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ABSTRACT

	Water management practices significantly influence rice growth and yield, with water-saving techniques like Alternate Wetting and Drying (AWD) and controlled irrigation often increasing water productivity and grain yield compared to continuous flooding, while deep flooding can inhibit growth. The research gap is the lack of specific studies on how modern water management practices like AWD affect the growth and yield of locally important varieties like Binadhan5 and BRRI dhan28. The policy implications suggest that farmers can achieve higher water productivity and water savings by adopting these water-saving methods, leading to more sustainable rice production without compromising yield, particularly in drought-prone or water-scarce areas. A field experiment was conducted at the Bangladesh Agricultural University (BAU) to find out the effects of different water management practices on growth and yield of two boro rice cultivars Binadhan5 and BRRI dhan28. The experiment was laid out in split-plot design with water management practices in the main plot and rice varieties in the sub-plot. The water management practices were as (I1) alternate wetting and drying of the field denoting application of 5 cm irrigation water when water level in the perforated PVC pipe fell 15 cm below ground level, (I2) irrigation after 5 days of saturation, (I3) continuous flooded condition. The highest grain yield of rice was obtained from the variety Binadhan5 followed by BRRI dhan28. Among the different water management practices, alternate wetting and drying (I1) recorded the highest grain yield of rice followed by irrigation after 5 days of saturation (I2) and continuous flooded condition (I3). The resultant effect has shown that effective water management practices along with use of suitable variety help in improving the yield per drop of water used and can double the income of farmers.
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1. INTRODUCTION

[bookmark: _Hlk210216175]Agriculture in Bangladesh is characterized by intensive crop production, mainly rice. The soil and climatic conditions of Bangladesh are favorable for rice cultivation throughout the year. In Bangladesh Rice crop was grown on 11.8 million hectares of land and the production was 56.25 million metric tons (International Production Assessment Division (IPAD), 2025). But the yield of rice per unit at farmer's level is much lower than potential yield. The average yield of rice is 4.77 t ha-1 which is quite low compared to that of many other rice growing countries like China, Japan, South Korea and USA where yields are 7.2, 6.88, 6.9 and 8.47 t ha-1, respectively (IPAD, 2025). The reasons for low yield of rice mainly associated with the lack of modern varieties, judicious management of fertilizers, irrigation and other intercultural operations. Variety plays an important role in rice production. Use of local cultivars is one of the most important reasons for low yield. Among the different management practices special emphasis should be given on irrigation. Thus, selection of potential variety and proper management of irrigation can play a crucial role to increase grain yield and national income.
Water plays a vital role in growth, yield and nutrient uptake of rice plant. Insufficient water affects the germination of seed, cell division, tillering and nutrient uptake of the plants. Rice plants need adequate moisture throughout of its life cycle. In tropical Asia on an average a total of 1245 mm of water required for the complete growth cycle of rice. This total can be split into 40 mm for seedling nursery, 200 mm for land preparation and 1000 mm for satisfying the need during the whole growing period (Vibhute et al., 2016; Hossain et al., 2021; Mairghany, Nor Adam and Elsoragaby 2022). So, optimum supply of water is one of the most important factors in rice production.
In Bangladesh, three rice growing seasons are differentiated: Aus (early monsoon rice), Aman (monsoon rice) and Boro (dry season) rice. The latter is sown in November-December and harvested in May and is fully irrigated. Boro rice production in the 2024-2025 season amounted to 30.18 million ton, which is 55.29% of the total annual rice production in Bangladesh (BBS, 2025). Thus, the production of dry season irrigated rice has a predominant importance for national food security (SAHA, RAHMAN and ASGAR 2018; Islam et al., 2024; Adams et al., 2025). On the other hand, water shortage during the boro season in Bangladesh is a growing problem due to climatic change and upstream water regulation of the major rivers in Bangladesh. So, water saving is the main issue in maintaining the sustainability of rice production when water resources are becoming scarce (Datta, Ullah and Ferdous 2017; Surendran et al., 2021; Johnson et al., 2024; Savari, Amghani and Miladi 2025).
From time immemorial, rice is grown in lowland areas under continuous flooded (CF) conditions. It is estimated that over 75% of the world’s rice is produced using CF water management practices (Nawaz et al., 2022; Islam et al., 2025). According to Vijayakumar et al. (2023) and Mallareddy et al. (2023) the CF method is very inefficient as about 50-80% of the total water input is wasted. Moreover, high emissions of methane (Kudo et al., 2014; Nguyen, Trinh and Bach 2020; da Silva et al., 2025), greater vulnerability to water shortage than other cropping systems (Wichaidist et al., 2023), leaching of soluble nutrients, reduced soil microbial activities and reduced mineralization from the soil complexes (Majumdar et al., 2023; Tang et al., 2025) are the negative impacts of CF in rice fields. The irrigation water can be reduced by decreasing the relatively large and unproductive losses from seepage, percolation and evaporation and AWD can drastically diminish these losses (Datta, Ullah and Ferdous 2017; Gilardi et al., 2023; Bwire et al., 2024; Wichaidist et al., 2025). The country has about 8.58 million hectares of cultivable land, out of which about 64.72% is brought under irrigation by using surface and underground water for crops production especially for boro rice production (Chaki et al., 2023). The remaining 37.55% land remains outside irrigation coverage due to not only lack of development of irrigation facilities but also due to on-farm water distribution and management practices of the existing facilities (Chaki et al., 2023).
In the face of this troubling reality, the International Rice Research Institute (IRRI) has developed several water-saving technologies to help farmers cope better with water scarcity in their paddy fields; alternate wetting and drying (AWD) is one of those recently introduced in Bangladesh. The Alternate Wetting and Drying (AWD) is a water saving technology for irrigated rice production and it is appropriate for boro rice cultivation in Bangladesh. It is a water management system where rice fields are not kept continuously submerged but are allowed to dry intermittently during the rice growing stage. This method is increasingly used in parts of Asia, especially in Japan, China, and India. Contrary to most lowland rice-growing practices used throughout the world, the rice field is not under continuous flooding but instead, is irrigated intermittently during the production period (Foomani et al., 2021; Arouna et al., 2023; Bwire et al., 2024). AWD is the method that can increase the water use efficiency at the field level by reducing seepage and percolation during the production period.
Although Bangladesh may be more commonly recognized as a country dominated by abundant water, it is not available throughout the year and some regions do experience water shortages. In particular, the north-western part of the country frequently suffers from physical water scarcity during boro season. As groundwater presents the major water source for irrigated rice cultivation in the region, the ongoing intensification of rice production adds additional pressures to underground water resources. Besides, loss of water in rice field is also a problem due to different climatic factors which cannot be controlled and especially so during the dry season (summer). So, now selection of variety and proper management of irrigation can reduce water loss along with increasing the yield of rice. Keeping in view the importance of potential Boro rice and per drop more crop concept, a research was conducted to achieve the following objectives:
1. To evaluate the yield of two boro rice varieties grown under different water management practices.
[bookmark: _Hlk210904840]2. To evaluate the effects of different water management practices on yield contributing characters (Plant Height, Number of effective tillers hill-1, Panicle Length, Filled grains panicle-1, and 1000 grain weight) of two boro rice varieties.
3. To find out the suitable water management practice to get maximum rice yield.

2. MATERIALS AND METHODS
The experiment was carried out at the Field Laboratory of the Department of Soil Science, Bangladesh Agricultural University, Mymensingh, during boro season of 2023. The aim was to study the effects of different water management practices on growth and yield of two boro rice cultivars. The materials used and the methods followed for the experiment has been described under the following subheadings.
2.1 Description of the experimental site
2.1.1 Location
The experimental site belongs to the Soil Science Field laboratory, Bangladesh Agricultural University, Mymensingh. Geographical position of the land is located approximately between the latitude of 24°26' and 24°54' N and between the longitude of 90°15' and 90°30' E. The map of study area is shown in Figure 1.
2.1.2 Agro- ecological region
The BAU experimental farm belongs to the agro- ecological zone (Old Brahmaputra Alluvial Soil) under Old Brahmaputra Flood Plain, "AEZ-9" (UNDP and FAO, 1988).
2.1.3 Climate and Soil
The experimental area experiences sub-tropical climate where temperature is high during Kharif season (April- September) and low in Rabi season (October­ March). Usually scanty rainfall prevailed in Rabi and heavy rainfall during Kharif season. Humidity remains high, during most part of the year except Rabi season. The morphological characteristics of soil of the experimental site are given below:
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Figure 1 Bangladesh Agricultural University map with the research area (Agricultural Farm) marked by an arrow sign.
Table 1 Morphological characteristics
	Morphology
	Characteristics

	Location
	Soil Science Field Laboratory of Bangladesh Agricultural University, Mymensingh

	Land Type
	Medium high land

	Topography
	Fairly level

	General soil type
	Non-calcareous Dark Grey Floodplain

	Soil series
	Sonatala


	Agro-ecological zone
	Old Brahmaputra Floodplain

	Flood level
	Above flood level

	Drainage
	Moderate





2.2 Treatments
There were two factors in the experiment. 
Factor A: Varieties
There were two varieties of boro rice.
V1= Binadhan5 
V2= BRRI dhan28 
Factor B: Water management practices
Three water management practices were followed in this experiment.
I1= Alternate wetting and drying (AWD)
I2= Irrigation after five days of saturation
I3= Continuous flooded condition
Therefore, there were six treatments as follows:
T1=I1V1   T2=I1V2   
T3=I2V1   T4=I2V2   
T5=I3V1   T6=I3V2   
2.3 Replication
The treatments were replicated three times.
2.4 Experimental design and layout
The experiment was laid out in a split plot design having 2 varieties, 6 treatments and 3 replications. The layout of the experiment is presented in Figure 2. The size of each unit plot was 4m X 3m. The whole experimental plot was divided into 3 blocks and each block into 6-unit plots. The blocks were treated as treatment (water management). The unit plots were randomly selected for varieties and replications.

2.5 Land preparation
The land was prepared on February 1, 2023 for cultivation of boro rice. It was prepared by repeated ploughing with a powertiller. Every ploughing was followed by laddering to have a good tilth. All kinds of weeds and stubbles of the previous crops were removed from the field. After leveling, the experimental plot was laid out as per treatment and design. Individual plot was cleaned and leveled by a wooden plank before transplanting. Finally, to prevent seepage between the plots and the buffer zones, polythene sheets were pushed into the edges of the levees along the perimeter of all of the AWD plots.
2.6 Application of fertilizer
The land was uniformly fertilized with 180 kg urea, 115 kg TSP and l00 kg MOP per hectare, respectively. Fertilizers such as Urea, TSP and MOP were used for sources of N, P, and K respectively. The full doses of all fertilizers except urea were applied as basal dose to the individual plot during final land preparation. Urea was top dressed in three equal splits at 15, 30 and 45 days after transplanting (DAT).
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[bookmark: _Hlk210110941]V1= Binadhan5, 	V2 = BRRI dhan28
I1=AWD, I2 = irrigation after 5 days of saturation, I3 = Continuous flooding
R1= Replication-1,	R2 = Replication-2,	R3 = Replication-3
Legend: Plot size= 4m x 3m, Block to block distance= 1m.

Figure 2 Layout of the experiment
2.7 Transplanting of seedlings
Seedlings were carefully uprooted from seedling nursery bed and transplanted in the plots on February 2, 2023. Seedling to seedling spacing was 20 cm and line to line spacing was also 20 cm.
2.8 Placement of PVC pipe
PVC pipes were placed vertically in the field leaving a part beneath the soil so that water in the pipe can be observed. It was done to maintain alternate wetting and drying (AWD) condition during the growing period of the crop.



2.9 Intercultural operation
2.9.1	Weeding
The experimental plots were infested with some common weeds which were removed twice by hand weeding.
2.9.2	Irrigation
Since, the experiment was to talk based on water management practices, so irrigation water was supplied to the field for several times. The plots of treatrnent-1 (T1) were irrigated ·when the soil became dried below 15 cm of the ground that was measured by perforated plastic pipes; in treatment-2 (T2) were irrigated after 5 days of saturation of soil; and in treatrnent-3 (T3) were irrigated to keep the plots continuous flooded condition. All irrigation was shallow irrigation (5 cm). Excess water of the channel was drained out.
2.9.3	Disease and insect control
Since no infestation of disease and insect were observed in the plots, no plant protection measure was taken.
2.10	Harvesting and threshing
The crop was harvested just above the ground level on 04 May 2023 (BRRI dhan28) and 01June 2023 (Binadhan5). The harvested crop of each plot was separately bundled, properly tagged and then brought to threshing floor. Threshing, cleaning and drying of grain and straw of individual plots were done carefully. The grain and straw yields were taken plot wise and converted into t ha-1.
2.11 Procedure of data collection
Data were recorded on the following parameters:
 i. Plant height (cm)
ii. Total number of effective tillers plant-1
iii. Panicle length(cm)
iv. Number of filled grains per panicle
v. Weight of thousand grain (g)
vi. Grain yield (t ha- 1)
vii. Straw yield (t ha- 1)
viii. Biological yield


A brief outline of the data recording procedure is as follows:
2.11.1	Plant height
Height of the plant was measured from the ground level to the tip of the uppermost spikelet of the panicle and their average was calculated.
2.11.2	Number of effective tillers per hill
Five hills were taken randomly from each plot and total number of effective tillers per hill was recorded.
2.11.3	Panicle length
Length of panicle was measured from the selected samples and their average was calculated.
2.11.4	Number of filled grains spike-1
Number of grains per panicle was counted taking ten spikes from the 5 selected plants of each plot and the average number was recorded.
2.11.5	Weight of 1000 grains
One thousand clear dried grains were randomly counted from the seeds obtained from the harvested plot and weighed by as electrical balance and were expressed in gram.
2.11.6	Grain yield
The grains were separated from straw by threshing immediately after harvesting and fresh weight of grains of each unit plot was recorded. Then the grains were sun-dried for the determination of moisture content. The obtained moisture was subtracted from the fresh weight of grain. The grain yield was finally converted to t ha-1.
2.11.7	Straw yield
Straw obtained from each unit plot including the straw of sample plants of respective unit plot was dried in sun and weight to record the final straw yield plot and finally converted to t ha-1.
2.11.8	Biological yield
Biological yield is the summation of grain yield and straw yield.  It was calculated by the following formula:
Biological yield (t ha-1) = (grain yield + straw yield) t ha-1
2.12 Statistical analysis
The analysis of variances for yield contributing characteristics and yield were done following the ANOVA technique and the mean results in case of significant f-value were adjudged by Duncan's Multiple Range Test (DMRT) as laid out by Gomez and Gomez (1984).
3. results and discussion

3.1 Results
3.1.1 Plant Height
The plant heights were significantly affected due to different water management practices. Plant height was found to be statistically significant at 1% level of probability (Table 2). Plant heights of different water management practices ranged from 89.11 cm to 93.40 cm. The tallest plant (93.40 cm) was observed with the water management I3 and the shortest (89.11 cm) in water management I1.
The effect of rice variety on plant height was statistically significant. The tallest plant (95.31 cm) was obtained from V3 while the shortest (83.64 cm) was obtained from V2 (Table 3).
The interaction effect of water management practices and varieties were insignificant (Table 4) considering the plant height. However, the tallest plant (96.67 cm) was observed for the interaction I3V1 and the shortest plant (78.80 cm) was for I1V2.
3.1.2 Effective Tillers
The number of effective tillers per hill in different water management practices varied significantly at 1% level of probability (Table 2). The highest number of effective tillers per hill 15 was found in water management I1 and lowest number of effective tillers per hill 12 was found in water management I3.
The number of effective tillers per hill varied significantly at 1 % level of probability due to three rice varieties (Table 3). The highest numbers of effective tillers per hill 15 was obtained from V1 while the lowest 11 was obtained from V2.
The interaction effect of water management practices and varieties were insignificant (Table 4) considering the numbers of effective tillers per hill. However, the highest number of effective tillers per hill 17 was observed for the interaction I1V1 and the lowest number of effective tillers per hill 10 was I3V2.
3.1.3 Panicle length
Panicle length of boro rice was insignificantly affected by water management practices (Table 2). However, the longest panicle (22.96 cm) was found in water management 12 and the shortest panicle (22.84 cm) in water management I1.
The effect of rice variety on panicle length was statistically significant at 1% level of probability (Table 3). The highest panicle (23.33 cm) was obtained from variety V1 and the lowest (21.98 cm) from variety V2.
The interaction effect of water management practices and varieties showed insignificant variation for the panicle length (Table 4). It can also be seen that the combination I3V1 produced the highest panicle (23.40 cm) and the combination I1V2 produced the lowest panicle (21.78 cm).


3.1.4 Filled Grains per Panicle
Water management practices in rice field had significant effect on number of filled grains per panicle at 1% level of probability (Table 2). It was found that the highest number of filled grains per panicle was 118 obtained in water management I1. The lowest number of filled grains per panicle was 113 found in water management I3.
The effect of rice variety on number of filled grains per panicle was statistically significant at 1% level of probability (Table 3). The highest number of filled grains per panicle was 135 from variety V1 and the lowest number was 85 from variety V2.
The interaction effect of water management practices and varieties showed that significant variation was found on the number of filled grains per panicle (Table 4). The result also indicated that combination I1V1 produced the highest number of filled grains per panicle was 142 and the combination I3V2 produced the lowest number of filled grains per panicle was 84.

Table 2 Effect of water management practices on yield contributing characters of rice

	Water
management 
practices
	Plant Height (cm) 	
	No of effective tillers hill-1

	Panicle Length (cm)
	Filled grains panicle-1

	1000 grain
weight (g)

	I1
	89.11 b
	15.33 a
	22.84
	118.7 a
	23.32 a 

	I2
	93.27 a
	13.27 b
	22.96
	115.7 b
	23.26 a

	I3
	93.40 a
	12.89 b
	22.89
	113.0 c
	22.78 b

	Least significant difference (LSD) 0.05
	2.21
	1.48
	0.495
	1.43
	0.189

	SE (±)
	0.716
	0.482
	0.161
	0.466
	0.061

	Level of
significance

	**
	**
	NS
	**
	**

	CV (%) (Coefficient of variation)
	2.34
	10.46
	2.10
	1.21
	0.80


** = Significant at 1% level of probability, NS = Not significant
I1 = Alternate Wetting and Drying (AWD), I2 = Irrigation after 5 days of saturation, I3= Continuous flooding



3.1.5 Thousand grain weight
Thousand grain weights were significant in different water management practices (Table 2). The highest 1000-grain weight (23.32 g) was found in water management Il and the lowest 1000-grain weight (22.78 g) in water management I3.
Thousand grain weights were significantly influenced by variety level (Table 3) due to three rice varieties. The highest 1000-grain weight (24.12 g) was obtained from V1 while the lowest (22.53g) was obtained from V2.
The interaction effect of water management practices and varieties were insignificant. The highest 1000-Grain weight (24.40 g) was observed for the interaction I2V1and the lowest (22.31 g) for I3V2 (Table 4).
3.1.6 Grain Yield
The influence of water management practices on grain yield was statistically significant at 1% level of probability (Table 5). The highest grain yield (6.27 t ha-1) was obtained with the water management I1 and the lowest yield (5.16 t ha-l) in water management I3.
The effect of rice variety on grain yield was also statistically significant at 1% level of probability (Figure 3). The highest grain yield (6.56 t ha-1) was obtained from variety V1 and the lowest (5.03 t ha-1) from variety V2.

Table 3 Effect of variety on yield contributing characters of rice

	Variety
	Plant Height (cm) 

	
	No of effective tillers hill-1

	Panicle Length (cm)
	Filled grains panicle-1

	1000 grain
weight (g)

	V1
	95.31 a
	15.98 a
	23.33 a
	135.8 a
	24.12 a

	V2
	83.64 b
	11.69 b
	21.98 b
	85.69 b
	22.72 b

	LSD0.05
	1.24
	1.27
	0.252
	2.41
	0.194

	SE (±)
	0.316
	0.322
	0.064
	0.616
	0.050

	Level of
significance

	**
	**
	**
	**
	**

	CV (%)
	2.34
	10.46
	2.10
	1.21
	0.80


** = Significant at 1% level of probability, NS = Not significant
V1 = Binadhan5, V2 = BRRI dhan28




Table 4 Integrated effects of variety and water management practices on yield contributing characters of rice
	Variety X Water
management 
practices
	Plant Height (cm) 	
	No of effective tillers hill-1

	Panicle Length (cm)
	Filled grains panicle-1

	1000 grain
weight (g)

	V1I1
	93.93
	17.67
	23.33
	142.9 a 
	24.31

	V1I2
	95.33
	15.67
	23.27
	134.9 b 
	24.40

	V1I3
	96.67
	14.60
	23.40
	129.7 c 
	23.64

	V2I1
	78.80
	13.00
	21.78
	87.67 d 
	22.92

	V2I2
	86.13
	12.00
	21.87
	85.07 e 
	22.85

	V2I3
	86.00
	10.07
	22.20
	84.33 ef 
	22.38

	LSD0.05
	3.82
	2.57
	0.857
	2.48
	0.328

	SE (±)
	1.24
	0.834
	0.278
	0.807
	0.106

	Level of
significance

	NS
	NS
	NS
	**
	NS

	CV (%)
	2.34
	10.46
	2.10
	1.21
	0.80


** = Significant at 1% level of probability, NS = Not significant 
V1 = Binadhan5, V2 = BRRI dhan28, I1 = Alternate Wetting and Drying (AWD), I2 = Irrigation after 5 days of saturation and I3= Continuous flooding

The interaction effect of water management practices and rice varieties showed that significant variation was found on the grain yield (Table 6). It can be seen that combination of I1V1 produced the highest yield (6.35 t ha-1) and the combination of I3V2 produced the lowest grain yield (4.64 t ha-1).
3.1.7 Straw Yield
The influence of water management practices on straw yield was statistically significant at 1% level of probability (Table 5). The highest straw yield (6.3 t ha-1) was obtained in water management I1 and the lowest (4.87 t ha-1) in water management I3.
The effect of rice variety on straw yield was statistically significant at 1% level of probability (Figure 3). The highest straw yield (5.91 t ha-1) was obtained from variety V1 and the lowest (4.86 t ha-1) from variety V2.
The interaction effect of water management practices and two rice varieties showed that significant variation was found on the straw yield (Table 6). It was also found that combination of I1V1 produced the highest yield (6.79 t ha-1) and the combination of I3V2 produced the lowest straw yield (4.26 t ha-1).
Table 5 Effect of water management practices on grain yield, straw yield, biological yield and harvest index of rice varieties
	Water management
practices

	Grain yield
(t ha-1)
	Straw yield
(t ha-1)
	Biological yield
(t ha-1)
	Harvest index (%)

	I1
	6.278 a
	6.307 a
	12.58 a
	49.92 b

	I2
	5.404 b
	5.634 b
	10.74 b
	50.26 b

	I3
	5.162 c
	5.476 b
	10.04 c
	51.44 a

	LSD0.05
	0.126
	0.198
	0.279
	0.796

	SE (±)
	0.041
	0.064
	0.091
	0.259

	Level of
significance

	**
	**
	**
	**

	CV (%)
	2.20
	3.51
	2.45
	1.53


** = Significant at 1% level of probability, NS = Not significant
I1 = Alternate Wetting and Drying (AWD), I2 = Irrigation after 5 days of saturation, I3= Continuous flooding
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Figure 3 Effect of variety on grain yield, straw yield, biological yield and harvest index of rice varieties. The value of the means differs significantly using LSD at p<0.05 where the LSD values are 0.155, 0.198, 0.110, and 0.961 as well as CV (%) values are 2.2, 3.51, 2.45, and 1.53 respectively.
Table 6 Integrated effects of variety and water management practices on grain yield, straw yield, biological yield and harvest index of rice varieties
	Variety X Water
management 
practices
	Grain yield
(t ha-1)
	Straw yield
(t ha-1)
	Biological yield
(t ha-1)
	Harvest index (%)

	V1I1
	6.350 a
	6.793 a
	13.14 a
	48.30 d

	V1I2
	5.297 c
	5.490 b
	10.79 b
	49.11 cd

	V1I3
	5.053 d
	4.923 c
	9.979 c
	50.65 ab

	V2I1
	5.723 b
	5.540 b
	11.26 b
	50.81 ab

	V2I2
	4.750 e
	4.800 c
	9.551 c
	49.76 bc

	V2I3
	4.640 e
	4.263 d
	8.903 d
	52.10 a

	LSD0.05
	0.218
	0.342
	0.484
	1.38

	SE (±)
	0.071
	0.112
	0.157
	0.448

	Level of
significance

	*
	*
	*
	*

	CV (%)
	2.20
	3.51
	2.45
	1.53


* = Significant at 5% level of probability, 
V1 = Binadhan5, V2 = BRRI dhan28, I1 = Alternate Wetting and Drying (AWD), I2 = Irrigation after 5 days of saturation and I3= Continuous flooding

3.1.8 Harvest Index
The effect of water management practices on harvest index (Table 5) was statistically significant at 1% level of probability. The harvest index was the highest in water management I3 (51.44%) and the minimum in water management Il (49.92%).
The effect of rice variety on harvest index was statistically significant (Figure 3). The highest harvest index (51.38%) was obtained from variety V2 and the lowest (49.36%) from variety V1, respectively.

The interaction effect of water management practices and three rice varieties showed that significant variation was found on the harvest index (Table 6). It was also observed that combination I3V2 produced the highest harvest index (52.10%) and the combination I1V1 produced the lowest harvest index (48.30%).
 

3.2 Discussion
[bookmark: _Hlk210904912]The plant heights were significantly affected due to different water management practices. The comparative sequence of water management for plant height is I3>I2>I1. It has evident that there was decreasing trend in plant height due to the unavailability of the required amount of water needed for the proper growth of the crop. The results are in conformation with Hu et al. (2025) that found lower plant height was found in moisture stress condition. Yadav et al. (2023) reported that varietal difference regarding the panicle length might be due to their differences in genetic makeup. The interaction effect of water management practices and varieties were insignificant considering the plant height.
[bookmark: _Hlk210051184]The highest number of effective tillers per hill 15 was found in water management I1 in followed by 13 in water management I2 which was statistically identical with water management I2 and lowest number of effective tillers per hill 12 was found in water management I3. So, the comparative sequence of water management for effective tillers is 11>12>I3. The number of effective tillers per hill varied significantly at 1 % level of probability due to three rice varieties. Islam et al. (2025) reported that the number of total tillers per hill varied due to varietal changes. The interaction effect of water management practices and varieties were insignificant considering the numbers of effective tillers per hill.
Panicle length did not show significant responses with water management practices. However, from table 2 it was revealed that the longest panicle (22.96 cm) was found in water management I2 and the shortest panicle (22.84 cm) in water management I1. The effect of rice variety on panicle length was statistically significant at 1% level of probability. Shah et al. (2025) reported that varietal difference regarding the panicle length might be due to their differences in genetic makeup. The interaction effect of water management practices and varieties showed insignificant variation for the panicle length.
[bookmark: _Hlk210051475]Water management practices in rice field had significant effect on number of filled grains per panicle at 1% level of probability (Table 2). It was found that the highest number of filled grains per panicle was 118 obtained in water management I1. The lowest number of filled grains per panicle was 113 found in water management I3. The effect of rice variety on number of filled grains per panicle was statistically significant at 1% level of probability. Zhou et al. (2025) and Howlader et al. (2025) also reported that varietal differences in number of filled grains per panicle might be due to genotypic variation. The result also indicated that combination I1V1 produced the highest number of filled grains per panicle was 142 and the combination I3V2 produced the lowest number of filled grains per panicle was 84.
Thousand grain weights were significant in different water management practices. The comparative sequence of water management for thousand grain weight is I1>I2>I3. Thus, it is clear that the maximum 1000 grain weight was found in alternate flooding and wetting and minimum in continuous flooding. Thousand grain weights were significantly influenced by variety level due to two rice varieties. The highest 1000-grain weight (24.12 g) was obtained from V1 while the lowest (22.72 g) was obtained from V2. The interaction effect of water management practices and varieties were insignificant. The highest 1000 grain weight (24.40 g) was observed for the interaction I2V1 and the lowest (22.38 g) for I3V2.
[bookmark: _Hlk210230309]The influence of water management practices on grain yield was statistically significant at 1% level of probability. This helped to conclude that the lowest yield in continuous flooding is not always necessary to produce the maximum yield. This result partially agrees with Hossain and Islam (2022) who reported that maintaining continuous standing water in hybrid rice field is not necessary for optimum yield. They found that application of irrigation water 7 days after disappearing of standing water from the rice field could be practiced for obtaining optimum yield of hybrid rice with minimum water application. The effect of rice variety on grain yield was also statistically significant at 1% level of probability. The variety V1 was the best in respect of producing the highest grain yield. Moukoumbi et al. (2023) and Howlader et al. (2025) found significant variation among the rice genotypes in terms of grain yield. Gupta et ai. (2023) reported that grain yield may differ due to genetic characteristics of the varieties. The interaction effect of water management practices and rice varieties showed that significant variation was found on the grain yield. It can be seen that combination of I1V1 produced the highest yield (6.35 t ha-1) and the combination of I3V2 produced the lowest grain yield (4.64 t ha-1).
[bookmark: _Hlk210904795]The influence of water management practices on straw yield was statistically significant at 1% level of probability. Straw yield varies due to water management practices and comparative sequence for straw yield was found as I1> I2> I3. The variety V1 was the best in respect of producing straw yield. Mehata et al. (2023) reported that they found variable straw yields among different varieties of rice. The interaction effect of water management practices and three rice varieties showed that significant variation was found on the straw yield (Figure 2). It was also found that combination of I1V1 produced the highest yield (6.79 t ha-1) and the combination of I3V2 produced the lowest straw yield (4.26 t ha-1).
The effect of water management practices on harvest index was statistically significant at 1% level of probability. This result shows that alternate flooding and wetting after disappearance water helps to obtain higher harvest index.
This result is similar with the findings of Geoffroy Sossa et al. (2025) who reported that treatment having continuous flooding could not improve harvest index. The highest harvest index was recorded against BRRI dhan28 due to higher grain yield and lower straw yield. It was also observed that combination I3V2 produced the highest harvest index (52.10%) and the combination I1V1 produced the lowest harvest index (48.30%).

4. CONCLUSION

[bookmark: _Hlk210049190][bookmark: _Hlk210904430][bookmark: _Hlk210889302]The overall results indicate that the yield contributing components and yields of two Boro rice cultivars (Binadhan5 and BRRI dhan28) were significantly influenced by the different water management practices but the interaction effect of water management practices and varieties on yield contributing characters were statistically insignificant. The highest and lowest grain yields were as 6.28 t ha-1 in treatment I1 (AWD) and 5.16 t ha-1 in treatment I3 (continuous flooding). The individual yield performance of the two rice cultivars revealed that Binadhan5 (V1) produced the highest yield of 5.57 t ha-1 and BRRI dhan28 (V2) produced the lowest yield of 5.04 t ha-1. In addition, the interaction effect of water management practices and rice varieties showed that significant variation was found on the grain yield. It can be seen that combination of I1V1 produced the highest yield (6.35 t ha-1) and the combination of I3V2 produced the lowest grain yield (4.64 t ha-1). Thus, among the two rice cultivars, (V1) showed superiority over the other one rice cultivar. Continuous standing water in the rice field, which is a usual practice in Bangladesh, was not found to give optimum yield. Rather it is better to apply water when water level in the perforated PVC pipe fell 15 cm below ground level (AWD condition). Now the per drop more crop policy of the government of Bangladesh is going to contribute greatly towards doubling farmer’s income through efficient use of every drop of water to increase use efficiency of all other inputs and also by decreasing crop production wastage on resources which will fetch higher returns in agricultural production system. The result of this research will be applicable only to medium high land, non-calcareous, and dark gray floodplain soil of Sonatala soil series under Old Brahmaputra Floodplain agro-ecological zone. Further research is recommended to optimize these practices across diverse agro-ecological zones, enhancing climate resilience in rice cultivation.
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