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Abstract. Nowadays, the need for sustainable development of agriculture is emphasized. The sector must not 

only supply enough food world population and provide income for farmers, but also reduce its impact on the 

environment. The possibility of achieving these two objectives together may result from the introduction of 

biological innovations in the form of new crop varieties, which use nutrients more efficiently or are better adapted 

to the production conditions. The aim of the work is to determine the changes in the level of nitrogen utilization 

from mineral fertilizers by winter wheat and rye varieties introduced for cultivation in Poland in 1998–2014. The 

results of varietal experiments carried out by RCCT were used in the research. The changes in the productivity 

level of nitrogen fertilization were determined for the tested varieties. It was found that newer varieties of winter 

wheat and rye were characterized by higher grain production per 1 kg of nitrogen in mineral fertilizers. Varieties 

from 2012–2014, compared to those from 1998–2000, were characterized by higher productivity by 4 kg of grain 

/ 1 kg of N and 10 kg of grain / 1 kg of N, respectively for winter wheat and rye. This could significantly contribute 

to the reduction of emissions from agricultural production, since the estimated reduction in the use of nitrogen 

fertilizers in cereal production was over 5 % for the volume of production from 2017. It was found that introducing 

new varieties that use nitrogen fertilization more efficiently can be an important factor leading to reducing 

emissions from agriculture and to increasing agricultural production without increasing pressure on the natural 

environment. 
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Introduction 

Economy, including agriculture, is changing constantly. For many years, innovations introduced 

in various spheres of agricultural activity have led to a constant increase in productiveness of the 

production factors engaged (Wicki, 2018a). Innovations involve the production technologies applied, 

machines, fertilizers, plant protection agents, as well as plants and animals. In plant production, 

biological progress is ensured by cultivation and selection for agricultural production of plant varieties 

that are constantly being improved. Over the long-term perspective, in developed countries, about 

50 % of increase in cereal yield has been achieved thanks to plant cultivation and new varieties 

(Duvick, 2005; Thirtle, 1995). In Poland, in years 2006–2017, introduction of innovations consisting 

of new varieties explained 20 to 60 % of increase in cereal yield, depending on the species (Wicki, 

2017a; 2018b). In new varieties, various features are developed, including those associated with 

better use of nitrogen and its contribution to yield. On the average, agricultural plants use only 33 % 

of available nitrogen (Raun and Johnson, 1999). Modern varieties e.g. of wheat, although not always 

characterized by better nitrogen utilization, are usually more capable of using its high doses, which 

results in high yield, including under conditions of low-intensity and organic farming (Guarda, 

Padovan and Delogu, 2004). The genes of these plants are adapted to better use of nitrogen (Van 

Sanford and MacKown, 1986; Ortiz-Monasterio at al. 1997; Le Gouis at al., 2000). Traditional varieties, 

adapted to low nitrogen content in the soil, can be used in extensive farming and constitute a valuable 

source of genes in plant cultivation (Dawson, Huggins and Jones, 2008). 

Increase in agricultural production is necessary due to the growing demand for food and limited 

land resources (Hitz, Clark and Van Sanford, 2017), which calls for use of high-yielding varieties 

(Stevenson at al., 2013) and engagement of high expenditures. This generates higher production 

costs and increases the risk of environmental pollution (Guarda, Padovan and Delogu, 2004).  
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At present, an important objective is to achieve a higher level of utilization of nitrogen from 

mineral and organic fertilizers, translating to higher yield per unit of fertilizer. To produce 1 ton of 

nitrogen fertilizer, about 870 cubic meters of natural gas is used. There is also energy used in 

transport and in the fertilization process, as well as fuel and labour expenditures. In order to limit 

the costs of fertilizing and reduce the potential negative environmental impact, it is necessary to 

search for new solutions. These include precision farming, plant breeding oriented at varieties, which 

make better use of nitrogen and are characterized by a positive response to more intensive 

fertilization (Dawson, Huggins and Jones, 2008). This may contribute to reduction of plant demand 

for nitrogen while maintaining a constant yield of grain and protein, which, however, does not relate 

directly to the impact of excessive nitrogen fertilization on the environment. Moreover, it has been 

estimated that expenditures for fertilizers amount even to 50 % of cost of cereal production (Klikocka 

at al., 2011), and nitrogen balance in agriculture depends mainly on fertilization level (Jankowiak at 

al., 2010; Tkaczyk at al., 2018). Higher plant yield, on the other hand, is also associated with greater 

sequestration of atmospheric carbon by plants, and thus total greenhouse gas emission may grow at 

a slower pace than production (Faber and Jarosz, 2018). According to Kopinski (2018), in Poland, in 

years 2002-2016, GHG emission from agriculture was reduced despite increase in production. Factors 

that contributed to this were increase in utilization of modern plant varieties and their yield potential 

(Wicki, 2016; 2017b), and application of proper production techniques in farming. 

The aim of improving effectiveness of use of fertilizers has some environmental aspects as well. 

At present, the level and causes of greenhouse gas emission from agricultural production is being 

analysed thoroughly, indicating the need to reduce emission (Lenerts at al., 2017; Naglis-Liepa at 

al. 2018). Some of the postulated actions would have to result in limiting of production and a 

disadvantageous change in land use structure. Achievement of environmental objectives in 

agriculture is usually accompanied by limiting of production objectives (Czyzewski and Staniszewski, 

2018; Kraciuk, 2018), and from the perspective of sustainable development, it is necessary to search 

for solutions that would make it possible to generate environmental public goods by farming without 

limiting production (Danilowska, 2015; Golebiewska and Pajewski 2018; Malazewska, 2015). Another 

benefit of varieties improvement is the possibility of choosing better plants in terms of their 

adaptation to soil and climatic conditions, which reduces the production and economic risk in 

agriculture (Wicka, 2018). 

Possibilities of achieving higher production thanks to more effective use of fertilizers are thus due 

to achievements in plant cultivation and application of proper farming techniques (Gastal at al., 

2015). As a result, it is possible to achieve the objectives in productivity, economy and environment 

protection. Thus, these activities are aimed at sustainable development of farming. 

Aim and methods 

The objective of this study is to determine the changes in level of utilization of nitrogen from 

mineral fertilizers by winter wheat and rye varieties introduced to production in Poland in years 1998-

2014.  

The following research tasks were completed: 1) gross productivity of nitrogen fertilization was 

determined for winter wheat and rye varieties introduced in individual years of the examined period; 

2) the trend in gross productivity of nitrogen fertilization depending on variety age was specified. 

The source of data was information published annually by the Research Centre for Cultivar Testing 

(RCCT) on yields of individual varieties under conditions of a field experiment. The analysis period 

encompassed years 2005-2017, and the comparison involved those varieties, which were tested for 
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at least two years. In total, the comparison included 40 varieties of rye and 101 varieties of winter 

wheat. Information was gathered on yield and fertilization level for each variety in each of the years 

analysed. For each variety and year, grain yield (Y) was determined per 1 kg of nitrogen in mineral 

fertilizer (N). Then, for each year analysed, average nitrogen utilization effectiveness was determined 

(Y/N) for varieties introduced in farming in a given year. Finally, dependence between year of 

introduction of variety to production and the nitrogen utilization effectiveness was determined using 

the linear regression function, estimated on the basis of the ordinary least squares method (OLSM). 

Research results and discussion 

In field experiments conducted in Poland, the yields of different cereal varieties amount to 70-

100 dt per hectare. Yield fluctuations are recorded depending on the weather, e.g. draught or severe 

winter conditions with very low temperatures. Figure 1 presents the level of yield of winter wheat 

and rye in field experiments in years 2005-2017. Fertilization intensity and production technology in 

the experiments did not change substantially in the period analysed. Nitrogen fertilization in 

individual years amounted to 80 to 90 kg N/ha for rye and 104 to 114 kg N/ha for wheat 
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Source: author’s drawing based on data of RCCT (COBORU, 2005-2017) 

Fig. 1. Cereals yield in field trials in variety testing system (2005-2017) 

Figure 2 presents changes in the nitrogen utilization effectiveness indicator, expressed in 

kilograms of cereal per kilogram of nitrogen from mineral fertilizer. It should be kept in mind that 

this analysis does not take into account availability of nitrogen from other sources than mineral 

fertilizers. 
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Source: author’s calculations based on data of RCCT (COBORU, 2005-2017) 

Fig. 2. Nitrogen productivity ratio for varieties depending on the year of releasing of the 
variety for production (varieties released in 1998-2014) for winter wheat and rye varieties 

(nitrogen productivity is averaged for years of testing) 
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Results presented in Figure 2 show positive relationship between production of grain from 1 kg of 

nitrogen in mineral fertilizers and time of release of varieties. This relationship is closer for rye and 

weaker for winter wheat. The level of explained variability of nitrogen utilization effectiveness 

indicator by year of release of varieties equals about 60 % for rye and almost 40 % for winter wheat. 

Our findings indicate that introduction of new varieties causes growth of productivity of nitrogen 

fertilization. 

For wheat varieties introduced in production in years 1998–2000, average nitrogen productivity 

amounted to 74 kg of grain per 1 kg of nitrogen. Varieties introduced in the subsequent years 

featured increasing productivity, wherein average productivity of nitrogen for varieties registered in 

years 2012–2014 was higher by 4.4 kg of grain per 1 kg N in comparison with varieties registered in 

years 1998–2000. 

For rye, gross productivity of nitrogen fertilization was higher than for wheat, mainly due to 

introduction of high-yield hybrid varieties (F1). For rye varieties registered in years 1998-2000, 

average gross productivity of nitrogen fertilization amounted to about 80 kg of grain per 1 kg N. 

Varieties introduced in years 2000-2005 did not feature a substantially higher nitrogen utilization 

effectiveness. Only varieties registered since 2007, including hybrid varieties, are characterized by 

higher productivity. On the average, nitrogen utilization ratio for rye varieties registered in years 

2012-2014 is higher by 14 kg of grain / 1 kg N in comparison with those registered in years 1998-

2000. Like in the case of wheat, we can only refer here to an average tendency, as varieties 

introduced in the subsequent years did not always feature a higher value of the examined trait in 

comparison with the older ones. On the average, as the variety age reduced by one year, the nitrogen 

utilization ratio increased by 1 kg of grain / 1 kg N. 

For rye, varieties can be divided into two groups: traditional and hybrid varieties. The first hybrid 

varieties of rye were introduced in Poland in years 2001-2003, and the subsequent - in years 2007-

2014. Productivity ratio for nitrogen from mineral fertilizers for varieties from years 2001-2003 

averaged 89 kg of grain /1 kg N, and for newer varieties, introduced in years 2012-2014, as much 

as 97 kg of grain/1 kg N. It should be kept in mind, however, that these varieties are not appropriate 

for low intensity production. 

Traditional rye varieties were introduced throughout the entire period of analysis. Nitrogen 

fertilization productivity ratio increased for these varieties at the pace of 0.38 kg with decrease 

variety age by one year, taking into account the variety registration years. On the average, 

productivity of nitrogen from mineral fertilizers increased for population rye varieties introduced in 

years 1998-2014 from 79 to 84 kg of grain /1 kg N. This is half less than for all rye varieties together, 

which means that progress in terms of the cultivars being examined was mainly due to introduction 

of hybrid varieties. 

On the basis of the recorded changes in utilization of nitrogen from mineral fertilizers by cereals, 

hypothetical reduction in nitrogen fertilizers in Poland was determined due to application of varieties 

introduced in years 2012-2014 instead of those registered in years 1998-2000. The reference level 

was the average area and level of production of cereals from years 2015-2017. For rye, it was 

assumed that in the first period, only traditional varieties were used, which in the latter period 

occupied 95 % of total cultivation area. This is a simplified calculation, as it does not take into account 

the response of each individual variety to changes in nitrogen fertilization level and the variety 

structure in field production. Thus, it was assumed that differences between the older and newer 
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varieties would be the same in production as in experiments. The calculation results have been 

presented in Table 1. 

Table 1 

Estimated reduction of nitrogen consumption from mineral fertilizers as a 
result of the introduction of new varieties on example of production volume in 

years 2015-2017 

Item 

Area of 
production in 
‘000 ha 

Production 
in ‘000 ton 

Amount of nitrogen use in ‘000 ton Change in 
nitrogen 
use in kg 
per 1 ha 

for ‘older’ 
varieties 

for ‘newer’ 
varieties 

differenc
e 

Winter 
wheat 

1975 9607 129.8 123.2 -6.6 -3,4 

Rye 787 2295 28.9 27.2 -1.7 -2.3 

Total 2762 11902 158.1 147.4 -8.3 -3.1 
Source: author’s calculations 

The estimated influence of introduction of new varieties in production on the level of reduction of 

use of nitrogen in mineral fertilizers was determined to be 8.3 thousand tons per year. This indicates 

that progress achieved for new varieties in years 1998-2014 with regard to utilization of nitrogen 

from mineral fertilizers made it possible to reduce fertilizer use by 5.3 %. This means it is possible 

to achieve higher yields without increasing fertilizer use, but also to reduce the fertilization level 

without reducing production. This may reduce the pressure of agriculture on the natural environment 

despite increase in production. The above has been confirmed by conclusion of Kopinski (2018) 

concerning lower emission from farming per unit of production. 

Conclusions 

Agricultural production, although necessary to feed the human population, exerts substantial 

impact on the environment as  any other human activity. Progress in agriculture may contribute to 

mitigation of negative external impact, including reduction in pressure on the natural environment 

due to emission of nitrogen from agricultural sources and emission of greenhouse gases. Biological 

progress in form of new plant varieties is one of the options for achievement of this objective. The 

following conclusions have been made in the study. 

 Cereal varieties introduced in Poland in the subsequent years of period 1998-2014 were 

characterized by increase in ratio of productivity of nitrogen use from mineral fertilizers. 

 The productivity of nitrogen from mineral fertilizers for varieties registered in 2012-2014 was 78 

kg of grain per 1 kg of nitrogen for winter wheat and 84 kg of grain per 1 kg of nitrogen for rye 

varieties. 

 Throughout the examined period, average nitrogen productivity increased by 0.27 kg of grain /1 

kg N with variety age decrease by 1 year for winter wheat and even as much as 1 kg of grain /1 

kg N for rye. In the case of rye, hybrid varieties were characterized by a higher nitrogen utilization 

ratio in comparison with population varieties, but in both groups, an increase in the ratio was 

recorded for newer varieties. 

 As a result of replacement of varieties of winter wheat and rye from years 1998-200 with varieties 

introduced to production in years 2012-2014, it would be possible to reduce nitrogen use in 

mineral fertilizers by 5.3 % while maintaining cereal production at a constant level. 

 Introduction of biological progress in agricultural production is a substitute of use of inputs from 

non-renewable resources and contributes to reduction in emission of pollutants from agriculture 
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to the natural environment – both air and water, constituting an important aspect of sustainable 

development of agriculture. 
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