Effect of plant density and nutrient management on growth of Chilli (Capsicum annuum L.) Bhubaneswar Odisha, India





Abstract
During the 2024–2025 rabi season, a field experiment titled "Effect of plant density and nutrient management on growth of Chilli (Capsicum annuum L.)" was conducted at the All India Coordinated Research Project (AICRP) on Vegetable Crops research farm at Odisha University of Agriculture and Technology (OUAT), Bhubaneswar, Odisha. It used a split plot design with two replications and fifteen different treatments with varying levels of plant density and fertiliser dosages to examine the growth of chilli. Three main plot factors (S1: 70 cm × 40 cm, S2: 50 cm × 50 cm, and S3: 50 cm × 30 cm) and five subplot factors (F1: 150:75:75 NPK kg ha-1, F2: 100:25:50 NPK kg ha-1, F3: 120:80:80 NPK kg ha-1, F4: 90:45:45 NPK kg ha-1, and F5: 100:100:100 NPK kg ha-1) were used in the treatments. 
Among growth measuresparameters, such as plant height (86.7 cm), number of primary branches (6.6 cm), flowering parameters, such as days to initial flowering (38.5 DAT), and yield-attributing data, such as fruit length (7.2 cm) and fruit girth (4.5 cm), the results showed a significant impact of spacing (50 cm × 50 cm) and dry fruit yield per plot (1.37 kg)  Fertiliser dose results showed that (150:75:75 NPK kg ha-1) significantly affected growth parameters, including plant height (94.3 cm), plant spread in N-S direction (3.9 cm), number of primary branches (8.5), leaf area (24.1 cm2), earliest 50% flowering (54.3 DAT), and yield attributes, including fruit length (7.2 cm), fruit girth (4.5 cm), highest number of fruits plant-1 (87.8), highest fresh fruit weight (5.2 g), and seeds fruit-1 (49.9) and dry fruit yield (1.4 kg) per plot. Plant height (102.7 cm), plant spread E-W (35.6 cm) and N-S (36.8 cm), number of primary branches (9.7), and flowering parameters (earliest initial and 50% flowering at 31.6 DAT and 52.1 DAT, respectively) were all best performed when 50 cm × 50 cm spacing was combined with 150:75:75 NPK kg ha-1. The following yield features were also observed under this treatment combination: fruit length (8.1 cm), fruit girth (4.8 cm), seed count (55.1), and highest fruits plant-1 (96.6) and dry fruit yield per plot (1.5 kg).
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ha-1 – Per hectare, DAT – Days after transplanting, kg – Kilogram, cm2 – centimetre square 








Introduction
Chilli (Capsicum annuum L.), which has chromosomal number 2n=24, belongs to the genus Capsicum and family Solanaceae. Both fresh and dried forms of chilli are consumed, and they are considered a vegetable (Bosland and Vostava, 2000). Chilli is used all throughout the world as a spice, garnish, and colouring agent. One of the high-value, commercial crops in our nation is chilli. India accounts for a quarter of global chilli production and is the world's largest producer, consumer, and exporter. Karnataka, Tamil Nadu, Odisha, Maharashtra, Rajasthan, and West Bengal are the countries in India that produce the most chillies (Bidari, 2000). Chilli is well-known for its strong colouring, pungency, and pleasant, aromatic flavour. It is one of India's most significant cash crops and a crop used for both vegetables and spices. Because oleoresin is extracted, it is utilised in industry. One of the best sources of antioxidants and vitamins, specifically A, C, and E, are green chilli fruits. These antioxidants in food prevent cancer and provide immediate pain relief. It is among the priciest commercial spices that India grows each year. The substance that gives chiles their pungency is capsaicin. Chilli has a high nutritional value while being a very expensive product. The food and beverage sectors have also become more interested in oleoresins, which provide a wider distribution of colour and flavour in food than chilli powder. Apart from its function as a culinary element, chilli is also utilised as medicine to treat a variety of illnesses. Regular usage of chillies encourages salivation, which supports effective digestion and normal blood circulation.
Review of Literature
Shimray et al. (2019) reported that the combination of 60 cm × 60 cm + 90:45:45 kg N, P2O5, and K2O ha-1 + 20 t FYM ha-1 provided the shortest time required for 50% flowering and fruiting, first flowering and fruiting, days to red ripe maturity, and maximum fruit length and girth for chillies. 60 cm × 90 cm + 150:75:75 kg N, P2O5, and K2O ha-1 + 10 t FYM ha-1 produced the highest fruit yield (1.45 kg plant-1) and the greatest quantity of fruits (185.13 plant-1).
For chilli cultivation, Das et al. (2024) found that the N:P: K treatment at 25:25:25 kg ha-1 and 60× 45 cm spacing was the most effective in terms of growth, plant height, days to first flowering, days to 50% flowering, number of fruits plant-1, average fruit weight, and yield hectare-1.
According to Jadhav et al. (2025), treating with 60×30 cm spacing and 100% RDF (150:50:50 kg NPK/ha) via drip produced the highest plant height, while 60×60 cm spacing and 100% RDF via drip produced the highest number of primary branches per plant, plant spread, fruits per plant, fruit length, and fruit breadth.
Singh et al. (2019) planted a Capsicum hybrid Mekong and discovered that the fruit weight, length, width, and pericarp thickness were significantly higher when the spacing was 60 cm by 30 cm and the NPK/m2 ratio was 19:19:19. In the same treatment, there was also an increase in fruit yield per plant, number of fruits per plant, and yield/m2.
According to Legese (2024), in chilli, the maximum number of leaves per plant (38.83) and branches per plant (12.67) were produced by 25 cm plant spacing and 125 kg/ha N fertiliser, while the highest plant height (52.00 cm) was created by 30 cm plant spacing and 100 kg/ha N fertiliser.

Materials and Methods
Chart 1 Experimental Details
Variety taken for study            :              BC-28	
Design of Layout		: 	Split Plot Design (SPD)
Number of Treatments	: 	15
Number of Replications	: 	2
Total no. of Plots		: 	30
Each plot size in Experiment:             Length :Length: 2.5m
Width	: 2m
Area				: 	150 m2






Cultural practices
Nursery raising
A nursery bed of 4 by 1 m was made once the soil had been fine-tuned. The bed was augmented with five kilogrammes of FYM. After properly levelling the bed, one treatment of seeds was sown in rows, with a 5-cm space between each seed. We utilised dried paddy straw as mulch. The nursery bed was regularly irrigated. The mulch was removed once the seeds sprouted, and weeds were prevented from growing in the beds. The bed was soaked with carbendazim 2g l-1 and steptocyclin 1g 10 l-1 on days 12 and 21 after sowing to guard against the "Damping off" illness that the seedlings might develop. At five weeks of age, healthy, uniform seedlings were moved into the main experimental plots.
Preparation of experimental plot
The experimental fields were fine-tilled using three ploughings and harrowing. Before the last harrowing, FYM was mixed into the soil at a basal dose of 10 tonnes/ha. The recommended dosage of fertiliser is 150:75:75 N:P:K kg ha-1, 120:80:80 N:P:K kg ha-1, 100:25:50 N:P:K kg ha-1 P:K kg ha-1, 90:45:45 N:P:K kg ha-1, and 100:100:100 N:P:K kg ha-1 were administered in five distinct plots, and the same procedure was repeated for each plot in the form of murate of potash, urea, and single super phosphate, respectively. While the entire amount of P was applied as a basis, N and K were applied in three equal splits during crop growth.
Transplanting and after care
Three spacings were maintained when transplanting five-week-old seedlings in the main field: 70 cm by 40 cm, 50 cm by 50 cm and 50 cm by 30 cm from row to row and plant to plant, respectively. Each of the five recommended fertiliser dosages was assigned to each spacing. After transplanting, light irrigation was started right away, and plant protection measures were implemented based on necessity to produce a healthy crop free from pests and diseases.

Biometric observations
Sampling procedure
Five randomly selected plants were taken from each treatment combination from both replications and tagged.




	Treatments
	Spacing (cm)
	Nitrogen (kg/ha)
	Phosphorous (kg/ha)
	Potassium (kg/ha)

	S1F1
	70×40
	150
	75
	75

	S1F2
	70×40
	100
	25
	50

	S1F3
	70×40
	120
	80
	80

	S1F4
	70×40
	90
	45
	45

	S1F5
	70×40
	100
	100
	100

	S2F1
	50×50
	150
	75
	75

	S2F2
	50×50
	100
	25
	50

	S2F3
	50×50
	120
	80
	80

	S2F4
	50×50
	90
	45
	45

	S2F5
	50×50
	100
	100
	100

	S3F1
	50×30
	150
	75
	75

	S3F2
	50×30
	100
	25
	50

	S3F3
	50×30
	120
	80
	80

	S3F4
	50×30
	90
	45
	45

	S3F5
	50×30
	100
	100
	100


Table-1 Details of the treatments used in the Experiment
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Table 2:  Replications Used in the Experiment


Results and Discussions
The response of the characters to different treatments was examined using analysis of variance. Plant height, number of primary branches plant-1, plant spread, number of flowers cluster-1, number of fruits plant-1, fruit length, fruit girth, average fruit weight, number of seeds fruit-1, fruit yield per plot, dry fruit yield per plot, leaf area, particularly for sub plot (fertiliser dose), and the interaction effect (spacing × fertiliser dose) were all found to differ significantly and noticeably from one another, with the exception of the main plot (spacing).
The CV% values, which were well below 10%, demonstrated a high level of experimental precision throughout the study. Specifically, the main plot factor (spacing) had a CV of plant height (4.59%), number of primary branches plant-1 (8.60%), plant spread E-W (1.80%), plant spread N-S (4.37%), number of flowers cluster-1 (8.71%), number of fruits plant-1 (3.50%), fruit length (8.11%), fruit girth (5.07%), average fruit weight (7.25%), number of seeds fruit-1 (5.75%), fresh fruit yield plot-1 (9.55%), dry fruit yield plant-1 (6.47%) and the sub plot factors (fertilizer) and the interaction effects had a CV of plant height (4.36%), number of primary branches plant-1  (5.61%), plant spread E-W (3.03%), plant spread N-S (1.42%), number of flowers cluster-1 (7.46%), number of fruits plant-1 (2.85%), fruit length (2.69%), fruit girth (2.27%), average fruit weight (4.84%), number of seeds fruit-1 (3.14%), fruit yield plot-1 (3.85%), dry fruit yield plot-1 (3.31%).
Fertiliser and plant density had a major impact on the, productivity, and growth of chillies. The tallest plants (86.7 cm), most branches (6.6 plant⁻¹), and maximum dry fruit production per plant (70.7 g) were produced with medium spacing (50 × 50 cm). With the maximum plant height (94.3 cm), leaf area (24.1 cm²), number of fruits (87.8), seeds (fruit) (49.9), and fruit length (7.2 cm), F1 (150:75:75 NPK kg ha⁻¹) produced the highest mean yield (70.7 g plant⁻¹ and 1.4 kg plot⁻¹) among fertilisers. Significant interaction effects were observed; S2F1 (50 × 50 cm + 150:75:75 NPK kg ha⁻¹) produced the tallest plants (102.7 cm), largest leaf area (25.7 cm²), greatest seed count (55.1 fruit⁻¹), and maximum dry fruit yield per plant (77.7 g) and per plot (1.5 kg).
The study showed that the best spacing for vegetative growth, flowering, and yield was 50 50 cm. This was in line with previous findings by Bosland and Vostava (2000), Gare et al. (2001), and Omari et al. (2023) because it produced an ideal balance of plant population and resource utilisation. The fertiliser dose F1 (150:75:75 NPK kg ha⁻¹) improved plant height, branching, fruit characteristics, and yield because of increased nitrogen availability, supporting the findings of Khanal et al. (2021), Legese (2024), and Narendra (2019). According to Sharma & Sharma (2024) and Shimray et al. (2019), the earliest flowering under F2 (100:25:50 NPK kg ha⁻¹) demonstrated the function of moderate nitrogen in accelerating reproductive phase.
Increased fruit length, seed count, and yield under F1 were consistent with Bharamappa et al. (2009) and Bunde et al. (2021). According to Yadav et al. (2023) and Sharmin (2018), balanced nutrition also enhanced flowering and fruit set. Additionally, increased leaf area and biomass accumulation under optimal fertilisation support the findings of Ramakrishna & Palled (2005), Babanjeet et al. (2022), and Kusumiyati et al. (2022). As a result, the S2F1 (50 × 50 cm + 150:75:75 NPK) interaction impact was superior, confirming previous findings that resource-use efficiency and chilli productivity are maximised by a balanced NPK supply with moderate spacing.
Conclusion
The study showed that nutrient management and plant density have a significant impact on chilli growth, production, and financial returns. The combination S2F1 (50 × 50 cm spacing with 150:75:75 NPK kg ha⁻¹) produced the highest yield, the best growth, and the most profitability out of all the treatments. To improve yield, fruit quality, and financial efficiency in chilli production, a moderate plant density along with the right amount of fertiliser is advised.
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