Effect of Plant Growth Regulators on Biochemical Quality of Ginger Transplants Grown under transplants under polyhouse Cultivation
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ABSTRACT 

	Abiotic stresses such as unpredictable rainfall, temperature variations, drought and soil degradation reduce ginger yield and rhizome quality. Polyhouse cultivation minimizes these effects but often favors vegetative growth over rhizome development. Plant growth regulators (PGRs) help redirect assimilates to storage organs, optimize source-sink balance and improve yield and quality. Thus, the present study entitled “Effect of plant growth regulators on biochemical quality of ginger transplants grown under transplants under polyhouse cultivation” evaluated the effect of various PGRs on quality attributes in ginger transplants under polyhouse conditions. The investigation was carried out in KVK, Palakkad from August 2024 to March 2025. The pot culture was done in CRD using PGRs such as CCC, GA₃, NAA and BAP at three different concentrations (50 ppm, 100 ppm and 150 ppm) along with a control (water), which 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, volatile oil as well as oleoresin content in ginger. 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 application of Cycocel at 150 ppm significantly improved the quality 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 crops worldwide. It has been valued since ancient days for its peculiar pungency, aroma and medicinal properties, hence constituting an integral part in culinary, pharmaceutical and industrial applications. India, China, Nigeria, Indonesia and Nepal are the major producers in the world, with India standing first for consumption and export. The processed products, such as dried rhizomes, powdered ginger, essential oils and oleoresins, contribute the major share in the global trade of spices.
Bioactive compounds such as gingerols, shogaols, and paradols are responsible for the characteristic aroma and pungency of ginger. These impart antioxidant, anti-inflammatory, antimicrobial, and antiemetic medicinal properties. Many thousands of smallholder farmers in tropical and subtropical regions depend on ginger production for their living, making it a significant economic factor. However, productivity is often constrained by biotic stresses like soft rot, bacterial wilt, and nematode infestations as well as abiotic stresses like drought, depletion of soil nutrients, and climatic fluctuations. These challenges often result in declining quality, unstable yield and returns.
The demand for high-quality produce and the availability of produce all year-round have indicated the need for protected cultivation. The polyhouse thus provides a regulated microenvironment where temperature, humidity, pathogen exposure etc., can be controlled. Choudary et al. (2024) that the overall production can be raised and healthier plants are encouraged in this regulated environment. Such regulation promotes proper crop growth within its growing period, reduces disease incidence, ensures efficient resource use, increases rhizome yield and maintains quality compared to traditional open-field cultivation. In ginger, the formation of a dense canopy reduces the translocation of assimilates to the rhizomes, thereby leading to uneven partitioning among various plant organs.
This physiological constraint can be overcome by the judicious use of PGRs, which modify plant morphology and physiology to increase assimilate partitioning and improve rhizome growth. Kumar et al. (2021) suggested that small quantity of PGRs can manipulate plant growth, flowering pattern in ornamental plants and also increase flower yield under field condition by physiological process of plants. A few attempts to study the PGR influence on ginger under polyhouse conditions were done (Maruthi et al., 2003; Arif et al., 2022) and the available results are limited and inconclusive, preventing any definitive conclusions about the effectiveness of PGRs in enhancing the quality parameters of ginger transplants under these conditions. Hence, the present study was undertaken with a view to study the effect of different concentrations of PGRs on the quality parameters of ginger transplants grown under polyhouse conditions.

2. material and methods
 
2.1 Experimental Site and Duration
The present investigation entitled “Effect of plant growth regulators on biochemical quality of ginger transplants grown under transplants under polyhouse cultivation” 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 treatments 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  of plant ground material was crushed in 5 mL of phosphate buffer (0.1 M, pH 7.0) ice-cold, with the help of a chilled mortar and pestle. The homogenate was subjected to centrifugation at 10,000 rpm for 30 minutes at 4°C, and the supernatant was drawn out for estimation of protein.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 sugars were estimated using the procedure described by Sadasivam and Manickam (2008). Each dry rhizome samples of 100 mg were taken in test tubes and were hydrolysed by boiling in water bath for 3 h with 5 ml of 2.5N HCl. The samples were allowed to cool down to room temperature and were neutralized by adding sodium carbonate until effervescence ceases. These solutions were made up to 100 ml. After centrifuging, the supernatant was collected and 1 ml of solution was taken for analysis. To this anthrone reagent of 4 ml was added. This mixture was heated for 8 min (water bath) and cooled rapidly. Absorbance values were measured at 630 nm using spectrophotometer. Final values were obtained from a standard graph prepared from working standard glucose solution and expressed in mg g⁻¹ DW.

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 
Maximum protein content was noticed with 150 ppm NAA (23.65 mg/g), followed by 100 ppm NAA (22.90 mg/g) and 150 ppm GA₃ (21.89 mg/g) (Table 1). The minimum protein content was recorded in the control (17.53 mg/g). As earlier reported, protein synthesis is increased with auxin application, especially NAA, due to the stimulation of enzymes implicated in nitrogen assimilation and translocation of assimilate (Venugopal and Pariari, 2017). Gibberellins, likewise, accumulate proteins by stimulating the synthesis of RNA and enzymes that directly relate to protein biosynthesis. According to Guo et al. (2022), the study showed that the gibberellin-treated seed had a higher soluble protein content. Similar result was obtained by Khalid and Aftab (2020), who found that GA3 application increased soluble protein content.

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.  The effect of CCC on sugar metabolism depends on its concentration and its function as a gibberellin biosynthesis inhibitor. Similar studies shown that by restricting vegetative growth, CCC reduces competitive sink demand 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 was recorded in Cycocel 150 ppm (3.68%), followed by Naphthalene acetic acid 150 ppm (3.18%). The control observed the lowest volatile oil percentage, being 2.72%. Thus, it was established that Cycocel and Naphthalene acetic acid increased the volatile oil content in the ginger rhizomes. Growth regulators such as Cycocel, growth retardant, began to alter assimilate partitioning and enzyme activity, thus stimulating the terpenoid biosynthetic pathway and increasing volatile fractions responsible for aroma and medicinal purposes. In the present study, Cycocel treatment at 150 ppm significantly increased volatile oil content, which could be attributed to its strong regulation in metabolism. Similarly, NAA at 150 ppm increased the volatile oil accumulation probably through auxin-mediated modulation of sink–source relationships and enzyme activation in secondary metabolite biosynthesis pathways. The oil increased due to the application of CCC at 1000 ppm was reported by Arif et al. (2022) The studies conducted earlier by Sengupta et al. (2008) and Venugopal and Pariari (2017) also supported this result.

3.4 Oleoresin yield
The highest value for oleoresin (7.94%) was recorded for Cycocel at 150 ppm, followed by Cycocel at 100 ppm with 7.85% and NAA at 100 ppm with 7.89%.The increase in oleoresin content may be attributed to Cycocel’s growth-retarding effect, which alters assimilate partitioning toward rhizome reserves by reducing excessive vegetative growth.Cycocel permits transit of photosynthates toward underground storage organs, thereby increasing the accumulation of metabolites responsible for pungency and flavor. Arif et al. (2022) reported that increased oleoresin content at higher concentration of CCC. The same has been reported by Jirali et al. (2008) and Maruthi et al. (2003).

4. Conclusion

Among the treatments studied, Cycocel at 150 ppm was able to improve various parameters of quality such as total sugar, volatile oil, and oleoresin. Its ability to influence assimilate partitioning along with its capacity to induce the biosynthesis of secondary metabolites makes it highly suitable for commercial ginger production, where superior quality attributes are essential. Furthermore, naphthalene acetic acid at 150 ppm significantly increased protein content as well as volatile oil concentration. Therefore Cycocel at 150 ppm emerges as the most effective treatment for improving the biochemical quality and maximizing economic value of ginger.
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Table 1. Effect of plant growth regulators on biochemical 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



