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ABSTRACT 

	Appropriate age of seedling at transplanting is a critical consideration for the growth and yield of rice. In the coastal region of southwestern lowland condition need to determine the suitable seedling age of short duration T. aman rice. Thus, a field experiment was conducted from July to November 2023 at the Bangladesh Institute of Nuclear Agriculture (BINA), Sub-station, Binerpota, Satkhira, to evaluate the growth and yield of Aman rice varieties influenced by seedling age. The experiment was arranged with a factorial randomized complete block design (RCBD) and replicated three times. The factorial experiment consisted of eight rice varieties (Binadhan-11, Binadhan-16, Binadhan-17, Binadhan-20, Binadhan-22, Binadhan-23, Binadhan-7, and Binashail) and five seedling ages (15, 25, 35, 45, and 55 days old) as experimental treatments. Results revealed significant variations in growth, yield, and yield-contributing characteristics due to seedling age, rice variety, and their interaction. Transplanting of 25-day-old seedlings showed the highest yield performance (5.64 t ha⁻¹) with an increment of 11% from younger seedlings (15-days-old) and 12-68% from older seedlings (35-55 days-old) grain yield of yet 35-day-old seedlings demonstrated superior growth traits such as plant height, flag leaf length, and effective tiller production. Among the varieties, Binadhan-23 had the highest grain yield (5.29 t ha⁻¹). In case of the interaction effect of variety and seedling age, the highest grain yield (6.55 t ha-1) was attained in Binadhan-23 with 25-days old seedlings. From the findings of this study it can be suggested that among the variety and seedling age Binadhan-23 with 25-days-old seedling are suitable for the coastal region of southwestern Bangladesh. 	Comment by admin: T stands for?
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1. INTRODUCTION 

Rice (Oryza sativa L.) is the staple food for the majority of the population in Bangladesh and contributes significantly to the country's food security and economy. Among the rice-growing seasons, aman rice is particularly important as it is cultivated during the monsoon season, utilizing rainwater and natural resources effectively. Rice is cultivated in three distinct season in Bangladesh namely aus (April-July), aman (July-November) and boro (December-April) seasons where 49% area covered by aman rice yet the yield potential is much lower (average yield 1.0 t ha-1) while the average yield potential of broro rice is much higher (4.32 t ha-1) (BBS, 2024). However, rice production in the southwestern coastal region of Bangladesh faces numerous challenges, including soil salinity, waterlogging, and climatic variability. These factors necessitate the adoption of appropriate agronomic practices to optimize growth and yield. About 76% of the people live in rural areas, and 47.5% of the total manpower is involved in agriculture. In Bangladesh, agriculture contributes 11.55% of the gross domestic product (GDP) of the country and employs ~44.42% of the total labor force (BBS, 2024). 
In recent years, the Bangladesh Institute of Nuclear Agriculture (BINA) has developed several high-yielding and stress-tolerant Aman rice varieties tailored to meet the challenges of climate change, soil salinity, and other regional constraints. These varieties have demonstrated promising results under diverse agro-ecological conditions. However, optimal agronomic practices, particularly the appropriate seedling age for transplanting, are essential to fully harness their genetic potential. BINA has developed several rice varieties that are well-suited to the unique conditions of the coastal areas. These varieties are designed to tolerate salinity, resist submergence, and adapt to the region's agro-ecological challenges. 
Seedling age plays a crucial role in determining the establishment, tillering, and subsequent growth and yield of rice. Transplanting older or younger seedlings than recommended may lead to poor crop establishment, reduced photosynthetic efficiency, and suboptimal grain yield (Vishwakarma et al., 2016; Lampayan, et al., 2015). The coastal region of southwestern Bangladesh is characterized by its unique agro-climatic conditions, such as moderate salinity and monsoon-driven water availability, and requires location-specific recommendations to ensure sustainable rice production. The aim of the experiment is to evaluate the effects of varying seedling ages on the growth and yield performance of selected BINA-released Aman rice varieties in the Khulna region. By identifying the optimal seedling age for transplanting, the findings of this research will contribute to enhancing rice productivity and supporting the livelihoods of farmers in the region. 

2. material and methods 

2.1 Details of the experimental site 
The experiment was conducted at Bangladesh Institute of Nuclear Agriculture (BINA) sub- station (22°74ʹ N latitude and 89°10ʹ E longitude at an altitude of 8.6 m above the mean sea level), Binerpota, Satkhira. The experiment was conducted during the period from July, 2023 to November, 2023 in the monsoon season. Soil of the experimental site was silty clay loam in texture. 
2.2 Experimental design and treatments
The experiment was laid out in a randomized complete block design having three replications. The factorial experiment consisted of eight varieties (Binashail, Binadhan-7, Binadhan-11, Binadhan-16, Binadhan-17, Binadhan- 20, Binadhan – 22 and Binadhan- 23) and five different ages of seedlings for transplanting (15, 25, 35, 45, 55 days old) as treatments. The unit plot size of the experiment was 10 m2 with a spacing of 1.5 m and 1.0 m between the blocks and plots, respectively. 
2.3 Seed sowing and seedling transplanting
Sprouted seeds were uniformly spread on a well prepared seedbed at different times as per the treatments (seedling age). The main field was prepared 2 days before transplanting of seedlings following ploughing, cross-ploughing followed by laddering. The seedlings were uprooted carefully without having any injury. The seedling of different ages were transplanted (3 seedling hill-1) on 23rd August, 2023 maintaining 20 cm spacing both between the row and hill. 
2.4 Crop management
The source of N, P, K, S and Zn were urea, triple super phosphate (TSP), muriate of potash (MoP), gypsum and zinc sulphate, respectively. All the fertilizers except urea were applied during final land preparation and properly incorporated with the soil. Urea was broadcasted in two equal splits at 10 and 30 days after transplanting (DAT). Intercultural operations like gap filling, weeding, water management and plant protection measures were carried out as and when necessary and was kept similar in all the plots. The crops were harvested at full maturity. 
2.5 Data collection and calculation	Comment by admin: Mention the details of the measured traits
Five hills plot-1 were randomly selected and tagged (avoiding the border lines) for the measurement of growth parameters and yield attributes. For the calculation of yield (grain and straw) crops were harvested from the sample area (1.0 m2) then separated the grains. The grains from the sample area were then dried at 12% moisture content and the straw was oven dried at 72 °C and measured at constant weight thereafter converted both the grain and straw yield in t ha-1.  
2.6 Statistical Analysis
The collected data were compiled and analysed statistically using the analysis of variance (ANOVA) technique with the help of computer package program name R data analysis software and the mean differences were adjusted by Least Significant Difference (LSD) test at 5% level of probability. The graphs were prepared using computer package Microsoft Excel.


3. results and discussion	Comment by admin: ANOVA table can be included and discussed in the results 

[bookmark: _Hlk215402429]3.1 Effect of seedling age, variety and their interaction on plant height
Plant height was significantly higher with the use of 35 days-old-seedling which was on parity with 15 and 25 days-old-seedling while the lowest plant height was noticed with the use of older seedling (55 days) (Table 1a). This variation might be attributed to the fact that seedlings of optimum age can complete their vegetative phase under favorable climatic conditions. A similar result was reported by Islam (2021), who stated that increased plant height from earlier transplanted seedlings might be due to enhanced vigor, better root growth, and reduced transplant shock. Among the different varieties, Binadhan-20 substantially produced the tallest plant which was on parity with Binashail and Binadhan-23 while shortest was observed in Binadhan-16 (Table 1b). The variation in plant height among different varieties can be attributed to genetic makeup of the varieties. The findings of this research is align with the results of Sarker et al. (2012), who reported that plant height varies significantly among rice varieties. Significantly the tallest plant was attained in Binashail with 35 days old seedling which was statistically identical to the same variety with 15 & 25 days old seedling and the interaction of Binadhan 20 with 35 days old seedlings whereas the shortest was recorded from Binadhan 17 with 55 days old seedling (Table 1c). These findings are in consistent with Amin et al. (2009), who noted that plant height varied significantly due to the combined effect of seedling age and variety.
3.2 Effect of seedling age, variety and their interaction on flag leaf length
Flag leaf length was differed significantly among the seedling age (Table 1a), variety (Table 1b) and the interaction of seedling age and variety (Table 1c). The highest flag leaf length was attained in 35 days-old-seedlings, which was statistically similar to 25 and 15 days old seedlings whereas the shortest was observed in 55 days-old-seedlings. The decrease in flag leaf length at older seedling may be due to environmental conditions. Similar findings were reported by Imran et al. (2015) and sing et al., (2023), who found greater flag leaf length in 25 days old seedlings and the shortest in older seedlings. Among the rice varieties, Binashail exhibited the highest flag leaf which was statistically at par with the variety Binadhan-17 while the lowest was found in the Binadhan-11. This variation in leaf length among varieties is likely due to genetic makeup of the varieties. The results of this study align with the findings of Sarker et al. (2012), who reported that flag leaf width varies among rice varieties due to genetic differences. Flag leaf length varied significantly due to the combined effect of variety and seedling age (Table 2c). The highest flag leaf length was recorded in Binadhan-17 at 15 days old seedlings, which was statistically similar to Binashail at 25 and 35 days old seedlings. In contrast, the lowest flag leaf length was found in Binadhan-7 at 55 days old seedlings.
The number of effective tillers was significantly affected by different seedling ages (Table 1a). The highest number of effective tillers was recorded in 35 days-old-seedlings, which was statistically similar to 25 days-old-seedlings. The lowest number of effective tillers was observed in 55 days-old-seedlings. Medium-aged seedlings produced a higher number of tillers compared to older seedlings, possibly due to less root damage and minimal transplanting shock. This result aligns with the findings of Islam (2021), who reported that optimum-aged seedlings showed a higher number of effective tillers. The number of effective tillers hill-1 was significantly different among rice varieties of T. aman rice at harvest (Table 1b). The highest number of effective tillers hill-1 was recorded in the Binadhan-23 variety, while the lowest was observed in Binadhan-11. This variation is likely due to genetic differences among varieties (Islam, 2012). Similar findings were also reported by Azad et al. (2022), who noted that the number of effective tillers varies among different rice varieties. The combined effect of variety and seedling age significantly influenced the number of effective tillers hill-1 at different DAT (Table 1c). The highest number of effective tillers was observed in Binadhan-16 at 35 days old seedlings, which was statistically similar to the Binashail variety at 25 days old seedlings. Conversely, the lowest number of effective tillers (5.87) was found in Binadhan-17 at 55 days old seedlings. Aktar et al. (2022) also reported similar findings, highlighting that the optimum seedling age facilitates better vegetative growth and tiller production under favorable climatic conditions.
Table 1a. Effect of seedling age on growth of T. aman in the coastal region of southwestern Bangladesh
	Seedling age
	Plant height (cm)
	Flag leaf length (cm)
	No. of effective tillers
	No. of non- effective tillers

	15 days old
	97.88ab
	31.15ab
	10.03ab
	1.84b

	25 days old
	103.26a
	32.58a 
	10.12a 
	1.94b

	35 days old
	103.89a
	32.80a
	10.30a
	2.44a

	45 days old
	91.55b
	29.95b
	9.65bc
	2.46a

	55 days old
	85.38bc
	29.38b
	9.33c
	1.86b

	LS
	**
	**
	**
	**

	CV (%)
	11.36
	11.79
	7.318
	10.55


Here, LS, LSD and CV indicate level of significance, least significant difference and co-efficient of variation, respectively. Data in each column bearing similar letter(s) denote statistically similar whereas different letter (s) denote statistically dissimilar. Here, ** indicate significant at 1% level of probability.

The number of non-effective tillers at harvest varied significantly with seedling age (Table 1a). The highest number of non-effective tillers was recorded in 45 days-old-seedlings, which was statistically similar to 35 days-old-seedlings. The lowest number of non-effective tillers was observed in the youngest seedlings (15 days old). The reduction in non-effective tillers in younger seedlings may be due to less root damage and minimal transplanting shock, allowing better establishment after transplanting. Rice variety significantly influenced the number of non-effective tillers hill-1 in T. aman rice at harvest (Table 1b). The highest number of non-effective tillers hill-1 was recorded in the Binadhan-20 variety which was statistically similar with Binashail, whereas the lowest was observed in Binadhan-17. This variation is likely due to genetic differences among varieties. Similar findings were reported by Azad et al. (2022), who noted that genetic makeup and heredity influence the production of non-effective tillers. The combined effect of variety and seedling age significantly influenced the number of non-effective tillers hill-1 at different DAT (Table 1c). The highest number of non-effective tillers was recorded in Binadhan-20 at 45 days old seedlings, whereas the lowest was found in Binadhan-22 at 55-day-old seedlings.

Table 1b. Performance of growth parameters with different T. aman rice varieties
	Varieties
	Plant height (cm)
	Flag leaf length (cm)
	No. of effective tillers
	No. of non- effective tillers

	Binashail
	110.71a
	36.77a
	9.73c
	2.51ab

	Binadhan -7
	96.80b
	28.14ef
	9.73c
	2.44b

	Binadhan-11
	95.10bc
	26.37f
	8.22e
	1.85d

	Binadhan-16
	81.58d
	29.35de
	10.51b
	2.21c

	Binadhan-17
	83.87d
	34.22ab
	9.11d
	1.44e

	Binadhan-20
	111.01a
	31.20cd
	9.63cd
	2.61a

	Binadhan-22
	87.24cd
	29.88de
	10.31b
	1.73d

	Binadhan-23
	104.82a
	33.43bc
	11.87a
	2.07c

	LS
	**
	**
	**
	**

	CV (%)
	11.36
	11.79
	7.38
	10.55


Here, LS, LSD and CV indicate level of significance, least significant difference and co-efficient of variation, respectively. Data in each column bearing similar letter(s) denote statistically similar whereas different letter (s) denote statistically dissimilar. Here, ** indicate significant at 1% level of probability.
Table 1c. Interaction effect of varieties and seedling age on growth of T. aman in the coastal region of southwestern Bangladesh
	Variety
	Seedling age (days)
	Plant height (cm)
	Flag leaf length (cm)
	No of effective tillers panicle-1
	No of non- effective tillers panicle-1

	

Binashail 

	15 
	141.41a
	34.53a-e
	9.33i-o
	1.73jk

	
	25 
	134.60a
	40.18ab
	15.07a
	1.40k-n

	
	35 
	142.57a
	40.26ab
	9.27j-o
	3.47b

	
	45 
	75.70m
	37.21a-d
	9.87f-k
	2.73de

	
	55
	79.27kl
	31.72a-f
	9.73h-m
	3.20bc

	

Binadhan-7

	15
	103.30c-g
	27.40c-f
	9.47i-n
	1.40k-n

	
	25 
	94.80d-k
	29.96b-f
	7.47q
	2.13h-i

	
	35
	100.93c-h
	28.96b-f
	9.40i-o
	2.45e-h

	
	45 
	92.80d-k
	32.89a-f
	10.47e-i
	3.08cd

	
	55 
	92.17d-k
	21.48f
	11.87cd
	3.13bc

	Binadhan-11
	15 
	97.83c-j
	31.60a-f
	7.60pq
	1.67jkl

	
	25 
	90.97e-k
	23.93ef
	7.77pq
	1.80ij

	
	35 
	100.50c-i
	26.91c-f
	8.27opq
	2.47e-h

	
	45 
	94.63d-k
	25.16d-f
	8.33n-q
	1.60j-m

	
	55
	91.57e-k
	24.25ef
	9.13k-o
	1.73jk

	

Binadhan-16 

	15 
	86.80g-l
	30.01b-f
	13.20b
	2.40e-h

	
	25 
	83.83h-l
	28.90b-f
	12.53bc
	2.17gh

	
	35 
	83.83h-l
	30.20b-f
	15.07a
	2.47e-h

	
	45 
	81.80jkl
	28.16b-f
	9.87f-k
	2.47e-h

	
	55 
	72.67l-m
	29.49b-f
	8.67l-p
	1.53j-m

	

Binadhan-17

	15 
	89.30f-l
	42.41a
	8.67l-p
	1.53j-m

	
	25 
	89.40f-l
	33.25a-f
	9.67h-m
	1.60j-m

	
	35 
	92.07d-k
	31.48a-f
	11.33de
	1.27mn

	
	45 
	87.17g-l
	33.33a-f
	10.00f-k
	1.47j-m

	
	55 
	71.40m
	30.62a-f
	5.87r
	1.33l-n

	

Binadhan-20

	15 
	113.73bc
	32.40a-f
	9.80g-l
	3.13bc

	
	25 
	106.00c-f
	31.96a-f
	8.33n-q
	1.53j-m

	
	35 
	127.70ab
	31.76a-f
	9.73h-m
	2.47e-h

	
	45 
	108.17cde
	30.74a-f
	11.67cd
	4.63a

	
	55 
	99.47c-j
	29.10b-f
	8.60m-q
	1.31lmn

	

Binadhan-22

	15 
	90.17f-l
	29.16b-f
	11.00def
	1.60j-m

	
	25 
	84.40h-l
	26.81c-f
	10.80d-h
	2.20gh

	
	35 
	94.72d-k
	38.57a-c
	9.53i-m
	2.40e-h

	
	45 
	87.23g-l
	28.24b-f
	10.33e-j
	1.40k-n

	
	55 
	79.67kl
	26.58c-f
	9.87f-k
	1.07n

	

Binadhan-23

	15 
	103.53c-g
	33.13a-f
	11.20de
	1.27mn

	
	25
	99.07d-j
	33.10a-f
	10.20e-k
	2.67ef

	
	35 
	109.37cd
	34.53a-e
	9.80g-l
	2.50efg

	
	45
	105.33c-f
	33.41a-f
	10.40e-j
	2.33fgh

	
	55 
	106.80c-f
	33.28a-f
	10.93d-g
	1.60j-m

	LS
	**
	*
	**
	**

	
	
	
	
	

	CV (%)
	11.36
	11.79
	7.38
	10.55


Here, LS, LSD and CV indicate level of significance, least significant difference and co-efficient of variation, respectively. Data in each column bearing similar letter(s) denote statistically similar whereas different letter (s) denote statistically dissimilar. Here, ** and * indicate significant at 1% and 5% level of probability, respectively.
3.3 Crop duration
[bookmark: _Hlk193409180]Among the different age’s seedlings, the maximum crop duration was noticed in 25 days-old-seedlings which was on similarity with 35 days-old-seedling but the lowest was recorded from 55 days-old-seedlings (Fig. 1). Crop duration wad significantly higher in the variety Binadhan-23 while the lowest duration was found in Binadhan-7 (Fig. 2). The interaction of seedling age variety had no significant effect on crop duration. In case of older seedlings, a major portion of vegetative growth phase completed in the seedbed that leads to earlier transition to reproductive phase resulting shorter crop duration. The findings of this research are in accordance with the findings of Virk et al. (2021) who noted that crop duration gradually declined with the use of older seedlings. The difference in crop duration among the varieties was due to the genetic variation of the respective varieties.     
p<0.01

Figure 1. Effect of seedling age on crop duration of T. aman grown in the coastal region of southwestern Bangladesh

[bookmark: _Hlk193536598]Figure 2. Effect of variety on crop duration of T. aman grown in the coastal region of southwestern Bangladesh
3.4 Effect of seedling age, variety and their interaction on yield and yield attributes
Panicle length is an important yield contributing character as its bear grains and significantly influenced due to transplanting different age of seedling (Table 2a). Result revealed that among all the seedling age, the height panicle length was recorded in transplanting 35 days-old-seedling which was also statistically similar with 15 days-old-seedling whereas the lowest panicle length was recorded in transplanting 55 days-old-seedling. It can be observed that the highest seedling age showed the lower panicle length. Islam (2021) also found the higher panicle length in 25 days-old-seedling and lower panicle length at 45 days old seedling. Experiment result revealed that different rice variety significantly influenced panicle length of T. aman rice (Table 2b). From the experiment result, it was clear that the highest panicle length was recorded in Binashail variety whereas the lowest panicle length was recorded in Binadhan-11. Different rice varieties have different panicle length due to the genetic makeup of the variety and higher panicle length is obtained from high yielding varieties comparable to low yielding rice varieties. Islam (2012) also supported the present study and reported that panicle length varied among varieties. Panicle length was significantly affected due to combined effect of variety and seedling age of T. aman rice at harvest (Table 2c). Experimental result revealed that the highest panicle length (28.75 cm) was recorded in Binashail variety at 25 days-old-seedling which is statistically similar with 15 days-old-seedling,35 days old seedling, 45 days-old-seedling and 55 days-old-seedling (28.09 cm, 27.23 cm, 26.65 cm and 26.89 cm) of Binashail variety. It can be noticed that Binashail variety showed the highest panicle length among all other varieties. The lowest panicle length found in Binadhan-17 variety at 55 days old seedling. Shah et al. (2023) also found that the younger seedling showed the higher panicle length. 
Filled grains panicle-1 of rice T. aman was significantly differ due to different age of seedling (Table 2a). Experimental result revealed that the highest number of filled grains panicle-1 was obtained in transplanting 25 days-old-seedling. Whereas the lowest number of filled grains panicle-1 was recorded in transplanting 45 days-old-seedling. The variation of filled grains panicle-1 at different seedling age might be due to the reason that, transplanting seedling at early age into the field easily handle the transplanting shock and comparative little or no root damage was occurred, whereas late transplanting result in poor growth, heavy transplanting shock, root damage, less solar radiation absorption and nutrient uptake which ultimately impact on growth, yield and yield contributing characters of rice.  It was clear from the experiment data that different rice variety significantly influenced the number of filled grains panicle-1 of T. aman rice (Table 2b). Result showed that among different varieties the highest number of filled grains panicle-1 was found in Binadhan-17 and the lowest number of filled grains panicle-1 that belongs to Binadhan-16. Variation in grain filling may have occurred due to genetic, environmental or cultural management practices adopted. Result obtained from the present study was similar with the findings of Sarker et al. (2012). At harvest, the variety and seedling age of the T. aman rice had a combined effect that had a substantial impact on the number of filled grains panicle-1 (Table 2c). Experimental result revealed that the highest number of numbers of filled grains panicle-1 was recorded in the variety of Binadhan- 23 at 25 days old seedling which is statistically similar with 25 days old seedling of Binashail variety whereas the lowest filled grain panicle-1 was found in Binashail variety at 45 days old seedling. 
Number of unfilled grains panicle-1 of T. aman rice was significantly differ due to different age of seedling at harvest (Table 2a). Experimental result revealed that the highest number of unfilled grains panicle-1 was obtained in transplanting 35 days-old-seedling. Whereas the lowest highest number of unfilled grains panicle-1 was recorded in transplanting 25 days-old-seedling. The younger seedling age showed the lower number of unfilled grain panicle-1. Amin et al. (2009) also reported that the younger seedling showed lower unfilled grain panicle-1. Different rice variety showed significant effect on number of unfilled grains panicle-1 of T. aman rice at harvest (Table 2b). Experiment result revealed that the highest number of unfilled grains panicle-1(101.01) was recorded in Binashail variety and the lowest number of unfilled grain panicle-1 was recorded in Binadhan-7. Variation in number of unfilled grains panicle-1 might be due to genetic characteristics of the varieties. Amin et al. (2009) also supported the present study and reported that unfilled grain panicle-1 varied among varieties. Number of unfilled grains panicle-1was significantly affected due to combined effect of variety and seedling age of T. aman rice at harvest (Table 2c). Experimental result showed that the highest number of numbers of unfilled grains panicle-1was recorded in Binashail variety at 35 days old seedling which is statistically similar with 45 days old seedling of the same variety whereas the lowest number of unfilled grain was recorded in the variety of Binadhan-7 at 25 days old seedling.


Table 2a. Effect of seedling age on yield attributes of T. aman in the coastal region of southwestern Bangladesh
	Seedling age
	Panicle length (cm)
	No. of filled grain panicle-1
	No. of unfilled grain panicle-1
	1000-grain weight (g)
	Biological
yield (t ha-1)
	Harvest
index (%)

	15 days old
	24.64a
	92.05b
	37.65b
	23.88bc
	11.60b
	38.54c

	25 days old
	23.83bc
	113.31a
	27.17c
	24.25ab
	13.03a
	43.402a

	35 days old
	24.75a
	90.52b
	43.79a
	23.91bc
	11.79b
	42.61ab

	45 days old
	24.06ab
	80.41c
	37.78b
	24.46a
	9.93c
	41.61b

	55 days old
	23.21c
	87.88b
	34.32b
	23.53c
	7.99d
	41.58b

	LS
	**
	**
	**
	**
	**
	**

	CV (%)
	5.78
	9.11
	17.68
	3.02
	8.85
	4.95


Here, LS, LSD and CV indicate level of significance, least significant difference and co-efficient of variation, respectively. Data in each column bearing similar letter(s) denote statistically similar whereas different letter (s) denote statistically dissimilar. Here, ** indicate significant at 1% level of probability.
From the result, the highest 1000-grain weight was found in 45 days-old-seedling which was statistically similar with 25 days old seedling whereas the lowest grain weight was found in 55 days-old-seedling (Table 2a). Plants kept for longer time in seedbed either get too leggy or become too woody due to check of growth and such old age seedlings do not make a quick start when transplanted in the main field. As a result, its cause’s negative impact on yield contributing characters compares to early transplanting of the seedling. So, it can be observed that an optimum age of seedling showed the better grain weight than the younger and older seedling. The result obtained from the present study was similar with the findings of Islam (2021) and he stated that appropriate time of transplanting resulted in higher 1000 grain weight. Different rice variety varied significantly on 1000 grains weight of T. aman rice at harvest (Table 2b). Experiment result revealed that the highest 1000 grains weight was recorded in Binadhan-20, whereas the lowest 1000 grains weight was recorded in Binashail-20 variety. The differences of the 1000 grains weight among different rice varieties may be attributes to the varietal performance and genetic makeup of the varieties. Islam et al. (2021) reported that 1000 grains weight was significantly differ due to the varietal performance. Experimental result revealed that the highest 1000 grains weight was recorded in Binadhan- 20 at the age of 15 days old seedling which is statistically similar with 45, 35 and 25 days old seedling (Table 2c). The variety Binadhan-20 showed the highest 1000 grain weight at different aged seedling whereas the lowest 1000 grain weight was found in Binashail variety at 15 days old seedling. From the result it is observed that Binashail variety showed poor performance in yield attributing character. Grain yield is the most important yield character which directly affect the overall yield of rice. 
Table 2b. Variation in yield and yield contributing characters of different T. aman rice varieties
	Varieties
	Panicle length (cm)
	No. of filled grain panicle-1
	No. of unfilled grain panicle-1
	1000-grain weight (g)
	Biol. yield
(t ha-1)
	Harvest
index (%)

	Binashail
	27.52a
	99.29b
	101.01a
	17.86f
	9.23b
	40.94c

	Binadhan -7
	22.67d
	84.56e
	16.11e
	21.83e
	11.41a
	41.23c

	Binadhan-11
	22.40d
	87.75de
	20.97d
	25.33c
	11.26a
	41.00c

	Binadhan-16
	22.55d
	65.53f
	19.65de
	26.63b
	8.67b
	39.81c

	Binadhan-17
	23.15d
	129.15a
	60.20b
	21.51e
	11.62a
	33.31d

	Binadhan-20
	24.61bc
	88.40de
	20.13de
	32.50a
	11.92a
	43.75b

	Binadhan-22
	24.43c
	91.22cd
	32.84c
	23.24d
	11.36a
	46.25a

	Binadhan-23
	25.46b
	96.77bc
	18.22de
	23.16d
	11.43a
	46.50a

	LS
	**
	**
	**
	**
	**
	**

	CV (%)
	5.78
	9.11
	17.68
	3.02
	8.85
	4.95


Here, LS, LSD and CV indicate level of significance, least significant difference and co-efficient of variation, respectively. Data in each column bearing similar letter(s) denote statistically similar whereas different letter (s) denote statistically dissimilar. Here, ** indicate significant at 1% level of probability.
Table 2c. Interaction effect of varieties and seedling age on yield attributes of T. aman in the coastal region of southwestern Bangladesh
	Variety
	Seedling age (days)
	Panicle length (cm)
	Filled grains panicle-1
	Unfilled grains panicle-1
	1000 grains weight (g)
	Biologicalyield 
(t ha-1)
	Harvest index (%)

	


Binashail


	15 
	28.09ab
	87.60g-l
	77.13cd
	17.29o
	9.68g-l
	40.88c-g

	
	25 
	28.75a
	162.47a
	79.03c
	18.09o
	11.97b-h
	40.14d-g

	
	35 
	27.23a-c
	76.87k-n
	120.20a
	17.90o
	9.78f-l
	40.02e-g

	
	45 
	26.65a-d
	65.60no
	119.13ab
	18.34o
	6.98-n
	42.37c-g

	
	55 
	26.89a-c
	103.90c-f
	109.53b
	17.67o
	7.75k-n
	41.29c-g


	

Binadhan-7

	15 
	23.48f-m
	89.00g-l
	18.07j-n
	21.84j-l
	12.16a-h
	41.20c-g

	
	25 
	21.04o-q
	83.60i-m
	7.00o
	21.55k-m
	13.76ab
	41.08c-g

	
	35 
	23.99e-l
	80.20j-m
	22.40i-l
	20.42mn
	12.18a-h
	42.53c-g

	
	45 
	22.23k-q
	85.47h-m
	23.20h-l
	22.10i-l
	10.76b-k
	41.47c-g

	
	55 
	22.60j-q
	84.53h-m
	9.87no
	23.25ghi
	8.18j-n
	39.86e-g


	

Binadhan-11 
	15 
	22.85i-p
	91.93f-j
	27.67g-j
	23.64gh
	11.54b-i
	42.29c-g

	
	25 
	21.11l-q
	82.73i-m
	22.73h-l
	25.15ef
	13.65a-c
	40.30d-g

	
	35 
	23.91e-m
	97.47d-h
	29.27f-i
	24.92f
	11.08b-j
	40.41d-g

	
	45 
	23.36f-n
	93.53f-j
	10.96m-o
	26.15cde
	11.53b-i
	41.68c-g

	
	55 
	20.76pq
	73.07mn
	14.20l-o
	26.78cd
	8.53i-m
	40.31d-g


	


Binadhan-16

	15 
	22.97h-p
	77.33k-n
	14.33l-o
	26.35cd
	10.35d-k
	41.10c-g

	
	25 
	23.30g-o
	75.67imn
	20.19i-n
	27.13bc
	11.33b-j
	40.37d-g

	
	35 
	22.91i-p
	66.20no
	23.73h-l
	25.71def
	10.85b-k
	41.05c-g

	
	45 
	21.70m-q
	50.67p
	19.60i-n
	28.19b
	5.73mn
	35.82g

	
	55 
	21.88l-q
	57.80op
	20.40i-m
	25.76def
	5.08n
	38.54fg


	

Binadhan-17

	15 
	23.59f-m
	134.oob
	76.67cd
	21.15lmn
	13.29a-d
	30.47h

	
	25 
	22.52j-q
	110.73cd
	39.40ef
	22.31i-l
	15.28a
	42.85c-f

	
	35
	26.97abc
	131.33b
	44.47e
	22.52h-k
	12.98a-f
	41.65c-g

	
	45 
	22.27k-q
	100.23c-g
	72.74cd
	20.37n
	11.24b-j
	41.24c-g

	
	55 
	20.43q
	112.20c
	67.73d
	21.19l-n
	5.44mn
	40.33d-g


	

Binadhan-20


	15 
	25.61c-f
	83.93h-m
	32.83fgh
	34.42a
	12.27a-h
	44.02b-f

	
	25 
	23.65f-m
	109.73cde
	16.40k-o
	33.54a
	12.96a-e
	44.88b-f

	
	35 
	24.24e-k
	92.47f-j
	19.67i-n
	33.63a
	13.16a-d
	43.80b-f

	
	45 
	25.01c-i
	66.07no
	17.07k-o
	33.97a
	11.59b-i
	41.98c-g

	
	55 
	24.55d-j
	89.80g-k
	14.67k-o
	26.95c
	9.66h-l
	44.06b-f


	


Binadhan-22

	15 
	25.46c-g
	77.87k-n
	35.13efg
	23.72g
	11.91b-h
	47.51a-c

	
	25 
	25.17c-h
	113.53c
	18.13j-n
	23.26ghi
	12.35a-h
	50.32ab

	
	35 
	23.21g-o
	89.95g-k
	71.67cd
	22.57g-k
	12.25a-h
	45.59a-e

	
	45 
	25.37c-g
	85.27h-m
	24.93g-k
	23.61gh
	11.02b-j
	43.48c-f

	
	55 
	22.94h-p
	89.47g-k
	14.33l-o
	23.02g-j
	9.26h-l
	41.37c-g


	

Binadhan-23

	15 
	25.11c-i
	94.73f-i
	19.33i-n
	22.61g-k
	11.55b-i
	46.57a-e

	
	25 
	25.05c-i
	168.00a
	14.47l-o
	22.99g-j
	12.98a-f
	51.24a

	
	35 
	25.59c-f
	89.67g-k
	18.90i-n
	23.58gh
	12.16a-h
	45.80a-e

	
	45 
	25.92b-e
	96.47e-i
	14.60k-o
	22.94g-j
	10.57c-k
	44.80b-f

	
	55 
	25.61c-f
	92.27f-j
	23.80h-l
	23.66gh
	9.96e-l
	46.85a-d


	LS
	*
	*
	**
	*
	**
	*

	CV (%)
	5.78
	9.11
	17.68
	3.02
	8.85
	4.95


Here, LS, LSD and CV indicate level of significance, least significant difference and co-efficient of variation, respectively. Data in each column bearing similar letter(s) denote statistically similar whereas different letter (s) denote statistically dissimilar. Here, ** and * indicate significant at 1% and 5% level of probability, respectively.
From Figure 3, the highest grain yield was found in 25 days-old-seedling whereas the lowest grain yield was found in 55 days-old-seedling which is very low in comparison with other younger seedling age (15, 25, 35 and 45 days). The older seedling age (55 days old) showed the lowest grain yield. Islam (2021) also found the similar finding and he reported that the younger seedling showed the higher yield than older seedling. Shah et al. (2023) also reported that the younger age seedling showed the higher grain yield than the older seedling. Different rice varieties significantly influenced grain yield (t ha-1) of T. aman rice (Figure 4). Experiment result showed the highest grain yield was recorded in Binadhan-23 variety which is statistically similar with Binadhan-22) and Binadhan-20 variety. Whereas the lowest grain yield was recorded in Binadhan-16 variety. The probable reason of the different grain yields due to the different growth and yield attributes like tillers hill-1, grains panicle-1, 1000 grain weight etc. which influenced by the genetic make-up of the variety. Different variety along with age of seedling significantly effect on grain yield of T. aman rice (Figure 5). Experiment result showed that, the maximum grain yield (as found in the combination of Binadhan-23 variety at 25 days old seedling which is statistically significant with the variety of Binadhan-22 at 25 days old seedling and Binadhan-17 at 15 days old seedling. From the combined effect it was clear that 25 days old seedling showed the better performance in yield. The lowest grain yield was recorded in Binadhan-16 at 55 days old seedling. 

Figure 3. Effect of seedling age on grain yield of T. aman grown in the coastal region of southwestern Bangladesh

Figure 4. Grain yield of T. aman varieties grown in the coastal region of southwestern Bangladesh

Figure 5. Effect of seedling age and variety on grain yield of T. aman rice grown in the coastal region of southwestern Bangladesh
Seedling age significantly effects on biological yield of T. aman rice at harvest (Table 2a). Experimental result revealed that the height biological yield was obtained in transplanting 25 days-old-seedling whereas the lowest biological yield was obtained in transplanting 55 days-old-seedling. It was clear that the younger seedling showed the highest biological yield than older seedling. Sarker (2012) also found similar result which supported the present finding and reported that seedling age significantly varied biological yield of aman rice. Different rice varieties significantly influenced biological yield of T. aman rice at harvest (Table 2b). Experiment result showed that the maximum biological yield was obtained from Binadhan-20 which is statistically similar with Binadhan-7, Binadhan-11, Binadhan-22 and Binadhan-23 whereas the lowest biological yield was found from Binadhan-16.
Different rice variety and seedling age had significant influence on biological yield of T. aman rice at harvest (Table 2c). Experiment result showed that, the highest interaction of biological yield was found from Binadhan-17 variety at 25 days old seedling which is statistically similar with 15 days old seedling of Binadhan-17, 25 days and 35 days old seedling of Binadhan-22 and 25 days old seedling, 35-days seedling of Binadhan-23 variety whereas the lowest biological yield was obtained from Binadhan-16 at 55 days old seedling.
[bookmark: _Hlk193407028]Transplanting different age of seedling showed significant effect on harvest index of T. aman rice (Table 2a). Experiment result revealed that the highest harvest index was obtained in 25 days old seedling which was statistically similar with 35 days old seedlings whereas the lowest harvest index was obtained in transplanting 15 days old seedling. The result obtained from the present study was similar with the findings of Islam et al. (2021) and reported that the highest harvest index (33.88%) was obtained from 22 days old seedlings. The lowest harvest index (30.467%) was obtained from 30 days old seedlings. So, harvest index was differed from different seedling age. Shah et al. (2023) also reported that the younger seedling showed the higher harvest index than older seedling. The experiment showed that the harvest index varied among rice varieties, with Binadhan-23 achieving the highest value which statistically similar to Binadhan-22 (Table 2b). This indicates their superior efficiency in converting biomass into grain yield. In contrast, the lowest harvest index was recorded in Binadhan-17, suggesting a lower grain-to-biomass ratio. These results highlight the importance of variety selection in improving harvest efficiency and overall productivity in rice cultivation. The experiment demonstrated that the highest harvest index was obtained from Binadhan-23 at 25 days old seedling, statistically similar to Binadhan-22 at 25 and 35 days and Binadhan-23 at 15 days. This suggests that these combinations efficiently convert biomass into grain yield. In contrast, the lowest harvest index was recorded in Binadhan-17 at 15 days old seedling, indicating poor grain formation relative to biomass (Table 2c). These results highlight the importance of selecting optimal seedling age and variety to maximize harvest efficiency in rice production.

4. Conclusion

This study comprehensively evaluated the interaction of seedling age and varietal performance on the growth and yield attributes of BINA-released T. aman rice varieties in the coastal region of southwestern Bangladesh. The findings reveal that both seedling age and rice variety significantly influenced plant morphology, yield-contributing traits and final grain yield. Transplanting 25-day-old seedlings consistently yielded the highest performance across key agronomic parameters, including grain yield (5.64 t ha⁻¹), number of filled grains per panicle, and harvest index (43.40%), thereby indicating this age as the optimal transplanting window. While 35-day-old seedlings demonstrated enhanced vegetative growth (e.g., maximum plant height and tiller number) this did not translate into the highest yield, emphasizing that optimal physiological maturity at transplanting is critical for reproductive success and resource use efficiency.
Among the tested varieties, Binadhan-23 emerged as the most productive, exhibiting the highest grain yield (5.29 t ha⁻¹), effective tillering capacity (11.87 tillers hill⁻¹) and a superior harvest index (46.50%). The interaction analysis further affirmed that the combination of Binadhan-23 with 25-day-old seedlings provided the maximum grain yield of 6.55 t ha⁻¹, thereby presenting a robust varietal and agronomic strategy for enhancing rice productivity in coastal agro-ecosystems characterized by salinity and climatic stress. These results strongly suggest that adoption of 25-day-old seedlings in combination with Binadhan-23 offers a promising and location-specific agronomic package for optimizing T. aman rice productivity in the saline-prone coastal regions of Bangladesh. This study not only supports sustainable rice production under challenging environments but also aligns with national food security goals by recommending resilient management practices for climate-vulnerable zones. Future research may focus on physiological and molecular underpinnings of seedling age-induced yield differences and conduct multi-location trials to validate the consistency of these findings.
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