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Optimizing Nitrogen and Phosphorus Application for the Growth and Seed Yield of Katwa Amaranth (Amaranthus spp.)



ABSTRACT
A field experiment was conducted at the Agronomy Farm of Sher-e-Bangla Agricultural University, Dhaka, Bangladesh, during December 2022 to March 2023 to evaluate the effect of nitrogen and phosphorus levels on the growth and seed yield of Katwa amaranth (Amaranthus spp.). The two-factor experiment was laid out in a Randomized Complete Block Design (RCBD) with three replications. Four levels of nitrogen—N₀ (0), N₁ (27.6 kg/ha), N₂ (55.2 kg/ha), and N₃ (82.8 kg/ha)—and four levels of phosphorus—P₀ (0), P₁ (12 kg P₂O₅/ha), P₂ (24 kg P₂O₅/ha), and P₃ (36 kg P₂O₅/ha)—were combined to form sixteen treatment combinations. Data were collected on morphological and yield-related parameters. Results revealed that nitrogen and phosphorus levels significantly affected most growth and yield traits, including plant height, number of leaves and branches, stem diameter, spikes per plant, and seed yield. The tallest plants (168.72 cm) and highest seed yield (3.56 t/ha) were recorded under N₃, representing a 61.8% increase over the control. Similarly, phosphorus at 36 kg P₂O₅/ha produced 3.15 t/ha seed yield, which was 18% higher than P₀. The combined treatment N₃P₃ resulted in superior performance for all parameters, with plant height (171.60 cm), number of branches (22.67), and seed yield (3.80 t/ha) showing respective increases of 13.6%, 27.9%, and 90.0% over the control (N₀P₀). The highest benefit–cost ratio (1.90) was also recorded in N₃P₃. These findings indicate that the integrated application of 82.8 kg N/ha and 36 kg P₂O₅/ha can be recommended for achieving optimum growth, higher seed yield, and economic profitability in Katwa amaranth cultivation under Bangladesh conditions.	Comment by Qebaa: A factorial experiment with two factors was 
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I. INTRODUCTION
Global food systems face mounting pressures from population growth and climate change, driving the need for diversification toward resilient, nutrient-dense crops (Mustafa et al., 2021). In this regard, the genus Amaranthus, commonly referred to as amaranth, stands out for its superior nutritional attributes and agronomic resilience. Amaranth is a cross-pollinated crop with a chromosome number of 2n = 32 or 34 (Das, 2016). Its grains provide high-quality, lysine-rich protein, while the leaves are rich in vitamins, calcium, and iron, positioning it as an effective means to address malnutrition (Aderibigbe et al., 2022). Additionally, amaranth's drought tolerance and adaptability to marginal soils make it ideal for sustainable agriculture in adverse conditions. In regions such as South Asia, local varieties like Katwa amaranth (Amaranthus spp.) are primarily grown for seeds, which carry substantial cultural, dietary, and economic significance for smallholder farmers. However, yields often fall short under conventional practices, largely due to imbalanced nutrient management. Optimal mineral nutrition is essential to realizing a crop's genetic potential, with nitrogen (N) and phosphorus (P) emerging as critical yield-limiting factors for amaranth. Low vegetable productivity relative to national needs in Bangladesh (Samad et al., 2020) highlights the urgency of enhancing seed and biomass yield in nutrient-responsive crops like Katwa amaranth. 	Comment by Qebaa: Due to	Comment by Qebaa: Lower than expected	Comment by Qebaa: traditional	Comment by Qebaa: imbalances  in 	Comment by Qebaa: for	Comment by Qebaa: the genetic potential of the crop	Comment by Qebaa: as critical factors limiting amaranth productivity.
Nitrogen, a key component of chlorophyll, proteins, and amino acids, promotes vegetative growth, leaf expansion, and biomass accumulation (Leghari et al., 2016; Fatima et al., 2020). Nitrogen (N) is the most recognized in plant for its presence in the structure of the protein molecule. Nitrogen, a key component of protein molecules, plays a vital role in synthesizing plant constituents through the action of various enzymes (Habiba et al., 2021; Kishorekumar et al., 2020). Studies on amaranth demonstrate that N application enhances plant height, biomass, and seed yield, with optimal rates typically in the moderate range maximized leaf and seed yields in Amaranthus cruentus (Birhanu et al., 2024). In nutrient-deficient soils common to amaranth-growing regions, N deficiency leads to stunted growth and reduced seed set, while excessive N can delay maturity and increase lodging risk (Li et al., 2023; Shamim et al., 2022). In Bangladesh, nitrogenous fertilizers are pivotal for boosting crop productivity and advancing agricultural development (Ibn et al., 2025). Phosphorus plays an indispensable role in energy transfer (via ATP), root development, and reproductive phases, including flowering and seed formation (Akter et al., 2021). Sufficient P ensures robust root systems, supports energy-demanding seed-filling processes also improves flower formation and makes seed production more uniform (Md. R. Khan et al., 2022). Research shows that phosphorus fertilization enhances seed yield, quality, uniformity, and flower formation while boosting disease resistance, with deficiencies leading to poor root establishment and reduced grain filling (Dikir & Abayechaw, 2022; Nahar et al., 2022). The interplay between N and P is physiologically and agronomically significant; balanced application fosters harmonious vegetative and reproductive growth, whereas imbalances may favor excessive foliage over seed production (Kakoli et al., 2025; F. Khan et al., 2023). Both over- and under-application of these nutrients can impair performance, underscoring the importance of determining optimal doses for superior seed yields. This research addresses the need to optimize N and P use in Katwa amaranth, particularly in resource-limited settings where soil nutrient depletion exacerbates yield gaps, thereby promoting efficient fertilizer strategies to enhance food security and farmer livelihoods.	Comment by Qebaa: Is a key	Comment by Qebaa: The most common element	Comment by Qebaa: Due to	Comment by Qebaa: Furthermore, it plays	Comment by Qebaa: indicate	Comment by Qebaa: to maximize	Comment by Qebaa: interaction	Comment by Qebaa: as a balanced	Comment by Qebaa: while an imbalance 
Despite prior research, there remains a paucity of studies examining the factorial interactions of N and P on seed yield in locally adapted cultivars such as Katwa amaranth. This approach enables a thorough assessment of individual and combined nutrient effects. Accordingly, the objectives of this study are to identify the optimal nitrogen level, ascertain the ideal phosphorus level, and evaluate the most effective N-P combination to enhance growth and seed yield of Katwa amaranth.
II. MATERIAL AND METHODS
2.1. Description of the site
from December 2022 to May 2023, the research was conducted in the Horticulture Farm of Sher-e-Bangla Agricultural University (SAU), located in Sher-e-Bangla Nagar, Dhaka-1207, Bangladesh. The experimental site is situated at a longitude of 90° 22' E and a latitude of 23° 41' N. and 8.6 meters above sea level.

2.2. Field preparation and Treatment allocation
The plot selected for experimenting first was opened in the third week of November 2022 with a power tiller and was exposed to the sun for a week to kill soil-borne pathogens and soil-inhabitant insects. Then the land was prepared to bring a good tilth by plowing several times and cross ploughing with a power tiller followed by laddering. The land had been leveled, the corners had been formed, and the clods had been broken to pieces. Weeds and stubbles were removed and finally a desirable tilth of soil for sowing of amaranth seeds. The soil was treated by Sevin 50 WP @ 5 kg/ha to protect young plants from the attacks of mole crickets, ants, and cutworms. Recommended doses of well-decomposed cowdung manure and chemical fertilizers as indicated below were mixed with the soil of each unit plot. It was a factorial experiment and included two factors. One was nitrogen level and the other was phosphorus level-	Comment by Qebaa: and it	Comment by Qebaa: thr	Comment by Qebaa: delete
Factor A: Levels of nitrogen (4 levels) 
1) N0: 0 kg N/ha (Control)
2) N1: 27.6 kg N/ha (used as urea 60 kg/ha) 
3) N2: 55.2 kg N/ha (used as urea 120 kg/ha) 
4) N3: 82.8 kg N/ha (used as urea 180 kg/ha)
Factor B: Levels of phosphorus (4 levels)
1) P0: 0 P/ha (Control) 
2) P1: 12 kg P/ha (used as TSP 25 kg/ha) 
3) P2: 24 kg P/ha (used as TSP 50 kg/ha)
4) P3: 36 kg P/ha (used as TSP 75 kg/ha)
There were 16 (4 x 4) treatment combinations such as N0P0. N0P1, N0P2, N0P3, N1P0, N1P1, N1P2, N1P3, N2P0, N2P1. N2P2, N2P3, N3P0, N3P1, N3P2 and N3P3.
2.3. Fertilizers and manure application
The sources of N, P2O5, K2O as urea, TSP and MP are applied, respectively. The entire amounts of TSP and MP were applied during the final preparation of land. Urea was applied in three equal installments at 15, 30 and 45 days after seed sowing of amaranth. Well-rotten cowdung 10 t/ha was also applied during the final land preparation. The following amount of manures and fertilizers were used which is shown in tabular form recommended by Azad et al., (2020).
Table 01. Dose and method of application of fertilizers in Katwa amaranth field.
	Manures & fertilizers
	Dose Ha-1
	Application(%)

	
	
	Basal
	15 DAS
	30 DAS
	45 DAS

	Cowdung
	10 ton
	100%
	- 
	-
	-

	N (as Urea)
	As treatment
	-
	33.33%
	33.33%
	33.33%

	P2O5 (as TSP)
	As treatment
	 100%
	-
	-
	-

	K2O  (as MOP)
	100 kg
	 100%
	-
	-
	-



2.4. Planting Materials and seed sowing
The variety name of amaranth used in the experiment was " Katwa". It is a green stem, leafy and branchy type quick-growing vegetable. It is also known as sweet amaranth, sweet danta or Katwa danta. Seeds were collected from the local farmers of the Bogura region in Bangladesh. Seeds were sown on 08 December 2022 maintaining a distance of row to row 40 cm and plant to plant 20 cm.


2.5 Harvesting 
The crop was harvested depending upon the optimum duration of amaranth seed maturity which ensured to get the better quality of amaranth seed. Harvesting was done at 125 DAS manually with the help of a knife.
2.5. Statistical analysis
Statistical analysis of the collected data was conducted using Statistics-10 software. Mean values for all parameters were calculated, and analysis of variance (ANOVA) was performed using the ‘F’ test. Treatment means were compared using Duncan’s Multiple Range Test (DMRT) at a 5% significance level.
III. RESULT AND DISCUSSION
1. Effect of Nitrogen Levels 
The growth and yield characteristics of Katwa amaranth were significantly influenced by nitrogen levels (Table 2 and Figure 1). Plant height increased progressively with higher nitrogen application, reaching 168.72 cm at harvest in N₃ (82.8 kg N/ha) compared to 154.62 cm in the control (N₀), representing a 9.1% increase. Similarly, the number of branches per plant was markedly higher under N₃ (21.65), which was 17.7% greater than in N₀ (18.40). Nitrogen application also enhanced other vegetative attributes: the number of leaves per plant (101.13), leaf length (17.65 cm), leaf breadth (10.70 cm), and stem diameter (74.80 mm) all peaked in N₃ and were lowest in the control treatment. Regarding reproductive development, days to first flowering were delayed under higher nitrogen levels (80.25 days in N₃) compared to 71.25 days in N₀, reflecting a 12.6% increase. This delay was likely due to prolonged vegetative growth before the onset of reproductive phase. The number of spikes per plant was highest in N₃ (21.12) and lowest in N₀ (15.21). Nitrogen significantly increased seed yield, with N₃ producing 3.56 t/ha compared to 2.20 t/ha in N₀—an impressive 61.8% higher yield. Likewise, seed yield per plant (28.51 g) and 1000-seed weight (0.924 g) were maximum at N₃. The pronounced positive response to nitrogen is attributable to its fundamental role in plant physiology. Nitrogen is a vital constituent of chlorophyll, amino acids, proteins, and nucleic acids, which are essential for photosynthesis, cell division, and overall plant growth (Fatima et al., n.d.; Leghari et al., 2016). The increased plant height, leaf number, and stem diameter under higher N levels directly resulted from enhanced photosynthetic activity and vigorous vegetative development. This robust vegetative framework subsequently supported a higher number of branches and spikes, which are the primary yield-bearing structures. The increased seed yield and 1000-seed weight are a direct consequence of this improved source (vegetative growth) to sink (seed development) relationship, allowing for better assimilation and translocation of photosynthates to the developing seeds. Similarly, (Parra-Cota et al., 2014)reported that higher nitrogen rates enhanced biomass production and seed yield in Amaranthus spp. due to improved nutrient uptake and metabolic activity.
2. Effect of Phosphorus Levels
Phosphorus fertilization also exerted a significant influence on growth and yield performance (Table 2 and Figure 1). The tallest plants were obtained from P₃ (36 kg P₂O₅/ha) with a height of 165.13 cm, which was 4.2% greater than that of the control (158.41 cm). The number of branches per plant increased from 19.47 in P₀ to 20.70 in P₃, showing a 6.3% improvement. The number of leaves (99.25), leaf length (17.65 cm), leaf breadth (9.53 cm), stem diameter (72.37 mm), and number of spikes (19.71) were all highest in P₃ and lowest in P₀. Days to first flowering were slightly prolonged in P₃ (78.08 days) compared with P₀ (73.67 days), indicating a 6.0% increase, possibly due to extended vegetative growth. Phosphorus had a strong impact on seed yield, which increased from 2.67 t/ha in P₀ to 3.15 t/ha in P₃—equivalent to an 18.0% yield enhancement. Similarly, seed yield per plant (25.23 g) and 1000-seed weight (0.847 g) were highest at P₃. Phosphorus is a crucial element for energy transfer, photosynthesis, and nucleic acid synthesis within the plant. Its role in the formation of adenosine triphosphate (ATP) is critical for driving energy-dependent growth processes. The improved plant growth and stem diameter observed with P application can be linked to enhanced root development and more efficient energy utilization for cell division and elongation. The increase in the number of branches and spikes is a direct result of P's involvement in reproductive development. The higher seed yield and weight are due to P's key function in seed formation and maturation, as it is a component of phospholipids and phytin. Another study by (Ojo et al., 2007) on vegetable amaranth also reported that phosphorus was instrumental in enhancing branch production and overall biomass, which supports our findings on the number of branches per plant.

Fig. 01: Effect of different levels of nitrogen on number of leaves per plant on different days after showing (DAS). Where, N0 = Control (No Nitrogen), N1= 27.6 kg N/ha, N2= 55.2 kg N/ha & N3= 82.8 kg N/ha.

Fig. 02: Effect of different levels of phosphorus on a number of leaves per plant on different days after showing (DAS). Where, P0 = Control (No Phosphorus), P1= 12 kg P/ha, P2= 24 kg P/ha & P3= 36 kg P/ha.







	Treatments
	Plant height (cm)
	Leaf length (cm)
	Leaf breadth (cm)
	Stem diameter (mm)
	No. of branches per plant
	Days to first flowering
	Seed yield per plant (g)
	Seed yield (t/ha)
	1000 seed weight (g)

	
	40 DAS
	65 DAS
	90 DAS
	At Harvest
	
	
	
	
	
	
	
	

	Nitrogen levels
	
	
	
	
	
	
	
	
	
	
	
	

	N0
	18.42 d
	63.03 d
	119.19 d
	154.62 d
	14.21 d
	6.30 d
	66.43 d
	18.40 d
	71.25 d
	17.61 d
	2.20 d
	0.652 d

	N1
	21.50 c
	69.42 c
	124.20 c
	159.20 c
	15.91 c
	7.63 c
	68.83 c
	19.60 c
	73.92 c
	20.14 c
	2.52 c
	0.742 c

	N2
	23.97 b
	72.74 b
	126.62 b
	164.83 b
	17.15 b
	9.37 b
	71.80 b
	20.27 b
	77.33 b
	26.22 b
	3.28 b
	0.859 b

	N3
	25.87 a
	76.45 a
	130.32 a
	168.72 a
	18.50 a
	10.70 a
	74.80 a
	21.65 a
	80.25 a
	28.51 a
	3.56 a
	0.924 a

	LSD(0.05)	Comment by Qebaa: it must be only  one of LSD or Duncan not together
	0.5007
	0.6017
	0.6288
	0.5818
	0.4682
	0.3254
	0.4907
	0.2369
	0.5497
	0.8220
	0.1028
	0.0173

	CV%
	5.68
	4.02
	3.60
	3.43
	4.42
	3.95
	3.84
	3.42
	3.87
	4.26
	4.26
	2.61

	Phosphorus level
	
	
	
	
	
	
	
	
	
	
	
	

	P0
	21.17 d
	67.46 d
	122.19 d
	158.41 d
	15.42 d
	7.48 d
	68.75 d
	19.47 c
	73.67 d
	21.34 d
	2.67 d
	0.741 d

	P1
	21.95 c
	68.82 c
	124.49 c
	160.83 c
	16.09 c
	8.25 c
	69.90 c
	19.68 c
	75.00 c
	22.46 c
	2.81 c
	0.783 c

	P2
	22.79 b
	71.54 b
	126.02 b
	162.99 b
	16.61 b
	8.73 b
	70.85 b
	20.07 b
	76.00 b
	23.46 b
	2.93 b
	0.806 b

	P3
	23.84 a	Comment by Qebaa: it must be on;y one of LSD or Duncan not together
	73.82 a
	127.62 a
	165.13 a
	17.65 a
	9.53 a
	72.37 a
	20.70 a
	78.08 a
	25.22 a
	3.15 a
	0.847 a

	LSD(0.05) 
	0.5007
	0.6017
	0.6288
	0.5818
	0.4682
	0.3473
	0.4907
	0.2369
	0.5497
	0.8220
	0.1028
	0.0173

	CV%
	5.68
	4.02
	3.60
	3.43
	4.42
	3.95
	3.84
	3.42
	3.87
	4.26
	4.26
	2.61


Table 02: Effect of different levels of Nitrogen & Phosphorus and combined effect of different levels of Nitrogen & Phosphorus on plant height (cm) at different days after showing (DAS), leaf length (cm), leaf breadth (cm),  stem diameter (mm), no. of branches per plant, days to first flowering, seed yield per plant (g), seed yield (t/ha) and  1000 seed weight (g) of Katwa Amaranth.
In a column, means with a similar letter (s) are not significantly different and those having a dissimilar letter (s) are significantly different by LSD at a 5% level of significance. Where, N0 = Control (No Nitrogen), N1= 27.6 kg N/ha, N2=55.2 kg N/ha & N3= 82.8 kg N/ha. Where, P0 = Control (No Phosphorus), P1= 12 kg P/ha, P2= 24 kg P/ha & P3= 36 kg P/ha.




3. Combined Effect of Nitrogen and Phosphorus
The combined application of nitrogen and phosphorus significantly affected all measured parameters (Table 3 and Table 4). The tallest plants (171.60 cm) were recorded under N₃P₃, which was 13.6% taller than those in the control (151.03 cm, N₀P₀). The number of branches per plant in N₃P₃ (22.67) surpassed N₀P₀ (17.73) by 27.9%, while the number of leaves (102.87), leaf length (19.80 cm), leaf breadth (11.57 cm), stem diameter (76.33 mm), and number of spikes (23.17) were also highest in N₃P₃ and lowest in N₀P₀. Days to first flowering were longest in N₃P₃ (81.67 days), which was 16.7% higher than the earliest flowering (70.00 days) observed in N₀P₀, indicating that enhanced nutrient supply extended the vegetative phase. Seed yield per hectare reached 3.80 t/ha in N₃P₃ compared with 2.00 t/ha in N₀P₀—reflecting a 90.0% increase. The corresponding seed yield per plant (30.43 g) and 1000-seed weight (0.960 g) also followed a similar trend. The superior performance of the N3P3 combination underscores the synergistic relationship between these two macronutrients. Nitrogen is essential for building plant structure and yield potential, but without sufficient phosphorus, the plant cannot efficiently utilize the absorbed nitrogen for energy-intensive processes like flowering and seed set. Phosphorus facilitates the metabolic utilization of nitrogen; it enhances root growth for better N uptake and is critical for the ATP required to convert inorganic N into amino acids and proteins. This synergy ensures that the vigorous vegetative growth promoted by N is successfully channeled into high-quality reproductive output. The highest BCR for N3P3 confirms that this investment in balanced nutrition is not only agronomically superior but also economically viable. This synergistic effect is a well-documented phenomenon in crop production. (Fageria et al., 2008) emphasized that balanced nutrition is key to maximizing crop yields, as a deficiency in one nutrient can limit the efficiency of another. Specifically for amaranth, (Mndzebele et al., 2020) reported that the combined application of N and P resulted in a greater yield increase than the sum of their individual effects, which strongly supports the significant interaction effects observed in the present study.
Table 03. Cost and return analysis of Katwa amaranth seed considering Nitrogen and Phosphorus.
	Treatments
combination
	Seed yield (t/ha)
	Gross return (BDT/ha)
	Total cost of production (BDT)
	Net return (BDT/ha)
	Benefit cost ratio (BCR)

	N0 P0
	2.00
	200000
	169685.95
	30314.05
	1.18

	N0 P1
	2.17
	217000
	180977.13
	36022.88
	1.20

	N0 P2
	2.29
	226000
	183505.00
	42495.00
	1.23

	N0 P3
	2.64
	238000
	186032.88
	51967.13
	1.28

	N1 P0
	2.45
	228000
	182493.85
	45506.15
	1.25

	N1 P1
	2.76
	243000
	186369.93
	56630.08
	1.30

	N1 P2
	2.96
	260000
	188897.80
	71102.20
	1.38

	N1 P3
	3.15
	277000
	191425.68
	85574.33
	1.45

	N2 P0
	3.46
	297000
	186538.45
	110461.55
	1.59

	N2 P1
	3.64
	313000
	190414.53
	122585.48
	1.64

	N2 P2
	3.89
	334000
	192942.40
	141057.60
	1.73

	N2 P3
	4.26
	366000
	195470.28
	170529.73
	1.87

	N3 P0
	4.02
	342000
	190583.05
	151416.95
	1.79

	N3 P1
	4.13
	351000
	194459.13
	156540.88
	1.81

	N3 P2
	4.47
	353000
	196987.00
	156013.00
	1.79

	N3 P3
	4.58 
	380000
	199514.88
	180485.13
	1.90


· Sale of marketable seed @ BDT.100/kg. Gross return = Marketable yield x BDT/kg. Net income = Gross return - Total cost of production.BCR = Gross return ÷ cost of production.

Table 04: Effect of different levels of Nitrogen & Phosphorus on plant height (cm) at different days after showing (DAS), leaf length (cm), leaf breadth (cm),  stem diameter (mm), no. of branches per plant, days to first flowering, seed yield per plant (g), seed yield (t/ha) and  1000 seed weight (g) of Katwa Amaranth.
In a column, means with a similar letter (s) are not significantly different and those having a dissimilar letter (s) are significantly different by LSD at a 5% level of significance. Where, N0 = Control (No Nitrogen), N1= 27.6 kg N/ha, N2=55.2 kg N/ha & N3= 82.8 kg N/ha. Where, P0 = Control (No Phosphorus), P1= 12 kg P/ha, P2= 24 kg P/ha & P3= 36 kg P/ha.
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	Plant height (cm)
	Number of leaves per plant
	Leaf length (cm)
	Leaf breadth (cm)
	Stem diameter (mm)
	No. of branches per plant
	Days to first flowering
	Seed yield per plant (g)
	Seed yield (t/ha)
	1000 seed weight (g)

	
	40 DAS
	65 DAS
	90 DAS
	At Harvest
	
	
	
	
	
	
	
	
	

	N0 P0
	17.17 l
	58.40 n
	115.50 m
	151.03 n
	90.87 m
	13.10 k
	5.27 j
	64.93 l
	17.73 g
	70.00 i
	16.00 i
	2.00 i
	0.607 k

	N0 P1
	17.83 kl
	60.00 m
	118.37 l
	152.87 m
	92.87 l
	14.13 j
	6.37 i
	65.87 l
	18.47 f
	71.00 hi
	17.33 hi
	2.17 hi
	0.637 jk

	N0 P2
	18.67 jk
	64.87 l
	121.03 k
	156.53 k
	94.13 jk
	14.20 j
	6.60 hi
	67.00 k
	18.53 f
	71.33 h
	18.08 gh
	2.26 gh
	0.660 ij

	N0 P3
	20.00 i
	68.87 j
	121.87 k
	158.03 j
	95.73 hi
	15.40 hi
	6.97 hi
	67.93 jk
	18.87 f
	72.67 fg
	19.02 g
	2.37 g
	0.703 gh

	N1 P0
	19.50 ij
	66.53 k
	119.20 l
	154.70 l
	93.13 kl
	14.67 ij
	6.67 hi
	67.20 k
	18.80 f
	71.67 gh
	18.23 gh
	2.28 gh
	0.680 hi

	N1 P1
	21.50 h
	69.70 ij
	123.37 j
	159.20 i
	95.07 ij
	15.67 gh
	7.10 gh
	68.60 ij
	19.53 e
	72.67 fg
	19.42 fg
	2.43 fg
	0.730 fg

	N1 P2
	22.00 gh
	70.23 hi
	128.03 ef
	160.20 i
	96.33 gh
	16.10 gh
	7.77 fg
	69.07 hi
	19.67 e
	73.67 ef
	20.79 ef
	2.60 ef
	0.757 f

	N1 P3
	23.00 fg
	71.20 gh
	126.20 gh
	162.70 g
	97.67 ef
	17.20 def
	9.00 e
	70.47 fg
	20.40 cd
	77.67 c
	22.15 e
	2.768 e
	0.803 e

	N2 P0
	22.67 fg
	70.70 ghi
	125.20 hi
	161.53 h
	96.93 fg
	16.40 fg
	7.87 f
	69.60 gh
	19.80 e
	74.33 e
	23.79 d
	2.97 d
	0.793 e

	N2 P1
	23.67 ef
	71.87 fg
	126.87 fg
	164.03 f
	98.60 de
	16.53 efg
	9.20 de
	71.00 ef
	19.93 de
	76.33 d
	25.05 d
	3.13 d
	0.850 d

	N2 P2
	24.17 de
	72.87 ef
	124.20 ij
	165.53 e
	99.07 d
	17.47 cde
	9.80 cd
	71.87 e
	20.47 c
	78.33 c
	26.75 c
	3.34 c
	0.870 d

	N2 P3
	25.37 bc
	75.53 c
	130.20 bc
	168.20 c
	100.73 b
	18.20 bc
	10.60 b
	74.73 bc
	20.87 c
	80.33 b
	29.29 ab
	3.66 ab
	0.923 b

	N3 P0
	25.33 bc
	74.20 d
	128.87 de
	166.37 de
	100.53 bc
	17.50 cd
	10.13 bc
	73.27 d
	21.53 b
	78.67 c
	27.34 c
	3.42 c
	0.883 cd

	N3 P1
	24.80 cd
	73.70 de
	129.37 cd
	167.20 cd
	99.60 cd
	18.03 bcd
	10.33 bc
	74.13 cd
	20.80 c
	80.00 b
	28.05 bc
	3.51 bc
	0.917 bc

	N3 P2
	26.33 ab
	78.20 b
	130.83 b
	169.70 b
	101.53 b
	18.67 b
	10.77 b
	75.47 ab
	21.60 b
	80.67 ab
	28.23 bc
	3.53 bc
	0.937 ab

	N3 P3
	27.00 a
	79.70 a
	132.20 a
	171.60 a
	102.87 a
	19.80 a
	11.57 a
	76.33 a
	22.67 a
	81.67 a
	30.43 a
	3.80 a
	0.960 a

	LSD(0.05)
	1.0014
	1.2034
	1.2576
	1.1637
	1.0937
	0.9363
	0.6946
	0.9814
	0.4738
	1.0994
	1.6441
	0.2055
	0.0345

	CV%
	5.68
	4.02
	3.60
	3.43
	3.67
	4.42
	3.95
	3.84
	3.42
	3.87
	4.26
	4.26
	2.61



IV. Conclusion
The study conclusively demonstrates that the growth and seed yield of Katwa amaranth are significantly enhanced by the application of nitrogen and phosphorus fertilizers. The highest level of nitrogen (82.8 kg N/ha) and phosphorus (36 kg P₂O₅/ha) individually produced superior vegetative growth and the highest seed yield. Furthermore, their combined application revealed a strong synergistic interaction, with the N3P3 combination yielding the maximum seed output of 3.80 t/ha. This treatment also resulted in the most favorable Benefit-Cost Ratio (1.90), confirming its economic viability. Therefore, for optimal growth and economic seed production of Katwa amaranth, the combined application of 82.8 kg N/ha and 36 kg P₂O₅/ha is recommended for the farmers of Bangladesh.
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