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Abstract. Crop production processes are increasingly focused on the proper use of the natural environment. 
Therefore, the main purpose of this paper was to identify factors determining farmers' decision to cultivate 
legumes on their farms. Additionally it was decided to estimate economic benefits resulting from atmospheric 
nitrogen fixing by plants. The value of economic benefits was calculated by multiplying the price per kg of pure 
nitrogen and the amount of nitrogen fixed in the soil after the crop residues are ploughed. This paper relies on 
empirical studies which covered 180 selected legume farms across the country. As shown by the calculation, 
the value of biological benefits for the cultivation of peas was 140 PLN/ha and 58 PLN/ha more for lupins. The 
farmers surveyed cited improved soil texture and the beneficial impact of legumes on the yield of subsequent 
crops as the main reason for introducing legumes into their cropping patterns.

Introduction
The concept of “sustainable development” was extended to cover the agricultural sector, 

thus contributing to the creation of “sustainable agriculture” underpinned by the following as-
sumptions [Juszkiewicz 2006, p. 3-6]:
–– centering all efforts around agriculture; instead of only supporting production processes 

and general social benefits brought by agriculture and rural areas, efforts are also focused 
on self-realization at work;

–– using natural resources efficiently;
–– farming responsibly: an ethical and esthetical approach to nature;
–– reducing the production volume by taking the capacity of ecosystems into consideration; 

combining crop and livestock production;
–– limiting the use of productivity-enhancing inputs;
–– preserving all functions of the soil as the foundation for farming operations;
–– reflecting the economic and ecological “truth” in agricultural commodity prices.

According to Mariusz Fotyma [2000], the sustainable development of agriculture is of 
special importance for the general concept of sustainable social development. This is because 
the agricultural sector is widely believed to be one of the principal administrators of the natural 
environment. Meanwhile, economic and agri-economic literature emphasizes that sustainable 
rural development is one of today’s priorities. This approach involves recognizing various ag-
ricultural and non-agricultural functions delivered by rural areas [Krasowicz 2006, p. 256-257]. 
1	T his publication was prepared as a part of the multi-annual programme, “Enhancing the use of domestic feed pro-

teins in the production of high-quality animal products in a sustainable development perspective” under Research 
Area 5, “Improvement and development of the market trade system for native protein crop resources through the 
commercialization of products; through the development of a model business strategy for the market maker to 
stimulate demand for native protein crops; and by monitoring and forecasting economic and financial impacts of 
operators active in the market for native protein crops”.
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In addition to being used for production purposes, cultivated land has many social functions, 
and therefore there is a shift in agricultural policy towards the multifunctional development 
of agriculture and rural areas. The arrangement and management of rural areas must comply 
with sustainable development principles adopted at the 1992 Earth Summit in Rio de Janeiro.

The essence and a pre-requisite for the success of this idea are comprehensive measures taken 
by the entire society. The Code of Good Agricultural Practice is aimed at helping to stimulate 
environmental and legal awareness. It prevents breaches, provides a list of authorized and prohib-
ited actions, is aimed at helping to stimulate environmental and legal awareness among society, 
and shows how to reduce the adverse environmental impact of agriculture [MARD, ME 2004].

Sustainable agriculture is impossible without sustainable farms considered to be a basic 
building block in this sector [Fotyma 2000, p. 19].

The environmental sustainability of a farm is reflected by the crop rotation system (charac-
terized by the share of cereals in the crop structure, the number of crop groups, and the share 
of arable land covered with plants in the winter) and by the fertilizing system which takes farm 
livestock density and fertilizer balance into account [Zegar 2005, p. 9-13]. 

Crop production processes are increasingly focused on the proper use of the natural environment. 
In addition to enriching the soil with nitrogen, the cultivation of legumes brings many other biologi-
cal benefits. Leguminous plants are one of the best precursor crops for other domesticated plants 
because they enrich the soil in nitrogen while largely improving its physical properties and fertility. 
Nitrogen plays a major role in carbon fixation by plants; if deficient, it degrades the physiological 
activity of plants and results in lower yield. The use of atmospheric nitrogen contributes to a lower 
use of mineral fertilizers (whether mixed with grass or used for subsequent crops). According to 
Stefan Martyniuk [2012, p. 17-22] and Franciszek Kapusta [2017, p. 70], legumes deliver from 139 to 
170 million tons of nitrogen to the Global N-Cycle each year, while the global production volume 
of nitrogen fertilizers is 101.7 million tons (in 2013) [GUS 2015, p. 847]. Introducing legumes into 
crop rotation is a way to reduce the use of mineral fertilizers by as much as 20–25% [Prusiński et al. 
2008, p. 111]. For instance, yellow lupins may biologically fix 100 to 140 kg of nitrogen per hectare. 
The ratio of nitrogen output in harvested crops is only about 70%; the remaining portion, fixed in 
the soil, is used by subsequent crops [Majchrzak et al. 2010]. Also, the production of legumes can 
help reduce greenhouse gas emissions through the assimilation and fixation of nitrogen in the soil. 
Legumes enrich the soil with organic matter in the form of crop residues which increase the capacity 
of sorption sites in the soil; this is extremely important, especially for loose-textured soils. With a 
well developed root system, leguminous plants are able to absorb water and nutrients from deeper 
layers of the soil. Also, legumes demonstrate phytosanitary properties and act as a biological land 
improvement agent. They play an extremely important role in cereal pest and disease control; they 
are good precursor crops for cereals and industrial plants; they improve the soil texture by increasing 
humus content resulting from a large quantity of crop residue; they contribute to reducing the spread 
of pathogens and help remove certain weed species [Podleśny, Księżak 2009, Jerzak et al. 2012, 
Czerwińska-Kayzer 2015]. The factors listed above also contribute to higher yields of subsequent 
crops [Dzienia et al. 1989, Buczek et al. 2009, Kapusta 2017]. According to Bogdan Dubis and 
Wojciech Budzyński [1998], this translates into a costless increase in the yield of subsequent crops 
by up to 0.5–1 t/ha. Therefore, because of the benefits discussed above, legumes may become an 
important group of crops for the sustainable and green agriculture concept. 

Despite the abovementioned environmental benefits, the profitability of legume farming in 
Poland continues to be low and does not encourage enough farmers to engage in legume pro-
duction. However, when calculating cost-efficiency, farmers usually fail to consider the future 
value of land released from legume crops, the higher yields of subsequent crops or cost savings 
due to the lower use of nitrogen fertilizers. The primary aim of this study was to identify factors 
determining farmers' decision to cultivate legumes on their farms. Additionally it was decided 
to estimate economic benefits resulting from atmospheric nitrogen fixing by plants. 
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Material and methods of studies 
To meet the objective defined above, this paper relied on the results of a 2017 study conducted 

with a sample of 180 farms across the country. Also, the economic viability of the production of 
selected legumes was assessed. The sample selected for this study were farms engaged in legume 
production having declared to be provided with a crop specific payment for legumes in previous 
years, and having agreed to take part in the study. The measurement method employed was a 
direct interview based on a standardized survey questionnaire. The study included 180 farms, of 
which 55% were small farms of max. 50 ha, almost 15% were farms of 50-100 ha and slightly 
over 30% were farms above 100 ha. Surveyed farmers declared that in the previous year they 
obtained pea yields ranging from 10 to 36 ha/dt, while those of lupine ranged from 11 to 25 dt/
ha. The profitability of pea and yellow lupin cultivation was determined based on a modified 
operating income account where the agricultural income is the difference between gross margin 
without subsidies (production value less direct costs) and intermediate operating expenses, plus 
the value of production subsidies obtained [Czerwińska-Kayzer 2015]. The value of economic 
benefits was calculated as a product of the mean market price of 1 kg pure nitrogen (2.93 PLN/kg) 
and the quantity of this nutrient, remaining in the soil after harvest residue has been ploughed under. 
In this calculation it was assumed that in the case of field pea culture it is 47.8 kg N per hectare, while 
in the case of yellow lupine it is 68 kg, respectively. Once collected, the information was analyzed 
and described with the use of descriptive statistic methods.

Results of the study
Despite their positive characteristics, the acreage of leguminous plants continues to be too 

small. In 2016, the area sown with legumes was 321 000 ha, i.e. 21% less than in the previous 
year [GUS 2017]. One probable reason is that farms underestimate the importance of a proper 
crop rotation system and lack environmental awareness of benefits brought by legumes in terms of 
soil condition. Also, because legumes are highly sensitive to unfavourable environmental factors 
(especially including periodical and short term soil and atmospheric drought), yield is unstable and 
tends to vary. This is a contributing factor making farmers less interested in legume cultivation. 
In Poland in the years 2007-2017 the mean yield of pea ranged from 21.9 dt/ha in 2008 to 29.1 
in 2012, while that of lupine ranged from 12.9 dt/ha in 2008 to 17.5 dt/ha in 2014. Cropped area 
and variability in yielding determine the domestic production of legume seeds [GUS 2008-2017].

The survey served as a basis for identifying the determinants of legume farming. During the 
interview, respondents were asked about the main reasons they cultivate legumes. They were asked 
to identify and rank 3 main reasons (1 – key reason; 2 – important reason, 3 – less important reason). 

According to the farmers, the key reason for cultivating legumes is that they improve the tex-
ture of the soil, and its fertility and productivity (fig. 1). Another important reason is the impact of 
legumes on the quantitative and qualitative improvement in the yield of subsequent crops; this is 
because legumes provide favourable soil conditions for many species. According to the farmers, 
the leguminous plants’ biological capacity to fix nitrogen is also an important aspect. The plants 
use 100% of nitrogen, if fixed symbiotically, and only 50 to 60% of nitrogen in mineral form (the 
remaining part is flushed out, moves deeper into the soil or is released into the air). 

The most commonly cited reasons why farmers do not introduce legumes into their cropping 
patterns are economic aspects (27% of the interviewees) and a lack of market outlets (17%). When it 
comes to economic aspects, low profitability was the most frequent answer [cf. Śmiglak-Krajewska 
2014]. However, farmers usually fail to take account of additional benefits brought by legumes when 
assessing their economic competitiveness against cereals or rape. Legumes have the capacity to 
biologically fix nitrogen. For instance, yellow lupins may biologically fix 100 to 140 kg per hectare. 
The ratio of nitrogen output in harvested crops is only about 70%; the remaining portion, fixed in 
the soil, is used by subsequent crops. Fodder processing plants show little interest in legumes as 
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a raw material. This is primarily 
because production is dispersed 
and no one is able to deliver 
large batches of raw materials 
with homogeneous qualitative 
and quantitative characteristics. 
Purchasing legumes from small 
agricultural producers is cost-
inefficient and inflates the price 
of raw materials. 

By forming associations 
with bacteria that fix atmos-
pheric nitrogen, legumes build 
their own organism while 
enriching the soil. Depending 
on the species and conditions, 
the process supplies from 20 
to 200 kg/ha of nitrogen to the 
soil [Kapusta 2012, p. 18-19]. 
According to Bogdan Kulig 
[2011], ploughed-in pea, lupin 
and field bean residues deliver 

40 to 60 kg, 65 to 95 kg and 60 to 80 kg 
of nitrogen per hectare, respectively. 
According to research by Jerzy Szukała 
[2012], yellow lupin fixed 95.9  kg of 
pure nitrogen per hectare in 2011. In 
turn, Janusz Podleśny and Jerzy Księżak 
[2009] indicate that legume residues 
deliver up to 80 kg of nitrogen per hec-
tare (including 52.5 kg in seeds and the 
remaining 43.3 kg in crop residues). Ac-
cording to Stanisław Stawiński [2010], 
the quantity of pure nitrogen supplied to 
the soil by lupins is 50 to 70 kg, and the 
yield of cereals sown immediately after 
lupins increases by 4 to 7 q/ha, without 
additional expenses (or even by 15 q/ha 
in specific cases). Therefore, the farm 
does not need to incur costs of purchasing and using nitrogen fertilizers. Also, subsequent crops 
require smaller quantities of nitrogen from mineral fertilizers.

These calculations assume that the amount of nitrogen supplied by fodder pea and yel-
low lupine is 47.8 kg/ha and 68 kg/ha, respectively (tab. 1). Profitability is the primary fac-
tor determining the decision on growing native legumes by farmers and associated with the 
supply-side market economics [Śmiglak-Krajewska 2014]. As shown in table 1, the production 
value of field peas at the average yield level (26 dt/ha) was 2,210 PLN/ha in 2017. For yellow 
lupins, the respective values were 18 dt/ha and 1,368 PLN/ha. The total amount of subsidies 
for legume production was 1,702.9 PLN, i.e. 44 and 55% of total incomes for peas and lupins, 
respectively. Sales proceeds of yellow lupin seeds were lower than costs incurred; the cultiva-

Figure 2. Reasons why farmers do not introduce legumes 
into their cropping patterns (n=180)
Source: own study based on the questionnaire survey
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tion becomes economically viable only 
after production subsidies are taken into 
account. This calculation showed that the 
value of economic benefits resulting from 
fixing of atmospheric nitrogen was 140 
PLN/ha, while it was higher for lupine, 
at 198 PLN/ha (tab. 1) [cf. Czerwińska-
Kayzer 2015]. In pea growing the eco-
nomic benefits amounted to 3%, while in 
lupine growing it was 6%. By comparing 
the production value and benefits generated 
by fixing of atmospheric nitrogen with the 
total incurred costs it may be stated that 
it is not profitable to grow pea or lupine. 
This production proves to be profitable 
only after direct payments are included in 
the calculation, as a certain compensation 
for the external beneficial environmental 
effects generated by the farms. In 2011 the 
Polish government introduced subsidies 
to the cultivated area cropped to legumes. As a consequence a considerable increase has been 
observed in the area cropped to native legumes. At present these subsidies serve their functions 
by generating income, providing compensation and stimulating production. In view of mineral 
fertiliser prices and costs related with their application, legume forecrop provides added value, 
which also needs to be considered when preparing the cost/benefit analysis. Yields of barley or 
spring wheat sown after lupine increase by 4.5-7.0 dt/ha. At the mean increase in the yield of 
e.g. barley in the following year by 5 dt per 1 ha and the price of 60 PLN/dt this would provide 
the farmer with 300 PLN/ha additional economic benefits, which need to be taken into account 
in the cost-effectiveness analysis.

Summary
1.	 In this study factors determining decisions of farmers to grow legumes on their farms were 

identified based on the questionnaire survey. The respondents showed that the primary re-
asons to introduce legumes to the cropping structure were connected with the improved soil 
structure and the effect of legumes on an increase in legume the yield of follow-up crops.

2.	 Based on the conducted calculations it was found that neither of the investigated crops ge-
nerated economic benefits when the analyses excluded direct payments assuming the mean 
pea yields at 26 dt/ha, and lupine at 18 dt/ha, respectively. Direct payments and subsidies 
to production and seeding material have a considerable effect on income from farming and 
as a result also on a reduction of income risk. In the case of pea the subsidies and direct 
payments covered 43.5% total costs, while for lupine it was approximately 55%. Accor-
ding to the calculation presented by the Pomeranian Extension Services Centre agricultural 
income from field pea production excluding direct payments and subsidies proves to bring 
a profit only at the yield of min. 30 dt/ha, while in the case of lupine the breakeven point is 
reached at the yield of 30 dt/ha.

3.	 The conducted calculation showed that the economic benefits resulting from fixing of 
atmospheric nitrogen was for pea amounted to 140 PLN/ha, while for lupine it was by  
58 PLN/ha greater.

Table 1. Measuring economic benefits in field pea and 
yellow lupine culture focusing on benefits related with 
atmospheric nitrogen fixing
Specification Field 

pea
Yellow 
lupine

PLN/ha
Value of production 2 210.0 1 368.0
Production subsidies 1 702.9 1 702.9
Value of production + subsidies 3 912.9 3 070.9
Total costs 3 081.0 2973
Farm income without subsidies -871.0 -1604.0
Farm income with subsidies 831.9 97.9
Eeconomical benefits* 140.0 198.0
Final incom 971.9 295.9

* Average price of nitrogen: 2.93 PLN/kg
Source: own elaboration based on agricultural revenue 
per ha calculations prepared by Kujawsko-Pomorski 
ODR [K-PODR 2017] 
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Streszczenie
  W produkcji roślinnej w coraz większym stopniu zwraca się uwagę na odpowiednie wykorzystanie 

środowiska przyrodniczego. Głównym celem opracowania jest określenie czynników warunkujących decyzje 
rolników o podjęciu uprawy roślin strączkowych w gospodarstwach rolnych. Dodatkowo przeprowadzono 
kalkulację wyceny korzyści ekonomicznych wynikających z wiązania azotu atmosferycznego przez rośliny. 
Wartość korzyści ekonomicznych obliczono jako iloczyn średniej rynkowej ceny 1 kg czystego azotu  
(2,93 zł/kg) i ilości tego składnika, jaka pozostaje w glebie po przeoraniu resztek pożniwnych. Wykorzystano 
badania empiryczne, którymi objęto 180 wybranych gospodarstw rolnych na terenie całego kraju, 
zajmujących się produkcją roślin strączkowych. Ankietowani rolnicy wskazali, że głównym powodem 
wprowadzenia roślin strączkowych do struktury zasiewów była poprawa struktury gleby oraz wpływ roślin 
strączkowych na wzrost plonów roślin następczych. Z przeprowadzonej kalkulacji wynika, że wartość 
korzyści ekonomicznych wynikających z wiązania azotu atmosferycznego dostępnego dla kolejnych roślin w 
płodozmianie w przypadku uprawy grochu wynosiła 140 zł/ha, natomiast dla łubinu była wyższa o 58 zł/ha.
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