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Abstract 

 
Creating a growing volume of agricultural products based on increased productivity, 

in order to meet the worldwide growing need of food products, represents a challenging core 
goal in agricultural policy of most states. This study presents the results of an empirical 
investigation forecasting the increasing of agricultural productivity up to 2018 for 111 
Romanian agricultural SMEs in the North-East region by using a forecast model whose 
algorithm is based on the Markov chains theory. According to the research results, this study 
states a positive relationship between the forecasting of increasing agricultural productivity 
based on biotechnologies and sustainable development. 
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Introduction 
 

Creating a growing volume of agricultural products based on increased productivity, in 
order to meet the worldwide growing need of food products, represents a challenging core 
goal in agricultural policy of most states. Since population is still growing quickly in many 
countries and this phenomenon requires a growing food supply, the concern regarding how 
agricultural productivity and agricultural output may be increased is a pressing issue.  

The path of extensive agricultural production is narrow due to limitation of land, on 
the one hand, and to a more frequent use of the concept of sustainable development on the 
other hand. Thus, the only way of achieving the above mentioned core goal is the 
intensification of agricultural production, the increase of yields by using efficiently and 
competently factors that work in this direction. 

Against this background I address here the following questions: How much of the 
growth of crop production is due to improved productivity? What are the implications of the 
process of intensification of crop production and how could one anticipate the increasing of 
agricultural productivity based on biotechnologies in order to balance the sustainable growth 
in agricultural output?  

To answer these questions, I construct a stochastic matrix based on data from 111 
Romanian agricultural SMEs from the North-East region (National Council of Romanian 
SMEs [1]) by using methods of economic-mathematical modelling. I then use the database for 
forecasting of increasing agricultural productivity based on biotechnologies (biological factors 
and new equipment). 

 
Preliminary considerations 

A review of economics literature indicates the problems posed by forecasting of 
increasing agricultural productivity and sustainable development as an insufficiently explored 
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topic (http://www.idosi.org/mejsr/mejsr13%283%2913/19.pdf [2]) and there are two common 
approaches for increasing agricultural productivity: changing the system of land ownerships 
and changing agricultural technology.  

Regarding changing the system of land ownerships, some economists state that land 
reform can have a substantial impact on the productivity of land and can affect agricultural 
productivity through a number of channels (Perkins & al. [3]). Further, Binswanger and 
Ruttan argued that agricultural technology also has a significant effect on productivity and 
explained the key distinction between improvements in mechanical technology and 
improvements in biological technology (Binswanger & al. [4]). On the other hand, this 
‘technological revolution’ was not successful in some countries (Cypher & Dietz [5]) and it 
has created a number of controversies about how we satisfy present economic needs and, at 
the same time, look after the interests of future generations (Bell & al. [6]).     

According to Goklany, a number of conditions must be fulfilled in order to improve 
agricultural productivity: 

1. Reduction of the present rate of degradation and loss of productive farmland due to 
erosion, sanitization, waterlogging, and nutrient depletion; 

2. Raising the crop yield on currently available agricultural land; 
3. Reforming agricultural practices to be less harmful to forests and forest 

regeneration; 
4. Reduction of the environmental impacts of new technologies (Goklany [7]).   
In Romania, agriculture is not considered to belong to the common economic sector, 

mainly due to the specifics of production and the tradition associated with it, but also to high 
expectations. In all regional strategies, agriculture has been recognized as one of the main 
strategic lines of development, and, more and more, the SMEs perceive it as the greatest 
opportunity for development in Romania.  

Currently, land and labour force are both used under their economic potential. The 
type of culture, the inadequate technical equipment, the high share of manual labour, the less 
scientific and rather traditional techniques of farming, the characteristics of soil (which 
requires intensive fertilization and mechanized agriculture) represent a series of factors that 
determine low agricultural productivity and an obvious lack of competitiveness. At the same 
time, however, organic farming is a dynamic system with an average annual growth rate of 
approximately 20%. The area used for organic farming in vegetable production varies from 
approx. 100 m² for growing vegetables in greenhouses up to approx. 2,000 ha for the 
cultivation of field crops. The average area of an organic farming unit in 2011 was about 20 to 
22 ha. The total output produced from certified organic farming vegetable production in 2011 
was approx. 134,580.3 tons compared to 18,325.18 tons in 2007 
(http://www.madr.ro/ro/agricultura.html [8]).   

According to Romanian National Institute of Statistics (Monthly Statistical Bulletin no 
7/2013) the wheat production was 7.66 million tons, barley and two-row barley production 
was 1.6 million tons, and the production of oats was 356,100 tons. There was a productivity 
increase of 21% per hectare in maize seeds and the total production increased by 15.6%. The 
production of oil plants (sunflower, rapeseed, soya bean, flaxseed) increased by 30.51% 
reaching 3.12 million tons, as a result of increasing the area cultivated with 43.4% and of the 
increased productivity per hectare. However, in 2013, Romania registered one of the biggest 
productions of wheat in the last decades [9]. 

According to the reform strategy Rural Romania XXI, sustainable and applicable 
solutions on medium and longer term should consider the followings:   

• A priority investment axis in Romania should be represented by building up 
agricultural production structures (agricultural holdings, parcels, fruit-tree plantations and 
vineyards) capable of ensuring agricultural yields under pedo-climatic (ecological) conditions;  
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• Romania should increase the agricultural yields at the level of the actual potential 
of productivity of natural soil and this should be obligatorily correlated with the potential of 
absorption of the products in domestic and foreign markets 
(ftp://www.ipe.ro/RePEc/iag/iag_pdf/ AERD0802_4-18.pdf [10]).   

Productivity growth in agriculture based on biotechnologies (biological factors and 
new equipment) represents a complex and long-term process for Romanian SMEs and is 
based on both the development of material-technical means and their use of maximum 
economic efficiency. Simultaneously, this intensification process is not reduced to a more 
agglomeration of material resources, but also requires the use of all economic and 
organizational levers for increasing efficiency of agricultural production per hectare. At the 
same time, these enterprises also have the role to potentiate the rural economy, contributing 
by the taxes paid into the local budget, to the economic and social development of localities. 
A significant, largely unused or partially used, labour force supply exists in the rural area, and 
this can be activated through requalification and integration into the small and medium 
enterprises. Economic performance means efficiency in a certain system, it is not merely a 
comparison between effect and effort (Burja [11]).  

The present research started from the idea that, taking into account the role of 
environmental framework when determining the increasing of agricultural productivity, the 
technical and economic factors are those that influence decisively the competitive advantage 
for the SMEs in agriculture in the North-East region. In the followings, I argue that, despite a 
tendency to level the conditions of SMEs in the agricultural production, the process of 
enhancing crop production and increasing agricultural productivity based is uneven 
distributed in the North-East region, large groups of SMEs finding themselves in different 
stages of intensification of production. 

In order to know the evolution and trends of the intensification process of crop 
production as well as of forecasting increasing agricultural productivity for SMEs in the 
agricultural sector in North-East region depending on this process, I used the forecast model 
whose algorithm is based on the Markov chains theory. In the next step, I present the results 
of empirical investigation of the forecasting of increasing agricultural productivity based on 
biotechnologies (biological factors and new equipment) for 111 Romanian agricultural SMEs 
in the North-East region.  

 
Materials and methods 
 

The assessment of intensification degree of crop production was conducted by 
considering the factorial indicator - total production costs per 100 ha of agricultural land - and 
the productive indicator - global crop production per 100 ha of agricultural land.  

The levels reached by the two indicators in Romanian agricultural SMEs reflect the 
distribution of the process of intensification of agricultural production under two aspects: 
allocated successive investments and the results obtained from the same surface of land. To 
estimate the evolution and trends of the process of intensification of crop production achieved 
by SMEs in the North-East region and of forecast on increasing agricultural productivity I 
apply further a short-term forecasting model which is based on the Markov chains theory. 

In developing this forecasting model I used the Romanian SMEs White Book 2012 as 
data source for analysis and grouping of 111 Romanian agricultural SMEs from the North-
East region considering the amount of global crop production per 100 hectares of agricultural 
land achieved during the period 2008 to 2012 (National Council of Romanian SMEs 2012).  
According to this indicator, the 111 Romanian agricultural SMEs from the North-East region 
were grouped into the following 10 classes of assessment of increasing agricultural 
productivity based on biotechnologies (biological factors and new equipment): 
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Table 1. Classes of assessment of increasing agricultural productivity  

Nr. group The range of turnover as result of an 
increasing agricultural productivity 

No. firms in the 
range 

I under 20,000 euro 19 
II 20,000 – 40,000 euro 22 
III 40,000 – 60,000 euro 30 
 IV 60,000 – 80,000 euro 8 
V 80,000 – 100,000 euro 8 
VI 100,000 – 120,000 euro 11 
VII 120,000 – 140,000 euro 6 
VIII 140,000 – 170,000 euro 3 
IX 170,000 – 200,000 euro 3 
X over 200,000 euro 1 
 Total 111 

 
Corresponding to the different ways of increasing agricultural productivity in crop 

production in SMEs in each year during the period 2008 to 2012, some SMEs in the North 
East region have moved into higher classes of degree of increasing agricultural productivity, 
some remained in the same class, while others moved into lower classes. The SMEs that 
moved into higher classes are located above the main diagonal; the ones moving into lower 
classes are located under the main diagonal, while those which remained in the same class are 
located on the diagonal of the matrix. 

By directly adding the elements of the 4 matrices, one obtains the matrix of all 
movements for the entire period 2008-2012 for the 111 Romanian agricultural SMEs from the 
North-East region (Table 2). 

 
Table 2. Transitions’ matrix 2008-2012 

Group I II III IV V VI VII VIII IX X Total 
I 4 21 5 2             32 
II 3 21 17 14 2 2         59 
III 3 31 31 27 12 4     3   111 
IV   8 6 34 32 7 6   3   96 
V   3 3 10 40 14 7 5   4 86 
VI       3 4 10 17 7 4 4 49 
VII     3   4 5 15 17 5 4 53 
VIII       2 3 3 4 7 5 3 27 
IX       3 3     4 2 4 16 
X           3 3 4 2 14 26 

Total 10 84 65 95 100 48 52 44 24 33 555 
(Source: own calculation) 
 
Based on this total matrix, one determines the stochastic matrix of probabilities of 

movements in the 10 classes of intensification of crop production for the SMEs from the 
North-East region and, implicitly, of increasing agricultural productivity based on 
biotechnologies (biological factors and new equipment) for the next period 2014-2018 under 
the current pace of growth by using an calculation algorithm based on the Markov chains 
theory: 
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P1= P0 * Y         (1.1) 
P2= P1 * Y = P0 * Y2        (1.2) 
.......................................... 
Pn= Pn-1 * Y = P0 * Yn        (1.3) 
where: 
P0, P1, P2....... Pn represents the structure of Romanian SMEs by classes; 
Y, Y2...........   Yn represents the matrix of probabilities of transition from one class to 

another in the next years. 
 
Results and discussions 

Performing calculations by this algorithm, one obtains the prognosis of distribution of 
the 111 Romanian agricultural SMEs from the North-East region depending on the 
intensification of crop production as priority of the increase of agricultural productivity until 
the year 2018 (Table 3). 

 
Table 3. The evolution forecast of increasing agricultural productivity  

      Group 
Years I II III IV V VI VII VIII IX X 

2012 1 3 17 18 21 17 15 6 6 7 
2013 1 7 16 23 23 17 11 5 4 4 
2014 0 10 15 19 24 15 12 6 4 6 
2015 0 4 11 18 24 15 14 9 6 10 
2016 0 3 7 18 23 17 15 10 6 12 
2017 0 1 6 17 21 18 16 12 6 14 
2018 0 1 6 13 18 17 18 14 9 15 

(Source: own calculation) 
 
It appears from the data presented in Table 2 that over 50% of the SMEs tend to shift 

to higher classes as a result of increased agricultural production. This trend can be observed 
throughout the period 2008-2012 when in the first five classes were 384 units out of which 
54.7% have moved one class further, 25.1% moved two classes further, and 20.2% moved 
three classes further.  

Analysing the data in Table 3, it appears that in the immediately following years the 
number of SMEs in the first five classes (where productivity is low) will decrease 
substantially in favour of the following five classes. It is worth mentioning that the most 
significant increases are recorded in classes VI-IX, while a large number of SMEs will move 
into the last class against the background of radical quantitative and qualitative changes that 
will take place in the period 2013-2018. 

From the data forecasted up to 2018, it follows that the increase of agricultural 
productivity will result in increasing crop production per unit surface in each of the Romanian 
agricultural SMEs in the North-East region. 
 
Conclusions 
 

The active Romanian agricultural SMEs play an important role in the economy, 
supporting the turnover value together with the repartition in size classes and fields of 
activity. 
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Currently, Romanian agricultural SMEs represent a vulnerable field. Taking into 
account the importance that agriculture has in the economic system of Romania, improving 
the competitiveness of agricultural SMEs sector has a significant impact on the global 
economic environment and sustainable development measures. 

Considering the forecasted results up to 2018, it appears that the used method can 
reveal an image of the evolution of the growth of agricultural productivity of Romanian SMEs 
in the North-East region, thus being a useful tool in prospective economic analysis. 

Based on these forecasts, governments can play a constructive role in protecting also 
the interests of the agricultural SMEs, while developing new agricultural technology, 
enhancing agriculture production and managing natural resources effectively without 
destroying the natural systems on which we all depend. 

In conclusion, it is essential that the government and Romanian agricultural SMEs 
invest a lot of effort and pay attention to positive and negative experience of countries with 
developed ecological agriculture. The essential aim of Romanian agricultural SMEs should be 
to preserve the environment along with the quality crop production, which is another 
important aspect. 
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