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ABSTRACT

	Water control systems significantly influence Rice growth and yield, with water-saving strategies, such as Alternate Wetting and Drying (AWD) and controlled irrigation often increasing water productivity and grain yield related to continual 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 study was carried out at Bangladesh Agricultural University (BAU) to investigate the impacts of various water control systems on the development and yield of 2 Boro rice varieties Binadhan5 as well as BRRI dhan28. The research was conducted in split-plot design with water management practices in the main plot and rice cultivars in the sub-plot. The water control procedures were as follows: (I1) alternate wetting and drying of the field, indicating the usage of 5 cm irrigation water when the water surface in the pierced PVC pipe decreased 15 cm beneath earth surface, (I2) irrigation after 5 days of saturation, and (I3) continuous flooded condition. The maximum grain yield of rice was obtained from the cultivar Binadhan5 followed by BRRI dhan28. Among the different water management practices, alternate wetting and drying (I1) documented the maximum grain yield of rice followed by irrigation after 5 days of saturation (I2) and continuous flooded condition (I3). The resulting impact has proven that excellent water control measures, as well as the adoption of appropriate varieties, assist to increase yield every droplet of water utilized and can quadruple growers' revenue.
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1. INTRODUCTION

In Bangladesh, agriculture is defined by the cultivation of substantial crops, primarily rice. Bangladesh has ideal soil and environmental situations for rice growing around the year. In Bangladesh produced 56.25 million metric tons of rice on 11.8 million hectares of land (International Production Assessment Division (IPAD), 2025). However, the yield of rice per unit at the farmer base is significantly less than the possible yield. The median rice yield is 4.77 t ha-1, which is poor when related to many other rice-producing countries such as China, Japan, South Korea, and the United States, where yields are 7.2, 6.88, 6.9, and 8.47 t ha-1, correspondingly (IPAD, 2025). The primary causes of the poor rice production are the absence of contemporary cultivars, prudent fertilizer management, irrigation, and other intercultural activities. Cultivar performs a vital part in rice production. The usage of indigenous varieties is one of the primary causes of poor yield. Amongst the various management systems, irrigation should receive particular attention. Thus, selecting promising varieties and properly managing irrigation can perform a critical part in increasing grain yields and national wealth.
Water performs an important part in growth, yield and nutrient absorption of rice plant. A shortage of water impacts seed germination, cell division, tillering, and plant nutrition absorption. Rice plants require appropriate moisture during their life span.  In tropical Asia, a median of 1245 mm of water is needed for the whole rice development cycle. This total may be divided into 40 mm for seedling nursery, 200 mm for soil preparation, and 1000 mm for meeting the needs throughout the development season (Vibhute et al., 2016; Hossain et al., 2021; Mairghany, Nor Adam and Elsoragaby 2022). So, one of the most crucial aspects in rice cultivation is an adequate availability of water.
Bangladesh has 3 rice cultivating periods: aus (early monsoon rice), aman (monsoon rice), and boro (dry season rice). The latter is seeded in November-December and reaped in May and is completely watered. Boro rice cultivation in the 2024-2025 season measured to 30.18 million ton, which is 55.29% of the overall yearly rice cultivation in Bangladesh (BBS, 2025). Thus, the cultivation of dry season watered rice is of primary significance for national food security (SAHA, RAHMAN and ASGAR 2018; Islam et al., 2024; Adams et al., 2025). However, because of climate variations and upstream water control of major rivers, water scarcity throughout the Boro season is becoming an increasingly significant issue in Bangladesh. Therefore, water conservation is the key concern in sustaining the efficiency of rice cultivation when water resources become limited (Datta, Ullah and Ferdous 2017; Surendran et al., 2021; Johnson et al., 2024; Savari, Amghani and Miladi 2025).
Rice has always been produced in regions of lowlands that are continuously flooded (CF). It is anticipated that CF water control techniques are used to generate more than 75% of the world's rice (Nawaz et al., 2022; Islam et al., 2025). Vijayakumar et al. (2023) and Mallareddy et al. (2023) claim that the CF technique is extremely ineffective since between 50 and 80 percent of the water input is misused. Furthermore, elevated emissions of methane (Kudo et al., 2014; Nguyen, Trinh and Bach 2020; da Silva et al., 2025), greater susceptibility to water scarcity than other cropping arrangements (Wichaidist et al., 2023), leaching of soluble nutrients, decreased soil microbiological actions and decreased mineralization from the soil complexes (Majumdar et al., 2023; Tang et al., 2025) are the adverse effects of CF in rice fields. The irrigation water can be decreased through declining the comparatively great and inefficient losses from seepage, percolation and evaporation and AWD can radically reduce these losses (Datta, Ullah and Ferdous 2017; Gilardi et al., 2023; Bwire et al., 2024; Wichaidist et al., 2025). The country has roughly 8.58 million hectares of cultivable land, of which approximately 64.72% is brought under irrigation through employing surface and subsurface water for crop development, particularly for Boro rice cultivation (Chaki et al., 2023). A total of 37.55% land lies beyond irrigation coverage owing to not only the absence of building of irrigation infrastructure, but also the on-farm water distribution and control methods of the present systems (Chaki et al., 2023).
In response to this worrying situation, the International Rice Research Institute (IRRI) has established a number of water-saving technologies to assist farmers in dealing with water shortage in their rice fields; one of these, alternate wetting and drying (AWD), was newly deployed in Bangladesh. Alternate Wetting and Drying (AWD) is a water conservation strategy for watered rice cultivation that is suitable for Boro rice farming in Bangladesh. It is a water control strategy in which rice fields are not permanently flooded but are permitted to dry out frequently throughout the rice growing season. This approach is becoming more popular throughout Asia, particularly in Japan, China, and India. Compared to other lowland rice-growing procedures employed around the world, the rice field is watered periodically over the production season (Foomani et al., 2021; Arouna et al., 2023; Bwire et al., 2024). AWD is a strategy for increasing water usage efficacy at the field stage through decreasing seepage and percolation throughout the cultivation time.
Though Bangladesh is more widely known as a country with plenty of water, it is not affordable all year and some places face water scarcity. Throughout the Boro season, the north-western section of the country is particularly susceptible to physical shortages of water. Because groundwater is the primary water supply for watered rice farming in the area, the continued increase of rice production puts extra strain on subsurface water supplies. Furthermore, water loss in rice fields is an issue caused by a variety of environmental circumstances that are beyond our control, particularly throughout the dry season. As a result, appropriate rice cultivar choice and irrigation control may decrease water loss while improving yield. Bearing in mind the relevance of prospective Boro rice and each droplet more crop principle, a study was performed to attain the below goals:
1. To evaluate the yield of two Boro rice cultivars grown under diverse water control systems.
2. To evaluate the effects of different water control practices on yield contributing attributes (Plant Height, Number of effective tillers hill-1, Panicle Length, Filled grains panicle-1, and thousand grain weight) of two Boro rice varieties.
3. To determine the suitable water control practice to get maximum rice yield.

2. MATERIALS AND METHODS
The research was conducted at the Field Laboratory of the Department of Soil Science, Bangladesh Agricultural University, Mymensingh, throughout the Boro season of 2023. The aim was to study the influences of diverse water control systems on development and yield of 2 Boro rice cultivars. The materials used and the methods followed for the research has been described underneath the subsequent subheadings.
2.1 Description of the experimental site
2.1.1 Location
The investigational site belongs to the Soil Science Field laboratory, Bangladesh Agricultural University, Mymensingh. Geographical position of the land is situated 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 zone
The BAU investigational 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 investigational zone 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 throughout Kharif season. Humidity remains high, during most part of the year except Rabi season. The morphological features of soil of the investigational location are given below:
[image: ]
Figure 1 Bangladesh Agricultural University map with the research area (Agricultural Farm) marked by an arrow sign.
Table 1 Morphological characteristics
	Morphology
	Characters

	Place
	Soil Science Field Laboratory of Bangladesh Agricultural University, Mymensingh

	Soil Type
	Moderate 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 2 factors in the research. 
Factor A: Varieties
There were two cultivars 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 Trial design and layout
The research was conducted in a split plot design having 2 varieties, 6 treatments and 3 replications. The design of the research is presented in Figure 2. The dimensions of each unit plot were 4m X 3m. The whole investigational area was separated 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 organized through frequent tilling with a powertiller. Subsequent tillage was finished through laddering to ensure adequate tilt.  All weeds and residue from earlier crops were eliminated from the field.  After leveling, the research plot was put out according to treatment and design.  A wooden board was used to cleanse and level each separate plot prior to transplantation. Finally, to prevent seepage between the plots and the buffer zones, polythene sheets were pushed into the boundaries of the embankments along the perimeter of all of the AWD plots.
2.6 Application of fertilizer
The land was uniformly enriched with 180 kg urea, 115 kg TSP and l00 kg MOP per hectare, respectively. Fertilizers such as Urea, TSP and MOP were utilized for resources of N, P, and K correspondingly. The full doses of all fertilizers except urea were applied as basal dosage to the distinct plot throughout last land preparation. Urea was top dressed in 3 identical 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 Design of the research
2.7 Transplanting of seedlings
Seedlings were cautiously 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 planted vertically in the field, with one end under the soil so that water in the pipe could be seen. It was performed to sustain alternate wetting and drying (AWD) conditions throughout the crop's growing season.



2.9 Intercultural operation
2.9.1	Weeding
The investigational areas were infected with several common weeds which were eliminated two times through hand weeding.
2.9.2	Irrigation
Since, the experiment was to talk based on water management practices, so irrigation water was provided 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
There were no disease or insect infestations in the farms, hence no plant protective measures were implemented.
2.10	Harvesting and threshing
The crop was reaped just above the ground surface on 04 May 2023 (BRRI dhan28) and 01June 2023 (Binadhan5). The reaped crop of every plot was separately bundled, properly tagged and then brought to threshing floor. Threshing, cleaning and drying of grain and straw of distinct areas were completed cautiously. The grain and straw yields were calculated plot by plot and transformed to tones per hectare.
2.11 Procedure of data collection
Data were documented on the subsequent parameters:
 i. Plant length (cm)
ii. Total number of effective tillers plant-1
[bookmark: _Hlk211441570]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 basic overview of the data collecting technique is as follows:
2.11.1	Plant length
Plant length was determined from the ground surface to the apex of the topmost spikelet of the panicle and their median was assessed.
2.11.2	Number of effective tillers per hill
5 hills were selected arbitrarily from every plot and overall number of effective tillers per hill was documented.
2.11.3	Panicle length
Length of panicle was calculated from the chosen samples and their mean was assessed.
2.11.4	Number of filled grains spike-1
Number of grains per panicle was calculated taking 10 spikes from the 5 chosen plants of every plot and the mean number was documented.
2.11.5	Weight of 1000 grains
One thousand clear dried grains were arbitrarily calculated from the seeds found from the reaped field and balanced through as electrical balance and were expressed in gram.
2.11.6	Grain yield
The grains were detached from straw through threshing nearly after harvesting and fresh weight of grains of every unit plot was noted. Then the grains were sun-dried for the calculation of moisture content. The attained moisture was deducted from the fresh weight of grain. The grain yield was ultimately transformed to t ha-1.
2.11.7	Straw yield
Straw attained from every unit plot as well as the straw of sample plants of individual unit plot was dried in sun and weight to note the ultimate straw yield plot and lastly transformed to t ha-1.
2.11.8	Biological yield
Biological yield is the total of grain yield and straw yield.  It was assessed by the subsequent formula:
Biological yield (t ha-1) = (grain yield + straw yield) t ha-1
2.12 Statistical analysis
The assessment of variances for yield donating features and yield were completed subsequent the ANOVA system and the average findings in case of substantial f-value were found by Duncan's Multiple Range Test (DMRT) as conducted by Gomez and Gomez (1984).
3. results and discussion

3.1 Results
3.1.1 Plant Length
The plant lengths were suggestively influenced owing to diverse water management practices. Plant height was observed to be statistically substantial at 1% level of possibility (Table 2). Plant heights of diverse water management practices varied from 89.11 cm to 93.40 cm. The tallest plant (93.40 cm) was found with the water management I3 and the shortest (89.11 cm) in water management I1.
The impact of rice cultivar on plant height was statistically significant. The tallest plant (95.31 cm) was found from V3 while the shortest (83.64 cm) was obtained from V2 (Table 3).
The synergistic impact of water management practices and cultivars were insignificant (Table 4) regard as the plant height. Though, the tallest plant (96.67 cm) was found for the association I3V1 and the shortest plant (78.80 cm) was for I1V2.
3.1.2 Effective Tillers
[bookmark: _Hlk211456147]The number of effective tillers per hill in different water management practices differed suggestively at 1% level of possibility (Table 2). The maximum number of active tillers per hill 15 was observed in water management I1 and minimum number of active tillers per hill 12 was observed in water management I3.
The number of active tillers per hill differed suggestively at 1 % level of possibility owing to 3 rice cultivars (Table 3). The maximum numbers of active tillers per hill 15 was found from V1 while the minimum 11 was found from V2.
The association impact of water management practices and cultivars were insignificant (Table 4) regarding the numbers of active tillers per hill. Nevertheless, the maximum number of active tillers per hill 17 was found for the association I1V1 and the minimum number of active tillers per hill 10 was I3V2.
3.1.3 Panicle length
[bookmark: _Hlk211456713]Panicle length of Boro rice was insignificantly influenced by water management practices (Table 2). However, the lengthiest panicle (22.96 cm) was found in water management 12 and the smallest panicle (22.84 cm) in water management I1.
[bookmark: _Hlk211456879]The consequence of rice cultivar on panicle length was statistically substantial at 1% level of possibility (Table 3). The lengthiest panicle (23.33 cm) was found from cultivar V1 and the smallest (21.98 cm) from cultivar V2.
[bookmark: _Hlk211456890][bookmark: _Hlk211456901]The synergistic impact of water management practices and varieties showed insignificantly difference for the panicle length (Table 4). It can also be observed that the association I3V1 generated the lengthiest panicle (23.40 cm) and the association I1V2 generated the smallest panicle (21.78 cm).


3.1.4 Filled Grains per Panicle
Water management practices in rice field had substantial impact on number of filled grains per panicle at 1% level of possibility (Table 2). It was observed that the maximum number of filled grains per panicle was 118 found in water management I1. The minimum number of filled grains per panicle was 113 observed in water management I3.
The consequence of rice cultivar on number of filled grains per panicle was statistically substantial at 1% level of possibility (Table 3). The maximum number of filled grains per panicle was 135 from cultivar V1 and the minimum number was 85 from cultivar V2.
[bookmark: _Hlk211453999]The synergistic impact of water management practices and varieties presented that substantial difference was observed on the number of filled grains per panicle (Table 4). The finding also showed that association I1V1 generated the maximum number of filled grains per panicle was 142 and the association I3V2 generated the minimum number of filled grains per panicle was 84.

Table 2 Effect of water control practices on yield donating characteristics of rice

	Water
control 
systems
	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 maximum 1000-grain weight (23.32 g) was found in water management Il and the minimum 1000-grain weight (22.78 g) in water management I3.
1000 grain weights were suggestively affected by cultivar level (Table 3) owing to 3 rice varieties. The maximum thousand grain weight (24.12 g) was found from V1 while the minimum (22.53g) was found from V2.
The combined impact of water management practices and cultivars were insignificant. The maximum thousand grain weight (24.40 g) was found for the association I2V1and the minimum (22.31 g) for I3V2 (Table 4).
3.1.6 Grain Yield
The effect of water management practices on grain yield was statistically substantial at 1% level of possibility (Table 5). The maximum grain yield (6.27 t ha-1) was found with the water management I1 and the minimum yield (5.16 t ha-l) in water management I3.
The impact of rice cultivar on grain yield was also statistically substantial at 1% level of possibility (Figure 3). The maximum grain yield (6.56 t ha-1) was found from cultivar V1 and the minimum (5.03 t ha-1) from cultivar V2.

Table 3 Impact of variety on yield donating characteristics 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 consequences of variety and water management practices on consequences 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

[bookmark: _Hlk211452870]The synergistic impact of water control practices and rice cultivars presented that substantial difference was observed on the grain yield (Table 6). It can be seen that association of I1V1 generated the maximum yield (6.35 t ha-1) and the association of I3V2 generated the minimum grain yield (4.64 t ha-1).
3.1.7 Straw Yield
[bookmark: _Hlk211453455][bookmark: _Hlk211453025]The effect of water management practices on straw yield was statistically substantial at 1% level of possibility (Table 5). The maximum straw yield (6.3 t ha-1) was found in water management I1 and the minimum (4.87 t ha-1) in water management I3.
[bookmark: _Hlk211453042]The consequence of rice cultivar on straw yield was statistically substantial at 1% level of possibility (Figure 3). The maximum straw yield (5.91 t ha-1) was found from variety V1 and the minimum (4.86 t ha-1) from cultivar V2.
[bookmark: _Hlk211453433][bookmark: _Hlk211453444]The interaction impact of water control systems and two rice varieties displayed that substantial difference was observed on the straw yield (Table 6). It was also observed that association of I1V1 generated the maximum yield (6.79 t ha-1) and the association of I3V2 generated the minimum 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 cultivars
	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

[image: ]
Figure 3 Impact of variety on grain yield, straw yield, biological yield and harvest index of rice cultivars. 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 substantial at 1% level of possibility. The harvest index was the maximum in water management I3 (51.44%) and the minimum in water management Il (49.92%).
[bookmark: _Hlk211452277][bookmark: _Hlk211452506]The consequence of rice cultivar on harvest index was statistically substantial (Figure 3). The maximum harvest index (51.38%) was found from cultivar V2 and the minimum (49.36%) from cultivar V1, correspondingly.

[bookmark: _Hlk211452483][bookmark: _Hlk211452493]The interaction impact of water control systems and three rice varieties presented that substantial difference was obtained on the harvest index (Table 6). It was also noticed that association I3V2 generated the maximum harvest index (52.10%) and the association I1V1 generated the minimum harvest index (48.30%).
 

3.2 Discussion
[bookmark: _Hlk210904912]The plant lengths were suggestively influenced owing 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 length was found in moisture stress situation. Yadav et al. (2023) described that varietal difference regarding the panicle length might be owing to their variances in genetic makeup. The synergistic impact of water management strategies and cultivars were insignificant regarding the plant length.
[bookmark: _Hlk210051184]The maximum number of active tillers per hill 15 was obtained in water management I1 in followed by 13 in water management I2 which was statistically equal with water management I2 and lowermost number of active tillers per hill I2 was obtained in water management I3. So, the comparative sequence of water management for effective tillers is I1>I2>I3. The number of active tillers per hill differed considerably at 1 % level of probability owing to 3 rice cultivars. Islam et al. (2025) stated that the number of total tillers per hill differed owing to varietal changes. The synergistic impact of water management practices and cultivars were insignificant evaluating the numbers of active tillers per hill.
Panicle length did not show significant responses with water management practices. However, from Table 2 it was revealed that the broadest panicle (22.96 cm) was found in water management I2 and the smallest panicle (22.84 cm) in water management I1. The impact of rice cultivar on panicle length was statistically substantial at 1% level of probability.Shah et al. (2025) reported that varietal difference regarding the panicle length might be owing to their variances in genetic makeup. The combined impact of water management practices and cultivars showed insignificant variation for the panicle length.
[bookmark: _Hlk210051475]Water management practices in rice field had substantial impact on number of filled grains per panicle at 1% level of probability (Table 2). It was observed that the maximum number of filled grains per panicle was 118 found in water management I1. The lowermost number of filled grains per panicle was 113 observed in water management I3. The impact of rice cultivar on number of filled grains per panicle was statistically substantial at 1% level of probability. Zhou et al. (2025) and Howlader et al. (2025) described that varietal variances in number of filled grains per panicle might be owing to genotypic variation. The results also showed that association I1V1 generated the maximum filled grains per panicle (142), whereas association I3V2 generated the minimum number of filled grains per panicle (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. As a result, it is evident that alternate flooding and wetting produced the highest 1000 grain weight, whereas continuous flooding produced the lowest. 10000 grain weights were suggestively affected through cultivar level owing to two rice varieties. The maximum thousand grain weight (24.12 g) was found from V1 while the minimum (22.72 g) was found from V2. The combined impact of water management practices and cultivars were insignificant. The maximum thousand grain weight (24.40 g) was found for the combination I2V1 and the minimum (22.38 g) for I3V2.
[bookmark: _Hlk210230309][bookmark: _Hlk211350106][bookmark: _Hlk211350116]The influence of water management practices on grain yield was statistically substantial at 1% level of probability. This aided in the conclusion that the highest yield in continual flooding does not always need the minimum yield. This outcome somewhat supports the findings of Hossain and Islam (2022), who found that optimal yield in hybrid rice fields does not require constant standing water They discovered that applying irrigation water 7 days after standing water has evaporated from the rice field might result in the highest yield of hybrid rice with the least amount of water. The influence of rice cultivar on grain yield was likewise statistically substantial at the 1% level of probability. In terms of yielding the most grain, the V1 cultivar was the finest. Moukoumbi et al. (2023) and Howlader et al. (2025) observed substantial difference among the rice genotypes in the context of grain yield. According to Gupta et al. (2023), the genetic traits of the cultivars may cause variations in grain yield. The combined impact of water control practices and rice cultivars exhibited that substantial difference was observed on the grain yield. It can be seen that association of I1V1 generated the maximum yield (6.35 t ha-1) and the association of I3V2 generated the minimum grain yield (4.64 t ha-1).
[bookmark: _Hlk210904795][bookmark: _Hlk211353522][bookmark: _Hlk211353531]The influence of water management practices on straw yield was statistically substantial at 1% level of possibility. Water management techniques have an impact on straw yield, and the comparable the arrangement for straw yield was determined to be I1> I2> I3. The cultivar V1 produced the highest yield of straw. Mehata et al. (2023) reported that they found variable straw yields among different varieties of rice. The combined impact of water control practices and three rice cultivars presented that substantial difference was observed on the straw yield (Figure 2). It was likewise observed that association of I1V1 generated the maximum yield (6.79 t ha-1) and the association of I3V2 generated the minimum straw yield (4.26 t ha-1).
The effect of water management practices on harvest index was statistically substantial at 1% level of possibility. This finding demonstrates that alternating flooding and wetting after removal of water aids in achieving a better harvest index.
[bookmark: _Hlk211354512][bookmark: _Hlk211354522]This conclusion is consistent with those of Geoffroy Sossa et al. (2025), who found that treatment with continual flooding did not increase harvest index. The highest harvest index was recorded against BRRI dhan28 owing to maximum grain yield and minimum straw yield. It was likewise found that association I3V2 generated the maximum harvest index (52.10%) and the association I1V1 generated the minimum harvest index (48.30%).

4. CONCLUSION

[bookmark: _Hlk210049190][bookmark: _Hlk210904430][bookmark: _Hlk210889302][bookmark: _Hlk211362162][bookmark: _Hlk211362172]The total findings reveal that the yield donating elements and yields of 2 Boro rice cultivars (Binadhan5 and BRRI dhan28) were suggestively affected by the diverse water management systems but the combined impact of water management practices and cultivars on yield contributing characters were statistically insignificant. The maximum and minimum grain yields were as 6.28 t ha-1 in treatment I1 (AWD) and 5.16 t ha-1 in treatment I3 (constant flooding). The individual yield performance of the two rice cultivars revealed that Binadhan5 (V1) generated the maximum yield of 5.57 t ha-1 and BRRI dhan28 (V2) produced the lowest yield of 5.04 t ha-1. In addition, the combined impact of water management practices and rice varieties presented that substantial difference was observed on the grain yield. It can be seen that association of I1V1 generated the maximum yield (6.35 t ha-1) and the association of I3V2 generated the minimum grain yield (4.64 t ha-1). Thus, among the two rice cultivars, (V1) showed superiority over the other one rice cultivar. It was discovered that standing water on the rice field continuously, which is a common approach in Bangladesh, did not produce the best results.  When the water level in the perforated PVC pipe drops 15 cm beneath ground level (AWD situation), it is preferable to apply water. By making effective utilization each droplet of water to improve the efficacy of all additional inputs and through reducing crop cultivation waste on natural resources, the government of Bangladesh's each droplet more crop strategy will now significantly assist to double the farmers' incomes. This will result in maximum incomes in the agricultural cultivation process. 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. More study is needed to optimize these methods throughout various agro-ecological zones, improving adaptation to climate change in rice production.
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