


INFLUENCE OF GRADED NPK FERTILIZER LEVELS ON PRODUCTIVITY AND PROFITABILITY OF FINGER MILLET GENOTYPES UNDER RAINFED CONDITIONS



Abstract 
Aims:
To evaluate the influence of graded NPK fertilizer levels on the growth, yield and profitability of finger millet (Eleusine coracana L. Gaertn.) genotypes under rainfed conditions, and to identify the most productive and economically viable genotype–fertilizer combination.
Study Design:
Split Plot Design (SPD) with three replications.
Place and Duration of Study:
Agricultural Research Station, Peddapuram, Acharya N. G. Ranga Agricultural University (ANGRAU), Andhra Pradesh, India, during Kharif, 2018.
Methodology:
The experiment comprised three fertilizer levels [75% RDF (37.5:30:18.75 kg N:P₂O₅:K₂O ha⁻¹), 100% RDF (50:40:25 kg N:P₂O₅:K₂O ha⁻¹) and 125% RDF (62.5:50:31.25 kg N:P₂O₅:K₂O ha⁻¹)] and five finger millet genotypes (PR-10-35, KOPN-942, GPU-45, GPU-67 and PR-202). Observations were recorded on plant height, tillers per plant, yield attributes, grain yield and economic parameters including gross returns, net returns and benefit–cost ratio.
Results:
Growth, yield attributes and grain yield increased progressively with higher fertilizer levels. Application of 125% RDF produced the highest grain yield (3198.6 kg ha⁻¹). Among genotypes, PR-10-35 recorded the highest grain yield (3260.5 kg ha⁻¹), statistically comparable with PR-202 (3186.4 kg ha⁻¹). The maximum net returns (₹ 50,378 ha⁻¹) and highest B:C ratio (2.92) were obtained with PR-10-35 at 125% RDF, indicating greater economic advantage compared to other treatment combinations.
Conclusion:
The genotype PR-10-35 combined with 125% RDF proved most productive and profitable under rainfed conditions of the Godavari Zone of Andhra Pradesh. Adoption of this combination could enhance finger millet productivity and economic returns in similar agro-ecologies.
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Abbreviations
RDF – Recommended Dose of Fertilizer
N – Nitrogen
P – Phosphorus
K – Potassium
DAS – Days After Sowing
B:C – Benefit–Cost Ratio
kg ha⁻¹ – Kilograms per hectare
₹ ha⁻¹ – Rupees per hectare
cm – Centimeter
mm – Millimeter
Introduction
Finger millet (Eleusine coracana L. Gaertn.) is one of the most important small millets grown predominantly in the arid and semi-arid regions of India. It is valued for its exceptional resilience to drought, ability to perform under low-input conditions and its capacity to withstand a wide range of climatic stresses. Owing to these characteristics, finger millet plays a crucial role in ensuring food and nutritional security in marginal farming systems. The crop is nutritionally superior to most cereals, being particularly rich in calcium, dietary fibre, essential amino acids, iron, and various antioxidants. This has led to increasing recognition of finger millet as a “nutrcereal,” with expanding demand for its inclusion in health-based food products.
Despite its importance, finger millet productivity in India remains relatively low compared to its potential. The major reasons include cultivation on nutrient depleted soils, suboptimal fertilizer use and predominant reliance on traditional varieties (Ramachandrappa et al., 2014: Hemalatha and Chellamuthu (2013). The crop is generally grown under rainfed conditions where soil fertility is inherently poor, especially in available nitrogen, which limits crop growth and yield formation. Improvement in soil fertility and balanced nutrient application have been consistently reported to enhance growth, tillering, ear development and grain filling in finger millet. Studies conducted across various agro-ecologies have demonstrated that finger millet responds positively to adequate and balanced application of nitrogen, phosphorus and potassium, with higher nutrient doses improving dry matter production, yield components and ultimately grain and straw yields (Kumari and Srivastava, 2000. Sunitha et al., 2006)
Genetic variability among finger millet genotypes also influences nutrient uptake and utilization efficiency. Therefore, identifying the optimum fertilizer requirement for each genotype is essential, as blanket recommendations may not ensure maximum productivity. Research has shown that the interaction between genotype and fertilizer dose plays a significant role in determining yield stability and economic returns in millets. ( Sandhya Rani et al., 2022 & Sankar et al., 2011).
Soil fertility limitations and irregular rainfall often restrict finger millet productivity under rainfed conditions. Evaluating the response of varieties to different NPK levels under such environments helps identify their nutrient requirements and fertilizer-use efficiency. This information is essential for refining fertilizer recommendations and selecting suitable variety–fertilizer combinations for achieving better yields in the region.
Therefore, the present investigation was undertaken to study the response of pre-release finger millet genotypes to graded NPK fertilizer levels under rainfed conditions. The study aims to generate location-specific information on growth, yield components, grain yield and economic viability, which will aid in refining fertilizer recommendations and in identifying high-yielding, nutrient-efficient genotypes suitable for this region.
Material and methods
Site description and soil properties
The field experiment was conducted during kharif, 2018 at the Agricultural Research Station (ARS), Peddapuram, Andhra Pradesh, India (17.08°N latitude, 82.13°E longitude, 35 m above mean sea level). The experimental soil was sandy loam soils, slightly acidic in reaction (pH 6.92), with an electrical conductivity of 0.12 dS m⁻¹ and an organic carbon content of 0.46%. Initial soil analysis indicated that the soil was low in available nitrogen (211 kg ha⁻¹) and potassium (115 kg K₂O ha⁻¹), whereas the available phosphorus (35 kg P₂O₅ ha⁻¹) was in the medium range.These properties indicate a nutrient-deficient soil, typical of rainfed regions, requiring balanced fertilizer application for optimum productivity.
Weather during the crop season
Meteorological data ( Table 1) recorded at the ARS observatory indicated that the total rainfall received during the crop period was around 711 mm, spread across several rainy days. The mean maximum and minimum temperatures during the season ranged from 31.6°C to 32.5°C and 23.0°C to 24.0°C, respectively, with relative humidity generally remaining high, averaging between 63% and 91%. The rainfall distribution was uneven, a typical feature of the region, which can influence nutrient availability, crop establishment, and yield expression in finger millet.
Table 1. Weather parameters recorded during the crop season (June–October, 2018) at ARS, Peddapuram
	Month
	Rainfall
(mm)
	 
Rainy days
	Temperature (°C)
	Relative humidity
(%)

	
	
	
	Max 
	Min 
	Max 
	Min 

	June, 2018
	117.5
	8
	35.8
	26.9
	86.3
	58

	July, 2018
	309.5
	16
	32.4
	25.5
	89.2
	69.9

	August,2018
	101
	8
	31.2
	25.4
	91.2
	74.6

	September, 2018
	110
	11
	34.1
	26.1
	92
	73

	October,2018
	0
	0
	33.6
	23.6
	90.3
	57.2



Experimental design and treatments

The experiment was conducted in a Split Plot Design (SPD) with three replications. The main plots consisted of three fertilizer levels, viz., 75% RDF (37.5-30-18.75 kg N-P₂O₅-K₂O ha⁻¹), 100% RDF (50-40-25 kg N-P₂O₅-K₂O ha⁻¹) and 125% RDF (62.5-50-31.25 kg N-P₂O₅-K₂O ha⁻¹). The subplots were allotted to five finger millet varieties, namely PR-10-35, KOPN-942, GPU-45, GPU-67 and PR-202. The crop was sown at a spacing of 30 cm × 7.5 cm, maintaining uniform plant population across treatments.
Crop management practices and data collection
Fertilizers were applied as per the treatment schedule. The entire dose of phosphorus, potassium along with half of nitrogen was applied as basal at sowing through urea, single superphosphate (SSP) and muriate of potash (MOP). The remaining nitrogen was top-dressed at 30 days after Transplanting (DAT). A pre-emergence application of pendimethalin @ WRITE DOSE  was given immediately after sowing to control early weeds. One intercultivation and hand weeding was performed at 30 DAS to maintain a weed-free environment. Need-based plant protection strategies were implemented to safeguard the crop from pests and diseases.
Five plants per plot were selected at random and tagged for recording growth parameters (plant height, productive tillers, dry matter accumulation), yield components (ear head length, number of fingers per ear, test weight) and phenological observations. Grain and straw yields from the net plot area were recorded and expressed on a per hectare basis. An economic analysis was performed by considering the cost of cultivation, gross returns, net returns and benefit–cost ratio based on prevailing input and produce prices.
Statistical analysis
The recorded data were subjected to statistical analysis appropriate for a Split Plot Design, following the procedures described by Gomez and Gomez (1984). Treatment means were compared using the critical difference (CD) at 5% level of significance.
Results and discussions
Growth and phenology
Increasing fertilizer levels exerted a noticeable effect on the growth and phenology of finger millet (Table 2). Increasing the fertilizer dose from 75% RDF to 125% RDF resulted in a slight delay of 1–3 days in flowering and physiological maturity. This mild extension of crop duration at higher nutrient levels may be attributed to enhanced nitrogen availability, which promotes vegetative growth before shifting to the reproductive stage. Similar observations have been reported in finger millet where increased nutrient supply prolongs the vegetative phase. These findings agree with the earlier reports of Patil et al. (2019) and Maitra et al. (2001) who observed delayed phenology under higher nutrient supply in finger millet.  Significant varietal differences were observed for phenological stages. PR-10-35 exhibited relatively early flowering and maturity, whereas KOPN-942 required a longer duration for both stages, indicating genetic variation among genotypes.
Growth parameters responded positively to increased fertilizer levels. 125% RDF recorded the tallest plants (104.0 cm) and the highest number of productive tillers (3.7 tillers/plant), followed by 100% RDF, while 75% RDF resulted in comparatively lower values. The increase in vegetative growth with higher nitrogen is due to its role in protoplasm formation, chlorophyll synthesis and enhanced leaf area expansion, resulting in improved photosynthetic efficiency. This observation is supported by Havlin et al. (2014) and is consistent with the findings of Nigade and More (2013), who reported increased plant growth with higher NPK fertilization.
Among the varieties, KOPN-942 recorded the maximum plant height (109.1 cm), whereas GPU-67 produced the shortest plants. The genotype PR-10-35 produced the highest productive tillers, reflecting its superior tillering capacity and better adaptability under varied nutrient levels.
Yield attributes and yield
Fertilizer levels significantly influenced the yield attributes of finger millet. Higher nutrient supply through 100% and 125% RDF improved productive tillers, ear head length, number of fingers per ear, and test weight compared to 75% RDF. However, the increase beyond 100% RDF was moderate for traits like ear head length and fingers per ear, suggesting that these traits are more genotype-driven than nutrient-sensitive.
Significant variation among varieties was observed for all yield attributes. PR-10-35 recorded superior values—including more productive tillers, longer ear heads, and the highest test weight followed by PR-202. In contrast, GPU-45 recorded lower values across most traits. These differences indicate variability in panicle architecture, sink capacity, and grain-filling efficiency among genotypes. Similar results were reported by Lemessa (2016), Rashid and Khan (2008) and Prasad et al. (2014) under different nutrient management regimes.
Grain yield increased progressively with higher fertilizer levels. The lowest grain yield (2774 kg ha⁻¹) was obtained under 75% RDF, which increased to 2985 kg ha⁻¹ under 100% RDF, and further to 3198 kg ha⁻¹ with 125% RDF. The substantial yield improvement at higher nutrient levels is mainly attributed to increased productive tillers and better assimilate partitioning. These results are in agreement with the findings of Divyashree et al. (2018) in little millet & Chandrakala et al., 2017 in finger millet. 
Among genotypes, PR-10-35 recorded the highest grain yield (3260 kg ha⁻¹), followed by PR-202 (3186 kg ha⁻¹). The lowest grain yield was recorded by GPU-45 (2644 kg ha⁻¹). The superiority of PR-10-35 is attributed to its enhanced tillering, favourable yield components and superior yield potential. Similar findings were reported by Sarawale  et al., (2016) & Singh  et al., (2017). Straw yield followed a similar trend, with higher fertilizer levels promoting greater biomass accumulation. Varieties with taller stature, such as KOPN-942, recorded higher straw yield irrespective of grain yield performance. This observation aligns with the results of Prakasha et al. (2018). The interaction between fertilizer levels and genotypes for most growth and yield parameters was non-significant, suggesting that all varieties responded similarly to the nutrient levels.
Economics
Economic evaluation clearly demonstrated that higher fertilizer levels enhanced profitability. The highest net returns and benefit–cost ratio were recorded with 125% RDF, owing to substantial improvements in grain and straw yield compared to lower fertilizer levels. Under 125% RDF, the genotype PR-10-35 (F₃V₁) achieved the maximum net returns of ₹50,378 ha⁻¹ and the highest B:C ratio of 2.92, followed by PR-202 (₹48,099 ha⁻¹; B:C 2.84). Although the cost of fertilizers increased with higher application rates, the additional returns far exceeded the added cost, making 125% RDF economically advantageous. These findings agree with Sundaresh and Basavaraja (2017) & Jogarao et al. (2019).
Among genotypes, PR-10-35 achieved the maximum net returns and B:C ratio across all fertilizer levels. Under 125% RDF (F₃V₁), PR-10-35 recorded the highest net returns of ₹50,378 ha⁻¹ and a B:C ratio of 2.92, making it the most profitable genotype in the study. Even under 100% RDF (F₂V₁), it maintained high profitability with ₹46,067 ha⁻¹ net returns and a B:C ratio of 2.80. In contrast, GPU-45 under 75% RDF (F₁V₃) recorded the lowest net returns of only ₹28,208 ha⁻¹ and a B:C ratio of 2.12, indicating poor profitability due to its lower yield performance.
CONCLUSION 
The study demonstrated that finger millet genotypes responded favourably to increased fertilizer levels under rainfed conditions. Application of 125% RDF consistently enhanced growth, yield attributes, grain yield and economic returns compared to lower nutrient levels. Among the varieties, PR-10-35 recorded the highest productivity and profitability, indicating superior nutrient-use efficiency and yield potential. Based on the overall performance, the combination of PR-10-35 with 125% RDF may be recommended for improving finger millet productivity in the Godavari Zone of Andhra Pradesh.
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Fig 1. Finger millet  yield as affected by fertility  levels durimg Kharif, 2018














TABLE 2: Growth and yield of  finger millet  genotypes as affected by varying fertility levels during kharif, 2018

	Treatments  
	Plant height (cm) 
	Productive 
tillers/
plant 
	1000 seed weight (g)
	Days to maturity
	Grain yield (Kg/ha)

	Main plots :Fertilizer levels (F) 

	F1: 75 % RDF
	98.4
	3.3
	3.13
	126
	2774.3

	F2: 100% RDF
	101.0
	3.6
	3.27
	127
	2985.4

	F3: 125% RDF
	104.0
	3.7
	3.40
	128
	3198.6

	SEm
	1.24
	0.04
	0.03
	
	47.1

	CD (0.05) 
	NS
	0.18
	0.12
	
	185.1

	Subplots: Pre release varieties (V)

	V1 – PR-10-35
	100.4
	3.9
	3.41
	123.0
	3260.5

	V2 – KOPN-942
	109.1
	3.5
	3.06
	135.0
	2781.3

	V3 – GPU 45*
	101.0
	2.9
	3.22
	121.0
	2643.6

	V4 - GPU 67*
	94.3
	3.6
	3.28
	130.0
	3058.7

	V5 – PR 202*
	101.0
	3.7
	3.37
	125.0
	3186.4

	SEm
	1.58
	0.09
	0.03
	
	67.6

	CD (0.05) 
	4.6
	0.26
	0.11
	
	197.4

	Interaction 
	NS 
	NS
	NS
	NS
	NS
















TABLE 3: Economics  of  finger millet genotypes as affected by varying fertility levels during kharif, 2018

	Treatments 
	Gross returns
( Rs./ha)
	Net Returns
( Rs./ha)
	Cost of cultivation          ( Rs./ha)
	B:C
 ratio

	F1V1
	66882
	41777
	25105
	2.66

	F1V2
	56637
	31532
	25105
	2.26

	F1V3
	53313
	28208
	25105
	2.12

	F1V4
	62443
	37338
	25105
	2.49

	F1V5
	65894
	40789
	25105
	2.62

	F2V1
	71724
	46067
	25657
	2.80

	F2V2
	61162
	35505
	25657
	2.38

	F2V3
	58150
	32493
	25657
	2.27

	F2V4
	67258
	41601
	25657
	2.62

	F2V5
	70099
	44442
	25657
	2.73

	F3V1
	76586
	50378
	26208
	2.92

	F3V2
	65765
	39557
	26208
	2.51

	F3V3
	63017
	36809
	26208
	2.40

	F3V4
	72171
	45963
	26208
	2.75

	F3V5
	74307
	48099
	26208
	2.84








Grain yield (Kg/ha)	 75 % RDF	100% RDF	125% RDF	 PR-10-45	 KOPN-942	GPU 45*	GPU 67*	PR 202*	2774.3	2985.4	3198.6	3260.5	2781.3	2643.6	3058.7	3186.4	
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