Effects of irrigation scheduling and foliar application of phosphorus, sulphur, and boron on the growth characteristics of Indian mustard (Brassica juncea L.)


Abstract
[bookmark: _GoBack]A field experiment was conducted at the Students Instructional Farm, Department of Agronomy, Chandra Shekhar Azad University of Agriculture and Technology, Kanpur (U.P.) during the two consecutive Rabi seasons of 2023 and 2024 to evaluate the effects of irrigation scheduling and foliar application of phosphorus, sulphur, and boron on Indian mustard (Brassica juncea L.). The trial was arranged in a split plot design with three replications, assigning irrigation levels to main plots and nutrient management practices to sub-plots. Irrigation treatments included: I1 (no irrigation), I2 (one irrigation at pre-flowering), and I3 (two irrigations at pre-flowering and siliqua development). Nutrient treatments consisted of T1 (RDF 120:60:40 NPK), T2 (RDF + foliar sulphur 2%), T3 (RDF + foliar boron 0.2%), T4 (RDF + foliar sulphur + boron), and T5 (RDF + foliar sulphur + boron + nano phosphorus 0.5% applied at 30 and 45 DAS). Mustard variety Azad Mahak was sown on November 2nd, 2023, and November 4th, 2024, with harvests on March 26th, 2024, and March 29th, 2025. Recorded growth parameters showed that maximum plant height, leaf area index, dry matter accumulation, branches per plant, days to 50% flowering, and maturity were achieved under I3 irrigation and T5 nutrient management.
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1. Introduction
Mustard, specifically Indian mustard (Brassica juncea), is an important oilseed crop belonging to the Brassicaceae family and is widely grown in India and other temperate regions. The plant is cultivated primarily for its pungent seeds, which are used to produce mustard oil and condiments, but its leaves and stems are also valued as a leafy vegetable in many parts of Asia and Africa. Indian mustard is an annual herb capable of rapid growth, thriving best in well-drained, rich, and consistently moist soils, and performs optimally as a cool-season crop.
The knowledge of proper irrigation scheduling is important for the efficient utilization of irrigation water. Optimum crop yield is not possible without the application of timely and right amount of irrigation water. The irrigation requirement of mustard however, is much higher when the crop grown in under water stress and Dryland regions because higher evaporation demand of atmosphere and low rainfall. Unavailability of sufficient irrigation water as per requirements of mustard crop causes moisture stress at critical growth and development stages. For the proper growth of mustard, irrigation is required in three critical growth stages viz. rosette, pre-flowering, and pod formation. Application of two irrigations at pre-flowering + grain filling stage of mustard significantly increases growth and yield attributing characters (Singh et al, 2018). Nutrients are another factor for increasing the productivity of the crops.  Oilseeds are energy rich crops and obviously the requirement for major nutrients is very high.
Irrigation and fertilizer management are important agronomic practices for higher yield. Irrigation influence favor the growth and yield attributes of mustard by supplementing the water need of the crop. It also enhances availability of different nutrients to crop plants. In a field investigation carried out by (Chauhan et al. 2002) with Indian mustard, they reported that irrigation applied at branching, flowering, and grain filling stages significantly increased seed yield of Indian mustard over that of pre-flowering, pod formation, and grain filling stages. (Bharti and prasad 2002) found that seed yield of mustard increased significantly up to an IW/CPE ratio of 0.8 with irrigations, such of 5cm depth. Irrigation thus, plays a vital role in increasing the growth and yield of mustard.	Comment by ADMIN: 	Comment by ADMIN: Ref. misssing
Sulphur (S) is a crucial element for rapeseed-mustard in determining its seed yield, oil content, quality, and resistance to various biotic and abiotic stresses. Besides promoting chlorophyll formation and oil synthesis, it is an important constituent of seed protein, amino acids, various enzymes, and glucosinolate. The Sulphur deficiency is aggregating day by day with the amplification of agriculture and the fertilizer-responsive varieties have accelerated the depletion of S reserves from the soil (Dhaliwal et al., 2022).
Enough B and N to improve the nutritional value of Indian mustard, which may then be utilized to improve the food quality of other oil seed crops, which would then benefit consumer health by potentially reducing B deficiency and increasing intake of S and other beneficial nutrients (Dhaliwal et al., 2022). Low levels of Boron can affect Brassica species, and a severe deficiency can result in both floral abortion and a significant decrease in seed production. Borax and sulphur do not interact with one other since they both have unique adsorbing sites and are not competitors in nature (Shorna et al., 2020).
Phosphorus (P) promotes root development and enlargement affect seed germination, cell wall division, flowering, fruiting, synthesis of fat, starch and in fact most biochemical activities (Singh and Singh, 2012).
2. Materials and Methods
Experimental site: A field experiment was conducted during two consecutive rabi season of 2023 and 2024 at Student’s Instructional Farm of Chandra Shekhar Azad University of Agriculture and Technology, Kanpur. The Kanpur Nagar is a city in central Uttar Pradesh situated at 125.9 meters above sea level on the alluvial tract of the Gangetic plains. It is coordinated at 25° - 28° North latitude and 79°- 80° East longitude. This northern zone is characterized by the semi-arid climate and rich alluvial soil s. About 935 mm of rainfalls is received each year on average. The soil of the experimental plot was sandy loam in texture having 0.45% organic carbon, 189.12 kg ha-1 available N, 14.60 kg ha-1 available P, 167.31 kg ha-1 K, 18.5 kg ha-1 available sulphur and 0.22 – 2.2 kg ha-1 available boron. in both the years. To assess the most suitable mustard variety for effect of irrigation scheduling and foliar application of phosphorus, sulphur, and boron on the growth character of mustard. The experiment was implemented on the 2nd and 4th of November during the year 2023 and, 2024, respectively using mustard variety Azad Mahak. The crop was harvested at full ripe stage on the 26th of March and 29th of March in 2024 and 2025, respectively.
Treatment details: The experiment was laid-out in a split plot design in 2 factors with 3 replications. Main plot: Irrigation levels (03) i.e. I1:  Control (No Irrigation), I2:  One irrigation at pre-flowering, I3:  Two irrigations at pre-flowering and siliqua development. Sub Plot: T1:  RDF (120:60:40 NPK), T2:  RDF+ foliar application of sulphur@ 2% at 30 DAS and 45 DAS, T3:  RDF+ foliar application of boron@ 0.2% at 30 DAS and 45 DAS, T4:  RDF+ foliar application of sulphur@ 2% + foliar application of boron@ 0.2% at 30 DAS and 45 DAS, T5:  RDF+ foliar application of sulphur@ 2% + foliar application of boron@ 0.2% + foliar application of nano phosphorus@ 0.5% at 30 DAS and 45 DAS.
Fertilizer Application: The recommended dose of fertilizer (NPK: 120:60:40 Kg ha-1 was applied uniformly in each plot and . And foliar application of phosphorus, sulphur, and boron at 30 DAS and 45 DAS in different plot.
Plant population (plants m-2): The plant population per running meter was recorded at two different stages in each plot: after thinning (20 days after sowing) and at maturity (120 days after sowing).
Plant height (cm): The height of plants was measured by using a meter scale, from the soil surface to the apex of the fully opened leaves in centimetres. This measurement was taken at 30, 60, 90, and 120 days after sowing (DAS) for each of the 5 randomly selected and tagged plants in each plot. The measurements were then averaged to assess the effect of treatments on plant height.
Number of branches plant-1: The number of primary, secondary, and tertiary branches were tallied from five randomly selected and labeled labelled plants at the 60 DAS, 90 DAS and at harvest. The total number of branches per plant was calculated by summing up the different branches, and the mean value was determined by dividing the total number of branches by the total number of plants.
Leaf Area Index (L.A.I.): The leaf area was measured at 30-, 60- and 90-day stage calculating the leaf area index, the total numbers of leaf of five plants were divided into three groups i.e., small medium and large. The maximum length and width of the leaves of each group were measured.
                                                         LAI= Leaf area  
                                                         Ground area
Dry Matter Accumulation (g m-2): Three plants were randomly selected from border rows at 30, 60 and 90 DAS and at harvest and after sun dried, materials were kept in an oven at 65° C for 24 hours till the constant weight. The average was recorded as dry matter of plant.
Days Taken to 50% Flowering: Number of days taken to flowering was recorded from date of sowing to the date when plants bear the 50% flowers in each plot.
Days Taken to 50% Maturity: Number of days taken to maturity was recorded by visual observation in each plot. It was counted from the date of sowing to when siliquae attained the golden color. 
3. Result and Discussion 
Plant population: The data of initial and final plant population (m-2) is presented in Table No. 1. The data revealed that there was no significant effect of different irrigation levels and nutrient management practices on initial plant population taken at 20 DAS and final plant population at harvest during the both years of study as well as pooled basis in mustard crop. The interaction effect of irrigation levels and nutrient management practices on initial and final plant population does not show any significant difference.
Plant Height (cm): The data on plant height were recorded at 30, 60, 90 DAS and at the harvest stage of both the year during the investigation. The crop growth has been presented in Table No. 2. clearly Clearly recorded that the plant height increases consistently from 30th days to harvest stage under different irrigation levels and nutrient management practices during both the year. However, the rate of plant height was differed with different treatment. At 30 DAS during both the year and pooled basis under the irrigation and nutrient management practices did not significantly affect the height of plant. 
The pooled analysis data on plant height of 60, 90 DAS and at harvest indicate that irrigation levels I3 (Two irrigation at pre-flowering and siliqua development) was recorded maximum plant height at 60, 90 DAS and at harvest. (98.08, 138.78 and 185.60 cm) respectively. Which was significantly superior rest of treatment and lowest plant height at 60, 90 DAS and at harvest was recorded (77.45, 109.67 and 145.96 cm) with control I1. Also reported the similar results Singh et al., (2002).
The plant height similarly influenced by different nutrient management practices at 60, 90 DAS and at harvest stage also the maximum plant height was recorded (98.43, 138.97 and 185.70 cm) respectively under the treatment T5 (RDF + foliar application of sulphur @ 2% + foliar application of boron @ 0.2% + foliar application of nano phosphorus @ 0.5% at 30 DAS and 45 DAS).which was at par with T4 (RDF+ foliar application of sulphur @ 2% + foliar application of boron @ 0.2% at 30 DAS and 45 DAS). An a significant higher T2 (RDF+ foliar application of sulphur @ 2% at 30 DAS and 45 DAS), T3 (RDF+ foliar application of boron @ 0.2% at 30 DAS and 45 DAS) and T1 (RDF (120:60:40 NPK). However, the lowest plant height was recorded under the treatment T1 (RDF 120:60:40). Also reported the similar results Tigga et al., (2004).	Comment by ADMIN: Add reason behind and add how much percentage it was increased when compared to cintrol







Table No. 1. Plant population as influenced by irrigation scheduling & foliar application of phosphorus, sulphur, and boron on mustard crop during 2023 and 2024. 
	Plant population m-2

	Treatments 
	20 DAS
	At harvest

	
	2023
	2024
	Pooled 
	2023
	2024
	Pooled 

	A. Irrigation levels (I)

	I1: Control (No irrigation)
	13.45
	13.66
	13.56
	13.32
	13.52
	13.42

	I2: One irrigation at pre-flowering
	13.49
	13.71
	13.60
	13.39
	13.60
	13.50

	I3: Two irrigations at pre-flowering and siliqua development
	13.51
	13.74
	13.63
	13.41
	13.65
	13.53

	S.E. (m) (±)
	0.07
	0.07
	0.05
	0.07
	0.08
	0.05

	CD at 0.05 %
	NS
	NS
	NS
	NS
	NS
	NS

	B. Phosphorus, Sulphur, and Boron levels (T)

	T1: RDF (120:60:40 NPK)
	13.42
	13.62
	13.52
	13.30
	13.50
	13.40

	T2: RDF+ foliar application of sulphur @ 2% at 30 DAS and 45 DAS
	13.48
	13.70
	13.59
	13.37
	13.59
	13.48

	T3: RDF+ foliar application of boron @ 0.2% at 30 DAS and 45 DAS
	13.45
	13.67
	13.56
	13.34
	13.55
	13.44

	T4: RDF+ foliar application of sulphur @ 2% + foliar application of boron @ 0.2% at 30 DAS and 45 DAS
	13.52
	13.75
	13.63
	13.41
	13.64
	13.52

	T5: RDF + foliar application of sulphur @ 2% + foliar application of boron @ 0.2% + foliar application of nano phosphorus @ 0.5% at 30 DAS and 45 DAS
	13.55
	13.79
	13.67
	13.45
	13.68
	13.57

	S.E. (m) (±)
	0.18
	0.20
	0.14
	0.21
	0.21
	0.15

	CD at 0.05 %
	NS
	NS
	NS
	NS
	NS
	NS

	Interaction Effect (I × T)
	NS
	NS
	NS
	NS
	NS
	NS




Table No. 2. Plant height as influenced by irrigation scheduling & foliar application of phosphorus, sulphur, and boron on mustard crop during 2023 and 2024.
	Plant height (cm)

	Treatments
	30 DAS
	60 DAS
	90 DAS
	At harvest

	
	2023
	2024
	Pooled 
	2023
	2024
	Pooled 
	2023
	2024
	Pooled 
	2023
	2024
	Pooled 

	Irrigation levels

	I1: Control (No irrigation)
	26.33
	27.15
	26.74
	76.69
	78.21
	77.45
	108.19
	111.14
	109.67
	145.79
	146.13
	145.96

	I2: One irrigation at pre-flowering
	26.36
	27.17
	26.77
	94.77
	96.65
	95.71
	133.57
	137.33
	135.45
	180.89
	181.20
	181.04

	I3: Two irrigations at pre-flowering and siliqua development
	26.39
	27.20
	26.79
	97.12
	99.04
	98.08
	136.87
	140.70
	138.78
	185.28
	185.93
	185.60

	S.E. (m) (±)
	0.32
	0.31
	0.22
	0.71
	0.76
	0.52
	1.17
	1.26
	0.86
	1.76
	1.87
	1.28

	CD at 0.05 %
	NS
	NS
	NS
	2.79
	3.01
	1.70
	4.60
	4.94
	2.80
	6.89
	7.34
	4.18

	Phosphorus, Sulphur, and Boron levels (T)

	T1: RDF (120:60:40 NPK)
	25.56
	26.35
	25.95
	80.67
	82.23
	81.45
	113.78
	116.73
	115.25
	152.34
	153.22
	152.78

	T2: RDF+ foliar application of sulphur @ 2% at 30 DAS and 45 DAS
	25.96
	26.76
	26.36
	90.00
	91.84
	90.92
	127.00
	130.70
	128.85
	172.53
	172.28
	172.41

	T3: RDF+ foliar application of boron @ 0.2% at 30 DAS and 45 DAS
	26.36
	27.17
	26.77
	85.71
	87.49
	86.60
	121.02
	124.60
	122.81
	164.65
	164.17
	164.41

	T4: RDF+ foliar application of sulphur @ 2% + foliar application of boron @ 0.2% at 30 DAS and 45 DAS
	26.76
	27.59
	27.17
	93.74
	95.59
	94.67
	132.10
	135.81
	133.95
	178.89
	179.19
	179.04

	T5: RDF + foliar application of sulphur @ 2% + foliar application of boron @ 0.2% + foliar application of nano phosphorus @ 0.5% at 30 DAS and 45 DAS
	27.16
	28.00
	27.58
	97.51
	99.34
	98.43
	137.14
	140.80
	138.97
	184.85
	186.56
	185.70

	S.E. (m) (±)
	0.88
	0.84
	0.61
	2.23
	2.41
	1.64
	3.69
	3.98
	2.71
	5.59
	5.86
	4.05

	CD at 0.05 %
	NS
	NS
	NS
	6.50
	7.02
	5.35
	10.77
	11.62
	8.85
	16.31
	17.11
	13.21

	Interaction Effect (I × T)
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS



 
Number of primary branches plant-1: The data on number of primary branches plant-1 recorded at 60, 90 DAS and at harvest stage of both the year during the investigation. The crop growth has been presented in Table No. 3. clearly recorded that the number of primary branches plant-1 increases consistently from 60th days to harvest stage under different irrigation levels and nutrient management practices during both the year. However, the rate of number of primary branches plant-1 was differed with different treatment.   
At 60, 90 DAS and at harvest during both the year and pooled basis under the irrigation and nutrient management practices significantly affect the number of primary branches 
plant-1. 
The pooled analysis data on number of primary branches plant-1 of 60, 90 DAS and at harvest indicate that irrigation levels I3 (Two irrigation at pre-flowering and siliqua development) was recorded maximum number of primary branches plant-1 at 60, 90 DAS and at harvest. (5.97, 6.64 and 7.02) respectively. Which was significantly superior rest of treatment and lowest number of primary branches plant-1 at 60, 90 DAS and at harvest was recorded (4.73, 5.33 and 5.59) with control I1. Similar trends have been noted in related research Upadhyay et al. (2016).  
The pooled analysis data on number of primary branches plant-1 similarly influenced by different nutrient management practices at 60, 90 DAS and at harvest stage also the maximum number of primary branches plant-1 was recorded (6.00, 6.68 and 7.06) respectively under the treatment T5 (RDF + foliar application of sulphur @ 2% + foliar application of boron @ 0.2% + foliar application of nano phosphorus @ 0.5% at 30 DAS and 45 DAS).which was at par with T4 (RDF+ foliar application of sulphur @ 2% + foliar application of boron @ 0.2% at 30 DAS and 45 DAS). An a significant higher T2 (RDF+ foliar application of sulphur @ 2% at 30 DAS and 45 DAS), T3 (RDF+ foliar application of boron @ 0.2% at 30 DAS and 45 DAS) and T1 (RDF (120:60:40 NPK). However, the lowest number of primary branches plant-1 was recorded under the treatment T1 (RDF 120:60:40). Also reported similar results Mohiuddin et al., (2011).





Table No. 3. Number of primary branches plant-1 as influenced by irrigation scheduling & foliar application of phosphorus, sulphur, and boron on mustard crop during 2023 and 2024.
	Number of primary branches plant-1

	Treatments
	60 DAS
	90 DAS
	At harvest

	
	2023
	2024
	Pooled 
	2023
	2024
	Pooled 
	2023
	2024
	Pooled 

	Irrigation levels

	I1: Control (No irrigation)
	4.66
	4.81
	4.73
	5.23
	5.42
	5.33
	5.52
	5.65
	5.59

	I2: One irrigation at pre-flowering
	5.71
	5.92
	5.82
	6.36
	6.61
	6.48
	6.76
	6.94
	6.85

	I3: Two irrigations at pre-flowering and siliqua development
	5.86
	6.07
	5.97
	6.52
	6.77
	6.64
	6.93
	7.12
	7.02

	S.E. (m) (±)
	0.05
	0.05
	0.03
	0.05
	0.06
	0.04
	0.06
	0.06
	0.04

	CD at 0.05 %
	0.18
	0.19
	0.11
	0.20
	0.22
	0.12
	0.23
	0.25
	0.14

	Phosphorus, Sulphur, and Boron levels (T)

	T1: RDF (120:60:40 NPK)
	4.92
	5.09
	5.00
	5.51
	5.72
	5.61
	5.83
	5.98
	5.90

	T2: RDF+ foliar application of sulphur @ 2% at 30 DAS and 45 DAS
	5.41
	5.60
	5.51
	6.04
	6.27
	6.15
	6.41
	6.57
	6.49

	T3: RDF+ foliar application of boron @ 0.2% at 30 DAS and 45 DAS
	5.17
	5.35
	5.26
	5.78
	6.00
	5.89
	6.12
	6.28
	6.20

	T4: RDF+ foliar application of sulphur @ 2% + foliar application of boron @ 0.2% at 30 DAS and 45 DAS
	5.66
	5.86
	5.76
	6.30
	6.54
	6.42
	6.69
	6.87
	6.78

	T5: RDF + foliar application of sulphur @ 2% + foliar application of boron @ 0.2% + foliar application of nano phosphorus @ 0.5% at 30 DAS and 45 DAS
	5.89
	6.10
	6.00
	6.56
	6.81
	6.68
	6.97
	7.15
	7.06

	S.E. (m) (±)
	0.14
	0.15
	0.11
	0.16
	0.18
	0.12
	0.18
	0.20
	0.13

	CD at 0.05 %
	0.42
	0.45
	0.34
	0.47
	0.51
	0.39
	0.53
	0.57
	0.44

	Interaction Effect (I × T)
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS




Number of secondary branches plant-1: The data on number of secondary branches plant-1 recorded at 60, 90 DAS and at harvest stage of both the year during the investigation. The crop growth has been presented in Table No. 4. clearly Clearly recorded that the number of secondary branches plant-1 increases consistently from 60th days to harvest stage under different irrigation levels and nutrient management practices during both the year. However, the rate of Number number of secondary branches plant-1was differed with different treatment.   
At 60, 90 DAS and at harvest during both the year and pooled basis under the irrigation and nutrient management practices significantly affect the number of secondary branches plant-1. 
The pooled analysis data on number of secondary branches plant-1 of 60, 90 DAS and at harvest indicate that irrigation levels I3 (Two irrigation at pre-flowering and siliqua development) was recorded maximum number of secondary branches plant-1 at 60, 90 DAS and at harvest (7.71, 13.35 and 16.57) respectively. Which was significantly superior rest of treatment and lowest number of secondary branches plant-1 at 60, 90 DAS and at harvest was recorded (5.24, 10.71 and 13.37) with control I1. Similar trends have been noted in related research Upadhyay et al. (2016).  
The pooled analysis data on number of secondary branches plant-1 similarly influenced by different nutrient management practices at 60, 90 DAS and at harvest stage also the maximum number of secondary branches plant-1 was recorded (7.79, 13.37 and 16.65) respectively under the treatment T5 (RDF + foliar application of sulphur @ 2% + foliar application of boron @ 0.2% + foliar application of nano phosphorus @ 0.5% at 30 DAS and 45 DAS).which was at par with T4 (RDF+ foliar application of sulphur @ 2% + foliar application of boron @ 0.2% at 30 DAS and 45 DAS). An a significant higher T2 (RDF+ foliar application of sulphur @ 2% at 30 DAS and 45 DAS), T3 (RDF+ foliar application of boron @ 0.2% at 30 DAS and 45 DAS) and T1 (RDF (120:60:40 NPK). However, the lowest number of secondary branches plant-1 was recorded under the treatment T1 (RDF 120:60:40). Also reported similar results Mohiuddin et al., (2011).





Table No. 4. Number of secondary branches plant-1 as influenced by irrigation scheduling & foliar application of phosphorus, sulphur, and boron on mustard crop during 2023 and 2024.
	Number of secondary branches plant-1

	Treatments
	60 DAS
	90 DAS
	At harvest

	
	2023
	2024
	Pooled 
	2023
	2024
	Pooled 
	2023
	2024
	Pooled 

	Irrigation levels

	I1: Control (No irrigation)
	5.13
	5.34
	5.24
	10.44
	10.98
	10.71
	13.20
	13.54
	13.37

	I2: One irrigation at pre-flowering
	7.21
	7.59
	7.40
	12.68
	13.36
	13.02
	15.95
	16.41
	16.18

	I3: Two irrigations at pre-flowering and siliqua development
	7.51
	7.91
	7.71
	12.99
	13.70
	13.35
	16.33
	16.81
	16.57

	S.E. (m) (±)
	0.06
	0.07
	0.05
	0.11
	0.12
	0.08
	0.14
	0.15
	0.10

	CD at 0.05 %
	0.25
	0.29
	0.16
	0.42
	0.47
	0.26
	0.54
	0.57
	0.33

	Phosphorus, Sulphur, and Boron levels (T)

	T1: RDF (120:60:40 NPK)
	5.66
	5.87
	5.77
	11.01
	11.60
	11.31
	13.88
	14.26
	14.07

	T2: RDF+ foliar application of sulphur @ 2% at 30 DAS and 45 DAS
	6.63
	6.94
	6.79
	12.05
	12.69
	12.37
	15.17
	15.60
	15.38

	T3: RDF+ foliar application of boron @ 0.2% at 30 DAS and 45 DAS
	6.16
	6.41
	6.28
	11.54
	12.16
	11.85
	14.53
	14.94
	14.74

	T4: RDF+ foliar application of sulphur @ 2% + foliar application of boron @ 0.2% at 30 DAS and 45 DAS
	7.10
	7.49
	7.29
	12.55
	13.22
	12.88
	15.80
	16.25
	16.02

	T5: RDF + foliar application of sulphur @ 2% + foliar application of boron @ 0.2% + foliar application of nano phosphorus @ 0.5% at 30 DAS and 45 DAS
	7.54
	8.03
	7.79
	13.03
	13.72
	13.37
	16.41
	16.88
	16.65

	S.E. (m) (±)
	0.19
	0.22
	0.15
	0.33
	0.36
	0.24
	0.43
	0.45
	0.31

	CD at 0.05 %
	0.56
	0.64
	0.47
	0.95
	1.05
	0.79
	1.25
	1.32
	1.02

	Interaction Effect (I × T)
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS



Number of tertiary branches plant-1: The data on number of tertiary branches plant-1 recorded at 60, 90 DAS and at harvest stage of both the year during the investigation. The crop growth has been presented in Table No. 5. clearly recorded that the number of tertiary branches plant-1 increases consistently from 60th days to harvest stage under different irrigation levels and nutrient management practices during both the year. However, the rate of Number of tertiary branches plant-1was differed with different treatment.   
At 60, 90 DAS and at harvest during both the year and pooled basis under the irrigation and nutrient management practices significantly affect the number of tertiary branches plant-1. 
The pooled analysis data on number of tertiary branches plant-1 of 60, 90 DAS and at harvest indicate that irrigation levels I3 (Two irrigation at pre-flowering and siliqua development) was recorded maximum number of tertiary branches plant-1 at 60, 90 DAS and at harvest (1.09, 3.00 and 4.92) respectively. Which was significantly superior rest of treatment and lowest number of tertiary branches plant-1 at 60, 90 DAS and at harvest was recorded (0.67, 1.93 and 3.71) with control I1. Similar trends have been noted in related research Upadhyay et al. (2016).  	Comment by ADMIN: Add what they observed
The pooled analysis data on number of tertiary branches plant-1 similarly influenced by different nutrient management practices at 60, 90 DAS and at harvest stage also the maximum number of tertiary branches plant-1 was recorded (1.10, 3.02 and 4.94) respectively under the treatment T5 (RDF + foliar application of sulphur @ 2% + foliar application of boron @ 0.2% + foliar application of nano phosphorus @ 0.5% at 30 DAS and 45 DAS).which was at par with T4 (RDF+ foliar application of sulphur @ 2% + foliar application of boron @ 0.2% at 30 DAS and 45 DAS). An a significant higher T2 (RDF+ foliar application of sulphur @ 2% at 30 DAS and 45 DAS), T3 (RDF+ foliar application of boron @ 0.2% at 30 DAS and 45 DAS) and T1 (RDF (120:60:40 NPK). However, the lowest number of tertiary branches plant-1 was recorded under the treatment T1 (RDF 120:60:40). Also reported similar results Mohiuddin et al., (2011).


Table No. 5. Number of tertiary branches plant-1 as influenced by irrigation scheduling & foliar application of phosphorus, sulphur, and boron on mustard crop during 2023 and 2024.
	Number of tertiary branches plant-1

	Treatments
	60 DAS
	90 DAS
	At harvest

	
	2023
	2024
	Pooled 
	2023
	2024
	Pooled 
	2023
	2024
	Pooled 

	Irrigation levels

	I1: Control (No irrigation)
	0.66
	0.67
	0.67
	1.90
	1.96
	1.93
	3.66
	3.75
	3.71

	I2: One irrigation at pre-flowering
	1.03
	1.05
	1.04
	2.81
	2.91
	2.86
	4.71
	4.83
	4.77

	I3: Two irrigations at pre-flowering and siliqua development
	1.08
	1.11
	1.09
	2.94
	3.05
	3.00
	4.86
	4.99
	4.92

	S.E. (m) (±)
	0.01
	0.01
	0.01
	0.02
	0.03
	0.02
	0.04
	0.05
	0.03

	CD at 0.05 %
	0.03
	0.01
	0.02
	0.08
	0.10
	0.05
	0.16
	0.18
	0.10

	Phosphorus, Sulphur, and Boron levels (T)

	T1: RDF (120:60:40 NPK)
	0.75
	0.77
	0.76
	2.12
	2.20
	2.16
	3.93
	4.03
	3.98

	T2: RDF+ foliar application of sulphur @ 2% at 30 DAS and 45 DAS
	0.92
	0.95
	0.93
	2.56
	2.64
	2.60
	4.41
	4.53
	4.47

	T3: RDF+ foliar application of boron @ 0.2% at 30 DAS and 45 DAS
	0.84
	0.86
	0.85
	2.34
	2.42
	2.38
	4.17
	4.28
	4.23

	T4: RDF+ foliar application of sulphur @ 2% + foliar application of boron @ 0.2% at 30 DAS and 45 DAS
	1.01
	1.03
	1.02
	2.77
	2.86
	2.81
	4.65
	4.77
	4.71

	T5: RDF + foliar application of sulphur @ 2% + foliar application of boron @ 0.2% + foliar application of nano phosphorus @ 0.5% at 30 DAS and 45 DAS
	1.09
	1.12
	1.10
	2.97
	3.07
	3.02
	4.88
	5.00
	4.94

	S.E. (m) (±)
	0.03
	0.03
	0.02
	0.07
	0.08
	0.05
	0.13
	0.14
	0.10

	CD at 0.05 %
	0.08
	0.03
	0.06
	0.21
	0.23
	0.17
	0.38
	0.42
	0.31

	Interaction Effect (I × T)
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS



Leaf area index: The data on leaf area index has recorded at 30, 60 DAS and 90 DAS of both the year during the investigation. The crop growth has been presented in Table No. 6. clearly recorded that the leaf area index increases consistently from 30th days to 90 DAS stage under different irrigation levels and nutrient management practices during both the year. However, the rate of leaf area index was differed with different treatment. 
At 30 DAS during both the year and pooled basis under the irrigation and nutrient management practices did not significantly affect the leaf area index.   
At 60 DAS and 90 DAS during both the year and pooled basis under the irrigation and nutrient management practices significantly affect the leaf area index. 
The pooled analysis data on leaf area index of 60 DAS and 90 DAS indicate that irrigation levels I3 (Two irrigation at pre-flowering and siliqua development) was recorded maximum leaf area index at 60 DAS and 90 DAS (2.09 and 3.77) respectively. Which was significantly superior rest of treatment and lowest leaf area index at 60 DAS and 90 DAS was recorded (1.86 and 3.28) with control I1. Also reported the similar results Sharma et al., (2006).  
The pooled analysis data on leaf area index similarly influenced by different nutrient management practices at 60 DAS and 90 DAS stage also the maximum leaf area index was recorded (2.11 and 3.80) respectively under the treatment T5 (RDF + foliar application of sulphur @ 2% + foliar application of boron @ 0.2% + foliar application of nano phosphorus @ 0.5% at 30 DAS and 45 DAS).which was at par with T4 (RDF+ foliar application of sulphur @ 2% + foliar application of boron @ 0.2% at 30 DAS and 45 DAS). An a significant higher T2 (RDF+ foliar application of sulphur @ 2% at 30 DAS and 45 DAS), T3 (RDF+ foliar application of boron @ 0.2% at 30 DAS and 45 DAS) and T1 (RDF (120:60:40 NPK). However, the lowest leaf area index was recorded under the treatment T1 (RDF 120:60:40). Also reported the similar results Patidar and Mali (2004).

Table No. 6. Leaf area index as influenced by irrigation scheduling & foliar application of phosphorus, sulphur, and boron on mustard crop during 2023 and 2024.
	Leaf area index

	Treatments
	30 DAS
	60 DAS
	90 DAS

	
	2023
	2024
	Pooled 
	2023
	2024
	Pooled 
	2023
	2024
	Pooled 

	Irrigation levels

	I1: Control (No irrigation)
	0.24
	0.25
	0.24
	1.82
	1.90
	1.86
	3.21
	3.35
	3.28

	I2: One irrigation at pre-flowering
	0.24
	0.25
	0.25
	2.03
	2.10
	2.06
	3.63
	3.78
	3.71

	I3: Two irrigations at pre-flowering and siliqua development
	0.24
	0.25
	0.25
	2.05
	2.13
	2.09
	3.69
	3.85
	3.77

	S.E. (m) (±)
	0.002
	0.002
	0.002
	0.02
	0.02
	0.01
	0.03
	0.04
	0.02

	CD at 0.05 %
	NS
	NS
	NS
	0.06
	0.08
	0.04
	0.11
	0.15
	0.08

	Phosphorus, Sulphur, and Boron levels (T)

	T1: RDF (120:60:40 NPK)
	0.23
	0.24
	0.24
	1.85
	1.93
	1.89
	3.29
	3.43
	3.36

	T2: RDF+ foliar application of sulphur @ 2% at 30 DAS and 45 DAS
	0.24
	0.25
	0.25
	1.97
	2.04
	2.00
	3.51
	3.66
	3.58

	T3: RDF+ foliar application of boron @ 0.2% at 30 DAS and 45 DAS
	0.24
	0.25
	0.24
	1.91
	1.98
	1.95
	3.41
	3.55
	3.48

	T4: RDF+ foliar application of sulphur @ 2% + foliar application of boron @ 0.2% at 30 DAS and 45 DAS
	0.25
	0.26
	0.25
	2.02
	2.10
	2.06
	3.61
	3.77
	3.69

	T5: RDF + foliar application of sulphur @ 2% + foliar application of boron @ 0.2% + foliar application of nano phosphorus @ 0.5% at 30 DAS and 45 DAS
	0.25
	0.26
	0.25
	2.08
	2.15
	2.11
	3.72
	3.88
	3.80

	S.E. (m) (±)
	0.007
	0.007
	0.005
	0.05
	0.05
	0.04
	0.10
	0.10
	0.07

	CD at 0.05 %
	NS
	NS
	NS
	0.15
	0.15
	0.12
	0.28
	0.30
	0.23

	Interaction Effect (I × T)
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS



Dry matter accumulation (g m-2): The data on dry matter accumulation (g m-2) has recorded at 30, 60 DAS and 90 DAS of both the year during the investigation. The crop growth has been presented in Table No. 7. clearly recorded that the dry matter accumulation (g m-2) increases consistently from 30th days to 90 DAS stage under different irrigation levels and nutrient management practices during both the year. However, the rate of dry matter accumulation 
(g m-2) was differed with different treatment. 
At 30 DAS during both the year and pooled basis under the irrigation and nutrient management practices did not significantly affect the dry matter accumulation (g m-2).   
At 60 DAS and 90 DAS during both the year and pooled basis under the irrigation and nutrient management practices significantly affect the dry matter accumulation (g m-2). 
The pooled analysis data on dry matter accumulation (g m-2) of 30 DAS, 60 DAS and 90 DAS indicate that irrigation levels I3 (Two irrigation at pre-flowering and siliqua development) was recorded maximum dry matter accumulation (g m-2) at 30 DAS, 60 DAS and 90 DAS (50.63, 310.38 and 566.93 g m-2) respectively. Which was significantly superior rest of treatment and lowest dry matter accumulation (g m-2) at 30 DAS, 60 DAS and 90 DAS was recorded (49.25, 280.89 and 499.98 g m-2) with control I1. Comparable findings were observed in other studies Saren et al., (2009).
The pooled analysis data on dry matter accumulation (g m-2)  similarly influenced by different nutrient management practices at 30 DAS, 60 DAS and 90 DAS stage also the maximum dry matter accumulation (g m-2)  was recorded (52.08, 326.84 and 591.49 g m-2 ) respectively under the treatment T5 (RDF + foliar application of sulphur @ 2% + foliar application of boron @ 0.2% + foliar application of nano phosphorus @ 0.5% at 30 DAS and 45 DAS).which was at par with T4 (RDF+ foliar application of sulphur @ 2% + foliar application of boron @ 0.2% at 30 DAS and 45 DAS). An a significant higher T2 (RDF+ foliar application of sulphur @ 2% at 30 DAS and 45 DAS), T3 (RDF+ foliar application of boron @ 0.2% at 30 DAS and 45 DAS) and T1 (RDF (120:60:40 NPK). However, the lowest dry matter accumulation (g m-2) was recorded under the treatment T1 (RDF 120:60:40). Also reported the similar results Tigga et al., (2004).

Table No. 7. Dry matter accumulation as influenced by irrigation scheduling & foliar application of phosphorus, sulphur, and boron on mustard crop during 2023 and 2024.
	Dry matter accumulation (g m-2)

	Treatments
	30 DAS
	60 DAS
	90 DAS

	
	2023
	2024
	Pooled 
	2023
	2024
	Pooled 
	2023
	2024
	Pooled 

	Irrigation levels

	I1: Control (No irrigation)
	48.08
	50.41
	49.25
	276.84
	284.93
	280.89
	490.32
	509.64
	499.98

	I2: One irrigation at pre-flowering
	48.66
	51.57
	50.12
	296.78
	304.68
	300.73
	539.69
	558.72
	549.21

	I3: Two irrigations at pre-flowering and siliqua development
	49.64
	51.62
	50.63
	305.83
	314.93
	310.38
	555.84
	578.01
	566.93

	S.E. (m) (±)
	0.53
	0.58
	0.39
	2.87
	3.23
	2.16
	5.03
	5.43
	3.70

	CD at 0.05 %
	NS
	NS
	NS
	11.26
	12.69
	7.05
	19.76
	21.33
	12.07

	Phosphorus, Sulphur, and Boron levels (T)

	T1: RDF (120:60:40 NPK)
	46.82
	49.04
	47.93
	264.82
	270.17
	267.49
	479.31
	495.77
	487.54

	T2: RDF+ foliar application of sulphur @ 2% at 30 DAS and 45 DAS
	48.77
	51.18
	49.98
	293.89
	302.28
	298.09
	528.39
	548.48
	538.44

	T3: RDF+ foliar application of boron @ 0.2% at 30 DAS and 45 DAS
	47.82
	50.13
	48.97
	278.67
	285.41
	282.04
	502.60
	520.74
	511.67

	T4: RDF+ foliar application of sulphur @ 2% + foliar application of boron @ 0.2% at 30 DAS and 45 DAS
	49.77
	52.28
	51.03
	307.24
	317.19
	312.21
	553.36
	575.42
	564.39

	T5: RDF + foliar application of sulphur @ 2% + foliar application of boron @ 0.2% + foliar application of nano phosphorus @ 0.5% at 30 DAS and 45 DAS
	50.77
	53.38
	52.08
	321.15
	332.52
	326.84
	579.43
	603.54
	591.49

	S.E. (m) (±)
	1.43
	1.58
	1.06
	8.40
	9.30
	6.26
	14.92
	16.07
	10.96

	CD at 0.05 %
	NS
	NS
	NS
	24.50
	27.13
	20.42
	43.56
	46.89
	35.76

	Interaction Effect (I × T)
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS



Days taken to 50 % flowering and maturity: Data pertaining to number of days taken to 50 % flowering has recorded at both the year during the investigation. The crop growth has been presented in Table No. 8. The pooled analysis data on Days taken to 50 % flowering of indicate that irrigation levels I1 (No Irrigation) was recorded maximum number of Days taken to 50 % flowering (55.68). followed by I2 (One Irrigation at pre-flowering). and lowest number of days taken to 50% flowering was recorded (54.46) under the treatment I3 (Two irrigations at pre-flowering and siliqua development).
The pooled analysis data on number of days taken to 50 % flowering similarly influenced by different nutrient management practices at higher number of days taken to 50% flowering (56.59) under the treatment T1 (RDF 120:60:40). Followed by T3 (RDF+ foliar application of boron @ 0.2% at 30 DAS and 45 DAS), T2 (RDF+ foliar application of sulphur @ 2% at 30 DAS and 45 DAS) and T4. However, the lowest number of days taken to 50 % flowering was recorded (52.70) under the treatment T5 (RDF + foliar application of sulphur @ 2% + foliar application of boron @ 0.2% + foliar application of nano phosphorus @ 0.5% at 30 DAS and 45 DAS).
 Days taken to 50 % maturity: Data pertaining to number of days taken to 50 % maturity has recorded at both the year during the investigation. The crop growth has been presented in Table No. 8. The pooled analysis data on Days taken to 50 % maturity of indicate that irrigation levels I1 (No Irrigation) was recorded maximum number of Days taken to 50 % maturity (98.36). followed by I2 (One Irrigation at pre-flowering). and lowest number of days taken to 50% maturity was recorded (96.09) under the treatment I3 (Two irrigations at pre-flowering and siliqua development).
The pooled analysis data on number of days taken to 50 % maturity similarly influenced by different nutrient management practices at higher number of days taken to 50% maturity (98.36) under the treatment T1 (RDF 120:60:40). Followed by T3 (RDF+ foliar application of boron @ 0.2% at 30 DAS and 45 DAS), T2 (RDF+ foliar application of sulphur @ 2% at 30 DAS and 45 DAS) and T4. However, the lowest number of days taken to 50 % maturity was recorded (94.55) under the treatment T5 (RDF + foliar application of sulphur @ 2% + foliar application of boron @ 0.2% + foliar application of nano phosphorus @ 0.5% at 30 DAS and 45 DAS).
Table No. 8. Days taken to 50% flowering and days taken to maturity as influenced by irrigation scheduling & foliar application of phosphorus, sulphur, and boron on mustard crop during 2023 and 2024.
	Days taken to 50% flowering and maturity

	Treatments 
	Days taken to 50% flowering
	Days taken to 50% maturity

	
	2023
	2024
	Pooled 
	2023
	2024
	Pooled 

	 Irrigation levels

	I1: Control (No irrigation)
	55.64
	55.72
	55.68
	93.92
	100.16
	97.04

	I2: One irrigation at pre-flowering
	54.75
	54.78
	54.77
	92.69
	99.88
	96.29

	I3: Two irrigations at pre-flowering and siliqua development
	54.44
	54.47
	54.46
	92.41
	99.78
	96.09

	S.E. (m) (±)
	0.51
	0.54
	0.37
	1.36
	1.62
	1.06

	CD at 0.05 %
	NS
	NS
	NS
	NS
	NS
	NS

	Phosphorus, Sulphur, and Boron levels (T)


	T1: RDF (120:60:40 NPK)
	56.47
	56.70
	56.59
	94.96
	101.76
	98.36

	T2: RDF+ foliar application of sulphur @ 2% at 30 DAS and 45 DAS
	55.19
	55.21
	55.20
	92.99
	99.93
	96.46

	T3: RDF+ foliar application of boron @ 0.2% at 30 DAS and 45 DAS
	55.86
	55.98
	55.92
	94.03
	100.90
	97.47

	T4: RDF+ foliar application of sulphur @ 2% + foliar application of boron @ 0.2% at 30 DAS and 45 DAS
	54.47
	54.40
	54.44
	92.02
	99.03
	95.53

	T5: RDF + foliar application of sulphur @ 2% + foliar application of boron @ 0.2% + foliar application of nano phosphorus @ 0.5% at 30 DAS and 45 DAS
	52.72
	52.67
	52.70
	91.02
	98.09
	94.55

	S.E. (m) (±)
	1.54
	1.65
	1.13
	3.66
	4.36
	2.85

	CD at 0.05 %
	NS
	NS
	NS
	NS
	NS
	NS

	Interaction Effect (I × T)
	NS
	NS
	NS
	NS
	NS
	NS



4. Conclusion
During two years of trials in the sandy loam soils of central Uttar Pradesh, the treatment involving two irrigations applied at the pre-flowering and siliqua formation stages—proved to be most effective, resulting in the highest recorded values for all growth-related traits of Indian mustard. Furthermore, the growth parameters were significantly enhanced when nutrient management included the recommended dose of fertilizers (RDF) along with foliar applications of sulphur at 2%, boron at 0.2%, and nano phosphorus at 0.5% at both 30 and 45 days after sowing.
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