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THE BALANCE OF SOIL ORGANIC MATTER OF A CHOSEN AGRICULTURAL FARM
IN SLOVAKIA

The balance of soil organic matter was calculated for the area of 939 ha of arable land of a chosen agricultural farm
for three years period. It had been confirmed that the negative balance of soil organic matter did not exceed 2 tons of
organic carbon per hectare when 40 tons of organic fertilizers (manure) per hectare (once in three years) was applied.
The negative balance of soil organic matter, more than 8 ton per hectare was reached on 41 % area of arable land (e.g.
381 ha). The losses of organic matter from the soil in some fields were more than 10 t C.ha™ depending on crop system
structure. The average dose 47.3 t.ha™ of organic fertilizers was necessary to balance of soil organic matter.
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Bamanc opraniuHOrO MaTepiany TIpyHry OyB oOumcieHmH qua mwmomi 939 ra OpHOI 3eMu OKPEMOi
CLTbCHKOTOCTIONAPCHKOI  (pepMH TPOTATOM TPHPIMYHOTO mepioAy. Bymo miaTBEpKEHO, IMO HETaTHBHHH OajaHC
OPTaHIYHOTO MATCPialy IPYHTY HE MECPCBHIIYBAB 2 TOHH/TA OPTAaHIYHOTO BYTJICHIO MPH BHECCHHI 40 TOH/Ta OpPraHiYHUX
J0OpuB (THOIO) HA MPOTSI31 TPHOX poKiB. HerarusHuit OanaHC OPraHivHOTO MaTepialy IPyHTY, OiIbIn HIX 8 TOHH/TA OYB
JocsrHyTH# Ha 41 % mmommi opHoi 3emui (381 ra). 30uTKM OpraHiYHOrO MaTepiany i3 IPYHTY HA ACAKHX IUIOMAX Oyin
6impmr HiX 10 TOHH/TA HWepe3 MeBHY cHCTeMy CiBo3MiHHW. [Ipwm cepeamiit 1031 opraniunux moopus 47,3 ToHW/Ta OYVB
JOCSTHYTHHA HEOOXITHUH OalaHC OPraHIiYHOTO MaTepiany IPyHTY.

Knrouoei cnoea: 0ananc OpraHivTHOTO MaTepiany IPYHTY, THIH, HEIOCTAYa OPTaHIYHOTO MaTepiany IPYHTY

BamanC OpraHWMECKOr0 MAaTCpHajia TMOYBHI OBUT BBIMHCICH I IIOmAnn 939 ra maxOTHOH 3¢MIIH OTACITBHOH
CEIIbCKOXO3SIMCTBCHHON (pepPMBI B TEUCHHE TPEXJICTHETO NMEPHOAA. BBIIO mMOATBEP;KACHO, YTO OTPHULATEILHBIH OaIaHC
OPTaHWYIECCKOTO MAaTEpHaia MOYBHI HE NMPEBHINAN 2 TOHHBL/TA OPraHWYECKOTO VIiaepona npu BHeceHwmH 40 TOHH/TA
OPTaHHYCCKHX yIOOPCHHH (HABO3a) B TCUCHHUH TPEX JieT. OTPHUIATCIBHBIN 0aTaHC OPTAHHYICCKOTO MATCPHAJIA TIOYBEL,
0osee yeM 8 ToHH/Ta ObLT JOCTHTHYT HA 41 % mmomamu maxotHOH 3emin (381 ra). YOBITKH OPraHHICCKOTO MaTCpHAIA
W3 TOYBHI HA HEKOTOPBIX IUIOMAMIX Oblm Oonee weM 10 TOHH/TA M3-3a ONPEACIEHHOH CUCTEMBI ceBooOopoTa. Ilpn
CpeaHCH m03¢ OpraHmYCCKHX yaoOpeHumE 47,3 TOHHBU/TA OBLT AOCTHTHYT HCOOXOTHMBIH OajJaHC OPTaHHICCKOTO
MaTepHaia IMOYBBI.

Knrouespie cnosa: 6ananc opraHMYICCKOr0 MAaTEpHaa MOYBbIL, HABO3, HEJOCTATOK OPTaHHICCKOTO MaTepraa
TIOYBBI

INTRODUCTION

The soil organic matter is a significant part
the decisive factors of soil fertility due to its
wide influence on physical, chemical and biolo-
gical soil properties. The productive and non-
productive (ecological) soil functions (e.g.
transformation, filtration, accumulation) depend
on the contents and quality of soil organic matter.

The soil organic matter concern is the basic
assumption of productive potential soil
protection, especially, the arable soil with
intensive crop production. The losses of organic
matter from the soil caused by mineralization
and humification of organic materials or by
erosion have to be compensated by inputs of
fresh organic matter into the soil.
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The regular control of soil organic matter in
each field of arable soil is the part of good
agricultural practice. The quantification of
sources and losses of organic materials is the
basic condition of this control. A balance
method has been developed by the researchers
of the Soil Science and Conservation Research
Institute, Bratislava. It is based on long-term
research on various soil and climatic conditions
of Slovakia (Jurcova, Bielek, 1997). The
experimental results were evaluated by
statistical methods (polynomial regression).
They allow to achieve the balance of soil
organic matter in each field of arable soil in
Slovakia taking into consideration:

e the soil category that determines the
total carbon losses with its mineralization,
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e the yields of main product of cultivated
crops during recent three years and

e the level of organic soil improvement
during the recent three years.

MATERIALS AND METHODS

Both, the balance of soil organic matter and
the determination of manure necessity were
calculated for the farm Agrozoran Michalany
(district Trebisov, closetothe Hungarian border).

The characteristics of territory
The farm Agrozoran Michalany is situated
in south-western part of Eastern Slovakian

Bratislava
®

Lowland in Trebisov district (Figure 1). It
borders with Hungary in western part. The
Zemplin Mountains is the eastern border. The
highest point of the farm is on 225 m above sea
level (a.s.l.), the lowest one on 108 m a.s.1. The
area is sorted as a maize technologic type with
maize-barley subtype structure.

From the climatic point of view all the area
belongs to one climatic zone — warm, too dry,
plain, continental. The average annual air

temperature is 8.7-9.2°C, the average amount of
precipitation is 400-450 mm.

Presov

Figure 1 — Location of farm Agrozoran Michalany in Slovakia

The utilization structure of agricultural soils
of the farm is presented in Table 1. It is worth
to notice that the arable land presents almost
three quarters of the total agricultural land of
the farm. It is quite a high share of these soils.
From the point of view of soils the Mollic
Fluvisols dominate with 42 % of the total area,
Cambisols cover 17 %, Fluvisols 16 % of the
total area. The humus contents in the soils
ranges between 1.0 and 3.0 %, the soils are
most deep. Only Cambisols are shallow with
increased skeleton contents.

Balance of soil organic matter

“Soil organic matter” means the comparison
of sources (inputs into the soil) and losses
(outputs of organic materials out of the soil) of

chosen field of arable land by simple model
(mathematical equation). In this model the
amount of balanced soil organic matter is
expressed in tons of organic carbon per hectare
during one year (Jurcova, Bielek, 1997). The
mentioned amount of organic mater is
calculated as follows:

B =(luxKy/+/DuxCy/) — (CuxKy), (1)
of which

B.= balance of organic carbon - int Cha

l.year'1

u=  yield of main product of cultivated crop
in the year, when the balance is
calculated - in t.ha™!

K.= indicator of re-calculation of crop remains

on carbon for given interval of yields
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Table 1

Structure of agricultural fund utilization

Type of land Area (ha) Share of agricultural soil area (%)
Agricultural soil 1303 100,0
Arable soil | o057 | 734
Permanent grassland 338 26.0
Vineyards 1 0.1
Orchards 7 0.5

the ration of organic fertilizers applied
in the year when the balance is
calculated - in t.ha™

indicator of re-calculation of organic
mater ration on carbon - int C on 1t of
mater

basic losses of carbon from the soil due
to mineralization in given soil category -
int C.ha™.year”

indicator of crop influence on the total
carbon losses from the soil in given soil

group.
RESULTS AND DISCUSSION

The area of cultivated crops and their yields
in recent three years were used as initial input
data for the calculation of soil organic matter
balance. The data are presented in Table 2.

The organic materials (manure) of 37 t.ha™
average ration were applied on 231 ha from the
total 939 observed hectares. Only ensilage
maize, sunflower and sugar beet were improved
by manure. The smallest loss of organic carbon
was on these 9 fields — average value reached
1.9 t C per hectare. It was not important which
crops were cultivated during the other two
years, the mentioned ration of manure could
cover the carbon loss from the soil during three
years period. On the other side, the highest
losses — about 10 t.ha™ — were reached in the
fields where only dense sawn cereals and corn
maize were cultivated. It is noteworthy that on
381 ha, e.g. 41 % of total area of arable land the
negative carbon balance was more than 8 tons
per hectare (Table 3) which indicates
insufficient care about soil fertility from the
farmer.

The fields were divided into 6 groups accor-
ding to the carbon losses from the soil. These
ones are presented in Table 3 and Figure 2.
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In the first group there are the fields which
have been improved by manure during the
recent three years and the deficit of organic
carbon was not more than 6 tons per hectare. In
next group 585 ha of arable land has been
classified where the deficit of organic carbon
was higher than 6 tons. Only this value could be
regarded as the limited one from the point of
view of content and quality of organic matter
put in jeopardy for the soils with humus content
less than 1.5 % (according to the Soil Protection
Law , 2003).

According to the balance model the total

loss of organic carbon from the soils of the
mentioned farm reaches the value of 6,226 tons
and average carbon loss from one hectare is
6.63 tons. It is necessary to apply an average
ration of 473 tons of manure per hectare of
arable land to eliminate this deficit. The total
need of manure for elimination of carbon deficit
on the whole farm is 30,805 tons.
The annual production of manure in the farm
(6,000 — 6,200 tons) secures to improve only
150 — 160 ha of arable land (e.g. 16-17 % of the
total area) with 40 t.ha” ration each year. It
means that only the organic improvement can
not solve the problem. It would be necessary to
regulate both the organisation of agricultural
fund in harmony with given soil, climatic
conditions and crop rotation. The dense sawn
cereals together with corn maize were
cultivated on almost 60 % of total arable land
area during the recent three years meanwhile
the perennial crops were cultivated only on 2.0
% of the same area. In the framework of crop
rotation this is not sufficient for equalizing the
deficit of organic matter in the soil.

The Table 4 presents the balance of organic
matter in the soil and organic improvement
needed in particular fields. In the fields named
A, D and F sugar beet was cultivated and there
was applied the manure in the ration 40 t.ha™,
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Table 2
Area and yields of cultivated crops in various years
2005 2006 2007
Crop / year Area (ha) | Yield | Area(ha) | Yield | Area (ha) Yield
(tha™) (tha™) (tha™)
Winter wheat 380 3.73 380 4.16 260 3.02
Winter barley 25 3.22 5 1.94 30 2.46
Spring barley 60 2.57 35 3.43 95 3.71
Winter rye - - 15 3.04 15 1.28
Oat 20 1.97 - - - -
Corn maize 60 4.07 85 517 125 1.55
Winter rape 75 2.65 100 1.73 10 0.33
Sunflower 100 1.81 100 2.04 165 1.56
Pea 40 1.12 40 2.20 40 2.27
Soybean 45 1.35 40 2.67 58 1.03
Lens - - - - 15 0.52
Sugar beet 45 37.5 50 34.4 57 22.34
Silage maize 21 37.40 21 33.23 15 33.78
Spring mixture 36 14.85 40 14.9 22 13.9
Grass on arable land 33 1.47 - - - -
Perennial fodder crops 19 4.60 20 4.64 20 2.36
Table 3
Classification of fields according to organic matter losses
1Group of organic matter Range of organic_ 1carbon losses Number of fields Area (ha)
0SSes (tha)
1 group less than 6 16 353.7
2 group 6-8 14 204.3
3 group 8-9 14 217.5
4 group 9-10 4 61.8
S5 group 10-11 6 101.6

and the deficit of organic carbon reaches only
1.8-3.15 tons per hectare in these fields. In the
fields named B, C and E cereals and corn maize
were cultivated during the recent three years
and the loss of organic carbon was still too high
9.5-10.9 t C.ha’. Immediately, 56-64 tons of
manure per hectare was necessary to apply only
for these fields in order to eliminate the
mentioned deficit of organic matter in the soil.

The achieved results point out to the fact
that the losses of organic matter of soils with
middle and lower production capacity will be
too high without organic improvement.

CONCLUSIONS

It has been confirmed that the negative
balance of soil organic matter will not exceed 2
tons of organic carbon per hectare if 40 tons of
organic material (manure) per hectare (once per
three years) is applied. The losses of organic
carbon will be more than 10 tons per hectare

without organic improvement and depending on
crop system structure. The negative balance of
soil organic matter with more than 8 ton per
hectare was got on 41 % area of arable land
(e.g. 381 ha). The average dose of 47.3 t.ha’
organic mater is necessary to equalize the stated
deficiency. It is also necessary to regulate the
share of individual grown crops and to cultivate
more crops with positive influence on soil
organic matter — legumes, their mixtures with
grass and temporary grass.
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Figure 2 — The soil organic matter balance in individual fields of chosen agricultural farm —

Agrozoran Michalany
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Table 4

The soil organic matter balance of individual fields and the need of organic mater of chosen agricultural farm Agrozoran Michalany

Field Year Area Crop Yield C balance | C balance Sort of Requirement Requirement Improvement needed
(ha) total improvement tha' t per field
A 2005 15,0 | Winter wheat 3.4 5,18
"""""""" 2006 |  |Sugarbeet | 340 | 439 [ |
"""""""" 2007 | |Springbarley | 51 | 263 | -18 [ | 00 | 00 | = Noned
B 2005 15,0 |Oats 2.0 -3,46
"""""""" 2006 | |Winterrye | 30 | =251 [ | L
"""""""" 2007 | |Winterrye | 13 | 358 | 955 | Mamure | 562 | 8425 |  Necessary
C 2005 15,0 | Spring barley 2,0 -3,33
"""""""" 2006 | [Commaize | 33 | 392 [ |
"""""""" 2007 | |Winterwheat | 2,5 | 344 | -10,89 | Manure | 641 | 9612 |  Necessary
D 2005 10,0 | Winter wheat 4.2 5,59
"""""""" 2006 | |Sugarbeet | 228 | 449 [ |
"""""""" 2007 | |Peass | 20 | 317 [ 208 [ | 00 | 00 | = Noned
E 2005 17,0 | Corn maize 3.4 -3,54
"""""""" 2006 | [Commaize | 80 | 295 [ | |
"""""""" 2007 | |Commaize | 15 | 419 | -10,87 | Manure | 628 |  1067,3 |  Necessary
F 2005 17,0 | Winter rape 4.1 3.61
"""""""" 2006 |  |Winterwheat | 35 | 404 [ |
"""""""" 2007 | |Sugarbeet | 223 | 450 [ 315 [ | 00 | 00 | = Noned
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