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Optimizing Hybrid Eggplant Production: A Comparative Assessment of Drip Fertigation and Conventional Fertilization on Vegetative Growth, Agricultural Productivity, and Water Utilization Efficiency 

ABSTRACT

	Aims: The primary objective of this research was to evaluate the comparative effects of drip fertigation and conventional fertilization methods on vegetative growth, fruit yield, and water utilization efficiency in hybrid eggplant (Solanum melongena L.) cultivation. The study further aimed to identify an economically optimal fertigation level for maximizing productivity and resource use efficiency.
Study design:  A Randomized Block Design (RBD) was implemented to ensure experimental rigor, incorporating five distinct treatments and four replications per treatment.
Place and Duration of Study: The field experiment was conducted at Dr. Panjabrao Deshmukh Krishi Vidyapeeth, Akola, Maharashtra, India, during the Rabi season from November 2021 to May 2022.
Methodology: The experiment included five treatments: T1 to T4: Drip fertigation at 75%, 100%, 125%, and 150% of the Recommended Dose of Fertilizers (RDF). T5 (Control): Conventional fertilization at 100% RDF. Each treatment was replicated four times. Key agronomic parameters measured included plant height, number of branches, number of fruits per plant, total yield (q/ha), and water utilization efficiency (q/ha-cm). Data were subjected to statistical analysis to determine significance and performance differences.
Results: All drip fertigation treatments outperformed the conventional fertilization method in terms of vegetative growth, branching, fruit number, yield, and water use efficiency. T4 (150% RDF through drip) achieved the maximum yield of 470.33 q/ha, followed closely by T3 (125% RDF) with 467.98 q/ha, both being statistically comparable. T4 also recorded the highest water utilization efficiency at 8.54 q/ha-cm. The lowest yield and efficiency were observed in T5 (conventional fertilization).
Conclusion: Drip fertigation significantly enhances eggplant productivity and water-use efficiency compared to conventional fertilization. Although the highest yield was observed under 150% RDF, drip fertigation at 125% RDF (T3) is recommended as the most economically sustainable and agronomically efficient strategy, offering reduced fertilizer input without compromising yield potential.
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1. INTRODUCTION

Eggplant, commonly known as eggplant, holds significant agronomic and cultural importance worldwide, particularly in India, which is one of its primary centers of diversity and production. Its Latin name, Solanum melongena, places it within the Solanaceae family, alongside tomatoes and potatoes. Domesticated over 2,000 years ago in Southeast Asia, eggplant has been a staple crop in tropical and subtropical regions. It is believed to have originated in India and China, as historical texts and early agricultural records from these regions frequently mention its cultivation (FAO, 2020). Today, India stands as the second-largest producer of eggplant globally, accounting for approximately 26% of the world's production, with major cultivating states being West Bengal, Odisha, and Gujarat (Shah et al., 2023). The crop thrives in well-drained, loamy soils with pH levels between 6.5 and 7.5 and under warm, frost-free conditions. There are three major species of eggplant, including S. melongena (common eggplant), S. aethiopicum (African eggplant), and S. macrocarpon (wild eggplant), each with unique morphological and ecological adaptations (Singh & Kumar, 2019). Nutritionally, eggplant is valued for its high fiber content, low calories, and rich antioxidant profile, including nasunin, which supports cardiovascular and cognitive health (Ali et al., 2021). 
Globally, eggplant is cultivated on approximately 1.85 million hectares, yielding about 56 million tons annually, with China and India contributing over 85% of the total production (FAO, 2022). In India, eggplant is grown on approximately 0.72 million hectares, producing around 13.4 million tons, with an average productivity of 18.6 tons per hectare (NHB, 2023). The states of West Bengal, Odisha, Andhra Pradesh, and Gujarat are leading contributors, collectively accounting for over 60% of the nation’s eggplant production (Singh et al., 2021). Globally, productivity varies widely, with China achieving some of the highest yields due to advanced cultivation practices and superior hybrid varieties, averaging 35 tons per hectare (Li and Zhang, 2021).
Efficient irrigation management is crucial for eggplant cultivation to ensure optimal growth, yield, and water-use efficiency. Modern irrigation technologies, such as drip irrigation, have transformed water management in eggplant farming by delivering water directly to the plant's root zone through a network of emitters and pipes. This method significantly enhances water-use efficiency, reduces weed growth, and minimizes soil erosion. Studies have shown that drip irrigation can save up to 50% of water compared to traditional methods while increasing Eggplant yield by 30–40% (Patel et al., 2022). Additionally, drip irrigation facilitates the application of fertilizers through fertigation, ensuring precise nutrient delivery and reducing losses (Tiwari & Singh, 2020). Drip irrigation has been increasingly adopted in eggplant cultivation in Maharashtra, improving water use efficiency and productivity by 20-30% in the 2024-2025 period (Patil et al., 2024). This system minimizes water wastage and enhances yield quality, making it a sustainable approach for eggplant farming in the region (Kumar & Singh, 2024).
Drip fertigation is an advanced irrigation and nutrient management technique that combines the benefits of drip irrigation and fertigation, offering precise delivery of water and nutrients directly to the root zone. Its adoption in eggplant cultivation is driven by the crop's high sensitivity to moisture stress and nutrient availability during critical growth stages. Drip fertigation addresses problems such as nutrient leaching, wastage of water and uneven distribution by allowing controlled and uniform application of water-soluble fertilizers in synchronization with the crop's nutrient uptake pattern, thereby improving nutrient-use efficiency and minimizing losses due to runoff and leaching (Patel et al., 2022). This method also facilitates frequent, small-dose applications, ensuring a steady supply of nutrients to meet the plant's dynamic requirements, ultimately enhancing root development, vegetative growth, and fruit quality (Singh et al., 2021).
The rationale for using drip fertigation in eggplant is further strengthened by its environmental and economic benefits. Studies have demonstrated that it reduces water consumption by 30–50% and fertilizer usage by 20–40% compared to conventional methods, making it highly suitable for water-scarce regions (Kumar et al., 2020). Additionally, the reduction in weed growth and soil erosion associated with drip fertigation contributes to sustainable cultivation practices. Given the increasing pressures of climate change and resource constraints, drip fertigation represents a critical innovation for improving the productivity, profitability, and sustainability of eggplant cultivation. Keeping all the above points in mind, the field experiment is planned to compare eggplant production under drip fertigation and traditional fertilization, along with objective given as follows - To compare the growth and yield of hybrid eggplant under drip fertigation and traditional fertilization methods.

2. material and methods

The experiment was conducted at the Instructional Farm of the Department of Irrigation and Drainage Engineering, Dr. Panjabrao Deshmukh Krishi Vidyapeeth, Akola, during the rabi season of 2021-2022. The field site was characterized by a uniformly level topography, providing an ideal setting for the study.
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Figure 1. Study area map showing the location of the experimental site
2.1 Experimental Details
	The specifics of the experiment are as outlined below
Table 1. Experimental details
	Sr. No.
	Particulars
	Specifications

	1
	Crop
	Eggplant

	2
	Scientific name
	Solanum melongena L.

	3
	Variety
	Phule Krishna

	4
	Experimental Design
	Randomized Block Design

	5
	Number of treatments
	5

	6
	Number of replications
	4

	7
	Number of plots
	20

	8
	Plot size
	5.4 m × 3 m

	9
	Season
	Rabi

	10
	Crop spacing
	0.90 m X 0.75 m

	11
	Crop period
	180 days

	12
	Recommended fertilizer dose
	150:75:75

	13
	Date of sowing
	30/09/2021

	14
	Date of transplanting
	16/11/2021

	15
	Period of picking
	18/01/2022 to 01/05/2022


(Gavit et al., 2023)
2.2 Details of experimentation
2.2.1 Experimental design and treatments
An overview of the experimental plot is presented in Figure 1, while the detailed descriptions of the treatments are provided in table number 2.
[image: ]
Figure 2. Over all view of experimental plot
Table 2. Treatment details
	Treatments
	Specification

	T1
	Drip fertigation with 75% of RDF

	T2
	Drip fertigation with 100% of RDF

	T3
	Drip fertigation with 125% of RDF

	T4
	Drip fertigation with 150% of RDF

	T5
	Traditional application of fertilizer with 100% RDF (Soil application of basal dose of 50% N + 100% P + 100% through solid fertilizers at the time of transplanting and remaining 50% N in two equal splits at 30 and 45 DAT) – Control


(Gavit et al., 2023)
2.3 Morphometric characteristics
	To evaluate the impact of varying fertilizer levels and application methods on the growth and yield of eggplant, the following morphometric observations were meticulously recorded.
2.3.1 Growth observations
	Five plants from the net plot of each replication were randomly selected and labeled to record various growth parameters. Observations were systematically gathered at regular intervals from the date of transplanting. Plant height was measured every 30 days throughout the growth period by assessing the length of the main shoot in centimeters from ground level. The number of branches was determined by counting the primary branches originating from the main stem and the secondary branches that developed over time, with the cumulative total recorded at 30-day intervals. Canopy cover was assessed by measuring the plant's spread in both North-South and East-West directions at noon.
2.4 Yield contributing observations 
The mean number of fruits per plant was calculated by considering the total number of fruits harvested from the designated observation plants at each picking. For the yield per plant, the weight of harvested eggplant from each observation plant was recorded at every picking, and the cumulative weight across the season was computed for each treatment. The overall yield of eggplant was determined by recording the total harvest from the net plot for each treatment at every picking.   

3. results and discussion

3.1 Morphometric characteristics
The morphometric characteristics of the eggplant crop, as influenced by varying levels of drip fertigation and the traditional method of fertilizer application, were thoroughly investigated. Field observations for each morphometric parameter were meticulously recorded from five randomly selected plants per plot and subsequently analyzed. The findings are elaborated upon in the following discussion and are shown in fig. 3-7.
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Figure 3. Difference in growth of eggplant crop - 30 DAT
[image: ]
Figure 4. Difference in growth of eggplant crop - 60 DAT
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Figure 5. Difference in growth of eggplant crop - 90 DAT
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Figure 6. Difference in growth of eggplant crop - 120 DAT
[image: ]
Figure 7. Variation in eggplant crop growth - 120 DAT
3.1.1 Growth observations
3.1.1.1 Plant height
Plant height in the eggplant crop was measured at 30-day intervals from transplanting, with the mean heights, influenced by different drip fertigation levels and traditional fertilization methods, graphically illustrated in Figure 8. An overall increase in plant height was observed across all treatments as the crop progressed, with the maximum height recorded at the harvest stage. Initially, during the early growth phases (30 and 60 DAT), the control treatment T5, involving traditional fertilization with 100% RDF, exhibited the highest plant height, likely due to the complete application of fertilizers at the outset. However, significant differences emerged from 90 DAT onwards, with treatment T4 showing the tallest plants, statistically similar to T3 indicating a shift in growth dynamics favoring the drip fertigation treatments in the later stages.

Figure 8. Plant height as influenced by drip fertigation with different fertilizer levels and traditional method of fertilizer application
3.1.1.2 Number of branches per plant
The average number of branches per eggplant plant, as influenced by varying drip fertigation levels and traditional fertilizer application, is graphically depicted in Figure 9. The data reveal a progressive increase in branch count over time, reaching its peak at the harvest stage. While early growth stages (30 and 60 days after transplanting, DAT) showed no significant differences among treatments, the later stages exhibited notable variation, with branch numbers increasing alongside higher proportions of the recommended fertilizer dose. Initially, treatment T5 recorded the highest number of branches, likely due to the complete fertilizer application within the first 60 DAT, highlighting its initial impact on plant development. At 90, 120 DAT, and at harvest, treatment T4 exhibited the highest number of branches per plant, statistically on par with treatment T3. In contrast, the lowest branch count was observed in treatment T5, similar to T1. 

Figure 9. Number of branches per plant as influenced by drip fertigation with different fertilizer levels and traditional method of fertilizer application
3.1.1.3 Canopy cover
Canopy cover, a critical indicator of vigorous crop growth under varying fertilizer levels with mulch, was measured and is graphically depicted in Figure 10. Initially, at 30 DAT, no significant differences were noted, though treatment T5 exhibited the highest canopy cover numerically. By 60 DAT, T5 continued to show superior canopy coverage compared to drip fertigation treatments, likely attributed to the complete fertilizer application during the early growth stages (up to 45 DAT) in T5, enhancing early vegetative development.Figure 10. Canopy cover as influenced by drip fertigation with different fertilizer levels and traditional method of fertilizer application

At 90 DAT, treatment T4 exhibited the highest canopy cover, statistically comparable to treatments T3 and T2. Conversely, treatment T5 recorded the lowest canopy cover, which was on par with treatments T1 and T2. At harvest, treatment T3 demonstrated the highest canopy cover, statistically comparable to T4, while T5 continued to show the lowest, similar to T1. 
3.2 Yield contributing observations
3.2.1 Number of fruits per plant
The data on the number of fruits harvested per plant, as influenced by varying drip fertigation levels and traditional fertilization, is illustrated in table 3. The results indicate that an increase in fertigation level corresponded with a rise in the number of fruits per plant. The highest number of fruits per plant (82.70) was observed in treatment T4, which was statistically similar to treatment T3. Treatment T4 consistently outperformed treatments T1, T2, T3, and T5 in terms of fruit count. On the other hand, treatment T5 recorded the lowest number of fruits per plant (55.25), statistically comparable to treatment T1. Additionally, treatment T2 yielded significantly more fruits than treatment T5.
Table 3. Number of fruits per plant as influenced by drip fertigation with different fertilizer levels and traditional method of fertilizer application
	Treatments
	Number of fruits per plant

	T1 (Drip fertigation at 75% RDF)
	60.85

	T2 (Drip fertigation at 100% RDF)
	72.60

	T3 (Drip fertigation at 125% RDF)
	78.50

	T4 (Drip fertigation at 150% RDF)
	82.70

	T5 (Traditional fertilization at 100%RDF)
	55.25

	F test 
	Sig.

	SE (m) ±
	2.95

	CD at 5 %
	9.10

	CV %
	8.44



3.2.2 Yield of fruit per plant
The yield of fruits per plant, influenced by varying drip fertigation levels and traditional fertilization methods, is presented in table 4. The results indicated a positive correlation between fertigation levels and fruit yield, with treatment T4 yielding the highest number of fruits per plant, statistically comparable to treatment T3. The lowest yield was recorded in treatment T5, which was on par with treatment T1. Treatment T2 also outperformed treatment T5 in terms of fruit yield. 
Table 4. Yield of fruit per plant as influenced by drip fertigation with different fertilizer levels and traditional method of fertilizer application
	Treatment 
	Yield per plant (gm)

	T1 (Drip fertigation at 75% RDF)
	3123.83

	T2 (Drip fertigation at 100% RDF)
	3557.33

	T3 (Drip fertigation at 125% RDF)
	4420.86

	T4 (Drip fertigation at 150% RDF)
	4574.38

	T5 (Traditional fertilization at 100%RDF)
	2927.70

	F test 
	Sig.

	SE (m) ±
	151.21

	CD at 5 %
	465.91

	CV %
	8.13


3.2.3 Yield of eggplant and water utilization efficiency
The total eggplant yield, harvested over 15 pickings, is presented in table 5. The yield was significantly influenced by the different fertigation levels, with treatment T4 achieving the highest yield (470.33 q/ha), followed by treatments T3, T2, and T1. Treatment T4 was statistically similar to treatment T3, which produced a yield of 467.98 q/ha. In contrast, treatment T5 yielded the lowest (346.65 q/ha), due to the application of the entire fertilizer dose during the vegetative growth stage, limiting nutrient availability during the flowering and fruiting phases. Although treatment T4 outperformed T3 in terms of yield, it required 25% more fertilizer. Therefore, considering the lower fertilizer requirement, treatment T3 (drip fertigation at 125% RDF) is recommended as the optimal treatment for eggplant production. Treatment T4 exhibited the highest water utilization efficiency, followed by treatments T3, T2, T1, and T5. The lower water use efficiency in treatment T5 can be attributed to its lower yield.
Table 5. Yield of eggplant and water use efficiency as influenced by drip fertigation with different fertilizer levels and traditional method of fertilizer application
	Treatments
	Yield (q/ha)
	Amount of water applied(ha-cm)
	Water use efficiency
(q/ha-cm)

	T1 (Drip fertigation at 75 % RDF)
	362.04
	


55.09
	6.57

	T2 (Drip fertigation at 100 % RDF)
	415.39
	
	7.54

	T3 (Drip fertigation at 125 % RDF)
	467.98
	
	8.50

	T4 (Drip fertigation at 150% RDF)
	470.33
	
	8.54

	T5 (Traditional fertilization at 100 % RDF)
	346.65
	
	6.29

	F Test
	Sig.
	-
	-

	SE (m) ±
	16.67
	-
	-

	CD at 5%
	51.38
	-
	-

	CV%
	8.09
	-
	-



4. Conclusion

Drip fertigation in the cultivation of hybrid eggplant crop is crucial because it synchronizes water and nutrient application with the crop's specific growth stages, ensuring optimal uptake and reducing resource wastage. This method not only boosts yield and quality in eggplant but also promotes sustainability by conserving water, preventing soil nutrient depletion, and minimizing environmental contamination. The morphometric parameters of eggplant, including plant height, number of branches, canopy cover, fruit number, and yield, were significantly influenced by drip fertigation at varying fertilizer levels. At 90 DAT, 120 DAT, and harvest, treatment T4 consistently exhibited the highest plant height, which was statistically similar to T3. Number of branches showed non-significant differences at early growth stages (30 and 60 DAT), but by 90 DAT and harvest, T4 demonstrated the highest number of branches, with T4 and T3 being statistically at par. Canopy cover was highest in treatment T5 at 60 DAT, but by 90 DAT and harvest, T4 outperformed all other treatments, showing values statistically at par with T3. Similarly, number of fruits and yield per plant were highest in T4, with T4 and T3 yielding statistically similar results. T5 recorded the lowest fruit number and yield per plant. Overall, T4 resulted in the highest eggplant yield (470.33 q/ha), followed by T3 (467.98 q/ha), while T5 yielded the least. Water use efficiency was highest in T4, followed by T3, T2, T1, and T5, with the latter showing the lowest due to reduced yield. Considering 25% reduction in the fertilizer application drip fertigation at 125% RDF, combined with 80% of crop evapotranspiration (ETc) and silver-black polyethylene mulch, proved to be the most effective strategy for maximizing eggplant yield.
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30 DAT	T1	T2	T3	T4	T5	10.27	11.755000000000001	12.42	12.67	14.074999999999999	60 DAT	T1	T2	T3	T4	T5	29.455000000000002	31.279999999999998	33.875	35.274999999999999	36.274999999999999	90 DAT	T1	T2	T3	T4	T5	58.424999999999997	68.565000000000012	79.625	80.92	57.525000000000006	120 DAT	T1	T2	T3	T4	T5	63.379999999999995	72.03	81.800000000000011	82.57	62.739999999999995	At Harvest	T1	T2	T3	T4	T5	65.525000000000006	75.03	84.48	85.064999999999998	64.955000000000013	Treatments


Plant height (cm)




30 DAT	T1	T2	T3	T4	T5	7.7050000000000001	8.0250000000000004	8.09	8.2650000000000006	9.125	60 DAT	T1	T2	T3	T4	T5	10.43	11.825000000000001	12.054999999999998	13.2775	14.13	90 DAT	T1	T2	T3	T4	T5	16.645	19.089999999999996	21.61	21.770000000000003	16.274999999999999	120 DAT	T1	T2	T3	T4	T5	18.245000000000001	20.869999999999997	23.6	23.82	18.145	At Harvest	T1	T2	T3	T4	T5	19.414999999999999	22.615000000000002	25.729999999999997	25.875	19.145	Treatments


Number of branches




30 DAT	T1	T2	T3	T4	T5	510.6341027860027	540.44151725176755	601.0080490826075	651.18519659442211	701.75727537747991	60 DAT	T1	T2	T3	T4	T5	2288.3789282096254	2978.7288846231295	4055.8613747233162	4556.2753874461787	4745.0517628828993	90 DAT	T1	T2	T3	T4	T5	5011.6055457166995	5492.1706363682251	6103.5215503116033	6166.62829274059	4958.5272485065952	At harvest	T1	T2	T3	T4	T5	5302.4988612876914	6171.1664836110722	7001.4415663015125	7067.4989423611314	5127.533562874567	Treatments

Camopy cover (cm2)
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Growth of Plants: 30 DAT
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Growth of Plants: 90 DAT
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Growth of Plants : 120 DAT
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