated Seeds)
	69.7

	C.D. at 5 %
	1.24

	S.E.±
	0.41



Conclusion
Botanical seed treatments offer an eco-friendly, safe, and effective alternative to synthetic fumigants for protecting stored pearl millet. Eucalyptus leaves and garlic powder emerged as the most promising botanicals, effectively reducing insect damage and weight loss while maintaining seed germination. Incorporating such treatments in storage practices can minimize post-harvest losses, safeguard seed quality, and provide a sustainable solution for smallholder farmers.
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