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Abstract: Dry direct seeding is an alternative rice production method that reduces 50-60% irrigation water 

required compared to the conventional method. The present study was undertaken with a view to optimize 

irrigation requirement for dry direct seeded rice. The experiment involved seven water management levels and 

two rice varieties in a split-plot design allocating water management levels in main plot and rice variety in sub-

plot. The treatments were replicated thrice. The water management levels are (i) puddled transplanted rice with 

full irrigation (PTR-CI), (ii) puddled transplanted rice with alternate wetting and drying (AWD) irrigation (PTR-

AWD), (iii) dry direct seeded rice with no standing water at all, (iv) dry direct seeding with AWD irrigation 

(DDSR-AWD), (v) dry direct seeded rice with 3-5 cm standing water from panicle initiation to heading, (vi) dry 

direct seeded rice  with 3-5 cm standing water from panicle initiation to grain filling, (vii) dry direct seeded rice 

with 3-5 cm standing water from heading to grain filling. Two rice varieties included in the experiments are 

BRRI dhan28 and BRRI dhan29. The frequency and amount of irrigation for different plots were recorded. Data 

on different crop characters, yield and related attributes were collected and were subjected to statistical analysis 

using a computer package program MSTAT-C. The results reveal that rice gave the highest grain yield in dry 

direct seeding system where the standing water was maintained from panicle initiation stage to flowering (T5) 

or grain filling stage (T6) at reproductive phase. The T5 treatment required 7-9 irrigations whereas T6 required 

9-12 irrigations. The treatment T5 required 50% less irrigation water than PTR-CI method. Thus, it may be 

concluded that dry direct seeded rice should be practiced for rice and standing water should be maintained from 

panicle initiation to heading for obtaining higher grain yield with least irrigation input.  

 

Keywords: water scarcity; alternate wetting and drying; saturation; puddle transplanted rice; dry direct seeded 

rice 
 

 

 

1. Introduction 

Transplanting of seedling on puddled soil followed by conventional flood irrigation is the principal system of 

rice culture. This system requires 1000-2000 mm irrigation water of which about 20-40 per cent goes for 

puddling (Bhuiyan et al., 1995). Farmers of Bangladesh generally keep standing water in the rice field after 

transplanting for easy weed control and crop establishment. Rice cultivation in boro (winter) season using this 

traditional puddle transplanted system is being subjected to uncertainty due to shortage of irrigation water both 

from surface and underground sources. Puddling destroys the soil structure and adversely affects crop 

productivity. Dry direct seeding is an alternative rice establishment system which facilitates rice cultivation with 

50-60% less irrigation water (Rahman et al., 2013; Rahman and Masood, 2014). The water demand in rice 

culture is reduced in the dry direct seeding system by avoiding puddling and also by reducing the losses due to 

evaporation, leaching, percolation (Bouman and Tuong, 2001). The dry direct seeding is cost effective and gives 

more profit, reduces the adverse effect on soil quality, methane emissions and arsenic accumulation (Rahman, 

2019). In dry direct seeded system, rice seed is sown in dry cultivated land and generally soil is kept at aerobic 
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conditions from sowing to panicle initiation stage (vegetative phase). Thus, rice plants acquire higher tolerance 

to water deficit under dry direct seeded system than the conventional system. The crop under dry direct seeded 

system mostly relies on residual soil moisture and requires no standing water during the vegetative phase. 

Generally, 2-5 cm standing water is maintained in the dry direct seeded rice field from panicle initiation to grain 

filling stage (reproductive phase) as being practiced in the conventional puddle transplanted system, even when 

alternate wetting and drying is practiced. This is because of the fact that rice yield usually declines when soil 

dries below saturation during reproductive phase (Bouman and Tuong, 2001). Dry direct seeding is a new 

system of rice culture and research reports related to scheduling of keeping standing water in rice field 

especially during the reproductive phase is highly scarce. The present study was therefore, undertaken to 

optimize time and duration of maintaining standing water during the reproductive phase for maximizing yield of 

dry direct seeded boro rice.   

 

2. Materials and Methods 

2.1.  Site and soil 

The experiment was conducted at the Agronomy Field Laboratory of Bangladesh Agricultural University 

(BAU), Mymensingh (24o43/8.3//N latitude, 90o25/41.2//E longitude, 18 altitude) during boro season (January-

June) of 2011 and 2012 to study the yield response of dry direct seeded rice to different levels of irrigation 

regime. The site is a well-drained medium low land belonging to Non-calcareous Dark Grey soil under the Old 

Brahmaputra Floodplain Agro-ecological Zone (AEZ-9).The pH of soil was 6.85 and the soil contained 1.50% 

organic matter, 0.074% total nitrogen, 11.85 ppm phosphorus, 0.18% potassium, 9.5 ppm sulphur and 0.43 ppm 

zinc. During the period from January to March only 20.3 and 45.7 mm rainfall occurred in 2011 an d 

2012, respectively. The average maximum temperatures were 28.97 and 28.17 °C in 2011 and 

2012, and minimum temperatures were 18.03 and 22.89 °C, respectively. The relative humidity 

during the January to March was 78.80-80.15%.  

 

2.2.  Experimental design and layout  

The two factor experiment consisted of seven water management levels in main plots and two rice varieties 

(BRRI Dhan28 and BRRI Dhan29) in sub-plot. The trial was laid out in a split-plot design with three 

replications. The water management levels comprised (i) puddled transplanted rice with full irrigation, (ii) 

puddled transplanted rice with alternate wetting and drying irrigation (AWD), (iii) dry direct seeded rice (no 

standing water at all), (iv) dry direct seeded rice with AWD irrigation, (v) dry direct seeded rice with 5 cm 

standing water from panicle initiation to heading, (vi) dry direct seeded rice with 5 cm standing water from 

panicle initiation to grain filling, (vii) dry direct seeded rice with 5 cm standing water from heading to grain 

filling.   

 

2.3.  Crop management  

Rice seeds were sown on 05 January 2011 and 01 January 2012 at 25 cm x 15 cm spacing allocating 4-5 seeds 

hill-1(finally 3 seedlings retained) in dry direct seeded system while for puddled transplanted system 30-day old 

seedlings were transplanted on 04 February 2011 and 29 January 2012, respectively at 25 cm x 15 cm spacing 

allocating 3 seedlings hill-1. During land preparation, well decomposed cowdung was applied @ 5 t ha-1. The 

land was fertilized with N, P, K, S and Zn @ 120, 14, 58, 8 and 1 kg ha-1 in the form of urea, triple supper 

phosphate (TSP), muriate of potash (MOP), gypsum and zinc sulphate, respectively. All other fertilizers and ¼ 

urea were applied at final land preparation. Rest ¾ urea was applied in three equal splits at 30, 45 and 60 days 

after seeding (DAS) for DSR and at 15, 35 and 55 days after transplanting (DAT) for puddle transplanted ones. 

Three and four hand weeding were done for conventional puddle transplanted rice and dry direct seeded plots, 

respectively. The experiment plots were carefully observed regularly and different agronomic practices were 

done properly when necessary. 

 

2.4.  Irrigation and water management  

During land preparation no irrigation was required in dry direct seeding (DSR) system while two irrigations 

were applied in puddle transplanted system.. The conventional irrigated plots were kept continuously flooded 

until grain filling. Perforated plastic pipe (AWD pipe/magic pipe) was set up in each plot for AWD irrigation. 

The AWD plots were kept continuously flooded up to 15 days after transplanting, and then AWD irrigation was 

practiced where next irrigations were applied when water disappeared in the pipe to 15 below the soil surface. In 

case of DDS plots, a light irrigation was required to keep the soil at field capacity from sowing till 45 DAS. The 

plots were bounded by earthen bunds with plastic lining to a depth of 0.5 m to minimize lateral movement of 
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water into and through the bunds. There was a 1.5 m wide buffer between all sub-plots. Free flood irrigation was 

used and the amount and frequency of irrigation for different systems were recorded. The volume of irrigation 

water applied to each plot at each event was measured by volumetric method.  

 

2.5.  Data recording 

At maturity, the crop was harvested and threshed manually. Grain yield was determined from central 3.15 m2 (2.1 m 

× 1.5 m) area of each plot. The moisture percent of sun dried grain and straw were determined by oven dry method. 

Finally, grain yields were adjusted to 14% moisture content. The straw was sun dried and weighed the yields of 

grain and straw were converted to t ha-1. Panicle density was determined from the harvest area where from the 

tiller density was determined. The number of filled florets (grains) and unfilled florets per panicle were 

determined from 10 randomly selected panicles for each plot. Floret fertility was calculated as percentage of 

filled grain to the total number of floret per panicle. Average grain weight was determined from the weight of 

1000 grains from the threshed grain sample for each plot and expressed at 14% moisture content. Data on plant 

height, number of tiller hill-1 and number of grain panicle-1 were recorded from the randomly selected five hills 

per plot. 

 

2.6.  Data analysis 

The collected data for yield and related parameters were compiled and subjected to statistical 

analysis following Analysis of Variance (ANOVA) technique with the help of a computer based 

package programme MSTAT-C. The differences among the treatment means were adjudged by Duncan’s 

Multiple Range Test.  

 

3. Results  

3.1.  Irrigation requirement  

Puddle transplanted full irrigated (PTR-CI) rice required 15-16 and 17-18 irrigations for BRRI dhan28 and 

BRRI dhan29, respectively. The amounts of water applied for BRRI dhan28 were 1190 and 1185 mm (Table 1) 

and for BRRI dhan29 were 1250 and 1230 mm (Table 2) in 2011 and 2012, respectively. The puddle 

transplanted alternate wetting and drying irrigation (PTR-AWD) plots required 150 to 275 mm less irrigation 

compared to the PTR-CI. The dry direct seeded rice plots with no standing water from sowing to harvesting 

(T3) required 510-525 mm water for BRRI dhan28 and 600-620 mm water for BRRI dhan29. The dry directed 

seeded rice field maintaining standing water from panicle initiation till grain filling (T6) required 660-700 mm 

water for BRRI dhan28 and 730-740 mm water for BRRI dhan29. It was found that the dry direct seeded plots 

with standing water from panicle initiation (PI) to heading stage required 598 mm irrigation. On the other hand,  

the puddle transplanted full irrigation (PTR-CI) and puddle transplanted alternate wetting and drying irrigation 

(PTR-AWD) required 1214 and 983 mm water, respectively. The plot where rice was grown under puddle 

transplanted AWD system the irrigation water saving was 20-23% for BRRI dhan28 (Table 1) while that was 

only 12% for BRRI dhan29 (Table 2).  Across different water management for dry direct seeded BRRI dhan28 

the highest water saving was found with T3, which was 52-56% in BRRI dhan28 and 50% in BRRI dhan29. The 

lowest water saving was found with T6, which was 41-42% in BRRI dhan28 while that was 40% for BRRI 

dhan29. It was also noted that use of alternate wetting and drying (AWD) irrigation for puddle transplanted 

(PTR-AWD) and  dry direct seeded (DDS-AWD) rice required 12-23% and 50-56% less irrigation than the 

puddle transplanted full irrigation (PTR-CI) treatment. Thus, the water saving for DDS rice is three fold higher 

than puddle transplanted alternate wetting drying irrigated rice.  

 

3.2.  Grain yield and related attributes  

Plant height, number of tillers m-2, number of panicle m-2, panicle length, number of grains panicle-1, 1000-grain weight, 

grain yield and straw yield were affected significantly by water management options, variety and their interactions both in 

2011 and 2012. The plant height differed due to water management treatments and the highest value was found with T5 in 

2011 while that was highest with T6 in 2012. The shortest plants (90.58 cm in 2011 and 101.3 cm in 2012) were obtained 

from T3 in both the growing seasons (Table 3). It was noted that between the two varieties, BRRI dhan28 produced taller 

plants. It was noted that number of tiller m
-2
 was also unaffected for interaction between cultivar and water management 

only in 2012. It was noted that number of tiller m-2 was also unaffected for interaction between cultivar and water 

management only in 2012. It was also noted that between the two varieties, BRRI dhan28 produced higher 1000-grain 

weight than BRRI dhan29 while reverse occurred for the other characters.  The total number of tillers m-2 was found the 

highest with T5 in both the years although this value was statistically similar to those of T3, T4 and T7. The lowest values 

for total tillers m-2 was found with T1 which is similar to that of T2 in both the growing seasons. The number of panicle m-2 
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was the highest (371.5 and 370.6) for T5 which was similar to that for T4 (Table 3). The length of panicle was tallest with 

T6 (24.83 cm and 24.95 cm) while the short panicle was found with T1 (23.33 cm and 22.32 cm). The number of grains 

panicle-1 was the highest with T2 (99.33 and 104.0) as shown in Table 4. The highest 1000-grain weight was found in T1 

(23.32 and 23.73g) which were statistically at par with T2 and T4 in 2011 and similar with T2, T4, T5 and T6, respectively 

in 2012. Grain yield was highest with T6 which were 7.32 t ha-1 in 2010-2011 and 7.53 t ha-1 in 2012 (Table 4). The 

statistically similar higher yield in 2011 was found with T5 (7.26 t ha) while in 2012 the similar highest yield was found 

with T4 (7.35 t ha-1) and T6 (7.43 t ha-1). The highest straw yield was recorded with T6 (8.48 t ha-1 in 2011 and 9.34 t ha-1 in 

2012). Treatment T5 and T4 produced the highest yield. The lowest straw yield was noted with T3 (6.69 t ha-1 in 2010-11 

and 7.55 t ha-1 in 2011-2012) as shown in Table 4.  

The interaction effect of water management option and variety showed the tallest for BRRI dhan28 with T5 in 2011 while 

that was tallest for BRRI dhan28 with T4 in 2012. The highest number of tillers m-2 was found with BRRI dhan29 under 

T5 treatment (446.33) in 2011 while the parameter remained unaffected during the following season (Table 5). The number 

of panicles m-2 was highest with BRRI dhan29 with T5 (409 and 397 in 2011 and 2012, respectively). The number of 

grains panicle-1 was the highest with BRRI dhan29 with T2 (103.33) in 2011 while with T6 (106.67) in 2012 (Table 6). The 

grain weight was highest with BRRI dhan28 for T1 in both the years. Grain yield was highest with BRRI dhan29 for T6 

(7.65 and 7.63 t ha-1) in both the seasons (Table 6). Straw yield attained highest with BRRI dhan29 for T5 (8.78 t ha-1) in 

2011 while the highest (9.55 t ha-1) was found with BRRI dhan28 for T5 (9.55 t ha-1) in 2012 (Table 6).   

 

Table 1. Effect of different water management on irrigation requirement and frequency of application 

for a winter rice variety BRRI dhan28 in 2011 and 2012. 

 
Water management options 2011 % water 

saving 

over PTR-

CI 

2012 % water 

saving over 

PTR-CI 
Amount 

(mm) 

Frequency 

(No.) 

Amount 

(mm) 

Frequency 

(No.) 

T1 = puddled transplanted rice with full irrigation (PTR-CI) 1190 16 - 1185 15 - 

T2 = puddled transplanted rice with alternate wetting and drying 

irrigation (PTR-AWD) 

940 13 20.0 910 12 23.2 

T3 = dry direct seeded rice with no standing water at all  510 7 52.0 525 8 55.7 

T4 = dry direct seeded rice following AWD irrigation (DDSR-

AWD) 

530 7 48.0 540 9 54.4 

T5 = dry direct seeded rice with standing water from panicle 

initiation to heading 

540 7 49.6 550 8 53.6 

T6 = dry direct seeded rice with standing water from panicle 

initiation to grain filling 

660 9 41.6 700 11 40.9 

T7 = dry direct seeded rice with standing water from heading to 

grain filling 

530 7 49.6 610 7 48.6 

 

Table 2. Effect of different water management on irrigation requirement and frequency of application 

for a winter rice variety BRRI dhan29 in 2011 and 2012. 

 
Water management options 2011 % water 

saving over 

PTR-CI 

2012 % water 

saving over 

PTR-CI 
Amount 

(mm) 

Frequency 

(No.) 

Amount 

(mm) 

Frequency 

(No.) 

T1 = puddled transplanted rice with full irrigation (PTR-CI) 1250 18 - 1230 17 - 

T2 = puddled transplanted rice with alternate wetting and 

drying irrigation (PTR-AWD) 

1000 15 12.2 1080 14 12.2 

T3 = dry direct seeded rice with no standing water at all  600 9 49.6 620 10 49.6 

T4 = dry direct seeded rice following AWD irrigation (DDSR-

AWD) 

650 10 45.5 670 11 45.3 

T5 = dry direct seeded rice with standing water from panicle 

initiation to heading 

630 8 49.6 620 9 49.6 

T6 = dry direct seeded rice with standing water from panicle 

initiation to grain filling 

730 10 39.8 740 12 39.8 

T7 = dry direct seeded rice with standing water from heading to 

grain filling 

630 8 48.0 640 8 48.0 
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Table 3. Effect of water management options and variety on growth and yield attributes of winter rice 

under dry direct seeded system of cultivation in 2010-11 and 2011-12 seasons. 

 

Treatment 
Plant height (cm) Number of tillers m

-2
 Number of panicle m

-2
 

2010-11 2011-12 2010-11 2011-12 2010-11 2011-12 

Water Management      

T1 94.75c 109.2bc 343.16c 349.0c 319.66cd 326.0c 

T2 95.08c 107.8c 348.66c 359.3c 313.83d 313.3d 

T3 90.58e 101.3d 405.00a 395.3a 323.16cd 316.8d 

T4 99.08ab 108.7c 392.16a 402.3a 356.50ab 362.1ab 

T5 99.33a 110.2b 411.83a 410.0a 371.50a 370.6a 

T6 97.83b 112.2a 369.16b 383.5b 343.00bc 358.0b 

T7 92.83d 107.5c 402.33a 394.0a 335.83bcd 340.0bc 

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

CV% 2.98 3.01 2.56 0.022 3.34 1.91 

Variety       

V1 97.21a 110.33a 357.81b 356.76b 315.76b 321.24b 

V2 94.07b 105.91b 405.71a 407.10a 359.52a 360.76a 

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

CV% 2.98 3.01 2.56 2.2 3.34 1.91 

 

Table 4. Effect of water management options, variety and their interaction on yield and yield attributes 

of boro rice under dry direct seeded system of cultivation in 2009-10 and 2010-11 seasons. 
 

Treatment 
Filled grain panicle

-1
 1000 grain wt. (g) Grain yield (tha

-1
) Straw yield (tha

-1
) 

2010-11 2011-12 2010-11 2011-12 2010-11 2011-12 2010-11 2011-12 

Water management        

T1 96.33ab 102.1ab 23.32a 23.73a 6.51d 6.88bc 7.52c 8.51bc 

T2 99.33a 104.0a 22.93ab 23.4ab 6.63cd 7.07b 7.86bc 8.74b 

T3 76.66e 70.8d 21.68d 22.23c 5.40e 5.53d 6.69d 7.55d 

T4 93.16bc 101.0ab 22.75abc 23.03ab 6.95bc 7.35ab 8.05ab 9.13ab 

T5 90.50c 99.1b 22.61bc 23.01ab 7.26ab 7.43ab 8.37a 9.22a 

T6 93.33bc 103.3a 22.6bc 23.1ab 7.32a 7.53a 8.48a 9.34a 

T7 81.66d 80.3c 22.00c 22.25bc 5.68e 6.17c 7.00cd 7.92c 

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

CV% 4.4 5.12 1.67 1.98 3.92 3.68 4.33 3.77 

Variety         

V1 86.00b 92.10b 23.83a 24.37a 6.24b 6.65b 7.33b 8.61 

V2 94.28a 97.29a 21.59b 21.58b 6.83a 7.06a 7.86a 8.66 

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

CV% 4.4 5.12 1.67 1.98 3.92 3.68 4.33 3.77 

 
In a column, with the same letter(s) or without letter(s) do not differ significantly whereas figures with dissimilar letter 

differ significantly (as per DMRT) at 5% level of probability; NS = Not significant, * = Significant at 5% level of 

probability, ** = Significant at 1% level of probability, *** = Significant at 0.1% level, T1 = puddled transplanted rice with 

full irrigation (PTR-CI), T2 = puddled transplanted rice with alternate wetting and drying irrigation (PTR-AWD), T3 = dry 

direct seeded rice with no standing water at all, T4 = dry direct seeded rice following AWD irrigation  (DDSR-AWD), T5 = 

dry direct seeded rice with standing water from panicle initiation to heading, T6 = dry direct seeded rice with standing water 

from panicle initiation to grain filling and T7 = dry direct seeded rice with standing water from heading to grain filling, 

V1=BRRI dhan28, V2= BRRI dhan29.  
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Table 5. Effect of water management options, variety and their interaction on growth parameters of dry 

direct seeded boro rice in 2011 and 2012. 

 

Variety × Water 

management options 

Plant height (cm) Number of tillers m
-2

 Number of panicle m
-2

 

2011 2012 2011 2012 2011 2012 

V1T1 96.16bc 114.0a 315.66g 323.6 295.33h 302.6d 

V1T2 96.66bc 111.3b 321.33fg 329.3 300.00gh 294.3e 

V1T3 91.16fg 103.6de 395.00d 365.0 311.00fgh 299.3de 

V1T4 101.00a 114.3a 364.66e 376.6 325.00def 333.3c 

V1T5 101.66a 113.3a 377.33e 389.3 334.00de 343.6bc 

V1T6 100.66a 111.3b 334.00f 356.6 318.00efg 337.0bc 

V1T7 93.16e 104.3d 396.66cd 376.6 327.00def 338.3bc 

V2T1 93.33de 104.3d 370.66e 374.3 344.00d 349.3b 

V2T2 93.50de 104.3d 376.00e 369.3 327.66def 332.3c 

V2T3 90.00g 99.0e 415.00bc 425.6 335.33de 334.3c 

V2T4 97.16b 103.0de 419.66b 428.0 388.00b 391.0ab 

V2T5 97.00b 107.0c 446.33a 430.6 409.00a 397.6a 

V2T6 95.00cd 113.0a 404.33bcd 410.3 368.00c 379.0ab 

V2T7 92.50ef 110.6bc 408.00bcd 411.3 344.66d 341.6bc 

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

CV% 2.98 3.01 2.56 2.20 3.34 1.91 

 

 

Table 6. Effect of water management options, variety and their interaction on yield and yield attributes 

of dry direct seeded boro rice in 2011 and 2012. 

 
Variety × 

Water 

management 

options 

Filled grain panicle
-1

  1000 grain wt. (g) Grain yield (tha
-1

) Straw yield (tha
-1

) 

2011 2012 2011 2012 2011 2012 2011 2012 

V1T1 91.33cd 105.67ab 24.26a 25.10a 6.13e 6.55cd 7.07ef 8.42bc 

V1T2 95.33bcd 102.67bc 23.76ab 24.63ab 6.35de 6.91c 7.58de 8.89b 

V1T3 70.66f 71.33ef 23.30b 23.93b 5.16h 5.41e 6.62fg 7.42cd 

V1T4 91.00cd 95.00cd 24.00ab 24.23ab 6.78cd 7.17bc 7.85cd 9.21ab 

V1T5 88.00de 95.33cd 23.93ab 24.83ab 6.98c 7.30bc 7.96bcd 9.41a 

V1T6 90.00cde 100.00bcd 23.83ab 24.76ab 7.00c 7.43b 8.06bcd 9.55a 

V1T7 75.66f 74.67e 23.33b 23.06bc 5.28gh 5.73de 6.16g 7.40d 

V2T1 101.33ab 106.67a 22.38c 22.36cd 6.89c 7.21bc 7.96bcd 8.61bc 

V2T2 103.33a 105.33ab 22.10cd 22.16cd 6.91c 7.23bc 8.15bcd 8.60bc 

V2T3 82.66e 70.33f 21.66cde 20.60f 5.65fg 5.65de 6.76fg 7.69c 

V2T4 95.33bcd 103.00b 21.50de 21.83de 7.11bc 7.53ab 8.26abc 9.05ab 

V2T5 93.00cd 103.00b 20.23f 21.20ef 7.55ab 7.56ab 8.78a 9.04ab 

V2T6 96.66abc 106.67a 21.37e 21.44ef 7.65a 7.63a 8.5ab 9.15ab 

V2T7 87.66de 86.00de 21.93cde 21.43ef 6.08ef 6.61cd 6.6fg 8.45bc 

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

CV% 4.40 5.12 1.67 1.98 3.92 3.68 4.33 3.77 

 
In a column, with the same letter(s) or without letter(s) do not differ significantly whereas figures with dissimilar letter 

differ significantly (as per DMRT) at 5% level of probability; NS = Not significant, * = Significant at 5% level of 

probability, ** = Significant at 1% level of probability, *** = Significant at 0.1% level, T1 = puddled transplanted rice with 

full irrigation (PTR-CI), T2 = puddled transplanted rice with alternate wetting and drying irrigation (PTR-AWD), T3 = dry 

direct seeded rice with no standing water at all, T4 = dry direct seeded rice following AWD irrigation  (DDSR-AWD), T5 = 

dry direct seeded rice with standing water from panicle initiation to heading, T6 = dry direct seeded rice with standing water 

from panicle initiation to grain filling and T7 = dry direct seeded rice with standing water from heading to grain filling, 

V1=BRRI dhan28, V2= BRRI dhan29.  

 

4. Discussion 

Rice cultivation in boro (winter) season is fully reliant on irrigation as rainfall during this season is scanty.  

Puddle transplanting with full irrigation is the common practice in rice culture which requires huge irrigation 
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water. The extraction of groundwater for irrigation in winter rice leads to ground water table decline making the 

rice culture unsustainable. In the present study, puddle transplanted rice with full irrigation (T1) required 1250-

1230 mm irrigation water.  It was found that puddle transplanted rice with AWD irrigation (T2) saved 12-23% 

irrigation water while dry direct seeded rice with no standing water during the whole crop period (T3) saved 52-

58% irrigation compared with T1. Further, the water saving was 45-54% when AWD approach is used along 

with dry direct seeded system (T4). The present study supports the previous reports in that the AWD irrigation 

in puddle transplanted rice can save 20-25% irrigation water while the dry direct seeding method can save 50-

70% compared to the puddle transplanted full irrigated rice (Rahman et al., 2013). It was also noted in the 

present study that the water saving was more for variety BRRI dhan28 than variety BRRI dhan29. It was simply 

because of longer field duration of BRRI dhan29.  

In the present study BRRI dhan29 gave higher yield than BRRI dhan28. The higher yield in BRRI dhan29 was 

mainly attributed to the production of higher number of tillers and panicles per unit area, longer panicle and 

higher number of filled grain panicle-1 than BRRI dhan28. The similar result was reported by Rahman et al. 

(2019) who found that BRRI dhan29 was higher yielder than BRRI dhan28. In the present study, the higher 

yield of BRRI dhan29 was attributed to production of higher number of number of panicle m-1 and number of 

grains panicle. The greater yield contributed by BRRI dhan29 was mainly due to number of panicle m-1 and 

number of grains panicle. Previous study suggested that rice yield has strong positive relation with number of 

effective tiller production (Ameen et al., 2014).  

In respect to the grain yield, the lowest yield was found with dry direct seeded rice with no standing water at all 

(T3). This grain yield reduction might be related to the production of shortest panicle, smallest grain, lowest 

filled grain and higher unfilled grain in this treatment. It was further observed that DDS-AWD system with 

standing water from panicle initiation to grain filling (T4) gave the highest grain and straw yield. This water 

management practice gave 8.5 to 11% higher grain yield than the puddle transplanted full irrigated rice (T1 

treatment) while this treatment gave 26% higher yield than DDS with no standing water at all (T3 treatment). 

The lowest yield from the plots receiving no standing water during the whole crop period of dry direct seeded 

system (T3) mainly due to water stress during the panicle initiation (Gupta et al., 2006; Kumar et al., 2009). 

Like grain yield, the limited supply of irrigation water in this treatment also resulted in decreased straw yield 

(Kato et al., 2006). The plot which was provided withstanding water from heading to grain filling (T7) showed 

grain yield similar to that of the plots having no standing water at all (T3 treatment). On the other hand, the 

puddle transplanted AWD plot (T2) also gave significantly lower yield than dry direct seeded AWD plots (T4). 

The present study showed that the dry direct seeded field gave higher yield and saved 50-60% irrigation water 

compared with the puddle transplanted full irrigated plots. Thus, the results of the present study indicated that 

dry direct seeded rice field not only saves water but also can produce higher yield than puddle transplanted 

AWD rice.  

Dry direct seeded rice produced taller plants than puddle transplanted rice. Among the dry direct seeded rice, 

irrigation using AWD approach (T4) produced the tallest plants while the shortest plant was found in dry direct 

seeded rice with no standing water at all (T3). The saturated soil may have increased access to greater amount of 

nutrients and the plants also absorb more oxygen and solar radiation resulting in taller plants production (van 

der Hoek et al., 2001; Abu-Khalifa, 2010). In our experiment puddled transplanted rice with full irrigation 

(PTR-CI) gave lower yield than dry direct seeded rice with standing water for a certain period during 

reproductive phase. Numerous studies focusing on this aspect revealed that continuous standing water of rice 

during cultivation is not essential for obtaining high yields rather, maintaining a very thin water layer, at 

saturated soil condition, or alternate wetting and drying can reduce water applied to the field by about 40–70 

percent compared with the traditional practice of continuous shallow submergence, without a significant yield 

loss (Tabbal et al., 1992; Singh et al., 1996).  

The higher number of tillers m-2 and panicle m-2 in dry direct seeded rice with standing water from panicle 

initiation to heading contributed to higher yield than puddled transplanted rice with full irrigation. Maximum 

tillers from DDS rice may be due to larger and massive root system which provided access to a greater amount 

of nutrients from the soil and also plants absorb more oxygen and solar radiation resulting in higher production 

of tillers. In addition, lack of transplanting injury in dry direct seeding system contributed to higher tiller 

production (Horie, 2004; Gill et al., 2006; Kabir, 2007; IRRI, 1988; Dingkuhn et al., 1990). Production of 

higher percentage of filled grains is the key to higher yields under non-flooded (aerobic) conditions (Bouman et 

al., 2006). Increased number of filled and unfilled grain panicle-1 was observer in dry direct seeded rice (no 

standing water at all) while the number increased with irrigation treatments. The potential number of filled 

grains per panicle has been essentially established by the number of fertilized flowers (kernels). The number of 

filled grains per panicle is primarily determined by conditions and events during this stage since only flowers 
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fertilized can become filled grains. Water deficiency at anthesis period and early grain filling stage might be the 

reason of lowest number of filled grain and highest number of unfilled grain panicle-1 for this treatment. Rice is 

very susceptible to water stress in the period around flowering, since reduced water availability causes spikelet 

sterility (Lu et al. 2001; Wopereis et al. 1996; Cruz et al. 1986; Ekanayake et al. 1989). Boonjung and Fukai 

(1996) reported that drought stress at filling grains period decreases the grain filling duration. Thousand grain 

weight of rice under DDS method with standing water during reproductive phase is higher than that for no 

standing water at reproductive phase. This might be weak development of grain due to water deficiency. Patel 

(2000) stated that water regimes had significant effect on 1000 grains weight of rice. Thus, avoiding water stress 

and keeping the soil wet during panicle initiation and grain filling could help yield improvement in dry direct 

seeded rice.  

 

5. Conclusions  

The present study reveals that both BRRI dhan28 and BRRI dhan29 varieties gave highest grain yield in dry 

direct seeding system when standing was maintained from panicle initiation to heading at reproductive phase. 

This water management practice required 550 and 620 mm irrigation with 7-8 and 8-9 irrigations respectively. 

This practice saved 50% irrigation water and gave 8.8 and 9.9% higher yield in BRRI dhan28 and BRRI 

dhan29, respectively compared with conventional puddle transplanted method. Thus, it may be concluded that 

dry direct seeded rice should be practiced for rice and standing water should be maintained from panicle 

initiation to heading for obtaining higher grain yield with least irrigation input.  
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