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Effect of Irrigation Scheduling, Hydrogel Application, and Foliar Micronutrients on Growth Parameters of Barley (Hordeum vulgare L.)


ABSTRACT
[bookmark: _Hlk211967538][bookmark: _Hlk211967568]A field experiment was conducted to evaluate the integrated effects of irrigation scheduling, soil moisture conservation, and micronutrient management on barley growth and development. The trial was conducted at the Students’ Instructional Farm of Chandra Shekhar Azad University of Agriculture and Technology, Kanpur, during two consecutive rabi﻿ seasons (2023 and 2024). A split-split plot experimental design was adopted with irrigation scheduling as the main factor (I₁- At active tillering and I₂- At flag leaf and milking stages), hydrogel levels as the sub-factor (H₁- Control, H₂- Pusa hydrogel @2.5 kg / ha and H₃- Pusa hydrogel @ 5.0 kg / ha), and foliar micronutrients as the sub-sub-factor (M1- 100 % RDF, M2- 100 % RDF + 0.5 % Zn (foliar application at maximum vegetative stage and Pre flowering), M3- 100 % RDF + 0.25 % Cu (foliar application at maximum vegetative stage and Pre flowering) and M4-100 % RDF + 0.25% Mn (foliar application at maximum vegetative stage and Pre flowering). The results demonstrated that the combination At flag leaf and milking stages (I₂), the highest Pusa hydrogel @ 5.0 kg / ha (H₃), and 100 % RDF + 0.5 % Zn (foliar application at maximum vegetative stage and Pre flowering) (M₂) consistently produced the most superior results across all growth parameters. This integrated treatment significantly increased plant height (91.90 cm at harvest), leaf area index (2.21 at harvest), fresh weight (24.09 g plant⁻¹ at harvest), dry weight (24.09 g plant⁻¹ at harvest), and tiller density (436.71 tillers m⁻²) compared to all other treatment combinations. The findings establish that strategic water management combined with hydrogel-based moisture conservation and targeted zinc nutrition creates optimal conditions for robust barley plant development under limited-irrigation conditions. 
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1. INTRODUCTION 
Barley (Hordeum vulgare L.) is the world's fourth most important cereal crop, valued for its adaptability to diverse and often challenging agro-climatic conditions, including regions with limited water availability (Kavita et al., 2022). As a staple for feed, malt production, and human food, optimizing its productivity is critical for global food security (Tricase et al., 2018). In many semi-arid and arid regions where barley is cultivated as a winter (rabi﻿) season crop, its growth and yield are frequently constrained by insufficient and erratic rainfall, leading to terminal drought stress during critical phenological stages like anthesis and grain filling (Kavita et al., 2022; Wassmann et al., 2009). This water deficit directly impairs physiological processes, reducing canopy development, tiller production, and ultimately, grain yield. Consequently, efficient irrigation management is paramount to bridge the gap between crop water requirements and precipitation. The timing of water application is as crucial as the amount; providing irrigation during key growth stages such as active tillering, flag leaf emergence, and milking can significantly enhance water use efficiency and prevent substantial yield losses (Hatfield & Dold, 2019).
To mitigate the effects of water scarcity, innovative soil amendments like superabsorbent hydrogels have gained considerable attention. These are cross-linked polymers capable of absorbing and retaining large volumes of water, which is then gradually released to the plant's root zone as the soil dries. This mechanism improves soil hydro physical properties, enhances water availability between irrigation or rainfall events, reduces deep percolation losses, and can decrease overall irrigation frequency (Abedi-Koupai et al., 2008; Kavita et al., 2022). Studies have shown that the application of hydrogels can improve soil moisture retention, leading to better crop performance, particularly in water-stressed environments (Kumar et al., 2019). Pusa hydrogel, a semi-synthetic polymer, has been specifically developed for agricultural use and has shown promise in enhancing productivity under deficit irrigation (Kumar et al., 2019).
Alongside water management, balanced nutrient supply is essential for achieving high yields. While macronutrients (NPK) form the basis of fertilization programs, micronutrient deficiencies, especially of zinc (Zn), copper (Cu), and manganese (Mn), can act as hidden limiting factors. Zinc, for instance, is a vital cofactor for numerous enzymes and is crucial for chlorophyll synthesis, carbohydrate metabolism, and the production of auxin, a key growth hormone (Gunes et al., 2007). Foliar application of micronutrients offers a rapid and efficient method to correct deficiencies during peak vegetative and reproductive growth stages, bypassing soil fixation issues.
Given these individual benefits, a comprehensive approach that integrates strategic irrigation scheduling with soil moisture conservation techniques and targeted micronutrient application could unlock significant productivity gains in barley. However, there is a need to quantify the specific contributions and potential synergistic effects of these practices. Therefore, the present field experiment was conducted over two consecutive years (2023 and 2024) to evaluate the independent and combined effects of varying irrigation schedules, Pusa hydrogel application rates, and foliar micronutrient sprays on the growth and stand establishment of barley. 
2. Material And Method
A field experiment was conducted at Students' Instructional farm, Chandra Shekhar Azad University of Agriculture and Technology, Kanpur (U.P.). It is situated at an elevation of 125.9m above the mean sea level 26º41'48" North latitude and 80º23'21" East longitude. It is situated in the alluvial belt of Indo-Gangetic Plain in the Central part of Uttar Pradesh.
2.1 EXPERIMENTAL DETAILS
The experiment was conducted in the split plot design, with three replications during both the years. The Irrigation Scheduling system was implemented in the main plot (I1- Active Tillering stage I2- At Flag leaf stage & at Milking stage), while Hydrogel levels were allotted to the sub-plot (H1- Control, H2-Pusa hydrogel @2.5 kg / ha and H3-Pusa hydrogel @ 5.0 kg / ha) and Micro-nutrient were assigned to the sub sub-plot (M1-100 % RDF, M2-100 % RDF + 0.5 % Zn (foliar application at maximum vegetative stage and Pre flowering), M3-100 % RDF + 0.25 % Cu (foliar application at maximum vegetative stage and Pre flowering), M4-100 % RDF + 0.25% Mn (foliar application at maximum vegetative stage and Pre flowering). The treatments means were compared using the Least Significant Differences test at 5% level of probability by using the Split-split Plot Design procedure as given by Fisher and Yates (1949). The following observations were recorded under study.
2.2 GROWTH CHARACTERS 
2.2.1 PLANT POPULATION
The number of plants enclosed in one meter row was counted at five places randomly, in each plot at 30, 60, 90 DAS and at harvest, averaged and expressed as number of plants per meter row length.
2.2.2 PLANT HEIGHT (cm)
Five plants were randomly picked and labeled from each experimental plot. The height of the barley plant was measured at 30, 60, 90 and at harvest using a meter scale, starting from the base of the plant to the top of the uppermost leaf before the panicle emerged, and up to the tip of plant. Their average is reported in centimeter.
2.2.3 LEAF AREA INDEX (LAI):
The leaf area was measured at 30, 60 and 90 days after sowing and at harvest to calculate the leaf area index. The plants of 0.25 m row length were taken and green leaves were separated to record their surface area by leaf area meter. All the leaves were grouped into three viz. small, medium and large. Five leaves from each group were taken and their surface area was measured. Area of leaves was multiplied with respective leaf number of a group and sum of all three gave the total leaf area. For obtaining leaf area index, Leaf area was divided by ground area.

2.2.4 FRESH AND DRY WEIGHT
The weight of fresh and dry biomass (measured in grams plant-1) and the growth parameters of barley plants were recorded after applying various treatments. The measurements were taken at 30, 60, and 90 days after sowing (DAS), as well as at the harvest stage. To determine the dry weight, the samples were placed in an automated drier at a temperature of 70°C for 24 hours. Afterward, the samples were weighed to obtain the dry weight. 
3. RESULTS AND DISCUSSION 
3.1 EFFECT ON PLANT POPULATION
Across all treatments and observation stages, the plant population remained statistically non-significant. The pooled data shows a consistent plant stand of approximately 9 to 9.7 plants per meter row length from 30 DAS through harvest, indicating that the treatments did not affect germination or final plant stand density.
3.2 EFFECT ON PLANT HEIGHT (cm)
· Irrigation Scheduling: The plant height (cm) significantly varied with different irrigation scheduling and results are described on pooled basis at 60, 90 DAS and at harvest. The irrigation scheduling (At Flag leaf stage & at Milking stage) exhibited the highest plant height (62.58, 90.16, and 91.90 cm at 60, 90 DAS and at harvest stage, respectively) and lowest (54.95, 79.17, and 80.70 cm at 60, 90 DAS and at harvest stage, respectively) plant height was recorded in irrigation scheduling (At active tillering stage) of Barley. Supplying water at the flag leaf and milking stages, rather than just at tillering, provided crucial moisture during later growth phases. This maintained cell turgor and supported stem elongation when the plant needed it most, leading to significantly taller plants (Kumawat et al., 2022).
· Hydrogel Levels: The plant height shows significant difference with the Hydrogel levels at 60, 90 DAS and at harvest stage and described on pooled basis of both years. The plant height was significantly affected by the both hydrogel levels (Pusa hydrogel @2.5 kg ha-1 and Pusa hydrogel @ 5.0 kg ha-1) over the control. The significantly highest plant height (63.11, 90.46 and 92.20 cm at 60, 90 DAS and at harvest stage, respectively) was recorded with the application Pusa hydrogel @ 5.0 kg ha-1 and lowest plant height (55.29, 79.66 and 81.20 cm at 60, 90 DAS and at harvest stage, respectively) was recorded in control plot. The dose-dependent increase in height with Pusa hydrogel demonstrates its effectiveness in creating a soil moisture buffer. The hydrogel retained water that would otherwise be lost, releasing it to the plant between irrigations. This mitigated water stress and allowed for uninterrupted, sustained growth (Mohammed et al., 2021)
· Micronutrient Application: The plant height (cm) was recorded significantly different at 60, 90 DAS and at harvest stage with the foliar application of micronutrients and described on pooled basis of both years. The significantly highest plant height (62.55, 90.12 and 91.85 cm at 60, 90 DAS and at harvest stage, respectively) was recorded with the application of 100 % RDF + 0.5 % Zn over all treatments. The significantly superior plant height recorded under treatment 100 % RDF + 0.25 % Cu and 100 % RDF + 0.25% Mn over control but at par with each other. The lowest plant height (55.90, 80.54 and 82.10 cm at 60, 90DAS and at harvest stage, respectively) was recorded with the 100 % RDF. The strong positive effect of foliar zinc (Zn) confirms its critical role in growth hormone regulation. Zinc is essential for producing auxin, which drives cell elongation. Applying Zn directly to the leaves during active growth likely boosted this process, resulting in taller plants compared to the control and other micronutrients (Cakmak, 2008).
3.3 EFFECT ON LEAF AREA INDEX (LAI)
· Irrigation Scheduling: The leaf area index significantly varied with different irrigation scheduling and results are described on pooled basis at 60, 90 DAS and at harvest. The irrigation scheduling (At Flag leaf stage & at Milking stage) exhibited the highest leaf area index (4.44, 4.87, and 2.21 at 60, 90 DAS and at harvest stage, respectively) and lowest (3.90, 4.28, and 1.94 at 60, 90 DAS and at harvest stage, respectively) leaf area index was recorded in irrigation scheduling (At active tillering stage) of Barley. Applying water at the flag leaf and milking stages directly supported the expansion and maintenance of the crop canopy during its peak growth phase. This timing prevents water stress-induced leaf senescence, allowing the plant to achieve a larger photosynthetic area, which is crucial for subsequent grain filling (Pardo et al., 2019).
· [bookmark: _GoBack]Hydrogel Levels: The leaf area index shows significant difference with the Hydrogel levels at 60, 90 DAS and at harvest stage and described on pooled basis of both years. The leaf area index was significantly affected by the both hydrogel levels (Pusa hydrogel @2.5 kg ha-1 and Pusa hydrogel @ 5.0 kg ha-1) over the control although the treatment Pusa hydrogel @ 5.0 kg ha-1 significantly superior over the treatment Pusa hydrogel @2.5 kg ha-1. The significantly highest leaf area index (4.46, 4.88 and 2.21 at 60, 90 DAS and at harvest stage, respectively) was recorded with the application Pusa hydrogel @ 5.0 kg ha-1 and lowest (3.39, 4.30 and 1.95 at 60, 90 DAS and at harvest stage, respectively) was recorded in control plot. The dose-dependent increase in LAI with Pusa hydrogel application underscores the value of improved soil moisture retention. The hydrogel acts as a reservoir, providing a consistent water supply to the roots. This mitigates the impact of dry spells between irrigations, promoting sustained leaf growth and leading to a denser canopy (Li et al., 2013).
· Micronutrient Application: The leaf area index was recorded significantly different at 60, 90 DAS and at harvest stage with the foliar application of micronutrients and described on pooled basis of both years. The significantly highest leaf area index (4.44, 4.87 and 2.21 cm at 60, 90 DAS and at harvest stage, respectively) was recorded with the application of 100 % RDF + 0.5 % Zn over all treatments while the significantly superior leaf area index was recorded under treatment 100 % RDF + 0.25 % Cu and 100 % RDF + 0.25% Mn over control but at par with each other. The lowest leaf area index (3.97, 4.35 and 1.97 at 60, 90DAS and at harvest stage, respectively) was recorded with the 100 % RDF. The superior LAI achieved with foliar zinc (Zn) application confirms its critical role in canopy development. Zinc is essential for chlorophyll synthesis and protein metabolism, both of which are fundamental processes for leaf production and expansion. The strong response suggests that zinc was a limiting nutrient for achieving optimal canopy size in this experiment (Cakmak, 2008).
3.4 EFFECT ON FRESH WEIGHT (g plant⁻¹)
· Irrigation Scheduling: Under irrigation scheduling, fresh weight (g plant⁻¹) at 30, 60, 90 DAS and at harvest stage under irrigation at Flag leaf stage & at Milking stage was highest with values of 2.97, 11.00, 21.15, and 24.09 g plant⁻¹ respectively compared to irrigation at the Active Tillering stage. Applying water at the flag leaf and milking stages proved far more effective than a single early irrigation. This timing aligns with the crop's peak water demand, supporting cell division and expansion during critical growth phases, which directly translates to a heavier plant (Sharma et al., 2022).
· Hydrogel Levels: With respect to hydrogel levels, fresh weight significantly varied at all observed growth stages across pooled data of both years. The highest fresh weight was recorded with Pusa hydrogel @ 5.0 kg ha⁻¹ application as 2.98, 10.99, 21.13, and 24.07 g plant⁻¹ at 30, 60, 90 DAS and at harvest, which was significantly higher than Pusa hydrogel @ 2.5 kg ha⁻¹ and control plots. The lowest fresh weight was recorded in the control plot with 2.62, 9.41, 18.11, and 20.62 g plant⁻¹ at respective growth stages. The hydrogel's ability to act as a soil moisture reservoir was evident. By retaining water and releasing it during dry intervals, it mitigated water stress, enabling more consistent photosynthesis and growth. The higher application rate led to the best results, confirming that more available water supports greater biomass (Kumar et al., 2022).
· Micronutrient Application: Foliar application of micronutrients significantly influenced fresh weight at various growth stages. The treatment with 100% RDF + 0.5% Zn at maximum vegetative stage and Pre flowering recorded the highest fresh weight values of 2.97, 10.90, 20.96, and 23.87 g plant⁻¹ at 30, 60, 90 DAS, and at harvest respectively over all other treatments. Treatments with 100% RDF + 0.25% Cu and 100% RDF + 0.25% Mn were also superior over control but at par with each other, while the lowest fresh weight was recorded under 100% RDF alone. The substantial increase in fresh weight from foliar zinc (Zn) application highlights its role in core metabolic functions. Zinc is essential for chlorophyll production and carbohydrate metabolism. By addressing this nutritional bottleneck, the plants achieved more efficient growth and accumulated more biomass (Vasundhara and Chhabra, 2021).
3.5 EFFECT ON DRY WEIGHT (g plant⁻¹)
· Irrigation Scheduling: The dry weight lucidly varied with different irrigation scheduling and results are described on pooled basis at 30, 60, 90 DAS and at harvest. The dry weight (g plant-1) under irrigation scheduling (At Flag leaf stage & at Milking stage) exhibited the highest dry weight (2.97, 11.00, 21.15 and 24.09 g plant-1 at 30, 60, 90 DAS and at harvest stage, respectively) over irrigation scheduling (At active tillering stage) of Barley. Supplying water at the flag leaf and milking stages was critical for maximizing dry matter accumulation. This timing ensures that photosynthesis continues at a high rate during the crucial grain-filling period, allowing the plant to convert more atmospheric CO₂ into structural carbohydrates, thereby increasing overall dry weight (Sharma et al., 2022).
· Hydrogel Levels: The dry weight (g plant-1) shows marked difference with the Hydrogel levels at 30, 60, 90 DAS and at harvest stage and described on pooled basis of both years. The dry weight was significantly affected by the both hydrogel levels (Pusa hydrogel @2.5 kg ha-1 and Pusa hydrogel @ 5.0 kg ha-1 ) over the control although the treatment Pusa hydrogel @ 5.0 kg ha-1 significantly superior over the treatment Pusa hydrogel @2.5 kg ha-1 and control. The significantly highest dry weight (2.98, 10.99, 21.13 and 24.07 g plant-1 at 30, 60, 90 DAS and at harvest stage, respectively) was recorded with the application Pusa hydrogel @ 5.0 kg ha-1 and lowest (2.62, 9.41, 18.11 and 20.62 g plant-1 at 30, 60, 90 DAS and at harvest stage, respectively) was recorded in control plot. The hydrogel's role in mitigating water stress is clearly demonstrated by the dose-dependent increase in dry weight. By maintaining a stable supply of moisture to the roots, it prevents photosynthesis from slowing down during dry spells, leading to more efficient and sustained production of dry matter throughout the growth cycle (Kumar et al., 2022).
· Micronutrient Application: The dry weight was significantly affected by foliar application of micronutrients at 30, 60, 90 DAS and at harvest stage and described on pooled basis of both years. The treatment 100 % RDF + 0.5 % Zn (foliar applicationat maximum vegetative stage and Pre flowering) significant over other treatments. The significantly highest dry weight (2.97, 10.90, 20.96 and 23.87 g plant-1 at 30, 60, 90 DAS and at harvest stage, respectively) was recorded with the application of 100 % RDF + 0.5 % Zn over all treatments while the significantly superior dry weight was recorded under treatment 100 % RDF + 0.25 % Cu and 100 % RDF + 0.25% Mn over control but at par with each other. The lowest dry weight (2.65, 9.73, 18.71 and 21.32 g plant-1 at 30, 60, 90 DAS and at harvest stage, respectively) was recorded with the 100 % RDF. The superior dry weight in plants treated with foliar zinc (Zn) highlights its fundamental role in plant metabolism. Zinc is essential for the synthesis of proteins and carbohydrates, the primary components of dry matter. By ensuring zinc was not a limiting factor, the treatment enabled the plant to translate its photosynthetic activity into tangible, structural growth more effectively (Vasundhara and Chhabra, 2021)..
3.6 EFFECT ON TILLERS (m⁻²)
· Irrigation Scheduling: The number of tillers (m-2) significantly varied with different irrigation scheduling and results are described on pooled basis at 60, 90 DAS and at harvest. The irrigation scheduling (At Flag leaf stage & at Milking stage) exhibited the highest (363.428.44, and 436.71 m-2 at 60, 90 DAS and at harvest stage, respectively) and lowest (319.13, 376.22, and 383.48 m-2 at 60, 90 DAS and at harvest stage, respectively) number of tillers m-2 were recorded in irrigation scheduling (At active tillering stage) of Barley. The significant increase in tiller count with irrigation at the flag leaf and milking stages highlights the importance of late-season water availability. This prevents water stress that can cause the abortion of secondary tillers, ensuring that more of the initiated tillers survive to become productive, spike-bearing stems (Sharma et al., 2022).
· Hydrogel Levels: The analysis of data on number of tillers (m-2) shows that significant difference with the Hydrogel levels at 60, 90 DAS and at harvest stage and described on pooled basis of both years. The number of tillers (m-2) was significantly affected by the both hydrogel levels (Pusa hydrogel @2.5 kg ha-1 and Pusa hydrogel @ 5.0 kg ha-1) over the control. The significantly highest number of tillers (364.63, 429.84 and 438.13 m-2 at 60, 90 DAS and at harvest stage, respectively) was recorded with the application Pusa hydrogel @ 5.0 kg ha-1 and lowest number of tillers (321.15, 378.53 and 385.87 m-2 at 60, 90 DAS and at harvest stage, respectively) was recorded in control plot. The hydrogel's ability to maintain a stable moisture supply in the root zone directly contributed to higher tiller density. By buffering against dry periods, it supports the continuous growth and survival of tillers that would otherwise be lost under fluctuating water conditions, a finding consistent with recent studies on hydrogel use in cereals (Cholavardan et al., 2023).
· Micronutrient Application: The number of tillers (m-2) was significantly varied at 60, 90 DAS and at harvest stage with the foliar application of micronutrients and described on pooled basis of both years. The significantly highest number of tillers (363.29, 428.23 and 436.46 m-2 at 60, 90 DAS and at harvest stage, respectively) was recorded with the application of 100 % RDF + 0.5 % Zn over all treatments. The significantly superior number of tillers (m-2) recorded under treatment 100 % RDF + 0.25 % Cu and 100 % RDF + 0.25% Mn over control but at par with each other. The lowest number of tillers (324.67, 382.74 and 390.14 m-2 at 60, 90DAS and at harvest stage, respectively) was recorded with the 100 % RDF. The pronounced effect of foliar zinc (Zn) on tiller number underscores its role in plant hormone regulation, particularly auxin synthesis. Adequate auxin levels are crucial for promoting bud initiation and subsequent tiller development. The strong response to zinc suggests it was a key limiting factor for maximizing tiller production in this experiment (Vasundhara and Chhabra, 2021)..
4. CONCLUSION
Therefore, assess the effect of irrigation scheduling, hydrogel levels and micronutrients spray on barley (Hordeum vulgare L.)” on Plant Population, Plant height (cm), Leaf area index, Fresh weight (g plant-1), Dry weight (g plant-1) and Number of tillers (m2). Keeping above findings in view, it is concluded that the among all the treatments, At Flag leaf stage & at Milking stage of Irrigation Scheduling, Pusa hydrogel @ 5.0 kg / ha of Hydrogel levels with combination treatment of 100 % RDF + 0.5 % Zn (foliar application at maximum vegetative stage and Pre flowering) of Micro-nutrient was found most appropriate irrespective of growth and development in barley. 








Table 1: Effect of different treatments on initial plant population (Per running meter) in barley during Rabi 2023-24 and 2024-25.
	
Treatment
	Plant Population

	
	30 DAS
	60 DAS
	90 DAS
	At harvest

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

	A. Irrigation Scheduling

	I1- Active Tillering stage
	9.42
	9.52
	9.47
	9.45
	9.53
	9.49
	9.25
	9.33
	9.29
	9.05
	9.13
	9.09

	I2- At Flag leaf stage & at Milking stage
	9.53
	9.68
	9.61
	9.55
	9.68
	9.62
	9.35
	9.48
	9.42
	9.15
	9.28
	9.22

	SEM ± (d)
	0.134
	0.136
	0.095
	0.148
	0.126
	0.097
	0.122
	0.134
	0.091
	0.126
	0.131
	0.091

	CD (P= 0.05)
	0.817

	0.826

	0.375

	0.902

	0.768

	0.382

	0.744

	0.817

	0.356

	0.769

	0.796

	0.357


	B. Hydrogel levels

	H0- Control
	9.30
	9.53
	9.41
	9.35
	9.55
	9.45
	9.15
	9.35
	9.25
	8.95
	9.15
	9.05

	H2-Pusa hydrogel @2.5 kg / ha
	9.50
	9.58
	9.54
	9.50
	9.58
	9.54
	9.30
	9.38
	9.34
	9.10
	9.18
	9.14

	H3-Pusa hydrogel @ 5.0 kg / ha
	9.63
	9.70
	9.66
	9.65
	9.70
	9.68
	9.45
	9.50
	9.48
	9.25
	9.30
	9.28

	SEM ± (d)
	0.133

	0.152

	0.101

	0.146

	0.142

	0.102

	0.137

	0.133

	0.096

	0.143

	0.146

	0.102


	CD (P= 0.05)
	0.434

	0.494

	0.302

	0.477

	0.463

	0.305

	0.448

	0.434

	0.287

	0.465

	0.476

	0.306


	C. Micro-nutrient

	M1-100 % RDF
	9.33
	9.43
	9.38
	9.37
	9.43
	9.40
	9.17
	9.23
	9.20
	8.97
	9.03
	9.00

	M2-100 % RDF + 0.5 % Zn (foliar application at maximum vegetative stage and Pre flowering) 
	9.60
	9.77
	9.68
	9.60
	9.80
	9.70
	9.40
	9.60
	9.50
	9.20
	9.40
	9.30

	M3-100 % RDF + 0.25 % Cu (foliar application at maximum vegetative stage and Pre flowering)
	9.53
	9.67
	9.60
	9.60
	9.67
	9.63
	9.40
	9.47
	9.43
	9.20
	9.27
	9.23

	M4-100 % RDF + 0.25% Mn (foliar application at maximum vegetative stage and Pre flowering)
	9.43
	9.53
	9.48
	9.43
	9.53
	9.48
	9.23
	9.33
	9.28
	9.03
	9.13
	9.08

	SEM ± (d)
	0.146

	0.150

	0.105

	0.157

	0.145

	0.107

	0.141

	0.145

	0.101

	0.143

	0.144

	0.101


	CD (P= 0.05)
	0.418

	0.431

	0.295

	0.451

	0.416

	0.302

	0.405

	0.415

	0.285

	0.409

	0.414

	0.286






Table 2: Effect of different treatments on Plant height (cm) in barley during Rabi 2023-24 and 2024-25.
	
Treatment
	Plant height (cm)

	
	30 DAS
	60 DAS
	90 DAS
	At harvest

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

	A. Irrigation Scheduling

	I1- Active Tillering stage
	22.22
	22.62
	22.42
	54.73
	55.16
	54.95
	78.88
	79.47
	79.17
	80.40
	81.00
	80.70

	I2- At Flag leaf stage & at Milking stage
	22.79
	23.19
	22.99
	62.38
	62.78
	62.58
	89.87
	90.45
	90.16
	91.60
	92.20
	91.90

	SEM ± (d)
	0.318

	0.322

	0.226

	0.759

	0.801

	0.552

	1.094

	1.153

	0.795

	1.116

	1.176

	0.810


	CD (P= 0.05)
	1.938

	1.957

	0.889

	4.620

	4.873

	2.167

	6.659

	7.015

	3.121

	6.788

	7.154

	3.182


	B. Hydrogel levels

	H0- Control
	22.20
	22.60
	22.40
	55.21
	55.38
	55.29
	79.56
	79.75
	79.66
	81.10
	81.30
	81.20

	H2-Pusa hydrogel @2.5 kg / ha
	22.44
	22.84
	22.64
	58.01
	58.43
	58.22
	83.59
	84.18
	83.88
	85.20
	85.80
	85.50

	H3-Pusa hydrogel @ 5.0 kg / ha
	22.88
	23.28
	23.08
	62.45
	63.11
	62.78
	89.96
	90.95
	90.46
	91.70
	92.70
	92.20

	SEM ± (d)
	0.318

	0.360

	0.240

	0.801

	0.893

	0.600

	1.154

	1.286

	0.864

	1.177

	1.311

	0.881


	CD (P= 0.05)
	1.037

	1.173

	0.720

	2.613

	2.911

	1.798

	3.764

	4.194

	2.590

	3.837

	4.275

	2.641


	C. Micro-nutrient

	M1-100 % RDF
	22.13
	22.53
	22.33
	55.82
	55.98
	55.90
	80.45
	80.63
	80.54
	82.00
	82.20
	82.10

	M2-100 % RDF + 0.5 % Zn (foliar application at maximum vegetative stage and Pre flowering) 
	22.83
	23.23
	23.03
	62.17
	62.93
	62.55
	89.58
	90.65
	90.12
	91.30
	92.40
	91.85

	M3-100 % RDF + 0.25 % Cu (foliar application at maximum vegetative stage and Pre flowering)
	22.70
	23.10
	22.90
	58.43
	58.62
	58.53
	84.17
	84.48
	84.33
	85.80
	86.10
	85.95

	M4-100 % RDF + 0.25% Mn (foliar application at maximum vegetative stage and Pre flowering)
	22.35
	22.75
	22.55
	57.82
	58.35
	58.08
	83.28
	84.07
	83.68
	84.90
	85.70
	85.30

	SEM ± (d)
	0.347

	0.358

	0.249

	0.929

	0.911

	0.651

	1.338

	1.313

	0.937

	1.364

	1.338

	0.955


	CD (P= 0.05)
	0.997

	1.027

	0.703

	2.665

	2.613

	1.834

	3.838

	3.765

	2.642

	3.913

	3.838

	2.694






Table 3: Effect of different treatments on Leaf area index in barley during Rabi 2023-24 and 2024-25.
	Treatment
	Leaf area index

	
	30 DAS
	60 DAS
	90 DAS
	At harvest

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

	A. Irrigation Scheduling

	I1- Active Tillering stage
	1.07
	1.09
	1.08
	3.89
	3.92
	3.90
	4.26
	4.29
	4.28
	1.93
	1.95
	1.94

	I2- At Flag leaf stage & at Milking stage
	1.09
	1.11
	1.10
	4.43
	4.46
	4.44
	4.85
	4.88
	4.87
	2.20
	2.21
	2.21

	SEM ± (d)
	0.015

	0.015

	0.011

	0.054

	0.057

	0.039

	0.059

	0.062

	0.043

	0.027

	0.028

	0.019


	CD (P= 0.05)
	0.093

	0.094

	0.043

	0.328

	0.346

	0.154

	0.359

	0.379

	0.168

	0.163

	0.172

	0.076


	B. Hydrogel levels

	H0- Control
	1.07
	1.09
	1.08
	3.92
	3.93
	3.93
	4.30
	4.31
	4.30
	1.95
	1.95
	1.95

	H2-Pusa hydrogel @2.5 kg / ha
	1.08
	1.10
	1.09
	4.12
	4.15
	4.13
	4.51
	4.55
	4.53
	2.05
	2.06
	2.05

	H3-Pusa hydrogel @ 5.0 kg / ha
	1.10
	1.12
	1.11
	4.43
	4.48
	4.46
	4.86
	4.91
	4.88
	2.20
	2.23
	2.21

	SEM ± (d)
	0.015

	0.017

	0.012

	0.057

	0.063

	0.043

	0.062

	0.069

	0.047

	0.028

	0.032

	0.021


	CD (P= 0.05)
	0.050

	0.056

	0.035

	0.186

	0.207

	0.128

	0.203

	0.227

	0.140

	0.092

	0.103

	0.063


	C. Micro-nutrient

	M1-100 % RDF
	1.06
	1.08
	1.07
	3.96
	3.98
	3.97
	4.34
	4.35
	4.35
	1.97
	1.97
	1.97

	M2-100 % RDF + 0.5 % Zn (foliar application at maximum vegetative stage and Pre flowering) 
	1.10
	1.11
	1.10
	4.41
	4.47
	4.44
	4.84
	4.90
	4.87
	2.19
	2.22
	2.21

	M3-100 % RDF + 0.25 % Cu (foliar application at maximum vegetative stage and Pre flowering)
	1.09
	1.11
	1.10
	4.15
	4.16
	4.16
	4.55
	4.56
	4.55
	2.06
	2.07
	2.06

	M4-100 % RDF + 0.25% Mn (foliar application at maximum vegetative stage and Pre flowering)
	1.07
	1.09
	1.08
	4.11
	4.14
	4.12
	4.50
	4.54
	4.52
	2.04
	2.06
	2.05

	SEM ± (d)
	0.017

	0.017

	0.012

	0.066

	0.065

	0.046

	0.072

	0.071

	0.051

	0.033

	0.032

	0.023


	CD (P= 0.05)
	0.048

	0.049

	0.034

	0.189

	0.186

	0.130

	0.207

	0.203

	0.143

	0.094

	0.092

	0.065






Table 4: Effect of different treatments on fresh weight (g plant-1) in barley during Rabi 2023-24 and 2024-25.
	Treatment
	Fresh weight (g plant-1)

	
	30 DAS
	60 DAS
	90 DAS
	At harvest

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

	A. Irrigation Scheduling

	I1- Active Tillering stage
	100.70
	101.49
	101.10
	366.00
	369.53
	367.77
	703.84
	710.66
	707.25
	801.65
	809.40
	805.53

	I2- At Flag leaf stage & at Milking stage
	114.78
	115.52
	115.15
	423.73
	429.63
	426.68
	814.84
	826.18
	820.51
	928.08
	940.98
	934.53

	SEM ± (d)
	1.397

	1.474

	1.015

	5.028

	5.333

	3.665

	9.668

	10.255

	7.047

	11.012

	11.680

	8.026


	CD (P= 0.05)
	8.502

	8.968

	3.987

	30.592

	32.449

	14.388

	58.830

	62.401

	27.670

	67.004

	71.073

	31.514


	B. Hydrogel levels

	H0- Control
	101.58
	101.89
	101.73
	363.18
	367.51
	365.34
	698.41
	706.75
	702.58
	795.45
	804.95
	800.20

	H2-Pusa hydrogel @2.5 kg / ha
	106.73
	107.50
	107.11
	397.60
	402.36
	399.98
	764.63
	773.78
	769.20
	870.88
	881.30
	876.09

	H3-Pusa hydrogel @ 5.0 kg / ha
	114.93
	116.13
	115.53
	423.81
	428.86
	426.34
	814.99
	824.73
	819.86
	928.26
	939.33
	933.79

	SEM ± (d)
	1.474

	1.643

	1.104

	5.312

	5.933

	3.982

	10.215

	11.410

	7.657

	11.635

	12.995

	8.721


	CD (P= 0.05)
	4.808
	5.357
	3.309
	17.323
	19.349
	11.937
	33.314
	37.209
	22.956
	37.943
	42.379
	26.146

	C. Micro-nutrient

	M1-100 % RDF
	102.70
	103.00
	102.85
	376.47
	378.72
	377.59
	723.95
	728.30
	726.13
	824.57
	829.52
	827.04

	M2-100 % RDF + 0.5 % Zn (foliar application at maximum vegetative stage and Pre flowering) 
	114.38
	115.80
	115.09
	419.72
	426.12
	422.92
	807.13
	819.42
	813.28
	919.30
	933.28
	926.29

	M3-100 % RDF + 0.25 % Cu (foliar application at maximum vegetative stage and Pre flowering)
	107.52
	107.85
	107.68
	394.77
	400.53
	397.65
	759.18
	770.30
	764.74
	864.67
	877.32
	870.99

	M4-100 % RDF + 0.25% Mn (foliar application at maximum vegetative stage and Pre flowering)
	106.37
	107.37
	106.87
	388.50
	392.95
	390.73
	747.10
	755.65
	751.38
	850.92
	860.65
	855.78

	SEM ± (d)
	1.709

	1.677

	1.197

	6.319

	6.165

	4.414

	12.152

	11.856

	8.489

	13.841

	13.503

	9.668


	CD (P= 0.05)
	4.903
	4.809
	3.375
	18.125
	17.682
	12.445
	34.855
	34.004
	23.932
	39.699
	38.729
	27.257





Table 5: Effect of different treatments on dry weight (g plant-1) in barley during Rabi 2023-24 and 2024-25.
	
Treatment
	Dry weight (g plant-1)

	
	30 DAS
	60 DAS
	90 DAS
	At harvest

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

	A. Irrigation Scheduling

	I1- Active Tillering stage
	2.60
	2.61
	2.60
	9.43
	9.52
	9.48
	18.14
	18.31
	18.23
	20.66
	20.86
	20.76

	I2- At Flag leaf stage & at Milking stage
	2.96
	2.98
	2.97
	10.92
	11.07
	11.00
	21.00
	21.29
	21.15
	23.92
	24.25
	24.09

	SEM ± (d)
	0.036

	0.038

	0.026

	0.130

	0.137

	0.094

	0.249

	0.264

	0.182

	0.284

	0.301

	0.207


	CD (P= 0.05)
	0.219

	0.231

	0.103

	0.788

	0.836

	0.371

	1.516

	1.608

	0.713

	1.727

	1.832

	0.812


	B. Hydrogel levels

	H0- Control
	2.62
	2.63
	2.62
	9.36
	9.47
	9.41
	18.00
	18.21
	18.11
	20.50
	20.75
	20.62

	H2-Pusa hydrogel @2.5 kg / ha
	2.75
	2.77
	2.76
	10.25
	10.37
	10.31
	19.70
	19.94
	19.82
	22.45
	22.71
	22.58

	H3-Pusa hydrogel @ 5.0 kg / ha
	2.96
	2.99
	2.98
	10.92
	11.05
	10.99
	21.01
	21.26
	21.13
	23.92
	24.21
	24.07

	SEM ± (d)
	0.038
	0.042
	0.028
	0.137
	0.153
	0.103
	0.263
	0.294
	0.197
	0.300
	0.335
	0.225

	CD (P= 0.05)
	0.124
	0.138
	0.085
	0.446
	0.499
	0.308
	0.858
	0.959
	0.592
	0.978
	1.092
	0.674

	C. Micro-nutrient

	M1-100 % RDF
	2.65
	2.65
	2.65
	9.70
	9.76
	9.73
	18.66
	18.77
	18.71
	21.25
	21.38
	21.32

	[bookmark: _Hlk211942620]M2-100 % RDF + 0.5 % Zn (foliar application at maximum vegetative stage and Pre flowering) 
	2.95
	2.99
	2.97
	10.82
	10.98
	10.90
	20.80
	21.12
	20.96
	23.69
	24.06
	23.87

	[bookmark: _Hlk211942631]M3-100 % RDF + 0.25 % Cu (foliar application at maximum vegetative stage and Pre flowering)
	2.77
	2.78
	2.77
	10.17
	10.32
	10.25
	19.57
	19.85
	19.71
	22.29
	22.61
	22.45

	[bookmark: _Hlk211942644]M4-100 % RDF + 0.25% Mn (foliar application at maximum vegetative stage and Pre flowering)
	2.74
	2.77
	2.76
	10.01
	10.13
	10.07
	19.25
	19.48
	19.36
	21.93
	22.18
	22.06

	SEM ± (d)
	0.044
	0.043
	0.031
	0.163
	0.159
	0.114
	0.313
	0.306
	0.219
	0.357
	0.348
	0.249

	CD (P= 0.05)
	0.126
	0.124
	0.087
	0.467
	0.456
	0.321
	0.898
	0.876
	0.617
	1.023
	0.998
	0.703




Table 6: Effect of different treatments on Number of tillers (m2) in barley during Rabi 2023-24 and 2024-25.
	Treatment
	                                                           Number of tillers (m2)

	
	30 DAS
	60 DAS
	90 DAS
	At harvest

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

	A. Irrigation Scheduling

	I1- Active Tillering stage
	182.63
	186.60
	184.61
	317.90
	320.35
	319.13
	374.81
	377.63
	376.22
	382.06
	384.90
	383.48

	I2- At Flag leaf stage & at Milking stage
	187.35
	191.35
	189.35
	362.33
	364.65
	363.49
	427.06
	429.82
	428.44
	435.28
	438.13
	436.71

	SEM ± (d)
	2.618
	2.654
	1.864
	4.410
	4.651
	3.205
	5.201
	5.478
	3.777
	5.302
	5.586
	3.851

	CD (P= 0.05)
	15.931
	16.147
	7.318
	26.836
	28.304
	12.584
	31.646
	33.334
	14.830
	32.261
	33.993
	15.120

	B. Hydrogel levels

	H0- Control
	182.50
	186.46
	184.48
	320.69
	321.61
	321.15
	378.09
	378.96
	378.53
	385.39
	386.35
	385.87

	H2-Pusa hydrogel @2.5 kg / ha
	184.43
	188.43
	186.43
	336.94
	339.34
	338.14
	397.21
	400.01
	398.61
	404.85
	407.71
	406.28

	H3-Pusa hydrogel @ 5.0 kg / ha
	188.04
	192.04
	190.04
	362.71
	366.55
	364.63
	427.50
	432.19
	429.84
	435.78
	440.49
	438.13

	SEM ± (d)
	2.614
	2.968
	1.977
	4.655
	5.185
	3.484
	5.484
	6.111
	4.105
	5.591
	6.230
	4.186

	CD (P= 0.05)
	8.524
	9.678
	5.928
	15.180
	16.910
	10.445
	17.884
	19.929
	12.308
	18.235
	20.316
	12.548

	C. Micro-nutrient

	M1-100 % RDF
	181.95
	185.90
	183.93
	324.20
	325.13
	324.67
	382.32
	383.17
	382.74
	389.67
	390.62
	390.14

	M2-100 % RDF + 0.5 % Zn (foliar application at maximum vegetative stage and Pre flowering) 
	187.70
	191.70
	189.60
	361.08
	365.50
	363.29
	425.70
	430.77
	428.23
	433.83
	439.08
	436.46

	M3-100 % RDF + 0.25 % Cu (foliar application at maximum vegetative stage and Pre flowering)
	186.58
	190.58
	188.58
	339.35
	340.47
	339.91
	399.97
	401.47
	400.72
	407.75
	409.12
	408.43

	M4-100 % RDF + 0.25% Mn (foliar application at maximum vegetative stage and Pre flowering)
	183.72
	187.72
	185.72
	335.82
	338.90
	337.36
	395.75
	399.48
	397.62
	403.43
	407.25
	405.34

	SEM ± (d)
	2.856
	2.953
	2.054
	5.396
	5.292
	3.779
	6.359
	6.238
	4.454
	6.483
	6.358
	4.540

	CD (P= 0.05)
	8.192
	8.471
	5.792
	15.476
	15.178
	10.653
	18.239
	17.892
	12.557
	18.593
	18.237
	12.800
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