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Abstract : This study looks at the economic profitability of Alternate Wet
Drying (AWD) irrigation methods over conventional irrigation practices to
address concerns of groundwater depletion associated with Boro rice
production. In total 80 farmers of which 40 practice AWD and 40 farmers
involved in conventional irrigation were selected randomly from Fulbaria
and Trishal upazilas of Mymensingh district and Nakla and Nalitabari
upazilas of Sherpur district. Descriptive as well as statistical analyses were
done to achieve the objectives of the study. 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 (Tk.
8621.456/hectare) than conventional farmers (Tk. 4551.204/hectare). The
undiscounted Benefit Cost Ratio (BCR) was 1.111 and 1.057 respectively for
AWD farmers and conventional farmers. The results indicated that
application of AWD method was more profitable than conventional practices
in Boro rice production. Significant difference was found in irrigation cost
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between conventional & AWD well owned farmers whereas there was no
significant difference in irrigation cost between water hired conventional &
AWD irrigation farmers but significant difference was found in profitability
between conventional & AWD farmers. The study finally recommends the
AWD method of irrigation should be disseminated every Boro rice producing
area through the Department of Agricultural Extension (DAE).

1. Introduction

The economy of Bangladesh is primary dependent on agriculture, which

contributes about 15.33 percent to the Gross Domestic Product (BER, 2016).

Within the crop sector, rice dominates with an average 71 percent share of the

gross output value of all crops (BBS, 2015). Bangladesh has a population of about

159.9 million with a growth rate of 1.37 percent per annum, giving a population

density of 1063 per square kilometer (BER, 2016). The increasing rate of rice

production has lessened slightly over the past few years compared to the rate of

population increase. To meet the additional needs, the country imports rice every

year. In Bangladesh, rice is grown in three distinct seasons: Boro (post-monsoon

rice), Aus (pre-monsoon rice), and Aman (monsoon rice). Of the three types of

rice, Boro rice alone contributes about 56 percent of total food grains, and is also

the highest in productivity (3.965 MT per hectare) compared to Aus rice and

Aman rice (BBS, 2015). Thus, the production of dry season irrigated rice has a

predominant importance for national food security.

Bangladesh is the fourth largest rice producing country in the world (FAOSTAT,

2012) and third largest (FAPRI, 2009) consumer of rice in the world. About 79

percent of the total cropped area is planted to rice (BBS, 2015). Over 72 percent

of the total irrigated area is planted to rice (BBS, 2015). Approximately 60 percent

of the country’s 1,91,92,164 metric tons rice production is grown during the dry

(Boro) season and more than 78 percent of that is irrigated using groundwater

resources (BBS, 2015). The environmental downside of Boro season cultivation

is that agricultural pumping lowers the water table year on year as monsoonal

recharge is insufficient to replenish the aquifers.

Despite the constraints of water scarcity, rice production and productivity have to

rise in order to address the increased demand for rice driven largely by population

growth and rapid economic development in Asia. Producing more rice with less

water is therefore become a formidable challenge for achieving food, economic,

social, and water security for the region.
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In financial year 2014-15 Mymensingh was the topmost district in Boro rice

production and production was 10,80,151 metric tons which is about 6 percent of

total Boro rice production (1,91,92,164 metric tons) (BBS, 2015). In greater

Mymensingh region, many farmers are devoted them in Boro rice cultivation. But

in recent year’s farmers face water scarcity problem to irrigate rice field due to

aquifer depletion; result of increasing daily extraction rate of groundwater in dry

season.

Boro rice in Bangladesh, whether HYV or traditional varieties covering more than

48.43 lakh hectares, shares about 56 percent (BBS, 2015) of the total rice

production is entirely irrigated, mostly with underground water. Farmers pay

about 25-30 percent of the rice outlet for irrigation (Sattar et al., 2009). For

producing 1 kg of paddy, it is estimated that a farmer has to use 3,000-5,000 liters

of water for keeping ponded water during the growing stage of plants (BRRI-

BRKB, 2017). However, this needs to be reduced to less than 2000 liters of water

for one kilogram of rice. In flood irrigation method exposed water surface allows

the highest water loss through evaporation. This presents another factor for the

economic relevance of water-saving at the farm level. Experts state that on a

national level, the implementation of AWD could save costs for irrigation of up to

56.4 million Euros in electricity or 78.8 million Euros in fuel or 30.0 liter

diesel/ha (Miah, 2009). This method is very low-cost (the pipe only costs a few

taka) and saves irrigation water costs without yield loss which in turn increases

the profitability of farmers. 

Several literatures were reviewed on application of AWD in producing Boro rice

and related studies (Alam et al., 2009; Hasan et al., 2016; Hossain, 2013; Husain

et al., 2009; Mishra et al., 1990; Nalley et al., 2015; Price et al., 2013; Rahman

and Angelsen, 2011). Most of the literatures focused on the effect of AWD and

intermittent irrigation on water use efficiency, yield, irrigation payment systems,

sustainability of AWD and probability of using water saving technology but very

few of them focused on economic aspects of AWD to the farmers and economic

comparison of AWD and conventional irrigation method. These are important

issues from the standpoint of agricultural development, since all of it gives

pertinent information useful for making sound management decisions, resource

allocations, and for formulating agricultural policies and institutional

improvement. Hence, the goal of present study are to compare the profitability of

Boro rice production between AWD and conventional irrigation using farmers and

to identify whether there is significant difference in profitability between two

irrigation practices or not. 
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2. Materials and method

The study was conducted in the Mymensingh region which was designated

purposively because Boro rice production had expanded tremendously in this

district. Trishal and Fulbaria Upazila of Mymensingh district and Nakla and

Nalitabari Upazila of Sherpur district were selected purposively. In collecting data

at farmers’ level, simple random sampling technique is followed. With the help of

upazila agricultural officer and SAAO, a total of 80 sampled farmers directly

involved in Boro rice cultivation are selected. Among them 40 farmers involved

in conventional irrigation and another 40 farmers applied AWD, from whom

information has been collected to accomplish this research. The pre-structured

questionnaires were used to collect the data during the period from March to May

2016. Data on the costs and returns for one year Boro rice production were

collected from AWD and conventional irrigation practicing farmers. The

conventional descriptive statistics were employed in analyzing the data. In order

to test whether the irrigation cost and profitability of two methods differs

significantly or not, non-parametric Mann-Whitney U test was used. 

Per acre profitability of Boro rice production from the view point of AWD

individual farmers and conventional farmers were measured in terms of gross

return, gross margin, net return and benefit cost ratio (undiscounted).

Gross return (GR) 

Gross return was calculated by multiplying the total volume of output of an

enterprise by the average price in the harvesting period. The following equation

was used to estimate GR.
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Where,

GRi = Gross return from ith product (Tk/acre); 

Qi = Quantity of the ith product (kg/acre); 

Pi = Average price of the ith product (Tk/kg); and i = 1, 2, 3 …...................... n.

Gross margin (GM)

Gross margin was calculated by the difference between gross return and total

variable costs. That is, 



GM = GR- TVC…………………………………………………………(2)

Where, 

GM = Gross margin; 

GR = Gross return; and 

TVC = Total variable cost

Net return (NR)

Net return analysis considered fixed costs; cost of land rent, interest on operating

capital etc. Net return was calculated by deducting all costs (variable and fixed)

from gross return. To determine the net return of Boro production by using AWD,

the following equation was used in the present study:

NR = GR- TC…………………………………………………………………..(3)

Where, 

NR= Net return (Tk. /hectare)

GR = Gross return (Tk./hectare); and 

TC = Total cost (Tk./hectare) 

In this study, cost and return analysis was done on both variable and total basis.

The following profit equation was developed to assess the profitability of fish

production: 

π = Gross return - (Variable cost + Fixed cost)…………………………......(4)

Here, 

π= Profit per hectare;

Benefit-Cost Ratio (BCR)

The benefit cost ratio (BCR) is a relative measure which is used to compare

benefit per unit of cost. BCR was estimated as a ratio of gross return and gross

costs. The formula of calculating BCR (undiscounted) is shown as below: 

Benefit Cost Ratio (BCR)

Mann- Whitney U-test

To test whether the amount of water used by two methods differs significantly or

not the Mann- Whitney U-test were applied. In this test, the scores obtained by
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two individual samples are ranked together, giving rank 1 to the lowest score. If

ties occur between two or more observations in the same group, the value of U is

not affected. But if ties occur between two or more observations involving both

groups, the value of U is affected. Although the effect is usually negligible, a

correction for ties is available for use with the normal curve approximation

employed for larger samples. To those ranks that are tied assign the average of the

tied ranks. The ranks received by the two sets of scores are then separately

summed up to obtain R1 and R2. To determine the value of U, the following

formula was used.

Or, equivalently
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Where,

N1= number of items in the first group (Conventional farmer)

N2= number of items in the second (larger) group (AWD farmer)

R1= sum of ranks of first group 

R2= sum of ranks of second group 

The smaller of U1 and U2 is the Mann-Whitney U. If N2 is larger than 20, the

observed value of U may be transformed to Z value as given by the formula:

The significance of Z may be tested by consulting table of Seigel (1988), i.e. table

A of probabilities associated with values as extreme as observed values of z in

normal distribution (Seigel, 1988).

3. Empirical Results

3.1 Scenario of comparative cost and return

Data on different production input costs and returns from the AWD and



conventionally irrigated plots in study locations are presented in Table 1 and 2. In

the study areas variable costs included cost of using human labor, power tiller,

seed/seedlings cost, fertilizer, irrigation, pesticides. Considering all locations, it

was observed that average labour cost per hectare was estimated at Tk.

21,070.620 (27.76 percent of total gross cost) in case of AWD practice which was

lower than the conventional practice as it covers 28.91 percent of gross cost. In

the study areas, farmers used power tiller on the basis of rent. Average per hectare

power tiller cash cost for tillage operation was higher in AWD practice than the

conventional practice and per hectare seed cost was relatively higher for AWD

farmer than that of conventional farmer because most of the seed used by the

AWD farmer were purchased from the open market at a higher price. Fertilizer

requirement for AWD farmer was also higher than the conventional farmer

whereas AWD practices required less irrigation cost (Tk. 11,250.700) than

conventional practices (Tk. 12,123.650) on per hectare basis in the study areas.

Insecticides cost of AWD farmers were also lower than the conventional farmers.

It is observed that the total per hectare variable cost was Tk. 59,060.620 for

conventional farmers which in covers 74.42 percent of gross cost and on the other

hand, it was estimated at Tk. 57,949.710 for AWD farmers which shared 74.97

percent of gross cost. Fixed costs in this study include land use cost and interest

on operating capital and depreciation cost.  Conventional farmers fixed cost

covers 25.58 percent of gross cost whereas for AWD farmers it shared 25.03

percent of gross cost. Annual per hectare cost of rice production was estimated on

the basis of gross cost. It appears from Table 1, that per hectare gross costs of Boro

rice production of conventional farmers was estimated at Tk. 75,144.890 in

Fulbaria Tk. 92,663.280 in Trishal, Tk. 83,638.520 and Tk. 65,226.790 in

Nalitabari and Nakla respectively. Considering all the conventional sample

farmers of all areas gross cost was estimated Tk. 79,363.150. In case of AWD

farmers per hectare gross cost was Tk. 61,187.910 in Fulbaria, Tk. 87,720.940 in

Trishal, Tk. 88,295.490 and Tk. 71,419.190 in Nalitabari and Nakla respectively

(Table 2). Considering all the AWD sample farmers gross cost was estimated Tk.

77,302.980 which is lower than that of conventional practices in the study areas

because of less human labor cost, irrigation cost and insecticides cost in AWD

practice. 

Per hectare gross return in Fulbaria, Trishal, Nalitabari and Nakla was Tk.

84,655.130, Tk. 93,492.240, Tk. 89,016.590 and Tk. 69,821.620 respectively

from Boro rice production of conventional farmers. Per hectare gross returns from

Boro rice production of AWD farmers was estimated at Tk. 76,212.170 in

Fulbaria, Tk. 91,395.700 in Trishal, Tk. 97,544.710 and Tk. 77,714.140 in
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Nalitabari and Nakla respectively. Considering all the sampled AWD farmers per

hectare gross return was estimated at Tk. 85,924.440 which is higher than

conventional farmers which gross return per hectare was at Tk. 83,914.350 (Table

1 and 2).

Considering all location conventional farmers per hectare gross margin was

estimated at Tk. 24,853.740 for Boro rice production and Tk. 27,974.730 was for

AWD farmers. So, it was impressive from the results that the gross margin of

AWD farmers was greater than that of conventional farmers. Per hectare net return

from AWD farmer was higher than that of conventional farmer in every upazila

and considering all AWD sampled farmers it was estimated at Tk. 8,621.456

which is higher than that of conventional farmers (Tk. 4,551.204/hectare). So per

hectare profitability was higher in AWD practice than conventional practice.

BCR (undiscounted) of AWD and conventional practice was emerged as 1.111

and 1.057, respectively implying that Tk. 1.111 and Tk. 1.057 would be earned by

investing every Tk. 1.00 in AWD and conventional practice for Boro rice

production. So, it was observed BCR 1.111 of AWD practice for Boro rice

production was higher compared to that of conventional practice. Overall it can

be concluded that AWD practice for Boro rice production would be more

profitable than conventional irrigation practice.
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Figure 1: Cost and return of Boro rice production by applying two irrigation practices
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From Figure 1, 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.

3.2 Significant difference test of irrigation cost 

By using Mann-Whitney U test as alternative of t-test to test whether the irrigation

cost of two methods differs significantly or not from Table 3, it was found that the

Mann-Whitney U test statistic is 240.500 and 31.500 for well owned and

irrigation water hired farmers’ respectively and there is significant difference in

irrigation cost between conventional and AWD well owned farmers. But in case

of irrigation water hired farmers there is insignificant difference in irrigation cost

between two methods because here farmers bought water at fixed rate per acre on

contractual basis for one season. As they paid a fixed amount of taka for irrigation

water without taking consideration of water amount so they did not pay so much

concern for water saving. So in the study areas water saving technology was not

efficiently utilized by irrigation water hired farmers. Overall Mann- Whitney u

test statistic was 566.500 and it is insignificant so overall there is no significant

difference in irrigation cost between conventional and AWD farmers as most of

the farmers in the study areas were irrigation water hired farmers.

Table 3: Results of Mann-Whitney U test of irrigation cost difference



3.3 Significant difference test of profitability 

To test whether the profitability of two methods differs significantly or not, by

using non parametric Mann-Whitney U test it was found that the Mann-Whitney

U test statistic is 508 (Table 4) and it is significant at 10% level of significance

which indicates there is significant difference in profitability between

conventional and AWD farmers.
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Conclusions and recommendations

In the study areas Boro rice production was more profitable under AWD practice

than conventional irrigation practice as the per hectare irrigation cost of AWD

farmer (Tk. 11,250.700) was lower than the conventional farmer (Tk. 12,123.650/

hectare). The use of AWD method would render an eventual profit of Tk.

4070.252 per hectare instead of using the conventional irrigation. BCR was also

higher for AWD farmers than conventional farmers. It was evident from the

Mann-Whitney U test that there is significant difference in irrigation cost between

well owned conventional and AWD farmers’ and significant profitability

difference was found between conventional and AWD farmers. As application of

AWD is profitable and has environmental and climatic benefits, thus there is an

ample scope to decrease production cost by reducing irrigation cost in major Boro

rice producing areas by practicing AWD method of irrigation. The study finally

recommends the AWD method of irrigation should be disseminated every Boro

rice producing area through the Department of Agricultural Extension (DAE). The

authorities who know the benefits of AWD well in terms of profit, water saving

and environmental benefit should play proper role to take it in the policy level.

Only then this AWD method of irrigation will get institutional recognition and the

ultimate users, farmers of this country will enjoy its benefit directly and that will

protect our environment in long run.



References

Alam, M. S., Islam, M.A., Islam, M.S. and Salam, M.A. (2009). Economics of Alternate

Wetting and Drying Method of Irrigation: Evidences from Farm Level Study. The
Agriculturists, Vol. 7(1 and 2), pp. 82-89.

BBS (2015): Year book of Agricultural Statistics of Bangladesh, Bangladesh Bureau of

Statistics, Ministry of Planning, Government of People’s Republic of Bangladesh,

Dhaka.

BER (2016), Bangladesh Economic Review, Department of Finance, Ministry of Finance,

Government of the People’s Republic of Bangladesh, Dhaka, Bangladesh.

BRRI (2017). Bangladesh Rice Knowledge Bank, Bangladesh Rice Research Institute,

Joydebpur, Gazipur, Bangadesh.

FAOSTAT (2012). Food and Agricultural Commodities Production 2010. Food and

Agriculture Organization of the United Nations. Available at http://faostat.

fao.org/site/339/default.aspx.

FAPRI (2009). The Agricultural Outlook 2009.  World Rice. Food and Agricultural Policy

Research Institute. Available at http://www.fapri. iastate. edu/outlook/2009/.

Hasan, K., Habib, A., Md., Abdullah, Bhattacharjee, D. and Islam, S.A. (2016). Impact of

Alternate Wetting and Drying Technique on Rice Production in the Drought Prone

Areas of Bangladesh. Indian Research Journal of Extension Education, Vol. 16,

No. 1, pp. 39-48

Hossain, S. M. I. (2013). Performance of Raised Bed Irrigation in Comparison to AWD

and Flood Irrigation for Boro Rice. A Journal of Agriculture and Veterinary
Science, Vol. 5, No. 6, pp. 82-85.

Husain, M. M., Kabir, M. H., Alam, M. S., Khan A. K. and Islam M. M. (2009). Water

Saving Irrigation in Rice Cultivation with Particular Reference to Alternate Wetting

and Drying Method: An Overview. The Agriculturists, Vol. 7(1 and 2), pp. 128-136.

Miah, H. (2009): Effects of AWD technology on grain weight. Cited from paper presented

by CIRAD at 4th World Congress on Conservation Agriculture. 2009 New Delhi.

Mishra, H.S., Rathore, T.R. and Plant, R.C. (1990). Effects of intermittent irrigation on

groundwater table contribution, irrigation requirement and yield of rice in Mollisols

of the Terai region. Agricultural Water Management, Vol. 18, No. 3, pp. 231-241.

Nalley, L., Linquist, B., Kovacs, K. and Anders, M. (2015). The Economic Viability of

Alternative Wetting and Drying Irrigation in Arkansas Rice Production. Agronomy
Journal, Volume 107, Issue 2.  

Mousumi Saha et.al. :  Comparative Profitability of Boro Rice Production 627



Price, A. H., Norton, G. J., Salt, D. E., Ebenhoeh, O., Meharg, A. A., Meharg (nee Reiff),

C. and Davies, W. J. (2013). Alternate wetting and drying irrigation for rice in

Bangladesh: Is it sustainable and has plant breeding something to offer? Food
Energy and Security, Vol. 2(2), pp. 120-129. 

Rahman, M.S. and Angelsen, A. (2011). Comparison between Irrigation Payment Systems

and Probability of Using Water Saving Technology. A Journal of Economics and
Sustainable Development, Vol. 2, No. 10.

Sattar, M. A., M. N. Rashid, H. R. Hossain, A. K. Khan, S. Parveen, D. Roy and H.

Mahmud (2009). AWD Technology for Water Saving in Boro Rice Production for

the Selected Locations. Proc. National workshop on AWD technology for rice

production in Bangladesh: 1-14 pp.

Seigel, S. (1988). Non-parametric Statistics for the Behavioral Sciences. 2nd edition,

McGraw Hill, NY.

628                                                                  Bangladesh Journal of Political Economy Vol.  34,  No. 2



Mousumi Saha et.al. :  Comparative Profitability of Boro Rice Production 629



630                                                                  Bangladesh Journal of Political Economy Vol.  34,  No. 2


