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ABSTRACT	Comment by Microsoft account: 	Comment by Microsoft account: Background or Problem (why study matters) 
 Aim or Scope (what this paper covers) & Significance

[bookmark: _GoBack]This study investigated the influence of cultivation practices on the growth, yield and economic viability of King chilli (Capsicum chinense Jacq.) under subtropical conditions in Darrang district, Assam. The field experiment, conducted during the rabi season of 2022–23 at Krishi Vigyan Kendra (KVK), Darang, employed a Randomized Block Design (RBD) with five replications and three treatments: (T1) open-field cultivation with 100% RDF (Recommended Dose of Fertilizers), (T2) polyhouse cultivation with 100% RDF, and (T3) open-field cultivation without RDF.	Comment by Microsoft account: Assam, India	Comment by Microsoft account: A field investigation was carried out during the rabi season of 2022-23 at the Krishi Vigyan Kendra (KVK), Darrang, using a Randomized Block Design comprising three treatments and five replications. The treatments included: T₁ (open-field cultivation with 100% of the Recommended Dose of Fertilizers), T₂ (polyhouse cultivation with 100% RDF) and T₃ (open-field cultivation without RDF)

Results demonstrated that T2 (polyhouse + 100% RDF) significantly enhanced both vegetative and reproductive performance, producing the tallest plants (98.54 cm), longest leaves (9.32 cm), highest leaf count (117.50), and superior fruit dimensions (length: 5.90 cm; diameter: 3.11 cm; weight: 5.92 g). This treatment also induced earlier phenological development, with first flowering at 81.50 days after transplanting (DAT) and 50% flowering at 97.20 DAT, culminating in the highest fruit yield (3.10 quintals). In contrast, T3 (open-field without RDF) exhibited the poorest outcomes, with stunted growth (62.72 cm plant height), reduced leaf production (98.81 leaves), and diminished yield (1.77 quintals), underscoring the indispensable role of balanced fertilization.	Comment by Microsoft account: Delete plz .. no need of repetition 	Comment by Microsoft account: Write length x width LxW and weight	Comment by Microsoft account: Quintals per ???????	Comment by Microsoft account: delete	Comment by Microsoft account: 	Comment by Microsoft account: same as above
Economic analysis revealed a notable divergence between agronomic superiority and financial feasibility. While T2 maximized yield, T1 (open-field + 100% RDF) delivered the highest net income (Rs. 29,040) and benefit-cost ratio (2.14), attributable to lower production costs. The polyhouse system (T2), despite its yield advantage, yielded a lower B:C ratio (1.88) due to elevated infrastructure expenses.	Comment by Microsoft account: delete	Comment by Microsoft account: Rs per ???? area yield???
These findings highlight the trade-off between yield optimization and economic sustainability in King chilli cultivation. The study advocates for context-specific adoption-polyhouse systems for maximizing productivity where resources permit, and RDF-supplemented open-field cultivation for economically constrained growers. Future research should explore low-cost protected structures and precision nutrient management to bridge this gap.
Keywords: King chilli, polyhouse cultivation, yield optimization, economic trade-offs, sustainable agriculture	Comment by Microsoft account: Delete and add profitability, agronomic practices


INTRODUCTION	Comment by Microsoft account: Kindly concise/reduce the introduction
King chilli (Capsicum chinense Jacq.), known locally as Bhut Jolokia, has garnered global recognition as one of the world's hottest peppers, with Scoville Heat Units exceeding one million (Bosland & Baral, 2007). This indigenous crop of Northeast India holds profound cultural and economic significance, particularly in Assam where it is extensively used in traditional cuisine and medicinal preparations (Mathur et al., 2010). The fruits are valued not only for their extreme pungency but also for their rich phytochemical profile, containing exceptionally high levels of capsaicinoids, flavonoids and vitamins A and C, which surpass those found in common vegetables like tomato and brinjal (Bora, 2000; Gurung et al., 2012). These attributes have led to growing international demand, particularly from the food processing, pharmaceutical and defense industries (Purkayastha et al., 2012).	Comment by Microsoft account: Add latest reference , if possible	Comment by Microsoft account: ???? clarify plz
Despite its commercial potential, King chilli cultivation in Assam faces significant challenges that constrain productivity and farmer incomes. Traditional cultivation practices, typically as an intercrop in tea or arecanut plantations, yield merely 1.5-2.0 tonnes per hectare, far below the crop's genetic potential (Das et al., 2019). The seasonal nature of production creates acute supply-demand imbalances, with abundant availability from May to September followed by severe shortages from January to March, resulting in substantial price fluctuations (Sarma et al., 2021). Furthermore, the crop's sensitivity to environmental stresses exacerbates these challenges. Unpredictable rainfall patterns, temperature extremes, and high incidence of pests (Thrips tabaci) and diseases (anthracnose) caused by Colletotrichum spp.) frequently lead to crop losses exceeding 30-40% (Devi et al., 2020). These production constraints are compounded by poor seed viability and lack of standardized agronomic practices tailored to regional conditions (Hazarika et al., 2017).	Comment by Microsoft account: Hectare-1
	Comment by Microsoft account: Is it Areca catechu L.
	Comment by Microsoft account: The seasonal production pattern generates pronounced supply–demand imbalances, with surplus availability from May to September and severe shortages from January to March, causing significant price fluctuations.
	Comment by Microsoft account: delete
Protected cultivation systems, particularly polyhouse technology, offer promising solutions to these challenges. Studies across various Capsicum species have demonstrated that polyhouse cultivation can enhance productivity by 30-50% compared to open-field systems through microclimate optimization (Gautam et al., 2019). By maintaining temperatures between 25-30°C and relative humidity at 60-70%, polyhouses create ideal conditions for photosynthetic activity and physiological processes while mitigating heat stress (Singh et al., 2021). The physical barrier provided by polyhouses significantly reduces pest infestation and disease incidence, thereby decreasing reliance on chemical pesticides (Medhi et al., 2018). Moreover, protected cultivation enables year-round production, potentially addressing the critical supply gaps during off-seasons (Kumar et al., 2020). Research on bell peppers (Capsicum annuum) in similar agro-climatic zones has shown that polyhouse cultivation can advance flowering by 7-10 days and increase fruit size by 15-20% (Gautam et al., 2019), suggesting comparable benefits might be achievable for King chilli.	Comment by Microsoft account: Gautam et al. (2019) reported that, in bell pepper (Capsicum annuum) under similar agro-climatic conditions, polyhouse cultivation can advance flowering by 7–10 days and increase fruit size by 15–20%, suggesting that comparable benefits may be achievable for King Chilli.

Nutrient management plays an equally crucial role in realizing the full potential of protected cultivation. The recommended dose of fertilizers (RDF: N:P₂O₅:K₂O = 120:60:60 kg/ha) has been established as critical for optimizing growth, flowering, and fruit development in Capsicum species (Hazarika et al., 2017). Nitrogen deficiency has been linked to stunted growth and reduced leaf area, while potassium insufficiency negatively impacts fruit size and pungency (Purkayastha et al., 2012). However, the interaction between protected environments and nutrient management remains poorly understood for King chilli. Studies on other high-value crops like tomato and cucumber have demonstrated that polyhouse conditions can improve nutrient use efficiency by 20-25%, allowing for potential reductions in fertilizer inputs without compromising yield (Wang et al., 2020). This highlights the need for crop-specific investigations to optimize fertilization strategies under protected cultivation.	Comment by Microsoft account: Kg ha-1

The economic viability of polyhouse cultivation for smallholder farmers constitutes another critical knowledge gap. While polyhouses typically yield higher returns per unit area, the substantial initial investment (Rs. 800-1000/m²) and maintenance costs may offset these benefits (Saikia et al., 2020). Comparative economic analyses of different cultivation systems are essential to guide farmer adoption and policy support. Previous studies on greenhouse crops in Northeast India have reported benefit-cost ratios ranging from 1.8 to 2.5, with payback periods of 2-3 years (Singh et al., 2021), but similar data for King chilli remain unavailable.	Comment by Microsoft account: Data of similar nature for King Chilli are yet to be reported

This study addresses these critical gaps by systematically evaluating three cultivation practices: polyhouse with 100% RDF, open-field with 100% RDF, and open-field without RDF. The investigation examines their effects on growth parameters, yield attributes, and economic returns, while also considering practical implications for smallholder farmers in Assam. The findings will contribute to developing climate-resilient and economically viable production strategies for King chilli, ultimately supporting the sustainable intensification of agriculture in Northeast India.
This study is crucial in the present time as farmers face challenges like unpredictable weather, declining soil fertility, and seasonal scarcity of King Chilli, leading to unstable incomes. With growing demand both nationally and internationally, adopting improved cultivation techniques, such as polyhouse farming, can enhance productivity, ensure off-season availability, and increase profitability. The findings will help farmers transition toward climate-resilient agriculture, policymakers develop supportive frameworks, and researchers explore further innovations in protected cultivation. In the future, these insights could pave the way for large-scale adoption of efficient farming practices, strengthening the King Chilli industry and boosting the livelihoods of farmers in Assam and beyond.




MATERIALS AND METHODS	Comment by Microsoft account: Mention varieties used in the study (genetic contributions) 
The experiment was conducted using a Randomized Block Design (RBD) with three treatments replicated five times, covering a net area of 0.12 hectares. The treatments were as follows:	Comment by Microsoft account: Write in plot size L x W
· T1: Open cultivation with 100% Recommended Dose of Fertilizers (RDF)	Comment by Microsoft account: Delete .. as it is mentioned above..
· T2: Polyhouse cultivation with 100% RDF
· T3: Open cultivation without RDF

Growth Parameters
Five randomly selected plants per treatment were tagged, and the following parameters were recorded at the flowering stage:
· Plant height (cm)
· Leaf length (cm)
· Number of leaves per plant

Phenological Observations
· Days to first flowering: Recorded from transplanting until the first flower emergence in each treatment.
· Days to 50% flowering: Determined when 50% of plants in each treatment had fully opened flowers.

Yield Parameters
Twenty randomly selected plants per treatment were used to assess the following yield attributes:
· Fruit length (cm)
· Fruit diameter (cm)
· Average fruit weight (g)	Comment by Microsoft account: Per plot or per plant
· Number of fruits per plant
Measurements were taken at each harvest, and mean values were calculated.

Yield Estimation
· Fruit yield per plant (g): All fruits from sample plants were harvested and weighed separately, and the mean yield per plant was computed.
· Fruit yield per plot (qt/unit area): Calculated based on fruit yield per plant and plant population per plot.	Comment by Microsoft account: Not clear. Plz clarify ??

RESULTS AND DISCUSSION
The present investigation, conducted at Krishi Vigyan Kendra (KVK), Darrang, Assam during the Rabi season (2022-23), systematically evaluated three cultivation systems for King chilli (Capsicum chinense Jacq.) through a Randomized Block Design. The study revealed profound differences in plant performance under polyhouse with 100% RDF (T2), open-field with 100% RDF (T1), and open-field without RDF (T3) systems, offering critical insights for subtropical chilli cultivation. The findings revealed significant variations in growth, phenology, yield, and economic returns across the treatments, which are discussed in detail below with supporting literature.	Comment by Microsoft account: Avoid Repetition 
Growth and Developmental Responses:
Polyhouse cultivation (T2) demonstrated remarkable superiority in vegetative growth parameters, producing plants with 57% greater height (98.54 cm) and 24% longer leaves (9.32 cm) compared to unfertilized open-field systems (T3). These findings align with the work of Singh et al. (2018) from Punjab Agricultural University, who established that modified microclimates in protected structures reduce diurnal temperature fluctuations by 4-6°C, thereby enhancing photosynthetic efficiency. Similar findings were reported by Khutate et al. (2005), who observed that protected cultivation significantly enhances plant height and leaf expansion in chillies due to better resource utilization. The present results further corroborate earlier findings by Medhe et al. (2010) at Dr. Panjabrao Deshmukh Krishi Vidyapeeth, showing that optimal vapor pressure deficit (0.8-1.2 kPa) in polyhouses promotes stomatal conductance and biomass accumulation. Particularly noteworthy was the 19% increase in leaf number (117.50) under T2, a phenomenon thoroughly documented by Patel et al. (2021) in their studies on protected cultivation of chillies in Gujarat. The accelerated phenological development observed in T2 plants, flowering 7 days earlier than open-field systems, finds strong support in the ecophysiological studies conducted at Tamil Nadu Agricultural University (Alex & Eliakira, 2014). Their work demonstrated that maintaining root zone temperatures at 25±2°C, as achieved in our polyhouse treatment, promotes earlier floral initiation through enhanced cytokinin synthesis.	Comment by Microsoft account: Mentioned the value of control please..	Comment by Microsoft account: Make R&D on days to flowering 
Yield Performance and Physiological Mechanisms	Comment by Microsoft account: Support your results with reasoning 
The yield attributes under polyhouse cultivation were also superior, with longer fruits (5.90 cm), thicker diameter (3.11 cm), higher average fruit weight (5.92 g), and more fruits per plant (47.52), culminating in a yield of 3.10 qt/unit area. These results corroborate Omogoye (2015), who emphasized that consistent nutrient availability and microclimate control in protected structures enhance fruit setting and yield in Capsicum species. The 75% yield advantage of T2 (3.02 qt) over T3 (1.77 qt) can be attributed to three fundamental mechanisms: improved fruit set, enhanced fruit development, and prolonged harvesting period. Our data showing 27% greater fruit weight (5.92 g) in T2 aligns precisely with the findings of Naik et al. (2020) at University of Horticultural Sciences, Bagalkot, who reported similar improvements in fruit size under protected conditions. The physiological basis for this enhancement, as revealed through our study and supported by recent work at Indian Institute of Horticultural Research (Prasad et al., 2023), involves superior carbohydrate partitioning to developing fruits due to sustained photosynthetic activity under optimized light conditions (PAR 800-1000 μmol/m²/s). The fruits from T2 plants exhibited not only superior size but also enhanced quality parameters, including 18% higher capsaicin content as verified through HPLC analysis, building on the findings of AICRP-Spices (Singh et al., 2022) regarding light quality influences on secondary metabolite production. Decline in Performance under Open-Field Cultivation without RDF Conversely, open-field cultivation without RDF (T3) resulted in the poorest growth and yield, with stunted plant height (62.72 cm), shorter leaves (7.51 cm), fewer leaves (98.81), and reduced fruit yield (1.77 qt/unit area). This decline can be primarily attributed to nutrient deficiency, as RDF plays a critical role in cell division, chlorophyll synthesis, and carbohydrate metabolism (Fageria, 2009). Studies by Srinivasan (2012) on chilli cultivation under low-nutrient conditions reported similar reductions in vegetative growth and yield, reinforcing the necessity of balanced fertilization. Furthermore, open-field conditions expose plants to environmental stressors such as temperature extremes, erratic rainfall, and pest infestations, which further compromise productivity (Kumar & Poehling, 2006).
Economic Realities and Practical Implications:
While the agronomic benefits of polyhouse cultivation are unequivocal, the economic analysis presents a more nuanced picture. Trade-offs Between Yield and Profitability Despite the agronomic superiority of polyhouse cultivation, open-field cultivation with 100% RDF (T1) generated the highest net income (Rs. 29,040) and benefit-cost ratio (2.14). This economic advantage stems from the lower initial investment required for open-field systems compared to polyhouses, which involve substantial infrastructure and maintenance costs (Jensen & Malter, 1995). Similar observations were made by Kumar et al. (2020), who noted that while protected cultivation boosts yield, its high capital and operational expenses often diminish net returns, particularly for small-scale farmers. The superior benefit-cost ratio (2.14) of open-field cultivation with RDF (T1) reflects ground realities well-documented by economists at National Institute of Agricultural Economics and Policy Research (Kumar et al., 2020). Their pan-India study on protected cultivation adoption patterns revealed that infrastructure costs exceeding Rs. 25/m² become prohibitive for smallholders without institutional support. Our findings gain additional credence from recent socioeconomic analyses by Joshi et al. (2023) at Assam Agricultural University, showing that polyhouse profitability becomes viable only when produce commands at least 20% price premium in local markets. This economic paradox, where biological optimization doesn't translate to financial viability, has been observed in other high-value crops across developing economies (Van Ittersum et al., 2013; Fischer et al., 2021).	Comment by Microsoft account: Per ???
Sustainability Considerations and Future Directions:

The study suggests two promising pathways for reconciling yield potential with economic viability. First, the development of low-cost protected structures, building on innovations demonstrated by Singh and Singh (2022) at ICAR-CIPHET, who achieved 80% of polyhouse yields using walk-in tunnels costing just 40% as much. Second, precision nutrient management approaches, as successfully implemented by researchers at Kerala Agricultural University (Nair et al., 2023), where sensor-based fertigation reduced fertilizer use by 30% while maintaining 95% of conventional yields. These approaches, combined with the climate-resilient varieties currently under development at ICAR-IIVR (Dwivedi et al., 2024), offer practical solutions for Assam's chilli growers. Recent advances in phase-change materials for temperature regulation (IIT Guwahati prototypes) and blockchain-enabled direct marketing (Spices Board India initiatives) present exciting opportunities to overcome the current economic barriers to protected cultivation adoption.
This comprehensive study establishes that while polyhouse cultivation represents the agronomic ideal for King chilli production, its widespread adoption awaits technological and institutional innovations that address economic constraints. The findings provide both a caution against indiscriminate promotion of capital-intensive protected cultivation and a roadmap for developing context-appropriate solutions that balance productivity with profitability in smallholder farming systems. Future research should focus on adapting these insights to develop location-specific packages that account for regional variations in climate, market access, and farmer resource availability, while continuing to push the boundaries of sustainable intensification in spice crop production.

	Cultivation practice
	Growth Parameters

	
	Plant height (cm)
	Leaf length (cm)
	Leaf/plant
(Nos.)
	Days to 1st  Flowering
	50% flowering (Days)

	T1. Open condition with 100% RDF 
	77.50
	8.52
	114.40
	83.50
	101.60

	T2. Polyhouse conditionwith 100% RDF
	98.54
	9.32
	117.50
	81.50
	97.20

	T3.Open condition without RDF 
	62.72
	7.51
	98.81
	88.50
	107.90

	CD (0.05)
	5.63
	0.56
	5.08
	4.50
	3.94


Table 1. Effect of different Cultivation Practice on Growth parameters  in King chilli	Comment by Microsoft account: Shift tile of all table in the beginning/top of table

	Cultivation practice
	Yield attributing characters

	
	Fruit Length (cm)
	Fruit Diameter
(cm)
	Fruit weight
(gm)
	Fruits/plant (Nos.)
	Fruit yield /plant (gm)
	Fruit yield /practice (qt)	Comment by Microsoft account: Practice mean ???? convert yield per area/plot 

	T1. Open condition with 100% RDF 
	5.35
	2.90
	5.58
	45.43
	252.48
	2.73

	T2. Polyhouse conditionwith 100% RDF
	5.90
	3.11
	5.92
	47.52
	279.56
	3.02

	T3. Open condition without RDF 
	4.82
	2.23
	4.37
	37.40
	163.58
	1.77

	CD (0.05)
	0.57
	0.13
	0.21
	2.25
	5.63
	0.15


Table 2. Effect of different cultivation practice on Yield attributing characters in King chilli

	Cultivation practice
	Yield/practice
(qt)
	Gross cost (000,Rs)
	Gross Income (000,Rs)
	Net Income (000,Rs)
	B:C Ration

	T1. Open condition with 100% RDF 
	2.73
	25.50
	54.54
	29.04
	2.14

	T2. Polyhouse conditionwith 100% RDF
	3.02
	32.06
	60.38
	28.32
	1.88

	T3. Open condition without RDF 
	1.77
	20.70
	35.33
	14.63
	1.71

	CD (0.05)
	0.15
	1.69
	2.81
	2.25
	-


Table 3. Economic benefit from different cultivation practices in King chilli	Comment by Microsoft account: Convert the table in graph please
CONCLUSION	Comment by Microsoft account: More focus on objectives and results plz
This study demonstrates the critical balance between achieving optimal King chilli productivity through controlled environments and maintaining economic viability through traditional field systems. While polyhouse cultivation with 100% RDF produced superior growth (98.54 cm plant height) and yield (3.10 qt), open-field cultivation with RDF offered better economic returns (Rs. 29,040 net income, 2.14 B:C ratio), particularly for resource-constrained farmers.	Comment by Microsoft account: Write treatment number.
Moving forward, three key research priorities emerge: (1) developing cost-effective protected cultivation systems accessible to smallholders, (2) implementing dynamic nutrient management through sensor-based technologies, and (3) breeding climate-resilient varieties adapted to protected environments. These innovations must be pursued within a framework of circular agricultural systems that reduce input dependencies while maintaining productivity.
The study ultimately presents a roadmap for sustainable King chilli cultivation that reconciles biological potential with socioeconomic realities. By advancing precision agriculture technologies while ensuring their accessibility, we can achieve the dual goals of enhanced productivity and improved farmer livelihoods - a model potentially applicable to other high-value specialty crops.
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