


Soil test based fertilizer recommendations for rice crop to enhanced productivity and profitability in NICRA villages of Villupuram District, Tamil Nadu




ABSTRACT
Knowledge on soil fertility is an important factor for nutrient management in a particular soil. Deterioration of soil fertility may be due to imbalanced fertilizer application without soil testing and continuous high-yield cropping. The present study was undertaken to study the soil fertility status in a particular village and recommend the optimum fertilizer dose under "National Innovations in Climate Resilient Agriculture (NICRA) project. A total of 50 soil samples were collected in Naduvananthal village, Mailam block. Villupuram district, and analyzed for soil parameters viz., soil pH, Electrical Conductivity (EC), organic carbon, available nitrogen, available phosphorus and available potassium. The Electrical Conductivity shows a neutral to alkaline response in the soils. There was a low to medium amount of organic carbon in the soil, as well as low to medium levels of available nitrogen, phosphorus, and potassium. The observed spatial variability in various soil properties that influence soil fertility was used for deciding nutrient application to rice. Thus providing balanced nutrients to rice based on analysis of fertility of each piece of land as low in available nitrogen, medium in available phosphorus and medium in available potassium. The recommendation as per farmers practice for rice crop was 130:58:75 kg NPK per ha, but, recommendation of fertilizer based on soil test was 150:50:50. With this, there is a reduction in cost of  cultivation up to Rs. 890 ha-1, also maintained the balanced nutrition and increased the productivity of rice with additional returns of 530 kg ha-1.
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1. INTRODUCTION
In agricultural systems, one of the most crucial aspects of soil fertility that determines productivity is the soil capacity to support crop development for maximum crop-output. A variety of soil properties determine many of the processes that affect soil fertility and productivity. Greater insight into the dynamics of these soils can be gained by having a thorough understanding of their physical, chemical, and biological characteristics. The inherent potential of these soils for crop production as well as the challenges associated with effectively managing them to achieve higher production may be easily understood by characterizing them. Fertility of the soil constitutes one of the key elements influencing crop yield. In recent years, intensive agriculture has significantly reduced the response (production) efficiency of chemical fertilizer nutrients (Yadav and Meena, 2009).

It is crucial to understand soil fertility in order to regulate nutrients for a site specific soil. The decline in soil fertility may be caused by continuous high-yield cropping,unbalanced fertilizing and a lack of soil testing. As part of the "National Innovations in Climate Resilient Agriculture (NICRA)" project, 50 soil samples collected in Naduvananthal village, Mailam block, Villupuram district, and evaluated for a number of soil parameters, including soil pH, EC, organic carbon, available nitrogen, available phosphorus, and available potassium fertilizer recommendations for rice was calculated.

2. MATERIALS AND METHODS

2.1 STUDY AREA
The Naduvananthal village is under the revenue administration of Naduvananthal panchayat in Mailam block of Villupuram district, Tamil Nadu situated in North Eastern Zone (NEZ) of Tamil Nadu, located at 11.94596° N Latitude, 79.49741° E Longitude. The soil type of the demonstrated area was sandy loamy in texture. Average rainfall of the region is 850-900 mm per annum and relative humidity ranges from 45-85 per cent. 

2.2 COLLECTION OF SOIL SAMPLES AND ANALYSIS
Soil samples (0-30 cm) were collected at one sample for 5-6 ha covering cultivated area of the village during 2024 before conducting the demonstrations. The co-ordinates were recorded using GPS for all the soil samples collected in the study area. The soil samples were air dried and processed for analysis. Processed soil samples were analysed for nutrient availability by following standard analytical techniques. The pH and electrical conductivity of soil samples were determined in 1:2.5 Soil: Water suspension (Jackson (1973). Soil was finely grounded and passed through 0.2 mm sieve and organic carbon was determined by Walkely and Black (1934), wet oxidation method as described by Jackson (1973) and expressed in percentage. Available nitrogen was analyzed by potassium permanganate method of Subbiah and Asija (1956). Available phosphorus and available potassium were determined as per the standard procedures (Jackson, 1973) (Table 1).

2.3. FERTILIZER RECOMMENDATION

The fertilizer dose was recommended based on the soil test results to the selected farmers before conducting the rice demonstrations. After harvest of the crop, yield observation was recorded to study the impact of soil test based fertilizer use in selected farmers to sustaining the yield and also reduce the cost of cultivation for rice crop. 

3. RESULTS AND DISCUSSION

SOIL REACTION (PH)
The soil reaction of Naduvananthal village soils were presented in Table 2 and results shows ranged from 6.5 to 8.5. The soil reaction of the soil was neutral to alkaline in nature and results also indicated 30.00 per cent area was neutral (pH 6.5-7.5), 70.00 per cent area was alkaline (pH 7.5-8.5).

ELECTRICAL CONDUCTIVITY (EC)
The electrical conductivity of soil samples varied from 0.08 to 0.80 dSm¹ in with a mean of 0.40 dSm-1 in Naduvananthal village. The electrical conductivity of the soil was normal in nature and results also indicated 95.00 per cent area was normal (less than 1 
dSm-1), 5.00 per cent area was slightly saline (1.5-3.0 dS m-1).

ORGANIC CARBON
The Organic carbon content of the soils ranged from 0.04 to 0.30 per cent with mean of 0.20 per cent in Naduvananthal village (Table 2). About 100 per cent area was low. Low organic carbon in the soil was due to low input of FYM and crop residues as well as rapid rate of decomposition due to high temperature. The monocropping of cereals practiced by many farmers might be one of the reasons for low organic carbon in these areas. These results were in confirmatory with results reported by Waikar et al., (2004).

AVAILABLE NITROGEN
The available nitrogen content of soil samples in Naduvananthal village varied from 100 to 210 kg ha-1 in the study area. About 80 per cent area was low, 20 per cent area was medium. Similar to organic carbon content, available nitrogen was also low in these soils. The variation in N content was related to soil management, application of FYM and fertilizer to previous crop (Ashok Kumar, 2000,Priyadarsini and Prasad (2003),Meena et al., 2017).

AVAILABLE PHOSPHORUS
The available P₂O5 ranged from 17 to 30 kg ha in Naduvananthal village (Table 2). About 65 per cent area was medium and 35 per cent area was high in available phosphorus content. The commonly used phosphorus fertilizer in the area is SSP (Single Super Phosphate). The farmers tend to apply excess of SSP fertilizer without knowing the crop requirement and soil availability. Hence, in most of the areas medium available phosphorus was observed. Also variations in available P content in soils are related with the intensity of soil weathering or soil disturbance, the degree of P- fixation with Fe and Ca and continuous application of mineral P fertilizer sources as indicated by Paulos (1996).

AVAILABLE POTASSIUM
The available potassium content of soil samples varied from 120 to 250 K2O kg ha-1 in Naduvananthal village (Table 2). About 14 per cent area was low in available potassium content, 62 per cent area was medium in available potassium content and 24 per cent area was high in available potassium content. As reported by Patiram and Prasad (1991), the high K status in thesesoils is associated with the presence K rich minerals in soil. 

NUTRIENT MANAGEMENT AND FERTILIZER RECOMMENDATIONS
Fertilizer use based on the soil test reports would assist crops receive balanced nutrients, minimize over application, prevent excessive nutrient mining from the soil, and lower cultivation costs. Soil management and fertilizer recommendations for different crops were based on the results of the soil test. The soil in the Naduvanandhalvillage has a low to medium level of organic carbon. Applications of organic matter, such as FYM, vermicompost, green manuring, and the addition of crop residues into the soilare advised in order to maintain the sufficient amount of organic carbon in the soil and enhance its physical, chemical, and biological qualities.

The availability nitrogen in the project area soils was low to medium, hence wherever available nitrogen was low, 25 kg ha-1 of additional dose of nitrogen fertilizer is recommended along with recommended fertilizer in case of rice (Table 2). Phosphorus fertilizer (SSP) is very expensive and also nearly 42% area is medium in available P₂Os where it was suggested to reduce the dose of P2O5 by 5 kg ha-1 from recommended fertilizer for rice. The village showed 24 per cent area as medium in available potassium content in soil, hence, 10 kg ha-1 less potassium (K2O) was recommended to reduce the luxury consumption.

SOIL TEST BASED FERTILIZER RECOMMENDATION
Based on the site-specific nutrient status, fertilizer recommendations were given to all of the farmers who benefited from the operational research project that was conducted in this area.When this strategy is used, only the necessary nutrients are given to a particular crop and land. Compared to the Tamil Nadu agricultural production guide's recommended fertilizer. Based on the availability of these nutrients in the soil and crop requirements, the site-specific nutrition provides all the essential nutrients. As a result, only the necessary amounts of nutrients have been provided, nutrition has been balanced, and fertilizer costs have occasionally decreased.

FERTILIZER RECOMMENDATION FOR RICE
The nutrient status in farmer's field was low in Soil organic carbon and available nitrogen and medium to high in available phosphorus and available potassium. The recommendation of fertilizer based on soil test was for rice crop was 160:50:50 kg NPK per ha, but, recommendation of fertilizer based on farmers practice was 138:58:75. With this, there is reduction in cost of cultivation up to Rs 890 ha, also maintained the balanced nutrition and increased the productivity of rice with addition of 530 kg ha-¹. There was reduction in total cost of fertilizer up to Rs.818/ha. The comparison made with farmerpractice and site specific nutrient recommendation clearly showed the advantage of providing balanced nutrition which helped in the availability of nutrients to crop for better growth and yield (Smaling and Braun, 1996, Jat et al., 2013, Anuratha et al., 2019).

CONCLUSION

Based on the fertility status, balanced and location-specific fertilizer recommendations have been formulated for rice cultivation to optimize higher yield and maintain soil health. These recommendations emphasize the judicious use of NPK fertilizers, along with the application of deficient micronutrients and organic matter to ensure sustainable productivity. Overall, the study highlights the importance of regular soil testing and proper nutrient management for improving the productivity of rice in NICRA villages. Adoption of the recommended practices will not only enhance crop yields but also contribute to long-term soil sustainability and climate resilience in the NICRA implemented villages.
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Table 1: Critical limits for different soil parameters
	S. No
	Parameters
	Ratings

	1
	pH
	<6.5(Acidic)
	6.5-8.5 (Neutral)
	>8.5 (Alkaline)

	2
	EC (dSm-1)
	< 1.0 Non-saline)
	1.1-3.0 (Slightly saline)
	> 3.0 (Saline)

	
	Low
	Medium
	High

	3
	Organic carbon
	<0.5
	0.5   - 0.75
	>0.75

	4
	Available Nitrogen (kg/ha)
	<280
	280 – 450
	>450

	5
	Available Phosphorus (kg/ha)
	<11
	11 -22
	>22

	6
	Available Potassium (kg/ha)
	<118
	118-280
	>280



Table 2: Status of major nutrients in soil samples collected at Naduvananthal village 
	
	pH
	EC 
(dSm-1)
	OC (%)
	Available N
	Available P2O5
	Available K2O

	Range
	6.5 to 8.5
	0.08 - 0.80
	0.04 - 0.30
	100-210
	17-30
	120-250

	Mean
	7.5
	0.40
	0.20
	110
	14
	130






Table 3: Comparisons between general recommendations and soil test 
based fertilizer recommendations

	Crop
	Parameters
	Based on soil test 
(NPK kg ha-1)
	Yield (Kg/ha)
	Net returns
	B:C Ratio

	Paddy
	Based on Soil test 
(NPK kg ha-1)
	150:50:50
	5480
	57,500
	2.70

	
	Farmers practice-fertilizer  recommendations 
(NPK kg ha-1)
	130:58:75
	4859
	52,600
	2.48









Table 4: Comparisons between quantity and cost of fertilizer under general recommendations and soil test based fertilizer recommendations

	Fertilizers
	Paddy 

	
	NPK quantity 
per hectare
 (Farmers practice)
	Cost of fertilizer for 1 ha
	NPK quantity 
per hectare
 (Soil test based recommendations)
	Cost of fertilizer for 1 ha

	Urea 
	350 kg/ha
	2177
	325 kg/ha
	2021

	SSP
	330 kg/ha
	2970
	312 kg/ha
	2808

	MOP 
	100 kg/ha
	3000
	83 kg/ha 
	2500

	Total 
	780 kg/ha
	8,147
	720kg/ha
	7,329




Note: Urea – Rs.6.22/kg; SSP- Rs. 9/kg; MOP- Rs.30/kg.



