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Effect of Level of Nitrogen and Plant Spacing on the Yield of Boro Rice (Cv. BRRI Dhan28)
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ABSTRACT 

	A field experiment was conducted in the Agronomy Field Laboratory of Bangladesh Agricultural University, Mymensingh, Bangladesh during the period from December 2017 to April, 2018 to study the effect of different nitrogen level and spacing on the growth, grain yield and yield component and to determine their economic feasibility of BRRI dhan28 under irrigated conditions. The experiment comprised of Levels of nitrogen (4 levels); N1: 50% of recommended dose (60 kg N ha-1), N2: 100% of recommended dose (120 kg N ha-1),   N3: 125% of recommended dose (149 kg N ha-1) and N4: 150% of recommended dose (179 kg N ha-1) and Plant  spacing (4 levels); S1: 15cm × 15cm, S2: 20cm × 15cm (Recommended by BRRI), S3: 25cm × 15cm and S4: 20cm × 20cm. The experiment was laid out in a randomized complete block design (RCBD) with three replications. Data revealed that the tallest plant at the time of harvest. Side by side, the highest number of effective tillers hill-1, highest length of panicle and the maximum number of filled grains panicle-1 were found in N3, S3 treatments and N3S3 treatment combination. The highest plant height (109.1), number of total tillers hill-1 (17.88), number of effective tillers hill-1 (16.65), number of grains panicle-1 (85.23), grain yield (5.147 t ha-1), straw yield (6.857 t ha-1) and biological yield (12.00 t ha-1) were found in the treatment combination N3S4 and also found highest in each individual N3 and S4 treatments. So, the experiment showed that application of nitrogen 125% of recommended dose (149 kg N ha-1) and spacing 20cm × 20cm was more potential in regarding yield contributing characters and yield of BRRI dhan28.
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1. INTRODUCTION 
Rice (Oryza sativa L.) is the staple food for half of the world's population and 2.4 billion people in Asia, nearly. Nearly 90% of the world's rice is produced and consumed in this region and more than 400 million of people in Africa and Latin America (Siddika et al., 2024). It is one of the most important food crops and a major food grain for more than a third of the world population (Zhao et al., 2011) in East and South Asia, the Middle East and Latin America. It is a short-day summer crop grown under diverse climatic and edaphic conditions. Rice can grow from the equator to latitudes of N (in China) and N S and elevations (in tropical regions) as high as 3000 meters above sea level (FAO, 2013). It grows well in humid tropical regions with high temperaturetemperatures, plenty of rainfall and sunshine in heavy clay or clay loam soils. It is tolerant to a range of soils with pH from 4.5 to 8.5 and can be grown successfully on saline or sodic soils (Ali, 2013). The world’s rice grain production should be increased to meet the food demand of an ever-increasing human population, while rice straw after chopping into fine parts is used as animal feed. The global rice cultivation was estimated at total area 163 million ha with annual production averaging 730.2 million tons (FAO, 2013). It estimated that Chinese rice farmers had produced 27.98% of the world rice followed by India (20.54%) It represents 29% of the total output of grain crops worldwide. The increment can be attained through improvements of agronomic practices and introduction of high yielding cultivars (Mia et al., 2024). The need to improve agronomic practices has emerged because of diminishing and unreliable water supplies, increasing cost of fertilizer, and the increased scarcity of farm labor (Halder et al., 2024a; Mohaddesi et al., 2011). 	Comment by Author: It should be entered as normal text, you don't have to add 0 as a degree symbol °	Comment by Author: a more current source for the information mentioned should be sought.
In Bangladesh, the rice alone constitutes of 95% of food production. About 77.07% of cropped area of Bangladesh is used for rice production, with annual production of 34.36 million tons from 11.37 million ha of land (BBS, 2013). Rice sector contributes one-half of the agricultural GDP and one-sixth of the national income in Bangladesh. The average yield in rice in Bangladesh is around 2.90-ton ha-1, which is very much lower than that of the highest-ranking country namely China with rice yield 12.9-ton ha-1, in Japan 6.6-ton ha-1, in Korea 6.3-ton ha-1 (IRRI, 2011). 
Production of rice depends on several factors: climate, physical conditions of the soil, soil fertility, water management, sowing date, cultivar, seed rate, weed control, and fertilization (Fiza et al., 2024). Improvement of rice production can be achieved through different agronomic and management practices like plant spacing and fertilizer use that these factors can increase yield of rice and sustaining the production of the crop (Islam et al., 2024a). Special attention should be given forto increasing yield by applying nutrient retention practice in the soil, use of optimum rate of nitrogen fertilizer and other nutrients; proper seed rate, effective row and plant spacing, high yielding varieties and/or hybrid varieties are considered to be the major determinants of yield of rice (Hossain et al., 2024). 
Fertilizer is an expensive and precious input. Determination of an appropriate dosage of application will be both economical and appropriate to enhance productivity and consequent profit of the grower (Halder et al., 2024b). The developing countries like Bangladesh are more sensitive to shortage of major fertilizer nutrients especially nitrogen and phosphorus, because the fertilizer input in these countries is less and expensive than its demand (Mia and Salam, 2024). Even when the fertilizer supply is satisfactory, the importance of increasing its use efficiency cannot be underestimated. 
Nitrogen is the most essential element that is applied most frequently and with high amount in rice production (Mia et al., 2023). High-yielding rice cultivars needs large amount of nitrogen to achieve 4 acceptable grain yields in contemporary agriculture (Islam et al., 2024b). The reasons in rice production are that crop rotations involving rice do not permit accumulation of soil nitrogen; there are many chemical, biochemical and microbial transformations of nitrogen in flooded soils, and the degree that the nitrogen loss mechanisms operate in flooded soil in rice production (Norman et al., 2003). But application of nitrogen fertilizer either in excess or less than optimum rate affects both yield and quality of rice to remarkable extent, hence proper management of crop nutrition is immense importance (Awan et al., 2011).	Comment by Author: unit
Different row spacing affected significantly the number of fertile tillers and total tillers per square meter. Wider row spacing reduces the crop‟scrop’s competitive ability with weeds because it increases the space available for the weeds between the rows and decreases the competitive ability of the crop (Imran et al., 2025; Martin et al., 2009). The maximum benefit in respect of rice yield can be obtained where planting is done with proper spacing (Sultana et al., 2012).
Plant spacing and nitrogen level isare a big factorbig factors for high yield of rice. Standard plant spacing affectaffects quality of rice and proper spacing enhanceenhances rice quality (Tuhin et al., 2025). But in Bangladesh most of the farmers do not maintain proper space and for this other management activities being difficult. Nitrogen loss is higher in Bangladesh for geographical location and environmental condition (Salam et al., 2022). Most of the cases farmers are using higher level of nitrogen or less than recommendation. For this the yield of BRRI dhan28 reduces atto a significant level and increaseincreases the cost of production. Therefore, an attempt has takenbeen made to investigate the performance of BRRI dhan28 as affected by spacing and level of nitrogen in boro season. Therefore, the objectives of this study were: to determine the optimum nitrogen level on growth and yield of BRRI dhan28, to investigate proper plant spacing on growth, grain yield and yield components of BRRI dhan28, and to evaluate the interaction effect and economically feasible plant spacing and different nitrogen levels on growth, grain yield and yield components of BRRI dhan28 in boro season.

2. material and methods 
2.1 Experimental Site and Soil
The experimental field was located at 24.75 N latitude and 90.50 E longitude at an average altitude of 18 m above the mean sea level. The experimental site belongs to the Old Brahmaputra Floodplain Agro-Ecological Zone (AEZ-9). The experimental field belongs to non-calcareous dark-grey, floodplain soil. The land was medium high and the soil was silty-loam and the soil was medium fertile. The soil of the experimental field was contains more or less neutral in nature ( a pH 6.82) and low in organic matter content (1.19%). 	Comment by Author: Restructure the paragraph and add more features such as the climate aspect.
2.2 Treatments and Design of the Experiment 
The experiment was conducted to find out the effects of nitrogen and plant spacing in lettuce. The experiment consisted of two factors. Factor A: Nitrogen level (4 levels)- 50% of recommended dose (RD) of a boro rice (BRRI dhan28) (N1), 100% of recommended dose (RD) of a boro rice (BRRI dhan28) (N2), 125% of recommended dose (RD) of a boro rice (BRRI dhan28) (N3), 150% of recommended dose (RD) of a boro rice (BRRI dhan28) (N4). Factor B: Plant spacing (4 levels)- 15cm × 15cm (S1), 20cm × 15cm (Recommended by BRRI) (S2), 25cm × 15cm (S3), 20cm × 20cm (S4). The experiment was laid out in a randomized complete block design (RCBD) with three replications. Each experimental plot size was 10 m. The distance maintained between two-unit plots was 0.5 m and between blocks was 1 m. 	Comment by Author:  What's the recommended dosage? It should be mentioned to get an idea of ​​how the treatments are based on dosage.	Comment by Author: Area o lineal?
2.3 Crop Husbandry
BRRI dhan28 was used as the test crop in this experiment. Seeds of BRRI dhan28 was collected from Bangladesh Agricultural Development Corporation, Mymensingh. Seeds were dipped in a water bucket for 24 hours. The seeds started sprouting after 48 hours and sown after 72 hours in the nursery bed. A piece of high land was selected in the Agronomy Field Laboratory, Bangladesh Agricultural University, Mymensingh for raising seedlings. Pre-germinated seeds were sown in the wet nursery bed. To prepare land, at first soil sampling was done from the field to test the N status of the field. Then the land was puddled thoroughly by ploughing and cross ploughing. Then the lay outlayout was done in time according to design for setting the treatments. Finally, basal dose of all fertilizers except urea were applied and the individual plots were made ready for transplanting as per design of the experiment. Triple super phosphate, muriate of potash, gypsum and zinc sulphate at the rate of 98, 165, 113 and 12 kg ha-1, respectively were applied as basal dose one day before transplanting. Nitrogen (129 kg ha-1, 259 kg ha-1, 323 kg ha-1, 388 kg ha-1) was applied in equal installment at 15 and 35 daya after transplanting as top dressing. Twenty-nine days old seedlings were uprooted from the nursery beds in the early morning of the day of transplanting. Two to three seedlings per hill were used maintaining spacing of 15 cm × 15, cm 20 cm × 15 cm, 25 cm × 15 cm and 20 cm × 20 cm. The crops were mildly attacked by rice stem borer at tillering stage of crop and rice bug at dough stage. Furadan @ 10 kg ha-1 were applied to control the stem borer and rice bug.
2.4 Crop Harvest 
The crop was harvested at full maturity when 80-90% of the grains were turned into straw colored on 25 April, 2018. Prior to harvesting five plants were selected from each plot excluding border rows and uprooted carefully for collecting data on yield contributing characters. Hills from the central 1m2 of each plot were harvested for collecting data on grain and straw yields. The crop was cut at the ground level and plot wise crop was bundled separately, tagged properly and brought to the threshing floor. The grains were then threshed using pedal thresher. The grains were cleaned and weighed to record the grain yield plot-1. Grain moisture content was recorded to get grain dry weight (at 12% moisture) by using conversion factor. Straws were cleaned, sun dried and weighed to record the yield. Finally grain and straw yields plot were converted to t ha-1. Yield and yield contributing parameters such as plant height, Total tiller hill-1, effective tiller hill-1, non-effective tiller hill-1, total numbers of grains panicle-1, number of sterile spikelete panicle-1 , weight of 1000 seeds, grain yield, straw yield, biological yield, harvest index (%) were collected.
2.5 Statistical Analysis
Data recorded for different parameters were tabulated in proper form. The recorded data on various plant characters were statistically analyzed to find out the significance of variation resulting from the experimental treatments. The mean of all treatments was calculated and the analysis of variance for each of the characters under study was done with the help of computer package MSTATC. The differences among treatment means were compared by Duncan’s New Multiple Range Test (Gomez and Gomez, 1984).  	Comment by Author: what parameters?






3. results and discussion

3.1 Plant Height
Plant height was influenced significantly among N1, N2, N3 and N4 levellevels of nitrogen (Table 1). At growth stage the highest plant height 101.7 cm was recorded from N3 which was higher than 99.09 cm at N2 (99.09 cm). Again, the shortest plant 94.50 cm was observed from N1 (94.50 cm). Excess of nitrogen in the treatment N4 not significantly increase plant height. Statistically significant variation on plant height of boro rice was shown due to different plant spacing (Table 2). The tallest plant was recorded 104.6 cm from S4 (20 cm × 20 cm). On the other hand, the shortest plant was found 95.59 cm from S1 (15 cm × 15 cm). Results under the present experiment showed that wider spacing showed higher plant height where lower plant spacing showed lower plant height. The variation was observed non-significant due to interaction effect of nitrogen and plant spacing in terms of plant height of boro rice cv. BRRI dhan28. The tallest plant was recorded 109.1 cm from N3S4. The combination of N1S1 showed lowest plant height 85.40 cm for 50% of recommended dose (60 kg N/ha) with 15 cm × 15 cm spacing (Table 3).	Comment by Author: Do not check whether tables should be placed at the end of the manuscript for review, however, tables should normally appear after being cited in the text.
3.2 Number of Total Tiller Hill-1
Nitrogen rate had significant effect on the Number of total tiller hill-1 (Table 1). The highest number of total tiller hill-1 14.38 was recorded from N3. Again, the lowest number of total tiller hill-1 9.17 was observed from N1. This result is agreement with the findings of Mia and Salam (2024). Number of total tiller hill-1 significantlyis significantly influenced by different plant spacing (Table 2). The highest number of total tiller hill-1 14.81 was recorded from spacing S4 (20 cm × 20 cm). On the other hand, the lowest number of total tiller hill-1 9.816 was found from S1 (15 cm × 15 cm) spacing. Number of total tiller hill-1 was observed non-significant variation due to interaction effect of nitrogen and plant spacing in boro rice cv. BRRI dhan28 (Table 3). The highest number of total tiller hill-1 17.88 was recorded from N3S4. The combination of N1S1 showed lowest number of total tiller hill-1 6.00 for 50% of recommended dose (60 kg N/ha) with 15 cm × 15 cm spacing.
3.3 Number of Effective Tillers Hill-1 
Nitrogen rate had significant effect on the number of effective tiller hill-1 (Fig. 1a). The highest number of effective tiller hill-1 13.36 was recorded from N3 and the lowest number of effective tiller hill-1 8.172 was observed from N1 respectively. This result is agreement with the findings of Biswas et al. (2024). It was observed that spacing differed significantly in number of effective tiller hill-1 (Fig. 1b). The highest number of effective tiller hill-1 13.83 was obtained with the spacing S4 (20 cm × 20 cm). On the other hand, the lowest number of effective tiller hill-1 8.895 was found from S1 (15 cm × 15 cm) spacing. This result showed that wider spacing had a tendency totended to produce a greater number of effective tiller hill-1 than close spacing. Similar result wasresults were reported by Chowdhury et al. (2019). Interaction effect of nitrogen level and spacing showed significant effect on the number of effective tiller hill-1. ResultResults showed that the highest number of effective tiller hill-1 16.65 was recorded from N3S4 and lowest one was 0.706 with the combination of N2S4 (Table 3).
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[bookmark: _Hlk210929148]Fig.1. Effect of level of nitrogen and plant spacing on no. of effective tiller hill-1 of boro rice cv. BRRI dhan28
N1= 50% of recommended dose (RD) of a boro rice (BRRI dhan28), N2= 100% of recommended dose (RD) of a boro rice (BRRI dhan28), N3= 125% of recommended dose (RD) of a boro rice (BRRI dhan28), N4= 150% of recommended dose (RD) of a boro rice (BRRI dhan28).
3.4 Number of Non-Effective Tillers Hill-1 
Nitrogen level had non-significant effect on the number of non-effective tiller hill-1. The highest number of non-effective tiller hill-1 (1.10) was recorded from N4. On the other hand, the lowest number of non-effective tiller hill-1 (0.971) was observed from N2 (Table 1). It was observed that different spacing had non-significantlysignificant effect on the number of effective tiller hill-1 (Table 2). The highest number of non-effective tiller hill-1 1.28 was obtained with the spacing S2 (20 cm × 15 cm). On the other hand, the lowest number of non-effective tiller hill-1 0.906 was found from S3 (25 cm × 15 cm) spacing. The interaction effect between nitrogen level and spacing was not significant effect on the number of non-effective tiller hill-1. From the experimental resultresults, it showed that the highest number of non-effective tiller hill-1 1.81 was recorded from N4S2. The lowest number 0.710 with the combination of N4S4 (Table 3). 
3.5 Number of Grains Panicle-1
Nitrogen level did significantly influence the number of grains panicle-1. However, apparently the highest number of grains panicle-1 (80.98) in N3 (Table 1). On the other hand, the lowest number of grains panicle-1 (77.53) was observed from N1 which is identical to N2 and N4 respectively. This result might be showed that, very low or excess amount of nitrogen enhanceenhances lower number of grains panicle-1 (Paul et al., 2017). Number of grains panicle-1 significantly influenced by different plant spacing (Table 2). The highest number of grains panicle-1 (82.54) was recorded from spacing S4 (20 cm × 20 cm). On the other hand, the lowest number of grains panicle-1 75.60 was found from S1 (15 cm × 15 cm) spacing. Here spacing between S1 and S3, S2 and S3 had not differ significantly. Interaction effect of nitrogen level and spacing showed non-significant effect on the number of grains panicle-1. Result showed that the highest number of grains panicle-1 85.23 was recorded from N3S4 and lowest one was 74.16 with the combination of N4S1 (Table 3). Among ofAmong the all combination there is no significant interaction effect on number of grains panicle-1.
3.6 Number of Sterile Spikelete Panicle-1
Nitrogen level did not significantly influence the number of sterile spikelete panicle-1 (Table 1). However, apparently the highest number of sterile spikelete panicle-1 (22.01) N4. On the other hand, the lowest number of sterile spikelete panicle-1 (21.40) was observed from N1. Number of sterile spikelete panicle-1 was not significantly influenced by different plant spacing (Table 2). The highest number of sterile spikelete panicle-1 (22.19) was recorded from spacing S4 (20 cm × 20 cm) and the lowest number of sterile spikelete panicle-1 (21.6) was found from S1 (15 cm × 15 cm) spacing. Number of sterile spikelete panicle-1 was not significantly influenced by the interaction between nitrogen level and plant spacing (Table 3). Numerically the highest number of sterile spikelete panicle-1 (22.80) was recorded from N3S4 and lowest one was (20.27) with the combination of N3S2.
3.7 1000-Grain Weight (g)
The effect of rate of nitrogen on 1000 grain weight was found non-significant (Table 1). Apparently the highest 1000-grain weight was found (26.41) for N4. On the other hand, the lowest 1000 grain weight (26.34) was observed from N2. This result indicated that the increasing ofincreasing rate of nitrogen increased the 1000-grain weight. The effect of plant spacing on 1000 grain weight was found non-significant (Table 2). However, results indicated that apparently the highest 1000 grain weight (26.45) was recorded from spacing S1 (15 cm × 15 cm) and the lowest 1000 grain weight (26.34) was found from S3 (25 cm × 15 cm) spacing. The interaction effect between nitrogen level and plant spacing was found to be not significant in respect of 1000 grain weight (Table 3). However, numerically the highest 1000-grain weight (26.60) was recorded from N4S1 and the lowest one was (26.27) with the combination of N1S3.
3.8 Grain Yield
Nitrogen had significant effect on grain yield of BRRI dhan28 (Fig 2a). Apparently, the highest grain yield (5.041 t ha-1) was obtained from N3. On the other hand, the lowest grain yield (4.195 t ha-1) was observed from N1. The level of nitrogen N2 and N4 identically similar. That means no significant difference between them. On the other hand, the grain yield N1 lower than N2 and N4. This result indicated that the increasing of rate of nitrogen increased the grain yield and lower rate of N reduced grain yield. Similar result was found from the findings of Imran et al. (2025). Grain yield was significantly influenced by different plant spacing (Fig. 2b). The highest grain yield (4.977 t ha-1) was recorded from spacing S4 (20 cm × 20 cm) and the lowest grain yield 4.396 was found from S1 (15 cm × 15 cm) spacing. The analysis showed, S2 (20 cm × 15 cm) and S3 (25 cm × 15 cm) was identical. Again S2 (20 cm × 15 cm) and S4 (20 cm × 20 cm) was identical. That means there were no significant difference on grain yield between them. The result exhibited a gradual increase in grain yield with the increasing in plant spacing. This result is agreement with the findings of Jacia et al. (2025). Grain yield was significantly influenced by the interaction between nitrogen level and plant spacing (Table 3). Numerically the highest grain yield (5.147 t ha-1) was recorded from N3S4 and the lowest one was (3.410 t ha-1) with the combination of N1S1.
[image: ]	Comment by Author: Recommendation, if it is possible to add the literal of the statistical analysis, this would provide a better visualization between the significant treatments.
Fig.2. Effect of level of nitrogen and plant spacing on grain yield (t ha-1 of boro rice cv. BRRI dhan28
N1= 50% of recommended dose (RD) of a boro rice (BRRI dhan28), N2= 100% of recommended dose (RD) of a boro rice (BRRI dhan28), N3= 125% of recommended dose (RD) of a boro rice (BRRI dhan28), N4= 150% of recommended dose (RD) of a boro rice (BRRI dhan28).
3.9 Straw Yield
The effect of nitrogen was significant on straw yield of boro rice cv. BRRI dhan28 (Fig 3b). Apparently, the highest straw yield (6.522 t ha-1) was obtained from N3 and the lowest straw yield (4.813 t ha-1) was observed from N1. This result indicated that the increasing of rate of nitrogen increased the straw yield and lower rate of N reduced straw yield (Islam et al., 2025). Straw yield was significantly influenced by different plant spacing (Fig 3b). The highest straw yield (6.012 t ha-1) was recorded from spacing S4 (20 cm × 20 cm) and the lowest straw yield (5.350 t ha-1) was found from S2 (20 cm × 15 cm) spacing. The result exhibited a gradual increase in straw yield with the increasing the plant spacing (Tuhin et al., 2025). Straw yield was significantly influenced by the interaction effect between nitrogen level and plant spacing (Table 3). Numerically the highest straw yield (6.857 t ha-1) was recorded from N3S4 and the lowest one was (4.477 t ha-1) with the combination of N1S1. It showed that, both nitrogen rate and plant spacing increased straw yield increased. On the other hand, lower nitrogen rate and spacing reduced straw yield. 
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Fig.3. Effect of level of nitrogen and plant spacing on straw yield (t ha-1 of boro rice cv. BRRI dhan28
N1= 50% of recommended dose (RD) of a boro rice (BRRI dhan28), N2= 100% of recommended dose (RD) of a boro rice (BRRI dhan28), N3= 125% of recommended dose (RD) of a boro rice (BRRI dhan28), N4= 150% of recommended dose (RD) of a boro rice (BRRI dhan28).
3.10 Biological Yield
Rate of nitrogen was significant effect on biological yield (Table 1). Apparently, the highest biological yield (11.56 t ha-1) was obtained from N3. On the other hand, the lowest biological yield (9.007 t ha-1) was observed from N1. Biological yield increased gradually from N1 to N3, after that the level of nitrogen N4 reduced the biological yield. Biological yield was significantly influenced by different plant spacing (Table 2). The highest biological yield (10.99 t ha-1) was recorded from spacing S4 (20 cm × 20 cm) and the lowest biological yield (10.09 t ha-1) was found from S1 (15 cm × 15 cm) spacing. The analysis showed that, S1 (15 cm × 15 cm), S2 (20 cm × 15 cm) and S3 (25 cm × 15 cm) was identical. Biological yield was significantly affected by the interaction between nitrogen level and plant spacing (Table 3). Numerically the highest biological yield (12.00 t ha-1) was recorded from N3S4 and the lowest one was 7.887 with the combination of N1S1.
3.11 Harvest Index (%)
Analysis of variance showed harvesting index (HI) was significantly affected by N rate and plant spacing. The experimental showed that the highest harvesting index (47.95%) was obtained from N2. The lowest harvesting index (43.64%) was observed from N3. From the analysis harvesting index between N1 and N2, N1 and N3, N3 and N4 was identical (Table 1). Spacing had a significant effect on harvesting index. The result indicated that the highest harvesting index (47.45%) was recorded from spacing S2 (20 cm × 15 cm) and the lowest harvesting index (43.57%) was found from S1 (15 cm × 15 cm) spacing (Table 2). The analysis showed that the increase in harvesting index with the increasing in plant spacing. Harvesting index was significantly affected by the interaction between nitrogen level and plant spacing (Table 3). Numerically the highest harvesting index (50.63%) was recorded from N2S3 and the lowest one was (41.32%) with the combination of N4S1.
Table 1. Effect of N level on yield and different yield contributing characters of boro rice
	Nitrogen
	Plant height (cm)
	Number of total tiller hill-1
	Number of non-effective tiller hill-1
	Number of grains panicle-1
	Number of sterile spikelete panicle-1
	1000 grain weight (g)
	Biological yield
	Harvest index 
(%)

	N1
	94.50 b
	9.170 c
	0.998
	77.53 b
	21.40
	26.39
	9.007 d
	46.42 ab

	N2
	99.09 a
	12.13 b
	0.971
	77.91 b
	21.90
	26.34
	10.08 c
	47.95 a

	N3
	101.7 a
	14.38 a
	1.02
	80.98 a
	21.53
	26.39
	11.56 a
	43.64 c

	N4
	99.13 a
	12.28 b
	1.10
	78.19 b
	22.01
	26.41
	10.75 b
	44.90 bc

	LSD (0.05)
	4.21
	1.13
	0.35
	2.07
	0.75
	0.23
	0.44
	1.78

	SX
	1.46
	0.39
	0.12
	0.71
	0.26
	0.08
	0.15
	0.61

	Level of Sig.
	**
	**
	NS
	**
	NS
	NS
	**
	**

	CV (%)
	5.13
	11.34
	42.07
	3.16
	4.19
	1.08
	5.10
	4.69


[bookmark: _Hlk210687060]In a column, figures with same letter (s) or without letter do not differ significantly whereas figures with dissimilar letter differ significantly (as per DMRT). **= Significant at 1% level of probability, NS = Not Significant, N1= 50% of recommended dose (RD) of a boro rice (BRRI dhan28), N2= 100% of recommended dose (RD) of a boro rice (BRRI dhan28), N3= 125% of recommended dose (RD) of a boro rice (BRRI dhan28), N4= 150% of recommended dose (RD) of a boro rice (BRRI dhan28).
Table 2. Effect of plant spacing on yield and different yield contributing characters of boro rice
	Spacing
	Plant height (cm)
	Number of total tiller hill-1
	Number of non-effective tiller hill-1
	Number of grains panicle-1
	Number of sterile spikelete panicle-1
	1000 grain weight (g)
	Biological yield
	Harvest index 
(%)

	S1
	95.59 b
	9.816 c
	0.920
	75.60 c
	21.46
	26.45
	10.09 b
	43.57 c

	S2
	98.29 b
	11.29 b
	1.28
	78.92 b
	21.47
	26.38
	10.14 b
	47.45 a

	S3
	95.89 b
	12.04 b
	0.906
	77.55 bc
	21.72
	26.34
	10.18 b
	46.43 ab

	S4
	104.6 a
	14.81 a
	0.989
	82.54 a
	22.19
	26.36
	10.99 a
	45.47 b

	LSD (0.05)
	4.21
	1.13
	0.35
	2.07
	0.75
	0.23
	0.44
	1.78

	SX
	1.46
	0.39
	0.12
	0.71
	0.26
	0.08
	0.15
	0.61

	Level of Sig.
	**
	**
	NS
	**
	NS
	NS
	**
	**

	CV (%)
	5.13
	11.34
	42.07
	3.16
	4.19
	1.08
	5.10
	4.69


In a column, figures with same letter (s) or without letter do not differ significantly whereas figures with dissimilar letter differ significantly (as per DMRT). **= Significant at 1% level of probability, NS = Not Significant, S1= 15cm × 15cm, S2= 20cm × 15cm (Recommended by BRRI), S3= 25cm × 15cm, S4= 20cm × 20cm.
Table 3. Effect of interaction of N level and plant spacing on different yield contributing characters of boro rice
	Interaction
	Plant height (cm)
	Number of total tiller hill-1
	Number of effective tiller hill-1
	Number of non effective tiller hill-1
	Number of grains panicle-1
	Number of sterile spikelete panicle-1
	1000 grain weight (g)
	Grain Yield (t/ha)
	Straw Yield (t/ha)
	Biological yield
	Harvest index 
(%)

	N1S1
	85.40
	6.600
	5.797 h
	0.803
	76.20
	21.39
	26.53
	3.410 e
	4.477 f
	7.887 g
	43.07 de

	N1S2
	98.82
	8.650
	7.707 g
	0.943
	77.22
	20.93
	26.40
	4.463 cd
	4.847 ef
	9.310 ef
	47.92 abc

	N1S3
	93.07
	9.943
	9.003 efg
	0.940
	76.01
	21.64
	26.27
	4.090 d
	4.737 ef
	8.827 f
	46.55 bcd

	N1S4
	100.7
	11.49
	10.18 def
	1.30
	80.68
	21.65
	26.37
	4.817 abc
	5.190 def
	10.01 cde
	48.14 abc

	N2S1
	98.15
	9.600
	8.487 efg
	1.11
	75.19
	21.89
	26.37
	4.583 bc
	5.390 cde
	9.973 cde
	45.89 bcd

	N2S2
	98.60
	11.85
	10.58 de
	1.26
	78.33
	22.53
	26.43
	4.823 abc
	5.017 ef
	9.840 de
	49.10 ab

	N2S3
	97.00
	12.61
	11.81 cd
	0.800
	77.11
	21.08
	26.30
	4.897 abc
	4.773 ef
	9.670 ef
	50.63 a

	N2S4
	102.6
	14.47
	13.76 bc
	0.706
	81.03
	22.08
	26.27
	5.003 ab
	5.830 bcd
	10.83 bc
	46.19 bcd

	N3S1
	99.73
	13.73
	12.87 bc
	0.860
	76.87
	21.27
	26.30
	4.950 abc
	6.297 ab
	11.25 ab
	43.99 cde

	N3S2
	99.53
	12.93
	11.83 cd
	1.10
	82.01
	20.27
	26.37
	4.990 ab
	6.537 ab
	11.53 ab
	43.29 de

	N3S3
	98.27
	12.99
	12.08 cd
	0.903
	79.83
	21.80
	26.47
	5.077 ab
	6.397 ab
	11.47 ab
	44.30 cde

	N3S4
	109.1
	17.88
	16.65 a
	1.23
	85.23
	22.80
	26.43
	5.147 a
	6.857 a
	12.00 a
	42.98 de

	N4S1
	99.08
	9.333
	8.427 fg
	0.906
	74.16
	21.31
	26.60
	4.640 bc
	6.607 ab
	11.25 ab
	41.32 e

	N4S2
	96.20
	11.72
	9.910 def
	1.81
	78.12
	22.15
	26.33
	4.897 abc
	5.000 ef
	9.897 cde
	49.48 ab

	N4S3
	95.23
	12.63
	11.65 cd
	0.983
	77.27
	22.35
	26.33
	4.757 abc
	6.000 bc
	10.76 bcd
	44.24 cde

	N4S4
	106.0
	15.42
	14.71 b
	0.710
	83.20
	22.23
	26.37
	4.943 abc
	6.170 ab
	11.11 ab
	44.58 cde

	LSD (0.05)
	8.43
	2.26
	1.90
	0.71
	4.14
	1.51
	0.47
	0.42
	0.69
	0.88
	3.57

	SX
	2.91
	0.78
	0.66
	0.24
	1.43
	0.52
	0.16
	0.14
	0.24
	0.30
	1.23

	Level of Sig.
	NS
	NS
	*
	NS
	NS
	NS
	NS
	**
	**
	**
	*

	CV (%)
	5.13
	11.34
	10.43
	42.07
	3.16
	4.19
	1.08
	5.40
	7.45
	5.10
	4.69


In a column, figures with same letter (s) or without letter do not differ significantly whereas figures with dissimilar letter differ significantly (as per DMRT). **= Significant at 1% level of probability, NS = Not Significant, N1= 50% of recommended dose (RD) of a boro rice (BRRI dhan28), N2= 100% of recommended dose (RD) of a boro rice (BRRI dhan28), N3= 125% of recommended dose (RD) of a boro rice (BRRI dhan28), N4= 150% of recommended dose (RD) of a boro rice (BRRI dhan28), , S1= 15cm × 15cm, S2= 20cm × 15cm (Recommended by BRRI), S3= 25cm × 15cm, S4= 20cm × 20cm.
4. Conclusion
Based on partial budget analysis, the highest net benefit was obtained from application of nitrogen 125% of recommended dose (149 kg N ha-1)   and spacing 20cm × 20cm was more potential in regarding yield contributing characters and yield of BRRI dhan28. The experiment has to be conducted for three and above seasons across locations of similar agro-ecology and soil type for giving full recommendation of the appropriate N dose and row spacing. Such study is needed in different agro-ecological zones (AEZ) of Bangladesh for regional compliance and other performances. More experiments may be carried out with other organic, inorganic and also micro nutrients.  
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