
 
                                                                                                                      
                                                                                                                   
Determining the effect of Integrated Nutrient Management on Growth Parameters of Okra 
[Abelmoschus esculentus (L.) Moench] 
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ABSTRACT: Fruits and vegetables have an important role in dietary guidance because of their concentrations of vitamins, especially vitamin A and C; minerals, especially electrolytes; and more recently phytochemicals especially antioxidants. Fertilizer usage plays a major role in the universal need to increase food production to meet the demands of the growing world population. The extent to which fertilizers are used still differs considerably among various regions of the country. On the other hand, organic manures help in the restoration of soil health and maintain the productivity and fertility of the soil for a longer duration. The study aimed to investigate the effect of integrated nutrient management (INM) on the growth parameters of okra [Abelmoschus esculentus (L.). Moench], cultivar Pusa Bhindi-5. The field experiment was carried out at the Horticulture farm of R.B.S. Agriculture College, Bichpuri, Agra (U.P.) during the Kharif season 2023-24. Nine different treatments comprising various combinations of organic manures (FYM, Vermicompost) and inorganic fertilizers (NPK) were applied. The results revealed that treatment T9 [100% RDF+ Vermicompost @ 5 t/ha + FYM @20t/ha] influenced all growth parameters like plant height (131.50 cm), number of leaves per plant (55.16), length of longest leaf (21.10 cm), the width of the longest leaf (23.75), number of branches (4.58). The minimum values of growth parameters were recorded in the control treatment. The lowest values of all these parameters were recorded under control. Among the treatments application of 100% RDF (Recommended Dose of Fertilizer) combined with vermicompost @5t/ha and FYM @20t/ha was most effective, resulting in higher growth parameters at Agra regions. Results demonstrated that treatments combining organic and inorganic fertilizers significantly enhanced plant growth, fruit yield, and overall productivity compared to control treatments. Long-term field experiments should be conducted to study the sustained effects of integrated nutrient management on soil health, yield and quality over several cropping seasons.
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INTRODUCTION 
Crop nutrient requirements are determined by soil  texture,  preceding  vegetation  cover  type, cropping intensity, and soil moisture. Nitrogen is themost  crucial,  among  various  nutrients required for adequate nutrition and a high yield of okra. Inappropriate nitrogen  sources,  uneven fertilizer  application,  and  a  high  rate  of  nitrogen leaching  are all factors in low crop  yields (Singh et al., 2023; Niraj et al., 2023). “Okra [Abelmoschus esculentus (L.) Moench] is an important vegetable commonly known as lady’s finger and locally known as bhindi in India with chromosome number 2n=130, native to tropical and subtropical Africa. It is valued for its tender fruits. The Okra is one of the most important kharif and summer season vegetable crops, and belongs to the family Malvaceae. Okra is the ultimate source of carbohydrates, fibre, proteins and vitamins” (Adeboye and Oputa 1996). “Okra plays a significant role in human nutrition by providing carbohydrates, protein, fats, minerals, and vitamins that are often deficient in basic foods. Valued for many of its properties, the fruits are used in making soups and salads and can be dried and powdered for flavouring. The tender fruits contain essential minerals, especially calcium, magnesium, iron, and phosphorus, as well as protein, vitamins A and C, riboflavin, and high mucilage content” (Magar et al., 2023). “Okra is an excellent source of Iodine and is useful for the treatment of goitre. Fruits are also dried or frozen for use in the off-season. It has been reported that 100 g of fresh okra pod contains 89.6% moisture, 103 mg of potassium, 90 mg of calcium, 43 mg of magnesium, 56 mg of phosphorus, 18 mg of vitamin C and metals such as iron and aluminium (Markose and Peter 1990). Carbohydrates are mainly present in the form of mucilage” (Kumar et al., 2009). “The mucilage is highly soluble in water and has an intrinsic viscosity value of about 30 per cent. The dried stems and roots of okra are used for clarification of sugarcane juice in gur or jaggery manufacture in India. Fully ripened fruits and stem containing crude fibre are used in the paper industry. It is one of the most ancient and traditional vegetable crops grown in tropical and sub-tropical lowland regions of Asia, Africa, America and warmer parts of Mediterranean regions. India is the largest okra-growing country in the world. It is a widely adopted and popular vegetable in Indian households and can be grown in summer and rainy seasons throughout the country.” (Paul et al., 2022). “Being an often-cross-pollinated crop, outcrossing range from 11.80 to 60.00 per cent” (Martin 1979). “In India, okra occupies an area of 0.51 million hectares with an annual production of 6.3 million tonnes and productivity of 12.15 metric tonnes per hectare” (NHB, 2019- 20). “India is world’s second largest fruit and vegetable producer. India produced around 107.10 million metric tonnes of fruits and 204.61 million metric tonnes of vegetables which accounts for nearly 16.38% of country’s share in the world production of vegetables in the year 2020-2” (APEDA, 2020-21). “India, being the second largest producer of vegetable in the world, next only to China. The major okra-producing states are Andhra Pradesh, West Bengal, Bihar, Orissa, Gujarat, Jharkhand, Telangana, Karnataka and Tamil Nadu. Fruits and vegetables have an important role in dietary guidance because of their concentrations of vitamins, especially vitamin A and C; minerals, especially electrolytes; and more recently phytochemicals especially antioxidants. India is world’s second-largest fruit and vegetable producer, producing around 107.10 million metric tonnes fruits and 204.61 million metric tonnes of vegetables which accounts for nearly 16.38% of country’s share in the world production of vegetables in the year 2020-21” (APEDA, 2020-21).  
 
“India ranks first in Okra production producing 60% of world’s okra production 2020). The area under Okra production in India accounts to 498.12 thousand ha with a production of 54.45 metric tonnes in year 2020-21. Gujarat ranks first in the area and production of Okra in year 2020-21 followed by West Bengal and Bihar. In Uttar Pradesh area under production is 1.18 thousand hectares while production is estimated to be 3.35 million tonnes for year 2020-21.” (Source: NHB, Ministry of Agriculture & Farmers Welfare, Government of India, 2021-22.). “To get a good crop production and higher financial return it might be helpful to combine organic and inorganic sources of nutrients. Fertilizer usage plays a major role in the universal need to increase food production to meet the demands of the growing world population. The extent to which fertilizers are used still differs considerably among various regions of the country. On the other hand, organic manures help in the restoration of soil health and maintain the productivity and fertility of the soil for a longer duration. Organic manures have several benefits due to the balanced supply of nutrients, increased soil nutrient availability, soil microbial activity, soil water availability and improved soil structure and root development. They create less soil pollution and lower greenhouse gas emission as compared to inorganic fertilizers and are also associated with soil microbial biodiversity. Too Among the organic manures, vermicompost is being a stable fine granular organic matter, when added to soil, it loosens the soil and improves the passage for the entry of air. The organic carbon in vermicompost releases the nutrients slowly and steadily into the system and enables the plant to absorb the nutrients. The soil enriched with vermicompost provides additional substances that are not found in chemical fertilizers” (Ansari and Sukhraj, 2010). Though, organic manures are regarded as important, but it is realized that they would not be able to increase food production drastically by their sole application and is not reliable to obtain optimum yield as the available organic sources can only meet 1/3rd of the total plant nutrients required. No single source of plant nutrients viz., chemical fertilizers, organic manures and biofertilizers can maintain production sustainability and soil health. Therefore, their integrated use is vital for sustaining productivity, quality of crops and maintenance of soil health. Integrated nutrient management (INM) is the practice of using sufficient and balanced quantities of organic manures, and inorganic fertilizers in combination with biofertilizers to sustain productivity, maintain soil fertility and restore soil health. It helps in a continuous supply of plants with nutrients to achieve the optimum level of yield to maximize profit and subsequently reduce environmental pollution. Many studies have shown that combinations of organic, inorganic and biological nutrient sources lead to enhanced nutrient availability and synchronization of nutrient release and uptake by crops and positive effects on soil properties. The combined use of these nutrient sources not only supports plant growth and productivity but also contributes to soil fertility, nutrient availability, and environmental sustainability. Given the importance of INM in crop production, this research was conducted to evaluate the effects of integrated nutrient management on the growth and yield of okra (Abelmoschus esculentus L. Moench) Cv. Pusa Bhindi-5. The study aims to assess the impact of various nutrient management practices on vegetative growth, yield, and the economic viability of different treatments. 
MATERIAL AND METHODS  
A. Research area 
The study was carried out at the Research Farm of the Department of horticulture R.B.S. College, Bichpuri, Agra (U.P.) during Kharif season of 2023-2024. The research farm is situated at about 11 km to the west of Agra on Agra-Bharatpur Road at latitude of 27°2′ N and longitude of 770 9′ E with an elevation of 163.4 m above the mean sea level. The field at Bichpuri farm having homogenous fertility and uniform textural makeup was selected for the experimentation. The soil of the experimental site was typical sandy loam of Indo-Gangetic part of U.P. possessing good water holding and heat absorbing capacity and slightly alkaline in reaction (pH 7.9), well drainage and free from any hard pan. This area is irrigated whenever necessary by tube well water of 2.1 E.C. This region falls under South-western semi-arid zone of Uttar Pradesh.
B. Experimental details  
 The experiment was laid in a Randomized block design with 9 treatments and 3 replications with different treatment combination of nutrients mentioned. The details of treatment combination used are T1(Control)); T2(100% RDF* (Recommended Dose of Fertilizer)); T3(100% RDF + FYM @20t/ha); T4(100% RDF + Vermicompost @ 5 t/ha); T5(75% RDF + FYM @20t/ha); T6(75% RDF + Vermicompost @ 5 t/ha); T7(50% RDF + FYM @20t/ha); T8(50% RDF + Vermicompost@5t/ha) and T9(100% RDF + Vermicompost @5t/ha + FYM @20t/ha).The standard recommended dose of RDF (NPK i.e., 100:75:75 kg/ha);  FYM @ 20t/ha and vermicompost @ 5t/ha was used.  Observations were recorded at different stages of vegetative growth, for growth parameters like plant height, number of leaves, number of branches per plant, length of longest leaf and width of longest leaf. The data were analyzed by the method suggested by Fisher and Yates (1963). The height of four randomly selected plants from each plot was measured in cm with of a 100 cm meter scale from ground level to tip of the shoot at 30, 45, 60 and 90 DAS stage. The number of fully opened leaves was counted from the four randomly selected representative plants from each treatment at 30, 45, 60 and at harvest. The numbers of branches per plant from the four randomly selected plants arising from the main shoot were counted and averaged to represent numbers of primary branches per plant. Number of branches per plant basis was counted at the harvest stage. The length and width of longest leaf from above four randomly selected plants were measured with scale at 45, 60 and at harvest.
RESULTS AND DISCUSSION 
The present investigation on the “Effect of Integrated Nutrient Management (INM) on Growth Parameters of Okra (Abelmoschus esculentus L. Moench) Cv. Pusa Bhindi-5” revealed significant impacts on various growth parameters.

A.Vegetative growth parameters
Plant height(cm):
[bookmark: _Hlk177288747]The result revealed that maximum plant height at 90 DAS (131.50) was observed in T9 (100% RDF + Vermicompost @ 5 t/ha + FYM @20t/ha) followed by T4 (100% RDF + Vermicompost @ 5 t/ha) while the minimum plant height (109.17) was observed in T1 (Control). It might be due to fact vermicompost mobilizes phosphorus from deeper layer thus better uptake of phosphorus and other essential nutrients enhances plant height. The results of inconformity with findings of Meena et al., (2008): Singh et al., (2018) Meena D.C., 2019 found in similarly in tomato crop. 
Number of leaves per plant:
[bookmark: _Hlk177305157]The result revealed that the number of leaves was recorded maximum with (55.16) the treatment T9 (100% RDF + Vermicompost @ 5 t/ha + FYM @20t/ha followed by T4 (100% RDF + Vermicompost @ 5 t/ha) while the minimum number of leaves Plant-1 (43.16) was counted with T1 (Control). The reason for increase in number of leaves might be solubilization effect of plant nutrients by the addition of RDF and Vermicompost as evidenced by increase in the uptake of N, P, K, Ca, and Mg etc. This corroborated the result of Barani and Anburani (2004) Kumar V., Saikia J. Barik N., (2017) Meena D.C.,2019 in okra. 
Number of branches:
[bookmark: _Hlk177306001]The result revealed that various treatments significantly enhanced the number of branches per plant at all stages of growth except at 90 days after sowing and a maximum number of branches per plant (4.58) was recorded with T9 (100% RDF + Vermicompost @5t/ ha + FYM @20t/ha) followed by T4 (100% RDF + Vermicompost @ 5 t/ha) while the minimum number of branches (2.55) was counted with T1 (Control). This might be due to the better availability and uptake of nutrients by plants for a longer duration of crop growth. Similar findings of a significantly higher number of fruits per plant by integrated application of fertilizers have also been reported by Prabhu et al., (2002), Amiry et al., (2017) and Meena D.C., (2019) in okra.
Length of longest leaf:
 The result revealed that the longest leaf was recorded maximum (21.10 cm) with the treatment T9 (100% RDF + Vermicompost @ 5 t/ha + FYM @20t/ha) followed by T4 (100% RDF + Vermicompost @ 5 t/ha) while the minimum (14.94) length of the longest leaf was measured with T1 (Control).  (14.94 cm) was measured with T1 (control). The increased levels of nitrogen may also have accelerated the process of cell division and differentiation. Similar findings were also reported by Barani and Anburani (2004) Meena D.C., 2019 in okra.
Width of longest leaf:
The result revealed that the width of longest leaf was recorded maximum (23.75 cm) with the treatment T9 (100% RDF + Vermicompost @ 5 t/ha + FYM @20t/ha) followed by T4 (100% RDF + Vermicompost @ 5 t/ha) which were significantly at par to each other. However, the minimum width of longest leaf (15.69 cm) was measured with T1 (Control). It may be due to increase the rhizosphere microbial activity and larger quantity of nutrients of the soil. Bahadur and Manohar (2001) also found similar results that application of different fertilizers, organic manures and biofertilizer increased the width of leaf of okra.


Table 1: Effect of Integrated Nutrient Management on different growth parameters of okra. 
	Treatments
	
Plant Height (cm) 90
DAS
	No of leaves per plant
90
DAS
	No. of branches per plant
90
DAS
	Length of longest leaf (cm)
90
DAS
	Width of longest leaf (cm)
90
DAS

	(T1). Control
	109.17
	43.16
	2.55
	14.94
	15.69

	(T2)100% RDF (100:75:75 kg/ha)
	127.40
	51.41
	3.91
	18.43
	20.16

	(T3)100% RDF + FYM @ 20 t/ha
	128.82
	52.08
	4.00
	19.05
	21.14

	(T4)100% RDF + Vermicompost @ 5 t/ha
	129.25
	54.66
	4.08
	19.75
	22.05

	(T5)75% RDF + FYM @ 20 t/ha
	125.87
	49.87
	3.41
	17.25
	18.97

	(T6)75% RDF + Vermicompost @ 5 t/ha
	126.33
	50.63
	3.58
	17.88
	19.64

	(T7)50% RDF + FYM @ 20 t/ha
	121.45
	46.91
	3.08
	16.25
	17.89

	(T8)50% RDF + Vermicompost @ 5 t/ha
	122.53
	48.56
	3.33
	16.87
	17.56

	(T9)100% RDF + Vermicompost @ 5 t/ha + FYM @ 20 t/ha
	131.50
	55.16
	4.58
	21.10
	23.75

	SEm
	3.39
	2.74
	1.53
	7.92
	3.74

	CD(p=0.05)
	5.17
	4.27
	0.90
	2.60
	2.89



 
CONCLUSIONS 
The overall results obtained from this present investigation clearly revealed that the application of T9 (100% RDF + Vermicompost @ 5 t/ha + FYM @ 20 t/ha) showed better performance for vegetative growth (plant height, number of branch per plant, number of leaves per plant, Length of longest leaf (cm), Width of the longest leaf (cm) would be useful to enhance the productivity of okra. 
FUTURE SCOPE 
Long-term field experiments should be conducted to study the sustained effects of integrated nutrient management on soil health, yield and quality over several cropping seasons. Different combinations and proportions of organic and inorganic sources to optimize the nutrient supply for higher productivity should be evaluated. Residual effects of treatments on the succeeding crops in a crop rotation system should be carried out. The changes in soil biological, chemical and physical properties under different treatments over time should be analyzed. The nutrient uptake, use efficiency and balance in the soil-plant system under integrated nutrient management should be analyzed. The interaction effects of integrated nutrient management with other agronomic practices like irrigation, mulching etc. should be studied in future.
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