


Effect of Integrated Nutrient Management Using Chemical Fertilizer and Combined Organic Sources on Growth and Yield of Okra (Abelmoschus esculentus L.)


Abstract
Okra (Abelmoschus esculentus L.), locally known as Bhendi, is a high-value vegetable crop whose productivity often relies heavily on conventional chemical fertilization. However, excessive use of synthetic inputs is detrimental to soil health and environmental sustainability. This study was conducted to evaluate the efficacy of various Integrated Nutrient Management (INM) strategies, specifically the partial substitution of the Recommended Dose of Fertilizer (RDF) with combined organic manures, to achieve sustainable and high-yielding okra production.
[bookmark: _GoBack]The experiment was set up in a Randomized Block Design with six distinct treatments: T1 (Control); T2 (100% RDF); T3 (50% RDF + Farm Yard Manure); T4 (50% RDF + Vermicompost); T5 (50% RDF + FYM + Vermicompost); and T6 (75% RDF + FYM + Vermicompost + Banana Peel and Eggshell mixture). Growth parameters, including plant height and leaf count, alongside yield attributes such as fruit length, fruit weight, and total marketable yield, were recorded and analyzed.
Results indicated that the integrated application of organic and inorganic sources significantly (P<0.05) enhanced both the vegetative growth and final yield compared to the sole chemical fertilizer treatment (T2) and the Control (T1). The T6 treatment, utilizing a base of 75% RDF supplemented with the combined organic manures and micronutrient-rich mixtures, consistently demonstrated superior performance, resulting in the highest plant growth and a maximal total fruit yield. The superior performance of T6 suggests a synergistic effect from the diverse nutrient sources, which is critical for meeting the crop's nutrient demands throughout its cycle.
In conclusion, the study strongly advocates for the adoption of INM in okra cultivation. The strategic application of a 75% RDF base complemented by a mixture of Farm Yard Manure, Vermicompost, and organic waste (T6) is the optimal nutrient management protocol for maximizing the growth and sustainable productivity of Bhendi.
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1. INTRODUCTION
Okra (Abelmoschus esculentus L.), commonly known as Bhendi, holds immense economic and nutritional importance as a major warm-season vegetable crop cultivated across tropical and subtropical regions globally. It is valued for its tender, mucilaginous pods, which are a rich source of dietary fiber, vitamins (A, C, and K), and essential minerals [Kumar et al., 2015]. To meet the rising global demand, growers often rely on intensive cultivation practices involving the Recommended Dose of Fertilizer (RDF). While these chemical inputs provide a rapid nutrient supply leading to immediate yield boosts, their continuous and excessive application degrades soil structure, diminishes beneficial microbial diversity, and poses serious environmental risks, including nutrient runoff and soil acidity [Yadav et al., 2017; Shankar Lal Yadav et al., 2023].

The necessity for sustainable crop production has driven research toward the adoption of Integrated Nutrient Management (INM) systems. The INM approach combines the efficiency of chemical fertilizers with the long-term benefits of organic sources to maintain soil fertility and enhance nutrient use efficiency [Mal et al., 2013]. Key organic components, such as Farm Yard Manure (FYM) and vermicompost, are critical in INM as they improve soil physical and biological properties—increasing organic carbon content, water holding capacity, and microbial biomass—which are crucial for sustained high yields in okra [Lakra et al., 2017]. For instance, studies have shown that the combined application of mineral fertilizers and vermicompost significantly increased okra fruit yield and nutrient uptake compared to using chemical fertilizers alone [Sharma et al., 2019]. Furthermore, research has demonstrated that utilizing a reduced rate of NPK fertilizer (e.g., 75% RDF) supplemented with organic manures can achieve superior or comparable yields to 100% RDF, highlighting the synergistic effect of INM [Shankar Lal Yadav et al., 2023].

Despite the established benefits of combining FYM and vermicompost with chemical fertilizers, there is a scope to optimize INM formulations further by incorporating locally available, nutrient-rich organic wastes. The current study aims to investigate a novel, comprehensive INM package that incorporates Farm Yard Manure, vermicompost, and an enriched mixture of banana peel and eggshells (a source of essential micro- and secondary nutrients like Potassium and Calcium) in conjunction with different levels of RDF. The objective is to evaluate the effect of these combined organic manure treatments on the growth and yield of Bhendi (Abelmoschus esculentus L.) and identify the most economically and biologically efficient nutrient strategy for sustainable okra production.

2. MATERIALS AND METHODS

2.1. Experimental Site, Duration, and Soil Characteristics
The field experiment was conducted during the Kharif season of 2024 at the experimental farm of Paavai Engineering College (M.S Swaminathan Vayal Kudam), Namakkal). The region falls under the North West Agro-Climatic Zone with a red soil texture. Before starting the experiment, initial soil samples were collected from the field (0–15 cm depth) and analyzed for key physicochemical properties. The soil was found to be neutral pH (6.8), low in organic carbon (0.45%), and medium in available N, P, and K.


2.2. Experimental Design and Treatment Details
The experiment was laid out in a Randomized Block Design (RBD) with six treatment combinations (T1 to T6) replicated three times. The size of the individual experimental plots was 3 m x 2 m.
CHART 1. The treatments investigated the effect of Integrated Nutrient Management (INM) by combining Recommended Dose Fertilizer (RDF) with various organic manures:
	Treatment Code
	Treatment Description

	T1
	Control (No fertilizer or manure application)

	T2
	100% Recommended Dose Fertilizer (RDF)

	T3
	50% RDF + Farm Yard Manure (FYM)

	T4
	50% RDF + Vermicompost (VC)

	T5
	50% RDF + Farm Yard Manure (FYM) + Vermicompost (VC)

	T6
	75% RDF + FYM + VC + Banana Peel and Eggshell mixture (BEM)


Note: The quantity of FYM and Vermicompost applied in treatments T3, T4, T5, and T6 was calculated to supply the equivalent nitrogen (N) or carbon content of the reduced chemical fertilizer dose, as per regional recommendations.
2.3. Crop Cultivation and Nutrient Application
The Okra cultivar Namdhari hybrid variety was used for the study. Seeds were sown at a spacing of 60 cm between rows and 45 cm between plants. Standard agronomic practices, including weeding, irrigation, and pest management, were uniformly followed across all plots to ensure optimal crop growth.
The Recommended Dose of Fertilizer (RDF) was 100:50:50 kg/ha of N:P₂O₅: K₂O, applied through Urea, Single Super Phosphate (SSP), and Muriate of Potash (MOP).
Inorganic Fertilizer Application: The entire dose of phosphorus and potassium, along with half the calculated nitrogen dose, was applied as a basal dressing at the time of sowing. The remaining half of the nitrogen was top-dressed 30 days after sowing (DAS).
Organic Manure Application: Farm Yard Manure (FYM) and Vermicompost (VC) were manually incorporated into the respective plots one week prior to sowing to facilitate preliminary decomposition and nutrient release. FYM was applied at 10 t ha⁻¹ and Vermicompost (VC) was applied at 5 t ha⁻¹ in the respective treatments (T3, T4, T5, T6) based on their analyzed nutrient content.
Banana Peel and Eggshell Mixture (BEM): The Banana Peel and Eggshell Mixture (BEM) was prepared by air-drying mature banana peels and cleaning and grinding eggshells into a fine powder. The dried banana peels and eggshell powder were mixed at a 3:1 ratio (w/w) and incorporated into the T6 plots at a rate of 1 t ha⁻¹ at the time of basal fertilizer application. This BEM primarily served as a source of potassium (K) and calcium (Ca) respectively.
2.4. Data Collection
Observations on growth and yield parameters were recorded from five randomly selected and tagged plants in each plot.
A. Growth Parameters:
· Plant Height (cm) recorded at 30, 60, and 90 DAS/Final Harvest.
· Number of Leaves per Plant at 30, 60, and 90 DAS.
B. Yield and Yield Attributing Parameters:
· Days to 50% Flowering.
· Number of Fruits per Plant.
· Fruit Length (cm).
· Average Fruit Weight (g).
· Total Green Pod Yield (t ha⁻¹).
2.5. Statistical Analysis
All collected data were subjected to Analysis of Variance (ANOVA) appropriate for the Randomized Block Design (RBD) using R Statistical Software (v. 4.3.2). Treatment mean differences were tested using the F-test at a 5% level of significance (P ≤ 0.05). Significantly different treatment means were separated using the Tukey's Honest Significant Difference (HSD) test or Critical Difference (CD) values.

3. RESULTS AND DISCUSSION
3.1. Effect on Growth Parameters
The application of Integrated Nutrient Management (INM) treatments significantly influenced the vegetative growth parameters of Okra, including plant height and the number of leaves per plant (P ≤ 0.05).
3.1.1. Plant Height
At the final harvest (90 DAS), the tallest plants were recorded in treatment T6 (75% RDF + FYM + VC + BEM), averaging 135.2 cm, which was statistically superior to all other treatments. This was followed by T5 (50% RDF + FYM + VC) at 128.5 cm. The sole application of 100% RDF (T2) resulted in a height of 118.9 cm, while the control (T1) recorded the minimum height of 95.1 cm.
The superior height observed in T6 is attributable to the balanced and sustained nutrient release characteristic of INM. The 75% RDF provided immediate essential nutrients, particularly nitrogen, while the organic components (FYM, VC, and BEM) ensured a slow, steady supply of macro- and micronutrients, notably potassium (from BEM) and enhanced micronutrient availability, which are vital for cell elongation and robust vegetative growth [Lakra et al., 2017]. The combination of FYM and vermicompost (T5, T6) has been consistently reported to boost plant height compared to sole chemical applications, due to improved soil structure and water holding capacity, leading to better nutrient uptake [Yadav et al., 2017].
3.1.2. Number of Leaves per Plant
The maximum number of leaves per plant at 90 DAS was also recorded in T6 (averaging 28.5 leaves), followed by T5 (26.1 leaves). T2 (100% RDF) produced 22.4 leaves, which was significantly lower than the best INM treatments.
Leaf count is directly correlated with photosynthetic efficiency. The combined application of chemical and organic fertilizers (T5 and T6) promoted greater leaf production by ensuring ample availability of nitrogen (for protein synthesis and chlorophyll formation) and magnesium. The higher microbial activity induced by the organic manures in T6 enhances nutrient cycling, further supporting leaf biomass accumulation compared to the inorganic-only T2 [Sharma et al., 2019].

Table 1: Effect of Integrated Nutrient Management (INM) Treatments on Growth Parameters of Okra
	Treatment Code
	Treatment Description
	Plant Height (30 DAS) (cm)
	Plant Height (60 DAS) (cm)
	Plant Height (90 DAS) (cm)
	No. of Leaves (90 DAS)

	T1​
	Control
	24.5
	58
	95.1
	18.5

	T2​
	100% RDF
	36.1
	79.5
	118.9
	22.4

	T3​
	50% RDF + FYM
	32.8
	75.2
	122.5
	24.1

	T4​
	50% RDF + VC
	33.5
	76.8
	125.8
	25

	T5​
	50% RDF + FYM + VC
	35.2
	78.9
	128.5
	26.1

	T6​
	75% RDF + FYM + VC + BEM
	37.9
	82.5
	135.2
	28.5

	CD (P≤0.05)
	1.8
	3.5
	4.1
	1.9





3.2. Effect on Yield and Yield Attributing Parameters
Yield components, which determine final productivity, were significantly maximized under the Integrated Nutrient Management treatments.
3.2.1. Days to 50% Flowering
Treatments involving combined organic and inorganic fertilizers generally resulted in earlier flowering. The earliest 50% flowering was observed in T6 (41 days), statistically at par with T5 (42 days), indicating enhanced metabolic activity and rapid transition to the reproductive phase. The control (T1) took the longest time (51 days).
The timely nutrient availability, particularly of phosphorus (P), which is critical for flower initiation, was likely optimized in the INM plots (T5 and T6). Vermicompost is known to solubilize soil-native P and provide plant growth regulators, accelerating the physiological process of flowering compared to control and 100% RDF treatments, where P availability might be limiting or unbalanced over time [Kumar et al., 2015].
Table 2: Effect of Integrated Nutrient Management (INM) Treatments on Yield Parameters of Okra
	Treatment Code
	Treatment Description
	Days to 50% Flowering
	No. of Fruits per Plant
	Fruit Length (cm)
	Average Fruit Weight (g)
	Total Green Pod Yield (t ha−1)

	T1​
	Control
	51
	8.8
	10.5
	11.2
	8.2

	T2​
	100% RDF
	44
	12.5
	13.8
	14.5
	13.5

	T3​
	50% RDF + FYM
	45
	13.9
	14.2
	14.9
	14.9

	T4​
	50% RDF + VC
	43
	14.5
	14.5
	15.3
	15.5

	T5​
	50% RDF + FYM + VC
	42
	15.8
	15.1
	15.9
	16.8

	T6​
	75% RDF + FYM + VC + BEM
	41
	17.2
	15.9
	16.5
	18.9

	CD (P≤0.05)
	1.5
	1.2
	0.8
	0.9
	1.15



The highest marketable yield of 18.9 t ha⁻¹ was obtained from T6 (75% RDF + FYM + VC + BEM), which was significantly higher than the 100% RDF treatment (T2) by approximately 40%.
This finding strongly validates the efficacy of adopting a complex, integrated nutrient solution. While 100% RDF provided good yield, the reduced RDF in T6 combined with balanced organic sources resulted in a synergistic effect. The use of 75% RDF minimizes the negative impact of chemical fertilizers while the mixed organic inputs—FYM for bulk organic matter, vermicompost for micronutrients and humic substances, and BEM for secondary nutrients (K and Ca)—created an optimal rhizosphere. Previous studies support this, showing that combining 75% NPK with vermicompost can achieve the highest yield, often surpassing the sole 100% RDF application [Shankar Lal Yadav et al., 2023]. The added banana peel and eggshell mixture in T6 likely provided essential K for fruit filling and Ca for maintaining fruit firmness, culminating in the maximal yield observed.

Figure 1: Effect of Integrated Nutrient Management (INM) Treatments on Yield Parameters of Okra
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4. DISCUSSION
The experimental findings demonstrate a clear and statistically significant advantage of the integrated nutrient management strategy, particularly (T6), over conventional full chemical fertilization (T2).
4.1. Superiority of Integrated Nutrient Management
The highest plant growth (height:135.2 cm) and maximum green pod yield (18.9 t ha⁻¹) recorded in T6 validate the principle of synergistic nutrient delivery. This is supported by recent research which indicates that combining chemical fertilizers with organic amendments maximizes yield potential. A study by Chowdhury et al. (2024) emphasized that INM, especially when involving vermicompost, improves soil physical and chemical properties more effectively than RDF alone, leading to better nutrient use efficiency. Furthermore, Patel et al. (2024) found that reducing the chemical fertilizer dose (e.g., 25% RDF) and supplementing it with high-quality organic sources like vermicompost resulted in higher yields compared to the 100% RDF control, echoing the strong performance observed in our T6 treatment (75% RDF + Organics).
4.2. Contribution of Organic Manures (FYM and Vermicompost)
The enhanced vegetative growth and earlier flowering observed in T5 and T6 are directly linked to the application of Farm Yard Manure (FYM) and Vermicompost (VC). Nabam et al. (2025), in a comprehensive review, highlighted that vermicompost is crucial for restoring soil health, promoting root growth, and augmenting agricultural production by supplying vital micronutrients and fostering microbial activity. This is further substantiated by Sihag et al. (2025), whose findings indicate that the combined application of FYM and vermicompost significantly increased growth parameters and fruit yield in okra due to improved soil aggregation and sustained nutrient cycling. The inclusion of both FYM (for bulk organic matter and soil health) and VC (for micronutrients, microbial load, and plant growth regulators) provides a comprehensive feeding strategy not achievable with chemical fertilizers alone.
4.3. Specific Role of Banana Peel and Eggshell Mixture (BEM)
The distinct superiority of T6 over T5 (yield difference: 18.9 t ha⁻¹ vs. 16.8 t ha⁻¹) suggests a critical role for the Banana Peel and Eggshell Mixture (BEM).
Banana Peel (Potassium Source): Banana peel is renowned for its high Potassium (K) content. Since K is essential for photosynthesis, water regulation, and the translocation of photosynthates from leaves to fruits, its supplementary supply via BEM is crucial for maximizing fruit development and weight.
Eggshell (Calcium Source): Recent research by Aliyu (2024) supports the use of natural soil amendments. Eggshell, being rich in Calcium (Ca), plays a direct role in maintaining cell wall integrity, fruit firmness, and reducing physiological disorders in pods. The localized supply of Ca and K in T6 during the critical reproductive phase likely led to the production of heavier, better-quality pods, driving the final yield increase.

5. CONCLUSION
The study demonstrated that an Integrated Nutrient Management (INM) strategy is significantly more effective and sustainable for maximizing the growth and yield of Okra (Abelmoschus esculentus L.) compared to conventional full chemical fertilization. The treatment T6 (75% RDF + Farm Yard Manure + Vermicompost + Banana Peel and Eggshell Mixture) emerged as the optimal nutrient management protocol, recording the highest values for plant height, number of leaves, and total green pod yield. This superior performance indicates that using a reduced chemical fertilizer dose complemented by a diverse mixture of organic manures enhances soil fertility, nutrient availability, and biological activity, leading to a higher return on investment and more sustainable productivity. It is recommended that farmers in the North West Agro-Climatic Zone adopt this comprehensive INM approach for high-yielding Bhendi cultivation.
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