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ABSTRACT

Background and Aim: Despite Bangladesh’s overall progress in rice production, limited empirical evidence exists on farm-level yield and profitability in rice-deficit, flood-prone districts. This study evaluates the yield and benefit–cost ratio (BCR) of paddy farming in Brahmanbaria, an eastern district characterized by seasonal flooding and production shortfalls.

Study design and Duration: A descriptive quantitative study was conducted in Brahmanbaria district during February–March 2022.

Materials and Methods: Using a multistage sampling approach, 113 paddy farmers from two villages were selected through simple random sampling. Farm-level data were collected through face-to-face interviews. Yield, production costs, gross returns, net returns, and benefit–cost ratios were estimated using descriptive statistical and cost–return analysis methods.

Results: The average paddy yield was 5.6 tons per hectare, slightly below the national average and lower than yields reported in several major rice-producing districts. The mean production cost was 58,452 BDT per hectare, while gross income averaged 70,855 BDT, resulting in a net return of 12,401 BDT per hectare. The calculated BCR of 1.21 indicates modest profitability compared to more productive regions of Bangladesh. Key constraints affecting productivity and profitability include high input costs, limited access to institutional credit, inadequate irrigation, weak infrastructure, and insufficient extension services.

Conclusion: Paddy farming in this rice-deficit, flood-prone district generates positive but relatively low returns. To make farming more productive and profitable, it is important to deal with high input costs, make it easier for farmers to get credit, expand irrigation, and improve extension support. The findings provide region-specific evidence to inform targeted agricultural policy interventions in environmentally vulnerable areas.
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1. INTRODUCTION

[bookmark: _Hlk216984291]Rice (paddy) cultivation plays a central role in the agricultural economy and food security of Bangladesh. Owing to favorable agro-climatic conditions, paddy is cultivated year-round across the country [5]. Rice is the staple food for approximately 95% of the population and contributes nearly two-thirds of total caloric intake [16]. Beyond its importance as a basic food commodity, rice farming constitutes a major source of livelihood for millions of rural households [6].

Bangladesh has three distinct paddy-growing seasons: Aus (mid-February to mid-June), Aman (mid-June to mid-October), and Boro (mid-November to mid-April) [13]. Over recent decades, the adoption of high-yielding varieties (HYVs), expansion of irrigation, increased use of fertilizers and pesticides, and mechanization have contributed to substantial growth in rice production. As a result, Bangladesh achieved national self-sufficiency in rice production after the 1990s [13].

Despite this aggregate achievement, regional disparities in paddy production persist [17]. Natural factors such as flooding, drought, salinity, and soil variability continue to affect productivity across several districts. Some regions experience recurring production shortfalls and comparatively lower yields per unit area [12]. At the same time, population growth places continuous pressure on the food system, increasing the importance of sustaining and improving farm-level productivity [17].

Previous research has examined rice yield performance, production costs, profitability, and efficiency in different parts of Bangladesh. Earlier studies identified factors such as infrastructure, soil fertility, extension services, farming experience, and access to quality inputs as key determinants of productivity and profitability [18, 26, 28]. More recent studies have documented challenges related to input quality, rising production costs, irrigation constraints, and market price variability [21, 31]. However, much of the empirical evidence is concentrated in coastal or saline-prone regions, while flood-prone eastern districts such as Brahmanbaria have received comparatively limited attention in farm-level cost–return analysis.

In particular, there is limited descriptive evidence on yield levels and benefit–cost ratios in rice-deficit, flood-exposed districts where production conditions differ from both high-performing surplus areas and coastal saline zones. Providing region-specific empirical data can contribute to a more nuanced understanding of spatial variation in paddy performance across Bangladesh.

Against this background, the present study aims to describe paddy yield levels, production costs, gross returns, net returns, and benefit–cost ratios among farmers in Brahmanbaria district. Using farm-level survey data and descriptive statistical analysis, the study documents current production conditions and reported constraints in a rice-deficit, flood-prone setting. By providing location-specific empirical evidence, the study contributes to a more nuanced understanding of regional variation in paddy performance and offers an applied basis for context-sensitive agricultural planning and future analytical research.


2. MATERIALS AND METHODS

[bookmark: _Hlk212548700][bookmark: _Hlk216866003][bookmark: _Hlk212548659]2.1.Study area

The study was conducted in Brahmanbaria district, an eastern district of Bangladesh identified as a paddy-deficient area with an estimated production shortfall of approximately 3% [15]. The district is located about 115 kilometers east of Dhaka, the capital city of Bangladesh. Agro-ecologically, Brahmanbaria belongs to the Old Meghna Estuarine Floodplain, characterized by fertile alluvial soils and high seasonal flooding. Large areas of farmland are situated along riverbanks and are subject to annual inundation. Consequently, cultivated land often remains submerged for several months, significantly constraining agricultural production [4].

Agriculture is the principal occupation for approximately 55% of households in the district [4]. Paddy cultivation is dominated by the Boro season (mid-November to mid-April), which contributes the largest share of annual rice production.

A multistage sampling approach was adopted for selecting the study area.
· First stage: Brahmanbaria district was selected purposively due to its paddy production deficit and vulnerability to flooding.
· Second stage: Sarail upazila was selected from the nine sub-districts of the district based on its relatively higher paddy production performance although paddy production deficit and vulnerability to flooding.
· Third stage: Shahjadapur union was selected within Sarail sub-district.
· Fourth stage: Two villages were selected from the union for detailed investigation.

This hierarchical selection ensured that the study focused on a productive yet environmentally vulnerable paddy-growing area suitable for yield and profitability analysis.

2.2. Data collection

Primary data were collected through face-to-face interviews using a semi-structured questionnaire during February–March 2022.

A simple random sampling technique was applied at the farmer level within the selected villages. First, a complete list of paddy farmers in the two selected villages was obtained with the assistance of local agricultural extension officers and village leaders. Each farmer on the list was assigned a unique identification number. Using a random number table (or computer-generated random numbers), farmers were selected without replacement to ensure that each farmer had an equal probability of being included in the sample.

From the sampling frame, a total of 113 paddy farmers were randomly selected and interviewed. This approach minimized selection bias and enhanced the representativeness of the sample at the village level.

The questionnaire collected detailed information on:
· Socioeconomic characteristics of farmers
· Paddy cultivation practices
· Input use and production costs
· Yield and returns
· Production constraints and challenges

In addition to primary data, secondary data were collected from peer-reviewed journals, government publications, national and international reports, and relevant online sources to provide contextual support and comparative insights.

[bookmark: _Hlk212548934]2.3. Data analysis

[bookmark: _Hlk216866065]The collected data were coded, tabulated, and analyzed using Microsoft Excel and the Statistical Package for the Social Sciences (SPSS) version 18. Descriptive statistical techniques were employed to summarize the data, including frequency distributions, cost components, and farm-gate price calculations.

To assess the economic performance of paddy cultivation, net revenue and the benefit–cost ratio (BCR) were calculated on a per-hectare basis using the following equations:


These indicators were used to evaluate the profitability and economic viability of paddy farming in the study area.

3. RESULTS AND DISCUSSION

[bookmark: _Hlk212564375]3.1.Characteristics of the respondent paddy farmer 

[bookmark: _Hlk216866162]The socioeconomic characteristics of the respondent paddy farmers are presented in Table 1. The average age of the sampled farmers was 57.7 years. Among farm-size categories, small-scale farmers exhibited the highest average age at 59.3 years, which exceeds the legally defined working-age threshold of 48 years [3]. The relatively higher age of small-scale farmers indicates greater farming experience, particularly in paddy cultivation. On average, respondents had completed 7.3 years of formal education, while farmers operating large-scale farms had a higher average educational attainment of 8.7 years. Overall, the level of education among the sampled farmers was higher than that of other farming groups, which may positively influence the adoption of improved farming practices and farm-level decision-making.

The average household size was five members across all farm categories, which is slightly lower than the national average household size of six persons [3]. Household size may influence farm productivity in both positive and negative ways: larger families can reduce hired labor costs through the availability of family labor, while smaller households may face labor constraints during peak agricultural seasons. Approximately 87% of the respondents in the study area reported paddy farming as their primary source of income, with small-scale farmers constituting the majority of this group. In addition, small-scale farmers were found to possess relatively greater agricultural experience, further reinforcing their dependence on paddy cultivation as a livelihood strategy.

Table 1. Characteristics of the respondent paddy farmers

	Particulars
	Unit
	Small scale
n = 56
	Medium scale
n =29
	Large scale
n =28
	Total farmer
N = 113

	Age of the farmer
	year
	59.3 (10.4)
	56.6 (8.7)
	55.79 (9.3)
	57.7 (9.7)

	The education level of the farmer
	year
	6.5 (3.3)
	7.4 (3.9)
	8.7 (4.1)
	7.3 (3.8)

	Family size 
	number of people
	5.6 (1.7)     
	5.6 (1.6)
	5.6 (1.1)
	5.6 (1.6)

	Occupation status paddy farming  
	%
	41 (73.2) 
	20 (68.9) 
	26 (92.9) 
	87 (76.9) 

	Farming experience 
	year
	24.9 (5.7)
	23.2(5.5)
	23.5 (6.5)
	24.1 (5.9)


Source: Field survey 2022, (Parentheses indicate SD)





3.2.Yield and benefit-cost ratio of farmers in the Brahmanbaria district

[bookmark: _Hlk216866247]Table 2 presents a comparative summary of farm size, yield, production cost, gross revenue, net revenue, and the  benefit–cost ratio (BCR) of paddy cultivation on a per-hectare basis across different farmer categories in the Brahmanbaria district. The average farm size of the sampled farmers was 2.4 hectares, which is higher than the national average. This reflects the sampling structure,  as approximately 84% of farmers nationwide belong to the small-scale category [7]. The overall average paddy yield was 5.6 tons per hectare, with slight variation across farm sizes. Small-, medium-, and large-scale farmers achieved yields of 5.5, 5.7, and 5.8 tons per hectare, respectively. Large-scale farmers recorded the highest yield per hectare, which may be attributed to relatively better access to inputs, capital, and improved farm management practices. However, the observed yields in the study area remain substantially lower than the Bangladesh Rice Research Institute (BRRI) recommended average yield of 7.5 tons per hectare for Boro rice.

Several previous studies have reported higher Boro yields in other regions of Bangladesh. Rahman et al. (2005) [24] reported yields of 6.8, 6.8, and 6.0 tons per hectare for small-scale, medium-scale, and large-scale farmers, respectively. Similarly, Banu et al. (2014) [10] reported an average yield of 7.3 tons per hectare, while Chandra et al. (2019) [14] and Alam et al. (2020) [2] reported yields of 5.7 and 6.7 tons per hectare, respectively. Compared to these findings, the yields observed in the Brahmanbaria district are comparatively lower, indicating the presence of location-specific constraints affecting productivity.

The cost structure of paddy cultivation included expenditures on land preparation, seed, labor, fertilizer, irrigation, and pesticides (Table 2). Labor costs constituted the largest share of total production costs and covered major farm operations such as land preparation, sowing, weeding, fertilizer and pesticide application, irrigation, harvesting, and transportation. The average total production cost for all farmers was BDT 58,452 per hectare. Although cost differences across farm sizes were relatively small, small-scale farmers incurred the highest production cost per hectare, followed by medium- and large-scale farmers. This may reflect limited economies of scale and higher per-unit input costs among smaller farms.

Table 2. Paddy productivity and benefit-cost ratio of farmers in the Brahmanbaria district

	Particulars
	Small scale (n=56)
	Medium scale (n=29)
	Large scale (n=28)
	Total farmer (N=113)

	Farm size (hec)
	0.6
	2.0
	6.5
	2.4

	Yield/ hec (ton)
	5.5
	5.7
	5.8
	5.6

	Land preparation cost (BDTK/hec)
	8,937
	8,810
	8,892
	8,893

	Seeding cost (BDTK/hec)
	1,928
	1,913
	1,892
	1,915

	Labor cost (BDTK/hec)
	29,387
	29,426
	29,060
	29,316

	Fertilizer cost (BDTK/hec)
	8,241
	8,237
	8260
	8,245

	Irrigation cost (BDTK/hec)
	8,716
	8,706
	8,839
	8,744

	Pesticide cost (BDTK/hec)
	1,332
	1,355
	1,325
	1,336

	A. Total production cost (BDTK/hec)
	58,543
	58,450
	58,271
	58,452

	B. Gross revenue from paddy (BDTK/hec)
	72,216
	67,427
	71,685
	70,855

	C. Net revenue from paddy (BDTK/hec) 
	13,672
	8,976
	13,414
	12,403

	D. BCR (Benefit-cost ratio)
	1.23 
	1.15 
	1.23
	1.21


Source: Field survey, 2022,  1 US Dollar = 110 BDTK

[bookmark: _Hlk216866301]Gross revenue was calculated by multiplying per-hectare paddy output by the prevailing market price. The average gross revenue for all farmers was BDT 70,855 the per hectare. Small-scale farmers generated the highest gross revenue, followed closely by large-scale farmers, while medium-scale farmers earned the lowest gross revenue. Net revenue, calculated as the difference between gross revenue and total production cost, averaged BDT 12,403 per hectare for all farmers. Small-scale farmers earned the highest net revenue (BDT 13,672/ha), followed by large-scale farmers (BDT 13,414/ha), whereas medium-scale farmers earned considerably lower net revenue (BDT 8,976/ha).


Figure 1. Yield/hec(ton) and BCR of paddy farmers
[bookmark: _Hlk168169817]Source: Field survey, 2022
[bookmark: _Hlk216866373][bookmark: _Hlk168391560]
Figure 1 illustrates the yield per hectare and BCR across farm sizes. The overall BCR was 1.21, indicating that farmers earned BDT 1.21 for every BDT 1.00 invested in paddy cultivation. However, profitability varied by farm size: small- and large-scale farmers both recorded a BCR of 1.23, while medium-scale farmers achieved a lower BCR of 1.15. These results suggest that small and large farmers were relatively more economically efficient than medium-scale farmers in the study area.

Table 3. Yield, BCR ratio and factors of paddy farming in different districts
	District
	Yield and BCR ratio
	Factors
	Authors name

	Jamalpur district
	6.4-ton yield/hectare and 1.33, 1.44, 1.20 for small, medium, and large farmers
	Human labour, seed, fertilizer manures, insecticides, animal labour, power tillers, and irrigation costs.
	Rahman M.H. et al. 2005

	Kurigram district
	7.4-ton yield/hectare and BCR ratio of total farmers is 1.32
	Different costs, such as human labor, fertilizer, seed costs, manure, irrigation and pesticides
	Banu B. et al., 2014

	Rajbari district
	5.9-ton yield/hectare and 1.25 BCR ratio of total farmers
	Irrigation as playing a positive and vital role
	Bapari M.Y. 2016

	Satkhaira district
	BCR ratio is 1.38, 1.23, 1.15, for small, medium and large, and 1.25 of total farmers
	Seed, fertilizer, power tiller, irrigation cost and human labor
	Zohurul et al., 2017

	Bogra district
	BCR ratio 1.5
	Human labour, seed, urea, insecticide 
and irrigation
	Md. Hayder KS. et al. 2017

	Mymensingh district
	6.4-ton yield/hectare and BCR ratio of total farmers is 1.29
	Quantity of seed, animal labor, power tiller cost, number of human labour, quantity of fertilizer, and cost of irrigation
	Rezoyana R.K. et al. 2018

	Sirajganj district
	6.5-ton yield/hectare and BCR ratio of total farmers is 2.75
	High production of hybrid rice
	Chandra, et al. 2019

	Brahmanbaria district
	5.6-ton yield/hectare and BCR ratio is1.23, 1.15, and 1.23 for small, medium, and large farmers and 1.21 is for total farmers.
	The probable factors might be the agrological location, inadequacy of quality seed, agronomical practices, product loss due to the prevalence of disease, inadequacy of irrigation facilities, as well as poor infrastructure, which causes high production costs and low gross revenue from paddy.
	Current study


Source: Authors summarized based different research article (Rahman M.H. et al. 2005, Banu B. et al. 2014, Bapari MY. 2016, Zohurul et al. 2017, Md. Hayder KS. et al. 2017, Rezoyana RK. et al.2018, Chandra et al. 2019

Comparative evidence from previous studies shows that BCR values reported elsewhere in Bangladesh are generally higher than those observed in Brahmanbaria. Rahman et al. (2005) [24] reported BCRs of 1.33, 1.44, and 1.20 for small-, medium-, and large-scale farmers, respectively. Banu et al. (2014) [10] reported an overall BCR of 1.32, while Zohurul et al. (2017) [31] reported BCRs of 1.38, 1.23, 1.15, and 1.25 for small-, medium-, large-, and all farmers, respectively. Other studies have identified key determinants of higher productivity and returns, including quality seed use, efficient labor management, irrigation availability, fertilizer application, and mechanization [11, 20, 23, 25, 27]. In contrast, exceptionally high BCR values, such as the value of 2.75 reported by Chandra et al. (2019) [14], were attributed to intensive hybrid rice cultivation.

Overall, the findings indicate that paddy farming in the Brahmanbaria district is economically viable but yields relatively lower returns compared to other regions of Bangladesh. The comparatively low yield and BCR may be attributed to agro-ecological constraints, inadequate access to quality seed, suboptimal agronomic practices, disease prevalence, limited irrigation facilities, and weak rural infrastructure, all of which contribute to higher production costs and lower gross revenue. These results underscore the need for location-specific interventions to enhance productivity and profitability in the study area.

3.3. Production Constraints of paddy farmers in the Brahmanbaria district

[bookmark: _Hlk216866497]Figure 2 illustrates the major constraints faced by paddy farmers in the Brahmanbaria district during paddy cultivation. The findings indicate that limited access to agricultural credit and the high cost of fertilizer are among the most severe challenges confronting farmers. The absence of formal banking institutions or agricultural credit facilities near the surveyed villages compels farmers to rely on informal sources of finance, such as neighbors and paddy traders, often at high interest rates. These high borrowing costs significantly increase production expenses and reduce farm profitability. In addition, farmers reported inadequate and untimely access to essential agricultural inputs, further constraining productivity. Another critical limitation is the weak agricultural extension service in the study area. Farmers reported infrequent visits by agricultural extension officers, resulting in limited access to technical guidance, production advice, and updated farming practices. This lack of institutional support restricts farmers’ ability to adopt improved technologies and management practices.

Infrastructure-related problems also pose significant challenges to paddy production. Farmers highlighted poor road conditions, unreliable electricity supply, and inadequate transportation facilities. During the rainy season, transportation becomes particularly difficult, as farmers often rely on boats to travel approximately 5 km from their farms to the nearest village market. These infrastructural constraints increase transaction costs and limit timely access to markets and inputs. Information asymmetry further affects farmers’ decision-making. Access to information regarding government support programs, market demand and supply conditions, and the availability of agricultural inputs is limited. Most farmers rely on informal information sources, such as fellow farmers and paddy traders, which may not always provide accurate or timely information.


Figure 2. Production constraints of paddy farmers
Source: Field survey, 2022

Crop diseases and pest infestations were also identified as major factors contributing to yield losses. Effective disease control requires the adoption of integrated pest management (IPM) practices; however, farmers reported receiving little to no training on IPM from extension personnel. Consequently, pest and disease management remains inefficient, leading to increased crop losses. Irrigation constraints constitute another major obstacle, particularly for Boro paddy, which is cultivated during the dry season and requires regular watering. Fewer than 10% of farmers reported having access to submerged or mechanized irrigation systems. Most farmers depend on informal arrangements, including borrowing funds or sharing irrigation water with other farmers. On average, Boro paddy requires irrigation 5–6 times to reach full maturity, and insufficient or delayed irrigation negatively affects crop growth and yield.

Overall, the production constraints faced by paddy farmers in the Brahmanbaria district—ranging from financial and institutional limitations to infrastructural, informational, and technical challenges—contribute to lower yields and reduced benefit–cost ratios. Addressing these constraints through improved access to credit, strengthened extension services, better infrastructure, and enhanced irrigation and pest management support could significantly improve paddy productivity and profitability in the study area.

4. CONCLUSION

This study presented a descriptive evaluation of paddy yield performance and benefit–cost ratios in Brahmanbaria, a rice-deficit and flood-prone district of Bangladesh. The findings indicate that average yield (5.6 tons per hectare) and benefit–cost ratio (1.21) are modest compared to several higher-performing rice-producing districts. While paddy cultivation generates positive returns, profitability remains limited at the farm level.
The results document production patterns and farmer-reported constraints within the sampled area. High input costs, limited access to affordable credit, irrigation challenges, delayed input supply, weak extension services, and infrastructure limitations characterize the production environment. Although the study does not establish causal relationships, the descriptive evidence suggests that strengthening institutional and infrastructural support systems may help improve farm-level economic outcomes.
From a policy perspective, improving access to agricultural credit, ensuring timely and quality input supply, expanding irrigation facilities for Boro cultivation, reinforcing extension services, and upgrading rural infrastructure could contribute to enhancing productivity and profitability in deficit-prone districts. However, given the cross-sectional and descriptive nature of the analysis, these implications should be interpreted as indicative rather than prescriptive.
Overall, this study contributes region-specific empirical evidence from an under-studied eastern district and provides an applied foundation for targeted agricultural planning. Future research using larger samples and econometric or efficiency-based approaches would further deepen understanding of the determinants of paddy productivity and profitability in environmentally vulnerable regions.
Limitations of the Study
This study is based primarily on descriptive statistical analysis and farm-level cost–return accounting; therefore, the findings should be interpreted as indicative rather than causal. The use of cross-sectional data from 113 farmers in two villages limits the generalizability of the results to other regions of Bangladesh. In addition, the analysis does not incorporate econometric modeling or efficiency estimation techniques that could more rigorously examine the determinants of yield and profitability. Future research employing larger samples, longitudinal data, and inferential statistical methods would provide deeper insights into productivity dynamics and causal relationships in paddy farming systems.
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Production constraints	
Inadequate irrigation system	Lack of agricultural credit	Inadequacy of inputs	High cost of fertilizer	Prevalence of disease	Inadequate infrastructure development	Inadequate market information 	0.3	0.56999999999999995	0.53	0.56999999999999995	0.34	0.43	0.37	


Yield/ hec (ton)	
Small scale	Medium scale	Large scale	Total farmer	5.5	5.7	5.8	5.6	BCR(Benefit cost ratio)	
Small scale	Medium scale	Large scale	Total farmer	1.23	1.1499999999999999	1.23	1.21	




