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Abstract
“A field experiment was conducted during “kharif” and “rabi” seasons of 2022-23 and 2023-24 at Regional Agricultural Research Station, Nandyal, Acharya N.G. Ranga Agricultural University, Andhra Pradesh usingPradeshusing “split-plot design” with three replications to study the effect of different enriched organic manures and liquid foliar management practices on foxtail millet and chickpea. Among the different enriched organic manures, significantly higher dry matter production and nutrient uptake of foxtail millet and chickpea were obtained with the application of enriched poultry manure with silica (M2) followed by enriched vermicompost with silica (M3). With respect to liquid foliar feeders, higher dry matter production and nutrient uptake were recorded with foliar application of panchagavyaPanchagavya  @ 3 % (F3) which is statistically at par with foliar application of compost tea @ 5% (%(F4) in foxtail millet and chickpea on clayey loam soils of Scarce rainfall Agro-Climatic Zone of Andhra Pradesh. The lowest dry matter production and nutrient uptake were obtained with control treatment intreatmentin both the crops”.
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INTRODUCTION
Foxtail millet (Setaria italica L.) is a short-duration C₄ cereal well adapted to semi-arid and rainfed regions, where its resilience to water stress and low-input conditions makes it a vital component of dryland farming systems. However, the crop’s productivity is frequently limited by poor soil organic matter, low nutrient availability, and degraded soil structure common constraints in rainfed agro-ecosystems. In India, Andhra Pradesh, Karnataka and Tamil Nadu are the major foxtail miller growing states contributing about 79 per cent of the total cultivated area of about 5 lakh hectares with production of 4 lakh tones and productivity of 935 kg ha-1 during 2023-24 in India. In Andhra Pradesh total cultivated area of about 1.2 lakh hectares with production of 1.1 lakh tones and productivity of 902 kg ha-1 during 2023-24.
Chickpea (Cicer arietinum L.) is the most important rabi pulse crop in indiaIndia with a production of 13.54 million tonnes and contributing 74.8% of the world chickpea production of 18.1 million tonnes (FAOSTAT, 2022). Chickpea is a key pulse crop in rainfed agro-ecosystems, valued for its high protein content and its role in enhancing soil fertility through biological nitrogen fixation. However, its productivity remains constrained by poor soil fertility, low organic matter, and moisture-limited nutrient availability, all of which reduce nutrient uptake and nodulation efficiency. Developing organic nutrient management strategies that improve soil health and ensure efficient nutrient supply is therefore critical for enhancing chickpea performance under dryland conditions. 
Enhancing nutrient use efficiency through sustainable inputs is therefore essential to unlock its production potential. Enriched organic manures have gained attention as multifunctional amendments capable of improving soil fertility through gradual nutrient release, enhanced microbial activity, and improved soil physical properties. Fortification of organic manures with mineral additives such as silica has shown particular promise, given silica’s role in strengthening structural rigidity, improving root system architecture, enhancing tolerance to drought, and facilitating more efficient acquisition of macro- and micronutrients in cereal and pulse crops. Complementary foliar feeding with organic liquid bio-formulations including panchagavyaPanchagavya, compost tea, and jeevamrithandjeevamrith provides an additional nutrient pathway, supplying readily assimilable micronutrients, plant growth regulators, amino acids, and bioactive metabolites. Foliar application at critical growth stages is known to stimulate chlorophyll biosynthesis, enhance enzymatic function, and improve overall physiological efficiency, particularly under nutrient-limited rainfed conditions. Integrating enriched organic manures with foliar bio-nutrient sprays offers a synergistic approach to support plant metabolic processes, strengthen stress resilience, and improve yield and quality parameters in foxtail millet and chickpea. Hence, a systematic evaluation of this integrated organic nutrient strategy is thus essential to develop sustainable, organic-based production technologies for rainfed millet and pulse systems.
MATERIALS AND METHODS 
The experiment was conducted for two consecutive years during kharif and rabi seasons of 2022-23 and 2023-24 in field No. 3A west at Regional Agricultural Research Station, Nandyal, Acharya N.G. Ranga Agricultural University, which is geographically situated at an altitude of 216 m above mean sea level at 15° 29' 19" N latitude and 78° 29' 11" E longitude and it was categorized in the Scarce rainfall Agro-climatic Zone of Andhra Pradesh. The soil of the experimental site was clayey loam in texture, alkaline in soil reaction, low in organic carbon and available nitrogen, medium in phosphorus and high potassium. The experiment was laid out using split-plot design with the treatments in main plot comprised of four enriched organic manures vizmanuresviz., enriched FYM with silica (M1), enriched poultry manure with silica (M2), enriched vermicompost with silica (M3) and control (M4), four liquid foliar feeders viz., control (F1), foliar application of jeevamrith @ 3% (F2), panchagavya @ 3% (F3) and compost tea @ 5% (F4) under sub plots. Foxtail millet variety “Garuda” and chickpea variety “Nandyalgram 119” were used as test varieties in both crops. Organic manures i.e., farmyard manure, poultry manure and vermicompost were calculated as per the requirements based on the nutrients contents (NPK) and enriched with silica as per the recommended dose @ 80 kg ha-1 and applied on equal nitrogen basis. All the above organic manures were thoroughly incorporated in to the soil 15 days prior to sowing of the kharif crop and also required quantity of enriched organic manures with silica applied during rabi crop in the fixed treatmental plots as basal. Foliar spray of jeevamrith, panchagavya and compost tea were taken twice at 20 and 40 DAS as per the treatments and 35 DAS and 55 DAS as per the treatments to foxtail millet and chickpea respectively in both years. Immediately after harvest of the foxtail millet, bold and healthy kabuli seeds of chickpea (Nandyalgram 119) @ 50 kg ha-1 were sown in the open furrows made with the help of hand hoe athoeat a spacing of 30 cm x 10 cm under undisturbed layout manually to obtain required plant population. Five plants were selected at random from net plot area and labeled with tags for recording parameters during crop growing period. The data recorded on various parameters of crop during the course of study was statistically analyzed as suggested by Panse and Sukhatme (1985). Statistical significance was tested with F test at 5 per cent level of probability and compared the treatment means with critical difference. Based on the nutrient content in grain and straw of both crops, the uptake of N, P and K was worked out and expressed in kg ha-1 using the following formula.
			         Nutrient content (%) x Dry matter production (kg ha-1)
Nutrient uptake (kg ha-1) =   -----------------------------------------------------------------------
                                                                                 100
RESULTS AND DISCUSSION
Dry matter production of foxtail millet 
Dry matter production of foxtail millet was significantly influenced by enriched organic manures and liquid foliar feeder’s application at harvest. Interaction effect of enriched organic manures and liquid foliar feeders application was non-significant in pooled data (Table 1). Among the enriched organic manures application, at harvest dry matter production was higher with enriched poultry manure with silica (M2) followed by enriched vermicompost with silica (M3).This might be due to continuous availability and better uptake of nutrients, thereby increasing plant height, leaf area index which could have further improved the photosynthetic process and resulted in increased dry matter production of foxtail millet. The higher dry matter production in vermicompost also might be due to higher availability of macro and micro nutrients compared to farmyard manure, indicating that it acted as a better supplement for stimulated growth which resulted in higher dry matter production. This corroborate the findings of Bindu et al. (2024), Sudhakar et al. (2002), Gawade et al. (2013) and Goud et al. (2021).The lowest dry matter production was registered with enriched farmyard manure with silica (M1) and control treatment (M4), which was significantly lower than rest of the organic manures application in the pooled mean. This might be due to limited nutrient availability and slow nutrient release, which restricted vegetative growth and biomass accumulation.
	With respect to liquid foliar feeders, at harvest higher dry matter production was observed with foliar application of panchagavya @ 3 % at 20 and 40 DAS (F3) which is statistically at par with foliar application of compost tea @ 5%at 20 and 40 DAS (F4). The next best treatment in recording higher dry matter production was with foliar application of jeevamrith @ 3 % at 20 and 40 DAS (F2).This might be due to higher dry matter production was observed with panchagavya which provided protoplasmic elements i.e., N, P and K that assisted in physiological functions of the plant such as chlorophyll and protein synthesis and thereby increased the growth parameters which further resulted in enhancement of dry matter production. These results are conformity with the Bindu et al. (2024). Higher dry matter production with foliar-applied compost tea is due to enhanced nutrient availability and growth-promoting compounds, which improve photosynthesis and biomass accumulation. Similar results were reported by Ibrahim et al. (2019). Significantly lower dry matter production was recorded with control treatment (F1) in the pooled mean due to the lack of nutrient supplementation, limiting growth and biomass accumulation.
Dry matter production of Chickpea 
Dry matter production of chickpea was significantly influenced by enriched organic manures application and foliar feeders at harvest of crop. Interaction effect of enriched organic manures application and liquid foliar feeders was non-significant in pooled mean (Table 1). Significantly higher dry matter production was obtained with enrichedwithenriched poultry manure with silica (M2) at harvest during both years of study and in the pooled mean. Enhanced growth of chickpea might be supplied a steady release of essential nutrients, particularly nitrogen and phosphorus, which supported continuous vegetative growth. The added silica strengthened cell walls, improved leaf orientation and enhanced root activity, leading to better light interception and more efficient uptake of water and nutrients. This nutrient–silica synergy allowed the plants to maintain higher photosynthetic efficiency and accumulate greater biomass at each growth stage. These results were in close association with findings of Reddy and Umesha (2022), Verma et al. (2025), Jat et al. (2012) and Ramesh et al. (2006). The next best enriched organic manure in recording higher dry matter production was enriched vermicompost with silica (M3), which was significantly superior to enriched farmyard manure with silica (M1). Higher dry matter production with enriched vermicompost containing silica is attributed to improved nutrient availability, enhanced cell wall strength, and better soil health, which collectively promote vigorous vegetative growth and biomass accumulation. The lowest dry matter production of chickpea was registered with control treatment (M4), which was significantly lower than rest of the organic manure management practices during both years of study and in the pooled mean.
	Among the various liquid foliar feeders, higher dry matter production was observed with foliar application of panchagavya @ 3 % at 35 and 55 DAS (F3) at harvest in the pooled mean which is statistically at par with foliar application of compost tea @ 5% at 35 and 55 DAS (F4), which was significantly superior to foliar application of jeevamrith @ 3 % at 35 and 55 DAS (F2). Dry matter production of chickpea increased with foliar application of panchagavya or compost tea because these sprays supply easily absorbable nutrients, micronutrients, and bioactive compounds directly to the leaves. This enhances chlorophyll formation, photosynthetic efficiency and nutrient translocation, leading to better biomass accumulation at each growth stage. The microbial and hormonal components in these organic liquids further stimulate metabolic activity and improve plant vigour, resulting in consistently higher dry matter production throughout the crop cycle. These results are conformity with the Sharma et al., (2024), Parmar et al. (2024). Significantly lower dry matter production was recorded with no foliar spray i.e., control treatment (F1) in the pooled mean due to limited nutrient availability, as the absence of foliar sprays restricted direct leaf absorption of essential macro-and micronutrients, reducing photosynthetic efficiency and biomass accumulation.
Table 1. Dry matter production (kg ha-1) of foxtail millet and chickpea at harvest as  
                
influenced by enriched organic manures and foliar feeders (Pooled data)
	
	Dry matter production  
 (kg ha-1)

	Treatments
	Foxtail millet
	Chickpea

	Main plots : Organic manures (4)

	M1:Enriched FYM with silica
	2723
	1430

	M2: Enriched Poultry manure  with silica
	3049
	1576

	M3: Enriched Vermicompost with silica
	3027
	1532

	M4: Control
	2108
	889

	SEm ±
	81.9
	40.6

	CD (P = 0.05)
	284
	141

	Sub plots : Liquid Foliar feeders (4)

	F1:Control
	2190
	989

	F2:Jeevamrith 3%
	2875
	1383

	F3:Panchagavya 3%
	3034
	1570

	F4:CompostTea 5%
	3013
	1523

	SEm ±
	86.2
	41.5

	CD (P = 0.05)
	252
	121

	Interaction

	Organic manures (M) × Liquid Foliar feeders (F)

	M at F
	
	

	SEm ±
	170.4
	82.6

	CD (P = 0.05)
	NS
	NS

	F at M
	
	

	SEm ±
	172.5
	83.1

	CD (P = 0.05)
	NS
	NS



Nutrient uptake by foxtail millet
Nutrient uptake viz., nitrogen, phosphorus and potassium by foxtail millet was varied significantly due to enriched organic manures and liquid foliar feeders and their interaction effect was non-significant at harvest in the pooled mean. (Fig. 1). With respect to different enriched organic manures application, enriched poultry manure with silica (M2) recorded higher nitrogen, phosphorus and potassium uptake at harvest followed by application of enriched vermicompost with silica (M3) and both were statistically at par with each other. This might be due to enriched poultry manure with silica mineralizes faster and releases N, P and K more readily than vermicompost, resulting in greater nutrient availability throughout the crop season. Silica further improves root growth and nutrient absorption efficiency while enhancing microbial activity and reducing nutrient fixation. In contrast, vermicompost releases nutrients more slowly, leading to comparatively lower uptake at harvest. This corroborate the findings of Singh et al. (2024) and Shrinivas et al. (2021), Jogarao et al. (2023), Sree et al. (2022) and Bindu et al.(. (2022). Significantly lower nutrient uptake was noticed with application of enriched farmyard manure with silica (M1) and control (M4) in the pooled mean. This might be due to the relatively low nutrient content and slow release of FYM, while the control relied solely on native soil fertility, which was insufficient to meet crop demand.
	Among the liquid foliar feeders, higher nitrogen, phosphorous and potassium uptake was recorded with foliar application of panchagavya @ 3 % at 20 and 40 DAS (F3) at harvest followed by foliar application of compost tea @ 5% at 20 and 40 DAS (F4) and both were significantly superior to over other treatments. The next best treatment in recording higher nitrogen, phosphorous and potassium uptake was with foliar application of jeevamrith @ 3% (F2) at 20 and 40 DAS in pooled mean. The superior N, P and K uptake under foliar application of panchagavya results from its rich supply of soluble nutrients, bio-stimulatory hormones and microbial by-products that increase leaf nutrient penetration, enhance metabolic activity and promote stronger root development, thereby improving overall nutrient absorption. Compost tea performs next best because its easily available nutrients and organic acids support quick foliar assimilation and stimulate soil–root interactions, contributing to better nutrient uptake during key growth phases. The results are in line with those of Bindu et al. (2024), Singh et al. (2024) and Shrinivas et al. (2021). While, the lower nutrient uptake was observed with no liquid foliar spray (F1) at harvest of the crop in the pooled mean.


Fig. 1. Nutrient uptake (kg ha-1) of foxtail millet at harvest as influenced by enriched    
                
organic manures and foliar feeders (Pooled data)
Nutrient uptake by chickpea
Enriched organic manures and liquid foliar feeders significantly varied on nutrient uptake viz., nitrogen, phosphorus and potassium by chickpea at harvest and their interaction effect was non-significant in the pooled mean. (Fig .2). With respect to different enriched organic manures application, at harvest nitrogen, phosphorous and potassium uptake was higher with enriched poultry manure with silica (M2) followed by enriched vermicompost with silica (M3).This might be due to poultry manure provides a quick-release source of essential nutrients, while added silica improves the soil’s physical and biological environment. Silica stabilizes soil aggregates, enhances water retention, and increases cation exchange capacity, which reduces nutrient losses and keeps N, P, and K readily available in the rhizosphere. It also promotes stronger, more efficient root systems and stimulates microbial activity responsible for nutrient mineralization. As a result, both nutrient availability and root uptake efficiency increase, leading to greater absorption of N, P, and K by the crop. The results obtained in this study were in line with the findings of Kuotsu and Singh (2021), Agrawal et al. (2016) and Pareek and Yadav (2011). Higher N, P, and K uptake with silica-enriched vermicompost is due to improved soil structure, enhanced microbial activity, and root growth, which increase nutrient availability and absorption efficiency. The lowest nutrient uptake was resulted with enriched farmyard manure with silica (M1) and control treatment (M4), which was significantly lower than rest of the organic manures application at harvest in the pooled mean. This might be owed to slow nutrient release from FYM and absence of external nutrient supply in control, limiting nutrient availability to the crop.
	With regards to different liquid foliar feeders, at harvest higher nitrogen, phosphorous and potassium uptake was observed with foliar application of panchagavya @ 3 % at 35 and 55 DAS (F3) which is statistically at par with foliar application of compost tea @ 5% at 35 and 55 DAS (F4). Higher N, P and K uptake in chickpea with foliar panchagavya occurs because its readily available nutrients, enzymes and growth-promoting compounds are quickly absorbed through the leaves, bypassing soil fixation losses. Panchagavya also enhances root growth and microbial activity, improving nutrient mobilization and overall uptake efficiency. Foliar application of compost tea enhanced N, P, and K uptake due to direct leaf absorption of soluble nutrients, stimulation of root growth by bioactive compounds, and improved nutrient mobilization and physiological efficiency. These results are conformity with the Amipara et al. (2023), GowthamchandGowthamch and et al. (2019) and Bhargavi, (2017b). The next best treatment in recording higher nutrient uptake was with foliar application of jeevamrith @ 3 % at 35 and 55 DAS (F2). This might be due to direct nutrient availability, stimulation of beneficial microbes, improved photosynthetic efficiency, and enhanced root growth, which collectively increased nutrient absorption and translocation. Significantly, lower nutrient uptake was recorded with control treatment (F1) in the pooled mean.


Fig. 2. Nutrient uptake (kg ha-1) of Chickpea atChickpeaat harvest as influenced by enriched    
                
organic manures and foliar feeders (Pooled data)
CONCLUSION
	From the results it can be concluded that among the treatment combinations of enriched poultry manure with silica in coupled with foliar application of panchagavya @ 3 % (M2F3) recorded significantly higher dry matter production and nutrient uptake of foxtail millet and chickpea, which was statistically comparable with enriched poultry manure with silica along with foliar spray of compost tea @ 5% (M2F4) on clay loam soils of Scarce rainfall Agro-Climatic Zone of Andhra Pradesh.
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