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Sugarcane is a crop that requires a number of processing steps from planting 

to harvesting. Green productivity is a viable option to increase the 

productivity and sustainability of sugarcane. Various planting methods, 

management strategies (fertilisation), insect/pest and disease management 

options as well as management of adverse climatic conditions and waste 

management that not only improve soil fertility and sugarcane productivity 

are environmentally friendly and safe for the environment. Productivity in 

the sugarcane farming environment requires improvement so that the 

sugarcane management process does not adversely affect the environment. 

The purpose of this study is to determine the factors that affect productivity 

and recommendations for improving green productivity. Cobb Douglass 

method to determine the factors in sugarcane farming that affect the 

sugarcane management process and green productivity is a strategy used to 

increase productivity and reduce the environmental impact of sugarcane 

fields. The results of this study found that the output elasticity value of 

sugarcane farm labour input symbolized (β) in the 2021-2022 period was 

smaller than the input of raw materials (α), which was 0.39 in units of million 

rupiah. Based on this, it can be concluded that the input that has the greatest 

influence on the productivity of sugarcane farmers is labour, as evidenced 

by the smallest elasticity value, which means that it has a large influence on 

productivity. So that to increase green productivity is to reduce the cost of 

expenditure on labour by maximising working time 
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INTRODUCTION 

Sugarcane is one of the main crops used worldwide as a raw material for sugar 

production. Sugarcane is the number one crop cultivated globally in terms of production 

quantity. To achieve the maximum quantity of sugarcane production, sugarcane farming 

efficiency is needed. Efficiency is the extent to which the observed use of a resource to 

produce an output of a quality that is appropriate for optimal use of the resource to 
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produce a particular quality output[1]. The sugarcane farming conditions needed to meet 

the production target are conditions that are in accordance with the standards that have 

been set by each sugarcane producer or farmer, where these conditions are influenced by 

resources and environmental factors. This condition allows for variation in the goals of 

each manufacturer. Sugarcane plants are the only raw material for making granulated 

sugar or white sugar in Indonesia whose quantity needs to be increased to meet production 

needs in Indonesia[2]. The sugarcane plant itself, in addition to being a source of 

sugarcane-producing glucose, also has a carbohydrate content whose needs will always 

be important in line with the increase in humans, but unfortunately this is not balanced 

by the increase in sugarcane farming in Indonesia because many factors cause sugarcane 

farming to decrease productivity[3]. 

Farmers play an important role in increasing the productivity of sugarcane plants. 

Farmers can obtain higher sugarcane yields by providing adequate irrigation depending 

on the needs during different stages of crop growth and the application of chemical 

fertilizers based on soil analysis. These practices can be better managed under small farms 

where farmers have greater control. The quality of sugarcane can be improved by 

harvesting at the optimum ripeness period and minimizing the time it takes to deliver the 

harvest from the orchard to the sugar mill. The farmers receive input support, production 

services, credit support, appropriate technology, skill transfer and guaranteed and fixed 

prices from the Agriculture, Plantation and Livestock Office of Sidoarjo Regency. 

Agricultural production is strongly conditioned by the fact that inputs are converted into 

outputs with a considerable time gap[4]. Farmers can obtain higher sugarcane yields by 

providing adequate irrigation depending on the needs during different stages of crop 

growth and the application of chemical fertilizers based on soil analysis. These practices 

can be better managed under small farms where farmers have greater control. The quality 

of sugarcane can be improved by harvesting at the optimum ripeness period and 

minimizing the time it takes to deliver the harvest from the orchard to the sugar mill. 

Sugarcane farmers have many external factors that are challenges in increasing sugarcane 

productivity, so farmers must be able to adapt to the environment to maintain their 

agricultural products[5]. External factors that affect sugarcane agricultural products other 

than inputs such as raw materials, tools, and labor are pest factors, where the factor of 

decreasing sugarcane productivity because pests are difficult for sugarcane farmers to 

control[6]. 

In activities to develop the productivity level of the sugar industry, it must be in 

line with the increase in the productivity of sugarcane plants in accordance with the 

quality standards applied. The level of productivity of sugarcane farmers is influenced by 

the selection of buying types of seedlings, sugarcane plant care processes such as 

fertilization, weeding, pest and disease control. The improvement of plant quality, the 

improvement of planting efficiency, and the increase in farmer productivity are intended 

to improve the quality of sugarcane because with this improvement in quality, the yield 

or output can be accepted by consumers and partners[7]. The use of bud chip seeds in 

fulfilling the increase in sugarcane yield and its management to meet superior seeds. In 

an effort to increase sugarcane planting yield or output, it is necessary to measure 

productivity[8]. In achieving the national sugar self-sufficiency program, bud chip type 

sugarcane planting raw materials are needed in the application of sugarcane agricultural 

technology[9]. The level of sugarcane maturity in the unit of planting area can increase 

the yield so that from the beginning the growing plant must be managed properly. The 
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increase in the productivity of the sugar industry also plays a role in improving the 

economic, political, and social dimensions. Sugar is a strategic food commodity that is 

indispensable to the community, therefore the availability of sufficient stock is very 

welcome. In improving the sugar industry, it is necessary to start by increasing the 

productivity of pre-sugarcane farmers[10] 

Therefore, this research is aimed at increasing the productivity of sugarcane 

farmers in Kajartengguli Prambon Sidoarjo village. The purpose of increasing sugarcane 

productivity is based on a drastic decrease in sugarcane agricultural productivity, 

resulting in not maximizing the profits of sugarcane farmers. In 2021, sugarcane farmers 

in Kajartengguli Prambon Sidoarjo earned a profit of IDR 252,040,000 while in 2022 the 

profit decreased by 10%. Green productivity is a product or service that results from the 

application of engineering, technology and the right management system and is not bad 

for the environment. Green Productivity identifies two needs that are always in the 

problem, namely the need for effort to make a profit and the need for people to protect 

their environment[11]. Minimization is carried out on capital expenditure in the field of 

environmental care, for example the use of natural resources that are maximized. 

Minimizing production waste, reducing pollution and increasing production is better so 

that from the implementation of green productivity, it is expected to increase productivity. 

In the implementation of green Productivity Likelihood of Occurrence eco-eficiency 

higher results that will affect the sustainable industrial system[12]. Green productivity is 

a method that has a function in helping businesses in increasing productivity and reducing 

environmental damage[13]. Growth green productivity It is used as an indicator to 

measure the performance of green growth or natural growth, reflecting economic growth, 

energy and pollution emissions. Growth green productivity is currently a more focused 

topic than Total Productivity Factor (TFP) or a term that refers to production inputs that 

affect productivity[14]. Green Productivity itself is a branch of a process design to 

increase production capacity that is environmentally and environmentally friendly in 

answering the framework of the sustainable development model for the next 

generation[15]. This research aims to increase the productivity of sugarcane farmers 

while preserving the environment without exploiting the environment around 

Kajartengguli Prambon Sidoarjo village. This research is updated from the previous 

research by applying an influence analysis Input against Output sugarcane plants are able 

to provide information on aspects Input What affects the productivity of sugarcane plants 

decreases. By providing information on the aspects that make the decrease in sugarcane 

productivity in Kajartengguli village, Prambon Sidoarjo, it can help sugarcane farmers in 

the area to increase their income and improve the welfare of farmers. Where in previous 

research, the approach to the productivity of sugarcane farmers in Kajartengguli Prambon 

Sidoarjo village has not been shown. 

This research was conducted to increase the productivity of sugarcane farmers in 

Kajartengguli village, which had never been studied before. The area was chosen based 

on the needs of the community who felt a decrease in production. This research was 

carried out qualitatively using the cobb douglas method as a tool for data analysis. 
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METHODS 

Research Design 

This study uses the cobb douglass method with a quaitative approach. Where data 

is obtained from factors that affect the sugarcane processing process such as material/raw 

material inputs, labor inputs and machinery inputs as well as outputs obtained during a 

certain period.  

Data collection and analysis methods 

The data collection in this study was carried out by conducting interviews with 

experts as resource persons. The selected resource persons are sugarcane farmers in the 

Kajartengguli area who are directly related to sugarcane planting activities. Meanwhile, 

data analysis uses the cobb douglass method. 

The stages and data analysis carried out in this study are as follows: 

1. Identification of input  and output aspects  of sugarcane farming in 

Kajartengguli Prambon Sidoarjo village. 

2. Calculation of sugarcane agricultural productivity. 

3. Data analysis uses the cobb douglas function. 

Cobb Douglas 

The Cobb Douglas function is used to determine the production function in 

stochastic ftontier analysis. In addition, the linearity in parameters and the ease of 

estimation using the smallest square of the ordinary, can easily accommodate the 

estimated number of inputs. The irony is that the regression coefficient provides 

production elasticity, which is defined as the percentage change in the output level 

resulting from inputs. The Cobb-Douglas production function is a method in its solution 

that requires more than one variable, where the first variable is the dependent variable 

(Y) and the second variable is the independent variable (X). Regression is a way to solve 

the connectivity between X and Y, where the dependent variable will be affected by the 

variable X. Thus the constants on the regression line also apply in the completion of the 

Cobb-Douglas function[16]. The Cobb-Douglas function is often used to analyze the 

hypothesized factors that affect the production output of an activity, the factors that affect 

production are analyzed to determine the measure of productivity[17]. 

The cobb-douglas function in this study is used because it has an easy solution 

method. Another reason for the widespread use of the Cobb-Douglas production function 

is that calculations using empirical investigations of elasticity values have yielded many 

accurate estimates[18]. The Cobb-Douglas function model can be used to estimate future 

productivity levels, which can prevent future productivity declines[19]. Cobb Douglas's 

production function is also very flexible because it can be used to estimate productivity 

in the world of services, which is a real calculation in converting initial capital and labor 

into something that produces products or services. Cobb Douglas production function 

analysis is an approach method that has a solution model in the form of equations based 

on relationships and their effects on dependent and independent variables[20]. The cobb-

douglas function technique can also be used in testing the contribution of capital value 
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(Input) an investment in productivity levels. The cobb-douglas function usually uses two 

variables, namely capital (K) and labor (L) which can substitute for each other[21]. 

Stages of calculating the cobb douglas function[22] : 

a. Determines the input and output data. 

b. Naturalize the actual data of inputs and outputs into logarithmic form. 

 

LnY = 𝐿𝑛𝛽0 + 𝛽1𝐿𝑛𝑋1 + 𝛽2𝐿𝑛𝑋2 + 𝛽3𝐿𝑛𝑋3  (1) 

 

Where:  

And = output sugarcane or total sales of sugarcane plants 

X1 = input raw materials or sugarcane seeds 

X2 = input labor or farm labor 

X3 = input sugarcane farming machinery or tools 

 = constantβ_0 

 = regression coefficientβ1,2,3 

 e = error term 

c. Finding productivity equations. 

∑ 𝑋1 𝑌̅ = 𝑏1 ∑(𝑋1)2 + 𝑏2 ∑ 𝑋1 𝑋2
̅̅ ̅ + 𝑏3 ∑ 𝑋1𝑋3

̅̅ ̅ (1) 
∑ 𝑋2 𝑌̅ = 𝑏1 ∑ 𝑋1 𝑋2

̅̅ ̅ + 𝑏2 ∑(𝑋2)2 + 𝑏3 ∑ 𝑋2𝑋3
̅̅ ̅ (2) 

∑ 𝑋3 𝑌̅ = 𝑏1 ∑ 𝑋1 𝑋3
̅̅ ̅ + 𝑏2 ∑ 𝑋2𝑋3

̅̅ ̅ + 𝑏3 ∑(𝑋3)2 (3) 
a = 𝑌 − 𝑏1𝑋1 −  𝑏2𝑋2 −  𝑏3𝑋3 

Y = a + + + 𝑏1𝑋1𝑏2𝑋2𝑏3𝑋3 

 

d. Look for the determination coefficient (R2). 

Ry (1,2,3) = 
𝑏1 ∑ 𝑋1𝑌̅+𝑏2 ∑ 𝑋2𝑌̅+ 𝑏3 ∑ 𝑋3𝑌̅ 

∑ 𝑌2  

R2  = Ry(1,2,3)2 

e. Test F. 

F = 
𝑅2(𝑁−𝑚−1)

𝑚 ( 1− 𝑅2)
 

Where: 

N = number of data periods 

M = many aspects input 

f. Data analysis. 
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RESULT AND DISSCUSION 

The following are the results of the calculation in this study where the stages of 

the research are as follows:  

1. Identification of input  and output aspects  of sugarcane farming in 

Kajartengguli Prambon Sidoarjo village 

Sugarcane Farmer Production Data in 2021-2022 

Production data is also called output or  production output is noted with 

the letter Q, which is the total amount of sales of sugarcane agricultural 

products. Meanwhile, the input data  in this study is divided into three, namely 

the input on the use of raw materials or sugarcane seeds is noted with the letter 

M, the input on the use of labor/farm labor is noted with the letter L, and the 

input on the use of machinery or farm tools is marked with the letter T. The 

following is a recap of the data in 2021-2022 agricultural products shown in 

table 1. 

 

Table 1. Output Data (Ouput) and Input (Input) for 2021-2022 

No Year 

Output Input Type 

Q (Rp. 

Million) 

M (Rp. 

Million) 
L (Rp. Million) 

T (Rp. 

Million) 

1 

2021 

973.23 295.00 486.50 11.00 

2 125.00 35.25 40.00 36.00 

3 205.26 66.65 75.00 6.05 

4 

2022 

1016.08 301.25 526.00 18.20 

5 126.00 27.05 42.70 12.00 

6 190.80 66.00 82.35 7.20 

Total 2636.37 791.20 1252.55 90.45 

 

The table above illustrates the sales results of sugarcane farming in the 

2021-2022 period, it is known that in one year there are 3 sales of sugarcane 

products. The data was used to analyze whether the productivity of sugarcane 

farming in Kajartengguli village was good or not. 

2. Calculation of sugarcane agricultural productivity. 

Productivity Calculation for Each Input 

Below are the stages of calculating sugarcane agricultural productivity in 

2021-2022 for each input. The method of calculating sugarcane agricultural 

productivity is carried out by dividing  the input value  of each category by 

the output value of  sugarcane agriculture. 
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Table 2.  Raw Material Input Productivity in 2021-2022 

No Year Q (Rp. Million) M (Rp. 
Million) 

P 

1 

2021 

973.23 295.00 3.30 

2 125.00 35.25 3.55 

3 205.26 66.65 3.08 

4 

2022 

1016.08 301.25 3.37 

5 126.00 27.05 4.66 

6 190.80 66.00 2.89 

 

Table 2. Describes the amount of raw  material input productivity  to  

sugarcane sales output. 

Based on table 2 above, it can be seen that the productivity of raw 

materials at the end of the 2022 period has decreased. This shows the need to 

improve the production process so that the company does not experience a 

decrease in productivity. 

 

Table 3.  Labor Input Productivity 2021-2022 

 

No Year Q (Rp. 

Million) 

L (Rp. 

Million) 

P 

1 

2021 

973.23 486.50 2.00 

2 125.00 40.00 3.13 

3 205.26 75.00 2.74 

4 

2022 

1016.08 526.00 1.93 

5 126.00 42.70 2.95 

6 190.80 82.35 2.32 

 

Table 3. Describe the amount of labor input productivity  to  sugarcane 

sales output. 

Based on table 3 above, it can be seen that labor productivity in 2022 is 

unstable because it has decreased in the first and last period. This shows the 

need to improve the production process so that the company does not 

experience a decrease in productivity. 
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Table 4. Input Productivity  of Machinery/Farming Equipment in 2021-2022 

No Year Q (Rp. 

Million) 

T (Rp. 

Million) 

P 

1 

2021 

973.23 11.00 88.48 

2 125.00 36.00 3.47 

3 205.26 6.05 33.93 

4 

2022 

1016.08 18.20 55.83 

5 126.00 12.00 10.50 

6 190.80 7.20 26.50 

 

Table 4. Describes the amount of input productivity  of  agricultural 

machinery/tools to the output of sugarcane sales. Based on table 4 above, it can 

be seen that the productivity of agricultural machinery/tools every year 

experiences a drastic decrease every second period. This shows the need to 

improve the production process so that the company does not experience a 

decrease in productivity. 

3. Data analysis uses the cobb douglas function. 

Natural Logarithm Data (ln) from  Sugarcane Agricultural Output and 

Inputs in 2021-2022 

 

Table 5 will present the actual data of outputs and inputs that have been 

naturalized into logarithmic form. 

a. Naturalize the actual data of inputs and outputs into logarithmic form. 

 

Table 5. Logarithm Data on Natural Output and Logarithm Natural Input 

in 2021-2022 

No Year 

Output 

Type  
Input Type  

Q 

(Rp. 

Juta) 

(Y) 

(Y^2) 

M (Rp. 

Million

) (X1) 

(X1^2

) 

L (Rp. 

Million

) (x2) 

(X2^2

) 

T (Rp. 

Million

) (x3) 

(X3^2

) 

1 

2021 

6.88 47.34 5.69 32.34 6.19 38.28 2.40 5.75 

2 4.83 23.31 3.56 12.69 3.69 13.61 3.58 12.84 

3 5.32 28.35 4.20 17.64 4.32 18.64 1.80 3.24 

4 

2022 

6.92 47.94 5.71 32.58 6.27 39.25 2.90 8.42 

5 4.84 23.39 3.30 10.87 3.75 14.09 2.48 6.17 

6 5.25 27.58 4.19 17.55 4.41 19.46 1.97 3.90 

Total 

(∑) 

34.0

4 

197.9

1 
26.64 

123.6

8 
28.62 

143.3

4 
15.14 40.32 

Average 5.67   4.44   4.77   2.52   
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Table 5. It is a form of original data that has been naturalized into 

logarithms. The natural logarithmic function itself is useful for solving 

problems with high variable values, so that with natural logarithms, the 

function can be simplified. Based on table 5 above, it is known that the 

total value of each variable X1, X2, and X3 will be used in the calculation 

of determination to find out which factors affect the most decrease in 

sugarcane agricultural productivity. So, these factors can be evaluated 

and eliminated. 

b. Finding productivity equations. 

From the calculations in this study, the results of the sugarcane farmer 

productivity equation are obtained as follows, namely: 

Y = 0.11 + 0.46X1 + 0.39X2 + 0.66X3 

c. Look for the determination coefficient (R2). 

Then, we searched for a double correlation equation of 3 predictors 

on the productivity of sugarcane farmers based on the double correlation 

formula of 3 original predictors and obtained the following results: 

Ry (1,2,3) = 0.86 

Coefficient of determination (R2) = (0.862) = 0.74 

d. Test F. 

So, after that, the calculation of the F test was carried out and the 

significance test value of the double correlation coefficient was obtained 

as follows, namely: 

F = 1,15 

After the data processing calculation is carried out in obtaining the 

value of the regression coefficient in the existing period, new values will 

be obtained for the equation of the production function of sugarcane 

farmers with Cobb Douglas which is presented in the following table. 

 

Table 6. Comparison of Coefficient of Production Value with Cobb-

Douglas 

Coefficient Year 2021-2022 

Y = a = 𝜏 0.11 

X1 = b1 = 𝛼 0.46 

X2 = b2 = 𝛽 0.39 

X3 = b3 = 𝛾 0.66 

Production Efficiency Index (𝛿) 1.11 

Production Elasticity from Inputs 

(𝛼 + 𝛽 + 𝛾) 

1.51 

 

From table 6, it can be seen that the final result of the calculation 

of sugarcane agricultural productivity shows the lowest value of the 

productivity inhibiting function is found in the symbol X2 which means 

that the labor input has the lowest productivity value which causes the level 
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of productivity of sugarcane farming not to be optimal. Good productivity 

is a value that is close to the number 1. 

CONCLUSION 

Analysis of the productivity of sugarcane agricultural raw materials, based on the 

results of the productivity calculation in this study after making calculations using the 

Cobb-Douglas production function, it can be concluded that  the input that has the greatest 

influence on the productivity of sugarcane farmers, namely labor, is evidenced by the 

smallest elasticity value, which means that it has a large influence on productivity. Thus, 

the conclusion for the 2021-2022 period is that the level of productivity of sugarcane 

farmers is still small due to the huge costs incurred for labor. Therefore, it is necessary to 

increase farmers' productivity by minimizing cost expenditure on labor. Another 

alternative to reduce labor costs is by working effectively and efficiently, meaning 

maximizing time as best as possible. The implication of this study is to increase plant 

productivity by using advanced technology and optimizing labor and production costs.  

Environmental sustainability by managing water efficiently. And the welfare of the 

workforce with the implementation of k3 and the compensation obtained. The 

development of further research has created a sensor-based monitoring system and 

automation that can improve efficiency and productivity.. 
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