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Abstract. The aim of this paper is to analyse the diversity of the farming systems in 
tobacco farms within south-eastern Poland. The studied 151 tobacco farms are located in 
three provinces of Poland, i.e. Lubelskie, Podkarpackie and Mazowieckie. 15 diagnostic 
variables which characterize farming systems were selected for analyses. For multivariate 
evaluation of farm diversity and their grouping, principal component analysis (PCA) and 
cluster analysis based on 5 PCs were used. The farms were divided into  ve clusters which 
re ected  ve major types of farming systems in tobacco farms within the studied area. 
They were distinct mainly for farm size, utilization of the new agricultural know-how and 
technology, cattle density, fertilization, and also for the contribution of tobacco production 
to the farm incomes.
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INTRODUCTION 

Tobacco is the most important non-food crop in the world, grown by about 33 million 
farmers in more than 130 countries, in a wide range of environmental conditions [Warner 
2000, FAO 2008, Chavez et al. 2010]. Among the most important producers of tobacco 
leaves are China, Brazil, India, USA, Turkey and Argentina [FAO 2008, Geist et al. 2009, 
Chavez et al. 2010]. In Poland, and the world in general, tobacco is grown mainly in rather 
small family farms [Altman et al. 1996, 1998, Fisher 2000, Geist et al. 2009, Chavez et al. 
2010]. In those smallholder farming systems the growing of tobacco is an important fixed 
element of the farming structure and farm functionality, and ensure socio-economic and ec-
ological sustainability of the systems [Fisher 2000, Warner 2000, Geist et al. 2009, Chavez 
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et al. 2010]. Poland is the second largest producer of tobacco leaves in Europe, cultivating 
primarily light cigarette tobacco. At present, about 60 thousand farmers are involved in the 
national production of tobacco leaves, which is carried out in about 14 thousand farms, on 
an area of 17.1 thousand ha. Tobacco is mainly grown in some parts of south-eastern Po-
land, i.e. the provinces of Lubelskie, Podkarpackie, Mazowieckie and wi tokrzyskie. 

The production of tobacco leaves and its profitability are becoming consistently more 
and more uncertain, both in the world and in Poland. The global and domestic trends with 
respect to the level and stability of public subsidies for tobacco production are markedly 
decreasing [Altman et al. 1996, 1998, Fisher 2000, Warner 2000, Chavez et al. 2010]. Un-
der these circumstances, tobacco growers in many countries, including Poland, are at the 
crossroads [Geist et al. 2009]. This generates a serious threat to the continuity of tobacco 
production in the country and to sustainable farming, and even to the survival of a number 
of tobacco farms, especially the less prosperous ones. In some developed countries vigor-
ous attempts are made to create concepts of various forms of interventions by the state, 
local governments, tobacco companies, and also by central and local agricultural organi-
zations, which can effectively support the tobacco farmers facing the negative effects of 
external threats for multi-functional and sustainable agriculture [Altman et al. 1996, 1998, 
Fisher 2000, Warner 2000, Geist et al. 2009, Chavez et al. 2010]. Following the example of 
other countries, it would be desirable to take similar supporting activities in Poland, too.

One of the most important conditions for ensuring high effectiveness of public inter-
ventions in agriculture and rural areas is its flexibility, that is, the creation and implemen-
tation of various options of support by the European Union, the state and local govern-
ments, suited to diverse (specific) farming systems in the area under consideration [Gibon 
et al. 1999, Caballero 2001, Dixon et al. 2001, Pardos et al. 2008, Blazy et al. 2009, Rosz-
kowska-M dra 2010]. This strategy of support interventions requires an assessment of the 
diversity and identifying types of farming systems (typology of the farming systems) in 
the respective study areas [Landais 1998, Duvernoy 2000, Köbrich et al. 2003, Blazy et 
al. 2009, Carmona et al. 2010, Chavez et al. 2010, Zawadka 2010]. 

The aim of this paper is to analyze the diversity in diagnostic variables that are char-
acteristic of the farming systems (holistic description of agricultural production, non-agri-
cultural activity and resources in farm households) in tobacco farms within south-eastern 
Poland, and to identify the typology of these systems with multivariate statistical methods, 
mainly for generating recommendation domains in farming systems research, e.g. to de-
termining innovative structural and developmental adjustments in the identified types of 
farming systems and also for planning options of supporting these adaptation processes.  

MATERIALS AND METHODS

The studied tobacco farms are located in three provinces of south-eastern Poland, i.e. 
Lubelskie, Podkarpackie and Mazowieckie, although in the last one there are only a few 
farms of this kind in its south-eastern part (Figure 1). In the last few years, about 50% of to-
bacco grown in Poland has been produced in the Lubelskie and Podkarpackie provinces.

The size of the population of the tobacco farms covered by the research in the prov-
inces of Lubelskie, Podkarpackie and Mazowieckie in 2009 was 1133. From this popu-
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lation, a random sample of farms was selected using the method of stratified sampling 
method, in which commune districts formed the strata [Milan et al. 2003, Tittonell et al. 
2005, Sang and Birnie 2008, Blazy et al. 2009]. For each commune district, the number 
of farms to be included in the stratified sample was determined, being proportional to the 
total number of tobacco farms in that particular district. In order to select farms at random 
from each district, a computer program was used that randomly generated the numbers 
for farms located in the district. Among the 151 farms comprising the selected representa-
tive sample a survey was carried out by the first author of this paper in the second half of 
2009 and at the beginning of 2010. 

The survey required the first author of this paper to visit each farm personally and 
obtain answers to over 40 questions from the head farmer (the farm�s manager). The ques-
tions related to natural, human and technical resources, production structure, production 
input and output, and income structure in the farm household. The answers to the ques-

Fig. 1.  The area of studying tobacco-based farming systems (the area studied is darker in colour) 
Rys. 1.  Obszar bada  systemów produkcji rolniczej ukierunkowanych na specjalizacj  produkcji 

tytoniu (badany obszar jest oznaczony czarnym kolorem)
Source:  Author�s elaboration.

ród o:   Opracowanie w asne.
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tions were in the form of quantitative as well as categorized variables (nominal or ordinal, 
expressed on a discrete numerical (i.e. rating) scale. On the basis of the answers obtained 
in the survey more than 40 diagnostic variables were created. 

Diagnostic variables

In order to identify the typology of the studied farms in terms of the farming systems, 
a relatively small number of key diagnostic variables is chosen, making sure that they 
are essential in every aspect of the farming systems for the specific purpose of identify-
ing their typology [Kostrowicki 1977, Duvernoy 2000, Köbrich et al. 2003, Iraizoz et al. 
2007, Blazy et al. 2009, Chavez et al. 2010, Zawadka 2010]. In addition, these variables 
should not be strongly correlated; they should, however, show significant variation, such 
that the coefficient of variation is not lower than 50% [Köbrich et al. 2003, Serrano Mar-
tínez et al. 2004a, Thapa and Rasul 2005, Ruiz et al. 2009]. Taking into consideration the 
aim of this work and the methodological and statistical principles, 15 diagnostic variables 
were chosen (Table 1). 

Table 1.  De nitions of the diagnostic variables included in the analysis of the diversity and 
typology of the farming systems on tobacco farms

Tabela 1.  Okre lenie badanych zmiennych uwzgl dnianych w analizie zró nicowania i typologii 
systemów produkcji w gospodarstwach rolniczych zajmuj cych si  upraw  tytoniu

Variable Variable 
designation De nition of the variable Units 

Natural 
resources

X1 Soil quality (weighted average soil quality class) rational number
X2 Share of grasslands in utilized agricultural area (UAA) %

Human
Resources

X3 Farm owner�s level of education a) ordinal scale

X4 Workers employed in farm agricultural production per 1 ha 
of UAA rational number

Technical 
resources X5 Number of innovative investments and production 

improvements made on the farm in the last 5 years natural number

Structure of 
production

X6 Farm area ha

X7 Share of cereals in arable area (AA) %

X8 Share of tobacco in AA %

X9 Cattle density LSU ha�1 AA

Production 
input 

X10 Supply of organic fertilizers ton ha�1yr�1

X11 Supply of NPK fertilizers kg ha�1yr�1

X12 Agricultural production intensity index b)

Yields X13 Yield of dried tobacco leaves from 2009 harvest ton ha�1yr�1

Income 
structure

X14 Contribution of agricultural production to total farm 
household incomes %

X15 Contribution of tobacco production to total farm incomes %
a) 1 � elementary, 2 � vocational secondary, 3 � secondary, 4 � post-secondary, 5 � university
b) Agricultural production intensity index calculated on the basis of the normalized variables: cattle and pigs 

density, supply of NPK fertilizers, share of tobacco in AA (Herzog et al. 2006, M dry et al. 2010)
Source:  Author�s elaboration.

ród o:   Opracowanie w asne.
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Statistical analysis of data

The methodology of the statistical analysis applied here consists of three stages [Kö-
brich et al. 2003, Serrano Martínez et al. 2004a, b, Blazy et al. 2009, Carmona et al. 2010, 
M dry et al. 2010]. In the first stage, a descriptive assessment of the variation in each 
diagnostic variable was carried out, using univariate statistical parameters. 

In the second stage, a Principal Component Analysis (PCA) was performed for all 
the 15 diagnostic variables chosen. The analysis consists in creating mathematically
 p uncorrelated linear functions (principal components, PCs) for p original (observed) vari-
ables (here diagnostic variables) of the objects under study, each of which explains (cap-
tured, account for) the largest possible portion of the objects� variance for all the variables 
being analysed. A large proportion of the variance can be explained by only a few factors, 
usually two or three ones. This can occur when the original variables are rather highly cor-
related. Each PC can be interpreted as a common factor, understood as a substantive source 
of variation, determining the variables which are correlated with that component as well as 
being mutually correlated. The PCA was conducted on 15 diagnostic variables after stand-
ardization in order to eliminate the effect of a different scale of the variables [Krzanowski 
2000, Hair et al. 2006]. In the third stage, a cluster analysis was performed with the Ward�s 
method, using squared Euclidean distance on the first five principle components, for which 
the eigenvalues were higher than 1 [Krzanowski 2000, Köbrich et al. 2003, Serrano Mar-
tínez et al. 2004b, Hair et al. 2006, Chavez et al. 2010]. This method enables us classifying 
studied farms into homogenous but distinct groups in terms of all the diagnostic variables 
under consideration. These groups are also homogenous in terms of the farming systems 
existing in the range of the farms. Then, each of these farm groups identifies a particular 
type of farming system within the population of the tobacco farms studied.

GENERAL CHARACTERISATION OF FARMS IN TERMS OF INDIVIDUAL 
DIAGNOSTIC VARIABLES

The estimates of the common statistical parameters for the 15 diagnostic variables 
(Table 2) indicate that tobacco farms in south-eastern Poland show highly variation for 
majority of the studied farming system descriptors. 

Characteristics and interpretation of the most important principal components

The first Principal Component (PC1): Intensification and specialization in cattle 
production

The first principal component (PC1) accounted for 23% of the total variation in the 
surveyed sample of tobacco farms (Table 3). This most important principal component 
was significantly negatively correlated (|r|> 0.5) with the number of innovations (X5), 
farm area (X6), cattle density (X9), organic fertilizer use (X10), NPK fertilizer use (X11) 
and the production intensity index (X12). PC1 was also significantly positively correlated 
with contribution of tobacco production to total farm incomes (X15), which was nega-
tively correlated with the important diagnostic variables just mentioned. For that reason, 
PC1, as factor 1, was called Intensification and specialization in cattle production. 
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Many studies on the diversity of farming systems indicate that farm area and the 
livestock density (mainly of cattle) are among the most important diagnostic variables 
describing the farming systems and the determinants of their ability to undergo adaptive 
transformations [Damianos and Skuras 1996, Kristensen 2003, Serrano Martínez et al. 
2004a, Paul and Nehring 2005, Iraizoz et al. 2007, Carmona et al. 2010].

The first principal component defines the gradient of the farming systems intensifica-
tion in tobacco farms within south-eastern Poland; the gradient is positively correlated 
with the production intensity attributes and negatively correlated with contribution of to-
bacco production to total farm incomes being diagnostic variables mostly discriminating 
the farms. It thus appears that large farms with more intensive and diversified, effective 
agricultural production derive their farm income from growing tobacco to a relatively 
smaller extent than farms using diametrically different production systems. This also 
means that incomes and development perspectives of large and intensive farms would 
be not likely to suffer much if they reduced or abandoned the production of tobacco. On 
the other hand, reducing or abandonment of growing tobacco in small, extensive farms 
with a poorly developed agricultural function may be a causal factor of a serious threat 
to their socio-economic and environmental viability and survival. The threat could be 
diminished or eliminated if those farms made appropriate adjustment of their farming 
systems through technical or structural change, agricultural and on-farm non-agricultural 
diversification, increased product value-added, or engagement with local and regional 

Table 2.  Statistical parameters for the 15 diagnostic variables of the surveyed tobacco farms
Tabela 2.  Parametry statystyczne 15 zmiennych w zbiorze badanych gospodarstw tytoniowych

Variable 
designation Variable Mean Minimum

(Min.)
Maximum

(Max.)

Standard 
deviation

(SD)

Coef cient 
of variation

(CV%)
X1 Soil quality 4.09 2.00 5.70 0.76 18.7
X2 Share of grasslands 18.05 0.00 58.00 13.55 75.1
X3 Level of education 2.24 1.00 5.00 0.86 38.5
X4 No. of agricultural workers 0.26 0.05 1.05 0.18 67.5
X5 No. of innovations 0.93 0.00 22.00 2.70 140.1
X6 Farm area 8.62 1.40 37.80 5.14 59.6
X7 Share of cereals 58.50 0.00 92.65 21.14 36.1
X8 Share of tobacco 31.34 3.89 100.00 20.38 65.0
X9 Cattle density 0.25 0.00 2.01 0.31 124.6
X10 Organic fertilizer use 4.21 0.00 30.00 4.26 101.2
X11 NPK fertilizer use 122.11 0.00 402.00 71.61 58.6
X12 Production intensity index 0.22 0.03 0.51 0.09 42.7
X13 Yield of tobacco leaves 2.43 0.90 4.10 0.56 23.2

X14 Contribution of agricultural pro-
duction to farm household incomes 75.96 20.00 100.00 24.13 31.8

X15 Contribution of tobacco production 
to farm incomes 82.95 5.00 100.00 16.88 20.3

Source:  Author�s elaboration.
ród o:   Opracowanie w asne.
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labour markets through pluriactivity [Altman et al. 1996, 1998, Fisher 2000, MacDonald 
et al. 2000, Warner 2000, Geist et al. 2009, Chavez et al. 2010].

The second Principal Component (PC2): Farm labour resources and specialization 
in tobacco production

The second principal component (PC2) accounted for 19% of the total variation among 
the tobacco farms surveyed. This principal component was significantly negatively corre-
lated with the number of agricultural workers (X4), share of tobacco (X8) and the produc-
tion intensity index (X12, but positively correlated with the share of cereals (X7). For that 
reason, PC2, as factor 2, was called Farm labour resources and specialization in tobacco 
production. The second principal component defines the gradient of labour resources in 
a farm and their exploitation in tobacco production; the gradient is positively correlated 
with the number of agricultural workers and the share of tobacco in the arable area, but 
negatively correlated with the share of cereals in the arable area.

The third Principal Component (PC3): Grasslands and their utilization in cattle 
production

The third principal component (PC3) accounted for 13% of the total variation in the 
tobacco farms. This principal component was significantly negatively correlated with the 

Table 3.  Correlation coef cients of the  rst three principal components with the diagnostic 
variables in the range of the surveyed tobacco farms 

Tabela 3.  Wspó czynniki korelacji trzech pierwszych sk adowych g ównych ze zmiennymi 
diagnostycznymi w zbiorze badanych gospodarstw tytoniowych

Variable 
designation Variable PC1 PC2 PC3

X1 Soil quality 0.10 0.10 �0.28
X2 Share of grasslands �0.45 0.04 �0.58
X3 Level of education �0.02 0.01 0.47
X4 No. of agricultural workers 0.29 �0.58 �0.28
X5 No. of innovations �0.57 �0.04 0.46
X6 Farm area �0.51 0.39 0.47
X7 Share of cereals �0.04 0.87 0.02
X8 Share of tobacco 0.14 �0.90 0.10
X9 Cattle density �0.76 0.00 �0.53
X10 Organic fertilizer use �0.75 0.03 �0.55
X11 NPK fertilizer use �0.60 �0.39 0.40
X12 Production intensity index �0.60 �0.69 0.08
X13 Yield of tobacco leaves �0.37 �0.09 0.29

X14 Contribution of agricultural production to farm 
household income �0.35 �0.21 0.01

X15 Contribution of tobacco production to farm incomes 0.65 �0.34 �0.11
Percentage of the overall variation among farms explained by the 
principal components 23.0% 19.2% 13.2%

Source:  Author�s elaboration.
ród o:   Opracowanie w asne.
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share of grasslands (X2), cattle density (X9) and organic fertilizer use (X10). For that 
reason, PC3, as factor 3, was called Grasslands and their utilization in cattle production. 
This factor describes the gradient of the grassland area, cattle density and organic fertili-
zation, which is positively correlated with these attributes of the farming system.

Cluster analysis and characterisation of the types of farming systems

The surveyed farms were divided into five clusters (homogeneous groups). The deci-
sion as to how to cut the branches of the dendrogram is a compromise between a sensible 
number of identified groups and intra- and inter-group similarities [Krzanowski 2000, 
Köbrich et al. 2003, Serrano Martínez et al. 2004b]. The identified homogeneous groups 
of farms are varied mainly for those diagnostic variables that define the first 3 principal 
components (i.e. with which they are most strongly correlated), the first principal com-
ponent representing the strongest correlation. Then, assumed in the paper numbers of the 
distinguished groups of farms increase as the value of the first principal component (PC1) 
decreases, indicating an increasing gradient of the intensification and specialization in 
cattle production (Table 4). The characterisation of each homogeneous group of farms 
for the major discriminating variables makes it possible to identify and describe com-
prehensively the distinguished types of farming systems in the surveyed population of 
tobacco farms [Köbrich et al. 2003, Blazy et al. 2009, Chavez et al. 2010]. On the basis of 
a detailed analysis of group means for the most important diagnostic variables (Table 4), 
whose comparative results are presented in Table 5, a multi-dimensional characterisation 
of five specific types of farming systems found in tobacco farms in south-eastern Poland 
was made. It is presented as follows:

Type 1 farming system: A system of extensive crop-oriented, small profitable agri-
cultural production in moderate small, diversified in non-agricultural activity farms 
with a small share of tobacco in arable areas and low contribution of agriculture to 
farm household incomes, mainly tobacco-related.

Type 2 farming system: An extensive smallholder not-diversified system with large 
farm labour resources with a strong tobacco-oriented production and large contribu-
tion of agriculture to farm household incomes, mainly tobacco-related.

Type 3 farming system: A system of developing, moderately intensive, diversified 
crop-cattle production in rather large, slightly diversified in non-agricultural activ-
ity, farms with moderately large share of tobacco in arable areas and rather large 
contribution of agriculture to farm household incomes, mainly tobacco-related.

Type 4 farming system: A system of moderately intensive diversified crop-cat-
tle production in large, poorly diversified in non-agricultural activity, farms with 
moderately large share of tobacco in arable areas and rather large contribution of 
agriculture to farm household incomes, mainly tobacco-related.

Type 5 farming system: A system with low farm labour resources and intensive 
diversified crop-cattle production in large, not diversified in non-agricultural activ-
ity, farms with a small share of tobacco in arable area and a large contribution of 
agriculture to farm household incomes, mainly not tobacco-related.
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CONCLUSIONS

1.  The tobacco-based farming systems in farms located in south-eastern Poland vary 
mainly for mutually positively correlated farm size, utilization of the new agricultural 
know-how and technology, cattle density, fertilization, and also for the contribution 
of tobacco production in the farm incomes, which is negatively correlated with the 
mentioned attributes of the production intensity and its non tobacco-related speciali-
zation.

2.  The tobacco farms surveyed do not vary much for the level of farmers� education, soil 
quality, yield of tobacco leaves and also contribution of agriculture in farm household 
incomes.

3.  In each of the five types of farming systems with different agricultural production 
intensity and structure of mainly cereals, tobacco and cattle, and also with different 
diversification of non-agricultural activities, tobacco is an important or very impor-
tant source of total farm incomes, irrespective of its different significance in the total 
farm household incomes.

4.  Historically, the identified systems have formed on inherited family farms over a long 
period of time, mainly in response to environmental conditions, especially the propor-
tion of grasslands, and the processes of adaptation to the demands of the cigarette 
industry, which emerged more than 50 years ago in the studied area.

Table 5.  Characteristics of  ve types of farming systems in the tobacco farms surveyed
Tabela 5.  Charakterystyka pi ciu typów produkcji w badanych gospodarstwach prowadz cych 

upraw  tytoniu

Diagnostic variables Type 1 Type 2 Type 3 Type 4 Type 5

Share of grasslands ** * ** ***** ****

No. of agricultural workers *** ***** *** *** *

No. of innovations * ** *** *** *****

Farm area *** * **** *** *****

Share of cereals ***** * *** *** ****

Share of tobacco * ***** *** *** *

Cattle density * * ** **** *****

Organic fertilizer use * * ** **** *****

NPK fertilizer use * *** *** *** *****

Production intensity index * ***** *** **** *****

Contribution of agriculture to farm household incomes * ***** *** **** *****

Contribution of tobacco production to farm incomes **** ***** **** **** *

Relative levels of the variables: * very low, ** low, *** moderate high **** high, ***** very high 
Source:  Author�s elaboration.

ród o:   Opracowanie w asne.
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5.  The typology of the tobacco-based farming systems can be used to: to detect and 
understand major dimensions (diagnostic variables) of these systems diversity; to 
identify the most important advantages and disadvantages of the distinguished system 
types; to identify the recommendation domains, i.e. groups of roughly homogenous 
farmers with similar circumstances for whom experts can make more or less the same 
recommending alternative and innovative adaptive adjustments, mainly concerning 
diversification in crop and livestock production and in non-agricultural activities in-
cluding also planning of  respective options and tools of interventions to support ef-
fectively these adaptation processes.
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TYPOLOGIA SYSTEMÓW PRODUKCJI ROLNICZEJ 
W GOSPODARSTWACH ZAJMUJ CYCH SI  UPRAW  TYTONIU 
W PO UDNIOWO-WSCHODNIEJ POLSCE

Streszczenie. Celem niniejszej pracy jest analiza zró nicowania systemów produkcji w gos-
podarstwach zajmuj cych si  upraw  tytoniu w po udniowo-wschodniej Polsce. Badania 
ankietowe wykonano w 151 gospodarstwach, znajduj cych si  w województwach: lubel-
skim, podkarpackim i mazowieckim. Wielowymiarow  ocen  zró nicowania gospodarstw 
i ich grupowanie (typologi ) wykonano za pomoc  analizy sk adowych g ównych (PCA) 
i analizy skupie  metod  Warda na pi ciu pierwszych sk adowych g ównych. Wydzielono 
5 jednorodnych grup gospodarstw tytoniowych, odzwierciadlaj cych odpowiednie typy 
produkcji rolniczej w tych gospodarstwach na badanym obszarze, które by y zró nicowane 
g ównie pod wzgl dem powierzchni, wykorzystania nowych technologii produkcji, 
pog owia byd a, nawo enia i udzia u produkcji tytoniu w dochodach gospodarstw.

S owa kluczowe: tyto , typologia gospodarstw, analiza sk adowych g ównych, analiza 
skupie
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