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Enhancement of seed quality parameters through different seed priming treatments in coriander (Coriandrum sativum L.) under varied temperature regimes


	ABSTARCT 
Aims: The specific goal of the present study was to study the influence of different seed priming treatments on germination and other seed quality parameters under varied temperature regimes
Study Design: Completely Randomized Design (Factorial)
Place and Duration of Study: Seed Testing Laboratory, Department of Seed Science and Technology, College of Agriculture, Junagadh Agricultural University, Junagadh during the year          2024-25.
Results: The laboratory experiment was conducted under three temperature regimes viz., T1              (30 ± 1oC), T2 (25 ± 1oC) and T3 (20 ± 1oC). The seed priming treatments were P0 (no priming (control)), P1 (Hydropriming (with water, 14 h), P2 (Plant growth promoting rhizobacteria (10 g/kg,     14 h)), P3 (Trichoderma harzianum (4 %, 14 h)), P4 (Panchgavya (8 %, 14 h)) and P5 (Bijamrut (9 %, 14 h)). The observed results showed that highest germination and other seed quality parameters was obtained with P4 (Panchgavya (8 %, 14 h) seed priming and the lowest was recorded with P0 (no priming (control)). Amongst the varied temperature regimes, T2 (25 ± 1oC) recorded the highest values for seed quality parameters and the lowest was observed for T1 (30 ± 1oC). The interaction effect of the temperature regimes and priming treatments was found to be non-significant, indicating that the there is an independent effect of varied temperature conditions and seed priming treatments.
Conclusion: Seed priming with P4 (Panchgavya (8 %, 14 h)) and a temperature of T2 (25 ± 1oC) independently yielded the highest germination and seed quality parameters.
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1. INTRODUCTION
Coriander (Coriandrum sativum L., 2n = 22), also called Dhania, Chinese parsley or Cilantro is a member of apiaceae family and an annual herbaceous plant that is mostly grown for its seeds as well as tender green leaves, thus both as spice and herb. Coriander is a dicot plant with epigeal germination and is only propagated with seed. It is a soft plant growing to 50 cm tall. The leaves are oval, slightly lobed and the upper leaves are divided into linear portions. The stem is erect and sympodial, with multiple side branches at the basal node and a monochasial branch with an inflorescence at the end of each branch. The adult plant has a hollow stem with basal sections that can reach a diameter of 2 cm. Coriander fruit is a dry schizocarp with two mericarps which have one seed each. The size of seed is about 3.0 mm in diameter and ripe seed are aromatic.	Comment by ASUS: it is necessary to add the latest citations about research in this field, and what is the importance of doing this research

It has its origin from the Mediterranean and Middle Eastern regions and is also found in South America, North Africa and India. In India, it is grown commercially in Rajasthan, Madhya Pradesh, Gujarat, Assam, Andhra Pradesh, Karnataka, Odisha, Tamil Nadu, Uttar Pradesh, Bihar, Chhattisgarh, Haryana, West Bengal, Maharashtra, Himachal Pradesh and Punjab. In India, it is estimated that it is cultivated in 6.04 lakh hectares of area with 8.36 lakh tonnes production and productivity of 1.38 tonnes per hectare (Anon., 2023-24). 
In agriculture, seeds are an essential and significant input. Efficient seed germination promotes a better establishment in field and crop yield. Seed priming has emerged as a promising and secure method among the various seed invigoration approaches to survive biotic and abiotic stress and increase the plant growth and vigor, through a physiological process, i.e., controlled hydration and drying. Different priming solutions have different properties and effectiveness; therefore, the optimization of priming agents is required for each crop species.
There is an urgent need to reduce the use of chemical fertilizers in agriculture due to environmental concern and alternative to chemicals are being sought to improve crop establishment and health. Best way is the use of organic fertilizers to seed, which may promote plant growth, including supply of organic nutrients production of plant hormones, antibiotic or enzyme, induced systemic resistance. Also, owing to the fact that coriander fruits are schizocarp, having a hard pericarp, appropriate temperature conditions become even more significant to guarantee sufficient water uptake and embryo development. Knowledge of temperature needed to germinate coriander seeds is necessary, particularly in diverse agro-climatic conditions.
2. MATERIAL AND METHODS	Comment by ASUS: Material and Methods
With subtitle : area study, experimental design, data collection methods/measurement of research results, data analysis
The experiment was conducted using the open pollinated coriander variety ‘Gujarat Coriander - 4’ also called as Sorath Sugandha at Seed Testing Laboratory, Department of Seed Science and Technology, College of Agriculture, Junagadh Agricultural University, Junagadh during the year 2024-25. Completely Randomized Design (Factorial) Design as per the method suggested by Gomez and Gomez (1984), was used in the statistical analysis of the data. The factorial experiment in four replications was conducted at three temperature regimes (30 ± 1oC (T1), 25 ± 1oC (T2), 20 ± 1oC (T3)) and six priming treatments viz., No priming (control) (P0), Hydro priming (with water,14 h) (P1), Plant growth promoting rhizobacteria (10 g/kg, 14 h) (P2), Trichoderma harzianum (4 %,14 h) (P3), Panchgavya (8 %, 14 h) (P4) and Bijamrut (9 %, 14 h) (P5). After 14 hours of soaking in the appropriate concentration of each priming solution, the seeds were dried to their initial moisture content and the following observations were made: germination percentage (First and Final count), root length (cm), shoot length (cm), seedling length (cm), seedling fresh weight (mg), seedling dry weight (mg), seedling vigour index I and seedling vigour index II. 
3. RESULTS AND DISCUSSION
3.1 Germination percentage (First and Final count)
The first count was taken on the 7th day, while the final count was recorded on the 21st day from the start of the day of the germination test. Across the temperature regimes, the maximum germination percentage-first and final count (53.29 % and 80.67 %) was recorded for temperature T2 (25 ± 1oC), while the minimum germination percentage- first count (42.42 % and 73.13 %) was recorded at T1             (30 ± 1oC). The results were in accordance with the findings of Kumar et al. (2011) in Kalmegh, Allahmoradi et al. (2013) in coriander, sainfoin and bitter vetch and Mahmood (2025) in brussels sprouts. It is anticipated that lower temperatures and critical high temperatures may slow down the metabolic rate to the point where pathways necessary for the start of germination stop or minimize the functioning.	Comment by ASUS: From table..?	Comment by ASUS: How similarity..?

 Amongst the seed priming treatments, priming with panchgavya (8 %, 14 h) (P4) showed significantly highest germination percentage- first and final count (54.17 % and 81.33 %), followed by priming treatment T. harzianum (4 %, 14 h) (P3) with germination percentage-first and final count of 51.75 % and 79.33 %, at par with bijamrut (9 %, 14 h) with 51.00 % and 78.58 % and the lowest germination percentage- first and final count (41.33 % and 70.08 %) was recorded for no priming (P0) treatment. Primed seeds performing significantly over the control in germination may be due to higher metabolic activity before sowing due to pre-sowing seed treatment that caused seeds to get ready for germination. Panchgavya has nearly all of the essential elements including micronutrients and growth hormones like IAA, GA and beneficial microorganisms, therefore improved the plant metabolism and promote better seed invigoration in the seeds primed with panchgavya.
Table 1 Effect of different seed priming treatments on germination percentage- first and final count under different temperature regimes
	Character 
	Germination percentage

	
	First count
	Final count

	Factors
	T1
	T2
	T3
	Mean (P)
	T1
	T2
	T3
	Mean (P)

	P0
	36.50
	47.25
	40.25
	41.33
	65.50
	74.75
	70.00
	70.08

	P1
	38.75
	51.00
	50.25
	46.67
	70.75
	79.25
	75.75
	75.25

	P2
	41.75
	52.75
	50.25
	48.25
	73.00
	80.75
	77.00
	76.92

	P3
	45.25
	55.75
	54.25
	51.75
	76.00
	82.75
	79.25
	79.33

	P4
	47.50
	58.50
	56.50
	54.17
	78.50
	84.25
	81.25
	81.33

	P5
	44.75
	54.50
	53.75
	51.00
	75.00
	82.25
	78.50
	78.58

	Mean (T)
	42.42
	53.29
	50.88
	 
	73.13
	80.67
	76.96
	 

	
	S.Em±
	CD at 5%
	CV%
	S.Em±
	CD at 5%
	CV%

	T
	0.44
	1.26
	4.44
	0.37
	1.05
	2.36

	P
	0.63
	1.78
	
	0.52
	1.49
	

	T x P
	1.08
	NS
	
	0.91
	NS
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Figure 1 Seed priming treatments viz., no priming (control) (P0), Hydropriming (with water,      14 h) (P1), Plant growth promoting rhizobacteria (10 g/kg, 14 h) (P2), Trichoderma harzianum (4 %, 14 h) (P3), Panchgavya (8%, 14 h) (P4) and Bijamrut (9 %, 14 h) (P5)
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Figure 2 Effect of panchgavya seed priming treatment on germination percentage- final count in coriander at different temperature regimes

3.2 Root length (cm)
      The root length was measured on the 21st day from the start of the day of the germination test. Under varied temperature regimes, the maximum root length (8.96 cm) was recorded at temperature T2 (25 ± 1oC) and the minimum root length (6.66 cm) was recorded at T1 (30 ± 1oC). Metabolic enzymes involved in cell division and elongation work well at 25°C. This promotes better nutrient assimilation and stimulates root growth. Across the priming treatments, significantly highest root length (9.75 cm) was recorded for also priming with panchgavya (8 %, 14 h) (P4), followed by T. harzianum (4 %, 14 h) (P3) with 9.12 cm root length. The no priming (control) (P0) recorded the lowest root length (5.26 cm). 	Comment by ASUS: From table..?

The bioactive compounds and nutrients in panchgavya improve seed hydration and early metabolic activity, along with faster radicle emergence and growth. Also, growth regulators like auxin, gibberellin and cytokinin present can stimulate cell division and elongation in root tissues, which makes the root systems longer. These results were similar with the findings of Vaishnavi et al. (2021) in chickpea and Rana and Sathiyanarayanan (2025) in black gram.	Comment by ASUS: How similarity..?

3.3 Shoot length (cm)
      The shoot length was measured on the 21st day from the start of the day of the germination test and was significantly influenced by the different seed priming treatments under different temperature regimes. The temperature T2 (25 ± 1oC) recorded maximum shoot length (11.99 cm) and the minimum shoot length (10.39 cm) was recorded at T1 (30 ± 1oC). The enzymes in photosynthesis are efficient at 25°C, thus contributing to the increased generation of energy (ATP) and carbohydrates that promote shoot elongation. This temperature thus, promotes a steady and uniform rate of shoot development, resulting in stronger and more vigorous seedlings with elongated shoots. These results align with findings of Sharma et al. (2022) in wheat. Across the priming treatments, significantly highest shoot length (13.01 cm) was recorded for priming with panchgavya (8 %, 14 h) (P4), followed by T. harzianum (4 %, 14 h) (P3) with 12.09 cm shoot length and the lowest shoot length (9.61 cm) was recorded in no priming (P0). The presence of micronutrients and beneficial microorganisms in panchgavya facilitates nutrient availability and hasten growth of the shoot after germination. This nourishes the developing shoot and supports its rapid extension. These results were similar with the findings of Barad et al. (2025) in cumin.	Comment by ASUS: From table..?
	Comment by ASUS: How similarity..?

3.4 Seedling length (cm)
The seedling length was measured on the 21st day from the start of the day of the germination test. Under varied temperature regimes, the maximum seedling length (20.95 cm) was recorded at temperature T2 (25 ± 1oC) and the minimum seedling length (17.05 cm) was recorded at T1 (30 ± 1oC). Across the priming treatments, significantly highest seedling length (22.76 cm) was recorded for priming with panchgavya (8 %, 14 h) (P4), followed by Trichoderma harzianum (4 %, 14 h) (P3) with 21.21 cm seedling length and lowest (14.87) in no priming (control) (P0). 	Comment by ASUS: From table..?

Seed priming with panchgavya supports the early hydration and promoted activation of enzymes and transport systems, enabling uniform radicle and plumule emergence, contributing to increased seedling length. These results were similar with the findings of Rana and Sathiyanarayanan (2025) in black gram and Barad et al. (2025) in cumin.	Comment by ASUS: How similarity..?



Table 2 Effect of different seed priming treatments on root length (cm), shoot length (cm) and seedling length (cm) under different temperature regimes
	Character 
	Root length (cm)
	Shoot length (cm)
	Seedling length (cm)

	Factors
	T1
	T2
	T3
	Mean (P)
	T1
	T2
	T3
	Mean (P)
	T1
	T2
	T3
	Mean (P)

	P0
	4.54
	6.12
	5.11
	5.26
	8.75
	10.18
	9.92
	9.61
	13.29
	16.30
	15.02
	14.87

	P1
	5.26
	8.10
	6.47
	6.61
	9.41
	10.70
	10.38
	10.16
	14.67
	18.80
	16.85
	16.77

	P2
	6.26
	9.13
	7.64
	7.67
	10.03
	11.62
	10.92
	10.86
	16.29
	20.75
	18.56
	18.53

	P3
	8.21
	10.05
	9.09
	9.12
	11.15
	13.19
	11.93
	12.09
	19.36
	23.24
	21.02
	21.21

	P4
	8.75
	10.73
	9.76
	9.75
	12.44
	13.84
	12.75
	13.01
	21.19
	24.57
	22.51
	22.76

	P5
	6.95
	9.66
	8.60
	8.40
	10.59
	12.38
	11.42
	11.46
	17.53
	22.04
	20.02
	19.86

	Mean (T)
	6.66
	8.96
	7.78
	 
	10.39
	11.99
	11.22
	 
	17.05
	20.95
	19.00
	 

	
	S.Em±
	CD at 5%
	CV%
	S.Em±
	CD at 5%
	CV%
	S.Em±
	CD at 5%
	CV%

	T
	0.10
	0.27
	6.00
	0.12
	0.35
	5.35
	0.16
	0.47
	4.24

	P
	0.14
	0.38
	
	0.17
	0.49
	
	0.23
	0.66
	

	T x P
	0.23
	NS
	
	0.30
	NS
	
	0.40
	NS
	



3.5 Seedling fresh weight (mg)
Under varied temperature regimes, the maximum seedling fresh weight (686.63 mg) was recorded at temperature T2 (25 ± 1oC), followed by T3 (20 ± 1oC) with seedling fresh weight of 612.00 mg and the minimum seedling fresh weight (566.54 mg) was recorded at T1 (30 ± 1oC). Coriander seedlings generally exhibited optimal physiological activity that enhances growth, including fresh weight accumulation.	Comment by ASUS: From table..?

 Across the priming treatments, significantly highest seedling fresh weight (776.92 mg) was recorded for priming with panchgavya (8 %, 14 h) (P4), followed by Trichoderma harzianum (4 %, 14 h) (P3) with 732.75 mg seedling fresh weight and lowest in no priming (control) (P0) with 425.92 mg. Panchgavya provides essential nutrients and micronutrients that support the metabolic activities of the seed, leading to improved water uptake and nutrient absorption. This results in increased cellular growth and expansion, contributing to greater fresh weight. Natural growth hormones also accelerates cell division and elongation, promoting biomass accumulation in seedlings. Healthy seedlings tend to maintain higher water content and tissue growth, reflecting in better fresh weight. Similar results were reported by Kumari et al. (2021) in ridge gourd and Kumar et al. (2021) in chilli.	Comment by ASUS: How similarity..?

3.6 Seedling dry weight (mg)
The seedling dry weight was measured on the 21st day from the start of the day of the germination test. Under varied temperature regimes, the maximum seedling dry weight (38.96 mg) was recorded at temperature T2 (25 ± 1oC), followed by T3 (20 ± 1oC) with seedling dry weight of 37.12 mg and the minimum seedling dry weight (34.75 mg) was recorded at T1 (30 ± 1oC). Across the priming treatments, significantly highest seedling dry weight (41.92 mg) was recorded for priming with panchgavya (8 %, 14 h) (P4), followed by Trichoderma harzianum (4 %, 14 h) (P3) with 39.83 mg seedling dry weight. The no priming (control) (P0) recorded the lowest seedling dry weight (31.50 mg).	Comment by ASUS: From table..?

Table 3 Effect of different seed priming treatments on seedling fresh weight (mg) and seedling dry weight (mg) under different temperature regimes
	Character 
	Seedling fresh weight (mg)
	Seedling dry weight (mg)

	Factors
	T1
	T2
	T3
	Mean (P)
	T1
	T2
	T3
	Mean (P)

	P0
	348.00
	501.25
	428.50
	425.92
	29.25
	33.75
	31.50
	31.50

	P1
	459.75
	590.25
	511.00
	520.33
	32.25
	36.50
	34.50
	34.42

	P2
	555.25
	672.75
	586.00
	604.67
	33.75
	38.50
	36.00
	36.08

	P3
	688.75
	792.25
	717.25
	732.75
	37.50
	41.75
	40.25
	39.83

	P4
	736.00
	826.00
	768.75
	776.92
	40.25
	43.25
	42.25
	41.92

	P5
	611.50
	737.25
	660.50
	669.75
	35.50
	40.00
	38.25
	37.92

	Mean (T)
	566.54
	686.63
	612.00
	
	34.75
	38.96
	37.12
	

	
	S.Em±
	CD at 5%
	CV%
	S.Em±
	CD at 5%
	CV%

	T
	4.77
	13.52
	3.76
	0.35
	1.00
	4.68

	P
	6.74
	19.12
	
	0.50
	1.42
	

	T x P
	11.68
	NS
	
	0.86
	NS
	


The ultimate demonstration of physiological vigour is the dry matter of seedlings. Majorly, the reserve metabolites, enzyme activities and growth regulators have an impact on this physiological event. The seedlings primed with panchgavya increased the dry weight due to improved biomass accumulation in seedlings, better nutrient absorption and better metabolic activity leading to greater synthesis of carbohydrates and proteins. Similar results were reported by Barad et al. (2025) in cumin.
3.7   Seedling vigour index I
Under varied temperature regimes, the maximum seedling vigour index I (1697.87) was recorded at temperature T2 (25 ± 1oC), followed by T3 (20 ± 1oC) with seedling vigour index I of 1472.52 and the minimum seedling vigour index I (1258.59) was recorded at T1 (30 ± 1oC). Across the priming treatments, significantly highest seedling vigour index I (1853.77) was recorded for also priming with panchgavya (8 %, 14 h) (P4) followed by Trichoderma harzianum (4 %, 14 h) (P3) with 1678.97 seedling vigour index I. The no priming (control) (P0) recorded the lowest seedling vigour index I (1061.07). Seedling vigour index I (SVI I) is an important parameter used to evaluate the early development of seedlings. The results showed similarity with the findings of Kumari et al. (2021) in ridge gourd. A higher seedling vigour index I value indicates that the seeds are not only germinating well but also developing into robust seedlings with better root and shoot growth. Seed priming with panchgavya has a positive impact on coriander seedling vigour index I by improving germination rates and promoting seedling growth through natural bioactive compounds and nutrients.	Comment by ASUS: From table..?
	Comment by ASUS: How similarity..?
3.8 Seedling vigour index II
      Under varied temperature regimes, the maximum seedling vigour index II (3152.42) was recorded at temperature T2 (25 ± 1oC), followed by T3 (20 ± 1oC) with seedling vigour index II of 2868.85 and the minimum seedling vigour index II (2555.63) was recorded at T1 (30 ± 1oC). These results align with findings of Heidari and Sadeghi (2014) in cumin, Khetran et al. (2015) in cotton and Sharma et al. (2022) in wheat. Across the priming treatments, significantly highest seedling vigour index II (3412.50) was recorded for priming with panchgavya (8 %, 14 h) (P4), followed by Trichoderma harzianum (4 %, 14 h) (P3) with 3164.42 seedling vigour index II. The no priming (control) (P0) recorded the lowest seedling vigour index II (2215.94). 	Comment by ASUS: From table..?

Table 4 Effect of different seed priming treatments on seedling vigour index I and seedling vigour index II under different temperature regimes
	Character 
	Seedling vigour index I
	Seedling vigour index II

	Factors
	T1
	T2
	T3
	Mean (P)
	T1
	T2
	T3
	Mean (P)

	P0
	900.89
	1230.47
	1051.86
	1061.07
	1917.00
	2525.00
	2205.83
	2215.94

	P1
	1055.89
	1490.23
	1264.45
	1270.19
	2281.50
	2891.50
	2612.75
	2595.25

	P2
	1189.12
	1661.24
	1451.76
	1434.04
	2461.50
	3108.75
	2772.25
	2780.83

	P3
	1447.12
	1922.98
	1666.00
	1678.97
	2850.25
	3455.50
	3187.50
	3164.42

	P4
	1662.20
	2070.19
	1828.93
	1853.77
	3161.50
	3643.75
	3432.25
	3412.50

	P5
	1295.48
	1812.14
	1572.12
	1559.91
	2662.00
	3290.00
	3002.50
	2984.83

	Mean (T)
	1258.59
	1697.87
	1472.52
	
	2555.63
	3152.42
	2868.85
	 

	
	S.Em±
	CD at 5%
	CV%
	S.Em±
	CD at 5%
	CV%

	T
	15.12
	42.86
	5.02
	30.19
	85.60
	5.17

	P
	21.38
	60.62
	
	42.70
	121.06
	

	T x P
	37.03
	NS
	
	73.95
	NS
	


A higher seedling vigour index II value indicates that the seedlings are not only germinating successfully but also developing stronger tissues with more accumulated nutrients and energy reserves. With improved germination and increased dry weight, seeds treated with panchgavya exhibited a higher seedling vigour index II compared to untreated controls.
4. CONCLUSION
	The experiment determines that the physiological optimum of coriander germination is 25 ± 1ºC. This temperature condition optimizes the metabolic efficacy of the seed resulting in high seed quality parameters like seedling length, vigour indices etc. On the other hand, the temperature (30 ± 1ºC) is a constraint, which considerably hinders biochemical activities and leads to low seed quality parameters. 
	Amongst the several organic seed priming treatments, panchgavya (8 %, 14 h) was found to be the most effective bio -stimulant. Its excellence is explained by the fact that it contains vital nutrients, amino acids and growth-promoting hormones that stimulate early activity of enzymes. Although Trichoderma harzianum (4 %, 14 h) was also effective, panchgavya (8 %, 14 h) gave a more comprehensive increase in both growth (Vigour index I) and biomass accumulation (Vigour index II). The temperature regimes interaction with the priming treatment was not significant implying that the advantage of organic priming is similar within the temperature regimes tested and not dependent of each other. 
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