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Abstract

The share of cereals in the total area of agricultural crops is currently too high, which leads to deterioration of soil
properties and makes it difficult to obtain high yields. The objective of this research was to determine the effect of
field pea grown as a catch crop on soil properties and yielding capacity of spring barley cultivated after the catch
crop, in a cereal crop rotation. Three treatments of catch crop management were studied: A — catch crop ploughed
in in the autumn, B — catch crop left as mulch for the winter, C — control (without a catch crop). Experiments were
carried out on a Luvisol (LV) in a randomized block design. The catch crop biomass ploughed in significantly
improved moisture and reduced compaction of the topsoil before sowing spring barley. Use of field pea as a catch
crop increased enzymatic activity and mineral nitrogen content in the soil before sowing and during tillering
of barley. The effect of mulch was stronger than that obtained in the treatment with biomass ploughed in in the
autumn. Catch crop significantly improved the yield of spring barley, which was mainly due to increasing the
number of spikes and grains per spike in barley grown after the catch crop ploughed in, and due to increasing the
number of grains per spike in the treatments with mulch. Physical and biological properties of soil in cereal crop
rotations may be substantially improved by catch crop, especially used as mulch. Catch crop influence on spring

barley yield was independent of its management method.
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Introduction

Due to the steadily increasing human population
(United Nations, 2006) and the consequent increasing
demand for plant products to satisfy the needs for food
and energy, it is necessary to continue to increase plant
productivity. Intensification of crop production by
increasing the amount of chemicals used in production
leads to the air and water pollution (Di, Cameron, 2002).
Therefore it is recommended to use such methods of
agricultural production intensification which are safe for
the environment and allow a sustainable development of
agriculture (Doltra, Olesen, 2013). One of such methods
is growing catch crops and using the biomass produced
by them as green manure. It is of particular importance
on farms where the lack of animal production causes a
shortage of farmyard manure. Growing a catch crop
for green manure can bring many benefits for the soil
environment, which has been indicated by the research
carried out in this area (Berntsen et al., 2006; Piotrowska,
Wilczewski, 2012; Riddle, Bergstrom, 2013). Catch crops
take up nitrogen remaining in the soil after harvest of
cereals and thus enable reduction of its leaching (Duer,
1996; Vos, van-der-Putten, 2001; Berntsen et al., 20006;
Askegaard, Eriksen, 2008; Doltra, Olesen, 2013). This
reduces environmental risks, improves soil fertility and
increases the supply of this component for successive plants.
Consequently, it is possible to obtain both higher grain
yields (Askegaard, Eriksen, 2008; Doltra, Olesen, 2013)
and improvement in their quality by increasing the total

protein content (Skinder, Wilczewski, 2004), as a result of
growing catch crops. Used as green manure, they increase
the content and activity of the soil microbial biomass
and improve the soil enzymatic activity (Piotrowska,
Wilczewski, 2012; JanuSauskaité et al., 2013).

Many studies have concerned the impact of
catch crops grown as green manure on the physical and
chemical properties of soil (Hansen, Djurhuus, 1997,
Thorup-Kristensen, Dresbell, 2010; Riddle, Bergstrom,
2013). Findings presented in the literature relate primarily
to the impact of catch crops on soil properties during the
early spring (before sowing of spring cereals). Little is
known, however, about the soil compaction, its mineral
nitrogen (N _.) content and enzymatic activity during
different growth stages of cereals.

The aim of this study was to determine the effect
of field pea (Pisum sativum L.) grown as a catch crop
intended for green manure on some physical, chemical and
biological properties of the soil during different growth
stages of spring barley (Hordeum vulgare L.) and yield of
this plant grown in cereal crop rotation conditions.

Materials and methods

Experimental design and conditions. Field
experiments were conducted at the Research Station in
Mochelek near Bydgoszcz in Midwest Poland (17°51'
E, 53°13' N) in a randomized block design, with four
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replications. The plot area was 250 m? for sowing and
140 m? for harvesting of spring barley. The experimental
factor was the method and time of catch crop management:
A — catch crop ploughed in in autumn, B — catch crop left
uncut as mulch for winter, C — control (without a catch
crop). Field experiments were performed in 2008-2011.
In 2008, 2009 and 2010, field pea was cultivated as a
catch crop and used as green manure for spring barley
sown the following year. According to the IUSS Working
Group WRB (2007), the soil used in the experiment was
a Luvisol (LV) with a fine sandy loam texture. The soil
was characterized by a very high content of available
phosphorus and potassium (103 and 234 mg of P and
K in kg of dry soil, respectively), high magnesium
concentration (72 mg of Mg in kg of dry soil) and slightly
acidic reaction (pH in 1 M KC1 6.1). The concentration of
total nitrogen and organic carbon in the soil amounted to
0.078% and 0.877%, respectively.

The total precipitation during the field pea
growing period varied between years (Table 1). In 2008
and 2010, very high rainfalls were noted in August.
They provided a good water supply for germinating pea
seeds. In 2009, we observed a significant lack of rainfall
in August and September. Proper growth of pea in that
year was made possible by the high total precipitation
in July.

Table 1. Weather conditions at the experiment site

Month 2008 2009 2010 2011 1949-2010
Total precipitation mm
March 612 437 286 11.7 24.7
April 387 04 338 135 27.7
May 115 853 926 384 43.2
June 155 574 18.1 100.8 52.9
July 58.7 118.0 107.4 132.5 72.2
August 955 17.6 150.7 67.7 53.0
September 202 344 747 370 414
October 80.0 662 23 132 32.8
Total
March—October 381.3 423.0 508.2 414.8 347.9
Average air temperature °C
March 3.0 2.4 24 22 1.9
April 7.6 9.8 7.8 10.5 7.4
May 132 123 115 135 12.7
June 17.6 145 16.7 17.7 16.2
July 192 186 216 175 18.0
August 17.8 182 184 17.7 17.5
September 124 137 122 143 13.2
October 8.4 6.3 55 84 8.1
Mean 124 120 120 127 11.9

March—October

During the spring barley growing season, the
precipitation totals were relatively high throughout the
research period. However, in none of the three years
of research it was consistent with the needs of barley.
In 2009, a fairly good supply of barley with rain water
was observed from the beginning of stem elongation to
maturity. In 2010, there was a shortage of precipitation
before and during grain formation (June). In 2011, a
deficit of rainfall occurred during the tillering and stem
elongation stages (April-May). Air temperature during
the main period of the catch crop growth was similar

in all years of the study. Relatively high temperatures
were observed in July and August. They were higher
than the means of 1949-2010 for this area. Relatively
high temperatures in the first half of October 2008 had
a positive impact on the growth and yield of the catch
crop. The thermal conditions were favourable for barley.
Air temperatures in April in all the research years were
higher than the long-term mean for the region. This
enabled the dynamic growth of plants during emergence.
In 2010, air temperatures were relatively low in May and
high in June.

Crop management. The seeds of field pea were
sown within 5-9 August, in the stand of winter wheat.
Catch crop was harvested using a rail mounted mower
within the period from 15 October to 3 November.
Ploughing to a depth of about 27 cm was made after
harvesting of catch crop, in treatments A and C.
Fertilisation of spring barley with phosphorus and
potassium was done in the spring at rates 26.2 kg ha' P
and 66.4 kg ha' K. Nitrogen was applied at the dose of
90 kg ha' N divided into two parts. The first part of the
dose (45 kg ha! N) was applied prior to sowing and the
second (45 kg ha! N) during the shooting stage. The soil
in treatments A and C was cultivated using a cultivator
with a crumbler roller. Mulch of field pea (treatment B)
was cut and mixed with the soil using a disk harrow, to
a depth of 10 cm in March 2009, 2010 and 2011. Spring
barley was sown between 2—4 April, using a row drill in
treatment A and C and a drill equipped with coulters in
treatment B.

Field and laboratory studies of catch crop.
After sowing catch crop, observation of the plant
development was conducted. After emergence, plant
density (plants m?) was calculated. In the second half
of October the fresh matter yield of plants in treatment
A was weighed. Dry matter yield was determined based
on samples of fresh matter (about 1 kg) taken from
each plot. Samples were weighed, dried in an oven at
50°C, and then re-weighed. In treatment A, mowed fresh
matter, after weighing and fragmentation, was ploughed
in to a depth of the topsoil, and in treatment B it was
left uncut until spring. The yield of post-harvest residues
was determined in samples taken from soil monoliths 25
x 25 x 25 cm. Four samples were randomly collected
from each plot and after the initial screening they were
sieved and rinsed in running water. After drying on
absorbent paper, the samples were weighed, dried in
an oven at 50°C and re-weighed to determine the dry
matter yield. In the samples of the aboveground biomass
and post-harvest residues, the concentrations of nitrogen
(using Kjeldahl method), phosphorus (using vanadium-
molybdenum method), potassium and calcium (by flame
photometry method) and magnesium (colorimetrically
with titan yellow) were assayed.

Field and laboratory studies of spring
barley. Before spring barley sowing, as well as during
tillering and stem elongation, penetration resistance
measurements were made in layers: 0-5, 5-10, 10-15,
15-20, 20-25 and 25-30 cm, using a hand penetrometer.
Soil samples were taken from three layers (5-15, 25—
35 and 45-55cm) to determine the moisture (using
drying-weighing method). Moreover, at the same times
soil samples from the topsoil were taken to determine
the content of mineral nitrogen (N ). Colorimetric
analysis was carried out in the laboratory of the Regional
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Chemical-Agricultural Station, using apparatus SAN*™*
system (Skalar Analytical B.V., the Netherlands). After
the spring barley emergence, plant density (plants m?)
was determined. The number of spikes was measured
in samples taken from 1 m? area in each plot before
harvest of barley. From each sample 20 spikes were
randomly taken, based on which the number of grains
per spike was determined. Biological activity of the soil
measured by the determination of dehydrogenase (DH)
and fluorescein sodium salt hydrolysis (FDAH) activities
was evaluated four times a year during the experimental
period. DH activity was determined according to the
method described by Thalmann (1968). One unit of DH
was defined as the amount of TPF (triphenyl formazan) in
mg released at 30°C h! by 1 kg of dried soil. The global
soil hydrolysis activity was evaluated by measuring
the activity of FDAH (Adam, Duncan, 2001). One unit
of FDAH activity was expressed as mg of fluorescein
produced at 37°C by 1 kg of dried soil.

Statistical analysis. A mixed model of analyses
of variance was used to verify the effect of method and
time of catch crop management on the studied features.
When significant effects of the studied factor were found,
Tukey’s test at the significance level P < 0.05 was used
to compare treatment means. The correlation coefficients
were calculated using Statistica for Windows.

Results

Theyield of catch crop, its chemical composition
and influence on soil properties. Dry matter yield of the
catch crop varied between years (Table 2). It was the
highest in 2008 and the lowest in 2009.

Table 2. Dry matter yield of field pea grown as a catch
crop (Mg ha'')

Year
Type of biomass
2008 2009 2010
Green matter 3.1(0.23*) 1.7(0.13) 2.0(0.19)
Post-harvest residue 1.1 (0.28) 0.7 (0.18) 0.8 (0.20)
Total biomass 42(0.37) 2.4(0.22) 2.8(0.04)

* — standard deviation

Green matter of field pea was richer in nitrogen,
phosphorus, potassium and magnesium than post-harvest
residues, which contained about 20.4% more calcium
than the green matter (Table 3). On average 101 kg ha'!
K, 89 kg ha! N and 12 kg ha! P was accumulated in the
catch crop biomass.

Table 3. Concentration of macronutrients in catch crops biomass (% of dry weight), means 2008-2010

. Macronutrient
Type of biomass
N P K Ca Mg
Green matter 3.12 (0.37%) 0.406 (0.05) 3.46 (0.29) 0.82 (0.24) 0.205 (0.02)
Post-harvest residue 2.30 (0.36) 0.330 (0.10) 2.75 (0.60) 1.03 (0.25) 0.169 (0.02)

* — standard deviation

Field pea grown as a catch crop for green manure
positively affected the concentration of N__ in the arable
layer of soil (Fig. 1). The content of N . in the soil in
March was the highest in the treatment with mulch of
catch crop. Moreover, significantly more N . was found
in the soil where catch crop had been ploughed in than
in the control. In May and August, the soil with mulch
was more abundant in this nutrient than that in the other
treatments. In June, the content of N__ in both catch crop
treatments was higher than in the control.
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Figure 1. Content of mineral nitrogen (N__ ) in the topsoil
(030 cm) in the period of spring barley cultivation,
means from 2009-2011

The DH and FDAH activities are presented as a
function of the method and time of catch crop management
(Table 4). The highest DH activity was found in the
mulched plots for all sampling dates, except the shooting
stage of spring barley. Lower values of DH activity were
determined in treatment A followed by the control plots
(C). In the whole studied period, the lowest DH activity
was noted before spring barley sowing. The highest DH
activity was noted after the harvest of spring barley. The
highest FDAH activity was found in soil samples taken
during spring barley tillering and the lowest after its
harvest. Before spring barley sowing as well as during its
tillering and shooting, FDAH activity was the highest in
the treatment with mulch of the catch crop. After harvest
of spring barley, higher FDAH activity occurred in both
methods of catch crop management than in the control.

Soil moisture was the highest before spring
barley sowing (Table 5). The moisture in the topsoil (5—
15 cm) was generally higher than in the deeper layers.
Only during tillering the water content was similar in all
studied layers. The catch crop adversely affected humidity
of the topsoil (5-15 cm), measured immediately after
harvesting the plants. Before the sowing of barley, the soil
covered with catch crop mulch contained significantly
more water in the 5—15 cm layer than that with the pea
biomass ploughed in in the autumn. The moisture of this
layer was the weakest in the control, without the catch
crop. During the tillering of barley, moisture was the
highest in the soil without catch crop and significantly
less water was in the treatment with the catch crop
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Table 4. Dehydrogenase (DH) and fluorescein sodium
salt hydrolysis (FDAH) activity in the topsoil as affected
by catch crop management, means from 2009-2011

Enzyme
Treatment
DH (mg kg!' h'! TPF) FDAH (mg kg' h'!' F)
Before sowing of spring barley
A 2.37b 54.51b
B 3.16a 57.07 a
C 1.65 ¢ 4391 ¢
Mean 2.39 51.84
During tillering of spring barley
A 3.60b 56.11b
B 4.59a 61.52a
C 271 ¢ 55.04b
Mean 3.63 57.56
During shooting of spring barley
A 3.56a 45.52b
B 3.57a 50.40 a
C 2.86 b 41.13 ¢
Mean 3.33 45.68
After harvest of spring barley
A 5.86b 40.61 a
B 8.56a 41.05a
C 6.04 b 38.11b
Mean 6.82 39.92

Notes. A — catch crop ploughed in in the autumn, B — catch crop as
mulch, C—control, without a catch crop; TPF —triphenyl formazan,
F — fluorescein. Means marked with the same letter within
particular columns are not significantly different at P <0.05.

biomass ploughed in. This was observed regardless of the
measurement depth. At the shooting stage there was no
significant effect of catch crops on the water content in
the topsoil. The deeper layers were the most moist when
the catch crop was used as mulch, and significantly drier
with the catch crop ploughed in.

Penetration resistance of soil in October was
significantly higher in the treatments with catch crops
than in the control in all studied layers (Fig. 2). Prior to the
spring barley sowing, the highest penetration resistance
was in the treatment where the catch crop was left for
winter in the form of mulch. In the soil with the catch
crop ploughed in, penetration resistance in early spring
in the 0-5 cm layer was lower than in the control without
a catch crop. Penetration resistance at the barley tillering
stage (May) was significantly higher in the soil with the

Table 6. Yield of spring barley

Table 5. Soil moisture (% of weight), means from 2009—
2011

Layer of soil cm

Treatment

5-15 25-35 45-55
In the autumn, after harvesting of catch crop*
A 7.76 b 6.47 6.59
C 822a 6.69 6.57
Mean 7.99 6.58 6.58
Before sowing of spring barley
A 12.4b 10.7 9.6
B 13.1a 10.7 10.0
C 11.8¢ 10.6 9.7
Mean 12.4 10.7 9.8
During tillering of spring barley
A 7.14b 7.03b 7.13b
B 7.27 ab 7.14 ab 7.16 b
C 7.54a 7.35a 7.63 a
Mean 7.32 7.17 7.31
During shooting of spring barley
A 7.10 6.08b 6.17b
B 7.49 6.26 a 6.58a
C 7.51 6.20 ab 6.46 ab
Mean 7.37 6.18 6.40

Notes. A — catch crop ploughed in in the autumn, B — catch
crop as mulch, C — control, without a catch crop; * — means
from 2008-2010. Means marked with the same letter within
particular columns are not significantly different at P < 0.05.

catch crop mulch than in the other treatments. The soil
without a catch crop was characterized by the smallest
penetration resistance in most layers of the topsoil. In the
5t0 20 cm and 25 to 30 cm layers in the treatments with the
catch crop ploughed in, soil compaction was significantly
higher than in the control. The soil penetration resistance
at the shooting stage of barley (June) was also the highest
in the treatment without ploughing and with the catch
crop left as mulch.

The yield of spring barley and its structure.
Grain and straw yield of spring barley varied greatly
between the years of the study (Table 6). In two out of
three research years, the catch crop helped to increase the
grain yield. Significant impact of the catch crop on the
straw yield was showed only in 2011.

The average results of three years of research
showed a significant positive impact of the catch crop
on the yield of barley grain and straw. Spring barley
yield was positively correlated with the number of spikes

Year
Treatment
2009 2010 2011 Mean 2009-2011
Grain yield Mg ha'!
A 7.10 (0.16%) a 4.12 (0.14) 3.93(0.12) ab 5.05(1.52) a
B 7.20 (0.20) a 4.02 (0.22) 423(0.18)a 5.15(1.53) a
C 6.54 (0.36) b 4.10 (0.03) 3.62(0.15)b 4.75(1.35)b
Mean 6.95 4.08 3.92 4.98
Straw yield Mg ha'!
A 3.71 (0.32) 2.12(0.24) 2.60 (0.16) a 2.81(0.73) a
B 3.59 (0.24) 2.24(0.16) 2.80(0.21)a 2.88 (0.60) a
C 3.42 (0.16) 1.78 (0.13) 1.88 (0.16) b 2.37(0.80) b
Mean 3.57 2.05 2.43 2.69

Notes. A — catch crop ploughed in in the autumn, B — catch crop as mulch, C — control, without a catch crop; * — standard deviation.
Means marked with the same letter within particular columns are not significantly different at P < 0.05.
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Figure 2. Penetration resistance of the topsoil, after catch crops harvest (October) and in the spring, before spring
barley sowing (March) and during its growth (May and June), means from 2009-2011

(Table 7). There was no evidence of correlation between
the number of grains per spike and 1000 grain weight vs
the yield of grain and straw. The relationship between
the yield and the length of stalks and spikes was not
evident either.

The number of plants after emergence was
not related to the experimental treatments (Table 8).
Differentiation of barley grain yield resulted from a

significant increase in the number of spikes and grains
per spike in the treatment with the catch crop ploughed
in. Barley grown after the catch crop, which was used
as mulch, developed a significantly higher number of
grains per spike than in the control. Weight of 1000
grains of barley grown with the catch crop ploughed in
was significantly lower than that after the mulch and in
the control.

Table 7. Simple correlation coefficients for the relationship between grain and straw yield of spring barley and yield

components 2009-2011 (n=9)

Number of grains

Variable Number of spikes per spike 1000 grain weight Stalk length Spike length
Grain yield 0.99** 0.22 0.49 0.41 0.23
Straw yield 0.91** —0.02 0.60 0.17 0.04

** _ significant at P < 0.01
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Table 8. Yield components of spring barley, means from 2009-2011

Treatment Number of plants_ after emergence Number (_)f spikes Number of grains 1000 grain weight
m? m per spike g
A 318 (27.9%) 731 (169)a 20.8 (3.06) a 40.8 (4.24)b
B 310 (22.8) 704 (195) b 21.2(2.53)a 41.8(421)a
C 322(34.3) 692 (193)b 19.6 (3.33) b 41.8(3.87)a
Mean 317 709 20.5 41.5

Notes. A — catch crop ploughed in in the autumn, B — catch crop as mulch, C — control, without a catch crop; * — standard deviation.
Means marked with the same letter within particular columns are not significantly different at P < 0.05.

Discussion

Yield of a catch crop and its influence on the
content of N, . in the topsoil. The crop biomass of field
pea obtained 1n the present study can be considered as
typical of legumes grown as a catch crop. It was the
highest in 2008, the year characterized by a good supply
of water throughout the period of field pea growth. In
2009, green matter yield was about 45% lower because
of the shortage of rainfall in August and September.
However, good soil humidity in July enabled obtaining
the sufficient plant density. According to our previous
study (Wilczewski et al., 2012), the water resources in
the soil from rainfall in July allow for a normal growth
of plants even under shortage of rainfall over the period
from August to October.

Increased content of N . in the soil where
catch crop was used as mulch could be due to delayed
mineralization of field pea biomass in this treatment. In
general, the plants were damaged by low temperatures in
December. Thus before the winter, mineralization in this
treatment was limited because of the field pea growth.
In the winter it was limited by low temperatures. Thus
mineralization in the treatment with catch crop used as
mulch took place mainly in the spring. This is indicated
by higher values of microbiological parameters during
tillering and stem elongation of barley. The activity
of the studied enzymes during tillering of barley was
higher (about 27.5% for DH activity and 9.6% for
FDAH activity) in the treatment with mulch than in the
treatment with the catch crop ploughed in. The results are
consistent with the findings by Duer (1996), who stated
a significantly faster decomposition of the catch crop
biomass ploughed in, compared to that left as mulch.
Thorup-Kristensen and Dresbgll (2010) showed that
in years with large precipitation totals in winter, catch
crop biomass incorporation in spring provides a higher
availability of N _. in the soil to plants in May compared
with autumn incorporation. According to the authors, the
introduction of the catch crop biomass into the soil in early
autumn can result in rapid mineralization and leaching
of nitrogen from the soil before sowing of succeeding
crops. The total precipitation during the winter in two of
three years of our research was higher than the long-term
average. Hence the topsoil in treatment with ploughed in
biomass was less abundant in N__ in the period before
sowing of barley (in March) and during tillering (in
May), compared with the treatment with mulch.

Soil microbial biomass activity. The results of
our study showed that the microbial biomass expressed
as DH and FDAH activities was greater in the plots with
catch crop, compared with the control. Stimulation of soil
FDAH activity under catch crop management, especially
leguminous cover crops, had been previously documented

(Reddy et al., 2003). As stated by Zablotowicz et al.
(2011) in the first year of sampling, FDAH activity in
non-cover crop soils was 25% to 30% higher, compared
with soil from plots managed with cover crops. However,
after the third year of successive cover crop management,
FDAH activity was significantly higher in the plots with
Austrian winter pea and hairy vetch than in non-covered
area. DH activity appeared to be more seasonally
variable than was the FDAH activity. Generally, DH are
the group of the most variable enzymes determined in
soil and their activity is very sensitive both to natural and
anthropogenic factors (Samuel, 2010). Lower variations
in FDAH activity were expected since the activity is,
after all, a measure of the overall hydrolytic ability of a
soil and it reflects the positive and negative contributions
due to the different hydrolytic enzyme activities, such
as proteases, esterases and lipases (Gianfreda et al.,
2005; Piotrowska et al., 2006). The seasonal changes
in enzymatic activity can be explained by the enhanced
rhizosphere microbial population that accompanies
the rapid development of the crop root systems during
the growing period (Richardson et al., 2009). Mulched
plots had a greater stimulatory effect on soil biological
parameters, compared with field pea ploughed in in the
autumn (Table 4), which was due to improvement of
soil moisture (Table 5) and N__ content (Fig. 1). The
increase in nitrogen content, when field pea was retained
as mulch, could increase soil micro-organism population
and consequently DH and FDAH activities.

Some physical properties of the soil. The results
obtained in the present study indicate that the catch crop
affects the physical properties of the soil both during
the autumn and in the spring. The growth of plants
contributed to the short-term reduction of the topsoil
moisture in the autumn (about 5.6%) and to the increase
in penetration resistance (about 16.2%). However, those
unfavourable changes of soil physical properties did not
increase fuel consumption during ploughing (data not
presented). Despite the soil moisture reduction during
the autumn, catch crop contributed to the improvement
of the topsoil moisture before sowing of spring barley.
This increase amounted to 5.1% in the treatment with
the catch crop ploughed in, and 11.0% in the treatment
with mulch. This effect on soil moisture was especially
strong when the catch crop was left on the soil surface
as mulch. The positive impact on soil moisture during
early spring confirms the results concerning this subject
presented in the literature (Duer, 1996). The soil in the
control, without a catch crop, was generally more moist
during barley tillering than that on which catch crop was
grown. The reason for this variation may be increased
water consumption in the treatment with ploughed
in biomass of the catch crop, resulting from stronger
tillering of barley. This is indicated by a significantly
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higher number of spikes in the catch crop treatment,
compared with the control.

The adverse effect of catch crop on soil
penetration resistance may be due to the lower humidity
discussed earlier, which determines the strength of
binding soil particles. Penetration resistance value
increases along with reducing soil moisture (Vaz et al.,
2011). Studies on the effect of soil compaction on plant
growth indicate that the penetration resistance lower than
2 MPa does not limit the development of roots (Hamza,
Anderson, 2005; Lipiec et al., 2012). In our study, soil
compaction during the growth of barley was less than
2 MPa in the treatments where ploughing was performed.
In the treatment without ploughing, where catch crop was
left through the winter as mulch, penetration resistance
exceeded 2.5 MPa during tillering of barley. It was
mainly because of lack of ploughing. Further increase
in soil compaction occurred at the shooting stage. Thus
soil was too compact in the period of intensive growth of
plants. However, it did not negatively affect the yield of
barley. On the contrary, grain yield in that treatment was
significantly higher than in the control, in the conditions
of less compact soil. This may be due to a better supply
of barley with nutrients, especially N_. (Fig. 1).

Yield of spring barley. The impact of a catch crop
on the soil conditions in the autumn and during the spring
barley growth was ambiguous. However, the effect of a
catch crop on the yield of spring barley was definitely
positive. This may be due to an improvement in such soil
properties which most strongly influence the growth of
plants. An increased content of N . was noted during
barley emergence and tillering. It was particularly high
in the soil where the catch crop was left for the winter
as mulch (11.1-24.9 mg kg' N . of soil). Moreover, a
positive effect on the initial growth of this plant could
have resulted from higher soil moisture in the treatments
with the catch crop and lower penetration resistance in
the layer of 15-25 c¢m in the treatment with ploughed in
biomass in this period. The positive impact of this factor
on the growth of barley is shown by a significantly higher
number of spikes in barley grown after the catch crop
ploughed in than in the control. The method and time
of mixing the catch crop with the soil did not affect the
number of plants. However, the delay in emergence in
the treatment with mulch resulted in reduced tillering
of barley and producing less spikes, as compared with
the treatment with ploughed in biomass of field pea.
Nonetheless, the yield of barley grown with catch crop
mulch was as high as in the treatment with ploughed in
biomass. This was possible thanks to an increase in 1000
grain weight. Biomass mixed with the soil in early spring
decomposed throughout the growth of barley and allowed
elements released to improve the plant properties formed
at the end of the growing season.

Conclusions

1. The catch crop contributed to the improvement
of soil properties in the early spring as well as during the
growth of spring barley and as a result, it significantly
increased grain and straw yield. Particularly noteworthy
is the increase in soil moisture and the content of mineral
nitrogen (N__ )in the arable layer of soil covered with mulch
over winter measured in the early spring. The improvement
of soil properties contributed to the increase in grain yield
by 6.3-8.4% as compared with the control.

2. The catch crop significantly increased
soil microbiological activity measured as fluorescein
sodium salt hydrolysis (FDAH) and dehydrogenase
(DH) activities, as compared with the control. Generally,
mulched field pea had a greater stimulatory effect on soil
biological properties compared with the same catch crop
ploughed in in the autumn.

3. The negative aspects of the catch crop may
include short-term reduction in humidity and increased
compaction of the topsoil during autumn.
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Zirniy kaip tarpinio pasélio jtaka i§plautZemio savybéms

ir vasariniy mieziy derliui

E. Wilczewski, A. Piotrowska-Dhugosz, G. Lemanczyk

Technologijos ir gyvybés moksly universitetas, Lenkija

Santrauka

Siuo metu bendrame auginamy emés tkio augaly plote javy dalis yra per didelé, dél to prastéja dirvozemio
savybés ir sunku gauti didelj derliy. Tyrimu siekta nustatyti zirniy kaip tarpinio pasélio jtaka dirvozemio savybéms
ir vasariniy mieziy, auginty javy séjomainoje po tarpiniy paséliy, derlingumui. Buvo tirti $ie tarpinio pasélio
naudojimo variantai: A — trapinis pasélis uzartas rudenj, B — tarpinis pasélis paliktas kaip mulcias Ziemai, C —
kontrolinis variantas (be tarpinio pas¢lio). Bandymai vykdyti iSplautzemyje (ID) pagal randomizuoto bloko schemga.
UZarta tarpinio pasélio masé zZymiai padidino dirvozemio virSutinio sluoksnio drégmés kiekj ir sumazino suslégima
pries vasariniy mieZiy séja. Zirniy kaip tarpinio pasélio panaudojimas dirvozemyje padidino fermenty aktyvuma ir
mineralinio azoto kiekj pries séja bei mieziy kriimijimosi metu. Mul¢io jtaka buvo rySkesné palyginus su variantu,
kuriame biomasé¢ buvo uzarta rudenj. Tarpinis pasélis Zymiai padidino vasariniy mieziy derlinguma labiausiai
dél padidéjusio varpy skaiciaus ir gridy skaifiaus varpoje mieziuose, augintuose po uzarto tarpinio pasélio, ir
deél padidéjusio griidy skaiCiaus varpoje variantuose su muléiu. Dirvozemio fizikinés ir biologinés savybés javy
s¢jomainoje gali smarkiai pageréti dél tarpinio pasélio, ypa¢ panaudoto kaip mulcias.

ReikSminiai zodziai: dirvoZzemio mikroby biomas¢, mulCas, séjamasis zirnis, vasariniai mieZiai, zalioji trasa.
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