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In respect of arable land territory per capita, Hungary 
is in an advantageous situation among the Eastern 
European countries, as well as in comparison with 
West-European countries or the world average. While 
the average arable land territory per capita  is 0.26 ha 
in the developing countries, 0.23 ha in the West-
European countries, 0.30 ha on world average in 1990 
(Lal, 1995) the Hungarian average is as much as 0.48 
ha.  The world trend shows a decrease on average to 
0.25 ha in the year 2000, 0.15 ha in the year 2050 and 
about 0.10 ha in the year 2150. The only way to fulfil
the needs of growing demands on 0.10 ha/capita is 
sustainable land use system that prevent or minimize 
(even restore) lost of resources and soil degradation 
processes. Carbon balance of Hungarian soilsCarbon balance of Hungarian soils



Obviously the above mentioned 
favourable Hungarian data does not 
mean that Hungary should not pay 
particular attention to the maintenance 
or improvement of soil carbon 
sequestration and quality.



Changes in soil carbon are primarily Changes in soil carbon are primarily 
effected by human activities (agriculture, effected by human activities (agriculture, 
forestry, etc.). The forestry, etc.). The improper management improper management 
practicespractices  open way for declines in soil  open way for declines in soil 
organic carbon content, including one of organic carbon content, including one of 
the most important degradation processes, the most important degradation processes, 
the water and wind erosion.the water and wind erosion.  

Carbon balance of Hungarian soilsCarbon balance of Hungarian soils



Through different degradation processes Through different degradation processes 
the native biologically productive the native biologically productive soils soils 
became unproductivebecame unproductive, can be characterized , can be characterized 
with slight humuous layer, low SOC, low with slight humuous layer, low SOC, low 
soil quality, and low biomass productivitysoil quality, and low biomass productivity.
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Soils represent a considerable part of the Soils represent a considerable part of the 
natural resources in the Central and natural resources in the Central and 
Eastern European countries as well as in Eastern European countries as well as in 
Hungary. Consequently, Hungary. Consequently, rational and rational and 
sustainable land usesustainable land use  and  and proper proper 
management practicesmanagement practices ensuring normal soil  ensuring normal soil 
functions have particular significance in functions have particular significance in 
national economy and soil conservation is national economy and soil conservation is 
an important element of environment an important element of environment 
protection.protection.  
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As a consequence of improving As a consequence of improving 
agricultural practice in Hungary, the agricultural practice in Hungary, the 
increased use of fertilizersincreased use of fertilizers  was  was 
characteristic of the early 1960's, and characteristic of the early 1960's, and 
reached a rate as high as reached a rate as high as 250 kg 250 kg 
N+PN+P22OO55+K+K22OO   /ha arable land/ha arable land  units per year  units per year 
from the second half of the 1970's up to the from the second half of the 1970's up to the 
late 1980's.late 1980's.  
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From the early 1990's, however, From the early 1990's, however, fertilizer fertilizer 
use dropped dramatically downuse dropped dramatically down  to the  to the 
level of 30-40 kg halevel of 30-40 kg ha-1-1  active ingredients  active ingredients 
(of which 90-95% was N). During the (of which 90-95% was N). During the 
past years the same trend (past years the same trend (decreasedecrease) was ) was 
detectable in the detectable in the farmyard manurefarmyard manure
application as well because of the application as well because of the 
dramatic decrease in the number of the dramatic decrease in the number of the 
breeding stock. breeding stock. 
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Table 1. Farmyard manure and fertilizer use in Hungary, 
1931-2001 

(Statistical Yearbooks for Agriculture, Hungarian Statistical Bureau - KSH)

Year Farmyard 
Manure

Fertilizer active ingredients, 1000 tons/ year For arable lands,

 
(million 

tons/year)

N P2O5  K2O Total kg ha-1 year-1

1931-1940 22.4 1 7 1 9 2

1951-1960 21.2 33 33 17 83 15

1961-1965 20.6 143 100  56 299 57

1966-1970 22.2 293 170 150 613 109

1971-1975 14.8 479 326 400 1,205 218

1976-1980 14.3 556 401 511 1,468 250

1981-1985 15.4 604 394 495 1,493 282

1986-1990 13.2 559 280 374 1,213 230

1991-1995 6.0 172 25 26 223 44

1996-2000 4.8 235 40 42 317 63
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As a result of mineral fertilization, the As a result of mineral fertilization, the 
proportion of nutrients given in proportion of nutrients given in farmyard farmyard 
manure diminishedmanure diminished  in the Hungarian plant  in the Hungarian plant 
nutrition system. On the other hand, with the nutrition system. On the other hand, with the 
increased application of mineral fertilizers, theincreased application of mineral fertilizers, the
average yields doubled or even tripledaverage yields doubled or even tripled, resulting , resulting 
higher amounts of stubble and root remains in higher amounts of stubble and root remains in 
the soil, thus the soil, thus increasing the quantity of organic increasing the quantity of organic 
carbon.carbon.
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[The yearly averaged primary [The yearly averaged primary 
biomass productionbiomass production in Hungary in  in Hungary in 
1980 was 24 970 t1980 was 24 970 tonsons (Láng, 1985 (Láng, 1985))]]



The previous intensive land use practice The previous intensive land use practice 
also had some unfavourable effects on soil also had some unfavourable effects on soil 
carbon sequestration: carbon sequestration: large fieldslarge fields (100 ha or  (100 ha or 
more) were formed for the efficient use of more) were formed for the efficient use of 
huge machineries. Rows of trees were cut huge machineries. Rows of trees were cut 
for this reason, which caused an for this reason, which caused an increase in increase in 
erosion, deflation and soil carbon losserosion, deflation and soil carbon loss. The . The 
huge, overweighed machineries caused huge, overweighed machineries caused 
disadvantageous soil compaction, too.disadvantageous soil compaction, too.  
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Depth of the Hungarian SoilsDepth of the Hungarian Soils

The majority (The majority (86%86%) of Hungarian soils is ) of Hungarian soils is more more 
than 1.0 m deep.than 1.0 m deep.  Soil depth is between 0.7 and  Soil depth is between 0.7 and 
1.0 m in 4%, between 0.4 and 0.7 m in 5%, and 1.0 m in 4%, between 0.4 and 0.7 m in 5%, and 
between 0.2 and 0.4 m in 5% of Hungarian between 0.2 and 0.4 m in 5% of Hungarian 
soils (Várallyay et al., 1980). Both soils (Várallyay et al., 1980). Both soil depthsoil depth
and and soil organic matter contentsoil organic matter content  can strongly  can strongly 
determine the amount of determine the amount of organic matter organic matter 
resourceresource in a given territorial unit. On the  in a given territorial unit. On the next next 
the rootable depth of the Hungarian soils (1: the rootable depth of the Hungarian soils (1: 
100 000) can be seen.100 000) can be seen.
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Rootable depth of Hungarian soils



Soil Organic Matter (OM) ContentSoil Organic Matter (OM) Content

From the distribution percentage of Hungarian soils From the distribution percentage of Hungarian soils 
according to their according to their organic matter contentorganic matter content  can be  can be 
seen that it is seen that it is between 1 and 3% in about 2/3 of between 1 and 3% in about 2/3 of 
Hungarian soils.Hungarian soils.  In sandy soils it is usually below  In sandy soils it is usually below 
1% (15% of the area), while in clay loams between 3 1% (15% of the area), while in clay loams between 3 
and 4% (also 15% of the total area). It is over 4% on and 4% (also 15% of the total area). It is over 4% on 
about 5% of the territory.about 5% of the territory.
The territorial distribution shows that The territorial distribution shows that sandy soils sandy soils 
with low original organic matter contentswith low original organic matter contents  are  are 
situated in the south-western, in the central and in situated in the south-western, in the central and in 
the eastern part of Hungary, while those with the the eastern part of Hungary, while those with the 
highest OM contents are found in the south-eastern highest OM contents are found in the south-eastern 
part, respectively.part, respectively.

..
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Organic matter content of Hungarian soils

The distribution of Hungarian soils according to their soil The distribution of Hungarian soils according to their soil 
organicorganic   matter resource groups is shown in matter resource groups is shown in this figurethis figure. In the . In the 
majority of Hungarian soils soil majority of Hungarian soils soil organic matter resource is organic matter resource is 
between 50 and 400 t/ha,between 50 and 400 t/ha,  and it is between 100 and 200 t/ha,  and it is between 100 and 200 t/ha, 
resp. on about 30% of the total area.resp. on about 30% of the total area.



Organic Matter and SOC Resource of Organic Matter and SOC Resource of 
HungaryHungary

The estimation of the organic matter and soil organic carbon The estimation of the organic matter and soil organic carbon 
contents and pools was based on the calculation on territorial contents and pools was based on the calculation on territorial 
base with the thickness of the OM layer and the average SOC base with the thickness of the OM layer and the average SOC 
concentration in two layers (upper 20 cm and under) in the concentration in two layers (upper 20 cm and under) in the 
given soil. The given soil. The biggest OM as well as SOC pools can be found biggest OM as well as SOC pools can be found 
on chernozem, peat, and meadow soils,on chernozem, peat, and meadow soils,  182 t/ha, 180 t/ha and  182 t/ha, 180 t/ha and 
104 t/ha OM, respectively in the upper 0-40 and 0-60 cm (40 cm 104 t/ha OM, respectively in the upper 0-40 and 0-60 cm (40 cm 
for meadow soil and 60 cm for chernozem and peat soils). The for meadow soil and 60 cm for chernozem and peat soils). The 
same calculation shows in average 105same calculation shows in average 105..6 t/ha SOC on 6 t/ha SOC on 
chernozem soils, while 104chernozem soils, while 104..4 t/ha on peat soils and 604 t/ha on peat soils and 60..3 t/ha on 3 t/ha on 
meadow soils, respectively.meadow soils, respectively.

Altogether more than Altogether more than 1102 million tons OM1102 million tons OM  and more than  and more than 639 639 
million tons SOCmillion tons SOC are the  are the reservesreserves of the  of the Hungarian soilsHungarian soils in the  in the 
given thickness. App. 53% of the OM and SOC can be found in given thickness. App. 53% of the OM and SOC can be found in 
the arable land (Tables 2 and 3).the arable land (Tables 2 and 3). Carbon balance of Hungarian soilsCarbon balance of Hungarian soils



Table 2. Distribution of organic carbon 
in soils of Hungary
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Table 3. Distribution of organic carbon
on arable land of Hungary
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NNearly 4% from the Hungary’s existing agricultural land early 4% from the Hungary’s existing agricultural land 
(closely 230 000 ha) can be turned into (closely 230 000 ha) can be turned into protection zoneprotection zone, more , more 
than 35% (~ 2.2 million ha) can be classed as than 35% (~ 2.2 million ha) can be classed as extensive extensive 
productionproduction, while more than 60% (~3.7 million ha) left for , while more than 60% (~3.7 million ha) left for 
intensive agricultural productionintensive agricultural production. Regarding to the arable land . Regarding to the arable land 
the same scenario showed that 111 300 ha can be moved from the same scenario showed that 111 300 ha can be moved from 
the existing arable land (4 714 000 ha) to protection zone, 1 408 the existing arable land (4 714 000 ha) to protection zone, 1 408 
900 ha to extensive agricultural production, while more than 900 ha to extensive agricultural production, while more than 
67% of it (3 193 800 ha) can remain in the intensive agricultural 67% of it (3 193 800 ha) can remain in the intensive agricultural 
production zone. The following conversions can be suggested:production zone. The following conversions can be suggested:
•533 000 ha of grassland into forest,533 000 ha of grassland into forest,

•229 000 ha of arable land into forest,229 000 ha of arable land into forest,

•788 000 ha of arable land into grassland, and788 000 ha of arable land into grassland, and

•503 000 ha of intensive arable land into extensive arable land503 000 ha of intensive arable land into extensive arable land..
Carbon balance of Hungarian soilsCarbon balance of Hungarian soils

Predicted Change in the Land Use SystemPredicted Change in the Land Use System in  in 
HungaryHungary



Table 4. Scenario of land-use change of
arable land for next 25 years
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The predicted change in the land use system give a The predicted change in the land use system give a 
possibility for calculating the OM and SOC possibility for calculating the OM and SOC 
according to the new distribution (Tables according to the new distribution (Tables 44  and  and 55). ). 
Table Table 44 show showeded that how this change will effects the  that how this change will effects the 
distribution of the soils in different land use distribution of the soils in different land use 
categories, while Table categories, while Table 55 give a  give a scenario for the SOC scenario for the SOC 
balance in the next 25 yearsbalance in the next 25 years. This change is only a . This change is only a 
suggestion from soil suitability point of view, suggestion from soil suitability point of view, 
taking into account that the taking into account that the less valuable arable less valuable arable 
land would be changedland would be changed. It contains more than 50% . It contains more than 50% 
of the Regosols/Leptosols, app. 40% of the Luvisols, of the Regosols/Leptosols, app. 40% of the Luvisols, 
Solonets/Solonchak and Histosols, and almost all Solonets/Solonchak and Histosols, and almost all 
the Gleysols, while includes the Gleysols, while includes only few percentsonly few percents from  from 
Chernozems/PhaeozemsChernozems/Phaeozems and  and Phaeozems/VertisolPhaeozems/Vertisolss..



Table 5. Scenario for organic carbon due to
land-use change and erosion after 25 years
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CONCLUSIONS

– Soil depth (mostly in arable lands located in 
plains) is enough to store sufficient amount 
of carbon in Hungary

– Humus content  of Hungarian soils is 
relatively good

– Utilization of farmyard manure  decreased 
dramatically in Hungary (direct re-
supplement of C is  low, biowaste 
utilization? biomass burning?)

– Change in land use  can slow down the 
carbon loss of Hungarian soils



Thank you very much Thank you very much 

forfor

your attentionyour attention
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