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Abstract 
 

A critical requirement for this approach is the development of a soil fertility gradient through graded fertilizer 

application, which helps to establish reliable relationships between soil test values and crop response with 

minimizing external influences. Field experiment was conducted at Norman E. Borlaug Crop Research 
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Centre, G.B.U.A.&T., Pantnagar during kharif 2024 under AICRP on Soil Test Crop Response (STCR) to 

establish and evaluate soil fertility gradient. The experimental field was divided into three strips treated with 

graded doses of fertilizers: N₀P₀K₀ (Strip-I), N₁₀₀P₁₀₀K₁₀₀ (Strip-II), and N₂₀₀P₂₀₀K₂₀₀ (Strip-III).  Nitrogen, 

phosphorus, and potassium were supplied through NPK fertiliser mixtures and urea. Sorghum bicolor was 

cultivated as an exhaust crop following the recommended agronomic practices, and the forage yield was 

subsequently recorded. Plant samples were analysed to determine nitrogen, phosphorus, and potassium 

concentrations, and the total nutrient uptake was calculated accordingly. Post-harvest soil samples were also 

analysed to assess the available nitrogen, phosphorus, and potassium status of the soil. Results revealed 

significant variation in forage yield, total nutrient uptake, and soil fertility status across the strips, confirming 

successful establishment of soil fertility gradient. Gradient establishment is prerequisite for developing 

precise STCR-based fertilizer recommendations to improve nutrient use efficiency and sustain crop 

productivity. 

 

 
Keywords: Forage yield; NPK; nutrient uptake; post-harvest soil test value; soil fertility gradient; sorghum; 

STCR. 

 

1. Introduction 
 

Sustaining soil fertility and side by side enhancing crop productivity remains a critical challenge in                         

modern agriculture, particularly under increasing population pressure and resource constraint conditions. 

Efficient nutrient management plays a pivotal role in achieving higher yields, improving input-use                      

efficiency, and reducing environmental risks. Fertilizers, being the most essential as well as costly input, must 

be applied judiciously based on soil fertility status and crop demand to ensure both economic and                         

ecological sustainability (Kimetu et al., 2004; Jan et al., 2007). However, the widespread                                        

practice of imbalanced fertilizer application, often in the absence of soil testing, has resulted to declining soil 

health and poor nutrient use efficiency (Ray et al., 2000). In India, despite a substantial rise in fertilizer 

consumption due to agricultural intensification, a persistent negative nutrient balance of 8–10 million tonnes 

annually has been reported, with projections indicating further escalation (Tandon, 2004). Continuous cropping 

systems, coupled with disproportionate use of major nutrients (N, P, and K), have accelerated nutrient                       

mining and depletion of soil reserves. This unsustainable approach has also been associated with deterioration      

of soil physical properties, reduced microbial activity and increased environmental pollution (Pahalvi et al., 

2021). 

 

To address the limitations of conventional application of fertilizer, site-specific nutrient management                  

strategies such as Soil Test Crop Response (STCR) approach have gained importance. This methodology 

integrates soil test values, crop nutrient requirements, and fertilizer use efficiency to develop precise                      

fertilizer prescriptions for targeted yields. By balancing nutrient supply from both soil and applied sources, 

STCR enhances crop productivity, nutrient uptake, and economic returns while sustaining soil fertility                  

(Vamshi et al., 2023) A critical requirement for this approach is the development of a soil                                       

fertility gradient through graded fertilizer application, which helps to establish reliable relationships between 

soil test values and crop response with minimizing external influences (Shrivastav et al., 2023). Use of an 

exhaust crop further supports this process by facilitating nutrient uptake and redistribution within the soil 

system. 

 

Sorghum (Sorghum bicolor) is an ideal crop for soil fertility and nutrient management studies due to                                 

its high biomass production, extensive root system, and strong nutrient extraction capacity. As one of the                    

major cereal crops globally, it serves multiple purposes including food, forage, and various industrial 

applications. Its remarkable adaptability to diverse agro-climatic conditions, particularly drought-prone and 

marginal environments, makes it highly suitable for sustainable agricultural systems (Redai et al., 2018; 

Mwadalu et al., 2022). Sorghum (Sorghum bicolor) is widely cultivated in India and plays a vital role in 

ensuring food and forage security, particularly in semi-arid regions. It occupies a significant area among cereal 

crops, covering approximately 3.99 million hectares, with a total production of about 4.95 million tonnes and an 

average productivity of 1240 kg ha-1 (Ministry of Agriculture & Farmers Welfare, 2024). In Uttarakhand, 

sorghum is cultivated on a relatively smaller scale, predominantly under rainfed conditions, where its 

productivity is often limited by poor soil fertility and inadequate nutrient management practices. The crop is 

nutritionally rich and contributes significantly to livestock feeding systems due to its appreciable crude protein 
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and fiber content (Sriagtula et al., 2021). Furthermore, as an exhaustive crop, sorghum (Sorghum                          

bicolor) exhibits a pronounced ability to absorb large quantities of essential nutrients such as nitrogen, 

phosphorus, and potassium, thereby facilitating the development of distinct soil fertility gradient (Prajapati et 

al., 2023). Its robust growth, adaptability, and high nutrient uptake efficiency make it particularly suitable for 

gradient experiments, where forage sorghum cultivation enhances nutrient cycling and transformation, providing 

a reliable framework for assessing soil fertility status and crop response under varying environmental 

conditions. 

 

In this context, the present study was undertaken to develop a soil fertility gradient using sorghum as an exhaust 

crop to assess its effect on forage yield, nutrient uptake, and soil fertility. The findings are used to provide a 

scientific basis for formulating STCR-based fertilizer prescription equations aimed optimizing nutrient 

management and sustaining crop productivity. 

 

2. Materials and Methods 
 

The field experiment was conducted at the Norman E. Borlaug Crop Research Centre, G.B. Pant University of 

Agriculture and Technology, Pantnagar, situated in Udham Singh Nagar District, Uttarakhand, India. The 

experimental site is geographically located at 29° N latitude and 79°29′ E longitude, at an altitude of 243.84 m 

above mean sea level. The study was conducted during the Kharif season of 2024. The region is characterised 

by a subtropical climate with pronounced seasonal variations. During the crop growth period, meteorological 

parameters were systematically recorded and presented in Fig. 1. The average maximum and minimum 

temperatures were 33.6 °C and 25.7 °C, respectively. The relative humidity ranged from 84.6% in forenoon to 

68.1% in the afternoon. Total rainfall received during the season was 216.4 mm, and the mean daily sunshine 

duration was 5.5 hours. These weather conditions prevailed during the cropping season and influenced crop 

growth and development. 

 

The experiment was conducted to establish soil fertility gradient within same field using                                        

sorghum (Sorghum bicolor) as an exhaust crop, following the inductive approach methodology                                         

as outlined under All India Coordinated Research Project on Soil Test Crop Response (STCR). The 

experimental soil was sandy loam in texture with initial fertility having of low nitrogen, medium                       

phosphorus and medium potassium. The inductive methodology was adopted to create a wide                             

variation in soil fertility levels within the same field, thereby enabling the development of                         

corresponding variability in crop yield while minimizing the influence of extraneous factors (Ramamoorthy et 

al., 1967). 

 

To achieve the desired soil fertility gradient, the field was divided into three equal strips (60 m x 7.5 m ), and 

graded doses of nitrogen, phosphorus, and potassium were applied as N₀P₀K₀ (No N, P2O5, K2O ha-1), 

N₁₀₀P₁₀₀K₁₀₀ (100 kg each of N, P2O5, K2O ha-1), and N₂₀₀P₂₀₀K₂₀₀ (200 kg each of N, P2O5, K2O ha-1),  as per 

treatments using NPK mixture (12:32:16), urea (46% N) and MOP (60% K2O) as the fertilizer sources. 

Phosphorus and potassium were applied as basal doses, whereas nitrogen was applied in split applications in 

accordance with recommended agronomic practices. 

 

Afterwards, forage sorghum (var. Pant Chari-5), was cultivated following recommended agronomic practices 

avoiding biotic stress. At the flowering stage, crop samples were taken from three randomly selected spots 

within each plot using a 4 m² (2 m × 2 m) area, to compute average green forage yield (q ha⁻¹). The harvested 

crop was sun-dried in the field, and plant samples were oven-dried at 60 ± 5°C to a constant weight for 

determination of moisture content and estimation of dry forage yield. 

 

Dried plant samples were analyzed for nitrogen, phosphorus, and potassium content by                                         

adopting standard procedures (Page et al., 1982) to determine nutrient uptake. Post-harvest soil samples (0–15 

cm) were collected from each strip by dividing it into 24 sub-units. These soil samples were                                

analyzed to determine available nitrogen, phosphorus and potassium; expressed as SN (alkaline                              

KMnO₄-N), SP (Olsen-P), and SK (NH₄OAc-K) using (Subbiah & Asija, 1956; Olsen et al.,                                       

1954; Hanway & Heidel, 1952) methods, respectively. Data on forage yield, nutrient uptake, and soil test values 

were summarized using descriptive statistics (Gomez & Gomez, 1984) and analyzed using Microsoft Excel 

2013. 
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Fig. 1. Weekly weather data for the period of soil fertility gradient experiment 
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3. Results and Discussion 
 

3.1 Yield  
 

The experimental results demonstrated that graded application of nitrogen, phosphorus, and potassium 

significantly influenced forage and dry matter yield of sorghum (Fig. 2). Among the treatments, high fertility 

strip (strip-III) recorded the highest green forage yield (537.50 q ha⁻¹), followed by medium fertility strip (strip-

II) (441.67 q ha⁻¹), whereas lowest fertility strip (strip-I) produced the lowest yield (312.50 q ha⁻¹). The 

percentage increase in forage yield in strip-III was 72.00% and 21.70% over strip-I and II, respectively, whereas 

strip-II showed 41.33% increase over strip-I. 

 

A similar trend was observed for dry matter yield, which was 98.96 q ha⁻¹ in strip-I, 137.96 q ha⁻¹ in strip-III, 

with strip-II (114.83 q ha⁻¹) occupying an intermediate position. The percentage increase in dry matter yield in 

strip-III was 39.41% and 20.14% over strip-I and II, respectively, whereas strip-II showed 16.04% increase over 

strip-I. 

 

Observed enhancement in growth and yield with higher fertilizer levels which may be attributed to improved 

nutrient availability and uptake. These findings are in agreement with earlier reports on sorghum and wheat, 

which highlighted the positive response of crops to graded fertilization (Vamshi et al., 2023; Isha et al., 2024). 

Furthermore, the pivotal role of nitrogen in promoting vegetative growth and forage productivity has also been 

well documented (Singh, 2014). 

 

3.2 Total Nutrient Uptake  
 

Nutrient uptake by sorghum (Sorghum bicolor) increased progressively with higher fertility levels, following the 

order strip-III > strip-II > strip-I (Fig. 3). Nitrogen uptake was highest in strip-III (137.79 kg ha⁻¹), followed by 

strip-II (109.47 kg ha⁻¹) and strip-I (92.36 kg ha⁻¹), showing increase of 49.19% and 25.86% in strip-III over 

strip-I and II, respectively, while strip-II exceeded strip-I by 18.53%. A similar trend was observed for 

phosphorus and potassium uptake, with maximum values recorded in strip-III (25.25 and 147.70 kg ha⁻¹), 

followed by strip-II (19.52 and 102.20 kg ha⁻¹) and strip I (15.24 and 79.40 kg ha⁻¹). The increase in phosphorus 

and potassium uptake in strip-III over strip-I was 65.66% and 86.03%, respectively, whereas strip-II showed 

improvements of 28.10% (P) and 28.72% (K) over strip-I. Phosphorus and potassium uptake in strip-III 

exceeded strip-II by 29.32% and 44.52%, respectively. 

 

 
 

Fig. 2. Yield of sorghum in soil fertility gradient experiment 
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Fig. 3. Total nutrient (N/P/K) uptake of sorghum in soil fertility gradient experiment 

 

Consistent increase in nutrient uptake across fertility levels confirms the successful establishment of a soil 

fertility gradient, as reflected in the response pattern of the exhaust crop. Enhanced nutrient uptake may be 

attributed to improved nutrient availability, better root development, and increased physiological activity under 

higher fertilizer inputs. Nitrogen likely promoted vegetative growth and photosynthetic efficiency, while 

phosphorus supported root proliferation and potassium facilitated nutrient absorption, collectively contributing 

to higher uptake and productivity (Manjunath Madhukar Mopagar et al., 2023). These findings are in agreement 

with earlier studies on sorghum (Sorghum bicolor) and wheat (Triticum aestivum L.) (Singh et al., 2020; Asan et 

al., 2023). 

 

3.3 Post-harvest Soil Fertility Status in Soil fertility Gradient Experiment  
 

 
 

Fig. 4. Post-harvest soil test values (N/P/K) of sorghum in soil fertility gradient experiment 

 



 
 

 

 
Yadav et al.; Int. J. Plant Soil Sci., vol. 38, no. 5, pp. 366-374, 2026; Article no.IJPSS.158448 

 

 

 
372 

 

Post-harvest soil analysis clearly reflected the influence of graded fertilizer application on nutrient availability 

(Fig. 4). The available nitrogen (alkaline KMnO₄-N) increased was 185.55 kg ha⁻¹ in strip-I, 196.52 kg ha⁻¹ in 

strip-II and 219.00 kg ha⁻¹ in strip-III. A similar increasing trend was observed for available phosphorus (Olsen-

P), with values of 22.11, 25.23, and 26.83 kg ha⁻¹, and for potassium (NH₄OAc-K), with 154.64, 177.36, and 

185.83 kg ha⁻¹ in strip-I, II, and III, respectively. Overall, nutrient availability followed the order: strip-III > 

strip-II > strip-I. 

 

The progressive buildup of soil fertility across strips indicates the successful establishment of a nutrient gradient 

in soil primarily due to differential fertilizer doses. Higher nutrient levels in the enriched plots may be attributed 

to the application of elevated doses of N, P and K, exceeding the native soil supply capacity. Similar trends have 

been reported in earlier studies (Jhinkwan et al., 2021; Ammal et al., 2020) and the effectiveness of graded 

doses of fertilization in modifying soil nutrient status and enhancing crop performance (Asan et al., 2023). 

However, Incorporation of organics within the soil strips may be used to create effective soil fertility gradients. 

 

4. Conclusion 
 

Results clearly demonstrated the successful establishment of a soil fertility gradient, as reflected in the 

progressive increase in forage yield and total nutrient uptake of sorghum (Sorghum bicolor) across the strips in 

the order: strip-III > strip-II > strip-I. The similar trend was further exhibited in the post-harvest soil nutrient 

status of available nitrogen, phosphorus, and potassium. Findings highlighted the effectiveness of generating 

distinct fertility levels in soil, for developing STCR based fertilizer prescription to achieve balanced 

fertilization, sustaining crop productivity, and minimizing excessive fertilizer use. 
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