


Effect of Organic Seed Treatments on Germination and Seedling Vigour in Rice (Oryza sativa L.)

ABSTRACT :
The purpose of this study was to assess the influence of several organic seed treatments on the germination and seedling vigour of two rice varieties, ADT 49 and Sonamasuri, in the laboratory. The treatments were Panchakavya (5%), Moringa leaf extract (5%), Neem leaf extract (5%), Notchi leaf extract (5%), Vermiwash (25%), cow urine (25%), coconut water (12.5%), and Beejamrutham (5%), as well as an untreated control. Significant variations were seen across the treatments for all germination parameters tested, including rate of imbibition, germination percentage, speed of germination, root and shoot length, dry matter accumulation, and vigour index. Among the treatments, 5% Panchakavya produced the maximum germination (97% in ADT 49 and 95% in Sonamasuri), root and shoot lengths (23.8 cm and 15.2 cm in ADT 49; 20.8 cm and 13.8 cm in Sonamasuri), and vigour indices (1785 and 1624, respectively). This was closely followed by 5% Beejamrutham and 25% Cow urine, both of which performed significantly better than the control. The untreated control had the lowest values across all metrics. The findings unequivocally show that organic seed treatments, especially Panchakavya, improve rice seed quality features by enhancing water uptake, germination, and seedling vigor. Therefore, in organic seed production systems, Panchakavya can be suggested as an efficient organic priming agent for rice seed development.
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1. INTRODUCTION :
Known as the "global grain," rice (Oryza sativa L.) provides 50–80% of the calories needed for energy and is the main staple food for over half of the world's population. The environment and natural resources have suffered greatly as a result of intensive paddy cultivation. These include increased salinity or alkalinity, water logging, water pollution, groundwater depletion, and health risks brought on by the overuse of pesticides and agrochemicals as well as increased methane gas emissions. Farmers, scientists, and policymakers have been compelled by this to consider the organic method of managing nutrients in paddy fields. One of the many different production techniques that is environmentally friendly while lowering agricultural costs is organic agriculture. With an annual growth rate of 20–25 percent, the demand for organic food is rising rapidly in both industrialized and developing nations (Rameshwar and Singh 2005). Organic farming lowers pollution in the environment and improves the quality of crops or seeds. It improves the chances of exporting organic food products. Now there are hints of transition across the agriculture sector of the country towards organic farming. 
Paddy 	produced by organic farming showed improved grain quality. 
The International Federation of Organic Agriculture Movement (IFOAM) has made it very clear that the seed used for planting must also have been generated organically in order for the agricultural product to be certified organic. Production of organic seeds using a variety of organic manure, biofertilizer, green manure, biopesticide, and botanical sources. When one makes an attempt on organic seed production in paddy, it becomes vital to construct an organic nursery (Alex and Krishnaswamy 2007). There is very little information available on the production of organic seedlings in paddy. Thus, the goal of the current study was to determine how various organic material sources affected the growth and development of seedlings.
2. MATERIAL AND METHODS :
The experiment was carried out in the farmers’ organic field at Annamalai nagar, Chidambaram, Tamilnadu, and also in Buchayyapeta located  in Anakapalle, Andhra pradesh India during kharif 2021 and kharif 2022 with  varieties named ADT 49 and Sonamasoori. The experiment was laid down in RBD design with three replications and 9 treatments viz., T1: control, T2: 5% Panchakavya, T3: 5% Moringa leaf extract, T4: 5% Neem leaf extract, T5: 5% Notchi leaf extract, T6: 25% Vermiwash, T7: 25% Cow urine, T8: 12.5% Coconut water, T9: 5% Beejamrutham.
2.1 SEED TREATMENT
Various organic solutions were applied to the seeds at an 8% concentration. Before being evaluated, the seeds were soaked for 16 hours and then allowed to air dry in the shade to return to their initial moisture content.
2.1.1 SEED OBSERVATIONS
              The following seed quality metrics were noted following treatment and drying in accordance with normal protocols.
2.1.1.1 Rate of Imbibition
For determining the imbibition rate, five grams of seeds were weighed and soaked in the respective organic solutions for 16 hours. After soaking, surface moisture was removed by blotting the seeds between filter papers, and the seeds were weighed immediately. The rate of imbibition was computed using the formula:
                           Rate of Imbibition (%)=W1​W2​−W1​​×100 
where
W1W_1W1​ = initial seed weight (g) and
W2W_2W2​ = weight after soaking (g).
2.1.1.2 Germination Test (ISTA, 1999) 
The between paper (BP) method was used to perform the germination test. In a germination environment that was kept at 25 ± 2°C and 90 ± 2% relative humidity, four replications of 100 seeds each were incubated. The mean percentage of germination was computed and shown as a whole number after the number of normal seedlings was counted on the fourteenth day.
2.1.1.3 Speed of Germination (Maguire, 1962)
Until the last day of germination, the number of seedlings that emerged was counted every day. Maguire's formula was used to determine the rate of germination:
Speed of Germination=Y1​X1​​+Y2​X2​​+⋯+Yn​Xn​​ 
where
XnX_nXn​ = number of seeds germinated on the nth day, and
YnY_nYn​ = number of days from sowing to the nth count.
2.1.1.4 Root Length
Ten healthy seedlings were chosen at random from each replication at the conclusion of the germination test. Centimeters (cm) were used to express the mean root length, which was measured from the collar area to the primary root tip.
2.1.1.5 Shoot Length
Shoot length was measured from the collar area to the plumule tip on the same group of seedlings. Centimeters (cm) were used to denote the mean value.
2.1.1.6 Dry Matter Production
After being oven-dried for 24 hours at 85 ± 2°C, the ten standard seedlings used to measure seedling length were cooled in a desiccator and weighed. Milligrams per ten seedlings was the unit of measurement for the dry matter production.
2.1.1.7 Vigour Index (Abdul-Baki and Anderson, 1973)
The vigour index was computed using the formula:
Vigour Index=Germination (%)×Seedling Length (cm) 
and expressed as a whole number.
3. RESULTS AND DISCUSSION 
Significant diversity was seen among treatments in the impact of different organic formulations on the parameters of seed germination of several paddy species. With the highest values for imbibition rate (32.5%), germination percentage (97%), speed of germination (7.2), root length (23.8 cm), shoot length (15.2 cm), dry matter accumulation (120.5 mg/10 seedlings), and vigour index (1785), 5% Panchakavya consistently outperformed all other treatments. 12.5% coconut water, 25% cow urine, and 25% vermiwash came next; all three performed noticeably better than the control but were statistically comparable for the majority of the measures. While 5% extracts of moringa, notchi, and neem leaves recorded relatively lower but considerably better outcomes than the control in all features, 5% beejamrutham exhibited a moderate improvement. All things considered, the results show that Panchakavya was the most successful in increasing seed germination, seedling development, and vigor, followed by vermiwash, coconut water, and cow urine as given in table 1.
Compared to the control, seed priming with organic solutions greatly increased germination and vigor. Leaf extracts also outperformed the untreated seeds, but Panchakavya @ 5% demonstrated the greatest improvement, followed by coconut water, cow urine, and vermiwash. According to Letham (1974), the cytokinin-rich composition of coconut water may be the cause of its stimulatory effect. Chakaravarthy (2001) reported similar improvements in germination in pigeonpea, Albert (2004) in tomato, Vijayan (2005) and Hiromi et al. (2014) in paddy, and Parisa et al. (2014) in Phalaenopsis. This study's findings of increased seedling vigor are consistent with those of Woodstock and Combs (1964), Heydecker (1973), and Abdul-Baki and Anderson (1973), who connected seedling development to field performance. The results unequivocally demonstrate that organic biostimulants, including Panchakavya and coconut water, enhance early germination and vigor, corroborating the prior findings of Sundaralingam (2005) in rice and Mamaril and Lopez (1997) in sweet pepper.
Table 1: Effect of organic seed treatments on germination parameters of ADT 49
	Tr. No.
	Treatment
	Rate of Imbibition (%)
	Germination (%)
	Speed of Germination
	Root Length (cm)
	Shoot Length (cm)
	Dry Matter (mg/10 seedlings)
	Vigour Index

	T1
	Control
	8.5 
	78 
	5.2 
	12.5 
	9.2 
	88.90 
	1267 

	T2
	5% Panchakavya
	32.5 
	97 
	7.2 
	23.8 
	15.2 
	120.50 
	1785 

	T3
	5% Moringa leaf extract
	18.2 
	89 
	6.0 
	17.0 
	12.0 
	101.20 
	1410 

	T4
	5% Neem leaf extract
	17.5 
	87 
	5.8 
	16.5 
	11.5 
	98.30 
	1355 

	T5
	5% Notchi leaf extract
	18.0
	88 
	5.9 
	16.8 
	11.7 
	99.50 
	1380 

	T6
	25% Vermiwash
	24.0 
	93 
	6.4 
	20.5 
	13.0 
	106.40 
	1645 

	T7
	25% Cow urine
	26.5 
	94 
	6.6 
	21.2 
	13.5 
	108.90 
	1650 

	T8
	12.5% Coconut water
	28.5 
	95 
	6.8
	22
	14
	112.5
	1698

	T9
	5% Beejamrutham
	20.00
	91
	6.2 
	19.0 
	12.2 
	103.00 
	1495 

	SED
	0.568
	2.211
	0.154
	0.474
	0.311
	2.578
	37.622

	CD (p=0.05)
	1.218
	4.742
	0.330
	1.018
	0.667
	5.530
	80.699

	SD
	7.173
	5.674
	0.595
	3.466
	1.719
	9.101
	179.58


Fig 1  Effect of organic seed treatments on germination parameters of ADT 49 
Sona Masoori rice's germination and seedling growth were significantly impacted by various organic seed treatments in every parameter. A strong promotive effect on seedling performance was demonstrated by the fact that 5% Panchakavya (T₂) consistently recorded the highest values for germination percentage (97%), speed of germination (7.4), root length (24.3 cm), shoot length (15.8 cm), dry matter production (126.5 mg), and vigour index (1895) among the treatments. Following closely behind it were moringa extract (T₃) and coconut water (T₈), both of which produced statistically comparable but noticeably superior outcomes to the control. In comparison to the control, which continuously recorded the lowest values for all parameters, other treatments such as neem, notchi, and cow urine showed a moderate improvement. Panchakavya was the most successful organic formulation overall, improving Sona Masoori rice germination and seedling vigor as given in table 2.
According to the current study, 5% Panchakavya had the highest germination rate (97%), followed by 12.5% coconut water (93%), demonstrating their efficacy in promoting early metabolic activity. Similar to the results of Subashini et al. (2001) in chillies, Somasundram et al. (2003) in green gram, and Yadav (2005) in rice, the speed of germination was also highest in seeds treated with 5% Panchakavya (6.5), followed by cow urine (6.2) and vermiwash (6.1). According to Maeshima (1990), panchakavya-treated seeds also produced the longest seedlings and the most dry matter. This could be because of higher ATPase activity. These findings corroborate those of Das et al. (2013), who noted notable increases in rice germination and vigor under organic treatments. They are also corroborated by Mahadevappa et al. (1975), Palaniappan and Balasubramanian (1983), and Kale et al. (1992), who noted increased seedling dry matter and vigor index under organic nutrient management. Similar growth-promoting effects of organic biostimulants were documented in tomatoes by Arancon et al. (2003), rice by Singh et al. (1999), and rice by Natarajan and Kuppuswamy (1998). 
Table 2: Effect of organic seed treatments on germination parameters of Sonamasori
	Tr. No.
	Treatment
	Rate of Imbibition (%)
	Germination (%)
	Speed of Germination
	Root Length (cm)
	Shoot Length (cm)
	Dry Matter (mg/10 seedlings)
	Vigour Index

	T1
	Control
	7.8
	76
	5.1
	13.2
	9.0
	90.80
	1202

	T2
	5% Panchakavya
	24.2
	95
	6.5
	20.8
	13.8
	115.00
	1624

	T3
	5% Moringa leaf extract
	12.2
	83
	5.5
	15.8
	10.5
	102.40
	1223

	T4
	5% Neem leaf extract
	10.8
	81
	5.3
	14.5
	9.9
	98.80
	1034

	T5
	5% Notchi leaf extract
	11.5
	82
	5.4
	15.2
	10.2
	100.50
	1081

	T6
	25% Vermiwash
	17.2
	90
	6.1
	18.5
	12.3
	106.50
	1503

	T7
	25% Cow urine
	20.8
	92
	6.2
	19.8
	12.9
	108.40
	1536

	T8
	12.5% Coconut   water
	14.5
	87
	5.8
	17.2
	11.1
	103.00
	1431

	T9
	5% Beejamrutham
	15.8
	89
	5.9
	17.9
	11.6
	100.90
	1427

	SED
	0.401
	2.117
	0.141
	0.425
	0.280
	2.532
	33.636

	CD(p=0.05)
	0.860
	4.541
	0.304
	0.912
	0.602
	5.432
	72.149

	SD
	5.166
	6.05
	0.464
	2.518
	1.542
	6.734
	210.64




Fig. 2 Effect of organic seed treatments on germination parameters of Sonamasori 
4. CONCLUSION 
The current study clearly shows that organic seed treatments have a significant and favorable effect on seed germination and early seedling vigour in both the ADT 49 and Sona Masoori rice types. Among all the organic formulations tested, 5% Panchakavya consistently performed best, with the highest imbibition rate, germination percentage, germination speed, root and shoot elongation, dry matter production, and vigour index in both types. Treatments such as coconut water (12.5%), cow urine (25%), and vermiwash (25%), all performed much better than the untreated control, demonstrating their potential as organic priming agents. Moringa, neem, and notchi leaf extracts performed moderately better than the control group.
Overall, the findings show that organic seed priming improves water uptake, metabolic activation, and uniform emergence, resulting in stronger and more vigorous seedlings. Similar beneficial effects of coconut water on seed germination have been reported earlier by Chakaravarthy (2001) in pigeonpea, Albert (2004) in tomato, Vijayan (2005) in paddy, Manimekalai (2006) in black gram, Hiromi et al. (2014) in paddy, and Parisa et al. (2014) in Phalaenopsis. Panchakavya's exceptional performance indicates that it can be suggested as an efficient and environmentally friendly priming formulation for boosting seed quality in organic rice seed production systems. Adoption of such organic seed treatments can contribute to sustainable agriculture by lowering reliance on synthetic chemicals while enhancing seedling establishment and crop production.
DISCLAIMER 
Author(s) hereby declare that NO generative AI technologies such as Large Language Models (ChatGPT, COPILOT, etc.) and text-to-image generators have been used during the writing or editing of this manuscript.
[bookmark: _GoBack]COMPETING INTERESTS DISCLAIMER:
Authors have declared that they have no known competing financial interests OR non-financial interests OR personal relationships that could have appeared to influence the work reported in this paper.

REFERENCES 
Albert, A. (2004). Organic seed production in tomato. M. Sc. (Agri.) Thesis, Tamil Nadu Agricultural University, Coimbatore, India. 
Anonymous. (2004). Annu. Crop Rep. (2003–2004). India.
Anonymous. (2014). Panchagavya and cow urine: as biopesticides. Retrieved from http://www.cowindia.org
Anonymous. (2015). Karnataka State Seed and Organic Certification Agency (KSSOCA) – a profile. Seed & Organic Certification Diary, 14–27.
Bharat, L., Nayak, V., Sharma, P., & Tedia, K. (2014). Effect of combined application of FYM, fly ash and fertilizers on soil properties and paddy grown on degraded land. Current World Environment, 9(2), 531–535. https://doi.org/10.12944/CWE.9.2.38 
Choudhary, V. K., & Suresh Kumar, P. (2013). Maize production, economics and soil productivity under different organic ource of nutrients in eastern himalayan region, India. International Journal of Plant Production, 7(2), 167–186. https://doi.org/10.22069/ijpp.2012.981 
Das, B. K., Choudhury, B. H., & Das, K. N. (2013). Effect of integration of fly ash with fertilizers and FYM on nutrient availability, yield and nutrient uptake of rice in Inceptisols of Assam, India. International Journal of Advancements in Research and Technology, 2(11), 190–208. http://www.ijoart.org/currentIssue.html .
Dhaliwal, S. S., Manchanda, J. S., Walia, S. S., & Dhaliwal, M. K. (2013). Differential response of manures in transformation of DTPA, zinc and iron in transplanted rice. International Journal of Science and Environment, 2(3), 300–312.
Gong, F., Wu, X., & Wang, W. (2013). Comparative proteomic identification of embryo proteins associated with hydropriming induced rapid-germination of maize seeds. Plant Omics, 6(5), 333–339. http://www.pomics.com/6-5-333-339-2013.pdf 
Hareesh, K. K. (2014). Studies on seed priming in pigeonpea and chickpea (M.Sc. (Agri.) Thesis). University of Agricultural Sciences, Raichur, India.
Ikeura, H., Kobayashi, F., & Tamaki, M. (2014). Hydropriming treatment of rice seeds with microbubble water. Journal of Agricultural Science, 6(6), 189–195. https://doi.org/10.5539/jas.v6n6p189 
Jaga, P. K., & Upadhyay, V. B. (2013). Effect of integrated nutrient management on wheat. Innovare Journal of Agricultural Sciences, 1(1), 1–3.
Nawaz, J., Hussain, M., Jabbar, A., Nadeem, G. A., Sajid, M., Subtain, M., & Shabbir, I. (2013). Seed Priming A Technique. International Journal of Agriculture and Crop Sciences, 6(20), 1373–1381. https://www.researchgate.net/publication/305800000_Seed_Priming_A_Technique .
Matsushima, K., & Sakagami, J. (2013). Effects of Seed Hydropriming on Germination and Seedling Vigor during Emergence of Rice under Different Soil Moisture Conditions. American Journal of Plant Sciences. https://doi.org/10.4236/ajps.2013.48191 
Alam, M. K., Rahim, M. A., Rahman, M. H., & Jahiruddin, M. (2014). Effects of organic fertilizers on the seed germination and seedling vigour of tomato. In G. Rahmann & U. Aksoy (Eds.), *Building Organic Bridges, Thuenen Report, no. 20* (pp. 49–52). Johann Heinrich von Thünen-Institut. https://doi.org/10.3220/REP_20_1_2014 
Mohanty, I., Senapati, M. R., Jena, D., & Palai, S. (2014). Diversified uses of cow urine. International Journal of Pharmacy and Pharmaceutical Sciences, 6(3), 20–22. https://journals.innovareacademics.in 
Nagarajaiah, L. S. (2014). Studies on seed priming in paddy and sorghum (M.Sc. (Agri.) Thesis). University of Agricultural Sciences, Raichur, India.
Nethra, N. (2013). Electrophoresis – principles and uses. National Seed Project, GKVK Bangalore.
Shekarriz, P., Kafi, M., Dianati Deilamy, S., & Mirmasoumi, M. (2014). Coconut Water and Peptone Improve Seed Germination and Protocorm Like Body Formation of Hybrid Phalaenopsis. *Agriculture Science Developments*, *3*(10), 317–322. 
Hamidi, R., Pirasteh-Anosheh, H., & Izadi, M. (2013). Effect of Seed Halo-priming Compared with Hydro-priming on wheat Germination and Growth. International Journal of Agronomy and Plant Production, 4(7), 1611–1615. https://www.cabidigitallibrary.org/doi/10.5555/20143090002 .
Ravikumar, R., Palanichamy, N. V., & Kaarthik, G. M. (2014). Usage of Fym and Its Impact on Rice Productivity: Empirical Evidence from Tamil Nadu, India. European Journal of Business and Management, 6(31), 195–199. https://www.iiste.org/Journals/index.php/EJBM/issue/view/1400 
Singh, V., Gurupreet, S., & Verma, D. K. (2013). Organic foods: Benefits and market demand. Popular Kheti, 1(4), 71–78. http://www.popularkheti.info/Archives-of-Contents 
Sripathy, K. V., Hosamani, J., Bellundagi, A., & Prabhakar, I. (2012). Organic seed production. Environment & Ecology, 30(1), 102–105.
Svetlana, B., Tubic, M., & Tatic. (2013). Seed ageing in field and vegetable crops. Journal of Field and Vegetable Crops, 30, 87–97. https://ifvcns.rs/ratarstvo-i-povrtarstvo/archive/ 
Tejeswara, R. K., Upendra, R. A., & Srinivasula Reddy. (2013). Residual effect of organic manures on growth, yield and economics of green gram. International Journal of Agricultural Sciences, 9(1), 275–279.
Tilahun, T., Dechassa, N., Bayu, W., & Gebeyehu, S. (2013). Effects of farmyard manure and inorganic fertilizer application on soil physico-chemical properties and nutrient balance in rain-fed lowland rice ecosystem. American Journal of Plant Sciences, 4(2), 309–316. https://doi.org/10.4236/ajps.2013.42041 
Vasudevan, S. N., Shakuntala, N. M., Doddagoudar, S. R., Rakesh Mathad, & Sangeetha Macha. (2013). Organic seed priming to improve seed yield and quality attributes in peanut. In XIII ISST National Seed Seminar on Innovations in Seed Research and Development (p. 93). UAS Bengaluru.
Vasudevan, S. N., Maruthi, J. B., Doddagoudar, S. R., Raghu, B. N., & Hanumanthappa, D. (2014). Correlation of different vigour tests with field emergence of paddy genotypes. The Ecoscan, 6, 333–338. https://doi.org/10.9735/0973-9004.6.3-4.333-338 
Vijayan, R., & Krishnasamy, V. (2014). Impact of organic techniques of seed crop management on seed yield and quality in rice cv. ADT 43. Scientific Research and Essays, 9(13), 611–618. https://doi.org/10.5897/SRE2013.5606 
Amanolahi-Baharvand, Z., Zahedi, H., Sharghi, Y., & Seifolahi-Nik, S. (2014). Comparative assessment of conventional and organic nutrient management on yield and yield components of three corn cultivars. International Journal of Biosciences, 4(12), 281–287. https://doi.org/10.12692/ijb/4.12.281-287 

Rate of Imbibition (%)	T1	T2	T3	T4	T5	T6	T7	T8	T9	8.5	32.5	18.2	17.5	18	24	26.5	20	28.5	Germination (%)	T1	T2	T3	T4	T5	T6	T7	T8	T9	78	97	89	87	88	93	94	91	95	Speed of Germination	T1	T2	T3	T4	T5	T6	T7	T8	T9	5.2	7.2	6	5.8	5.9	6.4	6.6	6.2	6.8	Root Length (cm)	T1	T2	T3	T4	T5	T6	T7	T8	T9	12.5	23.8	17	16.5	16.8	20.5	21.2	19	22	Shoot Length (cm)	T1	T2	T3	T4	T5	T6	T7	T8	T9	9.1999999999999993	15.2	12	11.5	11.7	13	13.5	12.2	14	Dry Matter (mg/10 seedlings)	T1	T2	T3	T4	T5	T6	T7	T8	T9	88.9	120.5	101.2	98.3	99.5	106.4	108.9	103	112.5	Vigour Index	T1	T2	T3	T4	T5	T6	T7	T8	T9	1267	1785	1410	1355	1380	1645	1650	1495	1698	



Rate of Imbibition (%)	T1	T2	T3	T4	T5	T6	T7	T8	T9	7.8	24.2	12.2	10.8	11.5	17.2	20.8	14.5	15.8	Germination (%)	T1	T2	T3	T4	T5	T6	T7	T8	T9	76	95	83	81	82	90	92	87	89	Speed of Germination	T1	T2	T3	T4	T5	T6	T7	T8	T9	5.0999999999999996	6.5	5.5	5.3	5.4	6.1	6.2	5.8	5.9	Root Length (cm)	T1	T2	T3	T4	T5	T6	T7	T8	T9	13.2	20.8	15.8	14.5	15.2	18.5	19.8	17.2	17.899999999999999	Shoot Length (cm)	T1	T2	T3	T4	T5	T6	T7	T8	T9	9	13.8	10.5	9.9	10.199999999999999	12.3	12.9	11.1	11.6	Dry Matter (mg/10 seedlings)	T1	T2	T3	T4	T5	T6	T7	T8	T9	90.8	115	102.4	98.8	100.5	106.5	108.4	103	100.9	Vigour Index	T1	T2	T3	T4	T5	T6	T7	T8	T9	1202	1624	1223	1034	1081	1503	1536	1431	1427	






