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Abstract. The agricultural sector is still a priority in the development of the 

agricultural economy in Indonesia. Bojonegoro Regency has a priority in 

agricultural development through food commodities, especially rice plants 

and makes Bojonegoro Regency a food barn. This makes rice fields close to 

the Bengawan Solo River get irrigation from the Bengawan Solo River. The 

purpose of this study is to determine the influence of production factors on 

rice yield in the Bengawan Solo Downstream Watershed, Bojonegoro 

Regency. The sample used was 60 farmers who were purposive taken. The 

analysis method used uses the Cobb Douglas production function method.  

The production factors used are land, fertilizer and seeds.  The study revealed 

that the model effectively explained the variation in rice production within the 

study area. Among the production factors analyzed, land was found to have 

the most significant influence on rice output. This finding indicates that larger 

cultivated areas tend to result in higher rice production. The results highlight 

the importance of optimizing land use and managing agricultural resources 

efficiently to enhance rice productivity in the downstream area of the 

Bengawan Solo watershed, Bojonegoro Regency. 

1 Introduction  

Rice is an important food commodity because it is a staple food for almost a part of the 

world's population and one of the sources of income for the Indonesian population[1].  Rice 

is still an interesting concern for many parties both in terms of production, consumption and 

distribution because rice has strategic value with all its dilemmas and problems.  In addition, 

rice is one of the important food crops in food security and is one of the livelihoods for rural 

people in developing countries, especially in Asia [2].  The Indonesian government continues 

to develop food self-sufficiency by increasing food security, one of which is by increasing 

the productivity of rice plants on the land used [3].  The food security approach generally 

focuses on production that aims to increase food supply by increasing productivity.  The 

characteristics of rice farming in Indonesia are scattered and small-scale locations with 
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varying productivity and quality [4]. Food security can be improved with technical efficiency, 

especially in rice production center areas such as East Java [5]. 

One of the problems of rice in East Java Province is related to the production and use of 

production factors in rice farming.  Farmers can still increase rice production by using 

efficient production factors to increase income.    One of the studies to determine the influence 

of input on output is using Cobb Douglas production function analysis [6]. Reduced 

production inputs such as water availability and reduced nutrients will affect the productivity 

of rice plants, thereby reducing farmers' income [7].  In addition, the land cultivated for rice 

farming has an influence on rice productivity [8].   

 

Fig. 1.  Map of Bojonegoro Regency passed by the Bengawan Solo River 

Bojonegoro Regency is located in the tropical region of East Java Province which only 

has two seasons, namely the dry season and the rainy season (Fig. 1).  In the dry season, some 

areas in this region experience drought and water difficulties, while in the rainy season, some 

areas in this region experience flooding.  This condition will affect the productivity of rice 

plants.  This area is an area that is passed by the Bengawan Solo River as one of the important 

sources of irrigation for agriculture in this area.  Some areas that are close to the flow of the 

Bengawan Solo River, for irrigation depend on the availability of water in the Bengawan 

Solo river. Weather and climate affect the water discharge of the Bengawan Solo River.  In 

the rainy season, water discharge is abundant while in the dry season the water discharge 

decreases.  In addition, environmental problems occur in the upstream part of the Hilir 

watershed caused by improper land cultivation, erosion and sedimentation resulting in 

siltation of the Bengawan Solo river. Fluctuating climate conditions and water availability 

due to seasonal changes, along with environmental issues in the Bengawan Solo watershed, 

may affect agricultural productivity, particularly rice cultivation. Therefore, it is important to 

understand the factors that influence rice production in this area. This study aims to analyze 

the effects of land, seed, and fertilizer production factors on rice farming output and the scale 

of production. This study aims to analyze the influence of production factors on rice farming 

in the Bengawan Solo Downstream Watershed. 
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2 Research method 

This research was conducted purposively in Bojonegoro Regency considering that 

Bojonegoro is one of the third largest rice-producing after Lamongan and Ngawi.   

2.1 Population and sampling 

 The population in this study consists of rice farmers in Bojonegoro Regency whose irrigation 

sources originate from the Bengawan Solo River. The sample was determined purposively, 

comprising 60 rice farmers representing areas with these characteristics. 

2.2 Data measuring and collection 

The data collected in this study consist of primary and secondary data. Secondary data were 

obtained from relevant references and institutional records related to the research topic, while 

primary data were collected through questionnaires distributed to respondents. The sampling 

method used was purposive sampling, because only 60 rice farmers met the specific criteria 

required in this study — namely, farmers whose rice fields are irrigated by the Bengawan 

Solo River and who are actively engaged in rice farming activities.  

2.3 Variable and data analysis 

2.3.1 Variables and data analysis 

The data used in the analysis using the Cobb Douglas production function model, which is a 

production function that describes the technical relationship of converting inputs into outputs 

[9].  The production function of Cobb Douglas is formulated by: 

Y =  a x1
b1x2

b2x3
b3e                  (1) 

Ln y = ln a + b1lnx1+ b2 ln x2+ b3 ln x3+ e               (2) 

Where, Y = rice production (kilograms per planting season); a = constant (intercept); b₁, b₂, 

b₃ = regression coefficients of each production factor; X₁ = land area (hectares); X₂ = seed 

quantity (kilograms); X₃ = urea fertilizer used (kilograms); e = error term. 

The bound variable used is the variable of production output.  The classical assumption 

test used is the normality test, the multicollinearity test and the heteroskedasticity test.  The 

normality test is used to find out whether the data analyzed is normally distributed.  The 

multicollinearity test is used to test whether the regression model finds a correlation between 

independent variables.  The heteroskedasticity test is used to determine whether or not there 

is a deviation from the classical assumption, namely the existence of variance from the 

residual variance in an observation. 

2.3.2 Business Scale of in the production process 

The Cobb Douglas production function used can determine the scale of the business in the 

production process.  By knowing the scale of the production business, farmers can find out 

whether their farming can continue or not.  The scale of the production business is expressed 

by return to scale.  Return to scale experienced the principle of increasing return to scale, 

constant return to scale and decreasing return to scale [10].  Decreasing return to scale, if (b1 

+ b2) < 1, means that the proportion of the addition of factors of production exceeds the 
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proportion of the increase in production.  Constant return to scale, if (b1 + b2) = 1, means 

that the proportion of the addition of the factor of production will be equal to the proportion 

of the increase in production. Increasing return to scale, if (b1 + b2) > 1, means that the 

proportion of additional production exceeds the proportion of additional factors of 

production. 

3 Results and discussion 

3.1 Cobb Douglas production function test 

 To test Cobb Douglas's production function is to convert this function into a natural 

logarithmic function.  The natural logarithmic function refers to the multiple linear regression 

function that has a classical assumption test that must be met in order for the model to use 

multiple linear regression analysis. The normality test of this study can be found that the data 

used is spread normally.  Based on the normality test, it can be explained in the following 

Fig. 2. 

 

Fig. 2. Normality test 

The multicollinearity test can be described in Table 1 below. 

Table 1. Multicollinearity test 

Parameter Tolerance Bright 

Land 0.313 3.195 

Seed 0.494 2.025 

Urea fertilizer 0.353 2.819 

 Based on the results of the multicollinearity test presented in Table 1, it is known that 

the tolerance values for the variables Land, Seed, and Urea fertilizer are 0.313, 0.494, and 

0.353, respectively, while their Variance Inflation Factor (VIF) values are 3.195, 2.025, and 

2.819, respectively. 

All tolerance values are greater than 0.10, and all VIF values are less than 10, indicating 

that there is no indication of multicollinearity among the independent variables in the 

regression model. 

This result suggests that each independent variable, namely land, seed, and urea fertilizer 

has a relatively independent relationship and does not strongly influence one another. 
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Therefore, the Cobb-Douglas regression model employed in this study satisfies one of the 

classical assumptions of multiple linear regression, namely the absence of multicollinearity, 

implying that the estimated results obtained are stable and reliable for further analysis. 

 

Fig. 3. Heteroscedasticity test 

The heteroskedastic test shows no deviation in classical assumptions the interpretation 

regarding heteroscedasticity (non-constant variance) is based on the absence of a discernible 

pattern in the residual plot (Fig. 3). Visual inspection of the scatterplot, which compares the 

studentized residuals against the standardized predicted values, reveals no evidence of 

heteroscedasticity, which would constitute a violation of a core regression assumption. The 

distribution of the data points appears random and does not form any systematic pattern, such 

as a cone shape that would suggest a widening or narrowing of variance across the range of 

predicted values. Conversely, the residuals are relatively evenly scattered and remain within 

a consistent boundary of variability around the horizontal zero line. Therefore, it is concluded 

that this regression model does not suffer from Heteroscedasticity, implying that the error 

variance is constant and, consequently, the Ordinary Least Squares (OLS) regression 

estimates are considered both valid and efficient. 

Table 2. Results of Cobb Douglas production function analysis 

Parameter Unstandardized (b) Standard deviation 

(sb) 

T-count P value 

Consist 16155 93442 1.729 0.089 NS 

Land 0.677 0.165 4.090 0.000 S 

Seed 0.089 0.127 0.725 0.472 NS 

Urea fertilizer 0.039 0.172 0.220 0.827 NS 

F count 20.119    

R square 0.519   

Adjusted R square 0.493   

Durbin Watson 1.983   

The analysis results indicate that the R² value of 0.519 means the model can explain 

approximately 51.9% of the variation in rice production through the input variables of land, 

seeds, and fertilizer. The Durbin-Watson value of 1.983 shows no autocorrelation in the 

model, indicating that the model is valid. Based on the Cobb-Douglas equation, the land 

parameter of 0.677 indicates that a 1% increase in cultivated land will increase rice 

production by 0.677%, assuming seeds and fertilizer remain constant. The seed parameter of 

0.089 means that a 1% increase in seed usage only increases production by 0.089%, while 

the fertilizer parameter of 0.039 shows a relatively small effect. 
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The calculated F-value of 20.119 is greater than table F-value of 2.78 at α = 0.05, 

indicating that land, seeds, and fertilizer inputs simultaneously have a significant effect on 

rice production. However, from the partial tests, only land has a significant effect, with t-

count 4.090 > t-table 2.000 (α = 0.025). Seeds (t = 0.725) and fertilizer (t = 0.220) do not 

have a significant partial effect. 

These findings are consistent with previous studies emphasizing the importance of land 

in determining rice productivity. Sari et, al, 2023 [11] stated that land area plays a dominant 

role because it determines the planting capacity of farmers, while Sari et.al, 2023  [11] 

showed that although inputs such as seeds and fertilizer are important, significant production 

increases are more determined by land availability. Moreover Probowati, 2025 [12] 

emphasized that land limitations are the main constraint on increasing rice production in river 

basin areas, while other inputs contribute only marginally. Gandarum, et.al, 2025 [13] added 

that optimal land management, including planting patterns and rotation, plays a crucial role 

in improving rice yields. Nur, et.al, 2024 [14] also found that in the downstream area of the 

Bengawan Solo watershed, land area is positively correlated with production, whereas seeds 

and fertilizer only provide minor additional effects if land area remains limited [15].  

3.2 Return to scale 

 From Table 2, based on the calculation of the regression model coefficients, the total of the 

input coefficients (Land, Seed, and Urea fertilizer) is 0.805, which is less than one. This 

indicates that the production function operates under Decreasing Returns to Scale. In other 

words, a 1% increase in all input would result in only a 0.805% increase in output, implying 

that input expansion does not proportionally translate into output growth. This condition 

suggests that massive input additions are not effective in achieving proportional production 

increases. Therefore, strategies to enhance output should focus on input efficiency and 

optimal management, particularly land, which contributes most significantly to production. 

4 Conclusion and recommendation 

 This study indicates that only land has a significant partial effect on rice production, while 

seeds and fertilizer do not have a significant impact. The return to scale value of less than 1 

indicates decreasing returns to scale, meaning that proportional increases in inputs do not 

result in proportional increases in output. These findings highlight that optimizing the use 

and management of land is the key factor in increasing rice productivity, while seeds and 

fertilizer serve as supporting inputs. 
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