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Influence of Conservation Tillage Practices and Irrigation Levels on Nutrient Dynamics and Uptake in Wheat
Abstract
 	Wheat (Triticum aestivum L.) is a crucial cereal crop cultivated globally owing to its adaptability to diverse climatic and edaphic conditions. The present study was conducted to assess the performance of wheat under different tillage practices and irrigation regimes to enhance productivity and water use efficiency.  A two-year field experiment was conducted to evaluate the effects of different tillage practices (conventional tillage, zero tillage, and the raised bed method) and irrigation regimes (rainfed, irrigation at 25%, 40%, and 50% depletion of available soil moisture) on nutrient content and uptake in wheat. The study revealed non-significant differences in nitrogen and phosphorus contents (%) in both grain and straw across tillage practices and irrigation regimes. However, the raised bed method of sowing recorded the highest nitrogen and phosphorus content in the grain and straw. Significant differences in the potassium content (%) in grains were observed, with the ride-bed method being superior to conventional tillage. The irrigation regime at 25% depletion of available soil moisture (DASM) resulted in a significantly higher protein content (%) than irrigation at 50% DASM and rainfed conditions. The highest total uptake of nitrogen, phosphorus, and potassium (kg ha-1) was observed under the irrigation regime at 25% DASM, which was significantly superior to the other regimes. Among tillage practices, zero tillage recorded the highest total uptake of nutrients, comparable to conventional tillage, and significantly superior to the raised bed method. These findings suggest that appropriate tillage practices and irrigation scheduling can optimise nutrient content and uptake in wheat, ultimately contributing to enhanced productivity and water use efficiency. The data further revealed that both tillage practices and different irrigation regimes recorded non-significant differences in phosphorus content (%) in the grain and straw. Overall, we concluded that there were non-significant differences in nitrogen and phosphorus content (%) in grain and straw across tillage practices and irrigation regimes, with the raised bed method recording the highest values. 
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Introduction
“Wheat (Triticum aestivum L.) is one of the most important crops worldwide, and, as a resilient cereal, it grows in various climatic zones. Due to changing climatic conditions and naturally occurring environmental fluctuations, the priority problem in the cultivation of wheat is to improve the quality of the crop” (Filip et al., 2023; Miransari & Smith, 2019). Wheat  is a crucial cereal crop cultivated globally owing to its adaptability to diverse climatic and edaphic conditions. In India, the projected demand for wheat by 2020 was estimated to range between 105 to 109 million tonnes (MT), compared to the current production of 102.2 MT (Chopra et al. 2016). To address the increasing food demand, enhancing production per unit area and time is imperative. Research indicates that inadequate crop establishment and improper irrigation scheduling are the primary factors contributing to low wheat productivity. Choosing an appropriate sowing method is vital for optimal seed placement at the correct depth, facilitating improved emergence and subsequent crop growth. Various sowing methods have been employed based on soil moisture availability, planting time, field residue, and planting machinery availability (Meena et al. 2022). “Nitrogen is the most important structural element of the cell.  As a result, it is thought to be the most crucial nutrient for plant growth, which would be impossible without it.  Without it, crop growth is significantly hindered, the foliage turns yellow, the grain shrivels, and the agricultural yield ultimately decreases” (Tiwari et al., 2023). “Raised bed systems utilise less water than traditional flood irrigation because water is applied only to the furrow tops, promoting lateral rather than downward movement” (Jat et al. 2013; Dass and Bhattacharyya, 2017). “However, owing to reduced irrigation water and more efficient moisture utilisation by the wheat crop, the irrigation frequency is higher with raised beds. Consequently, long-term zero-tillage furrow bed (ZTFB) systems retain more soil moisture, facilitating better water utilisation by wheat crops and reducing evaporation. Conventional soil management practices in major Indian crop production regions contribute to soil, water, and nutrient losses, degradation of soil physical health, and depletion of organic matter” (Ghosh et al., 2022; Meena et al., 2022). 
[bookmark: _GoBack]“Tillage is one of the energy-intensive processes in agricultural production. The energy intensity of this process depends on the physical and mechanical properties of the soil and the structural and technological parameters of the tillage machines” (Mudarisov et al., 2019). Tillage is employed in soils to manage weeds, disrupt crusts (thereby enhancing water infiltration), increase surface roughness (facilitating water retention), and prepare seedbeds. The selection of an appropriate tillage method is contingent on the soil type and climatic conditions of the region (Coughlan et al., 1989). “The global scarcity of water resources has emerged as a limiting factor in agricultural development, posing a significant threat to global food security” (Guan et al., 2015). “Tillage enhances soil bulk density, penetration resistance, hydraulic conductivity, water movement within the soil, soil compactness, water content, air-filled pore volume, and porosity” (Hamza and Anderson, 2005; Jabro et al., 2010). “Additionally, it improves root penetration, water infiltration, water-holding capacity, weed control, and nutrient availability through the rapid decomposition of organic matter, thereby supporting crop production” (Nweke, 2018). “Bed planting within a rice-wheat system is a technique aimed at improving resource-use efficiency and increasing yield. This method conserves resources such as water, nutrients, and labour, while also promoting greater diversification of the cropping system” (Jat et al., 2005). “Several studies have documented varying water requirements and optimal irrigation frequencies for wheat” (Kumar et al. 2023; Zhang et al. 1999). The present study was conducted to assess the performance of wheat under different tillage practices and irrigation regimes to enhance productivity and water use efficiency. In this system, wheat is planted on top of raised beds. Crops are planted in rows on top of the raised beds, and irrigation water is applied through the furrows between the beds, which greatly enhances water conservation and drainage.
Materials and Methods
An experiment was conducted at the research farm of Bihar Agricultural University, Sabour, Bhagalpur, Bihar, during the rabi seasons of 2023-24 and 2024-25. The soil texture at the experimental site was characterised as a sandy loam. The study employed a split-plot design, comprising three main plot treatments and four sub-plot treatments, each replicated three times. The main plot treatments involved different tillage practices: M1-Conventional tillage, M2-Zero tillage, and M3-Raised bed method. The sub-plot treatments consisted of various irrigation regimes: (I0) rainfed (no irrigation), (I1) irrigation at 25% DASM, (I2) irrigation at 40% DASM, and (I3) irrigation at 50% DASM. Detailed treatment information is provided in Table 1. Crop residue was removed from the zero-tillage plot in both years. At the initiation of the main plot treatment, the initial organic carbon content was 0.40%, with available nitrogen, phosphorus, and potassium levels of 175, 15.4, and 156 kg ha-1, respectively. The experiment spanned the academic years 2023-24 and 2024-25, comprising 12 treatment combinations derived from the three main plots and four sub-plots. The entire setup was replicated in the second year to validate the findings. The wheat variety DBW 187, a high-yielding strain developed by the IIWBR in Karnal, was used. Karan Vandana (DBW 187) is the latest wheat variety released for irrigated, timely sown conditions in the northeastern plains. Randomisation principles were adhered to for the allocation of treatments among the experimental units. This analysis accounts for the effects of block borders, field borders, plot borders, and irrigation channels. Following crop harvest, plant samples were collected to assess the concentrations of nitrogen (N), phosphorus (P), and potassium (K) within the plants. Grain and straw samples were carefully collected from each net plot area and subsequently dried in an oven at a temperature of 65 ± 5 °C for a period of 48-72 hours. After drying, the samples underwent a grinding process using a Willey mill, were sieved through a 35 mm mesh, and then sealed in labelled polythene containers. These processed samples were then used for laboratory analysis to determine nutrient content and absorption following established methodologies. To determine the content and uptake of nitrogen (N), phosphorus (P), and potassium (K) by both the grain and straw, the crop yield was multiplied by the nutrient content present in the grain and straw, as described by Black et al. (1967). The resulting values were expressed as the uptake of N, P, and K by the crop, measured in kilograms per hectare (kg ha-1). The nutrient content (kg ha-1) was calculated using the formula: Nutrient content (%) in grain and straw/ 100 x Grain and Straw Yield (kg ha-1).
Statistical analysis
The data obtained from various observations were subjected to statistical analysis utilising the analysis of variance procedure for split-plot design (SPD), as outlined by Panse and Sukhatma (1985). For instances where the 'F' test was significant, the critical difference (CD) was reported at a 5 per cent probability level.
Results and Discussion
N, P, K and Protein content (%) in grains and N, P, K content (%) in straw
Data concerning the impact of tillage methods and irrigation on nitrogen (N), phosphorus (P), and potassium (K) content (%) in plants are presented in Tables 1-5. The data indicated that both tillage practices and various irrigation regimes exhibited non-significant differences in nitrogen content (%) in both grain and straw. Notably, the highest nitrogen content in the grain and straw was observed in the raised bed sowing method, with values of 1.76% and 0.79%, respectively. Similarly, the irrigation regime showed non-significant differences in nitrogen content, with the maximum nitrogen content recorded under the (I1) irrigation at 25% DASM, yielding 1.77% and 0.81% for grain and straw, respectively. This finding contradicts previous research, which suggested that tillage practices could influence nitrogen content. Traditionally, zero tillage has been associated with improved nitrogen retention owing to reduced soil disturbance, potentially leading to higher organic matter decomposition and mineralisation of nitrogen compounds. The data further revealed that both tillage practices and different irrigation regimes recorded non-significant differences in phosphorus content (%) in the grain and straw. However, the maximum phosphorus content (%) in the grain and straw was recorded in the raised bed method of sowing, with values of 0.36% and 0.51%, respectively. The irrigation regime also resulted in non-significant differences in phosphorus content (%). Similarly, tillage practices showed no significant differences in K content (%) in straw, but significant differences in K content in grains were observed. The maximum potassium content (%) in grain, recorded in the raised bed method of sowing (0.59%), was significantly superior to that of the conventional tillage practice (0.54%). The irrigation regime also showed non-significant differences in potassium content (%), with the maximum potassium content (%) recorded under (I1) irrigation at 25% DASM, yielding 0.58% and 1.57% for grain and straw, respectively. The data revealed that tillage practices resulted in non-significant differences in the protein content (%) of the grains. However, the maximum protein content (%) of the grains was recorded for the raised bed method of sowing (10.63%). For the irrigation regime, the data indicated that (I1) irrigation at 25% DASM resulted in a significant difference in protein content (%) compared to (I3) and (I0).
Nutrients (N, P and K) uptake (kg ha-1)
Among the various irrigation regimes, the highest total uptake of nitrogen, phosphorus, and potassium (kg ha-1) was observed in the (I1) irrigation at 25% DASM, with values of 121.11, 44.76, and 117.21 kg ha-1, respectively. This regime was significantly superior to the other irrigation regimes. Conversely, the lowest nutrient uptake was recorded under the (I0) no-irrigation condition for all nutrients (N, P, and K). Increased water availability in the root zone enhances nutrient solubility, facilitating root absorption and translocation to the plants. Similar findings were reported by Kumar et al. (2023) and Gawdiya et al. (2023). Regarding tillage practices, the total uptake of nitrogen, phosphorus, and potassium (kg ha-1) for the years 2023-24 and 2024-25 was highest under (M2) zero tillage, with values of 117.79, 43.44, and 114.21 kg ha-1, respectively. This was comparable to (M1) conventional tillage, which recorded values of 115.94, 42.73, and 114.44 kg ha-1, and was significantly superior to the (M3) raised bed sown plot. Similar results were documented by Singh and Seth (1978).
Conclusion  
Overall, we concluded that there were non-significant differences in nitrogen and phosphorus content (%) in grain and straw across tillage practices and irrigation regimes, with the raised bed method recording the highest values. Significant differences in the potassium content (%) in grains were found, with the ridge-bed method being superior to conventional tillage. Irrigation with 25% depletion of available soil moisture resulted in a significantly higher protein content (%) compared to other regimes. The highest total uptake of nitrogen, phosphorus, and potassium (kg ha-1) was observed under irrigation with 25% depletion of available soil moisture, which was significantly superior to other regimes. Among tillage practices, zero tillage recorded the highest total uptake of nutrients, comparable to conventional tillage and significantly superior to the raised bed method.
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Table 1: Effect of tillage practices and irrigation regime on N, P, K and Protein content (%) in grains of wheat
	Treatments
	N content (%) 
	P content (%) 
	K content (%) 

	 
	2023-24
	2024-25
	Pooled
	2023-24
	2024-25
	Pooled
	2023-24
	2024-25
	Pooled

	MAIN PLOT – Tillage practices

	M1
	1.71
	1.75
	1.73
	0.35
	0.34
	0.35
	0.54
	0.55
	0.55

	M2
	1.73
	1.77
	1.75
	0.36
	0.35
	0.36
	0.56
	0.58
	0.57

	M3
	1.73
	1.78
	1.76
	0.36
	0.36
	0.36
	0.58
	0.59
	0.59

	Sem ±
	0.02
	0.02
	0.02
	0.01
	0.01
	0.01
	0.01
	0.0
	0.01

	CD (p=0.05)
	0.06
	0.07
	0.07
	0.03
	0.02
	0.03
	0.03
	0.01
	0.02

	SUB-PLOT – Irrigation regime

	I0
	1.7
	1.76
	1.73
	0.34
	0.34
	0.34
	0.54
	0.55
	0.55

	I1
	1.74
	1.79
	1.77
	0.37
	0.36
	0.37
	0.56
	0.6
	0.58

	I2
	1.73
	1.77
	1.75
	0.36
	0.35
	0.36
	0.58
	0.58
	0.58

	I3
	1.71
	1.76
	1.74
	0.35
	0.34
	0.35
	0.55
	0.56
	0.55

	Sem ±
	0.01
	0.01
	0.01
	0
	0.01
	0.01
	0.03
	0.02
	0.02

	CD (p=0.05)
	0.03
	0.04
	0.04
	0.01
	0.02
	0.02
	0.02
	0.06
	0.28

	Interaction
	 NS
	NS 
	NS
	NS 
	NS 
	NS
	NS 
	NS 
	NS

	M1- Conventional tillage, M2- Zero tillage, M3- Raised Bed, I0 - Rainfed (No irrigation), I1 - Irrigation at 25% DASM, I2 - Irrigation at 40% DASM, I3 - Irrigation at 50% DASM 









Table 2: Effect of tillage practices and irrigation regime on N P and K content (%) in straw of wheat.
	Treatments
	N content (%) 
	P content (%) 
	K content (%) 

	 
	2023-24
	2024-25
	Pooled
	2023-24
	2024-25
	Pooled
	2023-24
	2024-25
	Pooled

	MAIN PLOT – Tillage practices

	M1
	0.78
	0.77
	0.78
	0.49
	0.49
	0.49
	1.52
	1.59
	1.55

	M2
	0.79
	0.78
	0.79
	0.50
	0.50
	0.50
	1.53
	1.60
	1.56

	M3
	0.79
	0.79
	0.79
	0.50
	0.51
	0.51
	1.54
	1.61
	1.58

	Sem ±
	0.01
	0.01
	0.01
	0.01
	0.00
	0.01
	0.02
	0.00
	0.01

	CD (p=0.05)
	0.06
	0.04
	0.05
	0.04
	0.01
	0.03
	0.09
	0.01
	0.05

	SUB-PLOT – Irrigation regime

	I0
	0.78
	0.76
	0.77
	0.48
	0.49
	0.49
	1.50
	1.59
	1.54

	I1
	0.80
	0.81
	0.81
	0.51
	0.51
	0.51
	1.55
	1.60
	1.57

	I2
	0.79
	0.79
	0.79
	0.50
	0.50
	0.50
	1.53
	1.61
	1.57

	I3
	0.78
	0.77
	0.78
	0.49
	0.50
	0.49
	1.53
	1.59
	1.56

	Sem ±
	0.01
	0.01
	0.01
	0.01
	0.00
	0.01
	0.02
	0.01
	0.02

	CD (p=0.05)
	0.03
	0.03
	0.03
	0.03
	0.01
	0.02
	0.06
	0.08
	0.07

	Interaction
	NS 
	NS 
	NS
	NS 
	NS 
	NS
	NS 
	NS 
	NS

	M1- Conventional tillage, M2- Zero tillage, M3- Raised Bed, I0 - Rainfed (No irrigation), I1 - Irrigation at 25% DASM, I2 - Irrigation at 40% DASM, I3 - Irrigation at 50% DASM 










Table 3: Effect of tillage practices and irrigation regime on Total N uptake of wheat.
	Treatments
	N uptake by grain (kg ha-1) 
	N uptake by straw (kg ha-1) 
	Total N uptake (kg ha-1) 

	 
	2023-24
	2024-25
	Pooled
	2023-24
	2024-25
	Pooled
	2023-24
	2024-25
	Pooled

	MAIN PLOT – Tillage practices

	M1
	66.85
	72.25
	69.55
	45.36
	47.42
	46.39
	112.20
	119.67
	115.94

	M2
	66.68
	77.10
	71.89
	44.85
	46.95
	45.90
	111.52
	124.06
	117.79

	M3
	57.50
	70.26
	63.88
	37.02
	43.08
	40.05
	94.52
	113.34
	103.93

	Sem ±
	1.34
	0.98
	1.16
	1.37
	0.59
	0.98
	1.88
	0.67
	1.28

	CD (p=0.05)
	5.26
	3.85
	4.56
	5.37
	2.31
	3.84
	7.39
	2.63
	5.01

	SUB-PLOT – Irrigation regime

	I0
	56.38
	65.87
	61.13
	38.48
	43.46
	40.97
	94.87
	109.33
	102.10

	I1
	69.69
	78.32
	74.01
	45.93
	48.28
	47.11
	115.62
	126.60
	121.11

	I2
	66.31
	75.34
	70.83
	43.97
	46.50
	45.24
	110.28
	121.84
	116.06

	I3
	62.32
	73.30
	67.81
	41.24
	45.03
	43.14
	103.56
	118.32
	110.94

	Sem ±
	1.19
	0.74
	0.97
	0.59
	0.96
	0.78
	1.56
	1.15
	1.36

	CD (p=0.05)
	3.53
	2.20
	2.87
	1.77
	2.85
	2.31
	4.63
	3.42
	4.03

	Interaction
	 NS
	NS 
	NS
	NS 
	NS 
	NS
	NS 
	NS 
	NS

	M1- Conventional tillage, M2- Zero tillage, M3- Raised Bed, I0 - Rainfed (No irrigation), I1 - Irrigation at 25% DASM, I2 - Irrigation at 40% DASM, I3 - Irrigation at 50% DASM 









Table 4: Effect of tillage practices and irrigation regime on Total P uptake of wheat.
	Treatments
	P uptake by grain (kg ha-1) 
	P uptake by straw (kg ha-1) 
	Total P uptake (kg ha-1) 

	 
	2023-24
	2024-25
	Pooled
	2023-24
	2024-25
	Pooled
	2023-24
	2024-25
	Pooled

	MAIN PLOT – Tillage practices

	M1
	13.21
	14.06
	13.64
	28.42
	29.76
	29.09
	41.43
	43.82
	42.73

	M2
	13.36
	15.22
	14.29
	28.06
	30.22
	29.14
	41.62
	45.45
	43.44

	M3
	11.60
	14.03
	12.82
	23.38
	27.66
	25.52
	34.98
	41.70
	38.34

	Sem ±
	0.36
	0.36
	0.36
	0.81
	0.43
	0.62
	0.84
	0.43
	0.64

	CD (p=0.05)
	1.40
	1.40
	1.40
	3.17
	1.69
	2.43
	3.30
	1.68
	2.49

	SUB-PLOT – Irrigation regime

	I0
	10.79
	12.61
	11.70
	23.70
	28.01
	25.86
	34.49
	40.62
	37.56

	I1
	14.26
	15.82
	15.04
	29.06
	30.36
	29.71
	43.32
	46.19
	44.76

	I2
	13.52
	15.06
	14.29
	27.90
	29.55
	28.73
	41.43
	44.61
	43.02

	I3
	12.32
	14.26
	13.29
	25.81
	28.94
	27.38
	38.14
	43.20
	40.67

	Sem ±
	0.22
	0.20
	0.21
	0.53
	0.36
	0.45
	0.67
	0.46
	0.57

	CD (p=0.05)
	0.64
	0.58
	0.61
	1.59
	1.06
	1.33
	1.99
	1.36
	1.68

	Interaction
	NS
	NS 
	NS
	NS 
	NS 
	NS
	NS 
	NS 
	NS

	M1- Conventional tillage, M2- Zero tillage, M3- Raised Bed, I0 - Rainfed (No irrigation), I1 - Irrigation at 25% DASM, I2 - Irrigation at 40% DASM, I3 - Irrigation at 50% DASM 









Table 5: Effect of tillage practices and irrigation regime on Total K uptake of wheat
	Treatments
	K uptake by grain (kg ha-1) 
	K uptake by straw (kg ha-1) 
	Total K uptake (kg ha-1) 

	 
	2023-24
	2024-25
	Pooled
	2023-24
	2024-25
	Pooled
	2023-24
	2024-25
	Pooled

	MAIN PLOT – Tillage practices

	M1
	20.35
	22.72
	21.54
	88.50
	97.31
	92.91
	108.85
	120.03
	114.44

	M2
	21.09
	25.22
	23.16
	86.32
	95.80
	91.06
	107.41
	121.01
	114.21

	M3
	18.74
	23.20
	20.97
	71.91
	87.33
	79.62
	90.65
	110.53
	100.59

	Sem ±
	0.52
	0.50
	0.51
	2.58
	1.64
	2.11
	2.42
	1.60
	2.01

	CD (p=0.05)
	2.06
	1.98
	2.02
	10.13
	6.45
	8.29
	9.49
	6.26
	7.88

	SUB-PLOT – Irrigation regime

	I0
	16.97
	20.69
	18.83
	74.63
	89.99
	82.31
	91.60
	110.68
	101.14

	I1
	22.73
	26.19
	24.46
	89.00
	96.49
	92.75
	111.73
	122.68
	117.21

	I2
	21.09
	24.57
	22.83
	85.00
	94.46
	89.73
	106.10
	119.03
	112.57

	I3
	19.45
	23.40
	21.43
	80.33
	92.97
	86.65
	99.78
	116.37
	108.08

	Sem ±
	0.27
	0.23
	0.25
	1.31
	1.06
	1.19
	1.34
	1.12
	1.23

	CD (p=0.05)
	0.81
	0.70
	0.76
	3.89
	3.14
	3.52
	3.97
	3.34
	3.66

	Interaction
	NS 
	NS 
	NS
	NS 
	NS 
	NS
	NS 
	NS 
	NS

	M1- Conventional tillage, M2- Zero tillage, M3- Raised Bed, I0 - Rainfed (No irrigation), I1 - Irrigation at 25% DASM, I2 - Irrigation at 40% DASM, I3 - Irrigation at 50% DASM 













