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f bl l d i i iIn 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-Europeanp g , 3 p
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 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 fullfill the needs of growing
demands on 0 10 ha/capita is sustainable land use M

ini
ng

 … 

demands on 0.10 ha/capita is sustainable land use
system that prevent or minimize (even restore) lost of
resources and soil degradation processes.—
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Obviously the above mentioned favourable Hungarian
data does not mean that Hungary should not pay
particular attention to the maintenance or improvementsN
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eth

—

particular attention to the maintenance or improvement
of soil carbon sequestration and quality.Ta
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The formation of landuse The formation of landuse 
in the World
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Land degradation problems in EuropeLand degradation problems in Europe

Organic 

Erosion

C ti

 

Matter Compaction

 M
ini

ng
 … 

Decline in
Biodiversity

Floods and 
landslides

—
Ca

rb
on

 Biodiversity landslides

sN
ém

eth
—

Contamination 
local and 

Salinization

Ta
má

s

diffuse
Sealing



The main limitation factors of the World agricultural 
production (in the mainland percentage)
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A, drought. B, nutrient stress. C, shallow arable layer. 
D, extreme precipitation. E, permafrost. F, arable soil



The Landuse of HungaryThe Landuse of Hungary
between 1931 and 1950  (in average)

 
 M

ini
ng

 … 
—

Ca
rb

on
 

sN
ém

eth
—

Ta
má

s



The Landuse of HungaryThe Landuse of Hungary
in the year of 2003
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Changes in soil carbon are primarilyChanges in soil carbon are primarily
effected by human activities
( i lt f t t ) Th(agriculture, forestry, etc.). The
unproper management practices open 

way for declines in soil organic carbon
content, including one of the most M
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, g
important degradation processes, the
water and wind erosion—
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water and wind erosion.
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The global Carbon cycle The global Carbon cycle 
All pools are expressed in units of 1015 gC and

all annual fluxes in units of 1015 g C/yr
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Through different degradation processes
the native biologically productive soilsthe native biologically productive soils
became unproductive, can be
characterized with slight humuous layer characterized with slight humuous layer,
low SOC, low soil quality, and low
bi d i i
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Soils represent a considerable part of the
t l i th C t l dnatural resources in the Central and

Eastern European countries as well as in
Hungary. Consequently, rational and
sustainable land use and proper p p
management practices ensuring normal
soil functions have particular significance M
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soil functions have particular significance
in national economy and soil
conservation is an important element of—
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conservation is an important element of
environment protection.
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Pressure on soil- and groundwater resources caused by Pressure on soil and groundwater resources caused by 
potential contamination sources and overuse
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Feeding a Growing PopulationFeeding a Growing Population
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Source: L.M. Maene – IFA (FAQ) 



h l i f i ld iThe evolution of yields in Europe 
between the XIII and XIX century

 

average yield 
(discarded cores compared)

Area period
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England 1200-1249 3,7
France 1200 előtt 3,0
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 France 1200 előtt 3,0

England 1250-1499 4,7
F 1300 1499 4 5
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— France 1300-1499 4,5

Germany, South-Skandinavia 1500-1699 4,2
East-Midle- and East-Europe 1550-1820 4,1
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Source: Slicher van Bath (1963)



The Changes of Cultivated Lands of the World The Changes of Cultivated Lands of the World 
between 1850-1980 (1850 = 100 %)

 

South Asia 296%
South-East Asia 770%
E 96%
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North America 409%
China 179%
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 China 179%
Latin America 777%
Soviet Union 247%
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— Soviet Union 247%

Tropical Africa 388%
Total 279%
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IIED-WRI, 1987



A    f i i  As a consequence of improving 
agricultural practice in Hungary, the 

increased use of fertilizers was 
characteristic of the early 1960's, and  characteristic of the early 1960 s, and 

reached a rate as high as 250 kg 
N+P O +K O /ha arable land units per  M
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N+P2O5+K2O /ha arable land units per 
year from the second half of the 1970's 

  h  l  8 '
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up to the late 1980's.
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As a result of mineral fertilization, the
proportion of nutrients given in farmyardproportion of nutrients given in farmyard
manure diminished in the Hungarian plant
nutrition system. On the other hand, with they O ,
increased application of mineral fertilizers, the
average yields doubled or even tripled, 

resulting higher amounts of stubble and root
remains in the soil, thus increasing the

tit f i b M
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quantity of organic carbon.
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[The yearly averaged primary biomass production in
Hungary in 1980 was 24 970 t (Mg) (Láng, 1985)]
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From the early 1990's, however,
fertilizer use dropped dramaticallypp y
down to the level of 30-40 kg ha-1 active
ingredients (of which 90-95% was N)ingredients (of which 90-95% was N).
During the past years the same trend
(d ) d t t bl i th (decrease) was detectable in the
farmyard manure application as well M
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because of the dramatic decrease in the
number of the breeding stock. The—

Ca
rb

on
 

g
animal unit dropped from 3 million
down to 1 5 million in the past 10 yearssN
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down to 1.5 million in the past 10 years.
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Use of mineral fertilizers in EU member states in 1998Use of mineral fertilizers in EU member states in 1998
Agricultural land area (kg ha-1 active ingredients)

Nitrogen (N) Phosphorus (P2O5) Potassium (K2O) Total

Austria 33 16 19 68
Belgium/Luxemburg 117 35 61 213

 

Belgium/Luxemburg 117 35 61 213
Denmark 107 19 37 163
Finland 81 26 36 143
France 83 37 47 167

 M
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 … France 83 37 47 167

Greece 59 26 13 98
Hollandia 188 34 33 255
Ireland 87 28 34 149
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 Ireland 87 28 34 149
Great Britan 79 25 28 132
Germany 103 24 38 165
Italy 55 31 24 110

sN
ém

eth
— y 55 3 4
Portugal 29 13 12 54
Spain 35 18 16 69
Sweden 66 16 17 99
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EU 15 70 26 30 126

EUROSTAT/FAO, 2000



Fertilizer use in the European Union
European Fertilizer Manufacturers Association (EFMA)
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The application of fertilizers in the EU countries The application of fertilizers in the EU countries 

and in Hungary
European Fertilizer Manufacturers Association (EFMA)p ( )

Domestic and Manure 

 

industrial sewage 
and sludge 2 % 

~ 2 % 
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49 % 

Mineral fertilizer 
98 % 
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Development of the ratios of cultivation types 
from the total land area (%)
Based on Agricultural Statistical Almanac, 1991Based on Agricultural Statistical Almanac, 1991

 11 113 327 954 5
Arable land, 

vegetable garden

WorldOECDEU-15HungaryLand use

11 113 327 954 5
Arable land, 

vegetable garden

WorldOECDEU-15HungaryLand use
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2625.318.612.4Grass

11.113.327.954.5vegetable garden
and fruit plantation

2625.318.612.4Grass

11.113.327.954.5vegetable garden
and fruit plantation
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13 045 4233 352 529313 0259 303A (1000 h )
31.733.536.319.1Forestry
37.138.646.566.9Agricultural area

13 045 4233 352 529313 0259 303A (1000 h )
31.733.536.319.1Forestry
37.138.646.566.9Agricultural area
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Forecast for mineral fertilizer application in the Forecast for mineral fertilizer application in the 
EU for the period 1999-2009

European Fertilizer Manufacturers Association (EFMA)

 

It is desirable to decrease:

N utilization by 7%
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K utilization by 4%
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During the same period, however the wheat 
yields are intended to be increased from 5.8 t to 
6  t/h
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Farmyard manure and fertilizer use in Hungary Farmyard manure and fertilizer use in Hungary 
1931-2001 

(Statistical Yearbooks for Agriculture, KSH)

Year Farmyard 
Manure,

Fertilizer active ingredients, 1000 Mg year-1 For arable lands,

Million Mg N P2O5  K2O Total kg ha-1 year-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

 M
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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—
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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 44sN
ém
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1996-2000 4.8 235 40 42 317 63
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Volume of livestock production in Hungary Volume of livestock production in Hungary 
1901-2000
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Turnower of litter and soil organic matter Turnower of litter and soil organic matter 
fractions in a grassland soil – Schlesinger, 1977
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The previous intensive land use practice
l h d f bl ff talso had some unfavourable effects on

soil carbon sequestration: large fields
(100 ha or more) were formed for the
efficient use of huge machineries. Rows g
of trees were cut for this reason, which
caused an increase in erosion deflation M
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caused an increase in erosion, deflation
and soil carbon loss. The huge, over
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weighted machineries caused
disadvantageous soil compaction, too.sN
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Analysing the possibilities of the land use change summarized thatAnalysing the possibilities of the land use change summarized that
Hungary can achieve advantages if the special conditions of the
different measures to be taken are precisely determined i.e. a land
use zone system can be formed The zonality characterizes bothuse zone system can be formed. The zonality characterizes both
nature conservation and agriculture and can be grouped as follows:

• Basic nature conservation zones – nature reserves, strictly 
protected areas,

B ff f t ti d t ti f t • Buffer zone of nature conservation and protection zones for water 
reservoirs – limited land use, areas with priority for protection,

• Mixed zones (ecological and other extensive type farming M
ini

ng
 … 

Mixed zones (ecological and other extensive type farming 
systems) – land use limitations for protective purposes,

• Zones for agricultural production – best agro-ecological —
Ca
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on

 

f g p g g
conditions for intensive land use,

• Non-cultivated land.sN
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—
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Along this lines the available nature and land information were
collected by Institute for Environmental and Landscape
Management of the Gödöllő Agricultural University (IELM-GAU)
and Research Institute for Soil Science and Agricultural Chemistry ofg y
the Hungarian Academy of Sciences (RISSAC-HAS). The databases
were put into four groups (Ángyán et al., 1998a, b; Németh et al.,
1998b):1998b):

Variables and databases used 

•for evaluation and qualification of the suitability for agricultural
production i.e. (i) terrain and soil databases, and (ii) climatic
parameters M
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ng

 … 

parameters,

•for evaluation of environmental sensitivity i.e. (i) flora and fauna,
(ii) soil, and (iii) water,—
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•database of land use and land cover i.e. (i) CORINE land cover,
and (ii) forest areas,
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National Ecological Network (NECONET).
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The position of Hungary’s areas on a scale of environmentalThe position of Hungary s areas on a scale of environmental 
sensitivity and agricultural suitability ( %)

Standard categories Total Agricultural land

< 60 0 42 0 04< 60 0.42 0.04

61 – 70 1.09 0.10

71 – 80 2.06 0.56 

81 – 90 5.84 2.53

91 – 100 11.78 7.96

101 – 110 18.99 16.76 M
ini

ng
 … 

111 – 120 18.33 19.44

121 – 130 15.08 17.91

131 – 140 12 33 15 62—
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131 – 140 12.33 15.62

141 – 150 10.18 13.65

151 – 160 3.88 5.42

sN
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> 160 0.01 0.01

Total: 100.00 100.00Ta
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s



Altogether 28 environmental datasets
l ifi d d i ht d diwere classified and weighted according

to their role in the determination of
agricultural production and
environmental sensitivity (the priority y ( p y
standards were given also by certain
experts and institutes that developed the M
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experts and institutes that developed the
databases). The area of the observation

it ( ll) h t (—
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unit (cell) was 1 hectare (100x100 m
grids).sN
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The values of environmental sensitivity (VES) and
agricultural suitability (VAS) varied between 0 and 99,
respectively. During the calculation the VES were
subtracted from VAS in each cells, then 100 were
added to the difference i e (VAS VES)+100 Usingadded to the difference, i.e. (VAS-VES)+100. Using
this formula the values varied between 0 and 198,
where the values under 100 reflect to the determinant where the values under 100 reflect to the determinant
role of environmental sensitivity, the values above
100 of agricultural suitability. At the two extremes of M
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this scale the well-determined areas (agricultural and
environmental) can be found, while in the middle of
the scale the mixed areas (areas with extensive—
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the scale the mixed areas (areas with extensive
production limited by environmental features) are
situated.sN
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eth
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situated.
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Using the values of this estimation three scenarios (theUsing the values of this estimation three scenarios (the
differences were set up between the extensive and
intensive agricultural zone, according to the extensiveg , g
rank between 100 and 120, 100 and 125, and 100 and
130) were worked out in order to develop a land use zone

h di f h l l i hi hsystem, the medium of them was calculating whit the
following categories:

 

•areas with a value less than 100 were ranked into 
the protection zone M
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ng
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the protection zone,

•areas with a value between 100 and 125 were 
ranked into the extensive agricultural zone, and—
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ranked into the extensive agricultural zone, and

•areas with a value more than 125 were ranked 
into intensive agricultural zone.sN
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Suggestion for the development of a 
land-use zone system in three y

categories
(Second scenario)

Land-use zone Total Agricultural land

 

In percentage
Protection zones (%) 10.38 3.74
Zones for extensive agricultural production (%) 41.15 35.88
Zones for intensive agricultural production (%) 48.47 60.37 M

ini
ng

 … 

Total: 100.00 100.00

In hectare—
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Protection zones (ha) 966 095 229 257
Zones for extensive agricultural production (ha) 3 827 954 2 196 834
Zones for intensive agricultural production (ha) 4 508 952 3 695 909
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Total: 9 303 000 6 122 000
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According to this scenario it can be stated that nearly 4% from theAccording to this scenario it can be stated that nearly 4% from the
Hungary’s existing agricultural land (closely 230 000 ha) can be
turned into protection zone, more than 35% (~ 2.2 million ha) can be
l d t i d ti hil th 60% ( 3 illiclassed as extensive production, while more than 60% (~3.7 million

ha) left for intensive agricultural production. Regarding to the arable
land the same scenario showed that 111 300 ha can be moved from
h bl l d hthe existing arable land (4 714 000 ha) to protection zone, 1 408 900

ha to extensive agricultural production, while more than 67% of it (3
193 800 ha) can remain in the intensive agricultural production 

zone. The following conversions can be suggested:
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•533 000 ha of grassland into forest,

•229 000 ha of arable land into forest,—
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•788 000 ha of arable land into grassland, and

•503 000 ha of intensive arable land into extensive sN
ém

eth
—

5 3
arable land.
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Depth of the Soil

The majority (86%) of Hungarian soils is more
than 1 0 m deep Soil depth is between 0 7 andthan 1.0 m deep. Soil depth is between 0.7 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 soil depth
and soil organic matter content can strongly M
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and soil organic matter content can strongly
determine the amount of organic matter
resource in a given territorial unit On the next—
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resource in a given territorial unit. On the next
slide the rootable depth of the Hungarian soils
(1: 100 000) can be seensN
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(1: 100 000) can be seen.
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Soil Organic Matter (OM) content

From the distribution percentage of Hungarian soils
according to their organic matter content can be seenaccording to their organic matter content can be seen
that it is between 1 and 3% in about 2/3 of Hungarian
soils. In sandy soils it is usually below 1% (15% of the 

area), while in clay loams between 3 and 4% (also 15%
of the total area). It is over 4% on about 5% of the
territory M
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territory.
The territorial distribution shows that sandy soils
with low original organic matter contents are situated—
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t o o g a o ga c atte co te ts a e s tuated
in the south-western, in the central and in the eastern
part of Hungary, while those with the highest OMsN

ém
eth

—

contents are found in the south-eastern part, resp.
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Organic Matter and SOC 
Resource of Hungary

Th di t ib ti f H i ilThe distribution of Hungarian soils
according to their soil organic matter 

resource groups is shown in Figure 2.
In the majority of Hungarian soils soil M
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t e ajo ty o u ga a so s so
organic matter resource is between 50
and 400 t/ha and it is between 100—
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and 400 t/ha, and it is between 100
and 200 t/ha, resp. on about 30% of
th t t lsN

ém
eth
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the total area.

Ta
má

s



The estimation of the organic matter and soil organic carbon
t t d l b d th l l ti t it i lcontents and pools was based on the calculation on territorial

base with the thickness of the OM layer and the average SOC
concentration in two layers (upper 20 cm and under) in the

l h b ll l b f dgiven soil. The biggest OM as well as SOC pools can be found on
chernozem, peat, and meadow soils, 182 t/ha, 180 t/ha and 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
same calculation shows in average 105,6 t/ha SOC on
chernozem soils, while 104,4 t/ha on peat soils and 60,3 t/ha on M
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c e o e so s, w e 04,4 t/ a o peat so s a d 60,3 t/ a o
meadow soils, respectively.

Altogether more than 1102 million t (Mg) OM and more than 639
million t (Mg) SOC is the reserves of the Hungarian soils in the—
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million t (Mg) SOC is the reserves of the Hungarian soils in the
given thickness. App. 53% of the OM and SOC can be found in
the arable land.
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Distribution of Organic Carbon Distribution of Organic Carbon 
in Soils of Hungary

 
 M

ini
ng

 … 
—

Ca
rb

on
 

sN
ém

eth
—

Ta
má

s



Di t ib ti  f O i  C bDistribution of Organic Carbon
on Arable Land of Hungary
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The predicted change in the land use system give a
possibility for calculating the OM and SOC
according to the new distribution Next slide showsaccording to the new distribution. Next slide shows
that how this change will effects the distribution of
the soils in different land use categories, whileg ,
Table 7 give a scenario for the SOC balance in the
next 25 years. This change is only a suggestion 

from soil suitability point of view, taking into
account that the less valuable arable land would be
changed It contains more than 50% of the M
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changed. It contains more than 50% of the
Regosols/Leptosols, app. 40% of the Luvisols,
Solonets/Solonchak and Histosols, and almost all—
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/ ,
the Gleysols, while includes only few percents from
Chernozems/Phaeozems and Phaeozems/Vertisols.sN
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Scenario of Land-Use Change ofScenario of Land-Use Change of
Arable Land for Next 25 Years
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Scenario for Organic C Content Due toScenario for Organic C Content Due to
Land-Use Change and Erosion after 25 Years
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Thank you for y
your attention!

 
 M

ini
ng

 … 
—

Ca
rb

on
 

sN
ém

eth
—

Ta
má

s


