


Growth, Yield and Nutrient Response of Proso Millet Varieties to Graded NPK Fertilizer Levels



ABSTRACT
[bookmark: _GoBack]Adequate supply of nutrients along with other crop management practices plays a crucial role in realizing the yield potential of proso millet; however, varietal response to fertilizer application often varies. A field experiment was conducted during the kharif 2023 season at the Agricultural Research Station, Vizianagaram, Andhra Pradesh, to assess the performance of proso millet varieties under varying levels of NPK fertilisation. The study was arranged in a split-plot design with three replications. The main-plot treatments consisted of four fertiliser regimes: F0 – absolute control; F1 – 75% of the recommended dose of fertilisers (RDF); F2 – 100% RDF; and F3 – 125% RDF. The sub-plot treatments consisted of two pre release proso millet varieties (V1: DHPM-6-3 ; V2: DHPM-8-3) along with two national checks (V3: TNPm 230 ,V4: TNAU 202). The experimental soil was sandy loam in texture. The results indicated that application of 125% RDF recorded superior yield attributes, grain yield (1357 kg ha⁻¹), profitability and nutrient uptake; however, it remained statistically on par with 100% RDF (1255 kg ha⁻¹). Among the varieties evaluated, DHPM-6-3 outperformed the others by registering higher grain yield, net returns, benefit–cost ratio and nutrient uptake in grain. Based on the findings, it can be concluded that application of 100% RDF is the most efficient fertilizer level for proso millet, as it achieved yields comparable to 125% RDF while saving 25% of fertilizer inputs, thereby improving input-use efficiency and promoting sustainable nutrient management.
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INTRODUCTION:
Proso millet (Panicum miliaceum L.) is an important short-duration, climate-resilient nutri-cereal cultivated widely in semi-arid and rainfed regions of India. Proso millet (Panicum miliaceum L.) is a nutrient-dense cereal, notable for its high protein content and abundance of essential minerals, including magnesium and phosphorus. It is widely consumed as a staple food across various regions, including India, China, Korea, Russia, and Germany. In contrast, in the United States, proso millet is predominantly utilised as a component of bird feed rather than as a human food source, reflecting regional differences in its dietary and agricultural applications (Das et al. 2019). The protein quality of proso millet has been demonstrated to surpass that of several other cereal grains, owing to its favourable composition of essential amino acids, particularly leucine, isoleucine, and methionine. This enhanced amino acid profile underscores its potential as a valuable source of dietary protein, contributing not only to human nutrition but also to the formulation of functional food products with improved nutritional quality (Kalinova and Moudry, 2006). Proso millet is having the dietary fibre content of 22.9%, which is significantly higher than the major staples like rice (9.0%) and wheat (8.0%) (Balli et al., 2023). Owing to its low water requirement, ability to perform under marginal soils, and high nutritional value, proso millet plays a crucial role in ensuring food and nutritional security, particularly for small and marginal farmers. Despite these advantages, the productivity of proso millet remains relatively low, primarily due to sub-optimal nutrient management practices and poor soil fertility. Among essential plant nutrients, nitrogen (N), phosphorus (P), and potassium (K) are the primary macronutrients governing crop growth, development, and yield formation. Nitrogen is vital for vegetative growth and chlorophyll synthesis; phosphorus plays a key role in root development, energy transfer, and early crop establishment; while potassium regulates enzyme activation, photosynthesis, translocation of assimilates, and enhances stress tolerance. In proso millet, imbalanced or inadequate application of these nutrients often results in poor tillering, reduced panicle development, and lower grain yield.
Though recommended fertilizer doses are available for proso millet cultivation, the response of newly developed pre-release varieties under these nutrient regimes requires systematic evaluation. Varietal differences in nutrient use efficiency and yield response may significantly influence their adaptability and productivity under standard agronomic practices. Therefore, assessing the performance of pre-release varieties under graded levels of NPK fertilizers is essential to determine their yield potential, nutrient uptake efficiency and economic feasibility before their release for large-scale cultivation.
In this context, evaluating the response of proso millet to graded doses of NPK fertilizers is essential for optimizing nutrient management, enhancing productivity and ensuring sustainable millet cultivation under diverse agro-ecological conditions.
MATERIALS AND METHODS:
A field experiment was conducted at Agricultural Research Station, Vizianagaram under Acharya N.G.Ranga Agricultural University, Andhra Pradesh during kharif, 2023 in split-plot design with three replications. The main plot treatments include fertilizer doses viz., F0: Absolute control; F1: 75% recommended dose of fertilizers (RDF); F2: 100% RDF; F3: 125% RDF. The sub-plot treatments include proso millet varieties V1: DHPM-6-3; V2: DHPM-8-3; V3: TNPm 230, V4: TNAU 202, where V3 and V4 were check varieties. The recommended dose of NPK fertilizers in Andhra Pradesh were 40: 20: 20 kg N:P₂O₅:K₂O ha⁻¹. The soil of the experimental site was sandy loam in texture, neutral in reaction (pH: 7.13), low in organic carbon (0.48%) and non-saline (EC: 0.15 dS m-1). The available nitrogen was low (152.8 kg ha-1), available phosphorus was high (64.0 kg ha-1) and available potassium was medium (278.5 kg ha-1). The total rainfall received during the kharif season was 560 mm in 34 rainy days. 
The land was thoroughly prepared with a mouldboard plough, cultivator, and rotavator until a fine tilth was achieved. Sowing of the experiment was done on13.07.2023. The nutrients were applied as per the treatments. The recommended dose of NPK fertilizers was applied as urea, single superphosphate and muriate of potash. Half of the nitrogen and the full dose of phosphorus and potassium were applied as basal at the time of sowing. The remaining half dose of nitrogen was applied as top dressing at the time of tillering. Need-based crop protection measures were taken. All growth parameters, including yield parameters, were recorded. Economics were calculated based on the existing input costs and output prices. Nutrient uptakes by grain and straw were measured using the standard procedures suggested by Piper (1966) and Jackson (1973). All the data were subjected to statistical analysis using the ANOVA as outlined by Panse and Sukhatme (1985).
RESULTS AND DISCUSSION:
Effect on growth and yield attributes:
All the growth and yield attributing characters of proso millet were significantly influenced by NPK fertilizer levels and also by varieties (Table 1). Among the fertilizer levels, the absolute control showed early maturity, whereas the 125% RDF showed an extended period of 50% flowering and maturity. Nitrogen in the applied RDF might be responsible for the delayed transition of the proso millet crop from vegetative to reproductive phase. Amanuallah et al. (2009) and Hammad et al. (2011) also reported a similar effect in maize. Plant height, number of productive tillers plant-1, and test weight were higher with 125% RDF, however, they remained on par with 100% RDF. The lowest growth and yield attributing characters were noticed in the absolute control, where no NPK fertilizers were applied. NPK fertilizers are crucial for maximizing plant growth and yield. Nitrogen directly increases the plant height and biomass by increasing the cell counts, volume and through accelerated chlorophyll production (Hammad et al., 2022). Phosphorus not only involved in energy transfer but also essential for root growth, which in turn will be helpful for nutrient and water uptake. Potassium regulates plant metabolism, stress tolerance and nutrient transport. All these nutrients together ensure healthy and vigorous growth, which later produces more yield attributes and yield. Bhavani (2020), Pol et al. (2019), Triveni et al. (2018) reported similar results in proso millet and finger millet, respectively. 
	Among the varieties, the pre-release variety DHPM-6-3 was too early, reaching 50% flowering in only 35.7 days and maturity in 66.0 days and also found on par with the national check variety TNAU 202. Whereas, the other pre-release variety DHPM-8-3, took more time for 50% flowering and maturity. Among all the varieties, TNPm 230 was the tallest variety and it found on par with the pre release variety DHPM-8-3. The other pre-release variety DHPM-6-3 was the shortest among all the varieties, but had a higher number of productive tillers/plant and a higher test weight. The observed differences in growth and yield-related traits among the varieties may be attributed to underlying genetic variation. Comparable findings have been reported by Srikanya et al. (2020). Furthermore, the interaction between fertilizer levels and varieties was not statistically significant for any of the growth or yield-related traits.
Effect on yield and economics:
Yield and economics were also affected by fertilizer levels and varieties, their interaction was found non-significant.  Among the NPK fertilizer levels, 125% RDF showed the highest grain yield and straw yield (1357 and 2761 kg/ha), which further remained on par with 100% RDF. This indicates that the existing RDF is sufficient to meet the nutrient demand of proso millet under the given soil conditions, and additional fertilizer application does not proportionately enhance yield. Moreover, the harvest index was also not significantly varied between 125% RDF and 100% RDF, which clearly indicates that the additional 25% NPK dose did not contribute to the increment in grain yield. The higher yield with increased RDF might be attributed to enhanced nutrient availability for instant uptake by the plants. Moreover, increased NPK fertilizer dose might enhance the photosynthesis and translocation of photosynthates from source to sink, which ultimately contributes to higher economic yield. Absolute control, where no fertilizers were added to the soil, recorded the lowest grain yield, straw yield and harvest index. These results corroborate the results reported by Himasree (2021).  The highest gross returns, net returns and benefit cost ratio were recorded in 125% RDF, which is further found on par with 100% RDF. Higher grain and straw yields reported in 125% and 100% might be contributed to increased returns. These results align with the results reported by Leela (2022) in proso millet.
Among the varieties, pre-release variety DHPM-6-3 produced the highest grain yield (1165 kg/ha), however, it was closely on par with the national check variety TNAU 202. The higher growth and yield-attributing characters recorded might be the reason for increased grain and straw yield in these varieties. The lowest grain yield was recorded with TNPm 230, however, its straw yield was significantly higher (2642 kg/ha) than all other varieties. The harvest index was higher with TNAU 202 (33.45%), but remained on par with DHPM-6-3 (33.03%). The differences in yield were attributed to the differences in their genetic potential to supply and translocate the photosynthates from source to sink. These findings are in line with Nandini and Sridhara (2019) and Bhavani et al. (2021). Considering the economics, the pre-release variety DHPM-6-3 showed higher gross returns, net returns and benefit cost ratio, however, it was closely followed by the national check variety TNAU 202. 
Effect on plant nutrient uptake:
Fertilizer levels and varieties significantly influenced the plant nutrient uptake. 125% RDF showed higher uptakes of nitrogen, phosphorus and potassium in the proso millet grain and remained on par with 100% RDF. Whereas, the nitrogen, phosphorus and potassium uptakes in straw were significantly higher with 125% RDF, compared to all other graded doses. Higher nutrient availability in higher RDF treatments might be attributed to the higher nutrient concentration in both grain and straw. The higher nutrient concentration coupled with higher grain and straw yields might be the reason for higher nutrient uptakes in these treatments. The lowest plant nutrient uptakes were obtained with absolute control due to lower nutrient concentration and lower yield. This might be due to the non-application of NPK fertilizers, which eventually results in poor growth and yield. These results were corroborated with the results reported by Jyothi et al. (2016) and Leela (2022). 
Among the varieties, the pre-release variety DHPM-6-3 recorded significantly higher nitrogen, phosphorus and potassium uptake in grain, whereas the national check TNPm 230 exhibited higher uptake of nitrogen, phosphorus and potassium in straw compared to the other varieties. The higher nutrient uptake in grain by DHPM-6-3 and in straw by TNPm 230 could be attributed to their respective higher grain and straw yields.
CONCLUSION:
From the results of the experiment, it can be concluded that application of 100% RDF was found to be optimum for proso millet, as it produced yields comparable to 125% RDF, while saving 25% fertilizer inputs. Among the varieties evaluated, the pre-release variety DHPM-6-3 proved superior in terms of grain yield, profitability and nutrient uptake. Furthermore, its shorter plant stature imparted non-lodging characteristics, making it more suitable for mechanized harvesting.
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Table 1: Effect of graded NPK fertilizer levels on growth and yield attributes of proso millet varieties.
	Treatments
	Days to 50% flowering
	Days to maturity
	Plant height (cm)
	Productive tillers plant-1
	1000 seed weight(g)

	Main plots :Fertilizer levels (F) 

	F0: Absolute control
	37.1
	67.8
	101.4
	4.0
	2.67

	F1: 75% RDF
	39.2
	69.5
	113.3
	7.7
	2.72

	F2: 100% RDF 
	40.9
	71.1
	118.5
	12.2
	2.75

	F3: 125% RDF 
	42.3
	73.0
	121.7
	13.6
	2.78

	S.Em± 
	0.28
	0.33
	1.17
	0.42
	0.02

	C.D (p=0.05) 
	0.97
	1.14
	4.04
	1.45
	0.08

	C.V(%)
	2.45
	1.62
	3.55
	15.50
	2.81

	Subplots: Pre release varieties (V) 

	V1: DHPM-6-3
	35.7
	66.0
	105.3
	10.7
	2.81

	V2: DHPM-8-3
	43.5
	74.2
	120.0
	8.7
	2.64

	V3: TNPm 230 (NC)
	42.3
	72.8
	122.3
	8.3
	2.70

	V4: TNAU 202 (NC)
	37.9
	68.4
	107.3
	9.7
	2.78

	S.Em± 
	0.46
	0.46
	2.53
	0.35
	0.02

	C.D (p=0.05) 
	1.34
	1.35
	7.40
	1.02
	0.05

	C.V(%)
	3.99
	2.28
	7.72
	12.97
	2.03

	Interaction 
	
	
	
	
	

	i.Two sub plots at same level of main plots

	S.Em± 
	0.92
	0.92
	5.07
	0.70
	0.03

	C.D (p=0.05) 
	NS
	NS
	NS
	NS
	NS

	ii.Two main plots at same level of subplots

	S.Em± 
	0.84
	0.87
	4.54
	0.74
	0.04

	C.D (p=0.05) 
	NS
	NS
	NS
	NS
	NS













Table 2: Effect of graded NPK fertilizer levels on yield and economics of proso millet varieties.
	Treatments
	Grain yield (kg ha-1)
	Straw yield (kg ha-1)
	HI   (%)
	Gross income (Rs ha-1)
	Net income (Rs/ha-1)
	B:C

	Main plots :Fertilizer levels (F) 

	F0: Absolute control
	555
	1585
	26.09
	17118
	-2562
	0.87

	F1: 75% RDF
	982
	2439
	29.00
	29943
	8598
	1.40

	F2: 100% RDF 
	1255
	2639
	32.39
	37783
	15883
	1.73

	F3: 125% RDF 
	1357
	2761
	32.86
	40761
	18306
	1.82

	S.Em± 
	57.29
	61.93
	1.04
	-
	-
	-

	C.D (p=0.05) 
	198.26
	214.30
	3.59
	-
	-
	-

	C.V(%)
	19.13
	9.11
	11.95
	-
	-
	-

	Subplots: Pre release varieties (V) 

	V1: DHPM-6-3
	1165
	2285
	33.03
	34919
	13574
	1.61

	V2: DHPM-8-3
	995
	2396
	28.86
	30263
	8918
	1.40

	V3:TNPm 230 (NC)
	895
	2642
	24.99
	27709
	6364
	1.28

	V4: TNAU 202 (NC)
	1093
	2099
	33.45
	32714
	11369
	1.51

	S.Em± 
	38.52
	60.93
	1.03
	-
	-
	-

	C.D (p=0.05) 
	112.43
	177.84
	3.02
	-
	-
	-

	C.V(%)
	12.86
	8.96
	11.91
	-
	-
	-

	Interaction 
	
	
	
	
	
	

	i.Two sub plots at same level of main plots

	S.Em± 
	77.04
	121.86
	2.07
	-
	-
	-

	C.D (p=0.05) 
	NS
	NS
	NS
	-
	-
	-

	ii.Two main plots at same level of subplots

	S.Em± 
	87.94
	122.36
	2.07
	-
	-
	-

	C.D (p=0.05) 
	NS
	NS
	NS
	-
	-
	-










Table 3: Effect of graded NPK fertilizer levels on nutrient uptake of pre release varieties.
	
	Nitrogen uptake (kg ha-1) 
	Phosphorus uptake (kg ha-1) 
	Potassium uptake (kg ha-1) 

	Treatments
	Grain 
	Straw 
	Grain 
	Straw 
	Grain 
	Straw 

	Main plots :Fertilizer levels (F)

	F0: Absolute control
	7.3
	5.4
	2.4
	3.6
	2.2
	8.0

	F1: 75% RDF
	17.7
	11.0
	5.3
	7.4
	4.6
	14.6

	F2: 100% RDF 
	25.1
	13.0
	7.7
	10.4
	6.7
	16.7

	F3: 125% RDF 
	28.3
	14.5
	8.5
	11.5
	7.7
	18.5

	S.Em±
	1.43
	0.32
	0.39
	0.28
	0.33
	0.54

	C.D (p=0.05)
	4.95
	1.12
	1.35
	0.97
	1.14
	1.87

	CV(%)
	25.24
	10.19
	22.74
	11.82
	21.56
	12.85

	Subplots: Pre release varieties (V) 

	V1: DHPM-6-3
	22.5
	11.0
	6.9
	8.3
	6.1
	14.2

	V2: DHPM-8-3
	18.4
	10.2
	5.3
	7.4
	4.7
	14.0

	V3: TNPm 230 (NC)
	17.7
	13.3
	5.5
	10.3
	5.0
	17.0

	V4: TNAU 202 (NC)
	20.0
	9.6
	6.1
	7.0
	5.3
	12.5

	S.Em± 
	0.77
	0.35
	0.25
	0.49
	0.22
	0.47

	C.D (p=0.05) 
	2.25
	1.02
	0.74
	1.43
	0.65
	1.37

	CV(%)
	13.63
	11.02
	14.70
	20.51
	14.70
	11.24

	Interaction
	
	
	
	
	
	

	i.Two sub plots at same level of main plots

	S.Em± 
	1.54
	0.70
	0.51
	0.98
	0.45
	0.94

	C.D (p=0.05) 
	NS
	NS
	NS
	NS
	NS
	NS

	ii.Two main plots at same level of subplots

	S.Em± 
	1.96
	0.69
	0.59
	0.89
	0.51
	0.97

	C.D (p=0.05) 
	NS
	NS
	NS
	NS
	NS
	NS


      




