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Abstract

DOSTAL, J., CERHANOVA, D., HAJZLEROVA, L., MARTINCOVA, J., POSPISILOVA, P, POKOR-
NY, E., LOSAK, T.: Long - term evalutation of the organic matter balance and its relations to the organic C content in
the topsoils in Usti nad Orlici district. Acta univ. agric. et silvic. Mendel. Brun., 2009, LVTI, No. 2, pp. 13-24

Organic matter balance in the farms located in Usti nad Orlici district has been investigated since 1979.
As aresult, so called need of organic fertilisation, has been determined and the supply of the organic
fertilisers to soils, e.g. farmyard manure, slurries and also straw and green manure has been monitored
over the whole time period. About 45% of the arable land area in the district has been monitored.

In addition to the organic matter balance, we determined several soil organic matter characteristics
in soil samples (organic C, N and S contents, inert and decomposable C content, hot water soluble C
content, hydrophobicity index calculated from the DRIFT spectrometry, available P, K, Ca and Mg
contents and pH).

The relationships between the organic matter supply with supplemental sources organic fertilisers
and all the selected soil organic matter characteristics were statistically significant. Significant correla-
tions were also found for the relationships between the organic matter need and all the selected soil
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organic matter characteristics.

soil organic matter, farm fertilisers, organic fertilisers, agricultural systems

The average production of farm manures (farm-
yard manure and slurries) in the Czech Republic has
been estimated to 0.8-0.9t organic matter (OM) per
hectare of arable land annually, in the present time.
Due to the drop down of the number of farm animals
during the last years, production of farmyard ma-
nure and slurries dropped down, as well. The defi-
citin organic matter balance has been diminished by
means of supplemental resources like straw, green
manure or beet leaves application. However, there
are large differences in different regions, districts or
even farms in the number of farm animals and farm
manure production per hectare, as shows Tab. I.

Organic matter balance in selected crop rotations
in the farms located in Usti nad Orlici district has
been calculated since 1979. They are described in
the publications Dostal (2002); Dostél et al. (2003);
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Kubat et al. (2004); Dostal et al. (2006). So called need
of organic fertilisation and supply of the farm and or-
ganic fertilisers to soils, e.g. farmyard manure, slur-
ries and also straw and green manure has been moni-
tored over the whole time period. The whole acreage
of the district was monitored in time period 1981 to
1989. Tn 1991 to 1998 was the extent diminished to
17 farms, i.e. 23 crop rotations, encompassing about
45% of the arable land area in the district.

In the district, there are several climate regions
from the T3 - warm, slightly wet at 10.1% of the ag-
ricultural land, MT2 - slightly warm, slightly wet at
16.8% of the agricultural land, MT4 - slightly warm,
wet at 43.4% of the agricultural land, MCH - slightly
cold, wet at 24.1% of the agricultural land and CH
- cold and wet at the 5.7% of the agricultural land.
The topography of the region is differentiated (about
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37.4%is flat, and about 24% of the agricultural land is
on slopes higher than 7°). The soil types are differ-
entiated, as well. There are several subtypes of Lu-
visols and Cambisols up to acid Spodosols. Majo-
rity of soils are medium heavy soils (83%), light soils
are much less frequent (14%) and the same is true for
the heavy soils (3%). According to the production
classification, 10.5% of the agricultural land belongs
to the beet region, 67.2% to cereal region and 22.3%
belongs to the fodder crop region.

Usti nad Orlici district is characterised with a high
level of the agricultural production and a high de-
gree of the soil productivity utilisation. One of
the beneficial factors is the maintenance of relatively
high density of the farm animals and an effective uti-
lisation of the organic farm fertilisers. According to
the Czech Statistical Office Report (2000), the den-
sity of farm animals is about 50% higher in compari-
son with the average in the country (0.60 AU.ha ' ara-
bleland) and it reached 0.90 animal units (AU) per ha
arable land. The share of the cattle (83%) is also more
favourable than the average of the whole country
(69%). Total number of crop rotations is 62 with ave-
rage acreage of 814 haarable land in the present time.
With the increasing cost of the transport and priva-
tisation, the number of crop rotations increases and
their acreage decreases.

MATERIALS AND METHODS

Methodology of the so called “need of organic
matter determination” in a crop rotation has been
described by Neuberg et al. (1990). A normative
of the need of organic matter is estimated accord-
ing to soil textural classes and mainly according to
the crop rotation (proportion of crops in crop ro-
tation). Organic matter production was estimated
from the registered application of the farm and or-
ganic fertilisers using average values of analyses of
farm fertilisers or, partly, from the standard recom-
mended values of the organic matter content in farm
fertilisers. In the Usti nad Orlici district, organic fer-
tilisation has been monitored since 1979 in indivi-
dual crop rotations.

Since spring 2002 (18" to 25™ March), soil sam-
ples of 40 selected localities on arable soils (top soil
0-0.2m) cropped with winter wheat and winter raps
were taken, yearly. The selected localities are situated
directly in the area or in the vicinity of the areas that
have been investigated for the organic matter ba-
lance foralong time. The soil samples were thoroug-
hly mixed, passed through 2 mm sieve and air dried
at a room temperature. Air dried soil samples were
transferred to the laboratory and following charac-
teristics have been determined: organic C content
(wet oxidation) according to Alten et al. (1935), total
C, N and S content (Leco CNS 2000 elemental ana-
lyse, or Vario Max analyse, since 2005), hot water so-
luble C content (Schulz, 1997), DRIFT spectra and
hydrophobicity index (Capriel et al. 1995; 1997).

The results over the time period 2002-2007 have
been evaluated in relation to the organic matter ba-

lances by means of calculation of the correlation
coefficients and chart curves.

RESULTS AND DISCUSSION

Organic matter balance

Generally, there are large failings in handling with
the organic fertilisers in this country. For this rea-
son, a “Programme of organic fertilisation” had been
elaborated in seventies for the Usti nad Orlici dis-
trict. Since that time, several indicators of organic
matter balance, selected in frame of this programme,
have been monitored up to now. Long-term moni-
toring of the organic matter balances reflects quite
well the consequences of transformation in agricul-
ture during the last decade.

During eighties, the results obtained were rela-
tively positive. Average balance between produc-
tion and need of organic matter was positive, rang-
ing between 0.36 and 0.71 tons organic matter (OM)
per 1 ha of arable land annually for the whole district
during 1981 to 1987. Analyses of individual crop ro-
tations has shown that the arable land area showing
a deficit in organic matter balance dropped down
from 27% to 6% only, during that time period. In 1991,
however, similarly to previous two years, the den-
sity of farm animals, mainly cattle, diminished and
some perennial fodder crops were partly substituted
with cash crops in crop rotations (Tab. II). In 2002,
the proportion of maize grown for the conservation
of wet grains increased. Since 2007, the proportion
of the sugar beet growing has dropped down.

These changes and also increasing costs of trans-
port adversely affected organic matter balance in
Usti nad Orlici district (Tab. III). The proportion of
crop rotations with negative or only slightly positive
organic matter balance increased (Tab. IV).

In 1992 and also 1993, the negative trend of
the previous three years was partly compensated.
The number of farm animals was stabilised and, si-
multaneously, perennial fodder crops acreage in-
creased, as well (Tab. II). Perennial fodder crops have
shown to be essential, mainly after the lack of fodder
due to the dry weather in previous years. As a con-
sequence, organic matter balance in Ustf nad Orlicf
district improved.

After 1992, the number of farm animals in the tra-
ditional stables diminished by 10%. On the con-
trary, the number of pigs slurry producing stables
increased by 30%. Supplemental resources of or-
ganic matter (e.g. straw, green manure, compost,
sewage sludge) changed, as well. Compost produc-
tion dropped down by 70% and was partly substi-
tuted with green manure, acreage of which increased
3 times.

A substantial change occurred in 1995. Positive
organic matter balance reached 095t OM.ha' ara-
ble land due to the measures in organic matter uti-
lisation (better quality of liquid manures due to im-
provement of the stable’s technology, increased
ploughing of straw and green manure, etc.).



Long-term evaluation of the organic matter balance and its relations to the organic C 15

In 2005 the application of supplemental resources
reached its maximum. Participation of supplemen-
tal organic matter resources in the all resources
reached 39.5% (in that: straw 31.2%, green manure
7.8%, compost and sewage sludge 0.5%). Since 2005,
intercrop-growing is supported by the government,
and therefore, green manure is perspective. In 2006,
supplemental organic amount dropped down due
to precipitation deficit and hot temperature in July.
In 2007, share of supplemental resources reached
36,9%.

During 1997-2007, acreage of cash cropsincreased
on account of perennial fodder crops (Tab. II) and
reach 66.3% of arable soil area. Average need of or-
ganic matter has therefore increased by 40%, as com-
pared 2003 with 1993 (Tab. ITI). However, part of pre-
vious arable land has been changed to pastures and
meadows, which is a practice that is supported by
the government.

Organic matter production including the supple-
mental resources (straw, green manure, composts)
hasbeen sufficient to cover the need of organic mater
in the monitored area and in the average of the whole
district, as well. However, this was not true for each
crop rotation and for each field - mainly because of
the disparity in the animal breeding over the district
area and a similar situation with the crop rotations.
In 2006, only about 1/2 of crop rotations compris-
ing about 43% of the total arable land area show suf-
ficient active organic matter balance (Tab. IV) due to
the low supplemental organic matter share.

Besides of the production of organic fertilisers and
their organic matter content, their kinds and doses
are important, too (Mengel and Kirkby, 2001). Dur-
ing 2002-2007, 33% of the arable land was fertilised
with farm and organic fertilisers in the investigated
territory. On an average of 3 years, the applied dose
have comprised 21.1t farmyard manure, 0.9t poul-
try manure, 0.27t compost and sewage sludge, 3.2t
straw, 3.5t green manure, 13.6t cattle slurry, 3.7t pig
slurry and 0.03 t others organic fertilisers per 1 ha.

As calculated to 1ha of the investigated territory,
the total organic matter production in farm manures
amounted to 1.66t annually, during 2002-2007.
Share of farmyard manure was 1.20t, poultry ma-
nure 0.12t, cattle slurry 0.26t and the pig slurry
0.08t, annually. Supplemental organic resources ap-
plication included 092t of organic matter in total,
0.85t in straw, 0.13t in green manure, and 0.018t in
compost and sewage sludge. The average nutrient
input in farm and organic fertilisers was 73.8kg N,
42.4kg P,0, and 75.5 kg K,O, which is 191.7kg per ha
in total annually. Above results extend previous data
from Dostal (2002).

Relationships between the organic matter
balances and the soil organic matter
characteristics

The results of the long-term determination of
the organic matter need, production and balance in

the Usti nad Orlici district were related to the results
of the analyses of the soil organic matter.

Theresults of investigations (2002-2007) have been
evaluated by means of calculation correlation coeffi-
cients between the selected characteristics of the soil
organic matter content and quality and the long-
term organic matter (OM) balances in the selected lo-
calities. Significant correlations were found mainly
between the organic matter need and all the selected
soil organic matter characteristics. The relationships
between the organic matter production with sup-
plemental organic fertilisers (SOF) and all the se-
lected soil organic matter characteristics were signi-
ficant, as well (Mengel and Kirkby, 2001; Dostil et al.,
2006). As to the organic matter production without
supplemental organic fertilisers and organic matter
balance, the significant correlation coefficients were
found in relation to the hydrophobicity index, only.
The results are presented in Tab. V.

The most important relationships are those be-
tween organic mater need and organic carbon con-
tent, active hot water soluble carbon, total nitrogen
content, infrared spectra, respectively (Fig. 1-4). All
selected soil organic matter characteristics decreased
with theincreasing values of the organic matter need.
The high OM need have connection with the low
root organic matter production due to low share of
perennial fodder crops. That means the direct rela-
tionships between the root organic matter produc-
tion and carbon, nitrogen content and OM quality.
Relationships between characteristics of soil organic
matter against each other are described by Kubit
etal. (2004).

Infrared absorption (IR), mainly hydrophobi-
city index (HI) characterising quality of the soil or-
ganic matter and partly active hot water soluble car-
bon content increased with increasing values of
the organic matter balance (Fig. 5-8). This trend in-
dicates a higher soil organic matter quality in soils,
in which there was the organic matter balance more
favourable.

On the contrary, the relationships between pro-
duction and input of organic matter with supple-
mented organic fertilisers and the characteristics of
the content of soil organic matter are mostly negative.
These results can be hardly explained on the basis of
the existing results and apparently will need further
investigation (longer time period, higher number of
soil analyses).

CONCLUSION

Organic fertilisers contribute to the organic mat-
ter turnover on the farm level. Annual turnover of
organic matter (OM) in arable soils is estimated to
amount 3.5 to 4.5 tha!in the Czech Republic. About
a half of this amount is saturated by crop residues
being decomposed during the vegetation period and
with the post harvest residues. The rest of it, about
1.5to 2.0 tha ! annually is recommended to be sup-
plied with farm and organic fertilisers. The long-
term organic matter balance investigations in Usti
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I: Average density of farm animals (animal units, AU) in individual districts in the Czech Republic (Czech Statistical Office,

2000)
AU per L ha Districts in the Czech Republic
agricultural land

0.0-0.1 Praha-mé&sto

0.1-0.2 Praha-z4pad, Sokolov, Chomutov, Most, Teplice, Usti n. Labem, Brno-mé&sto, Karvina

0.2-03 Kladno, Mélnik, Praha-vychod, Rakovnik, Cheb, Karlovy Vary, Tachov, Ceska Lipa,

- D&Ein, Jablonec n. Nisou, Liberec, Louny, Bruntal, Ostrava-mé&sto

Kolin, Mlad4 Boleslav, Nymburk, Cesky Krumlov, Plzefi-mésto, Litomé&Fice, Trutnov,

03-0.4 Brno-venkov, Breclav, Zlin, Hodonin, Vyskov, Znojmo, Frydek-Mistek, Sumperk +
Jesenik, Vsetin
Benesov, Beroun, Kutna Hora, Piibram, Prachatice, Tabor, Plzen-jih, Plzen-sever,

0.4-0.5 Chrudim, Nachod, Pardubice, Blansko, Kromé&fiz, Prostéjov, Uherské Hradisté,
Olomouc, Opava, Pferov
Ceské Budgjovice, JindFichtiv Hradec, PelhFimov, Pisek, Strakonice, Klatovy, Rokycany,

0.5-0.6 Havli¢ktv Brod, Hradec Krélové, Ji¢in, Rychnov n. Knéznou, Semily, Svitavy, Jihlava,
Ttebi¢, Novy Ji¢in

0.6-0.7 Domazlice, Usti nad Orlici, Zd4r nad Sizavou

IT: Proportion of crops in crop rotations and organic matter resources in Usti nad Orlici district

Proportion of crops in crop rotations Share of the organic matter resources
(%) (%)
Year Rootcropsand | Perennial fodder Supplemental
Grain crops annual fodder crops on arable Farm manures organic matter
crops land resources
1991 51.8 27.8 20.4 78.8 21.2
1992 57.7 21.4 209 919 8.1
1993 54.0 22.8 23.2 96.4 3.6
1994 61.4 17.0 21.6 88.4 11.6
1995 58.9 19.1 22.0 85.4 14.6
1996 55.9 22.1 22.0 86.8 13.2
1997 59.2 23.0 179 80.9 19.1
1998 58.9 23.8 17.4 80.2 19.8
1999 56.7 24.8 18.5 82.1 179
2000 60.7 20.8 18.5 79.9 20.1
2001 61.1 21.7 17.2 79.2 20.8
2002 60.8 233 159 68.7 313
2003 62.3 22.9 14.8 643 357
2004 62.5 22.0 15.5 61.5 38.5
2005 619 21.7 16.4 60.5 39.5
2006 62.5 22.0 15.5 67.7 323
2007 66.3 163 17.4 63.1 369

nad Orlici district have shown that the effort given to
the production, storage and application of farm and
organic fertilisers affects the level of the crop pro-
duction and soil fertility, as well. The methodology
of the organic matter balance estimation proved to

be effective and it can be recommended for broader
practical use.

The calculated need of organic matter to be sup-
plied (average for the region) slightly differed dur-
ing the last decade. It ranged from 1.156 t.ha in
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I11: Results of organic matter balance in Usti nad Orlici district (t OM.ha™' arable land)
Need of OM to | Total production Inthat: Iti
Year | be supplied! With of OM inorganic | o from farm OM from Restl)laﬂrlll%g)M
organic fertilisers fertilisers fertilisers supplemental
organic fertilisers
1991 1.43 2.01 1.58 0.43 +0.58
1992 1.16 1.92 1.77 0.16 +0.76
1993 1.14 1.72 1.65 0.06 +0.58
1994 1.15 2.01 177 0.23 +0.86
1995 1.16 211 1.80 031 +0.95
1996 136 2.12 1.84 0.28 +0.76
1997 1,51 2.05 1.66 039 +0.54
1998 151 2.01 1.62 0.40 +0.50
1999 1.51 2.02 1.65 037 +0.51
2000 1.45 2.17 1.73 0.44 +0.72
2001 1.51 2.29 1.82 0.47 +0.78
2002 1.56 236 1.62 0.74 +0.80
2003 1.60 2.69 1.73 0.96 +1.09
2004 1.53 271 1.67 1.04 +1.18
2005 1.57 2.82 1.71 111 +1.25
2006 1.52 237 1.60 0.77 +0.85
2007 1.44 2.55 1.61 0.94 +1.11

1992 to 1.604 in 2003. Thanks to a relative high den-
sity of farm animals (0.6 to 0.7 cattle units per 1ha
agricultural land), organic fertilisation is rather sta-
ble and the organic matter balance was more or less
positive in all crop rotations. The highest value of
the organic matter balance was determined in 1994
and 1995, when there was the lowest need for or-
ganic matter. In this period, the farm manures pro-
duction was the highest, too. Since 1995, the highly
positive organic matter balance diminished (by 53%
in 1998). Input of organic matter with organic ferti-
lisers calculated per 1ha arable land was as follows:
1.20t OM.ha! farm yard manure, 0.12t OM.ha™
poultry manure, 0.34t OM.ha! cattle and pig slurry,
0.85t OM.ha"! straw, 0.13t OM.ha! green manure

and 0.018t OM.ha! composts and sewage sludge an-
nually (during 2002-2007). The average annual nu-
trient supply by means of farm and organic fertili-
sers amounted 73.8kg N, 42.4kg P,O, and 75.5kg
K,O which is 191.7kg nutrients in total per 1ha ara-
ble land.

The relationships between the organic matter sup-
ply with supplemental farm and organic fertilisers
and all the selected soil organic matter characteris-
tics were statistically significant. Significant correla-
tions were also found for the relationships between
the organic matter need and all the selected soil or-
ganic matter characteristics and also between the or-
ganic matter balance and the soil organic matter

quality.

SOUHRN

Hodnoceni dlouhodobych bilanci organickych latek a jejich vztahy k obsahu organického
Cv ptidach na okrese Usti nad Orlici

Bilance organickych latek byla v zajmovém tzemi okresu Usti nad Orlici sledovana od r. 1979. Cilem
bylo stanovit potFebu organického hnojeni. Dlouhodobé bylo sledovano mnozstvi organickych latek
ve statkovych hnojivech (hnij, kejda) i v dopliikovych zdrojich organickych latek (slama, zelené hno-
jeni). Bylo sledovano témér 45% orné ptidy okresu Usti nad Orlici.

Vedle bilance organickych latek bylo v ptidnich vzorcich sledovano n&kolik charakteristik ptidni or-
ganické hmoty (obsah organického C, N a S, obsah C rozpustného v horké vodg, index hydrofobicity
vypoéteny z DRIFT spekter, pfistupné obsahy P, K, Ca a Mg, hodnota ptidni reakce).
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IV: Differences in organic matter (OM) balances in crop rotations in the investigated territory

Crop rotations with negative Crop rotations with slightly | Crop rotations with active OM
OM balance active OM balance balance
Year (< 0t OM.ha'arable land) (0-0.3t OM.ha-! arable land) (>0.3t OM.ha ' arable land)
% of acreage number % of acreage number % of acreage number

1991 5 3 29 9 66 17
1992 8 4 10 4 82 20
1993 15 2 26 4 59 17
1994 0 0 21 4 79 19
1995 1 14 2 83 20
1996 6 1 20 5 74 18
1997 21 3 14 2 65 19
1998 13 4 22 5 65 16
1999 15 3 23 5 62 16
2000 1 1 34 7 65 16
2001 3 1 40* 6* 57* 17*
2002 8 1 36* 6* 56%* 17*
2003 0 0 39%* 7* 61* 17*
2004 3 1 41* 7* 56%* 16*
2005 2 1 38* 7* 60* 15*
2006 3 1 54 10* 43* 12*
2007 1 1 33* 6* 66* 16*

* Since 2001, a new limit between the slightly and the sufficiently active OM balance has been used, not in-
cluding supplemental organic fertilisers (straw, green manure, compost). This limit was set to > 0t OM.ha™!
arable land.

V: Correlation coefficients between long-term organic matter (OM) balances and selected characteristics of the soil organic mat-
ter in the soil samples from the 240 localities, during 2002-2007

Soil organic matter characteristics
OM production and balance
Cox CtLeco | NtLeco | StLeco Chwl IR HI
OM need 0314%%% | 0.222%%% |0.225%F | 0.142% |0.347*%*% |0.373*%%F |0.133*
OM production witthout SOF |0.117 0.116 0.158* 0118 [0.075 0.086 0.300%**
OM production with SOF 0.239%%* 10.183** |0.233*** | 0.092 |0.149* 0.089 0.205%*
OM balance with SOF 0.134*  10.144*  |0.177** 0.116 |0.086 0.137*  [0.314%**

SOF = supplemental organic fertilisers
(straw, green manure, Compost)

Cox = oxidable C content

Ct Leco = total C content

Nt Leco =total N content

Correlation coefficients for polynom Y=a_+a X +a,X? (limit *r, . =0,129, **r, = 0,169, ***r

St Leco = total S content
Chwl = hot water soluble C content

IR = IR spectra

HI = hydrophobicity index

0,001)

Statisticky viznamny byl vztah mezi pfivodem organickych latek véetn& doplitkovych zdrojti a viemi
vybranymi charakteristikami ptidni organické hmoty. Statisticky vyznamna korelace byla rovnéz na-
lezena mezi potiebou organickych latek a vybranymi ptidnimi charakteristikami. Stejné tak byla zjis-
t&na vyznamna korelace mezi bilanci organickych létek a kvalitou organickych latek.

ptidni organickd hmota, statkova hnojiva, organickd hnojiva, zemé&d€lské systémy
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5: Relationships between organic matter balance (with SOF) and hot water soluble C content
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6: Relationships between organic matter balance (with SOF) and total N content
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7: Relationships between organic matter balance (with SOF) and hydrophobicity index
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8: Relationships between organic matter balance (with SOF) and IR absorption
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