














reliable values. The most successful variants, SP, K and L had the largest surface
cover rate at the end of the experiment.

— After setting up the experiment, the soil where shallow tillage treatments took
place were loosened up to the depth of disturbance which was 10 cm in the case of
SP and K, and 20 cm in the case of HT and HTGY treatments. On the plowed plots,
we experienced loose soil at 25 as well as 32-34 cm in depth, while the effect of the
loosening was not justifiable, since the soil was damper than the optimal at 30 cm.
During the 77 day long experiment, in the top 10 cm soil layer of the untilled stub-
ble (HN), the value of soil resistance reduced from 1.88 to 0.67 MPa, and the loose
soil spread to 30 cm deep. The favorable moisture circulation is one of the positive
results of mulch. The compactness of all treatments eased, in the case of SP it redu-
ced to 51, while the version HTGY reduced to 55%. By the end of the experiment
the loosened soil layer deepened 20 cm in the case of SP and HTGY treatments,
and 10 cm in the case of plot version K. It has not changed for the HT version. The
differences between the treatments did not reach statistically reliable values.

— The clod: crumb: dust ratio in the area of the experimental soil before tillage
was 23:75:2 and by the end of the experiment it changed to 20:70:10 because of
the dust occurrence during the plowing treatments. For soil crumb protection the
mulching SP, K and HTGY treatments qualified as favorable, since in all three vers-
ions crumb ratio was above 70%, moreover it exceeded 80% in the case of SP. The
crumb fraction measured on the undisturbed stubble decreased by 9.2% by the end
of the experiment, which is believed to have occurred due to the reduced cover and
soil moisture. Leveling increased crumb ratio by 15.9% and 27.6% with the two
reversible plow versions including leveling (VSZE and VSZ-SP) compared to the
unleveled plowing (VSZ). The better result of the VSZ-SP version focuses our at-
tention towards a more effective, and better paced plow-leveling. Not with regards

to the crumb and dust fraction, however with the analysis of the clod fraction we
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were able to find statistically reliable differences in value between the several tre-
atment pairs.

— The experiments confirmed the known relationship which exists between inten-
sively disturbed soil and the low earthworm population. At the end of September
during the SP, K and HN treatments 16 to 19 individuals were counted in the top
0-15 cm soil layer per square meter, which was nearly twice the number of indi-
viduals compared to the conventional plowing. In the mid-deeply loosened and
leveled LE version the earthworm count came very close to the earthworm-friendly
SP and K versions, where loose, moist soil structure and a covered surface was the
underlying factor.

— To summarize, by analyzing the characteristics of the condition of the soil,
we can conclude that amongst the shallow tilling treatments the HN, SP, K and
HTGY treatments, and amongst the deep tilling treatments the VSZ-SP, L, and LE
treatments can be worth considering as summer tillage treatments. All examined
parameters in the SP, K and HTGY treatments excelled. The choice between flat
disc (SP) and the cultivator (K) can be influenced by the quality of stubble and
crop residue. In case of more efficient straw chopping and/or less weedy soils the
cultivators would be a better choice. They can be used on a broader range of soil
moisture, compared to flat discs, therefore damp and dry soil can be tilled with less
damage. The flat disc can rather be used for tilling dry and wet soil, however the
danger of dust formation — as shown in our experiment — is plausible. Even thou-
gh the conventional heavy disc harrow with the packer (HTGY) resulted in some
shortcomings with regards to clod crushing and surface covering, it is still a tool
that can be recommended for summer stubble management with a footnote, that we
should always be attentive to the soil moisture. In the rainy season it can effectively
eliminate the tire tracks left during harvest time, but in the 10-cm soil layer it cre-
ates a dense disc pan layer. The undesirable cloding of the soil during the HN and

L method is a concern. In the case of the HN treatment, it seemed that under the
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plant cover the soil was unable to dampen itself as well as during the shallow tillage
treatment where the soil was tender and powdery. The high clod fraction ratio of
treatment L supported earlier findings which confirmed that the soil of the ripening
drilled stubble can be tilled with less energy and better quality, therefore the direct
loosening of the stubble can lead to clodding. At the same time the leveled and
loosened LE treatment, regarding crumbliness, stands closer to the cultivator tilling
technique, and is only second to the deep tilling treatment because of its medium
earthworm activity. Amongst the plowing techniques, the flat disc and leveled tre-
atment (VSZ-SP) showed positive values. Because of the deep soil disturbance, the
earthworm activity was naturally lower, however the crumbliness and soil moisture
was favorable which relates to the leveling of the surface and the green coverage.
Despite all this, summer plowing is a risky intervention and is not considered as a
climate stress mitigating procedure. The deep disturbance of the compact layers of
soil during the period of vegetation, even in the event of immediate leveling, does
not serve the renewal of the soil in the stubble phase. The soil cover which plays an
important role in the surface protection and is an important step in the soil ripening
phase, does not provide protection under the critical summer months.

The analysis of the effect on the characteristics of the soil condition during seve-

ral treatments, are summarized in Table 8.
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Table 8. The ranking of the several treatments in the stubble tillage experiment based

on the characteristics of the soil condition (best 1, weakest 11)

Soil condition characteristics
Treatment Ca?t‘; err Soil ]l?)zl; g:lég Agronomic | Earthworm | Ranking
tilling moisture soil structure count

HN 1 6 3 7 3 3
SP 3 2 1 1 1 1
K 3 3 2 2 2 2
HT 4 8 3 9 9 8
HTGY 5 7 1 5 5 4
SZF NE 11 4 8 11 10
VSZ NE 10 4 10 10 10
VSZE NE 9 4 6 9 9
VSZ-SP NE 5 4 4 6 6
L 2 1 NE 11 4 5
LE 6 4 NE 3 7 7

Treatments: HN: untilled, SP: flat disc, K: cultivator, HT: conventional disc harrow, HTGY: conventional disc har-
row with packer, SZF: conventional plow with rotating element, VSZ: reversible plow, VSZE: reversible plow with
leveler, VSZ-SP: reversible plow and flat disc, L: loosening, LE: loosening and leveling

*NE: not explainable

4.2. Lessons from the stubble drilling experiment

— The discussion of the stubble drilling experiment was sorted into two groups;
stubble stripping (B, E), and direct drilling (A, C, D) variants. Based on the pre-
cipitation of 2008, after setting up the experiment, it was agreed that for direct
drilling parcels 60-70%, and for stubble stripping treatments 45-55% would be the
acceptable value for coverage. In the experimental period of the next year, 186 mm
of less rain fell, therefore it was agreed that for the stubble stripping treatments
55-60%, and for the direct drilling treatments 65-85% would be the acceptable

harvest values. We determined that from the end of July — beginning of August the
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protective function of the surface residue needs to be supplemented depending on
the type of treatment. The greater ratio of incorporation during the stubble strip-
ping treatments, as well as the more intensive straw decomposition due to better
soil conditions reduced the amount of stubble residue on the surface, likewise to
the direct drilling methods, which were well compensated by the vivid weed and
volunteer seed growth as well as the development of cover crop. Regarding the
straw coverage in both years there were statistically verifiable differences detected
between the several treatments pairs.

- There were no statistically verifiable differences found between the several
treatment pairs regarding the value of soil moisture in the 0-50 cm layer of soil,
although the moisture diagrams were different between the two study years. The
advantage of the stubble stripping treatments was manifested through a higher mo-
isture content percentage.

— The analysis of the soil resistance in both years — regardless of the treatments
- revealed a deepening of a loosened layer of soil, which is due to surface saving
disturbance and coverage. The stubble stripping and the direct drilling treatments
are both shallow tilling procedures, during the set up of the experiment the plots
showed 3-5 cm (direct drilling treatment) and 6-10 cm (stubble stripping treat-
ments) deep loosened soil. The depth of the loosened soil layers in both years, for
each treatment, spread to 20 cm deep at the time of the last measurement. The dif-
ferences between the resistance of the soil did not reach statistically reliable values
in neither treatment pair nor either year.

— The examination of the agronomic structure showed a lot of similarities th-
roughout the two experimental years. The ratio of crumb fraction increased in both
years during the stubble stripping treatments (B, E), and showed a decrease on
the direct drilled land plots (A, C, D). This is due to the combined effect of two
factors. The flat disc which performed the stubble stripping levels and closes off
the disturbed surface with better efficiency compared to the packer wheels of the
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direct seeder machine. At the same time the stubble stripping treatment generated
a shallow, tender, insulated soil layer, under which process of the soil’s dampening
occurred more intensively compared to the direct drilled plots where the surface
was covered with a large amount of straw. Thus the cloddiness of the plots where
the direct drilling treatment was used did not decrease. In addition, in the drier year
in 2009, the cloddiness became a major process. The weaker agronomic structure
manifested in weaker weed an volunteer coverage.

- The study of the cover crop has called attention to the fact that sowing in
mid-August (B treatment) achieved a higher soil coverage level — thanks to the
improving soil conditions- compared to the direct drilled plots (A, C, D) which
were set up one month earlier. By the end of the experiment in all treatments, the
measured root depth exceeded the 20 cm deep loosened layer of soil. This supports
the view that certain plant species have a soil loosening effect thanks to their strong
roots, which comes into effect if the soil dosen’t have thick disc or plow pans. In the
case of the plants sowed for soil protective purposes, the level of surface coverage
is more important than the green plant product, therefore the 19.89 — 25.52 t/ha
yield is an acceptable value.

— Overall, we can conclude that all treatments of the stubble drilling experiment
which was set up two years in a row, resulted in shallow disturbed soil. Because of
this, soil moisture with regards to soil resistance did not result in statistically ve-
rifiable differences between each treatment. The minimum green plant vegetation
(weed and volunteer, cover crop) supplemented with surface coverage, was 82 %
(D treatment in 2009), therefore the soil protection expectations in all treatments
were realized. The agronomic structure and soil moisture worked out in a more fa-
vorable way in the case of the stubble stripping treatments, which had an effect on
the growth and progress of weed and volunteer seed as well as cover crop growth.
Therefore the stubble drilling performed on the day of harvest, then the drilling
performed one month later (E), and performed in August (B), turned out to be the
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more perspective procedure. The direct drilling procedure can be considered in
years with more precipitation, when the greater soil disturbance would contribute
to cloddiness. Direct drilling can give us good results in dry years as well, namely
if the tilled soil is rested for a certain amount of time under a cover of straw (C and
D treatments). The sandy soil exposed to deflation, as well as erosion-affected
forest and shallow topsoil, direct drilling can come into focus with eroded soil, be-
cause after the harvest the reduction of disturbed soil can reduce soil loss.

The several treatments studied in the experiment based on the characteristics of

the soil condition are summarized in the Table 9.

Table 9. The ranking of the several treatments in the stubble drilling experiment based

on the characteristics of the soil condition

Soil condition characteristics
E Change Soil Depth of | Agronomic | Cover Root length | 20
E in the moisture the structure plant of the =z
S | coverage loosened number cover crop s
= soil =
2008 | 2009 | 2008 | 2009 | 2008 | 2009 | 2008 | 2009 2009 2009
Al 3 3 3 4 1 1 3 5 2 2 3
B 2 2 1 2 2 2 1 1 3 3 2
C 4 4 4 3 1 1 4 3 4 4 4
D| 5 5 5 5 1 1 5 4 5 5 5
E 1 1 2 1 2 2 2 2 1 1 1

Treatments: A: stubble drilling on the day of harvest, B:stubble stripping on the day of harvest stubble cultivation,
drilling in August, C: stubble drilling two days after harvest, D: Stubble drilling one week after harvest,

E: Stubble stripping on the day of harvest, stubble drilling one week later
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