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 According to the United Nation projections, in 2040 the world's population will be over 
the border 9 billion people. International organizations say that up to next two decades, 

50% more foods, 45% more energy and 30% more water will be needed in the world. 

By the increase of world's population from 7 billion up to 9 billion people in the near 
future, demands for food resources will rise up and if the world does not overcome this 

problem, more than 3 billion people will face starvation. The population of our home 

country Iran, due to the geographical situation (Hot and semi-arid) and based on so 
many recent reports will be over the 100 million people. Therefore, in the absence of 

appropriate reasonable policy, people will face by food's challenges. In this situation, 

food security will become increasingly an important position that can be as a 
prerequisite for sustainable development. In the past few decades, because of numerous 

changes the meaning of food security has changed. Today, the definition of food 

security is focused on three things: Food supply, food access and food usage. Current 
research is focused on role of agriculture mechanization process in the case of preparing 

numerous food supplies for the food security system. In order, International Fund 

service for Agricultural Development provided (FSI) to explore and analysis food 
security in the world and in each country. Because of this, all kind of documents 

relative to the statistical food usage information in Islamic Republic of Iran collected. 

The calculations have shown that the index number for the food level is 90%, hence, the 
condition looks safe. Next, to assess the effects of mechanization of agriculture on the 

food security, primarily through the Analytical Hierarchy (AHP), indicators of 

agricultural mechanization selected. These indicators collected in three aspects: 

Economic indicators, the indicators related to the division of machinery by using data 

from Ministry of Agriculture, Mechanization Development center, the country's energy 

balance and the findings of previous research studies and SPSS software version 
nineteen were used to calculate their correlation with the food index. 
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INTRODUCTION 

  

 Today, food security is considered to be a need as well as a right, taking account of a measure of democratic 

governance. In addition, food security is perceived as a factor laying the foundations of independence and 

freedom of nations [9]. Food security of society, as one of the conditions of actualizing the national security, lies 

in the basic functions of government in any country. Food security is the cornerstone of a developed society as 

well as being the essential element of its members’ mental and physical wellness [13]. Although food security is 

a multi-dimensional and multidisciplinary concept, being closely related to the national interests and national 

security of society, the agricultural sector, in any country, plays the most important role in realizing the subject 

(2000). If we consider the farming land (agricultural and horticultural) required per capita consumption of food 

per person to be 0/4 acres, it can be concluded that land use per person of the current world population, which is 

over 6 billion people, will be around 8/0 acres, which only its 0/1 acres consist of horticultural and agricultural 

land, and the rest is pasture. So, if the entire world population is to be well-fed, about 0/3 hectares per person is 

required to make daily food consumption of the world [13]. 

 In such circumstances, which the population of the world grows increasingly, the role of mechanization in 

the agricultural production cycle will stand out more than before. Agricultural mechanization consists in the use 

of modern technologies in order to enhance agricultural productivity and achieve sustainable development [3].  
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Mechanization as a meta-discipline, by considering the importance of communication between the different 

components and inputs with each other and with the whole agriculture, as well as by providing the context for 

reasoning, dialogue, and information exchange between different disciplines and agricultural trends as well as 

other fields of science, pave the way for food security in the light of sustainable development [4]. Agricultural 

mechanization will provide farmers with new facilities such as cropping, timeliness of the production process, 

improvement of the quality of agricultural operations, and… [12]. 

 However, despite the many values and having a lot of interests, mechanization is still counted as much as 

factor inputs such as fertilizers, seeds, and chemicals to protect crops, and most optimistically is perceived as 

one of the composite management tools,  which is available to farmers in order to maximize production and 

profits [1]. Unfortunately, due to the lack of comprehensive research on the rate of effectiveness of agricultural 

mechanization of factors influencing the process of agricultural production as well as the aspects of its activities, 

the role of mechanization has always been controversial in agriculture and its contribution to realizing food 

security remains unknown. 

MATERIALS AND METHODS 

 

 In order to achieve the overall objective of the research - to examine the impact of agricultural 

mechanization indices on the nation's food security – the concepts of both indices were described, and according 

to the research domain as well as the domain of the concepts explained, the calculations were performed. Two 

groups of factors affect food security. One group consists in factors involving production, consumption and 

trade of food and the other group consists in social and climatic factors such as wars, conflicts, revolutions, 

droughts, storms, etc. The complexity of the food security estimation exceeds its definition and analysis. On a 

world and national level are often used indices such as per capita supply of food to the food needed, self-

sufficiency, and changes in production and consumption, showing a sustained supply. In this study, we used an 

index, which by inclusion of an important part of the factors affecting food security yields a roughly satisfactory 

and comprehensive estimation. The Index has been proposed by the International Fund for Agricultural 

Development (IFAD) and was calculated as follows: 

FSI= 0/77 [ { x1 / ( 1 + x6)}(1+x2)
n
] + 0/23 [x4 {x3 / (1+x5)}] 

Which in this relation: 

X1 is the per capita supply of calories in relation to the calories needed per day 

X2 is the annual growth rate of per capita energy supply per day 

X3 is a food production index 

X4 is a self-sufficiency index 

X5 is changes in production 

X6 is changes in consumption 

 

Data sources and data bases: 

 The data used in this study was derived from a variety of sources, including the food balance sheet of the 

Islamic Republic of Iran, the census data from the Department of Agriculture, which are prepared annually, the 

Mechanization Development Center of Iran, Iran Statistical Center and the United Nations Food and Agriculture 

Organization, and in some cases the earlier research conducted in the country. Finally, the impact of agricultural 

mechanization indices on the food security index was analyzed through the help of SPSS software, version 19 

for correlation analysis. 

 

The level of mechanization: 

 This factor, which is usually expressed in terms of horsepower per hectare (HP / ha) indicates the quality of 

the mechanization operations. 

 

The level of mechanization =      Coefficient of traction * total tractive power 

                                                            The rate under cultivation 

 

The ratio of machine to the area under cultivation: 

 Due to limitations in the interpretation and analysis of the index of the mechanization level and also to more 

clearly express the main resource distribution status across the farm, the ratio of the machine to the amount of 

acres cultivated can be held to be a good index of the interpretation and analysis of the mechanization status. It 

can also be used to show the extent of the capabilities and limitations. Therefore, during the study period, given 

the statistical yearbook of Ministry of Agriculture over the years as well as the statistics published by the Centre 

for the nation mechanization development, this index was calculated for each year. 
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The ratio of machine to the operator: 

 Due to the indivisibility of machines compared to most agricultural inputs, the ratio of the machine to the 

operator is one of the important and influential indices in the analysis of the mechanization status. To calculate 

the index, given the reports published by the Center for Agricultural Mechanization Development, as well as the 

Statistical Yearbook of Ministry of Agriculture, for the years under study, the number of existing machines and 

the number of operators was extracted. And finally, the index was calculated and the machine utilization 

percentage was evaluated. 

 

The ratio of agricultural production energy (Er): 

 It consists in the amount of energy output to energy input. 

Er = Energy out / Energy In 

 Since the energy consumption in the agricultural sector is one of the indices associated with mechanization, 

and the ratio of energy output to energy input in this sector can testify to the efficiency of agricultural 

mechanization in Iran, firstly, the amount of energy input to agriculture during the years under study, were 

adapted from the energy balance sheet of the nation, similarly, in the next step, the amount of energy output was 

extracted, and finally, the ratio of energy output to input was calculated by GJ per ha.  

 

Net Energy Gain (NEG): 

 In other words, the energy gain is obtained by subtracting the total energy consumption and energy 

production and its unit is the joule (J) or megajoule (MJ). This quantity represents the net income (energy) of an 

activity, which can be a good instrument for comparing the performance of one or more production systems. 

 

RESULTS AND DISCUSSION 

 

 The overall aim of the present study was to examine the impact of agricultural mechanization indices on the 

nation’s food security. So considering that the aim of the study was to evaluate the role that agricultural 

mechanization has played in actualizing food security, this study takes the purpose of answering the question 

how the agriculture sector answers the nation's food needs by virtue of mechanization. 

 

Food Security Index: 
 
Table 1: Calculation of the country's food security index. 

Year FSI 

1989 0.907395 

1990 0.963611 

1991 0.885489 

1992 1.099051 

1993 0.963279 

1994 0.937575 

1995 1.099878 

1996 1.032825 

1997 1.004339 

1998 1.148425 

1999 0.966651 

2000 0.846334 

2001 1.065985 

2002 1.090144 

2003 1.027533 

2004 1.063251 

2005 1.079111 

2006 1.027239 

 

 Table 1 shows the results of measures of the food security index in 1989 to 2006. Based on the proposed 

food security in recent years examined, the index average index of food security is over 90%, and even in some 

years the rate has increased to over 100%. The calculation of the maximum sum for food security in 1998 

indicates a rate of 1.14, and the lowest rate is for 2000, which is about 0.84. Taken together, the results of the 

country’s food security index testify to the nation’s food security based on the FS index. Indeed, it can be noted 

that in the years under study, 1989 – 2006, Iran has been successful in the area of food security based on this 

index, experiencing optimal condition. The following chart shows the changes in the index during the period 

under study. 
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Fig. 1: Food Security Index Process in 1989 to 2006. 

 

 Notwithstanding the high level of food security in the years in question, it is essential to note that the FSI, 

which was the basis of our calculations during the study, addresses food security only from the perspective of 

food inventory, not providing a clear picture of the other two levels, namely access to food and how to use food. 

Access to adequate food requires physical access and economic strength, and its ultimate goal is defined as 

improving health care and human productivity. How to use food as a third level of food security and nutrition 

lies in the next phase, where families select their required cart and table, using their own potential, and provide 

the cellular needs. Food security, on the one hand, is rooted in the agricultural and commercial sector as well as 

the food supply, and on the other hand, is a function of economic growth and income distribution, as well as 

poverty and welfare status of the community. Thus, it should be noted that this potential index is expressive of 

food consumption in society, and to estimate the overall picture of the actual nutritional health or food supply, 

other indices in this area should be reviewed. The results of the study from the perspective of the potential food 

consumption in society testify to the desirable status of the nation during the period under study. A portion of 

the establishment of this optimal level lies in domestic output, and another portion of it was realized as a result 

of the imports carried out in the country in recent years. The following diagrams show the major food imports 

during the period under study. 

 
Table 2: Determination of indices correlation coefficient of machinery. 

  fsi comb tr Sath 

Food Security Index Pearson correlation 

coefficient 

1 -0.404 -0.392 0.295 

Significance level  0.135 0.149 0.235 

number 18 15 15 18 

The ratio of combine 

to the operator 
Pearson correlation 

coefficient 

0.404 1 0.979** -0.004 

Significance level 0.135  0 0.996 

number 15 15 15 15 

The ratio of tractor to 

the operator 
Pearson correlation 

coefficient 
-0.392 0.979** 1 -0.091 

Significance level 0.149 0  0.747 

Number 15 15 15 15 

Mechanization level Pearson correlation 
coefficient 

0.295 -0.001 -0.091 1 

Significance level 0.235 0.996 0.747  

Number 18 15 15 18 

 

 As can be seen in Figure 2, there exists no significant relationship between the Pearson correlation 

coefficient and machine parameters and indices of food security. However, the strongest relationship was the 

ratio of combine to the operator, which between this index and food security a negative correlation to the extent 

of 0.40 was observed. This means that with the ratio of combine to the operator increased, the food security 

index (FSI) is reduced. The lowest correlation coefficient is related to the level of mechanization, which the 
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calculated coefficient rate equals to 0.295, indicating not very strong relationship between this variable and food 

security index. The coefficient calculated for the index of the ratio of tractors to the farmers equals to 0.392, 

which the direction of the correlation is negative and it is expected by increasing this index, the food security 

index is reduced. 

 

 
 

 
 

Fig. 2,3: Trend of imports of major food commodities per ton. 
 

 Table 3 shows the results of calculations of correlation analysis between energy-related indices and food 

security index. 

 As can be seen, there exists no significant relationship between the Pearson correlation coefficient and 

energy and of the food security index. However, the strongest relationship is related to the net added energy, 

which between this index and food security a positive relation to the extent of 0.40 was observed. This means 

that with the NEG ratio increased, the food security index (FSI) is increased. The lowest Pearson correlation 

coefficient is related to the input energy, which the calculated coefficient rate equals to 0.07, indicating little 

relationship between this variable and food security index. The coefficient calculated for the indices of energy 
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ratio and the output energy equals to 0.336 and 0.301 respectively, which the direction of both correlations is 

positive and it is expected by increases with each, the food security index is increased. 
 
Table 3: Determination of indices correlation coefficient of energy. 

  FSI ER NEG Ein Eout 

Food Security Index 

 
 

Pearson correlation 

coefficient 

1 0.366 0.41 -0.074 0.301 

Significance level  0.135 0.091 0.77 0.225 

Number of years 18 18 18 18 18 

Energy ratio of input to output 

 
 

Pearson correlation 

coefficient 

0.366 1 0.985** 0.512* 0.42 

 significance level 0.135  0 0.03 0.082د

Number 18 18 18 18 18 

Net added energy 

 

Pearson correlation 

coefficient 

0.41 0.985** 1 -0.383 0.551* 

Significance level 0.091 0  0.117 0.018 

Number 18 18 18 18 18 

Input energy 

 

 

Pearson correlation 

coefficient 

-0.074 -0.512* -0.383 1 0.560* 

Significance level 0.77 0.03 0.117  0.016 

Number 18 18 18 18 18 

Output energy 
 

 

Pearson correlation 
coefficient 

0.301 0.42 0.551* 0.560* 1 

Significance level 0.225 0.082 0.018 0.016  

Number 18 18 18 18 18 

 

Conclusion and Suggestions: 

 Finally, given the important role and substantial influence of agriculture in the realizing of food security of 

Iran, possessing a strong and sustainable agriculture to meet the current and future needs of the nation as well as 

the proper role of this sector in the overall development of the country is doubtless, requiring the special 

attention of the policymakers. On the mechanization due to exhaustion, lack of compliance of machinery with 

the country requirements, poor mechanized farm management, small territories, a high percentage of waste and 

deterioration in various stages, call for devising the mechanization strategy for our country, which this is 

suggested as a future research. 
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