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 The study assesses the impact of the economic size of farms on the ef-

ficiency of their material and energy expenditure, based on 679 farms 
from the Lubelskie Voivodeship. The analysis was made for the years 

2013-2015 and the farms were divided into six economic size classes. 

5 indexes for the efficiency of material, energy and material-energy ex-
penditures were calculated for all farms. The aim of the work was to 

select a group of farms with the highest efficiency of energy and mate-

rial expenditure. It was found that economically small farms managed 
this expenditure most effectively, as evidenced by the highest values of 

4 out of 5 analyzed indexes. Very small and medium-small farms 

demonstrated the highest efficiency of material expenditure. In contrast, 
energy expenditure was most efficiently used by medium-small farms. 

The farms that were the largest economically were characterized by the 

highest efficiency index of material and energy expenditure, calculated 

as the ratio of total production to the expenditure.  
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Introduction 

Agricultural production in the European Union (EU), despite its reduced share in the 

Gross Domestic Product (GDP) of individual member states is a very important branch of 

the economy and the food security system (European Commission, 2020). Depending on 

socioeconomic conditions, different forms of farms are found in different EU countries. In 

Poland, the majority of farms are classified as private farms, often identified with family 
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farms, with arable land area (UAA) ranging from 1 to 300 ha. In 2018, 1428781 farms oper-

ated in Poland, of which 1425055 were individual farms (Central Statistical Office, 2020). 

Individual farms with area from 1 to 50 ha accounted for 95.6% of all farms in Poland. This 

structure of agriculture has a positive effect on the biodiversity of plant production and at the 

same time allows for the dispersion of animal production. This is very important in the light 

of European Commission's “Farm to Fork Strategy – for a fair, healthy and environmentally-

friendly food system” (European Commission, 2020). In terms of income, individual farms 

can be divided into two groups. The first group is the so-called auxiliary farms, while the 

second group is strictly agricultural. Auxiliary farms provide the family with only additional 

income while the strictly agricultural  farm are the sole or the main source of income for the 

entire family (Gołębiewska, 2009; Flament, 2011; Komorowska 2017). Farms operate ac-

cording to specific principles based on their specific climate and soil as well as on the socio-

economic conditions in their region. These conditions largely determine the direction and 

scale of production. For many years, the impact of farm area on the economic effects and 

development possibilities of farms has been analyzed (Szuk, 2009a; Wasąg, 2009; Bakucs et 

al., 2013; Kocira, 2013; Mahmood et al., 2014, Sheng et al., 2015, Kocira et al., 2019). In 

recent years, the impact of economic size based on Standards Output (SO) as an index allow-

ing independent comparison of farms, regardless of their legal form and production direction, 

has also been researched (Celik and Emre, 2014; Średzińska, 2017). In agriculture, as in other 

forms of business activity, effective use of the resources is important, as it determines the 

economic effect, i.e. income. The use of some of the farms’ resources can be measured by 

their efficiency of material and energy expenditure. Therefore, the purpose of the work was 

to select a group of farms from among farms located in the Lubelskie province (Poland), 

based on their economic size and the highest efficiency of energy and material expenditure. 

Material and methods 

The materials used in the work are data obtained under the Polish FADN in 2013, 2014 

and 2015 from family farms located in the Lubelskie province.  The research used results 

from 679 farms whose main source of income was agricultural production.  

The division by the economic size of the farms was determined on the basis of Standard 

Output (SO) sums, obtained from all agricultural activity that occurs in a given farm. The 

farms were assigned to respective groups according to the range given in Table 1. 

Table 1.  

Economic size of farms, according to ES6. 

ES6 

ES 6 economic size classes  Range in euros (€) 

1 Very small 2,000 ≤ € < 8,000 

2 Small 8,000 ≤ € < 25,000 

3 Medium - small 25,000 ≤ € < 50,000 

4 Medium - large 50,000 ≤ € < 100,000 

5 Large 100,000 ≤ € < 500,000 

6 Very large € ≥ 500,000 

Source: FADN 2016 
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The analysis of the efficiency of material-energy expenditure was made using 5 indexes. 

Efficiency of material and energy expenditure I (ENmeI) - a ratio of total production (Po) 

to the sum of material and energy expenditure (Nme). 

 𝐸𝑁𝑚𝑒𝐼 =  
𝑃𝑜

𝑁𝑚𝑒
  (1) 

where:  

Po  – total production, (PLN) 

Nme  – total material and energy expenditure, (PLN) 

 

Total production is the sum of values of plant, animal and other types of production, e.g. 

own consumption.  It comprises sales, transfer to a household, the farm's own consumption, 

a difference in inventory and a difference in the value of animals caused by a change in 

pricing and reduced by the purchase of animals. 

Total expenditure is the sum of human and objectified labor used to produce a specific 

product or service.  They can be measured in natural units or expressed as a value.  Total 

expenditure includes: seeds and seedlings, own seeds and seedlings, fertilizers, plant protec-

tion products, feeds for animals kept in the grazing system, feeds for animals fed in the graz-

ing system produced on farms, feeds for granivorous animals produced on farms, electricity. 

Efficiency of material and energy expenditure II (ENmeII) - a ratio of gross value added 

(WDb) to total expenditure (Nme). 

 𝐸𝑁𝑚𝑒𝐼𝐼 =  
𝑊𝐷𝑏

𝑁𝑚𝑒
 (2) 

where:  

 WDb  – gross value added, (PLN) 

 Nme   – total material and energy expenditure, (PLN) 

 

Gross value added is the value of total production of the farm minus intermediate con-

sumption (i.e. direct and general economic costs), balance of current payments and taxes.   

Efficiency of material and energy expenditure III (ENmeIII) − a ratio of net value added 

(WDn) to total expenditure (Nme): 

 𝐸𝑁𝑚𝑒𝐼𝐼𝐼 =  
𝑊𝐷𝑛

𝑁𝑚𝑒
   (3) 

where:  

WDn  – net value added, (PLN) 

Nme  – total material and energy expenditure, (PLN) 

 

The net value added is the remuneration for work, management and capital used on the 

farm.  It is lower than the gross value by the amount of depreciation charges. 

Efficiency of material and energy expenditure IV (ENmeIV) − a ratio of net agricultural 

income (Drn) to the sum of material and energy expenditure (Nme). 
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 𝐸𝑁𝑚𝑒𝐼𝑉 =  
𝐷𝑟𝑛

𝑁𝑚𝑒
   (4) 

where:  

 Drn  – net agricultural income, (PLN) 

 Nme  – total material and energy expenditure, (PLN) 

 

Net agricultural income is a direct surplus minus indirect costs. 

Material and energy expenditure efficiency V (ENmeV) − a ratio of a farmer's family  

income (DRr) to total expenditure (Nme). 

 𝐸𝑁𝑚𝑒𝑉 =  
𝐷𝑅𝑟

𝑁𝑚𝑒
 (5) 

where:  

 DRr  – the farmer's family income, (PLN), 

 Nme – total material and energy expenditure, (PLN) 

 

According to EU agricultural accountancy system FADN, the income of a farmer's family 

is the value of production (comprising the value of sales, an increase in the value of the herd, 

the value of productive consumption of own products, the value of private consumption of 

own products, the value of own product stocks at the end of the year minus the value of own 

products at the beginning of the year, as well as the value of the purchased animals) minus 

intermediate consumption. 

For each expenditure efficiency index (mean values of the indexes from 2013-2015), the 

significance of differences between individual groups of farms was analyzed. After deter-

mining the significance of differences by the Kruskal-Wallis test at p <0.05, a Mann-Whitney 

test was performed in order to assess the groups between which there are significant differ-

ences. 

Results and discussion 

General characteristics of the studied farms 

The division of family farms by economic size allowed a conclusion that the largest num-

ber of farms belonged in the ”Small” group, regardless of the year of research (Table 2). The 

”Very large” farm group was the least numerous. The average UAA per farm was very di-

verse in respective farm groups. The ”Large” farm group was characterized by the largest 

UAA, ranging from 87.76 to 93.57 ha in all the analyzed years. 

The average stocking density in individual farm groups was very diverse, increasing along 

with the increase in economic size. The largest stocking density was characteristic for farms 

from the ”Very Large” group, in all years of research. In this group a stable level of the 

stocking density can be observed in 2013 and 2014, i.e. 11.81 and 13.18 LU·ha-1 UAA. In 

2015, the average stocking density increased by 31% and amounted to 19.18 LU·ha-1 UAA. 

However, due to the small number of farms analyzed in this group, it is difficult to compare 

them with other farm groups. The lowest stocking density was recorded for farms with  

the smallest economic size. In 2013, farms in the “Small” group incurred the largest labor 
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expenditure per ha of UAA. On the other hand, “Very Small” farms had the highest labor 

expenditure in 2014 and 2015. Probably these farms were focused on horticultural produc-

tion, which requires a significant human labor expenditure. The lowest labor expenditure was 

incurred on farms in the “Large” group and remained at a stable level in the analyzed years 

(113, 100 and 109 man-hr·ha-1 UAA). Low labor expenditure in these farms may result from 

their large area, which allows more efficient management of human resources. 

 

Table 2. 

Area of UAA in the examined groups of farms in 2013-2015. 

Groups of farms by eco-

nomic size 

ES6 
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Very small 

(2,000 ≤ € <  8,000) 

2013 53 9.50 0.20 6756 287 3704 

2014 54 9.87 0.16 6572 270 3296 

2015 51 9.34 0.15 6480 295 3627 

Small 

(8,000 ≤ € <  25,000) 

2013 345 17.60 0.30 15571 313 4594 

2014 346 17.86 0.28 15799 203 4346 

2015 347 17.69 0.30 15827 203 4396 

Medium-small  

(25,000 ≤ € <  50,000) 

2013 194 31.12 0.41 33856 142 5677 

2014 194 31.63 0.41 34645 141 5261 

2015 195 31.71 0.39 34733 144 5312 

Medium-large  

(50,000 ≤ € <  100,000) 

2013 41 45.37 0.74 64192 112 6584 

2014 43 45.70 0.63 61724 112 6220 

2015 46 47.20 0.57 60904 103 5751 

Large 

(100,000 ≤ € <  500,000) 

2013 45 93.57 1.17 171684 113 9961 

2014 40 92.46 1.20 174590 100 8952 

2015 38 87.76 1.18 163022 109 8760 

Very large 

(€ ≥ 500,000) 

2013 1 69.07 11.81 500303 104 6249 

2014 2 45.92 13.18 513592 152 14600 

2015 2 43.97 19.18 706014 132 13234 
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Efficiency of material expenditure 

The ”Very small” and ”Medium-small” farms obtained the highest average values of all 

analyzed efficiency of material expenditure indexes. They differed statistically from the ef-

ficiency index values in other farm groups. Only farms in the ”Very large” group were char-

acterized by larger ENmI efficiency (Fig. 1). Farms in the “Small” and “Medium-Large” 

groups were characterized by similar efficiency levels. Despite obtaining an efficiency index 

ENmI at a similar level as the “Small” and “Medium-Large” farms, the “Large” farms were 

characterized by the lowest ENmII, ENmIII and ENmIV index values among all groups of farms. 

This may result from high financial expenditure on animal production materials, which was 

the largest in this farm group (except for the economically largest farms). 

 

* values of indexes for individual groups of farms marked with the same letter is not statistically significantly dif-

ferent at p <0.05. 

Figure 1. Material expenditure efficiency indexes vs. economic size − averages from  

2013-2015 
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Energy expenditure efficiency index 

The lowest three-year average energy expenditure efficiency, expressed as the relation of 

the total production value to the value of energy expenditure was observed for the economi-

cally smallest farms (Fig. 2). However, the other values of efficiency indexes calculated for 

this farm group were at a similar level as “Small”, “Medium-small” and “Medium-large” 

farms. There were statistically significant differences between the ENeI index value for the 

“Medium-large” group and the values of this index in the other analyzed farm groups. The 

largest statistically significant differences in the value of the index ENeV were observed be-

tween the “Very small”, “Small”, “Medium-small” and “Medium-large” farm groups, and 

the farms classified as “Large” and “Very large”. This demonstrates that farms with an eco-

nomic size  between 2,000 and 100,000 € managed their energy expenditure more efficiently 

than farms whose economic size was greater than 100,000 €.  

 

 
* values of indexes for individual groups of farms marked with the same letter is not statistically significantly  

different at p <0.05. 

Figure 2. Energy expenditure efficiency indexes vs. economic size − averages from  

2013-2015 
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Material-energy expenditure efficiency index 

The highest average three-year effectiveness of material and energy expenditures, ex-

pressed as the index ENmeI was observed for the economically largest farms (Fig. 3). However, 

the insufficient number of farms in this group doesn’t allow for a broader analysis. The lowest 

ENmeI index values were observed in the ”Large” and ”Medium-large” group of farms and 

were statistically significantly different than the values of this index in the “Very Small", 

”Small” and ”Medium-Small” groups. Other indexes for farms in the “Very Small”, “Small” 

and “Medium-Small” groups were a similar level and were the highest among the analyzed 

farm groups. Please note the relatively low efficiency of material and energy expenditure of 

farms in the ”Large” group. The values of all analyzed efficiency indexes were the lowest in 

this farm group (except the index ENmeV). Despite the low efficiency of expenditure manage-

ment, these farms achieve satisfactory economic effects due to the scale effect (the largest 

average UAA and stocking density). The impact of UAA on the efficiency of material and 

energy expenditure was confirmed by Sawa (2008), who stated that high material and energy 

expenditure in the smallest farms (up to 20 ha of UAA) as well as larger (20-60 ha of UAA) 

provide the opportunity to introduce social sustainability of the production process. 

 

 
* values of indexes for individual groups of farms marked with the same letter is not statistically significantly dif-

ferent at p <0.05. 

Figure 3. Material and energy expenditure efficiency indexes vs. economic size − averages 

from 2013-2015 
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According to Sawa et al. (2004), energy expenditure per ha of UAA increases proportion-

ally to the increase in the intensity of production organization. However, in larger farms they 

are relatively smaller than in the smallest ones. In examining the use of energy expenditure 

in farms with a balanced amount of organic substance, Kocira and Kołtun (2013) observed  

a weak negative correlation between the level of organic matter renewal and energy expendi-

ture. They also found that the production organization intensified proportionally to an in-

crease in energy expenditure. The analysis of energy efficiency in ecological farms grouped 

by UAA was researched by Malaga-Toboła et al. (2020), who stated that larger farms use 

energy expenditure more efficiently. 

Summary 

The analysis of the efficiency of material and energy expenditures demonstrated that eco-

nomically small farms  manage their expenditure best, as evidenced by the highest values of 

4 out of 5 analyzed indexes. Very small and medium-small farms demonstrated the highest 

efficiency of material expenditure. In contrast, energy expenditure was most efficiently used 

by medium-small farms.  

The farms that were the largest economically were characterized by the highest efficiency 

index of material and energy expenditure, calculated as the ratio of total production to the 

expenditure. 
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WPŁYW WIELKOŚCI EKONOMICZNEJ  

NA NAKŁADY MATERIAŁOWE I ENERGETYCZNE  

W GOSPODARSTWACH ROLNYCH 

 

Streszczenie. W pracy dokonywano oceny wpływu wielkości ekonomicznej na efektywności nakładów 

materiałowo-energetycznych w 679 gospodarstw rolnych z województwa lubelskiego. Analizy doko-

nano dla lat 2013-2015 dzieląc gospodarstwa na 6 klas wielkości ekonomicznej. Dla wszystkich  

gospodarstw obliczono 5 wskaźników efektywności nakładów materiałowych, energetycznych i mate-

riałowo-energetycznych. Za cel pracy przyjęto wytypowanie spośród gospodarstw grupy gospodarstw 

rolnych o największej efektywności nakładów materiałowo energetycznych. Stwierdzono, że gospo-

darstwa małe ekonomicznie najlepiej gospodarują tymi nakładami. Świadczą o tym najwyższe spośród 

badanych grup wartości 4 z 5 analizowanych wskaźników. Gospodarstwa bardzo małe i średnio małe 

wykazały się największą efektywnością nakładów materiałowych. Natomiast najefektywniej nakłady 

energetyczne wykorzystywano w gospodarstwach średnio małych. Gospodarstwa największe ekono-

micznie charakteryzują się najwyższym wskaźnikiem efektywności nakładów materiałowo-energe-

tycznych obliczanych jako stosunek produkcji ogółem do tych nakładów. 

Słowa kluczowe: gospodarstwa rodzinne, efektywność gospodarowania, efektywność nakładów 

 




