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ABSTRACT 

	
The investigation entitled “Evaluation of plant growth regulators on quality attributes of ginger (Zingiber officinale Rosc.) transplants under polyhouse” was carried out at the KVK, Palakkad during August 2024 to March 2025. The study evaluated various PGRs on quality attributes in ginger transplants under polyhouse conditions. In this study, PGRs such as CCC, GA₃, NAA and BAP at three different concentrations (50 ppm, 100 ppm and 150 ppm), along with a control (water), were applied at 90 and 120 DAT. The highest protein content (23.65 mg/g) was observed in naphthalene acetic acid at 150 ppm. Cycocel at 150 ppm produced the highest total sugar content (90.01 mg/g) in ginger. The highest volatile oil content (3.68%) was recorded in cycocel at 150 ppm. The maximum oleoresin content (7.940%) was also recorded in cycocel at 150 ppm. Based on the findings, foliar application of cycocel enhanced the quality parameters of ginger by facilitating the redirection of photoassimilates from aerial parts to rhizomes. Thus, this study concluded that judicious application of plant growth regulators significantly improved productivity of ginger transplants under polyhouse conditions.
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1. INTRODUCTION 

Ginger (Zingiber officinale Rosc.), a perennial herb belonging to the family Zingiberaceae, is one of the most widely cultivated and consumed spice crop in the world. It has been valued since ancient times for its distinctive pungent flavour, aromatic qualities and wide spectrum of medicinal properties, making it a key component of culinary, pharmaceutical and industrial applications. India, China, Nigeria, Indonesia and Nepal are among the leading producers, with India playing a pivotal role in both domestic consumption and international export. Processed products such as dried rhizomes, powdered ginger, essential oils and oleoresins constitute a major share in global spice economy. 
The characteristic aroma and pungency of ginger are attributed to its bioactive constituents, particularly gingerols, shogaols and paradols. These are responsible for its pharmacological actions such as antioxidant, anti-inflammatory, antimicrobial and antiemetic actions. In addition to its medicinal importance, ginger cultivation has substantial economic relevance, supporting the livelihood of thousands of small-holder farmers in tropical and subtropical regions. However, productivity is often constrained by biotic stresses such as soft rot, bacterial wilt and nematode infestations and abiotic stresses like drought, soil nutrient depletion and climatic fluctuations. These challenges often result in unstable yields and deteriorating quality.
The increasing consumer dem and for high-quality produce and the necessity for year-round availability have emphasized the importance of protected cultivation systems. Polyhouses provide a regulated micro-environment in which critical factors such as temperature, humidity and pathogen exposure can be precisely managed. Such control promotes optimal growth throughout the cropping period, while simultaneously reducing disease incidence, enhancing the efficiency of resource utilization, improving rhizome yield and ensuring consistent quality in comparison to traditional open-field practices. In ginger, the development of a dense canopy frequently restricts the effective translocation of assimilates to the rhizomes, thereby creating an imbalance in their partitioning among different plant organs. This physiological limitation may be alleviated through the strategic application of plant growth regulators (PGRs), which are known to modulate plant morphology and physiology, thereby improving assimilate distribution and enhancing rhizome development. While a few studies reported the influence of PGRs on ginger under polyhouse conditions (Maruthi et al., 2003; Arif et al.,2022), the available findings remain limited and inconclusive, thereby restricting definitive assertions about their efficacy in improving the quality attributes of ginger transplants in such environments. Hence, the present investigation was undertaken with the specific objective of evaluating the effect of different concentrations of PGRs on the quality attributes of ginger transplants cultivated under polyhouse conditions.

2. material and methods
 
2.1 Experimental Site and Duration
The present investigation entitled “Evaluation of plant growth regulators on quality attributes of ginger” was carried out at the KVK, Palakkad during August 2024 to March 2025. A pot culture experiment was conducted at KVK, Palakkad, Pattambi (Longitude 76.1904° E, Latitude 10.8114° N) under polyhouse conditions. The average temperature, light intensity and humidity of the polyhouse were maintained at 20–30 ºC, 200 to 800 klux and 60–70%, respectively, during the cropping period. 

2.2 Plant material and Varieties 
The KAU ginger variety Athira was transplanted as single-bud hydro primed rhizomes of 5 g weight in polythene bags.

2.3 Experimental Design 
The experiment was laid out in a Completely Randomized Design (CRD) with 13 treatment combinations and three replications. Four different PGRs were used in the experiment, namely Cycocel (CCC), Naphthalene Acetic Acid (NAA), Gibberellic Acid (GA₃) and 6-benzyl Amino Purine (BAP), each applied at three concentrations (50 ppm, 100 ppm and 150 ppm) as foliar sprays, along with a control (water spray). The foliar applications were given to ginger transplants at 90 and 120 days after transplanting (DAT).

2.4 Estimation of Protein Content in Rhizome 
Total soluble protein content in ginger rhizome samples was determined by the Bradford assay (Bradford, 1976), using bovine serum albumin (BSA) as the reference standard. A 0.5 g plant sample was homogenized in 5 mL of ice-cold phosphate buffer (0.1 M, pH 7.0) with a chilled mortar and pestle. The homogenate was centrifuged at 10,000 rpm for 30 minutes at 4°C and the resulting supernatant was collected for protein estimation. To 100 µL of the extract, 5 mL of Bradford reagent was added, mixed thoroughly and incubated for 10 minutes at room temperature. Absorbance was recorded at 595 nm using a UV Vis spectrophotometer. Protein concentration was quantified by a standard curve prepared with serial dilutions of BSA and expressed as mg/g dry weight.
2.5 Estimation of Total sugar in Rhizome
Total sugar content in ginger rhizome samples was determined using the Anthrone method (Hedge and Hofreiter, 1962). Precisely 100 mg of dried powdered tissue was hydrolyzed with 5 mL of 2.5 N HCl in a boiling water bath for 3 hours to convert polysaccharides into simple sugars. After cooling, the hydrolysate was neutralized with solid sodium carbonate until effervescence stopped, filtered and the volume was adjusted to 100 mL with distilled water before centrifugation. From the clear solution, a 1 mL aliquot was mixed with 4 mL of freshly prepared Anthrone reagent (0.2% Anthrone in concentrated H₂SO₄). The mixture was boiled for 8 minutes, cooled rapidly and absorbance was recorded at 630 nm using a spectrophotometer. A glucose standard curve was used for calibration and results were expressed as mg/g dry weight.

2.6 Estimation of oil yield in Rhizome
The content of volatile oil was estimated after harvest by Clevenger distillation method (Pruthi,1989) and mean value was expressed as percentage(v/w) on dry weight basis.
Percentage of volatile oil (v/w) = (Volume of oil (ml)/ Weight of sample (g)) × 100
2.7 Estimation of oleoresin yield in Rhizome
Finely ground powder of dried rhizome was used for estimating oleoresin. The method adopted was solvent extraction using Soxhlet apparatus. The content was expressed in percentage (v/w) on dry weight basis.
Percentage of oleoresin (v/w) = (Volume of extract (ml)/ Weight of sample (g)) × 100
2.8 Cultural Practices
Cultural practices were followed uniformly for all treatments as per Kerala Agricultural University Package of practices (KAU, 2024).
2.9 Data collection 
The quality parameters were recorded after harvest using powdered ginger. Harvested rhizomes were thoroughly cleaned, dried and ground into powder before recording the observations. 
2.10 Statistical Analysis
The data were subjected to analysis of variance (ANOVA) as per the procedure of Gomez and Gomez (1984) for Completely Randomized Design. Critical Difference (CD) values were calculated at 5% level of significance for comparing treatment.

3. results and discussion

Evaluation of different plant growth regulators on ginger was undertaken to evaluate its effect on quality attributes were presented in Table 1.

3.1 Total soluble protein 
As shown in Table 1, the highest protein content (23.65 mg/g) was observed in Naphthalene acetic acid at 150 ppm, followed by Naphthalene acetic acid at 100 ppm (22.90 mg/g) and Gibberellin at 150 ppm (21.89 mg/g). The lowest protein content (17.53 mg/g) was recorded in the Control. Previous studies have also reported that exogenous application of auxins, particularly NAA, enhances protein synthesis by increasing the activity of enzymes involved in nitrogen assimilation and by improving the translocation of assimilates (Venugopal and Pariari, 2017). Similarly, gibberellins promote protein accumulation by stimulating RNA and enzyme synthesis, which were directly linked to protein biosynthesis. (Hassan et al., 2022) reported that leguminous and cereal crops, GA₃ treatments significantly increased soluble protein levels and improved metabolic efficiency under both normal and stress conditions.
3.2 Total sugar 
The data on quality parameters are presented in Table 1, the highest total sugar content (90.01 mg/g) was recorded in Cycocel at 150 ppm, followed by Cycocel at 100 ppm (88.98 mg/g) and NAA at 150 ppm (88.07 mg/g). The lowest sugar content (82.65 mg/g) was found in the Control, which was significantly lower than the other treatments. CCC’s influence on sugar metabolism is both concentration-sensitive and linked to its role as a gibberellin biosynthesis inhibitor. Similar studies shown that by restricting vegetative growth, CCC reduces competitive sink dem and from elongating shoots and reallocates assimilates toward storage organs, leading to higher sugar accumulation in ginger (Venugopal and Pariari, 2017) and in carrot (McKee et al., 1984). 
3.3 Oil yield 
The highest volatile oil content (3.68%) was recorded in Cycocel at 150 ppm, followed by Naphthalene acetic acid at 150 ppm (3.18%) and Cycocel at 100 ppm (3.10%). The lowest volatile oil percentage (2.72%) was observed in the Control. Cycocel and Naphthalene acetic acid were found to be particularly effective in enhancing volatile oil content in ginger rhizomes. Growth regulators such as Cycocel, a growth retardant, are known to alter assimilate partitioning and enzymatic activity, thereby stimulating the terpenoid biosynthetic pathway and increasing volatile fractions responsible for aroma and medicinal properties. In the present study, Cycocel at 150 ppm resulted in the highest volatile oil content, suggesting its strong influence on metabolic regulation. Similarly, NAA at 150 ppm also promoted volatile oil accumulation, through auxin-mediated modulation of sink–source dynamics and the activation of enzymes involved in secondary metabolite synthesis. Earlier studies by Sengupta et al. (2008) and Venugopal & Pariari (2017) also confirmed the results.
3.4 Oleoresin yield
The maximum oleoresin content (7.94%) was recorded in Cycocel at 150 ppm, followed by Cycocel at 100 ppm (7.85%) and NAA at 100 ppm (7.89%). The enhancement of oleoresin under Cycocel application may be attributed to its growth-retarding effect, which alters assimilate partitioning in favor of rhizome reserves. By reducing excessive vegetative growth, Cycocel promotes efficient translocation of photosynthates toward underground storage organs, thereby increasing the accumulation of metabolites responsible for pungency and flavor. Similar observations were reported by Jirali et al. (2008) and Maruthi et al. (2003).

4. Conclusion

Among the treatments evaluated, Cycocel at 150 ppm consistently enhanced multiple quality parameters, including total sugar, volatile oil and oleoresin. Its ability to modulate assimilate partitioning and stimulate secondary metabolite biosynthesis made it highly suitable for commercial ginger production aimed at superior quality attributes. Naphthalene acetic acid at 150 ppm also showed a significant increase in protein content and volatile oil, while Gibberellin was particularly effective in enhancing chlorophyll concentration. In conclusion, Cycocel at the optimal concentration substantially improved both the biochemical composition and economic value of ginger.

REFERENCES

1.Arif, T., Bhoomika, H.R., Ganapathi, M., Nataraj, S.K. and Nadukeri, S. (2022). Influence of growth retardant and nutrient levels on ginger (Zingiber officinale Rosc.) in soilless culture under protected structure. Mod. Phytomorphol. 15,134-140. 

2.Bradford, M. M. (1976). Anal. Biochem. 72(1–2), 248–254. 	Comment by AVNEESH RATHOUR: Write reference in detail as per journals guidelines

3.Gomez, K. A., & Gomez, A. A. (1984). Statistical procedures for agricultural research (2nd ed.). New York 

4.Hassan, M., Wajid, A., Ahmad, A., & Iqbal, M. (2022). Gibberellin increased yield of Sesbania pea grown under saline soils by improving antioxidant enzyme activities and photosynthesis. Agronomy, 12(8), 1855. 
5.Hedge, J. E. and Hofreiter, B. T. (1962). Methods Carbohydr. Chem., 17, 420–424.
6.Jirali, D.I., Hiremath, S.M., Chetti, M.B and Patil, S.A. 2008. Studies on yield components, yield and quality attributes as affected by growth regulators in Turmeric. J. Eco-friendly Agri. 3(2), 119-122.
7.KAU (Kerala Agricultural University). (2024). Package of Practices Recommendations: Crops (16th Ed.). Kerala Agricultural University, Thrissur, p.141-143.
8.Maruthi, M., Gowda, M.C. and Gowda, A.M. (2003). Influence of growth regulators on growth of ginger cv. Himachal Pradesh at different stages. Natl. Sem. New Prospective in Spices, Med. Aromat. Plants. p.342-44.
9.McKee, J. M. T., Thomas, T. H. and Hole, C. C. (1984). Growth regulator effects on storage root development in carrot. Plant Growth Regulation, 2(4), 359–369. 
10.Pruthi, J. S. (1989). Major spices of India: Crop management and post-harvest technology. Indian Council of Agricultural Research (ICAR), New Delhi, p 481.
11.Sengupta, D. K., Maity, T. K., & Dasgupta, B. (2008). Effect of growth regulators on growth and rhizome production of ginger (Zingiber officinale Rosc.) in the hilly region of Darjeeling district. J. Crop Weed, 4(1), 10–13.
12.Venugopal, S. and Pariari, A. (2017). Effect of growth regulators on growth and yield of turmeric (Curcuma longa L.) varieties in Gangetic alluvial plains of West Bengal. Int. J. Agric. Sci., 9(15),4104-4106.

Table 1. Effect of plant growth regulators on quality parameters	of ginger transplants under polyhouse condition
	Treatments 
	Total sugar (mg/g dry weight)
	Total soluble protein (mg/g dry weight)
	Percentage of volatile oil (v/w)
	Percentage of oleoresin (v/w)

	CCC 50 ppm
	86.67
	19.62
	2.90
	7.84

	CCC 100 ppm
	88.98
	18.76
	3.10
	7.85

	CCC 150 ppm
	90.01
	18.00
	3.68
	7.94

	GA 50 ppm
	85.87
	19.88
	2.74
	7.54

	GA 100 ppm
	85.93
	20.29
	2.89
	7.65

	GA 150 ppm
	86.32
	21.89
	2.76
	7.69

	NAA 50 ppm 
	87.42
	21.00
	2.86
	7.73

	NAA 100 ppm
	87.45
	22.90
	2.91
	7.89

	NAA 150 ppm
	88.07
	23.65
	3.18
	7.76

	BAP 50 ppm
	84.91
	20.56
	2.81
	6.99

	BAP 100 ppm
	85.47
	21.29
	2.85
	7.14

	BAP 150 ppm
	84.76
	21.85
	2.79
	7.23

	Control
	82.65
	17.53
	2.72
	6.83

	CD (p=0.05)
	3.059
	0.818
	0.097
	0.362

	SE(m)(p=0.05)
	1.052
	0.281
	0.033
	0.125



