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Abstract. T�e o��ecti�e o� t�is �a�e� is to stu�y t�e sustaina��e �e�e�o�ment o� a��icu�tu�a� ��o�uction us��e o��ecti�e o� t�is �a�e� is to stu�y t�e sustaina��e �e�e�o�ment o� a��icu�tu�a� ��o�uction us�
in� t�e exam��e o� an a�e�a�e Po�is� �a�m. T�is stu�y was �e��o�me� usin� mu�ti��e o��ecti�e o�timization 
mo�e�s. Base� on statistica� �ata, two mo�e�s we�e �e�e�o�e�. Mo�e� I �esc�i�e� a �a�m in�o��e� in ��ant 
��o�uction, w�i�e mo�e� II �iscusse� a �a�m com�inin� ��ant an� anima� ��o�uction. T�e o��ecti�e �unctions 
�o� �ot� o� t�ese mo�e�s we�e �e�ate� to �a�m income, a��icu�tu�a� ��o�uction an� t�e amount o� soi� o��anic 
matte�. T�ese o��ecti�es aime� at maintainin� a �a�ance – �ita� �o� sustaina��e �e�e�o�ment – �etween t�e 
economic, ��o�uction an� eco�o�ica� o��ecti�es. T�e �esu�ts o� o�tima� so�utions ��esente� suc� a ��o�uction 
st�uctu�e t�at �i� not cause en�i�onmenta� �e��a�ation, ��o�i�e� t�e �i��est �a�m income �ossi��e un�e� t�e 
�i�en con�itions, an� ensu�e� �i�� stan�a��s o� ��o�uction �ot� �o� t�e �a�me�’s own nee�s an� �o� sa�e.
T�e a��icu�tu�a� ��o�uction st�uctu�es in �ot� t�e mo�e�s �i��e� s�i��t�y. Fa�m income �aine� in t�e anima� 
�a�m is a���ox. 85% �i��e� t�an t�at in t�e �a�m t�at on�y ��o�uces c�o�s. In �ot� t�e mo�e�s, t�e a���ication 
o� sustaina��e ��o�uction ��inci��es �e��e� to ac�ie�e a �ositi�e soi� o��anic matte� �a�ance.

Introduction
T�e �e�innin�s o� t�e sustaina��e �e�e�o�ment conce�t �ate �ack to t�e se�enties o� t�e twen�

tiet� centu�y. Late�, in 1987 t�e Wo��� Commission on En�i�onment an� De�e�o�ment (c�ai�e� 
by Gro Harlem Brundtland) announced its report titled “Our Common Future”. It defined sustain�
a��e �e�e�o�ment as one “t�at meets t�e nee�s o� t�e ��esent wit�out com��omisin� t�e a�i�ity o� 
�utu�e �ene�ations to meet t�ei� own nee�s”. Commitments to im��ement sustaina��e �e�e�o�ment 
were confirmed at the Rio+10 Summit in Johannesburg in 2002, officially known as “the World 
Summit on Sustaina��e De�e�o�ment”. To�ay, t�e ��inci��es o� sustaina��e �e�e�o�ment �a�e 
�een sanctione� �y t�e most im�o�tant �e�is�ati�e acts an� �ecome a �equi�ement in e�e�y EU 
Mem�e� State. T�ese ��inci��es a���y to a�� secto�s o� economy, t�us inc�u�in� a��icu�tu�e. Sus�
taina��e a��icu�tu�e is suc� mana�ement t�at is �ase� on a we����a�ance� use o� natu�a� �esou�ces 
an� �imitation o� t�e ne�ati�e im�act t�at a��icu�tu�e �as on t�e en�i�onment. Anot�e� as�ect o� 
c�ucia� im�o�tance �o� sustaina��e a��icu�tu�e is t�at a �a�ance �etween ��o�uction, economic 
and ecological objectives should be maintained [Staniak 2009]. The production objective is to 
o��e� ��o�uce, in �equi�e� amounts, t�at meets t�e c�a�acte�istics ex�ecte� �y t�e consume� o� 
t�e ��ocessin� in�ust�y. T�e economic o��ecti�e is to �ene�ate �a�m income com�a�a��e to wa�es 
in ot�e� secto�s o� t�e nationa� economy. T�is income s�ou�� ensu�e a �ecent stan�a�� o� �i�in� 
�o� t�e �a�me�s an� ena��e t�em to mo�e�nize an� �e�e�o� t�ei� �a�ms. T�e eco�o�ica� o��ec�
ti�e is to ensu�e a �a�ance in t�e a��osystem an� to ��e�ent en�i�onmenta� �e��a�ation. A�� o� 
t�e a�o�ementione� o��ecti�es wi�� �e taken into account in t�e mu�ti��e o��ecti�e o�timization 
model. Multiple criteria decision models have been taken advantage of in different fields of life. 
Kunsch et al. [2005] used such models in their research on the automotive industry, and Steuer 
et Na [2003] in their research on the financial sector. Figueira et al. [2005] edited a publication 
com�inin� a�tic�es on t�e met�o�s an� a���ications o� mu�ti��e o��ecti�e mo�e�s in many secto�s 
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o� in�ust�y. Many aut�o�s  �a�e a��ea�y �ea�t wit� a��icu�tu�a� ��o�uction o�timization, inc�u�in�: 
Manos et al. [2013], Rodriguez et al. [2009]. The purpose of this article is to study the sustain�
a��e �e�e�o�ment o� a��icu�tu�a� ��o�uction usin� t�e exam��e o� an a�e�a�e Po�is� �a�m. As a 
�esu�t o� t�e o�tima� so�ution, suc� a ��o�uction st�uctu�e wi�� �e �ete�mine� t�at �oes not cause 
en�i�onmenta� �e��a�ation, ��o�i�es t�e �i��est �a�m income �ossi��e un�e� t�e �i�en con�itions, 
an� ensu�es �i�� stan�a��s o� ��o�uction �ot� �o� t�e �a�me�’s own nee�s an� �o� sa�e.

Material and methods
As material for these studies, Central Statistical Office [Ziółkowska 2013] data on Polish farms 

in 2013 were used. Some of the data are included in table 1.

Ta��e 1. Main c�a�acte�istics o� an a�e�a�e Po�is� �a�m
Tabela 1. Podstawowe charakterystyki przeciętnego gospodarstwa rolnego w Polsce
Specification/Wyszczególnienie Units/Jedn. Values/Wartości
Farm area/Powierzchnia gospodarstw
Agricultural land area/Powierzchnia użytków rolnych
Sown area/Powierzchnia zasiewów
Grasslands and pastures area/Areał łąk i pastwisk

�a

11.54
10.08
7.53
2.24

Structure of sown, of which/Struktura zasiewów, w tym:
 – cereals/zbóż
 – industrial crops/roślin przemysłowych
 – potatoes/ziemniaków
 – feed crops/roślin pastewnych
 – pulses crops/roślin strączkowych
 – other crops/innych upraw

%

100 
73.7
9.1
3.4

10.8
0.4
2.6

Yields/Plony:
 – cereals/zbóż
 – rape/rzepaku
 – potatoes/ziemniaków
 – sugar beets/buraków cukrowych
 – grasslands/łąk
 – pastures/pastwisk

dt/ha

38.0
29.1
210
580
50.8
188

Procurement prices/Ceny skupu: 
 – ce�ea� ��ains ziarn zbóż 
 – potatoes/ziemniaków
 – sugar beets/buraków cukrowych
 – �a�e/rzepaku
 – beef for slaughter/żywca wołowego
 – �o�k �o� s�au��te�/żywca wieprzowego
 – milk/mleka

PLN/dt/zł/dt

PLN/kg/zł/kg

PLN/l/zł/l

45.76
64.45
14.87

147.34
6.20
5.39
1.36

NPK �e�ti�ization/Nawożenie NPK kg/ha 133.0
Sou�ce: own stu�y
Źródło: opracowanie własne

Usin� t�e �ata co��ecte�, two o�timization mo�e�s we�e �e�e�o�e�, eac� wit� t��ee o��ecti�e 
functions. The first model was only concerned with plant production, and the second with plant 
and animal (mixed) production. The overall form of the models was as follows [Kalyanmoy 2001]:

Ax ≤ b  �est�icti�e (�a�ance) const�aints   (1)
x ≥ 0   boundary constraint    (2)
F = max {F1, F2, F3}  o��ecti�e �unction     (3)
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w�e�e:
A –  tec�nica� an� economic �a�amete� mat�ix (sown a�ea st�uctu�e, yie��s, anima� nut�ition   

nee�s, �e�ti�ize� �oses, man��ou� �eman�), 
b – constant te�m �ecto� (sown a�ea, a�ea o� mea�ows an� �astu�es, num�e�s o� anima�s o� 

in�i�i�ua� c�asses an� s�ecies, em��oyment),  
x – �ecision �a�ia��es �ecto� (a�ea o� a�a��e c�o�s, anima�s o� in�i�i�ua� c�asses an� s�ecies, 

sa�e o� ��o�uce, �u�c�ase o� means o� ��o�uction an� �ee�).
T�e �a�ance const�aints a�e an inequa�ity system t�at �esc�i�es t�e su��ace an� st�uctu�e o� t�e 

sown a�ea, c�o� �otation, actua� �e�ti�ize� consum�tion, yie��s an� �a�ou� consum�tion �e� c�o�. C�o� 
rotation (sugar beet, potato, oat, wheat, barley, triticale, rape, rye + stubble catch crop and other crops) 
�ua�antees �oo� ��ant co�e�a�e o� t�e �an� an� time�y �e��o�mance o� a��icu�tu�a� ��oce�u�es. Fo� 
sugar beet cultivation, a simplified system was proposed. It consists in sowing the seeds into stub�
��e catc� c�o� in ea��y s��in� (mu�c� ��i��in�) an� mixin� t�em wit� t�e ��ozen c�o� �esi�ues. T�is 
met�o� ��e�ents wate� an� win� e�osion, im��o�es soi� st�uctu�e an� inc�eases t�e content o� soi� 
o��anic matte�. Potato ��antin� is ��anne� to take ��ace �u�in� t�e ��ou��in� �own o� t�e catc� c�o�.

In t�e anima� ��o�uction mo�e�, t�e �est�icti�e const�aints a��itiona��y take into account t�e a�ea 
o� �e�manent ��ass�an� an� t�e c�an�ea��e com�osition o� t�e �i�estock. T�ey �a�ance t�e yie��s 
o� c�o�s meant �o� �ee�s wit� t�e anima�s’ �eman� �o� t�em, an� �oot c�o� o��anic �e�ti�ization 
wit� t�e manu�e o�taine� ��om t�e anima�s. T�ey a��ow �o� t�e sa�e o� su���uses o� t�e �u�c�ase 
o� �ee�s to com��ement own �ee� s�o�ta�es, o� �o� t�e �u�c�ase o� �i�����otein nut�iti�e �ee�s. 
In t�is mo�e�, su�a� �eet was �e��ace� wit� �o��e� �eet.

T�e F1 o��ecti�e �unction �e�e�s to ��oss �a�m income an� is ex��esse� usin� t�e �o��owin� 
�o�mu�a:

F1 = cTx → max        (4)
w�e�e: c – in�i�i�ua� income �ecto� �o� �a�ia��es �enotin� commo�ity acti�ity o� in�i�i�ua� 

out�ays incu��e� �y �a�ms in�o��e� in non�commo�ity acti�ity.
T�e F2 o��ecti�e �unction, maximizin� t�e size o� a��icu�tu�a� ��o�uction, �as t�e �o��owin� �o�m:

F2 = gTx → max       (5)

w�e�e: g – in�i�i�ua� ��o�ucti�ity �ecto� �o� ��ant an� anima� ��o�uction.
T�e F3 o��ecti�e �unction maximizes t�e amount o� soi� o��anic matte�:

F3 = pTx → max        (6)

w�e�e: p – vector of individual soil reproduction or degradation coefficients.
Individual farm income in the first model was calculated as the difference between produc�

tion value (price ́  yield) and production costs [Augustyńska-Grzymek 2012]. Subsequently, such 
income was inc�ease� �y �i�ect su�si�ies (Sin��e A�ea Payments an� com�ensato�y �ayments). 
In t�e secon� mo�e�, t�e met�o� �o� ca�cu�atin� in�i�i�ua� income �o� commo�ity ��o�uction 
�a�ia��es was not c�an�e�. Howe�e�, �o� non�commo�ity acti�ity, in�i�i�ua� costs �ec�ease� �y 
su�si�ies we�e use� as o��ecti�e �unction �a�amete�s.

T�e costs o� �a�ia��es �e�ate� to anima�s on�y inc�u�e� �ete�ina�ian se��ices, anima� insu�ance 
��emiums an� e�ect�icity consum�tion. Anima� nut�ition was secu�e� wit� own �ee�s (��ice� ac�
co��in� to ��o�uction costs) exce�t �o� in�ust�ia� mixe� �ee�s (��ice� acco��in� to ma�ket ��ices). 
Su���us ce�ea� an� �otato �a��est excee�in� t�e �a�m’s own nut�ition nee�s was ea�ma�ke� �o� sa�e.

The yields of individual crops were the coefficients used for the second objective function in 
t�e mo�e� on�y conce�ne� wit� ��ant ��o�uction. In t�e mixe� mo�e�, �i��e�ent units we�e use� 
to express plant production (dt/ha) and animal production (kg, l), therefore, it was presented in 
te�ms o� �a�ue in t�e o��ecti�e �unction.

Fo� t�e �u��ose o� �ete�minin� t�e �a�amete�s o� t�e t�i�� o��ecti�e �unction, t�e soi� o��anic 
matter reproduction and degradation coefficients according to Eich and Kindler were used (tab. 2). 
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Table 2. Soil organic matter reproduction and degradation coefficients 
Table 2. Współczynniki reprodukcji i degradacji materii organicznej gleby
Crops or organic fertilizers/Rośliny lub 
nawóz organiczny

Reproduction (+) and degradation (-) for soils
 [tons of organic matter per ha]/

Reprodukcja lub degradacja gleb [t/ha materii organicznej]
soils/gleby

light/
lekkie

medium/
średnie

heavy/
ciężkie

black soil/
czarnoziemy

Root plants/Okopowe
Maize/Kukurydza
Cereals, oilseeds/Zboża, oleiste
Winter catch crops, cereals for green/
Poplony ozime, zboża na zielonkę

- 1.26
-1.12
-0.49

-0.32

-1.40
�1.15
-0.53

-0.35

�1.54
-1.22
-0.56

-0.38

-1.02
-0.91
-0.38

-0.25
Pulses/Strączkowe
Undersown legumes and grass/Wsiewki 
motylkowe i trawy
G�ass/Trawy
Legumes/Motylkowe

+0.32

+0.63
+0.95
+0.89

+0.35

+0.70
+1.05
+1.96

+0.38

+0.77
+1.16
+2.10

+0.38

+0.77
+1.16
+2.10

Manure/Obornik*

Slurry/Gnojowica*

Straw/Słoma*

+0,35
+0,28
+0,21

4-5 t fresh weight/świeżej masy
10-16 t fresh weight/świeżej masy
about 1.1 t fresh weight/około 1,1 t świeżej masy

* per 1 ton of fertilizer dry matter/na 1 t materii organicznej
Source: own study based on [Fotyma, Mercik 2002]
Źródło: opracowanie własne na podstawie [Fotyma, Mercik 2002]

The values of the coefficients provided in the table describe the degree of soil organic matter 
exhaustion or enrichment expressed in t/ha for the cultivation of a given crop species or the ap�
plication of a specific dose of organic fertilizers.

T�e�e a�e a �ew met�o�s �o� so��in� mu�ti��e o��ecti�e ��o��ammin� mo�e�s. T�e most �o�u�a� 
of them is goal programming. It was developed by Charnes and Cooper [Charnes, Cooper 1961]. 
In t�is a���oac�, t�e mo�e� const�ucte� nee�s to �e so��e� se�a�ate�y �o� eac� o��ecti�e (usin� 
t�e �inea� ��o��ammin� met�o�). A�te� t�e o�tima� �esu�ts a�e ac�ie�e�, eac� o��ecti�e �unction 
is t�eate� as anot�e� o� t�e mo�e�’s �est�icti�e const�aints takin� t�e �o��owin� �o�m:

cTx = dr       (7)
gTx = pr       (8)
pTx = so        (9)
w�e�e: 
dr – t�e �i��est �a�m income �a�ue a��i�e� at in t�e so�ution o� t�e sin��e o��ecti�e mo�e�, 
pr – t�e o�tima� a��icu�tu�a� ��o�uction �a�ue a��i�e� at in t�e so�ution in t�e sin��e o��ecti�e     

 mo�e�, 
so – t�e amount o� o��anic matte� ��ese��e� in t�e soi� �esu�tin� ��om t�e o�tima� so�ution in  

 t�e sin��e o��ecti�e mo�e�.
In a�� o� t�e t��ee a��itiona� const�aints, a �est�icti�e const�aint on t�e ty�e o� equa�ity is 

��esent, w�ic� nee�s to �e weakene�. W�at we ca�� a �u�� weakenin� o� equa�ity is a t�ans�o�ma�
tion in w�ic� �a�ia��es �enotin� s�o�ta�e (u–)o� su���us (u+)occur that reflect the quantities of 
non�satis�action o� t�e �a�ues a��i�e� at in sin��e�o��ecti�e mo�e�s. A�te� t�e t�ans�o�mation, t�e 
given restrictive (flexible) constraints will take the following form:

cTx – u1
+ + u1

– = dr    (10)

gTx – u2
+ + u2

– = pr  (11)

pTx – u3
+ + u3

– = so   (12)
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Su�sequent�y, many o��ecti�es a�e �e��ace� wit� one �istance �unction �esc�i�in� t�e ta��et 
�a�ue �e�iation costs (�ena�ties):

F =  u1
+ + u1

–  +u2
+ + u2

– + u3
+ + u3

– → min  (13)

T�is �unction �eatu�es �ot� t�e �a�ia��es �esc�i�in� t�e s�o�ta�e o� su���us o� �a�m income an� a��i�
cu�tu�a� ��o�uction, as no s�ecia� �ecommen�ations exist as to t�e met�o� o� a��i�in� at t�em. Howe�e�, 
t�e s�o�ta�e o� soi� o��anic matte� s�ou�� �e minimize� in o��e� to a�oi� en�i�onmenta� �e��a�ation.

Research results
T�e o�tima� so�utions o� mu�ti��e o��ecti�e mo�e�s s�owe� a ��o�uction st�uctu�e t�e im��e�

mentation o� w�ic� wi�� �a�ance t�e t��ee o��ecti�es assume� (ta�. 3).

Ta��e 3. Resu�ts o� t�e so�ution o� mu�ti��e o��ecti�e mo�e�s �o� an a�e�a�e Po�is� �a�m 
Tabela 3. Wyniki rozwiązań modeli wielokryterialnych przeciętnego gospodarstwa rolnego w Polsce
Specification/Wyszczególnienie Units/Jedn. Models/Modele

I II
Sown area/Powierzchnia zasiewów
Wheat/Pszenica
Barley/Jęczmień
Rye/Żyto
Oats/Owies
Triticale/Pszenżyto
Rape/Rzepak
Potatoes/Ziemniaki
Beets/Buraki 
Other crops/Inne uprawy
Stubble catch crop/Poplon ścierniskowy
Grassland/Łąki
Pastures/Pastwiska

�a

7.53  
1.15  
0.61  
1.57  
0.99  
0.86  
0.96  
0.41  
0.80 
0.18  
1.57  

�
�

7.53  
1.15  
0.73  
1.69  
1.06  
0.92  
0.96  
0.71  
0.11  
0.19  

�
0.92 
1,35

Cows/Krowy
Calves/Cielęta
Young cattle for fattening/Młode bydło 
opasowe
Sows/Lochy
Piglets/Prosięta
Porkers/Tuczniki

heads/szt.

�
�

�
�
�
�

2 
2 

2 
1 

16 
15

Farm income/Dochód rolniczy PLN/zł (EUR) 20 386.90 (4831,02) 31 937.09 (7 568,03)

Agricultural production/Produkcja rolnicza 547.80 dt 50 285.68 (11 916,04) 
PLN/zł (EUR)

Organic matter in the soil/Materia 
organiczna w glebie t 0.39 0.56 

Explanation: in parentheses, the value of the euro, 1 EUR = 4,22 PLN/w nawiasach podano wartość w euro, 
przyjęty kurs 1 euro = 4,22 zł
Sou�ce: own ca�cu�ations on MATLAB ��o��am 
Źródło: obliczenia własne na podstawie programu MATLAB

T�e ta��e on�y contains t�e main �esu�ts. T�e �emainin� in�o�mation is conce�ne� wit� t�e 
quantities o� t�e ��o�uce so��, means o� ��o�uction an� mixe� �ee�s �u�c�ase�, as we�� as man�
�owe� �eman�. T�e num�e�s o� cows an� sows in t�e o�tima� so�ution in t�e anima� ��o�uction 
model reflected their actual numbers. However, the numbers of the remaining animal species were 
�e�i�e� ��om t�e c�an�ea��e com�osition o� t�e �i�estock.

T�e �a�ues ac�ie�e� �o� a�� t�e o��ecti�e �unctions we�e t�e �i��est t�at cou�� �e ac�ie�e� �y 
�u�suin� t�e t��ee o��ecti�es simu�taneous�y.
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Summation
Fo� t�e �u��oses o� t�ese ana�yses, a t�a�itiona� �a�m was c�osen t�at �emonst�ate� no c�ea� 

��o�uction o�ientation. Fo� t�is �a�m, two mu�ti��e o��ecti�e o�timization mo�e�s we�e �e�e�o�e�. 
Mo�e� I was conce�ne� wit� ��ant ��o�uction an� mo�e� II wit� ��ant an� anima� ��o�uction. In �ot� 
of these models, the same crop rotation was considered in which cereal crops amounted to over 70%, 
root crops to approx. 10%, and rape to not more than 13%. The crop rotation assumed guaranteed 
�oo� ��ant co�e�a�e o� t�e soi� an� time�y �e��o�mance o� a�� a��icu�tu�a� ��oce�u�es. In mo�e� II, 
�ase� on nut�itiona� in��e�ient �a�ances, an o�timization ��ocess �o� t�e consum�tion o� �u�ky �ee�s 
��o�uce� in t�e �a�m was �e��o�me� an� t�e �equi�e� quantity an� ty�e o� nut�iti�e �ee�s t�at �a� 
to �e �u�c�ase� was ca�cu�ate�. T�e mo�e�s’ o�tima� so�utions s�owe� suc� a ��o�uction st�uctu�e 
t�at �a�e t�e �i��est �a�m income an� a��icu�tu�a� ��o�uction �ossi��e un�e� t�e �i�en con�itions 
an� a��owe� �o� ��o�e� mana�ement o� t�e soi�’s natu�a� �esou�ces. T�e�e�o�e, t�e mo�e�s a��owe� 
us to study the fulfilment of the economic, production and ecological objectives in an average Polish 
�a�m in�o��e� in ��ant ��o�uction o� mixe� ��ant an� anima� ��o�uction. T�e �a�m income �easi��e 
un�e� t�e sustaina��e �e�e�o�ment con�itions �o� a ��ant���o�ucin� �o�m was �e�ati�e�y �ow an� 
amounted (together with subsidies) to approx. PLN 1698.91 (EUR 402,58) a month (PLN 20386.9 / 
12 and EUR 4831,02). It is not comparable to wages in other sectors of the Polish national economy. 
T�e a�e�a�e mont��y ��oss �emune�ation (a measu�e com�a�a��e to �a�m income) in t�e �usiness 
sector according to Central Statistical Office [Zgierska 2013] in 2013 amounted to PLN 2730 (EUR 
646,92). The amount of farm income obtained here does not allow the farm to develop. 

In �a�ms in�o��e� in anima� ��o�uction, �a�m income was a���ox. 57% �i��e� t�an t�at in 
�a�ms t�at on�y ��o�uce� c�o�s. It was com�a�a��e to net wa�es in t�e �usiness secto� (PLN 
31 937.09 / 12 = 2661.42 and EUR 7568,03/12=2661,42 PLN and 630,57 EUR). In spite of this, 
many �a�me�s �a�e �i�en u� t�is ty�e o� �usiness a�te� Po�an� �oine� t�e EU. T�e �i�� qua�ity 
�equi�ements, com�ine� wit� a �ack o� �un�s �o� mo�e�nisation o� t�e �a�ms, �a�e �een t�e main 
�easons w�y suc� �a�me�s �a�e sto��e� �aisin� �i�estock.

The value of farm income depends, first of all, on the size and quality of production. By increasing 
��o�uction qua�ity, one can inc�ease ex�o�ts an� �omestic sa�e an�, as a �esu�t, o�tain �ette� ��ices. 
P�o�uction o�taine� in t�e mo�e� �a�m is o� �i�� qua�ity. It is so, �ecause t�e c�o�s we�e cu�ti�ate� 
usin� �ow �oses o� mine�a� �e�ti�ize�s an� on�y t�e in�is�ensa��e c�emica� ��ant ��otection ��oce�u�es.

In �ot� t�e mo�e�s, a���yin� t�e ��inci��es o� sustaina��e �e�e�o�ment �e��e� ac�ie�e a 
positive soil organic matter balance (0.39 t and 0.56 t). In the animal producing farm, the manure 
produced was used to fertilize beets, potatoes and rape using the following doses: 300, 350 and 
300 dt/ha, respectively. These doses replenish humus losses throughout the entire crop rotation 
cyc�e. In t�e c�o�s�on�y �a�m, o��anic �e�ti�ization took t�e �o�m o� ��ou��in� �own t�e st�aw 
an� stu���e catc� c�o�. Howe�e�, it nee�s to �e note� t�at �e�ti�ization wit� st�aw, e�en wit� t�e 
a���ication o� an a��itiona� �ose o� nit�o�en, ��in�s wo�se ��o�uction �esu�ts w�en com�a�e� to 
t�e use o� manu�e. Mo�eo�e�, ��ou��in� �own st�aw too ��equent�y may �a�e ne�ati�e e��ects 
on t�e eme��ence an� initia� ��owt� o� some ��ant s�ecies. W�en st�aw �ecom�oses in soi�, 
�io�o�ica��y�acti�e com�oun�s a�e ��o�uce� t�at �in�e� t�e ��owt� o� c�o�s. T�is ��enomenon 
is ��e�ente� �y com�inin� �e�ti�ization wit� st�aw an� stu���e catc� c�o� cu�ti�ation. 

T�e mo�e�s a�e suita��e �o� t�e stu�y sustaina��e ��o�uction st�uctu�e in t�e Po�is� �a�m.

Conclusions
1. Mu�ti��e�o��ecti�e mo�e�s can �e use� as a too� su��o�tin� �esea�c� into t�e sustaina��e 

�e�e�o�ment o� �a�ms. T�ey a��ow �o� t�e �ete�mination o� suc� a ��o�uction st�uctu�e t�at 
wi�� �ua�antee t�e �i��est �a�m income �ossi��e un�e� t�e �i�en con�itions, an� ensu�e �i�� 
stan�a��s o� ��o�uction, makin� su�e t�at en�i�onmenta� �e��a�ation is a�oi�e�.

2. Fa�m income o�taine� as a �esu�t o� t�e o�tima� so�ution o� t�e mu�ti��e o��ecti�e mo�e� �o� t�e 
��ant���o�ucin� �a�m is �owe� t�an non�a��icu�tu�a� wa�es an� �oes not a��ow �o� �a�m �e�e�o�ment.
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3. Fa�m income o�taine� in t�e anima����o�ucin� �a�m is com�a�a��e to wa�es in ot�e� secto�s o� 
t�e nationa� economy. T�e �i�� qua�ity stan�a��s ex�ecte� o� anima� ��o�uction �a�e �e�uce� 
anima� �aisin� acti�ity, t�ou��.

4. T�e a��icu�tu�a� ��o�uction st�uctu�es in �ot� t�e mo�e�s �i��e� s�i��t�y. Fa�m income �aine� 
in t�e anima� �a�m is a���ox. 85% �i��e� t�an t�at in t�e �a�m t�at on�y ��o�uces c�o�s.

5. In �a�ms ��o�ucin� c�o�s, t�e�e is a �ossi�i�ity o� maintainin� a �ositi�e soi� o��anic matte� 
�a�ance �y ��ou��in� �own st�aw an� cu�ti�atin� stu���e catc� c�o�s, an� in �a�ms �aisin� 
�i�estock �y �e�ti�izin� soi� wit� manu�e.
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Streszczenie
Celem badań było przedstawienie zrównoważonego rozwoju produkcji rolniczej na przykładzie 

przeciętnego gospodarstwa rolnego w Polsce. Badanie przeprowadzono za pomocą wielokryterialnych 
modeli optymalizacyjnych. Na podstawie danych statystycznych zbudowano dwa modele. Model I opisywał 
gospodarstwo rolne z produkcją roślinną, model II z produkcją roślinną i zwierzęcą. Funkcje celu tych 
modeli dotyczyły dochodu rolniczego, produkcji rolniczej i ilości substancji organicznych w glebie. Kryteria 
te dążyły do zachowania równowagi, istotnej dla zrównoważonego rozwoju, między celem ekonomicznymi, 
produkcyjnymi i ekologicznymi. Wyniki rozwiązań optymalnych ustaliły taką strukturę produkcji, która nie 
degraduje środowiska naturalnego, daje najwyższy, możliwy w danych warunkach dochód rolniczy i zapewnia 
produkcję o wysokim standardzie, niezbędną na potrzeby własne oraz na sprzedaż. Struktura produkcji 
roślinnej w rozwiązaniach obu modelach różniła się nieznacznie. Dochód rolniczy uzyskany w gospodarstwie 
rolnym ze zwierzętami był o około 85% wyższy niż w takim samym gospodarstwie zajmującym się tylko 
produkcją roślinną. W obu modelach, dzięki stosowanym zasadom zrównoważonej produkcji, uzyskano 
dodatni bilans substancji organicznych w glebie.
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