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Abstract: This paper focuses on the economic and statistical evaluation of the production technology findings of the polyfactorial maize 
production experiments carried out between 2015-2017 at the Látókép Experiment Site of the University of Debrecen, Faculty of Agricultural 
and Food Sciences and Environmental Management. The examined agrotechnical factors included irrigation, previous crop, tillage, crop 
density, hybrid and N nutrient supply, while the effect of different crop years was taken into consideration. In addition to descriptive statisti-
cal methods, we used multivariate regression analysis during the statistical evaluation. In the course of the evaluation, we examined three 
models that differed in terms of tillage methods and the consideration of crop year. In our best fit model, the factors were 71% responsible 
for the change in yield value. We carried out efficiency and comparative analyses in the course of the economic evaluation.

Averaged over the three examined years, it can be stated that nutrient supply and crop year had an outstanding effect on yield, while irriga-
tion had a minimal effect. However, global warming may justify irrigation in the future, not only from a biological point of view, but also 
from an economic aspect.

Ideal tillage is also greatly affected by crop year, too. Altogether, of the examined tillage systems, subsoiling proved to be the best from an 
economic point of view.

Our investigations confirm that it is better to perform intensive farming under more favourable market conditions. The optimum of N fertili-
sation is probably outside of the range we examined, if the extreme changes in maize and fertiliser prices are ignored.

Keywords: precision farming, year effect, fertilization, profit, efficiency
(JEL Classification: Q16, Q12, Q13, O32)
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INTRODUCTION

The success of maize production is fundamentally affected 
by the natural and economic conditions of production and 
the applied agrotechnology. At the same time, the economic 
evaluation of the obtained experiment findings and the drawing 
of generalisable conclusions can be seriously hindered, since 
the frequent change of weather and the fluctuation of input-
output prices, the accelerated technological development, the 
reliable management of the cross-effects between individual 
expenditures and the prediction of future tendencies can only 
be performed on the basis of long-term experiments. Based 
on our hypothesis the optimum level of the fertilization is 
significantly affected by not only the input-, but also the 
output prices, depending on the other inputs’ level and the 
weather’s conditions. Our results might be useful for the 
adoptability of precision farming, which is a perspectivic 
segment of agriculture.

Our aim was to analyse the technological elements with 
the greatest impact on yields and profit (especially the applied 
tillage system and irrigation) with the help of different models. 
Based on the available data, we  sought to determine the 
optimum active substance level of nitrogen fertiliser, which 
is also important for precision farming.

Technical literature review

Knowing the prevailing agro-ecological conditions (water 
supply, soil), the selection of the most appropriate hybrids and 
the harmonisation of agrotechnical elements with the economic 
and biological environment are essential for economical and 
sustainable maize production (Karancsi, 2015). In the recent 
decades, the physical, chemical and biological properties of 
Hungarian soils have deteriorated to a great extent, which 
also affects maize production. Only the use of hybrid-specific 
agrotechnical solutions adapted to the given production site 
can provide protection against the yield-reducing effects of 
climate change (Pepó, 2006). Many experiments have been 
carried out both in Hungary and in other countries with the 
aim to perform economically and environmentally sustainable 
maize production in the areas with different endowments 
and quality. These studies primarily examined the impact 
of different agrotechnical elements on each other and on the 
potentially obtainable yields.

The combination of production technology and 
agrotechnical elements fundamentally determines the cost-
benefit characteristics, i.e. the economicalness, profitability 
and environmental impact of the production activity. The 
applied tillage method, nutrient management and irrigation 
are widely examined agrotechnical elements.

Conservation tillage can be used for improving soil 
condition and soil life, for preserving soil moisture and for 
increasing humus content. The basic principles of this approach 
are reduced tillage, soil coverage and crop rotation. Examples 
include zero tillage, zone, strip or row tillage (Underwood 
et al., 2013). In the case of reduced tillage, similarly to 

conventional tillage, the entire surface is cultivated with or 
without ploughing. Combining or omitting certain operations 
can reduce the time and energy consumption per hectare by 
up to 50% (Husti, 2015). In zero tillage, light subsoiling is 
applied for deeper tillage, while discs and cultivators are 
used for shallow tillage (AKI, 2017). Sarauskis et al. (2011) 
discussed the positive effects of subsoiling, emphasising that 
this method of zero tillage can contribute to the proper air 
and water management of the soil and it prevents the leaching 
of nutrients caused by rainfall. Busari et al. (2015) discussed 
the importance of environmentally friendly tillage methods 
concerning sustainable crop production and climate change. 
The authors highlight the beneficial physical, chemical and 
biological effects of no-till solutions, reduced tillage, soil 
coverage, ridge tillage and contour tillage on the soil life 
of different soils. In many cases, compared to conventional 
tillage, environmental pollution impacts can be significantly 
reduced while achieving better yields. Accordingly, 
conservation tillage reduces greenhouse gas emissions through 
smaller interventions (machine work) and by increasing the 
organic carbon content of soils, and thus can be classified 
among “climate-smart” agricultural practices (Kuhn et al., 
2016). In addition, these tillage methods contribute directly to 
the prevention of leaching and soil erosion (Bhatt et al., 2006). 

Improving economic performance is a crucial factor 
regarding the spread of PF. Barnes et al. (2019), after 
interviewing 671 farmers in five different EU countries 
concluded that access to investment subsidies and the 
possibility of reducing annual costs were the most important 
aspects when farmers decided to buy and apply precision 
technology. According to the study carried out by Parihar et 
al. (2017) in India, the economic results and energy efficiency 
of the application of PF are greatly (6-60%) influenced by 
the fertilization technology used in maize-wheat-mungobean 
crop rotation, depending on the crop year. 

Based on the three-year comparative analysis of Ferencsik 
(2015), the fuel use of no-till technologies is about 35% 
(strip tillage) and 20% (light subsoiling) lower than that of 
ploughing. The difference is mainly due to the difference in 
the energy demand of primary tillage, but the use of reduced 
tillage production technologies results in further savings. In 
terms of production costs, ploughing has the highest value 
(325 thousand HUF ha-1), followed by loosening (314 thousand 
HUF ha-1), while strip tillage has the lowest cost (306 thousand 
HUF ha-1). According to Griffith et al. (1973) and Wittmuss 
et al. (1971), the yield potential of strip tillage is higher than, 
or (at least) the same as that of conventional tillage systems. 
However, this observation refers only to soils with good water 
management. Based on the results of Randall-Vetsch (2005), 
the yields achieved in conventional tillage in cold or rainy 
crop years may significantly exceed the yields achieved in 
reduced tillage systems. 

Based on the long-term field experiment of the University 
of Debrecen at the Látókép Experiment Site, Sulyok (2005) 
and Nagy (2006a) demonstrated that autumn ploughing is 
the most preferred method of primary tillage for maize 
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on calcareous chernozem soil in comparison with spring 
ploughing and disc tillage. At the same time, Ferencsik-
Rátonyi (2014) emphasised that strip tillage and loosening 
may be suitable alternatives to conventional ploughing on 
chernozem soil, especially in dry crop years.

Various research findings focused on the improvement 
of the N-efficiency of maize hybrids and the different yield 
responses obtained at different N levels. While the yield curve 
of the hybrids produced until the mid-1960s was flat in the 
case of applying 80-120 kg N, the optimal N dose of the 
hybrids produced in the 1970s was 160 kg ha-1 (Győrffy, 1979 
in Micskei, 2011). 

According to Dóka and Pepó (2007), the amount of applied 
nitrogen has the greatest role in achieving the surpluses in 
maize yields, especially in the case of monoculture. Based on 
the analysis of Balla (2017), both the yield measured on the 
control plot and the plot on which 120 kg ha-1 nitrogen was 
applied were significantly lower than the yield achieved as a 
result of the 240 kg ha-1 nitrogen fertiliser treatment. The 10 
t ha-1 yield achieved as a result of applying 240 kg ha-1 N was 
1.59 t ha-1 higher than the average yield obtained in the case 
of applying 120 kg ha-1 N. As regards the control treatment, 
the harvested yield of 7.97 t ha-1 was 2.03 t ha-1 lower than 
most yields (10 t ha-1). However, the effect of nitrogen fertiliser 
is highly dependent on rainfall conditions. According to the 
long-term experiment findings of Széll and Kovácsné (1993), 
the yield increasing effect of nitrogen fertilisation, averaged 
over the 5 examined years, was 34% when 100 kg ha-1 N was 
applied and 50% when 200 kg ha-1 N was applied. However, 
in the case of rainy weather, the yield obtained in the case 
of the 300 kg ha-1 N dose was almost as high as that of the 
200 kg ha-1 N dose. According to Árendás et al. (2000), the 
availability of nutrients is deteriorating in dry years, thus 
reducing the yield increasing effect. However, if moisture 
content is not a limiting factor, yield increased sharply until 
applying 100-120 kg ha-1 N, and the maximum yield was 
achieved as a result of applying 160-170 kg ha-1 N-1 ha. At the 
same time, it can be concluded that the optimum amount of 
nitrogen fertiliser depends on the given crop year, as well as 
soil quality and the level of nitrogen supply (Nevens-Reheul, 
2005; Berenguer et al., 2008; Ragán, 2017). Fertilisation 
is capable of partially compensating for other unfavourable 
agrotechnical endowments (Nagy, 2006b).

Long-term experiments have been carried out at the Látókép 
Experiment site, the location of our research, since 1983, the 
results of which have been published in several journals and 
a brief summary can be found in the paper of Nagy-Pepó 
(2015). The most important results of this polyfactorial maize 
experiments can be summarised as follows:
Optimum nitrogen fertiliser active substance in maize 
(1986-2012):

 – monoculture:180-240 kg ha-1

 – biculture: 120-180 kg ha-1

Yield surplus due to irrigation (1986-2012):
 – dry crop year:  3.4-5.4 t ha-1

 – average crop year:  0.8-1.3 t ha-1

Factors affecting maize yield the most (2004-2013):

 – fertilisation: 39 %
 – crop rotation: 28 %
 – irrigation:  14 %
 – crop year:  11 %
 – population density: 7 %

MATERIALS AND METHODS

Agroecological characteristics of the performed 
experiments

Soil characterisation is based on the works of Sulyok et al 
(2006) and Nagy-Pepó (2015). The polyfactorial experiments 
carried out between 2015-2017 at the Látókép Experiment Site 
of the University of Debrecen, Faculty of Agricultural and Food 
Sciences and Environmental Management. The performed 
measurements consisted of 15 treatments of 6 production 
technology elements (4 replications each), and we were able to 
evaluate 972 yield results over the 3 examined years.

The experiment site is located on the Hajdúság loess ridge, 
113-118 m asl. The greater part of the area is calcareous 
chernozem soil, while the lower part of the site is leached 
chernozem with meadow characteristics. The physical soil 
type is mid-heavy adobe. The proportion of gravity pores is 
significantly reduced in the 10-15 cm layer below the cultivated 
layer. As a result, water slowly leaves the cultivated layer. 
Groundwater is located 3-5 meters deep. The most important 
other soil properties are characterised with the following values:
Total porosity:

 – in the cultivated layer: 44-48 % 
 – beneath the cultivated layer: 50-53 %. 

Humus layer:
 – thickness:    70-80 cm, 
 – humus content:   2.5-3.0 %. 

Soil 
 – acidity (pH):   6.2 (mean value) 
 – total nitrogen content: 0.15 % (average supply) 
 – AL-soluble P2O5 content: 133 ppm (average supply 

level, heterogeneous dis-
tribution)

 – AL-soluble K2O content:  240 ppm (favourable 
supply level).

The climate in the area is basically continental, with 
increasingly frequent extreme temperatures and precipitation. 
The multiple-year average weather data can be characterised 
with the following numbers based on the data obtained by 
Nagy-Pepó (2015):
• mean temperature:    9.84 C (increasing tendency)
• yearly precipitation:   565 mm (decreasing tendency)
• number of sunny hours:   2065

Details of the experiment design

Our analyses were performed on the database of the 
polyfactorial long-term tillage experiment established for 
three years (2015-2017) on the Látókép Experiment Site of 
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the University of Debrecen, Faculty of Agricultural and Food 
Sciences and Environmental Management, Institute for Land 
Utilisation, Regional Development and Technology (Table 1).

Table 1: Agrotechnical characteristics of the experimental setup

Irrigation Irrigated, non-irrigated

Previous crop E1 (maize), E2 (wheat)

Tillage Autumn ploughing Strip tillage Subsoiling (50cm)

Crop density 60 thousand crops per ha, 80 thousand crops per ha

Hybrid
H1 (Armagnac, 

FAO 490)
H2 (Loupiac, 

FAO 380)
H3 (Sushi, FAO 

340)

Fertilisation N1 = 0 kg N ha–1 N2 = 80 kg N 
ha-1

N3 = 160 kg 
N ha-1

Replications 4

Source: Own construction based on the data collected by DE AGTC

The yearly amount precipitation in the examined years 
could be characterised with the following data:

 – 2015: 518 mm
 – 2016: 818 mm
 – 2017: 641 mm
From the aspect of our examinations, it is fortunate that 

the examined period included a dry crop year, a particularly 
rainy and an average crop year. In our analyses, we assumed 
that the required phosphorus and potassium supply in the soil 
is ensured to achieve the expected yields in the experiment.

Special factors in the economic evaluation of precision 
fertilisation

Comparative analyses were carried out between different 
input levels, technological variants and crop years during the 
economic evaluation. Data from non-irrigated, non-fertilised 
and ploughed plots were used as controls. There are two factors 
that make it difficult to determine optimal expenditure levels:
 – In addition to the proportions of prices, the obtained 

yields and the efficiency of resources used depend great-
ly on crop year and Liebig’s law of the minimum, i.e., 
the given variety under examination, the prevailing soil 
conditions and the extent to which the amount of other 
expenditures is optimal. Due to the crop year effect, the 
optimum level is at different input levels each year, even 
in the same area, growing the same species and variet-
ies. If an input is a bottleneck, the increase in other ex-
penditures results in zero to slight yield increase.

 – Determining the optimum technology and input level 
would presume the use of the lowest possible input rang-
es, with which the marginal efficiency can be calculated 
with sufficient accuracy. If the basic data necessary for 
accurate calculations are available, a longer time series 
is necessary to create reliable production functions that 
are to be verified under the conditions of the given pro-
duction site in general (and not only for a few years). 

This paper focuses on the correlations between the main 
production technological characteristics and the yield for 
a three-year period. Since the database of measurements 
contains extensive expenditure intervals, we did not cal-
culate the marginal, but the average efficiency for the 
period between 2015-2017. 
The basic economic data used in the performed calculations 

reflect the yearly mean data of the HCSO in 2017 (the final 
year of the experiments), except for maize prices, where the 
highest and lowest prices of the last 10 years have been taken 
into account. These are the following:
• N active substance price (2017): 219 HUF kg-1

• N active substance content of fertiliser: 32%
• maize prices: 

 – minimum price: 27 HUF kg-1

 – minimum price (2017):42.6 HUF kg-1

 – maximum price: 56 HUF kg-1

• tillage costs:
 – autumn ploughing and finishing: 27 000 HUF ha-1

 – subsoiling: 12 000 HUF ha-1

 – strip tillage: 13 000 HUF ha-1

The variable data of the three model variants examined 
in N-fertilisation is the price of maize, which is independent 
of yield (on average 10 t ha-1) in the model calculations; 
therefore, its change is equal to the effect of revenue per 
hectare.

Statistical evaluation

Due to the significant uncertainty factors, correlation 
analysis play an important role in our data analysis. In 
our evaluation, we developed and analysed multivariable 
linear regression models in addition to descriptive statistical 
indicators. Of the various descriptive statistical indicators, 
we calculated the mean, standard deviation, median, range, 
minimum and maximum values. In the regression models, 
we examined the effects on yield values for different maize 
sales prices. Of the different factors affecting the examined 
models, we were focusing on irrigation, previous crop, 
three different hybrids, different tillage methods, crop 
density and the different active substance amounts of the 
applied N fertiliser. For categorical variables, we used 
dummy coding to designate a given category as a reference 
category. Based on the regression parameters thus obtained, 
it was possible to quantify the effects of the other categories 
compared to the reference category.

Model variables

Three models were examined in our research. In our 
first two models, we analysed the data of the 3 examined 
years together and individually. In the third model, the 
examined years were incorporated as dummy variables. 
In the first two models, we used the average maize price 
of 2017 (42.6 HUF kg-1) in our calculations, while in the 
third model, we examined the effect of the change in 
maize prices using the minimum prices (27 HUF kg-1) 
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and maximum prices (56 HUF kg-1) in the last 10 years. In 
all three cases, we analysed the factors influencing yield 
value based on the available experimental data, which were 
the following in different models (factors different from 
the other models are in italics):

First model

A=β0+β1 B+β2 C+β3 D1+β4 D2+β5E+β6 F+β7G

 – A: Maize revenue (HUF/ha)
 – B: Irrigated and non-irrigated technology 
 – C: Previous crop (maize or wheat)
 – D1; D2: Hybrids (H1 – basic category, H2, H3)
 – E: Sowing seed costs in the case of germ numbers of 

60 thousand and 80 thousand
 – F: Fertiliser costs (in the case of 0/80/160 kg N active 

substance)
 – G: Tillage system (general costs of autumn ploughing, 

subsoiling and strip tillage)

Second model

A=β0+β1 B+β2 C+β3 D1+β4 D2+β5E+β6F+β7 G1+β8 G2

 – A: Maize revenue (HUF/ha)
 – B: Irrigated and non-irrigated technology 
 – C: Previous crop (maize or wheat)
 – D1; D2: Hybrids (H1 – basic category, H2, H3)
 – E: Sowing seed costs in the case of germ numbers of 60 

thousand and 80 thousand
 – F: Fertiliser costs (in the case of 0/80/160 kg N active 

substance)
 – G1; G2: A change in potential results (with dummy cod-

ing) to be obtained with the other two tillage systems 
(subsoiling, strip tillage) compared to autumn ploughing

Third model

A=β0+β1B+β2C+β3D1+β4D2+β5E+β6F+β7G1+

β8 G2+β9Y2016+β10 Y2017

 – A: Maize revenue (HUF/ha)
 – B: Irrigated and non-irrigated technology 
 – C: Previous crop (maize or wheat)
 – D1; D2: Hybrids (H1 – basic category, H2, H3)
 – E: Sowing seed costs in the case of germ numbers of 

60 thousand and 80 thousand)
 – F: Fertiliser costs (in the case of 0/80/160 kg N active 

substance)
 – G1; G2: A change in yield value (with dummy coding) 

to be obtained with the other two tillage systems (sub-
soiling, strip tillage) compared to autumn ploughing

 – Y2016; Y2017: Crop year effect (change in yield val-
ue in 2016 and 2017, compared to 2015 (with dummy 
coding))

RESULTS

Descriptive statistical evaluation of the different models  

In this section, we present the statistical evaluation of 
fertilisation, irrigation, tillage and the crop year effect (ceteris 
paribus), using the indicators described in the methodology.

Table 2: The effect of the examined factors on the average yield

2015 2016 2017
3-year 
average

Yearly average yield (t ha-1) 8.4 12.4 9.1 10

Effect of fertilisation

Yield obtained with 160 kg 
ha-1 N active substance (t ha-1)

9.4 14.3 11.7 11.8

Yield obtained with 80 kg ha-1 
N active substance (t ha-1)

9.4 13.2 9.7 10.8

Yield obtained with 0 kg ha-1 
N active substance (t ha-1)

6.3 9.8 5.9 7.3

Effect of irrigation

Irrigated yield (t ha-1) 8.6 12.1 9.1 9.9

Non-irrigated yield (t ha-1) 8.1 12.8 9.1 10

Effect of tillage

Yield with ploughing (t ha-1) 8.4 12.8 9.3 10.2

Yield with subsoiling (t ha-1) 8.4 12.8 9.5 10.2

Yield with strip tillage (t ha-1) 8.3 11.7 8.5 9.5

Source: own calculation

   Table 2 clearly shows that the crop year of 2015 was unfavorable, 
2016 was excellent, and 2017 was close to average on the basis of 
yield, parallel with rainfall conditions. In the crop year of 2015 
(taking into account the additional costs of fertilisation and the 
additional yield value resulting from with it), it was reasonable 
to apply up to 80 kg ha-1, while in the other two years, even up 
to 160 kg ha-1 of N active substance was justified based on the 
approach of additionality, in the case of any maize price. 

Averaged over the three examined years introduced in Table 
2, irrigation resulted in identical yields compared with the non-
irrigated treatment, with a difference whose extent and direction 
depends on the rainfall amount and distribution of the examined 
crop years. Based on the obtained data, it can be concluded that, 
from the biological point of view, risk is greatly reduced by the 
installation of irrigation technology. However, from the economic 
point of view, irrigation has the opposite effect, due to the 
significant fixed costs (the depreciation costs of the equipment). 
Averaged over the three examined years, it can be stated that the 
minimum surplus yield (0.1 t ha-1 year-1) did not make irrigation 
more profitable. However, based on the examination of several 
years, as well as the increase in the frequency of dry and warm 
crop years, irrigation farming may even be justified from the 
economic point of view in the future. A new national strategy 
to reduce the administrative costs of irrigation can contribute to 
this effort (Szilágyi, 2013; Government Decision 1426/2018).

In the case of the different tillage systems (Table 2), the 
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old farmers’ observation was partly confirmed, i.e., in rainy 
years, ploughing significantly increases yield, but alternative 
tillage methods could be more efficient in dry years. In this case, 
ploughing resulted in 0.8-1.1 t  ha-1 extra yield in comparison with 
strip tillage in better crop years, while the obtained yields were 
identical in 2015. In more favourable crop years, the increase in 
yield values outperformed the extra cost of ploughing, compared 
to strip tillage. Surprisingly, subsoiling resulted in the same yields 
in each crop year as that of ploughing, which justified subsoiling 
during the examined period, compared to both strip tillage (yield 
surplus) and ploughing (machine cost savings).

When examining individual expenditures, it can be clearly 
concluded that the fertiliser doses used in everyday practice can 
affect yield potential the most, as its value could reach at least 
30-40% compared to the control treatment, thereby showing 
the importance of precision nutrient management, which aims 
for the most efficient fertiliser use. Irrigation and strip tillage 
systems require higher investment requirements compared to 
a control plot (non-irrigated, ploughing technology), which 
increases the risks in the economic sense, and the expected 
yield increase is also lower (below 10% in both cases).

Model evaluation

First model
The first model was run in four different ways: the three 

years at once and each year separately. The value of the F test 
was significant in each variant (p<0.001). The multivariate 
regression function fitted onto the three-year-long data series 
and the 2015 data had moderate fitting (R2: 39.7%, and 47.5%), 
while it was strong in the case of the other two crop years 
(2016: 63.2%, 2017: 69%). Accordingly, it can be concluded 
that, in the case of the best fitting model (2017 data), the 
factors were 69% responsible for yield value (Table 3).  

Table 3: Statistical summary of the 1st model

Model R
R 

Square
Adjusted R 

Square
F df Sig.

2015 - 2017 .630 0.397 0.395 182.104 7 1936 .000

2015 .689 0.475 0.469 82.775 7 640 .000

2016 .795 0.632 0.628 157.217 7 640 .000

2017 .831 0.690 0.687 203.791 7 640 .000

Source: own calculation

When looking at the data of the three years together (Table 
4), it can be concluded based on the standardised beta values 
that the cost of nutrient supply had the greatest impact on yield 
(0.56), followed by the previous crop (0.27) and both factors 
had significant effect. The effect of the other parameters was 
below 0.05. Of them, the effect of hybrid 3 was significant in 
comparison with hybrid 1, while the cost of tillage was also 
significant. Of the expenditures expressed in monetary value, 
only the efficiency of applying fertiliser was above 1 (5.4 
HUF HUF-1), while one-unit increase of the other examined 
expenditures (crop density, tillage) did not result in any income 
(beta values below 1). 

Table 4: Regression coefficients of the 1st model

Model

Unstandardised 
Coefficients

Standardised 
Coefficients

t Sig.
B

Std. 
Error

Beta

2015-
17

(Constant) 341624 25271 - 13.518 0.000

Irrigation 2366 4884 0.009 0.484 0.628

Previous 
crop

-78059 5981 -0.266 -13.050 0.000

Hybrid_2 7248 5981 0.025 1.212 0.226

Hybrid_3 -11715 5981 -0.040 -1.959 0.050

Seed cost_
HUF

0.963 0.673 0.029 1.430 0.153

fertiliser_
HUF

5.405 0.170 0.560 31.712 0.000

Tillage_
HUF

0.469 0.238 0.035 1.972 0.049

2015

(Constant) 345259 26473 - 13.042 0.000

Irrigation 23360 5116 0.131 -4.566 0.000

Previous 
crop

-56105 6266 -0.296 -8.954 0.000

Hybrid_2 12106 6266 0.064 1.932 0.054

Hybrid_3 -3498 6266 -0.018 -0.558 0.577

Seed cost_
HUF

-0.354 0.705 -0.017 -0.501 0.616

fertiliser_
HUF

3.789 0.179 0.608 21.220 0.000

Tillage_
HUF

0.116 0.249 0.013 0.464 0.643

2016

(Constant) 412315 31639 - 13.032 0.000

Irrigation -30222 6114 -0.118 4.943 0.000

Previous 
crop

-122382 7489 -0.452 -16.343 0.000

Hybrid_2 -103 7489 0.000 -0.014 0.989

Hybrid_3 -3741 7489 -0.014 -0.499 0.618

Seed cost_
HUF

2.198 0.843 0.072 2.607 0.009

fertiliser_
HUF

5.415 0.213 0.608 25.374 0.000

Tillage_
HUF

0.938 0.298 0.076 3.151 0.002

2017

(Constant) 267298 28976 - 9.225 0.000

Irrigation -236 5600 -0.001 0.042 0.966

Previous 
crop

-55690 6858 -0.206 -8.120 0.000

Hybrid_2 9740 6858 0.036 1.420 0.156

Hybrid_3 -27907 6858 -0.103 -4.069 0.000

Seed cost_
HUF

1.045 0.772 0.034 1.354 0.176

fertiliser_
HUF

7.012 0.195 0.789 35.880 0.000

Tillage_
HUF

0.353 0.273 0.029 1.296 0.195

Source: own calculation
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The crop year effect can be summarised in comparison 
with the 3-year joint model as follows:

2015: Due to the less precipitation in 2015, irrigation had a 
notable and significant positive effect on yield value (value of the 
standardised coefficient: 0.13, beta value: 23360 HUF ha-1), while 
the effect of fertilisation and previous crop remained similar. 
Although the efficiency of fertilisation is still effective, its value 
decreased significantly (3.8 HUF HUF-1).

2016: Due to the rainy crop year, the effect of irrigation 
was similar to that of the previous year, but it had a negative 
value (standardised coefficient: -0.12, beta value: -30222 
HUF ha-1). The peculiarity of this year is that, besides the 
outstanding cost efficiency of fertilisation, the increase of 
sowing seed costs is also effective (2.2 HUF HUF-1).

2017: In this year, irrigation had no significant impact on 
yield value. Both the potency (standardised coefficient: 0.79) 
and efficiency of fertilisation (7 HUF HUF-1) are outstanding. 
The effect of previous crop remains significant (0.21, -55690 
HUF ha-1) and has a significant effect on yield value. In this 
year, the impact of hybrid 3 compared to that of hybrid 1 also 
played an important role in gaining profits (-27906 HUF ha-1).

Second model
The second model was also run in four different ways: the 

three years at once and each year separately. The value of the F 
test was significant in each variant (p<0.001). The multivariate 
regression function fitted onto the three-year-long data series 
and the 2015 data had moderate fitting (R2: 40.6%, and 47.6%), 
while it was strong in the case of the other two crop years (2016: 
65.4%, 2017: 71%). Accordingly, it can be concluded that, in 
the case of the best fitting model (2017 data), the factors were 
71% responsible for yield value (Table 5).  

Table 5: Statistical summary of the 2nd model

Model R
R 

Square
Adjusted 
R Square

Std. 
Error 
of the 

Estimate

F df Sig.

2015-17 .637 0.406 0.404 106887 165.324 8 1935 <0.001

2015 .690 0.476 0.469 65115 72.554 8 639 <0.001

2016 .809 0.654 0.650 75496 151.308 8 639 <0.001

2017 .842 0.710 0.706 69046 195.370 8 639 <0.001

Source: own calculation

When looking at the data of the three years together (Table 
6), it can be concluded based on the standardised beta values that 
the cost of nutrient supply had the greatest impact on yield (0.56), 
followed by the previous crop (0.27) and strip tillage (0.09). 

The effect of hybrid 3 was only 4% in comparison with 
hybrid 1. Of the expenditures expressed in monetary value, 
only the efficiency of applying fertiliser was above 1 (5.4 
HUF HUF-1), while one unit increase of the other examined 
expenditures (previous crop, seed cost, strip tillage) did not 
result in any income (beta values below 1).

Table 6: Regression coefficients of the 2nd model

Model

Unstandardised 
Coefficients

Standardised 
Coefficients

t Sig.
B

Std. 
Error

Beta

2015-17

(Constant) 358671 24900 - 14.404 0.000

Irrigation 2366 4848 0.009 0.488 0.626

Previous 
crop

-78059 5938 -0.266 -13.145 0.000

Hybrid_2 7248 5938 0.025 1.221 0.222

Hybrid_3 -11715 5938 -0.040 -1.973 0.049

Strip tillage -27536 5938 -0.094 -4.637 0.000

Subsoiling 3823 5938 0.013 0.644 0.520

Seed cost_
HUF

0.963 0.668 0.029 1.441 0.150

fertiliser_
HUF

5.405 0.169 0.560 31.943 0.000

2015

(Constant) 349407 26274 - 13.299 0.000

Irrigation 23360 5116 0.131 -4.566 0.000

Previous 
crop

-56105 6266 -0.296 -8.954 0.000

Hybrid_2 12106 6266 0.064 1.932 0.054

Hybrid_3 -3498 6266 -0.018 -0.558 0.577

Strip tillage -5882 6266 -0.031 -0.939 0.348

Subsoiling 204 6266 0.001 0.032 0.974

Seed cost_
HUF

-0.354 0.705 -0.017 -0.501 0.616

fertiliser_
HUF

3.789 0.179 0.608 21.220 0.000

2016

(Constant) 445800 30462 - 14.634 0.000

Irrigation -30222 5932 -0.118 5.095 0.000

Previous 
crop

-122382 7265 -0.452 -16.846 0.000

Hybrid_2 -103 7265 0.000 -0.014 0.989

Hybrid_3 -3741 7265 -0.014 -0.515 0.607

Strip tillage -45330 7265 -0.168 -6.240 0.000

Subsoiling -269 7265 -0.001 -0.037 0.970

Seed cost_
HUF

2.198 0.818 0.072 2.688 0.007

fertiliser_
HUF

5.415 0.207 0.608 26.156 0.000

2017

(Constant) 280807 27860 - 10.079 0.000

Irrigation -236 5425 -0.001 0.043 0.965

Previous 
crop

-55690 6644 -0.206 -8.382 0.000

Hybrid_2 9740 6644 0.036 1.466 0.143

Hybrid_3 -27907 6644 -0.103 -4.200 0.000

Strip tillage -31396 6644 -0.116 -4.725 0.000

Subsoiling 11534 6644 0.043 1.736 0.083

Seed cost_
HUF

1.045 0.748 0.034 1.397 0.163

fertiliser_
HUF

7.012 0.189 0.789 37.037 0.000

 Source: own calculation
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The crop year effect compared to the 3-year joint model was 
perfectly identical to that observed in the case of the 1st model.

Third model
The third version of the model was run with three different 

maize prices (27 HUF kg-1, 42.6 HUF kg-1 and 56 HUF kg-1), and 
the different years were built into the model as dummy variables. 
As only the maize prices differed in these models, the value of 
the F-test was significant (p <0.001) for each variant and only the 
error of function fitting (Std. Error Of the Estimate) was different. 
The fitted multivariate regression functions properly characterised 
the examined baseline data (r2: 70%); and the error of fitting of the 
model was the most significant (Std. Error of the Estimate: 99609) 
in the case of the highest maize price (56 HUF kg-1) (Table 7).

Table 7: Statistical summary of the 3rd model

Model R
R 

Square

Adjust-
ed R 

Square

Std. Error 
of the 

Estimate
F df Sig.

42.60 Ft .838 0.702 0.700 75775 454.88 10 1933 <0.001

27 Ft .838 0.702 0.700 48026 454.88 10 1933 <0.001

56 Ft .838 0.702 0.700 99610 454.88 10 1933 <0.001

Source: own calculation 

Taking into account the three different maize prices for each 
variant, it can be established on the basis of standardised beta 
values that the examined variables had different effects on yield 

Table 8: Regression coefficients of the 3rd model 

Model
Unstandardized Coefficients Standardized Coefficients

t Sig.
Collinearity Statistics

B Std. Error Beta Tolerance VIF

42.60 HUF

(Constant) 290298 17819 - 16.292 0.000 - -

Irrigation 2366 3437 0.009 0.688 0.491 1.000 1.000

Previous crop -78059 4210 -0.266 -18.543 0.000 0.750 1.333

Hybrid_2 7248 4210 0.025 1.722 0.085 0.750 1.333

Hybrid_3 -11715 4210 -0.040 -2.783 0.005 0.750 1.333

Seed cost_HUF 0.963 0.474 0.029 2.032 0.042 0.750 1.333

Fertiliser_HUF 5.405 0.120 0.560 45.058 0.000 1.000 1.000

Year = 2016 (FILTER) 173184 4210 0.590 41.139 0.000 0.750 1.333

Year = 2017 (FILTER) 31935 4210 0.109 7.586 0.000 0.750 1.333

Strip_tillage -27536 4210 -0.094 -6.541 0.000 0.750 1.333

Subsoiling 3823 4210 0.013 0.908 0.364 0.750 1.333

27 HUF

(Constant) 183992 11294 16.292 0.000

Irrigation 1499 2179 0.009 0.688 0.491 1.000 1.000

Previous crop -49474 2668 -0.266 -18.543 0.000 0.750 1.333

Hybrid_2 4594 2668 0.025 1.722 0.085 0.750 1.333

Hybrid_3 -7425 2668 -0.040 -2.783 0.005 0.750 1.333

Seed cost_HUF 0.610 0.300 0.029 2.032 0.042 0.750 1.333

Fertiliser_HUF 3.426 0.076 0.560 45.058 0.000 1.000 1.000

Year = 2016 (FILTER) 109764 2668 0.590 41.139 0.000 0.750 1.333

Year = 2017 (FILTER) 20241 2668 0.109 7.586 0.000 0.750 1.333

Strip_tillage -17452 2668 -0.094 -6.541 0.000 0.750 1.333

Subsoiling 2423 2668 0.013 0.908 0.364 0.750 1.333

56 HUF

(Constant) 381613 23424 16.292 0.000

Irrigation 3110 4518 0.009 0.688 0.491 1.000 1.000

Previous crop -102613 5534 -0.266 -18.543 0.000 0.750 1.333

Hybrid_2 9528 5534 0.025 1.722 0.085 0.750 1.333

Hybrid_3 -15400 5534 -0.040 -2.783 0.005 0.750 1.333

Seed cost_HUF 1.266 0.623 0.029 2.032 0.042 0.750 1.333

Fertiliser_HUF 7.105 0.158 0.560 45.058 0.000 1.000 1.000

Year = 2016 (FILTER) 227659 5534 0.590 41.139 0.000 0.750 1.333

Year = 2017 (FILTER) 41981 5534 0.109 7.586 0.000 0.750 1.333

Strip_tillage -36197 5534 -0.094 -6.541 0.000 0.750 1.333

Subsoiling 5025 5534 0.013 0.908 0.364 0.750 1.333

Source: own calculation 
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in the following order. The biggest impact was seen in 2016 
(0.59), compared to 2015. The cost of nutrient supply had the 
second greatest effect (0.56), followed by the effect of previous 
crop (0.27) and 2017 (0.11), compared to 2015. Strip tillage 
had the next significant effect (0.09) - compared to autumn 
ploughing. Seed cost (0.03) had a significant impact, too. The 
effect of the other examined parameters was not significant. 

As shown in Table 8, of the expenditures indicated in 
monetary value, in addition to the cost of fertiliser application 
(3.4; 5.4 and 7.1 HUF HUF-1) and the price of maize (56 
HUF), the effect of seed cost (1.3 HUF HUF-1) was above 
1, and one-unit increase of the other expenditures (previous 
crop, tillage) did not result in extra income (beta values below 
1). At the same time, the impact of crop year resulted in an 
increase in income compared to the 2015 base year in the case 
of all maize prices. Compared to 2015, the year 2017 had a 
smaller impact on revenue growth (20, 32 and 42 thousand 
HUF), while the impact of 2016 (compared to 2015) was the 
most significant (110, 173 and 228 thousand HUF).

Determining the optimum nitrogen active substance dose
Based on the examined regression models, we also 

analysed the impact of the change in maize prices over the 
past 10 years on the cost-effectiveness of fertilisation. As a 
matter of course, higher maize prices justify the use of higher 
fertiliser doses or more expensive fertilisers. On the basis of 
the examined data, one unit change in fertiliser prices result 
in the following revenue change in a similar direction in the 
case of the 2017 prices and the maximum and minimum maize 
prices during the last 10 years (Table 9).

Table 9: The effect of fertiliser prices on maize revenue

Maize price (thousand HUF t-1) Regression coefficient of fertiliser

27 3.426

42.6 5.405

56 7.105

Source: own calculation

Based on Table 9, we concluded that the average efficiency 
of N fertiliser use in the 0-160 kg ha-1 range is far beyond 
the efficiency of both bank deposite and loan rate, even at 
low maize prices, which can be justified with higher risks 
from the economic aspect. The available data characterises 
only two active substance intervals (0-80 and 80-160 kg 
ha-1), and the yield value surpluses they result in. As a 
matter of course, these values are only average figures, 
and the marginal efficiency of initial expenditures is much 
higher. At the same time, in the case of maximum doses, 
their application may no longer be recommended from the 
economic aspect. As a consequence, we made calculations 
to determine the optimum active substance level, which is 
suitable for achieving the economic outcomes above the 
bank investment level in the case of different model variants.

The effect of average maize prices on the revenue per 
hectare is shown in Table 10, averaged over all examined 
experimental parameters and all three years, using the most 
commonly used descriptive statistical indicators.

Table 10: Descriptive statistics of revenue per hectare in the case of 
different model variants

maize price (thousand HUF t-1)

minimum actual (2017) maximum

27 42.6 56

Mean

HUF ha-1

269 425 558

Median 266 420 552

Std. 
Deviation

88 138 182

Range 414 653 858

Minimum 62 98 129

Maximum 476 751 987

Source: own calculation

The average potential revenue based on Table 10 ranges 
between 269-558 thousand HUF ha-1, i.e., the worst and 
best market prices, while the standard deviation is between 
88-182 thousand HUF ha-1, which means a 32% coefficient 
of variation, suggesting that the reason for the observed 
significant heterogeneity is due to different experimental 
settings.

An important part of our economic analyses is the 
calculation of the fertiliser dose that is economically 
rewarding. The optimum level of production function is 
significantly affected by the selling price of maize, the 
considered opportunity cost, the regression coefficient for 
fertilisation shown in Table 9 and the active ingredient 
content of the N fertiliser, among other factors. Considering 
the effect of all these factors, the active substance content 
per hectare is shown in Table 11.

Table 11: N fertiliser active substance content to be recommended in 
the case of various maize prices

maize price Ft/kg

minimum 2017 maximum

27 42.6 56

yield value
thousand HUF 

ha-1 269 425 558

average fertil-
iser cost *

thousand HUF 
ha-1 50 79 103

fertiliser 
doses*

kg ha-1 227 359 472

active sub-
stance content*

kg ha-1 73 115 151

*based on the obtained regression coefficients

Source: own calculation

Maize price, as expected, has a very pronounced effect on 
the optimal dose of the fertiliser active substance and varies 
between 73-151 kg ha-1 in each model. These values are true 
only in the case of the N active substance price of 219 HUF 
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kg-1, which is considered to be the current price. The change 
in active substance prices result in an identical, but opposite 
change of the optimum dose.

We would like to emphasise that the three fertilisation 
levels available to us (0, 80, 160 kg N ha-1) provide a very 
limited opportunity for accurate decision-making. Figure 1 
shows the average sales revenue for each fertilisation level, as 
well as the optimum active substance content obtained above. 
Figure 1 shows, in line with the principle of diminishing 
returns, that sales revenue increases until the expenditure 
level of 80 kg ha-1. After this point, revenue increased to a 
significantly lower extent, i.e., it is more appropriate to carry 
out more intensive farming activities under more favourable 
market conditions.

Figure 1: Yield value to be obtained with nitrogen active substance 

doses used in the performed experiments.

 Source: own calculation

DISCUSSION AND CONCLUSIONS

The obtained experimental findings confirm that yield 
shows a very close correlation with the yearly precipitation 
conditions in the case of all examined expenditures. Favourable 
crop years and irrigation are the main reasons for higher level 
of outputs, according to production functions.

Contrary to the earlier experiments at Látókép (Nagy-
Pepó, 2015), irrigation resulted in practically identical 
yields with non-irrigated treatments (averaged over the three 
examined years). The difference between them depended 
on the extent and nature of the rainfall of each examined 
year. However, these differences were much smaller than in 
previous experiments.

It is important to emphasise that, although biological 
considerations and climate change may justify the installation 
of irrigation technology, there is a definite risk from an 
economic point of view, due to the significant increase in 
fixed costs.

In the rainy crop years, the economic outcome of ploughing 
far exceeded that of strip tillage, which corresponds to the 
findings of Randall-Vetsch (2005). Based on our calculations, 
however, subsoiling was more competitive than strip tillage 
(yield surplus) and ploughing (machine cost savings) during 
the three examined years.

By dividing the maize prices by the regression coefficients, 
it is possible to calculate the fertiliser cost per hectare, which 
can be considered typical (average) for the given experiments, 
although its efficiency varies. Since the latter value ranges 
between 343-711% (the additional fertilizer cost of 1 HUF 
results in an increase of 3.43-7.11 HUF in yield value, 
depending on the maize price), it significantly exceeds the 
considerable values of opportunity cost. Using the N active 
substance price, the obtained fertiliser cost per hectare was 
converted into fertiliser amount and, based on the N active 
substance content, into active substance amount, which can 
be used to achieve the average fertilisation efficiency of the 
performed experiments.

Of the individual expenditures, the rational increase 
of fertiliser doses is capable of affecting successful maize 
production both biologically (30-40% increase in yield and a 
weight of 0.56 in affecting yield) and economically (5.4 HUF 
HUF-1 average efficiency). These findings greatly support the 
importance of precision nutrient management. The second 
most important factor in yield was the previous crop effect 
(0.27). Our results attribute greater importance to fertilisation, 
while that of the previous crop is the same as the previous 
examinations at Látókép (Nagy-Pepó, 2015).

Of the random factors, the crop year effect significantly 
affected yields (0.11-0.59), resulting in a yield surplus of 32 
HUF ha-1 in an average year and 173 HUF ha-1 in a rainy 
year, compared to a dry crop year. 

According to our calculations, the average efficiency of 
the use of N fertiliser in the 0-160 kg ha-1 active substance 
range far exceeds the efficiency of banking investments, 
even at low maize prices. On the basis of the three-year 
average and the principle of additional efficiency, it is 
also advisable to apply 160 kg ha-1 N, provided that the 
marginal efficiency of doses close to 160 kg ha-1 is obviously 
significantly lower than the additional efficiency of the 
examined range; therefore, the accurate determination of 
the economical dose of active ingredient calls for applying 
significantly lower dose than the 80 kg ha-1 fertilisation range 
(with differences being up to 10 kg ha-1). This calculation is 
in line with all previous experimental results (Nagy-Pepó, 
2015; Balla, 2017; Dóka-Pepó, 2007; Győrffy, 1979), which 
confirm that the optimum of N fertilisation is above 120 kg 
ha-1. It should be noted that, in the European Union, there is 
a legal limit on N application from the environmental point 
of view (Nitrate Directive (1991) and Nitrate Regulation 
(2008), 170 kg ha-1 year-1). 

At the same time, the change in active substance prices 
may be significant and result in an identical, but opposite 
change of the optimum dose.
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