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ABSTRACT
Major challenges in rice growing ecosystems are increased productivity and reduced water requirement. Rice is exclusively sensitive to declining water availability towards maturity since it requires more water than any other food crop and has relatively low water productivity. One of the technology options that can help farmers cope up with water scarcity at the field level is alternate wetting and drying (AWD). Currently, Alternate Wetting and Drying (AWD) is a popular method of irrigation used for economic utilization of water. A study has been conducted to find out the effects of alternate wetting and drying irrigation (AWDI) on the yield, water use and water use efficiency (WUE) and the economic viability of AWD method of Boro rice. The study showed the effect of different Irrigation treatments (AWDI) and varietal effect on the Yield and Yield Contributing Characters.  The experiment revealed that it would be the best choice for rice cultivation in silty loam soil where a farmer can irrigate their land 3 days after disappearing of water from the soil surface, hence the application of 5 cm standing water after 10cm of water level below ground level. The height of the plant, effective tiller, no. of spikelets per panicle, no. of filled grains per panicle, grain yield, straw yield, 1000 grain weight was found to be significantly affected by the varietal effect. AWD can reduce irrigation cost significantly, thus saving foreign currency, as well as reducing excessive use of groundwater.  The results also indicated that application of AWD method was more profitable than conventional practices in Boro rice production. 
Keywords: Alternate wetting and drying technique, Water use efficiency, Yield and Yield Contributing Characters. 
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CHAPTER I
INTRODUCTION

1.1 General Background

Rice (Oryza sativa) is an important cereal crop under Gramineae family. Boro rice is an irrigation depending crop and it needs a vast amount of irrigation water. Due to the increasing scarcity of fresh water resources available for irrigated agriculture, it is necessary to produce more food in the future with less water. Rice grown under traditional practices in Asia the tropics and subtropics require between 700-1500 mm of water per growing season depending on the texture of the soil (Bhuiyan, 1992). However, in this conventional water management method, there is a large amount of surface runoff, seepage, and percolation, which can occur between 50-80 percent of total water input (Sharma, 1989). The universal truth is that no new water can be created than what we have at present; therefore, to conserve what is available and subject judicious use of every drop of water is the golden rule and rice cannot be an exception. Gone are the days the luxury agriculture had and flooding would be crime in days to come. Water resources both surface and underground are attenuation and water has become a limiting factor in rice production (Farooq et al., 2009). Production of rice also has many negative impacts in the tropics. First rice requires more water input than other grain crops, increasing food demand from growing population and decreasing water availability, secondly global warming potential elevated to other crops by methane emission (Linquist et al., 2012), has finally become the cause of bad soil health with constant flooding and intensive cultivation. It was estimated that 3,400 liters of water were being used to produce 1 kg of rice (Neogi et al., 2018). Availability of water for shrinking agriculture, two available special options; One is to reduce the water shortage through better management practices, thus ensuring more water for crop production, and another is to improve water productivity that is to say increase the production for each unit of water applied. To reduce the input of water in the production of rice, there can be a higher social and environmental impact if water can be saved where the availability of water is limited. A reduction of 10 percent in water used in irrigated rice will free 150,000 million m3, which is approximately 25 percent of the total freshwater used globally for non-agricultural purposes (Klemm et al., 1999). However, rice is very sensitive to water stress. Efforts to reduce water in the production of rice can reduce yield and threaten food security. The challenge, therefore, is to develop a socially acceptable, economically viable and environmentally sustainable novel water management practice, which allows to maintain or increase the production of rice due to lack of water availability. Throughout the world several water-efficient irrigation strategies were tested, advanced, and applied in various rice growing areas. One way to save water in irrigated rice cultivation is to instead of continuously drying rice fields rather than keeping them in a constant flood. This method is known as alternative wet and drying irrigation (AWDI). Alternate Wetting and Drying (AWD) method of irrigation, in which irrigation water is applied to obtain flooded conditions, after a certain number of days have elapsed after the disappearance of ponded water (Bouman et al., 2007). This means that rice fields are not continually immersed, but during the growing phase of rice the interaction is allowed to dry. The number of days allowed for the area to be "non-flood" before irrigation can vary from 1 day to 10 days (Roderick et al., 2011). Under certain conditions and under right conditions, AWDI is a promising method in the cultivation of irrigated rice with dual benefits of water saving and human disease control, while continuing rice yields at the least same level (Oliver et al., 2008). The AWD practice improved the rooting system, reduced lodging (because of a better root system), periodic soil aeration and better control of some diseases (Bouman et al., 2007).  Available research findings support that about 15-20% of water could be saved through the AWD method (Tuong, 2007). Research findings in Bangladesh also showed that on average 28% of irrigation water could be saved without any reduction in rice yield (Kashem, 2006; BRRI, 2007). So, this paper aims to review the quantitative information related to yield and all the yield-contributing characters such as height of the plant, length of the panicle, effective tiller, no. of spikelets per panicle, no. of filled and unfilled grains per panicle, grain yield, straw yield, 1000 grain weight, harvest index and water use efficiency of different Boro rice varieties to know the effect of AWDI on rice production.

1.2 Objectives

The specific objectives were as follows:

1. to study the effect of alternate wetting and drying irrigation (AWDI) technology on Boro rice cultivation,

2. to explore the water, use efficiency for different irrigation treatments, and
3. to know the economic viability of AWD method over conventional irrigation practices for Boro rice cultivation.
CHAPTER II
MATERIALS AND METHODS
This seminar paper is exclusively a review paper. In order to prepare this paper, all information was collected from secondary sources. During the preparation of this review paper, various relevant books, magazines, proceedings, reports, publications etc. have been studied. The findings related to this topic have been reviewed with the help of the library facilities of Bangladesh Sheikh Mujibur Rahman Agricultural University (BSMRAU), suggestions provided by the major professor, course instructors and other resources personnel were also considered in preparation of this paper. After accumulating the necessary information, it has been compiled and organized chronologically for better understanding and clarification.

CHAPTER III
REVIEW OF FINDINGS
3.1 Alternate wetting and drying irrigation technology
Alternate Wetting and Drying (AWD) is a water-saving practice where lowland (paddy) rice farmers can apply to reduce their water use in irrigated fields. In Alternate wetting and drying irrigation, water is applied to flood the field a certain number of days after the disappearance of ponded water. Hence, the field is alternately flooded and non-flooded. The number of days of non-flooded in AWD between irrigations can vary from 1 day to more than 10 days depending on the soil type (IWMI, 2014).
Alternate Wetting and Drying (AWD) irrigation are 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).
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Source: IRRI, (2013)

Figure 3.1 Alternate wetting and drying technology

3.2 Effect of Different Irrigation Treatments (AWDI) on the Yield and Yield Contributing Characters   

3.2.1 Effect of irrigation treatments (AWDI) on plant height 
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The possible effects of alternate wetting and drying irrigation (AWDI) technology on plant height was evaluated with two popular varieties of rice viz. BRRIdhan 29 and BRRIdhan 45, which received four irrigation treatments randomly and it was ranged from continuous submergence (T1) of the field to a number of delayed irrigations (T2, T3 and T4) denoting application of 5 cm irrigation water when water level in the perforated PVC pipe fell 8, 16 and 24 cm below ground level (G.L.), respectively. The study revealed that the highest plant height (90.08 cm) was in BRRIdhan29 and lowest in (82.33 cm), whereas another the highest plant height was found in BRRIdhan45 which was shown in figure1.1(Rahman et al., 2009). Another study also showed that growing rice in water stress condition decreased the plant height and similarly, it was also reported that plants under submerged condition were always longer than the plants receiving delayed irrigation (Oliver et al., 2009).
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Source: Rahman et al. (2009)
3.2.1 Effect of irrigation treatments (AWDI) on total number of effective tillers per hill
In order to observed the effects of alternate wetting and drying irrigation (AWDI) method on total number of effective tillers per hill a study was conducted on BRRI dhan28 and BRRI dhan29 and the first irrigation treatment (T1) was continuous submergence (1 to 5cm standing water) and the remaining three (T2, T3 and T4) stood for an application of 5 cm irrigation water when water level in the pipe fell 11, 20 and 30 cm below the G.L., respectively .The highest number of effective tillers per hill (13.17) was found in treatment T1 followed by treatment T2 (12) and T3 (10.67). The lowest number of effective tillers per hill (9.33) was obtained treatment T4 in figure1.2 (Oliver et al., 2008). A similar study also shown that the effective tiller production attained its maximum value under continuous submergence and decreased with longer irrigation interval (Jha et al., 2007). 
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Source: Oliver et al. (2008)
Figure 3.3 Effect of different irrigation treatments on number of effective tillers per hill.

3.2.2 Effect of irrigation treatments (AWDI) on panicle length
An experiment was conducted to study the influence of AWD irrigation system on growth and yield of Boro rice (HIRA HYBRID dhan2) and it consisted nine treatments viz. T1 (1 to 7 cm standing water); T2 (Start irrigation when water table in the porous tube at 15cm); T3 ( Start irrigation when water table in the porous tube at 10cm) ,T4 (Start irrigation when water table in the porous tube at 5cm) ; T5 ( Start irrigation when desertion of water by naked eyes); T6 ( Start irrigation after 7 days disappearance of water); T7 ( Start irrigation after 5 days disappearance of water; T8 (Start irrigation after 3 days disappearance of water) anD T9 ( Start irrigation after 1 days disappearance of water) .Results obtained from the experimental findings, as shown in Table 1.1,revealed that Panicle length showed significant variation among the treatments and the longest panicle was found from T3 and T4 (31.5 cm) while shortest from T6 (29.7 cm) (Nasir et al., 2014). But The interaction between variety and different irrigation treatments had no any effect on the length of panicle (Rahman et al., 2009). It was also stated that the cause of the panicle length might have occurred due to insufficient photosynthesis from the less vigorous crop canopy and reduced leaf area of BRRIdhan29 (Oliver et al., 2008).
Table 3.1 Effect of different levels of irrigation treatments (AWDI) on panicle length

	Irrigations treatment
	Panicle length (cm)

	T1
	30.5bc

	T2
	30.3cd

	T3
	31.5a

	T4
	31.5a

	T5
	30.8bc

	T6
	29.7e

	T7
	29.9de

	T8
	30.0de

	T9
	30.1de

	LSD 0.05

CV (%)
	0.1

0.7


Source: Nasir et al. (2014)
3.2.4 Effect of irrigation treatments (AWDI) on number of spikelets per panicle

 An experiment conducted to determine the maximum depth of water level below ground surface in alternate wetting and drying (AWD) method and it laid out four irrigation treatments viz. T1(constant standing water), T2 (irrigation when water level reached 15 cm below groundwater level), T3 (irrigation when water level reached 20 cm below groundwater level) and T4 (irrigation when water level reached 50 cm below ground level).The effect of different irrigation treatments (AWDI) on number of spikelets per panicle of BRRI dhan28 was found that the maximum number of spikelets per panicle (188 cm) came in T4 followed by treatment T1(120cm) and treatment T3(122cm) and the lowest in T2 (118cm) during 2010-2011(Paul et al., 2014).
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Source: Paul et al. (2014)
Figure 3.4 Effect of different irrigation treatments on number of spikelets per panicle

3.2.5 Effect of irrigation treatments (AWDI) on number of filled grains per panicle
 The highest number of filled grains (141.94) per panicle was obtained in treatment T2 (irrigation when water was below 15cm from the soil surface) followed by the soil surface) and T4 (Irrigation when water was 25cm below from the soil surface). The lowest number of filled grains per panicle (119.32) was found for treatment T1 (Fig1.4). Thus, the result showed that applying irrigation water in rice field when water level goes 15 to 25cm below ground level does not really reduce the total number of filled grains compared to that nursed with 5cm standing water. However, treatment T1 (continuous standing water) decreased the number of filled grains (Rahman et al., 2014). Another experiment also revealed that applying irrigation water in rice field when water level goes 15 to 25 cm below G.L does not really reduce the total number of filled grains related to that nursed with 5cm standing water (Oliver et al., 2008).
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Source: Rahman et al. (2014)
Figure 3.5 Effect of different irrigation treatments on number of filled grains per panicle

3.2.6 Effect of irrigation treatments (AWDI) on 1000 grain weight:
The effect of AWDI on 1000 grain weight investigated (Table1.2) and the maximum weight of 1000-grains was found from T3 (24.0 g) followed by T4 (23.1 g) while minimum from T5 and T6 (20.4 g) (Table 2). The result indicated that water regimes affected 1000 grains yield of rice non- significantly (Rahman et al., 2009). 
Table 3.2 Effect of different levels of irrigation treatments (AWDI) on 1000 grain weight

	Irrigations treatment
	1000 grain wt. (gm)

	T1
	23.69

	T2
	23.32

	T3
	32.61

	T4
	23.08

	LS

LSD
	NS

1.07


Common letters within the column do not fluctuate statistically either at 1% or 5% level of probability (analyzed using MSTAT) 

NS = Non-significant at either 1% or 5% level of probability 

LS = Level of significance

Source: Rahman et al. (2009)
3.2.7 Effect of irrigation treatments (AWDI) on grain yield
The effects of irrigation treatments were significant on grain yield at 1% level of probability and  the highest grain yield (7.71 t/ha) was obtained in the treatment T3 and the lowest one (7.05 t/ha) in the treatment T4 which is statistically similar with the treatment T1 and T2 with LSD value 0.36 numbering 7.18 t/ha and 7.20 t/ha respectively (Rahman et al., 2009).On the other hand ,the lingering moisture stress reduced paddy yield through reduction in the total number of tiller emergence. It was also reported that a significant decrease in rice yield due to shortage of water (Oliver et al., 2008).
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Source: Rahman et al., (2009)

Figure 3.6 Effect of different irrigation treatments on grain yield(t/ha)

3.2.8 Effect of irrigation treatments (AWDI) on straw yield

The effect of alternate wetting and drying (AWD) irrigation on straw yield was observed and found that the maximum straw yield (6.57t/ha) was found from the treatment T2 and lowest (6.12 t/ha) was in T1 that was significantly affected by irrigation. Since the straw yield is the function of plant height and number of effective tillers, treatments resulting higher number of tillers and greater plant heights produced higher straw yield (Rahman et al., 2014).
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Figure 3.7 Effect of different irrigation treatments on straw yield(t/ha)
3.2.9 Effect of irrigation treatments (AWDI) on harvest index (HI)

The effect of different irrigation treatments on harvest index (HI) are shown in figure 1.7. The higher value of HI (40.1%) was found for the treatment T2 which was statistically similar with the treatment T3(39.81%) and T4(39.75%) and the minimum for treatment T1 (37.91%). This result agrees with the findings of stone et al. (1985) who reported that treatment having continuous flooding could not improve harvest index (Oliver et al., 2008).
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Source: Oliver et al. (2008)

Figure 3.8 Effect of different irrigation treatments on harvest index

3.3 Varietal effect on the Yield and Yield Contributing Characters

The analysis showed that varietal effect on the yield and yield contributing characters of BRRI dhan29 (V1) and BRRI hybrid2 (V2) and its significant consequences of AWDI on the production of Boro rice were observed as given in Table 2.The longer plant height (107.0 cm), the highest number of total tillers hill-1(10.96), the highest number of effective tillers (9.11), the lowest number of non-effective tiller hill-1 (1.85) ,the lowest length of panicle was (22.80cm) , the highest filled grain yield (137.64), the lowest number of unfilled grains panicle-1 ( 22.49 ), the highest weight of 1000- grain (23.65g), the highest grain yield (5.64 t/ha), the highest straw yield (6.70tha-1), the lowest straw yield (5.83tha-1), the highest biological yield (12.34tha-1) and  the minimum harvest index (45.65 %) was found from BRRI hybrid2.On the contrary, the shortest plant (101.95cm) , the lowest number of total tillers was obtained (10.63) , the lowest number of effective tiller hill-1(8.68) , the highest number of non-effective tillers (1.95) , the highest length of panicle (22.92cm) ,the lowest filled grain yield (118.45) ,the highest number of unfilled grains panicle-1 (22.64) ,the lowest weight of 1000-grain (23.35g) ,the lowest grain yield (4.93t/ha) , the lowest number of total tillers was found (10.63) , the lowest one (10.76tha-1) and the maximum harvest index (45.73%) was obtained from BRRIdhan 29 (Rahman et al., 2014).
Table 3.3 Varietal (BRRI dhan29 and BRRI hybrid) Effect on the Yield and Yield Contributing character
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3.4 Water use efficiency for different treatments (AWDI)

3.4.1 Average total water use with grain yield and water use efficiency

The study revealed that the water uses efficiency (WUE) is the most important criterion to rationalize AWDI practice. The highest average total water (117.2 cm) used by the plant was found in treatment T1(1 to 5 cm standing water) which was also attributed by the highest yield (6.86 t/ha). The treatment T2 (applying irrigation after 10 cm depletion of water level below groundwater level), regardless of using much less amount of water (94.7 cm), gave a yield of 6.58 t/ha which is almost close to the highest yield saving nearly 25 cm of water compared to treatment T1 (Fig. 1). This clearly proved that flooded paddy field is not necessarily the only solution for optimum production. It was found that it necessitates 3 to 4 days for 10 cm depletion of water level below the ground surface in silty-loam soil. This practice was found to be the most suitable because of the highest water use efficiency (69.48 kg/ha/cm), insignificant reduction in grain yields (4.08%) and water saving (25 cm). The value of the water protected by this technique would itself be sufficient to arrest the economic justification of the insignificant yield loss in AWDI technique. (Oliver et al., 2008)
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Source: Oliver et al. (2008)
Figure 3.9 Relation between average total water use with grain yield and water use efficiency

3.5 Economics of alternate wetting and drying of irrigation
3.5.1 Scenario of comparative cost and return
From Figure 1.9, it was evident that per hectare gross cost for producing Boro rice is higher for conventional farmers than AWD farmers which lead higher gross return, net return and gross margin for AWD practicing farmers than conventional irrigation practicing farmers. The key finding of the study is that AWD farmers gained more profit than conventional farmers on Boro rice production. The per hectare gross return and gross cost was higher and lower respectively in AWD farmers than conventional farmers from Boro rice production which ultimately leads higher net return of AWD farmers (Saha et al., 2015).

[image: image10.png]Cost and Return( Tk/hectare)

100000
90000
80000
70000
60000
50000
40000
30000
20000
10000

0

Gross Gross  Net return

return margin

Grosscost

Cost and Return items (Tk.)





Source: Saha et al. (2015)

Figure 3.10 Cost and return of Boro rice production by applying two irrigation practices

CHAPTER IV
CONCLUSIONS

· The irrigation treatment significantly affected the Boro rice yield and some other yield contributing characters. Considering all the outputs from the experiments, it can be shown that it would be the best choice for rice cultivation in silty loam soil where farmer can irrigate their land 3 days after disappearing of water from soil surface (application of 5 cm standing water after 10cm of water level below ground level).

·  Height of the plant, effective tiller, no. of spike lets per panicle, no. of filled grains per panicle, grain yield, straw yield, 1000 grain weight was found to be significantly affected by the varietal effect. 
· Experiments and field survey of the AWDI method of cultivating rice have demonstrated the utility of AWDI for water saving in irrigated rice cultivation.

· AWD is profitable and has environmental and climatic benefits, thus there is a sufficient scope to decrease production cost by reducing irrigation cost in major Boro rice producing areas by practicing AWD method of irrigation.
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Figure 3.2 Effect of different irrigation treatments on plant height.
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