Growth and yieldof bitter gourd (Momordica charantia L.) as influenced by organic formulations and growth regulators


Abstract: A field trial was conducted to evaluate the effect of plant growth regulators and organic formulations on growth and yield of bitter gourd. Fifteen treatments with one untreated control (T0) were evaluated under randomized block design on one variety (Jaunpur Long Green). The trial was conducted at Vegetable research farm of Chandra Shekhar Azad University of Agriculture and Technology, Kanpur during 2022-23 and 2023-24. The treatment combinations were given by either straight or in combination of cycocel, ethrel, boric acid, panchagavya, jeevamrit and anda-arkh. Treatments were given as foliar application at 3-4 leaf stage of the crop. The results obtained indicated that various treatments gave significantly better results as compared to control for all the characters studied. In the results it was found that days to first male flower, days to first female flower, number of female flowers plant-1,number of fruits plant-1, fruit weight (g) and fruit yield (kg plant-1) were maximum whereas the relative growth rate was minimum with the treatment Panchgavya @ 5% + Cycocel @ 200 ppm (T11) which was closely followed by Panchgavya @ 5% + Ethrel @ 200 ppm (T10). Apart from this, the lowest performance for all the parameters except for relative growth rate was exerted by the untreated control (T0). The results demonstrate that integrated management strategies using organic bio-stimulants in combination with growth regulators can significantly improve the growth and productivity of bitter gourd.
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Introduction: Vegetables play a fundamental role in balanced human diet, serving as arich sources of vitamins, minerals, proteins, and carbohydrates. Bitter gourd (Momordica charantia L.) stands out for both its nutritional and therapeutic value in the Cucurbitaceae family. Bitter gourd is one of the largest groups in the Cucurbitaceae family. This genus has 59 species that are found throughout Africa and Asia (Wilde and Duyfjes, 2002; Schaefer and Renner, 2010). Among these, 34 species are dioecious and 22 are monoecious. The classification of three species is uncertain; it is not clear if they are dioecious or monoecious (Schaefer and Renner, 2010). Two monoecious species are M. charantia L. and M. balsamina L. Four dioecious species include M. dioica, M. sahyadrica, M. cochinchinensis, and M. subangulata (Joseph, 2005). Momordica charantia is grown both as a vegetable and a medicinal plant in Asia and Africa. The best regions for growing bitter gourd are in eastern Asia, especially Southern China and India (Marr et al., 2004), as well as Fiji and the South Pacific, along with southwestern India (Joseph, 2005). Records suggest that bitter gourd was first grown in China in 1370 CE (Yang and Walters, 1992). Bitter gourd is a rich source of phenolic compounds (Kaushik et al., 2015). However, no archaeological evidence shows its continuous presence in China (Marr et al., 2004). Ayurvedic texts from Indo-Aryan cultures mention small-fruited or wild cultivated crops with medicinal uses, which indicates that bitter gourd was grown in India a long time ago. Recent studies have confirmed that bitter gourd originated in Africa (Schaefer and Renner, 2010). It is believed that its domestication spread from Africa to Brazil through the slave trade and then to Central America (Marr et al., 2004). Wild relatives of bitter gourd are green to dark blue, spiny, small, and very bitter, and they are commonly found in Northeastern India (Gaikwad et al., 2008). Bitter gourd is highly prized for its rich nutritional profile, including thiamine, riboflavin, ascorbic acid, and iron, as well as its confirmed antidiabetic properties, which stem from several bioactive compounds—most notably charantin (Behera, 2004). Apart from these qualities, biter gourd has strong post-harvest keeping quality which favours it as a promising vegetable for both domestic use and export markets. In traditional medicine, particularly Ayurveda, various parts of the bitter gourd plant—fruits, leaves, and roots—have been employed for their antiviral, antioxidant, antimutagenic, and immune-enhancing effects. Despite its benefits, bitter gourd is a monoecious plant that naturally produces more male flowers than female flowers, which is not beneficial or economical because it results in lower fruit set and suboptimal yields (Mangave et al., 2016). Enhancing productivity, therefore, requires synchronization of male-to-female flower ratios. Sex expression in cucurbits is primarily regulated by endogenous hormones and genetic controls, as well as environmental factors like photoperiod (day length), temperature and nutrition (Rudich, 2019). The strategic use of plant growth regulators such as GA3, ethrel, cycocel, NAA, etc. have shown promising effects in modifying the flowering patterns and improving crop yields. However, their effectiveness depends heavily on species specificity, time of application, concentration used, and prevailing environmental conditions. Apart from growth regulators, organic liquid formulations like panchagavya, jeevamrit, and anda-arkh are becoming more and more popular due to their ecological advantages, affordability, and ease of preparation on farms. These traditional biostimulants contain essential plant nutrients and beneficial microorganisms, which help improve fruit-set, crop quality, and soil health over time (Patel et al., 2021). Their adoption not only supports increased yield but also the broader goals of sustainable and eco-friendly agriculture. So, the present investigation aimed to find out the effect of organic formulations and growth regulators on growth and yield of biter gourd.
Material and Method: The experimental trial was conducted in agro-climatic conditions of central plain zone of Uttar-Pradesh at Vegetable research farm of CSA University of Agriculture and Technology, Kanpur, during Zaid season of year 2023 and 2024. The experiment comprised of fifteen treatments viz., T1-Jivamrit @ 5%, T2-Panchgavya @ 5%, T3-Anda-arkh @ 5%, T4-Ethrel @ 200 ppm, T5-Cycocel @ 200 ppm, T6-Boric Acid @ 200 ppm, T7- Jivamrit @ 5% + Ethrel @ 200 ppm, T8-Jivamrit @ 5% + Cycocel @ 200 ppm, T9-Jivamrit @ 5% + Boric Acid @ 200 ppm, T10-Panchgavya @ 5% + Ethrel @ 200 ppm, T11-Panchgavya @ 5% + Cycocel @ 200 ppm, T12-Panchgavya @ 5% + Boric Acid @ 200 ppm, T13-Anda-arkh @ 5% + Ethrel @ 200 ppm, T14-Anda-arkh @ 5% + Cycocel @ 200 ppm and T15-Anda-arkh @ 5% + Boric Acid @ 200 ppm, together with control (T0) which were tested in randomized block design on variety ‘Jaunpur Long Green’ with three replications. The treatments were given as foliar spray at three to four leaf stage of the plants. Seeds were sown at a spacing of 1.5 m x 0.5 m in each plot with 12 plants. All the recommended practices were performed to raise a good crop. The data for different growth and yield characters each treatment was recorded on five randomly selected plants from each plot. The mean values recorded during 2023 and 2024 were averaged to find out the pooled values. The pooled data collected during the course of investigation was subjected to statistical analysis by adopting appropriate method of analysis of variance. The analysis of variance of the data for each parameter was computed using the OPSTAT software.
Results& Discussions: The effect of various organic formulations and plant growth regulators on the growth, flowering behavior, and yield of bitter gourd was evaluated in the experiment. The results based on pooled analysis are presented in the table 1 and graphically depicted in fig. 1. There was significant variation among the treatments for different parameters. The analysis indicated that the integrated use of organic formulations with plant growth regulators substantially improved crop performance and yield over individual applications and the untreated control.
Regarding the flowering behavior, a significant reduction in the number of days to first male and female flowering were observed under the treatment Panchgavya @ 5% + Cycocel @ 200 ppm, which recorded the earliest appearance of male and female flowers (40.00 and 44.17 days, respectively). This was significantly earlier than the control, which recorded 54.50 days for male and 62.83 days for female flowering. Treatments Panchgavya @ 5% + Ethrel @ 200 ppm and Jivamrit @ 5% + Cycocel @ 200 ppm were statistically at par, indicating that the combination of bio-stimulants with plant growth regulators effectively accelerated flowering. The probable cause for this advancement in flowering might be due to the enhanced hormonal activity and nutrient uptake induced by the synergistic effect of the organic amendments and the growth regulators. This led to the earlier appearance of the male and female flowers in the treated plants as compared to untreated ones. The findings of the study are in accordance to the results reported by Mahala et al., (2014) in bottle gourd, Chaurasiya et al., (2016) in muskmelon, Pandey et al., (2019) in cucumber and Meshram et al., (2022) in watermelon.
The relative growth rate (RGR) is a crucial indicator of vegetative efficiency. Lower values of relative growth rate are indicative of thicker leaves and a transition towards reproductive growth rather than vegetative growth. Panchgavya @ 5% + Cycocel @ 200 ppm and Jivamrit @ 5% + Cycocel @ 200 ppm recorded the lowest relative growth rate (both 2.12), highlighting their superiority in promoting compact and efficient vegetative structures. In contrast, the control exhibited the highest relative growth rate (3.05) showing more vegetative growth rather than reproductive growth. The reduced relative growth rate under growth regulator treatments may be due to the inhibitory effects of Cycocel on gibberellin synthesis, resulting in reduced internodal elongation and enhanced assimilate partitioning. This also confirms that cycocel and ethrel retard the growth of the plants and affect the flowering and reproductive growth in positive terms in case of bitter gourd.
Further, the reproductive parameters such as the number of female flowers and fruits per plant were also significantly influenced by the treatments. The highest number of female flowers per plant and fruits per plant were observed in the treatment T11- Panchgavya @ 5% + Cycocel @ 200 ppm (18.38 and 14.72 respectively). This was followed by treatments T10- Panchgavya @ 5% + Ethrel @ 200 ppm (17.60 and 13.94 respectively) and  T8- Jivamrit @ 5% + Cycocel @ 200 ppm (17.27 and 13.61 respectively), which were statistically at par. The increased number of female flowers and fruits under these treatments can be attributed to the ethylene-releasing action of Ethrel and the stress modulation and hormonal regulation induced by Cycocel. Additionally, the nutrient-rich organic amendments likely promoted enhanced physiological processes leading to improved reproductive development. Vinnoli et al., (2018) in okra, Dhakal et al., (2019) in cucumber, Pandey et al., (2019) in cucumber, Anayat et al., (2020) in bitter gourd also reported similar findings.
In terms of fruit weight and yield, Panchgavya @ 5% + Cycocel @ 200 ppm was the most effective treatment, recording the highest fruit weight (120.49 g) and fruit yield per plant (1.72 kg). These values were significantly superior to the control, which recorded only 90.70 g fruit weight and 0.97 kg yield per plant. Other high-performing treatments included Panchgavya @ 5% + Ethrel @ 200 ppm (118.88 g fruit weight and 1.62 kg/plant yield) and Jivamrit @ 5% + Cycocel @ 200 ppm (116.96 g fruit weight and 1.57 kg/plant yield), which were statistically at par with the best treatment. The increased fruit weight might be attributed to the better absorption of nutrients by the plants, somewhat regulated through organic formulations as well, and more translocation of photosynthates towards fruits during their development and maturity. It also affected the yield per plant; as the fruit weight increases, so does the plant yield. These findings highlight the potential of combining organic inputs with plant growth regulators to maximize yield through enhanced fruit set, better translocation of assimilates, and increased sink strength that resulted in higher fruit weight. Similar results were reported by Kumari et al., (2013) in bottle gourd, Vimlendra and Wahab (2013) in baby corn, Mahala et al., (2014) in bottle gourd, Mahida et al., (2015) in sponge gourd, Gajjela (2018) in bitter gourd, Anayat et al., (2020) in bitter gourd and Meshram et al., (2022) in watermelon.
It is evident that the complementary effects of the organic formulations and plant growth regulators led to the superior performance of combined treatments. As organic formulations enrich the plant with nutrients and the plant growth regulators modulate plant physiology to favor reproductive output. Thus, the overall growth and yield traits such as fruits per plant, fruit weight and fruit yield per plant were improved significantly. 
Conclusion: On the basis of the above findings it may be concluded, the combination of Panchgavya @ 5% + Cycocel @ 200 ppm (T11) was the most effective treatment for getting early flowering, optimum vegetative growth, increased number of female flowers and fruits per plant and maximized yield. However, untreated control showed the poorest performance consistently across all the parameters studied. Apart from this, use of seeds of improved varieties for sowing with such combinational management may reduce their labour and input cost as they respond well to such inputs and maximize the returns by enhanced production and quality. Thus, the results from the study demonstrate that integrated nutrient and hormonal management strategies using organic bio-stimulants in combination with growth regulators can significantly improve the growth and productivity of bitter gourd. Farmers should follow such combinational approach in order to get higher yields in bitter gourd.
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	Treatment Details
	Days to first Male flower
	Days to first Female flower
	Relative growth rate
	Female flowers/plant
	Fruits/plant
	Fruit weight
	Fruit yield (kg/plant)

	T0–Control
	54.50
	62.83
	3.05
	13.95
	10.29
	90.70
	0.97

	T1 -Jivamrit @ 5%
	48.17
	54.50
	2.68
	15.26
	11.60
	101.60
	1.18

	T2 -Panchgavya @ 5%
	47.50
	53.83
	2.57
	15.30
	11.64
	102.87
	1.20

	T3 -Anda-arkh @ 5%
	50.17
	57.17
	2.86
	14.83
	11.17
	96.72
	1.10

	T4 -Ethrel @ 200 ppm
	45.33
	50.67
	2.64
	16.07
	12.41
	108.21
	1.33

	T5 -Cycocel @ 200 ppm
	44.67
	50.00
	2.63
	16.33
	12.67
	110.26
	1.39

	T6 -Boric Acid @ 200 ppm
	49.33
	56.00
	2.77
	15.02
	11.36
	98.61
	1.14

	T7 -Jivamrit @ 5% + Ethrel @ 200 ppm
	42.67
	47.33
	2.35
	16.65
	12.99
	114.94
	1.48

	T8 -Jivamrit @ 5% + Cycocel @ 200 ppm
	42.00
	46.67
	2.12
	17.27
	13.61
	116.96
	1.57

	T9 -Jivamrit @ 5% + Boric Acid @ 200 ppm
	46.67
	52.33
	2.33
	15.67
	12.01
	105.93
	1.26

	T10 -Panchgavya @ 5% + Ethrel @ 200 ppm
	41.33
	46.00
	2.25
	17.60
	13.94
	118.88
	1.62

	T11 -Panchgavya @ 5% + Cycocel @ 200 ppm
	40.00
	44.17
	2.12
	18.38
	14.72
	120.49
	1.72

	T12 -Panchgavya @ 5% + Boric Acid @ 200 ppm
	46.33
	52.00
	2.30
	15.92
	12.26
	107.12
	1.31

	T13 -Anda-arkh @ 5% + Ethrel @ 200 ppm
	44.00
	49.00
	2.45
	16.40
	12.74
	111.93
	1.42

	T14 -Anda-arkh @ 5% + Cycocel @ 200 ppm
	43.33
	48.33
	2.31
	16.57
	12.91
	113.64
	1.45

	T15 -Anda-arkh @ 5% + Boric Acid @ 200 ppm
	47.17
	52.83
	2.70
	15.62
	11.96
	104.99
	1.24

	SE(m)±
	1.222
	1.691
	0.163
	0.429
	0.429
	2.616
	0.05

	CD
	3.546
	4.906
	0.474
	1.246
	1.246
	7.592
	0.146

	CV
	4.619
	5.688
	11.272
	4.631
	6.000
	4.206
	6.527


Table 1: Growth and yield traits of bitter gourd as influenced by organic formulations and growth regulators



Fig. 1: Graphical representation of influenced of organic formulations and growth regulators on growth and yield of bitter gourd
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