



Survey of the tissue nutrient status of sugarcane grown on different soils in Northern Telangana zone of Telangana, India

Abstract
The soil and tissue nutrient survey was carried out in 12 blocks representing all the major sugarcane growing soils of the Nizamabad and Kamareddy Districts. As per the critical levels suggested for sugarcane, nearly 80.3, 9.45, 10.02, 25.9, 18.9 and 62.2 per cent of the plant tissue samples are deficient in N, P, K, Cu, Fe and Zn, respectively. Adequate amounts of Mn was noticed in all the sugarcane plant tissues. The data regarding fertility parameters of the sugarcane growing soils nearly 47.24, 91.33, 13.38 and 34.64 per cent of soils are deficient in organic carbon, N, P2O5 and Zn respectively. Adequate amounts of K, Cu, Fe and Mn was noticed in all the sugarcane growing soils. Results on nutrient content of soils and plants, it can be confirmed that the nitrogen deficiency in plants is a reflection of its deficiency in soils. But even though, there is no deficiency of potassium in soils its deficiency in plants is up to 10 per cent. Phosphorus is high in soils and the same is also reflected in plants. Regarding micronutrients, the deficiencies of Zn in soils is also reflected in plants also. But copper deficiency was observed in plants, in spite of the soils were sufficient. 
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1. Introduction 
Sugarcane (Saccharum officinarum L.) is one of the most important commercial crops cultivated in tropical and subtropical regions and plays a vital role in the agro-industrial economy of India. India is the second largest producer of sugarcane in the world, contributing significantly to global sugar production and rural employment. During 2024–25, sugarcane was cultivated in about 5.7 million hectares with a production of nearly 454 million tonnes, reflecting the importance of this crop in the national economy (Ministry of Agriculture and Farmers Welfare, 2025). The productivity of sugarcane is greatly influenced by soil fertility, nutrient management, irrigation, and improved varieties. Proper nutrient management plays a crucial role in improving cane yield, juice quality, and sustainability of sugarcane-based production systems (Reddy et al., 2018 and Reddy et al., 2021).
In Telangana, sugarcane cultivation is mainly concentrated in the northern districts such as Nizamabad and Kamareddy, where favourable soil and irrigation conditions support its production. However, the area under sugarcane has declined in recent years due to the closure of sugar factories and changes in cropping patterns. At present, about 18,000 acres of sugarcane are cultivated in Nizamabad and Kamareddy districts, producing nearly 5.76 lakh tonnes of cane with an average productivity of around 80 t ha⁻¹, which is higher than the national average. Efficient management of soil nutrients and adoption of improved cultivation practices are therefore essential to sustain productivity and profitability of sugarcane cultivation in the region (Reddy et al., 2026).
	Leaf tissue analysis was probably first established as a useful diagnostic tool by the early chemists who recognized that relationships existed between crop yield and the nutrient content of plant ash. Soil test along with specific plant tissue analysis is more suitable in determining the nutrient requirements (Memon et al., 2005). To interpret the data, critical values for soil and various field crops are established. Plant sampling at the latest acceptable stage (initial flowering) gives the best picture of the general nutritional status of the plant. At this plant growth stage most of the nutrient uptake has occurred. When reproductive growth begins (i.e. seed or grain development) nutrients contained in the plant are reallocated from the plant leaves to seed development (Suggu et al., 2010). This study targeted to determine the extent variability of nutrient deficiencies for sugarcane and interpret the results in the light of critical nutrient level (CNL) approach for nutrient deficiency diagnosis and recommendation for sugarcane growers.
2. Materials and Methods
A comprehensive soil and plant tissue nutrient survey was conducted across 12 administrative blocks encompassing the principal sugarcane-growing soils of the Nizamabad and Kamareddy districts. Surface soil samples (0–15 cm depth) and plant tissue samples (third fully expanded leaf from the spindle) were collected from 127 farmers’ fields during the grand growth stage (140–240 days after planting).
In addition to sample collection, detailed information on sugarcane variety, cropping pattern, agronomic management practices, and crop status (plant crop or ratoon crop) was systematically recorded using a structured proforma. Composite leaf samples were obtained along a “V”-shaped transect between 07:00 and 10:30 h to minimise diurnal variation. For nitrogen estimation, a 15 cm segment of the leaf blade was excised from the central portion after removal of the midrib. For the analysis of other nutrients, leaf sheath samples were collected after trimming the terminal portions, following standardised protocols (Mackowiak et al., 2013; Keeping et al., 2014).
Plant samples were thoroughly washed with distilled and deionised water to eliminate surface contaminants, air-dried, and subsequently oven-dried at 70 ± 1 °C for 48 hours in a convection oven. The dried samples were ground using a Wiley mill and sieved through a 60-mesh stainless steel screen to obtain a uniform powder for analysis.
Soil samples were air-dried under shade, gently crushed, and passed through a 2 mm nylon sieve prior to laboratory analysis. Standard analytical procedures were followed to determine the physicochemical and nutrient characteristics of both soil and plant samples.
[bookmark: _GoBack]2.1 Soil Analysis
All soil samples were air-dried, finely ground, and passed through a 2 mm sieve prior to chemical analysis. Soil pH and electrical conductivity (EC) were determined using a pH meter and conductivity meter, respectively, in a 1:2.5 soil-to-water suspension, following the method described by Jackson (1973).
Representative soil samples were analysed for key physicochemical and nutrient parameters, including organic carbon (Walkley and Black, 1934), available nitrogen (Subbiah and Asija, 1956), available phosphorus—estimated using the Olsen method for neutral to alkaline soils (Olsen et al., 1954) and the Bray and Kurtz method for acidic soils (Bray and Kurtz, 1945)—and available potassium (Jackson, 1973). DTPA-extractable micronutrients, namely iron (Fe), manganese (Mn), zinc (Zn), and copper (Cu), were determined following the procedure of Lindsay and Norvell (1978) using an atomic absorption spectrophotometer. Soil analyses were conducted separately for surface and sub-surface samples to capture vertical variability in nutrient distribution.
2.2 Plant Tissue Analysis
Plant nitrogen content was determined using the Kjeldahl distillation method (Helrich, 1990), wherein samples were digested with sulphuric acid (H₂SO₄) in the presence of a catalyst, followed by distillation of nitrogen into boric acid (H₃BO₄).
Boron (B) concentration was estimated by dry ashing of plant material in a muffle furnace, followed by colourimetric determination using the Azomethine-H method (Gaines and Mitchell, 1979; Keren, 1996). For the determination of phosphorus (P) and micronutrients (Cu, Fe, Mn, and Zn), plant samples were subjected to wet digestion using a di-acid mixture of nitric acid and perchloric acid (HNO₃:HClO₄ in a 5:1 ratio). The digested extracts were subsequently diluted to a known volume (100 mL) with distilled water.
Phosphorus concentration was measured colourimetrically by developing a vanadomolybdophosphoric yellow complex and recording absorbance at 410 nm (Estefan et al., 2013). Micronutrients (Cu, Fe, Mn, and Zn) were quantified using an atomic absorption spectrophotometer. Potassium (K) content in plant samples was determined using a flame photometer (Wright and Stuczynski, 1996).
2.3 Statistical Analysis
Descriptive statistics and correlation analyses were performed using the data analysis tools available in MS Excel 2007. The measured soil and plant nutrient concentrations were evaluated against established critical limits or optimal ranges as reported by McCray and Mylavarapu (2010) to assess nutrient adequacy and identify potential deficiencies.
3.0 Results and discussion
3.1 Nutrient concentration in sugarcane plant tissue
The nutrient concentration in the index leaves exhibited considerable variation, which may be attributed to differences in soil nutrient availability, plant uptake efficiency, and environmental conditions (Table 1). The nitrogen (N) content in the index leaves ranged from 1.29 to 2.32 per cent with a mean value of 1.70 per cent. The variation in nitrogen concentration observed in the present study may be related to the differences in soil nitrogen availability and management practices. Similar variations in leaf nitrogen content have been reported by researchers who emphasized that plant nitrogen concentration is strongly influenced by soil fertility status and nutrient management practices (Havlin et al., 2014).
The phosphorus (P) content ranged from 0.12 to 0.42 per cent with a mean value of 0.28 per cent. The observed variation in phosphorus concentration in the index leaves may be associated with the variability in soil phosphorus availability and fertilizer application practices. Comparable findings were reported in earlier studies where phosphorus concentration in plant tissues varied depending on soil phosphorus status and plant uptake efficiency (Marschner, 2012). Potassium (K) content in the index leaves ranged from 0.87 to 1.97 per cent with a mean value of 1.61 per cent. Similar observations have been reported in plant nutrient studies where potassium concentration in plant tissues reflected the potassium status of soils and the efficiency of nutrient uptake by plants (Brady and Weil, 2016).
Among the micronutrients, zinc (Zn) content ranged from 8.23 to 34.98 mg kg⁻¹ with a mean value of 19.48 mg kg⁻¹. Zinc plays an important role in enzyme activity, protein synthesis, and growth regulation in plants. Zinc deficiency in plants is commonly associated with low soil zinc levels and high phosphorus fertilization (Cakmak, 2008). Copper (Cu) content ranged from 2.33 to 16.28 mg kg⁻¹ with a mean value of 7.10 mg kg⁻¹. Iron (Fe) content ranged from 36.24 to 124.40 mg kg⁻¹ with a mean value of 64.30 mg kg⁻¹, while manganese (Mn) ranged from 3.82 to 74.24 mg kg⁻¹ with a mean value of 40.09 mg kg⁻¹. Similar results have been reported in plant nutrient studies where iron and manganese concentrations in plant tissues were found to be influenced by soil pH, organic matter, and redox conditions (Marschner, 2012).
Overall, the nutrient composition of the index leaves reflects the nutrient status of the soils and indicates that macronutrients and micronutrients were present within acceptable ranges, although variations were observed depending on soil fertility and nutrient management practices.
Table 1:  Summary statistics of nutrient content in sugarcane (n127) plant tissue, their critical levels and frequency distribution

	Particulars
	Major Nutrient Concentration (%)
	Micronutrient Concentration (ppm)

	
	N
	P
	K
	Cu
	Mn
	Fe
	Zn

	Range
	1.29 to 2.32
	0.12 to 0.42
	0.87 to 1.97 
	2.33 to 16.28
	3.82 to 74.24
	36.24 to 124.4
	8.23 to 34.98

	Mean
	1.70
	0.28
	1.61
	7.11
	40.09
	64.30
	19.48

	Critical Level (CL)
	2.0 
	0.20 
	1.50 
	3 
	20 
	50
	15 

	%Sample below CL
	80.31
	9.45
	10.02
	25.98
	0.79 
	18.90
	62.20



3.2 Nutrient Content in Soil
The soil fertility status of the study area showed considerable variation in both macro and micronutrients (Table 2). The organic carbon content ranged from 0.35 to 1.26% with a mean value of 0.54%, indicating that the soils fall under low to medium organic carbon status. About 47.24% of the samples were deficient in organic carbon. Conducted a large scale assessment of soil fertility across India and found that a major proportion of cultivated soils contain low to medium organic carbon levels due to intensive agricultural practices (Shukla et al., 2021). Organic carbon plays a crucial role in improving soil structure, nutrient availability, microbial activity, and overall soil health.
Available nitrogen in the study area ranged from 110 to 315 kg ha⁻¹ with a mean value of 201 kg ha⁻¹, which is below the critical level of 280 kg ha⁻¹. Nearly 91.33% of the soil samples were deficient in nitrogen, indicating that nitrogen is the most limiting nutrient in the soils of the study area. Soil fertility assessment highlighted nitrogen as the most widespread nutrient deficiency in Indian agricultural soils (Kamalakar et al., 2020). Similarly, Subba Rao (2005) also emphasized that nitrogen deficiency is a major constraint to crop productivity in many tropical soils due to rapid mineralization and losses through leaching and denitrification.
The available phosphorus (P₂O₅) content varied from 15.89 to 148.2 kg ha⁻¹ with a mean value of 52.12 kg ha⁻¹. Only 13.38% of the samples were deficient in phosphorus, indicating that the majority of soils have adequate phosphorus levels. The available potassium (K₂O) content ranged from 248 to 1124 kg ha⁻¹ with a mean value of 475 kg ha⁻¹, which is well above the critical limit, and no potassium deficiency was observed. Similar findings were reported in several soil fertility studies, which indicated that many Indian soils are naturally rich in potassium due to the mineralogical composition of the parent material (Tandon, 2013).
Among micronutrients, copper, manganese, and iron were found to be adequate in almost all soil samples. Copper content ranged from 0.21 to 8.27 ppm with a mean value of 1.93 ppm, with only 0.79% deficiency. Manganese ranged from 8.35 to 51.59 ppm (mean 22 ppm) and iron ranged from 4.05 to 78.06 ppm (mean 13.69 ppm), both of which were above their critical limits. Adequate availability of these micronutrients may be attributed to favorable soil pH conditions, parent material composition, and organic matter interactions that influence micronutrient solubility. However, zinc deficiency was observed in a considerable proportion of soil samples. Zinc content ranged from 0.22 to 3.22 ppm with a mean value of 1.10 ppm, and about 34.64% of the samples were deficient. These findings are in agreement with the reports of Kamalakar et al., (2020), who identified zinc deficiency as one of the most widespread micronutrient deficiencies affecting sugarcane growing soils of Nizamabad District. 
Overall, the results indicate that the soils of the study area are adequate in potassium and most micronutrients such as iron, manganese, and copper. However, nitrogen deficiency is predominant, and moderate deficiencies of organic carbon and zinc were also observed. Therefore, integrated nutrient management practices involving the application of nitrogenous fertilizers, organic manures, green manuring, and zinc fertilizers are essential to improve soil fertility and sustain crop productivity in the study area (Reddy et al., 2022 and Reddy et al., 2023).
Table 2: Summary statistics of soil nutrient status in sugarcane (n127) fields, their critical levels and frequency distribution

	Particulars
	Organic Carbon (%)
	Major Nutrient Status 
(kg ha-1)
	Micronutrient Status 
(ppm)

	
	
	N
	P2O5
	K2O
	Cu
	Mn
	Fe
	Zn

	Range
	0.35 to 1.26
	110 to 315
	15.89 to 148.2
	248 to 1124
	0.21 to 8.27
	8.35 to 51.59
	4.05 to 78.06
	0.22 to 3.22

	Mean
	0.54
	201
	52.12
	475
	1.93
	22
	13.69
	1.10

	Critical levels
	<0.5
	<280
	<32
	<150
	0.3
	3.0
	4.0
	0.7

	PSD
	47.24
	91.33
	13.38
	Nil 
	0.79
	Nil
	Nil 
	34.64 



4. Discussion 
A comparison of soil and plant nutrient status revealed that nitrogen deficiency observed in sugarcane plants is largely a reflection of its deficiency in soils, indicating a strong soil–plant relationship for nitrogen nutrition. Although potassium was adequate in soils, about 10 per cent of the plant samples showed potassium deficiency, which may be attributed to factors such as nutrient imbalance, poor root activity, soil moisture stress, or antagonistic interactions with other nutrients.
The higher phosphorus status in soils was also reflected in the plant tissues, indicating sufficient availability and uptake of phosphorus by sugarcane plants. With regard to micronutrients, zinc deficiency observed in soils was also reflected in the plant tissues, confirming that soil zinc status directly influences plant zinc nutrition. However, copper deficiency was observed in plant tissues despite adequate copper levels in soils, which might be due to factors such as nutrient antagonism, soil pH effects, or restricted uptake by plant roots.
These findings highlight the importance of soil–plant nutrient relationship studies for diagnosing nutrient deficiencies and for developing balanced fertilization strategies in sugarcane cultivation. Similar relationships between soil nutrient status and plant nutrient concentration have been reported in several studies. Plant nutrient composition is strongly influenced by soil nutrient availability, soil chemical properties, and plant uptake efficiency (Marschner, 2012). Studies on soil fertility and plant nutrition have also indicated that nitrogen deficiency in crops is often closely associated with low soil nitrogen levels due to rapid mineralization and losses in tropical soils (Havlin et al., 2014). Similar observations were reported by Tandon (2013), who noted that balanced fertilization and micronutrient management are essential for sustaining crop productivity in intensively cultivated soils.
5. Conclusion 
1. The study revealed a strong relationship between soil nutrient availability and nutrient concentration in sugarcane plants. Nitrogen deficiency observed in sugarcane plants was largely a reflection of its widespread deficiency in soils, indicating that soil nitrogen status directly influences plant nitrogen nutrition.
2. Although potassium levels were adequate in the soils, nearly 10 per cent of the plant samples showed potassium deficiency. This suggests that factors such as nutrient imbalance, soil moisture conditions, or restricted nutrient uptake may influence potassium availability to plants.
3. The relatively higher phosphorus status in soils was also reflected in plant tissues, indicating adequate phosphorus availability and uptake by sugarcane plants in the study area.
4. Among micronutrients, zinc deficiency observed in soils was also reflected in the plant tissues, confirming that soil zinc status plays a significant role in determining plant zinc nutrition.
5. Copper deficiency was observed in plant tissues even though soil copper levels were adequate. This indicates that factors such as soil pH, nutrient interactions, or limited root absorption may affect copper uptake by plants.
6. Iron and manganese were found to be adequate in both soils and plant tissues, indicating favorable soil conditions for their availability and uptake.
7. Overall, the results highlight that nitrogen and zinc are the most limiting nutrients in the sugarcane growing soils, emphasizing the need for balanced fertilization and integrated nutrient management practices to improve soil fertility and crop productivity.
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