



Effect of Various Establishment Techniques and Spacing on Growth and Yield of Browntop Millet 



ABSTRACT
Browntop millet (Urochloa ramosa L.) is a drought-tolerant minor millet suitable for cultivation under marginal soils and rainfed conditions. However, information on suitable establishment methods and optimal spacing to improve productivity is limited. A field experiment was conducted during late Kharif 2025 at the Instructional Farm of Karunya Institute of Technology and Sciences, Coimbatore. The experiment was laid out in a split-plot design with two establishment methods (direct sowing and transplanting) as main plots and six spacing treatments (20 × 10, 30 × 10, 45 × 10, 20 × 20, 30 × 20, and 45 × 20 cm) as subplots, replicated three times. Direct sowing recorded higher plant height (104.3 cm), dry matter production (4373.6 kg/ha), grain yield (1178.4 kg/ha), straw yield (2823.9 kg/ha) and harvest index (31%) compared to transplanting. Among spacing treatments, 45 × 10 cm produced the highest grain yield (1368.3 kg/ha), while 20 × 10 cm recorded higher straw yield, and wider spacing 45 × 20 cm recorded the highest harvest index (37.20%). The findings indicate that direct sowing combined with 45 × 10 cm spacing is a suitable agronomic practice for improving the browntop millet productivity. Economic analysis also revealed that direct sowing with 45 × 10 cm spacing resulted in higher net returns and benefit–cost ratio.
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INTRODUCTION
            Global agriculture is facing unprecedented challenges due to climate instability, depletion of natural resources, rapid population growth and rising food demand. These conditions make it imperative to emphasise and adopt climate-resilient, sustainable crop systems that can maintain their productivity even under fluctuating environmental conditions. Among the climate-resilient crops, millets have regained importance as strategic cereals for sustainable agriculture because of their ability to thrive in adverse environments and with minimal inputs [1]. Unlike other major cereals, millets are tolerant to drought, high temperatures, irregular rainfall and poor soil quality, making them ideal for semi-arid and arid environments. Despite their nutritional and ecological advantages, the cultivation of millets has declined in recent decades due to the expansion of high-yielding cereal crops such as rice and wheat [2].
[bookmark: _GoBack]Brown top millet (Urochloa ramosa L.) is a lesser-known small millet traditionally cultivated in parts of South India, a drought-tolerant crop adapted to marginal soils and low rainfall conditions. It is a short-duration annual crop that requires minimal external inputs and fits well within rainfed production systems. Nutritionally, it is rich in energy, protein, dietary fibre and essential minerals such as iron, calcium and magnesium [3,4]. Being gluten-free and possessing a low glycaemic index, it holds potential as a functional food for addressing malnutrition and lifestyle-related disorders. These characteristics highlight the potential of browntop millet as an important crop for sustainable agriculture, nutritional security and climate-resilient farming systems. These features make it a promising candidate for enhancing sustainability and crop diversification in semi-arid and sub-humid regions [11-13].
Browntop millet is increasingly gaining recognition as a climate-resilient crop due to its adaptability to poor soil fertility, low water requirements and short growing duration. It plays a significant role in ensuring nutritional security, particularly in rural and tribal regions where dietary diversity is limited. In addition, its ability to withstand abiotic stresses such as drought and heat makes it a promising crop under changing climate scenarios. Despite these advantages, its productivity remains low due to a lack of improved agronomic practices and a limited research focus. Crop establishment method and planting geometry are critical determinants of growth, resource utilisation and yield [5-7]. Direct sowing promotes uninterrupted root development and reduces labour costs, whereas transplanting ensures uniform plant population and early vigour. Similarly, plant spacing influences inter-plant competition, light interception, nutrient uptake and overall productivity. However, systematic evaluation of establishment techniques in combination with optimal spacing for brown top millet is scarce.
In India, millets occupy an important place in dryland agriculture, contributing to food and nutritional security, particularly in semi-arid regions. However, among small millets, browntop millet remains underutilised and lacks standardised agronomic recommendations. With increasing focus on climate-resilient cropping systems, there is a need to optimise agronomic practices such as establishment methods and crop geometry to enhance the productivity and profitability of this crop.
Therefore, the present study was conducted to evaluate the influence of crop establishment techniques and spacing on the growth and yield of browntop millet under field conditions.
Materials and Methods
	A field trial was carried out at the instructional farm of Karunya Institute of Technology and Sciences, Coimbatore, during the Kharif season of 2025. The farm is located at an elevation of 474 meters above mean sea level, positioned at latitude 10º93ˈN and longitude 76º75ˈE, in the Western Zone of Tamil Nadu. The soil of the experimental field was clay loam in texture with alkaline reaction and moderate fertility status. The soil sampled from the experimental site resulted in an alkaline soil with a pH of 8.15 and an electrical conductivity (EC) of 0.30 dS/m with a medium level of available nitrogen (280 kg/ha) and available phosphorus (25 kg/ha), and a high level of available potassium (280 kg/ha). The experimental field was well levelled and prepared to fine tilth by ploughing, followed by harrowing and levelling. The study was conducted in a split-plot design with 2 main plots and 6 subplots. The main plots were various establishment techniques viz. M1 - Direct sowing and M2 - Transplanting. Subplots were variously spaced viz. S1- 20×10 cm, S2 - 30×10cm, S3 - 45×10cm, S4 - 20×20cm, S5 - 30×20cm, S6 - 45×20cm and These 12 treatment combinations were replicated thrice.
The browntop millet variety IIMR AK2 was sown and transplanted during September 2025 under different spacing treatments. For direct sowing, seeds were dibbled manually, whereas for transplanting, seedlings were raised in a nursery and transplanted at 20 DAS. A seed rate of 10 kg/ha was used for direct sowing and 5 kg/ha for transplanting in plots of 5.4 m × 4 m. A recommended fertiliser dose of 40:20 kg N and P₂O₅ ha⁻¹ was applied. The entire dose of phosphorus was applied as basal, while nitrogen was applied in two equal splits, with half as basal and the remaining half at the tillering stage. Seeds were treated with Azospirillum and phosphobacteria before sowing to enhance nutrient availability. The initial irrigation was applied immediately after sowing/transplanting, followed by a second irrigation at 3 DAS/DAT. Subsequent irrigations were carried out during critical growth stages, including bud tillering, booting, flowering and grain filling, to ensure optimal crop growth and yield. Two hand weeding practices were done to suppress the weed. The growth and yield characteristics of the plant were measured at the time of harvest with standardised procedures. Grain and straw yields were recorded from net plot area and converted into kg per ha. Harvest index was calculated as the ratio of grain yield to biological yield and expressed as a percentage. The collected data were subsequently analysed using the analysis of variance (ANOVA) method (Gomez and Gomez, 1984). The experimental data were subjected to statistical analysis following the standard procedures for split-plot design. Treatment means were compared using the critical difference (CD) at 5% level of significance. The standard error of difference (SEd) was also calculated to assess the variability among treatments. The significance of the main and interaction effects was tested using the F-test. (7).
Results and Discussion
Growth attributes
Plant height and dry matter production (DMP) of browntop millet were significantly influenced by crop establishment techniques and crop geometry (Table 1). Among the establishment methods, direct sowing (M₁) recorded significantly higher plant height (104.3 cm) and dry matter production (4373.6 kg/ha) compared to transplanting (M₂) (99.4 cm and 3724.3 kg/ha, respectively). The superior growth under direct sowing could be attributed to early crop establishment and uninterrupted root development, which enhanced nutrient and water uptake and resulted in improved vegetative growth and biomass accumulation. In contrast, transplanted plants experienced initial transplanting shock that might have restricted early growth. Similar observations were reported [9]. 
Crop geometry also exerted a significant influence on plant height and dry matter production. Among the spacing treatments, closer spacing of 20 × 10 cm (S₁) recorded the highest plant height (115.0 cm) and dry matter production (5032.3 kg/ha), whereas the wider spacing of 45 × 20 cm (S₆) resulted in the lowest values (80.8 cm and 2598.9 kg/ha, respectively). The increased plant height and biomass under closer spacing could be attributed to higher plant population and greater inter-plant competition for light, which promoted vertical growth and enhanced biomass accumulation per unit area. Similar findings were reported [9,10]. The variation in dry matter production among treatments indicates the efficiency of resource utilisation under different establishment methods and spacing. Higher biomass accumulation under direct sowing suggests improved physiological activity and better canopy development. Enhanced leaf area index under optimum plant density might have contributed to increased photosynthetic rate, thereby improving dry matter production. The interaction effect between crop establishment techniques and crop geometry was found to be non-significant for both plant height and dry matter production. 
Yield and yield attributes
Grain yield, straw yield and harvest index of browntop millet were significantly influenced by crop establishment techniques and crop geometry (Table 1). Among the establishment methods, direct sowing (M₁) recorded higher grain yield (1178.4 kg/ha), straw yield (2823.9 kg/ha) and harvest index (31%) compared to transplanting (M₂), which recorded 1043.7 kg/ha grain yield, 2437.1 kg/ha straw yield and 30.5% harvest index. The higher productivity under direct sowing could be attributed to better crop establishment, uninterrupted root growth and improved nutrient and water uptake, which enhanced biomass production and efficient conversion of assimilates into grain yield. Similar findings were reported [9]. 
Crop geometry also significantly affected the yield parameters. Among the spacing treatments, 45 × 10 cm (S₃) recorded the highest grain yield (1368.3 kg/ha), which might be due to adequate plant spacing that facilitated better light interception, reduced inter-plant competition and improved nutrient utilisation, thereby enhancing grain production. In contrast, the highest straw yield (3566.8 kg/ha) was recorded under closer spacing of 20 × 10 cm (S₁), which could be attributed to higher plant population and greater vegetative biomass production per unit area. The harvest index was highest under the wider spacing of 45 × 20 cm (S6) (37.20 %), indicating better portioning of assimilates towards grain formation under reduced plant competition. Similar observations were reported [2,3,9,10]. Yield variation among treatments is mainly governed by the balance between plant population and individual plant performance. Optimum spacing ensures better light penetration and reduces mutual shading, which enhances photosynthetic efficiency and assimilate translocation to reproductive parts. Excessively closer spacing, although increasing biomass, may reduce grain yield due to higher competition for nutrients and moisture.
The non-significant interaction effect between establishment methods and spacing indicates that the response of browntop millet to spacing was consistent across establishment techniques. This suggests that both factors independently influence crop performance and can be optimised separately for improving productivity.
Economics
 Economic analysis indicated that establishment methods and spacing significantly influenced the profitability of browntop millet cultivation (Table 2). Among the treatment combinations, direct sowing with 45 × 10 cm spacing (M₁S₃) recorded the highest net return (₹43,917 ha⁻¹) and benefit-cost ratio (2.2), followed by M₁S₄ (direct sowing with 20 × 20 cm spacing) with a net return of ₹40,829/ha and a B: C ratio of 2.1. The higher returns under these treatments were mainly due to increased grain yield under optimum plant spacing with a lower cost of cultivation. This may be attributed to higher grain yield, coupled with a relatively lower cultivation cost under direct sowing.
Direct sowing reduced labour requirements by eliminating the need for nursery raising, seedling uprooting and transplanting operations, thereby minimising production costs. At the same time, optimum spacing improved yield performance, which collectively enhanced economic returns. In contrast, transplanting with wider spacing (M₂S₆) recorded the lowest net return and benefit-cost ratio due to lower yield and higher labour cost associated with transplanting operations. Reduced plant population under wider spacing further contributed to lower productivity and profitability.
The variation in economic returns among treatments clearly reflects the combined effect of yield and cost of cultivation. Treatments with higher grain yield and lower input cost recorded better profitability. Overall, direct sowing proved to be more economical than transplanting under the given conditions. The combination of direct sowing with optimum spacing not only improved yield but also ensured better economic returns, making it a viable and farmer-friendly practice for browntop millet cultivation under similar agro-climatic conditions.
The economic superiority of direct sowing over transplanting also indicates its suitability for large-scale cultivation, especially under labour-scarce conditions. Adoption of direct sowing with optimum spacing can significantly reduce production cost while maintaining higher productivity, thereby improving the livelihood of farmers. These findings are particularly relevant for rainfed farming systems where cost minimisation and resource efficiency are critical.
Conclusion
The present investigation found that both crop establishment method and crop geometry significantly influenced the growth and yield of browntop millet. Direct sowing exhibited superior performance over transplanting in terms of plant height, dry matter accumulation, grain yield and straw yield, which might be ascribed to better crop establishment and uninterrupted root development that enhanced nutrient and water uptake. Among the different spacing treatments, 45 × 10 cm spacing produced higher grain yield, while closer spacing contributed to greater biomass production due to increased plant population. Economic analysis also indicated that direct sowing with 45 × 10 cm spacing recorded the highest net return and benefit–cost ratio. Therefore, the results suggest that adopting direct sowing with an optimum spacing of 45 × 10 cm can improve productivity and overall performance of browntop millet under similar agro-ecological conditions.
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Table 1: Effects of various establishment techniques and spacing on the growth and yield of brown top millet.
	Treatments
	Plant height (cm)
	DMP (kg/ha)
	Grain yield (kg/ha)
	Straw yield(kg/ha)
	Harvest index (%)

	Establishment technique

	M1 - Direct sowing
	104.3
	4373.57
	1178.4
	2823.95
	31

	M2 - Transplanting
	99.4
	3724.35
	1043.73
	2437.08
	30.5

	SE(d)
	2.68
	99.77
	31.12
	84.55
	0.074

	CD (P = 0.05)
	11.55
	422.29
	133.92
	363.8
	0.32

	Spacing (R × P)

	S1 - (20 × 10 cm)
	115
	5032.3
	1050
	3566.8
	22.73

	S2 - (30 × 10 cm)
	108.3
	4751.3
	1150.8
	3248.5
	26.2

	S3 - (45 × 10 cm)
	98.6
	4343.3
	1368.3
	2945.1
	32.6

	S4 - (20 × 20 cm)
	98.5
	4474.9
	1285.2
	2834
	30.33

	S5 - (30 × 20 cm)
	88.8
	3093.3
	957.7
	1743.8
	35.48

	S6 - (45 × 20 cm)
	80.8
	2598.9
	854.4
	1444.8
	37.2

	SE(d)
	5.78
	293.07
	66.37
	183.24
	0.62

	CD (P = 0.05)
	12.05
	611.34
	138.44
	382.24
	3.4

	Interaction M at S

	SE(d)
	7.93
	391.28
	91.16
	251.22
	0.8

	CD (P = 0.05)
	NS
	NS
	NS
	NS
	NS

	Interaction S at M

	SE(d)
	8.17
	414.46
	93.86
	259.14
	0.87

	CD (P = 0.05)
	NS
	NS
	NS
	NS
	NS



Table 2: Effects of various establishment techniques and spacing on the economics of brown top millet.
	Treatments
	Net return (Rs/ha)
	B: C ratio

	M1S1
	25,214
	1.7

	M1S2
	30,233
	1.8

	M1S3
	43,917
	2.2

	M1S4
	40,829
	2.1

	M1S5
	20,247
	1.6

	M1S6
	15,138
	1.4

	M2S1
	10,387
	1.2

	M2S2
	16,149
	1.4

	M2S3
	25,092
	1.6

	M2S4
	21,117
	1.5

	M2S5
	5,287
	1.1

	M2S6
	449
	1.0




