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Introduction 

 

The main goal of this e-learning material is to provide information on the research achievements 

of MATE Research Institute of Karcag (RIK) in terms the application of reduced tillage and its 

impacts on the physical, chemical and biological status of the soil. The research activities of RIK 

focus on the Great Hungarian Plain and within that the Middle-Tisza Region due to its geographical 

location. The Middle-Tisza Region has the most extreme ecological conditions in the Great 

Hungarian Plain with the highest shortage air- and soil moisture, special pedological, hydrological 

and geological conditions. Among the pedological factors the high rate of heavy textured soils 

containing swelling-shrinking clay minerals. The most important chemical factors limiting soil 

fertility are sodification, acidification and phenomena due to water affection. The soils investigated 

by RIK have very bad physical properties and water management due to their high clay content 

and unfavourable chemical features. Among the hydrological factors the high rate of areas 

endangered by water logging and high fluctuation of ground water is characteristic. The 

unfavourable circumstances due to the changes of too wet and too dry periods can often occur 

within one year in the same location. Among the meteorological factors the climatic water shortage 

of 150-200 mm is dominant. Beyond this the frequency of extreme values of meteorological 

parameters is higher comparing to the other areas of the country. Among the economical factors 

the agricultural character of the regions dominant. The extensive agriculture is general, the rate of 

cereal production is extremely high. 

 

The most important research-development activities focus on land protection, soil preservation and 

protective soil use. Within these activities the investigation of dry-farming, the increase and 

preservation of soil fertility and the utilisation of heavy textured, hydromorfic soils taking their 

loadibility into account for a longer term are the most urgent tasks in this region with special 

ecological conditions. Regarding soils and soil utilisation the national and international interest 

worked up research tasks and questions that also have important role in the research programme of 

the Institute and can serve the determination of its research tasks.  

Among these the most important ones are as follows: 
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• According to the global climatic prediction researches focusing on the development of dry-

farming will be of great importance for a longer term in Hungary. 

• The acidification of our environment has become a problem of high priority, as the increasing 

load accelerated the soil acidification process. This fact makes necessary the further 

development of soil reclamation and utilisation technologies suitable for preventing or stopping 

this process. 

• Another less significant problem is the prevention of potentially salt affected soils. 

• Load of soils by increasing amount of organic and inorganic substances has become a complex 

soil- and environment protection problem too. 

• General consequences of land use practice of large-scale farms are the structure degradation of 

the regularly cultivated upper layers the "dusty" topsoil, and the increasing degree of soil 

compaction process. 

 

The basic problem of soil cultivation 

• Degraded heavy textured soils 

 

In the Great Hungarian Plain the most important ecological factor determining the development of 

agricultural production is the water. There is long tradition of the efforts focus on saving water in 

agricultural use of water. Even during the last centuries, the ordinary peasants tried to use methods 

that ensure the safety of yield with as little amount of water as possible. The irrigation researches 

of the last century made it obvious that irrigation can be used only conditionally (strictly taking its 

environmental impacts as secondary salinization, soil degradation, etc into consideration) on large 

areas due to the special ecological and soil conditions of the Great Hungarian Plain. Therefore, 

other approaches (water saving soil cultivation, application of crops with high drought tolerance) 

can be the solution of this problem. Among others, these were the leading ideas of plant breeding 

researches at the beginning. Later the applied crop production technology researches mainly 

focused on the examination of the water regime of field crops and the microclimate of crop 

vegetation. In the early phase soil cultivation researches based on simple empirical observations 

and not on precise measurements, hence even in the case of the well proved and effective soil 
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cultivation methods our knowledge is defective. This fact makes the elaboration of up-to-date 

technologies more difficult. 

 

Researches focus on the control of soil water regime in order to improve the efficiency of water 

use are of great importance. In accordance with the combat against drought damages and soil 

degradation the conventional soil cultivation methods are prospectively replaced by conservation 

tillage, which aims the decrease of the depth of the regularly cultivated soil layer and the formation 

of a topsoil rich in organic matter. The scientific establishment of the hydrological impacts of these 

new methods can absolutely be considered actual and needs further efforts. 

 

The determination of the effects of technological elements influencing the soil water regime (mulch 

layer, heat isolating soil surface, mitigation of cracking, etc.) can contribute to the elaboration of 

water preserving technologies as the elements of up-to-date and sustainable crop production. The 

control of soil water regime is an effective environmental protective process at the same time, 

which is of great importance to prevent soil degradation and to mitigate the pollution of our water 

funds. 

 

Soil temperature has close correlation with the soil moisture content, the physical properties of the 

soil and the climate. As the first two factors can be influenced by soil cultivation, and the third one 

is independent of human activities, the determination of differences in water balance and 

temperature due to the effects of different soil formation and covering methods is of great 

importance to gain more detailed information on the impacts of sustainable soil cultivation. 

 

The above-mentioned facts were leading the determination of the main goals of our research. These 

goals can be summarised as follows: 

 

• Examination of soil water regime processes by the operation of a measurement system that 

provides the possibility of permanent study of the effects of different soil cultivation methods 

on the soil water– and temperature regime within model (lysimeter) circumstances. 
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• To establish the application possibilities and limits of the weighing lysimeter system, which is 

unique in its type in Hungary, created in RIK. 

• To gain more information on the effects of soil cultivation techniques suitable for the mitigation 

of the unproductive losses (evaporation, deep percolation) occur out of the vegetation period 

on the water balance components of the soil. 

• To provide data about the effects of certain technological elements (mulch layer, heat isolating 

soil surface, mitigation of cracking, etc.) on the soil water balance in different climatic and 

hydrologic conditions. 

 

Weather extremes 

 

Large spatial and temporal variability, changeability and hard predictability characterize the 

climate and weather of Hungary taking any climate factor into consideration. Nevertheless, it is 

predictable that the frequency, probability, duration and intensity of weather extremes and their 

impacts (floods, excess water, drought etc.) are increasing even within the same year and area. The 

reasons of that are the large spatial and temporal variability of atmospheric precipitation, the 

increasing frequency of showers of high intensity, the unfavorable soil conditions, the improper 

land use and crop rotation. 

 

Karcag, the capital of Great Cumania, is located in the north-east part of Hungary, in the centre of 

the Great Hungarian Plain. The subregion called Great Cumania is one of the driest areas of 

Hungary with high fluctuation of temperature and the most continental characteristic. Summers are 

dry, warm with low cover of clouds. The total number of annual sunshine hours is between 1970 

and 2020. The annual mean temperature is 10.2-10.4 °C, the mean temperature of the vegetation 

period is 17.4-17.6 °C. The annual amount of precipitation is between 490 and 510 mm. 

 

RIK has been carrying out meteorological measurements since its foundation in 1947. In July of 

2004 a weather station belonging to the network of the National Meteorological Service was settled 

there (Figure 1). 

 



Talajvédelmi védelmi művelési gyakorlatok a talajprofil szerkezetének javításának érdekében 
Hely és dátum 

  

www.visegradfund.org   7  

 

Figure 1. The weather station of Karcag 

 

The measurement frequency of the weather station is 10 minutes, the data are recorded by data 

logger. The measured meteorological parameters are summarized in Table 1. 

 

Table 1. The meteorological parameters measured in the weather station of Karcag 

PARAMETER UNIT 

air temperature °C 

mean temperature °C 

maximum temperature °C 

minimum temperature °C 

soil surface temperature °C 

minimum of soil surface temperature °C 

relative air humidity % 

air pressure hPa 

velocity of wind m/s 

direction of wind ° 

precipitation mm 

solar radiation W/m 

soil temperature at 10 cm depth °C 
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Air temperature 

Annual mean air temperature data measured in Karcag from 2005 to 2017 were analyzed in order 

to figure out if there is s tendency of change in this parameter (Fig. 2). In the investigated period 

the average of the means is 11.3°C, 1.3°C higher than the 50-year average (10°C). The maximum 

of annual mean air temperature values was detected in 2014 (12.2°C), while the minimum value 

was calculated for 2005 (9.8°C), this latter year was the only one among the investigated 13 years 

when the annual mean value was below the 50-year average. 

 

 

Figure 2. Annual mean air temperature in Karcag, 2005-2017 

 

The linear trend line fitted on the data of the diagram shows obvious and gradual increase of the 

annual mean air temperature in Karcag in the period of 2005-2017. In the region of Karcag the 

importance of this trend is significant, it is even sensible by the local people. 

 

Beyond the annual mean air temperature, the annual minimum and maximum values are worth to 

be analyzed too. The minimum values differed in a very wide interval within the investigated 

period, the lowest value was -23.3°C, while the highest minimum was -7.5°C. The maximum air 

temperature value reached 40°C in one year.  
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Precipitation 

Precipitation is the most changeable among the climatic parameters. During the investigation 

period of 2005-2017 both droughty and very wet years took place (Fig. 3). The lowest value of the 

annual amount of precipitation was detected in 2012 with its 344 mm, while there were two years 

among the 13 when more than 700 mm fell. The absolute record was detected in 2010 with its 

889.1 mm rainfall, no observation of higher amount can be found in our database going back to 

1948. After the extremely wet year of 2010 extremes were characteristic in the following two years 

again, but extreme dryness; in 2011 385.7 mm, while in 2012 only 344.5 mm was the amount of 

annual precipitation. Then a year came with average amount of annual precipitation. If we fit a 

trend line on the data series, a decreasing tendency is figured out regarding the total amounts of 

annual precipitations. Nevertheless, it cannot be concluded that this tendency has started, since the 

average of the investigated 13 years is 62 mm higher than the 50-year average. 

 

 

Figure 3. Annual amounts of precipitation in Karcag, 2005-2017 

 

From agricultural point of view the temporal distribution of precipitation is very unfavorable in 

Great Cumania. The number of days with precipitation over 20 mm is increasing, even rainfall 

intensity over 60 mm/day occurred in 2005 and 2010. 
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Human society cannot feel climate change tendencies directly as they are relatively slow. 

Nevertheless, the more frequently occurring extreme meteorological events have direct and indirect 

impacts on society and agriculture. Since the frequency and intensity of temperature extremes are 

increasing, their spatial and temporal occurrence is getting more and more variable, one of the 

biggest challenges of our society is to accommodate to them. 

 

On the base of the analysis of the temperature and precipitation data recorded in Karcag between 

2005 and 2017 it can be concluded that our climate is very changeable, unpredictable making 

agricultural production, especially crop production riskier and more complicated. The change of 

temperature tends to warming up on the base of the data recorded in the last 13 years. We do not 

consider the precipitation data recorded from 2005 to 2017 sufficient to judge the tendency of the 

change in that respect, though the increasing changeability is obvious as found real extremes even 

a relatively short investigation period. 

 

Weighing lysimeter experiments 

 

The experiment was carried out at the lysimeter station of RIK. Fig. 4 shows the structural 

construction of the lysimeter system. Under the lysimeter units with plastic wall electronic scales 

can be found that can measure the changes of weight with the sensitivity of 0.1 kg (0.06 mm) in 

the measurement range of ±300 kg. The scales are connected to a data logger in pairs to measure 

and store the weight data every hour automatically. The data loggers have connection with a 

computer for data processing. The sizes of the units: surface area 1.7 m2, depth 1 m. The lysimeters 

were filled with meadow chernozem soil in 1992, hence the samples are not undisturbed, but we 

have taken the original rates of the horizons into consideration. The soil columns contain 25 cm 

from the original A horizon of the sampled soil profile, 40 cm from the B, and 20 cm from the C 

horizon. 
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Figure 4. The structural construction of the lysimeter system 

 

The photos of the six most frequently applied treatments of the lysimeter experiment are shown in 

Fig. 5. 

 

 

 

Figure 5. The most frequently applied treatments of the lysimeter experiment 
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Determination of the water balance components 

 

According to the principle of weighing lysimetry the facility is suitable for the calculation of the 

water balance of each unit. The adequate water balance equation valid for the given situation is as 

follows: 

P + I = E + D + WB 

where P = precipitation (mm), I = irrigation water (mm), E = evaporation (mm), D = drain water 

(mm), WB = water balance, change of soil moisture content (mm). As WB = W, water balance 

equals the change of the weight of the soil column, its value can be expressed by reducing the input 

and output factors: 

W = P + I – E – D 

 

As all the factors of the water balance equation, except for evaporation, can be measured and 

expressed in mm, the evaporation value can be calculated as follows: 

E = P + I – D + W 

 

The accuracy of the calculation depends on the measurement accuracy of the components, which 

is 0.05 mm in the case of the change of weight. This accuracy ranges the lysimeter system to the 

category of high precision lysimeters. 

 

Determination of moisture and temperature profiles 

 

The first five units of the sampling set (probes) suitable for the soil moisture and temperature 

measurements were completed by January of 1998. and built in the lysimeters. The probes (type 

TTN-M by Sinóros and Szőlősi) measure the soil moisture content according to the principle of 

hydropolarisation at four different soil layers (0-10, 10-20, 20-30 and 30-40 cm respectively). The 

measurement frequency is optional, and the detected data are directly sent by the probes to the 

linked computer. 
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Determination of water balance components with weighing lysimeters 

 

During the determination of water balance components with weighing lysimeters I elaborated the 

measurement and calculation methods based on the water balance equation valid for the 

investigated measurement system. I analysed the temporal frames that are the most suitable for the 

processing and assessment of the gained data. I established that within the given experimental 

circumstances water balance results calculated for a half-year (May-October), for a month and for 

short drying out periods are the most suitable for the determination of the dynamics and 

characteristics of water balance components influenced by the different soil cultivation methods 

and for the determination of the effects of different climatic and hydrological situations. 

 

Results of the half–year water balances  

 

I numerically determined the half-year water balances (and their components) of the soil columns 

with different surfaces created by the modelling of various soil surface formation and covering 

methods. I figured out the probable reasons of the experienced differences and the effects of 

different periods, especially of the extremely dry or wet periods, on the water regime of the soil. 

 

On the base of the half-year results I evaluated the effect of different soil surfaces created by the 

examined soil cultivation treatments on the soil water balance. By means of the method of 

regression analyses I tried to find a correlation between the amount of water input (precipitation, 

irrigation) and output by evaporation of the soil columns. I found close exponential correlation 

between the examined variables (Fig. 6). According to the results I ranged the examined five 

treatments into three different groups. I established that probably there is a certain amount of water 

input, where practically there is no difference in the amount of water evaporated from the soil 

columns of the cultivated treatments. I also figured out that the treatments that have evaporation 

decreasing effect in the lower water input range, in case of water load higher than the average, 

loose more water by evaporation. I elaborated a new method for the assessment of evaporation 

decreasing and infiltration increasing effect of the investigated treatments (Table 2). 
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Figure 6. Correlation between water input and evaporation on the base of the half-year 

water balance data 

 

Table 2. Assessment of the effect of five treatments on the water balance of the soil column 

 

Treatment 

Evaporation mitigating effect Infiltration increasing effect 

evap./input category drain water/input category 

control 94 % poor 14 % poor 

cloddy 85 % medium 17 % medium 

mellowed 84 % medium 20 % good 

mellowed 

+crust br. 

77 % good 22 % good 

mellowed 

+covered 

77 % good 31 % very good 

 

Methodological assessment of water balance measurements by weighing lysimeters 

 

I determined the advantages and disadvantages of the weighing lysimeter system, and figured out 

its application possibilities and limits for the examination of soil water balance. My conclusion is 

that this weighing lysimeter system, with its given size parameters, provides very accurate data for 

the comparison analysis of the differences arising in the water balance of soil columns with 
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different surface formation and covering treatments. But I also established that this system is not, 

or only with very limited conditions, suitable for the examination of the water regime of soils 

covered by crops. 

 

Examination of the moisture profile of soil columns with different surfaces 

 

In the course of the moisture content measurements, I established that even is those cases when no 

differences of the moisture fund of the soil columns could be detected by means of the lysimeter 

measurement system, the vertical moisture profiles showed significant differences. In periods with 

average or high amount of precipitation only the upper 20 cm deep soil layer lost moisture. But in 

case of long dry periods, I experienced the decrease of the moisture content in the soil layers under 

20 cm too. 

 

I figured out the stratification characteristics of the soil moisture profile in the soil columns with 

different surfaces (Fig. 7). The characteristic of the untreated surface (control) is the high amount 

of water remaining close to the soil surface, but the deeper layers are not saturated to field capacity. 

In the case of the crust breaking treatment only the upper 10 cm layer dries out, but in accordance 

with the literature data, this isolation layer impedes the spreading of drying deeper. The mulch 

layer also dries out to the depth of cultivation, but the water can infiltrate effectively into the 

mulched soil surface, hence the soil with this treatment showed very good water regime properties. 

Unambiguously the soil columns covered with straw preserved the highest amount of water 

content, nevertheless some differences could be detected in the stratification due to the presence or 

lack of cultivation. The uncultivated version (similarly to the control) preserves more moisture 

close to the surface, but less in the deeper layers, the situation is exactly the opposite in the case of 

the cultivated version. 



Talajvédelmi védelmi művelési gyakorlatok a talajprofil szerkezetének javításának érdekében 
Hely és dátum 

  

www.visegradfund.org   16  

 

Figure 7. The average moisture profiles of the soil columns on the base of the daily values 

(May-October) 

 

Comparison of conventional and reduced tillage systems 

 

The objective of the complex soil tillage experiment, launched in 1997, was to establish capabilities 

and effectiveness of a soil conservation tillage system, which stops the physical degradation the of 

soil among agro-ecological and arable ecosystems in the Trans-Tisza Region and to develop an 

environmental friendly energy-saving cultivation system. The long-term cultivation experiment 
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includes: reduction of the regularly cultivated layer, leaving the ploughing tillage method, 

application of reduced tillage and no tillage and direct seeding, application of mulching technology, 

and use of deep loosening to eliminate the physical defects of the soil and the factors limiting soil 

fertility. The total size of the plots of the experiment is 16 ha, the conventionally cultivated (plough 

based) plot was set on 3.5 ha, and the reduced tillage plot is 12.5 ha. Two plants were growing in 

crop rotation in the four plots. The plants (wheat, maize, peas, sunflower, barley) represent the 

structure of crop production characteristic to Nagykunság region. 

 

In order to reveal the role of tillage systems in CO2-emission from the soil, regular measurements 

were carried out in the plots with conventional and reduced tillage of the soil cultivation 

experiment. 

 

Anagas CD 98 and Gas Alert Micro 5w infrared gas analysers (Fig. 8) were used to measure CO2-

concentrations, and a specially developed method (consisting of a frame and a bowl) was applied 

to delimitate the measuring area. 

 

 

Figure 8. The frame + bowl method with the gas analyser 

 

To calculate the CO2-emission from soil the following formula was used: 

 

F = d * (V/A) * (C2-C1)/t * 273/(273+T) 
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where F: CO2 flux (g m-2 h-1), d: density of CO2 (kg m-3, 1.96 for CO2), V: volume of head space 

of chamber (m3) A: area of chamber (m2), C1: CO2 concentration at time of start (m3 m-3), C2: CO2 

concentration at time of end (m3 m-3), t: duration of measurement (s), T: air temperature (C°). Most 

of the measurements were done on stubbles after harvest in order to exclude root respiration that 

can be 80% of the total emission. The weather conditions of the examined 10 years were very 

changeable providing a good chance to compare them. Parallel to the carbon-dioxide concentration 

measurements samples from the upper 10 cm deep soil layer, which has the major role in soil 

respiration, were taken in order to determine the actual soil moisture contents by gravimetric 

method.  

 

In the investigated ten years the weather was very diverse so it created an excellent opportunity for 

comparison between years. Figure 9 shows the data of the two cultivation systems. The results 

gained from the soil cultivation experiment must be evaluated separately for each year as the 

weather, agrotechnical and soil status conditions were considerably different each crop year. Each 

measurement was done in at least three replications, the averages of the replications are illustrated 

in the figures. The weather conditions of the investigated ten years were very variable providing 

excellent opportunity to compare the years. 

 

The data of 25th July, 2006 were measured on stubbles after harvest, significant difference could 

be figured out between conventional and reduced tillage in terms of carbon-dioxide emission: 0.304 

and 0.463 g m-2 h-1 were measured under similar soil moisture conditions (18 and 19 m/m%, 

respectively). 
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Figure 9. CO2 emission after harvest in the soil tillage experiment (2006-2016) 

 

Assessing all our data it can be concluded that reduced tillage showed higher carbon-dioxide 

emission values each of the 6 years when winter cereals (wheat, barley) were the indicator crops, 
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the differences were significant in two years (2006 and 2009). Only in one year out of ten was 

sunflower the indicator crop, in that case we could not figure out considerable difference between 

the two investigated soil tillage system regarding the carbon-dioxide emission from the soil. There 

were two years when the stubble of winter pea could be studied: in one of the two years no 

difference could be figured out, while in the other year the conventional tillage resulted in higher 

carbon-dioxide emission. Since fodder pea needs deeper cultivation of the soil, conventional 

tillage, where ploughing down to 30 cm was carried out, was more satisfactory to that indicator 

crop. Oilseed rape was examined in one year: also, conventional tillage with its deeper root zone 

resulted in higher carbon-dioxide emission from the soil. As a summary it can be concluded that in 

seven years out of ten reduced tillage resulted in higher carbon-dioxide emission from the soil. We 

proved with field measurements that due to the moderate soil disturbance and the favourable soil 

conditions for microbial activity, reduced tillage system resulted higher CO2-emission compared 

to the conventional tillage, though the emission was more balanced in time. 

 

Effect of composting on the penetration resistance of the soil 

 

Composting is known as the method of treatment and disposal of organic wastes for a long time. 

Environmental utilization of manure of big mass in its original form cannot be carried out every 

case, therefore its composting is rational. The composting technology elaborated in RIK is suitable 

for the production of a compost that meets the requirements of the European Union and can be 

applied in organic farming as well. Our experiment aiming to determine the effect of two compost 

products on the penetration resistance of the soil was set up on the plot H1 of RIK in the spring of 

2019. The soil type of the experimental plot is meadow chernozems, it is slightly acidic (pHKCl 

5.6), the total soluble salt content is <002%, the humus content is 4%, the CaCO3 content is 0.13%. 

 

The experimental plot has not been ploughed since 1997 according to the treatments of the long-

term tillage experiment, the tillage system applied is based on shallow cultivation without turning 

of the soil and regular deep loosening. The forecrop was winter wheat, the basic cultivation was 

carried out with a John Deere Disc Ripper to the depth of 25-28 cm in the August of 2018. In our 

experiment, we examined the effect of two compost products – Remusz with wastewater sludge 
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origin and Terrasol with sheep manure origin – on the compactness of the soil compared to effect 

of the control where only mineral fertilizers were applied. The treatments of the experiment: 

Terrasol 20 t/ha; Remusz 5 t/ha, 10 t/ha, 20 t/ha, 25 t/ha, mineral fertilizer control. Terrasol compost 

was distributed on 8th September 2018 and mixed into the upper soil layer (0-10 cm) by means a 

John Deere Mulch Tiller. Remusz was distributed similarly but mixed into the soil with a 

combinator on 23rd April 2019. At the same time mineral fertilization was applied on the control 

subplot (Yara Mila NPK (S)=16-27-7(5) 220 kg/ha). The indicator crop was maize (hybrid P9241) 

that was sown on 25th April and harvested on 10th October. According to the commercial certificate 

of Terrasol compost (NÉBIH, 2008) its main ingredients are sheep manure with deep litter (96 

m/m%), zeolite (2 m/m%), raw phosphate (2 m/m%). 

 

After the harvest of the indicator crop, we measured the penetration resistance of the soil to 

characterize its compactness by means of a 3T System type penetrometer. The measurements were 

carried out for the upper 30 cm deep layer of the soil in 3 repetitions. The device detects and stores 

the resistance data for each centimetre depth, the values are expressed in MPa. We did not evaluate 

the data gained from the upper 5 cm, as according to the relevant literature, they are not reliable 

due to the so called ‘soil surface effect’. The actual soil moisture content data were determined 

from soil samples taken from the upper 10 cm deep layer of the soil with simple gravimetric 

method. 

 

As the first approach, we compare the effect of four different doses of Remusz compost to the 

effect of the control treatment with mineral fertilizer application on the penetration resistance 

(compactness) of the soil (Fig. 10). Since there is close correlation between the penetration 

resistance and the moisture content of the soil, we determined these values parallel for the same 

soil layers. 

 

We figured out the positive effect of all four compost doses on the penetration resistance of the soil 

manifested in lower resistance values measured in the depth of cultivation, while similar soil 

moisture content was characteristic for each treatment. The soil of the control subplot was the most 

compacted. The higher compost doses resulted in lower penetration resistance of the soil. 
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Figure 10. Effect of the different doses of Remusz compost on the penetration resistance 

and the moisture content of the soil (Karcag, 2019) 

 

In our second approach, the effect of the same dose of the two different compost products was 

determined and compared to the effect of the control treatment (Fig. 11). It is obvious that the soil 

of the control plot is the most compacted. The 20 t/ha compost dose of both compost products 

significantly decreased the penetration resistance of the soil. No considerable effect compost 

application on the soil moisture content could be figured out. 

 

 
Figure 11. Effect of the different composts on the penetration resistance and the moisture 

content of the soil (Karcag, 2019) 

 

According to the results of our experiment carried out on a heavy textured soil at Karcag in 2019, 

we could conclude that the two investigated compost products had favourable impact on the 

penetration resistance of the soil in the layer of 0-30 cm as soil compactness was mitigated by their 

application. We established that even due to the application of the lowest dose (5 t/ha) of Remusz 

compost resulted in considerable decrease of soil compactness. The higher compost doses resulted 
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in lower penetration resistance of the soil. Though the highest compost dose (25 t/ha) resulted in 

the highest decrease of penetration resistance, this dosage or higher cannot be rationally 

recommended due to economic reasons. The effect of the same dose (20 t/ha) of Remusz and 

Terrasol composts was determined and compared to the control (mineral fertilizer application) 

treatment. We established that both compost products had positive effect on the physical status of 

the soil, but Terrasol decreased the penetration resistance of the soil to a higher extent. Our 

examinations proved that both compost products (with wastewater- and sheep manure origin) are 

suitable for successful application in a heavy textured soil with high clay content. Applying 

compost in a reduced tillage system, longer duration of its impact can be expected as it is not turned 

down by ploughing contrary to case of conventional tillage. 

 

Keywords 

• Application of reduced tillage: mulching, shallow cultivation 

• Combat against extreme hydrological situations: drought, excess water 
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CONTROL QUESTIONS 

 

1. What are the main impacts of extreme weather/hydrogical situations on agriculture, and 

what are the possibilities of accommodation? 

 

2. How can lysimeters be used for agricultural research? 

 

3. How can water preserving land use practices be assessed from hydrological point of view? 

 

4. What are the main elements of the hydrological and how can they be quantified? 

 

5. How can lysimeters be applied for the determination of the water and salt balance of the 

soil? 

 

6. How is soil fertility related to CO2-emission? 

 

7. How is soil moisture content related to its penetration resistance? 

 

8. How can the physical properties of the soil be improved? 
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