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ABSTRACT 

	A field experiment was conducted at the Agronomy Field Laboratory, Bangladesh Agricultural University, Mymensingh from July to December, 2023 to evaluate the effect of age and depth of seedlings on the yield performance of Kasturi aromatic rice in aman season. The experiment comprised of four ages of seedlings viz. 25 days, 30 days, 35 days and 40 days and, depth of seedlings viz. 2 cm, 4 cm, 6 cm. The experiment was laid out in a randomized complete block design with three replications. The highest grain yield (2.76 t ha-1) and straw yield (6.52 t ha-1) were achieved from 30-day old seedlings. On the other hand, the lowest number of grain yield (2.34 t ha-1) and straw yield (4.35 t ha-1) were obtained from 40-day old seedlings. The highest grain yield (2.67 t ha-1) and straw yield (5.76 t ha-1) were obtained from 4 cm depth of seedlings whereas the lowest grain yield (2.48 t ha-1) and straw yield (5.00 t ha-1) were obtained from 6 cm depth of seedlings. The highest grain yield (3.01 t ha-1) and straw yield (6.81 t ha-1) were obtained from the combination of 30-day old seedlings with 4 cm depth. Thus, 30-day old seedlings and 4 cm depth of seedlings appeared as the best combination for obtaining the highest grain yield of Kasturi aromatic rice in aman season.
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1. INTRODUCTION 

“Rice (Oryza sativa L.) is one of the world's most important staple foods. Over half of the world's population relies on rice for around 80% of its dietary requirements” (FAO, 2022). “Rice is one of the most important economic crops worldwide, serving as a staple food for nearly half of the global population (Wang et al., 2023; Mia et al., 2023). The primary focus of Bangladeshi agriculture is on rice production, which had increased to approximately 38.70 million metric tons in 2020–21” (Rahman et al., 2023). 
“Rice is the primary food in Bangladesh, as seen by the high per capita rice consumption. Half of the world's population relies on rice as their primary source of nutrition, with over 91% of the world's supply being produced and consumed in Asia” (Muthayya et al., 2014). “Rice is farmed all year in Bangladesh, with three growth seasons: aus (summer rice), aman (monsoon rice), and boro (winter rice)” (Mia et al., 2024). “As the crop production in Bangladesh is dominated by intensive rice cropping and the most dominated cropping pattern is boro-T. aman rice. Out of total rice production, 45% comes from aman rice” (BBS, 2022). According to Hosen et al. (2024), “the gram per capita uptake of rice in Bangladesh is 349.1 and 284.7 in rural and urban area respectively. The population of Bangladesh is growing at the rate of 1.36 % every year i.e., another 30 million people may be added over the next 20 years; that adds new demand of grain crops and agricultural commodities” (Islam et al., 2024). “It is a great achievement of our farmers, government and researchers that Bangladesh has achieved self-sufficiency in rice production in the last ten years” (Halim et al., 2023; Fiza et al., 2024). “Now the country is mainly focusing on nutrition safety of the people. Bangladesh has a bright prospect for exporting fine rice and thereby earning foreign exchange” (Halder et al., 2024a). But majority of the aromatic rice cultivars are low yielding and the national average aromatic rice yield is rather low which is 3.04 t ha-1(Islam et al., 2023; Sinha et al., 2018)
There are different agronomic aspects of rice cultivation practices, such as suitable variety, planting time and method, age of seedlings, depth of seedlings, nutrient and water managements etc (Imran et al., 2025; Keya et al 2024). Age of seedlings for transplanting has a large significant effect on plant height, tiller production, panicle length, grains panicle-1, and other yield contributing traits (Asaduzzaman et al., 2023; Shrestha et al., 2019). “Optimum age of seedlings is essential to influence vegetative growth but early and delay planting may cause excessive vegetative growth, prolong growth duration and delay crop maturity with reduction in grain yield” (Khatun et al., 2024; Halder et al., 2024b). “The use of over aged seedlings retards the general performance of crop and reduces the yield of crop” (Bozorgi et al., 2011; Salam et al., 2022). “Early aged seedlings utilize maximum time for vegetative growth, whereas older seedling recover slowly particularly when injured during uprooting and produce fewer tillers and delay maturity” (Hossain et al., 2024).
“Depth of seedlings is another essential aspect in rice development and production because chemical and physical composition, biotic activities, organic matter content and plant nutrients differ significantly with different depths of soil” (Asha et al., 2025). “At deeper root zone, due to low temperature, the availability of nutrient element becomes decreased and development of root system and tillers become restricted” (Rahman et al., 2025). So, a suitable depth of seedling plays a remarkable role for the improvement in yield and production of rice. In Bangladesh, farmers mostly cultivate low-yield traditional aromatic rice varieties like Kalizira, Kataribhog, Rasulbhog, Badshabhog, Chinigura, Aromatic, Dulabhog and Radhunipagol. These are grown in aman season. As aromatic rice is gaining popularity now a days in our country, therefore, it is time to introduce some high yielding aromatic varieties. 
In this regard, an Indian aromatic rice variety named Kasturi could be an option. Kasturi aromatic rice is well-known for its medium-grained, aromatic, and tasty properties. It also contains soluble fibre and carbohydrates, and most importantly has the lowest glycaemic index which helps to lose weight (Prasad et al., 2016). Kasturi rice also has high yield potential and resistance to blast disease (Arumugachamy et al., 1992). But, before going to introduce this aromatic variety in farmers field in Bangladesh, different agronomic practices such as age and depth of seedlings of Kasturi rice must be recommended to the farmers. Therefore, this study was taken to find out the optimum age of seedlings for transplanting and optimum depth of seedlings for Indian Kasturi aromatic rice in aman season. Considering the above situation, the present study was under taken with the following objectives: to find out the optimum age of seedlings for transplanting of Kasturi aromatic rice in aman season, to find out the optimum depth of seedlings of Kasturi aromatic rice in aman season and to study the interaction effect of age and depth of seedlings of Kasturi aromatic rice in aman season.
2. material and methods 
2.1 Experimental Site
The experimental field is located at 24.750N latitude and 90.500E longitude at an average altitude of 18 m above the mean of sea level. The experimental site belongs to the Old Brahmaputra Floodplain (AEZ-9). The experimental field belongs to non-calcareous dark-grey, floodplain soil. The land was medium high and the soil was silty-loam. The soil of the experimental field was more or less neutral in nature (pH 6.5) and low in organic matter content (1.19%). 
2.2 Experimental Treatments
The experiment had 12 treatments in factorials combinations of Age of seedlings 25 days (A1), 30 days (A2), 35 days (A3), 40 days (A4) and Depth of seedlings (3): 2 cm (D1), 4 cm (D2), 6 cm (D3)
2.3 Plant Materials
Kasturi aromatic rice, is an Indian variety and declared as a variety of Basmati Rice under the Seeds act, 1966. It is best grown in irrigated areas and combines high-yield potential, excellent milling quality, resistance to blast and tolerance to stem border. Kernel length: 6.94 mm, length breadth ratio: 3.95 and, yield: 3-3.5 t ha-1. The Kasturi rice plant needs 130-140 days to harvest.
2.4 Experimental Design and Lay out
The experiment was laid out in a randomized complete block design (RCBD) with three replications. Each plot size was 10 m2. The distance maintained between two-unit plots was 2.5 m and between blocks was 4 m. The bunds around individual plots were made firmly to control water movement among the plots. The treatments were randomly allocated in the plots.
2.5 Collection of Seed
Seeds of Kasturi Aromatic rice were collected from North Bengal Agro, Rajapur, Dhamrai, Dhaka. Germination (min) was 90%, physical purity (min) was 90%, genetic purity (min) was 98%.
2.6 Seeds Sprouting
Healthy and heavy seeds were selected by gravity method. Seeds were dipped in a water bucket for 24 hours. These were then taken out from water and kept thickly in gunny bag for sprouting. The seeds started sprouting after 48 hours and sown after 72 hours in the nursery bed. 
2.7 Nursery Bed Preparation and Seed Sowing
A piece of high land was selected in the Agronomy Field Laboratory, Bangladesh Agricultural University, Mymensingh for raising seedlings. The nursery bed was prepared by tractor drawn rotary plough. Sprouted seeds were sown in the wet nursery bed on 13 July, 2023. Proper care was taken to raise the seedlings in the nursery bed. Weeds were removed and irrigation was given in the nursery bed as and when necessary.  
2.8 Preparation of Experimental Land for Transplanting
The experimental field was first opened on 13 July, 2023 with a tractor drawn rotary plough. The land was irrigated on 20 July, 2023. Then the land was puddled thoroughly by ploughing and cross ploughing three times with a country plough followed by laddering in order to level the field. Weeds and stubbles were removed from the field. Final puddling was completed two days before the scheduled date of transplanting. The lay out was done in time according to design for setting the treatments. 
2.9 Uprooting of Seedlings 
The nursery beds were made wet by application of water both in the morning and evening on the previous day before uprooting the seedlings. The seedlings were uprooted and kept on soft mud under shade before they were transplanted. Proper care was taken to avoid causing any mechanical injury to the seedling roots. The age of seedlings (25, 30, 35, and 40 days old) were maintained according to the experimental treatment.
2.10 Transplanting of Seedlings 
Seedlings of different ages (25, 30, 35, and 40 days old) were transplanted in the well puddled experimental plots with maintaining specific depth of seedlings (2, 4 and 6 cm) as par the treatments. Three seedlings hill-1 were transplanted with spacing of 25 cm × 15 cm. Seedlings of four different ages were transplanted in the field on separate dates: 06-, 11-, 16-, 21- August, 2023 respectively.
2.11 Application of Fertilizers
The experimental plots were fertilized with urea, triple super phosphate (TSP), muriate of potash (MoP), gypsum and zinc sulphate at the rate of 200, 125, 110, 60 and 10 kg ha-1, respectively. Fertilizers were applied in the field as per the recommendation of Bangladesh Rice Research Institute for transplanted aman rice. All the fertilizers except nitrogenous fertilizer were applied during transplanting as basal dose. Nitrogen was applied as top dressing in three equal splits at 15, 30 and 45 days after transplanting (DAT).
2.12 Sampling, Data Recording at Vegetative stage, Harvesting and Processing
The crop was harvested when fully mature. The harvest date was established when 90% of the grains became golden yellow. Five hills (excluding boundary hills) were randomly picked from each plot to collect the necessary data on various plant characteristics. Each plot's harvested crop was packed separately, neatly marked, and taken to the threshing floor. The grain was then threshed with a pedal thresher. The grains were cleansed. Straws were washed, sun-dried, and weighed to determine the straw yield. Finally, grain and straw yields from plot 1 were converted to t ha-1. 
2.13 Data Recording	
The following parameters were recorded at harvest. Yield attributes and yield: Plant height, Number of total tillers hill-1, Number of effective tillers hill-1, Number of non-effective tillers hill-1, Panicle length, Number of grains panicle-1, Number of sterile spikelets panicle-1, Weight of 1000 grains, Grain yield, Straw yield, biological yield, Harvest index. 
2.14 Statistical Analysis
Data for various parameters were tabulated in the correct format. The recorded data on various plant features was statistically analyzed to determine the importance of variation caused by the experimental treatments. The mean of all treatments was computed, and the computer application MSTAT was used to do a variance analysis for each of the characteristics under examination. Duncan's New Multiple Range Test was used to assess differences across treatment means (Gomez and Gomez, 1984).

3. results and discussion

3.1 Yield and Yield Contributing Characters of Kasturi Aromatic Rice
3.1.1 Plant height (cm)
3.1.1.1 Effect of age of seedlings
“The plant height was significantly influenced by different age of seedlings at 1% level of probability. The longest plant height (134.32 cm) was obtained from the 30-day old seedlings and the shortest plant height (116.07 cm) was obtained from the 35-day old seedlings which statistically significant with 40-day old seedlings (Table 1). Plant height was affected by age of seedlings and it is the genetic constituent of the cultivar. Plant height of rice increased gradually with increased age of seedlings growth duration. But plant height was significantly different due to ecological variation” (Guanghui et al., 2012).
3.1.1.2 Effect of depth of seedlings 
The plant height was significantly influenced by different depth of seedlings at 1% level of probability. The longest plant height (129.49 cm) was recorded when depth of seedlings was 4 cm and shortest plant height (120.10 cm) was found at 2 cm depth of seedlings which was statistically identical with 6 cm depth of seedlings (Table 2). In general, the plant height gradually increased with the increase of depth of seedlings. But plant height of rice increased until 4 cm depth of seedlings and decreasing when depth of seedlings used up to 4 cm. Above findings shown that plant was greatly affected by depth of seedlings due to lower depth was not suitable for this plant (Adhikari et al., 2013)
3.1.1.3 Effect of interaction of age and depth of seedlings 
The plant height was significantly influenced from the interaction of age and depth of seedlings. Among the interaction the longest plant height (138.44 cm) achieved from 30-day old seedlings and 4 cm depth of seedlings. On the other hand, the shortest plant height (106.55 cm) achieved from 35-day old seedlings and 2 cm depth of seedlings (Table 3).
3.1.2 Number of total tillers hill-1
3.1.2.1 Effect of age of seedlings 
The number of total tillers hill-1 was significantly influenced by age of seedlings at the 1% level of probability. The highest number of total tillers hill-1 (12.66) was found from 30-day old seedlings and the lowest number of total tillers hill-1 (10.50) found from 40-day old seedlings which was statistically identical with 35-day old seedlings (Table 1). The number of total tillers hill-1 of rice at different time was gradually increased by gradual increasing of different age of seedlings. Sarkar et al. (2011) found that “number of total tillers hill-1 varied among different age of seedlings. The number of total tillers hill-1 varied due to different age of seedlings” (Sarker, 2012). 
3.1.2.2 Effect of depth of seedlings 
“The number of total tillers hill-1 was significantly influenced at the 1% level of probability. The highest number of total tillers hill-1 (12.56) obtained when depth of seedlings was 4 cm and lowest number of total tillers hill-1 (10.27) was recorded at 6 cm depth of seedlings (Table 2). Number of total tillers hill-1 affected by different depth of seedlings. Statistically shown that rice gives highest tiller number at 4 cm depth of seedlings and upper or lower condition number of total tiller declined due to drying of some tiller or due to damage by any other cause” (Mahato et al., 2018).
3.1.2.3 Effect of interaction of age and depth of seedlings 
The number of total tillers hill-1 was significantly influenced by the interaction of different age of seedlings and different depth of seedlings at 1% probability. Number of total tillers hill-1 was gradually increased up to certain period thereafter it becomes decreased. Numerically at 30-day old seedlings, the highest number of total tillers hill-1 (14.00) obtained in the interaction of 4 cm depth of seedlings. The lowest number of total tillers hill-1 (9.66) obtained in the interaction of   35-day old seedlings and 6 cm depth of seedlings which was statistically identical with 40-day old seedlings and 6 cm depth of seedlings (Table 3)
3.1.3 Number of effective tillers hill-1
3..1.3.1 Effect of age of seedlings 
[bookmark: _30j0zll]“The number of effective tillers hill-1 was significantly influenced by the age of seedlings at the 1% level of probability. The highest number of effective tillers hill-1 (11.70) was found in 30-day old seedlings which was statistically identical with 25-day old seedlings and the lowest number of effective tillers hill-1 (9.64) was found in 40-day old seedlings and it was also statistically identical with 35-day old seedlings (Table 1).  The reason for variation in producing effective tillers hill-1 might be due to the genetic variation or may be used different ages of seedling” (Mahato et al., 2018).
3.1.3.2 Effect of depth of seedlings
“The number of effective tillers hill-1 was significantly influenced by depth of seedlings at the level of 1 % probability. The highest average number of effective tillers hill-1 (11.87) was recorded from 4 cm depth and the lowest average number of effective tillers hill-1 (9.19) was found from 6 cm depth of seedlings (Table 2). It can be concluded that the number of effective tillers hill⁻¹ was greatly influenced by the depth at which seedlings were transplanted” (Yamauchi and Chuong, 1995)
3.1.3.3 Effect of interaction of age and depth of seedlings
The number of effective tillers hill-1 was significantly influenced by the interaction of different age of seedlings and different depth of seedlings at 1 % level of probability. The highest number of effective tillers hill-1 (13.54) was obtained from the treatment combination of 30-day old seedlings with 4 cm depth of seedlings which was statistically identical with 25-day old seedlings with 4 cm depth of seedlings. On the contrary, the lowest number of effective tillers hill-1 (8.22) was found in 40-day old seedlings with 6 cm depth of seedlings (Table 3).
3.1.4 Number of non-effective tillers hill-1
3.1.4.1 Effect age of seedlings 
The number of non-effective tillers hill-1 was not significantly influenced by the effect of different age of seedlings of rice. Numerically, the highest number of non-effective tillers hill-1 (1.08) was found on 35-day old seedlings and the lowest number of non-effective tillers hill-1 (0.85) was found on 40-day old seedlings (Table 1). This was confirmed by Arshad et al. (2009) who stated that the non-effective tillers hill-1 varied with different age of seedlings.
3.1.4.2 Effect of depth of seedlings 
“The number of non-effective tillers hill-1 was not significantly influenced by the effect of different depth of seedlings of rice. The highest number of non-effective tillers hill-1 (1.08) was resulted from 6 cm depth of seedlings treatment and the lowest number of non-effective tillers hill-1 (0.68) was found on 4 depths of seedlings treatment (Table 2). The number of non-effective tillers hill-1 affected by different depth of seedlings due to may be caused considerable increase in the number of non-effective tillers plant-1” (Yamauchi and Chuong, 1995).
3.1.4.3 Effect of interaction of age and depth of seedlings
The number of non-effective tillers hill-1 was not significantly influenced by the interaction effect of age and depth of seedlings. The interaction results mentioned that the lowest number of non-effective tillers hill-1 (0.45) was obtained from the combination of 30-day old seedlings with 4 cm depth of seedlings and the highest number of non-effective tillers hill-1 (1.44) was found in 40-day old seedlings with 6 cm depth of seedlings (Table 3).
3.1.5 Panicle length
3.1.5.1 Effect age of seedlings 
Panicle length was not significantly influenced by different age of seedlings. Numerically, the longest panicle length (21.39 cm) was recorded on 40-day old seedlings and the shortest panicle length (20.95 cm) was recorded on 35-day old seedlings (Table 1). Humaira et al. (2025) observed that panicle length was not influenced by different age of seedlings in transplanting of rice.
3.1.5.2 Effect of depth of seedlings 
Panicle length was significantly influenced by the different depth of seedlings at 1% level of probability. The longest panicle length (21.47 cm) of rice was obtained from 4 cm depth of seedlings and the shortest panicle length (20.84 cm) was recorded from 6 cm depth of seedlings (Table 2). Sigari and Gines (2017) reported that panicle length greatly influenced when used of different depth of seedlings in rice.
3.1.5.3 Effect of interaction of age and depth of seedlings
Panicle length was significantly influenced by the treatment combination of age and depth of seedlings at 1% level of probability. The longest panicle length (21.69 cm) observed on the treatment combination of 30-day old seedlings with 4 cm depth of seedlings which was statistically identical with 25-day old seedlings with 2 cm depth of seedlings. The shortest panicle length (20.24 cm) was obtained from the treatment combination of 25-day old seedlings with 6 cm depth of seedlings (Table 3).
3.1.6 Number of grains panicle-1
3.1.6.1 Effect age of seedlings 
Number of grains panicle-1 was significantly influenced by different age of seedlings at 1% level of probability. The highest number of grains panicle-1 (85.95) was found on 30-day old seedlings and statistically three treatments were giving the lowest number of grains panicle-1 (Table 1). Guilani et al. (2003) reported that the number of grains panicle-1 was influenced significantly due to different age of seedlings. Several researchers reported that by following of lower transplanting dates of seedling increased panicle length (Vijayakumar et al., 2006).
3.1.6.2 Effect of depth of seedlings
Number of grains panicle-1 was significantly influenced by the effect of depth of seedlings at 1% level of probability. The highest number of grains panicle-1 (82.09) was recorded from 4 cm depth of seedlings and the lowest number of grains panicle-1 (73.18) was recorded from 6 cm depth of seedlings which was statistically identical with 2 cm depth of seedlings (Table 2). Siddika et al. (2024) reported that depth of seedlings mostly affected on number of grains panicle-1 when depth of seedlings was used more than 5 cm.
3.1.6.3 Effect of interaction of age and depth of seedlings
Number of grains panicle-1 was significantly influenced by the combined effect of interaction of age and depth of seedlings at 1% level of probability. The interaction results mentioned that the highest number of grains panicle-1 (98.22) was produced by 30-day old seedlings and 4 cm depth of seedlings. The lowest number of grains panicle-1 (68.89) was produced by 35-day old seedlings and 6 cm depth of seedlings (Table 3).
3.1.7 Number of sterile spikelets panicle-1
3.1.7.1 Effect age of seedlings 
The number of sterile spikelets panicle-1 was not significantly influenced by different age of seedlings. Numerically, the highest number of sterile spikelets panicle-1 (9.76) was occurred on 35-day old seedlings and the lowest number of sterile spikelets panicle-1 (8.52) was occurred on 25-day old seedlings (Table 1). The number of sterile spikelets panicle-1 of rice was gradually increased but after a certain period, it was decreased may be used different age of seedlings. Sarker et al. (2013) reported that the number of sterile spikelets panicle-1 was influenced and highest by age of seedlings.
3.1.7.2 Effect of depth of seedlings 
The number of sterile spikelets panicle-1 was not significantly influenced by the effect of depth of seedlings. The maximum number of sterile spikelets panicle-1 (9.49) was obtained in 6 cm depth of seedlings and the lowest number of sterile spikelets panicle-1 (8.78) was obtained in 4 cm depth of seedlings (Table 2).
3.1.7.3 Effect of interaction of age and depth of seedlings
The number of sterile spikelets panicle-1 was not significantly influenced by the interaction effect of different age of seedlings and different depth of seedlings. From the interaction result seen that the highest number of sterile spikelets panicle-1 (10.09) was found in 35-day old seedlings with 2 cm depth of seedlings treatment combination and the lowest number of sterile spikelets panicle-1 (7.77) was found in 25-day old seedlings with 2 cm depth of seedlings (Table 3).
3.1.8 Weight of 1000-grains 
3.1.8.1 Effect of age of seedlings
Weight of 1000 grains were significantly influenced by different ages of seedlings at 1% level of probability. The highest weight of 1000 grains (14.18) were found at 40-day old seedlings and the lowest weight of 1000 grains (13.70) was recorded at 25-day old seedlings (Table 1). Kabir et al. (2004) conducted an experiment and reported that the weight of 1000-grains varied among different age of seedlings. Wang et al. (2002) reported that different age of seedlings gave maximum weight of 1000 grains.
3.1.8.2 Effect of depth of seedlings 
Weight of 1000 grains were not significantly influenced by different depths of seedlings at 1% level of probability. The highest weight of 1000 grains (14.16) were found at 4 cm depth of seedlings while the lowest weight of 1000 grains (13.89) were found at 6 cm depth of seedlings (Table 2). Weight of 1000-grains was affected due to use of different depth of seedlings.
3.1.8.3 Effect of interaction of age and depth of seedlings
Weight of 1000 grains were significantly influenced by the effect of the interaction of different ages and depths of seedlings. The interaction results elucidated that the highest weight of 1000 grains (14.41) were occurred at 40-day old seedlings with 2 cm depth of seedlings and the lowest weight of 1000 grains (13.15) was occurred at 25-day old seedlings with 2 cm depth of seedlings (Table 3).
3.1.9 Grain yield 
3.1.9.1 Effect of age of seedlings
The grain yield was significantly influenced by the different age of seedlings at 1% level of probability. The highest grain yield (2.76 t ha-1) was achieved from    30-day old seedlings. On the other hand, the lowest grain yield (2.34 t ha-1) was obtained from the 40-day old seedlings (Fig. 1). Rakesh and Sharma (2005) found significant variation among different age of seedlings in terms of grain yield. Liu et al. (2017) reported that grain yield was declined when over 25-day old seedlings used in transplanting.

















Fig. 1. Effect of age of seedlings on grain yield (t ha-1), Bar represents standard error of the mean
A1= 25-day old seedlings, A2= 30-day old seedlings, A3= 35-day old seedlings, A4= 40-day old.
3.1.9.2 Effect of depth of seedlings 
The grain yield was not significantly influenced by different depth of seedlings. Numerically, the highest grain yield (2.67 t ha-1) was recorded from 4 cm depth of seedlings and the lowest grain yield (2.48 t ha-1) was found from 6 cm depth of seedlings (Fig. 2). Sanusan et al. (2010) reported that grain yield was significantly affected by depth of seedlings. Optimum depth of seedlings produces higher grain yield.



















Fig. 2. Effect of depth of seedlings on grain yield (t ha-1), Bar represents standard error of the mean
D1= 2 cm depth of seedlings, D2= 4 cm depth of seedlings, D3= 6 cm depth of seedlings.
3.1.9.3 Effect of interaction of age and depth of seedlings
The grain yield was significantly influenced by the combination effect of interaction of age and depth of seedlings at 1% level of probability. The highest grain yield (3.01 t ha-1) was produced by 30-day old seedlings and 4 cm depth of seedlings. On the contrary, the lowest grain yield (2.15 t ha-1) was obtained from the interaction of 40-day old seedlings and 6 cm depth of seedlings (Table 3).
3.1.10 Straw yield 
3.1.10.1 Effect of age of seedlings 
The straw yield was significantly influenced by the effect of age of seedlings at 1% level of probability. The highest straw yield (6.52 t ha-1) was recorded which obtained from the 30-day old seedlings and the lowest straw yield (4.35 t ha-1) was recorded which obtained from the 40-day old seedlings (Fig. 3). Haque (2002) reported that the effect of age of seedlings on straw yield was significantly influenced.

























Fig. 3. Effect of age of seedlings on straw yield (t ha-1), Bar represents standard error of the mean
A1= 25-day old seedlings, A2= 30-day old seedlings, A3= 35-day old seedlings, A4= 40-day old seedlings.
3.1.10.2 Effect of depth of seedlings
“The straw yield was significantly influenced by the effect of depth of seedlings at the 1% level of probability. The highest straw yield (5.76 t ha-1) was found in 4 cm depth of seedlings treatment and the lowest straw yield (5.00 t ha-1) was obtained in 6 cm depth of seedlings (Fig. 4). Different depth of seedlings treatment improves yield component such as numbers of grains panicle-1 and decreased number of sterile spikelets panicle-1, which is mostly responsible for high yield of straw” (Sanusan et al., 2010).




















Fig. 4. Effect of depth of seedlings on straw yield (t ha-1), Bar represents standard error of the mean
D1= 2 cm depth of seedlings, D2= 4 cm depth of seedlings, D3= 6 cm depth of seedlings.
3.1.10.3 Effect of interaction of age and depth of seedlings
The straw yield was significantly influenced by the effect of interaction between age and depth of seedlings at 1% level of probability. It can be seen from table 3; that the highest straw yield (6.81 t ha-1) was achieved from 30-day old seedlings with 4 cm depth of seedlings combination and the lowest straw yield (3.88 t ha-1) was achieved from 40-day old seedlings with 6 cm depth of seedlings combination (Table 3).
3.1.11 Biological yield 
4.1.11.1 Effect of age of seedlings 
The effect of different age of seedlings on biological yield found significant at 1% level of probability. The highest biological yield (9.28 t ha-1) was recorded which obtained from the 30-day old seedlings and the lowest biological yield (6.69 t ha-1) was recorded which obtained from the 40-day old seedlings (Table 1). Farhat et al. (2023) reported that the effect of age of seedlings on biological yield was significantly influenced.
3.1.11.2 Effect of depth of seedlings
“The depth of seedlings significantly influenced on biological yield at the 1% level of probability. The highest biological yield (8.43 t ha-1) was found in 4 cm depth of seedlings treatment and the lowest biological yield (7.49 t ha-1) was obtained in 6 cm depth of seedlings (Table 2). Different depth of seedlings treatment improves yield component such as numbers of grains panicle-1 and decreased number of sterile spikelets panicle-1, which is mostly responsible for high yield” (Sanusan et al., 2010).
3.1.11.3 Effect of interaction of age and depth of seedlings
Biological yield was significantly influenced by the interaction between age and depth of seedlings at 1% level of probability. It can be seen from table 3; that the highest biological yield (9.83 t ha-1) was achieved from 30-day old seedlings with 4 cm depth of seedlings combination and the lowest biological yield (6.03 t ha-1) was achieved from 40-day old seedlings with 6 cm depth of seedlings combination (Table 3).
3.1.12 Harvest index 
3.1.12.1 Effect of age of seedlings 
The effect of different age of seedlings on harvest index found significant at 1% level of probability. The highest harvest index (34.92) was recorded from the 40-day old seedlings which was statistically identical with 35-day old seedlings and the lowest harvest index (29.69) was recorded from the 30-day old seedlings (Table 1). 
3.1.12.2 Effect of depth of seedlings
The depth of seedlings not significantly influenced on harvest index. Numerically, the highest harvest index (33.39) was found in 6 cm depth of seedlings treatment and the lowest harvest index (31.61) was obtained in 4 cm depth of seedlings (Table 2). 
3.1.12.3 Effect of interaction of age and depth of seedlings
Harvest index was significantly affected by the interaction between age and depth of seedlings at 1% level of probability. It can be seen from table 3; that the highest harvest index (37.51) was achieved from 40-day old seedlings with 2 cm depth of seedlings combination and the lowest harvest index (29.01 t ha-1) was achieved from 30-day old seedlings with 2 cm depth of seedlings combination (Table 3).
	Age of seedlings
	Plant height (cm)
	Total tillers hill-1
(no.)
	Effective tillers hill-1
(no.)
	Non effective tillers hill-1
(no.)
	Panicle length (cm)
	Grains panicle-1
(no.)
	Sterile spikelets
(no.)
	weight of 1000 grains (g)
	Biological yield 
(t ha-1)
	Harvest index
(%)

	A1
	127.68b
	11.89b
	11.02a
	0.87
	21.18
	75.66b
	8.52
	13.70b
	8.34b
	32.36ab

	A2
	134.32a
	12.66a
	11.70a
	0.96
	21.18
	85.95a
	8.98
	14.00ab
	9.28a
	29.69b

	A3
	116.07c
	10.74c
	9.65b
	1.08
	20.95
	71.29b
	9.76
	14.06ab
	7.26c
	33.46a

	A4
	118.39c
	10.50c
	9.64b
	0.85
	21.39
	72.96b
	9.10
	14.18a
	6.69d
	34.92a

	LSD (0.05)
	4.07
	0.73
	0.85
	0.48
	0.64
	6.24
	1.28
	0.40
	0.41
	3.63

	Level of Significance
	**
	**
	**
	NS
	NS
	**
	NS
	**
	**
	**

	CV%
	3.36
	6.52
	8.29
	22.38
	3.12
	8.36
	14.40
	2.94
	5.38
	11.39


Table 1. Effect of age of seedlings on the yield contributing characters and yield of Kasturi aromatic rice at harvest
[bookmark: _Hlk203694106][bookmark: _Hlk203694336]In column, means followed by different letters are significantly different. In column, means followed by same letters are not significantly different. **=1%level of probability, NS=non-significance, A1= 25-day old seedlings, A2= 30-day old seedlings, A3= 35-day old seedlings, A4= 40-day old seedlings.

Table 2: Effect of depth of seedlings on the yield contributing characters and yield of Kasturi aromatic rice at harvest
	Depth of seedlings
	Plant height (cm)
	Total tillers hill-1
(no.)
	Effective tillers hill-1
(no.)
	Non effective tillers hill-1
(no.)
	Panicle length (cm)
	Grains panicle-1
(no.)
	Sterile spikelets
(no.)
	weight of 1000 grains (g)
	Biological yield 
(t ha-1)
	Harvest index
(%)

	D1
	120.10b
	11.51b
	10.45b
	1.06
	21.20ab
	74.12b
	9.01
	13.90
	7.77b
	32.83

	D2
	129.49a
	12.56a
	11.87a
	0.68
	21.47a
	82.09a
	8.78
	14.16
	8.43a
	31.61

	D3
	122.76b
	10.27c
	9.19c
	1.08
	20.84b
	73.18b
	9.49
	13.89
	7.49b
	33.39

	LSD (0.05)
	3.53
	0.63
	0.73
	0.41
	0.55
	5.41
	1.10
	0.34
	0.35
	3.14

	Level of Significance
	**
	**
	**
	NS
	**
	**
	NS
	NS
	**
	NS

	CV%
	3.36
	6.52
	8.29
	22.38
	3.12
	8.36
	14.40
	2.94
	5.38
	11.39


In column, means followed by different letters are significantly different. In column, means followed by same letters are not significantly different. **=1%level of probability, NS=non-significance, D1= 2 cm depth of seedlings, D2= 4 cm depth of seedlings, D3= 6 cm depth of seedlings.
Table 3. Interaction effect of age and depth of seedlings on the yield contributing characters and yield of Kasturi rice at harvest
	Interaction

	Plant height (cm)
	Total tillers hill-1
(no.)
	Effective tillers hill-1
(no.)
	Non effective tillers hill-1
(no.)
	Panicle length (cm)
	Grains panicle-1
(no.)
	Sterile spikelets
(no.)
	weight of 1000 grains (g)
	Grain yield 
(t ha-1)
	Straw yield 
(t ha-1)
	Biological yield 
(t ha-1)
	Harvest index
(%)

	A1D1
	125.17cde
	12.00cd
	10.99bc
	1.00
	21.78a
	73.40bcd
	7.77
	13.15c
	2.46abc
	5.47d
	7.93d
	31.06bc

	A1D2
	131.00bc
	13.47ab
	12.74a
	0.73
	21.51ab
	80.58bc
	8.99
	14.10ab
	2.91ab
	5.90bc
	8.81bc
	32.65abc

	A1D3
	126.89cd
	10.22fg
	9.34def
	0.88
	20.24c
	72.99bcd
	8.81
	13.84abc
	2.77abc
	5.52cd
	8.30cd
	33.39abc

	A2D1
	130.17bcd
	12.44bc
	11.23b
	1.21
	20.81abc
	82.72b
	8.99
	14.05ab
	2.71abc
	6.63a
	9.34ab
	29.01c

	A2D2
	138.44a
	14.00a
	13.54a
	0.45
	21.69a
	98.22a
	8.72
	14.27ab
	3.01a
	6.81a
	9.83a
	30.67bc

	A2D3
	134.33ab
	11.55cde
	10.33bcde
	1.22
	21.03abc
	76.92bcd
	9.23
	13.70bc
	2.56abc
	6.12b
	8.68bc
	29.39bc

	A3D1
	106.55g
	11.11def
	9.66cdef
	1.44
	20.85abc
	70.21cd
	10.09
	13.99ab
	2.35abc
	4.60ef
	6.95f
	33.73abc

	A3D2
	123.33de
	11.44cdef
	10.41bcd
	1.03
	21.47ab
	74.78bcd
	9.31
	14.24ab
	2.49abc
	5.41d
	7.91de
	31.51abc

	A3D3
	118.33ef
	9.66g
	8.88ef
	0.78
	20.53bc
	68.89d
	9.89
	13.96ab
	2.45abc
	4.48f
	6.94f
	35.16abc

	A4D1
	118.50ef
	10.50efg
	9.91bcde
	0.58
	21.38ab
	70.16cd
	9.19
	14.41a
	2.58abc
	4.27fg
	6.85f
	37.51a

	A4D2
	125.17cde
	11.33cdef
	10.81bcd
	0.52
	21.21abc
	74.79bcd
	8.09
	14.05ab
	2.28bc
	4.91e
	7.19ef
	31.62abc

	A4D3
	111.50fg
	9.67g
	8.22f
	1.44
	21.58ab
	73.92bcd
	10.03
	14.08ab
	2.15c
	3.88g
	6.03g
	35.64ab

	LSD (0.05)
	7.06
	1.26
	1.47
	0.83
	1.11
	10.82
	2.21
	0.69
	0.67
	0.40
	0.41
	6.29

	Level of Significance
	**
	**
	**
	NS
	**
	**
	NS
	**
	**
	**
	**
	**

	CV%
	3.36
	6.52
	8.29
	22.38
	3.12
	8.36
	14.40
	2.94
	15.65
	4.46
	5.38
	11.39


In column, means followed by different letters are significantly different. In column, means followed by same letters are not significantly different. **=1%level of probability, NS=non-significance, A1= 25-day old seedlings, A2= 30-day old seedlings, A3= 35-day old seedlings, A4= 40-day old seedlings, D1= 2 cm depth of seedlings, D2= 4 cm depth of seedlings, D3= 6 cm depth of seedlings.
4. Conclusion

From the above results it was found that 30-day old seedlings and 4 cm depth of seedlings treatment exhibited the superior effect. Therefore, for Indian Kasturi aromatic rice 30-day old seedlings at 4 cm depth of seedlings could be recommended in aman rice season in Bangladesh. In addition, multilocation field trial could be recommended.  
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