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Abstract. Field experiments were done at the Joniskélis Experimental Station of the Lithuanian Institute of Agriculture
(LIA) during 2004-2006. The experiments were done on a productive clay loam Gleyic Cambisol used for agricultural
production and were designed to estimate the effects of various catch crops — red clover (7rifolium pratense L.) and white
clover (Trifolium repens L.) mixture with Italian ryegrass (Lolium multiflorum Lamk.) and white mustard (Sinapis
alba L.) biomass and wheat (Triticum aestivum L.) straw incorporated into the soil on the composition of humus. In the
first year, incorporation of only catch crops biomass or together with straw increased the content of mobile humic acids
(Cha1) by 10.7-28.0% compared with that before trial establishment. With increasing mobile humic acids content the con-
tents of aggressive and free fulvic acids increased too (r = 0.80, p <0.01; » = 0.85, p <0.01, respectively). Conditionally
stable humic acids fractions (Cyas, Chas) formed more intensively in the second year of effects of the measures applied.
The biomass of Fabaceae tamily plants incorporated alone or together with straw tended to increase the content of cal-
cium-bound humic acids (Cya,). Having incorporated catch crops biomass together with straw, the fraction of humic acids
Cyas tended to increase or was the same as that before trial establishment. A slight reduction in the total amount of fulvic
acids and an increase in the content of humic acids, compared with the levels before the trial establishment determined
positive changes in the main indicators of humus quality — Cyy, : Cpa ratio and humification rate; they were the most dis-
tinct having incorporated red clover phytomass together with straw. Incorporation of mineral nitrogen fertilizer N, to-

gether with straw increased soil organic matter mineralization rate and determined a reduction in humic acids content.

Keywords: Gleyic Cambisol, catch crops, straw, humic and fulvic acids.

1. Introduction

Soil organic matter, which is a multi-component and
constantly changing part of soil, exerts a marked effect on
the entire ecosystem and its stability. Carbon (C) is the
main constituent of organic matter. Plant and bacteria
associations existing in the soil photosynthetically fix
atmospheric carbon and other elements that are returned
into the soil in the form of plant and animal residues
(Nieder et al. 2003). Meanwhile, soil micro-organism
associations break down plant residues by catalysing
major biogeochemical reactions depending on specific
soil conditions. This is not simply organic matter utilisa-
tion, but also humic matter formation in the soil. It is
important that new compounds form in the soil that do
not exist in live organisms but which are vital for inces-
sant existence of contemporary life forms (Illunkapes,
I'meBamoB 2001). Organic matter humification is a proc-
ess conducive to the soil since thanks to it organic matter
resources increase and as well as soil nutrient stocks
available for plants. These processes determine supply of
nutrient elements to plant and animal associations of the
ecosystem and to large extent their quality and productiv-
ity (Baltrénas et al. 2010). The amount of carbon which is

annually incorporated into the composition of humic
substances ranges from 0.6 to 2.5-10° t (Opsos 1990).

In nature, organic matter accumulation depends on
matter cycling in the biosphere between the above-ground
and under-ground components of the ecosystem. The
balance of natural ecosystems’ state is determined by
balancing of soil organic matter decomposition and syn-
thesis processes in a closed nutrient cycle. In differences
agrocenoses, the largest part of phytomass produced by
plants is removed from a field (farm) as a marketable
produce. Therefore plant residues (carbon fixed in them)
are the main source replenishing soil organic matter re-
serves. Moreover, intensive anthropogenic effect — me-
chanical soil tillage, intensive use of mineral fertilizers,
especially nitrogen, nutrient leaching, shortage of organic
fertilizers and other factors change organic matter intro-
duction and transformation processes in the soil, where
mineralization prevails and humification processes are
inhibited (Buciené 2003: 88—114; Feiza et al. 2005; Sle-
petiené et al. 2007). Furthermore, farm specialisation in
Lithuania’s intensive farming regions is narrowing, 2—3
most profitable crop species are cultivated, livestock
production is being abandoned, which makes the problem
of soil fertility maintenance more acute.
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In agricultural land, organic matter (organic carbon)
content can be replenished by increasing plant diversity
and stimulating plant biomass growth (with increasing
plant residue amount) or by enriching the soil with exo-
genic organic matter (e.g. farmyard manure). Experimen-
tal evidence suggests that the largest amounts of plant
residues in the 0—40 cm layer are accumulated in the crop
rotations involving perennial grasses, while the least plant
residue amounts are accumulated in the crop rotation
composed of black fallow, row crops and cereals (Magyla
et al. 1997). Root mass of cultivated crops can be en-
hanced by mineral NPK fertilization. However, increased
root mass does not always cover soil organic mater min-
eralization losses. The way the root biomass will behave
in the soil — whether it will fully mineralise and increase
CO, emission and plant nutrient reserves, will assimilate
and be fixed in micro-organism biomass or partly
changed will be incorporated into much more stable hu-
mic substances composition (will humify), will depend
on root chemical composition and environmental condi-
tions (Te#iT 1991; Moran et al. 2005). The rate and trend
of soil-incorporated organic matter transformation proc-
esses are influenced by its carbon to nitrogen ratio, lignin
content, substrate surface area and environmental condi-
tions (IToroB ef al. 1998). The findings of long-term trials
indicate that in specialised cereal farms the soil receives
plant residues and straw with a high carbon to nitrogen
rate. Due to the lack of nitrogen, this organic matter does
not secure a positive humus balance (Magyla et al. 1997).
A different situation is exhibited by the roots and residues
of perennial and annual legumes — red and white clover,
lucerne, and faba beans. Multifunctional effects of these
plants in the agrosystems and an especially conducive C :
N ratio for soil organic matter humification have long
been known. They could be of great benefit for soil im-
provement; however, their use in crop production farms is
limited. As a result, when organic fertilizer (farmyard
manure) is not available it is vital to find ways to increase
plant diversity and to enrich the soil with plant residues
containing a different carbon to nitrogen ratio.

Catch crops, grown in many countries’ agrosystems,
after main crop harvesting are designed to effectively
utilise solar energy, reduce nutrient leaching and physical
degradation of soil surface layer (Catt ef al. 1998; Nieder
et al. 2003; Fischbeck 2005). The objective of our study
was to estimate the effects of the above-ground biomass
of various catch crops on the composition of soil humic
substances and their variation in agricultural, fertile hea-
vy loam Cambisol.

2. Materials and methods

Research was done in the northern part of Central Lithua-
nia’s lowland. The soil characteristic of the larger part of
this region is Endocalcari — Endohypogleyic Cambisol
(CM-n-w-can) of high potential productivity. The soil
texture is clay loam on silty clay with deeper lying sandy
loam. The pHgc of the topsoil is close to neutral. The soil
is medium in phosphorus (P,0s 118-128 mgkg ™" soil),
high in potassium (K,O 213219 mg kg soil) and
moderate in humus (2.38%).

The study was carried out during the period 2004—
2006 at the Lithuanian Institute of Agriculture, Joniskeélis
Experimental Station as a bi-factor field trial with the
following experimental design. Factor A: utilisation of
winter wheat straw: A; straw removed from the field; A,
straw chopped and spread. Factor B: Catch crops: B.
Without catch crops (check treatment on A; background);
B, Red clover (Trifolium pratense L.); B; White clover
(Trifolium repens L.) and Italian ryegrass (Lolium multi-
Alorum Lamk.) mixture; B, White mustard (Sinapis alba L.).

Catch crops were grown in the same year as winter
wheat (Triticum aestivum L.), with no separate field allo-
cated. Catch crops: undersown red clover, white clover
mixture with Italian ryegrass (seed rate ratio 1:1) and
post-crop white mustard. Catch crops were undersown
into winter wheat early in spring when the soil had dried
sufficiently. Post-crops were sown shortly after wheat
harvesting (on the same day), the straw was either re-
moved or chopped and spread (factor A). Post-sowing,
ammonium nitrate (Nys) was applied for optimal growth
of white mustard (on both straw backgrounds, treatment
Bs) and straw (5 t ha™') (factor A,) mineralization. In the
middle of October the biomass of catch crops was chop-
ped and incorporated into the soil. The effects of the mea-
sures used on the changes in humic and fulvic acids and
soil organic carbon (SOC) were monitored for two years
by growing spring barley (Hordeum vulgare L.) employ-
ing conventional soil and crop management practices and
N70, P60, K60 fertilization.

Soil samples for the determination of organic carbon
content, humic and fulvic acids fractional composition
were collected from 0-25 cm layer before trial establish-
ment and in the first and second years of effect of catch
crops’ biomass and straw incorporation after spring bar-
ley harvesting. Soil organic carbon (SOC) was measured
by Tyurin method (ISO 10694:1995), humic and fulvic
acids fractional composition by Tyurin method modified
by Ponomariova and Plotnikova (ITonHomapesa, [1noTHU-
koBa 1980). Chemical analyses were done at the LIA
Chemical Research Laboratory.

The mean daily air temperature and precipitation du-
ring the experimental period were similar to long-term
mean. The experimental data were processed by the ana-
lysis of variance and correlation-regression analysis me-
thods using a software package “Selekcija”.

3. Results and discussion
3.1. Catch crops

In Lithuania, the main crops cover the soil for 60—70% of
the warm period (when positive daily air temperature is
above +5 °C), and the rest of this period (30—40%) is
used unproductively when physical and chemical soil
degradation occurs. Seeking to utilise solar energy as
long as possible, it is expedient to cultivate catch crops
for which there is no need to allocate a separate field in
the crop rotation. This extends a positive effect of plants
(catch crops) on soil properties. Nutrients fixed in plant
biomass, used as green manure, are returned into the soil
and serve as a source of nutrition for plants cultivated the
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following year, and organic carbon replenishes organic
matter reserves in the soil. When there are no plants
which utilise and accumulate nutrients during the warm
period, soil nutrients, especially nitrogen, migrate to dee-
per soil layers or are leached into ground water (Stance-
vi¢ius, TreCiokas 1996). During the recent years, more
attention has been devoted to soil conservation require-
ments with a special focus on the role of catch crops,
however, research into their cultivation technologies is
rather scarce in Lithuania.

During the experimental period, the weather condi-
tions after winter wheat harvesting were favourable and
the biomass of the above-ground part of catch crops
amounted to 2.16-3.42 t ha™' dry matter. A large amount
(4.48-5.63 t ha") of dry organic matter (aboveground +
underground biomass) was incorporated into the soil
(Table 1).

Literature references indicate that in the course of
evolution roots of most plant species have formed so that
they have a C to N ratio, which is optimal for humifica-
tion, compared with the above-ground plant biomass part
(Rasse et al. 2005). However, the data on the effects of
plant green above-ground mass on humification are rather
ambiguous and inconsistent. Intensive decomposition of
herbaceous plants’ above-ground biomass is affected by
its high nitrogen status, which determines a narrow C to
N ratio. Research findings suggest that catch crops’ abo-
ve-ground mass contained 1.3—1.7 times more nitrogen
and less fibre compared with roots. In agrosystems, it is
important to consider different nitrogen nutrition methods
of Fabaceae, Poaceae and Brassicaceae plants. Red and
white clover fixed the larger part of nitrogen (2/3) from
the atmosphere and supplied the agrocenose with extra
nitrogen. Italian ryegrass and white mustard during the
August — October months utilised the remaining nitrogen
which had not been utilised by the main crops or had
accumulated in the soil due to intensive micro-organism
activity. All this prevented nitrogen from migrating into
deeper soil layers and leaching. From the viewpoint of
environmental protection, catch crops of white mustard
and white clover mixture with Italian ryegrass are valu-
able in terms of nitrogen utilisation from the soil after
cereal harvesting. Catch crops’ biomass is important for
soil humic substances accumulation not only as organic
carbon but also nitrogen source.

With cereal straw used as fertilizer the soil receives
carbon-rich organic matter with a wide C to N ratio,
which is 5.1-8.7 times higher compared with that for
catch crops’ biomass. As a result, in the initial straw de-
composition stages the amount of nitrogen is too little
and insufficient for mineralization and does not secure a
normal micro-organism metabolism and straw decompo-
sition (Moran ef al. 2005). Research evidence of Lithua-
nian and foreign researchers shows that mineral nitrogen
or organic fertilizer rich in nitrogen needs to be addition-
ally applied together with straw in order to increase soil
biological activity and to create preconditions for soil
organic matter humification (Berecz ef al. 2004; Hege
and Offenberger 2006; Tripolskaja et al. 2008). More-
over, straw rich in lignin, which (and its breakdown prod-
ucts) is humified at a higher rate than readily-
metabolisable organic compounds.

3.2. Humic acids

The paper discusses humic substances — humic and fulvic
acids, which vary most and take an active part in soil
chemical processes. Humic acids are composed of mobile
humic acids fraction (Cyay), humic acids are chemically
bound with polyvalent cations of which the prevalent one
is Ca'? (Cya,) and bound with clay particles (Cya3). The
latter two fractions are attributed to stable or partially
inert humus forms and are more resistant to decomposi-
tion, are characterised by a slower variation and higher
humification degree compared with mobile humic acids
(De Nobili ef al. 2008).

Mobile humic acids are attributed to young and ac-
tive humus forms and are characterised by a more rapid
turnover in the soil (Olk 2006). This mobile part of soil
organic matter can be utilised by micro-organisms as a
source of carbon and energy. During mineralization proc-
ess of these acids the soil is enriched by nutrients neces-
sary for plant nutrition and plant above-ground mass
formation.

In the first year (2004) of effect of the measures ap-
plied, mobile humic acids (Cyjs;) accounted for on average
17.7% of the total humic acids content (Table 2). Nitrogen-
rich, readily mineralising biomass of all catch crop species
(with straw removed from the soil) incorporated into the

Table 1. Biomass of catch crops and straw incorporated into the soil and their quality

Chemical composition
h cr DM tha'
Catch crop the N% P% K% ffg‘r‘g(; C:N

Above-ground biomass

—red clover 3.0 3.58 0.26 3.15 17.4 12.5

— mixture of white clover and Italian ryegrass 2.32 2.90 0.26 3.54 24.0 18.1

— white mustard 3.42 2.1 0.34 4.28 20.3 19.3
Underground biomass

—red clover 2.53 2.09 0.39 1.75 28.3 17.1

— mixture of white clover and Italian ryegrass 2.16 1.89 0.40 1.76 314 18.4

— white mustard 221 1.62 0.26 1.17 39.0 21.2
Straw 5.0 0.41 0.06 0.90 — 109
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Table 2. Change of humic acids (Cpy) fractions (C g kg™ of soil) in the soil (0-25 cm) after catch crop biomass and straw

incorporation
Straw use (A)
Catch crop (B) removed from the field chopped and spread

Crai Craz Cras 2Cha Crai Craz Caas ZCha

Before trial establishment 0.35 1.23 2.57 4.15
first year (2004)

Without catch crop 0.75 1.10 2.40 4.25 0.64 1.03 1.92 3.59
Red clover 0.86 1.21 2.31 438 0.66 0.89 243 3.98
Mixture of white clover and Italian ryegrass 0.96 0.96 243 4.35 0.59 1.05 2.58 4.22
White mustard 0.83 1.18 2.34 4.35 0.61 1.18 2.43 4.22
Means for factor A 0.85 1.11 2.37 4.33 0.63 1.04 2.34 4.00

LSDys A—0.17; B-0.30; AB—0.43

second year (2005)
Without catch crop 0.44 1.61 2.39 4.44 0.34 1.25 2.39 3.98
Red clover 0.47 1.40 2.30 4.17 0.37 1.40 2.63 4.40
Mixture of white clover and Italian ryegrass 0.52 1.41 2.26 4.19 0.30 1.44 2.51 4.25
White mustard 0.45 1.23 2.54 422 0.34 1.37 2.60 431
Means for factor A 0.47 1.41 2.37 4.26 0.34 1.37 2.53 4.24

LSDys A—0.19; B-0.33; AB—0.49

soil markedly increased (0.08-0.21 C g kg™") mobile humic
acids content compared with the check treatment. Having
incorporated straw into the soil (with mineral nitrogen
fertilizer or catch crops’ biomass) the content of mobile
humic acids increased, however, this content was by on
average 0.22 C g kg ' lower compared with the treatments
where straw had not been used as fertilizer. It has been
indicated that in the soils with low readily available nitro-
gen status nitrogen immobilization is possible in the first
rapid decomposition stage. In the next decomposition stage
the immobilized nitrogen becomes available to plants again
(Vinten et al. 2002). With increasing mobile humic acids
content, a significant increase in nitrogen concentration in
spring barley grain yield occurred (» = 0.69, p <0.05),
which suggests that mobile humic acids took part in plant
nitrogen nutrition process.

The amount of the second fraction of humic acids
(Cuao) accounted for on average 25.8% of the total humic
acids content. The amount of these acids, compared with
their status before trial establishment, declined in all ca-
ses: with straw removal from the field by on average
0.12C¢ kgf1 and with straw utilisation as fertilizer (Nys)
by on average 0.19 C g kg™'. The third fraction of humic
acids (Cyas) in clay loam Cambisol accounted for the
largest share of the total humic acids. After incorporation
of catch crops’ biomass and straw the content of these
acids declined by on average 0.22 C g kg ', compared
with the initial level before trial establishment. The ef-
fects of the measures applied were one-to-many. Their
content was significantly reduced by straw fertilization
(Ny4s), which was incorporated only during autumn

ploughing. However, having incorporated straw together
with the biomass of white clover mixture with Italian
ryegrass, red clover or white mustard, their amount in-
creased compared with the treatments where only catch
crops biomass had been incorporated.

The most intensive humification processes (accumu-
lation of humic acids) occurred in the soil having incorpo-
rated biomass of various catch crops (without straw
incorporation). The amount of humic acids (XCy,s) was
most appreciably influenced by mobile humic acids. Hav-
ing incorporated the biomass of only catch crops — red
clover, white clover and Italian ryegrass mixture and white
mustard, XCy, content increased (0.10-0.13C g kg’l),
compared with the check treatment. Straw incorporated
together with the biomass of white clover and Italian rye-
grass mixture or Brassicaceae plants also tended to in-
crease the total humic acids content. The lowest contents of
these acids were identified in the soil where straw had been
spread on the soil surface and nitrogen fertilizer had been
applied for its mineralization.

In the second year (2005) of effect of the measures
applied, formation of more stable humic acids was noted.
The content of mobile humic acids compared with that in
the first year of effect almost halved (accounted for 9.5%
of the total humic acids content). However, the content of
these acids when straw had been removed still remained
higher compared with the treatments with straw fertiliza-
tion. This suggests that incorporation of catch crops’
above-ground biomass and straw (with mineral nitrogen
fertilizer or plant biomass) increased mobile humic acids
content for two years in succession, which is confirmed by
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the correlation between mobile humic acids contents in the
first and second year of effect (r = 0.98, p<0.01). The
content of the second fraction of humic acids (Cya,) in-
creased (by on average 0.31 C g kg ', compared with the
first year of effect) and accounted for on average 32.7% of
2Cpa. This agrees with the data found in literature suggest-
ing that the content of readily metabolizable compounds
declines and only stable humic substances persist and build
up and secure long-term, continuous nutrient and energy
supply (De Nobili et al. 2008). Straw utilization as fertil-
izer increased the content of humic acids bound with cal-
cium (Cya,) by on average 0.33 C g kg™, in the treatments
with straw removal by on average 0.30 C g kg™', compared
with the findings from the first year of effect. In the second
year after catch crops’ biomass incorporation the content of
these acids was by on average 0.16 C g kg™ higher com-
pared with that before trial establishment. In the treatments
where the straw had been removed from the field and no
agricultural practices had been applied Cy,, fraction was
found to be the highest. However, in a similar treatment
but with straw fertilization the content of these acids was
significantly lower (0.36 C g kg™"), compared with that in
the check treatment.

Biomass of red clover and white clover mixture with
Italian ryegrass incorporated into the soil tended to in-
crease the content of these acids in the treatments both
with and without straw. Statistical analysis showed that
during the experimental period, with increasing humic
acids content in the first (r,) and second (r,) year of effect
the content of humic acids bound with clay minerals de-
clined (r, = —0.67, p < 0.05 and r, = —0.64, p <0.05),
whereas straw utilization as fertilizer promoted the build
up of these acids. Averaged data indicate that their high-
est content (0.16 C g kg™' more) was recorded having
used straw as fertilizer compared with the treatments
where straw had been removed from the field. All the
agricultural practices used in combination with straw
increased the content of humic acids bound with soil clay
particles. Humic acids fraction Cyu; increased having
used straw as fertilizer together with red clover or white
mustard biomass. Literature references suggest that de-
composition cycles of readily degradable and condition-
ally resistant to degradation organic matter are related
since readily degradable organic matter provides micro-
organisms, participating in aromatic polymers degrada-
tion, with carbon, energy and nutrients, so that they could
degrade rather stable compounds (OpmoB 1990; Olk
2006).

In the second year of effect of the measures applied,
soil organic matter humification was increased by both
catch crops biomass alone and in combination with straw.
The total humic acids content (y) was significantly in-
creased by the fractions of humic acids bound with cal-
cium and humic acids strongly bound with clay minerals
(r1, ry, respectively). These relationships are statistically
significantly reflected by the correlation coefficients r; =
0.68, p <0.05 and r, = 0.67, p < 0.005. The total content
of humic acids increased by on average 0.10 C g kg™
compared with that before trial establishment. In the in-
tensive cereal crop rotation involving straw fertilization

with the addition of mineral nitrogen fertilizer (Nys), like
in the first year of effect, the total content of humic acids
significantly declined (0.46 C g kg '), compared with the
check treatment or by 0.17 C g kg ' compared with that
before the trial establishment. Mineral nitrogen fertilizer
is a means to rapidly increase the productivity of arable
land but it does not provide long-term and stable effect.
Unused nitrogen fertilizer is often leached from the soil
during the autumn-winter period. The greatest positive
influence on £Cy, formation was exerted by straw utili-
sation as fertilizer together with the biomass of red clover
or white mustard catch crops.

Research conducted in other soils with a lower po-
tential productivity showed that humus in sandy loam
Luvisol is composed of a higher percentage of mobile
humic acids Cya; (45.2-50.5%) and a lesser percentage
of conditionally resistant to degradation Cyas (35.8—
40.2%) (Tripolskaja et al. 2008). While in gleyic Eutric
Panosol humic acids composition was dominated by the
fraction of humic acids bound with calcium (41.2-49.4%)
(Jodaugiené et al. 2001). The findings about humic acids
fractions suggest that humic substances of heavy loam are
characterised as being of low mobility and strongly
bound, which is determined by a high content of clay
particles that interact with soil organic matter (Wiseman,
Piittmann 2006). Environmental factors, such as climatic
conditions and soil properties, are thought to significantly
interact with specific management practices determining
soil carbon accumulation and mineralization rate (Mari-
nari ef al. 2010).

3.3. Fulvic acids

Fulvic acids are characterised by a lower carbon and ele-
vated oxygen contents, are more readily-water — soluble
and have a lower molecular mass compared with humic
acids. Some authors attribute them to the predecessors of
humic acids, others to their breakdown products (TeiT
1991). Compared with the status before trial establishment,
the most variable were found to be the first three fractions
(Cra1a> Cral, Craz), especially in the treatments where
green biomass of catch crops had been incorporated (Ta-
ble 3). In the first year these fractions in the total fulvic
acids accounted for a different share — 13.1, 20.2, 12.7%,
respectively (averaged data). Correlation regression analy-
sis suggests that with increasing humic acids content, the
content of fulvic acids Cpaj, and Cgy; fractions increased
also (correlation coefficients » = 0.796, p <0.01; » = 0.848,
p <0.01). The total content of mobile fulvic acids (Cpa1, +
Cra1) was markedly higher (by on average 0.86 C g kg™"),
and the content of the second fraction of fulvic acids (Cga»)
was considerably lower (by on average 0.47 C g kg')
compared with the respective humic Cys; and Cya, acids.
The content of “aggressive” (1a) fulvic acids fraction was
most significantly reduced (by on average 0.08 C g kg')
by straw use for fertilization. The content of fulvic acids
fraction Cra; was enhanced by the incorporated biomass of
red clover and white clover mixture with Italian ryegrass.
The content of these acids also increased having incorpo-
rated straw with mineral nitrogen fertilizer (Nys) and with
red clover biomass.
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The content of Cr,, fraction, compared with its sta-
tus before trial establishment, declined (by on average
0.31 C g kg™"). The content of these acids was most mar-
kedly reduced by Fabaceae catch crops biomass and
straw used with nitrogen fertilizer. With increasing con-
tents of mobile humic (Cyy;) and fulvic acids (Cgay), the
status of Cgy, fraction significantly declined (correlation
coefficient r =—-0.67, p <0.05; » =-0.83, p <0.01). Of all
fulvic acids fractions Cpa; was the most abundant. It in-
creased with an increase in humic acids fraction Cyas
(correlation coefficient » = 0.685, p < 0.05). The lowest
content of this fraction was identified in the treatments
with no organic additives or with straw incorporation
(Nys). However, when catch crops’ biomass had been
used as fertilizer or biomass together with straw, the con-
tent of these acids increased compared with the check
treatment.

In the first year, after catch crops biomass incorpora-
tion the total content of fulvic acids was (by on average
0.63 C g kg ") higher compared with that of humic acids.
Fulvic acids content XCp, after the measures applied
increased, except for the treatment where straw had been
used as fertilizer, compared with that before trial estab-
lishment. Averaged data indicate that the highest fulvic
acids content was in the treatments with only catch crop
biomass incorporation. The correlation-regression analy-
sis shows that the sum of fulvic acids increased with an
increase in Cpa; fraction, Cyas fraction and sum of humic
acids XCy, (correlation coefficients » = 0.913, p < 0.01;
r=0.637, p <0.05; = 0.658, p <0.05, respectively).

In the second year after all catch crops’ biomass in-
corporation fulvic acids mobile fractions Cpp;, and Cypag
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tended to decline, compared with the first year of effect
of measures applied. The content of “aggressive” fulvic
acids (Cpa1a) declined already in the second year after
catch crops’ biomass incorporation and almost reached
the same level which had been before trial establishment.
The lowest content of this fraction was measured having
incorporated white mustard biomass together with straw.
“Aggressive” Cgpy, fraction increased with an increase in
mobile humic acids Cy,; and fulvic acids Cpya;, fraction
in the first year (correlation coefficients » = 0.656,
p <0.05; r = 0.655, p < 0.05, respectively). The content
of humic acids fractions in the first and second year in-
fluenced mobile fulvic acids Cg,;, which varied in a simi-
lar pattern as mobile humic acids (correlation coefficients
r=0.766, p <0.01; » = 0.818, p <0.01). The second frac-
tion of fulvic acids Cga,, compared with its status in the
first year, increased: having used catch crops’ biomass as
fertilizer by on average 0.16 C g kg ', having incorpo-
rated straw together with catch crop biomass by on aver-
age 0.24 C g kg', compared with respective data from
the first year of effect. The content of these acids differed
little between the treatments when catch crops’ biomass
had been used together with straw. The lowest content of
these acids was found having incorporated only red clo-
ver or white mustard biomass compared with the check
treatment. The third fraction of fulvic acids (Cga3) tended
to declined compared with the first year of effect.

The lowest content of these acids was recorded hav-
ing incorporated red clover biomass together with straw,
while the highest content was measured having incorpo-
rated white mustard biomass together with straw.

Table 3. Change of fulvic acids (Cy,) fractions (C g kg ™' of soil) in the soil (0—25 cm) after catch crop biomass and straw

incorporation
Straw use (A)
Catch crop (B) removed from the field chopped and spread

CFAla CFAl CFAZ CFA3 ZCFA CFAla CFAI CFAZ CFA3 Z:CFA

Before trial establishment 0.053 0.72 0.092 | 0.254 | 0.470
first year (2004)
Without catch crop 0.67 0.86 0.73 2.46 4.72 0.56 1.00 0.45 2.13 4.14
Red clover 0.68 1.13 0.48 2.51 4.80 0.60 0.94 0.67 2.75 4.96
Mixture of white cloverand ltalian | 67 |y 14 | 038 | 279 | 498 | 0.58 | 081 | 071 | 2.81 | 4.91
ryegrass
White mustard 0.65 0.99 0.68 2.72 5.04 0.60 0.85 0.76 2.63 4.84
Means for factor A 0.67 1.03 0.57 2.62 4.89 0.59 0.90 0.65 2.58 4.71
LSDys A—0.11; B-0.19; AB-0.27; ZCps LSDys A—0.15; B-0.25; AB-0.36
second year (2005)

Without catch crop 0.56 0.98 0.85 2.36 4.75 0.51 0.80 0.83 2.57 4.71
Red clover 0.54 0.95 0.64 2.46 4.59 0.55 0.75 0.86 2.33 4.49
Mixture of white clover and Italian | 55| g 91 | 078 | 250 | 474 | 054 | 081 | 083 | 2.58 | 476
ryegrass
White mustard 0.56 0.88 0.66 2.47 4.57 0.52 0.65 1.02 2.77 4.96
Means for factor A 0.55 0.93 0.73 2.45 4.66 0.53 0.75 0.89 2.56 4.73

Crala LSDys A—0.03; B-0.04; AB—0.06; Cga; LSDos A—0.08; B—0.14; AB—0.20; Cgsp LSDos A—0.10; B-0.17; AB—0.24; Cgas
LSDys A=0.17; B-0.30; AB—0.43; XCgs LSDys A—0.12; B-0.21; AB-0.30
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Table 4. Change of organic carbon and humic matter in the soil (0—25 cm) after catch crop biomass and straw incorporation

Straw use (A)
removed from the field chopped and sprayed
Catch crop (B) XChat degree of SOC XChat degree of SOC
2Cpa, Cua:Cra | humification, % ’ XCrpap, Cia:Cra | humification, % ’
% % % %
Before trial establishment 62.8 0.88 29.4 1.38
first year (2004)

Without catch crop 62.3 0.90 2.5 1.44 58.5 0.86 27.0 1.32
Red clover 63.3 0.91 30.2 1.45 63.8 0.80 28.4 1.40
?fa‘fl‘;‘r‘lriy‘;fggs’?e cloverand | ¢34 0.87 295 147 | 652 | 086 30.1 1.40
White mustard 67.0 0.86 31.0 1.40 66.6 0.87 31.0 1.36
Means for factor A 64.0 0.89 30.1 1.44 63.5 0.85 29.1 1.37

CuatCra LSDgs A—1.88; B-3.26; AB—4.61; Cya:Cra LSDgs A—0.035; B-0.061; AB—0.086; Degree of humification LSDys A—
1.09; B—1.88; AB—2.66; SOC LSDy; A—0.030; B—0.052; AB—0.074

second year (2005)
Without catch crop 61.7 0.93 304 146 | 624 0.84 286 139
Red clover 632 0.91 30.1 139 | 633 0.98 313 1.40
?f;ﬁ;ffy‘éfggs’:e clover and 62.3 0.88 293 143 | 616 0.89 29.0 1.46
White mustard 60.3 0.92 29.0 146 | 645 0.87 30.0 1.44
Means for factor A 61.9 0.91 29.7 1.44 63.0 0.90 29.7 1.42

2ChatZCra LSDgs A—1.50; B-2.59; AB-3.67; Cya:Cra LSDgs A—0.044; B—0.076; AB—0.107; Degree of humification LSDys A—
1.12; B-1.94; AB-2.74; SOC LSDy; A-0.031; B-0.054; AB—0.076

The content of Crpa; declined with an increase in
mobile fulvic acids Cgaj, and Cga; (correlation coeffi-
cients » = -0.77, p < 0.01; » = —-0.69, p < 0.05). The total
fulvic acids content (XCr,) was most markedly increased
by fulvic acids Cpa, and Cpa; (correlation coefficient
r=20.68, p <0.05; »r = 0.69, p < 0.05, respectively). The
content of these acids was most markedly reduced by red
clover biomass, incorporated alone or together with straw
and by white mustard biomass incorporated alone. How-
ever, having incorporated white mustard biomass together
with straw, the content of these acids was the highest
(0.26 C g kg " higher compared with that before trial es-
tablishment). Averaged data indicate that the total content
of fulvic acids inappreciably declined, while the total
humic acids content increased compared with their status
before trial establishment.

3.4. Humus quality indicators

The total content of humic substances (ZCya + XCgya) in
the first year of effect tended to increase after catch crop
(red clover, white clover mixture with Italian ryegrass,
white mustard) biomass incorporation compared with that
in the check treatment (Table 4), whereas straw used as
fertilizer increased humic substances content only when
applied with red clover biomass. In the second year of
effect, the lowest sum of humic and fulvic acids was re-
corded for the treatments where no soil ameliorating
measures had been applied (check treatment). The largest
increase in the sum of humic and fulvic acids occurred
having incorporated biomass of red clover, white clover
mixture with Italian ryegrass and white mustard com-

pared with that of the check treatment and with that be-
fore trial establishment.

Having used straw as fertilizer, the sum of ZCy, +
YCpa was increased only when straw had been incorpora-
ted together with red clover or white mustard biomass
compared with the check treatment. Humus quality is best
reflected by the ratio of humic to fulvic acids (Cya:Cra).
In the first year of plant biomass incorporation the highest
Cha:Cra ratio was established in the check treatment with
no soil ameliorating organic additives and in the treat-
ment with red clover biomass incorporation. In all other
cases this ratio tended to decline. In the second year of
effect of measures applied the ratio of Cy, to Cra tended
to increase. The highest ratio was determined having
incorporated straw together with red clover biomass.

When estimating soil humification processes, humi-
fication degree is an important factor, which indicates a
share of humic acids in the SOC (£Cy,a : SOC x 100).
Statistical analysis suggests that with increasing ratio of
humic to fulvic acids humification degree increased (r =
0.75, p <0.05). In the first year after various catch crops’
biomass incorporation, humification degree in most cases
increased or remained unaltered, except for the treatments
where straw had been incorporated with mineral nitrogen
fertilizer or red clover biomass. In the second year of
effect, degree of humification tended to decline. How-
ever, having incorporated straw together with red clover
biomass humification degree was the highest.

Soil organic carbon (SOC) content in the first year
of catch crops’ effect increased by on average 0.025 per-
centage point compared with that before trial establish-
ment. However, when straw had been used as fertilizer
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with mineral nitrogen addition (N4s) SOC content was the
lowest (0.06 percentage point less compared with its sta-
tus before trial establishment). In the second year of
effect SOC content increased (by on average 0.05 per-
centage point) in all treatments compared with its status
before trial establishment.

Organic matter humification in the soil occurs due to
oxidation, reduction, hydrolysis, condensation and other
chemical reactions with the participation of micro-
organisms. The newly formed products of various com-
plexity are involved again into organic matter synthesis
and destruction processes that occur continuously (OpsoB
1990). However, the stability of humic substances in the
soil is determined by a regular introduction of certain
amount of organic matter, which determines formation of
new humic substances and their destruction due to the
formation of a stable amount of active humus forms
(Marinari et al. 2010).

In Endocalcari — Endohypogleyic Cambisol used for
agricultural production, biomass of catch crops (red clo-
ver, white clover mixture with Italian ryegrass, white
mustard) incorporated alone or together with winter
wheat straw, in the first year increased the content of
mobile humic acids (Cy,a;), which are essential for plants
and soil micro-organisms as nutrient and energy poten-
tial. With increasing mobile humic acids content an in-
crease occurred in the amount of so-called “aggressive”
and free fulvic acids (r=0.80, p<0.01; »=0.85,
p <0.01, respectively). Conditionally stable humic acids
fractions Cpa, and Cyas; formed more intensively in the
second year of effect of measures applied. The biomass
of Fabaceae family catch crops incorporated alone or
with straw increased the content of humic acids bound
with calcium (Cyyay). The fraction of conditionally stable
humic acids bound with clay particles (Cya3) declined in
the treatments where only the biomass of catch crops had
been incorporated compared with its status before trial
establishment. This was determined by higher contents of
mobile humic acids and free fulvic acids that formed due
to nitrogen-rich plant above-ground biomass incorpora-
tion into the soil. Having incorporated catch crops bio-
mass together with straw, Cya; fraction tended to increase
or remained unaltered as it had been before the trial es-
tablishment. Inappreciable reduction in the total fulvic
acids content and an increase in humic acids content,
compared with their status before trial establishment,
determined positive changes in the main humus quality
indicators — Cpa:Cpa ratio and degree of humification;
which were the most marked having incorporated red
clover biomass together with straw into the soil. Mineral
nitrogen Nys incorporation together with straw increased
soil organic matter mineralization rate and determined a
reduction in humic acids content.

4. Conclusions

1. Biomass of catch crops (red clover, white clover
mixture with Italian ryegrass, white mustard) incorpo-
rated for greeen manure increased the soil organic matter
(4.48-5.63 t ha' DM) and nitrogen resource. Experimen-
tal data suggest that narrow carbon to nitrogen ratio (C:N)

was in the aboveground biomass of red clover (12.5),
wide — in straw (109).

2. In the first year nitrogen-rich, readily mineralising
biomass of all catch crop incorporated into the soil mark-
edly increased (0.08-0.21 C g kg'') mobile humic acids
content compared with the check treatment. Conditionally
stable humic acids fractions Cya, and Cyas; formed more
intensively in the second year of effect of measures ap-
plied. The agricultural practices used in combination with
straw increased the content of humic acids bound with
calcium and bound with soil clay particles. In the first
year of effect of the measures applied, the most intensive
(4.35-4.38%) humification processes (accumulation of
humic acids Cy,) occurred in the soil having incorporated
biomass of various catch crops, in the second year — hav-
ing incorporated catch crop biomass in combination with
straw (4.25-4.40%).

3. In the first year, the total content of humic sub-
stances (XCya + XCppa) was significantly dependent upon
straw and cover crops, in the second upon only straw.
The highest contents of humic substances were identified
in the soil where straw had been applied with biomass of
white mustard.

4. Inappreciable reduction in the total fulvic acids
content and an increase in humic acids content, deter-
mined positive changes in the main humus quality indica-
tors — Cya:Cra ratio and degree of humification, which
were the most marked (0.98 and 31.1% respectively)
having incorporated red clover biomass together with
straw into the soil.
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APLINKOSAUGOS PRIEMONIU TAIKYMAS AGRARINES PASKIRTIES SUNKAUS PRIEMOLIO

RUDZEMIUOSE
A. Arlauskiené, S. MaikSténiené, A. Slepetiené

Santrauka

Lietuvos Zemdirbystés instituto (LZI) Jonidkélio bandymy stotyje 2004-2006 m. atlikti tyrimai, kuriy tikslas buvo
nustatyti naSiame agrarinés paskirties sunkaus priemolio gléjiskame rudzemyje (Endocalcari-Endohypogleic Cambisol,
CM-n-w-can) tarpiniuose paséliuose auginty jvairiy biologiniy rsiy augaly — raudonujy dobily (7rifolium pratense L.),
baltyju dobily (7rifolium repens L.) miSinio su gausiaziedémis svidrémis (Lolium multiflorum Lamk.) bei baltyju garsty-
¢iy (Sinapis alba L.) biomasés ir paprastyjy kvieciy (Triticum aestivum L.) Siaudy, jterpty i dirvoZzemj, jtaka humuso ko-
kybei. [terpus vien tarpiniy pas¢liy biomasg ar kartu su Siaudais, pirmaisiais metais judriyjy huminiy rags¢iy (Cyg,) kiekis,
palyginti su buvusiu prie§ bandyma, padidéjo 0,024-0,061 % C. Did¢jant judriyjy huminiy rogsciy kiekiui, did¢jo ir agre-
syviyju bei laisvyjy fulviniy riigs¢iy kiekis (atitinkamai » = 0,80, p <0,01; »=0,85, p <0,01). Santykinai patvarios
huminiy rigs¢iy (Cyra, Curs) frakcijos intensyviau formavosi antraisiais taikyty priemoniy poveikio metais. Pupiniy $ei-
mos augaly biomasé, jterpta viena ar su $iaudais, didino huminiy rags$¢iy junginio su kalciu (Cgg,) kieki. Iterpus tarpiniy
paséliy biomase kartu su Siaudais, huminiy riigs¢iy Cyrs frakcija tendencingai didéjo ar prilygo buvusiai prie§ bandyma.
Suminio fulviniy rag$¢iy kiekio nezymus sumazg¢jimas ir huminiy rogdciy kiekio padidejimas, palyginti su duomenimis
prie§ bandyma, lémé teigiamus pagrindiniy humuso kokybés rodikliy — Cyr:Crgr santykio ir humifikacijos laipsnio poky-
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¢ius; jie ryskiausi buvo i dirvozemj iterpus raudonyjy dobily fitomaseés kartu su Siaudais. Patr¢Sus mineralinémis azoto
tragSomis Nys kartu su $iaudais, did¢jo dirvozemio organiniy medziagy mineralizacijos intensyvumas ir sumazéjo huminiy
rogsciy.

Reik$miniai ZodZiai: gléjiskas rudZemis, tarpiniai pas¢liai, Siaudai, humings ir fulvineés ragstys.

HPAUMEHEHUE MEP JJIS1 OXPAHBI OKPYKAIOIIEN CPEJIbI HA TAXKEJIOCYTJIMHACTBIX
BYPO3EMAX AI'PAPHOI'O HABHAYEHUA

A. Apaayckene, C. MaiikmTeHeHe, A. LllieneTene
Pesome

B 2004-2006 rr. Ha Monumkensckoii craniuy JIMToBCkoro uHCTUTyTa 3emuenenus (JIN3) npoBoIuIuch UCCIeN0BaHN,
LEJBbI0 KOTOPBIX OBIIO ONPENEIUTh BIIMsSHUE OMOMACCHI BHIPAIIMBAEMBIX B IIPOMEXKYTOUYHBIX ITOCEBAX KYJIBTYp — KieBepa
kpacHoro (Trifolium pratense L.), cmecu kneBepa 6enoro (Trifolium repens L..) u paiirpaca onnonernero (Lolium multi-
florum Lamk.), ropumnnsl 6enoit (Sinapis alba 1..) u conoMbl MIIEHUIBI O0OBIKHOBEHHOU (Triticum aestivum L.) Ha
Ka4eCTBEHHBIN COCTaB TyMyca TSXKEIOCYTTTHHUCTOTO Oypo3eMa. BHeceHre B TIOUBY OMOMACCHI IPOMEXKYTOUHBIX KYJIBTYP
WA BHECEHHUE WX COBMECTHO C COJIOMOJ MIIEHUIIBI B TIEPBBIA TOJ YBEIMUYHUIO KOJUYECTBO MOJBHKHBIX T'YMHHOBBIX
kucnot (Crg;) Ha 10,7-28,0% 1o cpaBHEHHIO ¢ UX UCXOJHBIM KOJAYECTBOM MeEpe] 3aKiaakoi ombita. C yBeIMueHUEM
KOJIMYECTBA IMOJBIKHBIX Cry| YBEINYMBAIOCH TAKXKE KOJMIECTBO (PpaKIvii «arpecCUBHBIX» ¥ CBOOOIHBIX (yJILBOKKCIOT
(cootBerctBenHo = 0,80, p <0,01; »= 0,85, p <0,01). OTHOCHUTENBHO cTAOMIIBHBIE PpaKLIMU TYMUHOBBIX KUCIOT (Crgo U
Crgs3) HMHTEHCHMBHee (POPMHPOBAIMCH HA BTOPOM IO MOCNE JEUCTBUS MCCIEAYEMBIX arpoTeXHMYECKUX IPHEMOB.
Buecenne 6uomacchl 6060BBIX KyIbTYp B COYETaHHM C COJIOMOW MM 0e3 Hee YBEIMYMIO KOJNUYECTBO CBS3AHHBIX C
KaJbliieM TYMUHOBBIX KHUCIOT (Crg;). I[Ipy BHeceHMHM OMOMacchl MPOMEKYTOUYHBIX PACTEHWH COBMECTHO C COJIOMOM
¢opmupoBanre Crgs; YBETMYMBAIOCH W ObLIO aHAJIOTUYHO WX KOJIMYECTBY Mepen 3akiaiakod ombiTa. HesHauuTenbHOE
CHIDKCHHE COJIEPXKAHMS B TOYBE (PYIHBOKHMCIOT U yBEIMYCHHWE KOJIMYECTBA T'YMHHOBBIX KHCIOT, MO CPaBHEHHUIO C
HavalbHBIM YPOBHEM JI0 3aKJIAJKH OIBITA, OMPEACIUIO MOJ0KUTEIbHbIC N3MEHEHUSI OCHOBHBIX TMOKa3zaTelel kayecTBa
rymyca — cootHotieHus! Cry:Coy 1 cTenenn ryMudukanmu. bosee 3HaYNTEIEHBIMYA OHH OBLTH IPY BHECEHUH (PUTOMACCHI
KJIeBepa KPacHOTO0 COBMECTHO C cojiomoil. Buecenne muHepanbHoro azora (Nys) BMECTE C COJOMOW YBEIMYHMBAIO
MHTEHCHBHOCTh MUHEPAJIN3alMi OPraHUYECKOro BEIECTBA TOYBHI U CHIIKAJIO KOJMYECTBO 'YMUHOBBIX KHCIIOT.

KuarodeBble ci1oBa: rieeBarslit 0ypo3eM, IPOMEXKYTOUHEIE TIOCEBBI, COJIOMA, TyMHUHOBEIE U ()Y T5BOKHUCIOTEL.
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