


[bookmark: _Hlk215585456]Impact of Chemical Fertilizers on Productivity, Profitability, and Farmers' Environmental Perception in Boro Rice Farming in Bogura District, Bangladesh

ABSTRACT
[bookmark: _Hlk211337095]In developing countries, rice is the most important crop in terms of both overall output and the number of consumers who rely on it as a staple diet. Carbohydrates make up the majority of rice grains, with proteins, fat, vitamins, and dietary fibres following. This study has been done with the objective of analyzing socioeconomic characteristics of farmers, identifying the impact of using chemical fertilizers on crop production, and assessing the perception of farmers regarding chemical fertilizers use on the environment. It is based on primary data collected from Sonatala Upazila of Bogura district of Bangladesh, where 50 Boro rice farmers were interviewed randomly with a structured questionnaire. The duration of data collection was from March to April 2020. Descriptive statistics, Cobb-Douglas production function, and Fishbein attitude model have been used for analyzing data. The t-test indicates a significant difference between the fertilizer used, yield, costs, and returns of Boro rice production comparing the present time and ten years ago. The Cobb-Douglas production function identifies that, along with other variables, chemical fertilizers have a significant impact on production. The results also indicate that the overall attitude score (Ao) was found to be -1.354, indicating that farmers’ attitude about using chemical fertilizers on the environment is not positive in Boro rice production. The results emphasize promoting sustainable agricultural practices through the efficient use of inputs, the adoption of modern technologies, and better management practices. Therefore, policy efforts should focus on strengthening agricultural extension services, providing farmers with training on optimal input use, pest management, and sustainable soil fertility practices.
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1. INTRODUCTION
Rice (Oryza sativa L.) is one of the world’s most important staple crops, feeding a large section of the population. As demand for rice increases owing to swelling populations and changing dietary habits, improving rice yield and sustainability has become critical (Singh et al., 2024; Mali et al., 2023). In developing countries, rice is the most important crop in terms of both overall output and the number of consumers who rely on it as a staple diet (Juliano, 2016). Carbohydrates make up the majority of rice grains, with proteins, fat, vitamins, and dietary fibers following (Panesar and Kaur, 2015). The expanding human population has exerted significant pressure on agricultural practices to maintain consistent production of staple crops, particularly rice. Bangladesh produced about 10.09 million tons of rice in 1971–72, while having a population of only 70.88 million.  To feed its 173.34 million residents, the nation produces about 37.0 million tons of rice annually (Hasan and Hossain, 2024). This draws attention to a noteworthy accomplishment: rice output has surpassed population increase. Bangladesh experiences a tropical environment with significant fluctuations in rainfall and temperature (Shelley et al., 2016). 
Inherent replenishment is usually insufficient to satisfy the requirements of subsequent intensive variants since crop cultivation naturally depletes nutrients from the soil during harvest (Howe et al., 2024). Consequently, Chemical fertilizers, offering vital minerals, namely nitrogen, phosphorus, and potassium, required for promoting crop growth, sustaining soil nutrients, have been extensively used to meet growing global demand. Chemical fertilizers play an essential role in enhancing crop productivity and soil fertility. Chemical fertilisers are of various types in the form of nitrogenous, phosphate, and potassium fertilisers. The employment of fertilisers not only increases crop productivity, but also alters soil physicochemical and biological properties (Pahalvi et al., 2021; Abebe et al., 2022). Synthetic fertilizers have been commonly employed in Bangladesh to boost crop yield, mainly after 1975 with the growth of irrigated land and the deployment of high-yielding rice varieties (HYV). Use of inorganic fertilizers enhances plant height and stimulates panicle formation per square meter and tiller number due to the fast supply of crucial nutrients, mainly nitrogen. Although these inputs have enhanced productivity, excessive dependence has resulted in soil nutrient imbalances and increased production costs, while demand keeps rising due to population pressure, widespread HYV adoption, and food security concerns (Rashid, 2025).
The impact of chemical fertilizers on environmental elements such as water quality, soil health, and the ecosystem has become a pressing issue today. It also led to irreversible environmental damage and several health problems. (Chandini et al., 2019). Water eutrophication is one of the most significant adverse outcomes of heavy fertilizer use, and it is producing a significant amount of toxic greenhouse gases (CO2, CH4, and N2O) and destroying the ozone layer, exposing people to dangerous UV radiation. (Savci, 2012). It also adds large amounts of phosphorus to agricultural soils, and rainfall runoff carries this nutrient into rivers and lakes, which causes oxygen depletion and eutrophication of water bodies (Sedyaaw et al., 2024). Excessive use of chemical fertilizers can change the pH of the soil, increase pests, create acidity and soil crust, reduce the amount of humus, organic matter, and beneficial organisms, and restrict plant growth. (Chandini et al., 2019).
 Previous studies show that excessive use of chemical fertilizers has significant environmental and agronomic implications. Savci (2012) studied that chemical fertilizer, as an environmental pollutant, shows that it affects the water, air, and soil in Turkey. Chandini et al. (2019) studied the impact of chemical fertilizers on our environment and ecosystem in India. Tayefah et al. (2018) studied the environmental impacts of different nitrogen rates in rice and showed that higher N inputs increase water eutrophication. Datta et al. (2017) examined different fertilizer types and application methods in paddy rice and showed trade-offs between yield, greenhouse-gas emissions, and farmers’ profit. Iqbal et al. (2022) found that combining manure with chemical fertilizer improved soil health, microbial biomass, and rice production compared with chemical fertilizer alone. Kai et al. (2020) compared organic and chemical fertilizers in paddy fields and found that organic amendments improved soil biological properties while affecting yield and soil chemical conditions.  Rahman and Debnath (2015) studied the adverse impact of agrochemicals used in farmlands in Bangladesh through a qualitative method by using secondary data. Although the reviewed studies provide important insights into fertilizer use and environmental impacts, most do not consider farmer perceptions, socioeconomic factors, or field-level practices. Therefore, this study aims to analyze socioeconomic characteristics of farmers, identifying the impact of using chemical fertilizers on crop production, and assessing the perception of farmers regarding chemical fertilizers used on the environment.
2. MATERIALS AND METHODS
2.1 Study area and sampling
To fulfill the research objectives, necessary data were collected from Sonatala Upazila of Bogura district of Bangladesh. Boro rice was selected for the study as it is produced as the major crop in large amounts here. The total sample size was fixed at 50, who were selected by using a random sampling technique. A semi-structured interview schedule was created to gather data at the home and farm levels. The duration of data collection was from March to April 2020. Though the COVID-19 pandemic situation had made it difficult to get reliable data, the researcher visited the respondents personally in the study areas during the season, maintaining appropriate health safety. 
2.2 Assessing the impact of using chemical fertilizers
To assess the impact of chemical fertilizer on Boro rice production present situation is compared with the situation of ten years ago, considering the following attributes: fertilizers used in Boro rice production, yield of Boro rice, and the cost and returns of Boro rice production. From the perspective of individual farmers, the profitability of producing Boro rice per hectare was calculated using the benefit-cost ratio (undiscounted), net return, gross return, and gross margin.
2.3 Variable cost
The costs of seed, chemical fertilizers, transportation, irrigation, pesticides, labor, etc., are examples of very simple variable costs. To calculate the variable costs, the following equation was used:
VC = ∑ Pxi. Xi
Where,
VC = Variable cost (Tk/hectare) of Boro rice production
Pxi = Price (Tk/kg) of ith variable input in Boro rice production
Xi = Quantities (kg/ha) of ith variable input in Boro rice production.
2.4 Fixed cost
Fixed costs remain constant irrespective of the quantity of the output. For example, land use cost. 
2.5 Gross return
Multiplying a farm's entire output volume by the average price during the harvesting period yielded the gross return. The physical amounts of the primary product (rice grain) and byproduct (rice straw) are included in this output. The gross return was computed using the following formula: ∑GR = ∑Qp . Pp + ∑Qb . Pb
Where,
GR = Gross returns of Boro rice production (Tk// ha)
Qp = Quantity of product (rice grain) produced (Kg/ ha)
Pp = Price of product (rice grain) (Tk/Kg)
Qb = Quantity of by-product (rice straw) of Boro rice (Kg/ ha)
Pb = Price of by-product (rice straw) of Boro rice (Tk// Kg)
2.6 Net return 
Net return is calculated by deducting all costs (variable and fixed) from gross return. To estimate net return, the following equation was used:
∏ = GR - TC
Where,
∏ = Net return (Tk// ha) of Boro rice production
GR = Gross return (Tk/ha) of Boro rice production
TC = Total cost (Tk/ha) of Boro rice production.
2.7 Benefit cost ratio (BCR)
A relative metric for comparing the benefit per unit of cost is the benefit-cost ratio (BCR). The ratio of gross profits to gross costs was used to calculate BCR. The BCR (undiscounted) is computed using the formula below. 
BCR= 
2.8 Two-sample t-test 
A two-sample t-test is used to test the significance of the change in the returns in Boro rice production, comparing the present time and the situation of ten years ago. If the sample results appear improbable in light of the null hypothesis, the researcher rejects it.
2.9 Cobb-Douglas production function
Following Zaman et al. (2022), the Cobb-Douglas production function was used to estimate the effects of important variables on the gross return of Boro rice production. The following Cobb-Douglas production function was used in the present study.
Ln Y= ln a + b1 ln X1 + b2 ln X2 + b3 ln X3 + … + b10lnX10 + Ui
Where, 
Y = Gross return (Tk/ha)
X1 = Land preparation cost (Tk/ha)
X2 = Cost of seed or seedlings (Tk/ha)
X3 = Fertilizer cost (Tk/ha)
X4 = Manure cost (Tk/ha)
X5 = Irrigation cost (Tk/ha) 
X6 = Labor cost (Tk/ha) 
X7 = Pesticide cost (Tk/ha) 
X8 = Weeding cost (Tk/ha)
X9 = Harvesting & carrying cost (Tk/ha)
X10 = Transportation cost (Tk/ha) 
a = Constant or intercept term
ln = Natural logarithm;
bl to b10 = Production coefficients of the corresponding variables to be estimated and 
Ui = Error term.
2.10 Fishbein model
Using indicators of the consumer's general attitude toward the product, the Fishbein model of consumer behavior—also known as the theory of planned behavior or the theory of reasoned action—tries to explain why the consumer chose the product in the first place. In this model, Fishbein (1967) says that a person’s perception of an object is a function of his belief that the object is associated with particular qualities and evaluative responses that are linked to that belief. Following Ramdhani et al. (2012), this model can be formulated in a mathematical formula as follows:
Ao= bi ei
Where, 
Ao = Attitude towards the object
bi = Belief about the product’s possession of the attribute
ei = Evaluation of the attribute as being good or bad
n = Upper limit of the number of attributes that a person will consider
[bookmark: _Hlk148565894]For a large number of farmers, bi and ei can be calculated by taking the average as follows: Aij
Bi = 
Where,
Aij = Belief of jth respondent about the product’s possession of the ith attribute,
N = Number of respondents
ei =
Where, 
ei = Evaluation of the attribute as being good or bad,
Eij = Evaluation of the ith attribute as being good or bad for the jth respondent.
Table 1 represents the attributes to be considered for the Fishbein model
[bookmark: _Hlk211176995]Table 1. Attributes to be considered for the Fishbein model
	Sl. no.
	Attributes

	1
	It increases crop production

	2
	It increases soil fertility.

	3
	It hampers the air and water quality of the nearby sources.

	4
	It makes the soil dry and crumbly.

	5
	It is environmentally friendly.

	6
	The excessive use of chemical fertilizers should be prohibited.

	7
	There can be another alternative to chemical fertilizers.

	8
	It brings hazards to human health and the environment.



Table 2 shows the scale used to evaluate each characteristic (bi) of chemical fertilizer.
Table 2. Number of different choice scales
	Strongly agree
	Agree
	Neutral
	Disagree
	Strongly disagree

	5
	4
	3
	2
	1



The consumer provides the following responses: +2, +1, 0, -1, and -2, which represent an evaluation of the attribute as being good or bad.
3. RESULTS AND DISCUSSION 
3.1 Socioeconomic characteristics
The socioeconomic traits of the farmers in the sample are presented in Table 3, which provides crucial information on their income trends, agricultural holdings, education, and demographics.
Table 3. Socioeconomic characteristics of the respondents
	Characteristics
	Categories
	Score
	Respondents
(Number)
	Percentage
	Mean
	Standard deviation (SD)

	Age (years)
	Young age
		


<
35
	8
	16
	48.34
	12.97

	
		



	Middle age



		



	


35-55
	31
	62
	
	

	
	Old age
		


>
55
	11
	22
	
	

	Educational status (years of schooling)
		



	Illiterate



	0
	4
	8
	6.08
	3.31

	
	Primary level
	1-5
	16
	32
	
	

	
	Secondary level
	6-10
	25
	50
	
	

	
	Higher secondary
	11-12
	5
	10
	
	

	
	Graduate & above
		


>
12
	0
	0
	
	

	Family size
(person)
	Small
	<5
	15
	30
	5.14
	4.10

	
	Medium
	5-7
	32
	34
	
	

	
	Large
	>7
	3
	6
	
	

	Farm size
(hectares)
	Small
	0.2–1
	32
	64
	23.54
	10.24

	
	Medium
	1.1–3
	12
	24
	
	

	
	Large
	>3.03
	6
	12
	
	

	Annual family income (Tk)
	Low income
	≤400,000
	5
	10
	903,840
	552,592,97


	
	Medium income
	400,000–1,000,000
	31
	62
	
	

	
	High income
	>1,000,000
	14
	18
	
	

	Annual household expenditure (Tk)
	Food
	219,920
	-
	56.62
	388,400
	212,243.23

	
	Education
	50,640
	-
	13.04
	
	

	
	Health
	74,760
	-
	19.25
	
	

	
	Others
	43,080
	-
	11.09
	
	


The bulk of respondents (62%) are between the ages of 35 and 55, suggesting that most farmers are seasoned and actively involved in farming. In contrast, 22% are older (>55 years), and 16% are younger (<35 years). The sample's average age is 48.34 years (SD = 12.97). Although the majority of farmers in this study are middle-aged, Uddin et al. (2024) found that, with a mean age of 42.28 years (SD = 11.25), 55% of wetland farmers were between the ages of 36 and 55, 34% were young (18 to 35), and 11% were older than 55. With 50% of farmers having completed secondary school (6–10 years) and 32% having completed elementary school (1–5 years), the majority of farmers have obtained a basic level of formal education. In contrast, only 8% are illiterate, and none have completed graduate school or higher. Moderate literacy levels are indicated by the mean number of years of education, which is 6.08 (SD = 3.31). However, compared to this survey, Uddin et al. (2024) found that 15% of farmers were illiterate, 39% had finished elementary school, and 38% had completed secondary school. This suggests lower literacy levels and fewer farmers with secondary education.
Medium-sized families make up 34% of households, followed by small families (less than five individuals) at 30% and large families (more than seven members) at 6%. 5.14 people make up the average family (SD = 4.10). Table 3 shows that the majority of farmers (64%) manage small farms between 0.2 and 1 hectare, 24% managing medium-sized farms between 1.1 and 3 hectares, and 12% managing big farms (>3 hectares).
With a mean annual family income of Tk. 903,840 (SD = 552,592.97), 62% of families are in the medium-income group (Tk 400,000–1,000,000), 18% are high-income (>Tk 1,000,000), and 10% are low-income (≤Tk 400,000). On the other hand, Uddin et al. (2024) found that most farmers, 97%, made between Tk 90,000 and 150,000 a year. Only 3% of the farmers were in the middle-income group, and none were in the high-income group. This indicates notable differences in earning levels. With a mean total expenditure of Tk 388,400 (SD = 212,243.23), household expenditure patterns indicate that food accounts for the highest share at 56.62% (Tk 219,920), followed by health (19.25%), education (11.09%), and miscellaneous expenses (11.09%).
3.2 Estimation of cost-return
Cost and return are the key determinants of profitability in rice farming. Table 4 represents the comparative scenario of cost and returns of Boro rice production between ten years ago and the present.
 Table 4. Average cost and returns of Boro rice production
	Cost/Return items
	10 years before
	At present

	
	Returns or cost (Tk./hectare)
	Percentage of total
	Returns or cost (Tk./hectare)
	Percentage of total

	Variable Costs

	Land preparation cost
	1881.6 (255.24)
	3.82
	7411.6 (681.07)
	9.47

	Seed or seedling cost
	3647.7 (221.38)
	7.41
	4010.2 (273.29)
	5.12

	Fertilizer cost
	4956.6 (202.10)
	10.07
	8451.2 (548.13)
	10.80

	Manure cost
	2913.86 (228.56)
	5.92
	720.4 (101.03)
	0.92

	Irrigation cost
	4826 (193.17)
	9.80
	8902.08 (191.59)
	11.38

	Labor cost
	16621 (1372.43)
	33.76
	21192.4 (1938.4)
	27.08

	Pesticide cost
	2268 (153.62)
	4.61
	8708.8 (561.27)
	11.13

	Weeding cost
	2320.1 (272.71)
	4.71
	3761.8 (296.96)
	4.81

	Harvesting and carrying costs
	2535.4 (269.65)
	5.15
	4535.4 (269.65)
	5.80

	Transportation cost
	1845 (306.78)
	3.75
	1486 (155.15)
	1.90

	Interest on operating capital
	985.84 (35.54)
	2.00
	1556.55 (34.75)
	1.99

	A. Total Variable cost
	44800.8 (1615.13)
	90.99
	70736.4
(1578.98)
	90.40

	Fixed Costs

	Land use cost
	4430.96 (157.40)
	9.00
	5955.96 (157.40)
	7.61

	B. Total Fixed Cost
	5416.8 (165.16)
	11.00
	7512.51 (158.90)
	9.60

	C. Total costs
	49231.7 (1640.06)
	100
	78249 (1576.25)
	100

	Gross Return

	Main Product
	52417.5(1676.23)
	94.79
	90954.5 (4247.47)
	94.74

	By Product
	2883.92 (213.214)
	5.21
	5053.84 (1160.85)
	5.26

	D. Gross Return
	55301.4
	100
	96008.4
	100

	E. Gross Margin (D-A)
	10500.6
	
	25271.9
	

	F. Net Return(D-C)
	6069.68
	
	17759.4
	

	G. Benefit Cost Ratio (BCR) Undiscounted
	1.12
	
	1.23
	


Source: Author’s calculation based on field survey (2020); Figure in parentheses indicates the standard deviation
Costs of Boro rice production were classified into two major groups: (a) variable costs and (b) fixed costs. The total cost of production per hectare was Tk 49231.7 ten years before, which has now increased to Tk 78249, while Salam et al. (2021) noted that chemical fertilizer users are further from the optimum, indicating they are over-applying inputs to maintain yields. Out of this, variable costs accounted for the largest share. Ten years ago, the total variable cost was Tk 44800.8, whereas at present it has risen to Tk 70736.4, comprising 90.40% of the total cost. Fixed costs, on the other hand, increased from Tk 5416.8 to Tk 7512.51 over the same period, but their share declined slightly from 11.00% to 9.60%. Labor cost was the most important variable cost component. Ten years ago, it was Tk 16621 per hectare (33.76% of total cost), which has now increased to Tk 21192.4, though its share fell to 27.08%. The cost of irrigation also increased significantly, from Tk 4826 to Tk 8902.08, making up 11.38% of the current total cost as opposed to 9.80% previously. Fertilizer costs increased from Tk 4956.6 (10.07%) to Tk 8451.2 (10.80%), while pesticide expenses rose sharply from Tk 2268 (4.61%) to Tk 8708.8 (11.13%). Land preparation costs expanded from Tk 1881.6 to Tk 7411.6, with their share more than doubling (3.82% to 9.47%). In contrast, manure costs declined drastically from Tk 2913.86 (5.92%) to Tk 720.4 (0.92%). This indicates that farmers are using chemical fertilizers more than manure. The reasons may be rapid nutrient supply, increased and consistent yields, simplicity of use, and improved compatibility with contemporary rice farming systems of chemical fertilizers. Other costs, such as weeding, harvesting, carrying, transportation, and interest on capital, also showed variations, but their proportional contribution remained relatively stable.
On the return side, the gross return increased significantly. Ten years ago, the gross return was Tk 55301.4 per hectare, which has now reached Tk 96008.4. This increase came from both the main product (Tk 52417.5 to Tk 90954.5) and the by-product (Tk 2883.92 to Tk 5053.84). Based on the gross return and variable costs, the gross margin improved from Tk 10500.6 to Tk 25271.9. Net return increased almost threefold, from Tk 6069.68 to Tk 17759.4 per hectare. Finally, the Benefit-Cost Ratio (BCR) was found to be 1.12 ten years ago, which has now improved to 1.23. This indicates that despite rising input costs, profitability has also increased, making rice cultivation more economically viable at present compared to a decade earlier.
3.4 T-test
To determine whether the returns of Boro rice production today differ significantly from those of 10 years ago, a t-test was conducted at the 1% level of statistical significance. Table 5 shows that for the two-tailed test, the P-value (0.00) is less than the significance level (0.01). So, we cannot accept the null hypothesis. Therefore, the returns of Boro rice production comparing the present time and the situation of ten years ago are significantly different. 
Table 5. Two-sample t-test assuming unequal variances
	Parameters
	Value

	t Stat
	61.08

	P (T<=t) one-tailed
	0.00

	t Critical one-tailed
	1.67

	P (T<=t) two-tailed
	0.00

	t Critical two-tailed
	1.99


Source: Author’s calculation based on field survey (2020)
3.5 Factors affecting the production of Boro rice
Using the Cobb-Douglas production function, the effects of various input variables on Boro rice production were examined, taking into account both the current scenario and the circumstances ten years ago. Table 6 displays the results, with the coefficients highlighting each input's function.  Both models' F-values (383.04 and 62.32) were highly significant at the 1% level, suggesting that the explanatory variables worked together to explain the variation in the gross return of rice production in Boro. The coefficients for the previous ten years indicated that the costs of labor, manure, and weeding had a large and favorable impact on production, indicating that increasing expenditure in these areas led to higher yield.  With a coefficient of 0.334 and significance at the 1% level, labor cost was the most important factor. This means that, while all other factors are held constant, a 1% rise in labor costs would result in a 0.334% increase in gross return.  Similarly, for every 1% rise in cost, the costs of weeding and manure contributed 0.019% and 0.069% increases in output, respectively, making them positively significant at the 1% level. The transition from organic to contemporary inputs was highlighted by Uddin et al. (2025), who discovered that weeding had a reduced positive effect (~0.01–0.03) and manure was negligible. However, the costs of fertilizer and transportation displayed negative trends, suggesting that increased spending on these elements decreased production efficiency. Now, however, things have changed.  With a coefficient of 0.415 significant at the 1% level, labor cost is still the most significant factor. This means that a 1% rise in labor costs would result in a 0.415% increase in output.  Additionally, it was discovered that the costs of fertilizer (0.159), land preparation (0.073), seed (0.063), and weeding (0.071) were all positively significant, underscoring their critical significance in increasing the yield of Boro rice in the existing production methods.  At the 10% level, the costs of pesticides (0.061) and irrigation (0.158) were substantial and demonstrated moderately beneficial impacts. Overall, the findings imply that, whilst work, weeding, and organic inputs like manure once predominated, modern inputs like fertilizer, seeds, irrigation, and pesticides, in conjunction with labor, are the key drivers of Boro rice production. However, Uddin et al. (2025) verified declining returns to scale in wetland Boro rice, with R² = 0.65–0.70, emphasizing that efficiency improvements are constrained under these settings even with input intensification.
Table 6. Estimated values of the coefficient and related statistics of the Cobb-Douglas production function of Boro rice
	Explanatory variables
	10 years before
	
	At present
	

	
	Estimated
coefficient
	P- value
	t-value
	Estimated coefficient
	P- value
	t-value

	Constant
	7.461***
(0.542)
	0.000
	13.779
	3.133
(1.903)
	0.108
	1.646

	Land preparation cost (X1)
	0.003
(0.003)
	0.327
	0.992
	0.073***
(0.022)
	0.002
	3.313

	Cost of seed or seedlings (X2)
	0.001
(0.011)
	0.950
	0.063
	0.063**
(0.028)
	0.029
	2.264

	Fertilizer cost (X3)
	-0.049*
(0.025)
	0.051
	-2.012
	0.159***
(0.058)
	0.009
	2.755

	Manure cost (X4)
	0.069***
(0.023)
	0.005
	3.015
	-0.122
(0.073)
	0.103
	-1.670

	Irrigation cost (X5)
	-0.004
(0.013)
	0.774
	-0.289
	0.158*
(0.094)
	0.099
	1.691

	Labor cost (X6)
	0.334***
(0.016)
	0.000
	20.551
	0.415***
(0.103)
	0.000
	4.041

	Pesticide cost (X7)
	-0.001
(0.008)
	0.886
	-0.144
	0.061*
(0.032)
	0.059
	1.945

	Weeding cost (X8)
	0.019***
(0.006)
	0.002
	3.271
	0.071***
(0.025)
	0.006
	2.897

	Harvesting & carrying cost (X9)
	0.004
(0.005)
	0.346
	0.954
	-0.033
(0.309)
	0.309
	-1.031

	Transportation cost (X10)
	-0.009*
(0.005)
	0.069
	-1.873
	0.014
(0.019)
	0.451
	0.761

	R2
	0.989
	
	0.941
	

	F-value
	383.04***
	
	62.323***
	

	Returns to scale
	0.368
	
	0.859
	


Note: *, ** and *** indicates the significance at 10%, 5% and 1% level, respectively
Source: Author’s calculation based on field survey (2020); Figure in parentheses indicates the standard error.

3.6 Perception of farmers regarding chemical fertilizers on the environment
The use of chemical fertilizers in Boro rice production reflects technological advances in agriculture, but their application ultimately depends on farmers’ attitudes toward them. To calculate the farmer’s attitude about using chemical fertilizers on the environment, the Fishbein Attitude Model is shown in Table 7.

Table 7. Farmers’ attitude estimation
	Sl. No.
	Attributes
	For the chemical fertilizers practice

	
	
	bi
	ei
	bi*ei

	1
	It increases crop production
	4.26
	1.44
	6.134

	2
	It increases soil fertility
	2.12
	-0.1
	-0.212

	3
	It hampers the air and water quality of the nearby sources
	4.56
	-0.2
	-0.912

	4
	 It makes the soil dry and crumbly
	4.00
	-0.42
	-1.68

	5
	It is environmentally friendly
	1.64
	-1.5
	-2.46

	6
	The excessive use of chemical fertilizers should be prohibited
	4.56
	-0.5
	-2.28

	7
	There can be another alternative to chemical fertilizers
	4.44
	1.38
	6.127

	8
	 It brings hazards to human health and the environment 
	4.6
	-1.32
	-6.072

	
	Ao
	∑bi*ei= -1.354


Source: Author’s calculation based on field survey (2020)
From the above calculation, the overall attitude score (Ao) was found to be 1.354, indicating a generally negative perception. Farmers acknowledged some positive aspects, particularly that chemical fertilizers increase crop production (bi×ei) with a score of 6.134 and that there could be alternatives to chemical fertilizers (6.127). Farmers were more concerned about the harmful consequences. They highlighted that chemical fertilizers bring hazards to human health and the environment with a score of –6.072, make soil dry and crumble with –1.68, and contribute to the pollution of nearby air and water sources with –0.912. Moreover, Farmers also disagreed with the idea that chemical fertilizers are environmentally friendly, giving it a score of –2.46, and strongly supported the view that excessive use should be prohibited, which was reflected in the score of –2.28. 
The overall result indicates that, although the farmers value the role of chemical fertilizers in increasing crop production, they also perceive significant environmental and health risks associated with their use. Hence, the farmer’s attitude about using chemical fertilizers on the environment is not positive in Boro rice production. The results of Table 7 are presented in Fig. 1. Mahmud et al. (2022) identified the transition to Integrated Nutrient Management (INM) as the only viable path to restore Bogura's soil health and ensure that rice cultivation remains economically feasible without further degrading the local ecosystem.

Fig. 1: Farmer’s attitude towards chemical fertilizer considering the above attributes (source: author’s compilation)

CONCLUSION
Bangladesh has made impressive strides in agricultural productivity and diversification over the years. Using primary data gathered from farmers, the current study assessed the socioeconomic characteristics of Boro rice producers, looked at the cost and return of rice production in comparison to a decade before, and determined the main determinants influencing yield.  Boro rice production has been more economically viable over time, according to the profitability analysis. According to the comparison analysis, Boro rice's overall profitability has increased considerably in spite of growing input costs, particularly those related to labor, irrigation, fertilizer, and pesticides.  According to the Cobb-Douglas production function, labor continues to have the greatest impact, but in contemporary production systems, the use of fertilizer, seed, irrigation, and pesticides has grown in significance. However, farmers reported generally negative opinions regarding chemical fertilizers, acknowledging their contribution to better yields but also noting their harmful implications on soil fertility, water quality, and human health.  This emphasizes how critical it is to advance sustainable farming methods. This highlights the urgent need for promoting regenerative agriculture techniques. The findings suggest that profitability can be further enhanced through the efficient use of inputs, the adoption of modern technologies, and better management practices. Therefore, policy efforts should focus on strengthening agricultural extension services, providing farmers with training on optimal input use, pest management, and sustainable soil fertility practices. Educational opportunities and vocational training should be expanded to improve farmers’ technical knowledge. In addition, government and non-government organizations should work together to ensure wider dissemination of improved rice varieties and modern cultivation techniques.
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