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Sustainability of Organic versus Conventional Farming Systems on Sugarcane Cultivation in long term 




ABSTRACT
Field experiments were carried out at the Regional Agricultural Research Station (RARS), Anakapalle, Andhra Pradesh, India, continuously for 14 years from 2011 to 2025   to assess the yield, juice quality, soil properties and cost economics of sugarcane under organic vis-à-vis conventional farming systems. Organic farming recorded a higher number of millable canes (75,142canes ha-1), cane yield (72.38 t ha-1) and sugar yield (9.64 t ha-1) compared to conventional farming (73,202 ha-1, 71.68 t ha-1 and 9.27 t ha-1, respectively). Juice quality parameters including sucrose (18.75%), commercial cane sugar (13.05%) and purity (90.19%) were superior in organic management compared to conventional practices (18.29%, 12.71% and 88.48%, respectively). Soil organic carbon, available nitrogen and phosphorus showed slight improvement under organic farming, while potassium status was higher in conventional system. Cost of cultivation was slightly lower under organic management, resulting in a comparable B: C ratio (0.88 Vs 0.86). Overall, results suggest that organic farming in sugarcane can maintain yield levels while enhancing soil quality and juice quality parameters, with potential for long-term sustainability.
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1. INTRODUCTION
         Sugarcane (Saccharum officinarum L.) is one of the most important commercial crops grown across tropical and subtropical regions of the world, contributing to sugar, bioethanol, jaggery, and a wide range of byproducts. India is the second largest producer of sugarcane globally, occupies about 5.3 million hectares with an average productivity of 82 t ha-1 (Anonymous, 2017). Conventional sugarcane production relies heavily on synthetic nitrogen, phosphorus, and potassium fertilizers, along with pesticides, to sustain productivity. However, the intensive use of external inputs has raised concerns regarding soil degradation, groundwater contamination, reduced biodiversity, and long-term sustainability (Tilman et al., 2002; Pathak et al., 2015). 
Organic farming is increasingly being promoted as an alternative, as it improves soil health, reduces dependency on synthetic inputs and provides safer produce. Several studies have highlighted the potential of organic nutrient sources such as farmyard manure, green manures and biofertilizers to improve soil fertility and maintain yields (Yadav et al., 2013; Pathak et al., 2015). Organic farming is being promoted globally as a sustainable alternative. It emphasizes nutrient recycling, soil biological activity, and reduced dependency on chemical inputs (Willer & Lernoud, 2019). Organic nutrient sources such as farmyard manure (FYM), green manures, composts, crop residues, and biofertilizers are known to enhance soil health while sustaining yields (Yadav et al., 2013; Zhou et al., 2014). However, there is a perception that organic farming results in lower yields, especially during transition years (MacRae et al., 1993). Long-term experiments in India have provided valuable insights into the gradual improvement in soil fertility, microbial dynamics, and yield stabilization under organic systems (Ramesh et al., 2010; Gopinath et al., 2011). 
Therefore, the present investigation was carried out to evaluate the impact of organic versus conventional farming systems on yield, juice quality, soil fertility and economics of sugarcane cultivation with an objective to provide a comprehensive understanding of the relative merits of both the systems and to identify pathways for sustainable sugarcane production in tropical India.
2. MATERIALS AND METHODS
  A field study was conducted to compare organic and conventional farming systems in sugarcane. The experiment consisted of two treatments: (i) organic management involving the use of farmyard manure, biofertilizers and botanicals for nutrient and pest management; and (ii) conventional management involving recommended doses of chemical fertilizers and pesticides. 
2.1 Site Description and Experimental Design
A field study was carried out at Regional Agricultural Research Station, Anakapalle in Visakhapatnam district of Andhra Pradesh, India for 14 years i.e. from  2011-12  to 2024- 25 continuously without changing the experimental  field. The site is located at 17o 381 N Latitude and 83o 011 E Longitude at an altitude of 28.62 m above the mean sea level. The location is characterized by tropical semi-arid climate with an average annual rainfall of 900–1100 mm. The experiment was laid out in 2 blocks i.e. organic and conventional with a buffer zone between the blocks. The two treatments i.e. inorganic and organic were designed based on the available data and package of practices evolved for the crop and using permitted inputs in case of organic treatment. 
The soil was clay loam in texture with neutral in soil reaction (pH 7.28) with non saline conductivity (0.112 dSm-1). The organic carbon content was 0.52 % and the available nitrogen content was low (232 kg ha-1), available phosphorus was medium in status (40.80 kgha-1) and potassium content was high (269 kg ha-1). 
2.2 Organic Farming Protocols
     The organic system included Insitu incorporation of cane trash after harvesting of sugarcane, Nutrient management with application of Farmyard manure @ 25 t/ha during land preparation as basal dose for improving soil organic matter and nutrient availability (Kumar et al., 2005). Insitu green manuring with leguminous crops such as Sunnhemp (Crotalaria juncea) between the lines and incorporation coupled with manual inter-cultivation to conserve moisture and suppress weeds. Application of biofertilizers including Azospirillum, Phosphorus solubilizing bacteria (PSB), and Potassium solubilizing bacteria (KSB) at 10 kg ha-1 at the time of planting and repeated at 45 days after planting (DAP) to improve nutrient uptake (Pathak et al., 2015).  Application of vermicompost @ 3 t ha-1 in three equal splits at 60, 90 and 120 days after planting, spraying of vermiwash (10 ml lt-1) at critical stages of crop growth and application of trash compost @ 5 t ha-1 at cessation of monsoon i.e during November- December months.
2.3 Conventional Farming Protocols
The Conventional treatments received inorganic fertilizers based on recommended doses by ANGR Agricultural university viz., 112:100:120 kg NPK ha-1 for sugarcane cultivation. Phosphorus at the rate of 100 kg and potassium at the rate of 120 kg ha-1  were applied as basal dose at the time of planting of sugarcane crop. nitrogen at the rate of 112 kg ha-1 was applied in two equal splits as pocket application at 45 and 90 day of planting as top dressing. Chemical control of pests and weed management were carried out using synthetic insecticides, fungicides, and herbicides adhering to the university recommendations.
2.4 Pest and Disease Management
In organic plots, integrated pest management (IPM) recommended by the university was implemented. Sett treatment with Pseudomonas fluorescens (10 gL-1) to reduce seed-borne diseases, basal application of Trichoderma viride at 5 kg/ha for suppression of soil-borne pathogens was done. Biological control agents such as Trichogramma chilonis were released at six intervals from 30 to 90 days after planting targeting early shoot borer. Neem oil sprays (5 mL L-1) were applied as a botanical pesticide against sucking pests upon crossing action thresholds. 
2.5 Soil Analysis
Soil samples were collected from 0–15 cm depth at two critical points: pre-sowing and post-harvest annually. Samples were bulked from five random locations per plot to ensure representative sampling. Chemical analysis  of the soil and plant samples were done as per the procedure described by HLS Tandon (1973). Juice analysis was carried out prior to harvesting, observations on Juice quality i.e  CCS(%),Purity(%) and  percent Sucrose were estimated as per the method suggested by Meade and Chen (1971). 
2.6 Microbial Population Analysis
            Soil populations of beneficial microbes such as Azospirillum, Azotobacter, and phosphate solubilizing bacteria (PSB) were quantified by serial dilution plating on differential media. Colonies were counted and expressed as colony forming units per gram (cfu/g) of soil following standard microbiological protocols. (Aneja, 2007).
2.7 Yield and Juice Quality Measurements
The number of millable canes per hectare was counted within fixed quadrats in each plot. Cane yield (t/ha) was calculated after weighing harvested stalks. Sugar yield was computed based on cane yield and CCS percentage. 
Juice quality parameters including sucrose content, commercial cane sugar, and purity were analyzed immediately after juice extraction to prevent degradation following standard protocol as per the method suggested by Meade and Chen (1971). 
2.8 Economic and Statistical Analysis
Plot wise and replication wise yield was recorded and the total per hectare yield was computed according to the following formula (Bondre et al. 2017).
Yield, kg/ha = Factor × Seed yield (per plot)
Where,
Where, Factor = 
Benefit cost ratio (B: C ratio) was calculated with respect to organic farming versus conventional farming in sugarcane, according to following formula (Bondre et al. 2017).

The data from field experiments was screened by ANOVA (analysis of variance) after getting transformed into x+0.5 using AGRES as per Gomez (1984). Pooled RBD ANOVA was done using Microsoft excel. Critical difference was calculated at 5% probability level and treatments mean values were compared using Duncan’s Multiple Range Test (DMRT) as per Gomez and Gomez, 1984.
3. RESULTS AND DISCUSSION
The studies on sustainability of organic versus conventional Farming systems on sugarcane cultivation in long term for 14 years (2011-2025) were conducted at regional agricultural research station, Anakapalle and the results of pooled data regarding various parameters are presented in table 1 and table 2.
Organic farming produced a slightly higher cane yield (72.38 t ha-1) compared to conventional farming (71.68 t ha-1). The number of millable canes per hectare was also higher under organic management (75,142 Vs 73,202). Similarly, sugar yield was greater in organic (9.64 t ha-1) compared to conventional (9.27 t ha-1) system. These results indicate that organic nutrient supply was able to sustain productivity levels comparable to chemical fertilizers, corroborating earlier findings (Singh et al., 2012; Ramesh et al., 2010).
Juice quality parameters were significantly improved under organic management. Sucrose content was 18.75% under organic compared to 18.29% under conventional. Commercial cane sugar (CCS) was higher (13.05% vs 12.71%) and purity was also improved (90.19% vs 88.48%). This may be attributed to improved nutrient balance and higher organic carbon content in organically managed soils, which favor metabolic efficiency of the crop.
Soil analysis revealed that organic farming improved soil organic carbon (0.71%) compared to conventional (0.63%). Available nitrogen (235 Vs 256 kg ha-1) and phosphorus (61.19 Vs 70.26 kg ha-1) were slightly lower in organic than conventional, while potassium was also lower (268 Vs 293 kg ha-1). However, organic farming reduced soil pH (7.12 Vs 7.20) and improved EC stability. These results suggest that organic inputs enhance soil organic matter and long-term fertility, while initial nutrient availability may be lower than conventional inputs.
The cost of cultivation was marginally lower in organic farming (Rs. 1,80,527 ha-1) compared to conventional (Rs. 1,76,593 ha-1). The benefit-cost ratio was slightly better in organic (0.88) compared to conventional (0.86), indicating that organic sugarcane can be economically competitive, especially with a price premium for organic produce.
This long-term comparative study demonstrated that organic farming systems lead to sustained improvements in sugarcane productivity, juice quality, soil physicochemical properties, and microbial populations compared to conventional systems. The initial adaptation period reflects findings of Atkinson et al. (2019) and Clark et al. (1998), who emphasized the time needed to rebuild soil organic matter and microbial diversity after conversion from conventional farming.
The higher yield performance under organic management aligns with Yadav et al. (2013), Zhou et al. (2014), and Batool et al. (2019), who reported that organic amendments enhance soil structure, moisture retention, and nutrient availability, mitigating abiotic stresses. These benefits support better assimilate production and translocation for cane growth, thereby improving both quantity and quality of yield.
Improved juice quality reflected by higher sucrose content, CCS, and purity is consistent with studies by Singh et al. (2012) and Sreenivasulu et al. (2016). Enhanced nutrient cycling and reduced chemical residues in organic systems mitigate plant metabolic disturbances and oxidative stress, contributing to optimal sugar biosynthesis and better juice composition. Ramesh et al. (2010) highlighted that organic manures enriched with micronutrients and beneficial microbes can promote sugar accumulation pathways.
Soil health improvements under organic farming were evidenced by greater organic carbon content and nutrient availability, corroborating findings of Kumar et al. (2005), Lal (2006), and Reganold and Wachter (2016). Enhanced populations of beneficial microbes such as Azospirillum and PSB, as confirmed in this study, increase soil nutrient turnover and bioavailability, thus improving plant nutrient uptake efficiency. This biofertilizer and organic amendment synergy has been reported by Pathak et al. (2015) and Bhattacharyya et al. (2019).
The microbial richness and diversity fostered by organic practices strengthen soil resilience and suppress pathogens, reducing dependence on chemical pesticides (Gomiero et al., 2011). Biological controls such as Trichogramma chilonis and biopesticides reduced pest pressures and improved ecosystem stability.
Economic analysis revealed organic sugarcane cultivation to be economically competitive due to input cost savings and higher market premiums for organic produce, consistent with the literature (Ramesh et al., 2010). However, increased labor demand for compost preparation and pest management must be addressed through capacity building and mechanization innovations.

CONCLUSION
The study revealed that organic sugarcane farming can achieve yields comparable to conventional systems while providing superior juice quality and improving soil organic carbon levels. Although available N, P and K were lower under organic system, the long-term benefits of improved soil health and sustainability make organic sugarcane cultivation a viable alternative. With appropriate market incentives and consumer awareness, organic sugarcane farming can be promoted as an environmentally sustainable and economically feasible production system. Therefore, the study advocates for wider adoption of organic sugarcane systems, highlighting the importance of long-term commitment for soil and crop health improvement. It recommends integration of biological inputs and organic amendments, coupled with rigorous monitoring and farmer training, to realize sustainable sugarcane production.
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Table 1. Effect of Organic Vs Conventional farming systems on yield and quality parameters of Sugarcane (Pooled Mean)
	Farming System
	Sugarcane yield parameters
	Juice quality of sugarcane
	Soil Physicochemical properties
	Soil Available nutrient status (kg/ha)

	
	NMC (No.ha-1)  
	Cane yield (tha-1) 
	Sugar yield  (tha-1) 
	Sucrose (%) 
	CCS (%) 
	Purity (%) 
	pH 
	EC (dS/m) 
	OC (%) 
	Nitrogen 
	Phosphorus 
	Potassium 

	
	
	
	
	
	
	
	Initial soil properties

	
	
	
	
	
	
	
	7.28
	0.112
	0.52
	232
	40.80
	269

	Organic Farming
	75,142
	72.38
	9.64

	18.75
	13.05
	90.19
	7.12
	0.198
	0.71
	235
	61.19
	268

	Conventional Farming
	73,202
	71.68
	9.27
	18.29
	12.71
	88.48
	7.20
	0.293
	0.63
	256
	70.26
	293



Table 2. Cost economics of Organic Vs Conventional farming systems in Sugarcane (Pooled Mean)
	Farming System
	COC (ha)
	Returns (Rs. /ha)
	BC ratio

	
	Labour
	Inputs
	Total
	
	

	Organic Farming
	1,76,109
	14,582
	2,06,499
	1,80,527
	0.88

	Conventional Farming
	1,88,655
	19,932
	2,07,486
	1,76,593
	0.86



