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Soil Test Crop Response Based Gradient Experiment on Chakravarthi Keerai (Chenopodium Album) to Nitrogen, Phosphorus, Potassium Fertilizers in Western Ghats of Tamil Nadu

ABSTRACT
Chenopodium album, commonly known as lamb's quarters or bathua, is a plant of notable nutritional and therapeutic value. It serves as a rich source of essential nutrients, including proteins, dietary fiber, minerals, and vitamins, especially iron and calcium. A field study employing inductive techniques was conducted to evaluate the growth performance and nutrient assimilation of Chakravarthi Keerai (var. Ooty 1) in response to a soil fertility gradient. In 2023, this investigation was carried out at the Krishi Vigyan Kendra, located in Dodabetta, Ooty district, Tamil Nadu, India. The experimental field was segmented into three adjacent strips, namely strip I (N0P0K0), strip II (N1P1K1), and strip III (N2P2K2), each receiving incremental levels of nitrogen (N), phosphorus (P₂O₅), and potassium (K₂O) through the application of urea, single super phosphate (SSP), and muriate of potash (MOP), respectively. The N1 dosage was determined based on the standard recommendation for fodder sorghum, while P1 and K1 levels were derived from the soil's nutrient fixation capacity, estimated at 250 kg ha-1 for phosphorus and 100 kg ha-1 for potassium. Chakravarthi Keerai var. Ooty 1 was grown as the test crop across the fertility gradient, and total biomass was measured. Plant samples were collected at harvest to determine the concentration of macronutrients (N, P, and K). Further, the nutrient uptake for nitrogen, phosphorus, and potassium was calculated. The findings revealed that applying graded doses of essential fertilizers (NPK) had a notable impact on soil fertility status, macronutrient absorption, and the biomass yield of Chakravarthi Keerai.
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1.INTRODUCTION
Effective soil fertility management is a key factor in the effort to enhance agricultural productivity. However, in the post-Green Revolution era, the random and uniform application of fertilizers without proper understanding has led to nutrient depletion, declining soil health, and reduced crop output (Ray et al., 2000). A major concern is that farmers often apply fertilizers without assessing the actual nutrient status of their land, which becomes a primary obstacle to rational nutrient management. Furthermore, the reduction in soil fertility alongside the rising demand for fertilizers poses a significant challenge. A feasible solution to this issue lies in the combined use of organic and inorganic nutrient sources. The Soil Test Crop Response (STCR) approach to fertilizer recommendations, which integrates soil testing and yield-targeted nutrient application, has emerged as a crucial tool not only for achieving desired crop yields but also for improving soil nutrient status over time.
The STCR-based strategy aligns well with the ongoing debate of ‘feeding the soil’ versus ‘feeding the crop’. Fertilizer prescriptions based on targeted yield represent a holistic cultivation strategy that not only factors in soil nutrient levels but also the expected crop yield (Velayutham, 1979). STCR trials are conducted under the assumption that fertilizer efficiency is tied to crop response, where spatial variability is minimized for all other influencing factors except the specific nutrients under study. Nevertheless, several non-nutrient factors (such as soil bulk density, texture, and water-holding capacity) and other fertility-related parameters also play a significant role in determining crop yield. Ramamoorthy et al. (1967) laid the theoretical foundation and provided experimental validation under Indian conditions that Liebig’s Law of the Minimum is equally applicable to nitrogen (N), phosphorus (P), and potassium (K). This insight formed the cornerstone of the Targeted Yield Concept, initially proposed by Troug (1960). The Targeted Yield Equation serves as a precision agriculture tool to determine the exact nutrient requirement needed to reach a predetermined yield (Balasubramanian et al., 1999). Later, Ramamoorthy (1968) developed a quantitative relationship linking varying fertilizer inputs (e.g., nitrogen) with the resulting crop yields, based on field-level experimentation.
2. MATERIALS AND METHODS
The research adopted a methodology known as the "Inductive-cum-Targeted Yield Model", as proposed by Ramamoorthy et al. (1967), which provides a data-driven framework for achieving balanced fertilization by integrating nutrients from both external inputs and indigenous soil sources. To establish a robust dataset, intentional modification of soil fertility levels was carried out, allowing the inclusion of a wide range of fertilizer treatments for each manageable nutrient while accounting for the variability in an uncontrolled factor, namely native soil fertility. This strategy was applied to address the natural heterogeneity in soil nutrient status, which typically does not vary uniformly across a single experimental site. Consequently, to minimize the influence of variability caused by soil characteristics, management practices, and prevailing climatic factors, a field experiment was designed. The goal was to induce fertility variation within a uniform field area by growing a gradient crop. Based on this rationale, the present investigation aimed to assess the effects of a simulated soil fertility gradient technique on Chakravarthi Keerai biomass yield, nutrient uptake, and soil nutrient dynamics. A field trial was conducted in 2023 using Chakravarthi Keerai (variety Ooty 1), chosen for its ability to exhaust nutrients, thereby facilitating fertilizer transformation within the soil. The experiment was undertaken at Krishi Vigyan Kendra (KVK), Dodabetta, situated at an altitude of 2240 meters above mean sea level.
The experimental area was segmented into three comparable strips: Strip I – N0P0K0 (no fertilizer application), Strip II - N1P1K1 (moderate fertilizer application), and Strip III – N2P2K2 (higher fertilizer application). Each strip received graded levels of essential nutrients (NPK) in the form of urea, single super phosphate (SSP), and muriate of potash (MOP), respectively. The recommended doses of phosphorus (P2O5) and potassium (K2O) were estimated based on the soil's retention and utilization capacity for these nutrients. Similarly, the standard nitrogen (N) dosage was calculated as per agronomic recommendations for Chakravarthi Keerai cultivation, with a general guideline of 25 kg N per hectare. In treatment strips II and III, an initial application of 50% nitrogen and 100% of phosphorus and potassium was provided at sowing, while the remaining 50% nitrogen was top-dressed at 30 days after sowing (DAS).
Initial and post-harvest soil samples were collected from each strip. The collected samples were then air-dried, passed through a 2 mm sieve, and analyzed for available nitrogen, phosphorus (Bray and Kurtz, 1952), and potassium (Hanway and Heidal, 1952) content. At harvest, plant samples were also taken from each strip, subsequently processed, and analyzed to determine their concentrations of total nitrogen, phosphorus (Piper, 1966), and potassium (Piper, 1966). Additionally, nutrient uptake of nitrogen, phosphorus, and potassium by fodder sorghum was calculated by multiplying the nutrient content percentage in the plants with their total dry matter. On the 60th day, gradient crops were harvested to estimate biomass production, and a detailed evaluation of total biomass yield was performed for each individual strip.
Table 1. Fertilizer level applied to the gradient crop of Chakravarthi keerai

	
Levels of Nutrients
	Strip

	Fertilizer levels (kg ha-1)

	
	I
	II
	III
	N
	P2O5
	K2O

	N
	N0
	N1*
	N2
	0
	25
	50

	P2O5
	P0
	P1**
	P2
	0
	250
	500

	K2O
	K0
	K1**
	K2
	0
	100
	200



* N1 :as per blanket recommendation; ** P1 and K1 : as per P and K fixing capacities of the experimental field (P-250 kg ha-1 and K-100 kg ha-1)
3.RESULTS AND DISCUSSION
3.1 Soil properties
 The soil utilized in the study was classified as red sandy clay loam in texture. It was identified as non-calcareous, with a cation exchange capacity (CEC) of 17 cmol (p⁺) kg-1. Furthermore, the soil was categorized as non-saline, with an electrical conductivity (EC) of 0.29 dS m-1, and had a pH of 4.82, indicating an acidic reaction. The initial soil sample contained 31.47 g kg-1 of organic carbon (OC), a low level of available nitrogen (450 kg ha-1), a medium level of available phosphorus (185 kg ha-1) and 510 kg ha-1 of available potassium. The concentrations of micronutrient cations such as iron (Fe), copper (Cu), zinc (Zn), and manganese (Mn) were found to be within adequate limits as per the DTPA extraction method.
3.2 Initial soil test values
Prior to sowing Chakravarthi Keerai, soil samples were collected to assess the available N-P-K status. The mean values of KMnO4-N for strips I, II, and III were 421, 413, and 421 kg ha-1, respectively, spanning a range of 413 to 421 kg ha-1 (Table 2). Available phosphorus (Bray-P) varied from 182 to 188 kg ha-1, with strip averages of 186, 182, and 188 kg ha-1. Exchangeable potassium (NH4OAc-K) averaged 547, 499, and 521 kg ha-1 in strips I, II, and III, respectively.
Table 2. Effect of application of graded levels of N, P2O5 and K2O on soil fertility status of fertility gradient field trial
	Strip
	

Fertility Gradient
	Fertilizer levels 
(kg ha-1)
	Initial soil test values
	After-harvest soil test values

	
	
	
N
	
P2O5
	
K2O
	Nitrogen
	Phosphorus
	Potassium
	Nitrogen
	Phosphorus
	Potassium

	
	
	
	
	
	(kg ha-1)
	(kg ha-1)

	I
	L0
	0
	0
	0
	421
	186
	547
	411
	179
	508

	II
	L1
	25
	250
	100
	413
	182
	499
	431
	195
	549

	III
	L2
	50
	500
	200
	421
	188
	521
	470
	212
	622

	SEd
	3.30
	1.58
	6.45

	CD (P=0.05)
	7.09
	3.39
	13.84



3.3 After-harvest soil test values
Post-harvest soil samples were collected from the Chakravarthi Keerai field to evaluate the effect of graded fertilizer application on the creation of an artificial fertility gradient. Table 2 presents the available nutrient levels in the soil, including both range and mean values. The available nitrogen content in strips I, II, and III was 411, 431, and 470 kg ha-1, respectively. The available phosphorus levels were recorded as 179, 195, and 212 kg ha-1 in strips I, II, and III, respectively. The available potassium content was 508 kg ha-1  in strip I, 549 kg ha-1  in strip II, and 622 kg ha-1 in strip III. The results indicate that the available soil nitrogen, phosphorus, and potassium levels were significantly higher in strip III compared to strips II and I, confirming the formation of an artificial fertility gradient due to the application of graded fertilizer doses. Statistical analysis of the post-harvest soil test data further confirmed that soil nutrient levels differed significantly across the three strips.
3.4 Total biomass production
The experimental findings indicated that the application of higher doses of primary nutrients (NPK) significantly enhanced the biomass yield of Chakravarthi Keerai. A strong positive correlation was observed between the applied macronutrients and the resulting biomass yield. In strip I, where no fertilizers were applied (N0P0K0), the crop produced a biomass yield of 11 t ha-1. In strip II, where 25 kg ha-1 of nitrogen was applied following standard recommendations, along with phosphorus and potassium based on the soil’s nutrient retention capacity, the biomass yield increased by 105% compared to strip I. In strip III, where the quantities of major nutrients were doubled in comparison to strip II, the biomass yield reached 27 t ha-1 -representing an increase of 134% over strip I and 14% over strip II.
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Figure.1 Yield of biomass Chakravarthi keerai in various strips- Gradient experiment
This outcome can likely be ascribed to the use of proportionately balanced fertilizer doses, which improved nutrient uptake and stimulated growth parameters such as plant height. As a result, these factors collectively led to an increased biomass Chakravarthi Keerai yield. Findings by Udayakumar et al. (2017) also demonstrated that applying different fertilizer levels to gradient sorghum cultivation significantly boosted growth and biomass yield in strip III compared to strip I.
Marsalis et al. (2010) reported that nitrogen fertilizer application had a favorable effect on biomass production. The results of the present investigation closely align with the findings of Singh (2014), Chotiya (2005). The observed rise in green biomass yield can be credited to improved nutrient availability in the soil due to fertilizer application, along with the activity of soil microorganisms that aid in nutrient transformation Rashid and Iqbal (2012)
3.5 Nutrient uptake 
The figure 2 reveals a consistent rise in nitrogen uptake by plants in Strip III compared to Strip I, with average values of 41, 89, and 100 kg ha-1, respectively. Nitrogen absorption increased by 12% in Strip III relative to Strip II, and by 141% when compared to Strip I. Similarly, Strip II showed a 114% higher nitrogen uptake than Strip I. The average phosphorus uptake was 10, 17, and 21 kg ha-1 in the respective strips, clearly indicating an improvement in available phosphorus levels due to the progressive application of fertilizers. Potassium uptake values across the strips were 61, 138, and 149 kg ha-1. The percentage increase in phosphorus and potassium uptake in Strip III over Strips II and I was 22%, 97%, 7%, and 143%, respectively. Likewise, Strip II exhibited a 61% and 126% increase in phosphorus and potassium uptake over Strip I.
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Figure.2 Uptake of N,P&K by Chakravarthi keerai in various strips- Gradient Experiment
This could be attributed to the linear correlation between yield and nutrient uptake. The current investigation highlights the application of different levels of primary nutrient (NPK) fertilizers, which led to a significant enhancement in nutrient absorption by biomass Chakravarthi Keerai when compared to the untreated control. A study by Reddy and Bhanumurthy (2010) indicated that nitrogen uptake by fodder maize was greater in plots receiving higher fertilizer doses, a finding consistent with the results reported by Siam et al. (2008). Comparable findings were observed by Bhoya et al. (2013) in fodder sorghum and by Singh et al. (2015) in rice. The notable increase in phosphorus uptake can be attributed to higher phosphorus application, which likely stimulated greater root proliferation (Verma et al., 2015). These findings are in close agreement with those reported for sorghum by Singh (2014) and Sonune et al. (2010).
Conclusion 
In conclusion, the experimental results of the present study indicate that the application of different levels of primary nutrient fertilizers (NPK) to the test field led to the creation of a soil fertility gradient. The cultivation of the biomass crop within this gradient significantly impacted the growth, biomass yield, nutrient uptake of Chakravarthi Keerai, as well as the soil's nutrient.
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