The Role of Plant Growth Regulators in Enhancing Nutrient Uptake Efficiency in Bitter Gourd (Momordica charantia L.)

Abstract
The present investigation was undertaken to find out the suitable plant growth regulators with appropriate doses for increasing the fruit yield potential of bitter gourd.  Plant growth regulators in very minute quantities can dramatically induce the responses mentioned above. The response to PGR, however, varies with the cultivar, age of the plant, light, temperature, availability of mineral nutrients, vigour of the plant and its endogenous hormonal content. The present experiment was conducted at Department of   Horticulture, Naini Agricultural Institute, Sam  Higginbottom University of Agriculture, Technology and Sciences, Prayagraj during the session 2022 - 2024. The experiment was laid out in randomized block design with three replications, and the study consists of thirteen treatment combinations including control. The best treatment was T12 (NAA200ppm) which shows highest values in highest total nitrogen uptake (35.11 kg ha-1), total phosphorus uptake (5.78 kg ha-1), total potassium uptake (13.89 kg ha-1). 
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1. INTRODUCTION 
 	Bitter gourd (Momordica charantia L.) is one of the popular and prized Cucurbitaceous vegetable crops grown all over the tropical and subtropical regions. The bitter principle in fruit is due to the presence of momordicine, an alkaloid, which is different from cucurbitacin present in other cucurbits. Among the different gourds, the bitter gourd or ‘balsam pear’ belongs to the genus Momordica of Cucurbitaceous family and has a chromosome number 2n=22. The genus Momordica comprises nearly 23 species in its native tropical Africa alone (Jaffery, 1967).
	Bitter gourd has its own importance in human dietary, it has good nutritional value with 2.1g protein, 0.2g fat, 0.8g minerals, 0.8g fiber, 4.2 g carbohydrates, 1.8 mg iron, 126mg carotene, 0.07 mg thiamine, 0.09 mg riboflavin, 0.5 mg niacin, 210 mg vitamin A and rich in 88 mg vitamin C per 100 g edible protein (Aykroyd, 1963 and Gopalan et al., 1982). Bitter gourd grown in an area of 99000 hectares with a production of 1205 million tons and productivity of 0.01 million tons in India for the year 2019-20 (Horticultural Statistics at a glance-2018, Ministry of Agriculture and Farmers welfare, Horticulture Statistics Division, Govt. of India (Anon., 2018). In Karnataka, it occupies in an area of 2484 hectares with a production of 23,555 million tons and productivity of 8.46 million tons (Anon., 2018).
Gibberellins have found great use in increasing stalk length and fruit production, including uniform crop emergence, increasing fruit size by cell division and cell elongation, improving fruit quality and storage life, delaying maturity period, controlling cracking of fruits and fruit drop problem, improving fruit retention, producing seedless-ness and increasing sugar content in different fruit crops at various concentrations (Pandey and Sinha 1995).
Plant growth regulators in very minute quantities can dramatically induce the responses mentioned above. The response to PGR, however, varies with the cultivar, age of the plant, light, temperature, availability of mineral nutrients, vigour of the plant and its endogenous hormonal content.
The use of chemicals and plant growth hormones to hasten or delay ripening, reduce losses and maintain the quality by slowing down the metabolic activities of the fruit (Yehoshua et al. 1981). The pre harvest sprays of PGR‟s are using to control fruit drop and to improve fruits retention percentage. Among various plant growth regulators, NAA is an important growth regulator of auxin group, which helps to reduce fruit drop and to improve fruit set and quality specially TSS. The pre harvest spray of NAA check the fruit drops and increase the fruit retention and also increase the fruit weight and TSS of the fruits (Shinde et al. 2008).
NAA and GA3 spray were useful in increasing fruit yield and quality (Singh and Randhawa, 2001). They act as a metabolic sink for the diversion of metabolic from one part to other plant part specially towards developing fruits. The pre harvest sprays of PGR’s are using to control fruit drop and to improve fruits retention percentage. Potassium is an important nutrient for plant meristematic growth and physiological functions, including regulation of water and gas exchange in plants, protein synthesis, enzyme activation, and photosynthesis and carbohydrate translocation in plants.
Similarly, NAA increases the TSS, possibly due to the auxin synthesis in plants. It increases the physiological activities leading to increased TSS in fruits, while the total sugars increase might be due to the activation of enzymes which affect the physiological processes, which in turn hydrolyzed the starch and helps in metabolic activity during the change in available starch into sugar and soluble solid content. NAA showed a significant increase in the total sugar of aonla fruits, and this might be due to the synthesis of auxin in plants, which increased physiological activities. Acidity content can also be increased by applying a plant growth regulator, which might be due to the catalytic influence of growth regulators on its biosynthesis from its precursor glucose-6-phosphates throughout the development of fruits, which is thought to be a precursor of vitamin-C.
Gibberellic acid (GA3) and naphthalene acetic acid (NAA) are two important growth regulators that are used to modify the growth, yield and yield contributing characters of cucurbitaceous crops (Rafeekar et al., 2002). GA3 plays a key role in promoting male sex expression and are antagonistic to that of ethylene and abscisic acid (Rudich, 1983: Zhang et al., 2017). Exogenous application of GA3 promotes female flowers as well as fruit setting and development of bitter gourd crop (Banerjee and Basu, 1992) . Since, very little information is available on the effect of growth regulators on sex expression and yield of bitter gourd, the present investigation was undertaken to find out the suitable plant growth regulators with appropriate doses for increasing the fruit yield potential of bitter gourd. Yield is the ultimate economic product of the crop, which is determined mainly by fruit weight and number of fruits per plant. Most of the yield components show a direct influence on fruit yield. Under good crop management conditions, the highest yield levels could be obtained through improved package of practices, which includes the use of plant growth regulators.
2 MATERIALS AND METHODS
This experiment was laid out during the July 2023 to Oct. 2024 at Horticulture Research Farm, Department of Horticulture, Naini Agricultural Institute, Sam Higginbottom University of Agriculture, Technology and Sciences, Prayagraj (U.P.). The horticulture research farm is situated at 250 39” 42” N latitude, 810 67” 56” E longitude and at an altitude of 98 m above mean sea level. The treatment consisted of T0 Control, T1 - GA3 75ppm, T2 - GA3 100ppm, T3 - GA3 150ppm, T4 - GA3 200ppm, T5 - Ethrel 300 ppm, T6 - Ethrel 400 ppm, T7 - Ethrel 500 ppm, T8 - Ethrel 600 ppm, T9 - NAA 50 ppm, T10 - NAA 100 ppm, T11 - NAA 150 ppm, T12 - NAA 200 ppm. The experiment was laid out in a Randomized Block Design with 13 treatments and replicated thrice. Data recorded on different aspects of fruit crop were subjected to statistically analysis by analysis of variance method. (Gomez and Gomez, 1976) and economic data analysis mathematical method
3 RESULT AND DISCUSSION:
3.1 Nutrient content (%) and nutrient uptake (kg ha-1) of bitter gourd
3.1.1 Nitrogen content (%) and Nitrogen uptake (kg ha-1) of bitter gourd
Nitrogen content (%): The findings in Table 1 showed that the nitrogen content in the seed of bitter gourd was significantly influenced by plant growth regulator. The application of treatment T12 i.e. (NAA @ 200 PPM) recorded significantly higher nitrogen content in seed (1.75 % respectively), at harvest.
Nitrogen uptake (kg ha-1): The estimation of total nitrogen uptake by crop was done by analyzing the nitrogen content in seed, represented in Table 2 The foliar application of treatment T12 i.e. (NAA @ 200 PPM) exhibited significantly higher nitrogen uptake by bitter gourd (35.11 kg ha-1) at harvest.
Nitrogen content in plant material (seed) and their uptake were significantly enhanced due to pinching which might be the result of increased availability of nitrogen, phosphorus and potassium to the plant. Similarly, the highest protein content in seed was also recorded under pinching. This might be due to better plant growth due to favorable climatic conditions prevailing during the period and more photosynthetic activity has resulted in better absorption of plant nutrient from soil resulting high quality of seeds in terms of higher protein content. These results may be attributed due to increased nitrogen content in seed which is an integral part of protein. The results are in conformity with the findings of Sowmya et al. (2017) in fenugreek and Dhaka et al. (2018) in pigeon pea.
3.1.2 Phosphorus content (%) and Phosphorus uptake (kg ha-1) of bitter gourd
Phosphorus content (%): The findings in Table 1 showed that the nitrogen content in the seed of bitter gourd was significantly influenced by plant growth regulator. The application of treatment T12 i.e. (NAA @ 200 PPM) recorded significantly higher Phosphorus content in seed (0.307 % respectively), at harvest.
Phosphorus uptake (kg ha-1): The estimation of total Phosphorus uptake by crop was done by analyzing the Phosphorus content in seed, represented in Table 2 The foliar application of treatment T12 i.e. (NAA @ 200 PPM) exhibited significantly higher Phosphorus uptake by bitter gourd (5.78 kg ha-1) at harvest.
The nutrient contents (N, P and K) in seed and straw and their uptake were significantly increased with increasing levels of GA3 upto 100 ppm. The increase in nutrient content in seed as well as straw with GA3 application might be due to improvement of metabolic processes and better growth and development, leading to greater absorption of nutrients from rhizosphereleading to increase yield and quality. Similarly, increased N, P and K uptake by seed and straw might be due to increased concentration of these nutrients either in seed or straw or both and significant increase in seed and straw yields. These findings are in accordance with those of Nehara et al. (2006), Purbey and Sen (2007) in fenugreek, Balai and Keshwa (2011) and Noor et al. (2017) in french bean.
3.1.3 Potassium content (%) and Potassium uptake (kg ha-1) of bitter gourd
Potassium content (%): The findings in Table 1 showed that the nitrogen content in the seed of bitter gourd was significantly influenced by plant growth regulator. The application of treatment T12 i.e. (NAA @ 200 PPM) recorded significantly higher Potassium content in seed (0.692 % respectively), at harvest.
Potassium uptake (kg ha-1): The estimation of total Potassium uptake by crop was done by analyzing the Potassium content in seed, represented in Table 2 The foliar application of treatment T12 i.e. (NAA @ 200 PPM) exhibited significantly higher Potassium uptake by bitter gourd (13.89 kg ha-1) at harvest.
Significant improvement was observed in nutrient contents (N, P and K) in seed as well as straw and their uptake by fenugreek crop under different doses of NAA as compared to control. Patel (2020) proposed that application of NAA might have augmented the auxin supply from the leaves thereby helping in the development of better system inside the root for more uptake nutrients, therefore, it is conceivable that improved root growth and activity under the influence of growth regulators treatments might have resulted in increased N, P and K uptake as compared to water sprayed plants. The uptake of N, P and K is the function of seed and straw yields and their content, the significant increase in content of these nutrients coupled with increased seed and straw yield enhanced the uptake of N, P and K. Protein content is essentially the manifestation of N content in seeds. Hence, increased N content might have increased the protein content. The favorable effect of plant growth regulators in enhancing the yields and nutrient uptake was also reported by Purbey and Sen (2007). These results are in close conformity with the findings of Nehara et al. (2006), Balai and Keshwa (2011) and Kuri et al. (2017) in coriander.
CONCLUSION
Based on the results of the present study, it is concluded that, overall treatment T12 (NAA 200 ppm) performed best in terms uptake of nutrient of bitter gourd. The yield components show a direct influence on fruit yield. Under good crop management conditions, the highest yield levels could be obtained through improved package of practices includes the use of plant growth regulators.









	Treatment SymbolTable 1 Effect of plant growth regulators on Nutrient content of bitter gourd of Bitter gourd


	Treatment combinations
	Nutrient content of bitter gourd

	
	
	N %
	P%
	K%

	T0
	Control
	0.68 ± 0.05
	0.216 ± 0.02
	0.449 ± 0.01

	T1
	GA3 75ppm
	1.09 ± 0.10
	0.233 ± 0.02
	0.499 ± 0.01

	T2
	GA3 100ppm
	1.48 ± 0.04
	0.253 ± 0.01
	0.546 ± 0.03

	T3
	GA3 150ppm
	1.60 ± 0.04
	0.272 ± 0.01
	0.594 ± 0.02

	T4
	GA3 200ppm
	0.90 ± 0.09
	0.227 ±0.02
	0.506 ± 0.03

	T5
	Ethrel 300 ppm
	1.31 ± 0.07
	0.244 ± 0.01
	0.556 ± 0.06

	T6
	Ethrel 400 ppm
	1.50 ± 0.08
	0.264 ± 0.02
	0.603 ± 0.03

	T7
	Ethrel 500 ppm
	1.64 ± 0.18
	0.28 ± 0.02
	0.605 ± 0.06

	T8
	Ethrel 600 ppm
	1.08 ± 0.21
	0.238 ± 0.01
	0.517 ± 0.06

	T9
	NAA 50 ppm
	1.32 ± 0.14
	0.255 ± 0.01
	0.567 ± 0.02

	T10
	NAA 100 ppm
	1.51 ± 0.14
	0.283 ± 0.01
	0.651 ± 0.06

	T11
	NAA 150 ppm
	1.62 ± 0.14
	0.291 ± 0.03
	0.662 ± 0.06

	T12
	NAA 200 ppm
	1.75 ± 0.14
	0.307 ± 0.03
	0.692 ± 0.03

	
	F-test
	S
	S
	S

	
	SEm(±)
	0.07
	0.01
	0.02

	
	CD (p=0.05)
	0.20
	0.03
	0.07


Table 2 Effect of plant growth regulators on fruit shape and fruit colour of Bitter gourd


	
	Treatment SymbolTable 2 Effect of plant growth regulators on Total nutrient uptake of bitter gourd of Bitter gourd


	Treatment combinations
	Total nutrient uptake of bitter gourd (kg ha-1)

	
	
	N 
	P
	K

	T0
	Control
	11.66 ± 0.49
	3.12 ± 0.38
	7.44 ± 0.65

	T1
	GA3 75ppm
	19.76 ± 1.65
	3.52 ± 0.31
	8.57 ± 0.44

	T2
	GA3 100ppm
	27.64 ± 3.14
	3.96 ± 0.31
	9.60 ± 0.92

	T3
	GA3 150ppm
	30.90 ± 0.80
	4.47 ± 0.12
	10.88 ± 0.38

	T4
	GA3 200ppm
	17.13 ± 2.44
	3.59 ± 0.23
	9.21 ± 1.04

	T5
	Ethrel 300 ppm
	26.36 ± 2.05
	4.11 ± 0.37
	10.58 ± 1.77

	T6
	Ethrel 400 ppm
	30.98 ± 2.16
	4.61 ± 0.40 
	11.13 ± 1.25

	T7
	Ethrel 500 ppm
	31.79 ± 3.84
	4.66 ± 0.73
	11.83 ± 0.28

	T8
	Ethrel 600 ppm
	21.73 ± 4.54
	4.03 ± 0.34
	9.97 ± 1.79

	T9
	NAA 50 ppm
	28.01 ± 5.67
	4.54 ± 0.62
	11.34 ± 1.08

	T10
	NAA 100 ppm
	32.48 ± 5.56
	5.13 ± 0.69
	13.20 ± 2.34

	T11
	NAA 150 ppm
	34.12 ± 3.11
	5.38 ± 0.63
	13.58 ± 1.24

	T12
	NAA 200 ppm
	35.11 ± 3.44
	5.78 ± 0.60
	13.89 ± 1.30

	
	F-test
	S
	S
	S

	
	SEm(±)
	2.01
	0.27
	0.69

	
	CD (p=0.05)
	5.90
	0.79
	2.02




[bookmark: _GoBack]
Disclaimer (Artificial intelligence)
Author(s) hereby declare that NO generative AI technologies such as Large Language Models (ChatGPT, COPILOT, etc.) and text-to-image generators have been used during the writing or editing of this manuscript. 

REFERENCES
Anonymous, 2018, Horticultural Statistics at a glance-2018 (9th of Jan-2019), Govt. of India, Ministry of Agriculture and Farmers welfare, Horticulture Statistics Division, p: 1-490.
Anonymous, 2018, Horticulture Crop Statistics of Karnataka State at a glance- 2018- 19, Karnataka State Department of Horticulture Statistics Division, P: 1-217. 
Aykroyd, W.R., 1963, The nutritive value of Indian foods and planning of satisfactory diet. ICMR Special Report, series No.42.
Balai, L.R. and Keshwa, G.L. (2011). Effect of thiourea on yield and nutrient uptake of coriander (Coriandrum sativum L.) varieties under normal and late sowing conditions. J. Spices Arom. Crops. 20(1): 34-37.
Banerjee, S. and Basu, P. S. (1992). Hormonal regulation of flowering and fruit development: Effect of gibberellic acid and ethrel on fruit setting and development of Momordica charantia L. Biologia plantarum, 34(1): 63-70.
Dhaka, A.K.; Kumar, S.; Singh, B.; Singh, K.; Kumar, A. and Kumar, N. (2018). Nitrogen use efficiency, economic return and yield performance of pigeonpea [Cajanus cajan (L.) Millsp.] as influenced by nipping and fertility levels. Legume Res. DOI: 10.18805/LR4062.
Gomez, K. A. and Gomez, A. A. (1976). Statistical procedures for agriculture Research, 2nd Edition, John Wiley and Son, New York, 680p.
Gopolan, C., Rama Sastri, B.V. and Balasubramanian, S.C., 1982. Nutritive value of Indian Foods. Indian Council of Medical Research, National Institute of Nutrition, Hyderabad.
Jaffery, C., 1967, Flora of Tropical East Africa : Cucurbitaceae. London, crown Agent.
Krishnamurthy HN. Plant Growth Substances. Tata McGraw-Hill Pub. Com. Ltd. New Delhi, 1981, 138-126.
Kuri, B.R.; Jat, N.L.; Shivran, A.C.; Jat, S.L.; Kumar, L.; Pawar, S. and Parihar, C.M. (2017). Yield, economics, nutrient uptake and quality of coriander (Coriandrum sativum) under different sowing time, varieties and plant growth regulators. Indian J. Agric. Sci. 87 (3): 407-413.
Nehara, K.C.; Kumawat, P.D. and Singh, B.P. (2006). Response of fenugreek (Trigonella foenumgracum) to phosphorus, sulphur and plant growth regulators under semi-arid plainszone of Rajasthan. Indian J. Agron. 51: 73-76. 
Noor, F.; Hassain, F. and Ara, U. (2017). Effect of Plant growth regulators on proximat composition, ascorbic acid and amino acid content of french bean. Bangladesh J. Bot. 46(2): 701-707
Pandey, S. N and Sinha, B. K. (1995). Plant Growth Regulators. Plant Physiology, edition 3, pp 419–57.
Patel, A., Patel, M., Mori, C. V., Kumar, M., & Patel, S. (2020). Effect of integrated nutrient management on growth and quality of bitter gourd (Momordica charantia L.). Int. J. Chem. Stud, 8(3), 2575-2578.
Purbey, S.K. and Sen, N. L. (2007). Effect of bioinoculents and bioregulators on yield and nutrient uptake by fenugreek (Trigonella foenumgraecum). Indian J. Agri. Res. 41 (2): 154-156.
Rafeekar M, Nair SA, Sorte PN, Hatwal GP, Chandan PM. Effect of growth regulator on growth and yield of summer cucumber. J Soils & Crops. 2002;12:108-110. 
Rudich J. Conference on the biology and chemistry of cucumber. Cornell Univercity, Ithace. New York. August 1980, 1983. 
Shinde, B.B., Ingle, H.V., Dhawale, D.U., Hajare, A.R. and Dhobe, S.G. (2008). Effect of plant growth regulators on size, yield and quality of acid lime. J. Soil & Crops, 18(1):117-120.
Singh, K. and Randhawa, J. S. (2001). Effect of growth regulators and fungicides on fruit drop, yield and quality of fruit in ber CV. Umran. Journal of Research, 38(3-4): 181-185.
Sowmya, P.T.; Naruka, I.S.; Saktawat, R.P.S., Kushwa, S.S. (2017). Effect of sowing dates and stage of pinching on growth, yield and quality of fenugreek (Trigonella foenum-graecum L.). Intern. J. Bio-resour. Stress Manage. 8(1): 091-095.
Yehoshua, S., Cobilier, I. and Shapiro, B. (2012). Effect of cooling verses seal packaging with high density polyethylene packaging on keeping quality of various citrus cultivars. Journal of Food Science and Technology, 49:753-759.
Zhang Y, Zhao G, Li Y, Mo N, Jhang J, Liang Y. Transcriptomic analysis implies that GA regulates sex expression via ethylene-dependent and ethylene independent pathways in cucumber (Cucumis sativus L.). Front. Plant Sci, 2017. https://doi.org/10.3389/fpls.2017.00010.

