Effect of precision nutrient management on growth indices of rice under different establishment methods.

Abstract
Rice (Oryza sativa L.) is a semi-aquatic annual grass plant and one of the principle staple cereal crop for more than half of the world’s population, linked to global food and nutritional security, including India. The cultivation is constrained by stagnating yields, blanket fertilizer application and environmental concerns revealing a need for strategic management approaches to improve the physiological efficiency and resource use. Therefore, a field experiment was conducted to assess the impact of establishment methods and precision nutrient management approaches on crop growth indices of rice at an Agricultural Research Farm, Faculty of Agriculture, Wadura, SKUAST-Kashmir, India, during Kharif season 2024 and 2025. The experiment comprised of two main-plot establishment levels viz., transplanting and direct seeded rice and eight sub-plot nutrient management levels viz., absolute control, recommended dose of fertilizers, Soil Test Crop Response (STCR) approach (target yield 75 q ha-1), STCR approach (target yield 85 q ha-1), STCR approach (target yield 95 q ha-1), Nutrient-Expert (NE) (target yield 75 q ha-1), NE (target yield 85 q ha-1) and NE (target yield 95 q ha-1). Transplanting method significantly proved to be the better method of establishment over DSR in terms of crop growth indices of rice. STCR (TY-95 q ha-1) significantly recorded highest LAI at all growth stages attaining peak values at 85 DAS (4.29 and 4.42) and At 65-85 DAS interval, STCR (TY-95 q ha-1) recorded highest CGR values (28.18 and 28.24 g m-2 day-1). RDF recorded numerically highest RGR at 45-65 DAS (76.83 and 73.20 mg g-1 day-1) during both years. NE (TY-75 q ha-1) recorded significantly higher NAR (10.50 and 10.37 g m-2 day-1) at 45-65 DAS during respective years.
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Introduction
Rice (Oryza sativa L.) is a key staple food consumed by more than half of the world’s population (Chauhan et al., 2015). Therefore, rice production systems must boost production to meet global food demand as food security has become a fundamental issue due to the rapid increase in world population with higher food demand (Fikriyah et al., 2019; Ray et al., 2012). Paddy is a primary food crop in South, Southeast and East Asia, which shares about 90% of global paddy production and consumption. India has exceeded earlier projections, recording a record high of 357.73 million metric tonnes (MMT) in total food grain production during 2024-2025 agricultural year, requiring only an additional 92.27 million tonnes to meet the 2050 target of 450 million tonnes to achieve food security. Rice remains a core component of this production, accounting for 150.18 million tonnes in 2024-2025, which constitutes 41.98% of the total food grain basket (MoAFW, 2025). In India, rice occupied an area of 51.27 million hectares of land with a production of 150.18 million tonnes and a productivity of 2.93 t ha-1 (Agricultural Statistics at a Glance, 2025). In Jammu and Kashmir, rice is grown from time immemorial and stands as the most important staple food crop of the Union Territory. The area under rice is distributed between both the regions in which Jammu accounts for 53% of area and 40% production while as Kashmir division accounts for 47% area and 60% production (Shaheen et al., 2018). The total rice area of the UT is around 0.3 million hectares with a production and productivity of 0.64 million tonnes and 2.1 tonnes per hectare, respectively (DES, 2025). Rice is regarded as an energising and reviving food. It is a significant source of calories, containing various essential minerals (Mallikarjuna et al., 2021). Carbohydrates, mainly starch, account for approximately 80 % of the dry matter of the grain, while proteins account for approximately 7 %. The physicochemical properties of rice are influenced by its protein content (Mohidem et al., 2022). Rice typically has low protein content compared to most cereals. Additionally, it contains little fibre and lipids. However, rice has the highest net protein usage and digestible energy compared to all cereals such as wheat, corn, barley, millet, sorghum, rye, and oat (Hoogenkamp et al., 2017). The amino acid profile of rice reveals a high aspartic acid and glutamic content, with lysine being the limiting amino acid (Carcea et al., 2021).
There is a huge gap between the potential and actual yield of rice at the field of farmers which is attributed to the poor crop management practices (Amgain and Timsina, 2005). Crop establishment methods, among various other management practices, determine the productivity and profitability of rice farming. In India, rice cultivation is predominantly practiced by manual transplantation in a random geometry. Direct seeded Rice (DSR) is another method of crop establishment done either manually or mechanically under two different soil conditions; dry and wet DSR. Choice of crop establishment methods depend upon the biophysical and socioeconomic factors like climatic condition, soil condition, social structure, availability of labour, availability of agri-inputs and machineries, economic status of farmer and others. There are both positive and negative aspects of different CEMs (Poudal et al., 2020). 
The traditional method of transplanting involves replanting of rice seedlings grown in nurseries to puddled soils (Chen et al., 2007). The advantages of the traditional transplanted puddled rice (TPR) include increased nutrient availability (e.g. iron, zinc, phosphorus), weed suppression and easy seedling establishment. However, repeated puddling adversely affects soil physical properties by dismantling soil aggregates, reducing permeability in subsurface layers and form hard-pans at shallow depths (Sharma et al., 2003). The transplanted puddled rice (TPR), leads to higher losses of water through puddling, surface evaporation and percolation (Farooq et al., 2011). It is time consuming, laborious (about 30 man days ha-1) and costly operation. Though transplanting has been found to be the best establishment method to attain the maximum rice productivity, but it leads to rising water crisis, labour costs, more energy consumption and the alternative establishment methods such as aerobic rice, direct sowing and system of rice intensification need to be practiced (Poornima et al., 2020, Bhat et al., 2015). 
Direct seeding, an alternative method of establishment of rice, refers to the process of establishing the crop from seeds sown in the field rather than by transplanting seedlings from the nursery (Farooq et al., 2011). Direct seeding avoids puddling (a process where soil is compacted to reduce water seepage), transplanting and maintaining standing water. There are three principal methods of establishing the direct seeded rice (DSR): dry seeding (sowing dry seeds into dry soil), wet seeding (sowing pre-germinated seeds on wet puddle soils) and water seeding (seeds sown into standing water). Wet DSR starts tillering earlier than transplanted rice because its growth proceeds without the setback caused by uprooting injury to the root of seedlings. Although, high weed infestation is a major constraint for broader adoption of DSR (Rao et al., 2007). Likewise, micronutrient deficiencies such as Zn and Fe, due to imbalanced N fertilization and high infiltration rates in DSR, are of major concern (Gao et al., 2006). Yield in DSR is often lower than TPR principally due to poor crop stand, high percentage of panicle sterility and high weed infestation (Singh et al., 2005). However, direct seeding helps reduce water consumption by about 30% (0.9 million litres acre-1) as it eliminates raising of seedlings in a nursery, puddling, transplanting under puddled soil and maintaining 4-5 inches of water at the base of the transplanted seedlings (Sangeetha et al., 2015).
Physiological growth parameters are indicators of increment of crop growth at various crop phenological stages. The growth components have great importance and its stability governs the dry matter production which is a criterion of yield components and in this regard leaf area index, crop growth rate, relative growth rate and net assimilation rate are often used for the evaluation of crop productivity capability and environmental efficiency (Jamsheed et al., 2023; Theerthana et al., 2021). Plant growth analysis is a quantitative method used to characterise and understand the performance of the entire plant system developed under natural, semi-natural, or managed settings (Hoffmann et al., 2002). The easiest and most accurate way to assess the role that various physiological processes play in plant development is growth analysis. LAI is used in plant physiological studies as a growth indicator for plants as well as for assessing assimilation, estimating photosynthesis, transpiration rates and dry matter build-up (Lukeba et al., 2013). The partitioning of dry matter in plants is indicated by the degree of plant growth, which is differentiated physiologically per unit area. The amount of radiation intercepted that a crop absorbs directly affects the rate of crop growth (Edwards et al., 2005). Leaf area and the dry weight of the plant is measured in order to quantify growth. From these two measurements, further quantities are derived.
Precision nutrient management (PNM) is an advanced strategy aimed at aligning nutrient supply with crop demand in terms of amount, space, time and source (Bhat et al., 2022). Unlike blanket fertilizer recommendation, that leads to nutrient imbalances and utilization inefficiencies, PNM utilizes site-specific technologies to improve yield, nutrient-use efficiency, quality, profitability and environmental sustainability (Jamsheed et al., 2023; Miao, 2023; Nasiro and Mohammednur, 2024). PNM plays an important role in managing spatial and temporal variability of soil fertility, especially in rice cultivation. Various PNM tools such as Soil Test Crop Response (STCR) and Nutrient-Expert (NE) are comprehensive approaches, integrating soil test data, crop nutrient requirements and yield targets (Shubha et al., 2018) to recommend precise nutrient doses to the crop. NE is a computer-based software tool which simplifies  SSNM implementations by providing tailored fertilizer recommendations based on local field conditions (Satyanarayana et al., 2014). These tools focus on timely and need-based fertilizer application to achieve higher yields. 
Leaf area index (LAI), dry matter accumulation, crop growth rate (CGR), leaf area ratio (LAR), leaf weight ratio (LWR), net assimilation rate (NAR), and relative growth rate (RGR) are physiological growth indices that are influenced by cultivar genetic parameters, plant population, climate and soil fertility (Hokmalipour et al., 2011). Many studies compare TPR and DSR mainly on yield basis and their economics and fewer quantify their interaction with specific PNM approaches (STCR and NE) on physiological indices of crop. Therefore, the objective of this study is to evaluate the effect of establishment methods and precision nutrient management on crop growth indices of rice.
Materials and Methods
The experiment was conducted at Sher-e-Kashmir University of Agricultural sciences and Technology of Kashmir, Faculty of Agriculture, Wadura, during Kharif 2024 and 2025, respectively, to study the influence of precision nutrient management and establishment methods on physiological indices of rice. The experimental site was situated in temperate zone of Jammu and Kashmir, geographically positioned 34o34/ N latitude and 74o40/ E longitude at an altitude of 1584 m above mean sea level. The soil from the experimental site has silty clay loam texture with neutral pH (6.8), normal EC (0.28 dSm-1), medium organic carbon (0.69 %), normal bulk density (1.32 Mg m-3), sufficient available nitrogen (304.20 kg ha-1), phosphorus (16.42 kg ha-1) and potassium (178.63 kg ha-1). 

Experimental details
The experiment was laid out in a split plot design with three replication, which comprised of two main plot establishment levels viz., transplanting and direct seeded rice and eight sub plot nutrient management levels viz., absolute control, recommended dose of fertilizers, Soil Test Crop Response (STCR) approach (target yield 75 q ha-1), STCR approach (target yield 85 q ha-1), STCR approach (target yield 95 q ha-1), Nutrient-Expert (NE) (target yield 75 q ha-1), NE (target yield 85 q ha-1) and NE (target yield 95 q ha-1).
STCR based fertilizer adjustment equations for rice
	FN      = 3.45 T – 0.29 SN
	FP2O5   = 2.82 T – 1.70 SP2O5
   	FK2O   = 2.00 T – 0.24 SK2O
FN = Fertilizer nitrogen (kg ha-1)
FP2O5 = Fertilizer phosphorus (kg ha-1) 
FK2O = Fertilizer potassium (kg ha-1)
T = Target yield (q ha-1 )
SN = Available soil nitrogen (kg ha-1)
SP2O5 = Available soil phosphorus (kg ha-1)
SK2O = Available soil potassium (kg ha-1)
	Full doses of phosphorus, potassium and half dose of nitrogen as per the treatment were applied as basal. The remaining half of nitrogen was top-dressed in 
two split doses at active tillering and panicle initiation stages. The plot size was 3.4 m x 2.4 m and variety Shalimar Rice-4 was used in the experiment. Transplanting and sowing was done at a row spacing of 20 cm. The following observations were recorded to analyse the morphological advancement of rice crop:
Leaf area index
The periodic leaf area (45, 65, 85, 105, 125 DAS and at harvest) was measured with canopy analyzer Accupar LP-80 (Decagon Devices, USA).
Crop growth rate (g m-2 day-1)
		The daily increment in biomass is termed as CGR. Mean crop growth rate was calculated between 0-45, 45-65, 65-85, 85-105, 105-125 DAS and 125-harvest by using the below given formula (Redford, 1967).
                                           CGR (g m-2 day-1) = 
Where,
		W1= Dry weight per unit area (m2) at time T1
		W2 = Dry weight per unit area (m2) at time T2
		T2-T1 = Time interval of sampling in days
Relative growth rate (g g-1 day-1)
		Relative growth rate is the rate of increase in dry weight per unit dry weight and is expressed in gram per gram per day. This was calculated by using the formula suggested by Watson (1952): 
		                                RGR (g g-1 day-1) = 
Where, 
		W1 and W2 are dry weight (g) of plants at time T1 and T2, respectively 
		T2-T1 = Time interval of sampling in days
Net assimilation rate (g m-2 day-1)
		Net assimilation rate is the rate of increase in the whole plant dry weight (net gain of assimilates) per unit leaf area per unit time and is expressed as gram per centimeter square per day. This was calculated by using the formula suggested by Evans (1982).
			NAR (g m-2 day-1) =  + 
Where, 
		W1 and W2 = Total dry weight of plant at time t1 and t2, respectively.
		L1 and L2 = Total leaf area of plant at time t1 and t2, respectively. 
Statistical analysis
		The experimental data was evaluated statistically using the standard approach of analysis of variance with SPD. At 0.05 level of significance, the F-test was employed to check the significance of treatments. Critical difference was determined to assess the effects of different treatments when statistically significant findings were obtained at (p<0.05).
Result
Leaf area index
		A significant improvement of establishment methods and nutrient management was noticed on LAI of rice. Leaf area index increased progressively from initial growing stages, recording a maximum value at 85 DAS and thereafter declined at 105 and 125 DAS during 2024 and 2025, respectively (Table 1 and Fig. 1, 2, 3 and 4). Among crop establishment methods, transplanting recorded significantly higher LAI at all growth stages viz., 45 DAS (2.27 and 2.33), 65 DAS (2.95 and 3.04), 85 DAS (4.05 and 4.15), 105 DAS (3.24 and 3.27) and 125 DAS (1.51 and 1.55) as compared to wet direct seeded rice (DSR) during 2024 and 2025, respectively. 
Among PNM treatments, STCR (TY-95 q ha-1) acquired significantly higher LAI viz., 45 DAS (2.60 and 2.71), 65 DAS (3.18 and 3.28), 85 DAS (4.29 and 4.42), 105 DAS (3.53 and 3.59) and 125 DAS (1.65 and 1.71) during 2024 and 2025, respectively. However, it was statistically at par with treatment STCR (TY-85 q ha-1) for all the stages. Absolute control consistently recorded the lowest LAI values. An increasing trend in LAI was observed with increasing target yield levels under both STCR and Nutrient Expert approaches (75<85<95 q ha-1) during both years. The interaction effect of establishment methods and precision nutrient management treatments on LAI was non-significant.
Crop growth rate
The establishment methods and precision nutrient management approaches had a significant impact on the crop growth rate which increased with the advancement in crop age upto 85 DAS and then showed a declining trend (Table 2 and Fig. 5, 6, 7 and 8). Transplanted rice performed better than wet DSR, recording highest CGR values at 65-85 DAS interval (27.54 and 27.59 g m-2 day-1) during both years, respectively. However, among PNM treatments, STCR (TY-95 q ha-1) outperformed all other treatments throughout the crop growth stages. At 65-85 DAS interval, STCR (TY-95 q ha-1) recorded highest CGR values (28.18 and 28.24 g m-2 day-1) during 2024 and 2025, respectively. However, it was statistically at par with STCR (TY-85 q ha-1), followed by NE (TY-95 q ha-1) which was at par with NE (TY-85 q ha-1). Absolute control recorded lowest CGR values throughout the crop growth period. The interaction effect of establishment methods and precision nutrient management treatments on CGR was significant at 45-65 DAS interval during both the years (Table 2.a and 2.b). The highest CGR (17.98 and 18.14 g m-2 day-1) was recorded under transplanting + STCR (TY-95 q ha-1), followed by transplanting + STCR (TY-85 q ha-1) (17.74 and 17.89 g m-2 day-1) during 2024 and 2025, respectively. The lowest CGR was recorded under DSR + control (3.94 and 4.01 g m-2 day-1) during both years.
Relative growth rate
	The highest RGR was attained at 45-65 DAS interval during both the years thereafter showing a declining trend throughout the growth stages. Table 3 and Fig. 9, 10, 11 and 12 depicts that at 45-65 DAS, transplanted rice significantly recorded higher RGR (78.65 and 75.05 mg g-1 day-1 during 2024 and 2025, respectively) compared to DSR (68.54 and 64.45 mg g-1 day-1). However, during subsequent intervals, DSR performed better recording higher RGR viz., 65-85 DAS (57.43 and 56.39 mg g-1 day-1), 105-85 DAS (23.19 and 23.01 mg g-1 day-1) and 125-105 DAS (6.87 and 6.93 mg g-1 day-1) during both the years. Among PNM treatments, RDF recorded numerically highest RGR at 45-65 DAS (76.83 and 73.20 mg g-1 day-1) during both years. However, it was at par with STCR and NE of targets 75, 85 and 95 q ha-1. During subsequent intervals, NE (TY-75 q ha-1) registered highest RGR among all other treatments  i.e, 65-85 (54.86 and 56.23 mg g-1 day-1), 105-85 (23.72 and 24.47 mg g-1 day-1, at par with NE 75 q ha-1) and 125-105 DAS (7.82 and 7.88 mg g-1 day-1) during 2024 and 2025, respectively. The interaction effect of establishment methods and precision nutrient management treatments on RGR was non-significant.
Net assimilation rate
	Among crop establishment methods, transplanted rice significantly performed better than DSR across all growth intervals, attaining highest NAR at 45-65 DAS (9.54 and 9.34 g m-2 day-1) during 2024 and 2025, respectively (Table 4 and Fig. 13, 14, 15 and 16). Among PNM treatments, NE (TY-75 q ha-1) recorded significantly higher NAR (10.50 and 10.37 g m-2 day-1) at 45-65 DAS during 2024 and 2025, respectively. NE (TY-75 q ha-1) and STCR (TY-75 q ha-1) were statistically at par with each other between growth intervals of 45-65 DAS upto 105-125 DAS during both years. However, at 







	Treatments
	45 DAS
	65 DAS
	85 DAS
	105 DAS
	125 DAS 

	
	2024
	2025
	2024
	2025
	2024
	2025
	2024
	2025
	2024
	2025

	Factor A: Crop Establishment Methods

	Transplanting
	2.27
	2.33
	2.95
	3.04
	4.05
	4.15
	3.24
	3.27
	1.51
	1.55

	DSR
	1.97
	2.04
	2.64
	2.73
	3.65
	3.73
	2.93
	2.96
	1.35
	1.38

	SeM±
	0.06
	0.07
	0.06
	0.05
	0.05
	0.05
	0.04
	0.05
	0.03
	0.02

	CD (p≤0.05)
	0.18
	0.19
	0.17
	0.16
	0.15
	0.14
	0.13
	0.14
	0.08
	0.07

	Factor B: Nutrient Management

	Control 
	1.17
	1.25
	1.94
	2.04
	2.79
	2.90
	2.05
	2.11
	0.84
	0.87

	RDF (N120P60K30)
	2.10
	2.16
	2.79
	2.88
	3.86
	3.96
	3.09
	3.11
	1.44
	1.45

	STCR (TY =75 q ha-1)
	2.12
	2.17
	2.85
	2.92
	3.92
	3.99
	3.15
	3.13
	1.48
	1.49

	STCR (TY =85 q ha-1)
	2.53
	2.62
	3.13
	3.21
	4.23
	4.37
	3.47
	3.53
	1.63
	1.67

	STCR (TY =95 q ha-1)
	2.60
	2.71
	3.18
	3.28
	4.29
	4.42
	3.53
	3.59
	1.65
	1.71

	NE (TY =75 q ha-1)
	1.74
	1.78
	2.50
	2.55
	3.50
	3.56
	2.75
	2.77
	1.22
	1.26

	NE (TY =85 q ha-1)
	2.33
	2.39
	2.97
	3.08
	4.07
	4.15
	3.31
	3.33
	1.57
	1.61

	NE (TY =95 q ha-1)
	2.36
	2.44
	3.04
	3.13
	4.12
	4.21
	3.36
	3.39
	1.60
	1.63

	SeM±
	0.09
	0.09
	0.09
	0.08
	0.09
	0.09
	0.08
	0.10
	0.06
	0.07

	CD (p≤0.05)
	0.27
	0.28
	0.26
	0.25
	0.27
	0.26
	0.25
	0.29
	0.17
	0.20

	Interaction
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS


Table 1: Effect of crop establishment methods and nutrient management on Leaf area index of rice.




Fig. 1: Effect of crop establishment methods on Leaf area index of rice in 2024.

Fig. 2: Effect of crop establishment methods on Leaf area index of rice in 2025.


Fig. 3: Effect of nutrient management on Leaf area index of rice in 2024.
    


Fig. 4: Effect of nutrient management on Leaf area index of rice in 2025.
Harvest-125 DAS, STCR (TY-75 q ha-1) recorded highest NAR (0.90 and 0.84 g m-2 day-1) during 2024 and 2025, respectively, being at par with RDF and NE (TY-85 q ha-1). The interaction effect of establishment methods and precision nutrient management treatments on NAR was non-significant.
Discussion
The leaf area index is an important metric in agriculture that quantifies canopy coverage per unit of ground area, therefore acting as a direct measure of plant health and development. It provides information about the capacity of canopy to absorb solar radiation for biomass production, quantifies the transpiration rates and describes the effect of crop management strategies on crop growth. LAI is a measure of proportionate canopy coverage over ground. The incident radiations and net photosynthesis by the crop is largely depended on the LAI and canopy structure. The highest LAI recorded under transplanted rice over DSR is due to the better canopy development, leaf expansion, reduced weed competition and higher tiller production (Singh et al., 2022). The improved soil moisture, better root growth facilitated in better nutrient availability, utilization and lower nutrient losses under puddled conditions positively enhanced photosynthetic rate and overall LAI and subsequently CGR, RGR and NAR of the crop due to better assimilate production and higher DMA. Results are in line with Samant et al., 2022; Vishnu et al., 2020. Among nutrient management treatments, STCR (TY-95 q ha-1) acquired significantly higher LAI values at all growth stages and was at par with STCR (TY-95 q ha-1) owing to the highest nutrient inputs and better synchronization of nutrient availability with crop demand, which enhanced vegetative growth and canopy expansion.
 Adequate nitrogen supply promotes cell division, elongation and chlorophyll synthesis which results in larger leaf size, increased tiller and leaf number, delayed senescence which contributed to enhanced LAI. It was found that LAI, CGR, RGR and NAR was higher at early growth stages and subsequently declined at the later stages which can be attributed to leaf senescence, shading effect
Table 2: Effect of crop establishment methods and nutrient management on crop growth rate (g m-2 day-1) of rice.
	Treatments
	45-65 DAS 
	65-85 DAS
	 105-85 DAS
	125-105 DAS 
	Harvest-125 DAS 

	
	2024
	2025
	2024
	2025
	2024
	2025
	2024
	2025
	2024
	2025

	Factor A: Crop Establishment Methods

	Transplanting
	15.36
	15.48
	27.54
	27.59
	23.53
	23.7
	8.62
	8.75
	1.35
	1.33

	DSR
	9.04
	9.08
	24.74
	24.85
	21.5
	21.6
	8.27
	8.44
	0.75
	0.68

	SeM±
	1.14
	1.34
	0.98
	0.72
	0.65
	0.62
	0.04
	0.06
	0.05
	0.18

	CD (p≤0.05)
	3.41
	4.02
	2.92
	2.16
	1.92
	1.85
	0.12
	0.17
	0.15
	0.55

	Factor B: Nutrient Management

	Control 
	5.10
	5.17
	15.36
	15.44
	13.17
	13.26
	7.25
	7.36
	0.68
	0.61

	RDF (N120P60K30)
	12.90
	12.99
	27.42
	27.45
	23.87
	24.02
	8.61
	8.76
	1.20
	1.06

	STCR (TY =75 q ha-1)
	12.95
	13.08
	27.57
	27.59
	23.90
	24.06
	8.57
	8.71
	1.25
	1.19

	STCR (TY =85 q ha-1)
	14.34
	14.48
	28.06
	28.09
	23.97
	24.10
	8.71
	8.86
	0.86
	0.79

	STCR (TY =95 q ha-1)
	14.48
	14.62
	28.18
	28.24
	23.98
	24.10
	8.76
	8.92
	1.09
	1.05

	NE (TY =75 q ha-1)
	11.62
	11.53
	26.95
	27.19
	23.71
	23.81
	8.02
	8.17
	0.75
	0.90

	NE (TY =85 q ha-1)
	13.06
	13.03
	27.70
	27.86
	23.68
	23.84
	8.91
	9.06
	1.28
	1.16

	NE (TY =95 q ha-1)
	13.15
	13.31
	27.87
	27.89
	23.85
	23.99
	8.76
	8.91
	1.29
	1.28

	SeM±
	0.49
	0.50
	0.47
	0.41
	0.24
	0.23
	0.25
	0.31
	0.03
	0.07

	CD (p≤0.05)
	1.42
	1.44
	1.40
	1.24
	0.71
	0.69
	0.73
	0.94
	0.11
	0.22

	Interaction
	S
	S
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS



	

Table 2.a: Interaction effect of crop establishment methods and nutrient management on crop growth rate at 45-65 DAS of rice (2024).
	
	Control
	RDF
(N120P60K30)
	STCR
(TY =75 q ha-1)
	STCR
(TY =85 q ha-1)
	STCR
(TY =95 q ha-1)
	NE
(TY =75 q ha-1)
	NE (TY =85 q ha-1)
	NE (TY =95 q ha-1)
	Mean

	Transplanting
	6.27
	16.35
	16.38
	17.74
	17.98
	15.12
	16.49
	16.58
	15.36

	DSR
	3.94
	9.46
	9.54
	10.96
	10.98
	8.13
	9.64
	9.73
	9.04

	Mean
	5.10
	12.90
	12.96
	14.35
	14.48
	11.63
	13.07
	13.15
	



			Factor B at the same level of factor A				Factor A at the same level of factor B	
CD (p≤0.05)		   3.01									   3.69
SeM±			   0.99									    1.26

Table 2.b: Interaction effect of crop establishment methods and nutrient management on crop growth rate at 45-65 DAS of rice (2025).
	
	Control
	RDF
	STCR 
(TY =75 q ha-1)
	STCR 
(TY =85 q ha-1)
	STCR
 (TY =95 q ha-1)
	NE 
(TY =75 q ha-1)
	NE (TY =85 q ha-1)
	NE (TY =95 q ha-1)
	Mean

	Transplanting
	6.34
	16.44
	16.49
	17.89
	18.14
	15.20
	16.62
	16.74
	15.48

	DSR
	4.01
	9.55
	9.67
	11.08
	11.11
	7.88
	9.45
	9.89
	9.08

	Mean
	5.17
	12.99
	13.08
	14.48
	14.63
	11.54
	13.04
	13.31
	



			Factor B at the same level of factor A				Factor A at the same level of factor B	
CD (p≤0.05)		   3.19								               4.23
SeM±			   1.06									    1.75

Fig. 5: Effect of crop establishment methods on Crop growth rate of rice in 2024.

Fig. 6: Effect of crop establishment methods on Crop growth rate of rice in 2025.

Fig. 7: Effect of nutrient management on Crop growth rate of rice in 2024.

Fig. 8: Effect of nutrient management on Crop growth rate of rice in 2025.
within the canopy, decrease in LAI and remobilization of assimilates from vegetative parts to reproductive parts (Choudhary et al., 2021). Paikara and Pandey (2018) also reported the similar results. Pronounced improvement in CGR was observed between 65-85 DAS and thereafter declined till harvest. It can be attributed to the better nutrient availability, soil aeration, less competition which favored more root growth and photosynthetic activity (Theerthana et al., 2021). Whereas, RGR and NAR showed declining trend from the beginning till maturity of the crop. STCR (TY-95 q ha-1) recorded maximum CGR which was superior to all other treatment at all growth stages except at harvest, where it failed to show significant superiority over RDF. However, RDF recorded numerically highest RGR at 45-65 DAS and remained statistically at par with STCR and NE of targets 75, 85 and 95 q ha-1. During subsequent intervals, NE 75 q ha-1 registered highest RGR among all other treatments. NE (TY-75 q ha-1) recorded significantly higher NAR at 45-65 DAS. NE (TY-75 q ha-1) performed better upto mid growth stages thereafter at Harvest-125 DAS showing a sharp declining trend. Leaves are the predominant photosynthetic organ and therefore, are important targets for maximizing carbon assimilation by improving morphological traits (Zhu et al., 2010). The enhanced crop growth indices with SSNM of higher yield targets might be due to better vegetative growth of the crop. Similar results were reported by Raj et al . (2018).

	
Table 3: Effect of crop establishment methods and nutrient management on relative growth rate (mg g-1 day-1) of rice.
	Treatments
	45-65 DAS 
	65-85 DAS
	 105-85 DAS
	125-105 DAS 
	Harvest-125 DAS 

	
	2024
	2025
	2024
	2025
	2024
	2025
	2024
	2025
	2024
	2025

	Factor A: Crop Establishment Methods

	Transplanting
	78.65
	75.05
	45.18
	44.41
	20.45
	20.36
	5.93
	5.95
	0.84
	0.82

	DSR
	68.54
	64.45
	57.43
	56.39
	23.19
	23.01
	6.87
	6.93
	0.58
	0.51

	SeM±
	2.92
	2.93
	1.52
	1.36
	0.98
	0.78
	0.24
	0.25
	0.08
	0.06

	CD (p≤0.05)
	8.74
	8.77
	4.46
	3.95
	2.49
	2.35
	0.73
	0.74
	0.23
	0.19

	Factor B: Nutrient Management

	Control 
	64.21
	60.01
	49.28
	48.62
	20.35
	21.14
	5.42
	5.45
	0.79
	0.70

	RDF (N120P60K30)
	76.83
	73.20
	53.18
	50.27
	21.91
	21.63
	6.04
	6.28
	0.77
	0.67

	STCR (TY =75 q ha-1)
	76.06
	72.45
	53.78
	53.77
	22.83
	21.54
	6.96
	6.99
	0.80
	0.75

	STCR (TY =85 q ha-1)
	74.19
	70.56
	48.31
	46.36
	20.92
	20.79
	5.86
	5.98
	0.51
	0.46

	STCR (TY =95 q ha-1)
	73.11
	69.55
	49.04
	47.97
	20.76
	20.62
	5.85
	5.97
	0.66
	0.62

	NE (TY =75 q ha-1)
	76.33
	71.98
	54.86
	56.23
	23.72
	24.47
	7.82
	7.88
	0.51
	0.60

	NE (TY =85 q ha-1)
	74.46
	70.15
	52.13
	51.41
	21.51
	22.39
	7.21
	6.54
	0.82
	0.73

	NE (TY =95 q ha-1)
	73.57
	70.12
	49.85
	48.67
	21.56
	21.19
	6.04
	6.35
	0.82
	0.80

	SeM±
	1.56
	1.66
	0.70
	0.74
	0.37
	0.40
	0.11
	0.13
	0.05
	0.04

	CD (p≤0.05)
	4.52
	4.81
	2.11
	2.19
	1.07
	1.17
	0.32
	0.38
	0.15
	0.11

	Interaction
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS




Fig. 9: Effect of crop establishment methods on Relative growth rate of rice in 2024

Fig. 10: Effect of crop establishment methods on Relative growth rate of rice in 2025


Fig. 11: Effect of nutrient management on Relative growth rate of rice in 2024


Fig. 12: Effect of nutrient management on Relative growth rate of rice in 2025.


Table 4: Effect of crop establishment methods and nutrient management on net assimilation rate (g m-2 day-1) of rice.
	Treatments
	45-65 DAS 
	65-85 DAS
	 105-85 DAS
	125-105 DAS 
	Harvest-125 DAS 

	
	2024
	2025
	2024
	2025
	2024
	2025
	2024
	2025
	2024
	2025

	Factor A: Crop Establishment Methods

	Transplanting
	9.54
	9.34
	6.77
	6.56
	6.11
	5.99
	2.98
	2.97
	0.88
	0.85

	DSR
	9.08
	8.75
	4.47
	4.39
	5.54
	5.45
	2.55
	2.59
	0.57
	0.50

	SeM±
	0.11
	0.14
	0.44
	0.50
	0.12
	0.11
	0.13
	0.12
	0.07
	0.06

	CD (p≤0.05)
	0.33
	0.41
	1.29
	1.51
	0.36
	0.32
	0.38
	0.35
	0.22
	0.19

	Factor B: Nutrient Management

	Control 
	7.06
	6.73
	4.42
	4.28
	3.49
	3.29
	3.19
	3.17
	0.63
	0.55

	RDF (N120P60K30)
	9.81
	9.56
	6.18
	6.14
	5.70
	5.61
	2.79
	2.83
	0.83
	0.71

	STCR (TY =75 q ha-1)
	10.04
	9.75
	6.27
	6.21
	5.87
	5.65
	2.82
	2.85
	0.90
	0.84

	STCR (TY =85 q ha-1)
	9.22
	8.92
	5.72
	5.62
	5.36
	5.17
	2.55
	2.56
	0.52
	0.47

	STCR (TY =95 q ha-1)
	9.11
	8.80
	5.66
	5.53
	5.31
	5.11
	2.53
	2.54
	0.67
	0.62

	NE (TY =75 q ha-1)
	10.50
	10.37
	6.66
	6.57
	6.05
	5.80
	2.85
	2.91
	0.58
	0.69

	NE (TY =85 q ha-1)
	9.41
	9.20
	5.86
	5.75
	5.25
	5.01
	2.74
	2.76
	0.83
	0.74

	NE (TY =95 q ha-1)
	9.31
	9.03
	5.83
	5.71
	5.17
	4.99
	2.65
	2.66
	0.82
	0.80

	SeM±
	0.25
	0.24
	0.16
	0.15
	0.15
	0.15
	0.07
	0.07
	0.02
	0.02

	CD (p≤0.05)
	0.74
	0.72
	0.47
	0.46
	0.45
	0.44
	0.22
	0.22
	0.06
	0.05

	Interaction
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS




Fig. 13: Effect of crop establishment methods on Net assimilation rate of rice in 2024

Fig. 14:  Effect of crop establishment methods on Net assimilation rate of rice in 2025
 
Fig. 15: Effect of nutrient management on Net assimilation rate of rice in 2024.


Fig. 16: Effect of nutrient management on Net assimilation rate of rice in 2025.
Conclusions
The study showed that rice growth indices were significantly influenced by both establishment method and nutrient management strategy. Transplanted rice generally performed better than direct seeded rice in terms of leaf area index, crop growth rate, and net assimilation rate, indicating better canopy development and physiological growth under transplanted conditions. Among the nutrient management treatments, the Soil Test Crop Response approach with a target yield of 95 q ha⁻¹ produced the highest leaf area index and crop growth rate at key growth stages. Relative growth rate was highest during the early growth interval and declined progressively with crop age. The Nutrient Expert approach with a target yield of 75 q ha⁻¹ recorded higher net assimilation rate during the early growth period. Overall, the findings suggest that precision nutrient management, particularly STCR-based fertilization at higher target yield levels, can improve physiological growth performance of rice. However, the response varied across growth indices and crop stages, indicating the need to select nutrient strategies according to specific production objectives and establishment conditions.
Limitations
The study was limited to two Kharif seasons at a single experimental location under the temperate conditions of Kashmir. Therefore, the results may not fully represent other rice-growing ecologies, soil types, or climatic regions. The manuscript focused mainly on physiological growth indices and did not provide detailed yield, nutrient-use efficiency, or economic analysis. Fertilizer doses generated under STCR and Nutrient Expert approaches were also not clearly presented for each treatment. Further multi-location studies including yield, profitability, and nutrient-use efficiency would strengthen the practical applicability of the findings.
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Transplanting	45 DAS	65 DAS	85 DAS	105 DAS	125 DAS	2.27	2.95	4.05	3.24	1.51	DSR	45 DAS	65 DAS	85 DAS	105 DAS	125 DAS	1.97	2.64	3.65	2.93	1.35	Days after sowing


Leaf area index




Transplanting	45 DAS	65 DAS	85 DAS	105 DAS	125 DAS	2.33	3.04	4.1500000000000004	3.27	1.55	DSR	45 DAS	65 DAS	85 DAS	105 DAS	125 DAS	2.04	2.73	3.73	2.96	1.38	Days after sowing


Leaf area index 




Control 	45 DAS	65 DAS	85 DAS	105 DAS	125 DAS	1.17	1.94	2.79	2.0499999999999998	0.84	RDF (N120P60K30)	45 DAS	65 DAS	85 DAS	105 DAS	125 DAS	2.1	2.79	3.86	3.09	1.44	STCR (TY =75 q ha-1)	45 DAS	65 DAS	85 DAS	105 DAS	125 DAS	2.12	2.85	3.92	3.15	1.48	STCR (TY =85 q ha-1)	45 DAS	65 DAS	85 DAS	105 DAS	125 DAS	2.5299999999999998	3.13	4.2300000000000004	3.47	1.63	STCR (TY =95 q ha-1)	45 DAS	65 DAS	85 DAS	105 DAS	125 DAS	2.6	3.18	4.29	3.53	1.65	NE (TY =75 q ha-1)	45 DAS	65 DAS	85 DAS	105 DAS	125 DAS	1.74	2.5	3.5	2.75	1.22	NE (TY =85 q ha-1)	45 DAS	65 DAS	85 DAS	105 DAS	125 DAS	2.33	2.97	4.07	3.31	1.57	NE (TY =95 q ha-1)	45 DAS	65 DAS	85 DAS	105 DAS	125 DAS	2.36	3.04	4.12	3.36	1.6	Days after sowing


Leaf area index




Control 	45 DAS	65 DAS	85 DAS	105 DAS	125 DAS	1.25	2.04	2.9	2.11	0.87	RDF (N120P60K30)	45 DAS	65 DAS	85 DAS	105 DAS	125 DAS	2.16	2.88	3.96	3.11	1.45	STCR (TY =75 q ha-1)	45 DAS	65 DAS	85 DAS	105 DAS	125 DAS	2.17	2.92	3.99	3.13	1.49	STCR (TY =85 q ha-1)	45 DAS	65 DAS	85 DAS	105 DAS	125 DAS	2.62	3.21	4.37	3.53	1.67	STCR (TY =95 q ha-1)	45 DAS	65 DAS	85 DAS	105 DAS	125 DAS	2.71	3.28	4.42	3.59	1.71	NE (TY =75 q ha-1)	45 DAS	65 DAS	85 DAS	105 DAS	125 DAS	1.78	2.5499999999999998	3.56	2.77	1.26	NE (TY =85 q ha-1)	45 DAS	65 DAS	85 DAS	105 DAS	125 DAS	2.39	3.08	4.1500000000000004	3.33	1.61	NE (TY =95 q ha-1)	45 DAS	65 DAS	85 DAS	105 DAS	125 DAS	2.44	3.13	4.21	3.39	1.63	Days after sowing


Leaf area index




Transplanting	45-65 DAS	65-85 DAS	105-85 DAS	125-105 DAS	Harvest-125 DAS	15.36	27.54	23.53	8.6199999999999992	1.35	DSR	45-65 DAS	65-85 DAS	105-85 DAS	125-105 DAS	Harvest-125 DAS	9.0399999999999991	24.74	21.5	8.27	0.75	Days after sowing


Crop growth rate ()




Transplanting	45-65 DAS	65-85 DAS	105-85 DAS	125-105 DAS	Harvest-125 DAS	15.48	27.59	23.7	8.75	1.33	DSR	45-65 DAS	65-85 DAS	105-85 DAS	125-105 DAS	Harvest-125 DAS	9.08	24.85	21.6	8.44	0.68	Days after sowing


Crop growth rate ()




Control 	45-65 DAS	65-85 DAS	105-85 DAS	125-105 DAS	Harvest-125 DAS	5.0999999999999996	15.36	13.17	7.25	0.68	RDF (N120P60K30)	45-65 DAS	65-85 DAS	105-85 DAS	125-105 DAS	Harvest-125 DAS	12.9	27.42	23.87	8.61	1.2	STCR (TY =75 q ha-1)	45-65 DAS	65-85 DAS	105-85 DAS	125-105 DAS	Harvest-125 DAS	12.95	27.57	23.9	8.57	1.25	STCR (TY =85 q ha-1)	45-65 DAS	65-85 DAS	105-85 DAS	125-105 DAS	Harvest-125 DAS	14.34	28.06	23.97	8.7100000000000009	0.86	STCR (TY =95 q ha-1)	45-65 DAS	65-85 DAS	105-85 DAS	125-105 DAS	Harvest-125 DAS	14.48	28.18	23.98	8.76	1.0900000000000001	NE (TY =75 q ha-1)	45-65 DAS	65-85 DAS	105-85 DAS	125-105 DAS	Harvest-125 DAS	11.62	26.95	23.71	8.02	0.75	NE (TY =85 q ha-1)	45-65 DAS	65-85 DAS	105-85 DAS	125-105 DAS	Harvest-125 DAS	13.06	27.7	23.68	8.91	1.28	NE (TY =95 q ha-1)	45-65 DAS	65-85 DAS	105-85 DAS	125-105 DAS	Harvest-125 DAS	13.15	27.87	23.85	8.76	1.29	Days after sowing


Crop growth rate ()




Control 	45-65 DAS	65-85 DAS	105-85 DAS	125-105 DAS	Harvest-125 DAS	5.17	15.44	13.26	7.36	0.61	RDF (N120P60K30)	45-65 DAS	65-85 DAS	105-85 DAS	125-105 DAS	Harvest-125 DAS	12.99	27.45	24.02	8.76	1.06	STCR (TY =75 q ha-1)	45-65 DAS	65-85 DAS	105-85 DAS	125-105 DAS	Harvest-125 DAS	13.08	27.59	24.06	8.7100000000000009	1.19	STCR (TY =85 q ha-1)	45-65 DAS	65-85 DAS	105-85 DAS	125-105 DAS	Harvest-125 DAS	14.48	28.09	24.1	8.86	0.79	STCR (TY =95 q ha-1)	45-65 DAS	65-85 DAS	105-85 DAS	125-105 DAS	Harvest-125 DAS	14.62	28.24	24.1	8.92	1.05	NE (TY =75 q ha-1)	45-65 DAS	65-85 DAS	105-85 DAS	125-105 DAS	Harvest-125 DAS	11.53	27.19	23.81	8.17	0.9	NE (TY =85 q ha-1)	45-65 DAS	65-85 DAS	105-85 DAS	125-105 DAS	Harvest-125 DAS	13.03	27.86	23.84	9.06	1.1599999999999999	NE (TY =95 q ha-1)	45-65 DAS	65-85 DAS	105-85 DAS	125-105 DAS	Harvest-125 DAS	13.31	27.89	23.99	8.91	1.28	Days after sowing


Crop growth rate ()




Transplanting	45-65 DAS	65-85 DAS	105-85 DAS	125-105 DAS	Harvest-125 DAS	78.650000000000006	45.18	20.45	5.93	0.84	DSR	45-65 DAS	65-85 DAS	105-85 DAS	125-105 DAS	Harvest-125 DAS	68.540000000000006	57.43	23.19	6.87	0.57999999999999996	Days after sowing


Relative growth rate ()




Transplanting	45-65 DAS	65-85 DAS	105-85 DAS	125-105 DAS	Harvest-125 DAS	75.05	44.41	20.36	5.95	0.82	DSR	45-65 DAS	65-85 DAS	105-85 DAS	125-105 DAS	Harvest-125 DAS	64.45	56.39	23.01	6.93	0.51	Days after sowing


Relative growth rate ()




Control 	45-65 DAS	65-85 DAS	105-85 DAS	125-105 DAS	Harvest-125 DAS	64.209999999999994	49.28	20.350000000000001	5.42	0.79	RDF (N120P60K30)	45-65 DAS	65-85 DAS	105-85 DAS	125-105 DAS	Harvest-125 DAS	76.83	53.18	21.91	6.04	0.77	STCR (TY =75 q ha-1)	45-65 DAS	65-85 DAS	105-85 DAS	125-105 DAS	Harvest-125 DAS	76.06	53.78	22.83	6.96	0.8	STCR (TY =85 q ha-1)	45-65 DAS	65-85 DAS	105-85 DAS	125-105 DAS	Harvest-125 DAS	74.19	48.31	20.92	5.8	0.51	STCR (TY =95 q ha-1)	45-65 DAS	65-85 DAS	105-85 DAS	125-105 DAS	Harvest-125 DAS	73.11	49.04	20.76	5.85	0.66	NE (TY =75 q ha-1)	45-65 DAS	65-85 DAS	105-85 DAS	125-105 DAS	Harvest-125 DAS	76.33	54.86	23.72	7.82	0.51	NE (TY =85 q ha-1)	45-65 DAS	65-85 DAS	105-85 DAS	125-105 DAS	Harvest-125 DAS	74.459999999999994	52.13	21.51	7.21	0.82	NE (TY =95 q ha-1)	45-65 DAS	65-85 DAS	105-85 DAS	125-105 DAS	Harvest-125 DAS	73.569999999999993	49.85	21.56	6.04	0.82	45-65 DAS	65-85 DAS	105-85 DAS	125-105 DAS	Harvest-125 DAS	Days after sowing


Relative growth rate (mg g-1 day-1)




Control 	45-65 DAS	65-85 DAS	105-85 DAS	125-105 DAS	Harvest-125 DAS	60.01	48.62	21.14	5.45	0.7	RDF (N120P60K30)	45-65 DAS	65-85 DAS	105-85 DAS	125-105 DAS	Harvest-125 DAS	73.2	50.27	21.63	6.28	0.67	STCR (TY =75 q ha-1)	45-65 DAS	65-85 DAS	105-85 DAS	125-105 DAS	Harvest-125 DAS	72.45	53.77	21.54	6.99	0.75	STCR (TY =85 q ha-1)	45-65 DAS	65-85 DAS	105-85 DAS	125-105 DAS	Harvest-125 DAS	70.56	46.36	20.79	5.98	0.46	STCR (TY =95 q ha-1)	45-65 DAS	65-85 DAS	105-85 DAS	125-105 DAS	Harvest-125 DAS	69.55	47.97	20.62	5.97	0.62	NE (TY =75 q ha-1)	45-65 DAS	65-85 DAS	105-85 DAS	125-105 DAS	Harvest-125 DAS	71.98	56.23	24.47	7.88	0.6	NE (TY =85 q ha-1)	45-65 DAS	65-85 DAS	105-85 DAS	125-105 DAS	Harvest-125 DAS	70.150000000000006	51.41	22.39	6.54	0.73	NE (TY =95 q ha-1)	45-65 DAS	65-85 DAS	105-85 DAS	125-105 DAS	Harvest-125 DAS	70.12	48.67	21.19	6.35	0.8	Days after sowing


Relative growth rate (mg g-1 day-1)




Transplanting	45-65 DAS	65-85 DAS	105-85 DAS	125-105 DAS	Harvest-125 DAS	9.5399999999999991	6.77	6.11	2.98	0.88	DSR	45-65 DAS	65-85 DAS	105-85 DAS	125-105 DAS	Harvest-125 DAS	9.08	4.8899999999999997	4.4400000000000004	2.5499999999999998	0.56999999999999995	Days after sowing


Net assimilation rate (g m-2 day-1)




Transplanting	45-65 DAS	65-85 DAS	105-85 DAS	125-105 DAS	Harvest-125 DAS	9.34	6.77	5.99	2.97	0.85	DSR	45-65 DAS	65-85 DAS	105-85 DAS	125-105 DAS	Harvest-125 DAS	8.75	4.8899999999999997	4.17	2.59	0.5	Days after sowing


Net assimilation rate (g m-2 day-1)




Control 	45-65 DAS	65-85 DAS	105-85 DAS	125-105 DAS	Harvest-125 DAS	7.06	4.42	3.84	3.19	0.63	RDF (N120P60K30)	45-65 DAS	65-85 DAS	105-85 DAS	125-105 DAS	Harvest-125 DAS	9.81	6.18	6.05	2.79	0.83	STCR (TY =75 q ha-1)	45-65 DAS	65-85 DAS	105-85 DAS	125-105 DAS	Harvest-125 DAS	10.039999999999999	6.27	6.22	2.82	0.9	STCR (TY =85 q ha-1)	45-65 DAS	65-85 DAS	105-85 DAS	125-105 DAS	Harvest-125 DAS	9.2200000000000006	5.72	5.71	2.5499999999999998	0.52	STCR (TY =95 q ha-1)	45-65 DAS	65-85 DAS	105-85 DAS	125-105 DAS	Harvest-125 DAS	9.11	5.66	5.66	2.5299999999999998	0.67	NE (TY =75 q ha-1)	45-65 DAS	65-85 DAS	105-85 DAS	125-105 DAS	Harvest-125 DAS	10.5	6.66	6.4	2.85	0.57999999999999996	NE (TY =85 q ha-1)	45-65 DAS	65-85 DAS	105-85 DAS	125-105 DAS	Harvest-125 DAS	9.41	5.86	5.6	2.74	0.83	NE (TY =95 q ha-1)	45-65 DAS	65-85 DAS	105-85 DAS	125-105 DAS	Harvest-125 DAS	9.31	5.83	5.52	2.65	0.82	Days after sowing


Net assimilation rate ()




Control 	45-65 DAS	65-85 DAS	105-85 DAS	125-105 DAS	Harvest-125 DAS	6.73	4.28	3.69	3.17	0.55000000000000004	RDF (N120P60K30)	45-65 DAS	65-85 DAS	105-85 DAS	125-105 DAS	Harvest-125 DAS	9.56	6.14	6.01	2.83	0.71	STCR (TY =75 q ha-1)	45-65 DAS	65-85 DAS	105-85 DAS	125-105 DAS	Harvest-125 DAS	9.75	6.21	6.05	2.85	0.84	STCR (TY =85 q ha-1)	45-65 DAS	65-85 DAS	105-85 DAS	125-105 DAS	Harvest-125 DAS	8.92	5.6	5.57	2.56	0.47	STCR (TY =95 q ha-1)	45-65 DAS	65-85 DAS	105-85 DAS	125-105 DAS	Harvest-125 DAS	8.8000000000000007	5.53	5.51	2.54	0.62	NE (TY =75 q ha-1)	45-65 DAS	65-85 DAS	105-85 DAS	125-105 DAS	Harvest-125 DAS	10.37	6.57	6.2	2.91	0.69	NE (TY =85 q ha-1)	45-65 DAS	65-85 DAS	105-85 DAS	125-105 DAS	Harvest-125 DAS	9.1999999999999993	5.75	5.41	2.76	0.74	NE (TY =95 q ha-1)	45-65 DAS	65-85 DAS	105-85 DAS	125-105 DAS	Harvest-125 DAS	9.0299999999999994	5.71	5.39	2.66	0.8	Days after sowing


Net assimilation rate ()




