INFLUENCE OF PGRs ON SPROUTING AND EARLY GROWTH OF GINGER SEED RHIZOMES IN PROTRAY NURSERY
Abstract:
The study evaluated the influence of plant growth regulators (PGRs) on sprouting and early growth of ginger (Zingiber officinale Rosc.) raised through protray nursery techniques. The experiment was conducted in a Completely Randomized Design (CRD) with seven treatments: IAA (1000 and 500 ppm), BA (1000 and 500 ppm), NAA (1000 and 500 ppm), and an untreated control. Observations on sprouting percentage, shoot traits (plant height, leaf length, leaf breadth, pseudostem girth) and root traits (number and length of roots) were recorded and analyzed. Results revealed that BA at 500 ppm significantly enhanced sprouting (90.22%), promoted early emergence, and recorded the highest shoot and root growth parameters compared to other treatments. The improved performance is attributed to the cytokinin-mediated stimulation of lateral bud break and cell division. These findings suggest that BA 500 ppm is an effective pre-planting seed rhizome treatment for achieving uniform sprouting and vigorous seedling establishment in ginger. Optimizing nursery PGR protocols can enhance propagation efficiency and support sustainable ginger production.
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Introduction:
	    India is endowed with a remarkably heterogeneous area characterized by a great diversity of agro climatic zones suitable for cultivation of various horticultural crops such as fruits, flowers, spices, vegetables, plantation crops, root and tuber crops, aromatic and medicinal crops. Ginger (Zingiber officinale Rosc.) is one of the most important spice and medicinal crops cultivated across tropical and subtropical regions of the world. It is valued for its rhizomes, which contain bioactive compounds such as gingerols, shogaols and essential oils, widely used in food, pharmaceuticals, and nutraceutical industries (Ali et al., 2008). Achieving vigorous early growth and uniform plant establishment is critical for enhancing yield and quality in ginger cultivation.
	Conventional propagation of ginger through rhizome pieces often suffers from low multiplication rates, uneven sprouting, and higher disease transmission risks. Recently, protray-based nursery techniques have been explored to improve seedling vigor and facilitate large-scale production of healthy planting material (Bose et al., 2021). Optimizing nursery practices using plant growth regulators (PGRs) can further enhance germination, root development, and shoot elongation, thereby improving transplant success and crop performance.
PGRs such as IAA, NAA and BA have been widely studied for their role in cell elongation, differentiation, and rhizome sprouting in several horticultural crops (Taiz & Zeiger, 2015). However, limited studies have focused on their combined effects on ginger seedlings grown in protrays under controlled nursery conditions. Investigating the influence of PGRs on physiological and morphological traits in ginger could provide practical insights for improving propagation efficiency and subsequent field performance.
Hence, the present study aims to evaluate the effect of selected PGRs on growth and development of ginger seedlings raised through protrays, focusing on parameters such as sprouting percentage, root and shoot growth, and seedling vigor index. The outcomes may contribute towards developing efficient nursery protocols for sustainable ginger production.
Review of Literature:
The use of plant growth regulators (PGRs) in nursery and field management of ginger (Zingiber officinale Rosc.) has gained considerable attention in recent years due to their potential role in improving sprouting efficiency, seedling vigor, and ultimately rhizome yield. Ginger, a major spice crop cultivated for its aromatic rhizomes, is conventionally propagated using seed rhizomes, which are bulky, disease-prone, and associated with low multiplication rates. A significant challenge in conventional propagation is the slow and uneven sprouting of rhizome buds, often leading to non-uniform crop stands in the field. This limitation not only affects seed efficiency but also reduces the overall productivity of the crop. To overcome these constraints, research has increasingly focused on protray-based nursery systems, combined with PGR applications, as a viable strategy for producing vigorous and uniform seedlings (ICAR-IISR, 2021; Kerala Agricultural University, 2020).
Protray nursery technology using single-bud rhizome segments represents a major advancement in ginger propagation. Unlike traditional methods where whole or cut rhizomes are planted directly in the field, protray nurseries allow for the efficient use of seed material by generating multiple seedlings from a single rhizome. This approach significantly enhances seed multiplication rates while reducing the quantity of planting material required. Moreover, the use of sterilized potting media in portrays minimizes soil-borne diseases and ensures the production of healthy seedlings. However, the success of protray-based nurseries is heavily dependent on achieving rapid and uniform sprouting of buds, an aspect that remains a major challenge in ginger cultivation (Sathyan et al., 2018).
In this context, PGRs such as cytokinins, auxins, and gibberellins have shown promise in modulating physiological processes involved in bud break, shoot initiation, and root development. Benzyl adenine (BA), a synthetic cytokinin, has been particularly effective in promoting sprouting by stimulating cell division, breaking apical dominance, and encouraging lateral bud development. Similarly, auxins like indole-3-acetic acid (IAA) and naphthalene acetic acid (NAA) are known to enhance root initiation and early seedling establishment, while gibberellic acid (GA₃) has been widely reported to break dormancy and accelerate sprouting in rhizomatous crops (Kumar et al., 2010; Priya et al., 2019). When applied as pre-sowing rhizome treatments or foliar sprays in nurseries, these PGRs can significantly improve sprouting percentage, reduce the time taken for bud emergence, and enhance the vigor of seedlings (Rani et al., 2020).
The integration of PGRs with protray nursery systems therefore represents a sustainable and cost-effective strategy for ginger cultivation. By ensuring rapid and uniform sprouting, farmers can raise healthy, vigorous seedlings that establish quickly in the main field, leading to better crop stand and higher productivity. Furthermore, uniform seedlings allow for synchronized growth and ease of management, which is particularly beneficial for large-scale commercial cultivation. Studies conducted at ICAR-IISR and Kerala Agricultural University have highlighted the potential of this technology to reduce the seed rate by up to 70%, while simultaneously improving plant health and rhizome yield (ICAR-IISR, 2021; Kerala Agricultural University, 2020).
Cytokinins such as Benzyl Adenine (BA) play an important role in regulating shoot initiation, bud break, and overall vegetative growth in ginger. When applied in protray-raised seedlings and later during transplanting, BA has been found to enhance the vigor and uniformity of plants. Foliar application of BA at appropriate concentrations stimulates the growth of additional tillers and increases the number of leaves per plant, which directly contributes to better canopy development. This is particularly important in ginger raised through single-bud rhizome propagation, where the number of sprouting buds is naturally limited. By stimulating dormant buds and encouraging lateral growth, BA ensures that each plant achieves a more robust and balanced structure. A well-developed canopy not only supports higher photosynthetic activity but also leads to better nutrient uptake and overall plant health. 
Moreover, improved shoot proliferation in the early growth stages ensures greater crop uniformity and higher productivity potential at maturity. Thus, the strategic use of BA as a foliar spray at multiple stages of growth can effectively compensate for the inherent limitations of single-node propagation and contribute to stronger, healthier, and more productive ginger plants under protray nursery and field conditions.Auxins (IAA and NAA) are well-known for their roles in root initiation and elongation. While there is limited literature on their direct use in protray-raised ginger seedlings, several in-vitro studies demonstrate their relevance. Abdullah et al. (2021) observed that NAA (7.5 µM) was more effective than IAA or IBA for root induction in ginger microshoots, resulting in greater root length and number. Similarly, BAP combined with low concentrations of NAA or IAA improved shoot proliferation in ginger and related Zingiberaceae species (Jin et al., 2022). These findings highlight the potential benefit of applying auxins during the nursery stage to enhance root development and transplant success, although on-tray studies are scarce.
Earlier field research also supports the responsiveness of ginger to PGRs. Sengupta et al. (2008) found significant improvements in rhizome production with PGR applications (mainly GA₃, CCC, and ethrel), indicating that ginger growth is strongly modifiable by exogenous hormones.
Materials and Methods:
	The Experiment was conducted at the garden land of Dhanalakshmi Srnivasan University, Samayapuram, Trichy during June – August 2025. Healthy seed rhizomes collected from an identified farmers at Sathyamangalam village of Erode district were used as seed material. The study was carried out with seven treatments viz., T1- IAA (1000 ppm), T2- IAA (500 ppm), T3- BA (1000 ppm), T4 – BA (500 ppm), T5- NAA (1000 ppm), T6- NAA (500 ppm) and T7 – Control in a CRD (Completely Randomized Design). The observations on sprouting percentage, shoot parameters like plant height (cm), number of leaves, leaf length and breadth (cm), root parameters like root length (cm), number of roots were recorded and analysed statistically.
Results and Discussion:
	Among all the treatments used, treatment T4 – BA (500 ppm) recorded maximum sprouting percentage (90.22 %), shoot parameters like maximum Plant height (26.69 cm, 38.92 cm and 44.96 cm at 15, 30 and 45 DAP, leaf length (11.50 cm and 20.01 cm at 30 and 45 DAP), leaf width (4.58 cm and 7.98 cm), pseudostem girth (7.48 mm at 45 DAP) and the highest values on root parameters like number of roots (7.45) and root length (10 cm) which is followed by the treatment T3 – BA (1000 ppm) and the least values were recorded at T7 – Control.
The present study demonstrated that pre-planting treatment of seed rhizomes with BA at 500 ppm significantly enhanced sprouting percentage, reduced dormancy period, and improved the uniformity of sprout emergence. Cytokinins such as BA are known to promote cell division and break apical dominance by stimulating lateral bud outgrowth (Taiz & Zeiger, 2015). 
The enhanced sprouting observed in BA-treated rhizomes could be attributed to its role in mobilizing stored carbohydrates and nutrients towards the meristematic tissues, thus facilitating early and vigorous bud initiation. In cardamom and other Zingiberaceae members, BA application has been shown to stimulate multiple bud break and improve shoot vigor (Ravindran et al., 2007). The response observed in the present experiment aligns with these findings, suggesting that BA-mediated cytokinin signalling effectively counteracts the dominance of the terminal bud and induces lateral sprouting. 
The early sprouting induced by BA could also contribute to better crop establishment and uniform growth, which are crucial for obtaining higher yields. Additionally, BA treatment helps synchronize sprouting, reducing gaps in the field and promoting better canopy development. However, excessive cytokinin application or higher concentrations (>500 ppm) have been reported to cause phytotoxic effects or irregular bud growth in some studies (Sharma et al., 2010), indicating the importance of optimizing the dosage.
Overall, BA at 500 ppm appears to be an effective pre-planting seed rhizome treatment to enhance sprouting and crop establishment. Further studies on the interaction of BA with other plant growth regulators such as auxins (IAA, NAA) and gibberellins could help refine protocols for maximizing sprouting and early growth in ginger nurseries.
Conclusion:
	The present investigation clearly demonstrated that the use of Benzyl Adenine (BA) at 500 ppm as a pre-sowing rhizome treatment plays a significant role in improving the sprouting behavior and early growth performance of ginger in protray nursery conditions. Sprouting in ginger is often slow, erratic, and non-uniform due to dormancy and physiological constraints associated with rhizome buds. Such delayed and uneven sprouting generally leads to poor establishment in nursery trays, resulting in weak seedlings with non-synchronous growth, which further affects crop uniformity after transplanting to the main field. The application of BA at 500 ppm successfully addressed these constraints by accelerating bud activity, breaking dormancy, and stimulating cell division and elongation, thereby promoting rapid and uniform sprout emergence (George et al., 2008; Priya et al., 2019).
Seed rhizomes treated with BA showed a remarkable increase in the percentage of sprouting and a considerable reduction in the number of days required for first sprout initiation. Uniform sprouting is an important factor in nursery management since it ensures that seedlings are of similar age and vigor at the time of transplanting. Such synchronization of growth not only improves management efficiency but also enhances crop productivity potential in the main field. The beneficial effects of BA are primarily attributed to its cytokinin activity, which is known to promote cell proliferation, delay senescence, and stimulate lateral bud outgrowth. In ginger, where sprouting is a critical bottleneck, this hormone-mediated regulation becomes highly valuable (Werner & Schmülling, 2009).
Furthermore, BA 500 ppm treatment resulted in enhanced early growth attributes such as increased shoot length, higher number of functional leaves, and improved root initiation. Vigorous seedling growth in the protray nursery is essential to withstand transplant shock and establish faster in the main field. BA treatment provided a significant advantage in this regard, as seedlings not only sprouted earlier but also exhibited superior vegetative vigor and biomass accumulation. The improved leaf development also contributes to early photosynthetic efficiency, which in turn supports stronger plant establishment.
The protray nursery system, being a modern approach for raising ginger seedlings, demands treatments that maximize germination efficiency and seedling uniformity. In this context, BA at 500 ppm has proven to be a cost-effective and practical strategy to improve nursery efficiency. The results of this study are in agreement with earlier reports where cytokinins, particularly BA, were found effective in breaking dormancy and stimulating sprouting in various tuber and rhizome crops. The findings therefore highlight the potential of integrating BA treatment into ginger nursery management protocols, especially for commercial growers who depend on timely and uniform plant establishment for high yields (Kumar et al., 2010; Rani et al., 2020).
In conclusion, the use of BA at 500 ppm as a rhizome treatment in ginger is a promising practice to enhance sprouting efficiency and early seedling vigor under protray nursery conditions. It ensures rapid, uniform, and vigorous seedling production, thereby reducing the nursery period and enabling timely field planting. Adoption of this practice can significantly improve the productivity and profitability of ginger cultivation. However, large-scale field validation, optimization of concentration across different cultivars, and assessment of cost-benefit aspects are recommended before making widespread recommendations to farmers.
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Table 1. Influence of PGRs on Sprouting of Ginger Seed rhizomes in Protray nursery
	Treatments
	Sprouting %

	T1 ( IAA 1000 ppm )
	78.1

	T2 ( IAA 500 ppm )
	80.40

	T3 (BA 1000 ppm )
	86.43

	T4 (BA 500 ppm )
	90.22

	T5 (NAA 1000 ppm )
	67.66

	T6 (NAA 500 ppm )
	73.46

	T7 (Control) 
	55.96

	S.Ed
	1.28

	CD (P=0.05)
	2.56



	Table 2. Influence of PGRs on shoot parameters of Ginger Seed rhizomes in Protray nursery

	Treatments
	Plant height (cm)
	Length of Leaves (cm)
	Leaf width (cm)
	Pseudostem girth (mm)

	
	15 DAP
	30 DAP
	45DAP
	30 DAP
	45DAP
	30 DAP
	45 DAP
	45 DAP

	T1 ( IAA 1000 ppm )
	22.90
	31.44
	35.55
	10.61
	8.28
	2.83
	5.67
	6.46

	T2 ( IAA 500 ppm )
	25.94
	37.01
	42.22
	11.08
	19.13
	4.22
	7.43
	5.03

	T3 (BA 1000 ppm )
	20.29
	26.23
	29.21
	9.74
	16.56
	3.14
	6.06
	5.46

	T4 (BA 500 ppm )
	26.69
	38.92
	44.96
	11.50
	20.01
	4.58
	7.98
	7.48

	T5 (NAA 1000 ppm )
	24.65
	32.92
	37.33
	 8.65
	14.42
	2.38
	5.08
	5.97

	T6 (NAA 500 ppm )
	21.79
	29.25
	32.77
	8.24
	13.56
	2.46
	5.15
	4.82

	T7 (Control) 
	19.54
	24.72
	27.82
	7.38
	11.88
	1.35
	3.63
	3.05

	S Ed
	0.33
	0.75
	1.02
	0.21
	0.44
	0.17
	0.23
	0.20

	CD (0.05)
	0.75
	1.51
	2.01
	0.44
	0.86
	0.35
	0.46
	0.43



Table 3. Influence of PGRs on root parameters of Ginger Seed rhizomes in Protray nursery
	Treatments
	No. of  Roots
	Length of roots (cm)

	
	45 DAP
	45 DAP

	T1- IAA 1000ppm
	5.14
	6.62

	T2- IAA 500ppm
	6.95
	7.40

	T3- BA 1000ppm
	5.58
	8.15

	T4- BA 500ppm 
	7.45
	10.02

	T5- NAA 1000ppm
	4.50
	5.12

	T6- NAA 500ppm
	4.91
	5.60

	T7- control
	3.40
	4.02

	S.Ed.
	0.23
	0.58

	CD (0.05)
	0.45
	1.01


















