


Economic viability and yield determinants of high-yielding rice varieties in some (Two) selected area of Bangladesh

Abstract
This study investigates the economic viability and yield determinants of high-yielding rice varieties in some selected areas of Bangladesh. Utilising primary data from 100 high-yielding varieties producers from Rangpur Sadar and Kaunia, the study explores the socio-economic characteristics, cost structure, economic viability and the factors affecting the yield of rice varieties in Bangladesh. The study used descriptive statistics, cost-benefit analysis, and Ordinary Least Squares (OLS) regression to examine the socio-economic characteristics, economic viability, and yield determinants of high-yielding rice varieties. The findings indicate high-yielding rice varieties as an economically viable choice for the farmers. The benefit cost ratio (BCR) was 1.70 on full cost and 2.18 on variable cost basis, with a net return of Tk 73535/ ha. The gross margin was Tk 96649/ha. Here, fertilizer, irrigation, labor, education, and training services have a major favorable impact on the production of high-yielding rice varieties, even though seed rate, farm size, and extension services did not significantly affect output. Constraints such unavailability of seeds, high costs of inputs, lack of capital, pest and disease had negative impact on the yield and adoption rate. This study explores the importance of adopting high yielding rice varieties and put emphasis on availability of quality seeds, timely and accurate input management, education, training services and supportive policies to increase the rice production of Bangladesh and to ensure food security. 
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Introduction
Rice is consumed everyday by half of the world's population, making it one of the most important crops. Rice is considered as the most commonly consumed crop around the world. Rice (20%) provides more dietary energy supply compared to wheat (19%) and maize (5%), ; even in some South Asian countries it can rise up to 70% (Bin Rahman & Zhang, 2022). Rice is the staple food of many countries in Asia and Africa. Thus, Rice is not only an important commodity for global food security but also contributing to economic growth and employment (Yadev & Kumar, 2018). In Bangladesh, Rice is a commodity which is also socio-economically, culturally and politically important. Around 78% of the cropped area of Bangladesh are occupied by Rice (Salam et al., 2019). Rice has a huge contribution in the overall food security of Bangladesh, and it also provide 5% of the GDP of Bangladesh. ( BBS, 2019). Rice is produced in three different crop growing seasons, including January to June (Boro), April to August (Aus) and August to December (Aman) in Bangladesh (Bapari & Joy, 2016)
[bookmark: _Hlk210944022]After independence, a three-fold increase has been visible in rice production of Bangladesh. Rice production increased to over 40MT in FY 2022-23 from 11MT in 1971-1972 and this rise in rice production has huge contribution in transforming Bangladesh as a developing country from a so called "Bottomless Basket" (BER,2023). Aus and Aman rice are usually rainfed or need irrigation occasionally.  But Boro rice is fully dependent on irrigation (Mainuddin & Kirby, 2015). Hybrid and High-yielding varieties of Boro rice, cultivated in the dry season using irrigation has a huge contribution on the total rice production on Bangladesh. Fifty five (55%) of the total rice production is contributed by Boro (BBS, 2018). High-yielding varieties have premium grain qualities. High-yielding varieties are less vulnerable to various diseases and pests, comparing to the local varieties.  Average yield can be around 8.7 tons per hectare, with an average of 7.6 tons per hectare (Bangladesh Institute of Nuclear Agriculture, 2025). Kabir (2023) reported that, some high yielding varieties are naturally like miniket, very thin and small. It has been projected that the population of Bangladesh will increase to around 202 million in 2050 from 168 million (United Nations, 2017). According to Reidy (2025), in July 2025 the government of Bangladesh is importing rice around 1.2 million tonnes to stabilize domestic prices. To ensure food security for the growing population and to meet the growing demand of food, it is high time to focus on such high-yielding rice varieties. It is very obvious that farmers care about the expected earnings while choosing any specific variety to cultivate or while adopting a new technology. Thus, to ensure appropriate policy interventions, it is crucial to identify the cost items, examine the economic viability, factor affecting the yield and productivity. Besides several inputs such as quality and availability of seeds, irrigation, fertilizer or capital can influence the yields (Mainuddin et al., 2021). Several studies have focused on similar issues including yield, productivity or factors affecting the productivity in rice farming and different varieties (Sultana et al., 2023; Sarkar et al., 2023; Mainuddin et al., 2021, Mohanty, & Nelson, 2014; Selim, 2012). Kamruzzaman et al. (2017) found that, where the farmers have no other options, farmers cultivate the local varieties. Rahman and Connor (2022) found that, farmers can experience around 35% higher yield and 76% higher revenue after switching from local rice varieties to high-yielding rice varieties. A high-yielding rice variety (BRRI dhan 28) have more tillering capacity comparing to the local varieties. The leaf number was also higher and eventually resulted in superior growth thus the yield was comparatively higher from the local rice varieties (Sarker et al., 2013). According to Chowhan et al. (2017), high yielding varieties can be better option for the farmers as these are short duration and produce more yield. Farmers have switched from the local low yielding rice varieties to high yielding varieties of rice, because they get 20 to 30% higher yield for each unit of land area. Al Mamun et al. (2021) examined that, the adoption rate of high-yielding rice varieties was rising over the period and they found it 72% for Aus, 73.5% for Aman, and 98.4% for Boro season. As a result, the yield of rice (Aus, Aman, and Boro) has been increasing gradually. Islam et al. (2023) discussed the market yield of high-yielding varieties is much higher than the local varieties in Bangladesh. It is very crucial to understand the economics of the high-yielding varieties such as cost, economic viability and the factors affecting or the determinants influencing the production performance. Besides the socio-economic characteristics of high-yielding rice varieties producers can significantly influence the production. This high-yielding rice varieties can boost the rice production of Bangladesh and can contribute to both economic and social development. (this paragraph is too long).
This study seeks to understanding (understand?) these aspects of the high yielding varieties and provide insights that can ensure food security, sustainable rice production, enhance the livelihoods of farmers and the overall economic development and growth of the country. 
(The objectives of the study ; ...need to be described in technical/practical statements; specify on ). 
Methodology
Study Area and Sample selection: Two Upazilas (Villages?) of Rangpur district- Rangpur Sadar and Kaunia were chosen as study area following the common practice of high-yielding rice varieties. The area was selected purposively as the adoption rate of high-yielding rice varieties were higher in those areas. A total of 100 farmers, 50 from each upazila, (farmersX) were selected using the purposive random sampling technique.
Data collection: Both primary and secondary data was utilized. A well-structured and pre-tested questionnaire was made for face-to-face interviews to collect the primary data. Detailed information about farmer's socio-economic characteristics, input management, cost, yield, returns, factors affecting and constraints of high-yielding varieties was collected. For secondary data, several published reports, article, journals were studied. 
Analytical Framework
To analyse the data, both descriptive and inferential statistical techniques were assessed. To assess the socio-economic profile of the respondents, cost and return, and profitability of high yielding varieties descriptive analysis was (implemented) (needed X). Likert scale is considered as one of the most crucial and commonly used tools in studies. Likert scale can be defined as set of statements indicating a genuine or assumed scenario related to the study. Participants have to show their agreement level (from strongly disagree to strongly agree or yes/no) on a scale. Here all the statements combinedly reveal the specific dimension of the attitude towards the statement or issue (Joshi et al., 2015). For inferential analysis, the Ordinary Least Squares (OLS) regression model was used to examine the factors influencing the yield of high-yielding varieties.
 Model Specification: To determine the determinants affecting yield, the following OLS regression model was employed (Burton,2021):

Where,
 = Yield of high-yielding rice varieties (kg/ha); = Seed rate (kg/ha); = Fertilizer used (kg/ha); = Irrigation cost (Tk/ha);  = Labor cost (Tk/ha);  = Education (years of schooling); = Extension service (1 = yes, 0 = no);  = Training participation (1 = yes, 0 = no);  = Farm size (ha);  = Constant term;  = Coefficients of the explanatory variables; ϵ = Random error term
Profitability analysis (of benefit/cost ratio?)
By multiplying the price and yield, the gross return was calculated as follows:
Gross return, 
Where, GR = Gross return from high-yielding rice varieties (Tk./ hectare); Q =Quantity; P =Average price.
Through the subtraction of the total variable costs from the gross return, the gross margin can be obtained. (Sharmin et al., 2018), the following equation:

Where, GM = Gross margin; GR = Gross return and TVC = Total variable cost.
Net return was calculated by deducting total costs from gross return as shown in the equation. The formula used to calculate the net return is as follows: 
 Net return,  
Where, GR = Gross return and TC = Total cost.
The Benefit-Cost Ratio (BCR) is a measure which helps to compare the benefit for each unit of cost. BCR was calculated as a ratio of gross returns and total costs (Sharmin et al., 2018). The following equation was to calculate BCR:

Analsis of Constraints? (how the constraints were weighed?)

Results and Discussion 
 (It may be better to devide discussion into 3 different sub-titles based of the subject evaluated)
The socio-economic characteristics of producers are discussed are presented in Table 1. The overall average age of the farmers (41.8) suggests that the producers are usually middle aged. Faruque et al. (2024) also found that, most of the farmers were aged around 40 to 45 years in Rangpur district. Young and middle-aged farmers typically are non-resistant to change and have a better technical know-how. Around 89% of the population was involved only with farming. The result shows that majority of the respondents were primarily dependent on agriculture for their livelihoods. Agriculture was the primary source of income in the study areas. A small portion was also involved in business (6-8%). The number of respondents involved in service (2-3%) and other activities (1-2%) were very low. This result highlights the importance of agriculture in the study area. According to table 1, around 35% of the farmers had completed secondary education, which was the largest portion. While 21% of the farmers had completed primary education and 14% of them had completed higher secondary. Only 7% of the farmers were illiterate. Though the portion of higher education was low, still most of the farmers had basic literacy.  Lack of literacy can hamper the production performance of the farmers. Appropriate training programs and extension services can reduce help to reduce the knowledge gap. In the study area, the average farm size was 0.67 ha. The result reveals that most of the farmers were small scale farmers. The overall average household earning was Tk 221,00. Sarkar et al. (2023) also found that the average age of rice producers was 44 years. The average farm size was 1.2 ha per household, and the average household earnings was Tk. 191686 per year. Islam et al. (2023) studied that, farmer's education, age and farm size influence yield negatively in case of local varieties.
Table 1. Socio-economic profile of High yielding varieties producers in the study areas
	Sample size
	100

	1. Farmer’s age (year)
	41.8

	2. Occupation (%) 

	       Agriculture
	89

	       Business
	7

	       Service
	3

	       Others
	2

	3. Level of education (%)  

	       Illiterate
	7

	       Sign
	15

	       Primary
	21

	       Secondary
	35

	       Higher Secondary
	14

	       Degree & above
	9

	 4. Farm size (ha)
	0.67

	 5. Household income (Tk/year) 
	221000


  
Table 2 revealed the per-hectare cost of high-yielding rice varieties production. The average cost is Tk 105,297 across the whole study area. Local amount of input use and wage rates are also different. The total cost structure is suppressed by the variable cost (78%), while the contribution of fixed cost was only 22%. In variable cost, hired labor had a contribution of 30.7%, which is the largest among all the components. This huge share reveals that rice production in study areas is labor intensive. The second largest component of variable cost is irrigation (15.8%), revealing the dependency of farmers on irrigation. Some large portions of variable cost are contributed by power tiller use (7.9%) and pesticides (5.5%). Expenses on fertilizers are also considerably high. Urea (5.3%), TSP (2.7%), and MoP (3.7%) have notable contribution in the variable cost. High fertilizer cost also reflects farmers' dependency on chemical fertilizer to maintain yield. In contrast, the seed cost (1.4%) was relatively lower. In fixed costs, the largest portion was contributed by family labor (15.6%). In addition, land use cost was up to 6.4%. These components didn’t include direct cash expenditures. Overall, it is visible that production is highly dependent on labour, irrigation and fertilizer. According to Sarkar et al. (2023), the average cost of BINA Dhan20 was also higher. Human labour (51.78%) contributed the highest portion of production cost. In addition, the irrigation cost (7.19%) was also high. The cost of BinaDhan-20 was highest in Mymensingh (Tk. 76142/ha). Sultana et al. (2023) revealed that, the total cost of production for BINA Dhan-21 was Tk. 66474.57/ha on average and human labour (64.67 %) was the highest cost item. According to Islam et al. (2023), the cost was lower in case of local varieties. Because local varieties need less operations, irrigation, pesticides, and fertilizer.
Table 2. Per hectare cost of high-yielding rice varieties production 
	Cost Component
	                  Cost (Tk.)
	   % of total cost

	(A) Variable Cost
	82182
	78.0

	Hired labour (Man days)
	32328
	30.7

	Power tiller
	8287
	7.9

	Fertilizer

	Seed
	1432
	1.4

	Urea
	5563
	5.3

	TSP
	2891
	2.7

	MoP
	3928
	3.7

	Gypsum
	1249
	1.2

	DAP
	218
	0.2

	Zinc Sulphate
	1431
	1.4

	Pesticides
	5744
	5.5

	Irrigation
	16667
	15.8

	Int. on operating capital
	2444
	2.3

	(B) Fixed Cost
	23114
	22.0

	Family labour
	16388
	15.6

	Land use cost
	6727
	6.4

	Total Cost (A+B)
	105297
	100



Though production cost was relatively high, high-yielding varieties still brought higher returns. According to the Table 3, the average sale price was Tk 26.27/kg and yield was also high. Farmers earned Tk 171,059/ha from the paddy and Tk 7,773/ha from straw on average. The average gross margin was Tk 96,694/ha, which indicates that after bearing all the costs, farmers also have a notable portion of return. After bearing both variable and fixed expenses, the net return was Tk 73,535/ha on average. The BCR (Benefit Cost Ratio) was also greater than 1 for the study areas, revealing higher economic viability of high yielding varieties. The BCR was 1.7 for full cost and 2.18 for variable costs. These results identify the cultivation of high yielding varieties as profitable for the farmers of Bangladesh. Hossain et al. (2021) also found that the yield was higher in BINA Dhan17 compared to BRRI Dhan 58. According to Sarkar et al. (2023), BINA Dhan20 was profitable at farm level and the BCR was 1.41 on full cost basis. In another study. 
Table 3: Analysis of return from high-yielding rice varieties
	Particulars
	Amounts (Curency?)

	Yield (Kg/ha)
	6511

	Average sale price (Tk./kg)
	26.27

	Return (Tk./ha)
	171059

	Return from straw (Tk./ha)
	7773

	Total return (Tk./ha)
	178832

	Total variable cost (Tk./ha)
	82182

	Total Cost (Tk./ha)
	105297

	Gross margin (Tk./ha)
	96649

	Net return (Tk./ha)
	73535

	BCR on full cost
	1.70

	BCR on variable cost
	2.18

	


(Is Tk. Bangladeshi curency?, maybe need to be explained/indicated)
The Ordinary Least Square (OLS) regression model was used to determine the factors influencing the yield. The results are visible in Table (4). The value of R square is 0.592 and the value of adjusted R Square is 0.548, which indicates a good explanatory power of the model. Around 59.2% variation of the yield can be explained through the independent variables of the model. The value of F statistic (14.37) also indicates that the overall model is statistically significant and fits the data.
The fertilizer cost, irrigation cost, labor cost, education and training have a significant positive effect on the yield of high yielding varieties among all the explanatory variables. The coefficient of fertilizer (0.017) and Training participation (1.24) was highly significant a 1% level. The result indicates that the higher the use of fertilizer the higher the yield. In addition, other factors remaining constant, farmers who had participated in training programs can grow 1.24 units higher yield on average than those who didn’t receive any training programs. Similarly, the coefficient of irrigation cost (0.32), labor cost (0.14) and education (1.25) were significant at 5% level. The higher the irrigation cost and labor cost, the higher the yield. Education also has a significant positive effect. Each additional year of schooling of the farmer can increase the yield around 1.25 units on average, while all other factors are constant. The results suggests that well trained and educated farmers tend to have higher yields than other. In a study, Mian and Al-Imran (2005) also found significant positive impact of irrigation cost, fertilizer and human labor on yield of BINA Dhan-6 in Bangladesh. Rahaman et al. (2019) discussed the positive and significant influence of education and training programs on the yield. Rahman et al. (2022) studied the positive effect of education in the yield of BINA Dhan 7 in Bangladesh. 
Table 4. Factor affecting yield of high yielding varieties using OLS regression
	Variable 
	Coefficient 
	 Std. Error
	t- value

	Intercept
	1.65
	2.44
	0.68

	Seed (kg/ha)
	-0.005
	0.02
	0.25

	Fertilizer (kg/ha)
	0.017***
	0.005
	3.40

	Irrigation cost
	0.32**
	0.132
	2.43

	Labor cost 
	0.14**
	0.051
	2.74

	Education (years of schooling)
	1.25**
	0.47
	2.65

	Extension service (1=yes, 0=no)
	0.03
	0.14
	0.21

	Training (1=yes, 0=no)
	1.24***
	0.25
	4.96

	Farm size
	0.014
	0.08
	0.175

	R2
	0.592
	
	

	Adjusted R2
	0.548
	
	

	F statistic 
	14.37
	
	


(Need explanations on stars ...)
On the contrary, seed rate, extension service and farm size was statistically insignificant indicating no direct effect on the yield. The regression results show the importance of accurate input management (fertilizer, irrigation, labour), proper education and training services.
Figure 1: Major constraints of high-yielding rice varieties cultivation. (the figure require explanations especially in the methodology section; in the figure a common way of presenting the constraints in such studies? or the authors way?).
The economic viability of high-yielding rice varieties was significantly higher in the study areas. Even so, the cultivation of high-yielding varieties was hampered by several constraints including unavailability of seed, high irrigation charge, several diseases, lack of capital, market instability and so on. Unavailability of quality seed has the highest weighted average (4.43), indicating that farmers are suffering significantly for the lack of quality seeds. Among all, the unavailability of seed shows the highest total weighted score, indicating it is the most severe problem. Even higher irrigation cost was also a major constraint with a weighted average of 3.57 as rice cultivation requires huge amount of water. Another concern was the 'Bakanae' disease with a weighted average of 3.41. This disease can lower the yield and productivity of high yielding varieties. Islam et al. (2023) found that compared to high yielding varieties local varieties are more disease prone.  Farmers often lack capital thus the lack of sufficient capital (3.35) limits the ability of farmers to purchase inputs timely. Lack of technical know-how (2.75), reduced farmers' ability to adopt modern technologies. Though unstable market price has a lower weighted average (2.40), it can be very harmful for the returns of farmers. Constraints like market price fluctuation and lack of technical know-how are comparatively less severe. Overall, the chart highlights that input availability and financial limitations are the primary challenges. Sultana et al. (2023) also found unavailability of quality seeds as a major constraint in case of BINA Dhan21.While lack of training was the second ranked constraints. Sarkar et al. (2023) also identified unavailability of Bina Dhan-20 varieties seeds (92%) as the major constraint. Their study also reported several constraints including lack of training (65%), technical know-how (40%) and capital (26%), natural disasters (36%) and low education level (14%). 
Table 5. Major constraints of high-yielding varieties cultivation in the study areas 
	Challenges
	Total weighted score
	Average weighted score

	1. Unavailability of seed
	443
	4.43

	2. Higher charge of irrigation 
	357
	3.57

	3. 'Bakanae' disease 
	341
	3.41

	4. Lack of sufficient capital
	335
	3.35

	5. Lack of technical know-how
	275
	2.75

	6. Market price fluctuation 
	240
	2.40


 
Conclusion
The study examined the socio-economic characteristics, economic variability and determinants effecting the yield of high yielding varieties in Bangladesh. From the findings, it was visible that high yielding varieties has a strong potential to increase the overall rice production and standard of living of the farmers. High yielding varieties were profitable in the study area and can improve the livelihoods of the farmer. However, several challenges were also identified. The results highlight the importance of timely and proper input management, education of the farmers and training programs. The challenges can be minimized with necessary actions and effective policies. Government should take necessary measures to enhance the adoption rate of high yielding rice varieties and proper training programs can help farmers to increase their productivity and profitability. Strong collaboration among the research institutions, extension agencies and government is needed. Adoption of high yielding varieties can enhance the economic growth of the country and ensure food security of the ever-growing population.
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Constraints

Total weighted score	1. Unavailability of seed	2. Higher charge of irrigation 	3. 	'	Bakanae	'	 disease 	4. Lack of sufficient capital	5. Lack of technical know-how	6. Market price fluctuation 	443.0	357.0	341.0	335.0	275.0	240.0	Average weighted score	1. Unavailability of seed	2. Higher charge of irrigation 	3. 	'	Bakanae	'	 disease 	4. Lack of sufficient capital	5. Lack of technical know-how	6. Market price fluctuation 	4.43	3.57	3.41	3.35	2.75	2.4	
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