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Abstract. Soybean cultivation is becoming more @mxede popular in many countries, includ-
ing Poland, due to the high nutritional value sfdeeds, its resistance to diseases and pestsjlas w
as lower propensity to lodging compared to othgutees. Under the climatic conditions of Poland,
soybean vyield is largely dependent on weather ¢iondiin a particular growing season, primarily
temperature and rainfall. Studies on the effediliafge systems used for soybean cropping under
the climatic conditions of Poland are scarce. Thisves the need to continue such research. The
aim of this study was to compare the effect of emional tillage (CT) and no-tillage (NT) on
yield, weed infestation and seed qualitative coritposof the ‘Mazowia’ soybean cultivar grown
under the conditions of the Lublin Upland. A fiegperiment was carried out in the period of 2009-
2012 at the Czestawice Experimental Farm (538l 22°162"E). In 2010 the soybean plantation
was terminated due to adverse weather conditiodsralated inhibited plant emergence. The ex-
periment was set up on loess-derived grey-browrzg@adsoil as a split-block design in four repli-
cates. The present study showed that the soybeahyseld obtained under conventional tillage
conditions was higher by 14.6% compared to thatiobtl under no-tillage. A higher plant density
after emergence and before harvest as well ashehjgant height were found in the conventional
tillage treatment. The protein, oil and fibre camtan soybean seed was significantly affected only
by weather conditions in particular growing seasohshigher weed weight and richer floristic
composition of weeds were found under no-tillageditions in relation to conventional tillage.

Keywords:Glycine max.., tillage systems, seed yield, weed infestat@emical composi-
tion of seed

INTRODUCTION

Soybean is a plant with particularly high commdre&ues. Its seed contains
about 40% of protein, 20% of oil, and valuable mahewutrients, among others
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calcium, phosphorus, and potassium. It is alscaatpghat improves soil fertility
and structure. It is possible to popularise soybamativation due to, among oth-
ers, the breeding of cultivars adapted to spedfimatic conditions and with
a higher nutritional value and lower lodging progignin comparison to other
legumes (Abbasi Surlgt al 2010).Its high resistance to diseases and pests also
makes an argument for growing soybean. Under tmgitons of Poland, cur-
rently the above-mentioned agricultural pests dopuse a great threat to soy-
bean. However, weed infestation is a factor thgnificantly reduces the produc-
tivity of this crop (Vollmanret al 2010). Under our climatic conditions, soybean
yield is largely dependent on weather conditions iparticular growing season,
primarily temperature and rainfall. In areas withvllevels of rainfall, it is very
important to prepare the soil in a way that wilsere retention of the highest
possible amount of rainwater. Agronomic practigeslving the replacement of
the plough with implements that do not turn thd seer or the complete aban-
donment of mechanical tillage (no-tillage) offeistpossibility. As a result of the
use of no-tillage, there are changes in soil dgreitd compactness, while the
moisture and nutrient content in the soil uppeietayincrease (Martineat al
2008). Obtaining frequently lower yields under ilage conditions does not
necessarily mean lower profitability and does ne¢dhto make an argument for
the abandonment of this tillage system. Higher labproductivity and lower
energy inputs on direct drilling may compensate l&@mses arising from lower
yields of this crop (Dzieniat al 2006).

The aim of the present study was to compare tleeedif conventional tillage
(CT) and no-tillage (NT) on yield, weed infestatiand seed qualitative elements
composition of the ‘Mazowia’ soybean cultivar grownder the conditions of the
Lublin Upland.

MATERIAL AND METHODS

A field study was carried out over the period 0022012 at the Czestawice
Experimental Farm (51°133"N 22°162"E), belonging to the University of Life
Sciences in Lublin. In 2010 the soybean plantatias terminated due to adverse
weather conditions and related inhibited plant eyaece.

The experiment was set up on a loess-derived gmytb podzolic soil as
a split-block design in four replicates. The soiswvcharacterised by slightly
acidic pH (in 1 mole KCI = 6.2), high phosphorug grotassium availability, as
well as medium magnesium availability. The humusteot was 1.2%. The area
of each experimental plot was 96.1fihe ‘Mazovia’ soybean cultivar was grown
in the experiment.
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The study factors were the following tillage syssem

1. Conventional tillage (CT) — skimming, double foaving, autumn plough-
ing to a depth of 25 cm. Spring: harrowing, culting, harrowing, sowing (plot
seeder for direct sowing of 9 disc coulters, wogkividth 180 cm).

2. No-tillage (NT) — without mechanical tillage. thme spring, only Roundup En-
ergy 450 SL (active ingredient (a.i.) — glyphosate} applied at a rate of 3 Iha

Mineral fertilisation was applied in whole in sogmecrops before sowing at
the following rates: N — 50 kg fiaP — 35 kg ha, K — 83 kg ha'. Mineral fertil-
iser rates were determined based on the nutritimtplirements of soybean and
soil nutrient availability.

Each year, soybean was sown at the turn of ApdiMay in a field after win-
ter wheat. The row spacing was 20 cm, seeding deptim, and planned plant
density 100 plants per 1°m

Before sowing, soybean seeds were inoculated wigtdyBhizobium japoni-
cum bacteria (Nitragina vaccine — IUNG PIB Putaxayyl the seed dressing Vita-
vax 200 FS (a.i. carboxin, thiuram) was appliec aate of 400 ml/100 kg seed
with water added at a 1:1 proportion. Immediatdtgrasowing, a mixture of the
herbicides Afalon Dyspersyjny 450 SC (a.i. linuranPual Gold 960 EC (a.i.
S-metolachlor) was applied at an amount of 1 18+ ha™.

Each year, the soybean crop was harvested (plobioenharvester Winter-
steiger) in the first 10-day period of September.

Plant density after emergence and before harvestesimated in two rows
along a length of 2.5 m. The yield traits were dateed based on a sample con-
sisting of 30 randomly selected plants from eacbt.pThe seed yield was
weighed separately for each plot (12)mnd the results obtained were expressed
on a per hectare basis. Weed infestation of thbesny crop was determined us-
ing the dry-weight-rank method at the pod and seeduration stage (BBCH
81/82), on all experimental treatments. The evaunahvolved the determination
of the botanical composition of weeds, their dgnaitd air-dry weight. The sam-
pling area was delineated with a 1 m x 0.5 m reptdar frame in two randomly
selected places in each plot.

The content of protein, oil and fibre in soybeaerds&as determined at the
Department of Agricultural Ecology of the Univeysitf Life Sciences in Lublin
on an Omega Analyzer G spectrophotometer, prodbgeBruins Instruments,
Germany.

The results obtained in the years 2009, 2011, ahd &ere statistically analysed
by analysis of variance and the significance dediinces was evaluated by Tukey’s
test afo = 0.05. The statistical analysis was presentewjuSiatgraphics 5.0 software.

In the first year of the study (2009), the averagetemperature in individual
months of the growing season was generally hidgtzer the long-term mean (Fig. 1).
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Fig. 1. Mean monthly air temperature (°C) at the CzestaMegeorological Station in 20-2012

The temperature values were lower only in May an@. The rainfall in 200!
exceeded the lo-term mean only in May and June (Fig. 2). The yédrl2turnec
out to be favourable for soybean growth in termthefmal conditions. In particul
months of the growing season, higher or similaryMaly) tempertures were cn-
erally recorded, compared to the I-term mean. Lower than average rainfall
recorded during the initial period of soybean glowpril and May) as well as -
ing maturation and harvest (August and Septembke) last year of the stu(2012)
was very warm and quite dry. A higher than avetag®gerature was recorded in
the months. The total rainfall exceeded the -term mean in June and Ji
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Fig. 2. Total rainfall and rainfall distribution (mm) atehCzestawice Meteorologil Station in
2009-2012

RESULTS

On average for the thr-year study, the tillage systems caused significaria-
tions in soybean yie (Tab. 1). Under conventional tillage conditions goybeal
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seed yield was higher by 14.6% compared to thairdd under no-tillage. Sub-
stantial differences were found in soybean prodifgfidepending on the tillage

system, in particular in the first year of the stud which the use of no-tillage

caused a decrease in yield by 0.97 tinarelation to conventional tillage. The year
2011, characterised by favourable thermal conditibnoughout the entire growing
season and a low level of rainfall during seed naditon, proved to be most favour-
able for soybean yield. Nevertheless, the diffeeeno soybean yield throughout
the experimental period were not statistically gigant.

Table 1. Yield, plant density and selected characteristisoybean morphological parameters

Plant density

Plant First pod

TS Years Yield after before height height
emergence  harvest
(t ha?) (pcs. m?) (cm) (cm)
2009 2.99 51.0 45.8 91.3 9.9
cT 2011 2.58 99.3 95.3 91.5 10.2
2012 2.44 44.8 39.5 76.7 8.0
Mean 2.67 65.0 60.2 86.5 9.4
2009 2.02 40.5 343 78.7 8.4
NT 2011 2.61 92.8 88.5 83.2 13.3
2012 2.36 315 35.3 68.9 6.7
Mean 2.33 54.9 52.7 76.9 9.5
2009 2.51 45.8 40.1 85.0 9.2
Y 2011 2.60 96.1 91.9 87.4 11.8
2012 2.40 38.2 37.4 72.8 7.4
LSDo.05:
TS 0.184 6.26 5.36 6.58 NS
Y NS 9.32 7.98 9.79 2.35
TSxY 0.483 NS NS NS 4.14

*TS — Tillage system, CT — Conventional tillage, NNo tillage, Y — years

As far as the soybean yield and yield componegrtsamcerned, the tillage systems
used significantly modified only the plant densifier emergence and before harvest as
well as the plant height (Tab. 1). In the converatidillage treatment, the average plant
density after emergence and before harvest wasrtighl 8.4 and 14.2%, respectively,
in relation to that found under direct drilling sbybean. Under plough tillage condi-
tions, higher plants (by 12.5%) were also obserVad.values of the above-mentioned
yield components were the highest in the secondojdlae experiment (2011).

The tillage systems did not have any major effecthe first pod height, 1000
seed weight, number of seeds per pod, number &f pedplant, as well as on the
number and weight of seeds per plant (Tabs 1, 2).
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Table 2. Some of characteristic of soybean yield componants number and weight of weeds in
soybean canopy

Number Number Number  Weight Weight 1000
of pods of seeds of seeds of seeds Number of we- seeds
TS*  Years of weeds .
per plant per pod per plant per plant eds weight
(pcs)  (pcs.)  (pcs) @ (pesih (@m?) (@)
2009 21.4 2.0 43.6 6.4 10.8 28.0 147.3
cT 2011 18.4 1.6 29.4 5.7 29.0 315 182.7
2012 235 1.7 40.0 5.8 6.2 29.4 142.6
Mean 21.1 1.8 37.7 6.0 15.3 29.6 157.5
2009 24.1 2.1 50.3 7.5 21.0 86.1 148.5
NT 2011 13.7 1.5 20.5 3.8 315 75.4 185.5
2012 32.7 1.8 58.7 8.2 12.5 63.0 136.5
Mean 235 1.8 43.2 6.5 21.7 74.8 156.8
2009 22.8 2.1 47.0 7.0 15.9 57.1 147.9
Y 2011 16.1 1.6 25.0 4.8 30.3 53.5 184.1
2012 28.1 1.8 49.4 7.0 9.4 46.2 139.6
LSD(0.05)
TS NS NS NS NS NS 20.89 NS
Y 7.52 0.24 14.97 NS 16.88 NS 18.12
TSxY NS NS NS NS NS NS NS

*_ Explanations as in Table 1

The experimental factor did not result in differesdn the quality elements of
soybean seed (Tab. 3). The percentage contenptimroil and fibre in seed dif-
fered significantly depending on the year of thalgt The weather conditions in the
year 2011, characterised by high temperatured imahths of the growing season
and low rainfall during soybean maturation (VIIPpromoted seed protein accu-
mulation, but adversely affected the oil contetfite Tiighest oil and fibre content in
soybean seed was found in the year 2012 which hescterised by high tempera-
tures and moderate rainfall throughout the entioaving season of soybean.

On average for the three-year study period, thegtl systems were not found
to significantly influence the number of weeds e tsoybean crop (Tab. 2).
However, an increasing trend in the value of thét twas observed under no-
tillage conditions. The weather conditions in thetigular growing seasons had
a proven effect on the number of weeds. The highestber of weed individuals
was found in the year 2011, characterised by hagtfall in June and July, while
in June also by the highest air temperature througthe study period.

The experimental factor caused significant diffeesin the air-dry weight of
weeds per 1 fof the soybean crop (Tab. 2). In the conventioiflabe treatment,
the weed weight was lower by as much as 60.4% cmdpa that found under
no-tillage.
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Table 3. Selected seed quality elements in seeds soybean

TS* Years Protein (%) Fat (%) Fibre (%)
2009 34.6 17.4 5.0
cT 2011 36.8 16.2 4.9
2012 30.7 18.4 5.4
Mean 34.0 17.3 5.1
2009 34.8 17.3 5.0
NT 2011 35.6 16.5 5.0
2012 31.7 18.0 5.3
Mean 34.0 17.3 5.1
2009 34.7 17.4 5.0
Y 2011 36.2 16.4 5.0
2012 31.2 18.2 5.4
LSDo.0s
TS NS NS NS
Y 0.52 0.28 0.06
TSxY 0.92 0.50 0.11

*_ Explanations as in Table 1

In all experimental treatments, Elymus repens wasdominant weed species
(Tab. 4). Both under conventional tillage and tlagde, the following annual weed
species occurred in greatest numbers: Echinochigagalli, Chenopodium album,
and Galinsoga parviflora. The use of plough tillagduced the numbers of most
weeds, in particular Echinochloa crus-galli andizalga parviflora, and eliminated
from the soybean crop 8 weed species that occimrbe no-tilled plots.

DISCUSSION

The soybean is a plant very sensitive to environaiesiresses such as low
and high temperature or drought. In cold climataentoes, low temperatures are
the factor that determines the production of théggpqVollmannet al 2000, Oh-
nishi et al 2010). In the present experiment, a higher saybgeld under no-
tilage conditions, compared to conventional titagvas obtained in the year
2011 which proved to be favourable for soybean tinplwecause it was charac-
terised by low rainfall during the maturation periand favourable thermal condi-
tions throughout the entire growing season. Likeweccording to De Vitat al
(2007), benefits arising from the use of no-tillagge be observed in warm years
with lower rainfall. Those authors achieved befiesduction effects under no-
tillage relative to conventional tillage in yearstlwan amount of rainfall below
300 mm. This was associated with higher water actation in the soil caused
by lower evaporation and changes in soil water painiity in the absence of
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mechanical tillage (Martineet al. 2008). The adverse weather conditions in 2009
had a negative effect on the yield of soybean grantler no-tillage. Compared
to plough tillage, the seed yield was then lowebymuch as 32.4%. Rainfall in
the months of May and June was the yield-limitiagtor in this growing season.
Excessive rainfall at the initial growth stagessof/bean disturbed the water and
air relations and caused soil crusting and relate/en emergence. According to
Wiodeket al (2012), under no-tillage conditions both an egasd a shortage of
rainfall cause a decrease in crop yield.

Table 4. Density (pcs. 7f) of weed species in soybean (mean of 3 years)

Species Conventional tillage No tillage
(CT (NT)
I. Short-term
Amaranthus retroflexuk. - 0.1
Capsella bursa-pastorig..) Medik. 0.1 0.3
Chenopodium alburh. 2.0 21
Conyza canadensit.) Cronquist - 0.5
Echinochloa crus-gall{L.) P. Beauv. 2.4 3.1
Galeopsis tetrahit.. 0.2 0.1
Galinsoga ciliata(Raf.) S. F. Blade - 0.5
Galinsoga parvifloraCav. 1.0 2.7
Geranium pusillunBurm. f. ex L. 0.1 0.4
Gnaphalium uliginosurh. - 0.4
Lamium amplexicaulée. - 0.2
Poa annua.. - 0.3
Polygonum lapathifoliunt. 1.0 0.7
Senecio vulgarig. - 0.2
Solanum nigrunk.. emend. Mill. 0.1 -
Stellaria medigL.) Vill. - 0.4
Veronica arvensis. 0.1 -
Viola arvensisMurray 0.5 0.8
Total of short-term weeds 7.5 12.8
Il. Perennial
Cirsium arvensgL.) Scop. 0.8 0.4
Elymus repenéL.) Gould 6.7 5.9
Equisetum arvense. 0.3 0.9
Plantago majorL. - 0.2
Taraxacum officinaléL) F. H. Wigg. - 15
Total of perennial weeds 7.8 8.9
Total number of species 13 21

In the experiment under discussion, on average¢hfoistudy period, a higher
soybean seed yield was obtained under conventidlzge conditions. Similar
results were obtained in the studies by Bigakl (2004), Amini (2005), Monsefi
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et al (2014), Rokosz and Podsiadto (2015), who foursibaificant decrease in
yield under no-tillage, compared to conventionbdgie. The research conducted
by Gawdaet al (2014) showed that also other soybean cultivédsigna’ and
‘Augusta’) grown under the same agronomic, climaind soil conditions as the
presented ‘Mazowia’ cultivar, respond negativelyntwstillage compared to con-
ventional tillage. Korzeniowska and Stanistawskafk (2009) also observed
a decrease in yields of legumes (faba bean andl fiieh) as a result of replace-
ment of conventional tillage by direct drilling.Kei et al (2001) showed that any
modifications in tillage for sowing soybean negalyaffect its yield potential
and yields can be lower even by a dozen or so per©pposite results were ob-
tained by Houxet al (2014) who proved a significant increase in saybseed
yield (by 4.8%) under no-tillage on loamy soil iglation to that obtained under
conventional tillage conditions.

A decrease in crop yield under the no-tillage systan be associated, among
others, with specific physicochemical soil propestiAccording to Pabin (2002),
under no-tillage conditions only the upper parttted humus layer accumulates
a larger amount of organic matter and some fegtilisutrients (phosphorus and
potassium), while topsoil acidification, the protom of large diameter pores
(above 30 mm), and water infiltration increase.t€af2005) demonstrates that in
no-tillage treatments the organic C content in $hé under soybean is higher
only in the 0-10 cm layer, whereas the N contefduger in the entire layer inves-
tigated (0-60 cm) in comparison to conventiondagié. Studies of many authors
reveal that deteriorating soil physical conditioims/olving its excessive compac-
tion, are a negative aspect of no-tillage (Car3 Bottaet al 2007, Fernandez
et al. 2007, Lépez-Garridet al. 2014). The results presented in this paper show
a lower plant density of soybean under no-tillagaditions. It can therefore be
presumed that the reason for this could have beermigher compaction of the
upper soil layer, resulting in inhibited plant egemce and lower yields. A lower
plant density under no-tillage conditions contribgtto a significant reduction in
yield was also observed by Ciesielska andZRio&i (2007).

Under conventional tillage, higher soybean plangsexfound than under no-
tilage. However, Monsefet al (2014) showed tillage system to have a signifi-
cant effect on plant height only during the initeriod of plant growth, whereas
the soybean plant height before harvest was siraitder no-tillage and conven-
tional tillage.

In the present study, tillage system did not causs@tions in the protein, oil
and fibre content in soybean seed. The resulthefrésearch by Hougt al
(2014) also reveal that the use of no-tillage dugsmodify significantly the seed
protein and oil content. However, Gab al (2009) obtained an increase in oll
yield per hectare under no-tillage. In this stutlye weather conditions had
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a proven effect on the protein, oil and fibre cobt@ soybean seed. In the year
2011, characterised by low rainfall during soybeaaturation (V1lI-1X), the low-
est seed oil content was obtained. The study ortewinustard conducted by
Paszkiewicz-Jasska (2005) also found drought to have an advefeetain seed
oil accumulation.

Existing research demonstrates that weeds aretar fd@t strongly reduces
soybean productivity (Norsworthy 2003, Vollimaeh al 2010). Gibsonet al
(2005) report that in soybean and maize crops weeels greater problem than
diseases, nematodes and insects. In the opini@ingh and Jolly (2005), a de-
crease in seed yield of this crop under the infbeeof weed infestation can be as
much as 58%. The study presented in this papere¥sals higher weed infestation
and a lower soybean yield under no-tillage. Whesugih tillage was abandoned,
the lower plant density and related impeded coripetiess of soybean against
weed plants probably contributed to higher weeesiation of the soybean crop.

Blecharczyket al (2010) observed a similar number of weed spéuciadield
pea crop under no-tillage and conventional tillagetems. Contrary to this, in the
study presented in this paper no-tillage was charaed by much richer floristic
composition of weeds.

CONCLUSIONS

1. Under conventional tillage (CT) conditions, tbeybean seed yield was
higher by 14.6% compared to that obtained undetillage (NT).

2. A higher plant density after emergence and leetoarvest as well as
a higher plant height, by 18.4, 14.2 and 12.5%peetvely, were found in the
conventional tillage treatment in comparison tatilage.

3. The tillage system did not cause variationdangrotein, oil and fibre con-
tent in soybean seed.

4. The weather conditions in the year 2011, charsetd by high tempera-
tures in all months of the growing season and lawfall during soybean matura-
tion (VIII-IX), promoted seed protein accumulatidnt adversely affected the oil
content in relation to the other experimental years

5. On average for the three-year study, an indignit, statistically unproven,
increase in the number of weeds was found in tibesam crop under no-tillage.

6. In the conventional tillage treatment, the weesight was significantly
lower, by as much as 60.4%, compared to that faunadr no-tillage.

7. In the non-tilled plots, the study found riclfleristic composition of weeds
and an increase in the numbers of most of the weeds
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StreszczenieUprawa soi w wielu krajach, jak i w Polsce stajeiraz bardziej popularna
ze wzgkdu na dug wartas¢ odzywcza nasion, odporn@ na choroby i szkodniki oraz mniejsz
sktonnd¢ do wylegania w poréwnaniu z innymistmami stgczkowymi. Plonowanie soi w warun-
kach klimatycznych Polski jest w ggm stopniu uzatnione od przebiegu warunkéw pogodowych
w danym sezonie wegetacyjnym, gtéwnie temperataqyaidow. Badania dotygze wpltywu sposo-
bu uprawy roli pod sejprowadzone w warunkach klimatycznych Polskingliczne.Swiadczy to
o0 potrzebie dalszej ich kontynuacji. Celem niniejsaracy byto poréwnanie wptywu konwencjo-
nalnej uprawy roli (CT) oraz siewu beZpedniego (NT) na plonowanie, zachwaszczenie i sktad
jakosciowy nasion soi odmiana Mazowia, uprawianej w w&ach Wyyny Lubelskiej. Badania
polowe przeprowadzono w latach 2009-2012 w Gosptda Ddwiadczalnym Czestawice
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(51°1823’N 22°162"E). W 2010 roku ze wzegtlu na niesprzyjage warunki atmosferyczne i wy-
nikajace z nich utrudnione wschody plantaspi zlikwidowano. Eksperyment zatmno na glebie
ptowej wytworzonej z lessu, metpdplit-block w czterech powtdrzeniach. Przeprowadzbada-
nia wykazalyze w warunkach uprawy ptoej (CT) plon nasion soi byt wgzy o 14.6% w poréw-
naniu do uzyskanego w siewie begainim (NT). Na obiekcie z uprawptuzng (CT) stwierdzono
réwniez wieksz obsad roslin po wschodach i przed zbiorem oraz wysé@kmslin. Na zawartéci
biatka, tluszczu i widkna w nasionach soi wplywatbinie jedynie przebieg warunkéw pogodowych
w poszczegolnych sezonach wegetacyjnych. W warimkasvu bezpaedniego soi (NT) stwier-
dzono znacznie wksz mag chwastow oraz bogatszy skiad florystyczny chwastoporéwnaniu
do uprawy tradycyjnej (CT).

Stowa kluczowe Glycine max., systemy uprawy roli, plon nasion, zachwasziesktad
chemiczny nasion



