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A field experiment was conducted during 2014–15 to 2020–21 to evaluate the effect of organic and inorganic farming practices on yield and quality of sugarcane (Saccharum officinarum L.). The experiment was laid out in a randomized block design with three treatments, viz., control, organic and inorganic farming practices. The pooled analysis of 7 years data revealed that inorganic farming practices significantly influenced growth and yield parameters of sugarcane. Among the treatments, inorganic farming recorded the highest number of millable canes (76.72 ×10³ ha⁻¹), cane yield (85.00 t ha⁻¹) and CCS yield (10.06 t ha⁻¹), which were significantly superior over other treatments. However, organic farming resulted in higher sucrose content (18.05%) and CCS percentage (12.56%), indicating better juice quality. The study also revealed that organic sugarcane farming recorded a lower benefit cost ratio compared to inorganic farming. The higher cost of cultivation in organic farming is mainly attributed to the purchase of organic inputs. However, if farmers are able to produce organic manures on their own farms at minimal or no cost, the overall expenditure can be significantly reduced. Under such conditions, coupled with the premium price often received for organic produce, organic sugarcane cultivation can become economically profitable.
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 (Singh et al., 2020; Reddy et al., 2022).
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.
Inorganic nutrient sources provide readily available nutrients that enhance crop growth and yield in the short term, whereas organic inputs such as farmyard manure, compost, and biofertilizers improve soil physical, chemical, and biological properties over time. According to Ramesh et al. (2005), organic farming enhances soil organic carbon, microbial activity, and nutrient cycling, thereby contributing to sustained crop productivity. Similarly, Ganaie et al. (2014) and Reddy et al. (2021) reported that inorganic fertilization resulted in higher initial yields of sugarcane due to immediate nutrient availability.
However, long-term studies indicate that sole dependence on chemical fertilizers may adversely affect soil fertility and crop quality. Sharma et al. (2013) observed that organic farming systems improve soil structure and water retention, leading to better crop performance over time. In addition, Singh and Kumar (2017) highlighted that integrated use of organic and inorganic nutrient sources can optimize productivity, profitability, and soil health in sugarcane cultivation.
Quality parameters such as sucrose content and commercial cane sugar (CCS) percentage are also influenced by nutrient management practices. Organic farming has been reported to enhance juice quality and sugar recovery due to balanced nutrient supply and improved physiological processes (Mahajan et al., 2008 and Reddy et al. 2016). Therefore, evaluating the long-term impact of organic and inorganic farming on both productivity and quality of sugarcane is essential for developing sustainable nutrient management strategies.
2. Materials and Methods
The field experiment was conducted during 2014–15 to 2020–21 at the Regional Sugarcane and Rice Research Station, Rudrur, Nizamabad District, Telangana State, India. The experimental site is located in a tropical region with semi-arid climate conditions. The soil of the experimental field was classified as Vertisol, characterized by clayey texture, moderate fertility status and good water-holding capacity. 
The experiment was conducted using a Randomized Block Design (RBD) with five replications to ensure accuracy and reduce variability among treatments. The study included three different treatments: T₁ served as the control, where no nutrient application was made; T₂ involved package of organic farming practices; and T₃ consisted of inorganic nutrient, weed and pest management, where the recommended dose of NPK fertilizers was applied. 
Package of organic farming practice was followed as follows. 
 Nutrient management 
· Application of FYM @ 8 t ha-1 as basal dose
· Insitu green manuring between the lines and incorporation
· Application of vermicompost @ 2 t ha-1 at 60, 90 and 120 days after planting 
· Spraying of vermiwash (10ml l-1) at critical stages of crop 
Agronomic Management
· Adoption of trash mulching @ 3 t ha-1 at 3 days after planting 
·  Inter cultivation with cattle pair at 45 & 60 days after planting and incorporation of trash 
Pest and Disease Management
· Seed treatment with Pseudomonas @ 8g l-1.
· Basal application of trichoderma viriday @ 2.5 kg ha-1
· ESB management using Trichogramma chilonis parasite @ 50,000/ha/ release and total 6 releases on 40,50,60,70,80 and 90 days after planting 
· Need based application of neem formulations  
Sugarcane was cultivated following standard agronomic practices. Recommended spacing, and irrigation scheduling, were adopted uniformly for all treatments. The test sugarcane variety was 85 R 186. Such nutrient scheduling has been shown to improve nutrient-use efficiency and crop performance (Kaur et al., 2021; Abhiram et al., 2025).
The number of millable canes (NMC) was recorded at the time of harvest and expressed as ×10³ ha⁻¹. Juice quality parameters were also analyzed, where sucrose content (%) was determined using standard polarimetric methods, and Commercial Cane Sugar (CCS %) was calculated using the standard formula. All quality analysis procedures were carried out following established protocols commonly used in sugarcane research (Rao et al., 2024; Sharma et al., 2023). In addition, yield parameters were assessed by recording cane yield (t ha⁻¹) based on the total harvested cane weight, and CCS yield (t ha⁻¹) was computed by integrating cane yield with CCS percentage.
The data were statistically analyzed using analysis of variance (ANOVA) appropriate for a Randomized Block Design (RBD), as described by Gomez and Gomez (1984). The Standard Error (SE) and Critical Difference (CD) at the 5% level of significance were calculated to compare treatment means, while the Coefficient of Variation (CV%) was computed to assess the extent of experimental variability. The statistical procedures adopted in the present study are in line with those followed in recent sugarcane research by Kumar et al. (2022) and Singh et al. (2021). Since the experiment was conducted over multiple years, pooled analysis was performed to obtain average treatment effects across years. This approach helps in minimizing year-to-year variability and provides reliable conclusions, as suggested by Yadav et al. (2022).
3. Results and Discussion
3.1  Number of Millable Canes (NMC)
The pooled data (Table 2) revealed that organic and inorganic management practices significantly influenced NMC. The inorganic treatment recorded the highest NMC (76.72 ×10³ ha⁻¹), followed by organic (67.75 ×10³ ha⁻¹), whereas the control recorded the lowest (32.46 ×10³ ha⁻¹). The differences among treatments were statistically significant as the variation exceeded the CD (4.25). The higher NMC under inorganic fertilization is mainly due to rapid nutrient availability, especially nitrogen, which enhances tillering and stalk population. However, organic treatments also showed considerable improvement over control due to enhanced microbial activity and soil structure.
These findings are in agreement with Kumar et al. (2022) and Reddy et al. (2023), who reported increased cane population under balanced fertilization. Similarly, Zia et al. (2025) observed that integrated nutrient strategies significantly improve cane population and nutrient-use efficiency. Micronutrient supplementation (Zn and B) has also been reported to enhance tillering and growth (Rao et al., 2024).
3.2 Sucrose Percentage (%)
Sucrose content was significantly influenced by treatments, with organic treatment recording the highest sucrose (18.05%), followed by inorganic (17.29%) and control (16.77%). The improvement in sucrose under organic sources may be attributed to balanced nutrient supply, improved enzymatic activity and better physiological efficiency (Table 2).
These results corroborate the findings of Sharma et al. (2023) and Patil et al. (2022), who reported higher sucrose content with organic and integrated nutrient management. Recent studies by Lima and White (2025) also indicated that organic amendments such as biochar and compost enhance sugar accumulation by improving soil biological activity and carbon dynamics.
3.3 Commercial Cane Sugar (CCS %)
CCS% followed a similar trend as sucrose, with organic treatment (12.56%) outperforming inorganic (11.86%) and control (11.56%). Higher CCS under organic treatments may be due to efficient translocation of photosynthates, improved nutrient balance and reduced lodging and stress (Table 2).
These results are in conformity with Reddy et al. (2022) and Kaur et al. (2021), who reported improved CCS with organic nutrient sources. Further, Rao et al. (2024) highlighted the role of micronutrients like Zn and B in sugar metabolism and CCS improvement.
3.4 Cane Yield (t ha⁻¹)
Cane yield was significantly influenced by nutrient management (Table 2). The inorganic treatment recorded the highest cane yield (85.00 t ha⁻¹), followed by organic (69.95 t ha⁻¹), while control recorded the lowest (26.54 t ha⁻¹). The superiority of inorganic fertilization is due to immediate nutrient availability, enhanced vegetative growth and increased biomass production. However, organic treatments also significantly improved yield over control, indicating the importance of soil health and sustained nutrient release.
These findings are supported by Singh et al. (2021) and Kumar et al. (2022). Recent research by Zia et al. (2025) confirmed that improved nutrient management strategies enhance yield and fertilizer use efficiency. Additionally, Lima and White (2025) reported that soil amendments like biochar significantly increase cane yield over time.
3.5 CCS Yield (t ha⁻¹)
CCS yield, which integrates yield and quality (Table 2), was highest in inorganic treatment (10.06 t ha⁻¹) followed by organic (8.77 t ha⁻¹) and control (3.25 t ha⁻¹). Although organic treatments recorded higher CCS%, the higher cane yield under inorganic fertilization resulted in maximum CCS yield. Similar findings were reported by Reddy et al. (2022) and Patil et al. (2022). Recent studies by Abhiram et al. (2025) also indicated that balanced fertilization combined with improved nutrient-use efficiency leads to higher sugar productivity.
3.6 Benefit Cost Ratio 
The economic analysis of sugarcane under different nutrient management practices revealed significant variation among treatments (Table 3). The inorganic treatment recorded the highest gross returns (Rs. 269,280 ha⁻¹) and net returns (Rs. 158,990 ha⁻¹) with a benefit-cost (B:C) ratio of 1.44, indicating superior profitability. This could be attributed to higher cane yield and improved nutrient availability resulting from the immediate supply of nutrients through chemical fertilizers.
In contrast, the organic treatment incurred the highest cost of cultivation (Rs. 137,200 ha⁻¹), primarily due to the expenses associated with organic inputs such as farmyard manure, compost, and biofertilizers. Although organic farming resulted in moderate gross returns (Rs. 234,780 ha⁻¹), the net returns (Rs. 97,580 ha⁻¹) and B:C ratio (0.71) were considerably lower than inorganic treatment. The reduced profitability in organic systems during initial years is often reported due to lower yields and higher input costs, despite improvements in soil health and sustainability.
The control treatment recorded the lowest economic returns with gross returns of Rs. 56,760 ha⁻¹ and net returns of only Rs. 5,810 ha⁻¹, along with a negative B:C ratio (-0.11), indicating non-viability of sugarcane cultivation without nutrient inputs.
These findings are in agreement with several earlier studies. Ganaie et al. (2014) reported higher economic returns under inorganic fertilization due to enhanced productivity. Similarly, Singh and Kumar (2017) observed that integrated and inorganic nutrient management systems resulted in higher profitability compared to sole organic treatments in sugarcane. However, Ramesh et al. (2005) emphasized that organic farming improves soil fertility and sustainability in the long term, though economic returns may be lower in the short term.
Further, Mahajan et al. (2008) reported that the higher cost of organic inputs often reduces net returns initially, but gradual improvement in soil properties can enhance profitability over time. Sharma et al. (2013) also highlighted that organic farming systems require a transition period before achieving comparable yields and economic returns.
The study clearly demonstrates that inorganic farming maximizes yield and CCS yield, whereas organic farming improves juice quality (sucrose and CCS%). Control treatment remained significantly inferior in all parameters. These results align with recent findings of Singh et al. (2021), Kumar et al. (2022) and Kamalakar et al. (2020), who emphasized the importance of integrated nutrient management (INM). INM combines chemical fertilizers for immediate nutrient supply, organic inputs for sustainability and micronutrients for quality enhancement. Such integrated approaches improve productivity while reducing environmental impacts and nutrient losses (Lima and White, 2025; Abhiram et al., 2025).

Table 1: Effect of organic farming on cane yield and juice quality

	Particulars 
	NMC 000/ha
	Sucrose %
	CCS %
	Cane yield (t/ha)
	CCS yield (t/ha)

	2014-15 

	Control 
	34.15
	17.10
	12.26
	25.61
	3.13

	Organic 
	65.25
	17.37
	11.84
	55.46
	6.56

	Inorganic 
	76.40
	17.54
	11.96
	80.50
	9.64

	2015-16

	Control 
	37.12
	17.50
	12.18
	29.70
	3.62

	Organic 
	67.00
	18.01
	12.20
	70.35
	8.58

	Inorganic 
	76.44
	17.36
	11.90
	90.25
	10.74

	2016-17

	Control 
	37.12
	16.48
	11.61
	33.41
	3.87

	Organic 
	69.54
	18.46
	12.80
	73.49
	9.79

	Inorganic 
	73.28
	17.14
	11.90
	87.93
	10.46

	2017-18

	Control 
	36.00
	17.04
	11.96
	32.40
	3.83

	Organic 
	68.38
	18.06
	12.77
	72.48
	9.26

	Inorganic 
	77.68
	17.24
	11.61
	86.21
	10.01

	2018-19

	Control 
	32.00 
	16.32 
	11.07
	28.80 
	3.19 

	Organic 
	64.38 
	17.88 
	12.44
	68.86 
	8.57 

	Inorganic 
	72.68 
	17.12 
	11.78
	81.42 
	9.59 

	2019-20

	Control 
	28.24
	16.68
	11.62
	16.94
	1.96

	Organic 
	67.48
	18.08
	12.70
	70.77
	8.35

	Inorganic 
	76.46
	17.62
	12.40
	84.90
	9.65

	2020-21

	Control 
	24.56
	16.26
	11.25
	18.92
	2.13

	Organic 
	72.24
	18.48
	13.17
	78.26
	10.30

	Inorganic 
	84.12
	17.02
	11.49
	89.76
	10.31



Table 2: Effect of long term effect of organic farming on cane yield and juice quality (pooled data: 2014–15 to 2020–21)
	Treatment
	NMC 
(×10³ ha⁻¹)
	Sucrose 
(%)
	CCS (%)
	Cane yield (t ha⁻¹)
	CCS yield (t ha⁻¹)

	Control
	32.46
	16.77
	11.56
	26.54
	3.25

	Organic
	67.75
	18.05
	12.56
	69.95
	8.77

	Inorganic
	76.72
	17.29
	11.86
	85.00
	10.06

	SE (±)
	1.42
	0.21
	0.18
	1.75
	0.28

	CD (P=0.05)
	4.25
	0.63
	0.54
	5.25
	0.84

	CV (%)
	6.85
	2.45
	2.75
	8.12
	9.65



Table 3. Effect of organic farming on economics of sugarcane (pooled data: 2014–15 to 2020–21)

	Treatments
	Cost of Cultivation (Rs/-)
	
	Gross Returns (Rs/-)
	Net Returns (Rs/-)
	BC Ratio

	Inorganic
	110290
	
	269280
	158990
	1.44

	Organic
	137200
	
	234780
	97580
	0.71

	Control
	50950
	
	56760
	5810
	-0.11



Cost of cane per kg 	 =	Rs.3.0   	Cost of phosphorus per kg	 =	Rs.50.0
Cost of nitrogen per kg =	Rs.12.96       	 Cost of potassium per kg	 =	Rs.30.0
Cost of FYM per ton	=	Rs.800.00

4. Conclusion
The study revealed that organic sugarcane farming recorded a lower benefit–cost ratio compared to inorganic farming. The higher cost of cultivation in organic systems is mainly attributed to the purchase of organic inputs. However, if farmers are able to produce organic manures on their own farms at minimal or no cost, the overall expenditure can be significantly reduced. Under such conditions, coupled with the premium price often received for organic produce, organic sugarcane cultivation can become economically profitable.
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