


Integrated nutrient management for finger millet (Eleusine coracana L.) cv. Attappadi local


ABSTRACT
[bookmark: _GoBack]A field experiment was conducted at College of Agriculture, Padannakkad, Kasaragod, Kerala, from October 2024–March 2025, to study the response of traditional finger millet (Eleusine coracana L.) to different levels of nutrient. The experiment was laid out in Randomized Block Design (RBD) with two factors replicated thrice. Factor A consisted of two different levels of farm yard manure (A1 - FYM @ 2.5 t ha⁻¹ and A2 - 5 t ha⁻¹) and factor B consisted of four different levels of nutrients B1- NPK @ 45:22.5:22.5 kg ha⁻¹ i.e., Kerala Agricultural University Package of Practice (POP), B2 - Soil Test Based Fertilizer Recommendation i.e., SBFR - NPK @ 32:6:16  kg ha⁻¹), B3 - NPK @ 60:30:30 kg ha⁻¹ and B4- Farmers’ practice (FYM alone or no NPK). Results indicated that treatments varied significantly for all growth characteristics. B2 - SBFR - NPK @ 32:6:16 kg ha⁻¹ had a higher value for plant height, number of leaves per plant, leaf area and dry matter production, grain yield and straw yield. The study indicated that   the traditional finger millet variety has positive growth and yield response to integrated nutrient management compared to the farmer’s practice of applying FYM alone. However as there was no yield increase corresponding to the increased nutrient levels, it may be attributed to the imbalanced availability of nutrients in the soil or to the limited yield potential of the traditional variety.
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1. INTRODUCTION
Millets are tiny-grained grasses with a reputation for flourishing under dry and semi-dry conditions. They can easily develop in poor soils and under limited rainfall availability, thus being very adaptable crops for variable and harsh environments. Their hardiness promotes food security, particularly in developing nations where climate fluctuation and land degradation are prevalent (Khairuddin and Lasekan, 2021). Millets are well-known for their exceptional nutritional profile, offering abundant protein, dietary fibre, vitamins and essential minerals. Moreover, gluten-free status makes them a good option for those who suffer from gluten intolerance or celiac disease, serving the global interest in inclusive and health-focused diets. The total area under millet cultivation in India during the financial year 2024 was 12.19 million ha and production was 15.38 million tonnes (APEDA). Out of the total millet production, finger millet (Eleusine coracana L. Gaertn) accounts for about 85% of the total millet production (Sakamma et al., 2017). Major finger millet growing states include Rajasthan, Karnataka, Maharashtra, Uttar Pradesh, Tamil Nadu and Andhra Pradesh. In Kerala, finger millet is mostly grown in the Idukki and Palakkad districts. In Idukki, the area, production, and yield are 76 ha, 140 t, and 1842 kg ha⁻¹. In Palakkad, they are 137 ha, 121 t, and 883 kg ha⁻¹ (FIB, 2022).

2. MATERIALS AND METHODS
An investigation entitled “Integrated nutrient management for finger millet (Eleusine coracana L.) cv. Attappadi local” was carried out with an objective to evaluate the nutrient response of the traditional finger millet variety. The experiment was conducted at Instructional Farm II, College of Agriculture, Padannakkad, Kasaragod, Kerala. The experiment was laid out in RBD with 8 treatment combinations and 3 replications. Attappadi local was sown in a spacing of 25 × 15 cm in plots measuring 4.5 × 3.5 m during October  2024 to March 2025, under irrigated conditions. The treatments consisted of 8 combinations viz., A1B1  (2.5t ha-1 FYM+NPK @ 45:22.5:22.5 kg ha-1), A1B2  (2.5t ha-1 FYM + NPK @ 32:6:16 kg ha-1 (SBFR)), A1B3  (2.5t ha-1 FYM+ NPK @ 60:30:30 kg ha-1), A1B4  (2.5t ha-1 FYM), A2B1  (5t ha-1 FYM+ NPK @ 45:22.5:22.5 kg ha-1), A2B2  (5t ha-1 FYM+ NPK @ 32:6:16 kg ha-1), A2B3  (5t ha-1 FYM+ NPK @ 60:30:30 kg ha-1) and A2B4 (5t ha-1 FYM). Half dose of nitrogen, full dose of phosphorus and potassium were applied as basal and the remaining half N was applied 21 days after sowing. All the cultural practices including plant protection measures were adopted uniformly in all plots. 
3. RESULTS AND DISCUSSION
3.1. Plant height (cm)
Application of different nutrient levels influenced the plant height significantly (fig 1,2 and 3). At 75 DAS, FYM (5 t ha-1) resulted in higher value of plant height (91.37 cm) than lower dose. At 25 and 75 DAS, application of NPK @ SBFR (21.43, 94.16 cm) resulted in significantly higher value for plant height than other treatment and at 50 DAS, NPK @ SBFR (69.75 cm) recorded on a par values with NPK applied @ 60:30:30 kg ha-1 (69.41 cm) and NPK applied @ 45:22.5:22.5 kg ha-1 (67.03 cm). There was significant interaction effect in plant height with integrated application of FYM with nutrient levels at 75 DAS. The highest plant height was recorded with the integrated application of higher dose of FYM (5 t ha-1) along with SBFR nutrient level (98.09 cm). The marked improvement in plant height with organic manure application  may be attributed to the readily available nitrogen, which likely promoted cell division and expansion, leading to taller plants (Triveni et al. 2017). Combining N + P or manure + P resulted in superior growth and yield of finger millet compared to applying N or manure alone, underscoring the significance of balanced nutrient management (Thilakarathna and Raizada, 2015). FYM alone produced variable effects, with the higher application levels showing a stronger influence on plant performance than the lower ones. The results highlight that combining reduced levels inorganic fertilizer with higher FYM levels can sustain superior growth across different stages in pearl millet as reported by Bababe (2020). Technologies involving soil testing and site-specific fertilizer formulations demonstrate clear advantages in reducing chemical fertilizer inputs and boosting fertilizer efficiency (Zeng et al., 2012; Chen et al., 2014; Shi et al., 2020; Purnomo and Subiksa, 2021). 
       Fig 1. Effect of different levels of FYM  on plant height

     Fig 2. Effect of different levels of nutrients on plant height

Fig 3. Interaction effect of different levels of FYM and levels of nutrients on plant height


3.2. Number of leaves per plant
The data on number of leaves per plant (fig 4 and 5) revealed the different   stages   of   crop   growth, number of leaves per plant was significantly influenced by the application of different nutrient levels. At 25, 50 and 75 DAS, higher number of leaves per plant was noticed with the application of NPK at SBFR kg ha-1 (5.18, 7.46 and 12.31). Significant difference in number of leaves per plant was observed with the interaction effect of FYM with nutrient levels at 25 and 50 DAS. The highest number of leaves per plant was recorded with the integrated application of high dose of FYM (5 t ha-1) along with NPK applied @ SBFR (5.51 and 7.85). The combined application of organic manures and inorganic fertilizers improved nutrient availability, which facilitated chlorophyll synthesis and consequently enhanced photosynthetic activity (Varalakshmi et al., 2005). The increase in LAI could be attributed to greater light interception and improved photosynthesis, with LAI serving as a key factor in boosting photosynthetic assimilation, ultimately leading to higher dry matter accumulation and straw yield (Pallavi et al., 2016). Supplying balanced and moderate amounts of nitrogen, phosphorus and potassium enhanced canopy expansion, suggesting improved photosynthetic potential during early growth. The findings make it clear that a proper nutrient balance is more effective than heavy fertilizer use. Foxtail millet grows better when nutrients are supplied in the right amounts. Using NPK in balanced doses helps improve leaf photosynthesis, leading to better growth (Xing et al., 2005).

Fig 4. Effect of different levels of nutrients on no.of leaves per plant

Fig 5. Interaction effect of different levels of FYM and levels of nutrients on no.of leaves per plant
3.3. Dry matter production (kg/ha)
The results revealed that integrated nutrient management significantly affected dry matter yields in finger millet (Fig 6 and 7). At 50 DAS and at harvest, there was significant difference in dry matter production by the application of FYM levels. At 50 DAS and at harvest, higher dry matter production was noticed with the application of FYM 5 t ha-1 (2414.14 and 4470.58 kg ha-1 respectively). Significant difference in dry matter production by the application of different nutrient levels. At 25 DAS, application of NPK @ SBFR (529.32 kg ha-1) recorded the highest value which was on a par with NPK applied @ 60:30:30 kg ha-1 (523.34 kg ha-1) and NPK applied @ 45:22.5:22.5 kg ha-1 (519.13 kg ha-1).  At 50,75 and at harvest, dry matter produced in NPK @ SBFR (2534.91, 3611.30 and 4785.71 kg ha-1 respectively)  was on a par with  NPK applied @ 60:30:30 kg ha-1 (2507.05, 3468.26 and 4670.28 kg ha-1 respectively) The marked improvement in plant dry matter production with higher nitrogen levels could be due to its role in promoting the synthesis of essential compounds like amino acids, proteins and protoplasm, which in turn support higher dry matter accumulation (Prashanth et al., 2019). Pallavi et al. (2016) observed that dry matter accumulation values were lower in the control plots compared to those receiving NPK levels. This reduction was likely due to limited nutrient availability, which restricted growth parameters such as plant height, tiller number and dry matter accumulation. Choudhary and Suri (2014) reported that combining organic and inorganic nutrient sources helps maintain a balanced nutrient supply, which in turn promotes greater photosynthate accumulation and improved growth traits. Similarly, Chaudhary et al. (2011) noted that the higher dry matter production observed under INM practices may be attributed to increased microbial activity in the rhizosphere due to the presence of farm yard manure, resulting in more efficient nutrient assimilation and availability. 

Fig 6. Effect of different levels of FYM  on dry matter producton

Fig 7. Effect of different levels of nutrients on dry matter producton

3.4. Grain yield (kg/ha)
[bookmark: _Hlk209646000][bookmark: _Hlk212277168]The results revealed that integrated nutrient management significantly affected grain yield in finger millet (Fig 8,9 and 10). Significant difference in grain yield was observed by the application of FYM levels. Higher grain yield was noticed with the application of FYM applied at the rate of 5 t ha-1 (862.06 kg ha-1). There was significant difference in grain yield by the application of different nutrient levels. Application of NPK @ SBFR (981.87 kg ha-1) recorded the significantly higher value in grain yield. Similar results were obtained by the integrated application of FYM @ 5 t ha-1+ SBFR (1001.33 kg ha-1) of inorganic fertilizers in finger millet. The combined use of organic and inorganic fertilizers positively affects plant metabolism and growth, resulting in higher grain yield. Hegde and Gowda (1986) observed that finger millet produced 23.1 kg of grain per kg of nitrogen applied at a rate of 20 kg N ha⁻¹, whereas the yield response declined to 19.9 kg per kg of nitrogen at 60 kg N ha⁻¹. This indicates that applying an optimal nitrogen dose is crucial for maximizing the economic returns of resource-poor finger millet farmers. Increasing the phosphorus application rate from 30 to 60 kg P₂O₅ ha⁻¹ reduced finger millet grain yield efficiency from 16.3 to 14.7 kg per kg P₂O₅, emphasizing the importance of balanced fertilizer use. This effect could be attributed to the improvement in soil physico-chemical and biological properties achieved through the combined use of organic manures and inorganic fertilizers (Jagadeesha et al. 2010 and Reddy et al. 2021). Fertilizer prescription equations formulated using the STCR approach (Soil Test Crop Response) offered a reliable strategy for improving yield and profitability of kodo millet across different fertility conditions of Alfisols in southern India. Adopting the STCR approach proved superior to other fertilizer recommendation methods, as it not only enhanced grain yield but also improved economic returns (Rangaiah et al., 2024).

Fig 8. Effect of different levels of FYM  on grain yield

Fig 9. Effect of different levels of nutrients on grain yield


Fig 10. Interaction effect of different levels of FYM and levels of nutrients on grain yield
3.5. straw yield (kg/ha)
[bookmark: _Hlk209646119]The results revealed that integrated nutrient management significantly affected straw yield in finger millet (Fig 11 and 12). Significant difference in straw yield by the application of different nutrient levels. Application of NPK @ SBFR (1478.37 kg ha-1 ) recorded significantly higher value. In the interaction effect, application of FYM @ 5 t ha-1+ SBFR (1501.10 kg ha-1 ) on a par with FYM @ 5 t ha-1 + NPK applied @ 60:30:30 kg ha-1 (1448.33 kg ha-1 ) ,FYM @ 5 t ha-1 + NPK applied @ 45:22.5:22.5 kg ha-1 (1413.66 kg ha-1 ) and FYM @ 2.5 t ha-1+ SBFR (1455.65 kg ha-1 ). Rani et al. (2022) reported that integrating the STCR-based fertilizer recommendation for a target yield along with FYM resulted in the highest grain and straw yields in the pearl millet–wheat system. This treatment outperformed the use of chemical fertilizers alone, while the control plot recorded the lowest yields. These results emphasise the advantage of combining organic inputs with STCR-guided nutrient management for improving system productivity. Balanced fertilizer application is vital for sustainable crop production. Yadav et al. (2023) observed that the combination of vermicompost with half the recommended fertilizer dose was the most effective in improving the straw yield of pearl millet.  However, relying solely on inorganic fertilizers or using them in excess can deteriorate soil fertility and overall productivity. To enhance soil health and maintain ecosystem functions, farmers have increasingly been advised to adopt practices that combine inorganic fertilizers with organic manures, integrating both sources for better nutrient management. The outcomes of the present study align with the findings of Rani et al. (2017), who reported that finger millet produced higher straw yields when supplied with 200% RDN + 100% RDP + 100% RDK + 25% of the recommended Zn, S, and B. These results were statistically comparable to those obtained under the integrated STCR-based fertilizer application combined with FYM at                5 t ha⁻¹.

Fig 11. Effect of different levels of nutrients on straw yield

Fig 12. Interaction effect of different levels of FYM and levels of nutrients on straw yield

CONCLUSION
 	The higher dose of farm yard manure resulted in more plant height (75 DAS), leaf area (25 DAS and 50 DAS), dry matter production (50 DAS and at harvest) and grain yield than lower dose of FYM. NPK @ SBFR (32:6:16 kg ha-1) had significantly higher values in plant height (25,50 and 75 DAS), no. of leaves per plant (25,50 and 75 DAS) and leaf area (25,50 and 75 DAS). In the case of dry matter production, there were on a par result of SBFR with higher nutrient levels. In the case of the interaction effect, higher grain yield shown by 5t ha-1 FYM+ SBFR and higher levels of farm yard manures along with the different nutrient levels resulted in on a par values for straw yield. B:C ratio. On the basis of B:C ratio, it can be concluded that, Both A₁B₂ (2.5t ha-1 FYM+ SBFR) and A₂B₂ (5t ha-1 FYM+ SBFR) performed on a par relationship, showing that the SBFR was the most profitable combination across FYM levels. It can be concluded that traditional finger millet variety responds to integrated application of nutrients better than sole application of FYM. However there was no proportionate yield increase with increased nutrient levels. This might be due to the limitation of the variety for increased yield and also due to the imbalance in nutrient availability under higher nutrient status.
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75 DAS	0.19219858156028372	0	0	0	0	0	0.17801418439716313	0.90744680851063841	0.19219858156028372	0	0	0	0	0	0.17801418439716313	0.90744680851063841	A1B1	A1B2	A1B3	A1B4	A2B1	A2B2	A2B3	A2B4	93.81	90.23	91.94	86.04	91.59	98.09	93.59	82.2	Interaction 


Plant height (cm)



No. of leaves per plant 

 25 DAS	8.8499999999999995E-2	0.191	0.12	3.3000000000000002E-2	8.8499999999999995E-2	0.191	0.12	3.3000000000000002E-2	B1	B2	B3	B4	4.8899999999999997	5.18	5.0199999999999996	4.58	50 DAS	0.125	0.23749999999999999	0.1105	0.15049999999999999	0.125	0.23749999999999999	0.1105	0.15049999999999999	B1	B2	B3	B4	7.12	7.46	7.04	5.75	75 DAS	0.23499999999999999	0.61599999999999999	0.245	0.28699999999999998	0.23499999999999999	0.61599999999999999	0.245	0.28699999999999998	B1	B2	B3	B4	10.76	12.31	11.39	7.51	Levels of nutrients (B) 


No.of leaves per plant 





No.of leaves per plant 
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Dry matter production 
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Grain yield (kg ha-1) 
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kg ha-1





Straw yield	54.4255	15.157999999999999	59.798000000000002	109.4355	54.4255	15.157999999999999	59.798000000000002	109.4355	B1	B2	B3	B4	1318.645	1478.373	1342.3150000000001	918.30200000000002	





Straw yield	4.9140735502121649	5.9105374823196604	7.0929985855728441	6.6814002828854315	17.122347949080623	7.6552333804809063	14.310820367751061	45.783946251768036	4.9140735502121649	5.9105374823196604	7.0929985855728441	6.6814002828854315	17.122347949080623	7.6552333804809063	14.310820367751061	45.783946251768036	A1B1	A1B2	A1B3	A1B4	A2B1	A2B2	A2B3	A2B4	1223.6300000000001	1455.646	1236.3	1103.27	1413.66	1501.1	1448.33	1126.3330000000001	





75 DAS	A1	A2	90.51	91.37	Levels of FYM (A)


Plant height (cm)



Plant height (cm)

 25 DAS	B1	B2	B3	B4	19.5	21.43	20.57	17.14	50 DAS	1	1	B1	B2	B3	B4	67.03	69.75	69.41	61.74	75 DAS	0.63249999999999995	2.1524999999999999	0.47899999999999998	1.3274999999999999	0.63249999999999995	2.1524999999999999	0.47899999999999998	1.3274999999999999	B1	B2	B3	B4	92.7	94.16	92.77	84.12	Levels of nutrients (B)


Plant height (cm)







2

