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Abstract. This study aims to analyze factors influencing shallot 
production and the allocative efficiency of shallot farming in Pati Regency 
Central Java. Based on data from the association of farmer groups 
(Gapoktan), there were 12 farmer groups. Using multistage random 
sampling, four farmer groups and 73 farmers were taken as samples. Data 
were obtained using interviews and questionnaires. Then, the data were 
analyzed using the Cobb-Douglass production function and efficiency 
analysis. The results revealed that factors of land area, seeds, KNO3 
fertilizer, and family labor significantly possitive affected shallot 
production. In general, all of the production factors have not been 
allocatively efficient. To enhance efficiency, farmers should increase the 
use of production inputs such as land, seeds, fertilizers, and labor.  

1 Introduction  
Central Java Province is the highest shallot-producing province in Indonesia, with Brebes 
Regency as the main production center. In addition to Brebes and Demak Regencies, Pati 
Regency is a new shallot production center in Central Java for the last five years with high 
land productivity, enabling it to produce abundant and sustainable shallot production in 
supporting shallot production in the province [1]. 

Table 1. Harvest Area and Production of Shallots in Central Java in 2016-2018 

Regency/ 
City 

2016 2017 2018 
Harvest 

Area 
(Ha) 

Production 
(ku) 

Harvest 
Area 
(Ha) 

Production 
(ku) 

Harvest 
Area 
(Ha) 

Production 
(ku) 

Boyolali  1,796 216,869 1,031 107,950 1,173 75,061 
Grobogan  904 79,818 1,293 120,453 1,235 123,283 
Pati  3,092 350,692 3,615 394,725 2,541 270,722 
Demak 6,218 599,053 6,326 533,539 5,232 432,766 
Temanggung  1,675 136,983 1,440 110,282 1,309 104,368 
Kendal  3,331 320,936 3,444 318,863 1,981 184,334 
Tegal  1,834 193,653 2,306 225,026 1,901 161,271 
Brebes  32,434 3,386,832 29,017 2,725,988 28,689 2,905,637 
Total 51,284 5,284,836 48,472 4,536,826 44,061 4,257,442 

Source: [1] 
                                                 
* Corresponding author: triyono@umy.ac.id  

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons 
Attribution License 4.0 (http://creativecommons.org/licenses/by/4.0/).

E3S Web of Conferences 316, 02036 (2021)	 https://doi.org/10.1051/e3sconf/202131602036
IConARD 2021



The production and productivity of shallots in Pati Regency depicted a fluctuating trend 
during 2012-2018. Hence, it requires serious attention, considering that shallot farming is a 
fairly risky business. In addition to the need for relatively expensive production inputs, the 
price of production (output) was also unstable [2]. The decline in shallot production and the 
fluctuating purchase price of shallots from farmers during the harvest season means that the 
income earned cannot cover the production costs incurred during farming, even though the 
local government has subsidized seeds. Therefore, farmers must be careful in allocating 
production factors such as seeds, organic and chemical fertilizers in controlling plant-
disturbing organisms, labor, and doses of pesticides used in shallot farming. Hence, this 
paper discusses factors affecting shallot production and the efficiency of production factors 
in shallot farming.  

Table 2. Shallot Production in Pati Regency 2012-2018 

Year Harvest Area 
(ha) 

Production 
(ku) 

Produktivity 
(ku/ha) 

2012 2,095 163,222 77.9 
2013 2,061 216,540 105.1 
2014 2,402 232,290 96.7 
2015 1,518 137,651 90.7 
2016 3,092 350,692 113.4 
2017 3,615 394,725 109.2 
2018 2,541 270,722 106.5 
mean 2,590,57 252,263.14  

   Source: [2] 

Production and efficiency are benchmarks for the performance of a farm. Production is 
influenced by input production factors, environment, and technology. Meanwhile, 
efficiency is affected by farmer management and the use of technology in farming. 
Managerial is associated with socio-economic conditions of farmers, such as age, 
education, experience, and availability of capital. Technology is closely related to farmer 
management, especially in terms of the ability to adopt innovation and technology in 
farming. 

Several previous studies have revealed the influence of production, managerial and 
technological factors on agricultural production. The wide variables, the number of seeds, 
compound fertilizer, urea fertilizer, pesticides, machine work, manual work affected the 
production and income of wheat farming [3]. It also applies to wheat production in 
Pakistan, showing that the level of agricultural technical efficiency was relatively low, 
mainly due to the relatively long production method and inefficient use of agricultural 
inputs [4]. Other findings disclosed that credit, farm size, fertilizer, and labor significantly 
affected rice productivity in Sindh, Pakistan [5]. Meanwhile, household size, agricultural 
land area, water sources, market accessibility, health symptoms, income, and labor were 
closely related to technical efficiency and the amount of organic rice production [6]. 
Moreover, labor was the most crucial factor to explain the loss of agricultural efficiency in 
Korea [7]. Furthermore, regarding natural resources and the environment, the planted area 
significantly affected yields in the dry season, but in the rainy season, planted area, labor, N 
fertilizer, and seeds were factors that significantly affected yields [8]. 

Several factors generally affected production efficiency in both Thailand and Cambodia. 
These factors were farm size, per capita income, number of agricultural credits, level of 
commercialization, and share of non-agricultural income [9]. Maize farming in eastern 
Ethiopia uncovered that farmers who participated in off-farm activities significantly 
increased technical efficiency compared to non-participating farmers [10]. 
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commercialization, and share of non-agricultural income [9]. Maize farming in eastern 
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increased technical efficiency compared to non-participating farmers [10]. 

Shallots are slow-growing and shallow-rooted plants with no shaded habitus; thus, their 
productivity is highly dependent on the availability of water in the soil, proper fertilization, 
and weed control [11]. Meanwhile, organic mulch has been effective for weed control and 
can be a potential alternative to synthetic herbicides, hoeing or removing weeds by hand in 
organic shallot farming [12]. Moreover, the addition of organic fertilizer to the soil has 
positively affected the fresh weight of plants [13], indicating the effect of organic fertilizer 
on shallot production. Economically, organic shallot production could increase income by 
9% and employment by 18% [14]. 

The use of natural ingredients such as plant extracts could be a safe alternative to 
chemical fertilizers and plant regulators for shallot plants [15]. The application of bioagents 
protects shallots from Botrytis disease and increases the antioxidant compounds. Hence, it 
has encouraged the application of these preparations to manage shallot production, 
especially in organic agriculture, which prohibits any chemicals [16].  

The aspect of using technology in shallot farming was investigated by [17], discovering 
that cut irrigation techniques were considered an efficient and effective intervention 
approach for increasing shallot yields while maintaining post-harvest quality and saving 
water. Meanwhile, automation was the main factor in developing automatic shallot planting 
machines to save farmers’ time and labor costs to plant shallots in a row [18].  

The relationship between production and production factors has provided an overview 
of the influence of production factors on shallot production. In this regard, [19] disclosed 
that factors significantly influencing shallot production were land, seeds, Za fertilizer, SP-
36 fertilizer, NPK fertilizer, and pesticides. Meanwhile, [20] discovered that inputs such as 
human labor, nurseries, manure, urea, TSP, irrigation, and insecticides positively affected 
shallot yields. A study of [21] has provided information that land, labor, and capital costs 
were estimated to have a significant positive effect on shallot production. Similarly, another 
study revealed that land, labor, and seeds affected shallot production in various scales from 
small, medium, and large[22]. 

Several previous studies have provided an overview of the effect of various production 
factors on shallot yields. However, there is still a limited analysis of the production function 
concerning the allocative efficiency of shallot farming. As a result, this article looked at the 
elements that influence shallot production and how to maximize the efficiency of using 
these factors in shallot farming. 

2 Research Method 

The location of the study was determined intentionally. In this study, Wedarijaksa District 
was selected for being one of the largest shallot-producing areas in Pati Regency. 
Employing multistage random sampling, four farmer groups of Gemah Ripah, Sedoro 
Sentosa, Tani Rahayu, and Tani Makmur, and 73 farmers were obtained as samples. 

Analysis of shallot farming data in 2019 utilized the Cobb-Douglas production function. 
It is a function or equation that involves two or more variables, where one variable is called 
the dependent variable or explained variable (Y), and the other is called the independent 
variable or variable that explains the variable (X) [23] [24]. The estimation of the Cobb-
Douglas production function could provide elasticity values for each of the production 
input variables. Mathematically, the Cobb-Douglas function is a power function that can be 
written as follows. 

 
                                                                                    (1) 

 
Information: 
Y   : production (kg) 
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β0   : constant  
X1   : land area (m2) 
X2   : seeds (kg) 
X3   : Urea fertilizer (kg) 
X4   : ZA fertilizer (kg) 
X5   : TSP fertilizer (kg) 
X6   : KCL fertilizer (kg) 
X7   : Pearl NPK fertilizer (kg) 
X8   : Sapodrap NPK fertilizer (kg) 
X9   : KNO3 fertilizer (kg) 
X10   : organic fertilizer (kg) 
X11   : solid pesticide (kg) 
X12   : liquid pesticide (ltr) 
X13   : family labor (working days) 
X14   : non-family labor (working days) 
β1..β14  : regression coefficient of independent variables 
e   : natural logarithm (2.718) 
u   : error 

 
The estimation of the Cobb Douglas production function was performed by 

transforming the equation function into multiple linear forms (natural logarithm). 
 

LnY = Lnβ0 + β1LnX1+ β2LnX2 + β3LnX3 + β4LnX4 + β5LnX5 + β6LnX6+ β7LnX7 + β8LnX8 
+ β9LnX9+ β10LnX10 + β11LnX11+ β12LnX12 + β13LnX13 + β14LnX14 + eu        (2) 
 

The ability of a model to explain the dependent variable is indicated by the value of the 
coefficient of determination (R2), stating the proportion or percentage of the total variation 
of independent variables (X) [25]. This value can be estimated using the following formula: 

R2 = (ESS / TSS) = 1 -           
          

            (3) 
Information : 
R2 : coefficient of determination 
ESS : error sum of square 
TSS : total sum of square 
yi : respondent’s observation i 
ŷi : the forecast of respondent i 
ӯi : average 

The adjusted coefficient of determination (adjusted R2), on the other hand, is the 
coefficient of determination that takes degrees of freedom into account (adjusted for). The 
adjusted R2 has the following mathematical formula:: 

 
                       

     
            (4) 

Information : 
Adjusted R² : adjusted coefficient of determination  
k          : number of variables excluding intercept  
n     : number of samples  

The F-test and t-test data were used to determine how much the independent factors 
affected the production. The F-test was a joint variable or model test that looked at the 
effect of all shallot production variables on the production factor variables at the same time. 
The F-test is written like this: 

4

E3S Web of Conferences 316, 02036 (2021)	 https://doi.org/10.1051/e3sconf/202131602036
IConARD 2021



β0   : constant  
X1   : land area (m2) 
X2   : seeds (kg) 
X3   : Urea fertilizer (kg) 
X4   : ZA fertilizer (kg) 
X5   : TSP fertilizer (kg) 
X6   : KCL fertilizer (kg) 
X7   : Pearl NPK fertilizer (kg) 
X8   : Sapodrap NPK fertilizer (kg) 
X9   : KNO3 fertilizer (kg) 
X10   : organic fertilizer (kg) 
X11   : solid pesticide (kg) 
X12   : liquid pesticide (ltr) 
X13   : family labor (working days) 
X14   : non-family labor (working days) 
β1..β14  : regression coefficient of independent variables 
e   : natural logarithm (2.718) 
u   : error 

 
The estimation of the Cobb Douglas production function was performed by 

transforming the equation function into multiple linear forms (natural logarithm). 
 

LnY = Lnβ0 + β1LnX1+ β2LnX2 + β3LnX3 + β4LnX4 + β5LnX5 + β6LnX6+ β7LnX7 + β8LnX8 
+ β9LnX9+ β10LnX10 + β11LnX11+ β12LnX12 + β13LnX13 + β14LnX14 + eu        (2) 
 

The ability of a model to explain the dependent variable is indicated by the value of the 
coefficient of determination (R2), stating the proportion or percentage of the total variation 
of independent variables (X) [25]. This value can be estimated using the following formula: 

R2 = (ESS / TSS) = 1 -           
          

            (3) 
Information : 
R2 : coefficient of determination 
ESS : error sum of square 
TSS : total sum of square 
yi : respondent’s observation i 
ŷi : the forecast of respondent i 
ӯi : average 

The adjusted coefficient of determination (adjusted R2), on the other hand, is the 
coefficient of determination that takes degrees of freedom into account (adjusted for). The 
adjusted R2 has the following mathematical formula:: 

 
                       

     
            (4) 

Information : 
Adjusted R² : adjusted coefficient of determination  
k          : number of variables excluding intercept  
n     : number of samples  

The F-test and t-test data were used to determine how much the independent factors 
affected the production. The F-test was a joint variable or model test that looked at the 
effect of all shallot production variables on the production factor variables at the same time. 
The F-test is written like this: 

           
        ⁄
        ⁄              (5) 

                                                      
     
     

                (6) 
Information : 
k : number of variables excluding the intercept 
n : number of samples 
ESS  : explained sum of square  
RSS  : residual sum of square  
α      : level of significance 

If the analysis result is F-test >: F-table, then the production factors simultaneously 
affect shallot production. On the other hand, if the analysis result is F-test <: F-table, the 
production factors have no significant effect on shallot production. 

Meanwhile, the influence of production factors on shallot production can be partially 
estimated by the t-test, formulated as follows: 

 
      

    
   
              (7) 

Information: 
bi : coefficient of independent variables 
Sbi : standard error of independent variables 

If the analysis result of the t-test significance value is less than 0.05, the production 
factor partially affects shallot production. Conversely, if the significance value is more than 
0.05, the production factor partially does not affect shallot production. 

Maximum profit will be influenced by efficient use of production elements. When the 
derivative of the profit function on the utilization of production factors is zero, the 
maximum profit happens mathematically. [23]. It can be stated in the following way: 

Π = Y.Py – X.Px             (8) 

Π = profit 
Y = production or output 
Py = output price 
X = input 
Px = input price 

 
Then the derivative of the profit function is: 

d Π/dx = dY/dx .Py – dX/dX.Px           (9) 
d Π/dx = dY/dx .Py – Px 

If dY/dx Equals marginal production (MP), the marginal production value is 
dY/dx.Py (MPV). As a result, the most profit happens when: 

d Π/dx = dY/dx .Py – Px = 0          (10) 
or 

dY/dx.Py = Px           (11) 
MPV = Px           (12)  

Such conditions can be said to be in efficient production. Therefore, the efficiency 
analysis could be seen from the Marginal Production Value (MPV) ratio and the input price 
(Px). The value of the ratio can be divided into three categories [26]: 
MPVxi/Pxi = 1, means that the use of inputs is efficient and has the potential to achieve 

maximum profit 
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MPVxi/Pxi > 1, means that the use of production factors is inefficient. Therefore, to 
achieve an efficient level, the use of these inputs needs to be added. 

MPVxi/Pxi < 1, means that the use of production factors is inefficient. Hence, to achieve an 
efficient level, the use of these inputs must be reduced. 

3 Results and Discussion 

3.1 Factors Affecting Shallot Production 

In this study, data on the factors influencing shallot production were taken from 73 farmers. 
Factors considered affecting shallot production consisted of land area (X1), seeds (X2), Urea 
fertilizer (X3), ZA fertilizer (X4), TSP fertilizer (X5), KCL fertilizer (X6), Pearl NPK 
fertilizer (X7), Saprodap NPK fertilizer (X8), KNO3 fertilizer (X9), organic fertilizer (X10), 
solid pesticide (X11), liquid pesticide (X12), family labor (X13), and non-family labor (X14). 
The analysis results of the production function of shallots are presented in Table 3. 

Table 3 displays that the production function model testing obtained an R2 value 
(coefficient of determination) of 0.515. It indicates that the variation in shallot production 
can be explained by variations in production factors such as land area, seeds, Urea fertilizer, 
ZA fertilizer, TSP fertilizer, KCL fertilizer, Pearl NPK fertilizer, Saprodap NPK fertilizer, 
KNO3 fertilizer, organic fertilizer, solid pesticide, liquid pesticide, family labor, and non-
family labor, by 51.5%. The remaining 48.5% is explained by other variables excluded in 
the model. 

Table 3. The estimation results of the shallot production function in Pati, Central Java 

Variable Coefficient t-test Sig 
Constant 2.016 2.438 0.018 
Land 0.327 2.485 0.016** 
Seeds 0.388 3.144 0.003*** 
Urea Fertilizer 0.003 0.605 0.548 
ZA Fertilizer 0.005 0.913 0.365 
TSP Fertilizer -0.001 -0.134 0.894 
KCL Fertilizer -0.001 -0.165 0.870 
Pearl NPK Fertilizer 0.081 1.532 0.131 
Saprodap NPK Fertilizer 0.007 0.639 0.525 
KNO3 Fertilizer 0.021 4.282 0.000*** 
Organic Fertilizer 0.000 -0.100 0.920 
Solid Pesticide  -0.013 -1.477 0.145 
Liquid Pesticide  -0.005 -0.942 0.350 
Family Labor 0.209 2.495 0.015** 
Non-family Labor 0.125 1.159 0.251 
Adjusted R2 0.515   
F-test 6.452   
F-table (α=0,01%) 2.357   
N 73.000   
t-table 1.671   

     Information : *** : Significant at α = 1% 
            ** : Significant at α = 5% 

Table 3 demonstrates that the value of the F-test of 6.452 is greater than the F-table of 
2.357, then H0 is rejected. It means that independent variables such as land area, seeds, 
Urea fertilizer, ZA fertilizer, TSP fertilizer, KCL fertilizer, Pearl NPK fertilizer, Saprodap 
NPK fertilizer, KNO3 fertilizer, organic fertilizer, solid pesticide, liquid pesticide, labor in 
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the family, and labor outside the family, simultaneously have a significant effect on shallot 
production at a confidence level of 99% or α= 1%. However, based on the t-test analysis, 
the production factors with a significant effect are land, seeds, and KNO3 fertilizer, while 
other production factors partially do not significantly affect the production of shallot 
farming. 

At the 95% confidence level, the variable area of land has a substantial effect on shallot 
production. The regression coefficient value of the land area variable is 0.327, meaning that 
if the land area increases by 1% and other variables are considered constant, the shallot 
production will increase by 0.327%. Farmers’ land was located in a strategic area. In 
addition, agricultural land was far from residential areas, so that farmers had the 
opportunity to increase their land area because they were far from the threat of building 
construction and physical facilities for non-agricultural businesses.  

At the 99 percent confidence level, seeds have a considerable impact on shallot yield. 
The regression coefficient value of the seed variable is 0.388, illustrating that if the use of 
the seed variable is added by 1%, the shallot production will increase by 0.388%. It is 
because the use of good-quality seeds can increase shallot production. 

The KNO3 fertilizer variable has a significant effect on shallot production at the 99% 
confidence level. The regression coefficient value of the KNO3 fertilizer variable is 0.021, 
implying that if the use of fertilizer is added by 1%, the shallot production will increase by 
0.021%. 

At the 95% confidence level, family labor has a considerable impact on shallot 
production. The value of the family labor regression coefficient of 0.209 indicates that for 
every additional 1% of the labor, the production of shallots will increase by 0.209%. This 
finding is contrary to research on the effect of labor on rice production which states that 
labor has a negative effect on rice production [27]. Shallots are a type of horticultural crop 
that requires intensive handling during the cultivation process until harvest and post-harvest 
so that production and quality are good. This is different from rice commodities which do 
not need intensive handling during cultivation until harvest. 

The analysis results above are similar to the findings of [19], discovering that apart from 
labor and pesticides, other production factors that affected the production of shallots were 
land, seeds, and fertilizers. Land and labor provided positive elasticity on various business 
scales, while seeds provided relatively small positive and negative elasticity on various 
business scales [22]. In general, the production factors that significantly affected shallot 
production have positive elasticity. It indicates that land, seeds, KNO3 fertilizer, and labor 
inputs have the opportunity to be enhanced, thereby potentially increasing income and 
employment [14]. 

3.2 Allocative Efficiency of Shallot Farming  

Price efficiency or allocative is a value showing the relationship between costs and output 
that can be achieved if maximizing profits by equating the value of the marginal product on 
each factor of production (input) with each price. The calculation results of allocative 
efficiency in shallot farming are exhibited in Table 4. 

Tabel 4. Allocative Efficiency of Shallot Farming 

Variable Price (Px) MPV K Category 
Land (m2) 1,616.23 4,403.89   2.725*** Inefficient 
Seeds (kg) 19,671.23 417,885.27   21.420*** Inefficient 
KNO3 Fert (kg) 35,000.00 175,230,352.00 5,007.000*** Inefficient 
Fam Labor(wd) 60,000.00 560,694.65   9.340*** Inefficient 

        Information : ***: significant at α 1% 
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The analysis results of allocative efficiency on land use for shallot farming are 2.725 > 
1, significant at 1%, meaning that land use is inefficient. Hence, it is necessary to increase 
land area. It is because land use has been maximized so that farmers, when farming 
activities and production yields are quite high, the profits can cover the costs of land rent.  

The increase in the area of planting shallots should be managed efficiently to increase 
productivity and minimize the conversion of agricultural land [28]. Thus, land expansion 
efforts can be carried out because the land is still available. Land expansion can be 
performed by rent or profit-sharing. It is based on the study by [29], discovering that the 
technical efficiency of farming on owned land is lower than rent or profit-sharing. 

 The allocative efficiency analysis of the use of the seed production factor has an 
efficiency value of 21.42 > 1, significant at 1%, meaning that the use of the seed fertilizer 
production factors is inefficient. The price of seeds was relatively high, so the number of 
seeds purchased by farmers was not in accordance with the area of land being worked on. 
In addition, too tenuous spacing also affected the use of the seed production factor. To 
achieve allocative efficiency and higher profits, the seed production factor must be 
increased. To meet the need for seeds, the role of the government and the private sector is 
required in facilitating the availability of quality seeds [30]. It was crucial because seed 
production managed by farmers was generally still characterized as low-quality seeds [31]. 

The results of the allocative efficiency analysis of the use of the KNO3 fertilizer 
production factor resulted in an efficiency value of 5,007.00 > 1, significant at 1%, 
implying the inefficient KNO3 fertilizer production factor. Hence, it was necessary to 
increase its use. In addition, the costs incurred by farmers were very low, and most farmers 
were unaware of the benefits of KNO3 fertilizer for shallot plants, functioning in the 
formation of shallot bulbs, thus making them more weighty when harvested. Therefore, it 
was necessary to treat and apply the fertilizer appropriately to increase efficiency and yields 
[32]. 

The analysis of the allocative efficiency of the use of the family labor production factor 
obtained an efficiency value of 9.340 > 1, significant at 1%, indicating its inefficiency. 
Hence, it was necessary to increase the allocation of its use due to the potential for family 
labor that has not been appropriately utilized during the shallot farming process. 

The findings of this study corroborate other studies showing that land and fertilizer 
factors have an essential role in crop production. A study of corporate farming models of 
rice farming in Central Java discovered that land and fertilizers had a significant effect on 
production, but these factors were not yet efficient in their application [33]. Therefore, the 
use of production factors still needs to be increased. For the availability of capital to 
procure production factors, a farming credit policy is required, supported by incentives such 
as agricultural extension and irrigation facilities to effectively increase agricultural 
productivity [34]. 

4 Conclusions and Recommendations 

The findings of the estimation of the shallot production function revealed that land, seeds, 
KNO3 fertilizer, and family labor were the production factors that significantly influenced 
shallot output. In general, the four production factors had a positive effect on shallot 
production. Thus, the increased use of these production factors would increase shallot 
production. This condition has been reinforced by the efficiency analysis results, showing 
that the use of the four production factors was inefficient in shallot farming. 

This study implies that to enhance shallot farming, farmers must increase the land area 
considering the potential of the land is still wide enough to be increased. In addition, 
farmers also need to increase the use of seeds, KNO3 fertilizer, and labor with relatively 
cheaper costs. 
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