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Abstract: Improvements in agriculture has been focusing on innovations to improve the efficiency of the activity by making the traditional 
production structure currently in use more flexible and by making the necessary technological changes for farmers with large areas and the 
necessary machinery and equipment. Farms with significant arable land are able to offset the effects of changes affecting efficiency and 
profitability. The decisive sector of agriculture in Hungary is crop production, therefore its performance is largely determined by the annual 
output of the crop sector and the volatility in prices. From the farm data, we calculated farm-level results that support the need for machinery 
modernisation efforts, as precision tools and improvements already started in maize production can be applied fruitfully even in the light 
of the increasing frequency of negative climatic effects. During the development of silage maize cultivation technology, the achievements of 
precision farming were applied. Differentiated nutrient replenishment and sowing operations were used, in addition to the fact that harvesting 
was also documented. We set ourselves the goal of analyzing the management data of the study period between 2019-2022 in order to reveal 
the nature of the changes that occurred in terms of production value, production cost, and income, as well as the components that shape them. 
The presented values   are average values   of such conditions which are also suitable for crop-level conclusions. At the same time, they can be 
used to identify sector-level challenges and trends.
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INTRODUCTION

Maize is the world’s largest cultivated crop. In Europe, 
France with its 3.2 million hectares has the largest maize-
growing area, of which the silage maize area is around 1.3 
million hectares each year. Germany follows with 2.4 million 
hectares, of which 1,5 million hectares are used to produce 

silage maize. In Hungary, maize is grown on 1.2 million hec-
tares each year, of which 1.1 million hectares are grain maize 
and over 80 thousand hectares are used to produce silage one. 
Silage is a critical input to milk production. Dairy cattle farm-
ers have long struggled with low milk buying-in prices, which 
draws the attention to explore all options to reduce their im-
pact. As milk prices are independent of them, they are looking 
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at the costs of milk production and how it can be reduced by 
influencing input costs. Almost half of the total cost price raw 
milk is the feed cost, in which the bulk feeds such as silage 
produced in-house account for a large proportion. By using 
maize silage, which is the basis of domestic recipes, farm-
ers have a direct impact on nearly a quarter of these costs. 
Modern hybrids today is not about high green yields. Meeting 
the needs of dairy cattle farmers must produce silage maize 
hybrids with excellent feed value. Dry matter yield, energy 
content and digestibility of silage all have an impact on the 
economics of milk production, increasing milk yield and 
reducing the cost price. That highlights the production tech-
nology and the demand for continuous improvement in pro-
duction technologies of inputs that conributes to the overall 
efficiency of farming as a constant demand from management 
point view (SZŰCS-FARKASNÉ FEKETE, 2008; BOIKO, 
2019). SMUK et al. (2009) revealed the relationship between 
the returns on precision farming as a modern approach and 
farming assets and the size of farming, highlighting the farms 
with larger croplands are able to offset the change in yield 
or the expected interest level. KALMÁR et al. (2004) stated 
in relation to precision technology that this is a reasonable 
alternative for farms only with over 1000 ha crop land. Bulky 
material such as harvested maize for silage demands for trans-
porting large quantities over long distances relatively, which 
needs additional capacities (HUSTI 2007). To improve the 
perfomance when cultivating crop lands on the spot, farmers 
must develop suitable field (soil etc.) conditions as possible or 
organise several shifts or even by blocking (HUZSVAI et al, 
2012). KEMÉNY et al. (2017) analysed farming performance 
of different sizes including farms with over 1,000 hectares and 
smaller ones as well, drawing the attention to those cultivating 
smaller areas being capable of generating positive returns as 
well. Since agriculture performance is largely determined by 
the annual output of the crop production in Hungary (POPP et 
al., 2019), flexible operation should be a constant aspiration 
for the productivity of the plant growing sectors and to in-
crease their competitiveness (FELFÖLDI, 2013), taking into 
consideration the framework given by the natural-economic 
environmental factors. This can improve the product chain 
operation by its better flexibility that is highly expected in the 
agri-food sector as well (YOUSUF et al. 2022).  

MATERIALS AND METHODS

During the development of silage maize cultivation tech-
nology, the achievements of precision farming were applied. 
Differentiated nutrient replenishment and sowing operations 
were used, in addition to the fact that harvesting was also docu-
mented. In addition to the base fertilizers, top fertilizers were 
also applied in a differentiated and positioned manner in several 
rounds in the years of experiment.  Collected data came from 
production technology and enterprise management data for the 
years 2019-2022, in order to evaluate the efficiency of produc-
tion by a complex economic approach of its technological proc-
ess (APÁTI et al. 2010; SULYOK et al. 2013; Zhang – Kovacs, 
2012). Recording the material costs, machinery costs, labour 
costs and other direct costs, the sectoral cost-income analysis 

was carried out for silage cultivation technology variants. From 
the enterprise data, farm level results compiled according to 
the crop structure were calculated (KAY et al.1994). The basic 
data used for the study were collected and processed annually. 
Based on this that data set, we compiled a breakdown of value, 
cost, and income data and the components that make them up, 
which represented the initial data. This included not only basic 
data, but also derived data, which were examined to evaluate 
the main management indicators. 

RESULTS AND DISCUSSION

First, the cost data used during the investigation will be 
presented. The direct cost is related to the basic activity of the 
organization, it is directly related to the production of a prod-
uct. The following graph (Figure 1.) shows the distribution of 
direct costs. In the examined period (2019-2022), the amount 
of direct costs was between HUF 260,000 and HUF 310,000. 
The largest proportion was represented by raw material costs 
and machine costs. These two items account for more than 
50% of direct costs. The raw material cost includes the cost 
of organic fertilizer, seed, artificial fertilizer and plant protec-
tion product. The cost of machinery includes variable costs 
related to the machinery, the cost of the activity and the cost 
of external machinery services. The depreciation cost does not 
vary greatly between the years under examination. The cost 
breakdown represents the usual and accepted ratios in the sec-
tor. Raw material costs showed a significant increase during 
the last year, partly due to the incredible price increases in 
the sector. Overall, input prices in agriculture rose by 41%. 
The dramatic price rises in recent years have been caused by 
a combination of factors. A Europe-wide drought due to un-
favourable weather conditions reduced yields, which caused 
price increases. The supply and demand shocks caused by the 
Covid19 epidemic have not yet been resolved. International 
demand for fodder crops has continued to grow. Energy prices 
have risen in parallel with the economic recovery.     

The following graph (Figure 2.) shows the change in the 
market price of silage during the examined period. There was 
a minimal price increase in years 1-3 of the study. In 2022, the 
drought in Europe will directly affect the presence of moulds 
and mycotoxins. Mycotoxins are produced by certain types of 
moulds that affect feed quality and performance. As a result of 

py=production year
Source: Author’s own construction

Figure 1:  The Triple bottom line sustainability model 
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the 2022 harvest, prolonged heat and drought resulted in very 
high aflatoxin contamination. High levels of contamination 
may have been behind the significant price increase (around 
24% compared to the previous year) as the supply of quality 
silage was limited due to the drought.

The third graph shows the unit value of silage production 
per hectare. As in the previous results, negative values are 
shown for the year 2022. The graph also shows the value of 
the main product by product revenue and other revenue. These 
items have a value of 0 in the database. The production value 
per hectare shows an increasing trend in the first three years. 
It has varied between 300 000 and 400 000 HUF. Compared 
to the first year, the third year shows an increase of 25.6%, 
due to both the increase in yields and the increase in market 
prices. The fourth year value of main product shows 51% de-
crease compared to the first year under review and a 64% de-
crease compared to the third year. Production fell by nearly a 
third to about a third in a critically dry, drought-stricken year. 
Although market throughput increased, yields were critically 
low. Production value data are shown in Table 1. We can see 
that the yield in the fourth year was 8.7 t/ha.     

The following figure (Figure 5.) shows the gross mar-
gins of silage production. The term gross margin refers to 
a profitability ratio that examines a company’s gross profit 
relative to revenue or sales. The company’s gross margin is 
expressed as a percentage. Gross profit is determined by cal-
culating gross sales. The higher the gross margin, the more 
capital the company has left, which it can then use to pay 

py=production year
Source: Author’s own construction

Figure 2. Silage market prices

py=production year
Source: Author’s own construction

 Figure 3. Per unit values of silage production

py=production year
Source: Author’s own construction

Table 1. Value of main product

other expenses or meet debt obligations. The first column 
shows the gross margin per hectare. The difference between 
the first and the second year of the study is minimal, but 
in the third year it almost triples. Gross margin (of value 
of production) was highest in the third year. In the fourth 
year it becomes negative. Gross margin of revenue is nega-
tive in all the years under review (total income of enterprise 
- total direct costs). The third column shows gross income 
per value of production plus subsidies. It was highest in the 
fourth year, as that year saw a doubling of state and EU sub-
sidies compared to the previous three years due to the critical 
drought (drought damage).   

The fourth year was a year of critical failure. State and 
EU subsidies have helped somewhat to mitigate the drop 
in profitability, but the figures perfectly reflect the damage 
caused by the drought. The following table (Table 2.) com-
pares the average figures for years 1 to 3 with the results for 
year 4. We can see that the direct cost elements represent 
similar proportions on average over the three years com-
pared to the fourth year. In the first-three years, the value 
of main product was 78% (271 305 Ft/ha) of the production 
value (348 905 Ft/ha), while in the fourth year it was 20% 
less, 58%. The State and Eu subsidy was 42% of the produc-
tion value (81 300 Ft/ha), as the yield was less than a third 
(average 28 t/ha > 9 t/ha). In 2022 grants represented for 
42% of revenue. Examining direct costs probably due to the 
precision equipment, machinery costs were 3% lower in the 
fourth year compared to the three-year average and labour 
costs were 2% lower. The direct cost averaged 92% of total 
production costs over the three years. In the fourth year it 
was 94%. The Delta column shows the absolute difference 
between the periods under consideration, while Delta% 
shows the magnitude and direction of change. 

py=production year
Source: Author’s own construction

Figure 5. Gross margins of silage production
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py=production year
Source: Author’s own construction

Table 2. Summary table

CONCLUSIONS

Initially, the crown virus pandemic in 2020 did not have a 
significant direct impact on the natural output of agriculture. 
Overall, despite the negative effects of the epidemic, agricul-
ture had an average year, as shown in the yield table. Howev-
er, there were difficulties in marketing and the sector was not 
spared logistical problems, stricter safety standards, finan-
cial difficulties and labour shortages. What can also be seen 
from the farm data is that the extreme economic and market 
changes have had a major impact on the agricultural input 
markets, with fertiliser, seed and pesticide use facing sig-
nificant price increases. The military conflict has further dis-
rupted the market, and the data for the 4th pilot year perfectly 
reflect the consequences of the historic drought that has hit 
domestic agriculture, giving a new impetus to price increases. 
The conclusion of the study is that, based on the analysis 
of the four years, there are some factors that show drastic 
changes, but there are also some factors that have not devel-
oped negatively despite the unfavourable market and eco-
nomic conditions. 

In crop lands with good fertility, good crop yields were 
harvested even with the use of traditional and differentiated 
sowing and nutrient management. In this case the decisive 
influencing factor was the available absorbable soil moisture 
content. On the other hand, in the experimental areas with 
more heterogeneous soil properties, it was the differentiated 
cultivation technology that resulted in additional yields even 
in the year with less precipitation. These effects were reflected 
in the figures and influenced the management indicators.

Farmers developing a plan to manage farm businesses also 
have to figure out the technology, which may be different from 
one plots to another. The presented values in this paper   are av-
erage values, which are also suitable for crop-level compari-
sons. At the same time, they also help to recognize national 
sector averages and trends. In the case of a given economy, 
these values   may be very telling.
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