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Effect of Manures and Foliar Application on Quality Parameters and Nutrient Uptake of Organic Blackgram

ABSTRACTAims: Field experiments were conducted in Tamil Nadu Agricultural University, Coimbatore to evaluate the influence of organic and liquid manures on the productivity and nutrient response of organic blackgram.
Study design: The experiments were laid out in split plot design with three replications, where the main plot consisting of four treatments and subplot of five treatments.
Place and duration of study: The study was conducted in Wetland farms, Coimbatore and Agricultural Research station, Bhavanisagar of Tamil Nadu during kharif, 2022.
Methodology: Four organic manures were applied as basal and incorporated (Farm Yard Manure (FYM) @12.5 t    ha-1, Vermicompost @ 2.5 t ha-1, Enriched FYM @ 0.75 t ha-1 and Enriched vermicompost @ 1 t ha-1) and sub plot consisting of foliar sprays applied twice at 1st flowering and 10 days after first spray (Panchagavya @ 3%, Fermented Egg Extract @ 5%, Fermented Fish Extract @ 5%, Farmers Effective Microorganisms @ 5%, Jeevamruth @ 5%).
Results: At Bhavanisagar, enriched FYM @ 0.75 t ha-1 and at Coimbatore vermicompost @ 2.5 t ha-1 when applied along with foliar spray of Panchagavya @ 3% recorded highest grain nitrogen (3.67 & 3.63%) grain protein (22.9 & 22.7%), nitrogen uptake (43.1 & 39.9 kg ha-1), phosphorous uptake (11.2 & 10.2 kg ha-1) potassium uptake (59.0 & 55.3 kg ha-1), Nutrient Use Efficiency (NUE) (1.213 & 1.033 kg kg-1), Partial Factor Productivity (PFP) (31.50 and 26.83 kg kg-1), respectively. In contrast, the Economic NUE (ENUE) was recorded by enriched FYM @ 0.75 t ha-1 + Jeevamruth @ 5% (0.234 and 0.202 kg ₹-1), respectively in both the locations.
Conclusion: The study concludes that for higher grain quality and nutrient response, application of enriched FYM or vermicompost as basal and foliar spray of Panchagavya is recommended under extensive organic conditions for Blackgram depending on the resource availability.
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INTRODUCTION
Blackgram being one of the important pulse crop, is grown throughout the India. It is rich in nutritional content where, 100 g of blackgram contains about 24% protein, 1.4% fat, 59.6% of carbohydrate, 154 mg of calcium, 385 mg of phosphorous, 9.1 mg of iron and other compounds such as carotene, thiamine, riboflavin and niacin. Blackgram in India for the year 2024-25 was cultivated in an area of 3.16 m ha with the production of 2.24 mt and productivity of 710 kg ha-1 (Anonymous, 2025).
Blackgram being an indeterminate plant results in continuous demand for the nutrients, both for the vegetative and reproductive parts, which occurs till harvest. This may influence the yield as there is restricted translocation of assimilates from the source, as it is limited. Along with this, the factors like lower pod setting from flower drop and deficit in nutrient availability during critical stages also influence the blackgram yield and quality (Kalita et, al., 1994 & Marimuthu et al., 2015).
While number of reasons are present for the lower yields in blackgram, nutrient management remains a major factor. To tackle this, balanced nutrition from the soil and from external sources need to be maintained, aiding in increased productivity (Joshi et al., 2023 and Menariya et al., 2024). Organic manure when applied in the cropping system improves the soil texture, increases water holding capacity and assist in slow release of nutrients in the soil. This further helps in improvement of the microorganism’s population and plant growth through improved nutrient cycles (Majeed et al., 2021 & Rinwa et al., 2025). Application of organic manures either alone or in combination with other sources, such as foliar spray of liquid manures reported enhanced plant growth, physiological parameters, yield and economics of the crops (Khan et al., 2022 & Uma and Sujathamma, 2015). This study was conducted to analyze the influence of soil and foliar application of nutrients for continuously supply to meet the nutrient demand of the plant and thereby observe the influence of these methods on the productivity, quality and nutrient uptake of the blackgram under proper organic farming conditions.
MATERIALS AND METHODS
Field experiments were carried out during kharif, 2022 at two locations of the Agricultural Research Station, Bhavanisagar, Erode, Tamil Nadu (Site-I) and Wetlands farm, Department of Agronomy, Tamil Nadu Agricultural University, Coimbatore (Site-II). The rainfall during this period was 219.2 mm in Site-I and 239.0 mm in Site-II. The pH of the soil was 6.71 in Site-I and 8.40 in Site-II. The crop variety used was VBN 8. Experiments were carried out in split plot design replicated thrice with four levels of organic manures in main plot applied as basal and incorporated before sowing viz., Farm yard manure (FYM) @ 12.5 t ha-1, Vermicompost (VC) @ 2.5 t ha-1, enriched FYM (EFYM) @ 0.75 t ha-1 and enriched VC @ 1 t   ha-1. In sub plot, five liquid manures were applied as foliar sprays twice, at first flowering where, at least 30% flowers were initiated in all plots and 10 days after the first spray viz., Panchagavya @ 3%, Fermented Egg Extract (FEE) @ 5%, Fermented Fish Extract (FFE) @ 5%, Farmers Effective Microorganisms (FEM) @ 5% and Jeevamruth @ 5%. The seeds were sown at 30 x 10 cm spacing and the other practices like irrigation and manual weeding were carried out as per TNAU crop production guide. The plant samples were collected at harvest stage, shade dried, and oven dried at 65 ± 5 °C. The grain and plant samples were estimated for N, P and K individually. Grain yield was recorded after drying and threshing of the harvest samples. 
The grain protein content was obtained by multiplying the factor 6.25 by grain nitrogen percent, estimated by using Kjeldahl method as given by Humphries, 1956. The total plant nitrogen was estimated through the method Micro Kjeldhal given by Humphries (1956) and total plant phosphorous and potassium was estimated by Colorimetric estimation given by Jackson (1973). The crop data was analyzed by the method of analysis of variance (ANOVA) given by Panse and Sukhatame, 1967. 
The Nutrient Use Efficiency (NUE) was calculated using the following formula given by Devasenapathy (2013) and expressed in kg kg-1.
NUE = 
Partial Factor Productivity (PFP) from applied nutrients is used as a measure of nutrient use efficiency because it provides an integrative index that quantifies total economic output relative to utilization of all nutrient resources in the system. The formula was given by Cassman et al. (1996) as expressed in kg of grain per kg of nutrient.
PFP = 
Economic Nutrient Use Efficiency (ENUE) formula was given by Manickam and Ramaswami (1985), which gives the values of the economic produce of grain or seed yield per rupee invested per hectare on a particular nutrient fertilizer and is expressed in kg ₹-1 invested.
ENUE = 
The above three nutrient response parameters were calculated and not analyzed. The yield data and the nutrient content of the inputs have been given for reference to the other parameters.  


list 1. Nutrient Composition of Manures

	Name of the input
	Nutrient composition (%)

	Manures
	N
	P
	K

	FYM (Coimbatore)
	0.55
	0.25
	0.50

	FYM (Bhavanisagar)
	0.50
	0.23
	0.50

	Vermicompost
	1.23
	0.56
	0.50

	Enriched FYM
	1.25
	1.50
	1.10

	Enriched vermicompost
	1.92
	1.03
	1.03

	Liquid manures
	
	
	

	Panchagavya
	0.75
	0.22
	0.79

	Fermented Egg Extract
	1.17
	0.12
	0.57

	Fermented Fish Extract
	1.73
	0.24
	0.63

	Farmers Effective Microorganisms
	0.98
	0.02
	0.41

	Jeevamruth
	1.96
	0.42
	1.10


RESULTS AND DISCUSSION
GRAIN AND HAULM YIELD 
At Site-I significantly higher grain yield and haulm yield (Table 1) was recorded under EFYM treatment (799 & 2569 kg ha-1) and Panchagavya spray (778 & 2513 kg ha-1). Significantly highest grain and haulm yield was achieved with the application of EFYM + Panchagavya spray (910 & 2831 kg ha-1). At Site-II significantly higher grain and haulm yield was recorded with the application of VC (760 & 2460 kg ha-1) and Panchagavya spray (742 & 2394 kg ha-1). The interaction effect showed significantly highest yield with the application of VC + Panchagavya spray (873 & 2635 kg ha-1). Lowest yield was recorded by FYM application and with the spray of FEE and Jeevamruth at both the sites. 
Enriched FYM might have improved the soil nutrient status due to addition of bio fertilizers and rock phosphate, whereas the vermicompost is known to improve the soil properties leading to plant root growth improvement and soil biota status (Suresh, 2005 & Parthasarathi et al., 2008). Panchagavya has been reported to improve the crop physiology and productivity due to various reasons such as increased flowering, nutrient supply, presence of beneficial organisms’ and growth promoters (Amalraj et al., 2013, Sutar et al., 2019 and Ajaykumar et al., 2022 & Vinutha et al., 2023). 
GRAIN NITROGEN AND PROTEIN
At Site-I, superior grain nitrogen and protein (Table 1) were recorded with the application of EFYM (3.58 & 22.3%) which was on par with the application of VC (3.50 & 21.9%). Panchagavya spray recorded significantly superior grain nitrogen and protein (3.54 & 22.1%). The interaction effect showed higher grain nitrogen and protein being recorded in EFYM + Panchagavya spray (3.67 & 22.9%). At Site-II, VC application (3.56 & 22.2%) and Panchagavya spray (3.53 & 22.1%) recorded higher values. The interaction effect showed VC + Panchagavya spray (3.63 & 22.7%) recorded highest grain nitrogen and protein in Site-II. 
Improved nutrient absorption through combination of soil and foliar application might have minimized nutrient losses and enhanced assimilate partitioning by strengthening source-sink relationship leading to better crop recovery. Furthermore, organic sources are reported to enhance grain quality through their ability to enhance protein by N-metabolism from amino acids (Choudhary et al., 2017 and Masu et al., 2019). 
Table 1: Effect of different organic and liquid manures on yield and protein content of blackgram
	Treatments
	Grain yield
(kg ha-1)
	Haulm yield
(kg ha-1)
	Grain nitrogen (%)
	Grain protein 
(%)

	  Organic manures (M)
	Site-I
	Site-II
	Site-I
	Site-II
	Site-I
	Site-II
	Site-I
	Site-II

	FYM @ 12.5 t ha-1
	616
	569
	2096
	2019
	3.17
	3.17
	19.8
	19.8

	VC @ 2.5 t ha-1
	731
	760
	2437
	2460
	3.50
	3.56
	21.9
	22.2

	EFYM @ 0.75 t ha-1
	799
	696
	2569
	2343
	3.58
	3.49
	22.3
	21.8

	[bookmark: _GoBack]EVC @ 1 t ha-1
	649
	611
	2192
	2096
	3.32
	3.34
	20.7
	20.9

	CD (p=0.05)
	31.5
	41.2
	186.4
	144.7
	0.08
	0.08
	0.52
	0.48

	Foliar sprays (S)
	
	
	
	
	
	
	
	

	Panchagavya @ 3%
	778
	742
	2513
	2394
	3.54
	3.53
	22.1
	22.1

	FEE @ 5%
	632
	596
	2152
	2085
	3.27
	3.27
	20.5
	20.4

	FFE @ 5%
	737
	649
	2398
	2235
	3.44
	3.40
	21.5
	21.2

	FEM @ 5%
	692
	690
	2341
	2300
	3.39
	3.43
	21.2
	21.4

	Jeevamruth @ 5%
	656
	618
	2213
	2134
	3.31
	3.32
	20.7
	20.7

	CD (p=0.05)
	23.7
	29.3
	75.9
	71.2
	0.06
	0.06
	0.36
	0.35

	M1S1
	677
	652
	2271
	2201
	3.42
	3.44
	21.4
	21.5

	M1S2
	572
	520
	1960
	1950
	3.08
	3.07
	19.3
	19.2

	M1S3
	626
	554
	2100
	1984
	3.14
	3.12
	19.6
	19.5

	M1S4
	611
	577
	2081
	2001
	3.10
	3.15
	19.4
	19.7

	M1S5
	595
	540
	2065
	1962
	3.09
	3.09
	19.3
	19.3

	M2S1
	818
	873
	2624
	2625
	3.61
	3.63
	22.6
	22.7

	M2S2
	630
	682
	2171
	2300
	3.33
	3.49
	20.8
	21.8

	M2S3
	796
	732
	2600
	2445
	3.60
	3.56
	22.5
	22.2

	M2S4
	741
	812
	2540
	2585
	3.55
	3.59
	22.2
	22.5

	M2S5
	673
	700
	2250
	2345
	3.41
	3.50
	21.3
	21.9

	M3S1
	910
	775
	2831
	2540
	3.67
	3.59
	22.9
	22.4

	M3S2
	717
	595
	2362
	2080
	3.49
	3.31
	21.8
	20.7

	M3S3
	856
	707
	2672
	2421
	3.63
	3.54
	22.7
	22.1

	M3S4
	771
	762
	2561
	2489
	3.56
	3.57
	22.3
	22.3

	M3S5
	740
	640
	2420
	2185
	3.53
	3.43
	22.0
	21.4

	M4S1
	706
	668
	2325
	2210
	3.44
	3.46
	21.5
	21.6

	M4S2
	609
	588
	2115
	2010
	3.19
	3.20
	19.9
	20.0

	M4S3
	669
	601
	2220
	2091
	3.38
	3.37
	21.1
	21.1

	M4S4
	645
	609
	2183
	2125
	3.35
	3.41
	20.9
	21.3

	M4S5
	615
	591
	2115
	2045
	3.23
	3.26
	20.2
	20.4

	M at S
	52.7
	66.4
	229.7
	192.0
	0.13
	0.13
	0.82
	0.79

	S at M 
	47.4
	58.6
	151.8
	142.5
	0.11
	0.11
	0.72
	0.71


NUTRIENT UPTAKE
At Site-I, significantly higher uptake of major nutrients (Table 2) was recorded with the application of EFYM (38.8, 10.6 & 55.9 kg ha-1) and Panchagavya spray (37.2, 10.3 & 54.3 kg ha-1). The interaction effect showed significantly larger uptake in the treatments EFYM + Panchagavya spray (43.1, 11.2 & 60.4 kg ha-1) or FFE spray (41.0, 10.9 & 57.3 kg ha-1). At Site-II, the nutrient uptake was significantly higher under the treatments VC (35.8, 9.4 & 50.4 kg ha-1) and Panchagavya spray (35.2, 9.3 & 49.6 kg ha-1). The interaction effect showed significantly higher uptake with the application of VC + Panchagavya spray (39.9, 10.2 & 55.3 kg ha-1) or FEM spray (37.4, 9.5 & 51.1 kg ha-1). In both the locations the lowest uptake was recorded by FYM along with FEE or Jeevamruth spray. 
Increased nitrogen levels might be due to enhanced beneficial microorganisms growth such as Rhizobium which fixes atmospheric N which have been added to the soil and improved through enrichment. Also they are capable of enhancing the development of plants by producing phytohormones such as IAA, cytokinins, GA and riboflavin which improve the uptake efficiency of plant nutrients through improved growth. Panchagavya is known to regulate the stomata in the presence of bioactive substances and beneficial organisms (Choudhary et al., 2013, Deshpande et al., 2015, Bhavya et al., 2018 & Jaiswal et al., 2021). 
Table 2: Effect of different organic and liquid manures on nutrient uptake of blackgram 
	Treatments
	Plant N uptake 
(kg ha-1)
	Plant P uptake
(kg ha-1)
	Plant K uptake
(kg ha-1)

	  Organic manures (M)
	Site-I
	Site-II
	Site-I
	Site-II
	Site-I
	Site-II

	FYM @ 12.5 t ha-1
	25.2
	24.3
	7.7
	6.8
	40.7
	34.6

	VC @ 2.5 t ha-1
	35.1
	35.8
	10.1
	9.4
	51.9
	50.4

	EFYM @ 0.75 t ha-1
	38.8
	33.3
	10.6
	8.9
	55.9
	47.3

	EVC @ 1 t ha-1
	29.1
	29.0
	8.9
	7.9
	45.5
	41.5

	CD (p=0.05)
	1.88
	2.05
	0.38
	0.39
	2.72
	2.36

	Foliar sprays (S)
	
	
	
	
	
	

	Panchagavya @ 3%
	37.2
	35.2
	10.3
	9.3
	54.3
	49.6

	FEE @ 5%
	27.9
	27.1
	8.5
	7.5
	43.6
	38.8

	FFE @ 5%
	34.0
	30.3
	9.6
	8.2
	50.7
	43.3

	FEM @ 5%
	31.8
	31.9
	9.4
	8.5
	48.8
	44.8

	Jeevamruth @ 5%
	29.5
	28.5
	8.8
	7.8
	45.0
	40.8

	CD (p=0.05) 
	1.74
	1.43
	0.35
	0.36
	2.07
	2.18

	M1S1
	31.6
	31.8
	9.5
	8.6
	49.7
	45.4

	M1S2
	22.7
	21.5
	7.0
	6.1
	36.8
	30.7

	M1S3
	25.0
	22.4
	7.6
	6.3
	40.4
	31.9

	M1S4
	23.6
	24.0
	7.3
	6.7
	38.9
	33.8

	M1S5
	23.3
	21.9
	7.2
	6.2
	37.8
	31.3

	M2S1
	40.0
	39.9
	10.8
	10.2
	56.0
	55.3

	M2S2
	27.6
	33.3
	9.0
	9.0
	44.6
	47.6

	M2S3
	39.6
	34.9
	10.7
	9.3
	56.6
	49.9

	M2S4
	37.1
	37.4
	10.6
	9.5
	54.8
	51.1

	M2S5
	31.2
	33.8
	9.5
	9.1
	47.4
	48.2

	M3S1
	43.1
	36.5
	11.2
	9.5
	60.4
	50.9

	M3S2
	35.1
	28.4
	10.0
	7.8
	53.0
	40.5

	M3S3
	41.0
	34.4
	10.9
	9.2
	57.3
	49.1

	M3S4
	38.0
	35.2
	10.6
	9.4
	55.0
	50.3

	M3S5
	36.9
	31.8
	10.2
	8.6
	53.7
	45.4

	M4S1
	34.1
	32.7
	9.7
	8.8
	51.0
	46.7

	M4S2
	26.1
	25.4
	8.1
	7.1
	40.1
	36.2

	M4S3
	30.3
	29.6
	9.3
	8.1
	48.4
	42.4

	M4S4
	28.5
	30.9
	9.0
	8.4
	46.5
	44.2

	M4S5
	26.3
	26.6
	8.3
	7.4
	41.3
	38.1

	M at S
	3.63
	3.27
	0.73
	0.76
	4.58
	4.55

	S at M 
	3.48
	2.87
	0.69
	0.73
	4.15
	4.36


NUTRIENT RESPONSE PARAMETERS 
At Site-I, the highest NUE and PFP (Table 3) were observed with the application of EFYM + Panchagavya spray (1.213 & 31.50 kg kg-1) and lowest NUE and PFP were recorded by FYM + FEE spray (0.046 & 3.52 kg kg-1). At Site-II, the highest NUE and PFP were observed in EFYM + Panchagavya spray (1.033 & 26.83 kg kg-1) and lowest NUE and PFP were recorded by FYM + FEE spray (0.042 & 3.20 kg kg-1). The ENUE was recorded highest and lowest with the application of EFYM + Jeevamruth spray (0.234 & 0.202 kg ₹-1) and lowest ENUE were recorded in VC + FEE spray (0.015 & 0.016 kg ₹-1) for Site-I and II, respectively. 
The higher NUE indicates that a higher yield was obtained with the lower amount of manure applied. In this case though the dose of FYM manure applied was more, the yield was lower, indicating lower efficiency for nutrient usage, which might be due to a smaller amount of nutrient content of FYM. Similarly, higher PFP values might be the result of the lower dose of the enriched manure applied, containing a higher amount of nutrient, which might be from the manure enrichment. On the other hand, lower costs of EFYM and Jeevamruth lead to higher economic efficiency, which covered the costs incurred in enrichment and gain obtained through higher yields. The cost of vermicompost and FEE showed lower ENUE due to their higher input costs, irrespective of the yields they have produced (Shende et al., 2023).   
Table 3: Effect of different organic and liquid manures on nutrient response parameters of organic blackgram
	Treatment
	NUE (kg kg-1)
	PFP (kg kg-1)
	ENUE (kg ₹-1)

	
	Site-I
	Site-II
	Site-I
	Site-II
	Site-I
	Site-II

	M1S1
	0.054
	0.052
	4.16
	4.01
	0.030
	0.029

	M1S2
	0.046
	0.042
	3.52
	3.20
	0.018
	0.017

	M1S3
	0.050
	0.044
	3.85
	3.41
	0.028
	0.025

	M1S4
	0.049
	0.046
	3.76
	3.55
	0.029
	0.027

	M1S5
	0.048
	0.043
	3.66
	3.32
	0.032
	0.029

	M2S1
	0.327
	0.349
	14.29
	15.25
	0.024
	0.026

	M2S2
	0.252
	0.273
	11.01
	11.91
	0.015
	0.016

	M2S3
	0.318
	0.293
	13.90
	12.79
	0.024
	0.022

	M2S4
	0.296
	0.325
	12.94
	14.18
	0.023
	0.025

	M2S5
	0.269
	0.280
	11.75
	12.23
	0.022
	0.023

	M3S1
	1.213
	1.033
	31.50
	26.83
	0.132
	0.113

	M3S2
	0.957
	0.793
	24.84
	20.60
	0.046
	0.038

	M3S3
	1.141
	0.943
	29.63
	24.49
	0.135
	0.111

	M3S4
	1.027
	1.016
	26.68
	26.39
	0.134
	0.133

	M3S5
	0.986
	0.853
	25.61
	22.15
	0.234
	0.202

	M4S1
	0.706
	0.668
	17.43
	16.48
	0.041
	0.039

	M4S2
	0.609
	0.588
	15.04
	14.51
	0.023
	0.023

	M4S3
	0.669
	0.601
	16.52
	14.85
	0.040
	0.036

	M4S4
	0.645
	0.609
	15.93
	15.03
	0.040
	0.038

	M4S5
	0.615
	0.591
	15.19
	14.60
	0.045
	0.044


CONCLUSION
[bookmark: _7ya790yfkmsa]The results show that combining the organic manures and foliar sprays enhanced the productivity of the blackgram under organic conditions. Enrichment of manures reduced the dose of the manure applied and increased the nutrient content of the manure, thus getting higher efficiency of the applied nutrient source. At Site-I (Bhavanisagar), application of enriched FYM @ 0.75 t ha-1 + Panchagavya spray @ 3% gave superior yield and nutrient response, whereas in Site-II (Coimbatore) this response was observed with the application of vermicompost @ 2.5 t ha-1 + Panchagavya @ 3% spray. For economic nutrient use efficiency better results were observed with Jeevamruth as the cost of production is quite low compared to other foliar sprays and enriched FYM. The observed changes in the effect of manure on crop might have been due to the different soil type between the locations leading to variations in the performance of the manures. Further studies need to be conducted in this aspect to assess the soil and manure variation. These results indicate the efficiency of combining different methods and timing of nutrient management and also how changes in the locations influence the treatments. 
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