


Influence of Seed Priming Techniques on Field Performance and Yield Attributes of Bitter Gourd (Momordica charantia L.)

Abstract
The present investigation aimed to evaluate the influence of various seed priming techniques on the field performance of bitter gourd (Momordica charantia L.) cv. Kahalgaon Local. Due to its hard seed coat, bitter gourd seeds exhibit slow and uneven germination, which negatively affects field establishment. To address this, multiple seed priming techniques; hydro-priming with distilled water, osmo-priming with PEG, halo-priming with KNO₃, and hormonal priming using GA₃ at different concentrations (500 ppm and 1000 ppm) were applied for 12 and 18 hours, with unprimed seeds serving as the control. Among all treatments, hormonal priming with GA₃ at 500 ppm for 18 hours significantly improved the speed of emergence, field emergence index, relative growth rate, seedling vigor, and average fruit yield per plant. The findings suggest that pre-sowing seed treatment with GA₃ @ 500 ppm for 18 hours enhances field performance and yield potential of bitter gourd by promoting early and vigorous seedling growth.
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1. Introduction
Bitter gourd (Momordica charantia L.) is a warm-season cucurbitaceous vegetable valued for its nutritional and medicinal importance, particularly its role in managing diabetes and oxidative stress. The crop is monoecious and widely grown across South and Southeast Asia (Pathak et al., 2014). In India, it occupies approximately 107,000 hectares with a total production of 1.29 million metric tonnes (NHB, 2020), while in Bihar it covers 10,002 hectares producing about 83,444 MT (Anonymous, 2018). Despite its potential, the average productivity in Bihar (8.34 t/ha) remains significantly lower than the national average (12.07 t/ha), largely due to poor seed germination and non-uniform seedling emergence under suboptimal field conditions. The major constraint in bitter gourd cultivation is the thick seed coat, which delays water imbibition and inhibits radical emergence. Seed priming - a controlled hydration technique that activates metabolic processes necessary for germination without radical protrusion - is a practical solution to enhance germination and seedling establishment (Pandita and Nagarajan, 2004). Various priming methods including hydropriming, osmopriming, halopriming, and hormonal priming are known to improve seedling vigor and uniformity under stress conditions (Girolamo and Barbanti, 2012). Primed seeds generally exhibit accelerated RNA and protein synthesis, enhanced enzymatic activation, and improved metabolic readiness upon rehydration. This results in better emergence, uniform flowering, and improved yield performance. Therefore, this study was conducted to assess the effect of different seed priming techniques on the germination behavior, growth, and yield of bitter gourd under field conditions.
2. Materials and Methods
The experiment was conducted during the summer season of 2021 at the Department of Horticulture (Vegetable and Floriculture), Bihar Agricultural University, Sabour, Bhagalpur, India. The experimental site lies at 25°15′40″N latitude and 87°2′42″E longitude with an altitude of 45.57 m above mean sea level. The soil type was sandy loam with good drainage. 
Genotypic background of Kahalgaon Local:
The local bitter gourd cultivar ‘Kahalgaon Local’, developed by pure line selection and well adapted to the regional climate, was used as test material. The experiment was laid out in a Randomized Block Design with three replications and fifteen treatments (Table 1). Spacing was maintained at 0.75 m between plants and 2.0 m between rows.
Table 1 Details of experiment
	Cultivar used
	Kahalgaon Local

	Design 
	Completely randomized design 

	Replication 
	03

	Treatments
	15

	Total degree of freedom
	(t-1) × (r-1) = (15-1) × (3-1) = 28

	Spacing 
	0.75 m (between the plants) and 2 m (between the rows)

	Date of transplanting 
	25th  March 2021



Seed priming treatments: 
Treatments included hydropriming with distilled water, osmopriming with polyethylene glycol (PEG) at 2% and 4%, halopriming with potassium nitrate (KNO₃) at 2% and 4%, and hormonal priming using gibberellic acid (GA₃) at 500 ppm and 1000 ppm for soaking durations of 12 and 18 hours. Unprimed seeds were used as control. Solutions were prepared using analytical-grade chemicals in distilled water following standard protocols.
Preparation of Chemical and Hormonal Solutions:
A 2% polyethylene glycol 8000 (PEG 8000) solution is prepared by dissolving 4 g of PEG 8000 in distilled water and making the final volume up to 200 mL, while a 4% solution is prepared by dissolving 8 g of PEG 8000 in 200 mL of distilled water. Similarly, a 2% potassium nitrate (KNO₃) solution is made by dissolving 4 g of KNO₃ in distilled water and adjusting the final volume to 200 mL, and a 4% solution is prepared by dissolving 8 g of KNO₃ in 200 mL of distilled water. For gibberellic acid (GA₃), a 500 ppm solution is prepared by dissolving 100 mg of GA₃ in distilled water and making the final volume up to 200 mL, whereas a 1000 ppm solution is obtained by dissolving 200 mg of GA₃ in 200 mL of distilled water. 
Data collection: Germination and seedling emergence data were recorded daily to compute the speed of emergence (Maguire, 1962). Field emergence index was calculated based on the percentage of seedlings emerging after one week of transplanting. Growth parameters such as node number to first male and female flowers, days to first male and female flowering, days to first fruit harvest, average fruit weight, and average fruit yield per plant were measured. Data were subjected to analysis of variance (ANOVA) following the method of Panse and Sukhatme (1967).
3. Results and Discussion

The effect of Seed Priming on the Speed of Emergence and Field Emergence Index ;
Among the different seed priming treatments evaluated, the highest speed of emergence was recorded in seeds treated with GA₃ at 500 ppm for 18 hours, while the lowest speed of emergence was observed in seeds treated with PEG at 4% for the same duration (Table 2). Similarly, the field emergence index was also found to be significantly higher in GA₃ @ 500 ppm (18 hrs) and lowest in PEG @ 4% (18 hrs). This improvement in emergence may be attributed to enhanced seedling vigor and better root and shoot development. These findings agree with those of Das et al. (2014), Nisha et al. (2016), and Kumar and Singh (2013), who reported that bitter gourd seeds primed with GA₃ improved germination, field emergence, seedling length, and vigor index compared to untreated seeds.
Table 2 Effect seed priming on speed of emergence and field emergence index 

	Treatments
	Speed of emergence
	Field emergence index (%)

	T0 (Un primed seed)
	9.01
	65.98

	T1 (Dist. water for12 h)
	10.38
	78.64

	T2 (Dist. water for18 h)
	14.14
	81.30

	T3 (2% PEG for 12 h)
	10.51
	82.69

	T4 (2% PEG for 18 h)
	9.30
	73.33

	T5 (4% PEG for 12 h)
	7.96
	43.28

	T6 (4% PEG for 18 h)
	3.87
	38.64

	T7 (2% KNO3for 12 h)
	8.32
	57.38

	T8 (2% KNO3for 18 h)
	8.95
	60.68

	T9 (4% KNO3for 12 h)
	11.29
	78.35

	T10 (4% KNO3for 18 h)
	12.20
	80.00

	T11 (500 ppm of GA3 for 12 h)
	13.86
	84.00

	T12 (500 ppm of GA3 for 18 h)
	14.93
	90.66

	T13 (1000 ppm of GA3 for 12 h)
	12.88
	83.33

	T14 (1000 ppm of GA3 for 18 h)
	11.59
	82.67

	C.D. (P=0.05)
	0.95
	2.22

	S.Em+
	0.32
	0.76



Effect of seed priming on growth parameters;
In terms of growth parameters, the lowest node number to first male and female flowers was recorded in seeds treated with GA₃ @ 500 ppm for 18 hours (Table 3). The earliest appearance of female flowers was also observed in this treatment, whereas PEG @ 4% (12 hrs) delayed flowering. However, no significant difference was found among treatments for days to first male flower, indicating that this trait is likely controlled by fewer genes and less influenced by priming. These observations are consistent with the findings of Tania et al. (2020).
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Table 3 Effect of seed priming on growth parameters 

	Treatments
	Node to first male flower
	Node to first female flower
	Days to first male flower
	Days to first female flower

	T0 (Un primed seed)
	10.67
	18.00
	45.00
	47.00

	T1 (Dist. water for12 h)
	11.00
	18.00
	45.00
	49.00

	T2 (Dist. water for18 h)
	8.67
	20.00
	44.00
	45.00

	T3 (2% PEG for 12 h)
	10.67
	21.33
	43.00
	47.00

	T4 (2% PEG for 18 h)
	11.33
	21.00
	45.00
	49.00

	T5 (4% PEG for 12 h)
	12.00
	20.00
	47.00
	53.33

	T6 (4% PEG for 18 h)
	14.00
	21.00
	45.00
	49.00

	T7 (2% KNO3for 12 h)
	10.67
	17.00
	44.00
	49.00

	T8 (2% KNO3for 18 h)
	10.33
	18.67
	45.00
	49.00

	T9 (4% KNO3for 12 h)
	9.33
	18.00
	44.00
	45.67

	T10 (4% KNO3for 18 h)
	10.67
	20.00
	43.00
	51.00

	T11 (500 ppm of GA3 for 12 h)
	8.00
	15.00
	45.33
	47.00

	T12 (500 ppm of GA3 for 18 h)
	6.00
	12.00
	42.00
	44.00

	T13 (1000 ppm of GA3 for 12 h)
	7.00
	18.00
	45.00
	51.00

	T14 (1000 ppm of GA3 for 18 h)
	10.00
	16.33
	45.00
	47.00

	C.D. (P=0.05)
	2.43
	3.77
	N/S
	4.04

	S.Em+
	0.83
	1.29
	1.43
	1.39



Effect of seed priming on growth parameters;
Regarding yield parameters, the results revealed significant differences among treatments (Table 4). The shortest duration to first fruit harvest was observed in GA₃ @ 500 ppm (18 hrs), which was statistically similar to GA₃ @ 1000 ppm (18 hrs) and distilled water (18 hrs) treatments. In contrast, the longest duration to first fruit harvest was noted under PEG @ 4% (12 hrs) treatment. This could be attributed to enhanced seedling vigor and early establishment in the GA₃-treated seeds.
The highest average fruit weight was recorded in GA₃ @ 500 ppm (18 hrs), followed by GA₃ @ 500 ppm (12 hrs), while the lowest fruit weight was found in PEG @ 4% (12 hrs). The increased fruit weight in GA₃-primed seeds may result from higher photosynthetic activity and improved translocation of assimilates from source to sink, as supported by Mauro et al. (2020). Conversely, PEG-induced osmotic stress may have disrupted early sprouting and reduced fruit development (Elien et al. 2019).
Among all treatments, the maximum average fruit yield per plant (4.67 kg) was obtained from GA₃ @ 500 ppm (18 hrs), while the minimum (2.33 kg) was recorded in PEG @ 4% (12 hrs). The higher yield in GA₃-primed plants can be attributed to increased fruit weight and a greater number of fruits per plant. These findings align with the results of Kumar and Singh (2013), Das et al. (2014), and Soubhagya (2016), who also reported that hormonal priming with GA₃ enhances germination, vigor indices, and overall plant performance.
Table 4 Effect of seed priming on yield parameters

	Treatments 
	Days to first fruit harvest
	Average fruit weight (g) 
	Average Fruit yield (kg/plant)

	T0 (Un primed seed)
	58.00
	61.63
	3.21

	T1 (Dist. water for12 h)
	57.00
	52.16
	2.92

	T2 (Dist. water for18 h)
	55.00
	62.21
	3.85

	T3 (2% PEG for 12 h)
	55.33
	73.52
	3.08

	T4 (2% PEG for 18 h)
	58.00
	66.63
	3.39

	T5 (4% PEG for 12 h)
	61.33
	58.36
	2.33

	T6 (4% PEG for 18 h)
	58.00
	66.02
	2.89

	T7 (2% KNO3for 12 h)
	58.00
	73.36
	2.34

	T8 (2% KNO3for 18 h)
	57.00
	68.17
	2.38

	T9 (4% KNO3for 12 h)
	55.00
	50.96
	3.13

	T10 (4% KNO3for 18 h)
	60.00
	51.35
	3.00

	T11 (500 ppm of GA3 for 12 h)
	57.00
	76.47
	3.91

	T12 (500 ppm of GA3 for 18 h)
	52.00
	77.99
	4.67

	T13 (1000 ppm of GA3 for 12 h)
	60.00
	67.95
	3.88

	T14 (1000 ppm of GA3 for 18 h)
	55.00
	70.98
	3.66

	C.D. (P=0.05)
	3.08
	1.30
	0.31

	S.Em+
	1.06
	0.44
	0.10



Priming bitter gourd seeds with gibberellic acid (GA₃) likely activates favorable metabolic processes within the seed, promoting better germination, seedling establishment, and subsequent growth. The present study suggests that pre-treatment of bitter gourd seeds with GA₃ @ 500 ppm for 18 hours significantly enhances germination rate, relative growth, seedling vigor, and fruit yield.
Plant growth primarily depends on photosynthesis, which in turn is regulated by stomatal activity affecting CO₂ exchange, respiration, and transpiration rates (Mauro et al. 2020). The results of this investigation revealed that the highest photosynthesis rate, transpiration rate, and CO₂ index were observed in plants grown from seeds primed with GA₃ @ 500 ppm (18 hrs), compared to all other treatments. These findings corroborate those of Das et al. (2014) and De Castro et al. (2014), who demonstrated that GA₃ priming enhances seed germination, seedling vigor, dry weight, and photosynthetic efficiency, leading to improved plant growth and productivity.

4. Conclusion
The present study concludes that hormonal priming with GA₃ @ 500 ppm for 18 hours is the most effective treatment for enhancing the field performance of bitter gourd cv. Kahalgaon Local. This treatment improved germination rate, reduced time to flowering, and increased fruit yield and weight. Conversely, PEG-based osmopriming, particularly at higher concentrations, negatively affected emergence and yield. Seed priming with GA₃ can therefore be recommended for commercial bitter gourd production to improve seedling establishment and productivity under varying environmental conditions.
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