Effect of Site-Specific Nutrient Management on Physiological Growth Parameters and Nutrient Recovery Efficiency of Transplanted Rice (Oryza sativa L.)

 
[bookmark: _GoBack]ABSTRACT
	This study aimed to evaluate the effect of site-specific nutrient management (SSNM) on physiological growth parameters and nutrient recovery efficiency of transplanted rice (Oryza sativa L.). The field experiment was conducted at the South Farm of the School of Agricultural Sciences, Karunya Institute of Technology and Sciences, Coimbatore during the Samba season of 2025. The experiment was laid out in a randomized block design with twelve treatments and three replications, which included soil test-based fertilizer recommendation, recommended dose of fertilizers, nutrient omission treatments and farmers’ practice. Physiological growth parameters such as crop growth rate (CGR), relative growth rate (RGR) and net assimilation rate (NAR) were recorded at different growth stages, and nutrient recovery efficiency of nitrogen, phosphorus, potassium and zinc was estimated. The results revealed that soil test-based nutrient management with zinc application (T₂) recorded the highest CGR values of 92.3, 167.3 and 205.2 kg ha⁻¹ day⁻¹ during 30–60, 60–90 days after transplanting and 90 days to harvest, respectively. Similarly, higher values of RGR and NAR were also recorded under the same treatment compared to recommended fertilizer dose, nutrient omission treatments and farmers’ practice. The highest nutrient recovery efficiency for nitrogen (0.41 kg kg⁻¹), phosphorus (0.24 kg kg⁻¹), potassium (2.68 kg kg⁻¹) and zinc (8.50 g ha⁻¹) was also observed in the soil test-based nutrient management with zinc application treatment. The control treatment recorded the lowest values for growth parameters and nutrient recovery efficiency. The findings indicate that soil test-based balanced fertilization along with zinc application can improve physiological growth and nutrient use efficiency in transplanted rice.
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1. INTRODUCTION
Rice (Oryza sativa L.) is one of the most important staple food crops in the world and serves as the primary source of food for more than half of the global population. In India, rice occupies a major share in total food grain production and plays a vital role in ensuring food security and livelihood for millions of farmers [1,2]. The productivity of rice largely depends on efficient nutrient management practices, as nutrient deficiencies and imbalanced fertilization often limit crop growth, yield and nutrient use efficiency [3,4]. Continuous cultivation and indiscriminate use of fertilizers without considering soil nutrient status have resulted in nutrient imbalances and declining soil fertility in many rice growing regions [5,6].
Balanced nutrient management is essential for sustaining soil health and improving crop productivity. Conventional fertilizer recommendations often follow blanket recommendations which may not adequately address the spatial variability in soil fertility and crop nutrient requirements [7]. In this context, site-specific nutrient management (SSNM) has emerged as an effective approach to improve nutrient use efficiency and crop productivity. SSNM aims to supply nutrients according to the crop demand and the indigenous nutrient supplying capacity of the soil, thereby optimizing fertilizer application and minimizing nutrient losses [3,8].
The application of balanced nutrients, particularly nitrogen, phosphorus and potassium along with micronutrients such as zinc, plays a crucial role in enhancing physiological processes including photosynthesis, biomass accumulation and nutrient uptake in rice [4,9]. Zinc deficiency is widely reported in many rice growing soils and its application along with macronutrients has been shown to improve crop growth, nutrient use efficiency and grain yield [9,10]. Proper nutrient management practices also influence physiological growth parameters such as crop growth rate, relative growth rate and net assimilation rate, which are important indicators of crop productivity [11].
Nutrient omission studies are also useful in identifying the most limiting nutrients affecting crop growth and yield. Such studies help in understanding the role of individual nutrients and assist in developing efficient fertilizer management strategies for improving crop productivity [8,7]. Therefore, the present study was undertaken to evaluate the effect of site-specific nutrient management on physiological growth parameters and nutrient recovery efficiency of transplanted rice during the Samba season.
2. MATERIALS AND METHODS
2.1 Study area location
A field experiment was conducted during the Samba season (August–December 2025) at the South Farm, School of Agricultural Sciences, Karunya Institute of Technology and Sciences, Coimbatore, India. The experimental site is geographically situated in the North Western Agro-climatic Zone of Tamil Nadu at 10°55'57.5"N latitude and 76°45'02.2"E longitude, with an altitude of 516.97 m above mean sea level. During the cropping period, the experimental site experienced typical semi-arid tropical climatic conditions with moderately high temperature, moderate rainfall and favourable sunshine hours. The prevailing weather conditions were suitable for normal growth and development of the rice crop. Prior to the initiation of the experiment, soil samples were collected from 0–15 cm depth at five different locations of the experimental field and composited for analysis. The soil was sandy clay loam in texture with pH 8.01 and electrical conductivity of 0.3 dS m⁻¹. The soil contained 0.30% organic carbon, 263.2 kg ha⁻¹ available nitrogen, 11.3 kg ha⁻¹ available phosphorus, 508.4 kg ha⁻¹ available potassium, and 6.25 mg kg⁻¹ available zinc.
2.2 Experimental details
The field experiment was laid out in a Randomized Block Design (RBD) with twelve treatments replicated thrice. The treatments consisted of soil test based nutrient management, recommended fertilizer dose, nutrient omission plots and farmers’ practice. The treatments followed for the study were: T₁ – NPK (soil test based fertilizer recommendation), T₂ – NPK + ZnSO₄ (soil test based fertilizer recommendation), T₃ – NPK (recommended dose of fertilizer), T₄ – NPK + ZnSO₄ (recommended dose of fertilizer), T₅ – −N omission (PKZ) soil test based recommendation, T₆ – −P omission (NKZ) soil test based recommendation, T₇ – −K omission (NPZ) soil test based recommendation, T₈ – −N (PK) soil test based recommendation without Zn, T₉ – −P (NK) soil test based recommendation without Zn, T₁₀ – −K (NP) soil test based recommendation without Zn, T₁₁ – farmers’ practice and T₁₂ – control. Nitrogen (N), phosphorus (P), potassium (K) and zinc (Zn) were applied through urea, single super phosphate (SSP), muriate of potash (MOP) and zinc sulphate (ZnSO₄), respectively. Fertilizer quantities were calculated on a gross plot basis according to the recommended fertilizer dose and soil test values and weighed separately for each plot. The recommended dose of fertilizers (RDF) for rice was 150:50:50 kg N:P₂O₅:K₂O ha⁻¹ along with ZnSO₄ at 25 kg ha⁻¹ in the respective treatments. Based on soil test results, the soil test–based fertilizer recommendation was 125:50:25 kg N:P₂O₅:K₂O ha⁻¹ with ZnSO₄ at 18 kg ha⁻¹. Fertilizers under SSNM treatments were applied according to the respective nutrient omission treatments.
Rice variety Bhavani, a medium duration variety (130–135 days) with long slender grains, was used as the test crop. Seeds were sown on 01 August 2025 and transplanted following standard nursery practices with a spacing of 20 cm × 15 cm and a seed rate of 40 kg ha⁻¹. The gross plot size was 5 m × 4 m, while the net plot size was 3 m × 2.8 m. Fertilizers were applied according to the respective treatment schedule and zinc was applied as zinc sulphate (ZnSO₄) where specified. Recommended agronomic practices such as irrigation, weed management and plant protection measures were followed uniformly for all treatments. The crop was harvested on 10 December 2025.
2.3 Growth analysis and nutrient recovery estimation
[bookmark: _Hlk224490982]Physiological growth parameters were estimated using dry matter production and leaf area data recorded at 30, 60 and 90 days after transplanting and at harvest. CGR, RGR, NAR were calculated respectively to [12-14] and nutrient recovery efficiency [5,3]. Crop growth rate (CGR) was calculated as:
                                                                                                                                    (1)   
where W₁ and W₂ represent the dry matter production at times t₁ and t₂ respectively.
Relative growth rate (RGR) was calculated as:
                                                                                                                             (2)
Net assimilation rate (NAR) was calculated using dry matter and leaf area values between successive sampling intervals as:
                                                                                                                 (3)
where L₁ and L₂ represent leaf area at times t₁ and t₂ respectively.
Recovery efficiency of nutrients was estimated based on nutrient uptake using the formula:
                                                                                                                                    (4)
where Uₜ is nutrient uptake in fertilized treatment, U₀ is nutrient uptake in control treatment and F is the amount of nutrient applied.
2.4 Statistical analysis
The experimental data were statistically analyzed using analysis of variance (ANOVA) appropriate for Randomized Block Design following the procedure described by Gomez and Gomez [15]. The significance of treatment differences was tested using the F-test, and treatment means were compared using critical difference (CD) at 5% probability level.
3. RESULTS AND DISCUSSION
3.1 Effect of SSNM on physiological growth analysis parameters of Bhavani rice
The results of different nutrient management treatments on physiological growth parameters such as crop growth rate (CGR), relative growth rate (RGR) and net assimilation rate (NAR) of Bhavani rice are presented in Table 1. The results revealed that nutrient management practices significantly influenced the physiological growth parameters during different growth stages.
Among the treatments, T₂ (NPKZ soil test based) recorded the highest crop growth rate during all the growth stages with values of 92.3, 167.3 and 205.2 kg ha⁻¹ day⁻¹ during 30–60, 60–90 days after transplanting and 90 days to harvest, respectively. This was followed by T₁ (NPK soil test based) and T₄ (NPKZ recommended dose) which also recorded relatively higher CGR values. The lowest CGR values were observed in the control treatment (T₁₂), while farmers’ practice (T₁₁) and nutrient omission treatments recorded comparatively lower values.
The higher CGR observed in soil test based nutrient management treatments could be attributed to balanced and adequate supply of nutrients which enhanced dry matter accumulation and crop growth. Balanced fertilization improves nutrient uptake efficiency, leaf area development and biomass production, which ultimately increases crop growth rate in rice [16-18]. In contrast, omission treatments recorded lower CGR due to nutrient deficiencies that limit metabolic activities and reduce photosynthesis and plant growth [19].
Relative growth rate (RGR) values were relatively higher during the 30–60 days after transplanting stage and gradually declined at later stages. Treatments T₂ (NPKZ soil test based) and T₁ (NPK soil test based) maintained relatively higher RGR values compared to other treatments. The decline in RGR during later stages may be attributed to increased plant biomass and reduced proportional growth rate as the crop approaches maturity [20,21]. Balanced nutrient supply helps maintain higher metabolic activity and carbon assimilation, thereby sustaining higher RGR compared to nutrient omission treatments [22,23].
Net assimilation rate (NAR) also varied among the treatments. The highest NAR values were observed under T₂ (NPKZ soil test based) with values of 58.2, 44.1 and 21.8 g m⁻² day⁻¹ during the respective growth stages. Treatments receiving balanced nutrient application recorded comparatively higher NAR values, whereas omission treatments and control recorded lower values. The higher NAR under balanced nutrient treatments may be due to improved leaf area development, chlorophyll formation and enhanced photosynthetic efficiency. Adequate nutrient supply, particularly nitrogen and micronutrients like zinc, enhances chlorophyll content and photosynthetic activity, resulting in improved assimilation rates [24-26]. At later crop stages, NAR tends to decline due to leaf senescence and reduced photosynthetic capacity [27].
Overall, soil test based nutrient management along with zinc application (T₂) significantly improved physiological growth parameters of rice compared to recommended dose, omission treatments and farmers’ practice. Similar findings have been reported earlier where balanced fertilization improved crop growth, nutrient use efficiency and productivity in rice systems [28,29].
3.2 Effect of SSNM on nutrient recovery efficiency of Bhavani rice
The effect of nutrient management treatments on nutrient recovery efficiency of nitrogen, phosphorus, potassium and zinc is presented in Table 2. The results indicated that nutrient recovery efficiency varied considerably among the treatments.
Among the treatments, T₂ (NPKZ soil test based) recorded the highest recovery efficiency for nitrogen, phosphorus, potassium and zinc with values of 40.88 %, 24%, 268.4 %, and 850%, respectively. This was followed by T₁ (NPK soil test based) which also recorded relatively higher recovery efficiency values compared to recommended dose treatments.
The improved nutrient recovery efficiency under soil test based fertilization may be due to precise and balanced nutrient application according to soil nutrient status, which enhances nutrient uptake and utilization by the crop. Soil test based fertilization improves synchronization between nutrient supply and crop demand, thereby increasing nutrient use efficiency and reducing nutrient losses [17,18]. Nutrient omission treatments recorded lower recovery efficiency for the omitted nutrients, indicating the importance of balanced nutrient supply for efficient nutrient utilization [30,31].
The control treatment (T₁₂) recorded the lowest recovery efficiency values for all nutrients due to reliance solely on native soil fertility which may not meet crop nutrient requirements. Balanced fertilization practices based on soil testing have been widely reported to improve nutrient use efficiency, soil fertility and crop productivity [30,17].
The higher nutrient recovery efficiency observed under T₂ (NPKZ soil test based) also highlights the beneficial role of zinc in improving nutrient uptake and physiological processes in crops. Zinc acts as an important cofactor for several enzymes and improves chlorophyll synthesis, photosynthetic efficiency and nutrient translocation within the plant [32-34].
Overall, the results clearly indicated that soil test based nutrient management with zinc application improved nutrient recovery efficiency and physiological growth parameters of rice, emphasizing the importance of balanced fertilization for sustainable rice production.
4. CONCLUSION
The present study demonstrated that site-specific nutrient management significantly influenced the physiological growth parameters and nutrient recovery efficiency of Bhavani rice. Among the treatments, soil test-based nutrient management with zinc application (T₂) recorded the highest crop growth rate, relative growth rate, net assimilation rate and nutrient recovery efficiency compared to recommended fertilizer dose, nutrient omission treatments and farmers’ practice. The improved growth and nutrient recovery under this treatment may be attributed to balanced and precise nutrient supply which enhanced dry matter accumulation, photosynthetic efficiency and nutrient uptake by the crop. In contrast, nutrient omission treatments and control recorded lower growth parameters and nutrient recovery due to nutrient deficiencies. Therefore, soil test-based balanced fertilization along with zinc application can be considered an effective strategy to improve crop growth, nutrient use efficiency and sustainable rice production.
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Table.1 Effect of SSNM on Physiological Growth Analysis Parameters of Bhavani Rice
	 
Treatments
	CGR (kg ha⁻¹ day⁻¹)
	RGR (g g⁻¹ day⁻¹)
	NAR (g m⁻² day⁻¹)

	
	30–60
	60–90
	90–H
	30–60
	60–90
	90–H
	30–60
	60–90
	90–H

	T1 (NPK)soil test based
	85.0
	152.7
	201.2
	0.021
	0.02
	0.016
	56.9
	43.7
	23.0

	T2 (NPKZ)soil test based
	92.3
	167.3
	205.2
	0.021
	0.021
	0.015
	58.2
	44.1
	21.8

	T3 (NPK)recommended dose
	81.2
	143.3
	189.9
	0.022
	0.02
	0.016
	55.3
	42.5
	22.7

	T4 (NPKZ)recommended dose
	83.7
	148.0
	190.5
	0.022
	0.02
	0.015
	55.8
	42.8
	22.3

	T5 -N(PKZ) stb
	68.0
	119.7
	153.3
	0.022
	0.02
	0.015
	50.7
	38.9
	21.4

	T6 -P (NKZ) stb
	72.0
	128.3
	154.1
	0.021
	0.02
	0.015
	51.8
	39.7
	21.8

	T7 -K (NPZ) stb
	78.7
	140.0
	164.9
	0.021
	0.02
	0.014
	53.5
	41.1
	22.1

	T8 -NZ (PK) stb
	65.7
	116.0
	154.3
	0.022
	0.02
	0.016
	50.1
	38.5
	21.6

	T9 -PZ (NK) stb
	71.3
	127.7
	152.2
	0.021
	0.02
	0.015
	51.6
	39.6
	21.7

	T10 -KZ (NP) stb
	76.7
	137.0
	162.8
	0.021
	0.02
	0.014
	52.9
	40.7
	22.0

	T11 FP
	64.3
	113.3
	150.4
	0.022
	0.02
	0.016
	49.5
	37.9
	21.5

	T12 control
	55.3
	96.3
	149.4
	0.022
	0.02
	0.018
	47.8
	36.4
	21.2

	Mean
	74.52
	132.47
	169.02
	0.0215
	0.0201
	0.0154
	52.84
	40.49
	21.93

	SE(d)
	1.28
	2.56
	3.75
	0.0003
	0.0003
	0.0004
	0.77
	0.60
	0.43

	CD (5%)
	2.65
	5.31
	7.78
	0.0007
	0.0005
	0.0009
	1.59
	1.24
	0.88


*CGR-Crop growth rate; RGR-Relative growth rate; NAR-Net assimilation rate







Table.2 Effect of SSNM on Recovery Efficiency (%) of Bhavani Rice
	Treatments
	N
	P
	K
	Zn

	T1 (NPK)soil test based
	34.16
	20.2
	229.2
	716.67

	T2 (NPKZ)soil test based
	40.88
	24
	268.4
	850

	T3 (NPK)recommended dose
	24.13
	17.2
	91.6
	424

	T4 (NPKZ)recommended dose
	25.73
	18.2
	98.6
	448

	T5 -N(PKZ) stb
	0
	7.2
	77.6
	255.56

	T6 -P (NKZ) stb
	16.48
	0
	103.6
	338.89

	T7 -K (NPZ) stb
	24.48
	14.2
	0
	466.67

	T8 -NZ (PK) stb
	0
	6.2
	66
	0

	T9 -PZ (NK) stb
	15.84
	0
	102.4
	0

	T10 -KZ (NP) stb
	23.04
	13.4
	0
	0

	T11 FP
	22.89
	1
	0
	0

	T12 control
	0
	0
	0
	0










                                                        

                                                      * Stb- Soil test based; N-nitrogen; P-Phosphorus; K-Potassium; Zn-Zinc; FP-Farmers Practice


