Interactive effects of nitrogen levels and plant spacing on yield and quality of cauliflower (Brassica oleracea var. botrytis L.) in the Balaghat Region of Madhya Pradesh

[bookmark: _GoBack]ABSTRACT
Under the agroclimatic conditions of Balaghat, Madhya Pradesh, a field experiment was carried out to investigate the effects of varying nitrogen levels and plant spacing on cauliflower (Brassica oleracea var. botrytis L.) growth, production and quality. Three nitrogen levels (100, 200, and 300 kg ha⁻¹) and three spacing levels (45 × 45 cm, 60 × 45 cm, and 60 × 60 cm) were set up in a factorial combination for the experiment. The findings showed that vegetative growth indices such plant height, number of leaves per plant and plant spread were greatly improved by raising nitrogen levels. The interplay of nitrogen levels and spacing also had a substantial impact on yield parameters, such as curd weight and diameter.
After applying 300 kg of nitrogen ha⁻¹ at 60 × 60 cm intervals, the maximum curd diameter (24.11 cm), curd weight (577.65 g) and total soluble solids (7.2 °Brix) were measured. Higher nitrogen levels and wider spacing boosted nutrient absorption and decreased interplant competition, increasing cauliflower output and quality. Therefore, it was discovered that the best way to maximize cauliflower production and quality in Balaghat conditions was to apply 300 kg nitrogen ha⁻¹ with 60 × 60 cm spacing.
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INTRODUCTION
Cauliflower (Brassica oleracea var. botrytis L.) is the most popular vegetable crop among cole crops belong to the family cruciferae having chromosome no. 2n = 14. The word cauliflower is derived from the Latin words “Caulis” meaning stalk and “floris” meaning flower. (Gocher et al., 2017) reported that cauliflower is being grown round the year for its white and tender curd. The success or failure of cauliflower production largely depends upon climate, especially temperature (Hossain et al., 2015). It is low in fat but high in dietary fiber, folate, water, vitamin C and possessing a high nutritional density. Cauliflower contains several phytochemicals that may be beneficial to human health (Madumathi et al., 2017).  The popularity and consumption of Cauliflower is increasing because of their nutritional value. It is a high-value crop and contains substantial amount of protein, carbohydrates, phosphorus, calcium, iron and ascorbic acid (Devi et al., 2018). In India the cultivated area for cauliflower in India spans 0.48 million hectares, resulting in a total production of 9.53 million metric tonnes and a productivity rate of 19.6 metric tonnes per hectare (National Horticulture Board- 2021- 22).
Being a heavy feeder crop, the role of macronutrients (NPK) and micronutrients (boron, zinc, and molybdenum) is inevitable for the luxuriant growth and higher yield of cauliflower. The nitrogen requirement in cauliflower is much higher than other nutrients (Singh et al., 2015). Nitrogen is directly related to the vegetative growth and curd development of cauliflower, as it is involved in several physiological processes and enzymatic activities. Nitrogen is integral to chlorophyll, protoplasm, proteins, nucleic acids and enzymes (Yeshiwas, 2017). Thus, N should be applied at the optimum dose to avoid toxicity and deficiency and to reduce production costs. Nitrogen deficiency checks growth and reduces the yield significantly (Sharma V 2016). Nitrogen deficiency in plants results in poor plant performance with stunted growth, leaf discoloration, interveinal yellowing, chlorosis, acceleration of the reproductive stage, and senescence. On the other hand, the excessive application of nitrogen is not only uneconomical but also stimulates vegetative growth, induces physiological disorder, negatively affects the nutritional value by limiting the synthesis of sugar and enhancing nitrate accumulation, high nitrogen leaching from soil and environmental pollution (Johnson et al., 2021). High nitrogen applications have been shown to reduce the vitamin C content (Lee et al., 2000), and increasing nitrogen content from 80 to 120 kg/ha was reported to decrease the vitamin C content by seven percent in cauliflower and broccoli (Lisiewska et al., 1996). Similarly, the varietal response to nitrogen fertilization may be different, different varieties have specific requirements for nitrogen. Hence, a balanced dose of nitrogen application and the selection of suitable varieties are crucial for the commercial production of cauliflower. Lack of nitrogen causes stunted growth or leaves discoloration in cauliflower. Its deficiency also causes interveinal yellowing, rolling of leaves, chlorosis and necrosis and it also checks the growth, reduces the yield (Rani et al., 2015).  
Plant spacing is an important criterion for attaining maximum vegetative growth and for maximizing the yield (Ullah et al., 2013). Optimum spacing ensures judicious use of natural resources and makes the intercultural operation easier as suggested by (Hasan et al., 2017). The spacing of crop varied according to climatic condition, soil fertility and cultivar adaption to particular region. (Bairwa et al., 2017) reported that under the wider spacing, the plant was more vigorous in terms of growth of plants, which may be due to less competition for light, nutrients and moisture as compared to closer spacing. On the other hand, densely planted crop obstructs the proper growth and development as reported (Sani et al., 2018).  
MATERIALS AND METHODS
The experiment was laid out in Factorial Randomized Block Design (FRBD) with 09 treatments and three replications. For this purpose, 27 plots were made in Horticulture Research Farm, School of Agriculture Science, Technology and Research, Sardar Patel University, Balaghat (M.P.) during fourth week of July in the year of 2023. Balaghat District is located the south-eastern portion of the Satpura Range and the upper valley of the Wainganga River. The district extends from 21°19’ to 22°24’ north latitude and 79°31’ to 81°30’ east longitude.
The experiment consisted of two factors such as Factor A: Nitrogen levels, N1: 100 Kg/ ha, N2: 200Kg/ha, N3: 300 Kg/ ha and Factor B: Spacing, S1: 45×45 cm2, S2: 60×45 cm2 and S3: 60×60 cm2. There were 09 treatment combinations such as N1S1, N1S2, N1S3, N2S1, N2SS2, N2S3, N3S1, N3S2 and N3S3. The seeds of cauliflower cultivar ‘Golden-75’ were sown on well-prepared raised nursery beds on October 13, 2023. The experimental Farm was ploughed followed by clod breaking, hoeing and levelling. Vigorous seedlings were transplanted into field on November 07, 2023. All appropriate cultural practices including weeding, watering, hoeing and insect-pest control were timely performed. Urea was used as source of nitrogen fertilizer. 
Observations on different growth and yield attributing characters were recorded from six randomly selected plants from each replication to find out the significance difference of nitrogen fertilization and spacing on growth and yield contributing characters of cauliflower. The experimental data for various observations were analysed by fisher’s method of analysis of variance (ANOVA) as per outlined by (Panse and Sukhatme, 1967). The data were analysed and are presented at the 5% level of significance.
RESULTS AND DISCUSSION
The results revealed that different levels of nitrogen and plant spacing exerted a pronounced effect on growth, yield, and quality parameters of cauliflower.
Growth Parameters
Plant height at harvest increased with increasing nitrogen levels across all spacing treatments. The maximum plant height (61.10 cm) was recorded under T3 (45 × 45 cm + 300 kg N ha⁻¹), followed by T6 (60 × 45 cm + 300 kg N ha⁻¹; 59.12 cm) and T9 (60 × 60 cm + 300 kg N ha⁻¹; 57.84 cm). Lower nitrogen treatments recorded comparatively reduced plant height.
The number of leaves per plant showed a progressive increase with higher nitrogen doses and wider spacing. The highest number of leaves per plant (26.32) was observed in T9, followed by T6 (24.91) and T3 (24.84).
Yield Attributes
Curd diameter was significantly influenced by nitrogen levels and spacing. The highest curd diameter (24.11 cm) was obtained in T9, followed by T6 (23.68 cm) and T3 (22.90 cm).
Curd weight also increased with increasing nitrogen levels and wider spacing. The maximum curd weight (577.65 g) was recorded in T9, followed by T6 (564.51 g) and T3 (532.54 g).
Quality Parameter
Total soluble solids (TSS) content of curd increased with increasing nitrogen levels and wider spacing. The highest TSS value (7.2 °Brix) was recorded in T9, followed by T8 (6.9 °Brix) and T6 (6.8 °Brix).
The increase in plant height observed with higher nitrogen levels may be attributed to the fundamental role of nitrogen in enhancing vegetative growth through increased cell division, elongation, and chlorophyll synthesis. Nitrogen is a major constituent of amino acids and proteins, which directly influence plant growth and development. Similar findings have been reported in cauliflower by Singh et al., (2010) and Kumar and Sharma (2014), who observed significant improvement in plant height with increased nitrogen application.
The increased number of leaves per plant under higher nitrogen levels can be explained by the stimulatory effect of nitrogen on leaf initiation and expansion. Adequate nitrogen supply promotes vigorous foliage growth, thereby increasing photosynthetic surface area. Wider spacing further contributed to higher leaf number due to reduced competition for nutrients, light, and moisture. These results are in close agreement with the findings of Yadav et al., (2012) and Meena et al., (2017) in cauliflower.
Greater plant spread under wider spacing treatments may be attributed to enhanced lateral growth as a result of better root proliferation and availability of growth resources. Higher nitrogen levels further accelerated vegetative expansion by increasing biomass accumulation. Similar observations were reported by Chaudhary et al., (2013) in cauliflower and Pandey et al., (2016) in cole crops.
The significant increase in curd diameter and curd weight with increasing nitrogen levels may be attributed to improved photosynthetic efficiency and enhanced translocation of assimilates towards curd development. Nitrogen facilitates higher carbohydrate production, which directly contributes to curd enlargement. Wider spacing allowed unrestricted curd expansion due to reduced inter-plant competition. These findings corroborate the results of Verma et al., (2015) and Singh and Verma (2018), who reported superior yield attributes in cauliflower with higher nitrogen doses and optimum spacing.
The improvement in TSS content under higher nitrogen levels and wider spacing might be due to enhanced synthesis and accumulation of carbohydrates in the curd. Reduced competition under wider spacing improves nutrient uptake efficiency and physiological activity, resulting in better quality produce. Similar trends were observed by Patel et al., (2014) and Rai et al., (2019) in cauliflower.
Overall, the interaction of 300 kg N ha⁻¹ with 60 × 60 cm spacing proved most effective for maximizing growth, yield, and quality of cauliflower under the agro-climatic conditions of Balaghat, Madhya Pradesh. These findings are in conformity with earlier reports emphasizing the combined effect of nitrogen and spacing on cauliflower productivity. Plant spread at harvest varied significantly among the treatments. The maximum plant spread (63.72 cm) was recorded in T9, followed by T6 (60.71 cm) and T3 (56.34 cm).
CONCLUSION
Curd quality, yield characteristics, and vegetative growth metrics all significantly improved with higher nitrogen levels. By measuring the maximum number of leaves per plant, plant spread, curd diameter, curd weight, and total soluble solids, the application of 300 kg nitrogen ha⁻¹ combined with 60 × 60 cm spacing revealed to be the best treatment combination. Wider spacing combined with greater nitrogen levels generated superior yield and quality characteristics because there was less inter-plant competition and better assimilate partitioning, even though tighter spacing created relatively taller plants. Therefore, it is advised to apply 300 kg of nitrogen ha⁻¹ at a spacing of 60 x 60 cm in order to increase cauliflower productivity and quality in the Balaghat region of Madhya Pradesh.
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Table 1: Interactive effects of nitrogen levels and plant spacing on yield and quality of cauliflower (Brassica oleracea var. botrytis L.)
	Notation
	Treatments
	Plant height cm (at harvest)
	Number of leaves per plant (at harvest)
	Plant spread (at harvest)
	Curd diameter (cm)
	Weight of curd (gm)
	TSS (Brix)

	T1
	S1N1 (45x45cm + 100kg Nitrogen)
	51.18
	18.86
	44.54
	18.92
	369.39
	5.8

	T2
	S1N2 (45x45cm + 200kg Nitrogen)
	55.90
	20.19
	51.34
	21.15
	459.61
	
6.2

	T3
	S1N3 (45x45cm + 300kg Nitrogen)
	61.10
	24.84
	56.34
	22.90
	532.54
	6.5

	T4
	S2N1 (60x45cm + 100kg Nitrogen)
	51.86
	20.60
	50.63
	19.62
	428.65
	
5.8

	T5
	S2N2 (60x45cm + 200kg Nitrogen)
	54.10
	21.68
	54.18
	21.62
	492.32
	
6.6

	T6
	S2N3 (60x45cm + 300kg Nitrogen)
	59.12
	24.91
	60.71
	23.68
	564.51
	6.8

	T7
	S3N1 (60x60cm + 100kg Nitrogen)
	48.54
	20.84
	51.95
	20.94
	508.65
	
6.1

	T8
	S3N2 (60x60cm + 200kg Nitrogen)
	50.34
	22.72
	57.24
	22.94
	526.65
	6.9

	T9
	S3N3 (60x60cm + 300kg Nitrogen)
	57.84
	26.32
	63.72
	24.11
	577.65
	
7.2

	
	SE(d)
	1.88
	1.12
	2.31
	0.77
	27.10
	0.15

	
	CD at 5%
	3.19
	2.39
	4.91
	1.63
	54.45
	0.47



