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ABSTRACT: Productivity measurement is useful tool for analyzing the performance changes over time. 
The objective of this study mechanization role  in potato productivity growth the city of Ardabil, And 
introduce the parameters and factors affecting the productivity of potato fields and provides practical 
solutions to enhance the productivity of potato production is in the Ardabil region. A useful tool for 
measuring productivity performance changes over time is analyzed. Therefore, in this study using data 
obtained from the farmer, Ardebil region and using indicators to investigate the role of mechanization in 
production efficiency Malmquist potatoes have been in this city. For this purpose, a questionnaire was 
designed to determine the validity and reliability. The sample was distributed. Cronbach's alpha 
coefficient for this number, 0.71 is obtained. The results of this study suggest that degree of 
mechanization for tillage for potatoes grow by 98 percent, and the woman drives 35% and 57% and 
fertilizer formulation 3% Malay and 61 percent are plantation. This means that the total levels in which 
potatoes are planted, 98 percent failed to mechanize plowing, 57% of the disk being mechanized, 
mechanized fertilizer application by 35 percent to 3 percent as mechanized trowel piping started and 
finally, 61 percent operation's cultured potatoes have been mechanized. Intradermally, more carefully we 
find that the degree of mechanization of operations such as plowing and disc pressure more energy than 
lower operational energy but want more control and precision, like many of his operations, is much more. 
Due to the overwhelming power of this operation and whether it was more economical to mechanization 
and there is a time limit for the car that caused them to have been granted. Promote and use of 
technology is the basic methods. 
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INTRODUCTION 
 

 The efficiency growth is one of the necessary factors for the continuous growth of the national economy of any 
country, so that more than half of the production growth in advanced economies is supplied through increasing the 
efficiency of production factors (Behrouzi Laar, 2002). Increasing the efficiency means reducing production cost per 
unit of product or its cost price and thus it increases the power of agricultural sector compete with other economic 
sectors and global markets (Behrouzi Laar,2002). With the use of mechanization and technology, agricultural 
operations can be performed on time. Timely agricultural operations during planting and harvesting prevent 
economic losses. Today, this problem is seriously follow up in developed countries and much research is done to 
determine the best time to do various operations. They are going to do the operations timely for best performance 
after determining this case. The potato is one of the strategic products with area under cultivation 25,000 acres 
irrigated and 500 acres of dryland in Ardabil. Ardabil province has achieved the second rank in production in our 
country. Respectively 25,583 and 7,950 and 9,191 exploiter are engaged in potato cultivation in Ardabil, Nir and 
Namin which are the major centers of production (Nick shad, 2004). Reviews the efficiency in the potato fields 



Intl J Farm & Alli Sci. Vol., 2 (22): 1003-1009, 2013 

 

1004 
 
 

which are cultivated traditionally, semi-mechanized and mechanized in Ardabil province requires to assess 
efficiency indicator that it is one of the four stages of the efficiency cycle (measurement, evaluation, planning and 
improve efficiency) to be attempted than analysis after reaching to an extent. In fact , efficiency measures is the 
preparation and development of the information that help to improve efficiency and increase production of goods 
and services at different levels and aimed at economic development to create or identify appropriate strategies in 
order to optimize utilization of economic resources in different domains. With regard to this important point, it is 
essential that effects of mechanization should be assessed and measured in the efficiency of potato fields. Due to 
the importance of mechanization in the agriculture growing and the products performance and also the importance 
of the potato crop in the city of Ardabil it is necessary to pay more attention to this issue. So, the main purpose of 
this research is investigation of the mechanization role in the efficiency of potato production in Ardabil. 
 

A review of studies 
 (Kant and Naughty Yale, 1997) have studied the production structure, factor substitution, technological change 
and the efficiency of total factor in shipbuilding industry using the production Dovgun theory in Canada. According 
to the results, the production structure is homogeneous but the elasticity of substitution is not equal the unit. 
Meanwhile, the rate of technology change has been negative during the thirty years period. (Noori Naeini, 1988) in 
a study entitled user economics and tractors in Iran with the collecting information about 237 tractors in Khorasan 
province and the use of cost – benefit method, internal rate of return and the net value of the investment project 
showed that the investment is profitable in the purchase of tractors and it was determined that with remove the lack 
of spare parts, fuel, oil, grease, depreciation of tractors is decreased and in fact reduction of tractor depreciation 
knows the increase in the number of tractor. 
 (Ghare Baghian, 1994) has done a study in the field of production function of sugar and sugarcane in the 
seven hills using the production function transcendental in two parts sugar and sugarcane production during the 
periods 1974 and 1991. He advised that the ratio of nitrogen fertilizer to phosphorus should not exceed from 3.46 
and workforce per hectare from 0.48 people and the amount of water from 54 thousand cubic meters per hectare.  
 (Hojabr Kiani, 1996) in the economically optimal quantities of inputs in the dryland wheat farming was used the 
quadratic functions, square root and Divisia index and suggested that farmers will have to more produce and thus 
higher profits with the further use of seed inputs (especially improved seeds) and the more substitution of 
machinery rather workforce and less use of chemical fertilizer. 
 (Amir Teymouri and Khalilian, 2007) have been calculated total factor productivity growth in agriculture 
production in Iran using estimate the agricultural production function. The results of this study indicate that 
productivity growth of total production factor in agricultural sector in the country has had too fluctuations and its 
average has been 2.5 percent. 
 (Rezaei et al., 2008) in an article entitled assessing productivity changes of total production factor in 
agricultural sector evaluated TFP growth in agricultural in Iran's economy over the period 1971-2005 using 
productivity non-parametric, non-parametric linear programming methods and using Turnquist indicator. The results 
indicate that the average TFP growth in agricultural sector is annual 0.73 percent that with the purpose of the fourth 
plan (2.2 percent) is far. 
 

Summary of Agricultural Mechanization goals 

 Increase production 

 Reduce the cost of agricultural activities 

 Reduce the hard agricultural work and increase its attractiveness 

 The impact of mechanization on employment demand and income distribution  
Measures of agricultural mechanization 

 Degree of mechanization: It is a quantitative indices to check the status of  mechanization in the level of 
agricultural fields and it is obtained from the proportion of mechanized operations is performed to the total 
automated operation required or in other words it is obtained from the proportion of surface on which 
mechanized operation is done to the whole farm level. Level of mechanization of dofferent agriculture 
operation vary with each other such that degree of mechanization energy activities such as plowing and 
disc is more than the control operations such as weeding and elastic crust due to the overwhelming  and 
also a more time limit in performing them (Almasi, 2001). It uses the following equation to calculate: 

 Degree of agricultural mechanization = 100  (The mechanized operations performed / Total necessary 
mechanical operations) 
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 Level of mechanization: It is a qualitative indices to check the status of agricultural mechanization and it is 
obtained from the proportion of the total tensile strength in the farm level to the total area of arable land 
(Almasi, 2001). It uses the following equation to calculate: 

 Level of mechanization= Total number of tensile strength in the farm level  Conversion factor / Area under 
cultivation. 
 Despite the level of mechanization is obtained by above formula but there is no special rules to determine the 
optimal level of agricultural mechanization and the optimal level of agricultural mechanization change at different 
agronomic conditions affecting management and infrastructure factors for example, better management and use of 
agricultural machines and the wider farming can have significant impact to decrease the necessary optimal rate 
and also desirable efficacy in in agricultural fields (Almasi, 2001). 

 Capacity of mechanization: It is the amount of mechanical energy consumed per unit area (Hp h ha). This  
factor is most important than two previous analogy and it has better efficiency in the interpretation and 
analysis of the mechanization issues due to stipulate the use hours of agricultural machinery. However, its 
calculation is more difficult and time-consuming (Almasi, 2001). 

Definitions of efficiency and productivity 
 The concept of efficiency, effectiveness and productivity indicates that how an organization has used their 
interests in order to produce than best performance at some point of time. Calculating efficiency is defined given 
the expected output or standard using the following ratio. 

(1) Efficiency = actual output / expected output 
 Sometimes the efficiency is shown with the use of resources to achieve the objectives bu the time or by using 
the following equation: 

(2) Efficiency = the expected resource for the consumption / real resources consumed  
 With the above definition (Tabatabai, 1999) the efficiency is purely a comparison among expected sources to 
achive the purposes and consumed resources. So, the efficiency is the performance criterion of an enterprise 
system that on the consumption of resources to produce a certain amount of product. The concept of  efficiency is 
commonly confused with two words effectiveness and productivity.  The effectiveness of the rate is also more 
important, in other words, the effectiveness show the degree of achieving to the objective. But the productivity is 
combination of effectiveness and efficiency because the effectiveness is related to performance and  the efficiency 
using the sources.  These concepts in the definition of productivity is expressed as follows:  

(3) productivity index - effectiveness / efficiency - achieved performance / consumed resource - the resulting 
output / consumed input. 

 The following points should be noted in determining the difference between efficiency and productivity: 
 The efficiency is expressed as a measure between zero and one and in terms of percent between zero to one 
hundred while productivity can be greater than one. The productivity can be calculated in relation to sporadic 
factors such as manpower productivity or capital are calculated, but the efficiency as a overall measure should be 
achieved by the combination of inputs and outputs. 
 
Types of the efficiency 

 Technical efficiency: The maximum possible production that can obtained from the specified amount of 
production factors. The majority of studies that have been done before the fifties AD is based on this 
efficiency. Only achieve to use all the resources is important in the technical efficiency.  In other words, the 
requirements of the technical efficiency for an organization are from all sources, although there is a waste 
of resources (Dadgar, 2001). 

  Specialized efficiency:  This represents the optimal allocation of factors so that it will be have the 
minimum cost for the firm. It can be said that this type of efficiency is the result of  input use the appropriate 
ratio that reduces the cost of production (Dadgar, 2001). 

  Economic efficiency: This is the product of technical and specialized efficiency. According to the 
definition, this type of efficiency is the firm's ability to obtain the maximum possible profit  considering the 
prices and input levels. In fact, economic efficiency can be achieved if the in addition to lack of the waste of 
resources would be best to use which usually involves a combination of inputs is selected that  has the 
lowest cost (Dadgar, 2001). 

 Structure efficiency:  It is obtained the weighted average of the efficiency of firms in the industry. Using 
the criteria of structure efficiency can be compared the efficiency of different industries with different 
products (Emami Meybodi, 2000). 
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 Scale efficiency:  It is obtained the ratio of the observed efficiency on the efficiency in an optimal scale. 
The aim of this efficiency is production in an optimal scale. 

 

Research Methodology 
 The present study is a type of applied research based on the objective. In this study, attempt to identify 
effective factors on the degree of mechanization and efficiency of potato production and the reasons are 
investigated. So in general, 
research methodology in this study will be descriptive - correlation 

1
 and survey method in terms of practical 

purpose. 
Definitions of the indicators measured in the study are as follows: 
 In the present research, Pearson and Spearman correlation coefficients is used to test the hypothesis. And to 
explain the dependent variable changes through independent variables, stepwise multiple regression method, data 
summarization and statistical analysis are applied using SPSS 15 software. 
Linear regression equations are presented as follows: 

y= b0 + b1*x1+ b2*x2 + …. + bp*xp 

 In which b1, b2, ..., bp are the partial regression coefficients. The amount of  b0 is the regression constant value 
as " width from the source ". The equation is known as multiple polyline regression y based on the x1, x2 … xp. In 
multiple regression intend to predict dependent variable or "goal" of the two (or more than two) independent 
variables or "predictor". Malm- quist index is as follows (Far and Groskope, 1992). 
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 In the the research, productivity of traditional and mechanized production on farms will be examined. 
 

Data analysis and interpretation 
 Characteristics of subjects (N = 30) in the this study are as follows: 
 

Table 1.  Mechanization indicators of units 

Productivity Degree of mechanization (%) 
Mechanization Coefficient 

(Hp / ha) 
R 

1.938 100 4.3 1 
1.642 98 4.3 2 
1.566 96 4.3 3 
1.494 95 4.3 4 
1.411 94 3.8 5 
1.387 93 2.8 6 
1.385 93 2.6 7 
1.294 90 2.3 8 
1.277 90 2.2 9 
1.173 89 2.06 10 
1.67 89 2 11 
1.166 88 2 12 
1.111 88 1.9 13 
1.087 87 1.85 14 
1.083 85 1.85 15 
1.082 84 1.85 16 
1.065 82 1.85 17 
1.046 80 1.8 18 
1.024 78 1.7 19 
1.016 77 1.7 20 
0.993 76 1.4 21 
0.991 65 1.3 22 

1 - - 23 

1 - - 24 

1 - - 25 

1 - - 26 

1 - - 27 
1 - - 28 
1 - - 29 
1 - - 30 

                                                           
References: Research findings                      
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 Degree of mechanization, mechanization coefficient and the productivity for every 30 samples are obtained in Table 1. The 
maximum productivity rate is 1.93. The minimum and maximum degree of mechanization with the average level of 
mechanization, type of mechanization, cost,  revenue and profit are presented in Table 2. 

 
Table 2.  Data Info (2010-11 years) 

Net profit 
(Thousand Rials) 

Revenue 
(Thousand Rials) 

Type of 
farm 

Degree of 
mechanization 

Production 
(Tons) 

Cost 
(Thousand ials) 

Mechanization 
coefficient Hp/ha) 

R 

314420 830699 1.2 88 339 541183 2.10 Mean 
32200 61200 1.2 65 16 29000 1.3 Min 
9672900 24920984 1.2 100 9270 24920984 4.3 Max 
9640700 24859784 1.2 35 9254 15219080 3 Reng 

References: Research findings 
 
 As Table 2 shows the average degree of mechanization in the potato farms is 88 percent. Survey data indicates that the 
mean of mechanization coefficient is between 2.1 Hp ha. In order to investigate how to relate the cost, revenue and productivity 

with degree of mechanization, ANOVA results are presented in Table 3. 
 

Table 3.  Analysis of variance between the cost, production, income and productivity with the degree of mechanization 
F Average deviation df Total deviations  

8.6
**
 102882702899388 × 10

4 
23 195477135508837 × 10

4 
Mechanization costs 

2.6
ns

 72201955211
 

23 13718371625 × 10
3 

Mechanization production 
3.5

*
 698436405204228 × 10

4 
23 13270291698803 × 10

6 
Mechanization income 

2.2
ns

 288694690900954 × 10
4 

23 548519912711812 × 10
5 

Mechanization productivity 

                            References: Research findings*: Significant at the 5% level**: Significant at the 1% level 

 
 In the above table, as it is clear there is a significant relationship between the cost and the degree of 
mechanization (p <0.05). It means that whatever degree of mechanization is higher, the cost increases. Also, there 
is a significant relationship between revenue and the degree of mechanization. Production and the degree of 
mechanization is also significant at 5% level. Namely the mechanization increases the production. Correlation 
between the cost, production, revenue and productivity and degree of mechanization is reported in Table 4-4. 
 

Table 4. Correlation between the cost, production, revenue and productivity with the degree of mechanization 
R

2
 Coefficient  

0.056 0.237 Mechanization costs 
0.029 0.17 Mechanization production 
0.034 0.183 Mechanization income 
0.021 0.144 Mechanization productivity 

N=30 
 

 As the results shows in Table 4, there is a positive relationship between degree of mechanization with the cost, 
production, revenue and productivity. In other words, the mechanization increases the profitability. In order to more 
accurately assess the available information, the status of mechanization, cost, production, revenue and productivity 
with the separation of mechanization is checked in Table 5-4. 
 

Table 5. The status of mechanization, cost, production, revenue and productivity with the separation of mechanization 
Productivity Revenue (Rial) Production (ton) Cost (Rial) Type of mechanization R 

3.1442E8 8.3070E8 339 5.4118E8 Average 

1 and 2 30 30 30 30 Number 

1.3885E8 2.1776E8 84 1.051E8 Standard deviation 

3.9999E8 1.0268E9 425 6.5944E8 Average 

1 23 23 23 23 Number 

1.7803E8 2.7170E8 103 1.3055E8 Standard deviation 

3.3268E7 1.8625E8 59.43 1.5263E8 Average 

2
 

7 7 7 7 Number 

1.8731E7 5.1447E7 14.78 3.5950E7 Standard deviation 

 
 The results in Table 5 shows the various factors have been investigated based on the type of mechanization (1 
= mechanized, 2 = traditional). In this analysis, it has been shown that in the type of mechanization which are 23 
cases, amount of cost is lower but much production, revenue  and profits has been achieved which indicates the 
importance of mechanization in such plantations. The correlation between cost, production, level of mechanization, 
type of mechanization, revenue and productivity with the degree of mechanization is checked in Table 6. 
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Table 6.  Correlation between different indicators 

productivity revenue 
Mechanization 
cofficient 

Production Degree of mechanization Cost Control variabls 

     1 Cost 
    1 0.91** Degree of mechanization 

   1 0.21 0.268 Production 

  1 0.396* 0.102 0.188 Mechanization cofficient 

 1 0.122 0.221 0.997** 0.935** revenue 

1 0.981** 0.81 0.78 0.99** 0.849** productivity 

                                                         *: Significant at the 5% level**: Significant at the 1% level 

 
 The results in Table 6 shows the production, revenue and productivity will be increased with increasing the 
degree of mechanization. The table above shows the correlation between the different parameters. The correlation 
between productivity, revenue  and the cost is more and other cases are clear in the table. 
 

 
Figure 1.  Pictorial exhibition of the relationship between productivity and the degree of mechanization 

 
 As Figure 1 makes clear, the productivity is increased with increasing the degree of mechanization. It also 
represents a direct and positive relationship between productivity, degree of mechanization and mechanization 
coefficient in the different agricultural land. 
 

Table 7 . Cronbach's alpha coefficient 
Reliability Statistics 

Cronbach's Alpha 

0.71 

 
 In the above table, the questionnaire validated has been investigated, the amount of alpha is over 71 percent 
indicating the validity of the research. Namely that the results are generalizable to the agricultural community of 
Ardabil. 
 
Analysis of models or extraction of Malmquist indexes 
 Mechanization indicator has significant application for comparing the mechanized growth in any type of 
machining operations in different years or to compare the degree of mechanization of operations together. It would 
be effective in analyzing their causes and finding appropriate solutions. Degree of mechanization in order to 
plowing for growing potatoes should be 98%, disk operations 57%, splashing fertilizer 35%, troweling 3% and 
plantation 61%. This means that all surfaces in which potatoes are grown, 98% is plowed as mechanized, 57% is 
disked as mechanized, 35% is fertilizer as mechanized, 3% is troweled and finally, 61% of the operations planting 
potatoes has been mechanized. Degree of mechanization of the operations such as plowing and disc that require 
more energy is more than operations had less energy but more accurate and control. This is due to exhausting and 
energy operations and more economical in performing their mechanization that caused their doing is granted to the 
machine.With the survey the results,the degree of mechanization of different units can be expressed as follows: 
The table above shows the rate of changes Malmquist index. In general it can be stated that the average value of 
Malmquist index 0.883 in the potato crop is based on the mechanical structure which is an excellent value. Also, 
the efficiency of the Malmquist index only used for traditional data that is 0.164 unit and it is indicating its low level 
than mechanized. 
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 Mechanization indicator has significant application for comparing the mechanized growth in any type of 
machining operations in different years or to compare the degree of mechanization of operations together. It would 
be effective in analyzing their causes and finding appropriate solutions. Degree of mechanization in order to 
plowing for growing potatoes should be 98%, disk operations 57%, splashing fertilizer 35%, troweling 3% and 
plantation 61%. This means that all surfaces in which potatoes are grown, 98% is plowed as mechanized, 57% is 
disked as mechanized, 35% is fertilizer as mechanized, 3% is troweled and finally, 61% of the operations planting 
potatoes has been mechanized. Degree of mechanization of the operations such as plowing and disc that require 
more energy is more than operations had less energy but more accurate and control. This is due to exhausting and 
energy operations and more economical in performing their mechanization that caused their doing is granted to the 
machine. 
 
Proposals for future 
 With extensive field research and the use of theories and methods are discussed in the management of reduce 
costs and degree of mechanization and productivity. More appropriate strategies can be provided to improving 
potato farming operation. 
- Other factors affecting agricultural productivity potatoes considered in the analysis. 
- Promotion of farming systems and technology to increase speed and save in the time and expense of farmers. 
- The authority responsible for the farmers problems in the fields of agricultural machines. 
- Information and appropriate training based on the level of education and age groups with special attention to 
elderly people and people with low literacy. 
- Educate and encourage farmers to use new technologies and best practices. 
Some of the topics and areas that seem appropriate for related research are as follows. 
- Identify factors affecting the degree of agricultural mechanization of potatoes 
- Identify and more research in the various fields such as wheat and etc. 
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