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Effect of Irrigation Scheduling Under Different Crop Establishment Methods on Yield Attributes, Yield and Economics of Wheat


ABSTRACT
The present investigation was conducted at the Agronomy Research Farm of Bihar Agricultural University, Sabour Bhagalpur (Bihar) to study the effect of irrigation scheduling under different crop establishment methods on yield attributes, yield, and economics of wheat during Rabi season 2022-23. The experiment was laid out in Split Plot Design, replicated three times with treatment consisting of three crop establishment methods viz. conventional tillage wheat sowing (T1), zero tillage wheat sowing (T2) and wheat sown on furrow irrigated raised bed (T3) in main plot and three irrigation scheduling level based on IW/CPE ratio viz. 4 cm irrigation at 0.8 IW/CPE (I1). 5 cm irrigation at 1.0 IW/CPE (I2) and 6 cm irrigation at 1.2 IW/CPE (I3) in sub plots. Results showed that the different crop establishment methods significantly influence the yield attributes of wheat like the number of effective tillers m-2, number of grains spike-1, and 1000-grain weight however the length of the spike was not affected significantly among various crop establishment methods. The significantly higher grain yield, straw yield, and biological yield were achieved under the conventional tillage method of crop establishment which resulted in higher gross return and the net return obtained under this method of crop establishment, however, the maximum value of benefit-cost ratio was recorded under zero tillage. Among different irrigation scheduling levels, the irrigation depth of 5 cm irrigation at 1.0 IW/CPE ratio resulted in a significantly higher number of effective tillers, grain yield, straw yield, gross return, and net return over treatment I1 and was found statistically at par with I3.
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INTRODUCTION
Wheat (Triticum aestivum L.) is the most important crop among all cereals and is used as a food grain in the world which ranks first (30% of all cereals) followed by rice (27%) and maize (25%). However, in India, it is the second most important food crop after rice. Wheat is a major crop supporting food security in South Asia. Around 42% of the wheat in this region is grown covering 13.5 million hectares of land. It is grown worldwide with an area of 215.45 million hectares, production of 730.96 million metric tons with productivity of 3.39 metric tons per hectare. In India, it is grown in an area of 29.65 million hectares, producing 99.87 million metric tons with a productivity of 3.37 metric tons per hectare (USDA, 2020). Uttar Pradesh has first rank concerning both area (9.75 million hectares) and production (31.88 million tons) with a productivity of 3269 kg/hectare in 2018 (Anonymous, 2018). 
Wheat (Triticum aestivum L.) serves as a crucial cereal crop within the country, but its overall yield suffers due to several key factors. These include inadequate crop establishment and sub-optimal irrigation scheduling. Among various agronomic practices, adopting a suitable crop establishment method can significantly enhance wheat production to some degree. 
It is worth noting that effective water management stands out as a primary factor in attaining better crop yields. Both the choice of crop establishment method and irrigation schedule emerge as leading contributors to reduced wheat yields, ultimately impacting water productivity and economic outcomes in wheat production.
Alternative best crop management options like conservation agricultural practices which include zero tillage and permanent beds have demonstrated potential benefits on crop yield and profits while saving water, and energy and restoring soil degradation across diverse ecologies. Being one of the good agronomic management practices, it not only leads to improved crop productivity but also minimizes susceptibility to disease and insect pests under favorable environments for flourishing these biotic stresses. 
The conventional method of wheat sowing requires intensive pre-planting cultivation, which is labor, time, and energy-intensive. To make this practice, easier and cost-effective, crop establishment methods, viz zero till drill, of wheat, etc. have been developed (Yadav et al. 2006). Adaptation of reduced tillage techniques can result in the timely sowing of wheat and may help in saving energy units at the farm level. In IGP, many farmers grow late-maturing, fine-grained basmati varieties of rice, causing late sowing of wheat. The delay of every successive day in planting beyond November third week decreases the grain yield progressively (Ali et al., 2010; Irfaq et al., 2005). Therefore, to avoid delays in planting and reduce the cost of production, farmers have started adopting resource-conserving technologies such as zero tillage in wheat production (Gupta and Seth, 2007). Adoption of zero tillage in wheat cultivation saves input cost, fuel consumption, and irrigation water use (Malik et al., 2003; Bhushan et al., 2007). Farmers prefer this technology to overcome farm labor shortages and minimize the impact of rising fuel prices. Zero tillage with rice stubble retention may improve the soil's physicochemical condition by improving the organic matter in the soil (Rawat and Verma, 2006).
In Furrow-Irrigated Raised-Bed System (FIRBs) sowing is done on raised beds. This optimizes tillage operations, saves water, and reduces lodging. The bed planting wheat is one of the novel techniques to save water and enhance the productivity of other inputs applied. Typical irrigation savings under FIRBs ranged from 18 to 35% in wheat (Hobbs and Gupta 2003). Researchers revealed better or equal yields under FIRBS as compared to conventional tillage. The FIRBs planting system has a number of advantages better irrigation management, better crop establishment, better weed management, less soil compaction (Karunakaran and Behera 2013), and higher N, P, and K uptake (Idnani and Kumar 2013). The water-saving (50.73%) and water productivity (54.37%) of the wheat crop were higher under a raised-bed irrigation system. 
Water is essential at every developmental phase starting from seed germination to plant maturation for harvesting the maximum yield of wheat. There is a positive correlation between grain yield and irrigation frequencies. Irrigation missing at some critical growth stage sometimes drastically reduces grain yield due to lower test weight. Water is a precious and scarce input that plays a vital role in assured crop production since it is essential for the maintenance of turgidity, absorption of nutrients, and the metabolic process of plants. Therefore, it becomes imperative to develop an optimum irrigation schedule to maintain sufficient available soil moisture throughout the crop period for the best exploitation of crop yield potential. Among the several recognized criteria of irrigation scheduling, the climatological approach is very scientific and widely accepted among scientists and research workers throughout the world. It is well known that evapotranspiration by a full crop cover is closely associated with evaporation from an open pan. IW/CPE is a ratio between a fixed amount of irrigation water (IW) and cumulative pan evaporation minus rains. This IW/CPE approach merits on account of its simplicity of operation and high water use efficiency. It is an established fact that in the future, less and less water will be available for agriculture on account of increasing water demand for domestic, industrial, and other purposes. It is estimated that even after achieving the full irrigation potential, nearly 50% of the total cultivated area will remain rain-fed. 
MATERIAL AND METHODS
The field experiment was carried out at the Agronomy Research Farm of Bihar Agricultural University, Sabour, Bhagalpur, located between 25º50¹ N latitude and 87º19¹ E longitude at an altitude of 52.73 meters above the mean sea level during Rabi 20022-23. The experimental plot has uniform topography with homogenous fertility and soil characteristics typical to suit winter wheat cultivation. The fields were fairly leveled and had good drainage having an assured irrigation facility. The sub-tropical climate of Sabour is characterized by hot, dry summers, moderate rainfall and extremely chilly winters. The third week of October mark the beginning of the temperature decline, which becomes abrupt on December 15th. The coldest months are December and January, where the mean temperature typically drops as low as 8.2 ºC. Beginning around the middle of February, the temperature begins to climb once more, and by the beginning of March it is increasing quickly. The warmest months are May and June, which have a maximum average temperature of 29.6 ºC. Around 1100 mm of rain fall obtained on an average each year, with 80-85 percent of that falling during the four monsoon months (June to September). Rainfall during the monsoon season frequently begins late and ends early. The typical rainfall is 1207 mm (10 years average), largely falling between the middle of June and the middle of October, with less potential evapotranspiration than precipitation. Winter rains brought by westerly winds help nourish crops grown in rainfed zones. In July and August, mean relative humidity (R.H.) reaches a high of 93.5 and a low of 35 % in April-May. The region is characterized by a sub-tropical and semi-arid climate with a hot dry summer (March–June), a wet monsoon season (late June–mid-September), and a cool dry winter (October–February). Average annual rainfall is 734 mm (constituting 44% of pan evaporation) of which about 80% is received during the monsoon. The soil was sandy loam with a pH of 7.33. The top soil of the experimental site was clay loam overlying silty clay, with an abrupt change to sandy loam at about 90 cm. Bulk density was 1.37 g cm-3 in the top soil, and there was a hard pan (1.71 g cm-3) at 15–30 cm. Organic carbon was 0.57, available N 172.84 kg ha-1, available K2O 147.86 kg ha-1, and available P2O5 23.11 kg ha-1 at the start of the experiment in 0 to 30 cm soil layer during 2022-23, respectively. The treatment consisted of three crop establishment methods viz. conventional tillage wheat sowing (T1), zero tillage wheat sowing (T2) and wheat sown on furrow irrigated raised bed (T3) in main plot and three irrigation scheduling levels based on IW/CPE ratio viz. 4 cm irrigation at 0.8 IW/CPE (I1), 5 cm irrigation at 1.0 IW/CPE (I2) and 6 cm irrigation at 1.2 IW/CPE (I3) in subplots. The study was made in a split-plot design with three replications. In FIRB, a 15 cm height and 80 cm broad bed with a furrow width of 30 cm between the beds was prepared by planting four rows of wheat in rows 20 cm apart. Half dose of N and full dose of P and K through urea, DAP, and muriate of potash, respectively, were applied at sowing and the remaining N was applied after the first irrigation. Wheat variety DBW 187 was sown on 15 December 2022 and harvested on 12 April 2023, respectively. Other management practices were adopted as per recommendations of the crop under irrigated conditions. One year of data was statistically analyzed.
RESULTS AND DISCUSSION
Yield attributes
The maximum number of effective tillers (375), number of grains spike-1, and 1000-grain weight were recorded under furrow irrigated raised bed planting method of crop establishment Table 1a: Effect of crop establishment methods and irrigation scheduling on yield attributing characters of wheat.
	Yield attributes

	Treatments
	Effective tillers m⁻²
	Grains spike⁻¹
	Spike length (cm)
	Test weight (g)

	Crop establishment methods (Main Plot)
	
	
	
	

	T₁- Conventional tillage
	340
	45.9
	9.6
	36.5

	T₂- Zero tillage
	295
	47.8
	9.5
	37.1

	T₃- Furrow irrigated raised bed (FIRBs)
	375
	49.7
	10.2
	39.3

	SEm±
	8.7
	0.68
	0.14
	0.5

	CD (P=0.05)
	30.1
	2.35
	NS
	1.7

	Irrigation scheduling (Sub Plot)
	
	
	
	

	I₁- 0.8 IW/CPE
	322
	48.9
	9.9
	36.5

	I₂- 1.0 IW/CPE
	352
	48.3
	9.8
	37.6

	I₃- 1.2 IW/CPE
	337
	46.3
	9.6
	38.9

	SEm±
	6.5
	0.99
	0.12
	0.91

	CD (P=0.05)
	20.2
	NS
	NS
	NS

	Interaction
	S
	NS
	NS
	NS



which was significantly superior over conventional tillage and found at par with zero tillage in case of number of grains spike-1. Higher values of all the yield attributes were recorded under FIRB method of crop establishment during the year of study. This might be due to favourable vegetative growth and development because it received adequate moisture and nutrients during the entire period of growth. This result is in close conformity with those of Tripathi et al. (2002).  The minimum number of effective tillers m-2 was obtained under the zero tillage method of crop establishment during the crop season. Different yield attributing characters were not significantly influenced by irrigation scheduling except a number of effective tillers which was found significantly higher in the 1.0 IW/CPE ratio over 0.8 IW/CPE ratio and at par with the 1.2 IW/CPE ratio. These findings are in close accordance with those of Gupta et al. (2016), and Mishra et al. (1994). 
Table 1b Interaction effect of crop establishment methods and irrigation scheduling on the number of effective tillers m-2
	Crop establishment methods (T)
	Effective tillers m⁻²

	
	Irrigation scheduling

	
	0.8
	1.0
	1.2
	Mean

	Conventional tillage
	315
	372
	333
	340

	Zero tillage
	313
	283
	289
	295

	FIRBs
	337
	400
	388
	375

	Mean
	322
	352
	337
	

	T at same level of I
	SEm±
	12.7
	CD (P=0.05)
	44.2

	I at same level of T
	SEm±
	11.3
	CD (P=0.05)
	34.9



            The lower values of all the yield attributes like the number of effective tillers m-2 were recorded under the zero tillage method of crop establishment during the year of study because plants were not able to extract nutrients from deeper layers due to poor development of root system and lower values of vegetative characters which finally affected the yield of the crop. The results are in close conformity to those of Srivastava et al. (2002) and Sharma et al. (2002).
Yield
 Conventional method of crop establishment recorded (32.69 q ha-1) significantly higher grain yield, (44.26 q ha-1) straw yield and (76.95 q ha-1) biological yield over zero tillage and furrow irrigated raised bed planting system. The minimum grain yield of wheat (29.45 q ha·1) was recorded under the zero tillage method of crop establishment during the year of experimentation. The increase in grain yield under the conventional method of crop establishment was in the tune of 11.00 percent over zero tillage method of crop establishment followed by 9.4 percent over furrow irrigated raised bed while the harvest index was not significantly influenced by various crop establishment methods. 
In different irrigation scheduling approaches 5 cm irrigation at 1.0 IW/CPE ratio resulted in significantly higher (31.57 q ha-1) grain yield, (41.62q ha-1) straw yield, and (73.18 q ha-1) biological yield over 4 cm irrigation at 0.8 IW/CPE ratio and found statistically at par with 6 cm irrigation at 1.2 IW/CPE ratio supported by Alam et al. (2022), Pal et al. (2020), Chouhan et al. (2017). The lowest grain yield (29.67 q ha·1) was recorded under 4 cm irrigation at 0.8 IW/CPE ratio. The increase in grain yield under 5 cm irrigation at 1.0 IW/CPE ratio was 6.40 percent and under 6 cm irrigation at 1.2 IW/CPE, 3.74 percent over 4 cm irrigation at 0.8 IW/CPE ratio. There was no significant difference found in the case of harvest index value during experimentation.  However maximum numerical value of harvest index 43.45 was recorded in zero tillage. This discrepancy in yield can be attributed to a lower germination rate observed under reduced tillage. In essence, the study emphasized that the choice of tillage method had a more substantial impact on crop yield. The similar findings are reported by Rawat and Verma (2006). 
Table 2a: Effect of crop establishment methods and irrigation scheduling on grain yield, straw yield, biological yield, and harvest index of wheat.
	Treatments
	Grain yield q ha⁻¹
	Straw yield q ha⁻¹
	Biological yield q ha⁻¹
	Harvest index
(%)

	Crop establishment methods (Main Plot)
	
	
	
	

	T₁- Conventional tillage
	32.69
	44.26
	76.95
	42.47

	T₂- Zero tillage
	29.45
	38.38
	67.83
	43.45

	T₃- Furrow irrigated raised bed (FIRBs)
	29.87
	39.20
	69.07
	43.24

	SEm±
	0.61
	1.21
	1.79
	0.33

	CD (P=0.05)
	2.12
	4.17
	6.21
	NS

	Irrigation scheduling (Sub Plot)
	
	
	
	

	I₁- 0.8 IW/CPE
	29.67
	39.66
	69.33
	42.80

	I₂- 1.0 IW/CPE
	31.57
	41.62
	73.18
	43.18

	I₃- 1.2 IW/CPE
	30.78
	40.55
	71.33
	43.18

	SEm±
	0.38
	0.48
	0.82
	0.19

	CD (P=0.05)
	1.16
	1.48
	2.52
	NS

	Interaction
	S
	NS
	NS
	NS



Table 2b. Interaction effect of crop establishment methods and irrigation scheduling on grain yield q ha⁻¹ of wheat
	Crop establishment methods (T)
	Grain yield q ha⁻¹

	
	Irrigation scheduling

	
	0.8
	1.0
	1.2
	Mean

	Conventional tillage
	30.17
	34.57
	33.33
	32.69

	Zero tillage
	29.63
	30.07
	28.66
	29.45

	FIRBs
	29.20
	30.05
	30.35
	29.87

	Mean
	29.67
	31.57
	30.78
	

	T at same level of I
	SEm±
	0.81
	CD (P=0.05)
	2.89

	I at same level of T
	SEm±
	0.65
	CD (P=0.05)
	2.00


While analyzing the interaction effect of irrigation schedules under various crop establishment methods on the grain yield of wheat (table 2b) it can be revealed that wheat planted under the conventional method at 1.0 IW/CPE ratio produced a significantly higher grain yield of 34.57 q ha-1 at 5 cm irrigation at 1.0 IW/CPE ratio during the experiment as compared to other treatment combinations, except conventional tillage under 6 cm irrigation at 1.2 IW/CPE ratio.
Economics
The data on the cost of cultivation revealed that the minimum cost of cultivation was incurred under zero tillage (Rs. 31552 ha-1) as compared to conventional tillage (Rs. 37552 ha-1) and furrow irrigated raised bed (Rs. 37552 ha-1). Similar findings were reported by Singh et al. (2013). This difference was observed due to the cost involved for tillage operation in zero tillage, conventional tillage, and in-furrow irrigated raised beds due to the preparation of beds and furrows. Among different irrigation scheduling levels, the maximum cost of cultivation (Rs. 36352 ha-1) was incurred in 6 cm irrigation at 1.2 IW/CPE ratio and the minimum cost of cultivation (Rs. 34752 ha-1) incurred in 4 cm irrigation at 0.8 IW/CPE ratio. Similar findings were reported by Pal et al. (2020), and Maurya and Singh (2008). Significantly higher gross return and net return were obtained under conventional tillage (Rs. 94,050 ha-1) and (Rs. 56,498 ha-1), respectively as compared to others, while the minimum net return (Rs. 47757 ha-1) was obtained under FIRB. Among different irrigation scheduling levels, the maximum gross return (Rs. 90,254 ha-1) and net return (Rs 54,701 ha-1) were obtained in 5 cm irrigation at 1.0 IW/CPE ratio whereas minimum gross return (Rs. 85,099 ha-1) and net return (Rs. 50,347 ha-1) were recorded in 4 cm irrigation at 0.8 IW/CPE ratio.
Table 3a. Effect of crop establishment methods and irrigation scheduling on the economics of wheat.
	Economics (Rs. ha⁻¹)

	Treatments
	Cost of cultivation (Rs. ha⁻¹)
	Gross return (Rs. ha⁻¹)
	Net return (Rs. ha⁻¹)
	B:C Ratio

	Crop establishment methods (Main Plot)
	
	
	
	

	T₁- Conventional tillage
	37552
	94050
	56498
	1.50

	T₂- Zero tillage
	31552
	83988
	52435
	1.66

	T₃- Furrow irrigated raised bed (FIRBs)
	37552
	85310
	47757
	1.27

	SEm±
	
	1924
	1923
	0.06

	CD (P=0.05)
	
	6657
	NS
	0.21

	Irrigation scheduling (Sub Plot)
	
	
	
	

	I₁- 0.8 IW/CPE
	34752
	85099
	50347
	1.46

	I₂- 1.0 IW/CPE
	35552
	90254
	54701
	1.55

	I₃- 1.2 IW/CPE
	36352
	87995
	51642
	1.43

	SEm±
	
	1031
	1030
	0.03

	CD (P=0.05)
	
	3176
	3176
	0.09

	Interaction
	
	S
	S
	S



Table 3b. Interaction effect of crop establishment methods and irrigation scheduling on net return (Rs. ha⁻¹) of wheat.
	Crop establishment methods (T)
	Net return (Rs. ha⁻¹)

	
	Irrigation scheduling

	
	0.8
	1.0
	1.2
	Mean

	Conventional tillage
	50519
	61672
	57305
	56498

	Zero tillage
	53665
	54098
	49544
	52436

	FIRBs
	46858
	48335
	48080
	47758

	Mean
	50347
	54702
	51643
	

	T at same level of I
	SEm±
	2413
	CD (P=0.05)
	8733

	I at same level of T
	SEm±
	1785
	CD (P=0.05)
	5501



             While analyzing the interaction effect of irrigation schedules under various crop establishment methods on the net return of wheat the conventional method of crop establishment associated with 5 cm irrigation at 1.0 IW/CPE ratio resulted in a maximum net return of (Rs. 61, 672 ha-1) which was followed by (Rs. 57, 305 ha-1) obtained under conventional tillage at 1.2 IW/CPE ratio of treatment combination. The minimum value of the net return (Rs. 48,080 ha-1) was recorded under furrow irrigated raised bed at 1.2 IW/CPE ratio of treatment combination. The significantly highest benefit-cost ratio (1.66) was recorded under zero tillage. Similar findings were reported by Rajanna et al. (2018) and it was found statistically at par with conventional tillage (1.50) over furrow irrigated raised bed planting method (1.27). In different irrigation schedules, the significantly higher value of the benefit-cost ratio (1.55) was recorded under 5 cm irrigation at 1.0 IW/CPE ratio and the lowest value (1.04) was recorded under 6 cm irrigation at 1.2 IW/CPE ratio.
While analyzing the interaction effect of irrigation schedules under various crop establishment methods on the benefit-cost ratio of wheat, it was found that among the different crop establishment methods and irrigation scheduling practices, the significantly higher value of the benefit-cost ratio was recorded (1.75) in 4 cm irrigation at 0.8 IW/CPE ratio in zero tillage which was found statistically at par with (1.71) in zero tillage 5 cm irrigation at 1.0 IW/CPE ratio and (1.64) 5 cm irrigation at 1.0 IW/CPE ratio under conventional tillage over all treatment combinations. Similar findings were reported by Chaudhary et al. (2022).
Table 3c. Interaction effect of crop establishment methods and irrigation scheduling on benefit cost ratio of wheat.
	Crop establishment methods (T)
	Benefit : Cost Ratio

	
	Irrigation scheduling

	
	0.8
	1.0
	1.2
	Mean

	Conventional tillage
	1.37
	1.64
	1.49
	1.50

	Zero tillage
	1.75
	1.71
	1.53
	1.66

	FIRBs
	1.27
	1.29
	1.25
	1.27

	Mean
	1.46
	1.55
	1.43
	

	T at same level of I
	SEm±
	0.07
	CD (P=0.05)
	0.26

	I at same level of T
	SEm±
	0.05
	CD (P=0.05)
	0.16



CONCLUSION
The results revealed that conventional tillage as a crop establishment method of wheat sowing and scheduling irrigation at 1.0 IW/CPE ratio produced maximum yield (34.57 q ha⁻¹) and net return (61,672 Rs. ha-1) among all treatment combinations; therefore, it can be recommended for cultivation of wheat.
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