


Synergistic Effects of Organic Manures and Biofertilizers on Growth, Yield, and Sustainability in Bhendi (Abelmoschus esculentus L. (Moench)) cv. Arka Anamika


ABSTRACT
A field experiment was conducted at the APHC Farm, Adhiparasakthi Horticultural College, Kalavai (Vellore), to evaluate the effect of organic manures and biofertilizers on the growth and yield of bhendi (Abelmoschus esculentus L. Moench) variety Arka Anamika. The experiment, laid out in a Randomized Block Design with ten treatments and three replications, was carried out under sandy loam soil. Results revealed that the combined application of organic manures and biofertilizers significantly enhanced plant height, number of leaves, branches, and early flowering compared to the control. The treatment T₉ (FYM 6.25 t/ha + Sheep and Goat Manure 1.25 t/ha + Poultry Manure 1.25 t/ha + Vermicompost 1.25 t/ha) recorded maximum growth parameters and yield attributes, including fruit length (12.3 cm), fruit weight (9.2 g), yield per plant (195.6 g), and yield per plot (5.2 kg). The improvement in growth and yield was attributed to enhanced soil fertility, microbial activity, and balanced nutrient availability. The findings emphasize that integrating organic manures and biofertilizers not only improves okra productivity but also promotes sustainable soil health and eco-friendly cultivation practices
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INTRODUCTION
Vegetable cultivation plays a vital role in ensuring a balanced human diet and contributes significantly to global food and nutritional security. Vegetables, often termed as protective foods, are rich sources of vitamins, minerals, and essential nutrients. Their cultivation has gained prominence due to their high nutritive value and economic importance (Shittu & Bassey, 2023). Okra (Abelmoschus esculentus L. Moench), belonging to the family Malvaceae with a chromosome number of 2n = 130, is believed to have originated in tropical and subtropical regions of Africa, particularly West Africa (Tindall & Rice, 1983). The term “okra,” derived from Africa, means Lady’s fingers. It is primarily cultivated for its tender green pods (Adekiya et al., 2020), which are consumed both raw and cooked. Besides, dried seeds of okra are rich in protein (over 20%) and serve as a valuable food source (Jeevan Rao & Ramalakshmi, 2009). Okra stems provide fiber for paper pulp, while the dried canes are used as fuel. The edible oil extracted from okra contains approximately 14% protein. In India, okra is a major commercial vegetable crop, with the country ranking first in global production, contributing about 3.5 million tonnes (nearly 70% of global output) from an area of 0.35 million hectares (FAOSTAT, 2008). The principal okra-growing states include Uttar Pradesh, Bihar, West Bengal, Tamil Nadu, Andhra Pradesh, Assam, and Karnataka. Among these, Karnataka has the largest cultivated area (18,150 ha) with a production of 155,940 tonnes and a productivity of 8.75 tonnes per hectare. Okra also accounts for nearly 60% of India’s vegetable export earnings, excluding potato, garlic, and onion (Food Safety and Standards Authority of India, 2012 and Sharma & Arora, 1993). India faces the major challenge of sustainably enhancing the production of high-quality food to meet the needs of its growing population and improve farmers’ income (Oyediran et al., 2018). Okra cultivation demands adequate nutrient supply for optimal vegetative growth, flowering, and fruit yield. The integrated use of organic and inorganic fertilizers has been recognized as an effective strategy to improve soil structure, fertility, and productivity (Mal et al., 2013). However, excessive reliance on chemical fertilizers has led to nutrient imbalances, depletion of soil fertility, and deterioration of soil microflora, posing threats to environmental sustainability and crop yield. To address these issues, reducing the dependency on inorganic fertilizers and promoting the application of organic manures and biofertilizers has become essential (Anal et al., 2018). Organic manures enhance soil physical, chemical, and biological properties, improve moisture retention, and sustain crop productivity while maintaining produce quality (Maheswarappa et al., 1999). Biofertilizers, on the other hand, contain beneficial microorganisms that fix atmospheric nitrogen, solubilize phosphorus, and produce growth-promoting substances, thereby reducing the need for synthetic fertilizers (Bahadur, A., & Manohar, R, 2001). Given the rising cost of commercial fertilizers, organic nutrient sources such as farmyard manure, compost, poultry manure, and vermicompost offer cost-effective and eco-friendly alternatives for sustainable okra cultivation (Gayathri & Syam Sundar Reddy, 2013). The need for an eco-friendly agricultural system that sustains soil fertility, enhances biodiversity, and reduces environmental degradation is now more pressing than ever (Das & Singh, 2014). Hence, the present study was undertaken to evaluate the effect of organic manures and biofertilizers on the growth and yield attributes of okra under sustainable cultivation practices
MATERIALS AND METHODS 
A field experiment was conducted from January to April 2017 under open field conditions to study the effect of organic manures and biofertilizers on the growth and yield of bhendi (Abelmoschus esculentus L. Moench) variety Arka Anamika at the APHC Farm, Adhiparasakthi Horticultural College, Kalavai (Vellore). The total land area of 8500 sq.feet Fig 1&2. During the cropping period Rabi (February-March), the mean maximum temperature ranged from 28.5°C to 36.7°C, while the minimum temperature varied between 18.0°C and 26.8°C. The relative humidity (RH) fluctuated from 25% to 90%. The experimental field consisted of sandy loam soil with a pH of 6.8, comprising 62.23% sand, 27.6% silt, and 10.8% clay. The experiment was laid out in a Randomized Block Design (RBD) with 10 treatments and three replications (Table 1). The bhendi seeds of Arka Anamika were sown at the end of January using a seed rate of 200 g per 300 m², maintaining a spacing of 45 cm × 30 cm. All standard intercultural and nutrient management practices were followed throughout the cropping period. Observations were recorded on various growth and yield parameters, including plant height (cm), number of leaves per plant, number of branches per plant, number of flowers per plant, fruit length (cm), fruit weight (g), yield per plant (g), and yield per plot (kg). Statistical analysis of the data was carried out as per the methods suggested by (Mal et al., 2013).  The critical difference (CD) was determined at a 5% level of significance (P = 0.05) to test the statistical validity of the treatment effects.
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Fig :1 Intercultural operations in Bhendi field              Fig: 2 Harvesting of Bhendi

Table 1. Treatment details
	No of treatment
	Treatment details

	T1
	FYM -25 t/ha

	T2
	Poultry manure -1.25t/ha

	T3
	Vermicompost -5 t/ha

	T4
	Panchgavya -500 l/ha

	T5
	Sheep and Goat manure - 5 t/ha

	T6
	Azospirillum -2 kg/ha

	T7
	FYM 12.5 t/ha + Poultry manure 2.5 t/ha

	T8
	Sheep and Goat manure 2.5 t /ha + Vermicompost 2.5 t /ha

	T9
	FYM 6.25 t /ha + Sheep and Goat manure 1.25 t/ ha+ Poultry manure 1.25 t /ha + Vermicompost 1.25 t/ ha

	T10
	Control



RESULTS AND DISCUSSION
Effect on growth parameters
The data on various growth parameters presented in Table 2. revealed that the application of different organic manures and biofertilizers significantly enhanced the growth and development of bhendi plants compared to the control. Notable improvements were observed in plant height, number of leaves, number of branches, stem diameter, and earlier flowering. Among the treatments, T₉ (FYM 6.25 t/ha + Sheep and Goat Manure 1.25 t/ha + Poultry Manure 1.25 t/ha + Vermicompost 1.25 t/ha) recorded the highest values for key growth parameters — plant height (103.8 cm), number of leaves (14.3), number of branches (7.2), earlier flowering (33 DAS), and number of flowers per plant (26.1). This treatment was followed by T₇ (FYM 12.5 t/ha + Poultry Manure 2.5 t/ha), which also showed superior performance, particularly in plant diameter (3.4 cm). The enhanced growth in these treatments may be attributed to the synergistic effect of multiple organic nutrient sources, which improve soil physical, chemical, and biological properties, thereby increasing the availability and uptake of essential plant nutrients. Organic manures act as rich sources of both macro- and micronutrients, ensuring continuous nutrient supply and improved soil health (Sharma et al., 2015). Similar findings have been reported in okra by (Bahadur & Manohar, 2001; Ramakrishnan & Selvakumar, 2012; Dhawale et al., 2011). The use of organic manures likely stimulated metabolic activity by supplying trace elements during the early growth stages, promoting vigorous vegetative development (Sharma et al., 2015). The improved C:N ratio and enhanced nutrient translocation from roots to aerial parts favored protein synthesis and protoplasmic development (Das & Singh, 2014). Furthermore, biofertilizers such as Azospirillum contributed not only through biological nitrogen fixation but also by producing plant growth-promoting hormones like indole acetic acid (IAA), gibberellic acid (GA3), and cytokinins, which collectively enhanced plant growth and vigor Singh et al., 2014; Oyediran et al.,  2018; Ramakrishnan & Selvakumar, 2012). Therefore, the combined application of organic manures and biofertilizers proved highly effective in improving the growth performance of bhendi under sustainable cultivation practices.
Effect on Yield Parameters
The data presented in Table 3 indicated that the application of organic manures and biofertilizers significantly enhanced the yield attributes of bhendi (Abelmoschus esculentus L. Moench) compared to the control. A notable increase was observed in the number of fruits per plant, fruit length, fruit weight, yield per plant, and yield per plot under different treatment combinations. Among all treatments, T₉ (FYM 6.25 t/ha + Sheep and Goat Manure 1.25 t/ha + Poultry Manure 1.25 t/ha + Vermicompost 1.25 t/ha) recorded the highest yield parameters, including number of fruits per plant (22.1), fruit length (12.3 cm), fruit weight (9.2 g), yield per plant (195.6 g), and yield per plot (5.2 kg). This treatment was followed by T₇ (FYM 12.5 t/ha + Poultry Manure 2.5 t/ha), which also showed superior performance over the control (T10) in all yield attributes. The improvement in yield may be attributed to the enhanced vegetative growth, including greater leaf production, leaf area expansion, and an increased number of branches and flowers per plant, which collectively led to higher fruit set and pod development. The increased foliage likely contributed to greater photosynthetic activity, resulting in higher assimilate production and improved yield potential. The enhancement in fruit length and weight may also be due to increased microbial biomass and nitrogen mineralization, promoting better nutrient availability and assimilation, which supported floral organ development and pod elongation (Sharma & Kanaujia, 1992) Uluçay et al. (2016). The synergistic effect of organic manures and biofertilizers supplied essential nutrients in a balanced form, improved nutrient uptake efficiency, and stimulated physiological activities leading to better yield and quality of bhendi pods (Jeevan Rao & Ramalakshmi, 2009;  Pawar, 1996;  Verma et al., 2010). Therefore, the combined application of multiple organic manures (T9) proved to be the most effective approach for improving yield performance, demonstrating the potential of integrated organic nutrient management for achieving sustainable and high-yielding bhendi production.
Table 2: Study the Impact of Organic Manures and Bio Fertilizers on growth parameters of Bhendi (Abelmoschus esculentus L. (Moench)
	Treatment details
	Plant height (Cm)
	No of Leaves
	No of Branches
	Plant diameter (cm)
	Days taken for flowering
(DAS)
	No. of flowers per plant

	T1
	96.6
	10.3
	4.8
	2.3
	39.4
	20.4

	T2
	98.9
	10.8
	5.6
	2.4
	37.4
	21.8

	T3
	94.3
	9.5
	4.8
	2.2
	38.3
	21.7

	T4
	83.0
	9.0
	4.3
	2.1
	42.9
	21.1

	T5
	95.0
	11.2
	6.1
	2.5
	37.2
	21.8

	T6
	82.0
	9.3
	4.8
	2.4
	40.3
	17.7

	T7
	101.5
	13
	6.2
	3.4
	35.2
	24.8

	T8
	100.3
	11
	6.1
	2.8
	34.2
	24.1

	T9
	103.8
	14.3
	7.2
	3.1
	33.0
	26.1

	T10
	73.1
	8.3
	4.1
	2.0
	42.9
	15.2

	Mean
	92.85
	10.67
	5.4
	2.52
	38.0
	21.5

	S.Ed
	0.5
	0.2
	0.2
	0.1
	0.1
	0.4

	CD (p=0.05)
	1.1
	0.3
	0.3
	0.3
	0.3
	0.2



Table 3: Study the Impact of Organic Manures and Bio Fertilizers on Yield parameters of Bhendi (Abelmoschus esculentus L. (Moench)
	Treatment Details
	Number of fruit per plant
	Fruit Weight (g)
	Length of the fruit(Cm)
	Yield per plant (g)
	Yield per plot (kg)

	T1
	19.2
	7.93
	9.3
	165.8
	4.0

	T2
	20.0
	7.8
	9.7
	168.5
	3.5

	T3
	17.7
	8.5
	10.6
	173.2
	3.6

	T4
	15.5
	7.6
	10.7
	170.5
	4

	T5
	21
	7.88
	11.1
	186.6
	4.8

	T6
	21.1
	8.02
	11.5
	183.2
	3.6

	T7
	21.8
	8.56
	11.6
	192.3
	4.8

	T8
	17.1
	8.8
	12.1
	190.5
	4.3

	T9
	22.1
	9.2
	12.3
	195.6
	5.2

	T10
	15.1
	6.78
	8.56
	146.3
	3.2

	Mean
	19.1
	8.10
	10.68
	177.25
	4.1

	S. Ed
	0.3
	0.3
	0.4
	02
	0.2

	CD (p=0.05)
	0.7
	0.5
	0.2
	0.7
	0.4



CONCLUSION
The study clearly demonstrates that the integrated use of organic manures and biofertilizers has a significant positive impact on the growth, yield attributes, and productivity of bhendi (Abelmoschus esculentus L. Moench). Among all treatments, T₉ (FYM 6.25 t/ha + Sheep and Goat Manure 1.25 t/ha + Poultry Manure 1.25 t/ha + Vermicompost 1.25 t/ha) proved to be the most effective, resulting in maximum plant height (103.8 cm), number of leaves (14.3), number of branches (7.2), and flowers per plant (26.1), as well as the highest yield (195.6 g/plant and 5.2 kg/plot). The superior performance under T₉can be attributed to the synergistic effect of multiple organic sources, which enhance soil fertility, microbial activity, and nutrient availability, leading to improved vegetative growth and reproductive efficiency. This integrated nutrient management approach ensures a balanced supply of macro- and micronutrients and stimulates physiological processes such as nitrogen fixation and hormone production (IAA, GA3, and cytokinins), promoting better plant vigor and yield. Therefore, it can be concluded that the combined application of different organic manures is more effective than individual sources or control, offering a sustainable, eco-friendly alternative to synthetic fertilizers for enhancing growth and yield in bhendi cultivation.
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