Macronutrients
The nitrogen content varies from 162 kg ha⁻¹ (S3) to 275 kg ha⁻¹ (NS), with S4 showing the highest nitrogen among the treated samples (250 kg ha⁻¹). Black soil typically contains 280-560 kg ha⁻¹, indicating that most samples have lower nitrogen levels than the ideal range. Phosphorus levels range from 2.70 kg ha⁻¹ (S1, S3) to 4.50 kg ha⁻¹ (S4). Compared to black soil standards (1.52-29.33 kg ha⁻¹), the phosphorus content in the tested samples is within the acceptable range.The potassium content is highest in S4 (415 kg ha⁻¹) and lowest in NS (356 kg ha⁻¹). Given that black soil can contain 101-504 kg ha⁻¹, all samples are within the acceptable limits for potassium sufficiency
Micronutrients
Iron concentrations range from 7.208 mg kg⁻¹ (S1) to 14.080 mg kg⁻¹ (NS). Black soil typically contains 4.5-6.8 mg kg⁻¹, indicating that all samples, especially NS, have higher iron levels than standard black soil. Sulfur levels in the samples vary between 1.25 mg kg⁻¹ (NS) and 8.75 mg kg⁻¹ (S2, S4). Black soil usually contains 10-40 mg kg⁻¹, suggesting that most samples, except S4, have lower sulfur levels.
Boron is found in the range of 3.00 mg kg⁻¹ (NS) to 12.5 mg kg⁻¹ (S1). Black soil normally has 0.5-1.0 mg kg⁻¹, indicating that the tested soils, particularly S1, have excessive boron levels, which could impact plant growth. Zinc levels vary from 0.886 mg kg⁻¹ (S1) to 2.430 mg kg⁻¹ (NS). The black soil standard is 0.6-1.2 mg kg⁻¹, indicating that NS has an abnormally high concentration, potentially leading to toxicity concerns.
Soil Organic Matter and Physicochemical Properties
Organic matter content ranges from 0.100% (S2) to 0.225% (S4). Compared to the black soil range (0.5-1.2%), all samples have insufficient organic matter, indicating a need for organic amendments. The pH levels of the tested samples range from 6.0 (NS) to 8.0 (S2, S4). Black soil generally has a pH of 6.5-8.5, indicating that most samples fall within acceptable limits, but NS is more acidic, which may affect nutrient availability. EC values vary between 0.5 ds m⁻¹ (S1) and 2.0 ds m⁻¹ (S4). Given that black soil has an EC range of 0.2-1.5 ds m⁻¹, S4 exceeds the standard threshold, indicating a potential salinity issue.WHC is highest in S1 and S3 (80%) and lowest in NS (60%). Black soil typically has a WHC of 30-60%, suggesting that S1 and S3 have superior moisture retention properties. Moisture content is highest in S1 and S3 (80%) and lowest in S4 (60%). Compared to black soil (15-40%), the tested samples have significantly higher moisture retention, which may benefit crop growth. The soil samples exhibit significant variations in nutrient content and physicochemical properties
While S4 has the largest macronutrient content, its high EC may raise salinity issues. Plant development may be impacted by NS's high iron and zinc concentration, decreased organic matter, and increased acidity.
S1 and S3 are appropriate for cultivation since they retain moisture the best and have reasonable fertiliser levels.
All samples had a usually low organic matter concentration, which suggests that organic additions are necessary to enhance soil health
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