


Response of Finger Millet to Spacing and Fertilization in Malwa Region of Madhya Pradesh, India


ABSTRACT
[bookmark: _Hlk174676989]	Finger millet is one of the most important millet among all the millet crops. An experiment was conducted during kharif, 2024 at new experimental cum demonstration field, SVIAg, SVVV, Indore. The field experiment was carried out in split plot design with three main and four sub-plot treatments. The main plot treatments were S1 (20 cm × 10 cm), S2 (30 cm x 10 cm) and S3 (45 cm x 10 cm). The sub plot treatments were F1 (125 % RDF), F2 (100 % RDF), F3 (75 % RDF) and F4 (50 % RDF), and each experimental unit was replicated thrice having the gross plot size of 3.60 x 4.50 m2. This experiment tested the recommended finger millet variety, Dapoli 3.
		Spacing of 20 cm x 10 cm has recorded highest values of growth, yield and economic characters such as plant height (94.33 cm) at harvest and no. of leaves plant-1 (18.54) at 90 DAT, grain yield (12.45 q ha-1), straw yield (22.07 q ha-1) and biological yield (34.52 q ha-1), gross monetary returns (₹ 62242.80 ha-1), cost of cultivation (₹ 36187.57 ha-1), net monetary returns (₹ 26055.23 ha-1) and B:C ratio (1.73). The other growth and yield parameters such as, number of tillers hill-1(11.89) at harvest, dry matter accumulation plant-1 (58.07 g) at harvest, no. of productive tillers (9.94), no. of fingers earhead-1 (7.04), and finger length (7.39 cm) at harvest, was recorded in treatment with S3 (45 cm × 10 cm).  The application of F1 (125% RDF) demonstrated comparable outcomes. It recorded highest growth, yield attributes, yield and economics of finger millet. Application of 125 %  RDF recorded highest plant height (95.10 cm) at harvest, no. of leaves plant-1 (19.17) at 90 DAT, no. of tillers hill-1 (12.12) and dry matter plant-1 (59.22 g), number of productive tillers (10.08), no. of fingers earhead-1 (7.23), and finger length (7.78 cm) at harvest, grain yield (13.17 q ha-1), straw yield (22.63 q ha-1) and biological yield (35.80 q ha-1), gross monetary returns (₹ 65843.62 ha-1), cost of cultivation (₹ 37983.47 ha-1), net monetary returns (₹ 27860.15 ha-1) and B:C ratio (1.72).
		Consequently, this treatment resulted in higher growth, yield attributes, yield and quality parameters as compared to the remaining treatments. Hence, it is advisable to apply S1 (20 cm x 10 cm) and F1 (125% RDF) for getting maximum yield of finger millet.
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INTRODUCTION
	Millet is a traditional grain grown and consumed in Indian subcontinent for over 5000 years. Millet is a small-grained, annual, warm-weather cereal belonging to the grass family. It is rainfed and a hardy grain with low requirements for water and fertility compared to other popular cereals. It is highly tolerant of drought and other extreme weather conditions. 
	Finger millet (Finger millet), scientifically known as Eleusine coracana (chromosomal no. of 2n=36) is an annual plant belonging to the family poaceae which is widely grown in the arid areas of Africa and Asia.  “It is believed to have originated in Africa, particularly in the Ethiopian highlands, where it has been cultivated for thousands of years and spread to other parts of the world, including India and Southeast Asia, where it became an integral part of traditional agriculture and cuisine. Finger millet has a fibrous root system that is shallow, branched, and roots at lower nodes. The stem of finger millet is slender, erect, compressed, globous and smooth, sometimes branching. It is compressed and elliptical in shape, green in colour. The plant is robust, freely tillering, tufted annual grass, reaching up to 170 cm tall, and hollow at the internodes but solid at the nodes. Finger millet plants have a dense arrangement of leaves on short, slender culms. The leaves are arranged alternately on either side of the compressed elliptical culm and are green in colour. They are distichous, simple, and entire. The inflorescence or panicle is borne at the end of the vegetative shoot. It is branched with one or a few branches below the main cluster of 4-19 branches. It is borne on a long peduncle. The panicle consists of a variable number of spikes ranging from 3 to 20 arranged in a bird's foot style. The branches are slender to robust, linear to oblong, up to 24 cm long, each branch with 60- 80 spikelets. The spikelets are carried on small rachillae at the ends of the branches of the panicle. They are often curved, crowded and 2 to 4 flowered. There are about 70 spikelets arranged alternately on the rachis, each containing 4 to 7 seeds. The grain of finger millet is globose and smooth with a thin, hyaline, and loose pericarp. The naked grain is spherical in shape and its colour can be brown, reddish-brown, black, orange-red, purple or white” (Rajesh et al., 2024).
	The yearly global output of finger millet is estimated at around 3.7 million tonnes from a total area of about 6.1 million hectares with a productivity of 600 kg ha-1. It is the most important small millet in the tropics covering 12% of the global millet area. In India, ragi stands first in importance amongst small millets. The crop constitutes about 81% of the minor millets produced in our country. Finger millet is grown on 1.00 million hectares in India, with a total yield of 1.76 million tonnes and average productivity of 1747 kg ha-1. It comes in third place among millets, behind pearl millet and sorghum and sixth place among Indian cereals, behind rice, wheat, maize, sorghum, and bajra. In India, the area under finger millet cultivation is declining, as is the production, although productivity has grown with time due to the introduction of newly improved varieties. Karnataka, Tamil Nadu, Uttarakhand, Maharashtra, Andhra Pradesh, Odisha, Jharkhand, Gujarat, West Bengal, Bihar and Chhattisgarh are the major finger millet-growing states. 
	“Ragi, or finger millet, is highly nutritious and offers a range of health benefits. 100 gm of raw ragi contains approximately energy: 336 kcal, carbohydrates: 72 gm, dietary fiber: 3.6 gm, sugars: 0 gm, fat: 1.3 gm, saturated fat: 0.3 gm, monounsaturated fat: 0.4 gm, polyunsaturated fat: 0.6 gm, protein: 7.3 gm, vitamins i.e. vitamin A: 5 IU, vitamin B1 (Thiamine): 0.42 mg, vitamin B2 (Riboflavin): 0.19 mg, vitamin B3 (Niacin): 1.1 mg, vitamin B6: 0.3 mg, vitamin B9 (Folate): 42 mcg, vitamin E: 0.1 mg, vitamin K: 0.9 mcg, minerals i.e. calcium: 344 mg, iron: 3.9 mg, magnesium: 137 mg, phosphorus: 283 mg, potassium: 408 mg, sodium: 6 mg, zinc: 2.7 mg, copper: 0.4 mg, manganese: 1.6 mg and selenium: 8.6 mcg” (Rajesh et al., 2024). 
	“It is a versatile grain with a wide range of culinary uses. Ragi can be commonly used for preparation of ragi porridge, often called ragi malt. Its flour is used to make various types of flatbreads, such as roti, chapati, and dosa. These flatbreads are gluten-free and have a slightly nutty flavour. Finger millet flour can also be used in baking to make cookies, cakes, muffins and bread. It is used to make a variety of snacks, including chips, crackers, and puffs. Ragi is often used in baby food recipes due to its high nutritional value. In some cultures, ragi is fermented to make traditional foods like idli, dosa and fermented drinks. These are just a few examples of the many ways in which ragi can be used in cooking. Its versatility and nutritional benefits make it a popular ingredient in various cuisines around the world” (Rajesh et al., 2024).
[bookmark: _GoBack]	“Plant spacing plays an important role in growth, development and yield of millet crops. Optimum plant density ensures plants to grow properly making better utilization of sunlight and soil nutrients. Closer spacing hampers intercultural operations and in a densely populated crop, the inter-plant competition for nutrients, air and light is higher, which usually results in mutual shading, lodging and reduces the harvest index”. (Narayan et al., 2018). “Crop geometry is an important factor for better utilization of moisture and nutrients from the soil (root spread) and above ground growth (plant canopy) by harvesting maximum possible solar radiation” (Uphoff et al., 2011). However, maintenance of optimum planting density is always a big problem to the farmers, and they maintain sub-optimum plant density leading to severe weed infestation, poor radiation use efficiency and lower yield, while dense plant population on the other hand may cause lodging, poor light penetration in the canopy and reduced photosynthesis due to shading of lower leaves and drastically reduce the yield. 
	Nitrogen, phosphorous and potassium are the essential elements required for plant growth in relatively large amounts. Nitrogen fertilizer is one of the most yield limiting nutrients for crop production and it is applied in large quantities for most crops. Phosphorus plays an integral role in cell division, enzyme activation and inactivation and carbohydrate metabolism. Potassium increases water use efficiency and transforms sugar into starch in the grain-filling process. Chemical fertilizers or organic manures are used to provide these nutrients. However, there is a problem faced by farmers when choosing the correct chemical fertilizer levels to apply because of inadequate knowledge and cost of inputs involved while purchasing them. Inorganic fertilizers are readily available with suppliers but more information on application of different and correct levels in finger millet production will help to optimize on both production and yields. 
	Considering the above explanations, the research trial was conducted which aims to check the effect of spacing by adjusting inter and intra-row spacing and fertilization on finger millet. 
MATERIALS AND METHODS
	The experiment entitled “Response of finger millet to spacing and fertilization in Malwa region of M.P” was carried out at new experimental cum demonstration field, Shri Vaishnav Institute of Agriculture, Shri Vaishnav Vidyapeeth Vishwavidyalaya, Indore during Kharif 2024. The topography of experimental field was levelled and well drained. The soil type was medium black clay in texture with low in available nitrogen (210.45 kg ha-1), medium in phosphorus (14.86 kg ha-1) and high in potassium (445.91 kg ha-1). The soil organic carbon content, pH, and EC was 0.49 per cent, 7.32, and 0.74 dSm-1 respectively. The field experiment was carried out in split plot design with three main and four sub-plot treatments. The main plot treatments were S1 (20 cm × 10 cm), S2 (30 cm x 10 cm) and S3 (45 cm x 10 cm). The sub plot treatments were F1 (125 % RDF), F2 (100 % RDF), F3 (75 % RDF) and F4 (50 % RDF), and each experimental unit was replicated thrice having the gross plot size of 3.60 x 4.50 m2. This experiment tested the recommended finger millet variety, Dapoli 3. 150 m2 nursery area was required for raising seedlings for one ha area. The land was ploughed, and beds were prepared with a bed size of 2.0 x 2.0 m2 with a height of 10 cm. 2 kg FYM and ½ kg urea was applied incorporated into soil bed before sowing. The seeds were broadcasted evenly on the beds. Powdered FYM over the beds was evenly sprinkled to cover the seeds and watering was done at evening hours. Seedlings were ready for transplanting at 21 DAS. One ploughing with a tractor followed by one harrowing was done with provisions for irrigation channels and path. The experimental field was laid out as per the plan of layout. Further, levelling of individual plots was done before transplanting with the help of rakes to facilitate uniform distribution of water and nutrients. One or two seedlings were transplanted on each hill at different distance as per the treatment. The gap filling was carried out as soon as the mortality was notice after planting to maintain the optimum plant population. Five representative plants were selected randomly from each net plot to monitor periodical growth and development stages of crop. The selected plants were fixed with wooden sticks and labelled with tags. The same plants were harvested separately for recording bio-metric observations. The standard method of analysis of variance was used for analysing the data for Randomized Block Design (Panse and Sukhatme,1985). The f test of significance was used for testing the null hypothesis and appropriate standard error of mean (SE+) for each treatment effect and where the treatment effect was significant, critical difference (C.D.) at 5 per cent probability level was worked out for testing the significance of treatment differences. 
RESULT AND DISCUSSION
Effect of spacing
Growth attributes
		The growth parameters such as plant height increased at every step of crop development till maturity. The number of leaves increased up to 60 days and decreased thereafter towards maturity due to leaf senescence. Total dry matter increased at every growth stage from 30 DAS up to harvest. The development of fingers started after flowering and increases continuously up to harvest.
		Highest plant height (94.33 cm) at harvest, no. of leaves plant-1 (18.54) at 90 DAT was recorded in the treatment with spacing 20 x 10 cm (S1) while, the lowest values were recorded with treatment with spacing of 45 cm x 10 cm (S3) treatment. The other growth parameters such as no. of tillers hill-1 (11.89) and dry matter plant-1 (58.07 g) at harvest was recorded in treatment with S3 (45 cm × 10 cm).  
This is because plants compete for light, and when crowded, they tend to grow taller to reach for sunlight, potentially outcompeting their neighbours. and enhanced cell elongation and division in the meristematic region. These findings are in accordance with the results reported by Sanjay et al., (2021) and Padmaja et al., (2024). 
Yield attributes
		Yield attributing characters such as number of productive tillers (9.94), no. of fingers earhead-1 (7.04), and finger length (7.39 cm) at harvest respectively, was recorded in treatment with S3 (45 cm × 10 cm) which was at par with S2 (30 cm x 10 cm) spacing. The minimum values were recorded from treatment S1 with spacing 20 cm x 10 cm.  
		Better aeration, sunlight interception, and nutrient availability in wider spacing must have resulted in recording highest values of yield attributing characters. The results are in accordance with those found by Manasa et al., (2021) and Hebbal and Ramachandrappa (2017).
		The values of test weight, as influenced by different treatments, showed non-significant results.
Yield
		The grain, straw and biological yield of finger millet was significantly influenced by different treatments. Sowing of finger millet at 20 cm × 10 cm spacing (S1) recorded maximum grain yield (12.45 q ha-1), straw yield (22.07 q ha-1) and biological yield (34.52 q ha-1) which was found to be at par with S2 (30 cm × 10 cm) sowing of seed with 45 cm x 10 cm spacing (S3) recorded the minimum grain, straw and biological yield of finger millet.
		The values in relation to the harvest index resulted in non-significant results among all the treatments under investigation.
Economics
		The highest value of gross monetary returns (₹ 62242.80 ha-1), cost of cultivation (₹ 36187.57 ha-1), net monetary returns (₹ 26055.23 ha-1) and B:C ratio (1.73) was recorded from treatment with the S1 (20 cm × 10 cm) while the minimum values of gross monetary returns (₹ 50797.33 ha-1), cost of cultivation (₹ 34280.14 ha-1), net monetary returns (₹ 16517.19 ha-1) and B:C ratio (1.48) where recorded from treatment S3 (45 cm × 10 cm)
Table 1.	Growth attributes of finger millet as influenced by different treatments
	Treatment
	Growth attributes

	
	Plant height (cm)
	No of leaves plant-1
	Number of tillers hill-1
	Dry matter plant-1

	A) Spacing

	S1: 20 cm x 10 cm
	94.33
	18.54
	10.00
	52.30

	S2: 30 cm x 10 cm
	89.52
	17.17
	11.08
	55.62

	S3: 45 cm x 10 cm
	84.75
	15.27
	11.89
	58.07

	S. Em. +
	1.65
	0.50
	0.30
	0.91

	CD at 5%
	4.82
	1.47
	0.87
	2.66

	B) Fertilizer level

	F1: 125 % RDF
	95.10
	19.17
	12.12
	59.22

	F2: 100 % RDF
	90.77
	18.11
	11.20
	57.20

	F3: 75 % RDF
	88.00
	15.85
	10.75
	53.03

	F4: 50 % RDF
	84.27
	14.84
	9.89
	51.87

	S. Em. +
	1.57
	0.85
	0.42
	1.56

	CD at 5%
	4.58
	2.48
	1.22
	4.54

	C) Interaction effect

	S x F
	NS
	NS
	NS
	NS

	General mean
	89.53
	16.99
	10.99
	55.33


Effect of fertilization
Growth attributes
		The growth parameters such as plant height increased at every step of crop development till maturity. The number of leaves increased up to 60 days and decreased thereafter towards maturity due to leaf senescence. Total dry matter increased at every growth stage from 30 DAS up to harvest. The development of fingers started after flowering and increases continuously up to harvest.
		Highest plant height (95.10 cm) at harvest, no. of leaves plant-1 (19.17) at 90 DAT, no. of tillers hill-1 (12.12) and dry matter plant-1 (59.22 g) at harvest was recorded in the treatment with application of 125 % RDF. While the lowest values were recorded in treatment with application of 50 % RDF. The values were found at par with treatment where 100 % RDF was applied.
This might be due to the increased nutrient availability due to application of higher fertilizer dose along with wider spacing, which may have favoured better vegetative growth, leaf production and other growth parameters. The results agree with the findings of Reddy et al., (2017).
Yield attributes
		Yield attributing characters such as number of productive tillers (10.08), no. of fingers earhead-1 (7.23), and finger length (7.78 cm) at harvest respectively, was recorded in treatment where 125 % RDF was applied (F1) which was at par with 100 % RDF treatment (F2). The minimum values were recorded from treatment with application of 50 % RDF.
		The values of test weight, as influenced by different treatments, showed non-significant results.
Table 2.	Yield attributes of finger millet as influenced by different treatments
	Treatment
	Yield attributes

	
	No. of productive tillers hill-1
	No. of fingers earhead-1
	Test weight (gm)
	Finger length (cm)

	A) Spacing

	S1: 20 cm x 10 cm
	7.98
	4.98
	2.73
	5.71

	S2: 30 cm x 10 cm
	9.13
	6.26
	2.77
	6.93

	S3: 45 cm x 10 cm
	9.94
	7.04
	2.82
	7.39

	S. Em. +
	0.30
	0.31
	0.06
	0.22

	CD at 5%
	0.87
	0.92
	NS
	0.65

	B) Fertilizer level

	F1: 125 % RDF
	10.08
	7.23
	2.83
	7.78

	F2: 100 % RDF
	9.25
	6.50
	2.73
	6.86

	F3: 75 % RDF
	8.80
	5.78
	2.75
	6.43

	F4: 50 % RDF
	7.94
	4.86
	2.78
	5.64

	S. Em. +
	0.43
	0.45
	0.06
	0.43

	CD at 5%
	1.26
	1.32
	NS
	1.25

	C) Interaction effect

	S x F
	NS
	NS
	NS
	NS

	General mean
	9.02
	6.09
	2.77
	6.68


Yield
		The grain, straw and biological yield of finger millet was significantly influenced by fertilization different treatments. Applying 125 % RDF to finger millet recorded maximum grain yield (13.17 q ha-1), straw yield (22.63 q ha-1) and biological yield (35.80 q ha-1) which was found to be at par with 100 % RDF treatment (F2). Application of 50 % RDF recorded the minimum grain, straw and biological yield of finger millet.
		The values in relation to the harvest index resulted in non-significant results among all the fertilization treatments under investigation.
The higher vegetative biomass observed under close spacing and high fertilizer levels is likely due to enhanced tillering, leaf area expansion, and overall crop vigor. Similar findings were reported by Reddy et al. (2017) and Kumar et al. (2022), who found increased straw yield in finger millet with higher NPK levels and denser planting, and also noted enhanced dry matter accumulation under higher nutrient regimes leading to maximize straw yield.
Table 3.	Grain yield, straw yield, and biological yield of finger millet as 			influenced by different treatments
	Treatment
	Grain yield
q ha-1
	Straw yield
q ha-1
	Biological yield
q ha-1
	Harvest Index

	A) Spacing

	S1: 20 cm x 10 cm
	12.45
	22.07
	34.52
	36.00

	S2: 30 cm x 10 cm
	11.73
	20.94
	32.66
	35.45

	S3: 45 cm x 10 cm
	10.16
	17.85
	28.01
	36.82

	S. Em. +
	0.35
	0.31
	0.50
	0.75

	CD at 5%
	1.03
	0.90
	1.45
	NS

	B) Fertilizer level

	F1: 125 % RDF
	13.17
	22.63
	35.80
	36.52

	F2: 100 % RDF
	12.17
	21.30
	33.47
	36.25

	F3: 75 % RDF
	10.56
	19.51
	30.08
	35.29

	F4: 50 % RDF
	9.88
	17.70
	27.57
	36.30

	S. Em. +
	0.47
	0.55
	0.65
	1.26

	CD at 5%
	1.37
	1.59
	1.89
	NS

	C) Interaction effect

	S x F
	Sig.
	Sig.
	Sig.
	NS

	General mean
	11.45
	20.28
	31.73
	36.09


Economics
		The highest value of gross monetary returns (₹ 65843.62 ha-1), cost of cultivation (₹ 37983.47 ha-1), net monetary returns (₹ 27860.15 ha-1) and B:C ratio (1.72) was recorded from by applying 125 % RDF to finger millet while the lowest values of gross monetary returns (₹ 49382.72 ha-1), cost of cultivation (₹ 32848.73 ha-1), net monetary returns (₹ 16533.99 ha-1) and B:C ratio (1.49) were recorded from treatment F4 (125 % RDF). 
Table 4.	Economics of finger millet as influenced by different treatments
	Treatments 
	Gross monetary returns
(₹ ha-1)
	Cost of cultivation
(₹ ha-1)
	Net monetary returns
(₹ ha-1)
	B:C ratio


	A) Spacing

	S1: 20 cm x 10 cm
	62242.80
	36187.57
	26055.23
	1.73

	S2: 30 cm x 10 cm
	58641.98
	35631.33
	23010.64
	1.62

	S3: 45 cm x 10 cm
	50797.33
	34280.14
	16517.19
	1.48

	S. Em. +
	1770.31
	--
	1770.31
	--

	CD at 5%
	5167.41
	--
	5167.41
	--

	B) Fertilizer level

	F1: 125 % RDF
	65843.62
	37983.47
	27860.15
	1.72

	F2: 100 % RDF
	60871.06
	36357.57
	24513.49
	1.67

	F3: 75 % RDF
	52812.07
	34275.62
	18536.45
	1.54

	F4: 50 % RDF
	49382.72
	32848.73
	16533.99
	1.49

	S. Em. +
	2346.88
	--
	2346.88
	--

	CD at 5%
	6850.381
	--
	6850.38
	--

	C) Interaction effect

	S x F
	NS
	NS
	NS
	NS

	General mean
	57227.37
	35366.35
	21861.02
	1.61


Interaction effect
		The interaction effect of spacing and fertilization in respect of growth attributes and yield attributes was found to be non-significant.
		The interaction effect of spacing and fertilization in respect of grain yield, straw yield and biological yield was found to be significant. The combination of S1 (20 cm × 10 cm) spacing with application of F1 (125% RDF) recorded the maximum grain yield (14.20 q ha-1). The combination of S1 (20 cm × 10 cm) spacing with application of F1 (125% RDF) and S1 (20 cm × 10 cm) spacing with application of F2 (100% RDF) recorded the maximum straw yield (23.46 q ha-1). The minimum straw yield (12.14 q ha-1) was recorded when spacing of 45 cm x 10 cm used and 50% RDF was applied. The combination of S2 (20 cm × 10 cm) spacing with application of F1 (125% RDF) recorded the maximum biological yield (38.68 q ha-1). The minimum biological yield (20.99 q ha-1) was recorded when spacing of 45 cm x 10 cm used and 50% RDF was applied.
CONCLUSION
[bookmark: _Hlk201496858][bookmark: _Hlk201496814]		It is concluded that Spacing of 20 cm x 10 cm along with application of 125 % RDF recorded highest plant height and no. of leaves plant-1. While the other growth parameters and yield parameters where recorded highest with application of 125 % RDF to the treatment. In case of yield, the maximum grain, straw, and biological yield was obtained by using spacing of 20 cm × 10 cm along with application of 125 % RDF. Highest net monetary returns and B:C ratio was recorded with spacing of 20 cm × 10 cm along with application of 125 % RDF.
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