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Effect of Nitrogen and Potassium on growth attribute and nutrient availability of Pearl Millet
Abstract 
A field experiment was conducted during the kharif season of 2023 at MJRP College of Agriculture and Research, Jaipur, to evaluate the effect of nitrogen and potassium on growth parameters and soil nutrient availability in pearl millet (Pennisetum glaucum L.). The experiment comprised eight treatments arranged in a Randomized Block Design with three replications. Treatments included varying levels of nitrogen (60, 80, and 100 kg ha⁻¹) and potassium (20 and 40 kg ha⁻¹), along with a fixed phosphorus dose (30 kg P₂O₅ ha⁻¹) and a soil test-based treatment. The hybrid variety PHB-3 was used, and observations were recorded on plant population, height, dry matter production, and post-harvest soil properties at two depths (0–15 cm and 15–30 cm). Results indicated that nutrient management significantly influenced all growth parameters. The treatment T7 (100 kg N + 30 kg P₂O₅ + 40 kg K₂O ha⁻¹) produced the highest plant population (117628 ha⁻¹), plant height (172.60 cm), and dry matter yield (7539.67 kg ha⁻¹). Soil analysis revealed that this treatment also resulted in higher values of organic carbon, cation exchange capacity, and available nitrogen and potassium, especially at the 15–30 cm depth. The soil test-based treatment (T8- Application of N, P2O5 and K2O based on Soil Test Values.) also improved soil fertility indicators, highlighting the benefit of targeted nutrient application. The balanced application of nitrogen and potassium significantly enhances both crop performance and soil fertility under rainfed conditions. The results emphasize the importance of integrated nutrient management, particularly in semi-arid regions where soil fertility is often limiting. Adoption of such practices can help achieve higher and more sustainable productivity in pearl millet cultivation, while also maintaining long-term soil health.
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INTRODUCTION
Pearl millet (Pennisetum glaucum L.), commonly referred to as bajra, holds a critical position among staple cereal crops cultivated in arid and semi-arid agro-climatic zones across the globe, where its adaptability to extreme environmental conditions sets it apart from many other grains (Jukanti et al., 2016). Positioned as the fifth most important cereal after rice, wheat, maize, and sorghum, pearl millet has earned distinction due to its inherent climate resilience. The crop is capable of enduring prolonged drought, high ambient temperatures, and nutrient-depleted soils, conditions under which other cereal crops like maize and sorghum often exhibit severe yield declines (Muitire et al., 2021). It owes this hardiness to a robust and deeply penetrating root system that maximizes water extraction from soil strata and an efficient mechanism for utilizing limited water, making it ideally suited to grow in environments receiving annual rainfall ranging from just 200 to 600 mm (Prasad et al., 2020).

Geographically, its cultivation is heavily concentrated in the African and Asian continents, which together account for nearly 95% of the global area under pearl millet, with major contributions from countries such as Niger, Nigeria, Mali, and India (National Research Council, 2023). Current estimates suggest that pearl millet is grown globally on approximately 29 million hectares of land. Of this, about 60% is located in Africa and 35% in Asia, underscoring its significance as a key cereal in marginal farming systems (Satyavathi et al., 2024). For more than 500 million people, particularly those living in subsistence farming systems, pearl millet serves as a major dietary staple owing to its high energy value and nutritional composition (Tonapi et al., 2024). Nutritionally, the grain is known for its rich content of protein (ranging from 11–19%), carbohydrates (60–78%), fat (3.0–4.6%), and essential micronutrients such as phosphorus and iron, which are especially important in regions where micronutrient deficiencies are prevalent (Tripathi et al., 2021).

Beyond human consumption, pearl millet is also an integral component of livestock feed in mixed farming systems, providing a dual-purpose role as both food and fodder. Within the Indian agricultural landscape, the crop is cultivated on an estimated 9.3 million hectares, producing approximately 9.3 million tonnes annually, with an average national productivity of around 1044 kg ha⁻¹ (Malik, 2020). It ranks fourth among cereals and stands second among coarse cereals in terms of cultivation area and production volume. Rajasthan, characterized by its vast stretches of sandy and loamy soils, leads the country in area under pearl millet cultivation. Despite its extensive cultivation, the productivity in Rajasthan (1749 kg ha⁻¹) lags behind states such as Haryana (2040 kg ha⁻¹) and Madhya Pradesh (1924 kg ha⁻¹), indicating a strong need for interventions in crop and nutrient management strategies to bridge the productivity gap and improve efficiency.
Pearl millet's relatively short life cycle enhances its compatibility with intercropping and sequential cropping systems, which are prevalent in semi-arid zones (De Rouw, 2004). Nevertheless, despite its natural robustness, the full yield potential of pearl millet is often hampered by factors such as low soil fertility, poor nutrient retention capacity, and inadequate nutrient management practices. Among the primary macronutrients, nitrogen (N) significantly influences vegetative vigor and biomass production, whereas potassium (K) plays an essential role in water-use efficiency, enzyme activation, stress mitigation, and nutrient assimilation. Particularly in sandy loam soils that dominate regions like western India, inherent nitrogen levels tend to be insufficient, and potassium availability is often affected by leaching losses and complex soil interactions (Singhal et al., 2023).
To address these limitations and promote sustainable intensification of pearl millet-based systems, optimizing the management of nitrogen and potassium becomes imperative. While substantial work has explored the isolated effects of nitrogen fertilization on cereal productivity, the synergistic interaction between nitrogen and potassium especially in relation to pearl millet's physiological performance, dry matter accumulation, and soil nutrient dynamics under rainfed conditions—has received comparatively limited attention. In this context, the present study was conducted to assess the influence of varying combinations of nitrogen and potassium on the growth parameters, biomass yield, and soil nutrient availability in pearl millet cultivation. The overarching goal was to contribute to the formulation of region-specific, evidence-based nutrient management strategies that enhance crop productivity while maintaining long-term soil fertility in the challenging agro-ecologies of semi-arid regions.

MATERIALS AND METHODS
The field experiment was conducted during the kharif season of 2023 at the MJRP College of Agriculture and Research, Jaipur, located 26° 53' 55" N latitude and 75° 46' 22"E longitude with an elevation of 264 meters above mean sea level. The area lies in a semi-arid, subtropical region. Weather data during the crop growth period recorded weekly average maximum and minimum temperatures ranging from 30.54 °C to 38.50 °C and 23.41 °C to 27.93 °C, respectively. The average relative humidity was 79.09%, sunshine duration ranged from 0.61 to 7.56 hours per day, and the total rainfall received was 456 mm, with 280.5 mm falling over six rainy days.

The experimental field had sandy loam soil with neutral pH (7.35), electrical conductivity of 0.068 dS m⁻¹, and organic carbon content of 0.63%. It was low in available nitrogen (150.52 kg ha⁻¹), and high in available phosphorus (159.97 kg P₂O₅ ha⁻¹) and potassium (422.01 kg K₂O ha⁻¹). The experiment was laid out in a Randomized Block Design (RBD) with eight treatments and three replications. The net plot size was 5.0 m × 4.5 m (22.5 m²). Treatments included different combinations of nitrogen (60, 80, and 100 kg ha⁻¹) and potassium (20 and 40 kg ha⁻¹) with a fixed phosphorus dose (30 kg P₂O₅ ha⁻¹), alongside a control and one soil test-based treatment (78 kg N, 21 kg P₂O₅, and 14 kg K₂O ha⁻¹).

The pearl millet hybrid PHB-3 was sown on June 17, 2023, using a seed rate of 4 kg ha⁻¹. Seeds were treated with carbendazim @ 2 g kg⁻¹ to prevent seed-borne diseases. The land was prepared with two passes of a tractor-drawn cultivator, harrowing, and levelling, followed by furrow formation at 45 cm spacing. Urea (46% N) was used as the nitrogen source, applied in two equal splits at sowing and at 30 days after transplanting (DAT). Phosphorus was supplied through single super phosphate (16% P₂O₅), and potassium through muriate of potash (60% K₂O), both applied basally. One protective irrigation was applied after sowing, and the rest of the crop was grown under rainfed conditions. Hand weeding was done at 15 days after sowing, and stem borer infestation was controlled with chlorpyriphos @ 2.5 ml L⁻¹. Bird scaring was arranged from the 65th day until harvest. Biometric observations included plant height and dry matter accumulation. Plant height was recorded from five randomly selected plants per plot at 30 and 60 DAT and at harvest. Dry matter was estimated by collecting five plants per plot at each stage, drying them first in sunlight and then in an oven at 60 °C to constant weight, and expressing the values as kg ha⁻¹.

Post-harvest soil samples were collected from two depths (0–15 cm and 15–30 cm) from each plot. The samples were air-dried, ground, sieved (2 mm), and stored for laboratory analysis. Soil pH was measured in 1:2 soil-water suspension using a glass electrode pH meter as described by Jackson (1973). Electrical conductivity (EC) was determined using a digital EC meter in 1:2 soil-water suspension following Richards et al. (1954). Organic carbon was analysed by the wet oxidation method proposed by Walkley and Black (1934), as modified by Jackson (1973). Cation Exchange Capacity (CEC) was determined by the ammonium acetate method using sodium saturation and flame photometry according to Bower et al. (1952).

The mechanical composition of the soil (texture) was determined by the hydrometer method as per Piper (1950). Available nitrogen was estimated using the alkaline permanganate method developed by Subbiah and Asija (1956). Available phosphorus was extracted with 0.5 M NaHCO₃ (pH 8.5) and analysed calorimetrically using a spectrophotometer at 660 nm, as described by Olsen et al. (1954). Available potassium was extracted with neutral normal ammonium acetate and determined using a flame photometer following the procedure of Jackson (1973). All experimental data were statistically analysed using analysis of variance (ANOVA) as described by Panse and Sukhatme (1978) for the Randomized Block Design. Significance of treatment differences was tested at the 5% probability level. Where significant, the critical difference (CD) was calculated and reported.

Result and Discussion
Plant Population at Harvest
Significant variations in plant population at harvest were observed under different nutrient management treatments (Table 1). The highest plant population (117628.45 ha⁻¹) was recorded in treatment T7 (100 kg N ha⁻¹ + 30 kg P₂O₅ ha⁻¹ + 40 kg K₂O ha⁻¹), closely followed by T8 (soil test-based nutrient application) and T5. The lowest plant population (101184.17 ha⁻¹) was observed in the control (T1), which received no fertilizer. The increased plant population in fertilized plots could be attributed to improved early plant Vigor and better survival due to enhanced nutrient availability, particularly nitrogen and potassium, which play crucial roles in cell division and root development. Potassium, in particular, enhances water retention and disease resistance, which likely contributed to better plant stand in T7 (Maiya, 2024). Similar results were reported by (Bhargavi, 2021), where integrated N and K application improved emergence and plant establishment in pearl millet.

Plant Height at Harvest
Plant height was significantly influenced by different levels of nitrogen and potassium (Table 1). The tallest plants (179.60 cm) were recorded in T4 (100 kg N ha⁻¹ + 30 kg P₂O₅ ha⁻¹ + 20 kg K₂O ha⁻¹), followed by T7 (172.60 cm) and T3 (172.60 cm). The shortest plants were observed in the control treatment (158.28 cm). The enhanced plant height in N and K treated plots could be attributed to the role of nitrogen in promoting vegetative growth through enhanced chlorophyll synthesis, which in turn increases photosynthesis and cell elongation (Bhanu, 2014). Potassium contributes to enzyme activation and osmoregulation, further supporting growth processes (Maiya, 2024). The slight difference between T4 and T7 also highlights that while higher potassium enhances biomass, excessive K may not necessarily promote additional plant height beyond optimal levels. 
 
Dry Matter Production at Harvest
Dry matter accumulation was significantly influenced by the nutrient management practices (Table 1). The maximum dry matter production (7539.67 kg ha⁻¹) was recorded in T7, followed by T4 (7108.45 kg ha⁻¹) and T6 (6696.67 kg ha⁻¹). The lowest dry matter production (4108.59 kg ha⁻¹) was observed in the unfertilized control (T1). Higher dry matter production under T7 can be attributed to the synergistic effect of nitrogen and potassium application, which enhances photosynthetic activity, leaf area development, and translocation of assimilates towards biomass accumulation (Maiya, 2024). Nitrogen promotes shoot growth, while potassium plays a significant role in improving water use efficiency and nutrient translocation (Singh and Pal, 2015). The improvement in dry matter production in the soil test-based treatment (T8) also indicates the effectiveness of site-specific nutrient management. These findings are consistent with those of (Bhanu, 2014), who reported that balanced fertilization significantly enhances the biomass accumulation and overall productivity of pearl millet in semi-arid regions.

Soil Properties at 0–15 cm Depth as Influenced by Nutrient Management
Post-harvest soil analysis at the 0–15 cm depth revealed that nutrient management significantly influenced key soil properties (Table 2). Soil pH remained near neutral, ranging from 6.85 in T5 (60 kg N ha⁻¹ + 30 kg P₂O₅ ha⁻¹ + 40 kg K₂O ha⁻¹) to 7.19 in T6 (80 kg N ha⁻¹ + 30 kg P₂O₅ ha⁻¹ + 40 kg K₂O ha⁻¹), showing that fertilization had minimal impact on soil acidity due to the buffering capacity of sandy loam soils (Bhanu, 2014). Electrical conductivity (EC) values were low across treatments (0.043–0.058 dS m⁻¹), with the highest in T7 (100 kg N ha⁻¹ + 30 kg P₂O₅ ha⁻¹ + 40 kg K₂O ha⁻¹), suggesting increased ionic concentration from residual fertilizer salts, though still within non-saline limits (De Rouw, 2004). Organic carbon ranged from 0.44% in T2 (RDF: 60 kg N + 30 kg P₂O₅ + 20 kg K₂O ha⁻¹) and T5 to 0.58% in T8 (soil test-based application: 78 kg N + 21 kg P₂O₅ + 14 kg K₂O ha⁻¹), likely due to enhanced root biomass and organic matter input in well-fertilized plots (Bhanu, 2014). Cation exchange capacity (CEC) varied from 4.44 cmol(p⁺) kg⁻¹ in T1 (Control: no fertilizers) to 10.65 cmol (p⁺) kg⁻¹ in T7, indicating improved nutrient-holding capacity with higher organic matter (De Rouw, 2004). Available nitrogen content increased substantially from 197.79 kg ha⁻¹ in the control to 295.41 kg ha⁻¹ in T7, reflecting residual N buildup due to greater fertilization (Maiya, 2024). Phosphorus availability was highest (111.8 kg ha⁻¹) in T5, potentially due to limited uptake or fixation, and lowest in T3 (80 kg N ha⁻¹ + 30 kg P₂O₅ ha⁻¹ + 20 kg K₂O ha⁻¹). Available potassium content ranged from 115.1 kg ha⁻¹ in T3 to 165.8 kg ha⁻¹ in T4 (100 kg N ha⁻¹ + 30 kg P₂O₅ ha⁻¹ + 20 kg K₂O ha⁻¹), suggesting residual benefits from applied K as well as variable uptake rates (Maiya, 2024). Overall, T7 and T8 proved most effective in enhancing soil fertility indicators at surface depth, supporting the benefits of balanced or soil test-based nutrient management.

Soil Properties at 15–30 cm Depth as Influenced by Nutrient Management
At the 15–30 cm soil depth, nutrient management practices showed noticeable effects on soil physicochemical properties (Table 3). Soil pH ranged from 6.92 to 7.21, with the lowest in T5 (60 kg N ha⁻¹ + 30 kg P₂O₅ ha⁻¹ + 40 kg K₂O ha⁻¹) and the highest in T7 (100 kg N ha⁻¹ + 30 kg P₂O₅ ha⁻¹ + 40 kg K₂O ha⁻¹), indicating a slight acidifying effect of higher nitrogen and potassium applications, moderated by the subsoil's buffering capacity (Bhargavi ,2021). Electrical conductivity (EC) remained low and within non-saline limits (0.027 to 0.041 dS m⁻¹), with the highest EC in T6 (80 kg N ha⁻¹ + 30 kg P₂O₅ ha⁻¹ + 40 kg K₂O ha⁻¹) due to possible accumulation of residual fertilizer salts (Richards et al., 1954). Organic carbon content varied from 0.25% to 0.47%, highest under T7 and T8 (Soil test-based application: 78 kg N ha⁻¹ + 21 kg P₂O₅ ha⁻¹ + 14 kg K₂O ha⁻¹), likely due to increased root biomass and organic inputs, consistent with the findings of (Bhargavi, 2021). Cation exchange capacity (CEC) ranged from 6.17 to 10.63 cmol (p⁺) kg⁻¹, with the highest value in T7, reflecting the strong influence of organic matter on nutrient retention (Bhanu, 2014). Available nitrogen increased significantly with nitrogen application, from 208.07 kg ha⁻¹ in T1 (Control – no fertilizers applied) to 300.56 kg ha⁻¹ in T7, indicating downward movement due to leaching (Subbiah and Asija, 1956). Available phosphorus ranged from 81.01 to 141.86 kg ha⁻¹, highest in T7, likely due to increased root activity and moisture (Olsen et al., 1954). Available potassium ranged from 101.24 to 184.12 kg ha⁻¹, highest in T4 (100 kg N ha⁻¹ + 30 kg P₂O₅ ha⁻¹ + 20 kg K₂O ha⁻¹), possibly due to mineralization or reduced uptake, while elevated values in T6 and T7 suggest residual effects of potassium application (Bhanu, 2014).

Table:1 Plant Population, Plant height (cm), Dry matter production (kg ha-1) at harvest at different stages of crop growth as influenced by nutrient management practices
	Treatment
	Plant Population At harvest
	Plant height (cm) At harvest
	Dry matter production (kg ha-1) At harvest

	T1: Control (no fertilizers).
	101184.17
	158.28
	4108.59

	T2: 60 kg N ha-1	+ 30 kg P2O5 ha-1	+ 20 kg K2O ha-1 (RDF)
	113035.91
	161.00
	5830.45

	T3: 80 kg N ha-1	+ 30 kg P2O5 ha-1	+ 20 kg K2O ha-1
	115998.84
	172.60
	6460.12

	T4: 100 kg N ha-1  + 30 kg P2O5 ha-1	+ 20 kg K2O ha-1
	115702.54
	179.60
	7108.45

	T5: 60 kg N ha-1	+ 30 kg P2O5 ha-1	+ 40 kg K2O ha-1
	116295.13
	169.80
	5982.51

	T6: 80 kg N ha-1	+ 30 kg P2O5 ha-1	+ 40 kg K2O ha-1
	110665.56
	165.92
	6696.67

	T7: 100 kg N ha-1  + 30 kg P2O5 ha-1 + 40 kg K2O ha-1
	117628.45
	172.60
	7539.67

	T8: Application of N, P2O5 and K2O based on Soil Test Values.
	117035.86
	170.00
	6430.40

	SEm±
	4805.27
	0.793
	59.786

	CD (P = 0.05)
	N.S.
	2.429
	183.100












[bookmark: _Hlk197632995]Table:2 Soil pH, EC (dSm-1at 25° C), organic carbon (%), CEC (cmol (p+) kg-1) and available N, P2O5 and K2O (kg ha-1) at 0-15 cm depth as influenced by nutrient management practices after harvest
	Treatment
	pH
	EC
	O.C
	CEC
	N
	P2O5
	K2O

	T1: Control (no fertilizers)
	7.08
	0.046
	0.50
	4.44
	197.79
	79.0
	121.0

	T2: 60 kg N ha-1 + 30 kg P2O5 ha-1 + 20 kg K2O ha-1 (RDF)
	7.09
	0.046
	0.44
	7.59
	232.47
	81.7
	142.5

	T3: 80 kg N ha-1 + 30 kg P2O5 ha-1 + 20 kg K2O ha-1
	7.15
	0.045
	0.52
	7.17
	246.60
	58.8
	115.1

	T4: 100 kg N ha-1  + 30 kg P2O5 ha-1 + 20 kg K2O ha-1
	7.16
	0.046
	0.47
	8.55
	282.56
	74.2
	165.8

	T5: 60 kg N ha-1 + 30 kg P2O5 ha-1 + 40 kg K2O ha-1
	6.85
	0.052
	0.44
	9.38
	237.61
	111.8
	118.7

	T6: 80 kg N ha-1 + 30 kg P2O5 ha-1 + 40 kg K2O ha-1
	7.19
	0.043
	0.47
	8.93
	256.88
	87.5
	150.5

	T7: 100 kg N ha-1  + 30 kg P2O5 ha-1 + 40 kg K2O ha-1
	6.96
	0.058
	0.56
	10.65
	295.41
	92.5
	148.7

	T8: Application of N, P2O5 and K2O based on Soil Test Values
	7.03
	0.044
	0.58
	7.83
	236.33
	76.4
	116.0

	SEm±
	0.107
	0.01
	0.08
	0.106
	1.763
	0.89
	1.123

	CD (P = 0.05)
	NS
	NS
	NS
	0.325
	5.400
	2.725
	3.439

	Intial soil analysis
	7.35
	0.068
	0.63
	4.62
	150.52
	159.97
	422.01



Table: 3  Soil pH, EC (dSm-1at 25° C), organic carbon (%), CEC (cmol (p+) kg-1) and available N, P2O5 and K2O (kg ha-1) at 15-30 cm depth as influenced by nutrient management practices after harvest
	Treatment
	pH
	EC
	O.C
	CEC
	N
	P2O5
	K2O

	T1: Control (no fertilizers).
	7.18
	0.032
	0.36
	6.17
	208.07
	99.64
	129.02

	T2: 60 kg N ha-1 + 30 kg P2O5 ha-1 + 20 kg K2O ha-1 (RDF)
	7.20
	0.027
	0.27
	7.78
	231.19
	81.01
	118.68

	T3: 80 kg N ha-1 + 30 kg P2O5 ha-1 + 20 kg K2O ha-1
	7.20
	0.031
	0.32
	8.17
	250.45
	126.81
	101.24

	T4: 100 kg N ha-1  + 30 kg P2O5 ha-1 + 20 kg K2O ha-1
	7.15
	0.029
	0.34
	8.27
	292.84
	99.82
	184.12

	T5: 60 kg N ha-1 + 30 kg P2O5 ha-1 + 40 kg K2O ha-1
	6.92
	0.030
	0.25
	8.16
	244.04
	85.79
	107.96

	T6: 80 kg N ha-1 + 30 kg P2O5 ha-1 + 40 kg K2O ha-1
	7.20
	0.041
	0.30
	9.70
	262.02
	109.72
	128.12

	T7: 100 kg N ha-1  + 30 kg P2O5 ha-1 + 40 kg K2O ha-1
	7.21
	0.037
	0.47
	10.63
	300.56
	141.86
	112.89

	T8: Application of N, P2O5 and K2O based on Soil Test Values.
	7.10
	0.029
	0.45
	6.70
	245.32
	109.55
	108.86

	SEm±
	0.138
	0.01
	0.07
	0.091
	1.767
	1.165
	1.514

	CD (P = 0.05)
	NS
	NS
	NS
	0.280
	5.411
	3.569
	4.636

	Intial soil analysis
	7.31
	0.072
	0.43
	6.54
	125.61
	106.13
	286.27










Conclusion
The present study demonstrated that integrated application of nitrogen and potassium significantly influenced the growth attributes and soil nutrient dynamics of pearl millet. Among all treatments, T7 (100 kg N ha⁻¹ + 30 kg P₂O₅ ha⁻¹ + 40 kg K₂O ha⁻¹) recorded the highest plant height, dry matter production, and improved soil fertility at both 0–15 cm and 15–30 cm depths. Enhanced organic carbon, cation exchange capacity, and availability of nitrogen and potassium in fertilized plots indicate the effectiveness of balanced nutrient management in sustaining soil health. Soil test-based treatment (T8- Application of N, P2O5 and K2O based on Soil Test Values.) also showed favorable results, supporting the need for site-specific recommendations. These findings suggest that higher nitrogen combined with adequate potassium not only boosts crop performance but also improves soil nutrient status under rainfed conditions. Adopting balanced fertilization strategies is essential for optimizing pearl millet productivity and maintaining long-term soil fertility in semi-arid regions.
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