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Abstract. The aim of this study was to investigate the yield and protein in grains of two high yielding 

varieties (HYV) transplanted Aman rice. The trial included two assortments viz. BRRI dhan62 and BRRI 

dhan66; three spacing’s viz. 25 cm × 15 cm, 20 cm × 15 cm and 20 cm × 10 cm; and four nitrogen doses 

viz. 0, 60, 80 and 100 kg/ha. The study was conducted with randomized complete block design (RCBD) 

and the replication was three. At 70 DAS the tallest plant (126.40 cm), tillers/hill (11.00) and dry 

matter/hill (21.89 g) were delivered in association of BRRI dhan66 × spacing (25 cm × 15 cm) × fertilizer 

100 kg N/ha. The most noteworthy leaf area index (1.16) was recorded in BRRI dhan66 × spacing (25 cm 

× 15 cm) × fertilizer 100 kg N/ha. The highest productive tillers/hill (7.33), longest panicle (23.74 cm), 

grains/panicle (129.3), weight of 1000-grain (26.50 g), grain (4.52 t/ha), straw (5.92 t/ha) yields and grain 

protein content (12.32%) were raised in BRRI dhan66 × spacing (25 cm × 15 cm) × fertilizer 100 kg 

N/ha. The most elevated harvest index was found (47.72%) in BRRI dhan66 × spacing (20 cm × 10 cm) × 

fertilizer 60 kg N/ha. BRRI dhan66 with 25 cm × 15 cm planting and treated with 100 kg N/ha was the 

most promising interaction for enhancing yield and protein status of grains. 

Keywords: variety, spacing, fertilization, yield, quality 

Introduction 

Rice (Oryza sativa L.) holds critical rural worth as a grain that is involved in the diet 

of Asia, as well as a huge number of individuals in Africa and Latin America (Maqsood 

et al., 2013). With a 40.6% employment rate and 11.61% GDP contribution, agriculture 

is by far the largest producing sector in the economy of Bangladesh (BBS, 2022). 

Bangladesh is one of the world’s significant rice delivering nations, positioning as the 
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third biggest grain producer in the world (FAO, 2022). The Aman rice harvest is second 

only to Boro rice in terms of production volume. Since rice is so heavily relied upon, its 

output must rise by roughly 5 × 106 ton per year just to keep up with population growth 

(IRRI, 1997). Due to the limited amount of available land and high population density, 

the actual yield of rice is far lower than anticipated, making horizontal growth 

impossible. There is no room for additional expansion of the rice field in order to 

achieve the projected rice cultivation. Modern production technologies include planting 

procedures, high-quality seeds, high yielding types, the ideal seedling age, spacing of 

planting, plant defense techniques, and seedling grown methods should be employed to 

maximize yield. 

 The most effective technique to boost Aman rice yield is through good management 

practices. For high production, great flavor, and a high rate of return on investment, rice 

producers must grow a variety of cultivars in various seasons. Significant focus should 

be placed on the establishment of novel varieties and their management, notably the use 

of nitrogenous fertilizer and appropriate spacing, to augment the yield per unit region 

and address changed issues. Variety is a crucial genetic element that helps rice plants 

produce larger yields. The best ways to increase the output of transplant Aman rice are 

better crop management and improved cultivars. This is brought on by variations in 

genetic make-up, dietary needs, growth processes, and environmental factors. 

When transplanting rice, plant spacing is a crucial element that must be taken into ac-

count. Plants can utilize sunlight and nutrients more effectively when they are spaced apart 

(Paul et al., 2017). Under conditions of dense planting, rice plants fight with one another 

for re-sources like sunlight, air, water, nutrients, and space as well as processes like 

photosynthesis and respiration. At the point when plants are dispersed suitably, factors 

including a huge leaf area index (LAI), light interferences, and different components are 

better for rice yield and photosynthesis. Ideal plant dividing guarantees that plants fill 

appropriately in both their aeronautical and underground parcels through effective use of 

supplements and sun radiation sections (Islam et al., 2007; Mohaddes et al., 2011). 

Nitrogen, an essential plant nutrient, has a substantial impact on the phenology, 

quantitative and qualitative characters of rice. Nitrogen is a vital nutrient that is 

involved in many physiological processes and has an impact on rice grain production 

(Khatun et al., 2023). It has a key role in cell proliferation, which increases yield, and is 

a component of protoplasm, protein, and chlorophyll. Lower nitrogen fertilizer rates 

cause plants to lodge, extend their growing season, mature later, become more 

susceptible to pests and diseases, and eventually produce less. Overuse of nitrogen (N) 

fertilizer on rice fields pollutes the environment, increases the expense of rice 

cultivation, reduces grain yield, and contributes to global warming (Peng et al., 2010). 

Utilizing fertilization to promote optimal yields in line with crop nutrient requirements 

ensures sustainable rice production and the most economical use of land (Tayefeh et al., 

2018). Again, nitrogen is essential for enhancing the protein content of the grains. 

Protein content is a crucial indicator of rice grain quality as it increases the amount of 

whole grain or head rice and makes the grain more resistant to abrasive milling. Given 

that rice is the primary source of protein in South Asian nations, it is also significant in 

terms of the nutrients that people consume. A slight expansion in grain protein content 

will support day to day protein utilization since rice is the locale’s essential day to day 

energy source and is consumed in remarkably enormous amounts (Chandel et al., 2010). 

In typical Bangladeshi diet, rice continues to be the main source of protein and calories. In 

2318 kcal, rice accounts for 69% of the calories and 50% of the protein (Hussain, 2010). 
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To enrich production and grain protein content of two high yielding varieties of Aman 

rice, the research was conducted to decide the suitable plant spacing and nitrogen level. 

Materials and methods 

Site, soil and weather status 

Between June 2016 and October 2016, the trial was completed at the Agronomy 

Field Laboratory at the Bangladesh Agricultural University, which is located at 24°75’ 

N latitude and 90°50’ E longitude. The region has non-calcareous grey soils and is in 

Agro-ecological Zone 9 (UNDP and FAO, 1988). The field had a silty-loam texture and 

a low organic matter content (1.29%). The land was medium high with pH 6.8. In April 

through September (kharif season), the experimental location experiences high 

temperatures, high humidity, and significant rainfall with sporadic gusts of wind, while 

in October through March (rabi season), there is little rainfall and a mild drop in 

temperature. Climatic data viz. temperature, relative humidity, precipitation, and 

sunshine hours are provided in (Fig. 1). 

 

 

Figure 1. Temperature, rainfall, relative humidity and sunshine hour condition in crop growing 

period 

 

 

Experimental treatments and design 

Two cultivars viz. BRRI dhan62 and BRRI dhan66, three spacing viz. 25 cm × 15 

cm, 20 cm × 15 cm, and 20 cm × 10 cm as well as four N doses viz. 0, 60, 80 and 100 

kg/ha were used in the study. The varieties used as treatment in this study are Aman and 

developed by Bangladesh Rice Research Institute (BRRI). They are registered by Seed 

Certification Agency (SCA) and widely cultivated variety in Bangladesh. The doses of 

N levels that was used in this study is commonly applied rates for the variety and other 

doses used as treatment in this study. The design of study consisted of a factorial 

randomized full block and it had three replications. A sum of 24 unit plots were made 

out of each block, and each one was randomly assigned one of 24 distinct treatment 

combinations. 72 unit plots made up the experiment. A 2.5 m by 2 m unit plot was used. 

There was a 50 cm and a 1 m gap between each plot and block. 
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Crop husbandry 

Bangladesh Rice Research Institute provided the BRRI dhan62 and BRRI dhan66 for 

this study. Specific gravity was used to identify healthy seeds. After that, seeds spent 

24 h submerged in water in a pail. From that point onward, seeds were collected from 

the water then put in gunny bags. The seeds began to grow 48 h in the wake of being 

splashed, and following 72 h they were planted. At the Bangladesh Agricultural 

University, a high area of land was chosen for the purpose of cultivating seedlings. A 

country plough was used to puddle the ground, and a ladder was used to clean and level 

it. The germination seeds were then planted in the raised nursery beds with continuous 

furrow irrigation. The seedling nursery was kept clean of weeds throughout the nursery 

period. The trial land was at first opened up with a farm tractor to set it up. Then the 

experimental ground was cross-plowed with a country plough to get it ready for ladder 

leveling. On the land, there were no weeds or brambles. The experimental design that 

was chosen guided the completion of the field layout. Triple super phosphate, muriate 

of potash, gypsum, and zinc fertilizer was used to improve the soil at 90-75-60-8 kg/ha, 

respectively. All of them were applied during the final land preparation. While nitrogen 

was applied as per treatments in the form of urea at 15, 30, and 45 DAT in equal 

instalments. Seedlings that were 32 days old were taken out and planted at two 

seedlings hill-1 each in the well puddle plots. The field was irrigated by the flood 

irrigation method, and steps were taken to maintain a constant level of standing water 

up to 7 to 10 cm in the field almost throughout the growing season. The field was, 

however, drained out during the tillering stage to enhance tillering and at the hard dough 

stage of the grains to facilitate maturity. 

 

Data collection on growth attributes 

Plant height, tillers per hill, LAI, and TDM per hill all had recorded at 25, 40, 55, and 

70 DAT. Bamboo sticks were used to designate five hills, but not the border rows, in 

order to keep track of plant height and tiller counts. Every time LAI and TDM sampling 

dates were applied, five hills were destroyed. Leaf samples from the plot were gathered 

in order to calculate the LAI (Eq. 1). Finally, LAI was deliberate using the following 

formula after the leaf area was measured by a leaf area meter (Li-Cor 3100 area meter, 

Li-Cor, Lincoln, NE, USA) (Raford, 1967; Hunt, 1978). 

 

 
P

LA
LAI =  (Eq.1) 

 

Where LA = Leaf Area and P = Ground Area. 

From each plot five plants were harvested every 15 days, up to 85 DAT, to gather 

samples. The study samples were cleaned, the roots were cut from the culms, and the 

leaves were freed. The collected plants were heated in oven at temperature 70°C for 

72 h until constant weight. The weight of each sample was determined after drying. 

 

Sampling, harvesting, processing and grain protein analysis 

Excluding boundary hills, five hills were haphazardly chosen and uprooted in order 

to collect plant characteristics and yield constituents data. As soon as the plot matured, a 

sample was taken before the entire plot was harvested. Each plot’s crop was carried to 

the threshing floor in individual containers with well marked labels. After threshing the 
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grains were cleaned, dried, and precisely assessed. Yield of grains (t ha-1) estimate was 

made using the dry weight of the grains on each plot (Eq. 2). Using a moisture meter, 

the amount of moisture in the grain was calculated. The yield might be determined 

using the following technique after final weight of grains was changed to have moisture 

of 14%. 

 

 
14)-(100

 %)content  Moisture-(100 × ght)(Green Wei 
 Dry Weight =  (Eq.2) 

 

Straws were converted into t ha-1 once they had fully dried. The harvest index was 

created using the modified grain and straw yields, and calculated as below (Eq. 3). 

 

 100×
 yield) l(Biologica

  yield)(Grain 
 (%) HI =  (Eq.3) 

 

The protein percent was determined using the Micro-Kjeldahl technique (AOAC, 

1984). 

 

Statistical analysis 

Data were accurately acquired, processed, and formatted for statistical analysis. To 

determine the relevance of the variation caused by the experimental treatments, a 

statistical analysis of the information acquired on various plant attributes was 

performed. ANOVA was used to evaluate the data, and the DMRT method was used to 

determine differences between treatment means (Gomez and Gomez, 1984). 

Results 

Impact on growth characteristics 

Plant height 

The height of the plant was unaffected at 25, 40, 55, and 70 DAT by combination of 

variety, spacing and nitrogen (Table 1). The BRRI dhan66 cultivar produced the tallest 

plants (126.40 cm), which were 25 cm apart by 15 cm with100 kg N per ha at 70 DAT. 

 

Number of tillers per hill 

The relationship between three major agronomic practices had a substantial impact at 

just 70 DAT on tillers per hill (Table 1). At 70 DAT, the largest proportion of tillers per 

hill (11.00) was found in BRRI dhan66 planting at 25 cm × 15 cm with 100 kg N per 

hectare, that was statistically equivalent to the same variety and spacing with 80 kg N per 

hectare, and the lowest tillers (6.33) was exposed with the association of BRRI dhan62 

when plant spacing was 20 cm × 10 cm with 0 kg N per hectare that was statistically 

similar to the same variety and plant spacing with 60 kg and 0 kg N per hectare (Table 1). 

 

Leaf area index 

The LAI did not appear to be significantly exaggerated by the interactions of variety, 

spacing, and nitrogen (Table 2). BRRI dhan66 with planting at 25 cm × 15 cm with 
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100 kg N per hectare produced the maximum leaf area index (1.16) whereas BRRI 

dhan62, plant spacing of 20 cm × 10 cm, and control treatment produced the lowest LAI 

(0.488) (Table 2). 

 
Table 1. Interaction effect of variety, planting spacing and nitrogen fertilization on plant 

height and tillers per hill at different days after transplanting 

Interaction 

(variety × spacing 

× N level) 

Plant height (cm) No. of tillers hill-1 

Days after transplanting (DAT) Days after transplanting (DAT) 

25 40 55 70 25 40 55 70 

V1 × D1 × N0 46.8±4.95 68.67±4.89 92.4±10.61 102.24±0.89 6.8±1.22 7.4±0.31 7.6±0.72 7.53±1.24 hi 

V1 × D1 × N1 46.8±7.03 70±4.35 93.67±4.35 104.33±14.04 6.07±0.27 8.13±0.39 7.8±0.53 7.6±1.01 gh 

V1 × D1 × N2 46.93±7.92 71.8±13.24 95.6±19.36 106.07±8.07 6.47±0.15 8.33±0.59 7.8±1.34 7.73±1.49 gh 

V1 × D1 × N3 47.47±4.94 72±6.73 99.33±20.32 107.8±15.09 7.07±1.43 8.6±0.28 8.27±0.82 8.27±0.71 f 

V1 × D2 × N0 44.8±4.19 68.67±0.09 91.6±11.06 102.07±1.75 5.67±0.32 7±0.58 6.67±0.33 6.6±0.57 klm 

V1 × D2 × N1 46.2±4 69.87±11.79 93±14.39 103.73±10.11 5.93±1 7±1.13 6.73±0.08 6.73±0.56 jkl 

V1 × D2 × N2 46.47±7.32 70.2±3.21 95.2±9.66 104.13±7.89 6±0.47 7.33±1.51 7.13±1.03 6.93±0.88 j 

V1 × D2 × N3 47.47±9.61 71±9.53 95.73±17.25 106.6±5.36 6.53±0.25 8.53±0.07 8.27±0.61 8.17±0.65 f 

V1 × D3 × N0 44.07±8.31 68.33±8.82 89.07±10.13 101.67±6.53 5.33±0.51 6.6±0.38 6.67±0.33 6.33±0.72 m 

V1 × D3 × N1 45.8±3.71 69.2±6.86 93.13±18.52 102.47±8.11 5.8±0.42 6.87±0.64 6.73±0.12 6.47±0.92 lm 

V1 × D3 × N2 46.47±3.63 69.27±3.33 94.47±19.38 102.73±16.7 5.87±0.76 7.13±1.32 7.07±1.2 6.87±0.14 jk 

V1 × D3 × N3 46.8±3.01 70.47±0.35 94.93±18.12 106.6±14.61 6.2±0.8 7.53±1.51 7.4±0.96 7.27±0.47 i 

V2 × D1 × N0 51.67±10.64 80.6±10.94 112.73±13.15 117.6±0.23 7.8±1.13 10.53±0.77 9.67±0.52 9.4±1.6 c 

V2 × D1 × N1 51.93±8.1 84.27±0.57 116.07±2.8 122.87±22.51 7.87±0.94 10.73±2.09 10.4±1.29 9.6±1.81 c 

V2 × D1 × N2 52.67±0.33 84.73±12.96 116.87±23.24 124.47±7.36 7.93±1 11.2±1.04 10.93±1.16 10.8±1.89 a 

V2 × D1 ×N3 54.93±9.05 86.6±3.72 117.87±18.49 126.4±4.66 8.4±0.06 11.47±1.75 11±2.26 11±1.63 a 

V2 ×D2 × N0 50±0.08 77.47±8.68 107.73±18.95 116.4±13.93 7.07±1.13 8.47±1.59 8.07±0.66 7.87±1.39 g 

V2 × D2 × N1 50.8±5.62 81.33±11.42 114.47±16.03 122.13±4.5 7.13±1.05 9.13±1.53 8.67±1.35 8.6±0.67 de 

V2 × D2 × N2 52.6±7.93 84.33±1.92 116.47±0.94 123.47±16.46 7.93±1.43 10±0.82 9.67±0.89 9.53±0.18 c 

V2 × D2 × N3 54.4±9.44 85.87±11.56 117.53±8.17 124.87±12.69 8.2±1 10.15±0.67 10.07±1.84 10.07±1.1 b 

V2 × D3 × N0 49.8±3.5 75.07±4.35 104.53±19 113.53±8.58 5.87±0.34 8.27±0.13 8±0.15 7.66±0.67 gh 

V2 × D3 × N1 50.67±6.64 79.4±3.52 113.73±11.07 120.87±10.79 7.07±1.16 9.13±0.03 8.27±0.85 8.33±0.27 ef 

V2 × D3 × N2 52.47±7.36 83.07±5.6 114.2±12.02 123.47±25.73 7.4±0.72 9.33±1.78 8.93±0.75 8.86±0.29 d 

V2 × D3 × N3 53.2±8.5 85±13.29 116.4±5.81 124.53±25.87 7.6±0.71 10±0.04 9.5±1.28 9.37±1.61 c 

Sx̄ 0.583 1.29 1.25 1.50 0.242 0.195 0.195 0.105 

Level of sig. NS NS NS NS NS NS NS * 

CV (%) 2.06 2.93 2.08 2.30 6.12 3.89 3.30 2.21 

Different letters in the same column indicated significant differences at 5% level of probability; ** 1% level of significance. 
(NS = Not significant; V1 = BRRI dhan62; V2 = BRRI dhan66; D1 = 25 cm × 15 cm; D2 = 20 cm × 15 cm; D3 = 20 cm × 10 cm; 

N0 = 0 kg N ha-1; N1 = 60 kg N ha-1; N2 = 80 kg N ha-1; N3 = 100 kg N ha-1) 

 

 

Dry matter production 

The combination of variety, plant spacing, and nitrogen level had a sizable influence on 

TDM at 40 and 55 day after transplanting (Table 2). At 40 day after transplanting, BRRI 

dhan66 interaction with distance of 25 cm × 15 cm and 100 kg N per hectare generated the 

maximum TDM (16.46 g/hill), whereas BRRI dhan62 interaction with spacing of 20 cm × 

10 cm and control application of 0 kg N per hectare produced the lowest TDM (10.31 

g/hill). At 55 DAT, the connection of BRRI dhan66, plant spacing 25 cm × 15 cm, and use 

of 100 kg N per hectare showed the highest TDM (21.11 g/hill) and the least TDM (11.45 

g/hill) were seen with the combination of BRRI dhan62, 20 cm × 10 cm spacing, and 

control use of nitrogen which was measurably comparable to the communication of a 

similar assortment and treatment with planting at 20 cm × 15 cm (Table 2). 
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Table 2. Interaction effect of variety, planting spacing and nitrogen fertilization on the 

production of dry matter and the leaf area index at different days after transplanting 

Interaction 

(variety × spacing × N level) 
Leaf area index  

Dry matter production (g hill-1) 

Days after transplanting (DAT) 

25 40 55 70 

V1 × D1 × N0 0.65±0.07 7.32±0.52 11.77±0.1 hi 12.43±2.23 kl 14.54±1.67 

V1 × D1 × N1 0.74±0.11 8.15±0.51 11.93±1.61 hi 14.52±0.63 hi 17.59±0.82 

V1 × D1 × N2 0.91±0.15 9.28±1.71 13.55±1.03 fg 15.68±0.37 fg 17.97±3.64 

V1 × D1 × N3 1.1±0.11 10.05±0.94 13.74±1.92 fg 18.02±3.64 c 19.68±4.03 

V1 × D2 × N0 0.61±0.06 6.91±0.01 11.24±0.19 i 12.08±0.67 lm 14.42±1.74 

V1 × D2 × N1 0.67±0.06 8.14±1.37 11.88±1.16 hi 14±2.35 ij 14.72±2.28 

V1 × D2 × N2 0.87±0.14 8.72±0.4 12.13±0.92 h 18.08±1.4 c 16.65±1.69 

V1 × D2 × N3 1.07±0.22 9.58±1.29 13.53±0.68 fg 16.89±0.64 de 19.24±3.47 

V1 × D3 × N0 0.49±0.09 6.39±0.82 10.31±0.66 j 11.45±1.1 m 14.23±1.62 

V1 × D3 × N1 0.66±0.05 7.83±0.78 11.32±0.9 i 13.23±0.95 jk 14.83±2.95 

V1 × D3 × N2 0.85±0.07 8.21±0.39 11.87±1.93 hi 13.31±1.72 jk 15.13±3.1 

V1 × D3 × N3 1.07±0.07 8.86±0.04 13.12±1.8 g 14.54±1.87 hi 18.57±3.54 

V2 × D1 × N0 0.81±0.17 7.85±1.07 13.85±0.03 ef 16.19±2.35 ef 16.82±1.96 

V2 × D1 × N1 0.91±0.14 8.84±0.06 14.52±2.66 cde 16.91±2.02 de 20.04±0.48 

V2 × D1 × N2 1.11±0.01 10.02±1.53 14.8±0.88 bcd 17.43±2.2 cd 20.63±4.1 

V2 × D1 ×N3 1.16±0.19 11.14±0.48 16.46±0.61 a 21.11±0.16 a 21.89±3.43 

V2 ×D2 × N0 0.78±0 7.74±0.87 12.06±1.44 h 14.5±2.32 hi 16.12±2.83 

V2 × D2 × N1 0.84±0.09 8.58±1.2 13.05±0.48 g 16.74±2.47 de 18.76±2.63 

V2 × D2 × N2 1±0.15 9.89±0.22 14.23±1.9 def 17.07±3.08 de 20.28±0.16 

V2 × D2 × N3 1.13±0.2 10.68±1.44 15.42±1.57 b 19.84±2.42 b 21.57±1.5 

V2 × D3 × N0 0.68±0.05 7.62±0.44 11.92±0.9 hi 14.1±0.82 ij 15.72±2.86 

V2 × D3 × N1 0.82±0.11 8.45±0.37 12.36±1.1 h 16.28±2.67 ef 18.4±1.79 

V2 × D3 × N2 0.99±0.14 9.67±0.65 13.58±2.83 g 15.26±1.48 gh 18.83±1.98 

V2 × D3 × N3 1.12±0.18 10.18±1.59 14.99±3.11 bc 18.04±1.7 c 20.56±1.03 

Sx̄ 0.018 0.200 0.224 0.305 0.311 

Level of sig. NS NS ** ** NS 

CV (%) 3.41 3.95 2.97 3.35 3.03 

Different letters in the same column indicated significant differences at 5% level of probability; ** 1% level of significance. 
(NS = Not significant; V1 = BRRI dhan62; V2 = BRRI dhan66; D1 = 25 cm × 15 cm; D2 = 20 cm × 15 cm; D3 = 20 cm × 10 cm; 

N0 = 0 kg N ha-1; N1 = 60 kg N ha-1; N2 = 80 kg N ha-1; N3 = 100 kg N ha-1) 

 

 

Impact on yield characteristics and yield 

Number of effective tillers per hill 

BRRI dhan66 recorded the highest result (6.22) and lowest number (5.50) was in 

BRRI dhan62 (Table 3). Planting spacing influenced effective tillers per hill and the 

highest result (6.13) was recorded in 25 cm × 15 cm followed by distance of 20 cm × 

15 cm (5.83) and the lowest outcome (5.63) was found in 20 cm × 10 cm (Table 3). The 

productive tillers/hill was greatly affected by various nitrogen levels. The 100 kg N per 

hectare treatment had the highest outcome (6.17), followed by 80 kg N per hectare 

(5.95), and the control treatment recorded the lowest result (5.56) (Table 3). Variable 

nitrogen levels, spacing, and rice type all had an interaction effect on the quantity of 

productive tillers/hill, which was measurably critical. The greatest number of effective 

tillers/hill (7.33) was obtained in BRRI dhan66 and wider distance 25 cm × 15 cm 

fertilized with 100 kg N per hectare which in terms of statistics, was the same as the 

combination of same variety and nitrogen treatment with planting distance of 20 cm × 

15 cm and the lowest productive tillers/hill (4.67) was noted in association with of 
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BRRI dhan62, plant spacing 20 cm × 10 cm with 0 kg N per hectare that was 

comparable to same variety, distance and 60 kg N/ha and along with being identical to 

the combination of same variety and 0 kg N per hectare at 25 cm × 15 cm distance 

(Table 4). 

 

Panicle length 

The variations have a considerable impact on panicle length. BRRI dhan66 produced 

the longer panicle (22.22 cm) in contrast to BRRI dhan62 (21.41 cm) (Table 3). On 

panicle length, plant spacing had no discernible impact. The shorter panicle (21.52 cm) 

was discovered in 20 cm × 10 cm spacing, whereas the longer panicle length (22.09 cm) 

was discovered in 25 cm × 15 cm spacing (Table 3). Significant influences were found 

on panicle length by nitrogen level. The longest length of panicle (22.43 cm) was noted 

in 100 kg N/ha which was appropriate for the treatment of 80 kg N/ha and the shortest 

one (21.28 cm) was found in control treatment that was at par with 60 kg N/ha and 

80 kg N/ha (Table 3). With regards to the number, the longest panicle (23.74 cm) was 

recorded in BRRI dhan66, density 25 cm × 15 cm when cultivated using fertilizer at 

100 kg N/ha on the contrary the shortest result (20.65 cm) was formed in BRRI dhan62, 

20 cm × 10 cm distance with control treatment (Table 4). 

 

Number of grains per panicle 

Comparing BRRI dhan62 with BRRI dhan66, (Table 3) showed that BRRI dhan66 

generated more grains/panicle (117.78) than BRRI dhan62 (105.25) showed that variety 

had a big impact on how many grains were in panicle. Plant spacing had no appreciable 

impact on grains/panicle. According to the data in (Table 3), the distance of 25 cm × 

15 cm generated the uppermost grains/panicle (114.8) and 20 cm × 10 cm resulted the 

least grains/panicle (109.4). The grains/panicle was greatly increased by the nitrogen 

fertilization. Grans/panicle was significantly affected by nitrogen level. Application of 

100 kg N per hectare produced the maximum grains/panicle (115.9), followed 80 kg N 

per hectare (113.4) while 0 kg N per hectare found the least grains/panicle (107.1) 

(Table 3). The BRRI dhan66, fertilized with 100 kg N per hectare, produced the most 

grains panicle (129.3), with a spacing of 25 cm × 15 cm, whereas the BRRI dhan62, 

fertilized with 0 kg N per hectare, formed the lowest result (101.0) when planting at 

20 cm × 10 cm (Table 4). 

 

Number of sterile spikelets per panicle 

The least amount of sterile spikelets per panicle (11.19) was produced in BRRI 

dhan66, while the higher one (12.42) was produced in BRRI dhan62 reported that it has 

impacted by variety (Table 3). Spacing greatly impacted the sterile spikelets production 

in the panicle. The lowest amount of sterile spikelets per panicle (11.38) was found at 

25 cm × 15 cm distance which was statistically the same with 20 cm × 15 cm, while the 

largest number (12.38) was found at a distance of 20 cm × 10 cm (Table 3). Different 

nitrogen levels had a noticeable impact on the quantity of sterile spikelets in panicle and 

the highest result (12.50) was found in control treatment (0 kg N/ha), which was 

statistically similar to 60 kg N per hectare while the lowest outcome (10.78) was found 

in 100 kg N per hectare (Table 3). It has also greatly influenced by variety, plant 

spacing and nitrogen level interaction. The maximum amount of sterile spikelets per 

panicle (14.33) was found in BRRI dhan62, spacing 20 cm × 10 cm with control 
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treatment followed by BRRI dhan62, distance of 20 cm × 10 cm with 60 kg N per 

hectare (14.00) and the minimum amount (10.0) was obtained in BRRI dhan66, distance 

of 20 cm ×15 cm with 100 kg N per hectare (Table 4). 

 

Weight of 1000-grain (g) 

The highest 1000-grain weight (24.74 g) was obtained in BRRI dhan66 and the 

lowest outcome (23.57 g) was noted in BRRI dhan62 mentioned that it has significant 

impact on variety (Table 3). The maximum 1000-grain’s weight (24.75 g) was recorded 

in the wider distance of 25 cm × 15 cm which was compared by 20 cm × 15 cm 

(24.22 g) and the least result (23.50 g) was observed in the closer distance of 20 cm × 

10 cm (Table 3). Various levels of nitrogen had a big impact on the 1000-grain’s 

weight. The heavier 1000-grain’s weight (25.02 g) was obtained in 100 kg N per hectare 

followed by 80 kg N per hectare (24.41 g) and 60 kg N per hectare (24.13 g) and lighter 

1000-grain (23.07 g) was documented in 0 kg N per hectare (Table 3). The1000-grain 

weight was not affected by the combination of different types of plants, how close they 

were planted together, and the amount of nitrogen. The collaboration of BRRI dhan62, 

spacing 20 cm × 10 cm, with control treatment (0 kg N/ha) produced the lowest weight 

of 1000 grains expressed numerically (20.40 g), while the maximum one (26.50 g) was 

found in BRRI dhan66 with 25 cm × 15 cm distance when fertilized with 100 kg N per 

hectare (Table 4). 

 
Table 3. Impact of variety, plants pacing and nitrogen level on crop parameters, yield 

attributes and yield of transplanted Aman rice 

Treatment 
Effective 

tillers hill–1 (no.) 

Panicle length 

(cm) 

Grains 

panicle-1 (no.) 

Sterile spikelets 

panicle-1 (no.) 

1000-grain 

weight (g) 

Harvest 

index (%) 

Protein 

content (%) 

Variety  

BRRI dhan62 5.5±0.58 b 21.41±1.53 b 105.25±12.09 b 12.42±0.11 a 23.57±4.23 b 43.7±1.81 b 6.33±0.6 b 

BRRI dhan66 6.22±0.93 a 22.22±1.38 a 117.78±5.47 a 11.19±1.51 b 24.74±1.08 a 45.58±2.2 a 7.97±0.54 a 

Sx̄ 5.5±0.58 b 21.41±1.53 b 105.25±12.09 b 12.42±0.11 a 23.57±4.23 b 43.7±1.81 b 6.33±0.6 b 

Level of sig. ** ** ** ** ** ** ** 

CV (%) 2.80 4.05 1.40 5.14 3.37 2.20 3.34 

Spacing (cm)  

25 cm ×15 cm 6.13±1.03 a 22.09±4.07 114.8±23.25 a 11.38±0.87 b 24.75±0.58 a 44.31±3.12 7.8±1.34 a 

20 cm × 15 cm 5.83±0.61 b 21.82±2.04 110.4±22.58 b 11.67±1.63 b 24.22±4.89 b 44.7±1.44 7.18±0.71 b 

20 cm ×10 cm 5.63±0.53 c 21.52±0.03 109.4±13.21 c 12.38±0.21 a 23.5±1.31 c 44.92±3.69 6.47±0.32 c 

Sx̄ 0.034 0.180 0.318 0.124 0.166 0.200 0.049 

Level of sig. ** NS ** ** ** NS ** 

CV (%) 2.80 4.05 1.40 5.14 3.37 2.20 3.34 

N level (kg ha–1)  

0 5.56±0.48 d 21.28±3.59 b 107.1±16.57 d 12.5±1.22 a 23.07±3.87 c 43.54±7.03 b 6.3±0.07 d 

60 5.78±0.91 c 21.66±0.99 b 109.6±11.12 c 12.22±0.93 a 24.13±1.87 b 45.47±9.35 a 6.69±0.96 c 

80 5.95±1.2 b 21.89±2.94 b 113.4±20.43 b 11.72±0.59 b 24.41±0.92 b 45.47±0.38 a 7.08±0.52 b 

100 6.17±1.16 a 22.43±2.89 a 115.9±13.18 a 10.78±0.69 c 25.02±2.4 a 44.1±2.55 b 8.53±0.43 a 

Sx̄ 0.039 0.208 0.367 0.143 0.192 0.231 0.056 

Level of sig. ** ** ** ** ** ** ** 

CV (%) 2.80 4.05 1.40 5.14 3.37 2.20 3.34 

Different letters in the same column indicated significant differences at 5 % level of probability; ** 1% level of significance. 

(NS = Not significant; V1 = BRRI dhan62; V2 = BRRI dhan66; D1 = 25 cm × 15 cm; D2 = 20 cm × 15 cm; D3 = 20 cm × 10 cm; 
N0 = 0 kg N ha-1; N1 = 60 kg N ha-1; N2 = 80 kg N ha-1; N3 = 100 kg N ha-1) 
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Table 4. Interaction effect of variety, plant spacing and nitrogen fertilization on crop 

parameters, yield attributes and yield of transplanted Aman rice 

Interaction 

(variety × spacing 

× N level) 

Effective tillers 

hill–1 (no.) 

Panicle 

length (cm) 

Grains panicle-1 

(no.) 

Sterile spikelets 

panicle-1 (no.) 

1000-grain 

weight (g) 

Harvest index 

(%) 

Protein 

content (%) 

V1 × D1 × N0 5.67±0.6  21.18±1.51  105±12.06 jkl 12.67±0.11  23.4±4.2  43.45±1.8 hij 5.95±0.57 i 

V1 × D1 × N1 5.67±0.85  21.48±1.33  105.3±4.89 jk 12.33±1.66  24.26±1.06  44.02±2.13 g-j 6.31±0.43 hi 

V1 × D1 × N2 5.67±0.96  21.7±4  107.7±21.81 ij 12±0.91  24.3±0.57  46.5±3.28 a-d 6.66±1.15 gh 

V1 × D1 × N3 5.67±0.59  22.23±2.08  113.3±23.17 fg 11±1.54  25±5.05  43.77±1.41 g-j 6.96±0.69 fg 

V1 × D2 × N0 5±0.47  20.92±0.03  102.3±12.36 lmn 12.67±0.22  23±1.28  42.42±3.49 j 5.95±0.29 i 

V1 × D2 × N1 5.67±0.49  21.46±3.62  103.7±16.04 k-n 12.33±1.2  23.5±3.94  44.65±7.21 e-i 6.31±0.07 hi 

V1 × D2 × N2 5.67±0.89  21.58±0.99  105.3±10.68 jk 12±0.91  24.2±1.88  43.87±9.02 g-j 6.31±0.91 hi 

V1 × D2 × N3 5.67±1.15  21.83±2.93  107±19.28 0ij 11.33±0.57  24.66±0.93  43±0.36 ij 7.32±0.54 ef 

V1 × D3 × N0 4.67±0.88  20.65±2.66  101±11.49 n 14.33±0.92  20.4±1.96  39.94±2.31 k 5.3±0.26 j 

V1 × D3 × N1 5.33±0.43  20.94±2.08  102±20.28 mn 14±1.11  23.22±1.67  44.19±4.11 g-j 5.95±0.11 i 

V1 × D3 × N2 5.67±0.44  21.34±1.03  104±21.33 klm 12.67±2.06  23.4±3.03  44.88±8.3 e-i 5.95±1.01 i 

V1 × D3 × N3 5.67±0.36  21.56±0.11  106.3±20.29 jk 11.67±1.6  23.45±3.01  43.77±8.77 g-j 6.96±0.9 fg 

V2 × D1 × N0 6.33±1.3  21.86±2.97  112.7±13.15 fg 11.33±0.02  24.5±3.55  44.16±3.21 g-j 7.62±0.41 de 

V2 × D1 × N1 6.33±0.99  22.13±0.15  117±2.83 cde 11.33±2.08  25±2.98  45.96±8.97 a-f 7.97±0.99 d 

V2 × D1 × N2 6.33±0.04  22.42±3.43  128±25.45 a 10.67±0.63  25±3.16  43.3±4 hij 8.63±0.91 c 

V2 × D1 ×N3 7.33±1.21  23.74±1.02  129.3±20.28 a 9.67±0.36  26.5±0.2  43.31±6.6 hij 12.32±2.53 a 

V2 ×D2 × N0 6±0.01  21.7±2.43  111.7±19.64 gh 12±1.44  23.6±3.77  44.55±8.36 e-i 6.66±0.55 gh 

V2 × D2 × N1 6±0.66  22±3.09  115.3±16.15 def 11.67±0.43  24.5±3.61  46.26±7.74 a-e 6.96±1.08 fg 

V2 × D2 × N2 6.33±0.95  22.18±0.5  117.3±0.95 cd 11.33±1.51  25±4.51  47.16±3.88 ab 7.62±0.7 de 

V2 × D2 × N3 6.33±1.1  22.91±3.08  120.3±8.37 b 10±1.02  25.3±3.09  45.66±3 b-g 10.29±1.88 b 

V2 × D3 × N0 5.67±0.4  21.34±1.24  109.7±19.93 hi 12±0.91  23.5±1.36  46.73±0.75 abc 6.31±0.12 hi 

V2 × D3 × N1 5.67±0.74  21.93±0.97  114.3±11.13 efg 11.67±1.04  24.3±3.99  47.72±0.13 a 6.66±0.69 gh 

V2 × D3 × N2 6±0.84  22.12±1.49  118.3±12.46 bc 11.67±2.43  24.53±2.37  47.07±8.97 ab 7.32±0.62 ef 

V2 × D3 × N3 6.33±1.01  22.29±3.49  119.3±5.96 bc 11±2.28  25.2±2.37  45.07±0.19 c-h 7.32±0.98 ef 

Sx̄ 0.095 0.510 0.900 0.351 0.469 0.566 0.138 

Level of sig. ** NS ** NS NS ** ** 

CV (%) 2.80 4.05 1.40 5.14 3.37 2.20 3.34 

Different letters in the same column indicated significant differences at 5% level of probability; ** 1% level of significance. 
(NS = Not significant; V1 = BRRI dhan62; V2 = BRRI dhan66; D1 = 25 cm × 15 cm; D2 = 20 cm × 15 cm; D3 = 20 cm × 10 cm; 

N0 = 0 kg N ha-1; N1 = 60 kg N ha-1; N2 = 80 kg N ha-1; N3 = 100 kg N ha-1) 

 

 

Grain yield 

Variety influenced significantly and BRRI dhan66 produced the more grain 

(4.07 t/ha) compared to BRRI dhan62 (3.06 t/ha) (Fig. 2). Density played a big role in 

how much grain was produced. When the plants were spaced further apart, they 

produced more grains. On the other hand, when the plants were spaced closer together, 

they produced fewer grains. Planting spacing 20 cm × 15 cm produced the maximum 

grain output (3.79 t/ha), followed by distance of 25 cm × 15 cm (3.52 t/ha), while 

spacing 20 cm × 10 cm produced the lowest grain (3.38 t/ha) (Fig. 2). The amount of 

nitrogen in the soil affected how much rice was grown. The 100 kg N per hectare 

treatment provided the top most quantity of grain (3.939 t ha-1), followed by the 

80 kg N/ha treatment (3.71 t/ha), while the control nitrogen (0 kg N/ha) produced the 

minimum yield of grain (3.12 t/ha) (Fig. 2). The amount of grain that plants produced 
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was greatly influenced by the combination of different types of plants, how close 

together they were planted, and the level of nitrogen that was provided. The 

combination of BRRI dhan66 with planting distance of 25 cm × 15 cm with fertilization 

of 100 kg N per hectare recorded the utmost yield of grain (4.52 t/ha), that was 

numerically similar to the same variety with the same spacing with fertilization of 80 kg 

N per hectare and also identical to the same variety with planting distance of 20 cm × 

15 cm with 100 kg N per hectare (Fig. 2). 

 

 

Figure 2. Impact of variety, spacing, nitrogen and their interactions on grain yield 

 

 

Straw yield 

The different types of plants had a big impact on how much straw was produced. It 

was recorded that the higher yield of straw (4.88 ton per ha) was in BRRI dhan66 the 

lower was (3.92 t/ha) in BRRI dhan62 (Fig. 3). The distance between plants had a big 

impact on how much straw was produced. The plant spacing that produced the 

maximum quantity of straw (4.77 ton per ha) was 25 cm × 15 cm which was compared 

by 20 cm × 15 cm (4.33 ton per ha) while the lowermost amount of straw (4.11 ton per 

ha) from 20 cm × 10 cm plant distance (Fig. 3). The amount of nitrogen has a major 

impact on straw production and the largest quantity (4.99 ton per ha) was produced with 

100 kg of nitrogen per hectare, followed by 80 kg N per hectare (4.45 ton per ha) and 

the lowest production of straw (4.01 ton per ha) with the control treatment (Fig. 3). The 

combination of different types of plants, how far apart they are planted, and the amount 

of nitrogen used had a big influence on the yield of straw. The most elevated the yield 

of straw (5.92 ton per ha) was kept in the BRRI dhan66 at separating 25 cm × 15 cm 

with utilization of 100 kg N per hectare, which was comparable concerning 

measurements to a similar assortment and dispersing with use of 80 kg N per hectare 

while the least yield of straw (3.35 ton per ha) was kept in the BRRI dhan62 at dividing 

20 cm × 10 cm with control treatment (Fig. 3). 
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Figure 3. Impact of variety, spacing, nitrogen and their interactions on straw yield 

 

 

Harvest index (HI) 

Table 3 showed that the higher HI (45.58%) was calculated in BRRI dhan66 

compared to BRRI dhan62 (43.7%) that confirmed significant impact of verity on HI. 

Planting density had substantial effect on harvest index. The planting method with the 

greatest harvest index (44.92%) was distance of 20 cm × 10 cm followed by 20 cm × 

15 cm spacing (44.70%), while the planting method with the despicable HI (44.31%) 

was 25 cm × 15 cm distance (Table 3). The range of HI was found from 43.54% to 

45.47% influenced significantly by nitrogen level. The fertilization rate of 80 kg N per 

ha, that was comparable to 60 kg N per ha, produced the greatest HI (45.47%). The 

application of control fertilizer resulted in the lowest harvest index (43.54%) which was 

statistically on par with the highest N dose (Table 3). The HI was important in how 

different varieties of plants, the spacing between them, and the amount of nitrogen 

affected each other. The best harvest index results (47.72%) were recorded when BRRI 

dhan66 was planted with a spacing of 20 cm × 10 cm and given 60 kg N per ha. This 

outcome was comparable to that obtained when planting the same rice variety with the 

same spacing but giving it 80 kg N per ha, as well as to that found when planting it with 

a distance of 20 cm × 15 cm and giving it 80 kg N per ha. The BRRI dhan62 produced 

the lowest yield (39. 94%) when it was planted with a 20 cm × 10 cm spacing and 0 kg 

N per ha (Table 4). 

 

 

Effect on qualitative character 

Grain protein content 

Protein content in grains changed greatly as a result of variety which ranged from 

6.33 to 7.97%. The higher protein content of grain (7.97%) was found in BRRI dhan66 

and the lower result (6.33%) was recorded in BRRI dhan62 (Table 3). The highest 

protein content of grain (7.80%) was found in spacing 25 cm × 15 cm followed by 
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20 cm × 15 cm spacing (7.18%) which had showed significant impact of plant spacing 

and the lowest outcome (6.47%) was found by planting 20 cm × 10 cm spacing 

(Table 3). The quantity of nitrogen has a substantial impact on the protein content of 

grains (Table 3). From 6.30% to 8.53% of grains were found to have protein. The 

100 kg N/ha fertilization had the greatest protein content of grain (8.53%), followed by 

the 80 kg N/ha fertilized area (7.08%), and the control treatment had the lowest 

(6.30%). Grain protein content showed a sizable effect on above mentioned three major 

agronomic practices. The highest protein content of grain (12.32%) was found in the 

BRRI dhan66, density 25 cm × 15 cm with fertilization of 100 kg N/ha; this was 

followed by the BRRI dhan66, 20 cm × 15 cm with application of 100 kg N/ha 

(10.29%); and the lowest outcome (5.30%) was found in the BRRI dhan62, density 

20 cm × 10 cm with 0 kg N/ha (Table 4). 

Discussion 

In this recent study, we revealed that the best growth attributes like height of the 

plant, tillers per hill, LAI and TDM were achieved at 70 DAT using a combination of 

the BRRI dhan66 variety, distance of 25 cm × 15 cm, and nitrogen 100 kg per ha area 

that was using a distance of 20 cm × 15 cm with the same variety and fertilizer dose 

produced statistically similar results. According to (Jahan et al., 2017), the introduction 

of optimal solar radiation at (25 cm × 15 cm) intervals, which improved photosynthesis, 

may have contributed to the highest plant height. Plants fight with each other for room, 

food, water, sunlight, and air when they are grown close together. When plants are 

tightly packed, there are fewer tillers per square meter. However, when plants are spread 

out, there is less competition between plants and each plant has more tillers (Mahato 

and Adhikari, 2017). This observation matched with the LAI and TDM (Roy et al., 

2020), who found that spacing the rice plants correctly and giving them the right 

nutrients allows them to use nutrients and moisture efficiently, as well as get the most 

sunlight. This results in the rice plants growing faster. 

In this study, BRRI dhan66 produced higher grain yield over BRRI dhan62. This is 

due to the fact that BRRI dhan66 generated the higher productive tillers per hill, length 

of the panicle and grains per panicle. The differences in the genes of a plant may be the 

reason for the differences in how much it produces. The result was the same as what 

(Tyeb et al., 2013; Pal et al., 2016; Sarkar et al., 2016) had discovered. In this study, 

greater distance (25 cm × 15 cm) produced the greatest results for the maximum 

effective tillers per hill, length of the panicle, grains per panicle, grain and straw yield, 

and protein content of grain (%), whereas narrow distance (20 cm × 10 cm) made the 

poorest outcomes. Wider distance reduced mutual shading and competition (Oad et al., 

2001) for nutrients and water intake, allowing the plant density to increase the amount 

of sunlight the plants received and the amount of biomass they produced (Mohaddesi et 

al., 2011). There were more characters to add as a result. These components of the 

highest yield allowed for the best grain yield to be achieved as well. 

Rice needs nitrogen to grow healthily and yield a decent crop. In this study, the 

maximal dose (100 kg N per ha) created the highest outcomes in terms of the quantity 

of productive tillers per hill, length of the panicle, grains per panicle, and the least 

quantity of sterile spikelets per panicle. Higher values of these factors result in the 

highest grain yield, straw yield, and harvest indexes. Additionally, the maximum protein 

content was reported when fertilization with 100 kg N per ha. However, throughout rice 
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growth and development, agronomic treatments, soil and climate conditions, and 

genetic background all affect the quality of rice grains. According to earlier findings, 

raising the N rate increased both cultivars’ protein content (Leesawatwong et al., 2005). 

Using nitrogen properly probably helped cells function better during growth, which 

caused more parts of the plant to grow, resulting in a higher yield (Ray et al., 2015). The 

highest effective tillers per hill, length of the panicle, grains per panicle, and the least 

number of sterile spikelets per panicle were all generated at the greatest levels on 

interaction with BRRI dhan66, plant spacing of 25 cm × 15 cm, and 100 kg N per ha. 

All of these factors helped the plants grow more grain and straw. Additionally, the most 

protein was present in the grain in this combination. The reason why there is a lot of 

protein is because there is enough nitrogen in the soil that plants can use. After adding 

nitrogen, the level of protein in rice grains increased a lot (Sarkar et al., 2014; Ray et al., 

2015). 

Conclusions 

In conclusion, maximizing rice yield is of paramount importance for rice-based 

developing countries as they strive to feed their growing population. Depending on the 

type of soil and weather patterns, in order to enhance yield and protein percentages of 

grain, it may be stated that BRRI dhan66 planting at 25 cm × 15 cm distance with 

100 kg N per ha seems to be a favorable strategy. 
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