Effect of sowing dates and nutrient management on productivity of finger millet [Eleusine coracana (L.) Gaertn.] in the North Eastern  Himalaya


ABSTRACT
A field experiment was conducted to study the “Effect of sowing dates and nutrient management on productivity of finger millet [Eleusine coracana (L.) Gaertn.] in the North Eastern  Himalaya” at ICAR Research Complex for NEH Region, Umiam, Meghalaya, India, during kharif season of 2023 and 2024. The experiment was laid out in 2-Factor Randomized Block Design (FRBD) with three replications. The experiment had three sowing dates: D1 - 1st June, D2 - 15th June, D3 - 1st July; and four nutrient management: N1 - Control (No fertilizer), N2 - RDF – 40-30-20 kg ha-1 N, P2O5 and K2O, N3 - 100% Organic through FYM, N4 - 50% Inorganic + 50% Organic through FYM. The pooled result of the two years revealed that sowing dates and nutrient management has significant effect on productivity of finger millet. Results from the experiment revealed that the pooled result of sowing date on 1st July recorded the highest growth parameter, yield and yield attributes, viz., number of effective tillers (68.33 m-2), CGR (4.10 g m-2 day), number of panicles (202.41 m-2), number of fingers ear-1 (7.04), grain yield (1567. 58 kg ha-1). Similarly,  among nutrient management, the pooled result of N4 - 50% Inorganic + 50% Organic through FYM recorded the highest growth, yield, viz., plant height (143.51cm), number of effective tillers (73.50 m-2), CGR (3.95 g m-2 day), number of panicles (231.66 m-2), number of fingers ear-1 (7.85), grain yield (1950. 43 kg ha-1). The findings also revealed the pooled results among the interactions, the pooled result revealed that T12 - D3N4 (Sowing on 1st July, 50% Inorganic + 50% Organic through FYM) recorded the highest growth, yield and yield attributes. Among the interactions, T12 - D3N4 recorded the highest yield with 2122.56 kg ha-1 and least was recorded in T1 - D1N1 (Sowing on 1st June, Control) with only 705.23 kg ha-1. As grain yield is the ultimate objective of any cultivation practices, hence, only this parameter was considered to identify the best combinations. 
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1. INTRODUCTION
Finger millet (Eleusine coracana L. Gaertn.), locally known as ragi or mandua in India, is among the oldest cultivated cereal crops and one of the most adaptable to challenging environments. Originating from the East African highlands particularly Ethiopia and Uganda. It has become a vital food grain across many parts of Asia and Africa. Owing to its exceptional tolerance to drought, poor soils, and fluctuating weather, finger millet is widely regarded as a “climate-resilient crop” suited for sustainable farming systems. 
Nutritionally, finger millet stands out as a “nutrient-dense grain”, rich in calcium, iron, dietary fiber, and amino acids, offering greater health benefits than common cereals like rice, wheat, and maize. Its slowly digestible carbohydrates help sustain energy for longer durations and make it a suitable food for people with diabetes. Because of its excellent storage quality, it also serves as an important “famine food”, ensuring food availability during adverse seasons.
In India’s north-eastern region, finger millet cultivation remains limited, with low area, production, and productivity. It is mainly grown by tribal and smallholder farmers for preparing traditional foods such as pithas, laddoos, and local wines. In this region, finger millet is the third most important cereal (Abraham et al., 1989). Local alcoholic beverages like apong are often prepared from millet. The crop adapts well to diverse climatic and soil conditions, including hilly slopes, shallow gravelly soils, and areas with minimal moisture or nutrients (Seetharam, 1986). These characteristics make it a key crop in tribal and hill farming systems. Despite its adaptability, finger millet’s yield is generally low because it is cultivated with minimal inputs and outdated methods (Rurinda et al., 2014). Modern agro-management practices especially proper sowing time and nutrient application are vital for boosting productivity. Delayed or inappropriate sowing, poor seedbed preparation, lack of fertilizers, and unfavourable soil conditions hinder successful crop establishment (Van Osterom et al., 1996).
Sowing time significantly influences growth and yield. Properly timed sowing enhances productivity without additional costs or soil degradation by ensuring suitable growing conditions throughout the crop cycle. Nutrient management also plays a crucial role in improving yields. Integrated use of organic manures and fertilizers sustains both soil health and crop productivity. For instance, the application of neem cake with FYM increased finger millet yield by 12.8% compared to inorganic fertilizers alone (Shivkumar et al., 1999). Combined use of organic and inorganic nutrients enhances yield, nutrient uptake, and economic returns while minimizing environmental risks (Pallavi et al., 2016). Therefore, Integrated Nutrient Management (INM), which optimizes all nutrient sources in harmony with crop demand, offers a sustainable approach to achieving higher and stable yields of finger millet under rainfed conditions.
2. MATERIALS AND METHODS

The experiment entitled “Effect of sowing dates and nutrient management on productivity, profitability and quality of finger millet [Eleusine coracana (L.) Gaertn.]” were conducted in the kharif season of 2023 and 2024, at the research farm (agronomy field) of the ICAR Research Complex for NEH Region, Umiam, Meghalaya Meghalaya at an altitude of 295 m above the mean sea level and is positioned geographically at Latitude of 25° 45’ 24” N and a Longitude of 95° 50’ 26” E, under sub-tropical climatic condition with the mean minimum and maximum temperature ranges from 12°C to 21.5°C and from 22°C to 29.4°C, respectively. The treatment consist of two factors; Sowing dates and nutrient management. The first factor is divided into three sowing dates: D1 - 1st June, D2 - 15th June, D3 - 1st July; and the second factor into four different nutrient management: N1 - Control (No fertilizer), N2 - RDF – 40-30-20 kg ha-1 N, P2O5 and K2O, N3 - 100% Organic through FYM, N4 - 50% Inorganic + 50% Organic through FYM. The treatments will be replicated three times. 

3. RESULTS AND DISCUSSION
3.1 Growth Attributes
The data presented in Table 1 revealed that sowing dates, nutrient management, and their interactions significantly influenced plant height, number of effective tillers per square meter, crop growth rate (CGR), and days to maturity during both the years (2023 and 2024) as well as in the pooled analysis. Plant height was significantly affected by both sowing time and nutrient management across years. In 2023, the tallest plants (139.96 cm) were recorded under sowing on 1st July (D₃), followed by 15th June (D₂), while the shortest plants (138.72 cm) were observed under early sowing (D₁, 1st June). A similar trend continued in 2024, with D₃ producing the maximum height (136.86 cm) and D₁ the minimum (137.97 cm). In the pooled analysis, mid-June sowing (D₂) resulted in the highest plant height (140.63 cm), indicating that sowing in mid-June provided optimum environmental conditions such as adequate soil moisture, moderate temperature, and favourable photoperiod during the vegetative phase, thereby enhancing plant elongation. Nutrient management also significantly influenced plant height. The combined application of 50% inorganic and 50% organic nutrients (N₄) produced the tallest plants (143.82 cm in 2023, 142.34 cm in 2024, and 143.51 cm pooled), followed by 100% organic management (N₃). The lowest height was recorded in the control (N₁). The superiority of integrated nutrient management (N₄) can be attributed to the synergistic effect of organic and inorganic sources that ensured a balanced nutrient supply, improved soil physical properties, and enhanced microbial activity, collectively promoting better root growth and vegetative development. The interaction between sowing date and nutrient management (D × N) was significant, indicating that the combined effect of optimal sowing time and balanced nutrient application resulted in maximum plant height. These findings corroborate the observations of Bharathi et al. (2023) and Kumar et al. (2022), who reported that timely sowing coupled with integrated nutrient management improved vegetative vigour and plant stature in finger millet. The number of effective tillers per square meter was significantly influenced by sowing time and nutrient management across both years. In 2023, the highest tiller count (69.50 m⁻²) was recorded under sowing on 1st July (D₃), followed by 15th June (D₂), while the minimum (66.42 m⁻²) was obtained under 1st June (D₁). Similar results were recorded in 2024 and pooled data, where D₃ remained superior (68.33 m⁻²). The enhanced tiller production under late sowing may be attributed to favourable soil moisture and moderate temperature during the vegetative phase, which supported better tiller initiation and survival. Nutrient management significantly affected tiller production, with N₄ (50% inorganic + 50% organic through FYM) producing the highest number of tillers (75.00 m⁻² in both years; pooled 73.50 m⁻²), followed by N₃ (100% organic). The lowest tiller number was recorded in N₁ (control). The superiority of N₄ is due to continuous and balanced nutrient availability from both organic and inorganic sources, which enhanced root growth and tiller emergence. The D × N interaction was non-significant in 2023 but significant in 2024, suggesting that nutrient effects were more pronounced under favourable environmental conditions. These results are supported by Sharma et al. (2022) and Devi et al. (2021), who reported that integrated nutrient management improved tiller initiation and survival by enhancing soil microbial activity and nutrient availability. The crop growth rate (CGR) was also significantly affected by both sowing time and nutrient management during both years and in the pooled mean. In 2023, maximum CGR (4.738 g m⁻² day⁻¹) was recorded under 1st July sowing (D₃), followed by 15th June (D₂), whereas the lowest was observed under 1st June (D₁). Similar trends were observed in 2024 and pooled data, indicating that delayed sowing improved growth rate due to better synchronization of vegetative growth with favourable soil moisture and temperature conditions, which enhanced dry matter accumulation. Among nutrient treatments, N₄ (50% inorganic + 50% organic) recorded the highest CGR (4.543 and 4.317 g m⁻² day⁻¹ in 2023 and 2024, respectively; pooled 3.958 g m⁻² day⁻¹), followed by N₃ (100% organic). The lowest CGR was found in N₁ (control). The improved performance under N₄ could be due to better soil fertility, microbial activity, and nutrient balance, which enhanced photosynthetic efficiency and biomass production. The D × N interaction was non-significant, suggesting that the effects of sowing date and nutrient management were largely independent. These findings agree with Devi et al. (2021), who reported higher CGR under integrated nutrient management due to improved nutrient uptake and sustained plant growth. Days to maturity were significantly influenced by both sowing dates and nutrient management across years. The earliest sowing (D₁, 1st June) recorded the longest crop duration (121.33 and 119.67 days in 2023 and 2024, respectively), while the latest sowing (D₃, 1st July) matured earliest (110.66 and 113.58 days). The pooled mean confirmed that early sowing extended the crop duration (120.50 days) compared to late sowing (112.13 days). The shortened duration under delayed sowing could be due to higher temperature during later stages, accelerating physiological development and grain filling. Nutrient management also had a marginal influence on crop duration. The integrated treatment (N₄) showed slightly longer maturity (117.50 days pooled), followed by N₁ (117.11 days), while N₃ (100% organic) matured slightly earlier (116.44 days). The longer duration under N₄ may be due to prolonged vegetative activity supported by continuous nutrient availability. A significant D × N interaction was observed, indicating that the effect of sowing time on crop duration varied with nutrient regime. These observations are consistent with the findings of Patel et al. (2022), Kumar et al. (2021), and Reddy et al. (2020), who reported accelerated maturity under delayed sowing and prolonged crop duration under integrated nutrient management.
3.2 Yield and Yield Attributes
The data presented in Table 2 revealed that sowing dates, nutrient management, and their interaction significantly influenced the yield and yield-attributing characters of finger millet during both years (2023 and 2024) as well as in the pooled analysis. The parameters studied included number of panicles m⁻², number of fingers ear⁻¹, number of grains earhead⁻¹, and grain yield (kg ha⁻¹). The number of panicles m⁻² was significantly affected by sowing time, nutrient management, and their interaction across both years. Among sowing dates, sowing on 1 July (D₃) consistently produced the highest panicle density (207.5 m⁻² in 2023 and 197.3 m⁻² in 2024), followed by 15 June (D₂), while the minimum was recorded under 1 June (D₁). The pooled mean also confirmed the superiority of D₃ (202.4 m⁻²) over D₂ (193.6 m⁻²) and D₁ (184.1 m⁻²). The increase in panicle number under late sowing can be attributed to favourable soil moisture and moderate temperature during tillering and panicle initiation, which supported better tiller survival and panicle formation. Nutrient management also had a pronounced effect. The integrated treatment N₄ (50 % inorganic + 50 % organic through FYM) recorded the highest number of panicles (252.2 m⁻² in 2023 and 211.1 m⁻² in 2024; pooled = 231.7 m⁻²), followed by N₂ (RDF) and N₃ (100 % organic). The lowest counts were obtained under N₁ (control). The superiority of N₄ may be attributed to the combined benefits of organic and inorganic sources, ensuring both immediate and sustained nutrient supply, improved root growth, and enhanced microbial activity, resulting in better panicle initiation. A significant D × N interaction revealed that the combination D₃N₄ (1 July + 50 % inorganic + 50 % organic) produced the maximum panicle number. These findings corroborate those of Devi et al. (2021), who reported that integrated nutrient management enhances panicle formation and yield attributes in finger millet by improving nutrient-use efficiency and crop vigour. The number of fingers per ear was significantly influenced by sowing dates, nutrient management, and their interaction. Among sowing times, D₃ (1 July) recorded the highest number of fingers per ear (7.000 and 7.083 in 2023 and 2024, respectively), followed by D₂ (15 June), while D₁ (1 June) produced the lowest. The pooled mean also confirmed the superiority of D₃ (7.046 fingers ear⁻¹) over D₂ (6.916) and D₁ (6.635). The higher finger formation under late sowing can be attributed to moderate temperature, adequate soil moisture, and better synchronization between vegetative and reproductive growth, leading to enhanced panicle differentiation. Among nutrient treatments, N₄ (50 % inorganic + 50 % organic through FYM) resulted in the highest number of fingers (8.255 and 7.444 in 2023 and 2024; pooled = 7.850), followed by N₂ (RDF) and N₃ (100 % organic), while N₁ (control) recorded the lowest. The superiority of N₄ is attributed to a balanced and continuous nutrient supply and improved physiological efficiency. A significant D × N interaction showed that the combination D₃N₄ (1 July + 50 % inorganic + 50 % organic) recorded the maximum number of fingers per ear. Similar observations were reported by Singh et al. (2022) and Devi et al. (2021), who noted that integrated use of organic and inorganic fertilizers improved reproductive efficiency and yield attributes in finger millet. The number of grains per earhead was significantly influenced by both sowing dates and nutrient management across years and in the pooled mean. Among sowing dates, D₃ (1 July) consistently produced the highest number of grains earhead⁻¹ (2332.00 in 2023 and 2250.92 in 2024), followed by D₂ (15 June), while D₁ (1 June) produced the minimum. The pooled mean (2242.96 grains earhead⁻¹) reaffirmed the advantage of D₃. The increased grain number under late sowing may be due to favourable temperature and moisture conditions during flowering and grain filling, which enhanced pollination and spikelet fertility. Nutrient management had a marked effect, with N₄ (50 % inorganic + 50 % organic through FYM) producing the highest grain number (2604.34 and 2369.89 in 2023 and 2024; pooled = 2373.27), followed by N₂ and N₃. The lowest grain count was recorded in N₁ (control). The improvement under N₄ could be attributed to balanced nutrient supply, enhanced photosynthetic activity, and improved soil biological health, which collectively favoured spikelet formation and grain setting. A significant D × N interaction revealed that D₃N₄ combination yielded the highest grain number per earhead. These results are in agreement with Kumar et al. (2021), Patel et al. (2022), and Reddy et al. (2020), who observed similar trends under integrated nutrient management systems. Grain yield of finger millet was significantly influenced by sowing dates, nutrient management, and their interaction across both years and pooled data. The highest grain yield was obtained under D₃ (1 July) (1620.65 kg ha⁻¹ in 2023 and 1514.52 kg ha⁻¹ in 2024), followed by D₂ (15 June), whereas D₁ (1 June) recorded the lowest yield. The pooled mean also confirmed the superiority of D₃ (1567.59 kg ha⁻¹) over D₂ (1503.85 kg ha⁻¹) and D₁ (1396.62 kg ha⁻¹). The higher yield under late sowing may be attributed to favourable climatic conditions during vegetative and reproductive stages, which supported better panicle initiation and grain filling. Early sowing possibly encountered moisture stress and higher temperature, leading to reduced yield. Nutrient management showed a highly significant effect on grain yield. The integrated treatment N₄ (50 % inorganic + 50 % organic through FYM) consistently produced the highest yield (2156.90 kg ha⁻¹ in 2023, 1744.01 kg ha⁻¹ in 2024; pooled = 1950.45 kg ha⁻¹), followed by N₃ (100 % organic) and N₂ (RDF), while N₁ (control) produced the lowest. The superior yield performance under N₄ may be ascribed to enhanced soil fertility, balanced nutrient supply, and improved physiological and photosynthetic efficiency. The significant D × N interaction indicated that the combination of late sowing with integrated nutrient management (D₃N₄) produced the highest yield. These findings are consistent with those of Rao et al. (2009), Patil et al. (2019), and Devi et al. (2021), who reported that integrating organic and inorganic nutrient sources improved yield potential and sustainability in finger millet.
4. CONCLUSION
 	The findings of the study demonstrate that both sowing time and nutrient management play a pivotal role in determining the growth, yield and yield attributes of finger millet. Sowing on 1st July consistently produced superior growth parameters and yield components compared to earlier sowing dates, indicating that late June to early July provides optimal environmental conditions for crop establishment and grain development. Among nutrient management practices, the integrated application of 50% inorganic + 50% organic nutrients (N₄) proved most effective, resulting in the highest plant height, tiller number, panicle density, grain number, and grain yield. This suggests that integrating organic and inorganic sources ensures balanced nutrient supply, improved soil health, and sustained productivity. The interaction between 1st July sowing and integrated nutrient management (D₃N₄) achieved the maximum yield, underscoring the importance of synchronizing agronomic practices with environmental conditions. Therefore, sowing finger millet around early July under integrated nutrient management is recommended for realizing higher yields and maintaining long-term soil fertility under rainfed conditions.
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	Treatments
	Plant height at harvest (cm)
	Number of effective tillers  m-2
	CGR (g m-2 day-1)
	Days to maturity

	Sowing dates (D)

	
	2023
	2024
	Pooled
	2023
	2024
	Pooled
	2023
	2024
	Pooled
	2023
	2024
	Pooled

	D1:1st June
	138.72
	137.93
	138.32
	68.41
	65.16
	66.79
	4.03
	3.63
	3.55
	121.33
	119.66
	120.50

	D2: 15th June
	142.66
	138.60
	140.63
	68.91
	65.66
	67.29
	4.27
	3.73
	3.69
	117.41
	119.33
	118.37

	D3: 1st July
	139.96
	136.85
	138.40
	69.50
	67.16
	68.33
	4.73
	4.52
	4.10
	110.66
	113.58
	112.12

	S.Em±
	0.40
	0.44
	0.30
	0.66
	0.45
	0.41
	0.23
	0.21
	0.12
	0.65
	1.15
	0.70

	C.D. (P=0.05)
	1.17
	1.30
	0.90
	NS
	1.32
	1.20
	NS
	0.62
	0.36
	1.92
	3.38
	NS
	

	Nutrient management (N)

	
	2023
	2024
	Pooled
	2023
	2024
	Pooled
	2023
	2024
	Pooled
	2023
	2024
	Pooled

	N1: Control (No fertilizer)
	137.06
	130.13
	133.59
	61.22
	54.00
	57.61
	4.23
	3.60
	3.73
	116.66
	117.55
	117.11

	N2: RDF - 40:30:20 kg/ha (N, P2O5, K2O)
	138.88
	138.52
	138.70
	68.88
	68.22
	68.55
	4.28
	3.93
	3.56
	116.66
	117.22
	116.94

	N3: 100% Organic through FYM
	142.04
	139.31
	140.67
	70.66
	69.77
	70.22
	4.32
	4.01
	3.88
	116.11
	116.77
	116.44

	N4: 50% Inorganic + 50% Organic throu FYM
	143.82
	143.21
	143.51
	75.00
	72.00
	73.50
	4.54
	4.31
	3.95
	116.44
	118.55
	117.50

	S.Em±
	0.46
	0.51
	0.35
	0.76
	0.52
	0.47
	0.27
	0.24
	0.14
	0.75
	1.33
	0.81

	C.D. (P=0.05)
	1.35
	1.50
	1.04
	2.25
	1.52
	1.38
	NS
	NS
	NS
	NS
	NS
	   NS

	Interaction

	D x N
	S
	S
	S
	NS 
	S
	NS
	NS
	NS
	NS
	S
	NS
	NS


Table 1. Effect of sowing dates and nutrient management on plant height (cm), number of effective tillers m-2, CGR (g m-2 day-1) and days to maturity


Table 2. Effect of sowing dates and nutrient management on number of panicles (m-2), fingers ear-1, grains earhead-1 and grain yield (kg ha-1)


	Treatments
	Number of panicles m-2
	Number of fingers ear-1
	Number of grain earhead-1
	Grain yield (kg ha-1)

	Sowing dates (D)

	
	2023
	2024
	Pooled
	2023
	2024
	Pooled
	2023
	2024
	Pooled
	2023
	2024
	Pooled

	D1:1st June
	204.16
	164.08
	184.12
	6.77
	6.50
	6.63
	2112.93
	2021.48
	2029.78
	1570.25
	1222.97
	1396.61

	D2: 15th June
	199.58
	187.66
	193.62
	6.83
	7.00
	6.91
	2194.41
	2222.66
	2264.08
	1580.64
	1427.05
	1503.84

	D3: 1st July
	207.50
	197.33
	202.41
	7.00
	7.08
	7.04
	2332.00
	2250.91
	2242.95
	1620.65
	1514.51
	1567.58

	S.Em±
	6.16
	6.19
	4.75
	0.25
	0.23
	0.17
	34.69
	39.32
	23.32
	53.21
	47.76
	38.54

	C.D. (P=0.05)
	NS
	18.17
	13.95
	NS
	NS
	NS
	101.76
	115.34
	280.20
	156.09
	140.09
	113.04
	

	Nutrient management (N)

	
	2023
	2024
	Pooled
	2023
	2024
	Pooled
	2023
	2024
	Pooled
	2023
	2024
	Pooled

	N1: Control (No fertilizer)
	156.55
	134.22
	145.38
	5.33
	5.55
	5.44
	1607.00
	1565.55
	1717.83
	906.41
	692.63
	799.52

	N2: RDF - 40:30:20 kg/ha (N, P2O5, K2O)
	215.33
	192.55
	203.94
	7.33
	7.22
	7.27
	2448.34
	2436.97
	2296.28
	1649.62
	1478.40
	1564.01

	N3: 100% Organic through FYM
	190.88
	194.22
	192.55
	6.55
	7.22
	6.88
	2192.77
	2287.66
	2328.38
	1649.13
	1637.67
	1643.40

	N4: 50% Inorganic + 50% Organic throu FYM
	252.22
	211.11
	231.66
	8.25
	7.44
	7.85
	2604.34
	2369.88
	2373.27
	2156.90
	1744.01
	1950.45

	S.Em±
	7.11
	7.15
	5.49
	0.25
	0.27
	0.19
	40.06
	45.40
	26.92
	61.45
	55.15
	109.77

	C.D. (P=0.05)
	20.86
	20.99
	16.11
	0.67
	0.80
	0.58
	117.50
	134.06
	323.55
	180.24
	161.77
	44.50

	Interaction

	D x N
	NS
	NS
	NS
	S
	NS
	NS
	S
	S
	S
	S
	S
	S





