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ABSTRACT
Nasir A, Shahriar S, Rupa WS, Mehraj H, Jamal Uddin AFM (2014) Alternate wetting and drying irrigation system on growth and yield of
hybrid boro rice. J. Soil Nature 7(2), 28-35.

An experiment was conducted at Farm of Sher-e-Bangla Agricultural University, Bangladesh from December 2011 to
April 2012 to study the influence of AWD irrigation system on growth and yield of boro rice (HIRA HYBRID
dhan2). The experiment consisted nine levels of irrigations (coded from T;-To) were used. Maximum number of total
tillers (26.7/hill), number of effective tillers (21.5/hill), panicle length (31.5 cm), number of grains (215.5/panicle),
1000-grains weight (24.0 g), grain yield (7.8 t/ha) and straw yield (7.5 t/ha) were found from T (Start irrigation when
water table in the porous tube at 10 cm). Maximum concentrations of grain N (1.20%), P (0.38%), K (0.39%) and S
(0.10%) were recorded from Ts; similarly maximum concentrations of straw N (0.69%), P (0.20%), K (1.87%) and S
(0.10%) were also from T,. Maximum pH (5.9), organic matter (1.26%) were recorded from T; treatment and total N
(0.075%), available P (19.89 mg/kg soil), exchangeable K (0.12 meqg/100g soil) and available S (14.66 mg/kg soil)
were recorded from Ts. Ts (Start irrigation after 7 days disappearance of water) treatment was found as the worst in
terms of most of the parameters.

Key words: Boro rice, AWD, growth and yield

INTRODUCTION

Rice (Oryza sativa) is a cereal crop under Gramineae family. Boro rice is an irrigation depending crop and it
needs huge irrigation water. Due to scarcity of freshwater resources available for irrigated agriculture, in future
it will be necessary to produce more food with less water. Alternate Wetting and Drying (AWD) irrigation is a
promising method in irrigated rice cultivation with dual benefits of water saving and environment saving, while
maintaining rice yields at least at the same level (Yang et al. 2009). However, many factors play a role in
determining the success or failure of AWD irrigation. Some of these factors can be influenced such as irrigation
infrastructure and irrigation management capacity while others cannot be such as rainfall and soil conditions
(Rajendran et al. 1995). The increased productivity of water is likely to be the critical factor that will make
farmers and officials adopt AWD irrigation in water-scarce areas. AWD irrigation is one method of managing
the water so that water will not be wasted but it will aid the root growth, facilitate higher nutrient uptake and
increase land and water productivity (Sarkar 2001). But it is necessary to know that when irrigation will be
started under AWD system. Considering the present situation the present study was undertaken to study the
performance of AWD irrigation method for hybrid boro rice production.

MATERIALS AND METHODS

The experiment was conducted at the Farm of Sher-e-Bangla Agricultural University, Dhaka, Bangladesh during
the period from December 2011 to April 2012 to study the effect of alternate wetting and drying irrigation
system on the growth and yield of hybrid boro rice. HIRA HYBRID dhan2 (from China) was used in this
experiment. Experiment consisted nine treatments viz. T,: Continuous submergence (1 to 7 cm standing water);
T,: Start irrigation when water table in the porous tube (it was 30 cm long plastic pipe having a diameter of 15
cm with many holes on all sides of the basal half) at 15cm; Tj: Start irrigation when water table in the porous
tube at 10cm; T, Start irrigation when water table in the porous tube at 5cm; Ts: Start irrigation when
disappearance of water by naked eyes; Te: Start irrigation after 7 days disappearance of water; T,: Start
irrigation after 5 days disappearance of water; Tg: Start irrigation after 3 days disappearance of water and Ty:
Start irrigation after 1 days disappearance of water using Randomized Complete Block Design with three
replication. The unit plot size was 3.5 m x 2.5 m and the plots were separated through raising soil bund up to 25
cm from the soil level. The blocks were separated by one meter drains. In each sub-plot a 30 cm diameter and 40
cm long PVC pipe was installed in the centre of the sub-plot (Plate 1 and 2). Seedlings were transplanted on 12
January, 2012 in well puddled plot maintaining 20 cm x 15 cm spacing. The sources of nitrogen, phosphorus,
potassium, sulphur and zinc were urea, triple super phosphate (TSP), muriate of potash (MOP), gypsum and
zinc oxide, respectively (BARC 2007). Urea was applied in 3 equal splits: one third was applied at basal before
transplanting, one third at active tillering stage (30 DAT i.e., days after transplanting) and the remaining one
third was applied at 5 days before panicle initiation stage (55 DAT).

Before land preparation, initial soil samples at 0-15 cm depth were collected from different spots of the
experimental field. The initial soil sample was analyzed for particle size distribution, particle density, bulk
density, pH, organic carbon, total nitrogen, available P and exchangeable K which were given below:
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Physical and chemical properties of the initial soils sample

Physical properties Value Chemical properties Value
Sand (%) 29.04 Soil pH 5.8
Silt (%) 41.8 Organic Carbon (%) 0.75
Clay (%) 29.16 Total N (%) 0.045
Texture Silty clay loam Available P (mg/kg soil) 19.85
Porosity (%) 44.5 Exchangeable K (meq/100 g soil) 0.08
Bulk density (g/cc) 1.48 Available S (mg/kg) 14.4

Particle density (g/cc) 2.52

- ¥
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Plate 1.Water at 15 cm depth in porous tube

IRRI 2013

Data were collected on plant height, number of tillers/hill, length of panicle (cm), number of grains/panicle,
filled grains/ panicle, 1000 grains weight (g), grain yield and straw yield. Particle size analyses of soil was done
by hydrometer method (Black 1965) and the textural class was determined by plotting the values for percent
sand, percent silt and percent clay to the Marshall’s Textural Triangular Coordinate following the USDA
system.

Particle density of soil was determined by volumetric flask method (Black 1965) following the formula:
Particle density (Pd) = (Weight of soil solid/\VVolume of soil solid) g/cc
Bulk density of soil was determined by core sampler method following the formula:
Bulk density (Bd) = Weight of oven dry soil + VVolume of soil (pore + solid) g/cc
Soil pH was measured by glass electrode pH meter using soil water suspension of 1:2.5 as described by Jackson
(1962).

Organic carbon in soil sample was determined by wet oxidation method of Walkley and Black (1935). Oxidize
the organic matter with excess of 1N K,Cr,O- in presence of conc. H,SO, and conc. H3PO, and titrate the excess
K,Cr,0- solution with 1N FeSO, Content of organic matter was calculated by multiplying the percent organic
carbon by 1.73 (Van Bemmelen factor) and the results were expressed in percentage (Page et al. 1982).

Total N content of soil were determined followed by the Micro Kjeldahl method. One gram of oven dry ground
soil sample was taken into micro Kjeldahl flask to which 1.1 gm catalyst mixture (K,SO,4: CuSO,. 5H,0: Se in
the ratio of 100: 10: 1), and 7 ml H,SO, were added. The flasks were swirled and heated 160°C and added 2 ml
H,0, and then heating at 360°C was continued until the digest was clear and colorless. After cooling, the content
was taken into 50 ml volumetric flask and the volume was made up to the mark with distilled water. A reagent
blank was prepared in a similar manner. These digests were used for nitrogen determination (Page et al. 1982).
Then 20 ml digest solution was transferred into the distillation flask, Then 10 ml of H3BOj; indicator solution
was taken into a 250 ml conical flask which is marked to indicate a volume of 50 ml and placed the flask under
the condenser outlet of the distillation apparatus so that the delivery end dipped in the acid. Sufficient amount of
10N-NaOH solutions was added in container connecting with distillation apparatus. Water runs through the
condenser of distillation apparatus was checked. The conical flask was removed by washing the delivery outlet
of the distillation apparatus with distilled water. Finally the distillates were titrated with standard 0.01 N H,SO,
until the color changes from green to pink (Jackson 1973).

The amount of N was calculated using the following formula:
% N =(T-B) x N x0.014 x100/S
Where, T = Sample titration (ml) value of standard H,SO,; B = Blank titration (ml) value of standard
H,SO4; N = Strength of H,SO,4; S = Sample weight in gram
Available phosphorus was extracted from the soil with 0.5 M NaHCO03 at pH 8.5. The phosphorus in the extract
was then determined by developing the blue color by ascorbic acid reduction of phospo-molybdate complex and
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Plate 2. Field in flooded condition
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measuring the color calorimetrically at 660 nm (Olsen et al. 1954). Exchangeable K of soil was determined by
1IN ammonium acetate (pH 7.0) extraction methods and by using flame photometer and calibrated with a
standard curve (Page et al. 1982). Available S content was determined by extracting the soil with CaCl, (0.15%)
solution as described by (Page et al. 1982). The extractable S was determined by developing turbidity by adding
acid seed solution (20 ppm S as K,SO,4 in 6N HCI) and BaCl, crystals. The intensity of turbidity was measured
by spectrophotometer at 420 nm wavelengths.

Collection and preparation of plant samples

Grains and straw samples were collected after threshing for N, P, K and S analysis. The plant samples were
dried in an oven at 65°C for 72 hours and then ground by a grinding machine (Wiley-mill) to pass through a 20-
mesh sieve. The samples were stored in plastic vial for analyses of N, P, K and S. The grains and straw samples
were analyzed for determination of N, P, K and S concentrations. The methods were as follows:

Digestion of plant samples with sulphuric acid for N analysis: For the determination of nitrogen an amount
of 0.5 g oven dry, ground sample were taken in a micro Kjeldahl flask. 1.1 g catalyst mixture (K,SO,4: CuSO,,
5H,0: Se in the ratio of 100: 10: 1), and 7 ml conc. H,SO, were added. The flasks were heated at 160°C and
added 2 ml 30% H,0, then heating was continued at 360°C until the digests become clear and colorless. After
cooling, the content was taken into a 50 ml volumetric flask and the volume was made up to the mark with de-
ionized water. A reagent blank was prepared in a similar manner. Nitrogen in the digest was estimated by
distilling the digest with 10 N NaOH followed by titration of the distillate trapped in H;BO; indicator solution
with 0.01N H,SO,.

Digestion of plant samples with nitric-perchloric acid for P, K and S analysis: A sub sample weighing 0.5 g
was transferred into a dry, clean 100 ml digestion vessel. Ten ml of di-acid (HNOs: HCIO, in the ratio 2:1)
mixture was added to the flask. After leaving for a while, the flasks were heated at a temperature slowly raised
to 200°C. Heating were stopped when the dense white fumes of HCIO, occurred. The content of the flask were
boiled until they were became clean and colorless. After cooling, the content was taken into a 100 ml volumetric
flask and the volume was made up to the mark with de-ionized water. P, K and S were determined from this
digest by using following methods.

Determination of P, K and S from plant samples

Phosphorus: Plant samples (grains and straw) were digested by diacid (Nitric acid and Perchloric acid) mixture
and P content in the digest was measured by blue color development (Olsen et al. 1954). Phosphorus in the
digest was determined by using 1 ml for grains sample and 2 ml for straw sample from 100 ml digest by
developing blue color with reduction of phospomolybdate complex and the color intensity were measured
colorimetrically at 660 nm wavelength and readings were calibrated with the standard P curve (Page et al.
1982).

Potassium: 10 ml of digest sample for the grains and 5 ml for the straw were taken and diluted 50 ml volume to
make desired concentration so that the flame photometer reading of samples were measured within the range of
standard solutions. The concentrations were measured by using standard curves.

Sulphur: The digested S was determined by developing turbidity by adding acid seed solution (20 ppm S as
K,SO, in 6N HCI) and BaCl, crystals (Page et al. 1982). The intensity of turbidity was measured by
spectrophotometer at 420 nm wavelengths (Hunter 1984).

Collected data were statistically analyzed using the MSTAT-C computer package program and mean differences
were adjusted by Duncan’s Multiple Range Test (DMRT) (Gomez and Gomez, 1984) at 5% level of
significance.

RESULTS AND DISCUSSION

Plant height: Tallest plant was found from T3 (89.5 cm) which was statistically similar with T, (89.3 cm) while
shortest from Tg (80.3 cm) (Table 1). Thakur et al. (2011) observed that system of rice intensification practices
with alternate wetting and drying improve rice plants height.

Number of tiller: Maximum number of tillers was found from T3 (26.7/hill) which was statistically similar with
T; (26.5/hill) while minimum from Tg (21.7/hill) (Table 1). Singh and Pandey (1972) observed that tiller
production was greatest under continuous submergence and decreased with decreasing soil moisture.

Number of Effective tiller: Maximum number of effective tillers was found from T (21.5/hill) which was
statistically identical with T, (21.4/hill) while minimum from T (18.7/plant) (Table 1). Gani et al. (2002)
reported that intermittent (alternate wet and drying) irrigation consistently performed better than continuously
flooded irrigation, that it is produced more effective tillers, leaf area and biomass.

Non-effective tiller: Maximum number of non-effective tiller was found from Tg (3.8/hill) which was
statistically identical with T, (3.6/hill) and Ts (3.5/hill) whereas minimum from T3 (3.0/hill) which was
statistically identical with T,, T; and Tg (3.2/hill) (Table 1).
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Panicle length: Panicle length showed significant variation among the treatments. Longest panicle was found
from Tz and T, (31.5 cm) while shortest from Tg (29.7 cm) (Table 1).

Table 1. Response of different levels of irrigations on different characteristics of rice

Irrigations Plant height Number_of No._of eﬁeptive No. of non-effective Panicle
(cm) tillers/hill tillers/hill tillers/hill length (cm)
T, 873 b 265 a 20.7 b 36 ab 30.5 bc
T, 85.1 c 238 ¢ 205 ¢ 3.4 bcd 303 cd
T3 895 a 26.7 a 215 a 30 e 315 a
T, 89.3 a 242 b 214 a 3.2 de 315 a
Ts 848 d 236 ¢ 205 ¢ 3.5 abc 30.8 bc
T 80.3 ¢ 217 d 187 g 38 a 29.7 e
T, 83.1 ef 219 d 193 f 3.2 de 29.9 de
Ts 82.7 fg 221 d 196 e 37 b 30.0 de
Ty 835 ef 236 203 d 3.2 de 30.1 de
LSDO0.05 0.2 0.1 0.1 0.1 0.1
CV (%) 0.5 1.1 0.5 4.7 0.7

In a column figures having similar letter(s) do not differ significantly where as figures with dissimilar letter(s) differ
significantly as per DMRT

Number of grains/panicle: Maximum number of grains was found from T; (215.5/panicle) followed by T,
(212.1/panicle) while minimum from T¢ (175.4/panicle) (Table 2). Reddy and Hokkeri (1979) found no effect of
continuous and phasic submergence on the number of grains per panicle and 1000 grains weight.

Number of unfilled grain/panicle: Minimum number of unfilled grain was found from T; (8.6/panicle)
whereas maximum from Tg (15.2/panicle) (Table 2).

1000-grains weight: Maximum weight of 1000-grains was found from T3 (24.0 g) followed by T, (23.1 g)
while minimum from Ts and T, (20.4 g) (Table 2). Patel (2000) conducted an experiment to find out the effect
of water regimes, variety and biofertilizer (blue-green algae) on rice yield. The result indicated that water
regimes affected 1000 grains yield of rice significantly.

Grain yield: Maximum grain yield was found from T (7.80 t/ha) followed by T, (7.20 t/ha), Ts (7.18 t/ha) and
Ty (7.17 t/ha) whereas minimum from T6 (6.30 t/ha) (Table 2). McHugh et al. (2002) observed highest yield of
rice grain was obtained in case of alternate wetting and drying system than non flooded and continuously
flooded irrigation. AWD can improve yield (Zhang et al. 2010) by increasing proportion of tillers that are
productive, reducing the angle of the topmost leaves thus allowing more light to penetrate the canopy and
modifying shoot and root activity, implying altered root-to-shoot signaling of phytohormones such as abscisic
acid (ABA) and cytokinins (Yang and Zhang, 2010). Increased grain yield due to reduction of nonproductive
tillers by encouraging early tillering (Yang and Zhang, 2010) an increased percentage of filled grains (Zhang et
al. 2010) and increased individual grain weight (Matsuo and Mochizuki, 2009; Zhang et al. 2010).
Remobilization of carbohydrates from stems to grain (Yang and Zhang, 2010) could represent another important
mechanism of improving grain filling under AWD treatments. Although root signals (such as plant hormones)
can influence grain yield independently of leaf water relations (Westgate et al. 1996; Zhang et al. 2010),
relatively little is known about the mechanistic basis of this response. The highly dynamic soil environment
during AWD (decreased soil oxygen concentrations during flooding and decreased matric potential during
drying) will produce dramatic fluctuations in the root synthesis of chemical signals and their transport to the
shoot. Flooding seems to increase shoot ACC status, and decrease shoot ABA and cytokinins status (Else et al.
2009) while soil drying increases shoot ABA (and possibly ACC) status and decreases shoot cytokinin status
(Kudoyarova et al. 2007; Belimov et al. 2009). AWD increased macro and micro nutrient availability and
uptake also increase the concentration of essential dietary micronutrients in the grain (Price et al. 2013). N,O
emissions tend to increase because of increased nitrification and denitrification activities, with soil conditions
constantly changing between anaerobic and aerobic, and related changes in redox potential by alternate wetting
and drying (Sander et al. 2011). Alternate wetting and drying therefore generates multiple benefits related to
reducing water use, reducing methane emissions (mitigation) and increasing productivity (Bouman et al. 2007)
by producing heavier and bigger grains, more tillers, fewer insect pests and diseases (Palis et al. 2004).
Alternate drying and wetting of the fields allows for good aeration of the soil and better root growth thereby
increasing rice yield and water use efficiency (Uphoff 2006). For conventional crop management, AWD is
applied instead of continuous flooding, which is the standard irrigation method. Although water productivity is
increased, yields associated with AWD can either be maintained or decreased compared to continuous flooding.
In 31 field experiments analyzed by Bouman and Tuong (2001), 92% of the AWD treatments resulted in yield
reductions varying from 0% to 70% compared with those of the flooded control plots. Yao et al. (2012) testing
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“super hybrid” variety and a “water-saving and drought-resistant” variety found water saving of 24%-38% with
AWD compared to continuously flooded plots, but no significant difference in yield between the two treatments.
In contrast, under the SRI system, reducing irrigation water application, done through the AWD method, is one
of the main principles of SRI. AWD is co-responsible for saving water and increasing yields. Other studies,
which reported water productivity improvements from 32-100%, with associated yield increases of 5-51%
(Zhao et al. 2009; Zhao et al. 2010; Chandrapala et al. 2010; Geethalakshmi et al. 2011; Ndiiri et al. 2012).

Straw yield: Maximum straw yield was found from T; (7.52 t/ha) followed by T, (7.33 t/ha) and T, (7.32 t/ha)
whereas minimum from Tg (6.06 t/ha) (Table 2). Patel (2000) conducted an experiment to find out the effect of
water regimes, variety and biofertilizer (blue-green algae) on rice yield. The result indicated that water regimes
affected straw yield of rice significantly.

Table 2. Response of different levels of irrigations on different yield characteristics of rice
No. of grains per ~ No. of unfilled 1000 grains weight Grain yield Straw yield

Treatments

panicle grains/panicle (9) (t/ha) (t/ha)
T, 209.0 c 117 f 221 ¢ 717 b 733 b
T, 203.7 d 121 e 215 ¢ 7.07 ¢ 726 ¢
Ts 2155 a 8.6 h 240 a 780 a 752 a
T, 2121 b 108 ¢ 231 b 720 b 732 b
Ts 199.0 e 122 e 204 d 718 b 726 c
Ts 1754 i 152 a 204 d 6.30 f 6.06 f
T, 1858 h 144 b 216 c 0.28 e 6.52 e
Ts 1889 g 135 ¢ 213 ¢ 6.54 e 7.09 d
Ty 1899 f 132 d 213 ¢ 6.97 d 7.09 d
LSD0.05 0.2 0.1 0.3 0.03 0.02
CV (%) 0.2 0.6 2.2 0.81 0.44

In a column figures having similar letter(s) do not differ significantly where as figures with dissimilar letter(s) differ
significantly as per DMRT

NPKS concentration in grains and straw

Maximum N concentration in rice grain (1.20%) and straw (0.69%) was found from T3 whereas minimum from
Te (0.96% in grain and 0.51% in straw). Maximum P concentration in rice grain (0.38%) and straw (0.20%) was
found from T3 while minimum from T (0.29% in grain and 0.10% in straw). Maximum K concentration in rice
grain (0.39%) and straw (1.87%) was found from T3 whereas minimum from T (0.25% in grain and 1.32% in
straw). Maximum S concentration in rice grain and straw (0.10%) was found from T3. On the other hand
minimum S concentration in grain was found from T¢ (0.06%) and minimum S concentration in rice straw was
found from Tg, T, Tg (0.07%) (Table 3).

Table 3. Effect of different levels of irrigation on NPKS concentration of boro rice grains and straw™

Treatments Concentration (%) in grains Concentration (%) in straw

N P K S N P K S
T, 116 ¢ 036 b 036 c 009 b 060 d 016 c 170 ¢ 0.08 c
T, 113 e 033 d 035 d 008 c 062 c 014 d 158 d 0.08 c
T, 120 a 038 a 039 a 010 a 069 a 020 a 187 a 010 a
T, 119 b 036 b 038 b 009 b 066 b 019 b 175 b 009 b
Ts 114 d 034 ¢ 036 c¢c 008 c 066 b 016 c 155 e 008 c
Ts 096 h 029 g 025 g 0.06 e 051 h 010 ¢ 132 i 007 d
T, 109 g 030 f 029 f 007 d 054 f 012 f 147 h 007 d
Tsg 112 f 032 e 034 e 008 c 057 e 012 f 151 g 007 d
Ty 113 e 033 d 036 c 008 c 053 g 013 e 154 f 0.08 c
LSD0.05 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002
CV (%) 0.300 1.03 0.42 5.6 0.2 0.88 0.52 11.3

XIn a column figures having similar letter(s) do not differ significantly where as figures with dissimilar letter(s) differ
significantly as per DMRT

pH, organic matter and NPKS status of post harvest soil

Maximum pH and organic matter of post harvest soil was found from T, (5.9 and 1.26%) where plot was kept
continuous submergence with 1 to 7 cm standing water while minimum from Tg (5.4 and 1.05%) where
irrigation was started after 7 days disappearance of water (Table 4). Total nitrogen content of post harvest soil
was found from T3 (0.075%) (start irrigation when water table in the porous tube at 10 cm) while minimum
from T¢ (0.061%) which was statistically similar with T; (0.062%) (Table 4). Maximum available phosphorus
content of post harvest soil was found from T3 (19.89 mg/kg soil) while minimum from T4 (13.27 mg/kg soil).
Maximum exchangeable potassium content of post harvest soil was found from T3 (0.12 meq/100g soil) while
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minimum from T¢ (0.04 meqg/100g soil). Maximum available sulphur content of post harvest soil was recorded
from T3 while minimum from T (10.08 mg/kg soil) (Table 4).

Table 4. Effect of different levels of irrigation on the pH, organic matter and NPKS content in post harvest soil

Organic Total N Available P Exchangeable K Available S

Treatments pH matter (%) (%) (mg/kgsoil)  (meq/100gsoil)  (mg/kg soil)
T, 59 a 126 a 0071 b 19.21 0.09 1437 ¢
T, 57 ¢ 115 g 0066 d 17.36 0.07 1203 f
T, 58 b 116 f 0075 a 19.89 0.12 1466 a
T, 56 d 119 d 0072 b 19.78 0.11 1450 b
Ts 55 e 123 b 0069 ¢ 16.46 0.07 1320 d
T, 54 f 105 i 0061 f 13.27 0.04 1008 i
T, 57 ¢ 111 h 0062 f 14.43 0.05 1158 h
Ty 56 d 118 e 0063 ef 14.16 0.07 1185 g
T, 57 ¢ 120 ¢ 0064 e 16.02 0.08 1235 e
LSD0.05  0.002 0.004 0.001 NS NS 0.04
CV (%) 0.03 0.540 5.5 0.84 0.02 0.49

In a column figures having similar letter(s) do not differ significantly where as figures with dissimilar letter(s) differ
significantly as per DMRT

CONCLUSION

From the above discussion it can be concluded that alternate wetting and drying irrigation had significant effect
on yield and yield contributing characters of boro rice. Irrigating field when water table in porous tube at 10 cm
is most favorable for improving yield and yield contributing characters of HIRA HYBRID dhan2 in Boro
season.
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