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Abstract: The correlation between carbon dioxide emission and agriculture has been a crucial issue for humanity 
for decades. As a result of global climate change, this correlation deserves special attention mainly in terms of 
how greenhouse gas emission can be reduced. For this reason, this subject becomes increasingly important. 
CO2 is a very important compound and it is one of the greenhouse gases which not only offsets the cooling of 
the Earth, but too high CO2 emission leads to global warming. By saving the carbon in the soil, it is possible to 
protect the organic materials in the soil and improve soil fertility. The performed measurements enabled us to 
study the relationships between the different types of cultivation and carbon dioxide emission.  
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Introduction 

Global climate change has been one of the main subjects and challenges for humanity for a 
long time. 20% of greenhouse gases - which significantly contribute to climate change - result 
from agricultural activities. More specifically, 50-75% of anthropogenic methane emissions 
and 5% of carbon dioxide are related to agriculture. Indirectly, 14% GHG emission is caused 
by deforestation and the burning of biomass (Gyuricza et al., 2002). Carbon dioxide emission 
derives from the decrease of organic matter, but emission is influenced by soil moisture, 
temperature, soil quality and cultivation (Fogarassy et al., 2008).

By performing environmental friendly agriculture, the carbon dioxide emission deriving 
from the soil can be reduced; therefore, it is very important to reduce soil disturbance as 
much as possible in order to preserve its organic matter. The migration (source cycle) 
of soil organic matter contributes substantially to global climate change, since it is 
significantly influenced by the intensity of soil respiration. The volume of carbon dioxide 
emission through soil respiration is ten times as high as that of fossil-fuel combustion 
(Mielnick-Dugas, 2000). Consequently, it can be observed how important it is to provide 
satisfactory amount of plant nutrients. In particular, agriculture, including deforestation, 
burning of the biomass and crop cultivation systems are responsible for 5% of carbon 
dioxide emission (Láng, 2003). Emission can be reduced by fixing carbon in the soil. 
Bacteria, fungi and worms, which form a more complex organic matter called humus, 
contribute to this process substantially, by fixing carbon in the soil. Using direct methods 
of “re-filling” carbon back into the soil – organic fertilisers (plant- or animal-derived 
matter) – the fixation of carbon is feasible, resulting in 2-20 million tonnes/year carbon 
remaining in the soil, which is not only important from the point of view of global climate 
change mitigation measures, but also promotes soil recovery.

In the framework of environment friendly agriculture, it is necessary to achieve reduced 
energy consumption and reduced volume of mechanical works in order to affect the carbon 
and carbon dioxide emission from the soil. In the opinion of Hagymássy et al., (2015), 
precision is an important part of environmental friendly agriculture. If organic matter 
remains in the soil, it will positively influence the structure of the soil, its stability, buffer 

mailto:toro.agnes@agr.unideb.hu
mailto:toro.agnes@agr.unideb.hu


16th Alps-Adria Workshop – Synergism in science	     Opatija, Croatia – 2017

66 | DOI: 10.18380/SZIE.COLUM.2017.4.1.suppl

capacity, water storage capacity, biological activity and the nutrient balance (Holland, 
2004). Conventional tillage systems have certain consequences which lead to soil and 
environmental deterioration, resulting in  soil compaction soil structure degradation, 
decreased level of organic matter, worsening bearing capacity and increasing carbon 
dioxide emission. The benefits of these soil tillage systems are minor in comparison 
to their disadvantages (Birkás, 2002). Taking all these aspects into consideration, it is 
important to replace conventional tillage systems with conservation tillage systems.      

Soil tillage is the basis of agricultural land use which contributes to the increase of carbon 
dioxide emission, thereby causing global climate change. As a matter of course, this is not as 
intensive as industrial pollution, but comparing with the Earth’s surface, in particular with 
the surface used for agricultural purposes, this emission is significant. When performing 
tillage, as a result of ploughing, carbon dioxide emission suddenly increases, but it is later 
restored, mainly due to drier climate and conservation tillage systems (Rochette et al., 
1997; Ellert and Janzen, 1999). Accordingly, at the beginning, the intensity of emission 
mainly depends on the depth of soil tillage (Reicosky and Lindstrom, 1993). In the course 
of the saturation of soil, carbon dioxide is displaced. In parallel with the drying of the soil, 
the volume of gases increases (Stefanovits et al., 1999). 

Materials and methods 

In our experiment, we conducted measurements in order to define the influences which soil 
tillage systems and fertilizers have on the emission of carbon dioxide. In order to achieve 
the research objective, we examined the tillage and fertilization effects in a polyfactorial 
long-term field experiment at the trial site of the University of Debrecen (Hajdúság loess 
plato, 47° 30’ N, 21° 36’ E, 121 m elevation) on 20 October 2015 and 8 July 2016. 

The experiment had a split-split-plot design, with the main plots having three tillage 
treatments. The investigated tillage treatments were mouldboard ploughing (MP) to a 
depth of 30 cm, strip tillage (ST) to a depth of 28 cm and chisel ploughing (CP) to a 
depth of 35 cm, non-fertilized (control). Two nitrogen fertilization levels (80 kg N ha-1 
and 160 kg N ha-1) were applied in a randomized way on the secondary sub-plots in four 
replications.

The goal of our experiment was to evaluate the influence of soil tillage and nitrogen 
fertilizer on the volume of carbon dioxide emission from the soil surface. During our 
experiment, we compared the differences between mouldboard ploughing, strip tillage 
and chisel ploughing. Mouldboard ploughing is a conventional method of soil tillage, 
which strongly modifies the structure of the soil. Strip tillage does not cause dramatic 
changes to the soil structure, with the attempt to maximise the erosion prevention benefits 
of keeping organic matter and plant residues on the soil surface. Our measurements were 
carried out five times on each treatment. Carbon dioxide measurements were conducted 
by using the device CI-340, which is a light portable device to be used both in the field 
and in the laboratory for measuring the carbon dioxide emission of the soil. A 630 m3 

sampling device (reservoir) was used and the changes of carbon dioxide concentration 
were measured in five minutes. Carbon dioxide emission from the soil was converted into 
g/m2/h measurement units. 
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Results and discussion 

It can be concluded that utilising fertilizer carbon dioxide emission significantly increases. 
The highest amount of carbon dioxide emission was measured in the case of conventional 
tillage and mouldboard ploughing. The carbon dioxide emission we measured in the case 
of 80 kg N/ha mouldboard ploughing treatment amounted to 0.1259 g/m2/h. In the case of 
the 160 kg N/ha chisel ploughing the obtained result was almost the same: 0.1223 g/m2/h. 
The results of strip tillage in all fertilization treatments were significantly lower than those 
of the mouldboard ploughing or chisel ploughing.

Figure 1. Effects of soil tillage systems and fertilization on the CO2 emission of chernozem soil. (Debrecen-
Látókép, 2015. 10. 30.)

The results of the second measurements in 2016 have yielded different results in comparison 
with those of the experiment in 2015. In general, the results of all three tillage methods 
and nitrogen fertilizer treatments were higher. It was the most remarkable result that the 
highest emission was measured in the case of all three tillage systems on the plots with 80 
kg N/ha. The highest volume was measured on the 80 kg N/ha plots being cultivated by 
means of chisel ploughing: 1.2828 g/m2/h. The lowest results was measured in the case of 
strip tillage which was lower on the less disturbed soil. The highest results were obtained 
in the case of chisel ploughing.  

Figure 2. Effects of soil tillage systems and fertilization on the CO2 emission of chernozem soil.
(Debrecen-Látókép, 2016. 07. 08.)

Conclusions

The soil, as one of the main sources of carbon dioxide emission, significantly contributes to 
global climate change, which makes it extremely important to focuse on agricultural land 
use. By conducting our measurements, we analysed the influence of utilising fertilizers 
in different doses and performing different types of soil tillage. Our experiment shows 
that the increasingly widespread conservation tillage systems have a positive influence on 
carbon dioxide emission. 
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In our experiment, in the case of all three different nitrogen fertilizer doses, the carbon 
dioxide emission results of strip tillage were lower than those in the case of mouldboard 
ploughing and chisel ploughing treatments.

The performed measurement proved our hypothesis, i.e. the level of carbon dioxide 
emission of less disturbed soil is lower due to the fact that it has a better ability to store 
organic matter. We consider it to be necessary and appropriate to conduct follow-up 
research and measurements in the future. 

Acknowledgement

This publication was supported by the project “Establishing a scale-independent complex 
precision consultancy system (GINOP-2.2.1-15-2016-00001)”.

References 
Birkás, M. (2002): Környezetkímélő és energiatakarékos talajművelés, Szent István Egyetem, Gödöllő.
Ellert, B.H., Janzen, H.H. (1999): Short-term influence of tillage on CO2 fluxes from a semi-arid soil on the 

Canadian Prairies. Soil and Tillage Research, 50 (1) 21–32. DOI: 10.1016/S0167-1987(98)00188-3
Fogarassy, Cs., Lukács, Á., Böröcz, M. (2008): Basic structure of CO2 emission management practice in 

agricultural land use. Cereal Research Communications Vol. 36. 327-330. 
Gyuricza, Cs., Birkás M., Jóri, J.I. (2002): Művelési rendszerek hatása a talaj CO2

 kibocsátására (Tillage-induced 
CO2

 emission from soil). In: Innováció, a tudomány és a gyakorlat egysége az ezredforduló agráriumában. 
2002. április 11-12. (Szerk. Jávor A. & Pepó P.), SZIE–DE ATC Kiadvány, Debrecen, 57-62.

Hagymássy, Z., Rátonyi, T., Vántus, A. (2015): Examination of the causes of uneven fertilizer distribution. 
Növénytermelés, 64 (1). 47-50. 

Holland, J.M. (2004): The environmental consequences of adopting conservation tillage in Europe: reviewing 
the evidence. Agriculture, Ecosystems and Environment 103. 1-25. DOI:10.1016/j.agee.2003.12.018

Láng, I. (2003): Agrártermelés és globális környezetterhelés. Mezőgazda Kiadó, Budapest, 215.
Mielnick, P.C., Dugas, W. A. (2000): Soil CO2 flux in a tallgrass prairie. Soil biology and biochemistry, 32. 221-

228. DOI: 10.1016/s0038-0717(99)00150-9
Reicosky, D.C., Lindstrom, M.J. (1993): Fall tillage method: Effect on short term carbon dioxide flux from soil. 

Agronomy Journal, 85 (6) 1237–1243. DOI: 10.2134/agronj1993.00021962008500060027x
Rochette, P., Ellert, B., Gregorich, E.G., Desjardins, R.L., Pattey, E., Lessard, R., Johnson, B.G. (1997): 

Description of a dynamic closed chamber for measuring soil respiration and its comparison with other 
techniques. Canadian Journal of Soil Science, 77 (2) 195–203. DOI: 10.4141/s96-110

Stefanovits, P., Filep, Gy., Füleky, Gy. (Szerk.) (1999): Talajtan. Mezőgazda Kiadó, Budapest, 472.


	Prologue
							Márton Jolánkai  

	The effects of wastewater irrigation on the yield of energy willow and soil sodicity
	Ágnes KUN1 – Csaba BOZÁN2 – Károly BARTA3 – Mária B. ONCSIK4

	Model study to investigate the toxic interaction between glyphosate herbicide and lead acetate on chicken embryos
	Rita SZABÓ1 – Géza SZEMERÉDY1 – Adrienn GRÚZ1– Péter BUDAI1 – 
József LEHEL2

	The effect of sowing date and plant density on yield elements of different winter oilseed rape (Brassica napus var. napus f. biennis L.) genotypes
	Éva VINCZE

	Responses of maize (Zea mays L.) roots to soil condition in an extreme growing season
	Igor DEKEMATI1 – Zoltán RADICS1 – Zoltán KENDE1 – Igor BOGUNOVIC2 – 
Márta BIRKÁS1 

	Measuring and mapping within-field soil moisture content for precision (site-specific) plant production
	Gabor MILICS1 – Viliam NAGY2 – Tomas ORFANUS2

	The natural viral infections of the weedy Panicum miliaceum (L.)
	György PÁSZTOR - Rita SZABÓ - András TAKÁCS - Ágnes HENÉZI - 
Erzsébet NÁDASY

	Abiotic stress impacts caused by weather and nutrient replenishment on the yield of maize (Zea mays L)
	Adrienn SZÉLES1 – Péter RAGÁN1 – János NAGY1

	Inland excess water hazard on the flat lands in Hungary
	Csaba BOZÁN1 – János KÖRÖSPARTI1 – Gábor ANDRÁSI1 – Norbert TÚRI1 – 
László PÁSZTOR2

	Impacts of arbuscular mycorrhizal fungi on plant growth and yield of three pepper genotypes
	Hong Duc NGUYEN – Au Trung VO – Katalin POSTA 

	Wheat genotypes under reduced nitrogen supply: changes in chlorophyll fluorescence parameters 
	Szilvia VERES1 – Attila SIMKÓ1 – László KISS1 – László ZSOMBIK2 

	Activated charcoal improves growth of F. imperialis propagated by indirect organogenesis
	Nigar SAEED 1,2* - Sabahattin CÖMERTPAY3

	Effects of soil tillage systems and fertilization on the CO2 emission of chernozem soil 
	Ágnes TÖRŐ – András TAMÁS – Tamás RÁTONYI – Endre HARSÁNYI

	Gene expression of glutathione-S-transferase in sunflower (Helianthus annuus L.) inoculated with arbuscular mycorrhizal fungi under temperature stresses
	Zoltán MAYER – Nguyen HONG DUC – Katalin POSTA

	The comparison of spring to early summer SPAD values of various winter cereals
	Ákos TARNAWA 1 – Laura CZERŐDINÉ KEMPF 1 – Ferenc NYÁRAI-HORVÁTH 1 – András MÁTÉ 1 – Zsolt SZENTPÉTERY 2

	Effect of salinity on rice (Oryza sativa L.) in seedling stage
	Árpád SZÉKELY1 – Tímea SZALÓKI1 – János PAUK2 - Mihály JANCSÓ1 

	Performance of rice varieties under aerobic conditions in Hungary
	Mihály JANCSÓ1 – Árpád SZÉKELY1 – Tímea SZALÓKI1 – Csaba LANTOS2 – 
János PAUK2

	The marigold’s (Calendula officinalis L.) drug yield and economic value changes over time and composition of the essential oil active agents under different fertilization settings
	Judit Éva Lelesz1 – József Csajbók2

	Aluminum-toxicity responses in Phaseolus vulgaris L. genotypes
	Brigitta TÓTH1 –  Michael A. GRUSAK2

	Effect of aluminum and bacteria fertilizer treatment on the Vigna radiata root growth and photosynthetic activity on early growth stage
	Dávid KACZUR1 –  Csaba BOJTOR1 –  Gerda HANKOVSZKY1 –  Szilvia VERES2 –  
Brigitta TÓTH1 

	The effects of two pesticides on the mortality and reproduction of Folsomia candida
	Adrienn GRÚZ1 – Dóra VARJAS-BODROG1 – Rita SZABÓ1 – József LEHEL2 – 
Péter BUDAI1

	Herbicidal activity and inhibitory potency of two essential oils on weeds under natural condition
	Kamel MOUSSAOUIl  ─ Karima BABA-AISSA1 ─  Islam ZEKKARI1 ─ Abdelhamid BOUCHERF1  ─  Zahr-Eddine DJAZOULI1

	Biocidal effect of two formulated essential oils compared with a synthetic product on a green aphid Chaitophorus leucomelas (KOCH, 1854) of black poplar Populus nigra (L, 1753) 
	Karima BABA-AISSA 1 ─ Kamel MOUSSAOUI 1 ─ Asma BERDIA 1 ─ 
Nesrine MECHERI1 ─ Zahr-Eddine DJAZOULI 1

	Three different genotypes of maize hybrids yield response to sowing date and plant density changes
	Ákos TÓTIN  

	Runoff and infiltration – Case study of a Cambisol
	Judit Alexandra SZABÓ1* – Boglárka SZABÓ2 – Zoltán SZALAI1;3  – Marianna RINGER3  – Gergely JAKAB1;3

	The role of climate strategies and green infrastructure in the adaptation to climate change
	Edit HOYK1 – András Donát KOVÁCS2

	Climate consciousness and adaptation from the viewpoint of farmers
	Jenő Zsolt FARKAS1 – Edit HOYK2

	Nitrate dispersion-diffusion coefficients in agricultural soil profile of Žitný ostrov locality (Slovakia)
	Viera KOVÁČOVÁ

	Effects of carbon dioxide concentration on chlorophyll fluorescence of peas „Pisum sativum L.”
	András TAMÁS1 – Ágnes TÖRŐ1 – Zoltán BALLA2 – Tamás RÁTONYI2 – 
Endre HARSÁNYI2

	Infiltration and runoff measurements on arable land with different slopes and rainfall intensities
	Boglárka SZABÓ1 – Judit SZABÓ2 – Csaba CENTERI1 – Gergely JAKAB2 - Zoltán SZALAI2 

	Impact of crop year and nitrogen topdressing on the quantity and quality of wheat yield
	Adnan Eser – Katalin M. Kassai – Ákos Tarnawa – Ferenc H. Nyárai  – Márton Jolánkai

	Investigation of the phytotoxic effect of herbicide 2,4-D with hormonal function on winter wheat
	György PÁSZTOR - Rita SZABÓ - Erzsébet NÁDASY

	Effect of gluten formation on wheat quality
	Desimir KNEZEVIC1 – Anja ROSANDIC2 – Danijela KONDIC3 – 
Adriana RADOSAVAC4 – Dragana RAJKOVIC5 

	Subalpine Springs (The Krkonoše Mountains National Park): Species Diversity in Relation to Environmental Factors
	Milan SKALICKY1 – Vaclav HEJNAK1 – Josef HAKL2 – Marketa HRONOVSKA1 – Josef HARCARIK3

	Environmental and production aspects of maize cultivation in relation with the different time-applied nitrogen
	Milan MESIC1 – Aleksandra PERCIN1 – Igor BOGUNOVIC1 – Zeljka ZGORELEC1 – Lola GANDJAEVA2 

	Elaboration of the methodology of dew measurement by means of weighing lysimeters
	Krisztina CZELLÉR – Lúcia SINKA – Géza TUBA – József ZSEMBELI

	Complex effect of secondary salinization and composting on soil respiration
	József Zsembeli1 – Yuriko Mori2 – Géza Tuba1 – Krisztina Czellér1 – 
Györgyi KOVÁCS1

	Land cover changes in the Visegrád Group between 1990 and 2012
	József LENNERT

	The determination of the areas at risk of soil degradation by water erosion
	Elena KONDRLOVÁ – Jaroslav ANTAL 

	Risk of soil salinization/sodification in the Danube Lowland after the realization of underground sealing walls between Komárno and Štúrovo, Slovakia 
	Tomáš Orfánus – Anežka Čelková – Viliam Nagy

	Economic Structures of Tobacco Farms: The Case of Denizli Province in Turkey
	Mevlüt GUL1 – Nurgül SALUK1

	Socio-Economic Structure of Buckwheat Farms in Turkey
	Mevlüt GUL1  –  Emine BIRER1

	Nitrogen fertilization analysis on small plot winter wheat (Triticum aestivum L.) experiments
	István BALLA – Gergő Péter KOVÁCS – Péter Pál MIKÓ – Csaba GYURICZA

	Impacts of nutrition and age on the angiological state
	Zsuzsanna SÓFALVY1 – Zsolt SZENTPÉTERY2 

	Appearance of the health – conscious consumer behavior in the V4 countries
	Amelita Kata GÓDOR1 – Éva HEGYES GÖRGÉNYI2

	Changes in capacity and utilization of general practitioner care in Northern Hungary since the EU accession
	Csaba BÁLINT

	Ahlam HAMIM1,2 –  Sevastianos ROUSSOS3 – Robin DUPONNOIS4 – 
Rachid MRABET2 – Mohamed HAFIDI1
	Estimation of different fractions of organic carbon and it’s implication to carbon dynamics in agricultural soil 
	Nandkishor  MORE – Ashima SINGH  – Rana Pratap SINGH 

	Water deficit irrigation strategy and arbuscular mycorrhizae application in field crop production
	Jawdat BAKR1,3 – Hussein G. DAOOD2– Lajos HELYES3 – Katalin POSTA4

	Status of plant available phosphorus in Nisava area of the South and Eastern Serbia 
	Miodrag JELIC 1 – Violeta MAKLENOVIC2 – Vlado KOVACEVIC3  – Desimir KNEZEVIC1 – Aleksandar PAUNOVIC4

	Integration of the traits of life history “fitness” of the black bupreste in his environment
	Latifa BRAHIMI1.2  –  Nawel MEKIOUS1  –  Zahreddine DJAZOULI1

	Reviews & project communications
	Cultural and economic aspects of the Roman limes route in Hungary 
	Lajos Szabó1 - Bulcsú Remenyik2

	Agronomic impacts on the performance of active ingredients of hemp (Cannabis sativa L) plant
	Laura CZERŐDINÉ KEMPF1 – Zuzana FINTA2 - Ákos TARNAWA 1

	Support of implementation process of EU directive 2007/60/EC on the assessment and management of flood risks in Georgia
	Peter STRADIOT

	Storage proteins in wheat (Triticum aestivum L.) and impact of mycotoxins affecting quality and quantity with focus on nitrogen supply
	Adnan ESER

	Determining the main physical characteristics of fertilisers
	Zoltán BALLA – András TAMÁS – András VÁNTUS – Zoltán HAGYMÁSSY

	Methodological approach in rehabilitating coal ash disposal sites from thermoelectric power plants and mitigation of environmental risks
	Hamid ČUSTOVIĆ1 – Melisa LJUŠA1 – Emira HUKIĆ2
	Index
	Sponsors


