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Effects of Brassinolide And Humic Acid on NPK content and its Uptake of Black Gram (Vigna mungo L.)



  

ABSTRACT
[bookmark: _GoBack][bookmark: _Hlk140929607][bookmark: _Hlk131625178][bookmark: _Hlk140260150]The field experiment was conducted during the Kharif season of 2022-2023 at the Lovely Professional University, Jalandhar, Punjab. To study the effect of brassinolide and humic acid on growth and yield of black gram. The experiment was laid out in a Randomized Block Design (RBD) having three replication and eight treatments by using MASH-114 variety. The treatments were: T0-Control T1-(100% RDF), T2-RDF + Humic acid 20kg ha-1 (Soil applied), T3-RDF + Humic acid 0.1% (Foliar applied), T4-RDF + Brassinolide 0.25ppm (Soil applied), T5-RDF + Brassinolide 0.1ppm (Foliar applied), T6-RDF + Humic acid 20kg ha-1 + Brassinolide 0.25ppm (Soil applied), T7-RDF + Humic acid 0.1%+ Brassinolide 0.1ppm (Foliar applied) were used for this study. The study showed that the combined foliar application of RDF + humic acid 0.1% + brassinolide 0.1 ppm (T7) consistently recorded the highest nutrient content and uptake in black gram straw and plants. T7 achieved the maximum nitrogen (0.97%), phosphorus (0.69%), and potassium (0.80%) content in straw, along with superior nutrient uptake, including N (46.36 kg ha⁻¹), P (15.26 kg ha⁻¹), and K (36.23 kg ha⁻¹). These values were closely followed by soil-applied T6 (RDF + humic acid 20 kg ha⁻¹ + brassinolide 0.25 ppm). Overall, foliar nutrition through T7 proved most effective in enhancing nutrient accumulation and uptake, demonstrating its potential as an efficient and sustainable strategy for improving black gram productivity.
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1. INTRODUCTION
Black gram (Vigna mungo L.) is one of the most important pulse crops cultivated across India's rainfed ecosystems. It is grown under diverse cropping systems such as mixed, catch, and sequential cropping, and is widely cultivated in major pulse-growing states including Andhra Pradesh, Bihar, Madhya Pradesh, Maharashtra, Uttar Pradesh, West Bengal, Punjab, Haryana, and Karnataka. Besides its role as a dietary pulse, black gram also serves as a valuable feed source for milch animals and is widely used as a green manuring crop to enrich soil fertility (Asha & Lingakumar, 2015). The crop is indigenous to the Indian subcontinent (De Candolle, 1996) and belongs to the family Leguminosae, which comprises nearly 18,000 species characterized by pod-bearing habit and pinnate or trifoliate leaves (Cobley & Steele, 1976). Pulses constitute an essential component of Indian diets and play a crucial role in addressing widespread protein-calorie malnutrition. 
Black gram contributes significantly to the national food basket, containing approximately 25% protein along with carbohydrates, minerals, vitamins, and essential micronutrients such as calcium, phosphorus, and iron (Devaraju & Senthivel, 2018). India remains the world’s leading producer of pulses, yet the availability of pulses per capita (45 g day⁻¹) remains far below the dietary requirement of 104 g day⁻¹ recommended by FAO and WHO, highlighting the urgent need to improve production (Rao et al., 2016; Jumrani, 2025). The nutritional richness of pulses, with protein contents ranging between 17–27%, coupled with their adaptability to diverse agroecological conditions, underscores their importance in sustainable food systems (Kumar et al., 2023). As leguminous crops, they enhance soil health through atmospheric nitrogen fixation, making them integral to crop rotation and soil fertility improvement. However, despite their agronomic and nutritional value, pulse production continues to lag behind demand, necessitating innovative approaches to enhance productivity. Among growth regulators, brassinolide is known for its prominent role in stimulating cell division and elongation by enhancing DNA and RNA polymerase activities, promoting nucleic acid and protein synthesis, and regulating microtubule orientation (Liu et al., 2018). It also increases water uptake, facilitates cell wall loosening, enhances photosynthetic activity, and improves translocation of assimilates, thereby supporting overall plant growth (Wilhelm & Selmar, 2011). 
Similarly, humic substances particularly humic acid are recognized for their beneficial influence on soil fertility and plant growth. Although humic acid does not supply nutrients directly, it improves nutrient availability, enhances metabolic activity, and supports sustained nutrient uptake by plants (Khaled & Fawy, 2011). Its application promotes leaf expansion, increases access to micro and macronutrients, and contributes to improved plant vigor due to its long-lasting presence in soil organic matter (Bakry et al., 2015). The present study was initiated to assess the effects of brassinolide and humic acid on nutrient dynamics and absorption of nutrients in straw and plant of black gram. 
2. MATERIALS AND METHODS
2.1 Experimental Site 
The experiment was carried out at the fields of Lovely Professional University, Department of Agronomy, Lovely Professional University, Phagwara (Punjab) during the year 2022-23. This field is situated at 310 22’31.81 North Latitude and 750 23’03.02 East longitude, with an average elevation and with a mean sea level of 252 m. 

2.2 Details of treatments
A combination of Recommended doses of fertilizer (RDF) 20:40:20 (N:P: K kg ha-1), Humic acid foliar application at 25 DAS and 15 Days after 1st spray, Brassinolide foliar application at 30 DAS and 45 DAS.

Chart 1: Details of treatments
	Treatments
	Description

	T0
	Control

	T1
	(100%RDF)

	T2
	RDF + Humic acid 20kg ha-1 (Soil applied)

	T3
	RDF + Humic acid 0.1% (Foliar applied)

	T4
	RDF + Brassinolide 0.25ppm (Soil applied)

	T5
	RDF + Brassinolide 0.1ppm (Foliar applied)

	T6
	RDF + Humic acid 20kg ha-1 + Brassinolide 0.25ppm (Soil applied)

	T7
	RDF + Humic acid 0.1%+ Brassinolide 0.1ppm (Foliar applied)

	Recommended doses of fertilizer (RDF) - 20:40:20 (N:P: K kg ha-1), Humic acid foliar application – 25 DAS and 15 Days after 1st spray, Brassinolide foliar application – 30 DAS and 45 DAS.



2.3 Variety description                                                                                                 
Certified seeds of a Black gram (MASH-114) were procured from Punjab Agriculture University, Ludhiana, located in Punjab. The seeds of the Black gram (MASH-114) are characterized by their small, upright, and densely-packed structure. They attain maturity within approximately 70 to 80 days. Each pod typically contains 6-7 bold, black seeds that possess excellent culinary qualities. Abundant podding can be observed in this variety. On average, a yield of 3.6 quintals of grain per acre can be expected. Notably, Black gram (MASH-114) exhibits resistance to diseases such as Cercospora leaf spot, bacterial leaf spot, and yellow mosaic virus.
2.4 Observations recorded 
Protein content
Protein analysis of grain was calculated by multiplying N content (%) by 6.25 (based on assumption that N content 16 % of protein).
	Protein content (%) =
Protein yield (kg ha-1) = 
Chemical analysis
N content in grain 
N content in grain was determined by micro-Kjeldahl method as per procedure suggested by AOAC, 1995.
N uptake in grain (kg ha-1) = 
P content in grain 
P content in grain was determined by Wet digestion (Diacid) Vanadomolybdo phosphoric acid yellow colour method as per procedure outlined by Jackson, 1973.
P uptake in grain (kg ha-1) = 
K content in grain 
K content in grain was determined by flame photometry method as per the procedure outlined by Jackson, 1973.
K uptake in grain (kg ha-1) = 
2.5 Statistical analysis
Statistical analysis was conducted using SPSS VS-22 16 software to determine the significance of differences between various treatments. A significance level of 95% was used. The mean values with different letters indicate statistical significance at a    p-value of less than 0.05, as determined by Duncan's multiple range test (DMRT) for comparing means. To assess the significance of treatment means based on the F-test of one-way ANOVA, the critical difference between different variables was calculated.

3. RESULTS AND DISCUSSION
3.1 N, P, K content in straw 
The data presented in Table 1 and Fig. 1, Fig. 2 and Fig. 3, demonstrates the notable impact of the various treatments on the nitrogen (N), phosphorus (P), and potassium (K) content in the straw. The results indicate a significant positive effect of the treatments on these nutrient contents.
Nitrogen content in straw 
The nitrogen content in straw varied significantly among the different treatments. The highest nitrogen content in straw, measuring (0.97%,) was observed in T7- (RDF + Humic acid 0.1%+ Brassinolide 0.1ppm was applied through foliar application). This result was statistically similar to T6 - (RDF + Humic acid 20kg ha-1 + Brassinolide 0.25ppm) to the soil, resulting in a nitrogen content of (0.96%) in the straw. Both (T7) and (T6) exhibited similar nitrogen content in straw, indicating their comparative effectiveness in promoting nitrogen accumulation. The addition of humic acid and brassinolide, whether through the foliar application or soil application, positively influenced the nitrogen content in straw. In contrast, the T0 recorded the lowest nitrogen content in straw, measuring (0.58%). This was followed by T1, where 100% RDF was applied, resulting in a slightly higher nitrogen content in the straw at (0.75%). The observed trend of nitrogen content in straw followed the order: T7 > T6 > T3 > T5 > T4 > T2 > T1 > T0. These findings highlight the significant impact of the applied treatments on nitrogen accumulation in straws. The incorporation of humic acid and brassinolide, whether through foliar or soil application, positively influenced nitrogen uptake and retention by the straw, resulting in higher nitrogen content.
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Fig. 1: Effect of humic acid and brassinolide on the Nitrogen content (%) in straw.
Phosphorus content in straw 
The phosphorus content in straw exhibited notable variations among different treatments. The T7- (RDF + Humic acid 0.1%+ Brassinolide 0.1ppm) through the foliar application, recorded the maximum phosphorus content in the straw at (0.69%). which was at par with T6 - (RDF + Humic acid 20kg ha-1 + Brassinolide 0.25ppm) to the soil, demonstrating a phosphorus content of (0.66%) in the straw. Both (T7) and (T6) exhibited similar phosphorus content in straw, indicating their comparative effectiveness in enhancing phosphorus accumulation. On the other hand, the T0 where no additional treatments were applied, showed the lowest phosphorus content in the straw at (0.33%). T1, involving the application of 100% RDF, resulted in a slightly higher phosphorus content in the straw at (0.46%). The phosphorus content in straw followed the order: T7 > T6 > T2 > T3 > T5 > T4 > T1 > T0. These findings emphasize the significant impact of the applied treatments on phosphorus accumulation in straws.

Fig. 2: Effect of humic acid and brassinolide on the Phosphorus content (%) in straw.

[bookmark: _Hlk138012090]Potassium content in straw
The study revealed significant variations in the potassium content of straw among different treatments. T7- (RDF + Humic acid 0.1%+ Brassinolide 0.1ppm through foliar application), exhibited the highest potassium content in straw at (0.80%). Following closely, T6 - (RDF + Humic acid 20kg ha-1 + Brassinolide 0.25ppm to the soil), resulted in a potassium content of (0.74%) in the straw. Conversely, the T0 - (control) where no additional treatments were applied, recorded the lowest potassium content in the straw at (0.43%). T1, which involved the application of 100% RDF, exhibited a potassium content of (0.58%) in the straw. The observed trend of potassium content in straw followed the order: T7 > T6 > T2 > T3 > T5 > T4 > T1 > T0. These findings indicate that the inclusion of humic acid and brassinolide positively influenced the straw's ability to absorb and retain potassium from the soil. 
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Fig. 3: Effect of humic acid and brassinolide on the Potassium content (%) in straw.




Similarly, Prabakaran (2002) conducted a study that yielded significant results, showing an increase in nitrogen (N) concentration of black gram stem and leaves when a 1% urea foliar spray was applied. The results indicate that utilizing foliar spraying of urea can serve as a feasible alternative nitrogen source for plants, especially in cases where their capacity to uptake nitrogen through the roots is restricted (Manian et al., 1987; Srivastava and Srivastava, 1994). Similarly, Bindu Joseph (2000) demonstrated the positive impact of brassinolide (BR) on nitrogen content in groundnut shoots, as well as the enhancement of phosphorus and potassium levels. Ananthi and Vanangamudi (2014) also observed higher nitrogen levels in plants treated with 0.1% humic acid (HA) and 0.1 ppm BR compared to the control. Their study specifically highlighted the high nitrogen content (2.98%) in greengram, particularly during the reproductive stage. 
Deotale et al., (2017) conducted a study on pigeon pea and found a remarkable increase in nitrogen content with the foliar application of 50 ppm Naphthalene acetic acid (NAA) and 400 ppm humic acid (HA). Similarly, Savita and Girijesh, (2019) documented the application of humic material in the soil at a rate of 5 kg ha-1, combined with the foliar application of humic compounds, resulting in increased nitrogen content. These findings align with the study by Poonkodi (2003), suggesting that the decrease in nitrogen, phosphorus, and potassium concentration in black gram leaves may be attributed to nutrient translocation and utilization during flower and pod formation. In terms of phosphorus (P), Kapase et al., (2014) revealed that foliar spraying with 50 ppm NAA and 400 ppm HA, followed by 50 ppm NAA and 300 ppm HA, boosted phosphorus content in chickpea leaves considerably. Mahmoud et al. (2011) investigated the effects of different amounts of humic acid under salinity conditions and found a statistically significant increase in phosphorus absorption. Notably, the study revealed that the highest nutrient intake occurred with a 0.1% foliar spray of humic acid, which outperformed the control.
Furthermore, increased cell proliferation leads to a higher concentration of potassium (K) in the dry matter of plants, enabling the absorption of more nutrients from deeper soil layers. Potassium bound to humic molecules in the soil readily converts into plant-available nutrients. Similarly, Kapase et al., (2014) found that leaf potassium levels significantly increased when 400 ppm HA was applied through VCW (vacuum consolidation watering) in chickpeas.



3.2 N, P, K Uptake by plant (kg ha-1)
The findings in Table 2 and Fig. 4, Fig. 5, Fig. 6 show that the various treatments have a significant influence on plant nitrogen (N), phosphorous (P), and potassium (K) absorption. The results show that the treatments had a considerable favourable effect on these nutritional contents.                     
[bookmark: _Hlk138012256][bookmark: _Hlk138014981]Nitrogen uptake by the plant (kg ha-1)
The highest percentage of nitrogen uptake by plants (46.36 kg ha-1) was recorded in T7 - RDF + Humic acid 0.1%+ Brassinolide 0.1ppm by foliar spray, followed by the application of T6 - RDF + Humic acid 20kg ha-1 + Brassinolide 0.25ppm to the soil, which resulted in a nitrogen uptake of (43.00 kg ha-1). The lowest nitrogen uptake by plant (17.35 kg ha-1) was recorded in T0 - (control) followed by T1 - which used 100% RDF - had a nitrogen uptake of (27.96 kg ha-1). The observed trend of nitrogen uptake by plants followed the order: T7 > T6 > T3 > T2 > T5 > T4 > T1 > T0, 
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Fig. 4: Effect of humic acid and brassinolide on the Nitrogen uptake (kg ha-1) by black gram.

These findings indicate that the treatments of humic acid, brassinolide, and the recommended fertilizer dose significantly influenced the nitrogen uptake by plants. The highest uptake was observed when humic acid and brassinolide were applied through the foliar application (T7), followed by their application to the soil (T6). On the other hand, the control treatment (T0) exhibited the lowest nitrogen uptake. These results highlight the positive impact of incorporating humic acid and brassinolide on enhancing nitrogen uptake in plants.
Phosphorus uptake by the plant (kg ha-1)
In the study, the maximum phosphorus uptake by plants (15.26 kg ha-1) was observed in T7- (RDF + Humic acid 0.1%+ Brassinolide 0.1ppm applied through foliar application. This was followed by T6 - (RDF + Humic acid 20kg ha-1 + Brassinolide 0.25ppm applied to the soil, resulting in a phosphorus uptake of (14.63 kg ha-1). On the other hand, the lowest phosphorus uptake by plants (4.00 kg ha-1) was recorded in T0 - (Control), with no additional treatments applied. T1, which involved the application of (100% RDF), exhibited a phosphorus uptake of (6.80 kg ha-1). The observed trend of phosphorus uptake by plants followed the order: T7 > T6 > T3 > T5 > T4 > T2 > T1 > T0. 

Fig. 5: Effect of humic acid and brassinolide on the Phosphorus uptake (kg ha-1) by black gram.
These results demonstrate that the treatments involving the application of humic acid, brassinolide, and the recommended fertilizer dose significantly influenced the phosphorus uptake by plants. The highest uptake was observed when humic acid and brassinolide were applied through the foliar application (T7), followed by their application to the soil (T6). Conversely, the control treatment (T0) showed the lowest phosphorus uptake. These findings highlight the positive impact of incorporating humic acid and brassinolide on enhancing phosphorus uptake by plants.
Potassium uptake by the plant (kg ha-1)
The highest percentage of potassium uptake by plants (36.23 kg ha-1) was observed in T7- (RDF + Humic acid 0.1%+ Brassinolide 0.1ppm applied through foliar application. This was followed by T6 - (RDF + Humic acid 20kg ha-1 + Brassinolide 0.25ppm) through soil applied, with a potassium uptake of (34.10 kg ha-1). The lowest potassium uptake by plants (11.31 kg ha-1) was observed under T0 - (Control), followed by T1 - (100% RDF) with a potassium uptake of (17.23 kg ha-1). The trend of potassium uptake by plants, from highest to lowest, followed the sequence T7 > T6 > T5 > T4 > T3 > T2 > T1 > T0. The findings suggest that the application of humic acid, brassinolide, and RDF (recommended dose of fertilizer) resulted in increased potassium uptake by the plants. In contrast, the control treatment exhibited the lowest potassium uptake. The results indicate that humic acid, brassinolide, and RDF administration resulted in improved potassium absorption by the plants. The control treatment, on the other hand, had the lowest potassium uptake. 


Fig. 6: Effect of humic acid and brassinolide on the Potassium uptake (kg ha-1) by black gram.

The findings show the possibility of foliar or soil treatments with humic acid and brassinolide to improve plant potassium absorption. This increased uptake of nutrients by black gram may be attributed to the stimulation of microbial activity in the soil by humic substances. Humic acid serves as a good source of nitrogen, phosphorus, potassium, and sulfur, thereby increasing the supply of native and added nutrients available to the crops. The humic acid promotes the activity of microorganisms, especially those that can increase urease enzyme activity. This, in turn, enhances the availability of nitrogen in the soil, facilitating its uptake by the crops. Furthermore, humic acid increases phosphorus concentration and absorption in black gram by lowering calcium phosphate precipitation, changing the number of adsorption sites, and chelating metal solid phases to improve dissolution. This inhibits soil phosphorus fixation, resulting in the development of readily absorbed humophospho-complexes by crops. Furthermore, enhanced nitrogen absorption by crops can be ascribed to humic and fulvic acid compounds stimulating microbial activity in the soil. These substances act as valuable sources of nitrogen, phosphorus, and potassium, leading to an increased supply of nutrients, both native and added, for the crops. The addition of humic acid stimulates microorganisms capable of boosting urease enzyme activity are activated, leading to an increase in nutrient availability in the soil and promoting their uptake by the crops. Nandini and Math (2019) also provide supporting evidence for these findings.
                A larger amount of nutrients is absorbed when organic and inorganic fertilisers are used together than when either one is used alone or under control circumstances. This is because different nutritional sources are used in a balanced and integrated manner, which promotes appropriate nutrient absorption, translocation, and assimilation. As a result, it causes plants to accumulate more dry matter and nutrients, which boosts the absorption of elemental nutrients. Similar findings have been reported by Kumpawat (2010) and Ipsita and Singh (2014). This improvement in nutrient absorption might be linked to alterations in root permeability and cation exchange capacity. These data significantly support the current study's conclusions. In addition to increasing nitrogen content, the same mixture of treatments significantly improves phosphorus and potassium content in leaves, particularly during the flowering stage. Brassinolide has been proven to improve nucleic acids (DNA and RNA) and particular enzyme activity in plants. Following the administration of brassinolide, Kalinich et al., (1985) detected enhanced ATPase activity in bean epicotyls. Phosphorus is essential for photosynthesis, glycolysis, respiration, and fatty acid synthesis since it is a structural component of NADP and ATP (Dogra and Thukral, 1998). A higher potassium concentration promotes plant development by improving turgor maintenance and active cell proliferation. Brassinolide, as a result, not only regulates multiple metabolic activities but also improves water and nutrient absorption, resulting in improved protein synthesis, growth, and, ultimately, larger yields Surendar et al., (2013) and Joseph (2000) proposed similar findings for Brassinolide.


3.3 Total N, P, K content in Plant (%)
The findings in Table 3 and Fig. 7, Fig. 8, Fig. 9 show that the various treatments have a significant influence on the Nitrogen, Phosphorus, and Potassium content of the plant. The results show that the treatments had a considerable favourable effect on these nutritional contents.
Total Nitrogen content in Plant (%)
In terms of nitrogen content in plants, the highest percentage (4.60%) was observed in T7 - RDF + Humic acid 0.1%+ Brassinolide 0.1ppm through foliar application. This was followed by T6 - RDF + Humic acid 20kg ha-1 + Brassinolide 0.25ppm applied to the soil, resulting in a nitrogen content of (4.43%). Conversely, the lowest nitrogen content in plants (2.74%) was recorded in the T0 - (control), where no additional treatments were applied. T1 - which involved the application of 100% RDF, exhibited a nitrogen content of (3.87%). The observed trend of nitrogen uptake by plants followed the order: T7 > T6 > T3 > T5 > T4 > T2 > T1 > T0. These findings indicate that the treatments incorporating humic acid, brassinolide, and the recommended fertilizer dose significantly influenced the nitrogen uptake by plants. The highest uptake was observed when humic acid and brassinolide were applied through the foliar application (T7), followed by their application to the soil (T6). On the other hand, the control treatment (T0) exhibited the lowest nitrogen uptake.

Fig. 7: Effect of humic acid and brassinolide on the total Nitrogen content (%) in black gram.

These findings highlight the positive effects of the application of humic acid and brassinolide in promoting nitrogen uptake in plants. The observed higher nitrogen content in young leaves and developing organs, including grains, can be attributed to their heightened nutrient demand. These organs function as effective sinks, capable of extracting significant amounts of nitrogen from the leaves. Ananthi and Vanangamudi (2014) arrived at a similar conclusion, noting that plants treated with a combination of 0.1 percent humic acid (HA) and 0.1 ppm brassinosteroid (BR) exhibited elevated nitrogen (N) levels compared to the control group. The researchers emphasized that green gram, especially during its reproductive stage, contains a substantial nitrogen content (2.98%). Deotale et al., (2017) found that spraying a foliar solution of 50 ppm naphthalene acetic acid (NAA) and 400 ppm humic acid to pigeon pea resulted in a considerable increase in nitrogen content. Similarly, Savita and Girijesh, (2019) demonstrated that applying 5 kg ha-1 of humic material to the soil, together with foliar application of humic chemicals, resulted in an increase in nitrogen content. Poonkodi (2003) found that the reduction in nitrogen, phosphate, and potassium concentrations in leaves might be attributable to nutrient transport and utilisation in black gramme during flower and pod production.
Total Phosphorus content in Plant (%)
In the study, the maximum phosphorus content in plants (1.37%) was observed in T6 - (RDF + Humic acid 20kg ha-1 + Brassinolide 0.25ppm applied to the soil. which was statistically similar to T7- (RDF + Humic acid 0.1%+ Brassinolide 0.1ppm applied through foliar application, resulting in a phosphorus content of (1.36%). On the other hand, lowest phosphorus content in plants (0.69%) was recorded in T0 - (Control), with no additional treatments applied. T1, which involved the application of (100% RDF), exhibited a phosphorus content of (0.94%). The observed trend of phosphorus uptake by plants followed the order: T6 > T7 > T3 > T2 > T5 > T4 > T1 > T0. This increase in nutritional content might be related to humic acid's strong influence on root development and establishment, resulting in improved nutrient absorption. 

Fig. 8: Effect of humic acid and brassinolide on the total Phosphorus content (%) in black gram.

The availability of more nutrients is a result of cell growth, proliferation, and increased phosphorus levels in deeper soil layers. According to Kapase et al., (2014), spraying 50 ppm NAA and 400 ppm humic acid through VCW, followed by 50 ppm NAA and 300 ppm humic acid, resulted in a significant increase in phosphorus (P) content in chickpea leaves. In a study by Mahmoud et al. (2011) under saline conditions, different amounts of humic acid were investigated for their effects on nutrient content, plant growth, and soil characteristics. It was found that the absorption of phosphorus (P) was statistically significant. The highest nutrient uptake was observed with a foliar spray of 0.1 percent humic acid, which yielded better results compared to the control group.
Total Potassium content in Plant (%)
The highest percentage of potassium content in plants (3.44%) was recorded in T7- (RDF + Humic acid 0.1%+ Brassinolide 0.1ppm applied through foliar application. Which was at par with T6 - (RDF + Humic acid 20kg ha-1 + Brassinolide 0.25ppm) through soil applied, with a potassium content of (3.39%). The lowest potassium content in plants (1.95%) was observed in T0 - (Control), followed by T1 - (100% RDF) with a potassium content of (2.38%). The trend of potassium uptake by plants, from highest to lowest, followed the sequence T7 > T6 > T2 > T3 > T5 > T4 > T1 > T0. The results show that humic acid, brassinolide, and prescribed fertiliser levels all had a favourable effect on plant potassium absorption. In contrast, the control treatment showed the lowest potassium uptake. 

Fig. 9: Effect of humic acid and brassinolide on the total Potassium content (%) in black gram.

These findings suggest that using humic acid and brassinolide together, whether applied through foliar or soil methods, can enhance the plant's ability to absorb potassium. The increased potassium concentration can be attributed to the utilization of humic acid, which promotes improved root growth and development. As a result, plants can absorb more nutrients from deeper soil layers, leading to higher potassium levels in their dry matter. Humic acid forms complexes with potassium in the soil, making it mobile and easily converted into nutrients that are readily available to plants.
	In a study carried out by Kapase et al., (2014), several combinations of VCW and naphthalene acetic acid (NAA) were investigated, and the administration of 400 ppm humic acid via VCW significantly boosted the potassium content in chickpea leaves. Increased potassium content plays a role in maintaining turgor pressure and promoting active cell growth, which ultimately enhances plant growth. In addition to modulating metabolic processes, brassinosteroids (BR) improve water and nutrient absorption, resulting in greater protein synthesis, growth, and, ultimately, higher crop yields (Dogra and Thukral, 1998). Similarly, Joseph (2000) revealed that brassinolide increased nitrogen levels in groundnut shoots while also raising phosphate and potassium content. 

[bookmark: _Hlk138260004]Table 1: Effect of humic acid and brassinolide on the Straw N, P, K content (%) of black gram.
	Treatments
	N (%)
	P (%)
	K (%)

	T0-Control
	0.58 d ± 0.02
	0.33 f ± 0.02
	0.43 f ± 0.15

	T1-[100%RDF]
	0.75 c ± 0.03
	0.46 e ± 0.01
	0.58 e ± 0.02

	T2-RDF + Humic acid 20kg ha-1 (Soil applied)
	0.82 b ± 0.04
	0.60 c ± 0.02
	0.71 bc ± 0.02

	T3-RDF + Humic acid 0.1% (Foliar applied)
	0.93 a ± 0.02
	0.64 b ± 0.02
	0.68 cd ± 0.03

	T4-RDF + Brassinolide 0.25ppm (Soil applied)
	0.83 b ± 0.03
	0.56 d ± 0.02
	0.65 d ± 0.02

	T5-RDF + Brassinolide 0.1ppm (Foliar applied)
	0.86 b ± 0.01
	0.58 cd ± 0.02
	0.67 d ± 0.02

	T6-RDF + Humic acid 20kg ha-1 + Brassinolide 0.25ppm (Soil applied)
	0.96 a ± 0.02
	0.66 ab ± 0.01
	0.74 b ± 0.02

	T7-RDF + Humic acid 0.1% + Brassinolide 0.1ppm (Foliar applied)
	0.97 a ± 0.02
	0.69 a ± 0.01
	0.80 a ± 0.10















Table 2: Effect of humic acid and brassinolide on the Total N, P, K uptake (kg ha-1) by black gram.
	Treatments
	N (kg ha-1)
	P (kg ha-1)
	K (kg ha-1)

	T0-Control
	17.35 g ± 0.15
	4.00 f ± 0.09
	11.31 g ± 0.22

	T1-[100%RDF]
	27.96 f ± 0.45
	6.80 e ± 0.10
	17.23 f ± 0.23

	T2-RDF + Humic acid 20kg ha-1 (Soil applied)
	35.26 cd ± 1.20
	10.16 d ± 0.15
	28.90 d ± 0.85

	T3-RDF + Humic acid 0.1% (Foliar applied)
	36.73 c ± 0.76
	11.20 c ± 0.10
	30.23 c ± 0.85

	T4-RDF + Brassinolide 0.25ppm (Soil applied)
	32.73 e ± 0.90
	10.26 d ± 0.05
	26.10 e ± 0.55

	T5-RDF + Brassinolide 0.1ppm (Foliar applied)
	38.80 de ± 1.05
	10.36 d ± 0.05
	27.36 e ± 0.50

	T6-RDF + Humic acid 20kg ha-1 + Brassinolide 0.25ppm (Soil applied)
	43.00 b ± 0.85
	14.63 b ± 0.15
	34.10 b ± 0.95

	T7-RDF + Humic acid 0.1% + Brassinolide 0.1ppm (Foliar applied)
	46.36 a ± 1.02
	15.26 a ± 0.15
	36.23 a ± 1.20









Table 3: Effect of humic acid and brassinolide on the Total N, P, K Content (%) in the black gram.
	Treatments
	N (%)
	P (%)
	K (%)

	T0-Control
	2.74 e ± 0.05
	0.69 e ± 0.03
	1.95 f ± 0.01

	T1-[100%RDF]
	3.87 d ± 0.00
	0.94 d ± 0.02
	2.38 e ± 0.04

	T2-RDF + Humic acid 20kg ha-1 (Soil applied)
	4.08 cd ± 0.03
	1.23 b ± 0.04
	3.34 bc ± 0.05

	T3-RDF + Humic acid 0.1% (Foliar applied)
	4.36 b ± 0.05
	1.31 a ± 0.04
	3.26 c ± 0.02

	T4-RDF + Brassinolide 0.25ppm (Soil applied)
	4.23 bc ± 0.24
	1.12 c ± 0.04
	2.98 d ± 0.04

	T5-RDF + Brassinolide 0.1ppm (Foliar applied)
	4.30 bc ± 0.22
	1.19 b ± 0.04
	2.99 d ± 0.05

	T6-RDF + Humic acid 20kg ha-1 + Brassinolide 0.25ppm (Soil applied)
	4.43 ab ± 0.07
	1.37 a ± 0.03
	3.39 ab ± 0.04

	T7-RDF + Humic acid 0.1% + Brassinolide 0.1ppm (Foliar applied)
	4.60 a ± 0.07
	1.36 a ± 0.02
	3.44 a ± 0.05



CONCLUSION
The significant impact of the applied treatments on nitrogen accumulation in straws. The incorporation of humic acid and brassinolide, whether through foliar or soil application, positively influenced nitrogen uptake and retention by the straw, resulting in higher nitrogen content. Brassinolide, as a result, not only regulates multiple metabolic activities but also improves water and nutrient absorption, resulting in improved protein synthesis. The highest nutrient uptake was observed with a foliar spray of 0.1 percent humic acid, which yielded better results compared to the control group. humic acid, brassinolide, and prescribed fertiliser levels all had a favourable effect on plant potassium absorption. In contrast, the control treatment showed the lowest potassium uptake.  As a result, plants can absorb more nutrients from deeper soil layers, leading to higher potassium levels in their dry matter. Humic acid forms complexes with potassium in the soil, making it mobile and easily converted into nutrients that are readily available to plants. The positive effects of foliar applications of urea, humic acid, and brassinolide on nutrient content in various crops. These treatments offer alternative nitrogen sources, enhance nutrient absorption, and facilitate the uptake of essential elements like nitrogen, phosphorus and potassium, ultimately promoting improved plant growth and development.
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Total nitrogen uptake by plant  (kg ha-1)

Plant N Uptake	g
f
cd
c
e
de
b
a

0.15716233645501648	0.42394968254892379	1.2308669031756949	0.77822447489997137	0.85582319046245581	1.0734989520255716	0.88319495771507772	1.0279267159352024	0.15716233645501648	0.42394968254892379	1.2308669031756949	0.77822447489997137	0.85582319046245581	1.0734989520255716	0.88319495771507772	1.0279267159352024	T0	T1	T2	T3	T4	T5	T6	T7	17.349999999999998	27.963333333333338	35.263333333333335	36.126666666666665	32.716666666666669	33.81	43.00333333333333	46.346666666666664	TREATMENTS


Nitrogen uptake (kg ha-1)



Total phosphorus uptake by plant (kg ha-1)

Plant P Uptake	f
e
d
c
d
d
b
a

9.504384952922143E-2	8.0208062770106489E-2	0.19604421270043512	9.0737717258774497E-2	6.4291005073286014E-2	9.7125348562223532E-2	0.12220201853215584	0.13576941236277598	9.504384952922143E-2	8.0208062770106489E-2	0.19604421270043512	9.0737717258774497E-2	6.4291005073286014E-2	9.7125348562223532E-2	0.12220201853215584	0.13576941236277598	T0	T1	T2	T3	T4	T5	T6	T7	4.0066666666666668	6.8233333333333333	10.156666666666666	11.223333333333334	10.293333333333335	10.356666666666667	14.626666666666665	15.243333333333332	TREATMENTS


Phosphorus uptake (kg ha-1)



Total pottasium uptake by plant (kg ha-1) 

Plant K Uptake	g
f
d
c
e
e
b
a

0.22479620400116473	0.20223748416156623	0.83200560895545261	0.84239737258216407	0.50862559904118165	0.52538874496255894	0.99284104132199202	1.170996726440058	0.22479620400116473	0.20223748416156623	0.83200560895545261	0.84239737258216407	0.50862559904118165	0.52538874496255894	0.99284104132199202	1.170996726440058	T0	T1	T2	T3	T4	T5	T6	T7	11.316666666666668	17.22	28.886666666666667	30.223333333333333	26.080000000000002	27.336666666666662	34.083333333333336	36.216666666666669	TREATMENTS


Pottasium uptake (kg ha-1)



Total nitrogen content (%) in plant 

Total N content	e
d
cd
b
bc
bc
ab
a

5.773502691896263E-2	5.4389598220420729E-16	3.2145502536643326E-2	5.1316014394469103E-2	0.24986663109213558	0.22338307903688706	7.6376261582597069E-2	6.999999999999984E-2	5.773502691896263E-2	5.4389598220420729E-16	3.2145502536643326E-2	5.1316014394469103E-2	0.24986663109213558	0.22338307903688706	7.6376261582597069E-2	6.999999999999984E-2	T0	T1	T2	T3	T4	T5	T6	T7	2.7433333333333336	3.8699999999999997	4.083333333333333	4.3666666666666663	4.2333333333333334	4.3	4.4366666666666665	4.5999999999999996	TREATMENTS


Total Nitrogen Content (%)



Total phosphorus content (%) in plant

Total P content	e
d
b
a
c
b
a
a

3.2145502536643208E-2	2.0816659994661344E-2	4.0000000000000036E-2	4.0000000000000036E-2	3.9999999999999925E-2	4.0414518843273843E-2	3.0000000000000027E-2	5.7735026918963907E-3	3.2145502536643208E-2	2.0816659994661344E-2	4.0000000000000036E-2	4.0000000000000036E-2	3.9999999999999925E-2	4.0414518843273843E-2	3.0000000000000027E-2	5.7735026918963907E-3	T0	T1	T2	T3	T4	T5	T6	T7	0.69666666666666666	0.94666666666666666	1.23	1.31	1.1200000000000001	1.1933333333333331	1.3699999999999999	1.3633333333333333	TREATMENTS


Total Phosphorus Content (%)



Total pottasium content (%) in plant

Total K content	f
e
bc
c
d
d
ab
a

5.7735026918962632E-3	4.1633319989322688E-2	5.5677643628300154E-2	2.5166114784235971E-2	4.5092497528228866E-2	5.5075705472860947E-2	4.509249752822931E-2	5.0000000000000044E-2	5.7735026918962632E-3	4.1633319989322688E-2	5.5677643628300154E-2	2.5166114784235971E-2	4.5092497528228866E-2	5.5075705472860947E-2	4.509249752822931E-2	5.0000000000000044E-2	T0	T1	T2	T3	T4	T5	T6	T7	1.9566666666666668	2.3833333333333333	3.34	3.2666666666666671	2.9833333333333329	2.9933333333333336	3.3966666666666669	3.44	TREATMENTS


Total Pottasium Content (%)



Nitrogen content in straw (%)

Straw N content	d
c
b
a
b
b
a
a

2.5166114784235805E-2	3.0550504633038961E-2	4.5825756949558379E-2	1.9999999999999962E-2	3.2145502536643174E-2	1.527525231651948E-2	2.0000000000000018E-2	2.0816659994661344E-2	2.5166114784235805E-2	3.0550504633038961E-2	4.5825756949558379E-2	1.9999999999999962E-2	3.2145502536643174E-2	1.527525231651948E-2	2.0000000000000018E-2	2.0816659994661344E-2	T0	T1	T2	T3	T4	T5	T6	T7	0.58333333333333337	0.75666666666666671	0.82	0.93	0.83333333333333337	0.8666666666666667	0.96	0.97333333333333327	TREATMENTS


Nitrogen content (%)



Phosphorus content in straw (%)

Straw P content	f
e
c
b
d
cd
ab
a

1.999999999999999E-2	1.5275252316519451E-2	2.0000000000000018E-2	2.0000000000000018E-2	1.9999999999999962E-2	2.5166114784235794E-2	1.527525231651948E-2	1.5275252316519434E-2	1.999999999999999E-2	1.5275252316519451E-2	2.0000000000000018E-2	2.0000000000000018E-2	1.9999999999999962E-2	2.5166114784235794E-2	1.527525231651948E-2	1.5275252316519434E-2	T0	T1	T2	T3	T4	T5	T6	T7	0.33	0.46666666666666662	0.6	0.64	0.56000000000000005	0.58666666666666656	0.66666666666666663	0.69333333333333336	TREATMENTS


Phosphorus content (%)



Potasium content in straw (%)

Straw K content	f
e
bc
cd
d
d
b
a

1.527525231651948E-2	2.6457513110645887E-2	2.5166114784235857E-2	2.9999999999999971E-2	2.0000000000000018E-2	2.0816659994661302E-2	2.0816659994661344E-2	2.0816659994661302E-2	1.527525231651948E-2	2.6457513110645887E-2	2.5166114784235857E-2	2.9999999999999971E-2	2.0000000000000018E-2	2.0816659994661302E-2	2.0816659994661344E-2	2.0816659994661302E-2	T0	T1	T2	T3	T4	T5	T6	T7	0.43333333333333335	0.57999999999999996	0.71666666666666667	0.68	0.65	0.67333333333333334	0.74333333333333329	0.80333333333333334	TREATMENTS


Potasium content (%)



