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ABSTRACT

This research was instigated by the fact that during the last decade annually repeated shallow disk tillage on the same
field became frequent practice in Hungary. In order to study the changes of soil condition associated with disk tillage and
to assess it is consequences, long-term tillage field experiments with different levels of nutrients were set up in 1991 (A)
and in 1994 (B) on Chromic Luvisol at Goddllé. The effects of disk tillage (D) and disk tillage combined with loosening
(LD) on soil condition, on yield of maize and winter wheat, and on weed infestation were examined. The evaluation of
soil condition measured by cone index and bulk density indicated that use of disking annually resulted in a dense soil
layer below the disking depth (diskpan-compaction). It was found, that soil condition deteriorated by diskpan-compac-
tion decreased the yield of maize significantly by 20 and 42% (w/w), and that of wheat by 13 and 15% (w/w) when
compared to soils with no diskpan-compaction. Averaged over seven years, and three fertilizer levels, the cover % of the

total, grass and perennial weeds on loosened soils were 73, 69 and 65% of soils contained diskpan-compaction.
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Disk tillage in Hungary can be characterised by four
different terms. In the first term (1890—1940), which last-
ed for half of a century, disks became general and were fit-
ted into cultivation systems. The second term (1950-1960),
are years of disk tillage criticism. During the third term
(1964-1988) disk tillage became a reasonably economical
method. The fourth distinct term dates from 1989 when
disking has been often used method despite of the un-
favourable soil conditions, because of the economic-
pressure Birkas (1998).

From the point of view of agronomy and energy, disk-
ing becomes disadvantageous when it is used in un-
favourable soil moisture conditions (Birkas 1987, Jori
1998). Some damages caused by disks are visible, while
others can be proven by soil condition tests. Because of
the slipping of diskplates, compaction occurs below the
depth of the disking, and this damage can happen more
frequently on wet soils (Birkas 1987, Spoor 1991).

Diskpan-compaction symptom has been identified only
for ten years in the soil tillage literature (Birkas 1987, Birkas
etal. 1989). Diskpan-compaction develops because of the
repeated disking at same depth even on just wet soil. The
diskpan can be thickened if it has not loosened through
(Birkas et al. 1998a, Gyuricza and Farkas 1998, Ratonyi and
Nagy 1999). Diskpan-compaction was measured on 16%
of 2580 ha examined area between 1991-1997, however
12% of this area was compacted below the disk-pans
(Birkas et al. 1998b). Since the maximum depth of disking is
20 cm, the diskpan-compaction is more damaging to the
soil than the ploughpan-compaction. The rooting depth
of crops is decreased, and this compacted layer restricts
the water infiltration and prolongs flooding in the fields
during wet seasons (Birkas et al. 1997).
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One of the aims of the tillage research between 1960—
1990 was to study effects of shallow, ploughless tillage
(mainly disking) on yield. The results showed the appli-
cability of disk tillage under winter cereals (Sipos 1972,
1973). Similar results were presented with maize (Kis-
manyoky and Balazs 1996, Nagy 1996, Fenyves 1997),
supporting that the depth and method of tillage do not
significantly effect the yield of maize on well-structured
soils. Current soil tillage research examines the tillage
effects on soil condition, as a requirement of sustainable
crop production (Suskevi¢ 1995, Birkas et al. 1997, Kovac
1998, Lacko-Bartosova and KoSovan 1998, Ratonyi and
Nagy 1999). A question of alleviating the diskpan by
loosening, and qualifying the soil loosening impacts on
soil condition posed by Jolankai et al. (1997), Skoda and
Bures (1998) and Hoffmann (1999), is investigated in this
study. The next question to evaluate the disking and
loosening effects on weed infestation is also investigat-
ed. Weed research proved the disadvantages of disking
versus ploughing, but also proved the advantages of it
versus zero tillage (Rifai et al. 1996, Birkas et al. 1997).

MATERIAL AND METHODS

The experiments commenced in the autumn of 1991 (A)
and 1994 (B), at the crop production farm of the universi-
ty. The aim of our experiments was to construct models
of yearly repeated tillage at the same depth and to exam-
ine their effects on the soil condition. In this paper the
yearly repeated D is compared with LD. The main pur-
pose of the study is the examination of agronomical ef-
fects of the continuous tillage at the same depth on three
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areas as follows: 1. effect on soil condition, 2. relation
between yield and soil condition, 3. soil condition effect
on weed infestation.

The crop sequence used in trial A between 1992—-1998
was as follows: maize — maize — maize — winter wheat —
maize — winter wheat — maize. The rotation used in trial B
between 1995-1998 was: maize — winter wheat — maize —
winter wheat. Maize is a crop sensitive to soil condition
while winter wheat is less sensitive. Both experiments
were arranged in stripes with three replications. Trial B
was parallel to A thus gave more information about both
crops in every year.

Details of treatments used between 1992—-1998 on the
examined maize and winter wheat plots (the date of pri-
mary tillage was the beginning of autumn) are as follows:

Soil tillage:
D =disking (16-20cm)
LD =loosening (35-40 cm) + disking (16-20 cm)

Fertilizers: F, =without fertilizer (control)
F,=80kgN +45kgP,O, + 75kg K,O per ha
F,=160kgN +90kgP,0, + 150kg K, O per ha

Doses of fertilizers in treatment F, are low, and higher
in F,. Weed control after sowing of maize was done once
by herbicide followed by a mechanical treatment. Herbi-
cide was used once to control weed in winter wheat.

1992 (1% year)

Dry bulk density (g.cmfs)

118

-~ -,
-~

Soil moisture content (%, w/w) 18.6

1996 (5™ year)
Dry bulk density (g.cm";)

118

Soil moisture content (%, w/w) 18.0

The experiment was set up on a brown forest soil
(Chromic Luvisol) which is a sandy-loam. Clay content
of the surface soil (0—35 cm) is 36.0% and water infiltra-
tion is good, however it is bad in the subsoil. The soil pH
value is 7.1 (KCI). Humus content of the surface soil is
1.17%, which is quite poor. Total amount of N = 0.15%,
P,0,=145mgkg "', K,0=150 mgkg "' (P,K by ammonium
lactate method). Years of 1992 and 1993 were dry, 1994,
1996 and 1997 were average and 1995 and 1998 were wet.

Examinations of soil condition was done by Niekrashoff-
type cartridge method in 0-50 cm depth till 1996, by Dvo-
racsek-type penetrometer at the depth of 0—65 cm from
1994 and by PENETRONIK-type penetrometer of Szar-
vas (Dar6czi and Lelkes 1999) from 1995 at the depth of
0-70-75 cm. For measuring of weed infestation Ujvarosi
method based on estimation of ground cover % was
adopted. Statistical analysis was done according to Svab
(1981).

RESULTS AND DISCUSSION
Changes in soil condition

Changes of soil condition were measured continuous-
ly in the experiments from the beginning. In trial A results

concerning 1%, 37 5% and 6" years are presented in Fig-
ure 1 and Table 1. Soil condition was favourable to

1994 (3 year)

Dry bulk density (gicm%)

Soil moisture content (%, w/w) 19.2

1997 (6™ year)

0 cm Cone resistance (MPa)
i
-10 ~ .
220 AR
L+D L, -
230 4 ’ D
40 '
250 1 i
-60

Soil moisture content (%, w/w) 17.8

Figure 1. Effects of the yearly repeated disking and the loosening combined with disking on soil condition (G6doll6, 1992—-1997);

L + D = loosening + disking 35-40 cm, D = disking 1620 cm
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Table 1. Extension of the soil compaction as the effect of the annually repeated disk tillage at a depth of the disking and below disking

during five vegetation periods, experiment A (G6do6l16 1992-1996)

Soil 1ayer D 16-20 cm LD 35-40 cm

(cm) 15 yr. (1992) 31 yr. (1994) 5t yr (1996) 15 yr. (1992) 31 yr. (1994) 5t yr. (1996)
15.0-17.5 < 1.38 < 1.38 < 1.38 < 1.38 < 1.38 1.39-1.45
17.5-20.0 1.39-1.45 1.39-1.45 1.46-1.53 < 1.38 < 1.38 1.39-1.45
20.0-22.5 1.39-1.45 1.46-1.53 1.54-1.60 1.39-1.45 1.39-1.45 1.46-1.53
22.5-25.0 1.46-1.53 1.54-1.60 1.61-1.64 1.39-1.45 1.39-1.45 1.46-1.53
25.0-27.5 1.54-1.60 1.54-1.60 1.61-1.64 1.39-1.45 1.39-1.45 1.46-1.53

Dry bulk density of soil (g.cm™): < 1.38, 1.39-1.45, 1.46-1.53, 1.54-1.60, 1.61-1.64

a depth of tillage during the vegetation periods. Howev-
er, the curve of compaction of disk tilled soil increases
down to 20 cm. Below this layer the curve reaches the
value of 1.6 g.cm™, which is unfavourable for crop pro-
duction. A more precise illustration of the improving of
diskpan-compaction (defined in the introduction) is
shown in Table 1. It was found, that a yearly repeated D
causes thickening of compacted layer, and this extends
both to the surface and to deeper layers. Aftermaths of
this process is demonstrated both in harvest results and
weed infestation. Penetration resistance values record-
ed in autumn of 1997 follow the tendencies of the previ-
ous year. Diskpan-compaction reached the value of 8§ MPa,
which is rather unfavourable.

Effects of LD in the upper 20 cm layer is similar to sim-
ple D so can be expected changes below this layer. Soil
condition of 20-40 cm layer was most favourable in the
first year of experiment. It was found that duration of the
loosening effects on a given soil lasted only for one veg-
etation period or even shorter (Gyuricza and Farkas 1998).

In the 20-22 c¢m layer was a re-compacting effect of the
surface D in the third and fifth years was observed. Soil
strength of LD at the disked layer reached the maximum
4 MPa and that was 33% more compacted than the deep-
er layers.

The relationship between soil condition and yield

Yield of maize is shown in Tables 2 and 3. In the seven
years experiment A, maize was grown on the field for five
years. The average yield during this period on D treat-
ment was very low at 2.16 t.ha™!. The level of yield, typi-
cal for this region (3.5-4.0 t.ha™), was reached only in
1996 and with high level of nutrient supply. It is likely,
that yearly repeated shallow D on soil sensitive to set-
tling is not suitable for maize-growing. In experiment B,
shallow D with crop rotation and with adequate rainfall —
two years results indicate suitability for maize-growing
to the end of the third vegetation period.

Table 2. The D and LD effects on maize yield on three fertilization levels, experiment-A (G6dollé 1992—1998)

Fertilization

Yield (t.ha!)

Soil tillage
NPK (kg.ha™") 1992 (1% yr.) 1993 (2™ yr) 1994 (3% yr) 1996 (5™ yr.) 1998 (7% yr.) mean
Disking (D) control 2.11 1.15 0.72 2.16 1.58 1.54
200 2.76 1.29 1.51 3.02 2.12 2.14
400 2.81 1.51 2.70 4.09 2.87 2.78
mean 2.56 1.32 1.64 3.09 2.19 2.16
Loosening control 2.35 2.29 1.86 4.10 4.51 3.04
combined 200 3.27 2.74 2.26 4.99 5.50 3.75
disking (LD) 400 3.66 3.21 2.40 5.67 6.06 431
mean 3.09 2.75 2.17 4.92 5.39 3.70
LSD % tillage (1) 0.587 0.264 0.246 0.934 0.555 1.458
fertilization (2) 0.102 0.235 0.242 0.545 0.183 0.352
T x F (1 x2) 0.396 0.285 0.292 0.626 0.442 ns
F-test p% tillage (1) 10 1 10 5 0.5 5
fertilization (2) 0.5 0.5 0.5 1 0.5 0.5
T x F (1 x 2) 5 5 1 5 1 ns

ns = non significant
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Table 3. The D and LD effects on maize yield on three fertilization levels, experiment B (G6dollé 1995-1997)

Soil tillage Fertilization

Yield (t.ha™')

NPK (kg.ha™) 1995 (1%t yr.) 1997 (39 yr.) mean
Disking (D) control 3.65 2.61 3.13
200 5.08 3.05 4.07
400 5.78 3.41 4.60
mean 4.84 3.02 3.94
Loosening combined disking (LD) control 5.34 3.11 4.22
200 6.27 3.71 4.99
400 6.94 4.19 5.57
mean 6.18 3.67 4.93
LSD% tillage (1) fertilization (2) T x F (1 x 2) 5.188 0.408 5.402
1.55 0.148 1.406
ns ns ns
F-test p% tillage (1) fertilization (2) T x F (1 x 2) ns 5 ns
10 0.5 10
ns ns ns

Using LD, the average of yield for five years was
3.70 t.ha™'. In case of proper rainfall the yields in trial A —
in every level of fertilization and in trial B — in two maize
growing years with one exception exceeded the average
yield typical of this region. The effect of fertilizer on the
yield was significant in both cases and in every year.
Between the two tillage methods, in every year of trial
A and in one year of trial B (1995), significant difference
could be found.

In trial A, the average yield of D was 42% lower than
the average yield of LD. Noticeable, that the difference
between the yields of two methods was the lowest (17%)
at the beginning of the experiment (1992), when there

were not great differences between soil condition. The
difference was higher (52-59%) between dry and wet
vegetation periods. The difference between two methods
without fertilizers was higher (49%) during five years,
however application of fertilizers lowered this difference.
On high level of nutrient supply the yield reached by D
was 35% lower, than by LD. Trial B follows the same ten-
dency. Similar data could be found in literature (Gyo6rffy
1990, Nagy 1996, Drimba and Nagy 1998).

Yields of winter wheat from A and B are presented in
Table 4. In this region with conventional tillage methods
and almost favourable nutrient supply, 2.5-3.0 t.ha™! win-
ter wheat yield can be reached. The summarised average

Table 4. The D and LD effects on the winter wheat yield on three fertilization levels, experiments A and B (G6do6ll6 1995-1998)

Yield (t.ha ')

Soil tillage Fertilization . -
NPK (kg.ha™) experiment A experiment B mean
1995 (4™ yr.) 1997 (6% yr.) 1996 (2" yr.) 1998 (4t yr.)
Disking (D) control 2.58 2.24 0.70 1.14 1.66
200 3.53 2.68 1.93 2.98 2.77
400 491 3.54 1.85 3.98 3.57
mean 3.67 2.82 1.49 2.70 2.67
Loosening control 3.45 2.79 0.89 1.37 2.13
combined 200 3.85 3.64 2.03 3.56 3.27
disking (LD) 400 5.10 4.33 1.99 4.93 4.09
mean 4.13 3.59 1.64 3.29 3.16
LSD % tillage (1) 0.613 0.514 0.671 0.362 0.417
fertilization (2) 0.262 0.516 1.399 0.443 0.906
TxF (1 x2) ns ns ns ns ns
F-test p% tillage (1) 10 5 ns 5 5
fertilization (2) 0.5 1 10 0.5 1
TxF (1 x2) ns ns ns ns ns
ROSTLINNA VYROBA, 48, 2002 (1): 20-26 23



Table 5. Cover %

of weeds in maize used D annually (in average of three fertilization levels)

Weed groups Trial A Trial B

1t year 31 year 5t year 7 year 1t year 31 year
Total 10.55 14.55 3.35 42.74 1.90 8.02
Grass 3.89 7.29 1.34 33.13 0.06 5.47
Perennial 2.10 3.03 2.58 29.73 1.07 1.06
Summer 8.19 11.11 0.77 10.03 0.43 6.94

of the trials achieved this level both in case of D and LD.
Increase of fertilizers in every case resulted in significant
yield increase, and tillage also caused yield increase ex-
cept one year (1996). The difference between years was
less than in case of maize but the best year was the wet-
test vegetation period of 1995. The yields of D was 16%
lower than the yields by LD in the averages of years and
fertilizer levels. The difference in trial A, where compac-
tion was below the disked layer, is 16% and 13% in trial B.
Finally, it was found that the yearly repeated shallow D
on a given soil is unfavourable, even for growing winter
wheat, which is tolerant to the soil condition.

Relations between soil condition and weed infestation

The weed infestation results of maize and winter wheat
are discussed separately. Their vegetation periods are
different and other weed population can be expected ac-
cording to literature (Buhler 1992, Buhler et al. 1994, Al-
brecht and Sommer 1998). The data of weed infestation
of maize, detailed by groups of weeds are summarised in
Tables 5 and 6.

The total cover of weeds increased four times in both
areas, in trial A it reached that point in the 7" year, and in
trial B in the 4" year. The relapse occurred in the 5® year.
As a result of rotation with winter wheat, the increase of
summer weeds covering in trial A was 22%. Over the
years perennial weed cover increased, main weed was
perennial ryegrass (Lolium perenne L.) which was not
sensitive to diskpan-compaction.

Total cover of weeds in maize increased five times in
trial A by the 7" year, and four times in trial B by the
3" year. The cause in the latter case was probably the
ploughless tillage and much more precipitation (Buhler

1992, Gallagher and Cardina 1998). The increase summer
weeds cover was nearly doubled by the 7" year and nine
times more in case of grass-weeds. Summer weeds cover
in trial B was similar to that in trial A until the 3" year.

Similar tendencies but different rates can be observed
between covering of weeds under two methods of non-
inversion primary tillage. Weed cover % of the areas were
balanced at the beginning of the trial, but were changed
during the first vegetation period to advantage of LD.
This advantage remained until the 7" year of the experi-
ment. In the 7" year, when tillage loosened deeper layers,
total % cover weeds was 73% of D. Grass-weed covering
was 69% lower, perennial weed covering was 65% lower
than in case of simple D. Weed limiting effect of LD can
also be proven in every group of trial B during three
years. Although this is not equal to the weed control
effect of regular ploughing, but it contributes to more
impartial, wider view of soil loosening (Birkas etal. 1997,
Birkas et al. 1998a, Gallagher and Cardina 1998).

We were managing the weed cover using winter wheat
phases during the longer period of trial A and the short-
er period of trial B (Table 7). In trial A wheat production
with D also resulted significant decrease in weed infes-
tation, for example total coverage decreased 20 times.
Weed infestation in trial B increased from the 2" till the
4" year, but neither the total coverage reaches the critical
level. Weed infestation tendencies of two non-inversion
tillage are similar according to the results. The data of
weed coverage of the first year growing winter wheat are
different, mainly in trial A. In case of LD the weed cover
of every group of weeds is lower than in case of D. It is
especially prominent in respect of summer and total weed
coverage. It is also important that loosening is a consid-
erable method for restricting the vitality of perennial
weeds, since it was the 4" year without ploughing in

Table 6. Cover % of weeds in maize used LD annually (in average of three fertilization levels)

Trial A Trial B
Weed groups
1t year 31 year 5t year 7 year 1t year 31 year

Total 6.10 8.82 1.80 31.05 1.69 6.29
Grass 2.59 5.25 0.99 22.99 0.02 3.41
Perennial 0.42 1.38 1.30 19.22 0.42 0.85
Summer 5.56 7.35 0.50 10.88 1.00 5.19
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Table 7. Cover % of weeds in winter wheat used D and LD annually (in average of three fertilization levels)

D LD
Weed groups
trial A trial B trial A trial B

4t year 6™ year 2nd year 4™ year 4th year 6™ year 2nd year 4t year
Total 19.08 0.89 2.21 3.62 8.42 1.29 1.96 3.02
Grass 7.08 0.27 0.06 0.37 4.33 0.51 0.19 0.52
Perennial 3.67 0.58 0.54 0.77 2.17 0.77 0.42 0.78
Summer 13.67 0.21 0.38 0.50 6.08 0.26 0.54 0.60

trial A. The advantages of weed controlling role of soil
loosening was also found between the 24 and 4 year of
trial B.

At the end results can be summarised as follows. Ac-
cording to experiments it was found, that yearly repeat-
ed shallow disk tillage caused compaction at the depth
of tillage after the 3" year both in dry, average and wet
years. Thickening of the compacted layer was observable
both in surface and deeper layers from the 5" year.

Disk tillage combined with loosening proved to be
a favourable soil conservation method. Between two
non-inversion tillage methods, the loosening effect was
more favourable for maize and winter wheat production,
considering a longer period. As soil condition gets poor-
er —mainly in dry and wet years — shallow disk tillage by
the diskpan-compaction, becomes a factor of yield re-
duction.

Soil condition — caused by shallow disk tillage — in-
crease weed infestation in maize, and in case of maize and
winter wheat cropping sequence. The weed managing
effect of annually repeated loosening in maize and in
winter wheat was found, and this contributes to impar-
tial, complex view of soil loosening.

This paper presents results of research programs sup-
ported by OM-FKFP-B-2020/97, FM-27.240/12/97,
OTKA-34.274, and INCO COPERNICUS-PL97-1165 and
VETOMAG 95 Ltd.
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ABSTRAKT
Vliv zpracovani pudy talifovymi podmitaci na stav puady, vynos plodin a zapleveleni

V mad’arském zemédélstvi se v poslednim desetileti pfili§ ¢asto pouziva opakované mélké zpracovani pudy talifovym nata-
dim. S cilem zjistit zmény puidnich vlastnosti v dusledku této technologie zpracovani pidy a vyhodnotit jejich nasledky
byly v G6dollé (Chromic Luvisol podle kategorizace FAO) v roce 1991 (A) a v roce 1994 (B) zalozeny dlouhodobé polni
pokusy s diferencovanym hnojenim. Byl sledovan vliv talifového zpracovani (D) a talifového zpracovani v kombinaci
s kypfenim dlatovymi kypfic¢i (LD) na ptidni vlastnosti, na vynos kukufice a 0zimé pSenice a na zapleveleni porosti. Zmeé-
ny pudnich vlastnosti, hodnocené na zaklad¢ penetraéniho odporu a objemové hmotnosti pidy, naznacily, ze pravidelné
zpracovani pudy s vyuzitim talifového nafadi ma za néasledek nartistajici zhutfiovani vrstvy pidy pod hloubkou zpracova-
ni, adekvatni zhutnélému podbrazdi, které je typické pro konvenéni kultivaci zahrnujici orbu. Dale bylo zjisténo, Ze docha-
zi ke statisticky vyznamnému sniZeni vynosu zrna u kukutice o 20 az 42 % a u ozimé pSenice o 13 az 15 % v porovnani
s variantami na pudach, kde se zhutnéni ve zminénych horizontech nevyskytuje. V priméru sedmi let a pti tfech hladinach
hnojeni byla celkova pokryvnost jednodéloznych a viceletych pleveli na pidach zpracovanych kyptic¢i do vétsich hloubek
pouze 73, 69 a 65 % ve srovnani s pidami zpracovavanymi jen talifovym naradim.

Kli¢ova slova: zpracovani pudy talifovymi a dlatovymi kypfic¢i; zhutnéni pidy; vynosy zrna; kukufice; ozima psenice;
zapleveleni porosti
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