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BACKGROUND AND OBJECTIVESOF THE STUDIES



The evaluation and comparative analysis of culiivasystems are significant parts of
the cultivation research. The actuality of the igation experiments is determined not only by
the various costs of the certain systems but #féact on soil condition and weeds as well. It
is important to note that a significant part of &ue’s arable lands — 33 million ha — is mildly
or heavily compacted, with 1.4 million ha in HungaBesides compaction, errors of the
cultivation include the dustiness, crackling andewand wind erosion. According to these
reasons a comparative analysis of the soil consgrand conventional farming systems can
prove useful.

In my essay therefore my objectives included:

- Determination of the weed-promoting capabilitggd-bank) of the various tillage

systems.

- Analysis of the vyield influencing effect of diffent tillage methods and fertiliser

doses in winter wheat.

- Study of the effect of the various tillage methodn soil condition, gathering

information that can help the farmers.

In crop production the spreading of weeds belonghke yield-reducing factors. According to
the literature in this topic the yield loss may ambto 30% or in certain cases it can be even
greater. The change of outlook upon weed contrtthénlast few decades drew along that the
eradication of the weeds and the completely weeé-fultures are no longer objectives and
the only aim is to keep weed coverage below theyeiapoint. In the last 3-4 decades the
changes in the agriculture, mainly the change efstiucture — the morcellement of the land,
the devolution of ownership -, the increase ofolaB, the unsuitable agricultural methods, the
lack of chemical application or the unprofessidmaibicide treatments resulted in the change
of weed composition on the fields and the prolifiera of the aggressive, persistent weeds.
The initial success of chemical protection reduttexlemployment of the former traditional
technologies but after some time presented serisasd problems as well, like the
appearance of tolerant and resistant weeds andetrease of biodiversity. The unsuitable
rotation of chemicals and the excessive chemicaliGtion promoted the appearance of
resistant biotypes. Because of the losses causdldebyeeds, plant protection is necessary,
but according to the EU and international environtngrotection expectations the rational
reduction of chemical application is also recomnadahel The agricultural-environmental
programmes can help the rediscovery and applicatidgraditional and unduly de-emphasised
protection methods, including soil cultivation.



MATERIAL AND METHOD
Conditions of theresearch

| carried out my research with winter wheat on thesis of the soil cultivation period
experiments set by the Department of Agriculturetlod Szent Istvdn University Crop
Production Institute in 1991 (A) and 1994 (B). Trhean annual precipitation is 564 mm on
the experiment field, from which 313 mm falls dgyithe vegetation period. The number of
sunny hours per year is around 1950. The mean htemperature is between 9.5 — 0,
the heat sum is 270. During the 4 years of the experiment the tentpezahas not shown
any extremities, although 2000 was a very dry, ghty year.

The soil of the experiment field is brown forestl.sThe fundamental rock is tertiary
marl, which is covered by two different layers oéss. The humus content of the soil is low,
the phosphorus and potassium content is mediocre.

The experiment is a two-factorial striped smatitgleriod experiment where factor (a)
means the soil tillage methods and (b) the feetiliseatments. The number of iterations was
three. The size of the plots was 62,5%imexperiment (A) and 35,51 %in experiment (B).
The forecrop of the winter wheat was maize in afles.

In the experiment the following cultivation methqd$ and fertiliser treatments were applied:

Cultivation methods:

a Non-tillage sowing (undisturbed)

Disk tillage (16-20 cm) (lightly disturbed)

Ploughing (22-25 cm) (medium deep tillage)

Loosening (35-40 cm) + disk tillage (16-20 cm)@ened up to 35 cm)
Loosening (35-40 cm) + ploughing (22-25 cm ) flened up to 35 cm)

» LY

Fertilisation since 1995

by O

b, N: 80 kg/ha; P: 60 kg/ha; K: 60 kg/ha

bz N: 160 kg/ha; P: 120 kg/ha; K: 120 kg/ha

In the experiment winter wheat could not be sownl®9®9 because of the wet autumn,
therefore it was replaced by spring wheat that wdsed later as mulch. In 1997 the fields
where non-tillage sowing was used, had to be tdeatith herbicides after the harvest of
maize against the increased amount of weeds asdinfiuenced the weed inspections in
1998.Table 1.contains the cultivation technology data of thequeexperiment.



Table 1. Cultivation technology data of the sdidte period experiment
(Godols, 1997-2001)

Designation 1997. 1998. 1999. 2000. 2001.
Variety Fatima Fatima Yantar Mv. Magvaps Mv. Magvgs
Preceding crop maize maize maize maize maize
Basic tillage 17.10.199617.10.1996 11.11.1998 7.10.1999. | 14.9-24.10.2000
Seed-bed preparation 21.10.1926.10.1996.17.03.1999 21.10.1999 10.11.2000
Sowing 25.10.199622.10.1997 19.03.1999 21.10.1999 13.11.2000
24.07.199%27.07.1998 18.05.1999 17.07.2000 30.07.2001
Harvest mulch
Weed control Pardner| Pardnegr Segal 65 WG  Segdl®5
Stand density
bl 210 201 - 210 230
a b2 332 302 - 322 340
b3 356 351 - 360 360
bl 291 216 - 220 290
& b2 334 345 - 352 345
b3 400 392 - 402 410
bl 318 341 - 350 330
& b2 495 465 - 472 490
b3 500 502 - 524 510
bl 398 394 - 392 400
y b2 510 510 - 520 500
b3 511 562 - 564 520
bl 402 405 - 410 440
a5 b2 520 534 - 540 510
b3 521 573 - 582 530

Analytical methods

Method of weed seed analysis: The upper 20 cm layer of the soil was examinedchvivas
divided into two layers (0-10 cm and 10-20 cm). lam were taken in each iteration of each
soil cultivation method. Separation of the weedisegas carried out by Zn{dllecantation.
Method of weed inspection: Weed inspections were carried out according tontloglified
Ujvarosi method three times during the vegetatierigal. The data were obtained by direct
estimation of the coverage in the 4sample squares. Data were evaluated by one-way
analysis of variance.

Method of yield analysis: The yield of the winter wheat was harvested se¢plrérom each
plot and the results were estimated for hectare. ddta were evaluated by one-way analysis
of variance.

Method of soil condition analysis. The soil resistance was measured initially by the
Dvorachek penetrometer and later by the Darocdtdsbressure probe. The resistance and
the humidity of the upper 40 cm layer of the sodswmeasured every 5 cm. Data were
evaluated by one-way analysis of variance.



RESULTS, CONCLUSION AND PROPOSALS
1. Results of the weed seed content analysis of the soil

The size of the seed bank determining the potentgdd-promoting capability of the soils
was evaluated for fon the basis of the seed content of 206 anits. Results show that the
upper layer (0-10 cm) of the soil is the richestvieed seeds. The greatest weed infection was
registered in the non-tillagejadisk tillage (a) and the combined loosening+disk tillage) (a
methods(Table 2.). Significantly less weed seed were found in thd samples of the
ploughing (g) and loosening+ploughingdlanethodgTable 2.).The highest number of weed
seeds was 71 333 pefiin the upper 10 cm layer of the soil while the éstvseeds (11 833
per nf’ were found in thesareatment(Table 2.).Comparing these results with the data from
the weed inspection a similar tendency may be obdeibecause the cover percentage of the
weeds decreases in a similar sequence (usuglby, &y, a, &) in the soil tillage treatments.
The relation is logical, since the larger weed cage results in a higher weed yield, which
during the soil tillage adds to the weed seed lnke soil. During the examination of the
upper 20 cm layer of the soil it turned out tha Weed seed bank of the 0-10 and 10-20 cm
layers are significantly different in most cag€able 2.)

According to my results in case of ploughing the@empl0 cm layer contained more
weed seeds than the 10-20 cm layer but the differ@ras not as significant as in the case of
non-tillage cultivation or disk tillage. The weddilting and thus weed seed bank reducing
effect of the ploughing in the examined layer watetmined in our solil tillage period
experiment. The majority of the weed seeds belongedhe T, weed species that are
characteristic in the maize. It is possible thatairdenser winter wheat stand the weed
condition of the forecrop is determinant becauséhefsmaller weed coverage. In the sparse
stand of the maize a higher weed percentage was\aus By examining the weed seed bank
of the soil samples the seeds of 26 weed species nggistered. The weed seed content per
m? was highes(113 83) in the a treatment (0-20 cm), while it was the lowest i &
treatment witt26 667 per m? (Table 3.).

Considering the alternation of maize and wheat 28dvspecies is not too high. This
tendency is general also on the fields and is foigbthe result of the decreased weed
diversity caused by the groundless simplificatidnttee production systems (neglecting of
necessary solil tillage procedures, deficient exafimn of the agrotechnical possibilities, only
chemical plant protection etc).



Table 2. The results of the weed seed content sisady the soil in 0-10 and 10-20 cm layers
in the various soll tillage treatments (GO6dIL998)

Soil cultivation Depth | 1. Number of |2. Number of | 3. Number of | Mean
method iterations iterations iterations
- 0-10 148 116 157 140
10-20 115 73 74 87
- 0-10 71 65 51 62
10-20 43 42 32 39
0-10 39 45 39 41
10-20 25 42 30 32
0-10 68 57 67 64
10-20 33 30 30 31
- 0-10 22 26 30 26
10-20 22 30 30 27

Table 3. The mean weed seed content of the vasmutllage treatments in the upper 20
cm layer of the soil (God@l] 1998)

Soil cultivation methods Depth M ean weed content Weed seed content
(cm) (seed/m?) compared to thetillage

(%)

ay 0-20 113 833 310

a 0-20 50 667 138

as 0-20 36 667 100

au 0-20 47 500 129

as 0-20 26 667 72

2. Results of the weed inspection

Summing the experience of the four years it casthged that in winter wheat weeds
are promoted mostly by non-tillage cultivation aathually repeated disk tillage. The most
species and the most intensive weed developmenblserved in the non-tillage treatment.
The initial (1997) 16.4 % mean weed coverage irsgdao 66.4 % in four years, which was
promoted also by the less dense winter wheat stanthe case of non-tillage cultivation
weeds appeared the earliest and were the highesinmber, which was mainly due to the
great amount of weed seed near the soil surface.upsurge of the perennials is typical on
undisturbed soil where H type weeflgaraxacum officinale, Lolium perenna)so appear
besides the G type plants that are adapted torlgstae. Disk tillage resulted in general in
smaller weed coverage than the non-tillage cuitwabut the amount of weeds was still
higher than at the other deeper treatments. Edpettia G type weeds were abundant. The



presence of perennials capable of vegetative reptmoh limits the use of the disk tillage and
its annual utilisation. Weed condition remained rexuically favourable in the case of
ploughing (g as) and deep tillage(a

The weed limiting effect of ploughing mentionedtire literature (FENYVES.997,
BIRKAS and SZALAI et al. 1997, YOUNG and OGG alt 1994) was verified again. The
weed coverage measured in the first experimental gi&l not increase significantly during
the four years of the experiment and with the ettoapof the year 1998 the total mean weed
coverage did not exceed 10 %. The number and cgearhthe perennials was limited most
by the ploughing although the mild winters did mowbduce frosts that could destroy the
hunger-grasses. The results of the experiment iglgled the favourable effects of the
loosener as well. The increase of the weed covenagehigher in case of loosening+disk
tillage than in case of ploughings(aa) although yield exceeded that of the ploughing
treatment (g in both years. This treatment had similar goaiits as the=a(loosening and
ploughing) plots but with more favourable soil age costs. The use of the loosener is
important especially in the dry years. Accordingto experience, the frequent disturbing of
the deeper soil layerss(au, &) has a significant weed limiting effect.

3. Theyield of thewinter wheat

The crop used in the experiments is winter whehtchvfollowed maize in each year.
Although maize is a mediocre forecrop for the whdae to the size of the land under these
two crops they often follow each other on our fiel@he experiment is modelling a frequent
situation therefore the analysis of the results theddetermination of the correlation between
the soil tillage, the fertilisation and the yieldaynprovide useful information for the practice.
On the basis of the four years of experiment it lbarobserved that the fertiliser doses rising
up to the optimum result in rising yields in bokte tdry and the wet years. Comparing the soil
tillage treatments it can be stated that bettenli®svere obtained in case of deeper tillage,
especially loosening. Non-tillage cultivation praed poor yields, with the exception of the
year 2000. This was probably due to the increassstivcoverage, the early weed competence
and the irregular sprouting. The advantages oflése soil disturbance (for example the
higher soil humidity) were seen only in the dry igeahere the drought allaying effect of the
fertilisers could also be observed. The disk télagrhich is the most frequent base cultivation
in the winter wheat production exceeded only theddg of the non-tillage cultivation and did
not create as favourable soil condition as thedow®y or the ploughing. This can be caused
not only by the weeds but by the compacted layso #hat forms after 2-3 years of disk
tillage in the upper layers of the soil (12-15cmydhat limits the water and nutrient uptake
by reducing the root zone.

On sandy loam soils the favourable effect of thepae soil tillage could be shown
especially in the loosening treatments, @), probably because of the water stored in the
deeper layers of the soil, the general higher Borhidity caused by the loosener and the
stronger weed-prohibiting effect of the combinedthmds. It is interesting that the a



treatment (loosening+disk tillage) provided a ggwoeld in each year compared to the other
tillage methods even if its weed coverage excedided and gtreatments. This affirms that
the looseners reducing the humidity loss and theeibsoil condition increases the yield
security. In the dry years (like the year 2000palse a treatments produced the highest
yields. In the same year the non-tillage plots that hadjher weed coverage also produced a
better yield than the ploughed plots, (@), therefore it can be stated that the humidityhef
soil plays an important part in the crop productaond yield stability. In the dry years the
utilisation of looseners and other, not stirringligment is especially important.

4. Results of the soil resistance measur ement

At the beginning of the experiments 25-30 cm deephe sandy loam soil of Godélla
compacted layer was measured with Mpa soil resistaim the first years of the non-tillage
cultivation the soil sedimentation was significamtthe upper layers but after a while the
condition of the 0-20 cm layer became more favderahd its resistance decreased. The sole-
compaction existing at the beginning of the expentrwas not influenced by the non-tillage
treatment and no improvement could be observed. deoeease of the compaction of the
upper layer can be explained by the less treadimgngl the cultivation processes, the
accumulation of the plant residues, the increakingoricus activity and the higher biological
activity of the soil.

The annually repeated disk tillage compacts theisothe upper layer below the
tillage depth more than the non-tillage treatmestich effect increases with each repeat. The
resistance of the 20-30 cm layer also increasea @&sult of the repeated disk tillage. The
compacted layer in the 10-20 cm depth thickenséndry years towards the surface and in
the wet years towards the deeper layers. The ddtie near-surface loosened soil layer that
is favourable for the crops is small and decreasése dry years therefore the drought effect
is also enhanced. It can be stated that on alsatili$ disposed to sedimentation the repeated
disk tillage has an adverse effect on the prodoatibthe winter wheat that is otherwise not
sensitive to the soil condition.

Ploughing results in a favourable loos structaréhie depth of the tillage especially if
it can be done among optimal soil humidity conaioA compacted layer, a so-called sole-
compaction, forms after a few years of repeatedgilong below the tillage depth (22-25 cm).
The compacting influences the deeper (30-40 cnertags well, and soil resistance increases
as a result of ploughing. It can be stated for lmtltivation methods that are combined with
loosening that loosening generally creates favdarabil condition up to 30-40 cm and ends
possible compacted layers.

Disk tillage (a) and ploughing @ maintain the created loose structure if they are
employed in two courses, although a mild re-compgceffect can be observed below the
tillage depth which can become significant if tliei@ment are used on too dry or wet soil.



Yield can be increased by the regular looseninthefsoil and the yield stability can also be
maintained.

According to the soil resistance measurement us#uki soil tillage period experiment
it can be stated the employment of traditional popueint (disk, plough) can influence the soill
condition unfavourably in the various layers, esalicif the same tillage method is repeated
annually or is used among inadequate soil humubtyditions. Non-tillage can be described
as a soil condition maintaining method while tikagethods combined with loosening have
an improving effect. In certain cases correlaticaswbserved between the weed spread and
the soil condition. The undisturbed, sedimented dioi not hinder the weeds and intensive
sprouting could be seen. The compacted layer fggraga result of the regular disk tillage
did not limit weeds either. The sole-compactiomforg on repeatedly ploughed soil did not
reduce the weed-killing effect of the method anthé ploughing was combined with 35 cm
deep loosening the prohibition of the weeds coudd ibcreased. Base tillage without
ploughing favours weed development while the wemitihg effect of the loosening+disk
tillage was higher than the effect of disk tillage.

5. New scientific results

1. In soils containing average amount of weed seedékd content increased in case of
weed-promoting soil tillage and soil condition.the experiment such tillage method
was the undisturbed soil condition (non-tillagetieaktion), the shallow disk tillage
and in a small extent the loosening+disk tillage.

2. A correlation was found between the disturbancehef soil and the weed seed
content. After most of the analysed cultivation Inoels the majority of the weed
seeds got into the 0-10 cm layer and this can ée ag a weed limiting factor.

3. It can be stated that in case of limited chemidahfpprotection the initially small
weed coverage can extend in a few years if thenmgeof the weed seeds is
undisturbed and if the field is infected with perih weeds. In this case strong weed
competence can be expected as soon as the wheatsspr

4. The advantage of the physical effect of soil loasgon the reducing of the spread of
perennial weeds was verified. Loosening limits thevelopment of the hunger-
grasses by cutting the vegetative parts. Loosenihgences weed spread through the
improvement of soil condition as well. The compegihess of a quickly and equally
developing crop is higher than in the case of undiaable soil condition.



5. Ploughing resulted in average or good yields. A gacted layer forms below the
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depth of the annually repeated ploughing whichisadivantageous on the yield but
the weed-limiting effect of ploughing decreasedyoallittle. Ploughing+loosening
increased the yield of the wheat through the imenoent of the soil condition, with
the exception of the dry years and enhanced thd-uméing effect of the ploughing.
On the sandy loam soil of Go6délinon-tillage cultivation with limited use of
chemicals is a risky cultivation method from thestfiyear.

CONCLUSION AND PROPOSALS

The increase of weed seed content in the soil &edldrger weed coverage is
promoted by tillage methods that do not destroyseneds, the sparse stand density of
the cultivated crop (in this experiment the treaitaghat did not get fertiliser) and the
inadequate chemical plant protection.

The disturbance of the soil influences the weed seatent of the different layers. In
case of shallow tillage methods the majority of #ieed seeds get into the 0-10 cm
layer of the soil. This is unfavourable but it alsolds the opportunity for plant
protection: the sprouting of the seeds and thevetlg weed control is easier.

Disk tillage limits annual weeds effectively bug itegular use promotes the spread of
the perennials.

The weed-limiting effect of the deeper tillage d@nexpected only if the deeper layer
brought to the surface is free of weed seeds, moeseeds get near the surface that
could add to the weed flora.

Systems based on ploughing are effective for timtihg of annual and perennial
weeds. The limiting of perennials can be increagdtie autumn ploughing is not
harrowed or the ploughing is combined with loosgnin

Loosening in itself has a small weed-limiting capabut limits the vital functions of
the perennial weeds by cutting the vegetative dyxctive parts.

Loosening can limit weeds by improving the physicahdition of the soil. The
competitiveness of a quickly and equally develoginap is higher than in the case of
unfavourable soil condition.

After observing the weed-promoting effect of thgular non-tillage cultivation a
periodic weed-limiting tillage method is recommetide prevent the spread of the
weeds.

On important conclusion of the experiment is that $edimentation and unfavourable
condition of the soil — disk or sole-compactionre aot a weed-limiting factors.

In G6dollb non-tillage cultivation and non-fertilising resedt in the least yield in
winter wheat. The presence of weeds was also d-ygelucing factor. It is important
that non-tillage is effective only on soils thakeamot prone to sedimentation and
compaction and are free from perennials.



11 On soils prone to sedimentation loosening magessible to reach and maintain the
yield standard of the given habitat in the yeargmvprecipitation was unstable. It is
recommended to estimate the costs of loosening@badsis of the years of the period
effect.

12 Ploughing resulted in average or good yieldscofpacted layer forms below the
depth of the annually repeated ploughing whichisadivantageous on the yield but
the weed-limiting effect of ploughing decreasedyalittle.

The continuous employment of non-tillage improtes condition of the uppermost
layer of the soil but the unfavourable conditiorithe deeper layers does not change.

13 The annually repeated use of the disk tillageldeto an unfavourable condition in the
0-15 cm layer of the soil which is worse than ia ttase of non-tillage. The compcted
layer formed below the tillage depth spreads ih®upper or lower layers of the soll
depending on the soil humidity at the time of tilage and the number of years of
repetition. This condition can be ended by a tédlagethod deeper than the disk
compaction layer.

14 The annually repeated ploughing creates favdeisdil condition down to the depth
of the cultivated layer.

15 The soil condition improving and maintaining eeff of the loosening can be
effectively used in the winter wheat productior@adolls.
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