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Influence of seed coating and storage temperature in seed quality of chilli (Capsicum annuum L.)

ABSTRACT
Seed coating is one of the effective seed invigoration techniques used to enhance different quality parameters of seeds under ambient and stress conditions. In the present investigation we studied the effect of seed coating of different chemicals in freshly harvested chilli seeds over a storage period of nine months in two different storage temperature i.e., room temperature and cold storage. Freshly harvested chilli seeds subjected to coating with ZnSO4(1%), KNO3(3%), Na2HPO4 (1%), Pseudomonas fluorescence (2%) and carbendazim (0.2%) along with control. After the seed treatments they were dried under shade to regain the original weight, packed in 300-gauge air tight polythene bag and stored separately in two storage temperatures. Observations were recorded on germination (%), speed of germination, root length, shoot length, seedling length, seedling dry weight, seedling vigour index I and II. The experiment was conducted in CRD with three replications. Results revealed that all the treated seeds retained satisfactory seed quality parameters when stored in cold storage when compared to room temperature. In seeds stored in room temperature only the coating with KNO3 and carbendazim resulted germination above 60%. Seed coating with KNO3 recorded maximum germination (68.50%), speed of germination (11.89), vigour index-I (760.11) and vigour index-II (1231.80) in storage under room temperature. Seed coating with KNO3 recorded maximum germination (87.50%), vigour index-I (1087.58) and vigour index-II (1485.50) but seed coating with Carbendazim recorded maximum speed of germination (27.61) in cold storage condition.
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1. INTRODUCTION
Chilli (Capsicum annuum L.), a member of solanaceae family is a significant vegetable and universal spice crop of India, used often in the preparation and preservation of food and medicines. The excellent nutritive value such as rich in vitamin C and Vitamin A, antibacterial qualities, presence of bioflavonoids and anti-oxidants makes the crop an irreplaceable vegetable in Indian cuisine (Raju and Luckose, 1991; Pawar et al., 2011). However, maintaining seed quality during storage and enhancing seed performance are persistent challenges for growers and seed producers. Rapid deterioration of stored vegetable seed is a serious problem which occurs at an increasing rate in uncontrolled storage. The rate of seed deterioration can be reduced by seed treatment, coating, or pelleting with suitable chemicals, botanicals, micronutrients and biocontrol agents which reduce quantitative and qualitative loss and maintain seed quality for longer storage (Kavitha et al., 2009). Seed coating technologies, which involve applying materials such as polymers, nutrients, fungicides, insecticides and biocontrol agents to seeds, have emerged as effective tools to improve seed vigour, germination, and resistance to environmental stresses. Similarly, storage temperature is a critical factor influencing seed longevity and quality. Proper management of these variables can mitigate issues like seed aging, reduced germination rates, and lower field emergence.
This research aims to explore the combined effects of seed coating treatments and storage temperature on the quality attributes of chili seeds. By understanding these interactions, the study seeks to provide insights into optimizing seed management practices for enhanced crop productivity and sustainability.
1. MATERIALS AND METHODS
Freshly harvested chilli (Var. Ujwala) seeds were coated with ZnSO4 (1%), KNO3 (3%), Na2HPO4 (1%), Pseudomonas fluorescence (2%) and carbendazim (0.2%). Following coating, the seeds were shade-dried to restore their original moisture content and subsequently stored under two conditions—ambient room temperature and cold storage—for a duration of nine months. Storage and experimental procedures were carried out at the Department of Vegetable Science, College of Agriculture, Kerala Agricultural University, Vellanikkara.
After the storage period, seeds from each treatment, along with untreated control samples, were evaluated for germination using the between-rolled-paper-towel method. Ten seedlings were randomly selected from each treatment for assessing seed quality parameters, including germination (%), speed of germination, shoot length, root length, total seedling length (cm), seedling dry weight (mg), and seedling vigor indices I and II. The experiment was laid out in a factorial Completely Randomized Design (CRD) with three replications.
Germination (%)
The germination per cent was calculated based on the number of normal seeds germinated
Germination % = (Number of germinated seeds)/ (total number of seeds kept for germination) × 100
Speed of germination
Speed of germination = X1/ Y1 + (X2 – X1) / Y2 + …… … ….  + (Xn – Xn-1) / Yn (Maguire, 1962)
Where, Xn = Per cent germination on nth day 
             Yn = number of days from sowing to nth count.
Seedling vigour index I & II
Seedling vigour index I (SV-I) = Germination (%) × Mean seedling length in cm. (Abdul Baki and Anderson, 1973)
Seedling Vigour Index II (SV-II) = Germination (%) × seedling dry weight (mg). (Bewley and Black, 1982)
1. RESULTS AND DISCUSSION
Effect of seed coating treatments on quality parameters of chilli seed
Effect of seed coating treatments and storage temperature on quality parameters of chilli seeds is presented in Table 1. Seed coating treatments had significant effects on all quality parameters of chilli seeds except speed of germination. Final germination count was 3.50%, 46.00%, 68.50%, 58.00%,52.50% and 64.00% in seeds stored in room temperature after treatments respectively control, seed coated with 1% ZnSO4, 3% KNO3, 1% Na2HPO4, 2% Pseudomonas fluorescence and 0.2% Carbendazim. And in seeds stored in cold storage the final germination count was 67.50%, 74.50%, 87.50%, 76.50%,75.00% and 79.00% respectively. Seed coating with 3% KNO3 was found to record the maximum germination count. All the treatments stored in cold storage and 3% KNO3 and 0.2% carbendazim coated seeds stored in room temperature maintained the Indian seed certification standards (>60.00% germination count). Speed of germination was found to be the highest for seeds coated with 0.2% carbendazim in cold storage (27.61) followed by seeds coated with1% Na2HPO4 in cold storage (26.32) on par with seeds coated with3% KNO3 in cold storage (26.02). All the coated seeds despite the treatment resulted better than uncoated seeds in both storage temperature.
The highest root length was observed in seeds coated with 1% ZnSO4 (6.58 and 7.98 cm respectively in seed stored in room temperature and cold storage) and all other seeds stored in cold storage resulted on par root length. The highest shoot length was recorded in seeds coated with 3% KNO3 (4.88 and 4.64 cm respectively in room temperature and cold storage) and all other treatments are on par except control stored in room temperature. Seeds stored in cold storage after coating with 1% ZnSO4 recorded the highest seedling length of 12.53 cm and it was at par with seeds stored in cold storage after coating with 3% KNO3 (12.43 cm) and 1% Na2HPO4 (12.40 cm). The maximum seedling dry weight (0.19 mg) was observed in seeds stored in cold storage after coating with 0.2% carbendazim and it was at par with all other treatments except control and seeds stored in cold storage after coating with 1% Na2HPO4. Seed coating produced significant effect on seedling vigour index –I. Seed coating with 3% KNO3 in cold storage recorded the highest SV-I (1087.58) followed by all other treatments except control stored in cold storage. Seed coating and storage temperature had significant effect on seedling vigour index-II. The maximum SV-II value was observed by seed coating with 3% KNO3 in cold storage (1485.5) followed by seed coating with 0.2% carbendazim stored in cold storage (1420.0). All the seed coating treatments had higher SV-II value compared to control with respect to storage temperature (36.5 in room temperature and 1079.2 in cold storage). This study reveals that seed coating has positive influence on seed quality of chilli as compared to uncoated seeds.


Table 1: Effect of seed coating and storage temperature on chilli seeds after nine months of storage
	[bookmark: _Hlk196379296]Treatment
	Germination (%)
	Speed of germination
	Root length (cm)
	Shoot length (cm)
	Seedling length (cm)
	Seedling dry wt. (mg)
	SV-I
	SV-II

	Seed coating treatment
	Storage temperature
	
	
	
	
	
	
	
	

	T1: Control
	Room temp.
	3.50
	0.54
	3.9
	1.56
	5.46
	0.10
	19.88
	36.5

	
	Cold storage
	67.50
	18.54
	7.53
	4.07
	11.26
	0.16
	762.42
	1079.2

	T2: ZnSO4(1%)
	Room temp.
	46.00
	9.00
	6.58
	4.48
	11.06
	0.17
	510.45
	781.8

	
	Cold storage
	74.50
	25.24
	7.98
	4.55
	12.53
	0.18
	933.58
	1339.5

	T3: KNO3(3%)
	Room temp.
	68.50
	11.89
	6.22
	4.88
	11.10
	0.18
	760.11
	1231.8

	
	Cold storage
	87.50
	26.04
	7.79
	4.64
	12.43
	0.17
	1087.58
	1485.5

	T4: Na2HPO4 (1%)
	Room temp.
	58.00
	9.71
	6.70
	4.58
	11.28
	0.17
	654.24
	983.7

	
	Cold storage
	76.50
	26.32
	7.91
	4.49
	12.40
	0.14
	948.36
	1071.0

	T5: Pseudomonas fluorescence (2%)
	Room temp.
	52.50
	10.50
	6.46
	4.27
	10.73
	0.17
	565.02
	889.5

	
	Cold storage
	75.00
	24.88
	7.88
	4.27
	12.15
	0.17
	909.77
	1273.2

	T6: Carbendazim (0.2%)
	Room temp.
	64.00
	10.12
	7.06
	4.25
	11.31
	0.18
	722.07
	1216.0

	
	Cold storage
	79.00
	27.61
	7.73
	4.29
	12.02
	0.19
	947.78
	1420.0

	CD (0.01)
	3.861
	1.65
	0.795
	0.909
	1.478
	0.01
	0.01
	96.994

	CV %
	3.654
	5.863
	11.133
	7.728
	7.842
	7.626
	7.626
	5.393




Seed coating is a mechanism of providing plant growth promoting substances with seeds to improve seed quality (Rocha et al., 2019a, b). This method improves seed handling, protects against pathogens, and enhances germination and seedling vigor (Taylor et al., 1998). Additionally, nutrient-enriched seed coatings ensure better nutrient availability during the initial stages of seedling growth, leading to enhanced root and shoot development.
The application of micronutrients and macronutrients as seed priming agents at optimized concentrations has been shown to improve key physiological and agronomic parameters including germination rate, crop emergence, stand establishment, seedling growth, mineral nutrient uptake, dry matter accumulation, water use efficiency, vigour indices, seedling biomass, and shoot/root development. Seed pre-treatment initiates crucial metabolic processes that promote efficient mobilization of stored food reserves, converting them into sugars essential for protein synthesis during germination, thereby supporting rapid and uniform seedling emergence (Rouhi et al., 2011). Notably, nitrates play a dual role during germination and early seedling development, acting both as essential nutrients and as signalling molecules (Duermeyer et al., 2018). Among various nutrient treatments, potassium nitrate is particularly effective, as it supplies both potassium and nitrate ions, potentially contributing to improved germination quality and early seedling growth. These findings align with Vijayalakshmi et al. (2013), who reported enhanced seedling vigour in tomato, brinjal, and chilli with KNO₃ coating. Amjad et al. (2007) also observed improved root length and faster germination with KNO₃ treatment. Similarly, Argerich and Bradford (1989) noted increased seed vigour in tomato with KNO₃ and KH₂PO₄. The reduction in germination and vigour is primarily caused by seed aging, which leads to the depletion of food reserves thus decreased embryo activity, and damage from fungal infections, insect attacks, or unsuitable storage conditions. From the study conducted by Siddartha et al., (2017) and Manoharapaladagu et al., (2017) found that seed coating with fungicide served as a shielding agent against fungal infections and protect from physiological aging during long term storage. 
Effect of storage temperature on quality parameters of chilli seed
Significant results were obtained due to seeds stored in different storage temperature for the seed quality parameters. Among the treatments, all the seeds stored in cold temperature recorded significantly higher germination and quality characteristics at the end of nine months of storage period (Table 1).
In the treatment combinations all the treatments stored in cold temperature including untreated seeds retained a significant level of germination and vigour. Although in seeds stored in room temperature, KNO3 (3%) and carbendazim (0.2%) coated seeds shown a higher germination (68.5% and 64% respectively) over remaining treatments at the end of nine-month storage period. All the coated seeds recorded higher GP and vigour indices in cold storage but seeds stored in cold storage after coating with KNO3 was recorded the highest germination (87.50%) among the treatment combinations at the end of storage along with highest SVI (1087.58) and SVII (1485.5). Seed coating with Carbendazim and storage in cold temperature resulted highest SoG (27.61) among all treatment combinations.
Proper seed storage management, including temperature control, can significantly impact agricultural productivity by preventing seed deterioration and enhancing plant performance in the field. The longevity of primed seed is affected by many factors such as oxygen, relative air humidity, seed moisture content, and temperature (Rajjou and Debeaujon 2008). Optimal storage conditions for primed seeds include low temperature, low relative humidity, and vacuum storage. (Wang et al. 2018). Hussain et al., (2015) found the lowest seed germination and growth of seedling in primed rice seeds stored at 25 °C, while no significant reduction in seeds stored at −4 °C. Tu et al. (2022) found that the treatment effect on pepper seeds lasts for about six months in three varieties of chilli. Storing primed seeds in sealed plastic bags at a low temperature (-4°C) helps maintain their viability and priming benefits.

2. CONCLUSION
Chilli seeds treated with different macro or micro nutrients, biocontrol agents or fungicides coatings performed better than untreated seeds in terms of Germination, vigour and seed viability. Furthermore, storage under cold conditions was markedly superior to room temperature in maintaining seed viability and vigor over an extended period. Therefore, the application of seed coatings, combined with cold storage, is recommended as an effective strategy for prolonging the storage life and quality of chilli seeds. 

REFERENCES
1. Abdul‐Baki, A.A. and Anderson, J.D., 1973. Vigor determination in soybean seed by multiple criteria 1. Crop sci., 13(6): 630-633.
2. Amjad, M., Ziaf, K., Iqbal, Q., Ahmad, I., Riaz, M.A. and Saqib, Z.A., 2007. Effect of seed priming on seed vigour and salt tolerance in hot pepper. Pak. J. Agric. Sci., 44(3): 408-416.
3. ARGERICH, C.A. and Bradford, K.J., 1989. The effects of priming and ageing on seed vigour in tomato. J. Exp. Bot., 40(5): 599-607.
4. Bewley, J.D., Black, M., Bewley, J.D. and Black, M., 1982. Viability and longevity. Physiology and Biochemistry of Seeds in Relation to Germination: Volume 2: Viability, Dormancy, and Environmental Control, pp.1-59.
5. Duermeyer, L., Khodapanahi, E., Yan, D., Krapp, A., Rothstein, S.J. and Nambara, E., 2018. Regulation of seed dormancy and germination by nitrate. Seed Sci. Res., 28(3): 150-157.
6. Hussain, S., Zheng, M., Khan, F., Khaliq, A., Fahad, S., Peng, S., Huang, J., Cui, K. and Nie, L., 2015. Benefits of rice seed priming are offset permanently by prolonged storage and the storage conditions. Scientific reports, 5(1), p.8101.
7. Kavitha, M., Deshpande, VK., Vyakaranahal, BS., Awakkanavar, JS., Yashoda and Mathad JC. 2009. Seed pelleting with organic and inorganic inputs for vigour and viability in chilli seeds. Karnataka J. Agric. Sci., 22(2): 296-300. 
8. Maguire, J.D., 1962. Speed of germination-aid in selection and evaluation for seedling emergence and vigor. Crop Sci., 2: 176-177.
9. Manoharapaladagu, P.V., Rai, P.K., Srivastava, D.K. and Kumar, R., 2017. Effects of polymer seed coating, fungicide seed treatment and packaging materials on seed quality of chilli (Capsicum annuum L.) during storage. J. Pharmacogn. Phytochem., 6(4): 324-327.
10. Pawar, S.S., Bharude, N.V., Sonone, S.S., Deshmukh, R.S., Raut, A.K. and Umarkar, A.R. 2011. Chillies as food, spice and medicine: a perspective. Int. J. Pharm. Bio. Sci., 1(3): 311-318.
11. Rajjou, L. and Debeaujon, I., 2008. Seed longevity: survival and maintenance of high germination ability of dry seeds. Comptes rendus biologies, 331(10), pp.796-805.
12. Raju, K.V. and. Luckose, C.K. 1991. Trends in area, production and exports of chillies from India. Agric. Sit. in India, 45: 767-772.
13. Rocha, I., Ma, Y., Souza-Alonso, P., Vosátka, M., Freitas, H. and Oliveira, R.S., 2019a. Seed coating: a tool for delivering beneficial microbes to agricultural crops. Frontiers in plant science, 10, p.1357.
14. Rocha, I., Ma, Y., Vosátka, M., Freitas, H. and Oliveira, R.S., 2019b. Growth and nutrition of cowpea (Vigna unguiculata) under water deficit as influenced by microbial inoculation via seed coating. Journal of Agronomy and Crop Science, 205(5), pp.447-459.
15. Rouhi, A., Tajbakhsh, M., Bernousi, A. and Saeedi, M., 2011. Study on effect of different primings on seed germination and seedling traits of different pea cultivars. J. Agric., 90: 1-8.
16. Siddartha, H.V., Srivastava, D.K., Rai, P.K. and Bara, B.M., 2017. Effects of polymer seed coating and fungicide seed treatment on seedling characteristics of tomato (Lycopersicon esculentum) during storage. J. Pharmacogn. Phytochem., 6(3): 752-754.
17. Taylor, A.G., Allen, P.S., Bennett, M.A., Bradford, K.J., Burris, J.S. and Misra, M.K., 1998. Seed enhancements. Seed science research, 8(2), pp.245-256.
18. Tu, K., Cheng, Y., Pan, T., Wang, J. and Sun, Q., 2022. Effects of seed priming on vitality and preservation of pepper seeds. Agriculture, 12(5), p.603.
19. Vijayalakshmi, V., Ponnuswamy, A.S. and Ramamoorthy, K., 2013. Effect of Fortified Seed Coating on Seed Germination and Seedling vigour of Tomato (Lycopersicon esculentum), Brinjal (Solanum melongena) and Chilli (Capsicum annum). Madras Agric. J., 100(apr-jun): 1.
20. Wang, W., He, A., Peng, S., Huang, J., Cui, K. and Nie, L., 2018. The effect of storage condition and duration on the deterioration of primed rice seeds. Frontiers in plant science, 9, p.172.





