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Abstract 

Agriculture is vital to Bangladesh's economy, contributing 13% to GDP and employing 40% of the workforce. 

However, its environmental impact, particularly through carbon emissions and excessive water consumption, is 

significant. This study aims to assess the carbon and water footprints of key crops—paddy, wheat, and potato—and 

propose sustainable management practices to reduce environmental degradation. Surveyed data was collected from 

10 districts through field visits, structured surveys, and secondary sources. The study found that paddy cultivation had 

a carbon footprint ranging from 1.2 to 1.326 kg CO₂/kg, with water consumption averaging 1736 L/kg. Wheat’s carbon 

footprint ranged from 1.37 to 1.55 kg CO₂/kg, while its water consumption averaged 890.61 L/kg. Potato cultivation 

showed the lowest emissions at 0.461 to 0.672 kg CO₂/kg, with an average water consumption of 223.6 L/kg. Key 

findings indicate that irrigation contributes significantly to emissions across all crops, with paddy and wheat dependent 

on fertilizers. The study proposes sustainable practices, including precision irrigation, rainwater harvesting, and 

transitioning to electric machinery, which could reduce emissions by up to 50% and water consumption by 35–40%. 

These recommendations provide actionable insights for policymakers and agricultural stakeholders, contributing to 

the development of a sustainable and resilient agricultural sector in Bangladesh. 
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Introduction: 

Agriculture plays a central role in the economy of Bangladesh, contributing 13% to the GDP and employing 

approximately 40% of the workforce (Rahaman & Shehab, 2019). However, the sector exerts significant 

environmental pressure, primarily through its carbon emissions and water usage, which urgently require sustainable 

reform (Hoekstra, 2011; Wiedmann & Minx, 2008). These impacts are increasingly concerning as the country 

experiences severe climate vulnerabilities—rising temperatures, frequent floods, groundwater depletion, and rainfall 

variability—threatening food and water security (Lina & Adhikary, 2023; Mekonnen & Hoekstra, 2016). The carbon 

footprint (CF) reflects the total greenhouse gas (GHG) emissions from production inputs such as fossil fuel 

combustion, fertilizers, pesticides, and land-use changes (Dubey & Lal, 2009). In contrast, the water footprint (WF) 

measures the direct (irrigation) and indirect (chemical dilution) use of freshwater in crop production (Hoekstra, 2011). 

Together, the CF and WF provide a comprehensive picture of the environmental burden of agriculture. However, few 

studies in Bangladesh have assessed them concurrently or regionally for key food crops. Among staple crops, paddy 

has the highest water footprint (~2,497 L/kg) and contributes significant methane emissions due to flooded fields 

(Yoshikawa, 2010; Kuenzer & Knauer, 2013). Wheat and potato are less water-intensive but emit large amounts of 

GHGs from fertilizer and diesel use (Biswas et al., 2021; Pishgar-Komleh et al., 2012). In potato cultivation, for 

instance, 52% of emissions are linked to irrigation, whereas in wheat production, fertilizers contribute over 40% of 

GHGs (LiveLCA, 2023). Bangladesh’s irrigation systems are heavily dependent on groundwater, with over 97% of 

dry-season irrigation sourced from aquifers, causing significant depletion of aquifers (Shehab, 2022). Climate-induced 

water scarcity, compounded by inefficient irrigation methods and poor crop-water matching, intensifies stress on both 

water and energy systems (Apostolaki et al., 2016; Apostolaki et al., 2020). For sustainable growth, agriculture must 

transition to climate-smart practices that reduce emissions and enhance the efficiency of water use. Several 

technologies have shown promise. Precision irrigation and solar-powered pumps can reduce water usage by 30–40%, 

whereas electric tractors and threshers can reduce carbon emissions by up to 70% (Coulibaly et al., 2021; Machines, 

2024). Organic fertilizers and crop rotation enhance soil health and reduce chemical dependency (Durán-Lara et al., 

2020; Wangmo et al., 2023). Integrated pest management (IPM) and mulching offer additional ecological benefits by 

reducing synthetic input use and water loss (Ehi-Eromosele et al., 2013; Hossain et al., 2021). While global efforts in 

sustainable agriculture are advancing, Bangladesh lacks region-specific, empirical data on both carbon and water 
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footprints (Mekonnen & Hoekstra, 2016; Dubey & Lal, 2009). This study addresses that gap by analyzing paddy, 

wheat, and potato across ten districts using field data and standard emission metrics (Hoekstra, 2011; LiveLCA, 2023). 

It identifies key emission sources—such as irrigation and fertilizers—and recommends localized strategies, including 

precision irrigation, renewable-powered machinery, and organic inputs (Coulibaly et al., 2021; machines, 2024; 

Durán-Lara et al., 2020). These insights support climate-smart policy and resource-efficient agricultural 

transformation in Bangladesh (Lal, 2022; Geetanjly, 2015). Effective agricultural sustainability planning in 

Bangladesh requires localized environmental assessments that account for crop-wise variability in input use and 

emissions (Shehab, 2022); however, most national strategies still overlook district-level differences in carbon and 

water footprints. This study provides much-needed empirical evidence to support targeted low-emission and water-

efficient agricultural interventions aligned with Bangladesh’s climate resilience goals. 

Methodology: 

2.1 Study Area and Crop Selection 

In this study, the three major food crops that were under investigation over Bangladesh are paddy, wheat and potato 

since they are mostly used in the country and they play a vital role in food security. The information concerning the 

paddy farming was gathered in six agriculturally diverse districts: Naogaon, Dhaka, Savar, Dinajpur, Sherpur, and 

Madaripur which are high-yield rice growing areas together with conventional rice-growing areas. As per wheat 

cultivation, data in the fields were recorded in three major districts that are known to have large-scale wheat production 

which is Rangpur, Rajshahi and Dinajpur. The information in relation to potato cultivation was derived from two 

leading potato growing districts: Munshiganj and Thakurgaon. The aim was the guiding principle in choosing these 

districts to capture the Need to record land use variation, irrigation management, and local agricultural conditions of 

the nation. Although some of the common crops cultivated in Bangladesh include rice, wheat and jute, jute was not in 

this study because it is categorized as a non-food crop. Instead of a cucumber, a potato was chosen based on its large 

quantity and economic value of production, and dietary value. The choice of crops was also influenced by the need to 

dissect carbon and water footprints based on the diverse agro-ecological zones, representing a wide portfolio of data. 

The study is bound to provide a sound estimation of the environmental effects of mainstream farming activities in 

Bangladesh because it will focus on food crops grown in geographically and climatically diverse districts. 

2.2 Field Surveys and Interviews 

Direct interviews on location as well as field surveys were conducted in the targeted districts in order to get specific 

and location-oriented information. An organized research questionnaire was created so as to gather detailed data on 

local farmers about their farming as well as their socio-economic profiles. Such field visits helped in getting a first-

hand experience as the researchers were able to experience and record the actual practices among the farmers in as far 

of fertilizer usage, kinds of crop irrigation systems they applied, and machinery being used, as well as practices on 

crop management. The interviews provided valuable information on the field obstacles that farmers are exposed to, 

such as low accessibility to advanced mechanisms, the use of ancient techniques, a low level of understanding of 

environmental destructiveness, and exposure to some weather pattern changes. Nevertheless, several farmers have 

shown that they will implement locally innovative solutions to maximize their production lines. The questionnaire 

sought to obtain both qualitative and quantitative data on the most influential factors that determine the carbon and 

water footprints of the paddy, wheat, and the potato farming. These were the supply of land, frequency of irrigation 

and source, water-use efficiency, kind and amount of fertilizers and pesticides, use of equipment and fuel, waste and 

sustainability practices. There were 23 structured questions that were asked and they were meant to maintain 

consistency among the respondents. This background work set a strong base to formulate viable, environmentally 

sound and socio-economically sustainable recommendations that consider the realities of the Bangladesh agriculture. 

2.3 Estimation Techniques 

2.3.1 Parameters Considered for Carbon and Water Footprint Assessment 

In order to determine the effect of crop production on the environment, various types of agricultural activities and 

inputs have been rated on the basis of their contribution to carbon emissions and water use. It is an evaluation of the 

direct fuel used in the activities relating to machinery (e.g., ploughing, irrigation, and threshing), chemical usage such 

as fertilizers and pesticides, and other factors such as crop residues and natural rainfall. Standard emission factors per 

unit of input were used to determine the emission values, and the evaluation was done mainly on water consumption, 

especially in irrigation and precipitation, as these largely affect the water footprint. 

2.3.1 Carbon Footprint Calculation: Several activities in agricultural processes and types of inputs were considered 

in the evaluation of environment impact of crop production basing on contribution of carbon emission and water 

consumption. The evaluation incorporates the direct fuel usage of machinery related functions (e.g. ploughing, 

irrigation and threshing), chemical and fertilizer application in form of pesticides and fertilizers and others and residues 

of crops and rain. The standard emission factors were used with regard to the input unit to calculate emission values, 

and the predominant area of evaluation in terms of the water consumption was that of irrigation and precipitation that 

greatly contributes to the water footprint. The carbon footprint was calculated by identifying significant emission 

centers like handling soil, crop production, energy (powering machines and irrigation) and transportation of produce. 

Extensive information was also collected regarding such parameters as fuel consumption, fertilizers and land usage 

changes. The determinations of the emissions were enumerated on standard emission factors of each activity. The total 
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carbon footprint was calculated by summation of all sources of the emissions and the potential sources of carbon 

sequestration to obtain the net effect of each of the crops on the environment. The factors of carbon emission according 

to different agricultural inputs and crop production have been listed under table 3.2 below. It contains CO2 emissions 

per unit of consumption of products such as diesel, fertilizers (e.g. Urea, Muriate of Potash (MoP), and Triple Super 

Phosphate (TSP)), pesticides, and crop production (paddy, wheat and potato). Such aspects are vital in determining 

the carbon footprint of farming activities and in cognizing the environmental effects of various inputs and crop 

cultivation methods as well. Table 1 lists the itemized carbon emission factors obtained from LiveLCA database. 

 

Table 1. Item-wise carbon emission factor 

 

 

 

 

 

 

 

 

2.3.2 Water Footprint Calculation 

Water footprint is a prerequisite in measuring the amount of water used in the production of crops. It is the sum of 

freshwater used divided by amount of crop produced, expressed in liters per kilogram of the crop. This computation 

considers the volume of water applied in the different agricultural processes such as irrigation, rainfall and processing 

crops. In the course of analyzing water footprint, focus was given to both natural and manmade water inserts regarding 

the growth of crops. The rainfall played a role in the overall use of water with paddy, wheat, and potatoes being 

dependent on 70%, 40 and 20 percent of their water requirements respectively with the dependency of crops also 

depicting different degrees of dependency. Water footprint is largely due to irrigation, in addition to rainfall. Bulkiness 

an 8 HP pump is capable of delivering 20,000 liters an acre per hour compared to 12,000 liters an acre per hour with 

the 6 HP pump and as such we see that the capacity of the pump will spell the difference in the efficiency of the water 

use. All of the above findings contribute to the necessity of maximizing natural water use and mechanical methods of 

irrigation to keep the overall use of water to minimum, and preserve sustainable agriculture. 

3 Results and Discussion 

Comparative analysis Table 2 gives the comparison of carbon emission (kg CO 2 per kg of crop) and water usage (L 

per kg of crop) of cultivating paddy, wheat and potatoes in different districts. The statistics suggest that paddy farming 

in Madaripur causes the maximum production of carbon emission of 1.326 kg CO 2 per kg of paddy. Rajshahi on the 

other hand has the maximum carbon emission on wheat production with 1.550 kg CO 2 / wheat kg. In potato 

production, the carbon emissions are minimal in Thakurgaon at 0.461 kg CO 2/kg potato as compared to the lead by 

Munshiganj which is 0.672 kg CO 2/kg potato.  

Table 2. Carbon emission and water footprint  

Crop District 

Carbon 

Emission 

(kg 

CO₂/kg) 

Water 

Consumption 

(L/kg) 

Average 

Carbon 

Emission 

(kg 

CO₂/kg) 

Average 

Water 

Consumption 

(L/kg) 

 

 

Paddy  

Naogaon 1.200 1943 

1.254 1736 

Dhaka 1.300 1444 

Dinajpur 1.224 1995 

Sherpur 1.220 1983 

Madaripur 1.326 1312 

Wheat 

Rangpur 1.400 889.40 

1.440 890.61 Rajshahi 1.550 954.78 

Dinajpur 1.370 827.64 

Potato 
Munshiganj 0.672 152.06 

0.567 223.6 
Thakurgaon 0.461 295.15 

In terms of water use, Dinajpur is the greatest user of water by cultivating paddy at 1995 L per kg whereas Madaripur 

uses 1312 L per kg of paddy. Rajshahi illustrates the peak water use in wheat production that is 954.78 L per kg of 

wheat, though Dinajpur acquires the minimum water use in wheat generation of 827.64 L per kg of wheat. To grow 

Item Factor 

Diesel 2.68 kg CO2 per liter usage 

Urea 1.3 kg CO2 per kg usage 

MoP 0.7 kg CO2 per kg usage 

TSP 1.2 kg CO2 per kg usage 

Insecticide & Pesticide 1.2 kg CO2 per kg usage 

Crop Production: Paddy 0.45 kg CO2 per kg 

Crop Production: Wheat 0.635 kg CO2 per kg 

Crop Production: Potato 0.36 kg CO2 per kg 

Straw Residue 1.46 kg CO2 per kg 
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potatoes, Thakurgaon consumes the highest volume of water, which is 295.15 L per kg of potato, comparing to 

Munshiganj which requires much less, 152.064 L per kg of potato. This graphical demonstration will be a clear 

representation to show how there is a significant change in regional impacts of environmental impacts of crop 

cultivation showing the degree of carbon emissions and water consumption by district and crop. 

3.1 Carbon Footprint and Water consumption of Crops 

3.1.1 Paddy 

Carbon footprint and water footprints of the paddy cultivation differed significantly across the five districts that had 

been considered in the survey as already depicted in Figure 1. The average emission rate was calculated to be 1.254 

kg CO 2 /kg with a variation between districts, which, after the survey, was found to range between 1.200 kg CO 2 

/kg in Naogaon and 1.326 kg CO 2 /kg targeting Madaripur. Such variation points to the disparities in irrigation, 

fertilizer use, and use of other machines. Usage of water also varied significantly with the mean of 1,736 L/kg. It was 

found that habitation had the most consumption in Dinajpur (1,995 L/kg) and least consumption in Madaripur (1,312 

L/kg). These results underline the high input demands of paddy agriculture, in particular in regard to irrigation, the 

most relevant aspect behind the production of carbon and the use of water. The findings reiterate the need to come up 

with district-specific strategies to help in the optimization of irrigation systems and reduction of emissions through 

rice cultivation. 

 

Table 3. Carbon Footprint of Paddy Cultivation for Different Countries 

Country Carbon Footprint (kg CO₂ e/kg Paddy) 

Bangladesh 1.254(This Study) 

Bangladesh 
0.9 to 1.46 

(Jahangir et al., 2023) 

India 
0.91 

(Balaji, Padmarani, Vidhyavathi, & Mohan, 2022) 

Thailand 

1.90 

(Champrasert, Sampattagul, Yodkhum, & 

Wangpakapattanawong, 2020) 

China 
1.60 

(D. Zhang, Shen, Zhang, Li, & Zhang, 2017) 

Vietnam 
3.72 

(Trang, Lan Huong, & Trinh, 2019) 

 

3.1.2 Wheat 

Production of wheat witnessed the average carbon footprint of 1440 kg CO 2 /kg with emissions of carbon footprint 

between 1370 kg CO 2 /kg in Dinajpur and 1550 kg CO 2 /kg in Rajshahi with the latter depicting a notable input of  

synthetic fertilizer and source of irrigation. The consumption of water by wheat was relatively lower in comparison to 

the case of paddy which was the average of 890.61 L/kg. The highest level of water consumption indicated that  

Figure 1. Carbon emissions and water consumption for (a) Wheat and (b) Paddy 

 

there were 954.78 L/kg consumption in rajshahi and the most consuming place was 827.64 L/kg in Dinajpur. These 

differences are represented in Figure 2 which represents the change in the management of the field and the irrigation 

methodology. The moderate level of water footprint of wheat, average level of emission signature indicates a path to 

improvement regarding the use of fertilizers and energy efficient methods of irrigation by means of the identification 

of specific policies. 
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3.1.3 Potato 

The agricultural production of potatoes was by far the least environmentally disruptive in comparison to other two 

crops under analysis. It was found to have an average carbon emission of 0.567 kg CO 2 /kg and the highest in 

Munshiganj as 0.672 kg CO 2 /kg and lowest in Thakurgaon as 0.461 kg CO 2 /kg. The irrigating and application of 

pesticides can be major causes of the above deviation. The least amount of water usage was registered in the 

productionof potatoes, with an average of 223.6 L/kg in which 295.15 L/kg was used in Thakurgaon and so minimal 

amount used by Munshiganj with 152.06 L/kg. Although the discrepancies were relatively present, the process of 

growing potatoes was relatively more efficient in comparison with relative to the emissions, not to mention the water 

use as noticed in Figure 3. This indicates that the possible growth of potatoes is good and can be a potential crop that 

is viable and friendly to the environment particularly when the best practices are always observed in the different 

fields.  

 

Figure 3. Carbon emissions and water consumption for potato 

 

3.3 Sustainable Irrigation and Resource Management for Reducing Carbon and Water Footprints in 

Bangladesh Agriculture 

Irrigation is one of the most resource-intensive dimensions of agriculture in Bangladesh, and has been a major source 

of carbon emissions since it requires the use of diesel-driven pumps and the large volume of water, especially where 

paddy is involved. To alleviate such environmental impacts the approach must be to prepare sustainable irrigation and 

resource management strategies which must be technically feasible as well as economically viable to the local farmers. 

The establishment of solar-powered or electric-powered pumps instead of diesel pumps can even greatly cut carbon 

emissions, which is very possible by using government subsidies, micro-financing systems, technical training 

initiatives, etc. Also, use of energy-efficient pumps and promotion of common usage of irrigation equipment can 

induce efficiency and reduce emissions. Precision irrigation (e.g., drip irrigation or sprinkler systems and soil moisture 

monitoring with sensors) allows one to maximize the amount of water used by applying it directly where it is needed 

and only when necessary. Simplified water scheduling can save a lot in those situations when it is impossible to use 

advanced technology by taking into consideration production needs and seasonal rainfall cycles. Having a rainwater 

collection system using small ponds, tanks or canals would increase the supply of water and decrease the burden on 

groundwater sources and using surface water obtained in the surroundings anywhere in rivers or canals would decrease 

the use of deep tube-wells more and lessen the energy required with it. In addition to irrigation, the integrated resource 

management technologies, including site-specific fertilizing, the application of organic compost and minimally 

harmful practices in residues handling (e.g. composting or using as mulch rather than open burning), may reduce the 

emissions as well as reduce environmental degradation. One of the essential steps towards successful implementation 

of these technologies is to create awareness among farmers at the capacity-building programs as well as in 

demonstration and institutional-supporting projects. The implementation of policies needs to promote the use of clean 

energy in agricultural sector as well as promote the implementation of resource conservation technologies. Overall, 

the combination of these strategies will provide the mechanism to minimize carbon and water footprint of the 

agriculture in Bangladesh and stay in sync with the social and economic realities of the rural farming community. 

4 Conclusion 

This study conducted a critical examination of carbon and water footprint of rice, wheat and potato production, over 

the various districts in Bangladesh, and found that there is huge variability of the environmental impact by crop as 

well as by region. Trying to work on carbon and water intensity on different crops, the production of paddy appeared 

to have a larger water footprint and carbon footprint and its controlling values of emission were a result of irrigation 

and plowing since 70 percent of its water requirement was fulfilled with the rainwater. The wheat production had an 

average level of emissions and water usage dominated by recourse to fertilizers and irrigation. The least total load 
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of emissions and water consumption per unit of potatoes production was recorded, thus proving it the most 

environmental effective, where the variance is immensely high between the works performed in the districts. The 

diesel power machinery led to the highest proportion of emissions in all crops and this is one factor that cleaner 

sources of energy has to be introduced to overcome the vice of using diesel. The findings act as a grim warning of 

the necessity to optimize systems of irrigation, transition to rainwater harvesting, reduce the usage of fertilizers, and 

acquire low-emission technologies in the field of agriculture to turn farming net-zero. Sustainable agricultural 

practices demand the customization, crop based solutions and location based solution. 
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