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Abstract. Comparative investigation of ploughless tillage, ploughless tillage with cover crop for green manure
and cover crop for winter mulch without autumn tillage was carried out in 2007-2010 at the Joniskélis
Experimental Station of the Lithuanian Research Centre for Agriculture and Forestry. The soil of the
experimental site was clay loam. The cover crop (mixture of white mustard and oilseed radish) was sown after
spring barley harvesting and stubble cultivation. Ploughless tillage and cover crop incorporation for green
manure were performed by a combined stubble cultivator at 10-12 cm depth in the autumn. The cover crop for
winter mulch was left without any tillage in the autumn. The field pea was sown in the following spring. The
biomass yield of the cover crop was highly dependent on the year weather conditions during the autumn. Due to
the application of the cover crop for winter mulch without any autumn tillage the field pea grain yield was
reduced significantly compared to ploughless tillage. Post harvest cultivation of the cover crop and shallow
incorporation of its biomass for green manure or leaving for mulch during winter reduced the migration of
accumulated mineral nitrogen from topsoil into subsoil.
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Introduction

One of the most important means of land use is an appropriate tillage system. If conventional
ploughing is applied as the main tillage method, a lot of energy and time costs are required. Searching
of the possibilities to reduce tillage is conditioned by several factors: the necessity of retaining organic
materials in soil, new environmental requirements, increasing costliness of energy sources, etc. [1; 2].
Having performed investigations in different countries it was established that the efficiency of reduced
primary tillage depended on the soil and climatic conditions, type of crops cultivated and other factors
[1; 3-5].

While reducing the intensity and depth of tillage, biological means become very important in
reducing soil degradation. Cover crops can loosen an untilled layer of soil biologically by their strong
roots [6-8]. A long lasting period between harvesting of the main crops and sowing of spring crops,
when a field is left without plants, determines a possibility of soil physical, chemical and biological
degradation. In terms of environmental protection an important function of cover crops is to assimilate
mineral nitrogen that was left in soil unused by the main crops and to protect it from leaching and
waters — from pollution as well as to retain an important nutrition element for plants. Expanding the
diversification of crops, speeding up the deterioration of their residues and improving their
phytosanitary condition is also a very important purpose of the plants cultivated as cover crops [3; 9-
16]. In order to improve the environmental condition and reduce soil degradation after the cultivation
of cover crops left over winter the so called mulch sowing is becoming more popular. It allows further
simplification of tillage, extending the improving biological impact of cover crops and the protection
of soil against negative environmental factors [6; 2; 15].

The research objective is to establish the influence of the technological combinations of
ploughless tillage with the cultivation of cover crops after the main crop harvesting on the
accumulation of mineral nitrogen in soil, the variation of field pea productivity, the need of energy
costs and the maintenance of productive and safe biocenosis.

Materials and methods

Soil. The field experiments were carried out in 2007-2010 at the Joniskélis Experimental Station
of the Lithuanian Research Centre for Agriculture and Forestry in clay loam on silty clay Endocalcari
Endohypogleyic Cambisol. The clay particles <0.002 mm in Aa horizon (0-30 cm) accounted for
27.0 %, and in B, horizon (52-76 cm) — 51.6 %. The topsoil agrochemical characteristic was:
pHka — 6.4, mobile P,O5 and K,O — 118-120 and 240-265 mg-kg'l of soil respectively, humus —
2.1-2.2 %.
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Experimental design and practices. Tillage methods and their combinations with cover crops were
analysed: 1) ploughless tillage at 10-12 cm depth; 2) ploughless tillage at 10-12 cm depth with cover
crop biomass incorporating as green manure in the autumn; 3) cover crop leaving over the winter as
mulch without tillage in the autumn. The experiments were carried out in the following crop rotation:
field pea— winter wheat— spring oilseed rape— spring barley. The research treatments were
randomized with four replications. The size of the record plots was 13 x 2.3 = 29.9 m’. After spring
barley harvesting white mustard cv. Braco (10 kg-ha' of seeds) and oilseed radish cv. Rufus
(13 kg-ha™ of seeds) mixture was cultivated as a cover crop. It was sown by the Amazone D7 drilling
machine right after spring barley harvesting and stubble cultivation. The straw of spring barley was
chopped during harvesting and incorporated into the soil during stubble cultivation by a combined
stubble cultivator SL-2.5 at 6-8 cm depth. Ploughless tillage (treatment 1) was carried out by the same
combined cultivator. The cover crop for green manure was chopped late in the autumn and
incorporated into the soil by the combined cultivator SL-2.5 (treatment 2). The cover crop plants
(treatment 3) were left over the winter for mulch without autumn tillage. They got frozen by spring
and their residues covered the soil surface. After the application of the analysed means field pea cv.
Tinker was grown having sown at a rate of 1.2 million of fertile seeds per ha by the Amazone D7
drilling machine.

Experimental methods and assessments. The soil samples to establish the amount of mineral
nitrogen were taken early in spring. The amount of mineral nitrogen was established by the following
methods: N-NO; — ionometric; N-NH, — spectrophotometric. The yield of field pea grain was
calculated at a standard 15 % moisture rate. The results were processed by the variance analysis using
the software ANOVA.

Results and discussion

White mustard dominated in the cover crop of white mustard and oilseed radish mixture
cultivated after spring barley. White mustard accounted for 78.7-78.8 % of the total number of plants
in the crop and 69.8-69.9 % of the dry mater yield of the cover crop biomass (Table 1). The total
biomass yield of the cover crop depended substantially on the climatic conditions of certain years and
ranged from 0.19 t-ha”' in an unfavourable year to 3.7 t-ha” in a favourable year (data not shown).
That implies that under the conditions of northern Lithuania, if the mixture of white mustard and
oilseed radish is cultivated after spring barley harvest as a cover crop, there is no possibility to achieve
high biomass yields of it on the regular basis.

Table 1
Structure and productivity of cover crop
Average 2006-2009
Crop Plant Dry matter % Biomass yield
Technology . count per LU dry matter
dominants 2 in biomass 1

m Mg-ha

Ploughless tillage with white mustard 130 11.4 0.88
cover crop oil radish 35 9.7 0.38

for green manure total crop 165 — 1.26
C f Ich white mustard 143 10.8 0.86
OVET CTop 1Or MUl oil radish 39 9.1 0.37

without tillage

total crop 182 — 1.23

The mineral nitrogen concentration established in spring before sowing of field pea in the topsoil
layer (0-30 cm) did not depend substantially on ploughless tillage and its combinations with cover
crops (Table 2). The application of ploughless tillage with the incorporation of cover crop as green
manure and leaving the cover crop as mulch over the winter without autumn tillage resulted in a
significant decrease of mineral nitrogen concentration in the subsoil layer (31-60 cm) by 25.1 and
25.0 % respectively compared to ploughless tillage without cover crop. These results indicate that the
cover crops fixed the residual nitrogen from the soil after the main crop cultivation within its biomass
and prevented it from migration from the topsoil to the subsoil layer.
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The use of residual nitrogen to grow the cover crop biomass during the post harvest period and the
reduction of mineral nitrogen migration into deeper layers of soil during the intensive leaching regime
period (in late autumn and in early spring) is important in terms of environmental protection. With the
decomposition of cover crop biomass nitrogen is returned into soil. That ensures the uniformity
nitrogen metabolism [5; 7; 9; 12; 16].

Table 2
Accumulation of mineral nitrogen in the soil
Average 2007-2010
Depth of Mineral nitrogen
Technology soil layers mg-kg” of relative
cm soil figures
Ploughless tillage 7.26 100
Ploughless tillage with cover crop for green 0-30 6.49 39 4
manure
Cover crop for mulch without tillage 7.31 100.7
LSDys - 1.765 -
Ploughless tillage 7.44 100
Ploughless tillage with cover crop for green 31-60 5.57 74.9
manure
Cover crop for mulch without tillage 5.58 75.0
LSDys — 1.420 -
Ploughless tillage 7.35 100
Ploughless tillage with cover crop for green 0-60 6.03 820
manure
Cover crop for mulch without tillage 6.45 87.8
LSDys - 0.870 -

Our research showed that the field pea cultivated after the cover crop was sensitive to the
reduction of tillage intensity. Having left the cover crop over winter for mulch without any tillage in
the autumn resulted in a field pea grain yield which was significantly lower by 24.1 % compared to
ploughless tillage without cover crop (Table 3). The incorporation of the cover crop biomass as green
manure had no significant influence on the field pea yield when ploughless tillage had been applied.
The application of catch crop as green manure is less relevant for field pea as leguminous plant.

The impact of cover crops, used as green manure, on nitrogen management has gained the most
attention, because nitrogen is the most limiting nutrient in production of the crops grown. The
application of green manure allows more uniform provision of crops with nitrogen [10; 16]. However,
field pea requires a limited amount of nitrogen but it is sensitive to reduced tillage. Baigys at al. [9]
indicated that field pea yield under the conventional ploughing amounted to 3.38 t-ha™ and was by
34.7 % higher compared to shallow ploughing, and by 11.9 % higher compared to direct drilling.
Therefore, the use of cover crop plants as mulch and leaving it over winter without any tillage in the
autumn should be applied to the crops less sensitive to reduced tillage.

Table 3
Field pea grain yield
Average 2007-2010
Grain yield Relative
Technology Mg-ha™ figures
Ploughless tillage 2.90 100
Ploughless tillage with cover crop for green manure 2.63 90.7
Cover crop for mulch without tillage 2.20 75.9
LSDys 0.386 -

The application of the combination of ploughless tillage and cover crop as green manure results in
a diesel fuel cost increase by 32.7 % and leaving of the cover crop as mulch over the winter without
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autumn tillage demonstrates a 67.3 % decrease compared to ploughless tillage (Table 4). Leaving of
the cover crop over the winter saves 17.4 % of the total energy costs, however, the technology of
cultivating and incorporating the cover crop as green manure requires 82.6 % more of these energy
costs compared to ploughless tillage without cultivating cover crops.

Table 4
Energy evaluation of post harvest cover crop technologies
. -1 '_
Techn(()ilogy Labour | Diesel Energy costs MJ-ha Effi- In;ll
anc effi- fuell . ciency cator
composition . . in- human h of cost
ciency costs direct . total | coeffi-
of bl -1 direct work . economy
. ha‘h I-ha cient
implements Yo
*Ploughless
tillage with
MTZ-1025 + 0.87 10.7 850.7 121.9 49.9 1022.5 1.0 -
SL-2.5 at
12 cm depth
**Ploughless 0.87 10.7 850.7 121.9 49.9 1022.5 1.0 -
tillage with
MTZ-1025 +
SL-2.5 at
12 cm depth
and cover crop
sowing with
MTZ-952 +
Amazone D7 2.8 3.5 753.3 75.5 15.5 844.3 | 0.826 17.4
Total: 3.24 13.0 1604.0 | 1974 65.4 1866.8 | 1.826 -82.6
***Cover crop
sowing with
MTZ-952 + 2.8 35 753.3 75.5 15.5 844.3 | 0.826 17.4
Amazone D7

Technologies: * — ploughless tillage; ** — ploughless tillage with cover crop for green manure;
*#*%* _ cover crop for mulch without tillage.

Conclusions

1.

The cultivation of the white mustard and oilseed radish mixture as a cover crop during the post
harvest period and shallow (10-12 cm) incorporation of its biomass as green manure or leaving it
for mulch during winter reduced the migration of accumulated mineral nitrogen from topsoil into
deeper soil layers compared to ploughless tillage without a cover crop.

The cover crop incorporation as green manure during ploughless tillage did not determine the
field pea yield significantly. Leaving of the cover crop as mulch during winter without any
autumn tillage reduced the field pea yield significantly compared to ploughless tillage without a
COVer crop.

The cultivation of field pea after spring barley and the incorporation of the biomass of the post
harvest white mustard and oilseed radish mixture as a cover crop during ploughless tillage is an
effective environmental means reducing the possibility of nitrogen leaching apart from the
increased energy costs. The application of the cover crop as mulch during the winter without
autumn tillage is important in terms of environmental protection and saves energy costs for
tillage, however reduces the field pea yield significantly.
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