ACTA UNIVERSITATIS AGRICULTURAE ET SILVICULTURAE MENDELIANAE BRUNENSIS

SBORNIK MENDELOVY ZEMEDELSKE A LESNICKE UNIVERZITY V BRNE

Roc¢nik LV

26

CHANGES IN THE SOIL ORGANIC MATTER SUPPLY
IN TOPSOIL AND SUBSOIL CAUSED BY CEREALS
GROWN IN CROP ROTATIONS

V. VIcek, R. Stralkova, J. Podesvova, E. Pokorny

Received: April 16, 2007

Abstract
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The paper evaluates seven years (1993—1999) of Soil organic matter supply monitoring in multifactor
field trials conducted by the Agricultural Research Institute in Kroméfiz, Czech Republic, (mean annu-
al temperature 8.9 °C, total annual precipitation 599 mm, medium Luvi-Haplic Chernozem). The stu-
died plots were a part of nine-crop rotation: alfalfa the 1** and 2™ year, winter wheat, spring barley,
sugar beet, spring barley, winter wheat, silage maize and spring barley. The Soil organic matter supply
was measured on four plots: winter wheat after spring barley (var. 1), winter wheat after alfalfa (var. 2),
spring barley after winter wheat (var. 3) and spring barley after sugar beet (var. 4). Soil samples were
taken from April to July (14—day period) from topsoil (0—30 cm) and subsoil (30-60 cm). The content
of Soil organic matter was determined by wet oxidation. Using bulk density, the C content (%) was con-
verted to C supply (t.ha™). Average yield (t.ha™) reached 6.54 t/ha (var. 1), 7.47 t/ha (var. 2), 6.52 t/ha
(var. 3) and 7.20 t/ha (var. 4). Evaluation of the results was carried out by the analysis of variance and
time changes by the second-degree regression analysis. Results demonstrated that Soil organic matter
supplies were significantly changed in topsoil. The highest supplies were found in barley after sugar
beet (118 t.ha™), the lowest ones in wheat after alfalfa (111 t.ha™). As for the cereal species generally,
it was documented that in topsoils under barley the supplies were higher than under winter wheat. In
subsoil, there were significant differences between wheat after alfalfa (111 t.ha™) and barley after wheat
(104 t.ha™). As for a difference in the Soil organic matter supply in subsoil according to the cereal spe-
cies the situation was contrary than in topsoil. Higher supplies were under wheat. Generally (topsoil
and subsoil), the highest supply of Soil organic matter was in barley after sugar beet (224 t.ha™') and
similarly in wheat after alfalfa (222 t.ha™'). The smallest supply was in the variant of wheat after barley
(217 t.ha™). In topsoil, the average supply of humus was 114 t.ha™' and that in subsoil was 107 t.ha™!
the difference being statistically significant.
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Humus supply, composition and content dynamics
in soils are associated with a number of factors and
conditions of a soil forming process, ie flora, micro-
organisms, climate and bedrock (SOTAKOVA, S.,
1982).

Characteristic dynamic balance between minera-
lization and humification, between stabilization and

activation of humus substances is formed in every
soil type. Based on differences in the balanced com-
ponents in each soil type, the following types of Soil
organic matter regime can be defined: positive — con-
tinual gradual increase Soil organic matter (as a rule,
at application of high organic fertilizer rates only),
non-deficient — an equilibrium in Cox in the soil pro-
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file, deficient — substantial reduction, usually by loss
of humified matter by erosion, mechanical surface tre-
atments and others (SOTAKOVA, S., 1986).

SALFELD and SOCHTIG (1977) suggested humus
dynamic model that is based on 21 indicators. They
differentiate between two types of organic matter
dynamics in soil: (1) long-term and (2) short-term
(cyclic) which is affected by plants and the climate.

Based on long-term stationary trials, KRUGLOV
and PROSCAKOV (1979) suggest using a regres-
sion equation to calculate humus supply in arable
land. According to this equation, the humus supplies
in arable land increase together with the decrease in
proportions of root crops in a crop rotation, farmyard
manure and mineral fertilizer application, and with
clay content.

BADALIKOVA and HRUBY (1999) demon-
strated that the humus content decreased along with
the depth of soil tillage. The five-year results of phys-
ical properties enable to calculate particle density that
depends also on humus content (inversely proporti-
onally). However, their results do not confirm this
statement since the particle density increased from
2.59 g.cm™ in variants “minimum tillage” and “no-
tillage” to 2.61 g.cm™ in variant “tillage”. It was con-
firmed that minimum tillage practices increased water
content, and thus grain yields of cereals were higher
under dry conditions at the location HruSovany near
Brno. The decrease in minimum air content from
15.2% in variant “tillage” to 10.6% in variant “no-til-
lage” can be considered as a basic change.

A favourable effect of humus on physical, chemical
and biological properties of arable land is generally
well-known. According to KORSCHENS (1990)
the increase in soil carbon content by 0.1% increase
water retention by 0.5-0.6%, cation exchange capa-
city by 0.7 meq.kg™!, porosity by 1% and decrease
bulk density by 0.01-0.02 g.cm™. Soil organic matter
is a source of substances and energy for soil micro-
organisms, positively affects soil structure, increases
availability of plant nutrients, and thus directly influ-
ences plant growth (HODGES, R.D., 1991).

The increase in the C:N ratio in tilled and mine-
ral-fertilized soil suggests that nitrogen substances of
soil organic matter are proner to decomposition and
mineralization than the substances without nitrogen.
Average numbers of free-living diasotrophic bacteria
were lower in cultivated variants than in the control
during the whole time of conducting the experiment.
These bacteria were almost eliminated in minerally-
fertilized variants. The results of assessment of nitrifi-
cation activity confirmed positive effect of organic fer-
tilization and inhibiting effect of high rates of mineral
fertilization on this activity (KUBAT, J., et al. 1999).

Organic fertilization in long-term experiments
increased the average number of bacteria to about

double in comparison with non-fertilized controls. In
minerally-fertilized variants, the number of bacteria
decreased to nearly half compared to the control. It
is obvious that the occurrence of bacteria depends on
fresh organic matter rather than on total carbon con-
tent in soil (KUBAT, J., e al. 1999).

MATERIAL AND METHODS

The Soil organic matter supply was investigating at
lands in this region rank among the most fertile lands
in the Czech Republic. Considering the geographical
location, the country is included in Central-European
climatic zone. Effects of mild maritime climate pre-
vail in the western part and effects of the continental
climate are more pronounced towards the east.

Ivestigated in the soil Soil organic matter supply
were in multifactorial field trials at the Agricultural
Research Institute Kroméfiz, Ltd. over the time period
1993-1999 (founded in 1972). The locality belongs to
area T3 (warm, slightly humid) with the mean annual
temperature 8.7 °C and total annual precipitation
599 mm. According to the FAO classification, the soil
belongs to Luvi-Haplic Chernozem. Clay-loam soil
(content of particles < 0.01 mm accounts for 42%).

In the topsoil (0-30 cm), total nitrogen content (Nt)
is 0.22%, Soil organic matter content 2.35%, HA:FA
0.88 and pH/KCI 6.60 is neutral. Cation exchange
capacity (220 meq.kg ') is medium, sorption complex
is saturated to 80%, contents of magnesium Mg*" 8%,
potassium K* 4% and calcium Ca** 67% in sorption
complex are medium. The content of available phos-
phorus (according to Egner), 155 mg.kg™, is very
high.

In the subsoil, total nitrogen content (Nt) is 0.16%,
Soil organic matter content 1.72%, HA:FA 0.92 and
pH/KCI1 6.71 is neutral. Cation exchange capacity
(234 meq.kg ') is medium, sorption complex is satu-
rated to 80%, content of magnesium Mg 9%, potas-
sium K 1.6% and calcium Ca 70% in sorption com-
plex are medium. The content of available phosphorus
(according to Egner), 60 mg.kg™', is good.

The 9-years crop rotation with 62.5% of cereals
(alfalfa 1% and 2" year, winter wheat, spring barley,
sugar beet, spring barley, winter wheat, maize for si-
lage, spring barley). To measure supply of Soil or-
ganic matter, the following variants were selected:
winter wheat after spring barley (variant 1), win-
ter wheat after alfalfa (variant 2), spring barley after
winter wheat (variant 3) and spring barley after sugar
beet (variant 4). Plots have 8§ square meters (2 x 4 m).
On the plot is medium ploughing and standard pre-
pare of soil for sowing. Soil samples were taken twice
a month each year (at 14-day period) in the period
from late April to the end of July (7 samplings per
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year) from topsoil (0-30 cm) and subsoil (30—60 cm).
Undisturbed samples were taken using Kopecky s cyl-
inders (in 3 replications) from the depth of 10-15 cm
and 35-40 cm to determine bulk density. At the same
sampling points, soil samples were taken from topsoil
(0-30 cm) and subsoil (30-60 cm) in which content
of oxidable carbon was assessed by wet oxidation in
chromium-sulphur mixture and converted to Soil or-
ganic matter (JANDAK, J., et al. 1991). Soil organic
matter content (%) was converted to Soil organic mat-
ter supply (t.ha™") using soil bulk density.

In the period from April to July in 1993-1999,
mean temperature was 15.8 °C and total precipitation
246 mm. The varieties of winter wheat Hana (1993—
1994) and Samanta (1995-1999) and spring barley
Akcent (1993—1999) were grown in these tim eperiods.
Mineral fertilizers (N:P»O5:K5O in kg.ha'.year)
were applied in autumn at the average rate of 61:67:101
(var. 1),46:67:105 (var. 2),9:58:95 (var. 3) and 0:55:111
(var. 4), respectively. Winter wheat did not receive
any additional nitrogen during the vegetation period.
Spring barley was not fertilized with nitrogen before
seeding or till the 3-leaf stage. In 1993—-1999, average
grain yields were 6.54 t.ha™! (var. 1), 7.47 t.ha ! (var. 2),
6.52 t.ha™ (var. 3) and 7.20 t.ha™! (var. 4).

The results were evaluated by the analysis of
variance (LSD test, P > 0.05) and time changes by
the second-degree regression (tested by correlation
index) using software Excel (ORVIS, W. J., 1996) and
Statgraphics (KOSCHIN, F., et al. 1992).

RESULTS AND DISCUSSION

Average supply of Soil organic matter in soil ran-
ged from 104 to 118 t.ha™'. The highest supply of
Soil organic matter (118 t.ha™') was found in topsoil
in var. 4 (spring barley after sugar beet). The lowest
supply of Soil organic matter (104 t.ha™') was found
in subsoil in var. 3 (spring barley after winter wheat).

The results of 7-year investigation demonstrated
that the changes in content of Soil organic matter in
topsoil (0-30 cm) are statistically significant. The hi-
ghest supply (118 t.ha') was found in topsoil (0—
30 cm) in var. 4 (spring barley after sugar beet) and
the lowest one (111 t.ha™') in var. 2 (winter wheat after
alfalfa). If we consider that the difference of 7 t gene-
rated from late April to the end of July, such a diff-
erence was substantial. It is generally reported that
supplies under spring barley are higher than those
under winter wheat, which was confirmed by our
results (Graph 1).
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1: Average supply of humus in topsoil and subsoil (t.ha™)

A statistically significant difference was also found in
subsoil (30-60 cm) between var. 2 (wheat after alfalfa)
with the supply of Soil organic matter 111 t.ha! and
var. 3 (barley after cereal crop) with the supply of
104 t.ha™'. Here, higher supply of Soil organic matter
were found under winter wheat (Graph 1). It means that
the situation in subsoil is opposite to topsoil.

The highest supply of Soil organic matter in the of
0-60 cm layer (topsoil and subsoil) was found in

var. 4 (barley after sugar beet) 224 t.ha™' and similarly
in var. 2 (wheat after alfalfa) 222 t.ha™'. The lowest
supply was found in var. 1 (wheat after barley) —
217 t.ha™!. An average supply was 114 t.ha™! in topsoil
and 107 t.ha™! in subsoil at the statistically significant
difference of 7 t.ha™'. The dynamics of Soil organic
matter during the growing season is illustrated in Gra-
phs 2 and 3.
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2: Dynamics Supply of Humus (t.ha™')in topsoil (0-30 cm)
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3: Dynamics Supply of Humus (t.ha™!)in subsoil (30—60 cm)

Furthermore, it is generally claimed that intensive
soil tillage to root crops aggrevates, to a certain extent,
its status since it speeds up organic matter decompo-
sition. By contrast, favourable effects of root crops
in the crop rotation and their value as a forecrop are
caused by regular application of organic and mineral
fertilizers (KOSTELANSKY, F., et al. 1998). Indeed,
after sugar beet there was a certain unbalance in soil
organic matter between topsoil and subsoil, neverthe-
less, a total supply of Soil organic matter in the hori-
zon of 0—60 cm was highest after sugar beet (var. 4,
Graph 1). However, such unbalance between top-
soil and subsoil was noticed also after cereal crops.
In this case, the situation is opposite since the total
supply of Soil organic matter was lowest in var. 1 and
3 (Graph 1). The difference between the lowest var. 1

(winter wheat after spring barley) and the highest
var. 4 (spring barley after sugar beet) in the entire hori-
zon of 0—60 cm was 10 t.ha™, which is a high value.
Thus, it is impossible to accept generally the opinion,
that humus supplies in arable land decrease at incre-
asing the proportion of root crops in the crop rota-
tion as reported by KRUGLOV and PROSAKOV
(1979). In these variants, positive effects of crop
alternation on soil organic matter and, on the con-
trary, negative effects of cereal continuous cropping
were found. Today, when soil care is highlighted more
than yields, this study could change the view of conti-
nuous cereal growing. In the future, it would be inte-
resting to observe these changes in long-term trials
with cereal crops.
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I: Supply of humus in topsoil — analysis of variance

11: Supply of humus in topsoil — cogency between variants

Source of variation | Sum of squares DF | Mean of squares F-ratio Significance level
Between groups 1209700,374 3 556,791 3,467 0,0170
Within groups 31209384,912 192 163,463

Total 33085,286 195

Variation 4 3 2

l *

2 *

3
II: Supply of humus in subsoil — analysis of variance
Source of variation | Sum of squares DF | Mean of squares F-ratio Significance level
Between groups 1209218,574 3 406,191 291 0,037
Within groups 26796,061 192 138,563
Total 28014,635 195

IV: Supply of humus in subsoil — cogency between variants

Variation

4

3

2

1

2

3

V: Regression function of changes in suplly of humus in topsoil

Variant Equation R R?
1 y =—0,004x%+ 0,3069x + 73,328 0,921 * | 0,850
2 y=-0,0014x%+ 0,5166x + 65,079 0,646 * | 0,418
3 y =-0,0022x%+ 0,7275x + 55,169 0,607 * | 0,369
4 y =-0,0025x*>+ 0,8912x + 42,124 0,730 * | 0,533

VI: Regression function of changes in suplly of humus in subsoil

Variant Equation R R?
1 y =—0,008x*> + 0,3042x + 77,347 0,547 * 0,300
2 y =-0,003x>+0,9355x + 40,628 0,600 * | 0,361
3 y =-0,0006x> + 0,3359x + 65,707 0,856 * | 0,734
4 y =-0,0001x>+ 0,1368x + 87,1 0,625 * | 0,391

SOUHRN

Zmeény zasoby pudni organické hmoty v ornici a podornici zptisobené obilninami
péstovanymi v osevnich sledech

Prace vyhodnocuje sedmileta (1993—1997) pozorovani zasoby humusu v ornici a podorni¢i v osevnich
sledech polyfaktorialnich polnich pokust (62,5 % obilnin) Zemédé€lského vyzkumného tstavu v Kro-

vvvvv

Na variantach: 1 — pSenice ozima po je¢menu jarnim, 2 — pSenice ozima po vojtésce, 3 — jeCmen jarni po
pSenici ozimé a 4 — jeCmen jarni po cukrovce byly ve ¢trnactidennich intervalech, v obdobi od tieti dub-
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nové do tieti Cervencové dekady, odebirany porusené vzorky z hloubek 0-30 cm a 30—60 cm a stanoven
obsah humusu (spalenim v chromsirové smési). Pomoci objemové hmotnosti byl obsah v % pfepocitan
na zasobu v t/ha. Z vysledkl pokust plyne, Ze nejvétsi zasoby humusu jsou celkové (ornice i podorniéi)
ve varianté ¢islo 4 — tzn. jeCmen po cukrovce (224 t/ha), podobné jako ve varianté ¢islo 2 — tzn. pSenice
po vojtésce (222 t/ha). Ve varianté Cislo 2 vSak byl vyrovnangjsi pomér mezi zasobou humusu v ornici
a podorniéi. Jako problematické se zde ukazalo péstovani obilniny po obilnin¢ — v naSem ptipad¢ vari-
anta Cislo 1 — pSenice ozima po je¢meni jarnim, kdy byla zasoba humusu (v ornici i podornici) ze vSech
variant nejniz$i (214 t/ha). V této praci se ukazal negativni disledek péstovani obilnin po sob¢, a to tiby-
tek pidni organické hmoty, az o 10 t/ha (v ornici i podornic¢i dohromady — viz graf 1 — varianta 1 a 4).
V ornici je primérna zasoba 114 t/ha a v podornic¢i 107 t/ha, pricemz rozdil je statisticky priikaz-
ny. Pozitivni vliv na primérny obsah humusu v ornici a podorni¢i ma stfidani plodin v osevnich postu-
pech. Naopak jako nevhodné se ukazalo nasledné péstovani obilnin.

V budoucnu by bylo zajimavé sledovat tyto zmény na plochach, kde se jiz nékolik desitek let pokusné
péstuji obilniny po sobé¢.

pPudni organicka hmota, ornice, podornic¢i, cernozem luvicka
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