


Assessment of Promising Sugarcane Varieties for Jaggery Production in Andhra Pradesh

Abstract

An on-farm trial (OFT) was conducted across distinct agricultural divisions in Vizianagaram district of Andhra Pradesh during two consecutive Rabi seasons (2023–24 and 2024–25) to evaluate the performance of newly released sugarcane varieties for quality jaggery out-turn, agro-climatic adaptability, and economic feasibility. Two promising mid- to late-maturing varieties, 2009A 107 (T2) and 2009A 252 (T3), developed by the Regional Agricultural Research Station (RARS), Anakapalle, were evaluated against the traditional farmer’s check variety, 87A 298 (T1). The trials were laid out in a randomised block design across three distinct replicate locations. The pooled two-year data revealed that variety 2009A 252 (T3) achieved the highest average cane yield of 77.05 t ha⁻¹ (a 28.69% increase over the check), followed by 2009A 107 at 65.86 t ha⁻¹ (9.99% increase over the check), compared with 59.88 t ha⁻¹ for the check variety. Economic analysis reflected the agronomic performance: 2009A 252 yielded a mean net income of Rs. 45,505 ha⁻¹ with a benefit–cost (B:C) ratio of 1.33, compared with the check variety’s net income of Rs. 7,550 ha⁻¹ and B:C ratio of 1.06. Variety 2009A 252 also demonstrated superior resistance to lodging and high extracted-juice purity. Based on its higher cane yield, greater financial returns and higher jaggery out-turn, variety 2009A 252, followed by 2009A 107, is recommended for widespread adoption in the North Coastal Zone of Andhra Pradesh.
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Introduction
Sugarcane (Saccharum officinarum L.) is an important commercial crop in India and plays a vital role in the socio-economic circumstances of the agrarian population. While most harvested cane is supplied to white sugar mills, jaggery processing remains an long-established cottage industry across rural India, accounting for over 11% of the total sugarcane processing utilisation. Jaggery (gur) is a traditional, nutrient-dense, unrefined sweetener with documented medicinal properties, including anti-toxic, respiratory-cleansing, and immune-boosting functions. High-quality jaggery primarily consists of sucrose (65–85%), reducing sugars (10–15%), and vital minerals such as calcium, magnesium, and phosphorus.
Recent analysis of traditionally produced sugarcane jaggery has documented variation in carbohydrate and mineral composition among sampled locations, reinforcing the relevance of product characteristics in assessments of jaggery (Elbagory et al., 2026).
National and international crop-production statistics provide context for sugarcane cultivation, but such datasets do not establish the jaggery-making suitability of individual varieties (Food and Agriculture Organization of the United Nations, 2021). Varietal selection for jaggery therefore requires assessment of both cane productivity and juice composition, because differences in sucrose, juice purity and non-sugar constituents can influence jaggery yield and product quality (Shweta et al., 2022; Singh et al., 2019). Field assessments of sugarcane varieties across locations have reported variation in yield-related traits and cane productivity, supporting the need for location-specific varietal evaluation (Sandhu et al., 2025).
In Andhra Pradesh, particularly within the North Coastal Zone (comprising Visakhapatnam, Vizianagaram, and Srikakulam districts), jaggery manufacturing serves as a foundational agro-processing business. However, local processors face continuing challenges, including low juice extraction percentages, low recovery rates during boiling and low market prices associated with reliance on older planting material. Crop varietal selection influences both total farm yields and the crystallisation characteristics during traditional open-pan, open-furnace boiling. High-yielding sugarcane varieties do not always have high sucrose content and can fail to crystallize effectively during processing. A recent review of jaggery-making methods has also highlighted the role of processing conditions in evaluating jaggery quality alongside the characteristics of the extracted cane juice (Uphade & Rane, 2026).
In Andhra Pradesh, varietal screening has shown differences in jaggery recovery and product quality, including sucrose, reducing-sugar content and mineral composition (Vajantha et al., 2022). Research undertaken in the North Coastal Zone has likewise reported differences in cane yield and jaggery recovery among evaluated sugarcane clones, including comparisons with the 87A 298 check (Sreedevi et al., 2024). These findings support assessing recently developed varieties under the conditions in which they may eventually be cultivated and processed. Within India’s East Coast Zone, a comparison of an early-maturing sugarcane clone with check varieties has documented differences in cane yield and sucrose-related attributes, providing additional context for regionally focused varietal assessment (Ganapathy et al., 2025).
In Vizianagaram district, the old variety 87A 298 has historically dominated fields as a dual-purpose choice. However, over decades of cultivation, its yield has plateaued, and it exhibits high susceptibility to biotic stresses such as red rot and yellow leaf disease. To modernize production, RARS, Anakapalle, recently released advanced elite varieties, 2009A 107 and 2009A 252. Initial station trials indicated that these selections offer superior jaggery out-turn capacity over standard controls. To evaluate this potential under farming conditions, multi-location trials were conducted across two successive cultivation cycles.
Genotype–environment interaction can influence cane yield and sucrose-related traits, as demonstrated in multi-environment sugarcane evaluations (Elayaraja et al., 2022; Verma et al., 2023). Accordingly, an on-farm comparison across seasons and locations can provide useful evidence on the performance of 2009A 107 and 2009A 252 relative to 87A 298, although broader adaptability would require testing across a wider range of production environments.
Assessments of sugarcane varieties at different sites and harvesting ages have further reported differences in cane and sugar yields, emphasizing the importance of trial conditions when interpreting varietal performance (Min et al., 2025). Although prior investigations have reported differences in sugarcane yield and jaggery-related quality traits, they do not establish the comparative on-farm performance of 2009A 107 and 2009A 252 relative to 87A 298 at the selected Vizianagaram locations during the study seasons. A focused assessment of cane yield, extracted-juice characteristics, estimated jaggery recovery, and economic returns is therefore needed for a location-specific interpretation of these varieties.
The objective of this study was to compare sugarcane varieties 2009A 107 and 2009A 252 with the farmer’s check variety 87A 298 under on-farm conditions in Vizianagaram district during 2023–24 and 2024–25, using cane yield, extracted-juice characteristics, estimated jaggery recovery and economic returns as evaluation criteria.

Materials and Methods

 Experimental Site and Climatic Conditions:
The on-farm trials (OFTs) were conducted during two consecutive Rabi crop seasons (2023–24 and 2024–25) at three separate farming sites within Vizianagaram district. The locations included Rajipeta and Gowri Puram villages in the Srungavarapukota (S.Kota) mandal. The soils at the experimental sites were predominantly sandy clay loams, with a near-neutral pH ranging from 6.8 to 7.4, low to medium organic carbon content, low available nitrogen, and medium available phosphorus and potassium. The region experiences a tropical climate with a mean annual rainfall of approximately 1,100 mm, received primarily via the south-west monsoon.
 Treatment Details and Field Layout:
The experimental design assessed three distinct varietal treatments arranged in a randomised block design with three replications across separate farm blocks:
· Treatment 1 (T1): Farmer’s Practice / Check Variety (87A 298)
· Treatment 2 (T2): Promising Elite Variety (2009A 107)
· Treatment 3 (T3): Promising Elite Variety (2009A 252)
Cultivation trials were conducted across three distinct farm blocks managed by Sri Y. China Babu (Rajipeta), Sri K. Sanyasi Naidu (Gowri Puram), and Sri Y. Kannam Naidu (Rajipeta). Planting was undertaken in April of each trial year using healthy, disease-free three-budded setts with a seed rate of 45,000 setts per hectare.
 Cultural and Crop Management Practices:

Uniform agronomic management inputs and crop protection protocols recommended by Acharya N. G. Ranga Agricultural University (ANGRAU) were maintained at all evaluation locations. Fertiliser applications were standardised at 150 kg N, 100 kg P₂O₅, and 120 kg K₂O per hectare. Nitrogen was applied in three equal splits at 45, 90, and 120 days after planting, while the full dose of phosphorus was applied as a basal application. Hand weeding was carried out at 30, 60, and 90 days to control weeds. Trash twisting and propping operations were carried out in the sixth and eighth months to mitigate monsoon lodging risks.

Data Collection and Processing:
At full crop maturity, approximately 11–12 months after sowing, cane yields were determined by harvesting the net plot areas and expressing the results in tonnes per hectare. Jaggery preparation was evaluated using traditional open-pan boiling systems at local processing units.

Juice parameters were documented using standard methods:

· Brix (%) was measured using a portable hand refractometer.
· Sucrose (%) was measured using a polarimeter.
· Purity (%) was calculated using the following formula:
Economic parameters, including total costs of cultivation, gross revenue (calculated using prevailing regional agricultural trade prices), net returns and benefit–cost ratios (B:C), were verified across treatments to assess field-level economic viability.

Results and Discussion
 Agronomic Yield Performance:
The individual and average field yield data collected over the two trial years showed that the newly introduced sugarcane varieties outperformed the local check across all test locations (Table 1).
During the 2023–24 season, treatment T3 (2009A 252) achieved an average cane yield of 75.17 t ha⁻¹, showing a 29.31% increase over T1 (87A 298), which recorded 58.13 t ha⁻¹. Treatment T2 (2009A 107) produced a mean yield of 64.79 t ha⁻¹, outperforming the check variety by 11.46%.
This yield trend continued during the 2024–25 season. Treatment T3 (2009A 252) produced a peak average yield of 78.93 t ha⁻¹ (28.09% higher than the check). Treatment T2 (2009A 107) recorded an average yield of 66.92 t ha⁻¹ (8.60% higher than the check), while T1 recorded 61.62 t ha⁻¹.
The consolidated two-year performance analysis highlights the consistently high yield of 2009A 252, which achieved an overall mean yield of 77.05 t ha⁻¹. This superior performance is likely due to better biometric traits, high numbers of millable canes, better internode elongation, and a resilient growth habit suited to the soil conditions of the North Coastal Zone.
Based on the pooled means in Table 1, 2009A 252 exceeded the check by 17.17 t ha⁻¹ (28.69%), whereas 2009A 107 exceeded it by 5.98 t ha⁻¹ (9.99%). These differences are consistent with published observations that cane and jaggery yields vary among sugarcane genotypes and that environmental responses can influence their relative performance (Guddadamath et al., 2014; Verma et al., 2023). However, the present summary does not report standard errors, significance tests, or a genotype-by-year analysis. The observed ranking over two seasons should therefore be interpreted as a descriptive result for the trial sites rather than proof of broad yield stability (Elayaraja et al., 2022).

Table 1: Varietal Yield Performances (t ha⁻¹) Across Cultivator Plots (2023–24 to 2024–25)
	Year & Location
	T1: 87A298 (Check)
	T2: 2009A 107
	T3: 2009A 252

	Rabi Season 2023–24
	
	
	

	1. Sri Y. China Babu (Rajipeta)
	56.84
	59.84
	74.80

	2. Sri K. Sanyasi Naidu (Gowri Puram)
	62.30
	64.25
	73.90

	3. Sri Y. Kannam Naidu (Rajipeta)
	55.24
	65.32
	76.80

	2023–24 Average
	58.13
	64.79
	75.17

	Rabi Season 2024–25
	
	
	

	1. Sri Y. China Babu (Rajipeta)
	60.25
	63.43
	78.54

	2. Sri K. Sanyasi Naidu (Gowri Puram)
	66.04
	68.11
	77.60

	3. Sri Y. Kannam Naidu (Rajipeta)
	58.55
	69.24
	80.64

	2024–25 Average
	61.62
	66.92
	78.93

	Two-Year Mean Yield
	59.88
	65.86
	77.05



Economic Analysis and Cost-Benefit Dynamics:
Economic evaluation over the two cycles indicates that the higher cultivation costs associated with the new elite varieties was offset by higher net returns (Table 2).

Table 2: Comparative Economic Matrix for Sugarcane Varieties Per Hectare (Two-Year Average Data)
	Particulars
	T1: Farmer’s Practice (87A 298)
	T2: 2009A 107
	T3: 2009A 252

	Mean Crop Yield (t\ha)
	59.88
	65.86
	77.05

	Gross Cultivation Income (Rs./ha)
	143,700
	158,052
	184,920

	Total Cost of Cultivation (Rs./ha)
	136,150
	137,000
	139,415

	Net Income Realized (Rs./ha)
	7,550
	21,052
	45,505

	Benefit-Cost Ratio (B:C)
	1.06
	1.16
	1.33




The average economic results demonstrate the financial benefit of upgrading crop choices:

· T3 (2009A 252): The variety delivered an average gross income of Rs. 184,920 ha⁻¹ against an average production cost of Rs. 139,415 ha⁻¹, resulting in a net profit of Rs. 45,505 ha⁻¹ and a B:C ratio of 1.33.
· T2 (2009A 107): The variety generated an average net profit of Rs. 21,052 ha⁻¹ with a B:C ratio of 1.16.
· T1 (87A 298): The variety produced a lower net income of Rs. 7,550 ha⁻¹, with a marginal B:C ratio of 1.06, indicating its lower economic return in this comparison.
The higher net profits from 2009A 252 and 2009A 107 are directly linked to their superior yield performance and higher juice purity profile, which is associated with the production of high-grade jaggery that commands premium market prices.
Using the net-income values in Table 2, 2009A 252 provided Rs. 37,955 ha⁻¹ more than the check, while 2009A 107 provided Rs. 13,502 ha⁻¹ more. Gross income also increased approximately in proportion to cane yield, corresponding to an implied common cane price of about Rs. 2,400 t⁻¹; thus, these figures do not separately demonstrate a price premium for jaggery produced from the new varieties. Research on sugarcane-based jaggery enterprises indicates that processing costs, market channels and growers’ decisions to undertake value addition also influence realised returns (Rundla et al., 2026; Singh Kourav et al., 2022). Further assessment incorporating actual jaggery prices, fuel and labour costs, processing recovery and between-year price variation would help determine whether the apparent varietal benefit is maintained through the complete value chain.

 Qualitative Attributes and Juice Chemistry:

Juice chemistry parameters were used to evaluate processing efficiency and final product grading. Observations based on RARS Anakapalle analytical protocols indicate that 2009A 252 had a favourable balance of sugar accumulation traits (Table 3).

Table 3: Mean Quality Parameters of Extracted Sugarcane Juice
	Variety 
	Brix (%)
	Sucrose (%)
	Purity (%)
	Estimated Jaggery Recovery (%)

	T1: 87A 298
	20.19
	18.29
	90.58
	9.70

	T2: 2009A 107
	20.45
	18.90
	92.42
	10.20

	T3: 2009A 252
	20.85
	19.45
	93.28
	11.15


Variety 2009A 252 recorded the highest juice purity of 93.28%, which suppresses glucose inversion during open-pan heating. This high purity prevents the structural stickiness often caused by higher reducing sugars, leading to a firm jaggery texture with an estimated recovery out-turn of 11.15%. Variety 2009A 107 also showed favourable results, with an estimated recovery out-turn of 10.20%, outperforming the local check’s recovery rate of 9.70%.
Compared with the check, 2009A 252 had a juice purity 2.70 percentage points higher (93.28% versus 90.58%) and 1.45 percentage points higher estimated jaggery recovery (11.15% versus 9.70%) in Table 3. Published studies have similarly shown that varietal differences can affect juice characteristics, jaggery recovery, and finished-product properties (Shweta et al., 2022; Sreedevi et al., 2024; Vajantha et al., 2022). Nonetheless, juice purity alone cannot establish that sucrose inversion was suppressed during heating. Experimental evidence indicates that inversion and reducing-sugar formation depend partly on processing conditions, while clarification can influence colour and insoluble solids (Jagannadha Rao et al., 2023; Verma et al., 2019). Measurements of reducing sugars, jaggery moisture, colour and texture would be needed to substantiate these proposed mechanisms for the present varieties.

 Conclusion

The on-farm evaluation of three sugarcane varieties over two seasons in Vizianagaram district identified 2009A 252 as the highest-yielding variety in the reported trial summaries. Its two-year mean cane yield was 77.05 t ha⁻¹, compared with 59.88 t ha⁻¹ for the check variety, 87A 298. The recorded economic comparison also favoured 2009A 252, with a mean net income of Rs. 45,505 ha⁻¹ and a benefit–cost ratio of 1.33, against Rs. 7,550 ha⁻¹ and 1.06 for the check. Variety 2009A 252 also had the highest reported extracted-juice purity (93.28%) and estimated jaggery recovery (11.15%). The trial summaries indicate potential for improving cane productivity and jaggery-related outcomes through varietal selection at the study locations. However, the estimated recovery values do not independently establish finished-jaggery quality or processing profitability. Moreover, the findings were obtained from a limited set of farm environments, and the reported statistical information does not establish broader yield stability. Additional on-farm comparisons and verification of the underlying yield calculations would provide a stronger basis for varietal recommendations beyond the study sites.

Limitations 
The study covered three farm blocks in Vizianagaram district over two growing seasons, which limits inference about performance in other environments. The manuscript does not report standard errors, significance tests or genotype-by-year interaction analyses. Jaggery recovery was estimated, while measurements of reducing sugars, colour, moisture and texture of the finished product were not presented. The economic comparison does not separately document realised jaggery sale prices or processing costs. These limitations should be considered when interpreting varietal suitability and the reported economic advantages.
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