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Abstract— A field experiment titled “Effect of Nitrogen Sources and Plant Geometry on Herbage Yield and 

Nutrient Uptake in Kalmegh (Andrographis paniculata Nees.) under the Malwa Plateau of Madhya Pradesh” 

was conducted during the Kharif season of 2024–25. The study was undertaken at the Herbal Garden, 

Department of Plantation, Spices, Medicinal and Aromatic Crops, KNK College of Horticulture, Mandsaur 

(M.P.). Observations on various growth parameters were systematically recorded using established scientific 

methodologies. The study assessed key growth parameters, including Leaf Area (cm2 plant-1) Fresh weight (g 

plant-1) and Dry weight (g plant-1). Observations were recorded from five randomly selected plants at 

intervals of 30, 60, 90, and 120 days after transplanting (DAT), as well as at the time of harvest. The results 

indicated that among the nitrogen treatments, N1 (40 kg N through vermicompost + 40 kg N through urea) 

showed the highest values for leaf area (8.75, 45.10, 104.54, 134.45, and 134.37 cm²), fresh weight (9.13, 

25.51, 45.00, 64.41, and 63.72 g), and dry weight (2.68, 6.81, 23.06, 41.77, and 44.17 g). In terms of plant 

spacing, the S1 geometry (20 × 10 cm) resulted in the greatest leaf area (9.12, 45.80, 105.33, 135.12, and 

134.43 cm²), fresh weight (9.22, 26.70, 45.15, 64.95, and 64.34 g), and dry weight (2.76, 6.92, 22.98, 41.70, 

and 44.22 g). Furthermore, the combined treatment of S1 × N1 produced the most significant results, with 

maximum leaf area (10.82, 48.23, 108.83, 139.01, and 137.53 cm²), fresh weight (10.50, 32.49, 48.83, 68.50, 

and 70.06 g), and dry weight (3.49, 8.54, 28.68, 46.61, and 47.79 g) at 30, 60, 90 DAT, and at harvest. 
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I. INTRODUCTION 

Kalmegh (Andrographis paniculata), a significant 

medicinal plant from the Acanthaceae family, holds a 

prominent place in traditional and modern herbal medicine. 

The Andrographis genus, native to India, comprises around 

40 species globally, with 19 found in India. Among these, 

only A. paniculata and A. alata are recognized for their 

distinct medicinal properties (Farooqi et al., 2010). 

Kalmegh is an herbaceous annual plant that can reach a 

height of up to 110 cm. Recognizing its therapeutic 

importance, the National Medicinal Plant Board has listed 

Kalmegh 17th among 32 prioritized medicinal species 

(NMPB, 2014). It plays a crucial role in Indian 

pharmacopoeia and features in 26 Ayurvedic formulations 

(Verma et al., 2018). Kalmegh is the key ingredient in 

“Alui,” a traditional remedy widely used in West Bengal to 

treat dyspepsia and general weakness in both adults and 
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children. Known for its potent antipyretic and antiviral 

properties, Kalmegh has even been cited as a potential aid 

in combating COVID-19 (Verma et al., 2021). Its 

therapeutic uses extend across China, India, and other 

Southeast Asian countries, where it is employed in treating 

ailments like fever, colds, laryngitis, malaria, dysentery, 

and diarrhea. The plant also exhibits antibacterial, anti-

inflammatory, antithrombotic, and immune-boosting 

effects (Verma et al., 2024). As the demand for herbal 

medicines and health supplements continues to rise, there 

is a growing emphasis on cultivating medicinal plants that 

are safe, high in quality, and free from harmful chemicals. 

Consequently, reducing chemical inputs in Kalmegh 

cultivation is critical, with a shift toward organic practices 

gaining momentum. Organic liquid manures and 

bioformulations offer safer, eco-friendly alternatives, 

making them ideal for a plant used in both Ayurvedic and 

pharmaceutical applications. Furthermore, the use of 

organic inputs and microbial inoculants not only improves 

fertilizer efficiency but also enhances soil health by 

improving its physicochemical and biological properties 

(Trisilawati et al., 2019). Nitrogen is especially vital for 

Kalmegh, as it supports chlorophyll production, protein 

synthesis, and overall vegetative growth, which directly 

impacts the development of leaves and stems—the main 

reservoirs of its key bioactive compound, andrographolide 

(Kumar et al., 2018; Verma et al., 2024). Proper nitrogen 

nutrition contributes to increased biomass and better 

yields, but a balanced approach is essential. Over-

application may lead to lush vegetative growth at the cost 

of reduced medicinal quality. Thus, efficient nitrogen 

management is crucial for optimizing both yield and 

therapeutic efficacy (Shakywa et al., 2022; Pandey et al., 

2025). Given the increasing demand for herbal products 

across global pharmaceutical and Ayurvedic sectors, 

Kalmegh is poised to become a highly valuable crop. In 

light of this, the present study has been designed to explore 

the plant’s response to various nitrogen sources and 

application methods, as these factors play a significant role 

in influencing its growth, yield, and medicinal quality 

(Sharangi et al., 2025). 

 

II. MATERIALS AND METHODS 

 Experimental site and soil: The field experiment 

was conducted during the Kharif season of 2024–2025 at 

the Herbal Garden, Department of Plantation, Spices, 

Medicinal and Aromatic Crops, College of Horticulture, 

Mandsaur, which operates under Rajmata Vijayaraje 

Scindia Krishi Vishwa Vidyalaya, Gwalior (M.P.). The 

experimental site is located on the Malwa Plateau in the 

western region of Madhya Pradesh, positioned between 

23.45° to 24.13° North latitude and 74.44° to 75.18° East 

longitude, at an elevation of 435 meters above mean sea 

level. This area falls within Agro-Climatic Zone 9 of the 

state. Prior to fertilizer application, soil samples were 

collected from a depth of 10–15 cm at various points across 

the field using standard sampling techniques. These 

samples were combined to form a representative composite 

sample through thorough mixing. Soil analysis revealed a 

light black, loamy texture with low levels of available 

nitrogen and phosphorus but high potassium content. 

 Experimental design and treatments: The 

experiment was laid out using a Factorial Randomized 

Block Design (FRBD) and replicated three times. Each 

individual plot measured 4.32 m² (3.60 m × 1.20 m), while 

the total experimental area covered 399.43 m² (14.96 m × 

26.70 m). The study included two factors: plant geometry 

as the main plot treatment with four spacings — S1: 20 × 

10 cm, S2: 20 × 15 cm, S3: 20 × 20 cm, and S4: 30 × 10 cm; 

and nitrogen sources as subplot treatments with four levels 

— N1: 40 kg N from vermicompost + 40 kg N from urea, 

N2: 60 kg N from vermicompost + 20 kg N from urea, N3: 

80 kg N from vermicompost, and N4: recommended dose 

of fertilizers (RDF) consisting of 80 kg/ha N, 30 kg/ha P, 

and 50 kg/ha K. A total of 16 treatment combinations 

resulting from the interaction of these factors were 

evaluated. 

Observations recorded: Growth parameter 

observations were recorded using standardized procedures. 

The primary parameters assessed included leaf area (cm² 

per plant), fresh weight (g per plant), and dry weight (g per 

plant). For each treatment, five plants were randomly 

selected and measurements were taken at 30, 60, 90, and 

120 days after transplanting (DAT), as well as at harvest. 

Leaves were detached from the sampled plants and their 

area was measured using a leaf area meter (LAM 211), with 

results expressed in cm² per plant for each observation 

stage. The entire fresh herb from each labeled plant was 

harvested and weighed using an electronic balance, with 

the average calculated and recorded in grams per plant. For 

dry weight determination, the harvested herbs from five 

tagged plants were dried in a hot air oven at 65°C until a 

constant weight was achieved, then weighed with an 

electronic balance and expressed as the mean dry weight in 

grams. All measurements were taken from the net plot area 

for each treatment. The collected data were subjected to 

analysis of variance (ANOVA) following the method 

described by Panse and Sukhatme (1985). 

Statistical analysis: The data recorded for 

different parameters were analyzed with the help of 

analysis of variance (ANOVA) technique for a randomized 

block design. The results are presented at 5% level of 

significance (P=0.05).  
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III. RESULTS AND DISCUSSION 

Morphological parameters  

 Leaf area (cm2) at 30, 60, 90, 120 DAT 

and at harvest 

The leaf area of the Kalmegh plant was 

significantly affected by the application of nitrogen, the 

different planting geometries, and their combined 

interactions at various stages of growth (30, 60, 90, and 120 

days after transplanting (DAT), as well as at harvest). This 

is clearly demonstrated in Table 1 and Fig. 1, which 

highlight the variations observed in leaf area across these 

factors. At 30 days after transplanting (DAT), among the 

different planting geometries, the highest leaf area was 

observed in S1 (20 × 10 cm) with 9.12 cm², followed by S3 

(20 × 20 cm) at 8.28 cm², and S2 (20 × 15 cm) at 8.27 cm², 

while the lowest was recorded in S4 (30 × 10 cm) with 7.75 

cm². In terms of nitrogen sources, N1 (40 kg N from 

vermicompost + 40 kg N from urea) showed the maximum 

leaf area of 8.75 cm², closely followed by N3 (80 kg N from 

vermicompost) at 8.71 cm², while N2 (60 kg N from 

vermicompost + 20 kg N from urea) recorded the lowest at 

7.51 cm². The interaction between planting geometry and 

nitrogen sources was significant, with S1 × N1 producing 

the highest leaf area of 10.82 cm², and the lowest recorded 

in S4 × N1 at 7.12 cm². At 60 DAT, S1 (20 × 10 cm) again 

showed the highest leaf area (45.80 cm²), followed by S3 

(44.31 cm²) and S2 (44.06 cm²), with S4 recording the 

lowest (43.42 cm²). Among nitrogen treatments, N1 again 

led with 45.10 cm², followed closely by N3 (45.01 cm²), 

and the lowest was seen in N2 (42.94 cm²). The S1 × N1 

combination produced the highest leaf area (48.23 cm²), 

while S3 × N2 showed the lowest (41.44 cm²). At 90 DAT, 

the trend continued, with S1 leading in leaf area (105.33 

cm²), followed by S3 (103.80 cm²) and S2 (103.22 cm²), and 

S4 being the lowest (102.91 cm²). N1 and N3 again 

recorded the highest values (104.54 and 104.48 cm², 

respectively), and N2 the lowest (102.46 cm²). The 

interaction S1 × N1 recorded the maximum (108.83 cm²), 

followed by S1 × N3 (106.45 cm²) and S3 × N4 (106.05 cm²). 

The lowest was observed in S3 × N2 (101.41 cm²). At 120 

DAT, S1 (135.12 cm²) maintained the highest leaf area, 

followed by S3 (133.15 cm²) and S2 (132.93 cm²), with S4 

again the lowest (132.78 cm²). Among nitrogen sources, N1 

remained highest (134.45 cm²), with N3 close behind 

(134.30 cm²) and N2 lowest (131.26 cm²). The S1 × N1 

interaction yielded the maximum leaf area (139.01 cm²), 

followed by S1 × N3 (137.04 cm²) and S3 × N4 (136.33 cm²). 

The lowest was in S3 × N2 (129.40 cm²). At harvest, S1 

again recorded the highest leaf area (134.43 cm²), followed 

by S3 (133.04 cm²) and S2 (132.87 cm²), with S4 being the 

lowest (132.22 cm²). N1 resulted in the highest leaf area 

(134.37 cm²), followed by N3 (134.14 cm²) and N2 (131.00 

cm²) as the lowest. The S1 × N1 treatment remained the top 

performer (137.53 cm²), followed by S2 × N3 (135.88 cm²) 

and S3 × N1 (135.77 cm²). The lowest values were noted in 

S4 × N2 and S2 × N4 (both 129.10 cm²). The results show 

that nitrogen application influenced leaf area positively, 

with treatments involving higher nitrogen doses generally 

leading to larger leaf areas. Similarly, the planting 

geometry also played a crucial role in determining leaf 

area, with certain spacing configurations leading to better 

leaf expansion. The interaction between nitrogen sources 

and planting geometry further impacted the growth, 

producing varying results at different growth stages. At 

each observation point, the combination of these factors 

resulted in a significant variation in leaf area, underscoring 

the importance of optimizing both nitrogen levels and 

planting geometry for maximum growth potential in 

Kalmegh cultivation.These results align with findings by 

Sadashiv et al. (2007), who reported that vermicompost 

application enhanced plant height, branching, and leaf area 

in Coleus (Coleus forskohlii). Similarly, Kumar et al. 

(2018) attributed increased leaf expansion to higher 

nitrogen uptake and availability, supporting the outcomes 

observed in this study. 

Table 1:- Effect of nitrogen sources, planting geometries, and their interactions on leaf area (cm2) at various growth 

stages in Kalmegh. 

Treatments 30 

DAT 

60 

DAT 

90 

DAT 

120 

DAT 

At 

harvest 

N Sources 

N1 40kg N by vermi +40 kg N by Urea 8.75 45.10 104.54 134.45 134.37 

N2 60kg N by vermi +20 kg N by Urea 7.51 42.94 102.46 131.26 131.00 

N3 80 kg N by Vermi 8.71 45.01 104.48 134.30 134.14 

N4 RDF 8.45 44.55 103.78 133.98 133.07 

S.Em + 0.22 0.48 0.38 0.64 0.22 
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CD at 5% 0.64 1.40 1.09 1.86 0.64 

Geometry 

S1 20 X 10 cm 9.12 45.80 105.33 135.12 134.43 

S2 20 X 15 cm 8.27 44.06 103.22 132.93 132.87 

S3 20 X 20 cm 8.28 44.31 103.80 133.15 133.04 

S4 30 X 10 cm 7.75 43.42 102.91 132.78 132.22 

S.Em + 0.22 0.48 0.38 0.64 0.22 

CD at 5% 0.64 1.40 1.09 1.86 0.64 

Interaction S (Geometry) x N (Sources) 

S1×N1 10.82 48.23 108.83 139.01 137.53 

S2×N1 8.59 44.18 103.37 134.73 134.99 

S3×N1 8.47 45.07 104.23 134.59 135.77 

S4×N1 7.12 42.93 101.71 129.47 129.20 

S1×N2 7.41 43.07 102.09 130.48 129.54 

S2×N2 7.76 43.17 102.25 130.68 131.53 

S3×N2 6.78 41.44 101.41 129.40 129.10 

S4×N2 8.08 44.08 104.10 134.47 133.81 

S1×N3 9.40 46.73 106.45 137.04 135.67 

S2×N3 8.97 45.60 104.00 134.00 135.88 

S3×N3 8.50 44.10 103.50 132.28 131.80 

S4×N3 7.98 43.60 103.98 133.86 133.21 

S1×N4 8.85 45.18 103.97 133.94 135.00 

S2×N4 7.75 43.30 103.24 132.30 129.10 

S3×N4 9.38 46.64 106.05 136.33 135.51 

S4×N4 7.82 43.07 101.84 133.34 132.66 

S.Em + 0.44 0.97 0.75 1.29 0.45 

CD at 5% 1.28 2.80 2.18 3.72 1.29 
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.  

Fig.- 1 Effect of nitrogen sources, planting geometries, and their interactions on leaf area (cm2) at various growth stages in 

Kalmegh. 

 

 

Fresh weight (g plant-1) at 30, 60, 90, 120 DAT and at 

harvest 

The fresh weight of Kalmegh plants was 

significantly influenced by the nitrogen sources, planting 

geometries, and their interactions at different growth stages 

(30, 60, 90, 120 DAT, and at harvest), as shown in Table 2 

and depicted in Fig. 2. At 30 DAT, the highest fresh weight 

was observed in the S1-20 x 10 cm planting geometry (9.22 

g), followed by S3-20 x 20 cm (8.72 g) and S2-20 x 15 cm 

(8.32 g). The lowest fresh weight was recorded in S4-30 x 

10 cm (8.21 g). Among the nitrogen treatments, the highest 

fresh weight (9.13 g) was achieved with N1, which provided 

40 kg N through vermicompost + 40 kg N through urea. N3, 

which supplied 80 kg N through vermicompost, followed 

closely with 9.00 g. The lowest fresh weight (7.94 g) was 

seen with N2 (60 kg N through vermicompost + 20 kg N 

through urea). The interaction between planting geometry 

and nitrogen sources showed significant variation, with the 

S1 × N1 combination producing the highest fresh weight 

(10.50 g), followed by S3 × N3 (9.55 g). The lowest fresh 

weight was observed in S3 × N2 (6.89 g). At 60 DAT, the 

highest fresh weight was recorded in S1-20 x 10 cm (26.70 

g), followed by S3-20 x 20 cm (22.98 g) and S2-20 x 15 cm 

(22.00 g), with the lowest observed in S4-30 x 10 cm (20.93 

g). Among nitrogen sources, N1 again produced the highest 

fresh weight (25.51 g), closely followed by N3 (24.75 g). 

The lowest fresh weight was observed with N2 (19.47 g). 

The S1 × N1 interaction produced the highest fresh weight 

(32.49 g), followed by S1 × N3 (30.54 g). The lowest was 

recorded in S2 × N4 (18.14 g). At 90 DAT, the highest fresh 

weight was again observed in S1-20 x 10 cm (45.15 g), 

followed by S3-20 x 20 cm (44.13 g) and S2-20 x 15 cm 

(42.60 g), with the lowest in S4-30 x 10 cm (41.50 g). 

Nitrogen treatments showed similar trends, with N1 (45.00 

g) and N3 (44.60 g) producing the highest fresh weight, 

while N2 (39.76 g) showed the lowest. The interaction 

effects showed significant variation, with S3 × N1 producing 

the highest fresh weight (49.54 g), followed by S1 × N1 

(48.83 g). The lowest was recorded in S4 × N1 (38.66 g). At 

120 DAT, the highest fresh weight was recorded in S1-20 x 

10 cm (64.95 g), followed by S3-20 x 20 cm (63.54 g) and 

S2-20 x 15 cm (62.60 g), with the lowest in S4-30 x 10 cm 

(62.04 g). Among nitrogen sources, N1 (64.41 g) and N3 

(64.21 g) recorded the highest fresh weight, while N2 (61.14 

g) had the lowest. The interaction effects showed significant 

variation, with S1 × N1 producing the highest fresh weight 

(68.50 g), followed by S1 × N3 (68.25 g). The lowest was 

observed in S4 × N1 (60.01 g). At harvest, S1-20 x 10 cm 

again recorded the highest fresh weight (64.34 g), followed 

by S3-20 x 20 cm (62.07 g) and S2-20 x 15 cm (61.77 g), 

with the lowest in S4-30 x 10 cm (60.17 g). For nitrogen 

sources, N1 (63.72 g) and N3 (63.27 g) gave the highest fresh 
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weight, while N2 (59.17 g) had the lowest. The S1 × N1 

combination again produced the highest fresh weight (70.06 

g), followed by S3 × N4 (65.66 g) and S1 × N3 (66.94 g). The 

lowest was observed in S4 × N2 (57.79 g). The increased 

fresh weight observed in these treatments can be attributed 

to enhanced photosynthetic activity, leading to greater 

nutrient uptake and higher dry biomass accumulation 

throughout the plant’s growth cycle. These findings are in 

line with similar studies by (Harisha et al., 2010) on garden 

cress and (Hemalatha et al., 2010) on Kalmegh, where the 

application of appropriate nitrogen doses was found to 

support improved growth and biomass production. 

Table 2:- Effect of N sources, planting geometries, and their interactions on fresh weight (g plant-1) at various growth stages in 

Kalmegh. 

Treatments 30 

DAT 

60 

DAT 

90 

DAT 

120 

DAT 

At 

harvest 

N Sources 

N1 40kg N by vermi +40 kg N by Urea   9.13 25.51 45.00 64.41 63.72 

N2 60kg N by vermi +20 kg N by Urea 7.94 19.47 39.76 61.14 59.17 

N3  80 kg N by Vermi 9.00 24.75 44.60 64.21 63.27 

N4 RDF 8.41 22.86 44.02 63.37 62.18 

S.Em + 0.18 0.85 1.01 0.99 0.85 

CD at 5% 0.53 2.45 2.90 2.87 2.44 

Geometry 

S1 20 X 10 cm 9.22 26.70 45.15 64.95 64.34 

S2 20 X 15 cm 8.32 22.00 42.60 62.60 61.77 

S3 20 X 20 cm 8.72 22.98 44.13 63.54 62.07 

S4 30 X 10 cm 8.21 20.93 41.50 62.04 60.17 

S.Em + 0.18 0.85 1.01 0.99 0.85 

CD at 5% 0.53 2.45 2.90 2.87 2.44 

Interaction S (Geometry) x N (Sources) 

S1×N1 10.50 32.49 48.83 68.50 70.06 

S2×N1 9.01 24.16 42.95 63.96 62.62 

S3×N1 9.27 26.54 49.54 65.17 64.17 

S4×N1 7.72 18.87 38.66 60.01 58.01 

S1×N2 8.09 18.91 38.72 60.19 58.63 

S2×N2 8.31 19.47 39.39 60.66 58.68 

S3×N2 6.89 17.70 38.35 59.24 56.25 

S4×N2 8.47 21.81 42.60 64.46 63.13 

S1×N3 9.35 30.54 48.73 68.25 66.94 

S2×N3 8.66 26.22 45.37 64.34 62.22 

S3×N3 9.55 19.91 40.60 61.52 62.20 

S4×N3 8.42 22.33 43.70 62.73 61.73 

S1×N4 8.94 24.84 44.32 62.86 61.71 

S2×N4 7.30 18.14 42.67 61.46 63.55 
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S3×N4 9.17 27.77 48.04 68.23 65.66 

S4×N4 8.23 20.69 41.04 60.95 57.79 

S.Em + 0.36 1.69 2.01 1.99 1.69 

CD at 5% 1.05 4.89 5.81 5.73 4.88 

 

Fig.-2 Effect of nitrogen sources, planting geometries, and their interactions on fresh weight 

 

Dry weight (g plant-1) at 30, 60, 90, 120DAT and at 

harvest 

The dry weight of Kalmegh plants was significantly 

influenced by nitrogen sources, planting geometries, and 

their interactions at various growth stages (30, 60, 90, 120 

DAT, and at harvest), as presented in Table 3 and depicted 

in Fig. 3. At 30 DAT, the highest dry weight was recorded 

in S1-20 x 10 cm (2.76 g), followed by S3-20 x 20 cm (2.52 

g) and S2-20 x 15 cm (2.25 g). The lowest dry weight was 

observed in S4-30 x 10 cm (1.96 g). For nitrogen sources, 

N1 (40 kg N through vermicompost + 40 kg N through urea) 

resulted in the highest dry weight (2.68 g), followed by N3 

(80 kg N through vermicompost) at 2.64 g. The lowest dry 

weight (2.01 g) was observed with N2 (60 kg N through 

vermicompost + 20 kg N through urea). The interaction 

between planting geometry and nitrogen sources showed 

significant variation, with the combination of S1 × N1 

producing the highest dry weight (3.49 g), followed by S3 × 

N3 (3.03 g) and S1 × N3 (3.08 g). The lowest dry weight 

was recorded in S4 × N4 (1.51 g). At 60 DAT, the highest 

dry weight was recorded in S1-20 x 10 cm (6.92 g), followed 

by S3-20 x 20 cm (6.02 g) and S2-20 x 15 cm (5.70 g), with 

the lowest in S4-30 x 10 cm (5.10 g). Among nitrogen 

sources, N1 resulted in the highest dry weight (6.81 g), 

followed by N3 at 6.35 g. The lowest was observed with N2 

(4.63 g). The interaction between planting geometry and 

nitrogen sources showed significant variation, with S1 × N1 

producing the highest dry weight (8.54 g), followed by S3 × 

N1 (7.93 g) and S1 × N3 (7.50 g). The lowest dry weight was 

observed in S3 × N2 (3.86 g). At 90 DAT, S1-20 x 10 cm 

again recorded the highest dry weight (22.98 g), followed 

by S3-20 x 20 cm (21.92 g) and S2-20 x 15 cm (20.62 g), 

with the lowest in S4-30 x 10 cm (20.75 g). Nitrogen source 

N1 resulted in the highest dry weight (23.06 g), followed by 

N3 (21.95 g). The lowest was recorded with N2 (20.28 g). 

The interaction between planting geometry and nitrogen 

sources showed significant variation, with the combination 

of S1 × N1 producing the highest dry weight (28.68 g), 

followed by S3 × N1 (23.67 g) and S3 × N3 (22.78 g). The 

lowest was observed in S3 × N2 (19.25 g). At 120 DAT, the 

highest dry weight was recorded in S1-20 x 10 cm (41.70 g), 

followed by S3-20 x 20 cm (40.00 g) and S2-20 x 15 cm 

(g
 p

la
n

t-
1
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(39.51 g), with the lowest in S4-30 x 10 cm (39.01 g). For 

nitrogen sources, N1 resulted in the highest dry weight 

(41.77 g), followed by N3 (41.28 g). The lowest was 

observed with N2 (37.27 g). The interaction effects showed 

that S1 × N1 produced the highest dry weight (46.61 g), 

followed by S3 × N1 (43.66 g) and S1 × N3 (43.58 g). The 

lowest was recorded in S3 × N2 (35.34 g). At harvest, S1-20 

x 10 cm recorded the highest dry weight (44.22 g), followed 

by S3-20 x 20 cm (42.69 g) and S2-20 x 15 cm (41.69 g), 

with the lowest in S4-30 x 10 cm (41.10 g). Among nitrogen 

sources, N1 (40 kg N through vermicompost + 40 kg N 

through urea) recorded the highest dry weight (44.17 g), 

followed by N3 (43.87 g). The lowest dry weight (38.82 g) 

was observed with N2 (60 kg N through vermicompost + 20 

kg N through urea). The combination of S3 × N1 produced 

the highest dry weight (48.07 g), followed by S1 × N1 (47.79 

g) and S3 × N4 (47.42 g). The lowest dry weight was 

recorded in S3 × N2 (36.25 g). The increased dry weight in 

these treatments likely contributed to higher productivity of 

Kalmegh, with factors such as fresh herbage yield per plant 

and per hectare playing a crucial role. These results align 

with findings from various studies (Husain and Kumar, 

2024; Chand et al., 2011; Dakhane and Nandkarm et al., 

2012; Kanjilal et al. 2002; Makwana et al., 2010; Ramesh 

et al., 2011; Sanjutha et al., 2006; Singh et al., 2006), which 

also reported that organic fertilizers significantly improved 

yield attributes and overall crop productivity. 

Table 3: - Effect of N sources, planting geometries, and their interactions on dry weight (g plant-1) at various growth stages in 

Kalmegh. 

Treatments 30 

DAT 

60 

DAT 

90 

DAT 

120 

DAT 

At 

harvest 

N Sources 

N1 40kg N by vermi+40 kg N by Urea 2.68 6.81 23.06 41.77 44.17 

N2 60 kg N by vermi+20 kg N by Urea 2.01 4.63 20.28 37.27 38.82 

N3 80 kg N by Vermi 2.64 6.35 21.95 41.28 43.87 

N4 RDF 2.15 5.95 20.97 39.91 42.84 

S.Em + 0.15 0.31 0.42 0.88 0.95 

CD at 5% 0.44 0.89 1.21 2.54 2.74 

Geometry 

S1 20 X 10 cm 2.76 6.92 22.98 41.70 44.22 

S2 20 X 15 cm 2.25 5.70 20.62 39.51 41.69 

S3 20 X 20 cm 2.52 6.02 21.92 40.00 42.69 

S4 30 X 10 cm 1.96 5.10 20.75 39.01 41.10 

S.Em + 0.15 0.31 0.42 0.88 0.95 

CD at 5% 0.44 0.89 1.21 2.54 2.74 

Interaction S (Geometry) x N (Sources) 

S1×N1 3.49 8.54 28.68 46.61 47.79 

S2×N1 2.58 6.11 20.55 40.77 42.77 

S3×N1 2.70 7.93 23.67 43.66 48.07 

S4×N1 1.95 4.63 19.33 36.03 38.03 

S1×N2 2.03 4.71 19.78 36.11 38.11 

S2×N2 2.10 4.75 20.14 37.19 38.49 

S3×N2 1.65 3.86 19.25 35.34 36.25 

S4×N2 2.27 5.19 21.97 40.43 42.43 

S1×N3 3.08 7.50 22.68 43.58 46.47 
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S2×N3 2.37 7.07 21.05 40.66 46.01 

S3×N3 3.03 5.13 22.78 37.43 39.00 

S4×N3 2.09 5.69 21.29 43.43 44.00 

S1×N4 2.45 6.93 20.77 40.50 44.52 

S2×N4 1.93 4.87 20.74 39.44 39.48 

S3×N4 2.72 7.13 21.99 43.55 47.42 

S4×N4 1.51 4.88 20.39 36.13 39.94 

S.Em + 0.30 0.62 0.84 1.76 1.90 

CD at 5% 0.88 1.78 2.41 5.08 5.47 

 

Fig 3:- Effect of nitrogen sources, planting geometries, and their interactions on dry weight (g plant-1) at various growth 

stages in Kalmegh. 
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