



Effect of Different Indigenous Natural and Plant Products on Storability of Groundnut (Arachis hypogaea L.) Seeds
ABSTRACT
Post-harvest losses of groundnut (Arachis hypogaea L.) due to insect pests, fungal contamination, and deterioration in seed quality remain major challenges in sustainable storage systems. Indigenous natural and plant-based products offer eco-friendly alternatives to chemical protectants. A controlled laboratory study was conducted for two consecutive years to assess the effects of Neem Seed Kernel Powder (NSKP), Pungam Seed Kernel Powder (PSKP), Asafoetida Powder (AP), and Pepper Powder (PP), both individually and in combination, on the storability of groundnut. The combination treatment (NSKP + PSKP + AP + PP) was compared with individual treatments and a control. Observations were recorded on seed damage, number of eggs laid, number of live adults and fungal incidence. Results revealed that the combined treatment recorded the lowest seed damage (2.0%), minimal eggs laid (10.6), and fewest live adults (0.3) after 60 days of storage, with reduced fungal incidence (3.5%) and highest germination (90%). The study demonstrates that indigenous botanical mixtures effectively protect stored groundnut seeds in an eco-friendly and sustainable manner.
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Introduction

Groundnut (Arachis hypogaea L.) remains a critical oilseed crop across tropical and subtropical regions, and in India it holds a central position in dryland agriculture, supplying edible oil and protein to millions of rural households (Kumar et al. 2015). Yet, significant post‐harvest losses during storage continue to challenge its quantitative and qualitative value. These losses are driven by insect pests, fungal contamination, and poor storage practices (Singh & Sharma 2019). Among storage insect pests, the bruchid Caryedon serratus (groundnut bruchid) and the red flour beetle Tribolium castaneum inflict severe damage, causing seed perforation, weight loss and diminished germination potential (Bhale et al. 2018). Concurrently, fungal pathogens such as Aspergillus flavus and A. niger proliferate under conducive storage conditions, leading to aflatoxin contamination that poses serious health hazards and constrains export quality (Kiran et al. 2020).

Historically, chemical insecticides and fumigants have been used widely to manage storage pests. While effective, their indiscriminate use results in pesticide residues, development of pest resistance, environmental pollution, and adverse impacts on non-target organisms (Isman 2020). The cost and accessibility of chemical protectants further restrict their uptake, especially among small- and marginal-farmers in India. For example, reviews of botanicals as alternatives for stored-grain pest management emphasise that the traditional reliance on synthetic chemicals is increasingly unsustainable (Vijayan et al. 2023). Plant-based products are biodegradable, relatively non–residual, and locally available, and thus present viable eco-friendly options.

Indigenous storage practices using botanicals—such as neem (Azadirachta indica), pungam (Pongamia pinnata), asafoetida (Ferula asafoetida), turmeric (Curcuma longa) and black pepper (Piper nigrum)—have long been employed by rural communities. These botanicals are known to carry bio-active compounds (e.g., azadirachtin, karanjin, ferulic acid, curcumin, piperine) and exhibit insecticidal, antifungal and repellent properties (Govindarajan et al. 2016; Prakash & Rao 2021). Although many studies address individual botanicals, the synergistic or additive effects of combinations of botanicals remain under-explored. Farmers often mix two or more botanicals in storage, suggesting that combinations might enhance protection beyond single treatments.

Therefore, the present study is undertaken to evaluate the individual and combined effects of selected indigenous plant-products on the storability of groundnut under controlled laboratory conditions for two consecutive years. Specifically, the study assesses the efficacy of botanicals alone and in combination against major storage insects (C. serratus, T. castaneum) and fungal pathogens (A. flavus, A. niger), measuring parameters such as seed perforation, weight loss, germination potential, and aflatoxin incidence. By including combinations of botanicals, the study aims to identify additive or synergistic interactions that might yield enhanced protection and thereby offer sustainable storage alternatives for dryland farmers. The outcomes are expected to inform locally-adaptable, low-cost, environmentally-safe storage strategies, aligning with the growing body of literature that supports plant-based protectants for stored products (Hasan et al. 2023; Chugh et al. 2023). In doing so, the research contributes to bridging the gap between scarcity and sustainability of groundnut storage in dryland agro-ecosystems.

Research Gap

Although individual botanicals have been studied for grain storage, limited research has examined their combined effects on groundnut storability. Existing studies lack data on long-term storage performance and seed viability under dryland conditions. Hence, this study scientifically evaluates indigenous plant-based mixtures for sustainable groundnut storage.
Research Objectives

1. To evaluate the effectiveness of different indigenous natural and plant products on the storability of groundnut under laboratory conditions.

2. To compare the individual and combined effects of Neem Seed Kernel Powder, Pungam Seed Kernel Powder, Asafoetida Powder, and Pepper Powder on seed damage, pest infestation, and fungal incidence.

Materials and Methods

Experimental Setup

Freshly harvested, cleaned, and sun-dried groundnut kernels were used. The initial moisture content was adjusted to 7.5 ± 0.5%. One-kilogram samples were treated and stored in 1 L glass jars covered with muslin cloth under controlled laboratory conditions (25 ± 2 °C; 65 ± 5% RH).

Treatments

T1- Mixing with Neem Seed Kernel Powder-15g
T2- Mixing with Pungam Seed Kernel Powder-15g
T3- Mixing with Asafoetida Powder-15g
T4- Mixing with Pepper Powder-15g
T5- T1+T2
T6- T1+ T3
T7- T1+T4
T8- T2+T3
T9- T2+T4
T10-T3+T4
T11-T1+ T2+ T3+T4
T0-Control
Observations

Samples were stored for 60 days, and data were recorded at 20-day intervals.
Parameters measured:

· Seed damage (%): Number of damaged seeds per 100 seeds.

· Number of eggs laid: Average eggs counted per sample.

· Number of live adults: Insect count per replicate.

· Fungal incidence (%): Proportion of visibly infected seeds.

Statistical Analysis

The experiment followed a Completely Randomized Design (CRD) with three replications. Data were analysed using ANOVA, and mean separation was done using Tukey’s HSD test at a 5% significance level (SPSS v.25).
Results and Discussion

Effect of Indigenous Natural Plant Products on Seed Damage (%) in Stored Groundnut
The percentage of seed damage was recorded at 20-day intervals up to 60 days and compared with the control. The results revealed that the percentage of seed damage was very low in the treatment T11 (Neem Seed Kernel Powder + Pungam Seed Kernel Powder + Asafoetida Powder + Pepper Powder), showing significant reduction in both the years of study. The mean percentage of seed damage recorded for T11 was 10.30% and 4.30% on the 20th day, 11.00% and 3.00% on the 40th day, and 11.60% and 2.00% on the 60th day, respectively, in Year I and Year II.

Moderate seed damage was observed in the treatment T10 (Asafoetida Powder + Pepper Powder) during both the years. The maximum seed damage occurred in the control (T0), indicating that untreated seeds were highly susceptible to storage pests. Statistical analysis revealed a significant difference among the treatments, confirming that the combined botanical mixture (T10) was the most effective in minimizing seed damage and preserving groundnut storability.
Table 1. Effect of Indigenous Natural Plant Products on Seed Damage in Stored Groundnut
	Treatments/ Year/ Days
	I- YEAR
	II- YEAR

	
	20
	40
	60
	20
	40
	60

	T1
	12.60
	15.30
	18.00
	7.30
	4.60
	5.00

	T2
	15.00
	17.60
	19.00
	7.00
	4.60
	4.00

	T3
	17.30
	19.00
	21.30
	6.00
	7.30
	5.00

	T4
	13.60
	15.00
	16.30
	9.60
	4.00
	3.00

	T5
	11.30
	13.60
	16.30
	5.00
	3.60
	3.00

	T6
	14.00
	15.60
	17.30
	9.00
	7.00
	3.60

	T7
	13.60
	15.00
	16.60
	7.30
	3.60
	5.00

	T8
	17.60
	19.30
	20.00
	8.60
	4.60
	3.30

	T9
	14.60
	17.30
	18.60
	10.30
	5.60
	3.00

	T10
	11.00
	12.30
	14.60
	6.00
	4.00
	2.60

	T11
	10.30
	11.00
	11.60
	4.30
	3.00
	2.00

	T0
	24.00
	26.60
	28.00
	16.60
	12.30
	9.30

	Sed
	5.61
	4.02
	3.20
	2.27
	1.33
	1.99

	CD (5%)
	11.63
	8.34
	6.63
	4.71
	2.76
	4.13


The lowest seed damage in the combined treatment may be attributed to the synergistic action of bioactive compounds that act as repellents, antifeedants, and oviposition deterrents.

Effect of Indigenous Plant Products on Number of Eggs Laid 
The number of eggs laid in 100 seeds was greatly reduced across all treated samples as compared to the control. A significant reduction in egg count was observed in T₁₁ (Neem Seed Kernel Powder + Pungam Seed Kernel Powder + Asafoetida Powder + Pepper Powder) on the 20th day (14.00; 11.60), 40th day (15.00; 13.60), and 60th day (10.60; 16.60) during both the years of study. The treatment T₁₀ (Asafoetida Powder + Pepper Powder) followed next in effectiveness. In contrast, T₀ (Control) recorded the maximum number of eggs on the grains during all observation phases in both years. The differences among treatments were statistically significant. These findings align with those of Viswanath (1996), who also reported reduced oviposition when grains were treated with botanical powders.

Table 2. Effect of Indigenous Plant Products on Number of Eggs Laid

	Treatments/ Year/ Days
	I- YEAR
	II- YEAR

	
	20
	40
	60
	20
	40
	60

	T1
	25.60
	29.30
	32.30
	17.60
	26.30
	36.00

	T2
	26.60
	29.60
	36.00
	23.30
	22.30
	34.00

	T3
	28.60
	30.30
	32.00
	17.60
	18.60
	30.00

	T4
	22.60
	25.00
	27.60
	13.60
	27.00
	38.30

	T5
	24.00
	29.60
	36.60
	22.60
	30.00
	34.60

	T6
	29.60
	33.00
	36.60
	27.30
	31.30
	35.00

	T7
	22.60
	26.60
	41.00
	19.00
	23.00
	39.60

	T8
	22.60
	22.30
	39.60
	20.00
	18.60
	35.60

	T9
	19.50
	29.60
	33.00
	15.60
	18.60
	30.30

	T10
	16.60
	21.60
	26.60
	13.30
	18.00
	23.00

	T11
	14.00
	15.00
	10.60
	11.60
	13.60
	16.60

	T0
	35.00
	38.80
	55.00
	33.60
	36.60
	50.00

	Sed
	4.25
	4.62
	4.89
	3.96
	3.70
	5.12

	CD (5%)
	8.79
	9.56
	10.12
	8.22
	7.69
	10.63


The reduction in oviposition supports previous findings (Viswanath, 1996), indicating that plant powders interfere with insect reproductive behaviour.

Effect of Indigenous Plant Products on Number of Live Adults 
The number of alive adults was counted and recorded for 60 days at 20-day intervals. Results showed that all treatments significantly reduced adult population compared to control. The treatment T11 (Neem Seed Kernel Powder + Pungam Seed Kernel Powder + Asafoetida Powder + Pepper Powder) recorded the lowest number of live adults, with mean values of 5.00; 0.30 on the 20th day, 4.60; 0.30 on the 40th day, and 4.00; 0.30 on the 60th day, during both years. This was followed by T₁₀ (Asafoetida Powder + Pepper Powder), which also showed a considerable reduction. In contrast, T₀ (Control) recorded the highest adult counts throughout the storage period. There was a significant difference among treatments, confirming the effectiveness of the combined botanical treatment in suppressing adult insect emergence.
Table 3. Effect of Indigenous Plant Products on Number of Live Adults
	Treatments/ Year/ Days
	I- YEAR
	II- YEAR

	
	20
	40
	60
	20
	40
	60

	T1
	5.00
	6.30
	7.60
	1.00
	0.30
	0.60

	T2
	6.60
	7.60
	8.00
	0.30
	1.60
	0.30

	T3
	7.30
	8.00
	9.00
	5.30
	0.30
	0.60

	T4
	6.30
	7.30
	8.00
	0.30
	0.30
	1.00

	T5
	7.00
	6.60
	7.30
	1.00
	0.30
	0.30

	T6
	6.60
	8.00
	7.30
	0.60
	1.60
	0.30

	T7
	8.60
	9.00
	9.60
	1.60
	0.30
	9.60

	T8
	9.00
	10.30
	11.00
	1.60
	6.60
	1.00

	T9
	6.60
	7.60
	8.60
	5.00
	0.30
	6.30

	T10
	4.60
	5.00
	6.60
	0.30
	0.30
	0.30

	T11
	5.00
	4.60
	6.60
	0.30
	0.30
	0.30

	T0
	11.00
	12.30
	4.00
	6.30
	11.30
	13.3

	Sed
	4.15
	4.21
	13.60
	0.82
	0.80
	0.90

	CD (5%)
	8.61
	8.74
	4.50
	1.71
	1.67
	1.87


These results confirm that the combined botanical treatment effectively suppressed adult insect emergence through repellency and growth inhibition mechanisms.

Fungal Incidence and Germination

Fungal incidence was lower in treated samples, particularly in the combination treatment (3.5%) as compared to the control (18.7%). Seed germination remained higher (85–90%) in treated samples versus 65% in the control, indicating that botanical treatments preserved seed viability.

Discussion

The combined use of NSKP, PSKP, AP, and PP proved highly effective in maintaining groundnut storability. The synergistic effects of multiple bioactive compounds-azadirachtin, karanjin, ferulic acid, and piperine enhanced the pest deterrence and fungal control. Neem and Pungam disrupt insect hormonal balance, while Asafoetida and Pepper contribute repellent odors that discourage infestation.

The findings are consistent across both years, demonstrating reproducibility and reliability. These results align with previous reports on the efficacy of plant-derived insecticidal powders (Sahayaraj et al., 2015; Isman, 2006), reinforcing the role of indigenous botanicals in sustainable post-harvest pest management.
Conclusion

The combined botanical treatment of Neem Seed Kernel Powder, Pungam Seed Kernel Powder, Asafoetida Powder, and Pepper Powder effectively reduced seed damage, oviposition, and adult emergence while maintaining higher germination and lower fungal incidence. This eco-friendly approach offers a sustainable and cost-effective alternative to synthetic pesticides for safe groundnut storage, particularly in dryland farming systems.
Further on-farm validation and economic feasibility studies are recommended to promote wider adoption.
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