


Comparative Performance of Traditional Aromatic Rice under Organic and Inorganic Systems in West Bengal

Abstract 
Aromatic rice holds a special place in the world of agriculture because of its outstanding grain quality, scent, and high market value. Traditional aromatic rice types including Kalonunia, Gobindabhog, and Tulaipanji are widely grown in West Bengal, however they frequently have lesser yield potential when grown using traditional methods. A shift toward sustainable nitrogen management techniques has been spurred by growing concerns about soil degradation brought on by overuse of chemical fertilizers. Bengal farmer’s aromatic rice cultivating through organic management practices. Detrimental effect of chemical fertilizers in aromatic rice are known to the farmers. Using organic and inorganic nutrient management strategies, the growth, yield, and productivity of a few aromatic rice varieties in West Bengal are compared. Data compiled from several studies show that solitary organic treatments and integrated nutrient management which combines organic and inorganic sourceshave a major impact on soil health, nutrient uptake, and production characteristics. Farmyard manure (FYM), vermicompost, and mustard cake are examples of organic inputs that maintain crop production by increasing soil fertility and nutrient availability. The comparison between organic and inorganic practices clearly indicates the high yield but poor quality in cultivating through chemical fertilizers. The results show that while preserving long-term soil sustainability, balanced nutrient management techniques can improve the yield and quality of aromatic rice.
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Introduction
A total of an estimated production of 820 million tons in 2022–2023, rice (Oryza sativa L.) is an essential food crop that provides more than half of the world's population with their main source of nutrition (FAO, 2023). Rice is the staple food of rural population of West Bengal (Basu et al., 2014;Zaman and Hedayetullah, 2025). Due to its delicate flavor and premium price, aromatic rice has enormous potential to increase rice consumption and improve the financial standing of the nation's rice producers. Aromatic rice, which has a unique flavor or scent when fried, is more expensive than non-aromatic rice because of its natural chemical constituents. Growing demand for high-end rice necessitates a higher yield of the available aromatic cultivars without sacrificing crop quality (Kumar and Prasad, 2001) but majority of these cultivars are in danger for future farmer (Hedayetullah et al., 2014).In terms of panicle metrics including length, weight, test weight, number of panicles, grains/panicle, and chaffs/panicle, the aromatic rice displayed morphological variations. Some aromatic rice varieties such as Radhatilak, Kalonunia, and Sitabhog are preferred for upcoming rice breeding projects due to their higher panicle weight, larger grains/panicle, and panicle length (Patra, 2025a).Traditional paddy varieties, such as aromatic ones, may withstand extreme stress and have a great nutritional, therapeutic value and also enhances socioeconomic values (Patra, et al., 2025; Roy et al., 2025; Zaman and Hedayetullah, 2025a). These paddy cultivars' characteristics could be used in the future to select the parents in a breeding effort to create hybrid types with excellent yields (Patra, 2023a). Due to their unique flavor and texture, traditional short-grain aromatic rice cultivars like Chinni Kapoor and LoktiMachhi attract high prices all over the world (Chandra et al., 2019). Their centuries-old cultivation, which is firmly anchored in cultural customs, significantly boosts the economies of producing nations like Thailand and India (Rao et al., 2020). Nonetheless, an assessment of their economic feasibility and output potential under organic and natural farming systems is necessary (Zaman and Hedayetullah, 2025b). To increase productivity and satisfy rising demand, high-yielding fragrant rice varieties as Chhattisgarh Sugandhitbhog and Pusa Basmati have been created (Jana et al., 2023). Although the yield potential of these types has demonstrated promise, an evaluation of their economic performance in organic farming systems is necessary with different weed control measures (Kundu et al., 2023; Zaman and Hedayetullah, 2025c). Increased exports and foreign exchange profits for producing nations have also resulted from their adoption (Zaman and Hedayetullah, 2025d). 
The "green revolution" (1960s), brought about significant changes on a global scale, particularly in the area and production and productivity of food grains (Zaman and Hedayetullah, 2025e). The over-reliance on high-yielding cultivars, synthetic fertilizers, insecticides, herbicides, and farm mechanization during the green revolution in India in the 1960s led to a high level of crop productivity and production, which put significant strain on our natural resource base (Zaman and Hedayetullah, 2020). Overuse of agrochemicals, chemically synthesized straight fertilizers, and other unsustainable cropping methods negatively impacts the environment by creating a net negative nutrient balance, which eventually lowers soil fertility and productivity by compromising soil health (Zaman and Hedayetullah, 2019; Hedayetullah, 2023). To overcome the soil health issues the pulses are the major consideration under rice fallow conditions in West Bengal (Hedayetullah et al., 2018; Hedayetullah and Sadhukhan, 2018).
Several studies have reported on the use of less toxic and organic seed treatments for improving crop quality and field performance in order to minimize the use of chemical pesticides (Mandal et al., 2009; 2011a; 2011b; Patra., 2017a & 2017b; Patra, S., & Burman, D., 2017). In this regard, Patra (2022) stated that in order to apply better management methods and acquire high-quality seed, farmers should be particularly aware of the reaction of temperature, relative humidity, excessive draught, soil salinity, soil temperature, and soil pH (Patra, 2022; 2023c; 2025b; 2025c).
Enhancing the physical, chemical, and microbiological characteristics of the soil as well as the availability of nutrients, the use of organic inputs such crop residues, manures, and compost have a significant potential to increase soil productivity and crop production (Stone andElioff, 1998; Rahaman et al., 2022; Zaman and Hedayetullah, 2025f). Macronutrients like nitrogen, phosphorus, potassium, sulphur, calcium, magnesium and micronutrients like boron, chloride, iron, manganese, molybdenum, zinc have a significant impact on seed quality (Patra,2023b). The three main plant nutrientsnitrogen, phosphorus, and potassium (NPK)as well as several vital nutrients including Ca, Mg, S, Zn, B, Cu, Mn, etc. are found in cow dung manure, according to Tanimu (2013). However, the sensible and efficient use of chemical fertilizers is necessary for greater yields (Plucknett et al., 1986; Hedayetullah et al., 2025). “The only options that may aid in enhancing soil health and long-term productivity are the integrated application of inorganic fertilizers, organic manures, green manures, and crop waste (Zaman and Hedayetullah, 2025g). Because they have a positive impact on the physical, chemical, and biological characteristics of soil, using organic manures, green manures, and crop residues in addition to inorganic fertilizers not only lowers the need for inorganic fertilizers but also boosts the effectiveness of applied nutrients (Pandey et al., 2007; Hussain et al., 2025). Because FYM is a storehouse of both macro and micronutrients, it may have improved the metabolic process in relation to increased source and sink capacity, which in turn improved grain and straw yields. The outcomes support the findings of Sowmya et al. (2011). However, numerous studies have shown that rice production in various Bangladeshi soils is significantly influenced by (organic + inorganic) fertilizers (Uddinet al., 2018). For rice cultivation in a tropical nation, it is crucial to utilize a sensible mix of organic and inorganic fertilizers (Esfahani et al., 2019).However, the native aromatic rice cultivars are low yielders that react poorly to fertilization under problem soils (Mohioddin et al., 2014; Zaman et al., 2015).Utilizing organic manures is crucial for improving fertilizer usage efficiency, lowering nutrient supply costs,boostingproductivity with proper water management (Zaman and Hedayetullah, 2022). Researchers found that the use of unbalanced chemical fertilizers and a lack of soil organic matter caused aromatic rice to gradually lose its scent and characteristics. Thus, the view article's goals were to compare the growth and yield performance of aromatic rice varieties under various organic and inorganic treatments and to determine which traits contributed most to the increased production of some significant aromatic rice varieties in West Bengal.
Methodology:
According to Patra et al. (2025), the study design approach was used to evaluate the comparative performance of traditional aromatic rice cultivars under organic and inorganic nutrient management systems in West Bengal. The names of the e-database are as follows: Google Scholar, PubMed, ResearchGate, Springer Journal,  Scopus-indexed journals, Web of Science, CAB Abstract, Agricola. In the study's first phase, authors received 312 articles. English-language publications were taken into consideration for this investigation, and books and published articles from 1985 to 2026were searched. 
The following keywords were used in the search process: 
Nutrient management in Gobindabhog, Tulaipanji yield performance , Organic  nutrient management of Kalonunia, Organic vs inorganic rice cultivation,  Vermicompost in aromatic  rice cultivation, Mustard cake in aromaticrice cultivation, INM (Integrated Nutrient Management) of aromatic rice, Traditional rice cultivars in  India, Aromatic rice in West Bengal, etc.
2.1. Selection criteria for studies: inclusion and exclusion :
Full-text original papers from 1985 and 2026 were included in this analysis. This study also included papers titled "Aromatic rice in West Bengal," "Integrated nutrient management in aromatic rice," "Yield and yield attributing characteristics of aromatic rice," "traditional rice," "Vermicompost in aromatic rice cultivation," "mustard cake in aromatic rice cultivation," and so on. However, abstracts of scientific seminar proceedings, inaccessible full-text publications, and irrelevant papers—those that did not appropriately meet the inclusion criteria—were excluded. Additionally, full-text papers written in languages other than English were excluded from this analysis (list. 1).
List 1-PRISMA-based screening procedure and articles included 
	Records from GoogleScholar,  Scopus, Web of Science, CAB Abstract , Agricola etc.(n = 312) plus extra records found in reference lists, report and Thesis (n = 47) equal the total number of records found (n = 359)
↓
Screening after the removal of duplicate record (n)= 285
↓
Excluded records upon screening (n)=186
↓
Full text articles excluded based on other than English language articles, Full text not available, irrelevant topic on crop/species,Non-aromatic rice only, No nutrient comparison, Review/editorial only, Insufficient data

↓
Finally, the following papers were considered in the study: 
Article full text evaluated (n) = 99 
Excluded full text article (n) = 51 (Reasons: • Insufficient agronomic information ( n)=18
• Absence of cultivar information (n)=11),
• Absence of comparability between organic and inorganic materials (n)=14)  • A duplicate dataset (n)=5 • Restrictions on language and access(n) =3) 
		Serial No.
	Database
	Articles searched record identified
	Articles included in the study

	1
	Google Scholar
	145
	

Studies included in qualitative synthesis
(n = 48)



Studies included in quantitative summary
(descriptive comparison)
(n = 32)


	2
	CAB Abstract
	29
	

	3
	Agricola
	18
	

	4
	Web of Science
	34
	

	5
	Scopus
	52
	

	6
	Others  
	34
	

	7
	Additional records identified through:
• Reference lists
• Reports
• Theses

	47
	

	
	Total
	359
	





list.1 Methodical literature selection process and database synopsis for Comparative performance of traditional aromatic rice cultivars under organic and inorganic practices in West Bengal. The PRISMA-based screening procedure is shown in the left panel, which starts with 359 records found in major databases. Duplicate removal, abstract screening, and exclusion criteria are then applied, yielding 48qualitative synthesis publications. Based on the databases utilised in the review, the number of searched and included articles is summarised in the right panels.
Results and Discussion:
When compared to imbalanced or single nutrient applications, the results unequivocally demonstrated that integrated nutrient management (INM) significantly improved the field performance and productivity of aromatic rice. Farmers' use of unbalanced fertilizers (30:20:20 kg N:P₂O₂:K₂O ha⁻¹) was considerably lower than integrated methods. However, applying 80% of the recommended dose of nitrogen (RDN) through inorganic fertilizers (50:25:25 kg ha⁻¹) along with 20% of nitrogen from organic sources like farmyard manure (FYM) and mustard cake increased the productivity of grain yield and other yield-attributing characteristics of the aromatic cultivar "Kalonunia" (Fig.1). A more balanced nutrient supply throughout crop growth stages and improved nutrient utilization efficiency could be the causes of this improvement..Similarly, mixed organic nutrition sources like FYM + vermicompost and vermicompost + mustard cake outperformed single organic treatments in the cultivar "Gobindabhog" (Fig. 2). Split application of organic manures improved yield and yield-attributing characteristics by ensuring continuous nutrient availability during crucial growth stages. Combined organic sources may perform better because of synergistic effects that improve nutrient uptake and mineralization.
The performance of the cultivar "Tulaipanji," which demonstrated that organic nutrient management techniques, particularly vermicompost alone or in conjunction with FYM, outperformed chemical fertilizers, further supported the findings (Fig. 3). The maximum nutrient uptake (N, P, and K) and enhanced post-harvest soil fertility status were seen when 100% nitrogen was applied using vermicompost. Plots treated with vermicompost also showed increased nitrogen availability, whereas FYM increased the availability of phosphate and potassium. Plots that received solely chemical fertilizers, on the other hand, had the lowest residual soil fertility and nutrient uptake, highlighting the long-term drawbacks of using only inorganic fertilizers.These results closely align with previous research. In Gobindabhog rice, Ghosh et al. (2005) found decreased growth and yield indices with pure inorganic fertilization. According to Barik et al. (2011), the constant supply of nutrients and growth-promoting compounds from organic sources like vermicompost may be the cause of the improved performance under combined nutrition administration. The results of Yadav Lalji and Meena (2014) and Kumar et al. (2014) have been corroborated by numerous reports of increased uptake of N, P, and K with organic manure treatment (Virdia and Mehta, 2009; Sathish et al., 2011), which eventually contributed to enhanced yield characteristics and grain production.As noted by Jayaraman and Purushothaman (1988), the improvement in yield-attributing characteristics such panicle length under integrated treatments (e.g., 75% RDN + 25% vermicompost) further supports the significance of balanced nutrition in boosting crop yield. Vermicompost's positive impacts could be attributed to its ability to improve the physical characteristics of soil (Singh et al., 2024), increase microbial activity, and guarantee a gradual release of macro and micronutrients (Rehman et al., 2023; Tammam et al., 2023).Vermicompost aids in maintaining a balanced nutrient supply during various growth stages when paired with lower concentrations of artificial fertilizers (Hoque et al., 2022). Overall, the results demonstrate that an integrated strategy outperforms either organic or inorganic nutrient management on its own. A balanced combination of organic and inorganic fertilizer sources ensures improved soil health, improved nutrient availability, and greater fragrant rice production. Our findings strongly confirm Patra et al. (2026)'s conclusion that integrated nutrient management is the most sustainable strategy for raising crop yield while maintaining soil fertility and nutritional quality.
	
Fig 1. Effect of nutrient management on Yiled and yield attributing characters of aromatic
rice cultivar 'Kalonunia' (Pooled over two years).

i. Unbalanced fertilizer use by farmers (30 kg N/ha + 20 kg P2O5/ha + 20 kg K2O/ha); ii. T1; 80% RDN (RDF-50:25:25 kg/ha) from inorganic sources + 20% N from organic sources (mustard cake and FYM), 
ii. T2: 40% N from organic sources (mustard cake and FYM) with 60% RDN (RDF-50:25:25 kg/ha) from inorganic sources in a randomized block design with seven replications.
iii. DAT-Date After Transplanting
Sources :Paul, K et al., 2021

Fig 2.Effect of nutrient management on Yield and yield attributing characters of aromatic rice  
          cultivar 'Gobindabhog'.

i.  Vermicompost (VC) @ 50% RDN as basal + 50% RDN at 21 DAT (sole VC), mustard cake (MC) @ 50% RDN as basal + 50% RDN at 21 DAT (sole MC), FYM @ 50% RDN as basal + vermicompost @ 50% RDN at 21 DAT (FYM + VC), and vermicompost @ 50% RDN as basal + mustard cake @ 50% RDN at 21 DAT (FYM + MC).The recommended fertilizer dose of 50 kg N + 25 kg P + 25 kg K ha-1 and the actual nitrogen content in each manure were used to determine the amount of organic manures, such as FYM, vermicompost, and mustard cake. In the first and second years of the study, laboratory examinations of various manure samples prior to field application showed 0.5 and 0.6% N in FYM, 1.4 and 1.5% N in vermicompost, and 4.7 and 4.9% N in mustard cake, respectively.
ii. All data are the average of two years during wet season
Source :S. Banerjee et al., 2013

	
Fig 3. Effect of nutrient management on yield and yield attributing characters of aromatic rice 
cultivar 'Tulaipanji'

i. The well-established advantages of vermicompost, FYM, and their combination to soil health such as increased nutrient availability and improved soil structure, which are essential for sustainable agricultural practices justify their use in this study.
ii. The maximum plant uptake of NPK (59.13, 9.51, and 75.43 kg per ha, respectively, averaged over two growing seasons) was achieved by applying 100% nitrogen by vermicompost. The plots that received a split nitrogen application—50% vermicompost and 50% FYM—and those that received 100% nitrogen from FYM alone came next. The average nutrient uptake was lowest in plots treated with chemical fertilizers. Remarkably, plots treated with vermicompost showed the highest levels of average available nitrogen post-harvest (136.83 kg per ha), whereas plots receiving nitrogen exclusively from FYM showed the highest levels of average phosphorus (29.52 kg per ha) and average potassium (130.26 kg per ha). Chemically fertilized plots showed the lowest post-harvest nutrient availability.
Source :Patra, P. S et al., 2024
Conclusion:
The study definitely demonstrates that sustaining soil health and productivity in aromatic rice cultivation is less successful when depending solely on inorganic fertilizers. Organic nutrient sources such as FYM (Farm Yard Manure), vermicompost, and mustard cake are crucial for enhancing soil properties, boosting nutrient uptake, and maintaining grain quality. Integrated nutrition management, which integrates organic and inorganic sources, is the most effective strategy for boosting output and sustainability in West Bengal's aromatic rice production. When it came to nutrient uptake and residual soil fertility, vermicompost-based and combination organic treatments fared better than other methods. Therefore, adopting sustainable and balanced nutrient management strategies is necessary to increase the production, quality, and economic viability of aromatic rice while preserving soil health for future generations.
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Farmers’ practice 	Plant height at 84 DAT (cm)	No. tillers per M2	Panicle length (cm)	No. of Panicle/ m2	No. of filled grain/ Panicle	1000 grain weight (g)	Grain yield (t/ha)	131.54	287.52	24	259	95	13.3	2.0699999999999998	T1	Plant height at 84 DAT (cm)	No. tillers per M2	Panicle length (cm)	No. of Panicle/ m2	No. of filled grain/ Panicle	1000 grain weight (g)	Grain yield (t/ha)	128.8200000000005	292.87	25.9	274	103	13.2	2.36	T2	Plant height at 84 DAT (cm)	No. tillers per M2	Panicle length (cm)	No. of Panicle/ m2	No. of filled grain/ Panicle	1000 grain weight (g)	Grain yield (t/ha)	125.93	298.36	27.1	281	107.5	13.3	2.48	


Plant height (cm.)	Control	FYM @100% RDN as basal (sole FYM) 	VC @ 50% RDN as basal+ 50% RDN at 21 DAT (sole VC) 	MC @ 50% RDN as basal + 50% RDN at 21 DAT (sole MC) 	FYM @ 50% RDN as basal+VC @ 50% RDN at 21 DAT (FYM + VC)	FYM @ 50% RDN as basal + MC@50% RDN at 21 DAT (FYM + MC)	VC @ 50% RDN as basal + MC @ 50% RDN at 21 DAT (VC + MC) 	121.8	128.15	127.8	133.30000000000001	126.9	131.1	129.5	Ear bearing Tillers per M2	Control	FYM @100% RDN as basal (sole FYM) 	VC @ 50% RDN as basal+ 50% RDN at 21 DAT (sole VC) 	MC @ 50% RDN as basal + 50% RDN at 21 DAT (sole MC) 	FYM @ 50% RDN as basal+VC @ 50% RDN at 21 DAT (FYM + VC)	FYM @ 50% RDN as basal + MC@50% RDN at 21 DAT (FYM + MC)	VC @ 50% RDN as basal + MC @ 50% RDN at 21 DAT (VC + MC) 	286.5	327	327.5	376.5	350.5	362.5	347.5	Panicles per M2	Control	FYM @100% RDN as basal (sole FYM) 	VC @ 50% RDN as basal+ 50% RDN at 21 DAT (sole VC) 	MC @ 50% RDN as basal + 50% RDN at 21 DAT (sole MC) 	FYM @ 50% RDN as basal+VC @ 50% RDN at 21 DAT (FYM + VC)	FYM @ 50% RDN as basal + MC@50% RDN at 21 DAT (FYM + MC)	VC @ 50% RDN as basal + MC @ 50% RDN at 21 DAT (VC + MC) 	206.8	267.10000000000002	267.10000000000002	290.2	262.89999999999969	276.89999999999969	250	1000 grain weight (g)	Control	FYM @100% RDN as basal (sole FYM) 	VC @ 50% RDN as basal+ 50% RDN at 21 DAT (sole VC) 	MC @ 50% RDN as basal + 50% RDN at 21 DAT (sole MC) 	FYM @ 50% RDN as basal+VC @ 50% RDN at 21 DAT (FYM + VC)	FYM @ 50% RDN as basal + MC@50% RDN at 21 DAT (FYM + MC)	VC @ 50% RDN as basal + MC @ 50% RDN at 21 DAT (VC + MC) 	10.050000000000002	10.29	10.360000000000024	10.32	10.370000000000006	10.33	10.32	Grain yield (ton per ha.)	Control	FYM @100% RDN as basal (sole FYM) 	VC @ 50% RDN as basal+ 50% RDN at 21 DAT (sole VC) 	MC @ 50% RDN as basal + 50% RDN at 21 DAT (sole MC) 	FYM @ 50% RDN as basal+VC @ 50% RDN at 21 DAT (FYM + VC)	FYM @ 50% RDN as basal + MC@50% RDN at 21 DAT (FYM + MC)	VC @ 50% RDN as basal + MC @ 50% RDN at 21 DAT (VC + MC) 	1.7600000000000007	2.2200000000000002	2.21	2.68	2.42	2.63	2.48	



100% Nitrogen via Vermicompost	Effective tillers per M2	Length of Panicle (cm)	No. of grain per panicle	Filled grain per panicle	Test weight (g)	Grain yield (ton per ha)	242.07499999999999	23.49	86.64	76.989999999999995	13.62	2.2250000000000001	100% Nitrogen via farmyard manure (FYM)	Effective tillers per M2	Length of Panicle (cm)	No. of grain per panicle	Filled grain per panicle	Test weight (g)	Grain yield (ton per ha)	242.54499999999999	21.41	83.61	73.31	13.43	1.9850000000000001	50% Nitrogen each from Vermicompost and FYM	Effective tillers per M2	Length of Panicle (cm)	No. of grain per panicle	Filled grain per panicle	Test weight (g)	Grain yield (ton per ha)	251.035	21.95	83.89	74.25	13.450000000000006	2.08	Recommended dose of 50:25:25 kg NPK per ha	Effective tillers per M2	Length of Panicle (cm)	No. of grain per panicle	Filled grain per panicle	Test weight (g)	Grain yield (ton per ha)	219.66499999999999	20.830000000000005	79.679999999999978	71.239999999999995	13.41	1.825	






