Influence of Sowing Dates and Irrigation Regimes on Wheat Phenology, Growth, and Yield in the Semi-Arid Region of Haryana, India
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ABSTRACT 
	Wheat is a crucial crop in North West India, primarily consumed as chapatti, but its productivity has declined in recent years due to temperature stress and changing cropping patterns. This study aims to evaluate management practices that can mitigate these stresses and improve wheat yield in Haryana’s semi-arid region during the winter growing season. A field experiment was conducted at Chaudhary Charan Singh Haryana Agricultural University, Hisar, in 2014-15 and 2015-16, focusing on the effects of sowing time and irrigation levels on wheat phenology, growth, and yield. The experiment used a strip plot design with four sowing dates—last week of October (D1), second week of November (D2), last week of December (D3), and fourth week of December (D4)—and four irrigation treatments: CRI (I1), CRI + Heading (I2), CRI + Jointing + Milking (I3), and CRI + Late Tillering + Heading + Milking (I4). Results indicated that delayed sowing increased the time to seedling emergence and tillering, but reduced the reproductive phases and maturity duration. Irrigation did not significantly affect seedling emergence but delayed heading, anthesis, and maturity. Growth parameters decreased with delayed sowing but improved with higher irrigation levels. The highest yield was observed with the CRI + Late Tillering + Heading + Milking (I4). Early sowing (before mid-November) combined with optimal irrigation practices significantly improved wheat yield, providing valuable insights for enhancing productivity in semi-arid regions under changing climatic conditions.
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1. INTRODUCTION 
Wheat (Triticum aestivum L.) is one of the most important cereal crops in India, contributing significantly to national food security. Haryana is a major wheat-growing state, accounting for approximately 12% of India’s total wheat production (Indiastat, 2024). However, wheat productivity in Haryana is increasingly constrained by climatic variability, particularly rising temperatures and erratic rainfall patterns. The region experiences hot summers, mild winters, and limited precipitation, creating challenges for both timely sowing and irrigation scheduling. Sowing time is a critical factor influencing wheat yield. The irrigation requirements over the next few years will not be able to be implemented as a result of reduced water supplies and increased competition for clean water. There are wide variations in the duration and severity of environmental stress, which can be aggravated further as a result of climate change that will have a significant impact on the severity and frequency of future droughts (Elshamly, 2023). The recommended sowing window in Haryana extends from the last week of October to mid-November, but due to delayed harvesting of preceding paddy crops, sowing is often postponed until late November or December. Late sowing exposes wheat to elevated temperatures during the reproductive and grain-filling stages, accelerating senescence and reducing grain weight (Buttar et al., 2006; Yadav et al., 2015). Empirical studies have shown that yield decreases by approximately 30–58 kg ha⁻¹ per day of delay beyond the optimum sowing date (Yadav et al., 2015; IMD, 2019). Temperature stress and water scarcity further compound yield losses. Proper irrigation management—especially at critical stages such as crown root initiation and heading—can mitigate heat stress, whereas excessive irrigation can lead to waterlogging and root damage (ICAR, 2021). Projections indicate that a 1°C rise in mean temperature could reduce wheat yields by up to 6% globally (Asseng et al., 2015), and by 8–30% in Haryana within the next 15 years if current trends persist (GJUST, 2020). Early sowing, improved irrigation efficiency, and the adoption of climate-resilient wheat varieties are therefore crucial to sustaining wheat productivity under changing climatic conditions. Studies have shown that compared  to  border  irrigation,  furrow irrigation, flooding   irrigation,   and   rain-fed watermelon, cotton,  wheat,  maize,  sunflower,  potato,  onion, and areca nut yields were significantly increased.   Furthermore, earlier   findings showed that     surface     flood irrigation, micro-spray irrigation, and furrow irrigation all produced lower potato yields in  the root  zone  than  did  alternate subsurface drip  irrigation (Banik et al., 2024).  This study aims to evaluate management practices that can mitigate these stresses and improve wheat yield in Haryana’s semi-arid region during the winter growing season.
2. material and methods 

2.1 Study Location: 
The study was conducted during Rabi 2014-15 and 2015-16. The experiment was conducted at Research Farm of the Department of Soil Science, Chaudhary Charan Singh Haryana Agricultural University, Hisar (India) situated at 29010' North latitude and 75046' East longitudes at an elevation of 215.2 m above mean sea level. The soil of the experimental field had 62.3% sand, 18.6% silt and 19.1% clay; classified as sandy loam in texture. Hisar experiences a continental, monsoonal, and sub-tropical climate, with hot summers and cool winters. Summer temperatures exceed 45°C, while winter temperatures can drop below -4°C. During the 2014-15 and 2015-16 crop seasons, mean temperatures ranged from 13.8–35.7°C (max) and 4.9–20.3°C (min), with minimal rainfall (243.8mm and 40.4mm). The experimental site, located at 29°10'N latitude and 75°46'E longitude, at 215.2 m elevation, had sandy loam soil with 62.3% sand, 18.6% silt, and 19.1% clay. 

2.2 Experimental designs and treatments:
The experiment consisted of four sowing dates and four irrigation levels in strip plot design with 3 replications for both years. The recommended dose of N, P and K @ 150, 60 and 60 kg ha-1, respectively, was applied during both seasons. Full dose of P and K and half dose of N were applied before sowing and the remaining half dose of N was top dressed after first irrigation. Wheat variety WH-1105 was sown both years of experimentation. 2 factors were applied for the experimentation. 
Factor A: Sowing time: D1 = Last week of October, D2 = 2nd week of November, D3 = 1st week of December, D4 = last week of December
Factor B: Irrigation levels: I1 = One irrigation at Crown Root Initiation (CRI),                                                     I2 = Two irrigations at CRI and heading, I3 = Three irrigations at CRI, jointing and milking,                                            I4 = Four irrigations at CRI, late tillering, heading and milking.  
Phenological, growth, and yield attributes were recorded for all sowing dates throughout the crop's growth period. Observations included days to emergence, tillering, booting, heading, anthesis, and physiological maturity. Growth parameters such as plant height, dry matter accumulation, and leaf area index (LAI) were measured at 30, 60, 90, 120 DAS, and harvest. Leaf area was measured at 30 days intervals till the senescence of crop with the help of leaf area meter (L1 3000 Area meter LICOR Ltd. Nebraska, USA). The leaf area index was calculated with the help of the following formula: 


3. results and discussion


Figure 1: Details of mean maximum and minimum temperature during the crop growth period (2014-15 and 2015-16)
Analysis showed that 2014-15 was warmer than 2015-16. In 2014-15, maximum temperatures ranged from 13.8–35.3°C, and minimum from 4.9–20.3°C. In 2015-16, maximum ranged from 14.7–35.7°C, and minimum from 3.2–17.0°C. Evaporation was 436.3 mm (2014-15) and 502.7 mm (2015-16), with rainfall of 243.8 mm and 40.4 mm, respectively.





Table 1: Effect of sowing time and irrigation levels on days taken to attain different phenological stages of wheat

	Treatment
	Phenological Events (DAS)

	
	Seedling
Emergence
	Tillering
	Booting
	Heading
	Anthesis
	Physiological maturity
	Harvestable
maturity

	
	2014-15
	2015-16
	2014-15
	2015-16
	2014-15
	2015-16
	2014-15
	2015-16
	2014-15
	2015-16
	2014-15
	2015-16
	2014-15
	2015-16

	Sowing time	

	October last week (D1)
	7.05
	6.98
	30.9
	29.3
	88.9
	89.4
	101.9
	101.0
	110.3
	109.5
	151.2
	150.4
	160.9
	159.7

	November 2nd week (D2)
	8.64
	8.50
	32.3
	31.0
	85.0
	86.7
	94.0
	93.6
	101.4
	99.3
	146.1
	144.6
	155.1
	156.4

	December 1st week (D3)
	10.77
	10.61
	34.5
	33.1
	78.0
	79.0
	84.0
	83.2
	90.8
	89.0
	132.3
	131.2
	139.9
	138.0

	December last week (D4)
	13.12
	12.72
	36.8
	35.3
	68.3
	69.2
	72.3
	71.9
	77.1
	76.9
	119.3
	118.7
	122.2
	121.5

	SEm±
	0.12
	0.12
	0.36
	0.66
	1.02
	1.00
	1.02
	0.77
	1.38
	0.88
	0.46
	0.69
	0.33
	0.65

	CD at 5%
	0.41
	0.40
	1.23
	2.29
	3.53
	3.44
	3.53
	2.68
	4.77
	3.04
	1.60
	2.38
	1.16
	2.25

	Irrigation levels

	CRI (I1)
	9.73
	9.23
	33.3
	31.8
	78.1
	78.7
	86.1
	85.6
	91.5
	91.0
	134.1
	133.7
	142.0
	140.5

	CRI+ Heading (I2)
	9.82
	9.76
	33.5
	32.1
	79.8
	80.4
	87.8
	86.4
	94.0
	93.4
	136.4
	135.4
	143.4
	143.4

	CRI+ Jointing+ Milking (I3)
	9.95
	9.79
	33.7
	32.3
	80.2
	81.5
	88.2
	87.8
	95.6
	94.1
	137.8
	136.9
	145.3
	144.8

	CRI+ Late tillering + Heading+ Milking (I4)
	10.08
	10.02
	34.1
	32.6
	82.2
	83.8
	90.2
	89.9
	98.6
	96.3
	140.6
	139.0
	147.4
	146.9

	SEm±
	0.08
	0.21
	0.27
	0.38
	0.59
	0.62
	0.59
	0.55
	0.73
	0.37
	0.72
	0.58
	0.45
	0.59

	CD at 5%
	NS
	NS
	NS
	NS
	2.04
	2.16
	2.04
	1.90
	2.51
	1.28
	2.48
	2.02
	1.57
	2.05



Table 2: Effect of sowing time and irrigation levels on duration of vegetative and reproductive phase of wheat
	Treatment
	Vegetative stage
	Reproductive stage

	
	2014-15
	2015-16
	2014-15
	2015-16

	Sowing time

	October last week (D1)
	81.9
	82.3
	65.2
	62.1

	November 2nd week (D2)
	76.4
	78.0
	60.3
	57.0

	December 1st week (D3)
	67.3
	68.4
	54.2
	52.7

	December last week (D4)
	55.2
	56.5
	50.9
	49.8

	SEm±
	0.93
	0.98
	0.75
	0.45

	CD at 5%
	3.21
	3.39
	2.61
	1.55

	Irrigation level

	CRI (I1)
	68.4
	69.4
	56.6
	54.1

	CRI+ Heading (I2)
	69.9
	70.7
	57.2
	54.9

	CRI+ Jointing+ Milking (I3)
	70.2
	71.6
	57.5
	55.9

	CRI+ Late tillering + Heading+ Milking (I4)
	72.1
	73.5
	59.4
	56.8

	SEm±
	0.60
	0.55
	0.18
	0.33

	CD at 5%
	2.06
	1.90
	0.61
	1.14


Sowing time significantly influenced wheat phenology during both cropping seasons (2014–15 and 2015–16). Late sowing (D4, last week of December) delayed seedling emergence and tillering compared to early sowings. Late-sown crops required 2.35–6.07 additional days for emergence in 2014–15 and 2.11–5.74 days in 2015–16, primarily due to lower soil temperatures slowing early seedling development (Hossain et al., 2019). Furthermore, late sowing shortened the overall reproductive phase, with crops sown in October (D1) maturing later than those sown in December (D3, D4). Heading was delayed by 7.9–10.2 days, and anthesis by up to 20.5 days under delayed sowing. Similar trends have been reported, indicating that supra-optimal temperatures accelerate growth and shorten the reproductive period, thereby reducing yield potential (Singh et al., 2017; Kumar et al., 2021). Irrigation scheduling also had a marked effect on wheat phenology, especially during reproductive stages. Crops receiving four irrigations (I4: CRI + late tillering + heading + milking) showed delayed heading and maturity compared to limited irrigations. In both years, I4 delayed heading by 2.4–4.6 days relative to I2 (CRI + heading) and 4.1–7.1 days compared to I1 (CRI only), attributed to continuous moisture availability that promoted prolonged vegetative growth (Singh et al., 2017). However, the heading stage showed lesser sensitivity to irrigation frequency. Temperature played a decisive role during anthesis and grain filling. Late-sown crops encountered higher terminal heat, accelerating maturity and reducing yield potential, consistent with findings by Hossain et al. 2019 and Yashavanthakumar et al., 2021). Early sowing combined with optimal irrigation extended growth duration and improved yield stability, emphasising the importance of synchronized management practices for climate-resilient wheat production in semi-arid regions.


Table 3: Effect of sowing time and irrigation levels on plant height (cm) of wheat 
	Treatment
	2014-15
	2015-16

	
	Days after sowing
	At
maturity
	Days after sowing
	At
maturity

	
	30
	60
	90
	120
	
	30
	60
	90
	120
	

	Sowing time 

	October last week (D1) 
	20.6
	58.9
	91.6
	104.1
	99.8
	20.7
	56.4
	86.0
	100.4
	95.8

	November 2nd week (D2) 
	18.6
	55.6
	87.9
	101.2
	96.1
	19.4
	53.3
	84.3
	98.2
	94.9

	December 1st week (D3) 
	17.6
	42.6
	81.2
	96.6
	92.4
	18.5
	45.9
	79.5
	95.4
	91.6

	December last week (D4) 
	16.5
	40.3
	72.3
	89.1
	90.7
	16.7
	37.8
	71.9
	88.2
	89.2

	SEm±
	0.27
	0.59
	0.61
	0.83
	0.75
	0.65
	0.70
	1.23
	0.88
	0.99

	CD at 5%
	0.94
	2.06
	2.10
	2.88
	2.59
	2.27
	2.43
	4.25
	3.05
	3.44

	Irrigation level

	CRI (I1)
	17.1
	47.9
	83.2
	97.9
	93.4
	18.0
	46.3
	75.0
	89.1
	86.9

	CRI+ Heading (I2)
	18.5
	48.4
	79.8
	93.3
	90.4
	18.5
	47.4
	79.4
	93.9
	91.3

	CRI+ Jointing+ Milking (I3)
	18.8
	49.6
	82.2
	97.5
	95.8
	18.8
	48.6
	82.4
	97.7
	94.7

	CRI+ Late tillering + Heading+ Milking (I4)
	18.9
	51.6
	87.8
	102.3
	99.5
	20.0
	51.1
	85.0
	101.5
	98.6

	SEm±
	0.44
	0.53
	0.63
	0.69
	0.80
	0.76
	0.78
	0.74
	1.08
	0.82

	CD at 5%
	NS
	1.84
	2.20
	2.38
	2.77
	NS
	2.69
	2.56
	3.74
	2.85



Effect of sowing time and irrigation levels on growth
	The data presented in Tables 3 and 4 show that wheat plant height increased steadily up to 120 days after sowing (DAS) and declined thereafter as the crop approached maturity. Early sowing (D1, October) consistently resulted in greater plant height than late sowings (D2–D4, November–December) during both years. This trend can be attributed to the longer vegetative period and favorable temperature conditions experienced by early-sown crops, which promoted enhanced tillering and biomass accumulation before the onset of reproductive growth. In contrast, delayed sowing exposed the crop to higher terminal temperatures, shortening the vegetative phase and accelerating senescence, thereby reducing plant height (Satter et al., 2023; Ahmad & Kumar., 2015). Similar findings were reported by Khan et al. (2010), who noted that early sowing optimises thermal utilization and photosynthetic efficiency, leading to improved plant stature. Irrigation levels significantly influenced plant height, with the four-irrigation treatment (I4: CRI + late tillering + heading + milking) producing the tallest plants. Continuous moisture availability during critical stages enhanced nutrient uptake and photosynthetic activity, resulting in robust vegetative growth (Mirbahar et al., 2009; Mishra et al., 2012). The interaction effect of sowing time and irrigation was significant—early-sown crops exhibited the highest responsiveness to frequent irrigations—highlighting the synergistic role of timely sowing and adequate irrigation in maximizing wheat growth and yield potential under semi-arid conditions.
Table 4: Effect of sowing time and irrigation levels on dry matter accumulation (g mrl-1) of wheat 
	Treatment
	2014-15
	2015-16

	
	Days after sowing
	At
maturity
	Days after sowing
	At
maturity

	
	30
	60
	90
	120
	
	30
	60
	90
	120
	

	Sowing time 

	October last week (D1) 
	4.56
	72.0
	204.5
	273.2
	280.7
	4.41
	64.4
	185.7
	246.0
	255.0

	November 2nd week (D2) 
	4.39
	64.9
	190.1
	252.4
	257.9
	4.33
	58.2
	177.9
	238.4
	244.8

	December 1st week (D3) 
	3.64
	55.6
	183.1
	228.7
	235.7
	3.59
	53.1
	173.7
	220.8
	224.6

	December last week (D4) 
	2.86
	50.1
	165.6
	201.7
	201.7
	2.83
	45.0
	159.7
	198.5
	198.5

	SEm±
	0.02
	0.69
	2.18
	2.52
	2.85
	0.03
	1.12
	0.93
	1.71
	1.55

	CD at 5%
	0.06
	2.39
	7.56
	8.72
	9.85
	0.11
	3.89
	3.20
	5.91
	5.36

	Irrigation level

	CRI (I1)
	3.81
	55.3
	177.7
	235.6
	239.3
	3.74
	50.6
	153.6
	201.2
	205.1

	CRI+ Heading (I2)
	3.83
	57.4
	176.4
	219.7
	225.1
	3.76
	53.1
	167.0
	215.3
	220.0

	CRI+ Jointing+ Milking (I3)
	3.89
	59.0
	186.2
	236.4
	241.6
	3.80
	54.1
	181.0
	232.3
	236.9

	CRI+ Late tillering + Heading+ Milking (I4)
	3.92
	70.9
	203.1
	264.4
	270.0
	3.86
	63.0
	195.3
	254.9
	261.0

	SEm±
	0.03
	1.34
	1.75
	1.68
	1.89
	0.02
	1.06
	1.29
	1.38
	1.03

	CD at 5%
	NS
	4.65
	6.05
	5.82
	6.53
	NS
	3.66
	4.48
	4.78
	3.56



Dry Matter Accumulation and Growth Stages
Dry matter accumulation in wheat increased progressively with crop age, following a typical sigmoid growth pattern as the crop transitioned from the vegetative to reproductive stages. Maximum biomass accumulation occurred in October-sown crops (D1) across all growth stages, whereas delayed sowing (D3 and D4) resulted in significantly lower dry matter accumulation due to shortened growth duration and exposure to higher terminal temperatures that restricted photosynthetic activity (Kumar et al., 2021; Prabhakar et al., 2020). At 90 DAS, November-sown crops (D2) accumulated more biomass than December-sown crops (D3), underscoring the adverse impact of delayed sowing on both canopy development and dry matter partitioning (Yadav et al., 2017). Irrigation also had a pronounced effect on biomass production. The four-irrigation treatment (I4: CRI + late tillering + heading + milking) produced the highest dry matter accumulation, emphasizing the role of adequate moisture availability in supporting nutrient uptake and photosynthesis during critical growth phases (Patel et al., 2020; Sharma et al., 2018). Optimal irrigation during grain filling enhances biomass accumulation and contributes to improved yield potential under semi-arid conditions.

Table 5: Effect of sowing time and irrigation levels on leaf area index (LAI) of wheat at different growth stages  
	Treatment
	2014-15
	2015-16

	
	Days after sowing
	Days after sowing

	
	30
	60
	90
	120
	30
	60
	90
	120

	Sowing time 

	October last week (D1) 
	0.91
	2.79
	4.37
	1.79
	0.82
	2.69
	4.00
	1.56

	November 2nd week (D2) 
	0.83
	2.70
	4.03
	1.59
	0.81
	2.67
	3.88
	1.46

	December 1st week (D3) 
	0.64
	2.34
	3.62
	1.17
	0.61
	2.31
	3.58
	1.15

	December last week (D4) 
	0.35
	2.10
	3.43
	0.95
	0.33
	2.08
	3.39
	0.92

	SEm±
	0.03
	0.02
	0.07
	0.03
	0.03
	0.02
	0.07
	0.03

	CD at 5%
	0.09
	0.05
	0.26
	0.10
	0.09
	0.05
	0.25
	0.11

	Irrigation level

	CRI (I1)
	0.64
	2.40
	3.79
	1.39
	0.60
	2.35
	3.20
	1.06

	CRI+ Heading (I2)
	0.68
	2.45
	3.49
	1.20
	0.64
	2.41
	3.66
	1.24

	CRI+ Jointing+ Milking (I3)
	0.70
	2.50
	3.96
	1.35
	0.66
	2.45
	3.94
	1.34

	CRI+ Late tillering + Heading+ Milking (I4)
	0.72
	2.58
	4.20
	1.55
	0.68
	2.54
	4.05
	1.45

	SEm±
	0.02
	0.03
	0.08
	0.02
	0.02
	0.03
	0.09
	0.01

	CD at 5%
	NS
	0.11
	0.27
	0.06
	NS
	0.11
	0.30
	0.05



Leaf Area Index (LAI) and Plant Growth
	Leaf Area Index (LAI), an important indicator of canopy photosynthetic potential, increased up to 90 days after sowing (DAS) and declined thereafter as senescence progressed. The October-sown crop (D1) recorded the highest LAI, followed by the November-sown crop (D2), while delayed sowing (D3 and D4) significantly reduced LAI due to a shortened vegetative phase and exposure to higher temperatures during the leaf expansion period (Kaur et al., 2019; Singh et al., 2021). Early sowing allows for prolonged vegetative growth, resulting in greater canopy development and improved light interception, thereby enhancing photosynthetic efficiency and dry matter accumulation (Kumar et al., 2022). Irrigation frequency exerted a strong influence on LAI. The four-irrigation treatment (I4: CRI, late tillering, heading, and milking) produced the maximum LAI in both years, likely due to improved leaf turgidity and sustained photosynthetic activity under adequate soil moisture (Singh et al., 2021; Kaur et al., 2019). The I3 treatment (CRI + jointing + milking) also maintained relatively stable LAI values at 60 and 90 DAS, emphasizing the importance of water availability during key vegetative phases. The significant interaction between sowing time and irrigation indicated that early-sown wheat responded more positively to frequent irrigation. Thus, integrating timely sowing and efficient irrigation scheduling enhances canopy growth and yield resilience under changing climatic conditions.
Table 6: Effect of sowing time and irrigation levels on yield and harvest index of wheat at harvest
	Treatment
	Grain yield (kg ha-1)
	Straw yield (kg ha-1)
	Biological yield 
(kg ha-1)
	Harvest index (%)

	
	2014-15
	2015-16
	2014-15
	2015-16
	2014-15
	2015-16
	2014-15
	2015-16

	Sowing time

	October last week (D1)
	5876
	5061
	8262
	7533
	14138
	12594
	41.5
	40.1

	November 2nd week (D2)
	5512
	4909
	8044
	7406
	13555
	12316
	40.6
	39.8

	December 1st week (D3)
	5254
	4443
	7800
	6965
	13054
	11408
	40.2
	38.9

	December last week (D4)
	4092
	3907
	7431
	6517
	11524
	10424
	35.5
	37.4

	SEm±
	100.5
	110.5
	113.0
	98.5
	186.3
	167.6
	0.40
	0.56

	CD at 5%
	348.0
	382.5
	391.2
	340.9
	644.9
	580.1
	1.39
	1.93

	Irrigation level

	CRI (I1)
	5257
	4250
	7598
	6735
	12855
	10985
	40.6
	38.6

	CRI+ Heading (I2)
	5004
	4431
	7761
	6928
	12765
	11360
	39.0
	38.8

	CRI+ Jointing+ Milking (I3)
	5124
	4770
	8074
	7337
	13198
	12108
	38.6
	39.3

	CRI+ Late tillering + Heading+ Milking (I4)
	5349
	4869
	8105
	7421
	13454
	12290
	39.5
	39.5

	SEm±
	144.0
	26.4
	122.9
	80.5
	96.1
	91.0
	1.00
	0.26

	CD at 5%
	NS
	91.4
	NS
	278.8
	332.7
	314.9
	NS
	NS



Effect of sowing time and irrigation levels on productivity 
	Delayed sowing significantly reduced wheat grain yield in both growing seasons. The highest grain yield was recorded in the last week of October (D1)—5876 kg/ha in 2014–15 and 5061 kg/ha in 2015–16—while the lowest yields occurred under late December sowing (D4). These results confirm that timely sowing optimises growth conditions, prolongs the reproductive phase, and enhances assimilate partitioning toward grain formation (Kaur et al., 2019). The yield reduction under delayed sowing can be attributed to shortened vegetative duration, restricted biomass accumulation, and exposure to terminal heat stress, which accelerates maturity and impairs grain filling (Gupta et al., 2021; Sharma et al., 2018). Irrigation frequency exerted a pronounced effect on wheat yield. The four-irrigation treatment (I4: CRI, late tillering, heading, and milking) produced the highest grain yield (4869 kg/ha) in 2015–16, while the lowest (4250 kg/ha) occurred under I1 (CRI only). Adequate irrigation during critical growth stages improved soil moisture balance, nutrient uptake, and photosynthetic activity, resulting in enhanced yield and biomass Choudhary et al. (2020). Straw yield followed a similar pattern, with D1 sowing and I4 irrigation producing the highest values—8262 kg/ha (2014–15) and 7421 kg/ha (2015–16). Biological yield mirrored these trends, reinforcing that timely sowing combined with frequent irrigation promotes vigorous growth and resource utilization efficiency (Kumar et al., 2022). The harvest index (HI) was also significantly higher under early sowing and well-irrigated treatments, indicating efficient partitioning of assimilates into grain. Similar results were reported by Choudhary et al. (2020), who emphasized that optimal irrigation sustains photosynthetic activity, thereby improving HI and yield efficiency. Overall, delayed sowing reduced yield due to heat stress and shortened crop duration, with per-day yield loss increasing progressively with delay. These findings underscore the importance of integrating timely sowing and efficient irrigation scheduling to sustain wheat productivity under changing climatic conditions.











Fig 2 : The graph represents the relation between Biological Yield and Grain Yield







Fig 3: Regression line showing the association of biological yield with grain yield 

Fig 4: Regression line showing the association of harvest index with grain yield
4. Conclusion
The timing of sowing is crucial for optimizing wheat growth and yield, particularly in North India, where it is the primary rabi crop. Early sowing extends the vegetative and reproductive phases, promoting better growth and higher grain yields while minimizing heat stress during anthesis and grain filling. However, challenges such as insufficient rainfall for land preparation may delay sowing. Effective irrigation management, aligned with critical growth stages, is essential to ensure optimal water availability, especially under water scarcity conditions. By combining timely sowing with strategic irrigation, farmers can enhance wheat productivity and ensure sustainable crop production amid climate variability.
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