


Effect of Plant Growth Regulators on Germination, Growth and Seed Yield of Coriander (Coriandrum sativum L.)
Abstract
Coriander (Coriandrum sativum L.), an important spice crop, often suffers from poor and uneven germination due to hard seed coats and physiological dormancy, leading to reduced crop establishment and yield. Plant growth regulators such as GA₃ and NAA can improve germination, growth, and productivity, with previous studies showing significant enhancements in plant growth, flowering, and seed yield in coriander. A field investigation was conducted during the rabi season of 2024-25 at the College of Horticulture and Research Station, Sankara, Patan, Durg, Chhattisgarh, to evaluate the influence of various plant growth regulators (PGRs) on the germination and growth of coriander. The experiment was laid out in a Randomized Block Design (RBD) with ten treatments and three replications. Treatments included varying concentrations of Gibberellic Acid (GA3), Naphthalene Acetic Acid (NAA), and Thiourea. Results revealed that seed soaking with GA3 @ 150 ppm (T3) was the most effective treatment, recording the minimum days taken to seed germination (3.5 days), highest germination percentage (83.67%), and maximum seed yield (16.3 q ha⁻¹). NAA @ 150 ppm was found to be the next best alternative, while the control group showed the poorest performance across all parameters. 
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1. Introduction
Coriander (Coriandrum sativum L.), locally known as “Dhania,” is a vital annual spice crop valued worldwide for its aromatic leaves and seeds. Belonging to the family Apiaceae, it is an essential component of the Indian spice industry, with major production centered in states like Madhya Pradesh, Rajasthan, and Gujarat. In Chhattisgarh, it is cultivated over approximately 2.95 thousand hectares. 
Despite its economic significance, coriander cultivation faces a major hurdle: poor and uneven seed germination. This is primarily due to a hard seed coat and internal physiological dormancy, which can delay germination by up to 21 days under normal conditions. Such delays lead to non-uniform crop stands and reduced yields. Plant growth regulators (PGRs) offer a promising solution. Gibberellic acid (GA 3) is known to break dormancy by stimulating hydrolytic enzymes, while Naphthalene acetic acid (NAA) promotes cell elongation and root development. This study aims to standardize the optimum PGR concentrations for enhancing the growth and productivity of coriander in the Durg region. Several researchers have reported the beneficial effects of plant growth regulators on coriander and other seed spice crops. Panda et al. (2007) reported that application of GA₃ significantly improved plant height, branching, flowering, and seed yield in coriander due to enhanced physiological and metabolic activities. Haokip et al. (2016) observed that GA₃ @ 50 ppm produced superior growth, flowering, and yield attributes in coriander compared to other growth regulator treatments. Similarly, Singh et al. (2012) found that foliar application of GA₃ enhanced vegetative growth, yield attributes, and seed yield of coriander by improving photosynthetic efficiency and assimilate translocation.

2. Materials and Methods
The present investigation was conducted during the rabi season of 2024-25 at the College of Horticulture and Research Station, Sankara-Patan, Durg, Chhattisgarh, India, situated at approximately 21.53° N latitude and 81.55° E longitude with an altitude of about 293 m above mean sea level.
The experiment was laid out in a Randomized Block Design (RBD) with three replications comprising ten treatments. The treatments included T₀: control (distilled water soaking), T₁ to T₃: GA₃ at 75, 100 and 150 ppm, T₄ to T₆: NAA at 75, 100 and 150 ppm, and T₇ to T₉: thiourea at 750, 1000 and 1250 ppm. Coriander seeds were split into halves and soaked in the respective plant growth regulator solutions for 8 hours at 25°C before sowing. The treated seeds were sown on 8 February 2025 at a spacing of 20 cm × 10 cm. All recommended agronomic practices were uniformly followed throughout the crop growth period, including the application of fertilizers at the rate of 80:60:40 kg NPK/ha. The observations recorded during the study were subjected to statistical analysis following the procedure outlined for Randomized Block Design as described by Panse and Sukhatme. The significance of treatment differences was tested using the analysis of variance (ANOVA) technique at 5% level of significance.
3. Results and Discussion
3.1 Germination Parameters
The application of plant growth regulators significantly influenced germination parameters in coriander (Table 1). Among all the treatments, T₃ (GA₃ @ 150 ppm) recorded the minimum days to germination (3.5 days), followed by T₆ (NAA @ 150 ppm) with 4.2 days, whereas the control took 6.5 days for germination. Similarly, the highest germination percentage (83.67%) was also observed in T₃.
The improved germination under GA₃ treatment may be attributed to its role in breaking seed dormancy and stimulating the synthesis of alpha-amylase enzyme, which accelerates the conversion of stored starch into soluble sugars for embryo growth. GA₃ also promotes cell division, cell elongation, and rapid radicle emergence, resulting in faster and uniform germination. The favourable response under NAA treatments may be due to enhanced metabolic activity and improved root initiation, which supported better seedling establishment.




	Table 1: Effect of plant growth regulators on Germination Parameters

	Treatments
	Days taken to seed germination
	Germination percentage

	T0
	Control
	6.5
	68.0

	T1
	GA3 @75ppm
	5.0
	79.7

	T2
	GA3 @100ppm 
	4.5
	80.2

	T3
	GA3 @150ppm 
	3.5
	83.7

	T4
	NAA @ 75ppm
	5.4
	75.0

	T5
	NAA @ 100ppm
	5.1
	76.4

	T6
	NAA @ 150ppm
	4.2
	83.0

	T7
	Thiourea @ 750 ppm
	6.3
	72.0

	T8
	Thiourea @ 1,000 ppm
	5.4
	75.7

	T9
	Thiourea @ 1,250 ppm
	5.2
	76.1

	
	SEm±
	0.38
	0.96

	
	CD at 5%
	0.98
	2.76



3.2 Vegetative Growth
Plant height and branching exhibited progressive improvement under different plant growth regulator treatments (Table 2). Among all the treatments, T₃ (GA₃ @ 150 ppm) recorded the maximum plant height at all growth stages, with 59.8 cm at 30 DAS, 86.2 cm at 60 DAS, and 91.1 cm at 90 DAS, which was significantly superior over the control treatment that recorded only 31.4 cm, 57.9 cm, and 67.5 cm, respectively. Similarly, T₃ also produced the highest number of primary branches per plant (5.25, 7.95, and 8.65 at 30, 60, and 90 DAS, respectively) compared to the control treatment which recorded only 2.85, 5.85, and 6.15 primary branches. The number of secondary branches was also highest under T₃ with 8.1, 11.5, and 14.6 branches at corresponding growth stages, whereas the control recorded only 3.7, 7.8, and 10.7 secondary branches per plant. The increase in plant height and branching under GA₃ application clearly indicated the stimulatory effect of gibberellic acid on vegetative growth and stem elongation.
The superior vegetative growth observed under GA₃ treatments may be attributed to the physiological role of gibberellic acid in promoting rapid cell division, cell elongation, and enlargement of internodal regions. GA₃ enhances the activity of apical meristems and stimulates the synthesis of enzymes and proteins involved in growth processes, leading to increased stem elongation and plant vigour. It also improves photosynthetic efficiency through better leaf expansion and chlorophyll development, thereby increasing the production and translocation of assimilates to actively growing tissues. Enhanced nutrient absorption and efficient mobilization of carbohydrates further contributed to the increased plant height and branching.
The increase in the number of primary and secondary branches under GA₃ treatments might also be due to the activation of dormant lateral buds and reduced apical dominance, which encouraged lateral growth and branching. A well-developed branching system improves light interception and photosynthetic area, ultimately supporting better biomass accumulation and reproductive development. The results are in agreement with earlier findings that gibberellic acid stimulates vegetative growth and branching in coriander and other seed spice crops through enhanced metabolic and physiological activities by Monika et.al. 2026 and Sahu et.al. 2024.
Among the NAA treatments, NAA @ 150 ppm (T₆) also showed promising results with plant height values of 52.8 cm, 81.1 cm, and 88.6 cm at 30, 60, and 90 DAS, respectively, along with higher branching compared to the control. The beneficial effect of NAA may be due to its auxinic action, which promotes root initiation and development, leading to better water and nutrient uptake. Improved root growth increases nutrient translocation and hormonal balance within the plant, which indirectly enhances shoot growth and branching. Auxins are also known to regulate cell elongation and vascular differentiation, contributing to improved vegetative growth.
Thiourea treatments also improved vegetative parameters over the control, particularly at higher concentrations. Thiourea @ 1,250 ppm (T₉) recorded better plant height and branching compared to lower concentrations and untreated plants. The positive effect of thiourea may be associated with its role in breaking dormancy, improving metabolic activity, and enhancing nitrogen metabolism and photosynthetic efficiency. However, its effect was comparatively lower than GA₃ and NAA treatments, indicating that gibberellic acid was more effective in promoting vigorous vegetative growth in coriander.
The minimum plant height and branching were recorded under the control treatment throughout the crop growth period, indicating the necessity of exogenous application of plant growth regulators for improving vegetative performance. The statistical analysis further confirmed that the differences among treatments were significant, as evident from the CD values at 5% level. Overall, GA₃ @ 150 ppm proved to be the most effective treatment for enhancing plant height, primary branching, and secondary branching in coriander, thereby creating a favourable vegetative framework for higher productivity.

	Table 2: Effect of plant growth regulators on Vegetative Growth

	[bookmark: _Hlk209292636]Treatments
	Plant height (cm)
	Number of primary branches per plant
	Number of secondary branches per plant

	
	30 Days
	60 Days
	90 Days
	30 Days
	60 Days
	90 Days
	30 Days
	60 Days
	90 Days

	T0
	Control
	31.4
	57.9
	67.5
	2.85
	5.85
	6.15
	3.7
	7.8
	10.7

	T1
	GA3 @75ppm
	54.1
	80.9
	87.2
	3.60
	6.50
	7.65
	7.5
	10.9
	13.0

	T2
	GA3 @100ppm
	51.2
	79.3
	87.9
	4.65
	7.45
	7.75
	7.2
	10.6
	13.8

	T3
	GA3 @150ppm
	59.8
	86.2
	91.1
	5.25
	7.95
	8.65
	8.1
	11.5
	14.6

	T4
	NAA @ 75ppm
	36.5
	66.8
	76.4
	4.30
	6.85
	7.25
	4.3
	8.7
	11.2

	T5
	NAA @ 100ppm
	49.9
	77.1
	82
	4.05
	7.30
	7.40
	6.8
	10.0
	12.8

	T6
	NAA @ 150ppm
	52.8
	81.1
	88.6
	4.55
	7.75
	8.25
	7.4
	10.8
	13.8

	T7
	Thiourea @ 750 ppm
	36.1
	67.2
	72
	3.45
	6.30
	6.70
	4.7
	8.4
	10.8

	T8
	Thiourea @ 1,000 ppm
	29.1
	61.2
	78.5
	3.40
	7.30
	7.35
	7.1
	9.9
	11.7

	T9
	Thiourea @ 1,250 ppm
	45.6
	72.4
	80.2
	4.20
	6.95
	7.35
	4.5
	9.6
	12.4

	
	SEm±
	1.12
	1.14
	0.99
	0.12
	0.12
	0.08
	0.11
	0.13
	0.17

	
	CD at 5%
	3.22
	3.28
	2.84
	0.33
	0.34
	0.22
	0.32
	0.38
	0.47



3.3 Flowering and Reproductive Traits
The flowering and reproductive parameters of coriander were significantly influenced by different seed soaking treatments with plant growth regulators (Table 3). Among all the treatments, T₃ (GA₃ @ 150 ppm) recorded the minimum number of days to first flowering (43.8 days), whereas the control treatment required 54.5 days for first flowering. Similarly, days to 50 per cent flowering were also significantly reduced under T₃ (50.3 days) compared to the control (62.6 days). The reduction in flowering duration under GA₃ treatments may be attributed to the stimulatory effect of gibberellic acid on cell division, stem elongation, and floral induction, which accelerated the transition from vegetative to reproductive phase.
The reproductive traits were also markedly improved due to plant growth regulator treatments. Treatment T₃ (GA₃ @ 150 ppm) recorded the highest number of umbels per plant (30.5) and umbellets per umbel (8.0), whereas the control treatment recorded only 18.5 umbels per plant and 5.0 umbellets per umbel. The increase in reproductive characters under GA₃ treatment may be due to enhanced vegetative growth, increased branching, and efficient translocation of photosynthates towards reproductive organs, which ultimately supported better floral initiation and development.
The reduction in flowering duration under GA₃ treatments may be attributed to the role of gibberellic acid in stimulating cell division, stem elongation, and floral induction. GA₃ enhances the synthesis and translocation of metabolites, accelerates physiological activities, and promotes the transition from vegetative to reproductive phase, thereby inducing early flowering. Improved flowering response under NAA treatments might be due to better nutrient uptake, enhanced root activity, and favourable hormonal balance within the plant. 
The reproductive traits were also markedly improved due to plant growth regulator treatments. The highest number of umbels per plant (30.5) was recorded under T₃ (GA₃ @ 150 ppm), followed by T₆ (NAA @ 150 ppm) with 29.0 umbels per plant, whereas the control produced only 18.5 umbels per plant. Similarly, the number of umbellets per umbel was maximum under T₃ (8.0), followed closely by T₆ (7.8), while the control recorded the minimum value of 5.0 umbellets per umbel. 
The increase in reproductive characters under GA₃ treatment may be due to enhanced vegetative growth, increased branching, and efficient translocation of photosynthates towards reproductive organs. Better plant vigour and higher assimilate accumulation under GA₃ possibly provided more sites for floral initiation and development, resulting in increased umbels and umbellets formation. NAA treatments also improved reproductive performance, likely due to enhanced physiological efficiency and nutrient absorption. Similar results were reported by Yadav et.al.(2018), Joshi and Meena (2020), and Prajapati et.al.(2022), who found that higher concentrations of GA₃ significantly improved floral and yield attributes in coriander and other spice crops. 
	Table 3: Effect of plant growth regulators on Flowering and Reproductive Traits

	Treatments
	Days to 1st flowering
	Days to 50% flowering
	Umbels/plant

	T0
	Control
	54.5
	62.6
	18.5

	T1
	GA3 @75ppm
	49.3
	56.7
	27.0

	T2
	GA3 @100ppm 
	48.8
	56.1
	28.0

	T3
	GA3 @150ppm 
	43.8
	50.3
	30.5

	T4
	NAA @ 75ppm
	52.1
	59.9
	21.5

	T5
	NAA @ 100ppm
	50.3
	57.8
	26.0

	T6
	NAA @ 150ppm
	44.3
	50.9
	29.0

	T7
	Thiourea @ 750 ppm
	53.5
	61.5
	20.0

	T8
	Thiourea @ 1,000 ppm
	51.6
	59.3
	24.0

	T9
	Thiourea @ 1,250 ppm
	50.8
	58.4
	25.0

	
	SEm±
	0.88
	1.77
	1.13

	
	CD at 5%
	2.53
	5.10
	3.20



3.4 Yield Attributes
The yield parameters of coriander were significantly influenced by different seed soaking treatments with plant growth regulators (Table 4). Among all the treatments, T₃ (GA₃ @ 150 ppm) consistently recorded superior performance in most of the yield attributes. The maximum number of seeds per umbellet (6.6) and seeds per umbel (52.8) were recorded under T₃, whereas the control treatment recorded only 4.8 seeds per umbellet and 24.0 seeds per umbel. Similarly, T₃ produced the highest seed yield per plant (4.88 g), seed yield per plot (0.327 kg), and seed yield per hectare (16.3 q ha⁻¹), which were significantly superior over the control treatment that produced only 1.87 g seed yield per plant, 0.125 kg seed yield per plot, and 6.3 q ha⁻¹ seed yield.
The increase in seed yield under GA₃ treatments may be attributed to improved germination, vigorous vegetative growth, enhanced flowering, greater number of umbels, higher seed setting, and efficient translocation of photosynthates towards developing seeds. Gibberellic acid plays an important role in enhancing metabolic activities and sink strength, ultimately resulting in higher productivity. Increased test weight was also observed under T₃ (12.8 g) compared to the control treatment (8.8 g), indicating better seed filling and embryo development under GA₃ application.
The increase in seed yield under GA₃ treatments may be due to improved germination, vigorous vegetative growth, increased branching, enhanced flowering, greater number of umbels, higher seed setting, and efficient translocation of photosynthates towards developing seeds. Gibberellic acid plays an important role in enhancing metabolic activities and sink strength, ultimately resulting in higher productivity. The favourable response observed under NAA treatments might be associated with improved root growth, nutrient uptake, and balanced hormonal activity, which supported better reproductive development and seed filling. 
Test weight of coriander seeds was also significantly affected by different treatments. The maximum test weight (12.8 g) was recorded under T₃ (GA₃ @ 150 ppm), followed by T₆ (12.4 g) and T₂ (12.0 g), whereas the minimum test weight (8.8 g) was observed under the control treatment. Increased test weight under GA₃ treatments may be attributed to better seed filling, efficient translocation of assimilates, and proper embryo development during seed maturation. Similar improvements under NAA treatments may have resulted from enhanced nutrient absorption and better physiological efficiency, leading to bolder and healthier seeds. 
The present findings are in close conformity with the results of Arkwazee et.al.2023, V et.al. 2023
Meena et.al.(2021), who reported that application of GA₃ significantly improved seed yield attributes and productivity in coriander and other seed spice crops.

	Table 4: Effect of plant growth regulators on Yield Attributes

	Treatments
	Seeds/umbellet
	Seeds/umbel
	Seed yield/plant (g)
	Seed yield/plot (kg)
	Seed yield/ha (q)

	T0
	Control
	4.8
	24.0
	1.87
	0.125
	6.3

	T1
	GA3 @75ppm
	6.0
	43.8
	3.88
	0.260
	13.0

	T2
	GA3 @100ppm 
	6.2
	46.5
	4.21
	0.282
	14.1

	T3
	GA3 @150ppm 
	6.6
	52.8
	4.88
	0.327
	16.3

	T4
	NAA @ 75ppm
	5.2
	30.2
	2.54
	0.170
	8.5

	T5
	NAA @ 100ppm
	5.9
	41.3
	3.54
	0.237
	11.9

	T6
	NAA @ 150ppm
	6.4
	49.9
	4.54
	0.304
	15.2

	T7
	Thiourea @ 750 ppm
	5.0
	27.0
	2.21
	0.148
	7.4

	T8
	Thiourea @ 1,000 ppm
	5.5
	35.8
	2.87
	0.193
	9.6

	T9
	Thiourea @ 1,250 ppm
	5.7
	38.8
	3.21
	0.215
	10.7

	
	SEm±
	0.10
	1.32
	0.36
	0.02
	0.39

	
	CD at 5%
	0.30
	3.80
	1.03
	0.06
	1.12



4. Conclusion
The present investigation concluded that seed soaking with Gibberellic Acid (GA₃) @ 150 ppm for 8 hours proved to be the most effective treatment for improving growth and yield performance in coriander. The treatment significantly enhanced germination percentage, reduced the time required for germination and flowering, and promoted better vegetative growth in terms of plant height and branching. It also improved reproductive and yield parameters, including number of umbels, seeds per umbel, seed yield per plant, seed yield per plot, seed yield per hectare, and test weight. The maximum seed yield of 16.3 q ha⁻¹ was recorded under GA₃ @ 150 ppm, representing about 158 per cent increase over the control treatment. Among the other treatments, NAA @ 150 ppm also showed promising results and may be considered a suitable alternative for improving coriander productivity under the plains of Chhattisgarh.
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