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Abstract. Soils with high content of particles ¢ < 0.02 mm usually have nonfavourable physical
and mechanical properties. In order to determine the impact of biological agents on properties of
heavy-textured soils in organic farming systems, in the years of 2007-2009 an on-farm scale field
experiment was carried out in Budziszewo, Pomeranian province in Poland. The farm was
organically managed for 20 years and was characterized by proper management (an appropriate
crop rotation and a high stand of dairy cows). Nevertheless, in spring there were problems with
soil drying, which used to delay sowing of spring cereals by ca 2 weeks, which in turn resulted
in low yielding. Therefore, the following biological agents, i.e. beneficial microorganisms, were
applied in 3 consecutive years 3 times each year. Produced on-farm (biodynamic horn
preparation) and the others produced by industry under the trademark of: effective microorganism
(EM), Humobak and UGmax. In 2007 silage maize was grown, in 2008 — winter spelt wheat and
in 2009 — spring common wheat. The soil samples to study soil properties were collected from
5-15 cm soil layer during the vegetation period. The following soil properties were analysed:
granulometric composition, bulk density of dry soil, total porosity, soil humidity and air content
during sampling, organic matter content, soil pH, content of macroelements (P, K, Mg), soil
aggregation based on dry and wet sieving. Moreover in 2009 additional soil samples were taken
from an adjusting neighboring field of the conventional farm with the aim of comparing soil
physical properties developed both under organic and conventional management.

The authors concluded that the application of above mentioned biological agents did not
affect significantly soil properties. The applied agents did not affect crop productivity, with the
exception of Humobak which decreased yield of silage maize and spring common wheat in the
range of 41, and 26% respectively. A proper organic management as opposed to application of
biological agents has positive effect on soil physical properties.

Key words: biological agents, crop productivity, heavy-textured soil, organic farming, soil
properties.

INTRODUCTION

Soils with high content of particles ¢ <0.02 mm usually have unfavourable
physical properties. Nevertheless, besides this fraction there are other factors which
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affect soil physical properties, like the content of silt (¢ 0.002—0.05 mm) and clay
(p <0.002 mm). Moreover, physical soil properties are modified by chemical soil
properties, like content of Ca and other elements (Bronick & Lal, 2005). All these factors
affect the soil structure, including the formation of water-proof aggregates. The soil
aggregation in turn has a strong impact on soil porosity and possibility of water and gases
exchange in the soil.

In organic farming great importance is attached to continuous improvement of soils.
The application of organic fertilizers, legumes and green manures cultivation in a crop
rotation, lead to an enhancement of the content of soil organic matter. Soil organic matter
influences the improvement of numerous chemical, biochemical and physical properties
of soil (Rychcik et al., 2006; Romaneckas et al., 2016). Studies on the organic soil
management on the physical properties of soils are scarce (Papadopoulos et al., 2014).
Organic farming practices usually results in the increase of the content of organic carbon
in the soil and of the total soil porosity, as well as in the decrease of bulk soil density. In
the study of Papadopuolos (2014) it was proved except the mentioned features, also
enhanced aggregate stability. The researches emphasize though that the positive effects
of organic farming on soil structure are not necessarily constant over time and are scale
dependent.

Producers and dealers of different biological agents often state that the preparations
not only improve microbial processes in soil, but also enhance crop’s health and growth,
soil chemical (increase humus content, nutrients availability) and physical properties
(soil structure and water retention) (Koepfet al., 1976; Higa, 2003; Wistinghausen et al.,
2007). These studies were focused on soil physical properties, but chemical ones and
crop yields were also determined.

The study was done on the farm located in Budziszewo near Jablonowo Pomorskie,
on east part of Chelminskie Lakeland (Kondracki, 2000). The farm was organically
managed for 20 years and was characterized by a proper management (an appropriate
crop rotation and a high stand of dairy cows of 1.8 LU per ha, so farmyard manure was
produced and applied on regular basis in high rates). Nevertheless, besides the proper
crop rotation and the high rates of farm yard manure (FYM) there were still problems
with soil structure, so in the spring time water was stagnating on field surface, and there
were problems with too slow soil drying, thus field cultivation and the sowing time were
delayed. Sowing of spring cereals was delayed by ca 2 weeks, which in turn resulted in
lower yielding. The aim of the study was to evaluate the effect of some biological agents
on agrochemical and physical properties of heavy soil and productivity of crops under
organic management.

In Poland few biological agents to improve soil biological and physical properties
are being used both on organic and conventional farms. An on-farm produced
biodynamic horn preparation is obligatory used on biodynamic farms. On both organic
and conventional farms industrially produced biological agents were used. EM were
commonly used all-over Poland. Humobak was also applied all-over Poland but it was
far less common. UGmax was quite commonly used in northern Poland. Since all the
above—mentioned biological agents were used on organic farms the authors decided to
test their effectiveness.

The authors’ main hypothesis states that the use of biological agents can
substantially improve soil properties resulting in quicker soil drying after winter, and
hence they enable earlier soil tillage and sowing, which in turn could enhance crop
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yields. The additional hypothesis was that proper organic management has a greater
effect on soil physical properties than application of biological agents.

MATERIALS AND METHODS

In September 2007 field and laboratory examination were made to describe soil type
of the experimental field on the above mentioned organic farm in Budziszewo, Poland.
Hence soil pits were made to determine soil morphology and systematic position. The
authors found that soil texture of the top layer (0-30 cm) is L — loam (according to the
USDA soil texture classes). The skeletal fraction (¢ > 2.00 mm) content is 0%, the sand
fraction (¢ 2.0-0.05 mm) content is 46%, the silt (¢ 0.05-0.002 mm) content is 37% and
the clay (¢ < 0.002 mm) content is 17%. In the sub-soil layers (30—150 cm) the content
of silt and clay fractions are higher, the average silt content is 52%, and the clay content
is 35%, and the texture is classified as SiCL — silty clay loam. The soil is classified as
Gleyic Stagnic Eutric Cambisol (Loamic, Drainic) according to IUSS Working Group
WRB (2014).

In the experimental field silage maize (cv. Reduta) was grown in 2007, in 2008 —
winter spelt wheat (cv. Schwabenkorn) followed by white mustard (as green manure)
and in 2009 — spring common wheat (cv. Bombona). Silage maize was fertilized with
35tha! of farm yard manure (FYM). Tested biological agents were applied in three
consecutive years, 3 times each year: the first time in autumn after harvest of the
proceeding crop on its residues, the second time in spring during soil tillage and the third
time in full vegetation. The following biological agents were applied: 1) control
treatment (CT) (water only), 2) effective microorganism (EM) 3 L ha™!, 3) biodynamic
horn preparation (HP) 0.35 kg ha™!, 4) Humobak (HB) 120 L ha! and 5) UGmax (UG)
3Lhal.

In CT plots biological agents were not applied. The biodynamic horn preparation is
internationally known as used by biodynamic farmers (Koepf et al., 1976); EM is also
quite commonly used (Higa, 2003). Humobak and UGmax are produced and applied in
Poland. The first one is a solid, dry microorganism preparation, in which selected
microorganism are multiplied on coconut shells. UGmax is also produced in Poland.
Composition of applied agents and application methods are given in Table 1. The data
on composition of the agents, given by their producers are usually very general
(Martyniuk & Ksiezak, 2011), incomplete or lacking. All these soil conditioners are on
the positive list as being acceptable to be applied on organic farms in Poland. The online
continuously updated list is provided by the Institute of Soil Science and Plant
Cultivation in Pulawy, Poland (http//www.iung.pulawy.pl).

The experiment was laid down in completely randomized design in four
replications. The experimental field had an acreage of 1.6 ha and a single plot of 800 m?.
Traditinal soil tillage practices were applied. Already in October 2006 25 t of farm yard
manure (FYM) per ha was applied and ploughed in. In March 2007 the field was
harrowed for the first time and on 26 April the biological agents were applied and on the
same day the field was cultivated with cultivator. After 3 days silage maize was drilled
and 3-times harrowed in a week and then hoed twice. After harvesting of silage maize
in the end of September ploughing was done followed by soil harrowing and drilling of
winter spelt wheat. During the vegetation spelt was harrowed twice to control weeds and
destroy crusting. In 2008 after spelt harvesting a shallow ploughing was done followed
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by harrowing and on the same day white mustard for green manure was drilled. In late
autumn (November) green manure crops were cut by a disc harrow. After 4 days when
green manure was dryer, the field was ploughed. In 2009 in spring time common wheat
was drilled. The wheat was harrowed twice.

Table 1. Composition of biological agents applied in the experimental field (2007-2009)

Macro- and microelements,

Eglzrll(t)glcal gkg'! Microorganisms ﬁgfﬁfgfon

N P K Mg Mn
Effective - - - - - Photosynthetic bacteria, Mixed and sprayed
microorganism Lactobacillus spp., in400 L ha!
(EM) yeasts, Azotobacter spp.
Biodynamic horn - - - - - - Mixed and sprayed
preparation (HP) in 400 L ha™!
Humobak - - - - - - Spread
(HB) mechanically,

120 L ha'!

UGmax 1.2 05 3.5 0.1 0.0003 Lactobacillus spp., Mixed and sprayed
(UG) Photosynthetic bacteria, in 400 L ha™

Azotobacter spp., yeasts,
Actinomycetes spp.

—no data available.

During the vegetation period in July of 2007, 2008 and 2009 soil samples to study
physical soil properties were collected from 5—15 cm soil layer, in order to determine
soil aggregation. During samples drying alive and dead crop remains (residues) were
removed by hand picking. The material after air drying was sieved by a set of sieves of
30.0, 10.0, 7.0, 5.0, 3.0, 1.0, 0.5 and 0.25 mm mesh. From each fraction aggregate sub-
samples of 25 g were taken for a wet sieving. The wet sieving was conducted with the
use of modified Baksheiev apparatus (so-called soil aggregate separator) constructed in
the Institute of Agrophysics of the Polish Academy of Sciences in Lublin, Poland
(Walczak & Witkowska, 1976). The modification consisted in adaptation to
simultaneous determination of 3 samples instead of one sample. All fractions (excluding
fraction below 0.25 mm) obtained after dry sieving were also used for wet sieving. The
same set of sieves was used for wet sieving.

Moreover, the soil samples were collected to steel cylinders of 100 cm® every year
to determine the following physical parameters: the bulk density of dry soil, the total soil
porosity, the soil humidity and the air content during soil sampling. The physical soil
properties were determined by commonly used methods (Litynski et al., 1976;
Ostrowska et al., 1991). The soil texture was determined by aerometric method of
Bouyoucos, modified by Casagrande and Proszynski (Litynski et al., 1976) and the sand
fraction was determined by the sieving method.

To evaluate quality of the soil structure and the water resistance of soil aggregates,
a set of indices was used:

Aly — aggregation index, dry — a numerical index of aggregation calculated on the
basis of ‘dry sieving’;

Al,, — aggregation index, wet — a numerical index of aggregation calculated on the
basis of ‘wet sieving’.
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The above mentioned indices were elaborated and tested in the Institute of
Agrophysics in Lublin, Poland (Dobrzanski et al., 1975; Domzal & Slowinska-
Jurkiewicz, 1988). While elaborating them, it was assumed that the impact of soil
aggregates on soil quality depends on aggregates diameter. Therefore, the indices
weights were used — that means, calculating aggregation indices their shares were
multiplied by the weights. It was assumed that the most valuable are crumb aggregates
of 1-3 mm, and for them the weight 10 was established. The other aggregates have lower
weights and aggregates < 0.25 mm and > 10 mm have no weight. The diameters of soil
aggregates (mm) and their weights: 7-10 — weight 1, 5-7 — weight 3, 3-5 — weight 8§,
1-3 — weight 10, 0.5—1 — weight 5, 0.25-0.5 — weight 3.

The other indices which were used to evaluate the soil quality structure after dry
sieving of soil aggregates are as follows: quality structure index — QSI (according to
Rewut, 1980) (Eq. 1):

QSI= (¢ 0.25-7.0 mm) / (¢ < 0.25 + ¢ >7.0 mm), (1)

where ¢ is the content of aggregates of a given diameter; clods index — CI (according to
Rewut, 1980, cited after Walczak & Witkowska, 1976) (Eq. 2):

Cl=(¢>10.0 mm)/ (¢ < 10.0 mm), 2)

where ¢ is the content of aggregates of a given diameter.

In 2009, after elaboration of the 2007-2008 results, the authors decided to take
additional soil samples from a neighbouring conventionally managed field of the same
soil type. The soil aggregation of that soil was evaluated via dry sieving method.

Besides soil physical parameters, every year soil samples were collected to
determine soil chemical properties. The representative soil samples were obtained from
the ploughing level (0-20 cm) by the aid of Egner’s cane. The taken material was dried
to the state of air dry, ground and was sieved by a sieve of 1 mm mesh. Such prepared
samples of soil underwent a chemical analysis and there were measured: pH —
potentiometrically in suspension of 1 mol KCldm™ solution and in H,O; content of
available forms of P and K by Egner-Riehm method; content of available forms of Mg
by Schachtschabel method; content of organic carbon by Turin method (Litynski et al.,
1976; Ostrowska et al., 1991).

The content of organic matter (humus) was calculated by multiplying the content of
organic carbon by a conventional factor 1.724. The content of nutrients in the soil was
established in a dry matter (a sample dried in temperature of 105 °C).

Every year crop productivity was determined as the last and the most important
parameter of soil productivity. It is obvious that crop yields are influenced not only by
applied biological agents, but also by weather conditions. The meteorological conditions
in vegetative period of 2007, when silage maize was grown, were favourite for this crop
it was warmer than usual and the rainfalls were also higher (Table 2). Favourite weather
conditions, similar to those in 2007, were also in 2008, when winter spelt wheat was
grown. Only in 2009 rainfalls were lower than multi-year average, but their distributions
were good, so no negative effect on spring common wheat was found (dry conditions
were in harvesting time of cereals).
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Table 2. Air temperatures and rainfalls in vegetation periods in 2007-2009

Months  Air temperatures, °C Rainfalls, mm

means means sums sums

1961-2000 2007 2008 2009 1961-2000 2007 2008 2009
April 7.9 7.3 7.8 9.7 354 26.8 24.2 3.7
May 12.5 13.7 12.5 12.2 57.6 79.7 93.2 89.6
June 15.8 17.5 16.0 14.7 69.5 60.8 83.5 133.1
July 17.2 17.5  21.0 18.9 81.6 176.0 27.1 82.2
August  16.8 18.2 17.3 18.5 75.2 81.0 141.7 25.7
September12.6 12.6 15.7 14.7 57.1 65.4 105.6 15.6
April— 12.9 14.5 14.3 14.8 430.4 489.7 509.6 349.9
September

The silage maize yields were established after weighing of harvested biomass. The
common wheat yields were established after weighing of harvested grains after their
collecting by a cereals combine harvester. The spelt ears after collecting by cereals
combine harvester were hulled in a special machine and then grain yields were weighted.

ANOVA complete randomized design (CRD) was used. To compare differences
between means, the significant difference according to Tuckey’s t-test was calculated at
p=0.05.

RESULTS AND DISCUSSION

Soil chemical properties have impact on soil aggregation; The examination of soil
chemical properties revealed that the soil had 2.46% of organic matter, which is not
much for such a heavy soil, but at the same time much higher than the average for Polish
soils (Table 3).

Table 3. Soil chemical properties of the experimental field, 2007 and 2009

Chemical Treatments

Means HSDy. s

properties CT EM HP HB uG
Organic 2007  2.56 2.49 2.40 2.42 2.44 2.46 n.s.
matter % 2009  2.55 2.50 242 2.44 243 2.47 n.s.
pHkai 2007  6.72 6.86 6.44 6.58 6.64 6.65 n.s.
2009  6.56 6.85 6.38 6.50 6.41 6.54 n.s.
pHm20 2007  7.32 7.52 7.18 7.25 7.27 7.31 n.s.
2009 7.23 7.65 7.08 7.17 7.25 7.28 n.s.
P mg kg™ 2007 463 48.7 40.3 42.6 45.6 44.7 n.s.
2009  46.7 48.2 40.8 40.7 46.5 44.6 n.s.
K mg kg™ 2007 148.0 138.8 1559 152.2 143.0 1462 ns.
2009 1428 1345 1518 150.2 146.1 145.1 ns.
Mgmgkg!' 2007 609 65.7 64.5 67.1 59.5 63.5 n.s.
2009  60.9 66.3 68.7 67.5 61.8 65.0 n.s.

CT — control treatment, EM — effective microorganisms, HP —biodynamic horn preparation, HB —
Humobak, UG — UGmax; n.s. — not significant differences between treatments and years.

230



The soil pHkcr on the individual experimental plots stood at 6.38 to 6.86, i.e. was
close to neutral. Considering though the beneficial influence of calcium ion on the
structure quality of heavy soil, it should be stated, that such a soil ought to be periodically
limed. It is considered that heavy soils of the pHkci less than 6.6 should be limed
(Fertilizing recommendations, 1985).

The content of crop available phosphorus was at the border of low and medium.
Taking into account the heavy texture of the soil, the content of crop available forms of
potassium and magnesium should be considered as medium (Fertilizing
recommendations, 1985). The authors concluded that the soil chemical properties were
favourable to develop a good aggregate structure. After the three vegetation periods in
which 3 times each year tested biological agents were applied, soil samples were taken
once again and the same chemical analyses were done. The authors did not find any
significant effect of agents on the content of soil organic matter, soil pH, the content of
available forms of P, K and Mg (Table 3). Wielgosz et al. (2010) on a loamy soil in
Lublin province and with rainfall very similar to those in Budziszewo, found initial
decrease in soil pH shortly after EM application and then an increasing trend. In the same
study EM application initially caused inhibition of soil enzyme activity followed with
increasing trends. The same variation pattern (an initial drop followed by increasing
trend) was found in the number of physiological groups of bacteria. This may correspond
to the opinion of Martyniuk (2011) that the very small number of microorganisms
applied to soil (comparing to the number of autochthonic microorganisms living in the
soil) and lack of free niches for newcomers results in a very low probability to cause
long-term changes in the soil biotope, thus rather short lasting variations may be
expected.

The data from the soil physical properties analyses in the first year of investigations
(2007) as well as the last one (2009) were presented in this paper. In Table 4 the impact
of biological agents on share of aggregate size classes established after dry sieving was
shown.

Among the presented aggregate classes the two biggest ones (¢ > 10 mm) indicate
a bad soil structure, having unfavourable effect on crops germination and growth. The
same holds true for the smallest class (¢ < 0.25 mm), which in fact causes soil dustiness
(no aggregate structure). The most valuable soil aggregates are those of diameter
between 1 and 5 mm (Dobrzanski et al., 1975; Domzat & Stowinska-Jurkiewicz, 1988).

After the 3 years of investigations the authors found no statistically proven impact
of the tested biological agents on soil aggregate structure both in the first year of
investigation (2007) as in the last one (2009) (Table 4). What can be seen is a tendency
of worsening of aggregate structure in the last year of experiment, regardless of applied
soil conditioners. This is clearly visible in the biggest aggregates (¢ > 30 mm), so-cold
clods. Their share between 2007 and 2009 was more than doubled, although still is not
high on that type of soil.
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Table 4. The impact of biological agents on soil structure — share of aggregate size classes
established after dry sieving, 2007 and 2009

Diameter of Treatments
aggregates Year CT EM HP HM UG Means  HSDoos
>30 mm 2007 3.84 3.40 3.63 3.47 3.69 3.60 n.s.
2009 491 8.58 5.17 11.93 943 8.00 n.s.
mean 4.38 5.99 4.40 7.70 6.56 5.80 -
30-10 mm 2007 22.80 20.69 2146 22.02 21091 21.78 n.s.
2009 1441 21.04 2527 19.23 18.03 19.60 n.s.
mean 18.51 20.87 2337 20.63 19.97 20.69 -
10—7 mm 2007 9.81 9.25 9.27 9.08 8.27 9.14 n.s.
2009 8.00 9.85 9.32 9.34 9.26 9.15 n.s.
mean 8.91 9.55 9.30 9.21 8.77 9.15 -
7-5 mm 2007 7.33 8.80 7.74 8.37 8.47 8.14 n.s.
2009 9.01 7.92 8.28 6.54 8.68 8.09 n.s.
mean 8.17 8.36 8.01 7.54 8.58 8.12 -
5-3 mm 2007 7.44 8.22 8.05 7.64 7.43 7.76 n.s.
2009 8.61 7.53 6.73 6.53 7.26 7.33 n.s.
mean 8.03 8.88 7.39 7.09 7.35 7.55 -
3—1 mm 2007 21.26 2279  19.21  21.12  19.57 20.79 n.s.
2009 29.02 2433 2355 26.14 2525 25.66 n.s.
mean 25.14 2356 21.38 23.63 2241 23.23 -
1-0.5 mm 2007 12.82  13.88 12.67 12.55 1343 13.07 n.s.
2009 11.69 9.49 9.75 9.74 10.53 10.24 n.s.
mean 1226 11.69 11.21 11.15 11.99 11.66 -
0.5-0.25 mm 2007 6.40 6.09 7.86 6.30 7.84 6.89 n.s.
2009 6.33 4.66 4.63 4.28 4.69 4.92 n.s.
mean 6.37 5.38 6.25 5.29 6.27 5.91 -
<0.25 mm 2007 8.30 6.88 10.11 945 9.39 8.83 n.s.
2009 8.02 6.60 7.30 6.27 6.87 7.01 n.s.
mean 8.16 6.74 8.71 7.86 8.13 7.92 -
CT — control treatment, EM — effective microorganisms, HP —biodynamic horn preparation, HB —
Humobak, UG — UGmax; n.s. — not significant differences between treatments and years.

The reason for such a tendency is the crop sequence. Normally on the farm in which
the experiments were carried out the following crop rotation is practiced: white clover
grass — white clover grass — white clover grass — winter wheat followed by white mustard
for green manure — spring wheat — silage maize — winter spelt wheat undersown with
clover-grass. In such rotation we have two phases: first of building soil structure and
fertility (clover-grass) and second of utilizing (depleting) both soil structure and its
fertility (Kiley-Worthington, 1981). In the experiment the rotation was changed to three
annual crops in a row, to enable the authors to observe whether applied biological agents
could extend the phase of the high good soil structure and to take samples. As was stated
before, the soil structure was worsening in time, so the biological agents were not able
to stop the process. The question of the role of crop species and fertilization
/management practices will be continued towards the end of the article when comparing
soil physical properties on organic and conventional farm.
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A soil structure quality can be described in the form of soil structure indices. One
of them is an aggregation index calculated on the basis of dry sieving (Als). The authors
found no statistical difference between the control treatment and the treatments with
biological agents on Al (Table 5). The same applies for the aggregation index calculated
on the basis of wet sieving (Aly).

The values of QSI were not statistically different in the compared treatments.
Moreover, a tendency for better values was noticed in the control treatment in the last
year of the study. The CI illustrates the ratio of so-cold clod aggregates (¢ > 10 mm) to
all the other aggregates (¢ < 10 mm). The CI index had also a positive tendency of
lowering in the control treatment in the last year of the study (Table 5).

Table 5. The impact of biological agents on some indexes of soil structure, 2007 and 2009

Soil structure Treatments

indexes Year oy EM _ Hp _ HB UG Means HSDoos
Aggregation 2007 365 417 361 388 383 382 n.s.
index (dry 2009 471 399 386 404 413 415 n.s.
sieving), Aly  mean 418 408 374 396 398 399 -

Aggregation 2007 2999 2832 2831 2532 2887 2816 ns.
index (wet 2009 3654 3356 3179 3470 3259 3384 ns.
sieving), Al, mean 3327 3094 3005 3001 3073 3100 -

Quality 2007 1.23 1.57 1.38 1.27 1.31 1.35 n.s.
structure index 2009 1.83 1.17 1.12 1.14 1.29 1.31 n.s.
(QSI) mean 1.53 1.38 1.25 1.21 1.30 1.33 -

Clods index 2007 0.36 0.29 0.33 0.34 0.34 0.33 n.s.
(ChH 2009 0.24 0.42 0.44 0.45 0.38 0.39 n.s.

mean 0.30 0.36 0.39 0.40 0.36 0.36 -

CT — control treatment, EM — effective microorganisms, HP —biodynamic horn preparation, HB —
Humobak, UG — UGmax; n.s. — not significant differences between treatments and years.

In the case of heavy soils, the bulk density of dry soil should be low. The lower
density means the better soil structure. Although some difference between experimental
treatments could be seen, they are not statistically significant. The only clear difference
is growing of the bulk density between 2007 and 2009 (Table 6). It has nothing to do
with the applied treatment, being just a result of soil structure deterioration caused by
the increased distance elapsed from clover-grass cropping. The parameter of volume
density is connected with total soil porosity. The higher bulk density is the lower soil
porosity and the worse conditions for crops growing. The parameter of soil porosity
followed the same pattern as bulk density. The same applies to another parameter — the
index of soil porosity.
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Table 6. The impact of biological agents on some soil physical properties, 2007 and 2009

Physical of soil Treatments

properties Year CT EM HP HB UG Means  HSDo.s
Bulk density of dry soil, 2007  1.414 1.323 1.388 1337 1367 1366 ns.
gem 2009 1.428 1.423 1.409 1403 1416 1416 ns.
Total soil porosity, 2007 4450 48.85 4994 4477 4650 4691 ns.

% of volume 2009 4395 4490 4567 4450 44.61 4473 ns.
Index of soil porosity, 2007  0.81 0.96 0.89 0.90 0.87 0.89 n.s.

€ 2009  0.79  0.82 0.84  0.81 0.80 0.81 n.s.
Soil humidity, 2007 19.53 15.56 15.79 1847 17.09 17.29 ns.

% of volume 2009  29.83 28.56 31.92 29.53 31.25 25.08 ns.

Air content during 2007  25.12  31.17 3515 29.71 2941 30.11 ns.
sampling, % of volume 2009 14.12 16.34 16.75 16.30 13.36 1537 ns.

CT — control treatment, EM — effective microorganisms, HP —biodynamic horn preparation, HB —
Humobak, UG — UGmax; n.s. — not significant differences between treatments and years.

The soil humidity was higher in 2007 than in 2009, but in a heavy soil usually air
content is the growth limiting factor, rather than humidity. Both parameters are
connected, so in 2009 there was higher soil humidity and lower air content. Nevertheless,
even the lower air content (on average 15%) was higher than the minimum for good crop
growth (10%) and crops development was not limited by oxygen deficit in soil. So, one
can conclude that the above discussed parameters were not limiting crop growth (Letey,
1985; Lachacz et al., 2013).

In the literature predominate papers are on the effect of biological agents on soil
microbiological properties and crop yields, whereas studies of soil physical properties
are scare and contradicting. In the studies of Kaczmarek et al. (2007; 2008) found some
contradicting results. In the study of 2007 EM application on light-textured soil resulted
in grown soil infiltration, which is a negative effect that might increase drought
consequences to crops. In heavy soil infiltration was lower, resulting in slower drying of
soil surface after rainfalls, so water can stagnate on fields, postponing spring soil tillage
practicing and delaying sowing time. Whereas in the study of Kaczmarek et al. (2008)
carried out on different soils, EM application increased infiltration on heavy soil and
decreased it on light soil, which is a desired effect.

In our study soil sample examination revealed that although the soil structure was
not perfect, but keeping in mind the soil type it was rather good. After a thorough
consideration of the soil structure data, the authors came to the conclusion that probably
the structure was close to the best that could be achieved on this type of soil. To check
this hypothesis it was decided to evaluate the soil structure quality of a neighboring
conventional field. The conventional farmer grew crops in the following rotation: silage
maize — winter wheat — spring barley — winter oil seed rape — winter wheat. Silage maize
was fertilized with 30 t of FYM per ha. The other crops in the rotation were fertilized
exclusively with mineral fertilizers. Therefore, the soil samples were taken and a dry
sieving was done. It was found that the neighboring conventional field had quite a
different soil structure than the organic one (Table 7).
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Table 7. Comparison of soil structure — share of aggregate size classes established after dry
sieving on organically and conventionally managed fields, 2009

Aggregate diameter, Type of field management

P - HSDy 05
mm organic conventional
> 30 4.9 48.3 11.55
10-30 14.4 12.2 n.s.
7-10 8.0 6.4 n.s.
5-7 9.0 5.0 2.00
3-5 8.6 10.3 n.s.
1-3 29.0 8.0 5.50
0.5-1 11.7 5.1 2.79
0.25-0.5 6.3 2.6 1.27
<0.25 8.1 2.1 1.36
LSDo.05 2.44 5.11 -

* — data from the control plots were shown, n.s. — not significant.

The participation of clods (¢ > 30 mm) was much higher on the conventional than
the organic field (Table 7). The index of soil clods of conventional field was 1.20 that
means it was 5-times higher than that of the organically managed soil — 0.24 (data not
shown). The other big difference was 3.6 times lower participation of aggregates of
diameter 3—1 mm in the conventionally managed fields. At the same time the
aggregation index based on dry sieving (Alg) was two times lower on the conventionally
managed field: 471 versus 232 (data is not presented). The above mentioned facts
indicate that only this proper organic management (rotation with fertility and soil
structure building crops as clover-grass and green manures, fertilization with FYM, non-
use of synthetic N) already improved soil structure to probably the best possible level.
In that context one may conclude that biological agents could not improve structure of
organically managed soil, because it already had the best possible one.

Each year crop productivity was determined as the last and most important
parameter of soil quality. In 2007 silage maize was grown giving on average 76.8 t ha™'.
Although some variation in yields between the experimental object is visible, statistically
lower yields were found only in the object treated with Humobak (Table 8).

Table 8. The impact of biological agents on yielding of crops grown in 2007, 2008 and 2009

Treatments

CT EM  HP HB UG Means HSDoos
Silage maize green mass, 81.5 91.5 79.0 48.5 83.5 76.8 13.6
tha™

Winter wheat spelt grain*,  3.94 4.40 3.97 4.00 4.08 4.08 ns.
tha™!

Spring common wheat grain, 4.24 3.92 4.13 3.14 4.08 390 0.428
tha™!

* —hulled grain; CT —control treatment, EM — effective microorganisms, HP —biodynamic horn
preparation, HB — Humobak, UG — UGmax; n.s. — not significant.

Crop production

In 2008 winter spelt wheat was grown and high grain yields were harvested. This
year no statistical yield difference was found. In 2009 spring common wheat was grown.
The lowest yields were harvested on the plots treated with Humobak. To summarize,
crop productivity in the three year investigation period, no crop reacted positively on
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any biological agents applied. At the same time two crops shown negative effect on
Humobak application. Lower crop yields were not detected only in 2008. The authors
think that the lowering of yields in 2007 and 2009 was caused by the increased
microorganism growth, which were blocking availability of nitrogen to crops. In 2008
the nitrogen blocked in 2007 was released, resulting in no yield drop.

The Humobak application resulted in yield lowering also in another study. Babik
et al. (2008) in the study done in Skierniewice (Central Poland) on fertile loamy soil used
for vegetable growing for many years and similar rainfalls as those in Budziszewo, found
38.8% yield reduction in broccoli due to the Humobak treatment. In the case of chicory
and carrots not only Humobak, but also EM caused a yield reduction by ca 13%. Pisikier
(2006) found an increase in spring wheat yield, but the results were not confirmed
statistically. The wheat was grown on a sandy soil in Pomeranian province in the very
similar climate conditions to those in Budziszewo. It is worth mentioning that Humobak
was decreasing potato infestation by Colorado Potato Beetle Leptinotarsa decelineata
(Nowacki et al., 2011). The experiment was done in Jadwisin ca 30 km from Warsaw.
The soil was sandy and the climate was little bit milder than in Budziszewo and rainfalls
ca 10% lower.

As it was mentioned in our study no effect of UG on crop yield was found.
Nevertheless there is also information on positive effect of UGmax application on potato
yielding. Zarzecka and Gugata (2012) in the field experiment carried out on a sandy soil
in Jadwisin (the same one as in the study of above-cited Nowacki et al., 2011) in 2009—
2010 with different potato cultivars found 30—47.9% yield increase. Unfortunately in the
paper there is only information about chemical weed control and no information is given
whether this high yield increase had something to do with potato infestation by Potato
Colorado Beetle as of the above-cited work of Nowacki et al., 2011.

Although in bibliography one can find both positive and negative opinions on
effectiveness of biological agents both on soil structure and crop productivity, the
negative opinions are more common (Van Vliet at al., 2006; Mayer et al., 2008;
Martyniuk, 2011; Martyniuk & Ksiezak, 2011).

Among different biological agents EM was studied in the highest number of
experiments. Sulewska & Ptaszynska (2005) on a sandy soils in the province of Great
Poland (little bit milder and dryer climate than in Budziszewo) applied EM in maize
growing without yield gain. Just to quote the latest experiments: Rychcik & Sadowski
(2011) found no effect of EM application in organic growing of potato and cereals.
Sometimes the research findings are contradicted: e.g., Ku$ et al. (2013) in the same
experiment found no positive effect on wheat yields and 7% yield gain in potatoes and
silage maize. The case of maize is very special — although the yield was 7% bigger, the
share of cobs in the yield (the most valuable part of the crop) was lower.

CONCLUSIONS

The research hypothesis was that use of biological agents (biodynamic horn
preparation, effective microorganism, Humobak and UGmax) can improve a soil quality
and enhance crop yields however an application of the above stated biological agents did
not affect significantly soil chemical and physical properties. The applied biological
agents did not affect crop productivity, with the exception of Humobak which decreased
the yield of silage maize and spring common wheat by 41% and 26%, respectively.
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A proper organic management (a proper crop rotation with clover-grass and green
manure crops, a high stand of livestock and regular farm yard manure fertilization) has
much greater positive effect on soil physical properties, as opposed to an application of
biological agents.
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