University of Technology and Agriculture, Bydgoszcz, Poland

EFFECTS OF INTERCROP PLANTS IN STUBBLE
AND ORGANIC FERTILIZATION ON THE HEALTH
OF ROOTS OF SPRING BARLEY IN CEREAL
CROP ROTATIONS

G. Lemanczyk and E. Wilczewski

Abstract

In 1997-2000, the effects of plants (white mustard, fodder radish, oilseed rape,
sunflower or phacelia) grown in wheat stubble between cereal crops and fertilized
with cattle slurry or wheat straw on the health of roots of spring barley were evalu-
ated. There were positive effects of plants grown in the intercrop stubble and of
straw fertilization on the amount of disease necrosis on barley roots. There was
least disease after the cruciferous plants, i.e. fodder radish, oilseed rape and white
mustard. There was often least disease after straw application, especially in barley
grown after phacelia. There was usually more disease after application of cattle
slurry. The pathogens occurring in infected barley roots were predominantly
Bipolaris sorokiniana and Fusarium species, particularly F. culmorum, while Rhizoctonia
solani was isolated less frequently.

Key words: fertilization, fungi, health status, spring barley, stubble intercrop,
straw, slurry

Introduction

Numbers of cattle, sheep and horses have been decreasing systematically in Po-
land over the last 20 years. This is being followed by a reduction in the area of fod-
der crops, particularly of small- and large-seeded leguminous plants and mangels.
The vacated land is being used for growing cereals. The proportion of cereals in the
crops grown has recently increased greatly and, in 2002, reached 77.1% of agricul-
tural land (Statistical yearbook 2004). It seems that the tendency to grow more ce-
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reals is irreversible and currently there is no chance to return to the more optimal
proportion of cereals in the cropping structure as recorded in 1980 (54% land un-
der cereals).

Frequent growing of cereals in rotations can cause deterioration in the biologi-
cal properties of soil. This includes increased occurrence of fungal diseases (Miko-
tajska and Majchrzak 1996, Kurowski 2002, Lemanczyk and Sadowski 2002), of
pests (Kornobis et al. 1980, Glaba 1986), of weeds (Dworakowski 1998, Wojcie-
chowski and Zawieja 1999, Jaskulski and Jaskulska 2004) and of toxic compounds
secreted by plants and toxic products occurring as a result of decomposition of
organic debris (Duer 1997, Wéjcik-Wojtkowiak 1997, Jaskulski and Jaskulska
2004). These biotic, and other, abiotic, factors negatively affect the growing condi-
tions, health and yield of cereals grown successively.

The system of cultivation affects both the populations of plant pathogens and
the communities of antagonistic rhizosphere microorganisms. In undisturbed
“natural” soil, both groups of microorganisms remain in an equilibrium that de-
pends on many factors, e.g. organic fertilization and plant species grown.
Ploughing-in manure, or green-manure plants grown in the intercrop period, un-
der cereals or break crops favours the development of mycorrhiza and increases
populations of bacteria and other soil saprotrophs that are often antagonistic to-
wards pathogens, particularly in the roots. Organic fertilization decreases the vig-
our of soil pathogens, helping to maintain a biological equilibrium in the soil
(Cook 1980, Mikotajska and Majchrzak 1996).

The aim of the study was to evaluate fodder and other crops, grown in the
intercrop period in the stubble left after winter wheat, with different methods of
fertilization, on the health of roots of spring barley. The hypothesis being tested is
that introducing organic matter into soil increases its biological activity and indi-
rectly affects the health of roots of spring barley.

Materials and methods

Studies were carried out in 1997-2000 at the Mochetek Experimental Station in
the vicinity of Bydgoszcz (17°51’E, 53°13’N). Field experiments were established
in 15 m? plots in four replicate blocks, on lessivé soil developed from strongly
clayed sand belonging to a very good rye complex. The experiment was conducted
on plots with the following sequence: spring barley — winter wheat, stubble
intercrop — spring barley. No lime or organic fertilizers had been applied for four
years before starting the research.

The target crop was spring barley cv. ‘Maresi’. The experiments included two
factors:

1) type of intercrop plant grown:

a) winter oilseed rape cv. ‘Bolko’ (Brassica napus, Brassicaceae),
b) fodder radish cv. ‘Adagio’ (Raphanus sativus var. oleiformis, Brassicaceae),
c) white mustard cv. ‘Nakielska’ (Sinapis alba, Brassicaceae),
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d) phacelia cv. ‘Stala’ (Phacelia tanacetifolia, Hydrophyllaceae),
e) sunflower cv. ‘Wielkopolski’ (Helianthus annuus, Asteraceae),
f) control, with no intercrop plant grown,

2) type of fertilization applied under the intercrop plants:

a) control, with only mineral fertilization that included 80 kg N per 1 ha, 60
kg P,O; per 1 ha and 80 kg K,O per 1 ha,

b) cattle slurry + mineral fertilizers supplement to 60 kg P,O; per 1 ha and 80
kg K,O per 1 ha,

c) wheat straw + mineral fertilizers supplement to 80 kg N per 1 ha, 60 kg
P,O; per 1 ha and 80 kg K,O per 1 ha.

The slurry dose depended on the content of nitrogen so as to make the dose of
nitrogen being introduced, having accounted for nitrogen equivalents, correspond
to 80 kg of nitrogen per 1 ha. Straw, left after winter wheat harvest, was crushed
and supplemented with 5 kg of nitrogen per 1 ha per 1 t. The shortage of nutrients
was compensated with pre-sowing mineral fertilizers up to 80 kg/haof N, 60 kg/ha
of P,O; and 80 kg/ha of K,O. Mineral fertilization only constituted the control.

An evaluation of the health of barley roots was carried out during seedling
growth (growth stage, GS, 13-14), stem elongation (GS 34-36) and at milk-dough
ripeness (GS 75-83) (Zadoks et al. 1974). On each occasion, 30 randomly chosen
plants from each plot were assessed. The amount of disease was estimated using a
0-4 scale (Lemanczyk and Sadowski 2002). Disease levels were converted to a dis-
ease index using the formula of Townsend and Heuberger (Wenzel 1948):

>nxv
DI =" % 100%
X N

i — highest level of infection,

n — number of plants infected for a given infection level,
v — infection level (0-i),

N - total plant number sampled.

Conclusions were based on analysis of variance using Tukey’s method.

Colonization of roots by fungi was checked at the stem elongation and ripening
stages on randomly chosen roots with disease symptoms. Due to disease symp-
toms on roots of plants cultivated in every combinations looked similarly, the col-
lecting sample was prepared that cantained few plants from each combination. On
each occasion, a 5-mm-long root piece was cut from the upper part of the root sys-
tem of each of 100 plants. Each set of root pieces was washed in running water for
45 min, disinfected in 75% ethanol for 5 s and in 0.01% HgCl, for 15 s, rinsed three
times for 10 min in sterile distilled water and dried in sterile filter paper. Each root
piece was put onto potato dextrose agar (PDA, Difco; pH 5.5). There were 100 root
pieces per plot. After incubation for 7-14 days at 25°C, the plates were examined
microscopically. Sporulating fungi were identified. Further subcultures on PDA
(slants) were made as necessary. Detailed agronomic and technical procedures are
described by Lemanczyk et al. (2001).
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There were different meteorological conditions in the years of the study. The
highest rainfall during growth of the barley was recorded in 1998, and the smallest
in 2000. The highest average temperatures during the growing season were re-
corded in 1999 and 2000.

Results

The results of studies over four years showed some positive effects of the
intercrop plants grown in wheat stubble and of organic fertilization on the health
of spring barley roots. The effects were not always statistically significant and dif-
fered among years and growth stages. Significant differences were observed partic-
ularly at the end of the growing season.

During seedling growth there was little disease. Most symptoms of root rot
were observed in 1998 and least in 1999 (Table 1). Statistical analysis of results
from all four years showed a significant effect of organic fertilization only when
barley was grown after white mustard or sunflower and in the control. Cattle slurry
fertilization or wheat straw applied to plots after no intercrop plants gave least dis-
ease. Where neither slurry nor wheat straw was applied, intercrop plants, particu-
larly white mustard and fodder radish, improved the health of barley roots
significantly. In plots fertilized with cattle slurry, least disease was observed after
sunflower and most after oilseed rape or phacelia. Where straw was applied, there
was least disease in barley after fodder radish and in the control and significantly
more symptoms after sunflower or oilseed rape.

A statistically significant effect of organic fertilization on the health of barley
roots was observed during the stem elongation stage (Table 2). On average, there
was least disease after application of straw and most after slurry fertilization. A
particularly strong effect of organic fertilization (straw) was observed after sun-
flower and in the control with no plants grown in the stubble. Significant effects of
intercrop plants were observed only in 1997 and 1998.

At the milk- and dough-ripe stages, there were significant effects of fertilization
applied and of intercrop plants on disease of barley roots. Most disease was ob-
served in the control, and there was significantly less after fodder radish or oilseed
rape (Table 3). The effects of intercrop plants were particularly strong in the con-
trol with no organic fertilization, where most disease on barley roots occurred after
phacelia and in the control (with no intercrop plant) and there was significantly
less after fodder radish than in the control. The mean values show more disease af-
ter slurry fertilization than with mineral fertilization only or with wheat straw. The
positive effect of straw was particularly strong after phacelia. There was signifi-
cantly more disease after slurry fertilization than with mineral-only or straw fertil-
ization except after oilseed rape.

Mycological analysis of roots were carried out from collecting sample, because
of similar disease symptoms in every combination. At the stem elongation stage,
barley roots with disease symptoms had been colonized by pathogenic fungi,
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Table 1
Disease index of spring barley roots during seedling growth (%)
Stubble intercrop plant
Fertilization oilseed | fodder white .
rape radish mustard phacelia | sunflower | control mean

1997
Mineral 2.0 3.3 2.3 3.3 3.0 4.3 3.1
Slurry + mineral | 2.7 3.3 1.3 3.3 1.7 3.7 2.7
Straw + mineral | 2.3 1.3 2.7 3.7 3.7 3.0 2.8
Mean 23AB | 2.7AB 2.1A 3.4 BC 28ABC | 3.7C 2.8
LSD, o for factor: I =0.99, II = nsd, II*I = nsd, I*II = nsd

1998
Mineral 10.7 4.3 53 5.0 4.7 7.0 6.2b
Slurry + mineral | 6.7 3.7 3.7 5.3 1.7 2.3 39a
Straw + mineral |10.3 6.3 6.7 53 8.0 4.3 6.8b
Mean 9.2B 4.8 A 5.2 AB 5.2 AB 4.8 A 4.6 A 5.6
LSD, s for factor: 1 =4.12, I = 2.22, II*I = nsd, I*II = nsd

1999
Mineral 0.0 0.0 0.0 0.3 1.0 0.3 0.3
Slurry + mineral | 0.7 0.3 0.3 0.0 0.3 0.0 0.3
Straw + mineral | 0.3 1.7 0.3 1.0 0.7 0.7 0.8
Mean 0.3 0.7 0.2 0.4 0.7 0.3 0.4
LSD, s for factor: I = nsd, II = nsd, II*I = nsd, I*II = nsd

2000
Mineral 2.7AB | 4.0AB 23A 3.3AB 3.7 ABab| 5.3 B 3.6
Slurry + mineral | 3.0AB | 4.0 AB 1.7A 4.0 AB 1.7 Aa 4.7B 3.2
Straw + mineral | 3.7AB | 1.7A 3.3AB 4.3 AB 4.7 Bb 33AB | 35
Mean 3.1 3.2 2.4 3.9 3.3 4.4 3.4
LSD, s for factor: I = nsd, II = nsd, II*I = 2.50, I*Il = 2.28

Mean
Mineral 38AB | 29A 2.5 Aab 3.0AB 3.1ABb | 43Bb | 3.3
Slurry + mineral | 3.3 C 2.8 BC 1.8 ABa 32C 1.3 Aa 2.7BCa| 2.5
Straw + mineral | 4.2 B 2.8A 3.3 ABb 3.6 AB 4.3 Bb 2.8 Aa 3.5
Mean 3.8 2.8 2.5 3.3 2.9 3.3 3.1

LSD, s for factor: I = nsd, II = nsd, II*I = 1.25, I*Il = 1.35

Means followed by different letters differed significantly (capital letters indicate a significant effect
of intercrop plant, lower-case letters indicate a significant effect of organic fertilization).

I - stubble crop, II - fertilization.

nsd - non significant difference.
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Table 2
Disease index of spring barley roots at the stem elongation stage (%)
Stubble intercrop plant
Fertilization oilseed fodder white .
rape radish mustard phacelia  |sunflower| control | mean

1997
Mineral 9.4 11.1 16.1 12.2 16.7 16.7 13.7b
Slurry + mineral| 8.9 9.4 11.1 13.9 16.7 16.1 12.7 ab
Straw + mineral| 7.8 8.3 11.1 7.8 10.6 9.4 92a
Mean 8.7A 9.6 A 12.8 AB 11.3 AB 14.6 B 14.1B 11.9
LSD, s for factor: I =5.23, II = 3.97, II*I = nsd, I*II = nsd

1998
Mineral 4.6 7.5 7.1 6.7 6.7 5.0 6.3
Slurry + mineral| 7.1 9.6 7.9 10.4 5.8 6.7 7.9
Straw + mineral| 6.7 AB 6.3 AB 10.4 BC 12.1C 54A 7.1 AB 8.0
Mean 6.1A 7.8 ABC| 85BC 9.7C 6.0A 6.3AB| 7.4
LSD, s for factor: 1 = 2.31, II = nsd, II*I = nsd, I*II = 4.70

1999
Mineral 27.9 25.8 22.5 21.3 27.1 26.3 25.1b
Slurry + mineral| 25.8 25.4 25.8 242 25.8 23.3 25.1b
Straw + mineral | 23.3 21.3 21.7 19.2 24.6 20.4 21.7a
Mean 25.7 24.2 23.3 21.5 25.8 23.3 24.0
LSD, s for factor: I = nsd, II = 3.60, II*I = nsd, I*II = nsd

2000
Mineral 7.5 5.0 6.3 6.3 5.8 6.3 6.2
Slurry + mineral| 8.3 5.4 7.1 6.7 5.4 8.3 6.9
Straw + mineral| 7.9 7.1 7.1 54 6.7 8.8 7.2
Mean 7.9 5.8 6.8 6.1 6.0 7.8 6.7
LSD, s for factor: I = nsd, Il = nsd, II*I = nsd, I*II = nsd

Mean
Mineral 12.4 12.4 13.0 11.6 14.1b 13.5b 12.8 ab
Slurry + mineral| 12.5 12.5 13.0 13.8 13.4ab | 13.6b 13.1b
Straw + mineral | 11.4 10.7 12.6 11.1 11.8a 11.4a 11.5a
Mean 12.1 11.9 12.8 12.2 13.1 12.9 12.5
LSD, s for factor: 1 = nsd, Il = 1.36, II*I = 1.89, I*II = nsd

Means followed by different letters differed significantly (capital letters indicate a significant effect
of intercrop plant, lower-case letters indicate a significant effect of organic fertilization).

I - stubble crop, II - fertilization.

nsd - non significant difference.
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Table 3
Disease index of spring barley roots at the milk-dough ripe stage (%)
Stubble intercrop plant
Fertilization | | fodder white .
oilseed rape radish mustard phacelia  |sunflower | control | mean
1997
Mineral 16.3 14.2 16.3 15.8 16.7 17.9 16.2
Slurry + mineral| 18.3 15.0 13.8 17.5 18.8 24.6 18.0
Straw + mineral | 17.1 15.4 24.2 18.3 17.5 18.3 18.5
Mean 17.2 14.9 18.1 17.2 17.6 20.3 17.5
LSD, s for factor: I = nsd, II = nsd, II*I = nsd, I*II = nsd
1998
Mineral 37.9 34.6 39.6 43.3 37.5 37.5 38.4
Slurry + mineral| 41.7 38.3 46.3 44.2 40.8 40.0 41.9
Straw + mineral | 40.0 37.5 42.1 42.1 39.2 40.8 40.3
Mean 39.9 36.8 42.6 43.2 39.2 39.4 40.2
LSD, s for factor: 1 = nsd, II = nsd, II*I = nsd, I*II = nsd
1999
Mineral 21.3 24.2 22.5a 342 b 21.3 31.3 258 a
Slurry + mineral| 25.8 29.6 36.7b 35.0b 27.9 36.3 319b
Straw + mineral | 25.4 24.2 25.0 ab 17.5a 22.1 25.0 232 a
Mean 24.2 26.0 28.1 28.9 23.8 30.8 26.9
LSD, s for factor: I = nsd, II = 5.84, II*I = 13.86, I*II = nsd
2000
Mineral 33.8 ABab| 28.3 Aa 36.3 AB 38.8 AB 31.3AB | 404B | 348a
Slurry + mineral| 38.8 b 40.4b 36.7 41.3 37.5 40.8 39.2b
Straw + mineral | 26.3 Aa 33.3 ABab| 36.7 AB 32.5 AB 41.7B 379B | 34.7a
Mean 32.9 34.0 36.5 37.5 36.8 39.7 36.3
LSD, ,, for factor: I = nsd, Il = 4.21, II*I = 10.60, I*Il = 11.25
Mean
Mineral 27.3 AB 25.3 Aa 28.6 ABa 33.0 Bb 26.7 ABa| 31.8Babl 28.8a
Slurry + mineral| 31.1 30.8b 333D 345b 313b 354b | 32.7b
Straw + mineral | 27.2 27.6 ab 32.0 ab 27.6 a 30.1ab | 30.5a | 29.2a
Mean 28.5A 27.9 A 31.3 AB 31.7 AB 29.3AB | 32.6 B | 30.2

LSD, ,, for factor: 1= 3.94, 11 = 2.02, II*I = 4.49, IIl = 6.30

Means followed by different letters differed significantly (capital letters indicate a significant effect
of intercrop plant, lower-case letters indicate a significant effect of organic fertilization).

I - stubble crop, II - fertilization.

nsd - non significant difference.
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Table 4
Fungi isolated from spring barley roots at the stem elongation stage (%)
. Year
Species Mean
1997 1998 1999 2000

|Acremonium strictum - 6.4 - - 1.6
Alternaria alternata - 2.1 53 1.3 2.2
Aspergillus niger - - 2.6 - 0.7
|Aureobasidium bolleyi - 2.1 25.0 - 6.8
Bipolaris sorokiniana 1.4 19.1 - 26.6 11.8
Cladosporium herbarum - - 9.2 1.3 2.6
Epicoccum purpurascens - - 5.3 8.9 3.5
Fusarium avenaceum - 4.3 2.6 - 1.7
Fusarium culmorum 5.6 14.9 1.3 - 5.4
Fusarium equiseti - - - 13.9 3.5
Fusarium oxysporum 8.3 8.5 5.3 - 5.5
Fusarium poae 5.6 4.3 - - 2.5
Fusarium solani 2.8 6.4 - 8.9 4.5
Fusarium sp. 8.3 - - - 2.1
Mucor spp. 8.3 6.4 5.3 2.5 5.6
Nigrospora sphaerica - - 2.6 - 0.7
Paecilomyces lilacinus - - 1.3 - 0.3
Penicillium spp. 45.8 6.4 10.5 3.8 16.6
Periconia macrospinosa - - 3.9 10.1 3.5
Phoma spp. 5.6 2.1 - 8.9 4.1
Rhizoctonia solani - - 1.3 - 0.3
Rhizopus nigricans - 2.1 - - 0.5
Trichoderma harzianum - - 1.3 - 0.3
Trichoderma koningii 6.9 6.4 6.6 - 5.0
Trichoderma polysporum - - 1.3 - 0.3
Trichoderma viride 1.4 2.1 - - 0.9
Non-sporulating mycelium - 6.4 9.2 13.9 7.4
Total number of isolates 72 47 76 79 274

mainly Fusarium species and Bipolaris sorokiniana (Table 4). Fungi from the genus
Fusarium accounted for 25.2% of the fungal isolations. The most common species
were F. oxysporum (5.5%) and F. culmorum (5.4%), followed by F. solani (4.5%), F.
equiseti (3.5%), F. poae (2.5%) and F. avenaceum (1.7%). Bipolaris sorokiniana in-
creased over the four years, averaging 11.8%. This fungus formed a particularly
large part of the community in 1998 (19.1%) and 2000 (26.6%) but was not found
at all in 1999. Rhizoctonia solani was isolated only in 1999 when it accounted for
1.3% of isolations.
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Table 5
Fungi isolated from spring barley roots at the milk-dough ripe stage (%)
Species Year Mean
1997 1998 1999 2000

|Alternaria alternata 5.4 - 1.1 - 1.6
Aspergillus niger - - 4.2 - 1.1
Aureobasidium bolleyi - 6.2 - 8.0 3.5
Bipolaris sorokiniana 5.4 21.5 - 22.0 12.2
Botrytis cinerea - - 1.1 - 0.3
Cladosporium herbarum - 3.1 - 4.0 1.8
Fusarium avenaceum 23.2 - 2.1 - 6.3
Fusarium culmorum 26.8 16.9 15.8 8.0 16.9
Fusarium equiseti 7.1 - 6.3 16.0 7.4
Fusarium oxysporum 5.4 9.2 13.7 - 7.1
Fusarium poae 1.8 - - - 0.4
Fusarium solani 3.6 6.2 8.4 16.0 8.5
Gliocladium catenulatum - 7.7 2.1 4.0 3.4
Gliomastix murorum - 10.8 - - 2.7
Mucor spp. - - 5.3 - 1.3
Penicillium spp. 8.9 3.1 10.5 4.0 6.6
Periconia macrospinosa - 6.2 - 6.0 3.0
Rhizopus nigricans - 4.6 - - 1.2
Trichoderma harzianum - - 1.1 - 0.3
Trichoderma koningii - - 15.8 2.0 4.4
Trichoderma viride - - 11.6 - 2.9
Non-sporulating mycelium 12.5 4.6 1.1 10.0 7.0
Total number of isolates 56 65 95 50 266

At the milk- and dough-ripe stages, the dominant pathogenic fungi were Fusarium
species, which accounted for 46.6% of isolations (Table 5). The most common was
F. culmorum (16.9% on average), particularly in 1997 (26.8%). The occurrence of B.
sorokiniana amounted to an average of 12.2% of all fungi isolated. It was very com-

mon in 1998 (21.5%) and 2000 (22.0%) but did not occur at all in 1999.

Discussion

The results presented show that the main pathogens occurring on spring barley
roots with root-rot symptoms were Fusarium species and B. sorokiniana. They were
recorded in each year and at all growth stages. Their occurrence on barley roots
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was observed also by Pua and Pelletier (1985), Manka (1989), Windels and
Wiersma (1992), Tyryshkin and Voronkova (1997), Lacicowa and Pieta (1998),
Baturo et al. (2002) and Kurowski (2002). These fungi are considered the most
common pathogens of barley roots.

This study showed a positive effect of the application of wheat straw and a neg-
ative effect of cattle slurry fertilization on the health of spring barley roots. Earlier
studies (Lemanczyk et al. 1999) also showed positive effects of straw and negative
effects of slurry fertilization on the health of the roots of intercrop plants.

Application of straw also increased the health of stem bases of spring barley,
particularly when grown after white mustard, winter oilseed rape or sunflower
(Lemanczyk et al. 2001). Slurry fertilization sometimes decreased the health of
barley stems. Positive effects of slurry were observed only when barley was grown
after white mustard or sunflower.

Positive effects of organic fertilization were shown by Martyniuk (1986), who
claimed that appropriate mineral and organic fertilization of cereals may decrease
or limit the effects of disease. Plants with the correct nutrient supply spread better,
produced more new roots and had tissues more resistant to infection.

Lemanczyk et al. (2001) showed that plants grown in the intercrop stubble af-
ter winter wheat increased to a certain extent the health of stem bases of spring
barley. This positive effect was observed particularly when the intercrop plant was
organically fertilized. Where straw was applied, the health of barley stems in-
creased significantly after sunflower or oilseed rape, and, where slurry was applied,
after sunflower, white mustard or phacelia. The positive effects of plants grown in
intercrop stubble on the health of cereals was observed also by Klima (1993), Ku$
and Jonczyk (2000), Wojciechowski and Zawieja (1999) and Dtuzniewska et al.
(2003).

Considering the plant-health value of the fore-crop, cruciferous plants (Brassi-
caceae) are particularly beneficial. The post-harvest residue or the biomass of the
entire plants may, among other consequences, increase the biological activity in
the soil. This may increase its health-promoting potential, leading to increased
health of cereals grown subsequently. Cruciferous plants are recommended as
those which lessen the negative effects of growing cereals frequently in rotations
(Kirkegaard et al. 1995, Majchrzak et al. 2005). Cruciferous plants contain differ-
ent amounts of the glucosinolates in their tissues. These compounds have rela-
tively low activity. Products of their hydrolysis, particularly isothiocyanates, have,
however, strong activity and inhibit the development of different organisms, in-
cluding bacteria, fungi, nematodes, insects and even germinating seeds (Brown
and Morra 1997, Rosa et al. 1997). After entering the soil in plant debris, iso-
thiocyanates can also affect fungi pathogenic on crop plants grown subsequently.
The presence of the active compounds in the soil decreases the occurrence of some
fungi pathogenic on roots and stem bases of cereals. The strongest inhibitory effect
was observed on Gaeumannomyces graminis and smaller effects on Fusarium, Rhizo-
ctonia solani and B. sorokiniana (Kirkegaard et al. 1995, Sarwar et al. 1998).

The effects of plants grown in intercrop stubble on the yield of spring barley
were not large and differed among years. The highest grain yields were obtained af-
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ter sunflower and phacelia; the yield increase, compared with the control, was,
however, only 3.4%. The effects of both kinds of fertilization from different plants
on the yield of barley grain were insignificant. The results for the grain yield of
spring barley are presented in Skinder and Wilczewski (2004).

Conclusions

1. Considering their regenerating effect in continuous cereals, the cultiva-
tion of plants in intercrop stubble is recommended. Their cultivation after win-
ter wheat improved the health of spring barley roots.

2. The positive effects of intercrop plants grown in stubble on the health
of barley roots was particularly noticeable where organic fertilization was not
applied. Cruciferous plants were particularly beneficial, resulting in healthier
roots of the following barley crop.

3. Straw fertilization of the intercrop plants was significantly beneficial
compared with cattle slurry fertilization. The value of straw fertilization was ob-
served particularly on spring barley grown after phacelia. Where slurry was ap-
plied, more barley root disease was observed.

4. A distinct effect of intercrop plants grown in stubble and of straw and
slurry fertilization on the health of barley was observed particularly at the
milk-ripe and dough-ripe growth stages, when there was most root disease.

5. Bipolaris sorokiniana and Fusarium species, particularly E culmorum, were
isolated from diseased roots of the spring barley.

Streszczenie

WPLYW MIEDZYPLONOW SCIERNISKOWYCH I SPOSOBU
ICH NAWOZENIA NA ZDROWOTNOSC KORZENI JECZMIENIA JAREGO
UPRAWIANEGO W WARUNKACH PLODOZMIANU ZBOZOWEGO

Celem badan prowadzonych w latach 1997-2000 bylo okreslenie regeneru-
jacego wplywu roélin uprawianych w miedzyplonie $cierniskowym, nawozonych
gnojowica bydleca i stoma pszenna, na warto$¢ stanowiska dla jeczmienia jarego.
Oceniano zdrowotno$¢ korzeni jeczmienia uprawianego po gorczycy bialej,
rzodkwi oleistej, rzepaku ozimym, stoneczniku zwyczajnym i facelii biekitnej. Ob-
serwacje prowadzono w fazie wschoddéw, strzelania w Zdzbto i dojrzalosci mlecz-
no-woskowej. Ponadto wykonano analize mikologiczna grzybéw zasiedlajacych
chore korzenie jeczmienia.

Wykazano korzystny wplyw roslin uprawianych w miedzyplonie $cierniskowym
i nawozenia stomg na stan porazenia korzeni jeczmienia. Najmniejsze porazenie ob-
serwowano po roslinach kapustnych, tj. rzodkwi, rzepaku i gorczycy. Istotnie mniej-
sze porazenie stwierdzono po zastosowaniu slomy, zwlaszcza gdy jeczmien
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uprawiano po facelii, a po nawozeniu gnojowicg odnotowano wzrost porazenia. Fi-
tosanitarna warto$¢ przedplonowa stanowiska poréwnywanych gatunkéw roslin
uprawianych w miedzyplonie byla zréznicowana zaréwno w latach, jak i w odpo-
wiednich fazach rozwojowych. Wéréd patogenicznych grzybéw wystepujacych na
porazonych korzeniach jeczmienia dominowaly Bipolaris sorokiniana oraz Fusa-
rium spp., zwlaszcza F. culmorum; znacznie mniej izolowano Rhizoctonia solani.
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