


Response of Senna (Cassia angustifolia Vahl.) to Varying Soil Applied NPK Levels and Foliar Nutrition with Respect to Leaf N, P and K Uptake at Harvest	Comment by HeLaL: Effect of Soil-Applied NPK and Foliar Nutrition on Leaf N, P, and K Uptake of Senna (Cassia angustifolia Vahl.) at Harvest (slightly shorter & smoother)

Abstract
A field experiment was conducted at Herbal Garden, college of Agriculture, UAS, Raichur to study the response of senna (Cassia angustifolia Vahl.) to varying soil-applied NPK levels and foliar nutrition with respect to leaf nitrogen, phosphorus and potassium uptake at harvest. The experiment was laid out in a factorial randomized block design comprising four levels of soil-applied NPK [F1: 125% RDF, F2: 100% RDF, F3: 75% RDF and F4: control (no RDF)] and four foliar spray treatments [M1: 1% urea, M2: 1% 19:19:19, M3: seaweed extract and M4: water spray]. The results revealed that nutrient uptake was significantly influenced by both soil and foliar nutrition. Among the fertilizer levels, 125% RDF (F1) recorded the highest uptake of nitrogen (74.78 kg ha⁻¹), phosphorus (50.08 kg ha⁻¹) and potassium (13.98 kg ha⁻¹), while the control (F4) recorded the lowest values. Among foliar treatments, seaweed extract spray (M3) showed the maximum N, P and K uptake. The interaction effect was significant, and the combined treatment F1M3 (125% RDF + seaweed extract) recorded the highest uptake of all three nutrients. Regression analysis indicated a strong positive linear relationship between increasing NPK levels and nutrient uptake. The percent increase in nutrient uptake under F1 over control was 128.1% for N, 197.2% for P and 85.7% for K, while F1M3 over F4M4 showed increases of 416.4%, 339.7% and 175.0%, respectively. The study concludes that application of 125% RDF along with seaweed extract foliar spray is the most effective nutrient management strategy for maximizing nutrient uptake in senna leaves at harvest.	Comment by HeLaL: the	Comment by HeLaL: A significant interaction was observed with the
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1. Introduction	Comment by HeLaL: The introduction should be supported by references to confirm what was stated in the introduction.
Senna (Cassia angustifolia Vahl.), an important medicinal plant of the family Fabaceae, is widely cultivated in India for its leaves and pods, which are valued for their laxative properties due to the presence of anthraquinone glycosides such as sennosides. India is the leading producer and exporter of senna, with major cultivation concentrated in Tamil Nadu, Rajasthan and parts of Karnataka. The commercial value of senna primarily depends on leaf yield and quality, both of which are strongly influenced by mineral nutrition.
Balanced plant nutrition plays a pivotal role in regulating growth, photosynthesis, metabolite synthesis and nutrient accumulation in medicinal plants. Among the essential macronutrients, nitrogen (N), phosphorus (P) and potassium (K) are the most critical in determining biomass production and nutrient uptake. Nitrogen is a major constituent of chlorophyll, amino acids and proteins and directly affects vegetative growth and leaf yield. Phosphorus is essential for energy transfer, root development and metabolic activities, while potassium regulates enzyme activation, photosynthate translocation, stomatal function and stress tolerance. Deficiency or imbalance of these nutrients results in poor growth, reduced leaf area and lower nutrient accumulation in senna.	Comment by HeLaL: nutrient managment	Comment by HeLaL: plant	Comment by HeLaL: of	Comment by HeLaL: it
Soil application of NPK is the primary method of nutrient supply to crops; however, nutrient use efficiency under tropical conditions often remains low due to losses through leaching, volatilization and fixation. Moreover, medicinal crops like senna, which are harvested for leaves, require a continuous and readily available nutrient supply to sustain higher nutrient uptake. In this context, foliar nutrition has emerged as an effective complementary approach to soil fertilization, as it facilitates rapid absorption of nutrients directly through leaf tissues, corrects hidden hunger and improves nutrient use efficiency.	Comment by HeLaL: Although soil 	Comment by HeLaL: fertilizers	Comment by HeLaL: for supplying nutrients	Comment by HeLaL: such as	Comment by HeLaL: primarily 	Comment by HeLaL: of nutrients to achieve optimum growth and nutrient accumulation
Several studies in medicinal and aromatic plants have demonstrated that combined application of soil fertilizers and foliar nutrient sprays enhances nutrient absorption, growth and yield more effectively than soil application alone. Foliar spraying of macro- and micronutrients at critical growth stages has been reported to improve chlorophyll content, enzyme activity, photosynthetic efficiency and translocation of assimilates, thereby increasing nutrient uptake in leaves. However, information on the interactive effects of varying soil-applied NPK levels and foliar nutrition on nutrient uptake in senna is limited and fragmented.	Comment by HeLaL: on
Nutrient uptake, particularly of N, P and K in harvested leaves, serves as an important indicator of the plant’s nutritional status and fertilizer use efficiency. Understanding the uptake pattern under different nutrient management practices is essential for developing precise fertilizer recommendations for senna cultivation. Optimizing nutrient uptake not only enhances leaf yield but also improves the quality and export value of senna produce.

In view of the above, the present investigation entitled “Response of Senna (Cassia angustifolia Vahl.) to varying soil applied NPK levels and foliar nutrition with respect to leaf N, P and K uptake at harvest” was undertaken to evaluate the influence of different soil-applied NPK levels and foliar nutrient sprays on nitrogen, phosphorus and potassium uptake in senna leaves at harvest.
2.0 Materials and Methods	Comment by HeLaL: It needs to be completely rewritten materials and methods because it lacks many essential points, including
Experimental Site and Design
Plant Material
Seed Pre-treatments
Germination Test
5-Calculated Parameters
Germination percentage (GP)
Mean germination time (MGT)
Germination rate index (GRI)
Seedling vigor index (SVI)
   6-Seedling Growth Measurements
After the germination period, 10 seedlings per replicate were selected to measure:
Root length (cm)
Shoot length (cm)
Fresh and dry biomass (g)
Seedling vigor
Dry weight was measured after oven-drying samples at 70 °C for 48 hours
7- Soil and Pot Preparation
8- Statistical Analysis

Collection and Preparation of Plant Samples
Plant samples collected for dry matter estimation were also utilized for the determination of nitrogen, phosphorus and potassium content. The samples were oven-dried at 60 ± 5 °C until constant weight was attained. The dried material was finely ground using a grinder fitted with stainless steel blades and stored in clean, labelled polythene bags for subsequent chemical analysis, following the procedure outlined by Jackson (1973).

2.1 Estimation of Nitrogen in Plant Samples
Total nitrogen content in the plant samples was estimated using the Kjeldahl method as described by Jackson (1973). Finely powdered plant material was digested with concentrated sulphuric acid (H₂SO₄) in the presence of a digestion mixture containing potassium sulphate (K₂SO₄), copper sulphate (CuSO₄·5H₂O) and selenium powder in the ratio of 100:20:1. After digestion, the nitrogen present in the digested sample was determined by distillation under alkaline conditions. The liberated ammonia was absorbed in boric acid mixed indicator solution and subsequently titrated against standard sulphuric acid. The nitrogen content was calculated using the following formula:


2.2 Estimation of Phosphorus in Plant Samples
Phosphorus content in the plant samples was estimated using the vanadomolybdate yellow colour method as described by Jackson (1973). A known quantity of finely powdered plant material (0.5 g) was pre-digested with concentrated nitric acid (HNO₃) overnight. This was followed by further digestion using 5 ml of di-acid mixture (HNO₃: HClO₄ in the ratio 10:4) until a white residue was obtained. The residue was dissolved in 6 N hydrochloric acid (HCl) and the volume was made up to 50 ml with distilled water. A blank was prepared using the same procedure without plant material.
An aliquot of 5 ml from the digested solution was transferred to a 50 ml volumetric flask, to which 10 ml of vanadomolybdic acid reagent was added, and the volume was made up to the mark with distilled water. The intensity of the yellow colour developed was measured at 490 nm using a spectrophotometer against a reagent blank. The phosphorus concentration was determined with reference to the standard phosphorus curve, and the per cent phosphorus was calculated using the following formula:

2.3 Estimation of Potassium in Plant Samples
Potassium content in the plant samples was determined using the flame photometric method as described by Jackson (1973). An aliquot of 1 ml from the di-acid digested extract was transferred into a 50 ml volumetric flask and diluted to volume with distilled water. The flame photometer was calibrated using 50 ppm and 100 ppm potassium standard solutions. The diluted sample was aspirated into the flame photometer and the readings were recorded. The potassium content of the sample was calculated using the formula:

3.0 Results and discussion	Comment by HeLaL: No results, discussion, or explanation were mentioned; in regression.  It was only present in the conclusion .
Soil application of different NPK levels exerted a significant influence on nitrogen, phosphorus and potassium uptake by senna leaves at harvest. Among the fertilizer levels, F1 (125% RDF) recorded the highest uptake of N (74.78 kg ha⁻¹), P (50.08 kg ha⁻¹) and K (13.98 kg ha⁻¹). This was followed closely by F2 (100% RDF) with N (73.83), P (49.40) and K (13.83 kg ha⁻¹). A gradual decline was observed at F3 (75% RDF), whereas the lowest uptake was recorded in F4 (control) with only N (32.78), P (16.85) and K (7.53 kg ha⁻¹). The results clearly indicate that increasing levels of soil-applied fertilizers enhanced nutrient availability and absorption, while omission of fertilizers drastically reduced uptake.	Comment by HeLaL: had
Among foliar nutrition treatments, M3 (seaweed extract spray) registered the highest nutrient uptake with N (67.48), P (43.30) and K (13.10 kg ha⁻¹). This was statistically on par with M2 (1% 19:19:19 spray) which recorded N (66.43), P (42.38) and K (13.00 kg ha⁻¹). M1 (1% urea spray) ranked next, while M4 (water spray control) recorded the lowest uptake of all nutrients. These results show that foliar-applied nutrients, especially seaweed extract and balanced NPK spray, significantly promoted leaf nutrient accumulation.	Comment by HeLaL: which
The interaction between soil-applied fertilizers and foliar sprays was found to be statistically significant. The treatment combination F1M3 (125% RDF + seaweed extract) recorded the maximum uptake of N (78.50), P (53.20) and K (15.40 kg ha⁻¹), followed closely by F1M2 (125% RDF + 1% 19:19:19) and F2M3 (100% RDF + seaweed extract). In contrast, the lowest uptake was recorded with F4M4 (no RDF + water spray) which showed only N (15.20), P (12.10) and K (5.60 kg ha⁻¹). This clearly proves that combined soil and foliar nutrition resulted in synergistic improvement in nutrient uptake.
The soil application of higher NPK levels and foliar nutrition resulted in a substantial increase in nutrient uptake by senna leaves at harvest. The 125% RDF (F1) recorded a 128.1% increase in nitrogen, 197.2% increase in phosphorus and 85.7% increase in potassium uptake over the control (F4). Among foliar treatments, seaweed extract spray (M3) showed marked improvement with a 20.7% increase in nitrogen, 19.2% increase in phosphorus and 32.6% increase in potassium uptake compared to water spray (M4). The interaction effect further amplified nutrient uptake, wherein the combined treatment F1M3 registered a remarkable increase of 416.4% in nitrogen, 339.7% in phosphorus and 175.0% in potassium uptake over the absolute control (F4M4). These results clearly demonstrate the strong synergistic influence of higher soil fertility levels and bio-stimulant based foliar nutrition on nutrient uptake efficiency in senna.	Comment by HeLaL: along with
The enhanced uptake of N, P and K under higher soil fertilizer levels may be attributed to greater nutrient availability in the rhizosphere, improved root activity and enhanced metabolic demand under vigorous growth. Similar enhancement in nutrient uptake due to higher fertilizer application was reported in senna by Pareek et al. (1989) and Pratibha et al. (2010), who observed significant improvement in nutrient uptake and productivity with nitrogen fertilization.
The superior performance of seaweed extract (M3) could be due to the presence of natural growth regulators, amino acids, micronutrients and organic acids, which improve membrane permeability and nutrient translocation. These findings are in close agreement with Rani and Usha (2013), who reported improved biochemical properties and productivity of senna due to seaweed application. Similar stimulation of nutrient uptake by seaweed spray was also reported by El-Gamal and Ahmed (2016) and Hassan (2015) in medicinal crops.
The remarkable improvement under F1M3 combination confirms the synergistic interaction of soil fertilization with foliar bio stimulation. Compared to F1M3 (125% RDF + seaweed extract), the treatment F2M3 (100% RDF + seaweed extract) is more efficient and sustainable as it provides optimum nutrition without the risks associated with excess fertilizer application. While both treatments benefit from the bio stimulant effect of seaweed extract, the higher fertilizer dose in F1M3 may lead to nutrient imbalance, luxurious vegetative growth, reduced nutrient use efficiency, and potential environmental issues such as soil salinity and nutrient leaching. In contrast, F2M3 supplies nutrients at the recommended level, ensuring balanced uptake, better physiological efficiency, and improved conversion of assimilates into economic yield. Thus, F2M3 achieves comparable or superior yield and quality with lower input cost, better soil health, and higher economic returns, making it a more rational and farmer-friendly treatment than F1M3. Soil fertilization ensures sustained nutrient supply, while foliar spray ensures rapid nutrient absorption and correction of hidden hunger. These 	Comment by HeLaL: However	Comment by HeLaL: providing
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Fig 1: Nutrient (N, P & K) uptake of plant for different nutrient levels
findings are supported by Basak et al. (2023) and Muruganandam et al. (2022), who reported superior nutrient uptake and growth in senna under integrated nutrient management.
Furthermore, increased potassium uptake under higher NPK and foliar nutrition might be linked to its role in enzyme activation and translocation of assimilates, as suggested by Singh et al. (2007) in rosemary. Overall, the present results strongly confirm that balanced soil fertilization combined with foliar nutrient application significantly enhances nutrient uptake in senna leaves at harvest.	Comment by HeLaL: may
4.0 Conclusion
The present investigation clearly demonstrated that nutrient uptake in senna (Cassia angustifolia Vahl.) was significantly influenced by both soil application of NPK and foliar nutrition. Among the fertilizer levels, 125% RDF (F1) proved superior by recording the highest uptake of nitrogen, phosphorus and potassium in senna leaves at harvest, followed closely by 100% RDF (F2), while the lowest uptake was observed under the control (F4). This confirms that adequate and balanced soil fertilization is essential for maximizing nutrient absorption in senna.	Comment by HeLaL: is
Foliar nutrition exerted an additional and significant improvement in nutrient uptake, with seaweed extract spray (M3) outperforming other foliar treatments and registering the highest N, P and K uptake, followed by 1% 19:19:19 spray (M2). The regression analysis further revealed a strong positive linear relationship between increasing NPK levels and nutrient uptake, indicating efficient utilization of applied nutrients by senna plants.
The interaction effect was highly pronounced, wherein the combined treatment F1M3 (125% RDF + seaweed extract) recorded the maximum nutrient 	Comment by HeLaL: significant 
uptake, while the absolute control F4M4 (no RDF + water spray) showed the minimum values. The remarkable percent increase in nutrient uptake under this integrated treatment emphasizes the synergistic role of soil fertilization and foliar bio stimulation in enhancing nutrient use efficiency.
Table: 1 N, P, K uptake of senna leaves at harvest as influenced by soil application of different N, P, K levels and foliar spray of nutrients

	          Treatments
	N
	P
	K

	             NPK Levels (F)

	F1
	74.78
	50.08
	13.98

	F2
	73.83
	49.40
	13.83

	F3
	71.00
	45.80
	12.30

	F4
	32.78
	16.85
	7.53

	S.Em ±
	1.46
	1.15
	0.22

	C.D. at 5 %
	5.06
	3.97
	0.75

	            Foliar spray (M)

	M1
	62.58
	40.13
	11.65

	M2
	66.43
	42.38
	13.00

	M3
	67.48
	43.30
	13.10

	M4
	55.90
	36.33
	9.88

	S.Em ±
	0.24
	0.11
	0.08

	C.D. at 5 %
	0.70
	0.33
	0.25

	           F x M Interactions
	
	
	

	F1M1
	73.20
	49.20
	13.60

	F1M2
	77.20
	52.40
	15.30

	F1M3
	78.50
	53.20
	15.40

	F1M4
	70.20
	45.50
	11.60

	F2M1
	73.10
	48.60
	13.50

	F2M2
	75.80
	51.70
	15.10

	F2M3
	76.40
	52.00
	15.20

	F2M4
	70.00
	45.30
	11.50

	F3M1
	70.50
	45.70
	11.70

	F3M2
	72.60
	47.20
	13.30

	F3M3
	72.70
	47.90
	13.40

	F3M4
	68.21
	42.40
	10.80

	F4M1
	33.50
	17.00
	7.80

	F4M2
	40.10
	18.20
	8.30

	F4M3
	42.30
	20.10
	8.40

	F4M4
	15.20
	12.10
	5.60

	
	S.Em ±
	C.D.
at 5 %
	S.Em ±
	C.D.
at 5 %
	S.Em ±
	C.D.
at 5 %

	Factor M at same level of F
	2.91
	8.72
	2.31
	7.20
	0.41
	1.32

	Factor F at same level of M
	1.50
	5.34
	1.25
	4.12
	0.25
	0.72


F1: 125 % RDF  F3: 75% RDF  M1: 1% urea foliar spray  M3: Seaweed extract foliar spray
F2: 100 % RDF  F4: No RDF (Control) M2: 1% 19:19:19 foliar spray M4:Water spray (control)

Overall, the study conclusively establishes that application of 125% RDF in combination with seaweed extract foliar spray is the most effective nutrient management strategy for maximizing N, P and K uptake in senna leaves at harvest. This integrated approach not only improves nutrient absorption but also ensures better growth and productivity of senna, making it a sustainable and economically viable fertilization practice for commercial cultivation.	Comment by HeLaL: combined
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