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[bookmark: _Hlk197763833]ABSTRACT

	
[bookmark: _Hlk197763917]A field experiment was conducted to study the influence of humic acid on physiological attributes of greengram (Vigna radiata L.) in loamy sand at Agronomy Instructional Farm, Chimanbhai Patel College of Agriculture, Sardarkrushinagar Dantiwada Agricultural University, Gujarat during kharif of 2023. Nine treatment combinations comprising three levels each of soil application of humic acid (0, 3 and 6 kg/ha) and foliar application of humic acid (0, 250 and 500 ppm) were evaluated in randomized block design with factorial concept and replicated four times. Soil application of 6 kg humic acid ha-1 at the time of sowing and foliar application of 250 ppm humic acid at 30 and 45 days after sowing (DAS) besides recommended dose of fertilizer viz., 20:40:00 N: P2O5: K2O kg ha-1 led to notably higher protein content in seeds, increased protein yield, and enhanced nitrogen and phosphorus content, and uptake in both seeds and stover. This treatment also improved grain and straw yields. The lowest protein content, protein yield, nutrient content and uptake in seed and stover at harvest, as well as grain and straw yields, were observed in plots that did not receive soil or foliar application of humic acid.
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[bookmark: _Hlk197764030]1. INTRODUCTION 

Greengram (Vigna radiata L.), often referred to as mung bean, is a versatile legume known for its rich protein content and ability to thrive in various agroclimatic conditions. Greengram contains about triple fold protein as compared to cereals. This versatile legume boasts a unique ability to fix atmospheric nitrogen (30-40 kg N ha-1), enriching the soil and reducing reliance on synthetic fertilizers [1]. Greengram's short growth duration makes it ideal for intensive crop rotations, optimizing land use. Being a close growing legume cover crop; it also helps in reducing soil erosion and thereby indirectly improving the soil fertility. 
After green revolution, exponential increase in the usage of chemical fertilizers happened. Even though it was necessary to feed the growing population of India, the consistent use of these over a long duration without giving much attention to organic manures and fertilizers have rendered the soil less productive.  Organic matter has beneficial effects on soil structure, quality, microbial biome and has the potential to sequester carbon. Also, through adsorption and complex forming nature, it reduces the leaching of nutrients and keep the soil fertile and productive. It is crucial at this moment to re-evaluate fertilization methods, emphasizing the use of organic fertilizers and amendments. The low analysis nature of organic manures, bulkiness and handling difficulties are some of the reasons they are less preferred by many. Humic substances, however, offer a promising alternative, addressing these challenges while delivering similar benefits.
Humic acid, often referred to as the ‘dark gold of agriculture’ is a key component of soil organic matter. It is alkali soluble and has a molecular weight ranging from 10,000 to 100,000 Daltons (Da). Humic acid has a carbon content of 51-57%, nitrogen content of 4-6%, phosphorus content of 0.2-1% and minute quantities of other micronutrients [2]. Other than improving the soil structure and quality, humic acid also found to exert its influence on plant growth, yield and quality through various mechanisms. Therefore, an experiment was carried out to analyse the influence soil and foliar applications of humic acid have on physiological parameters of greengram.
2. material and methods

[bookmark: _Hlk179583967]The field experiment was conducted at Agronomy Instructional Farm, Chimanbhai Patel College of Agriculture, Sardarkrushinagar Dantiwada Agricultural University, Banaskantha, Gujarat during kharif season of the year 2023. The farm is situated at a latitude of 24° 19’ North and a longitude of 72° 19’ East, at an elevation of 154.52 metres above mean sea level. The soil at the experimental site was loamy sand, with a pH of 7.58 and an electrical conductivity of 0.120 dS m-1. Initial status of organic carbon, available N, P2O5, and K2O were 0.27%, 158.2 kg ha-1, 45.8 kg ha-1, and 250.4 kg ha-1, respectively. 
The experiment was demonstrated in Factorial RBD using nine treatment combinations including three levels each of soil application (0, 3 and 6 kg ha-1) and foliar application of humic acid (0, 250 and 500 ppm), replicated four times.  Greengram variety GM 4 was sown at a recommended seed rate of 17.5 kg ha-1 with a spacing of 45 x 10 cm. The recommended fertilizer dose of 20:40:00 kg ha-1 was applied uniformly to all treatments using urea and DAP. The fertilizers were placed in furrows just before sowing and lightly covered with soil. Humic acid granules (98% humic acid) were applied to the respective plots at the time of sowing, whereas the liquid humic acid, containing 18% humic acid, was diluted with required amount of water to achieve 250 and 500 ppm solutions. Humic acid solutions were freshly prepared and sprayed at 30 and 45 days after sowing (DAS). Harvesting was done at physiological maturity. The produce from net plots was sun dried, and seed and stover yields were recorded for each plot. Seed and stover samples collected from the respective net plots were then oven-dried at 60 ℃ for 24 hours and subsequently ground using a mechanical grinder for further analysis. For nitrogen and phosphorus estimation, the powdered plant samples (seed and stover) were digested and their nitrogen and phosphorus content were determined by using the Micro-Kjeldahl’s digestion method and Vanado-molybdo phosphoric acid yellow colour method, respectively [3]. The protein content in seeds was determined by taking the nitrogen percentage and multiplying it by 6.25, in accordance with the method established by Gupta et al. [4]. To calculate the protein yield, the following formula was used:


Seed, stover and total plant uptake of nitrogen and phosphorus were calculated using the below given formula:

Statistical analysis of data was done as per the methodology suggested by Cochran and Cox [5].
[bookmark: _Hlk197102146]3. results and discussion
3.1 Yield 
A marked improvement in both seed yield (800 kg ha-1) and stover yield (1457 kg ha-1) was observed with the soil application of 6 kg ha-1 humic acid, which was significantly superior to the other treatments (Table 1). These results are in close conformity with the findings of Tripura et al. [20] and Nalia and Sengupta [26].
Furthermore, the foliar application humic acid at 250 ppm at 30 and 45 DAS, significantly enhanced seed yield (751 kg ha-1) and stover yield (1314 kg ha-1) compared to the rest of the treatments. The results were comparable to those obtained with 500 ppm dosage. These findings are consistent with the observations of earlier studies by Deotale et al. [8] and Lingaraju et al. [22].
Izquierdo et al. [27] reported a significant improvement in soybean yield with the use of humic bio stimulants in on-farm trials conducted at 53 localities in Uruguay over a period of 8 years. A similar study on rice conducted by Izquierdo et al. [28] documented a significant effect on rice yield over the same period with foliar application of humic bio stimulants.
The increased grain yield may be attributed to humic acid’s positive influence on soil properties and improved photosynthate translocation. Additionally, enhanced growth parameters and nutrient uptake likely contributed to greater biomass production and stover yield.
Table 1: Seed yield and stover yield of greengram as influenced by soil and foliar application of humic acid	
	Treatments
	Yield (kg ha-1)

	
	Seed
	Stover

	[A] Soil application of humic acid (S)

	S1: 0 kg ha-1
	680
	1161

	S2: 3 kg ha-1
	744
	1306

	S3: 6 kg ha-1
	800
	1457

	S.Em. (±)
	19
	34

	C.D. at 5%
	55
	100

	[B] Foliar application of humic acid (F)

	F1: Water spray
	703
	1240

	F2: 250 ppm
	751
	1314

	F3: 500 ppm
	770
	1371

	S.Em. (±)
	19
	34

	C.D. at 5%
	55
	100

	Interaction (S×F)
	NS
	NS

	C.V.%
	8.74
	9.05



3.2 Quality parameters
[bookmark: _Hlk179559014]Data presented in Table 2 shows that the protein content and protein yield in seeds of greengram were significantly influenced due to soil and foliar application of humic acid. Soil application of humic acid @ 6 kg ha-1 resulted in significantly higher protein content (22.65%) and protein yield (180.56 kg ha-1) compared to the other treatments. The lowest protein content and protein yield were observed in control plots. These results are in close agreement with those of Thenmozhi and Natarajan [6] and Sritharan et al. [7].
Foliar application of 250 ppm humic acid at 30 and 45 DAS produced significantly higher protein content (21.62%) and protein yield (162.66 kg ha-1) compared to control. The treatment remained statistically at par with foliar spray of humic acid @ 500 ppm at 30 and 45 DAS. The lowest protein content and protein yield were recorded with water spray. Similar results were observed by Deotale et al. [8], with the application of 250 ppm humic acid through vermicompost wash in greengram.
The protein levels in seeds primarily reflect their nitrogen content. The hormonal effects of humic acid may enhance respiratory enzyme activity, improve cell permeability, and boost nutrient absorption, which could lead to greater nitrogen uptake and subsequently higher protein levels and yields [9], [10], [11].
[bookmark: _Hlk197102752][bookmark: _Hlk179559207][bookmark: _Hlk197102579]The interaction effect due to soil and foliar application of humic acid on quality parameters of greengram was found non-significant, as per the data provided in Table 2. 
Table 2: Effect of soil and foliar application of humic acid on protein content and protein yield of greengram
	Treatments
	Protein content (%)
	Protein yield
(kg ha-1)

	[A] Soil application of humic acid (S)

	S1: 0 kg ha-1
	20.24
	137.50

	S2: 3 kg ha-1
	21.47
	160.25

	S3: 6 kg ha-1
	22.65
	180.56

	S.Em. (±)
	0.29
	4.49

	C.D. at 5%
	0.84
	13.10

	[B] Foliar application of humic acid (F)

	F1: Water spray
	20.86
	147.17

	F2: 250 ppm
	21.62
	162.66

	F3: 500 ppm
	21.88
	168.49

	S.Em. (±)
	0.29
	4.49

	C.D. at 5%
	0.84
	13.10

	Interaction (S×F)
	NS
	NS

	C.V.%
	4.66
	9.75




[bookmark: _Hlk197102214]3.3 Nutrient content 
[bookmark: _Hlk198386851][bookmark: _Hlk198386889]Data pertaining to the effect of soil and foliar application of humic acid on nitrogen and phophorus content (%) of greengram are presented in Table 3. Interaction effect of soil and foliar applications of humic acid with respect to nitrogen content in seed and stover of greengram were found non-significant. Significantly higher nitrogen content in seed and stover (3.62 and 0.806%, respectively) was recorded with the soil application of 6.0 kg humic acid ha-1 over rest of the treatments. This treatment also resulted in significantly higher phosphorus content in seed and stover (0.471 and 0.169%, respectively). Conversely, the lowest nitrogen and phosphorus content in both seed and stover at harvest was observed in the control plots. A substantial improvement in nutrient content following the soil application of humic acid was reported by Hyder et al. [12] and Khan et al. [13]. 
Foliar application of humic acid exerted a significant influence on the nutrient content of greengram seed and stover. Spraying 250 ppm humic acid at 30 and 45 DAS showed significantly higher nitrogen and phosphorus content in the seed (3.46% and 0.457%, respectively) and stover of greengram (0.769% and 0.163%, respectively), compared to the control. However, the results were statistically at par with 500 ppm humic acid. These findings are in line with those reported by Ananthi and Vanangamudi [14], Deotale et al. [8] and Meena et al. [15].
Humic acid stimulates the root growth, enhances soil enzyme activity, and promotes the secretion of root exudates, leading to a surge in microbial population in the rhizosphere [16]. This increased microbial activity, improves the mineralization and solubilization of organic matter, thereby enhancing nutrient availability for plant uptake. Furthermore, the chelating nature of humic acid significantly boosts the uptake of essential nutrients [17]. This improved nutrient uptake results in increased dry matter accumulation and nutrient content in the plant.
Table 3: Nutrient content in seed and stover of greengram as influenced by soil and foliar application of humic acid
	Treatments
	Nitrogen content (%)
	Phosphorus content (%)

	
	Seed
	Stover
	Seed
	Stover

	[A] Soil application of humic acid (S)

	S1: 0 kg ha-1
	3.24
	0.717
	0.438
	[bookmark: _Hlk170851751]0.157

	S2: 3 kg ha-1
	3.44
	0.768
	0.455
	0.162

	S3: 6 kg ha-1
	3.62
	0.806
	0.471
	[bookmark: _Hlk170851648]0.169

	S.Em. (±)
	0.05
	0.01
	0.005
	0.001

	C.D. at 5%
	0.13
	0.04
	0.014
	0.004

	[B] Foliar application of humic acid (F)

	F1: Water spray
	3.34
	0.739
	0.445
	0.160

	F2: 250 ppm
	3.46
	0.769
	0.457
	0.163

	F3: 500 ppm
	3.50
	0.783
	0.462
	0.165

	S.Em. (±)
	0.05
	0.01
	0.005
	0.001

	C.D. at 5%
	0.13
	0.04
	0.014
	0.004

	Interaction (S×F)
	NS
	NS
	NS
	NS

	C.V.%
	4.66
	5.46
	3.53
	3.16


3.4 Nutrient uptake 
An analysis of data provided in Table 4 showed significant variations in nutrient uptake across different levels of humic acid. However, interaction between soil and foliar applications of humic acid with respect to nutrient uptake was found to be non-significant. Notably, the application of 6.0 kg of humic acid per hectare resulted in a marked increase in nitrogen and phosphorus uptake by greengram seeds (28.98 and 3.77 kg ha⁻¹, respectively) and stover (11.72 and 2.46 kg ha⁻¹, respectively). This treatment also led to the highest total uptake of both nutrients. The lowest nutrient uptake in both seeds and stover was observed in the control. Similar findings regarding enhanced phosphorus uptake in wheat following the soil application of humic acid were reported by Tahir et al. [18]. Likewise, Sivakumar et al. [19] and Tripura et al. [20] observed an increase in nitrogen uptake with the soil application of humic acid.
Significantly higher nitrogen and phosphorus uptake by the seed (26.02 and 3.43 kg ha-1, respectively) and stover (10.05 and 2.14 kg ha-1, respectively) was recorded with foliar application of 250 ppm humic acid at 30 and 45 DAS. Subsequently, total nitrogen and phosphorus uptake (36.07 and 5.57 kg ha⁻¹, respectively) was also higher under this treatment. These observations were significantly greater than the control, but comparable to the foliar application of 500 ppm (Table 4). 
Khaled and Fawy [21] found that foliar applications of 0.1% and 0.2% humic acid significantly improved phosphorus uptake in maize. Similarly, Lingaraju et al. [22] noted that soybean showed greater nitrogen and phosphorus uptake when 0.1% humic acid was applied during flower initiation, compared to other treatments and the control group.
Nitrogen and phosphorus uptake by greengram varied markedly with the application of humic acid. Enhanced root growth, along with an increased number of lateral roots and root hairs, may contribute to improved nutrient absorption [23]. Humic acid stimulates respiration, raising the demand for inorganic phosphorus needed for ATP synthesis, thereby leading to higher phosphorus uptake [24]. Additionally, it forms humo-phospho complexes, which enhance the availability and uptake of phosphorus [25]. Improved nitrogen uptake may be attributed to increased activity of ammonifiers and nitrifiers. 
4. Conclusion
Soil and foliar application of humic acid have notably improved the quality parameters, nutrient content and uptake in greengram. Soil application of 6 kg humic acid per hectare and foliar spray of 250 ppm humic acid at 30 and 45 DAS besides recommended dose of fertilizer viz., 20:40:00 N: P2O5: K2O kg ha-1 have resulted in a significant improvement in the physiological attributes of greengram.












Table 4: Nutrient uptake by greengram as influenced by soil and foliar application of humic acid
	Treatments
	Nitrogen uptake (kg ha-1)
	Phosphorus uptake (kg ha-1)

	
	Seed
	Stover
	Total
	Seed
	Stover
	Total

	[A] Soil application of humic acid (S)

	S1: 0 kg ha-1
	22.11
	8.33
	30.44
	2.98
	1.82
	4.80

	S2: 3 kg ha-1
	25.58
	9.97
	35.56
	3.39
	2.12
	5.50

	S3: 6 kg ha-1
	28.98
	11.72
	40.70
	3.77
	2.46
	6.22

	S.Em. (±)
	0.72
	0.29
	0.75
	0.08
	0.06
	0.11

	C.D. at 5%
	2.09
	0.84
	2.17
	0.24
	0.16
	0.31

	[B] Foliar application of humic acid (F)

	F1: Water spray
	23.60
	9.22
	32.82
	3.14
	1.98
	5.12

	F2: 250 ppm
	26.02
	10.05
	36.07
	3.43
	2.14
	5.57

	F3: 500 ppm
	27.05
	10.75
	37.80
	3.56
	2.27
	5.83

	S.Em. (±)
	0.72
	0.29
	0.75
	0.08
	0.06
	0.11

	C.D. at 5%
	2.09
	0.84
	2.17
	0.24
	0.16
	0.31

	Interaction (S×F)
	NS
	NS
	NS
	NS
	NS
	NS

	C.V.%
	9.71
	10.00
	7.26
	8.55
	8.95
	6.71


[bookmark: _Hlk197682619][bookmark: _Hlk180402183][bookmark: _Hlk183680988]
Disclaimer (Artificial intelligence)

Authors hereby declare that NO generative AI technologies such as Large Language Models (ChatGPT, COPILOT, etc.) and text-to-image generators have been used during the writing or editing of this manuscript.


[bookmark: _Hlk197158447]References

1. [bookmark: one][bookmark: _Hlk197119074]Patel, M. M., Meena, L. K., Arvadiya, L. K., Patel, D. D., & Zinzala, M. J. (2021). Comparative study on improved organic practices of summer greengram (Vigna radiata L.) at Bharuch district of Gujarat. International Journal of Chemical Studies, 9(1), 2368-2370.
2. [bookmark: two]Haworth, R. D. (1971). The chemical nature of humic acid. Soil Science, 111(1), 71-79.
3. [bookmark: three]Jackson, M. L. (1973). Soil chemical analysis. Prentice Hall of India Pvt. Ltd., New Delhi. pp: 183-192.
4. [bookmark: four]Gupta, B. R., Pathak, R. K., Bhan, S., & Singh, A. (1972). Effect of NPK on yield, nutrient and quality of toria (Brassica compenstris var. toria). Indian Journal of Agronomy, 17(2), 88-91.
5. [bookmark: five]Cochran, W. G., & Cox, G. M. (1957). Experimental Design (2nd ed.). New York: Wiley.
6. Thenmozhi, S., Natarajan, S., Selvakumari. (2004). Effect of humic acid on growth and yield parameters of groundnut (var. VRI-2). Crop Research, 27(2), 210-213.
7. Sritharan, N., Rajavel, M., & Senthilkumar, R. (2015). Physiological approaches for yield improvement in black gram. Legume Research - An International Journal, 38(1), 91-95.
8. Deotale, R., Ghadage, S., Peshattiwar, P., & Jayade, V. (2014). Effect of foliar spray of humic acid through cowdung and vermicompost wash on biochemical parameters and yield of green gram. International Journal of Research in Bioscience Agriculture and Technology, 2, 86-90.
9. Chen, Y., & Aviad, T. (1990). Effects of humic substances on plant growth. In P. MacCarthy, R. L. Malcolm, C. E. Clapp, & P. R. Bloom (Eds.), Humic Substances in Soil and Crop Science: Selected Readings (pp. 161–187). Madison: American Society of Agronomy and Soil Science Society of America.
10. Nardi, S., Pizzeghello, D., Muscolo, A., & Vianello, A. (2002). Physiological effects of humic substances on higher plants. Soil Biology and Biochemistry, 34(11), 1527-1536.
11. Trevisan, S., Francioso, O., Quaggiotti, S., & Nardi, S. (2010). Humic substances biological activity at the plant-soil interface from environmental aspects to molecular factors. Plant Signaling & Behaviour, 5, 635-643.
12. Hyder, S. I., Sarwar, M., Akhtar, E., Tabassam, T., & Malik, S. R. (2014). Integrated effects of humic acid and bio fertilizer on yield and phosphorus use efficiency in mungbean under rainfed condition. World Journal of Agricultural Sciences, 2(3), 40-46.
13. Khan, R. U., Khan, M. Z., Khan, A., Saba, S., Hussain, F., & Jan, I. U. (2018). Effect of humic acid on growth and crop nutrient status of wheat on two different soils. Journal of Plant Nutrition, 41(4), 453-460.
14. Ananthi, K., & Vanangamudi, M. (2014). Foliar spray of humic acid with growth regulators on nutrient content and yield of green gram (Vigna radiata L. Wilczek). Legume Research - An International Journal, 37(4), 359-362.
15. Meena, M. K., Dhanoji, M. M., & Naik, C. (2022). Effect of foliar spray of humic acid on root growth, yield components and quality in redgram (Cajanus cajan). International Journal of Plant & Soil Science, 34(9), 29-39.
16. Chaitra, P., & Math, K. K. (2018). Effect of humic acid on soil microbial population and enzymatic activity. International Journal of Current Microbiology and Applied Sciences, 7(11), 1729-1733.
17. Mayhew, L. (2004). Humic substances in biological agriculture. Acres, 34(1&2), pp. 1-8.
18. Tahir, M. M., Khurshid, M., Khan, M. Z., Abbasi, M. K., & Kazmi, M. H. (2011). Lignite-derived humic acid effect on growth of wheat plants in different soils. Pedosphere, 21(1), 124-131.
19. Sivakumar, K., Devarajan, L., Dhanasekaran, K., Venkatakrishnan, D., & Surendran, U. (2007). Effect of humic acid on the yield and nutrient uptake of rice. ORYZA - An International Journal on Rice, 44(3), 277-279.
20. Tripura, P., Verma, R., Kumar, S., & Balwan. (2017). Effect of potassium humate and bioinoculants on growth and yield of cowpea (Vigna unguiculata L.). Environment and Ecology, 35(2D), 1494–1498.
21. Khaled, H., & Fawy, H. (2011). Effect of different levels of humic acids on the nutrient content, plant growth and soil properties under condition of salinity. Journal of Soil and Water Resources, 6(1), 21-29.
22. Lingaraju, N. N., Hunshal, C. S., & Salokinkop, S. R. (2016). Effect of bio fertilizers and foliar application of organic acids on yield, nutrient uptake and soil microbial activity in soybean. Legume Research - An International Journal, 39(2), 256-261.
23. Canellas, L. P., Olivares, F. L., Okorokova-Façanha, A. L., & Façanha, A. R. (2002). Humic acids isolated from earthworm compost enhance root elongation, lateral root emergence, and plasma membrane H+-ATPase activity in maize roots. Plant Physiology, 130(4), 1951-1957.
24. Smidova, M. (1960). The influence of humic acid on the respiration of plant roots. Biologia Plantarum, 2(2), 152-164.
25. Balasubramanian, P., Chandrasekaran, S., & Govindasamy, R. (1989). Effect of humic acid on the yield, dry matter production and nutrient content of blackgram (Vigna mungo L. Hepper). In Proc. National Seminar on Humus Acids in Agriculture (pp. 145–152). Annamalai University, Tamil Nadu.
26. Nalia, A., & Sengupta, K. (2019). Effect of humic acid on the growth and yield of rabi pigeon pea [(Cajanus cajan L.) Millsp] in the new alluvial zone of West Bengal. Journal of Crop and Weed, 15(1), 205-208.
27. Izquierdo, J., Schwember, A. R., Arriagada, O., & García-Pintos, G. (2023). On-farm soybean response to a field foliar applied humic biostimulant at differing cropping environments of Uruguay. Chilean journal of agricultural research, 83(5), 577-588.
28. Izquierdo, J., Arriagada, O., García‐Pintos, G., Ortiz, R., García‐Pintos, M., & García‐Pintos, M. (2024). On‐farm foliar application of a humic biostimulant increases the yield of rice. Agronomy Journal, 116(5), 2551-2563.







