Integrated Use of Organic and Inorganic Nutrients Influences on Yield, Soil Fertility and Economics of Okra (Abelmoschus esculentus L. Moench)


Abstract
The experiment was conducted during June to September month in 2023 at the Experimental Farm of Vegetable Science, College of Horticulture and Forestry, Neri, Hamirpur, H.P. to study the effect of organic and inorganic sources of nutrients on the yield, soil fertility and economics of okra. The experiment was laid out in split plot design having twelve treatment combinations comprising four nutrient management practices and three varieties and treatments were composed of organic and inorganic sources of nutrients. The results revealed that minimum soil pH (6.98) and maximum organic carbon of soil (0.73%) were obtained in the nutrient management practice N2 [FYM (100 q ha-1) + Azotobacter @ 20 g kg-1 of seed + Phosphate Solubilizing Bacteria @ 20 g kg-1 of seed]. The maximum soil electrical conductivity (0.203 dSm-1), available nitrogen (241.73 kg ha-1), available phosphorus (22.04 kg ha-1) and available potassium (166.82 kg ha-1) were obtained in N3 [Recommended dose of fertilizers (78N:50P:54K kg ha-1) + FYM (100 q ha-1)]. There was no significant effect of soil pH, electrical conductivity (dSm-1) and organic carbon (%) on varieties, however Kashi Lalima recorded maximum available nitrogen (235.71 kg ha-1), available phosphorus (19.32 kg ha-1) and available potassium (163.52 kg ha-1). Highest gross income (₹ 3,09,200 ha-1), net income (₹ 2,28,860 ha-1) and benefit: cost ratio (2.84) were obtained in N4 [50 % RDF + Jeevamrit + Azotobacter and Phosphate Solubilizing Bacteria] and Punjab-8 recorded highest gross income (₹ 2,72,180 ha-1), net income (₹ 1,92,797 ha-1) and benefit: cost ratio (2.41). Hence, it may be concluded that the integrated application of organic fertilizers along with inorganic sources of nutrients enhanced the available soil nutrients, nutrient uptake and okra production.
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1. INTRODUCTION
Okra (Abelmoschus esculentus L.) is an important annual vegetable crop belonging to the family Malvaceae and is widely cultivated in tropical, sub-tropical and warm temperate regions of the world. Originating in tropical Africa, it is extensively grown in India for its tender fruits. Since okra bears fruits over a long harvesting period, it requires a balanced and adequate supply of nutrients to achieve higher yield and better quality produce. Organic and inorganic fertilizers differ significantly in chemical composition and quality; therefore, their influence on soil chemical properties, crop yield and produce quality varies (Adikeya et al., 2020). Organic fertilizers improve soil moisture retention, water absorption rate and hydraulic conductivity (Dhiman et al., 2024). For efficient nutrient management in okra, farmers can apply nutrients through organic sources such as compost, farmyard manure (FYM), liquid organic formulations like beejamrit and jeevamrit, and biofertilizers including Azotobacter and phosphate-solubilizing bacteria (Choudhary et al., 2015). Among organic inputs, FYM is widely recognized for improving soil physical, chemical and biological properties. Liquid organic formulations such as beejamrit and jeevamrit further promote microbial populations and earthworm activity, thereby enhancing nutrient availability, improving disease resistance and increasing crop productivity (Maduka and Udensi, 2019; Ray et al., 2020; Patel et al., 2021). These preparations are made from jaggery, curd, ghee, milk, legume flour, cow dung and cow urine and contain growth-promoting substances like IAA and GA, beneficial microbes, macro and micronutrients, vitamins and essential amino acids (Sreenivasa et al., 2010). Biofertilizers are living microbial formulations that enhance nutrient availability through biological nitrogen fixation, phosphate solubilization and production of plant growth-promoting substances (Mahanti et al., 2016). Phosphate-solubilizing microorganisms release organic acids that convert insoluble phosphates into plant-available forms (Wang et al., 2023). Biofertilizers also contribute to humus formation, improving soil structure and nutrient retention capacity (Lima et al., 2018). Microbial populations and enzymatic activities interact closely under favorable soil conditions, influencing soil functionality and plant growth (Shah et al., 2022; Wei et al., 2024). Therefore, balanced use of organic inputs is essential for maintaining soil health and promoting sustainable protected or facility-based agriculture (Jana et al., 2024).
In contrast, conventional or inorganic farming relies on synthetic fertilizers, pesticides, irrigation and machinery to maximize crop yields. Inorganic fertilizers mainly supply nitrogen, phosphorus and potassium, which are essential for plant physiological functions. Nitrogen and phosphorus are particularly important for fruit development, seed formation and overall crop quality in okra. Blended NPK fertilizers support precise nutrient management and enhance fertilizer use efficiency in modern production systems. Soil physicochemical properties such as soil organic carbon, soil organic matter, water-holding capacity, aggregate stability and nutrient availability are critical indicators of soil health (Vikram et al., 2023).
Compared to inorganic fertilizers, organic fertilizers generally have lower nutrient content and slower nutrient release rates, making inorganic fertilizers more immediately effective and often preferred (Attarde et al., 2012). Integrated application of organic and inorganic nutrient sources has been suggested to improve soil health and enhance crop productivity (Deshmukh et al., 2010). Additionally, different okra varieties respond differently to nutrient management practices. Farmers increasingly prefer high-yielding, disease and pest-resistant varieties due to their superior productivity and reduced production costs. Therefore, considering these aspects, the present study was planned and carried out to identify the most efficient and sustainable nutrient management practice along with suitable varieties for improving productivity, soil health and profitability under agro-climatic conditions of Himachal Pradesh.
2. MATERIALS AND METHODS
2.1 Experimental Site
A field experiment on okra was conducted at the Experimental Farm of Vegetable Science, College of Horticulture and Forestry, Neri, Hamirpur, H.P. during the kharif season, 2023. It is situated in Sub montane low hills zone (Zone-I) of Himachal Pradesh. Geographically, it is located at an altitude of 650 m above mean sea level between 31⁰41’47.6” N latitude and 72⁰28’6.3” E longitude. The experiment site represents the subtropical zone with average high and low temperatures of 35.55 ⁰C and 23.68 ⁰C respectively, and an average annual rainfall of 1255 mm. Nearly 80% of the annual rainfall was received during the crop’s main growing period from June to September. The soil of the experimental farm is classified as sandy loam to clay in texture with a composition of 58.60% sand, 14.60% silt and 26.80% clay and slightly acidic in reaction. The soil contains a pH range of 7.02, an electrical conductivity of 0.204 dSm-1 and an organic carbon of 0.61%. Before the start of the experiment, soil was tested for available nitrogen, available phosphorus and available potassium and it was found to contain 191.23 kg ha-1 of nitrogen, 12.34 kg ha-1 of phosphorus and 145.63 kg ha-1 of potassium available to plant use. 
2.2 Experimental Design and Crop Management
The experiment was laid out in split plot design with three replications having nutrient management practices in the main plot and varieties in sub plot at the experimental farm of college of Horticulture and Forestry, Neri, Hamirpur, HP. The spacing was kept 60 cm x 20 cm in a plot size of 2.4 m x 0.8 m accommodating 16 plants per plot. The experiment composed of 12 treatment combinations comprising of four nutrient management practices viz., N1 (Beejamrit + Jeevamrit), N2 [FYM (100 q ha-1) + Azotobacter @ 20 g kg-1 of seed + Phosphate Solubilizing Bacteria @ 20 g kg-1 of seed ], N3 [Recommended dose of fertilizer (78N:50P:54K kg ha-1) + FYM (100 q ha-1)] and N4 [50 % RDF + Jeevamrit + Azotobacter and Phosphate Solubilizing Bacteria] and three varieties viz., V1 (Palam Komal), V2 (Punjab-8) and V3 (Kashi Lalima). For each treatment combination, calculated amount of organic nutrient sources viz., farmyard manure and jeevamrit and the recommended dose of fertilizers were applied uniformly in each treatment plot. Organic manure such as farmyard manure was applied during field preparation in the respective treatments. Seeds were soaked in a solution of 10 % beejamrit for half an hour before sowing and jeevamrit @ 10 % and 5 % was drenched after every fortnight with irrigation water as per the treatment. Seeds were treated with the requisite quantity of Azotobacter and Phosphate-solubilizing bacteria as per the treatment. The calculated amounts of nitrogen, phosphorus and potassium were supplied through urea, single super phosphate and muriate of potash, respectively. The full dose of phosphorus, potassium and half dose of nitrogen were applied as a basal dose and the remaining half of the nitrogen was applied 30 days after sowing. 
2.3 Soil Sampling and Analysis 
Treatment-wise soil samples were collected from the top 15 cm at the end of the experiment. The samples were air-dried and sieved through a 0.2 cm sieve, stored in cloth bags and used for analysis. The parameters that were recorded included soil pH, electrical conductivity (EC), organic carbon (OC) and available nitrogen (N), phosphorus (P) and potassium (K). The pH and EC of soil samples were measured by using a digital pH meter and an electrical conductivity meter, respectively. The rapid titration method proposed by Walkley and Black (1934) was used to determine the organic carbon of soil samples. The available N of the soil samples was determined by using the Alkaline Potassium Permanganate method (Subbiah and Asija, 1956), P was measured by the method given by Olsen (Olsen et al. 1954) and K was measured by using the Neutral Ammonium Acetate method (Merwin and Peech, 1951). 
2.5 Statistical and Economic Analysis
The statistical analysis of soil samples was conducted using the standard procedure of Split Plot Design as described by Gomez and Gomez (1984). This analysis aimed to study the effect of treatments on different plant and soil parameters. Furthermore, an economic evaluation was performed, taking into account the costs of different treatments and the market value of the produce. The benefit-to-cost ratio (B/C ratio) was determined by dividing the marketable value of the produce by the total cultivation costs.
3. RESULTS AND DISCUSSION
3.1 Soil pH
Soil pH is a key characteristic that can be used to make informative analysis both qualitative and quantitative regarding soil characteristics and a glance of data is presented in Table 1. Minimum soil pH (6.98) was obtained with nutrient management practice N2 [FYM (100 q ha-1) + Azotobacter @ 20 g kg-1 of seed + Phosphate Solubilizing Bacteria @ 20 g kg-1 of seed] which was found statistically at par with N3 [Recommended dose of fertilizer (78N:50P:54K kg ha-1) + FYM (100 q ha-1)] and N4 (50 % RDF + Jeevamrit + Azotobacter and Phosphate Solubilizing Bacteria) with a soil pH of 7.02 and 7.01. However, maximum soil pH (7.05) was observed in N1 (Beejamrit + Jeevamrit). The decrease in pH with the application of Azotobacter and Phosphate Solubilizing Bacteria might be due to the reason that Azotobacter and Phosphate Solubilizing Bacteria release organic and inorganic acids to make nutrients available to the plants which lowers the soil pH. The results are quite similar to the findings of (Sharma et al., 2009).
3.2 Electrical Conductivity of soil (dSm-1) 
The measurement of electrical conductivity is important because it provides information regarding the concentration of soluble salts present in the soil. The data revealed that the minimum soil EC (0.196 dSm-1) was recorded in nutrient management practice N1 (Beejamrit + Jeevamrit) which was statistically at par with N2 [FYM (100 q ha-1) + Azotobacter @ 20 g kg-1 of seed + Phosphate Solubilizing Bacteria @ 20 g kg-1 of seed] and N4 (50 % RDF + Jeevamrit + Azotobacter and Phosphate Solubilizing Bacteria) observing soil EC of 0.199 dSm-1 and 0.201 dSm-1. However, maximum soil EC (0.203 dSm-1) was recorded in N3 [Recommended dose of fertilizer (78N:50P:54K kg ha-1) + FYM (100 q ha-1)] and there was no significant influence of varieties on the soil EC. 
3.3 Soil Organic Carbon (%)
Maximum soil organic carbon content (0.73 %) was found under nutrient management practice N2 [FYM (100 q ha-1) + Azotobacter @ 20 g kg-1 of seed + Phosphate Solubilizing Bacteria @ 20 g kg-1 of seed], whereas lowest organic carbon content (0.65 %) was observed under N1 (Beejamrit + Jeevamrit) after harvesting of the crop (Table 1) and there was no significant influence of varieties on the soil organic carbon. Maximum soil organic carbon might be due to higher biomass and the differential rate of oxidation of organic matter by microbes. This could also be due to the direct addition of FYM and the release of cations with the decomposition of organic matter. The results are harmony with the findings of (Sharma et al., 2009). 
3.4 Available Nitrogen (kg ha-1)
The data for available nitrogen is presented in Table 1. An observation of the data showed a significant effect of nutrient management practices and varieties on the available nitrogen content of soil. The maximum value of available nitrogen at the end of the experiment was (241.73 kg /ha) recorded in nutrient management practice N3 [Recommended dose of fertilizer (78N:50P:54K kg ha-1) + FYM @ 100 q ha-1] which was statistically at par with N4 (50 % RDF + Jeevamrit + Azotobacter and Phosphate Solubilizing Bacteria) obtaining available nitrogen of 232.15 kg ha-1, whereas lowest available nitrogen (214.78 kg ha-1) was recorded in N1 (Beejamrit + Jeevamrit). This may be attributed to the fact that inorganic fertilizers provide nutrients quickly and in a readily available form, leading to enhanced nutrient uptake from the soil (Muhmood et al., 2015). These results are similar to Gopinath et al. (2008), Parewa et al. (2014) and Magar et al. (2023). Among the varieties, maximum available nitrogen (235.71 kg ha-1) was recorded in variety Kashi Lalima which was statistically at par with variety Palam Komal observing available nitrogen content of 233.65 kg ha-1. However, the minimum available nitrogen (219.03 kg ha-1) was recorded in Punjab-8. Among the varieties, observed variation in available nitrogen in soil might be due to variation in total dry matter accumulation by varieties resulting in differences in uptake of available nitrogen from soil. 
3.5 Available Phosphorus (kg ha-1)
The data for available phosphorus is presented in Table 1 and reveals that nutrient management practices and varieties showed a significant effect on available phosphorus. The maximum value of available phosphorus (22.04 kg ha-1) at the end of the experiment was recorded in nutrient management practice N3 [Recommended dose of fertilizer (78N:50P:54K kg ha-1) + FYM (100 q ha-1)], whereas the minimum available phosphorus (14.84 kg/ha) was recorded with N1 (Beejamrit + Jeevamrit). The maximum available phosphorus in soil by the application of RDF might be due to quick release of nutrients from fertilizers (Muhmood et al., 2014). These results are in line with the findings of Sharma et al. (2009), Parewa et al. (2014) and Magar et al. (2023). Among the varieties, maximum available phosphorus (19.32 kg ha-1) was recorded in variety Kashi Lalima which was statistically at par with Palam Komal observing available phosphorus of 18.25 kg ha-1. However, the minimum available phosphorus (16.88 kg ha-1) was recorded in Punjab-8. The variation observed in available phosphorus in soil among the varieties might be due to variation in the uptake of nutrients owing to differential dry matter accumulation patterns under different varieties. 
3.6 Available potassium (kg ha-1)
The data for available potassium is presented in Table 1 and a glance at the data indicates that available potassium was significantly influenced by nutrient management practices and varieties. The maximum available potassium (166.82 kg ha-1) was recorded in nutrient management practice N3 [Recommended dose of fertilizer (78N:50P:54K kg ha-1) + FYM (100 q ha-1)], whereas minimum available potassium (153.05 kg ha-1) was recorded with N1 (Beejamrit + Jeevamrit). Increased available potassium in soil might be due to higher availability of nutrients from inorganic sources. These results are quite similar to the findings of Parewa et al. (2014) and Magar et al. (2023). Among the varieties, the maximum available potassium (163.52 kg ha-1) was recorded in variety Kashi Lalima which was statistically at par with Palam Komal observing available potassium of 159.56 kg ha-1. However, the minimum available potassium (155.00 kg ha-1) was recorded in Punjab-8. The observed variation in available K in soil among the varieties might be due to variation in total dry matter accumulation where the Punjab-8 variety out yielded the other two varieties hence might have resulted in more nutrient removal from the soil and thereby the lowest content in soil. 
3.7 Economics
Among nutrient management practices, the highest cost of cultivation (₹ 83,980 ha-1) was obtained in N3 and among the varieties, the cost of cultivation was similar (₹ 79,382 ha-1) (Table 2). The maximum gross income of (₹3,09,200 ha-1), net income of (₹ 2,28,860 ha-1) and B:C ratio (2.84) were obtained by nutrient management practice N4 (Table 2). These results are quite similar with the findings of Nccuri et al., (2023). Among the varieties, maximum gross income of (₹ 2,72,180 ha-1), net income of (₹ 1,92,797 ha-1) and B:C ratio (2.41) was obtained in Punjab-8 (Table 2). Among the interaction of nutrient management practices and varieties, maximum gross income (₹ 3,16,380 ha-1), net income (₹ 2,36,040 ha-1) and B:C ratio (2.93) were obtained with the application of 50 % RDF + Jeevamrit + Azotobacter and Phosphate Solubilizing Bacteria in variety Punjab-8 (Table 3). 









	Table 1. Effect of nutrient management practices and varieties on soil pH, electrical conductivity (dSm-1) and organic carbon (%), available N (kg ha-1), available P (kg ha-1) and available K (kg ha-1) of soil in okra

	Treatments
	pH of soil
	EC of soil (dSm-1)
	Organic carbon of soil (%)
	Available N (kg ha-1)
	Available P (kg ha-1)
	Available K (kg ha-1)

	Nutrient Management Practices
	
	
	

	N1: Beejamrit + Jeevamrit
	7.05
	0.196
	0.65
	214.78
	14.84
	153.05

	N2: FYM (100 q ha-1) + Azotobacter @ 20 g kg-1 of seed + Phosphate Solubilizing Bacteria @ 20 g kg-1 of seed 
	6.98
	0.199
	0.73
	229.18
	16.90
	156.34

	N3: Recommended dose of fertilizer [(78N:50P:54K kg/ha) + FYM (100 q/ha)]
	7.02
	0.203
	0.67
	241.73
	22.04
	166.82

	N4: 50 % RDF + Jeevamrit + Azotobacter and Phosphate Solubilizing Bacteria
	7.01
	0.201
	0.70
	232.15
	18.81
	161.24

	SEm±
	0.01
	0.001
	0.007
	3.56
	0.34
	1.40

	CD (0.05)
	0.04
	0.005
	0.02
	12.58
	1.20
	4.95

	Varieties
	
	
	

	V1 : Palam Komal
	7.00
	0.199
	0.68
	233.65
	18.25
	159.56

	V2 : Punjab-8
	7.01
	0.201
	0.70
	219.03
	16.88
	155.00

	V3 : Kashi Lalima
	7.04
	0.200
	0.68
	235.71
	19.32
	163.52

	SEm± 
	0.01
	0.001
	0.005
	4.31
	0.43
	1.73

	CD (0.05)
	NS
	NS
	NS
	13.03
	1.31
	5.23




	Table 2. Effect of nutrient management practices and varieties on economics of okra

	Treatments
	Yield (q ha-1)
	Total Cost of cultivation (₹ ha-1)
	Gross income (₹ ha-1)
	Net income
(₹ ha-1)
	B:C ratio

	Nutrient management practices 

	N1
	91.58
	75,010
	1,83,166
	1,06,156
	1.36

	N2
	115.44
	76,200
	2,30,886
	1,54,686
	2.02

	N3
	142.89
	83,980
	2,85,780
	2,01,800
	2.39

	N4
	154.60
	80,340
	3,09,200
	2,28,860
	2.84

	Varieties 

	V1
	124.87
	79,382
	2,49,750
	1,70,367
	2.12

	V2
	136.09
	79,382
	2,72,180
	1,92,797
	2.41

	V3
	117.42
	79,382
	2,34,845
	1,55,462
	1.94



	Table 3. Interaction effect of nutrient management practices and varieties on economics of okra

	
	Cost of cultivation (₹ ha-1)
	Gross income (₹ ha-1)
	Net income (₹ ha-1)
	B:C ratio

	
	V1
	V2
	V3
	V1
	V2
	V3
	V1
	V2
	V3
	V1
	V2
	V3

	N1
	77,010
	77,010
	77,010
	1,84,740
	2,05,700
	1,59,060
	1,07,730
	1,28,690
	82,050
	1.39
	1.67
	1.06

	N2
	76,200
	76,200
	76,200
	2,11,900
	2,64,720
	2,16,040
	1,35,700
	1,88,520
	1,39,840
	1.78
	2.47
	1.83

	N3
	83,980
	83,980
	83,980
	2,92,760
	3,01,920
	2,62,660
	2,08,780
	2,17,940
	1,78,680
	2.48
	2.59
	2.12

	N4
	80,340
	80,340
	80,340
	3,09,600
	3,16,380
	3,01,620
	2,29,260
	2,36,040
	2,21,280
	2.85
	2.93
	2.75


Sale rate of okra - ₹ 20 kg-1             N1, N2, N3, N4 : Nutrient management practices             V1, V2, V3 : Varieties

4. CONCLUSION
Nutrient management practice N2 and N3 was found to be superior for most of the soil parameters. Highest gross income, net income and highest benefit: cost ratio were obtained under N4 and among the varieties, highest gross income, net income and benefit: cost ratio was obtained in Punjab-8. Therefore, it may be concluded that the combined application of organic fertilizers along with inorganic sources of nutrients enhanced the available soil nutrients, nutrient uptake and were helpful in increasing okra production.   
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