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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 soil conditioning 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 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: 

 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. 
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Accommodation to the agri-ecological conditions - Soil doctors 

 

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. 

 

 

Curing soils is the same principle as in human medical service 

• Human: blood sampling and analysis 
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• Soil: soil sampling, chemical, physical, biological analysis 

• Human: medical examination 

• Soil: in-situ measurements 

• Human: prescription 

• Soil: experimental design 

• Human: medical treatment and cure 

• Soil: agrotechnology, soil cultivation, soil reclamation, soil conditioning, organic matter 

input 

 

Soil cultivation 

 

Impacts of soil cultivation methods are visible on the physical, chemical and biological properties 

of the soil. Methods of soil cultivation include full and conservation tillage. Depending on the 

selected soil cultivation method each has consequences on the environment, for example, Full 

tillage fractures the soil, disrupts the soil structure, soil temperature (Busari et al., 2015), accelerate 

the surface runoff and erosion, and releases CO2 gas to the atmosphere (Lal et al., 2007). whereas, 

Conservation tillage involves practices that involve minimization of damage to the soil, conserves 

soil moisture and retain or prevent carbon emission to the atmosphere (Busari et al., 2015). It also 

reduces the leaching of nitrogen in the soil (Qi et al., 2019; Wang et al., 2020). Reduced tillage, 

zero tillage, mulching, ridge and contour tillage are some of the conservation cultivation practices. 

Zero tillage involves minimal disturbance of the soil to enhance soil biological activity, and 

maintenance of soil cover (crop residue) to reduce the impact on soil from raindrops or soil erosion. 

Reduced tillage involves the use of primary tillage to minimize the level of soil manipulation. 

Mulching involves methods of cultivation in which crop residues are left on the soil to supply 

nutrients to the soil, suppress weed growth and retain soil moisture. Ridge tillage involves the 

planting of crops along both sides or at the top of the ridges. Soil conservation practices are 

beneficial in reducing soil erosion, increasing soil productivity, reducing production costs and as 

well as saving the energy used in field operations (Dvoskin et al., 1977). In soil conservation tillage 

practice at least 30% of crop residue is left on the soil surface, this slows down the water movement, 

and as a result, it minimizes the amount of soil erosion. Additionally, conservation tillage has been 
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found to have benefit predatory soil organisms that can enhance pest control by increasing the 

population of pest inhibiting organisms (Stinner and House, 1990). 

 

In Hungary, the area cultivated under the reduced tillage is increasing year by year, though full 

tillage practice is still dominant and it was the only soil cultivation method until the end of the 

1990s. In 1998 several measures were put in place to combat damages caused by drought and soil 

degradation, conservation tillage was introduced which aimed at reducing the depth of frequently 

cultivated soil layer and promotes topsoil formation which is rich in organic matter. Reduced tillage 

is now the most dominant form of soil protective management that affects the soil stock in Hungary. 

However, residue management, irrigation management, and fertilizer management applying 

mineral fertilizers and organic amendments are other forms of soil protective practices that are 

being practiced in Hungary (Zsembeli et al. 2008). 

 

According to the research achievements of RIK, land-use change from conventional to reduced 

tillage can save 200 kg soil organic carbon per hectare and 40 mm of soil moisture in the upper 30 

cm depth of a typical soil of the Great Hungarian Plain annually. Due to the lower number of tillage 

operations, there is a 30-50% decrease in fuel consumption and an environmental load of 

greenhouse gases can be expected. 
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Application and development of soil protective soil cultivation systems 

 

 

Mulching, reduced tillage, moisture preservation 
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Mulching, reduced tillage: preservation of soil organic carbon stocks! 

 

Soil conditioning 

 

Soil conditioning involves adding a product to the soil to improve the physical quality of the soil, 

fertility, and mechanics of the soil. According to research conducted in Karcag region, it showed 

that soil conditioner (Neosol) has a positive effect on the agricultural soils as it facilitates vertical 

movement of the water, improve water holding capacity, improve organic matter content 

(Brandsma et al., 1999; Zsembeli et al., 2019) and facilitate leaching of excess salts from the root 

zone (Rivera Garcia et al., 2020). Through the benefits of soil conditioning proven by various 

studies (Brandsma et al., 1999; Rivera Garcia et al., 2020; Zsembeli et al., 2019) soil conditioning 

can help in improving the agricultural productivity of farming land (Kalra et al., 1998). 

 

According to the research achievements of RIK, 6 years of soil conditioning (use of Neosol once a 

year at a rate of 150 kg/ha) the soil depth with favourable physical, chemical and biological status 

increased by 10 cm in a meadow chernozem soil. 
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Soil profiles of the untreated control plot (left) and the plot treated with Neosol after 6 years of 

application 

 

Salt-affected soils have been a critical issue facing croplands. A large portion of the Great 

Hungarian Plain is one of most salt-affected areas in Europe. The aim of my research is to 

investigate the effect of compost on salt-affected clay soil. Compost is known to have a positive 

effect on salt-affected soil, but little is known about the correlation between soil organic matter and 

bacterial activity. An experiment was conducted by measuring soil respiration, under controlled 

conditions, over a 16 week period. During the initial phase of the experiment, compost was added 

to non-salt-affected soil in differing qualities (0, 25, 50 t/ha), and each sample was irrigated with a 

solution containing different salt concentrations (0, 600, 1800 mg/l) with three test replications. At 

the tenth week, the compost was added to each at second time. At thirteenth week, soil conditioner, 

rich in N, S and Ca, was added equally to each soil sample. Following the experimental phase, 

nutrients and bacterial colony measurements were conducted. 

 

During the phase of the experiment with compost application alone, the results demonstrated that 

salt concentration of irrigation water and compost ratio had negligible influence on soil respiration. 

However, following the addition of soil conditioner, a dramatic increase in respiration was recorded 
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with initial spike of chemical reaction and second spike with biological reaction. Nutrient 

components were highly affected by salt and SOM, but overall CEC were same. 

 

 

Increase of biological activity of the soil: increased soil respiration 

 

In a soil cultivation experiment we found that the penetration resistance and traction power values 

characterising and quantifying the compactness and cultivability of the soil were lower hence more 

favourable on the plot treated with Neosol soil conditioner. From the point of view of farmers, the 

main goal of the application of soil conditioners is to ensure better growing conditions for the crops, 

hence to achieving higher yield quantity and quality. Nevertheless, our study pointed out that 

Neosol application resulted in a much lower traction power demand of ploughing by the second 

year of the study even under unfavourable (dry soil status) conditions. Based on this observation, 

we assume a cumulative positive effect of soil conditioning on the physical soil properties in the 

study area, therefore the long-term application of soil conditioners with identical features is 

recommended for farms having similar soil properties. 
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Improvement of the physical status of the soil: decrease of traction power demand 

 

 

Organic matter input 

 

The world population is growing which puts pressure on the agricultural land to meet the growing 

demand for agricultural food (Turmel et al., 2015), this has greatly affected the health of soils 

(Dalgleish et al., 2011) and quality (Verhulst et al., 2018). For the soil to be healthy it has to be 

rich in soil organic matter content (SOM), therefore there is the necessity to do regular soil organic 

matter amendments (Dalgleish et al., 2011). Crop residue is a readily and cheaply accessible form 

of biomass, that is left after the crop is harvested, which is a greater source of organic matter for 

soils (Bell et al., 1966). Crop residues can be in form of leaves, stems, and roots. Crop residues are 

used and maintained in different ways. It can be used as a fooder, animal straw, or left on the farm 

after harvesting and/or incorporated into the soil. This will help to improve the soil physical (soil 

structure, prevent soil erosion and runoff, soil compaction, improves soil temperature and moisture 

content), biological (soil biomass and diversity) and chemical properties (cation exchange, soil 

organic carbon, and soil pH) (Wilhelm et al., 1986, 2007) in return improves the soil health, which 
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is essential for yield improvement and at the same time improve the productivity of livestock as 

well (Turmel et al., 2015). 

 

Nowadays one of the most pressing problems of agriculture is the continuous rise in the price of 

fertilizers. Therefore, the application and adaptation of alternative ways of fertilization are essential 

to achieve fruitful and efficient agricultural management. One of the most rational solutions for the 

easy and cheap way of nutrient supply is the chopping of the straw generated during crop 

production and mixing of it into the soil. A research task was arisen in this context aiming to 

complete the missing data from Table 4.16 of Chapter 4 (Agriculture) of the IPCC Good Practice 

Guidance and Uncertainty Management in National Greenhouse Gas Inventories entitled Selected 

Crop Residue Statistics the determination of country-specific, representative values of the crop 

residue rate (ratio of seed yield and crop residue), the dry matter content and the N-content of crop 

residue for sunflower and oilseed rape using laboratory analyses. Sampling was done on rape and 

sunflower stand in different parts of the country. The sampling procedures were carried out in June 

in the case of rape and in August in the case of sunflower, respectively, just before the raping of 

these crops. Altogether 116 plant- and 70 soil samples were taken. Two approaches were applied: 

samples from several regions were taken around the country, and partly rape and sunflower variety 

field trials were sampled. The nitrogen contents of the plant samples were evaluated in two groups: 

the samples taken during the country-wide sampling tour separately from the samples originating 

from the various field trials. In both cases, the nitrogen content values were arranged in increasing 

order and their average was calculated. Based on our examinations, the weighted average of the 

nitrogen content values of the rape samples taken the incidence frequencies into account was 

0.33%, while this value was 0.57% in the case of sunflower. Taking these values and the average 

amounts of crop residues into account, the country-specific, representative values of the nitrogen 

content of crop residue for oilseed rape and sunflower are 11.9 kg/ha and 26.3 kg/ha, respectively 

(Zsembeli et al., 2019). 

 

According to the research achievements of RIK, the basic autumn fertilizers can be replaced with 

compost without yield depression. In addition, the organic matter and lime content of compost 
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significantly improves soil cultivability, reduces soil acidity, and provides nutrients for the crops 

for several years. 

 

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%. 

 

 

Improvement of the physical status of the soil: decrease of soil compaction 
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Improvement of the physical, chemical, and biological status of the soil: yield increase 

 

Irrigation (from pedological viewpoint) 

 

Salinity is one of the most important environmental problems limiting agricultural production, most 

especially in arid and semi‐arid lands (ASAL) where agricultural activity is dependent on irrigation 

(Chatrath et al., 2000; Pitman and Läuchli, 2006). Salinization reduces the productivity of arable 

areas, decreases land value, and leads to their abandonment (Guida-Johnson et al., 2017). Soil 

salinity can be a result of either natural or anthropogenic activity. Soils can have naturally increased 

content of soluble salts due to the weathering process or as a result of secondary salinization due 

to irrigated lands because of inappropriate irrigation schemes and absence or defect in the drainage 

system. When the salt content of the soil is too high, the soil may sack back the water from the 

plant root, causing dehydration of the plant, decrease in yield, or sometimes death of the plant. 

The salt tolerance of a crop depends on its ability to extract water from the salinized soils. Yield 

losses usually occur even though the effect of salinization may not be too obvious. Therefore, 

taking measurements of soil or soil water extract electrical conductivity is important in determining 

the salt content of the soil. This measurement can be done either ex-situ or in-situ. 

 

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/salinization
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Though irrigation in farms is done to supply water to crops, maintain farming land or provide 

necessary water during drought periods, irrigation has a significant impact on both the chemical 

and physical properties of the soil. Reduction of soil nutrients because of alkalinity or acidity and 

secondary salinization are some examples of chemical change in soil property caused by irrigation, 

which results when there is a long term accumulation of salts or excessive accumulation of water-

soluble salts found in natural waters examples of these salts include; sodium, magnesium, calcium, 

and potassium chloride and phosphates (Mon et al., 2007)) on the groundwater due to wetting and 

drying (Drever and Smith, 1978) and surface evaporation of water on irrigated land (Allison and 

Barnes, 1985). This results in physical degradation of soil like loss in soil fertility (Al-Zu’bi, 2007) 

due to leaching of soil nutrients as a result of irrigation activities. Secondary salinization also results 

in fracture and compaction of soil surface. Soil erosion is another impact of irrigation (Koluvek et 

al., 1993) this affects the productivity of the soil, decreases infiltration rate and permeability of the 

soil, reduces the depth of the root of a plant and causes stress to plants as they are unable to use 

plant nutrients efficiently. 

 

Nowadays, soil salinity constitutes one of the major abiotic constraints in global food production 

and are particularly critical in semi-arid and arid regions (Minhas et al. 2020). In regions faced 

with good quality water scarcity, it is common practice irrigation with saline groundwater for 

agriculture. Salinity has a big effect on plant nutrient availability, reducing phosphate availability, 

competitive uptake, transport or partitioning within the plant and yield performance (Grattan & 

Grieve 1999). However, in Hungary semi-arid environment like Jász-Nagykun-Szolnok (JNS) 

County and the Nagykunság micro-region is one of the extremes climate conditions in Hungary. 

For this reason, had been increased the irrigation water requirement for horticulture due to climate 

change. The water used for irrigation usually is saline water. Particularly in Karcag, the irrigation 

water, coming from underground water, have been monitored and is proved that the underground 

water in Karcag is not suitable for irrigation (Zsembeli et al. 2011; Zsembeli et al. 2013). In this 

case the horticultural system is increasing salt storage (net accumulation of salts) and is considered 

to have a risk of salinization to land and water resources (Rhoades et al. 1997).  
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In general overview salt composition of the soil solution influences the composition of cation 

exchange and affecting soil structure and hydraulic properties (Bower 1959). The main salinity 

effect is the reduction of transport of Ca2+ and mobility to growing regions of the plant, not only 

reduce Ca2+ availability but, which affects the quality of both vegetative and reproductive organs. 

Salinity in general directly affect nutrient uptake, such as Na+ reducing K+ uptake or by Cl- reducing 

NO-3 uptake. Apparently, Cl- is antagonism of NO-3 uptake (Martinez and CerdaÂ, 1989; Wang et 

al. 2003). Also, salinity can cause a combination of complex interactions that affect plant 

metabolism, susceptibility to injury or internal nutrient requirement (Grattan and Grieve,1999). 

Salinity is one of the most injurious abiotic stresses for plants that alters different morphological 

and physiological traits of plants to an abnormal state. The severity of salinity is a complex process 

and response is also mediated by environmental interactions with the plant-soil such as relative 

humidity, temperature, radiation, gene resources etc (Shannon et al. 1994; Sadras et al. 2020). 

 

Controlling or reducing salinity levels in the soil depends in the practices with water movement, 

which are amount of water, frequency and method of applying water, drainage and soil cultivation 

(Reeve & Fireman, 1967; Dudley et al. 2008; Pereira et al. 2014). Management of saline water for 

irrigation is often based on application of excess water, designed to maintain minimum root zone 

salinity (Ben-Gal et al. 2008; Burt & Isbell 2005; Lambert & Shaiti 2002). Nevertheless, in Karcag 

the water quality is a limiting factor for leaching purposes. Karcag Institute have been working on 

soil conditioners for large scale production and lysimeter experiments. The main key is in 

increasing water use efficiency while maintaining normal levels of production (Gadissa & 

Chemeda 2009; Zsembeli 2021). Therefore, our aim is to simulate the horticulture production with 

saline water (Norm III-IV<1000mg/L) and understand soil salinization process.  

 

According to previous soil analysis and soil conditioner experiments in Karcag we identify 

different groups of soil conditioners (Kovács et al. 2013; Tuba et al, 2020 a, b; Monori et al. 2009; 

Szűcs et al. 2014 a, b; Szűcs et al. 2015 a, b; Zsembeli et al. 2019a, b), The first group is the natural 

organic materials (biochar and compost). The organic amendments have the typical use to increase 

infiltration, retention of water. are often negatively viewed as waste products with undesirable 

features such as odour, excessive nitrogen and phosphorus, heavy metals, pathogens, toxins and 
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other contaminants, which are potentially transportable to surface or ground waters by runoff or 

leaching (Bergstrom 1990; Larney et al. 2011).  

 

The second group of soil amendments are the biosynthetic soil conditioners (Physiomax, Explorer 

and Neosol), which are made by biotechnology companies, like Olmix group and TimacAgro. This 

soil amendments uses three main sources, clay minerals, trace elements, microorganisms and algae 

sulfated polysaccharides (Balusson 2018). This companies developed technology focused in 

specific organisms and use them like a renewable raw material. RHIZO-VAM is another patent 

which is water soluble soil inoculum that contains in-vitro produced spores and infective 

propagules of arbuscular mycorrhizal fungus Rhizoglomus intraradices in mixture with other 

natural products, like mycorrhizal helper bacteria, Ca-modulating products and extract of algae 

stimulates the exchange between the soil and the plant and promotes the growth of the root system 

(I1). Other strategies that improve plant tolerance against salt stress are; the plant growth-

promoting rhizobacteria (PGPR), plant fungi association, and application of organic and inorganic 

amendments. These technologies are focused in different areas like plant care, soil life activation, 

crop nutrition, plant health optimization and improving of soil fertility (Muhammad et al. 2020). 

 

There are extended agricultural areas in the world that can be utilised only with irrigation for crop 

production, nevertheless salt affection, erosion, and other physical degradation processes can be 

induced by the application of irrigation. Therefore the scientific establishment of irrigation in a 

soil-plant system has been started in several countries with the involvement and support of different 

international organisations (FAO, UNESCO, World Bank) (Bardaji 1974). 

 

The accumulation of salts can be a big problem during germination. In the top soil layer higher 

salinity can be found that may be influenced by the depth and spacing of the tape, and pre-seasonal 

irrigation. Salt accumulation in the soil can be expected when irrigation is practiced under water 

limiting conditions (Enciso et al. 2002). Plant yield and quality could be negatively affected, if the 

salts which are transported to the root zone are accumulated here. The salt concentration of the 

irrigation water or the groundwater at high salinity may be the most important factor of salinity in 

the root zone. Irrigation water starts to reduce with evaporation and plant usage after being kept in 
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the soil. Unfortunately most of the salts that are transmitted remain in the soil at this time (Kaman 

et al. 2017). Population is growing really quickly, thus the land and water resources cannot sustain 

them; prime farmland and fresh water have been already fully utilized. It is obvious that bringing 

salt-affected land and water resources into production is suggested (Abdul & Mahmood 2012). 

 

In the Great Hungarian Plain approximately 400,000 ha is the area where secondary salinization 

has occurred, mainly due to the rise of the level of salty groundwater. Blaskó (2005) monitored the 

salt and water balance of irrigated areas and found the increase of salt content of the soil in several 

cases. During the 1980ies and 1990ies on 30% of the studied area increasing soil salt content could 

be detected, especially on the susceptible areas where the soil can be only potentially irrigated due 

to the high salt content in their deeper layers. 

 

Saline soils are characterised by poor plant growth and low microbial activity. It is quite important 

to understand the response of soil microbial communities to changes in soil salinity (Asghar et al. 

2012). Active substances, like in soil conditioners, have a broad spectrum of impact on processes 

responsible for soil fertility, as well as on plants. Moreover, they influences the optimal 

development of the biological, chemical and physical processes in the soil and plants (Borowiak et 

al. 2016) giving a chance of the mitigation of the harmful effects of salinity. 

 

A research work was started on the preliminary knowledge that the risk of secondary salinization 

is high in the hobby gardens around Karcag as the water of the aquifers used for irrigation is saline, 

nevertheless irrigation in the droughty periods is essential for vegetable production. We examined 

the possibility of a “soil friendly” optimization of irrigation if we take all these conditions given. 

Our hypothesis is that by the optimization of irrigation (site-specific frequency, dosage) combined 

with soil conditioning (better physical, chemical, and biological status of the soil) more favourable 

conditions can be created for the crops even under originally unfavourable circumstances. The 

main objective of our study is to determine the correlations in a soil-water-plant system in order to 

understand the processes taking place during secondary salinization and to find solutions for this 

problem to mitigate the harmful effects, mainly by means of prevention. We consider optimization 

of irrigation the best preventive method if the unfavourable soil conditions (heavy textured clay 
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soil susceptible to secondary salinization) and hydrological circumstances (saline irrigation water, 

high climatic water shortage) are given. 

 

 

Improvement of the physical, chemical, and biological status of the soil: favourable soil moisture 

profile 

 

 

Improvement of the physical, chemical, and biological status of the soil: favourable soil 

moisture profile – higher yields 

 

On the base of our results it can be concluded that soil conditioning is recommended in order to 

improve the status of salt affected or potentially salt affected soils susceptible for secondary 

salinization with unfavourable water regime as the harmful effects of irrigation with saline water 

can be mitigated. We found Neosol a prospective soil conditioner, it was proved that its application 

has positive effect on the water and salt regime of the soil, partly by creating a more favourable 

vertical distribution of the soil water, and partly preserving more moisture in the soil. 
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The soil structure improving effect of Neosol was also manifested in the salt profile of the soil, the 

harmful salt causing secondary salinization were leached down to the deeper (40-50 cm) layers 

providing “saltless” environment for the development of the crops in the main root zone. 

 

Soil conditioning, combined with the optimization of irrigation (control of quantity, frequency), is 

highly recommended for areas with unfavourable agroecological conditions as the safety of crop 

production can be increased. 

 

Plant conditioning 

 

The nutritional status of a plant influences its growth output and quality of yield. The necessary 

nutrients required by plants for the growth, health, and production of nutritious food are macro 

(such as nitrogen, phosphorous, sulphur, calcium, potassium, magnesium, hydrogen, oxygen, 

carbon) and micronutrients (manganese, iron, boron, nickel, chlorine, zinc, copper, molybdenum) 

(Jemison, 1998). These nutrients are supplied to plants through photosynthesis, fertilizers and 

manure, and are essential for soil amendments (Singh, 2012). The deficiency of any of these 

elements affects the plant growth and quality of the produce. For the nutrients to be taken up by 

the plants they must be in the chemical form needed by the plant and soluble or dissolved in the 

soil water (White and Brown, 2010). These nutrients can be available in the following forms which 

include granular (undissolved) form, chemically bound to soil particles and chemical structure 

released by microbial decomposition. The use of fertilizers as a means of supplying nutrients to 

plants can result in environmental pollution. This is because the N-fertilizer causes nitrate pollution 

of waters and greenhouse gases (GHG) emission to the atmosphere (Byrnes, 1990; White and 

Brown, 2010). About 5% of agricultural land is believed to suffer from saline conditions and have 

toxic concentrations of Cl,  B, and Na ( Marschner, 1995; Munns and Tester, 2008) and 40% of the 

world’s arable land experiences problems of soil acidity due to the presence of Al and Mn toxicity 

(von Uexküll and Mutert, 1995) which inhibits root elongation. This is due to the release of organic 

acids such as citrate and malate (Mengel et al., 2001). 
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Recently, 57% of the territory of Hungary is agricultural land, of which 81% is arable land, where 

wheat and maize production is dominant (Jakab et al., 2017a, 2017b). Grasslands occupy almost 

15% of our agricultural land, which can provide a large amount of potential forage base (KSH, 

2018). As grassland management is in the service sector, the crisis of ruminant livestock farming 

significantly influenced the Hungarian grasslands (Horváth és Mikó, 2016; Halász et al., 2016), 

especially in terms of nutrient supply, irrigation and reseeding (Kovács et al., 2005). Generally, 

only soils with poor water regime and low nutrient-content are utilized as grasslands. These 

conditions allow extensive grassland use, producing low hay yields of 1.5-2 t ha-1 (Szemán et al., 

2009). 90% of the grasslands are natural or almost natural, 80% are located in plain areas with 

unfavourable conditions (Micheli et al., 2015). The ratio of grasslands on chernozem soils with 

good fertility is only 9%. Therefore, 70% of the grasslands have low, while only 5% have good 

productivity. Yields are low. Less than 1% of the Hungarian GDP originates from grassland 

utilization (Kozák, 2008). According to Szabó (2003), due to the decrease in profitability and the 

volume of animal husbandry, the grassland management methods have narrowed down in Hungary, 

the potential of pastures and meadows was not exploited (Komarek, 2008). According to Várallyay 

(1997), the need for rational grassland management is indisputable. 50% of grasslands are 

potentially valuable from a nature conservation aspect, 30% of protected plant species are found 

there (Kozák, 2008; Penksza et al., 2008, 2009a, 2009b; Szabó et al., 2011), and grasslands are also 

important habitats for wildlife (Torma et al., 2019, Kiss és Tokody, 2011). Designated Natura 2000 

grasslands may only be managed in compliance with the land use restrictions set out in the 

"Government Decree 269/2007 (X. 18.) on the land use rules for the maintenance of NATURA 

2000 grasslands". The role and importance of grassland management is becoming increasingly 

complex in the European Union's agricultural policy. The support structure puts farmers in a 

decision-making situation choosing between intensive farming with low support and extensive 

farming with higher support (Marticsek et al., 2011). Many authors are of the opinion (Barcsák et 

al., 1978; Vinczeffy, 1993) that intensive grassland use is not rational from economic aspect, but 

the capacity (in both quantity and duration) of extensive grasslands to keep animals is low. 

There is a strong correlation between soil and lawn quality. The humus stocks are constantly 

increasing due to the biological activity of grassland soils (Vinczeffy, 1974). Agricultural areas, 

including grasslands, play an important role in the carbon cycle between the biosphere and the 
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atmosphere. We know relatively little about the carbon exchange and carbon sequestration of 

grassland ecosystems, although their role in the global carbon cycle is significant (Soussana et al., 

2007).  

It is exponentially true for grassland management that weather is the most important risk factor 

(Bajnok et al., 2011; Tasi et al., 2013, 2014; Lukács et al., 2015; Valkó et al., 2012, Penksza et al., 

2013; Házi et al., 2012; Szentes et al., 2009a, 2009b; Magyar et al., 2017). Among the climate 

induced factors, drought and inland water have the most harmful effects. Their effects are enhanced 

in compacted soils with unfavourable water regime, just like the case we studied. The subject of 

our research was a grassland near the Karcag, at the border of the Great Hungarian Plain with its 

unique ecological conditions. This region is one of the driest areas of Hungary, the most extreme 

in terms of temperature fluctuations. The lowest amount of precipitation of the Great Plain - which 

is associated with a climatic moisture deficit of about 100-150 mm during the vegetation period - 

is limiting the effectiveness of grassland management (Zsembeli et al., 2019a). That water shortage 

is associated with the regular atmospheric drought from March till September every year. Drought 

has a significant impact not only on plants but also on the soil. The studied extensive grassland is 

located next to the sheep farm of the Research Institute of Karcag and utilized as a pasture and a 

hay meadow. That grassland is significantly exposed to the extreme weather and soil conditions. 

Our aim was to reduce the negative impact of the poor weather and soil conditions by using plant 

and soil conditioners. The tested conditioners meet with the requirements of the Natura 2000 and 

AKG regulations. In our research, we tested three plant conditioners (Natur Agro, Timac Agro, 

PRP-EBV) in a small-plot experiment. According to the manufacturers' descriptions, these plant 

conditioners are capable to directly increase the nutrient content of grasses. We also tested a soil 

conditioner (Z-Fix), also approved by the environmental authorities, to improve the water, air, and 

nutrient regime of the soil by creating a more favourable structure of the root zone of grasslands. 

In croplands, soil conditioners were successfully applied to increase yields by improving the water 

and salt regime of the soil (Szűcs and Zsembeli, 2014; Zsembeli et al., 2019b), but their application 

on a grassland is novel. In our study, the coenological composition, the harvested green biomass, 

and the chemical composition of the hay were determined for two years with different weather 

conditions. 
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Plant conditioning on grasslands is an acut medical treatment, improvement of the condition of the 

plant, but no effect on the soil. In case of grasslands, the elongation of vegetation period and the 

increase of biomass are the goals. 

 

 

Increase of the biomass of extensive grasslands by plant conditioning 

 

Effect of plant conditioner treatments on the biomass of a natural grassland 

 

In dry climates, the first growth of grasslands gives nearly 80% of the total annual yield, which 

was also well observed in our experiment. The coenological and green mass results did not confirm 

the effect of the treatments.We found a slight increase of Mg content in the yield. In 2017, Natur 

Agro and Z-Fix, while in 2018, Natur Agro and Timac Agro treatments increased the Mg content. 
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In the year with average weather conditions (2017), the PRP-EBV treatment resulted in the highest 

Mn content, while in the dry year, each treatment increased the Mn content. Examining the Zn 

content of the plant samples, we found that in 2017, all the three studied plant conditioners resulted 

in a slight increase. In 2018, only Natur Agro treatment increased the Zn content. The effect of the 

soil conditioner was figured out by determining the CO2 emission (as an indicator of the root 

respiration from the soil) and the moisture content of the soil. The soil conditioner had a positive 

effect on the moisture content of the soil and also increased CO2 emission, which was in harmony 

with our preliminary studies in a pot experiment (Zsembeli et al., 2017). 

 

Conclusions 

 

Practice based research – soil centered approach, improvement of the physical, chemical, 

biological (complex) status of the soil. 

Application of soil conditioning has positive effect on  

 soil stucture,  

 soil moisture regime, 

 soil compactness, 

 microbiological activity hence  

 soil fertility and yields. 
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CONTROL QUESTIONS 

 

1. What are the main changes in the agri-environmantal conditions, and what are the 

possibilities of accommodation to them? 

 

2. What are the similarities between human medical service soil proteczive land use? 

 

3. How can soil protective soil cultivation be characterized? 

 

4. How can soil protective soil irrigation be characterized? 

 

5. How soil conditioning affects the soil? 

 

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

 

7. How can the chemical properties of the soil be improved?? 

 

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