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Abstract

This study was carried out in autumn, winter and spring (2Z8A86) during the growth development
of organic winter triticale. The research was conducted at Droevenéfasin the organic
expaimental facility of Wageningen Universignd Research Centrdhe NetherlandsThe study
assessd the effects of three organically managed tillaggystemsnamely non-inversion(NIT) eco
plough (ECO)and conventional(CON) on soil quality indicatorsyeed suppression potential and
winter triticale performance. A field that lsdbeen treated withthree different tillagesystemsand
crop rotationfor six consecutive years was used in this stuidye field was divided into different
parts separating eacthillage systems and parts that were left bare (mare) and where potatoes
(pre-potato) were grown during previous seasdrhe tillagesystemsincluded two reduced tillage
methods;NIT at 10cm and ECO up to 20 cmegeandone intensive tillage method;ON at a depth

of 30 cm. Soil samples for determination of soil organic matter (S@gral nitrogen (M), total
nitrogen (TN) and soil pH were collected during autum@015 while bulk density and penetration
resistancevere measured durinfate winter and springrespectively. Likewise, the measurements of
early weed population densitywere conducted in late autumn, late weed population density and dry
matter and crop performance parameters during late sprifitpe crop performance measured
parameterswere leaf area indeXLAl) plant dry matter, ear number peairea, plant height and
chlorophyll content (SPAD). Late weed population density and weed dry matter together with all
crop growth parameters were measured when the cragsein ear formation stageResultsof SOM
indicated that there was no gradient between east and west e subplots. Besides, no
difference in amount of SOM was observed between-ipaee and prepotato subplots. Thaise of
ECO tillage systefiavoured the reduction ofveed pressure and at the same time hhigiher crop
performancethan NIT On the other handuse of NITgave higher SOM and INIG;, higher soil
compaction,higher weed occurrencand leastcrop performance ECO had the intermediate effects
on soil qualities weed competitiveness and crop performance between NIT and. EONthe
purpose of better chemical and physical soil qieditless weed abundance and better crop growth
and development in organic crop production, ECO could be the best chdime=over, for a higher
SOM the best option would be NIT while for better weed suppression and crop perfornitoe
would fit most. This idor the comparison between two reduced tillaggstems(NIT and ECO).
However, integration of other principles of conservattillage such as crop rotation and catch crops
remains most vital for sustainable organic crop production.

Keywords Tillage systems winter triticale, weed competitiveness soil quality and organic
production
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1 Introduction

1.1 Tillage

Tillage is a major component of farm managemprdctices which evolved after early men have
shifted from hunting and gathering to farming. Then latethia nineteenth century after initiation of
the industrial revolution, tillage practiseadvaned through the useof mechanical power ana
traction engine Themain objectivesof tillage in agricultural production areeedbed preparation,
weed control, and incorporation and mixing of crop residuestilizers or other amendments.
Likewise, tillagespeeds uplecompositionand mineralization of crop residu¢Baustiaret al.,2000)
However, intensive tilagehasbeen reported to cause gradual loss of stable soil aggregates leading
to soil erosion and compactiom the long term Soil compaction increases soil strength and
decreases soil fertility by reducing storage and supply of water and nutriengsressilt this leads to
additionalfertilizer requirement and increasing production ce$HHamza and Anderson, 2005)

Thereare two types of tillage namely inversion amen-inversion tillage Norris et al., 2010. The
former constitutes Conventional tillaggCON)which involves the use omouldboardplough as a
primary tillage followed by secondary tillage with disk]dieultivator, and or harrowingThus it
leaves tle soil surface with little plant residueby turning the soil upside down (inversion)
Moreover, CONoverturns soil during primary tillage operations to control weeds, incorporate
organic material, andoose topsoil (Fasinmirin and Reichert, 2011primary tillage is applied to
improve soil workability and tends to produce a rough surface finish. While secondary tillage has a
tendency to prodee a smoother surface to make a good seedbed for weed removal and enhance
seed germination and seedling development. Harrowing and rototilling often combine primary and
secondary tillage into one operatigi€annell, 1985Norrinversion tillage is &pe of conservation
tillage thatdoes not turn the soiland has different forms varying in tillage deptl@onservation
tillage is among therinciples of conservatioagriculturetogether with crop rotation and soil cover
(Stagnari, 2009)For instance, in thistudy, there were two types ofconservation tillage Non
inversion tillage (NIThat cultivate at a depth of 10 cmand EC@nouldboard plough tillage (ECO)
that cultivateup to a depth of 20 cnThesetwo forms of conservation tillagare referred to reduced

or minimum tillage in this repor{Table 5 in the appendix; Morrist al., 2010) The ECO was
developed by Rumptstad Industries in Eurdpevingseven or eight bottoms with plough depth of
12-20 cm, a working width of 210 cm and a speed of 1.7 (fisuwenhoveret al.,2002)

Otherforms of conservatiortillage that are noincluded in the current study are strip tillage and-no
tillage or direct drilling (Morriet al., 2010). No-tillage is atillage system with no preplant tillage
process that causesoil disturbancether thanplanting operationBuhler, 1995)Iit alsomodifies the
profile of soil nutrient distributionSixet al., 1999)and induces organic carbon stratificatiofWest
and Post, 2002)n addition,Conservation Technology Information Centre (CTIC) ofadl$®Aefines
no tillage as onef the types of consrvation tillage practiceshat cover about 30% or more of the
soil surface with crop residues after plantinyo-tillage results in decreased fuelabour, and
equipment costs, conservation of soil and water by improving soil moistestion and reducing
surface runoff and erosiofHendrixet al., 1986) There has been reluctance in adoptingiltage in
organic crop production due to weed pressure because the lati@gs not use any chemical
herbicides for weed control. Thereforapn-inversion tillage with different tillage depths has been



adopted. However, it is still not known which form of redudildge could performbetter in organic
crop productionin terms offewer weeds and better soil quality.

Fewstudies have comparededuced tillagewith conventional tillage mostly in terms of sgiiality

and crop yields$n organic crop productiofMaede and Berner, 20127 meta-analysisconducted by
Cooperet al. (2016) reported about 7.6 % yield reduction organic reduced tillagenethod
compared to a yield loss of 2.8 % in conventional tillegsem(Cooperet al.,2016). The main cause

of the difference in yield between organic reduced tillage and conventional reduced tillage could be
due to higher weed abundance in organic reduced tilld¢mwvever, the effects induced by weeds in
crop performancehave been left behind in reduced organic crop preiiion. Together with the use

of crop rotations and catch crops in organic crop production (Watdaa., 2002; Balasubramanian

et al., 2004) still the use of mechanical weed control is inevitatléelanderet al., 2013. This is
because reduced tillage leaves weed seeds in upper soil layers thereby leading to easy weed
germination, emergence and hence greater weed abundance (Legere et al., 2011).

Little is knownabout the effect of reduced tillage on soil quality and crop performance for organic
farming systemsconsidering different crop species under varying climatic condit{Pesgnéet al.,

2007 Vakaliet al.,2011) In 2007, the organic farming area in Europe accoufaed.1% of the total
agricultural area following a steady increase in importance across Europe during the last decades
(Eurostat, 2010). Besides, in temperate regions reduced tillage is not mostly recognized in organic
farming though the guidelines recamend reduction of tillage intensity (Vakali et al., 2015)
Furthermore, high soil nutrient contents under conventional tillage can lead to nitrate leaching
thereby affecting surface and groundwater bodi@&kaliet al., 2015) Thorough systematic soil
sampling and analysis has never been done in three different types of tillage managdiMént
ECOand CON) in The Meerlands.

The current study was carried out in the organic field that has been adapted to three different tillage
practices for six years. The field has been divided into three equal parts cultivated with different
tillage systems The first part with nosnversion tillage (NIT), theecondwas cultivated by ECO
shallow mouldboareplough (ECO) and thircultivated by deepmouldboard;plough (CON)TheNIT

is a reduced tillage treatment which levels 10 cm upper layer of the soil by rototiliedg=CO is ab

a reduced tillage with shallow mouldboard plough with a depth o20%m and width of 21&m.
ThisECO was designed by Rumptstad Industries for conservation tillage purposes in &hilepe

/' hb Aa I 02y @Sy A2y ent MoiedvérfttheFidd hasibeeh rotR&ILdithKfivex o n
different crops since the year 2010 and the crop for 2Q036waswinter triticale. Besides, for all six
years the field has been treated with various mixtures of catch crops when the main crops are not in
the field to avoid extended bare soil. Furthermore, solid cattle manure (SCM) and cattlevsboery
applied in the field (Table 2).

1.2 Chemical and physical soil quality
Soil quality is normally assessby physical, chemical anbiological factorgKarlenet al., 1997)
Subsequentlyjt is definedas ¢the capacity of a soil to function within ecosystem and laisd
boundaries, to sustain biological productivity, maintain environmental quality and promote plant and
'YAYLl f (Bogh fnil R&kn, 1994Tillage is thebestknown method to modify the soil
structure and soil aggregatiqiavidson and Janssens, 2Q0&)-tillage and reducedillage practices
can incease the organic matter cwent andaggregate stabilityf the topsoil(Cannell and Hawes,
1994) However, bulk density and penation resistance are alsimcreased, especially with ndlage
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(Lampurlanés and CantefMdartinez, 2003) Soil organic matteis the most important soil quality
indicator relative to tillage because of its influence asther soil physicalchemical and biological
properties (Reeves, 1997)Furthermore nor-inversion tillage favours soil organic carbonSO¢
accumulation(Lal, 2004) soil porosity(Peignéet al.,2007) andreduces soil disturbancéMorris et
al.,2010)

Reduced tillage can increase the sottogen (N) retention and thereby reducim off-site effects of
nutrient losses and hendacrea® plant N availability (Bearet al., 1997; Sparget al., 2008), gross
N mineralization nitrification and mobilization (Muruganandaet al., 2010. Moreover, astudy
conducted near Wageningen irthe Netherlands in the year 2004 showed thdte nitrate-N
concentration(50 mg/l)in leachate at 80 cm deptim an arable crp rotation on sandy soil exceeded
the European UnionEU standard for drinking water However systematic cultivation of catch
cropshelps to decrease this concentration to values near or below dh&Ustandard (Vos and Van
Der Putten, 2004)urthermore,a studyconducted irnthe Netherlandsfor four yearsby Crittenderet
al. (2015) showedhigher aggregate stability and penetration resistanceNIHT than mouldboard
ploughing in both organic and conventional farmingn addition this four years study showed
improvement of soil water retention and carbon stocks by NIT in both organic and conventional
farming. Besides, they reportea higher crop yieldin NIT thanwith the mouldboard ploughin the
organic wheatfaba bean mixture(Crittendenet al., 2015b) Hence, therewas a needto set up a
study that combind organicamendments croprotation, and different tillagesystemsfor more than
four years Summarizing,only a few studies on organically managed tillageystemswith the
combination of crop rotation and catch crofigr winter triticale growth performanceéhave been
done. Moreover, systematic soil sampling has not been used in many studies of $ijlsgggnsand
soil quality.

1.3 Weed competitiveness

Changes in tillageystemsmay affect weed population dynamicsclianding weed seed distribution
and abundance in the soil seddnk (Buhleland Mester 1991; Chauhaet al. 2006a;2006b; Blaise

et al., 2015). Weed response to tlage involves a complex intetémn between other factors for
example;weather, duration ofthe experiment and longterm field history(Mohler, 1993 Nicholset

al., 2015) Furthermore mechanical cultivation is a common method of managing weeds in
organically managed farm8¢nd and Grundy, 2001; Bajgsdial., 2013. However, needto reduce

the environmentalimpact of agriculture and to improve soil qualitas increased th@ecessity of
reduced tillage Several studies have stated that reduced tillagereass CQ release from the soil
into the atmosphere (Chen and Huang 20@onleet al.,, 2015). Moreover, reducedllage systems
allow more efficient use of fossil fuel, greater conservation of soil moisture and less risk of soll
erosion (Coolmamnd Hoyt, 1993 Bond and Grundy, 20010n the other hand, many studies have
shown that reducd tillage increases the annual and perennial weed infestation (Gruber and
Claupein2009; Brandseeteet al,, 2011; Gronleet al.,2015).

Weeds are one of the most yieliniting factors (Blaiset al., 2015) and about 50% of the total
expenditure on crop production goes to weed control (Sigitwal, 2004). Weed management is
ranked as the number one constraint to organic production and research on weed management is a
top priority for UKfarmers(Turne et al.,2007 Bajgaiet al.,2013) A study conducted in Netherlands

by Kruidhofet al. (2008) also indicated that weed control in organic farmsggtemss theforemost
production related problem Kloen and Daniels, 2000 Kruidhof et al., 2007). Severa weed
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management strategies in organic farming have been studied including agronomic practices such as
crop rotation, intercropping, use of cover crops and cultural practices like use of hand hoes and
weeding tractors. For efficient weed management, thethod and timing of soil cultivations and the
choice ofthe cropare essential factors to consider (Bond and Grundy, 2001)

Numerous studies have compared weed competitiveness by assessing population density and above
ground biomass in various circumstances. For instance; comparing cover crops suppressive potential
to weeds inorganic and conventional niillage (Pollnacet al., 2008; Baumgartneget al., 2008;
Yagiokeet al.,2015) and soil properties and crop yiel@ajgaiet al.,2013;Welchet al.,2016).No

study has quantified the weed responses in NEGQ and CON for organic winter triticale
production. Theefore, the current study investigated the effect of tillaggstemson the status of
weedsdensity and drymatter in the organicallymanaged field after six yeara relation to crop
performance.

1.4 Winter triticale

Cerealsare most important agricultural crops the temperateclimate of Central Europe in terms of
the total area cultivated and theiuse incrop rotation (Zajaket al., 2014). Winter triticale
Triticosecal@Vittm.), which is a hybrid of wheat and rye has recetucomeimportant in Europe as

a feed grainThis is because of its richness in amino @€ihmset al.,2004) higher amounts othe
aboveground vyields Giunta and Motzo, 2004; Glabt al., 2013 and ability to resist some
unfavourablebiotic and abiotic environmental facto(§amset al., 2004; Glaket al., 2013) Winter
triticale hasthe ability to accumulatea largeamount of N inthe form of dry matter andreduaesthe

rate of N leaching during heavy rains (Schwattal., 2005).Crop diversification and rotation have
been reported by many studies, to improve soil quality, reduce weeds, to increase crop yield and
growth performance. Winter triticale is mostly mixed and rotated with various crops and catch crops
(Askegaarcet al., 2011) More often the crop is grown during autumn and stays in the field during
winter to utilize N left in the soil by pviouscrops(Nanceet al., 2007)and prevent soil erosion
during high rainfal(Schwarteet al., 2005) All the mentioned agronomic advantages of the winter
triticale are the key reasons why it is highly grown in Europe especially during wintenséaan
wheat. Furthermore, ample studies have focused witicale forage dry matter OM), yield and
quality (Roycet al.,1994; Delogiet al.,2002; Toliveet al.,2005), sowing rate and cultivars effects
on total biomass and grain yield (Giunta andtkéy 2004) and effects of weather and soil conditions
on yield (Erekul, 2006) and planting date effects on DM and N accumulation (&taabr2005).No
study has compared organically managed till&ystemson soil quality, weedresponses and
performane of winter triticale. Consequently,t iwas important to investigate whether growth
performance of winter triticalevas affected by different tillagesystemsor not in terms of weed
abundance and soil qualityherefore, the current studgompared the rate of growth of organically
managed winter triticale in three tillageystemgNIT,ECQand CON) for the sixth year.

1.5 Purpose of the study

1.5.1 Problem statement

Successive use of deepouldboard plough has been reported to have negati environmental
impacts, ast may cause soil degradation, soil erosion, and water and air poll{fioplett and Dick,

2008 Drakopouloset al., 2015) No-tillage and reduced tillage have been minimally adopted in
Europe compared téAmerica and Australia(Chatskikh and Olesen, 200F)oreover, no-tillage and
reduced tillage are characterized by increased use of more herbicide applications due to an increased
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weed appearancéDeikeet al.,2008) The inclusive metanalysis of 5463 paired yield observations
from 610 studies suggests thatHtit in itself results in a yidlpenalty of around 10% overdbilleret
al., 2015 Pittelkow et al., 2015) Most of these studies were conducted in conventiof@iming
systemgqSingh and MalhR006 Vakaliet al.,2011)

1.5.2 Aim of the study

The mainaim of thisresearchwasto assess theffectsof three organically managed tillagystems
(norrinversion, eceplough and conventional) on soil quality indicators, weed competitiveness or
suppression potential and winter triticale performancepecifically, the studyas carried out to
guantify the effects of three tillagesystemg(NIT,ECQand CON) and three saiepths(0-10cm, 106

20 cm and 2630 cm) on both chemical and physical spilaliies. Furthermore this studyidentified

the most efficient tillage system for better weed pressure reductma better aboveground crop
performance Finally, the study compared and identified the tillage system that improves the soil and
at the same time increases the ability of crops to suppress weaedsganic crop productionThe
outcome of this research imeant to contribute a lot in fulfilling the principles of conservation tillage
and reduction othe weedproblem in organically managed reduced tillage.

1.5.3 Research questions

a) Which type of organically managed tillage system improves soil quadityrols weeds, and gives
better plant growth performance after six years of application?

b) Isthere a differencein weed responseand crop performancefor six years among eadillage
system®

1.5.4 Hypotheses

1. Theuppersoillayer of0-10 cmfor NITand two first layers of 320 cm for ECOwvould havea
higher amount of SOMN.,», TN and pH in comparison to all layers of CQNe to the
accumulationand incorporation of soil residues deep in the soil by CON.

2. There would be both higher bulk densityand penetration resistanci the layes 10-30 cm
and 20-30 cm forNIT andECQrespectively At the 0-10 cm layer of all three tillageystems
there would be the same bulk density and penetration resistance.

3. There would be higher weeddensityin NIT andeCO than itCONduring early plant growth
stage and fewer weedsand samelate density anddry matter inall three tillage systems
during plant late growth stage BecauseCONenables incorporation of weed seedlings and
organic residuesvhile nutrients fromorganic residuesvould enable the crops to resist
weeds in NI'and ECO

4. Thee would be the same crop performance in all tillaggstemsduring thecrop late growth
stage crop becausethe lowestweed pressure in CONowld be compensated by better
chemical and physical soil quaiin NIT and ECO.



2 Materials and methods

2.1 Experimental setup

This researchwas conductedduring autumn, winter and springfNovember2015 to May 2016) at
DroevendaaFarm (51°59'33.68"N, 5°39'34.59"E), whichthe organicexperimentalfarm. The farm
has total of 50 hectares ands a certified organic research facility WageningenUniversity in
Wageningenthe Netherlands.lts climate is temperatenaritime with meanannud rainfall of 830
mm and a averagetemperature of 11°C. Moreover, the farm is divided into various fields with
different sizesThisresearchwasconducted inthe field number 3with two hectareg220m by90m)
and the field hassilt sandsoilwith 82%sand, 186 silt, and 3% clgiSDA198%

For the purpose of this study, the field was divided imtain plots,sulplots, and blocks usingrange
sticksandthere were three main plots representing three tillaggstemg(NIT,ECQand CON)Each
main plotwas divided into three duplots in whichin the middle sulplot potatoes were grown in the
previous seasofpre-potato) and the remaining two syidots were left bargpre-bare)(Fig.16in the
appendix) When taking the measurements, buffer zones of vidth and 3 m length for each strip
of three parts of the field with different tillageystemswere excluded The expemental unit was
therefore 240m?(30 m by 8 m) with 18, 12 and 6 replicates for chemical soil quality and bulk density,
penetration resstance,height, and SPADand other crop performance measurementsspectively
(Fig. 1) There were two factorgillage systemsandsoil layerseach with three levelsf NIT, EC@nd
CONand 010 cm, 1620 cm and 2830 cm, respectively for chemical aphysical soifjualities(Table
1). A systematic sampling method was used to collect soil samples in all blocks aptbsulFigure
15 in the Appendixshows a systematic sampling layout for each sarggiitock, the intervals from
one sampling point tcanother and the number of subsamplédany replicates were used purposely
to evaluate if there is a gradient between east and west-lpsee subplots per each tillage system
plots. Besides, the gradient between east and west-page plots was assessed bese the
replicates used were not true replicates.

East 30 m

NIT
ECO
Pre-bare subplots (30m*8m)
Pre-potatoes subplots (30m*8m)
CON Buffer of 1Im
Boundarybetween tillage treatments
Diagonal line
Point of sample taking (4m interval)

West

" Figurel Experimental layout for field measurements



Factors

Levels

Tillagesystems

Layers

3 levels: Deepmouldboardplough(CON)

Shallowmouldboardplough (ECO)

Norrinversion tillage (NIT)

3levels: 0¢10cm

10¢20cm
20¢ 30cm

2.2 Cultural practices and weather conditions
Winter triticale (X TriticosecaldVittm., cv.Tulug was planted on 120ctober2015at aseedingrate
of 200 kg seeds &'. The entire crop growthand development was under rainfall condition (no

irrigation conducted). Furthermore, the field had been rotated with different crops for six

consecutive years. The cropstated weremaize(Zea mayd..) summer whea{Triticum aetivum)
and barley(Hordeum vulgarg potatoes(Solanum tuberosujrand winter triticalein ascending order
from 2010 to 201&nd atchcrop mixtures included rye grasadish and mustardBesides, the field
had been managed with organic manufi@m cattle slurry and solid cattle manur@dble ). Before
the crop winter triticale was grown, the field had a strip of potate¢she centrein each part of the
field (Fig. 16in the Appendi)x. The weather conditions duringvinter triticale production fron
October 2015 tdMay 2016when crops were in late ear emergence stageas shown inigure 2.

Table2 Type of crops and catch crops rotated and the type of manure applied ifrefdeno. 3 for six consecutive years

Year Crop Catch crops mix Manure

2010 Maize - -

2011 Summer wheat Mustard and rye (7/9) SCM (1&g/ha)

2012 Summer barley Mustard and rye (10/9) SCM (1&g/ha)

2013 Summer barley Radishrye,and mustard SCM (1&g/ha)

2014 Summer wheat Radishrye,and mustard Cattle slurry (15 fitha)
2015 Potatoes Rye and mustard SCM (1&g/ha)

2016 Winter triticale Cattle slurry (20 ritha)

Source: Farm manager of Droevendéaim, 2016

(SCM stands for Solid cattle manure)
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Figure2 Monthly mean precipitation, maximutemperature,and minimum temperature
2.3 Field measurements and laboratory analyses

2.3.1 Soil chemical quality measurements

The soil chemical quality indicators measured inctudeil organic matter (SOM) soil mineral
nitrogen contents (Ny,), total nitrogen (TN) and soil pH. The soil samplegere collectedfrom NIT,
ECOand CONplots atthree soil layers of A0 cm, 1620 cm and 2630 cm during dry periods in
November andDecember2015 Thirty subsampleswere collected from eachblock by a soil gouge
augerwith three layers eactof 10cm long following a systematic pattern. The s#mpleswvere put
in one container then mixed to get a composite sample per each soil 1aymmrefore, three
composite soil sampte each from 30 sulsampleswere collectedn each treatment, per block and
depth, (3 plotssystemsx 3 layers/depths x 18 blocks/replicate3ntal of 162 composite samples
were collectedbut not all samples were collected in one day/week simultaneouly due to their
large numbes and unstable weatherespectively Walking in the wet fieldnight havecausel much
damage to crops and it was also difficult to walk dussittkingof feet. Therefore, the samples were
temporarily stored in 4°C cold roomfor about two weeksuntil all 162 samples were compléye
collectad. Afterwardsthe samples were separated according to the type of indicatdretmeasurel
that is smples for SOMIN and pH were dried a0°C and passed through a 1.8 mm sieve then sent
to alaboratoryfor analysidut those of N, were sent to the laboratory for analysis ikwet.

2.3.2 Soil chemical quality laboratory analysis

Soil Organic Matter (SOM)

The SOMwas determined usinglosson-ignition (LOI) method as deribed by Hoogsteeet al.
(2015). About 20y of eachsoil samplewere combusted in a furnace at 58C for ignition duration of
three hours and a tray turning around 1.5 hours to avoid the effect of uneven temperature
between furnaces door side anddlopposite sideSoil organic carbon (SOC) was computed from the
SOM by using the conversion factor of 0.55 (Hoogstdel.,2015)



Soil available Nitrogen Minerals (Nmin)

Soil available \G; and NNH, were determined using the methoddescribed in Kdubaet al. (2000
and ICARDA (2018pm wet soil stored at £C. About 4g samplesvere extracted by shaking in 0.01
M CaGl for about 2 hours at 20C and then analysed by asegmentedsystem (TechniconAutor-
analyzer II).

Total Nitrogen (T N)

The same @l samplesused for SOM determinatiowere digested with a mixture afonc.H,SQ¢Se

and salicylic acid (Novozamskial.,1983. The actual digestion started by,®} and in thisstepmost

of the organicmatter was oxidized. After decomposition of thexcess kD, and evaporation of
water, the digestiorwascompleted by concentrated 23Q at elevated temperature (3360C) under

the influence of Se as a catalyst. In these digests toteh®ineasured spectrophotometrically with a
segmentedflow system QAuto-analyzerll, Technicol. Salicylicacidwasaddedpurposelyto prevent

loss of nitrateN by coupling the nitrate to salicylic acid, a reaction which proceeds easily in the acid
medium.

Soil pH

The same soil samples used to measure SOM and total N wedeto measure botpH-H,O and pH
CaGlusing a pH/mV meteiThe soil samples were first shaken for about two hours after putting the
relevant solvent before piasmeasured in the settling suspension.

2.3.3 Soil physical quality measurements

In this casesoil bulk densit{SBDand penetratiorresistancg PRWwere measured at different times.
SBDwasmeasued in the three main plots] 8 sub-plots and 54blocks Threeringsor conesof 5cm
diameter eachwere used to collect thehree soilsamples fromone hole per each blockn March
2016 when the soil was not too wethe soil layers used for SBD measurements wdi@cm, 1520
cmand 2530 cminstead of @10 cm, 1620 cm and 2680 cm Moreover, tiree conesinstead of six
per each hole starting from 5 cdepth instead of 0 cm depthiespectively were adopted because it
wasonly 3-5 days after weed ridging So top 5 cm per each level was omitted to replace the ridged
upper top soil and create uniformity in all thrégyers The samples from each ringere put in the
bag, driedn the ovenat 105°Cfor 48 hoursthen weighed The weighs of ovendried soil samplegg)
were divided by the volumécnt) of the ringto compute SBD per each soil lay@wvnimelechet al.,
2001)

Soil penetration resistancavas measured using the methods described by Kouwenhogtral.
(2002) whereby adigital Eijkelkamppenetrologger(Agrisearch Equipment, the Netherlandsas
used Total of 36 subplots were sampledith total of 360 penetration pointsand three plots of
different tillagesystemgNIT, ECO and CON) were divided into two peaith The first part washe
one usedto grow potatoes (prepotatoes) while the second was left bare (grare) during the
previous seasonEach part was furthesub-divided into six replicates (subplotsjen penetrations
were made per each subplot using cemé 1.0 cni 60° at a speed of 2 cm/s arat a depth of ® cm.
Themeasurements were conductedhen the whole soil profile waat field capacitythat isone to
two days after rainfalin early May 2016 The measurements of soil bulk density and penetration
resistancewere conducted far part due unavailability of digital penetrologger in time. Another
reason was because of the necessity of measuring penetragisistance at field capacity thus a day
after rainfall.



2.4 Weeds and Crop measurements

2.4.1 Weed population density and biomass

Assessment of weedwas conducted in two phaseshich wereduring early crop growth stage
before first weeding and the secdnvasduring late crop growth stage before the last weediBgth
phasesof weed assessments were conductedsinpre-bare sub-plots (30m by8 m) per eachtillage
method (Fig.1). The first was through visual observatjaounting of individual weeds vhiin 40 cm x
40 cm quadrat for population density determinationThe secondphase of weed assessment
involvedvisual observation, counting of individual weeds within 50 cm x 50 cm goafiraweed
population density and dry matter determinatioAll abovegroundweeds within a 50 cm x 50 cm
quadrant were collected anddried in the oven at 70°C for 24 hoursThe firstphase ofweed
assessment was conducted in December 2046 day before first weeding while the seconehs
donein May 2016one day before tle last weeding.

2.4.2 Crop growth performance

All crop performance parameters were measured at feamation stage when the plantsvere very
succulent andwith high nutritive value (Mikan, 2008. Aboveground plants were harvested only
from pre-bare strips due tdhe interruption of the weed measurements lpyessure of weeding tim
caused by weather variations. This was because of the aim of comparing the dry matter of both crops
and weeds in the same qdrants before weeds were ridgedBesides, because there were no
statistical differences in SOM content between {m@re and prepotato subplots, use of only pre
bare subplots was validDueto these reasons all weed and crop performance measurements were
conducted in prebare subplotsCrops were harvested purposely for the measurersaritieaf area
index (LAl)total plant dry weight, ear dry weightand ear number/m. These measurementsvere
donein pre-bare strips that were divided into six subplots @3n x 8 m) per each tillage system (Fig.
1). At ear formation stageall crops within a 50 cm x 50 cm quadtavere harvestedand sorted
separately into leaves, stems and eafhis was according to Santiveti al. (2004) who reported

that yield of winter triticale is perfectly predicted by dry matter during anthesis.

Leaf area wasneasuredby LICOR EB100, AREA METEReparatedeaves, stems and eakgere
weighed thendried at 70°C for 72 hoursand their dry weights weresummedto obtain total plant

dry weight. Plant height anathlorophyllcontentwere measured in a zigag pattern so as to have a
broad representation of almost all crops per cattle slurry treatment (large amount in tractor paths
and small amount in no#paths). Four plants per subplot were measured for their heights using a
tape measurefrom the ground level to the headnd dlorophyll contentwas taken as averagd 20
crops per subplot was measured usiamghlorophyllmeter (SPAES02PLUS, KONICA MINOLTAg
measurementswere conductedduring springMay 2016 when the cropswere at the ear forning
stage
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2.5 Statistical analysis

All data were first processed by Microsoft Excel 2010 before statistical analysis ugin§PIBS
Version 22.The normality test was tested for all data before statistical analysisdaid were
normally distributed with exception of NGO; and NNH, that were transformedusing natural
logarithm However, even after transformation the data fofNQ; and NNH, were still not normally
distributedthat lead to reuse of the original datdndependent Samples{€st was used to find out
the differences between prbare subplots witin each tillagesystemor treatment (NIT, ECO and
CON). Tis was necessary to assess tiradient between east and west ptmre subplots for each
tillage systems Likewisg the T-test was carried out to find the statistical differences betwegae-
bare and prepotato subplots per eachillage systemat each soillayer. This was because the
replicates used were not true replicatebhe Ttests analyses wereonductedpurposely to decide
whether it is scientifically valid to carry out the measurements of other parameters in only bare
subplotper each tillage treatmnt. Analysiof Variance (ANOVAjasconducted to test the effects of
tillage systemson soil quality, weedompetitivenessand crop growth performanceOne way ANOVA
was used for the analysis of SOM in-pmato subplots per each tillageystems Likewse, One way
ANOVAwas used toanalysechemical soil quality indicatordN(min, TN and pHand physical soil
guality indicator(SBD) the independent variables tested were three tillaggstems(NIT, ECO and
CONpat three soil layers (10 cm, 1620 cm and 2680 cm).However, soil layers-50 cm, 1520 cm
and 2530 cm were applied for SBD measurements. Besides, way ANOVA was used also to
analyse the effecof tillage systemson weed population density and weedydmatter, LAI, total
plant dry matter, ear dry matterear/m? chlorophyll contentand plant heightDifferences among
means vere comparedusingPost Hoc Tesisf Multiple Comparisonat 5% level of probability
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3 Results

3.1 Effects of tillage systems on chemical and physical soil quality

3.1.1 Soil Organic Matter (SOM)

The was no statistical differenc€B >0.05)n amounts of SOM between east and west pgge
subplots per each tillaggeatments (NIT, ECO and CON) at $jers 010 cm, 1620 cm and 2€80
cm (Fig. 3)Likewise, there were no statistical differences (P >0.05) betweeihare and prepotato
subplots for each tillage system and at each soil I{Jable 3) However,SOM content peeach
tillage treatmentwas statistically different(P =0.004at 0-10 cm soil layefFig. 4) Moreover, the
Post Hoc Tests results between each tillaystemsshowed significance difference (P =0.004)
between NIT and COf¥ig.4). Gonversely no significant difference was observed betwde@O and
CON (P=0.05Andbetween NIT and ECO (P =0.3&60-10 cm soil laye(Fig. 4. Furthermore there
were no significant differencse(P =0.273 and 0.80%mong three tillagesystemsin both 1620 cm
and 2030 cm soil layersespectively(Fig. 4).

4.5

M East

B West

0-10cm (10-20 cm20-30 cm| 0-10 cm [10-20 cm|20-30 cm| 0-10 cm |10-20 cm|20-30 cm

NIT ECO CON
Tillage systems per soil layers

Figure 3 Differences in amouat soil organic matter (SOM) between east and westlmee subplots within each tillage
systemgNIT, ECO and CON) at all three soil layet® @mn, 1620 cm and 2680 cm).

Table 3 Test comparison of SOM (%) between {r@&e and prepotato subplots for each tillage systems at different soil
layers

SOM (%) Soil layers

Plots and sulplots 0-10 cm 1020 cm 20-30 cm
P-value Sig. P-value Sig. P-value Sig.

Prebare & Prepotato in NIT ~ 0.09 ns 0.77 ns 0.94 ns

Prebare & Prepotato in ECO 0.44 ns 0.45 ns 0.61 ns

Prebare & Prepotato in CON 0.68 ns 0.55 ns 0.74 ns

¢KS 0O0NBOALIGAZ2Y dayaé NBFSNI (2 y2i arxayArAFaolyil
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Figure 4 Differences in amounitsoil organic matter (SOM) between gretato subplots per each tillagg/stemgNIT, ECO
and CON) at each soil lagg0-10 cm, 1620 cm and 20 cm).Error bars indicate standard error. Means followed by
different letters differ significantly betweerad tillage systemsat eachsoillayer.

3.1.2 Soil available Nitrogen Mineral (N min)

Nitrate -Nitrogen (N-NGs)

There was a statistically significardifference in concentration of NNO;, between each tillage
systemsat all soillayers(0-10 cm, 1620 cm (P €.001)both and 2630 cm (P =0.001}ig. §. Highest
and lowestconcentratiors of N-NO; were observed in NIT13.03mg kg') and CON3.82 mg kg')
respectivelyat 0-10 cm (Fig. 5). Theoncentrations ofN-NO; differed significantly(P =0.001)
between NIT & ECO and NIT & CGCiMl both 0-10 cmand 1620 cm There were also significant
differences between NIT & CQP =0.001pand NIT & CON (P =0.Git)20-30 cm(Fig. 5) Moreover,
concentratiors of N-NQ; in NITwere higherat all three soil layes 010 cm (13.03mg kg'), 1020 cm
(9.78mg kg") and 2030cm(7.61mg kg') (Fig. 5) Nevertheless, there was no significance difference
in N-NG; between ECO and CON at0cm (P =0.242)1020 cm (P =0.966and 2030 cm (P =0.688)
soil hyers (Fig.5).
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g
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z
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=
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0-10cm 10-20 cm 20-30 cm
Soil layers

Figue 5 Effect of three tillageystemgNoninversion tillage (NIT), Estallowmouldboardplough (ECO) and Conventional
tillage (CONat eachthree soil layers (@0 cm, 1620 cm and 2680 cm) on soil available nitrogen in mg/kg. Error bars
indicate standard error. Means followed bifferent letters differ significantly betweearachtillage systemsat eachsoil

layer.
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Ammonium -Nitrogen (N -NH,) concentration
There were no significant differences between each tillage systems at all soil lagérerd (P

=0.698), 120 cm (P 6.155 and 2630 cm P =0.132(Fig. 19 in the appendix).

3.1.3 Total Nitrogen (TN)

Theae was statistical differencebetween eachtillage systemsat 0-10 cm soil layer (P <0.001). The
highestand lowestconcentratiors of TN werabservedin NIT and COkespectivelyat 0-10 cm soil
layer (Fig. 6)However, there was no significant differenaeboth 1020 cm (P =0.228and 20-30cm

(P =0.303%oillayersfor all three tillagesystemaNIT, ECO and CON (Fig. 6

12
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Figure eEffects of three tillageystemgNortinversion tillage (NIT), Eshallowmouldboardplough (ECO) and Conventional
tillage (CONRt eachthree soil layers (a0 cm, 1620 cm and 2680 cm) on total nitrogen in mg/kg. Error bars indicate
standard errorMeans followed bylifferent letters differ significantly betweezachtillage systemsat eachsoillayer.

3.1.4 Soil pH
The pHH,O valuesbetween each tillage systems were not statistically differ@ht=0.733, 0.08&nd

0.817)at eachthree soil layergFig. 7) On the other hand, the means of pEaGl were statistically
different (P <0.001) at both soil layerslO cm and 20 cm (Fig. 8)Themeanvalues of pHCaG
between each tillage systenas 10-20 cm soil layewere not significant (Fig. 8).
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Figure 7Effects of three tillageystemgNoninversion tillage (NIT), Estallowmouldboardplough (ECO) and Conventional
tillage (CONat eachthree soil layers (A0 cm, 1820 cm and 2680 cm) on soil pi,O. Error bars indicate standard error.
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B ECO
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0-10cm 10-20cm 20-30cm
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Figure 8ffects of three tillageystemgNorinversion tillage (NIT), Eshallowmouldboardplough (ECO) and Conventional
tilage (CONat eachthree soil layers (@0 cm, 1620 cm and 2680 cm) on soil pi€aGl. Error bars indicate standard error.
Means followed bylifferent letters differ significantly betweerachtillage systemsat eachsoil layer.

3.1.5 Soil bulk density and Penetration resistance

Soil bulk density (SBD)

The differences of bulk densityetween each tillage systems (NIT, ECO and G@N°) were
statisticallysignificant(P= 0.03 and 0.005) at both soil deptht@®cm and 120 cm respectively (Fig.

9). Nevetheless, the differences between each tillage systems (NIT, ECO and CON) were not
significant (P =0.218) at 28 soildepth (Fig. 9)The highest and lowest SBD were observeHQ0O at

25-30 cmand CON at-80 cm soil depth.

15



1.8 +
1.6 - ab 2 ap
1.4 -
1.2 -

mNIT
0.8 -
B ECO
0.6 -
W CON
0.4 ~

Soil bulk density (g/cm3)

5-10cm 15-20cm 25-30cm
Soil depths

Figure %ffects of three tillageystemgNoninversion tillage (NIT), Estallowmouldboardplough (ECO) and Conventional
tillage (@®N)at three eachsoil layers (8.0 cm, 1520 cm and 280 cm) on soil bulk density. Error bars indicate standard
error. Error bas indicate standard error. Means followeddifferent letters differ significantly betweerachtillage systems
at eachsoillayer.

Penetration resistance (PR)

In both prepotato and prebare plotsthe strength ofsoil decreased after 40m up to 60 cm depth
for all three tillagesystems(Fig. D A and B) However, prebare plots hadhe highest penetration
resistance in NIT under all soil depths froB@cm in comparison to prpotato plots(Fig. D A and
B). Besides, higher penetratiorsistance was observed between-30 cm soil depths in prpotato
subplots (Fig. 10 B).

Penetration resistance (Mpa) A Penetration resistance (Mpa) B
0.00 2.00 4.00 0.00 2.00 4.00
0 . ! 0 ! |
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(=] (=]
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FigurelO Effects of tillagesystemson penetration resistanciroughout the 860 cm soil profile ipre-bare (A)and -pre-
potato subplotqB). Averagealues for 10 samplings per 6 replicates are presented.
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3.2 Effects of tillage systems on weed population density and dry matter

Both visual assessment and physical counting of individual weeds per quadrat at an early and late
crop growth stages showed a higher weed population in NFe results showed there were
statistically significant effects amonijage systemson both weed populatiomensity and dry matter
(Table 4. There were no significant difference between weed population density in ECO and CON
during both early and late crop growth stag@&sie highestveed population density191.67 weed m

% wasin NIT vhich was almost double of thedwestweed population densitf96.86 weed 1) in

CON during early growth stagEig. 11A). Likewise the least weed population densiti€s21.33and
115.33weed m?) during late crop growth stagerere observed irECO and€C N (Fig.11 B). The dry
matter of weeds measured when the crops were in ear formation stage showed higher DM in NIT
(1112.67kg ha') greaer than the sum(668 kg ha') of ECOand CON (Fig. 12) There were no
significant difference iDM betweenECO an€N (Fig. 12.
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Figurell Early(A)and late(B)weed population densitfor three tillagesystemsError bars indicate standard error. Means
followed bydifferent letters differ significantly between eatilage systems
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Figurel2 Effect of tillagesystemon weed dry matter during late crop growth stageror bars indicate standard error.
Means followed bylifferent letters differ significantly between eatilage systems
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3.3 Effect of tillage systems on winter triticale performance

All crop performance indicatorseaf area indexL(A), total plant dry matter TDM), ear dry matter
(EDM), ear m?, height and chlorophyll conteniSPADPwere statisticallyaffected by tillagesystems
(Table . The values of Al,TDM, EDM ear n¥, height andSPADQwere lower in NIT compared to ECO
and CON Moreover, the values of Al, TDM, EDM,ear n?, height andSPADhad no significace
differences (P =0.9750.957, 0.598, 0.868, 0.574 and 0.384 respectpMadyween ECO and CQNg.
13 AF) The highesand lowestLAlvalues wereobservedin ECQ0.69)and CON(0.37)respectively
(Fig. 13A). The highestotal plant dry matterwasshowedin ECO (2.82 Mg Hp intermediate in CON
(2.72 Mg h) and thelowest (1.67 Mg h&) in NIT(Fig. 138). CON had highdEDM(462.73 kg ha)
than both EC@393.4kg ha') and NIT(204 kg ha') but there was no significae difference between
ECOand CON(Fig. C)Large numbers of ears were formed earlier in ECi54 ear m?) and CON
(144.67ear ni®) than in NIT(78.67ear m®) (Fig. 13D). The highest and lowest average plant heights
(67.72 cm and7.25cm)were show in CON and NJTespectively(Fig. 13 [ The highest chlorophyll
contents of the leaves were observed in both CEN.63 and EC@40.26 while the lowest(36.62
was in NITFig. 13).
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Figurel3 Effect of tillagesystemsn crop performance (A, B, C, 2an# F for LAI, Total DM, ear DM, Ear/mg&ight and
SPAD respectivelrror bars indicate standard error. Means followediiiferent letters differ significantly between each
tillage systems

Table4 Effects of tillage omveed population density, DM aratop performance

Dependent variables Fvalue P-value
Early weed population density (weedfin 10.825 0.001 **
Late weed population density (weedfin 22.198 0.000033 **
Weed DM kg/ha) 17.960 0.000104 **
LAI 9.728 0.002 *
Total plant DM (Mg/ha) 6.581 0.009 *

Ear dry DMKg/ha) 7.210 0.006 *

Ear number (Ear/f) 10.031 0.002 *
Plant height (cm) Fvalue 0.002 *
Chlorophyll conten{SPAD valugs 12.762 0.000078 **

* and**refertoPvaluesk ndnm FyR X ndnn viEedwmiSd) biSvieéng@ips vad?2 ahidS1a Wilis 2 F
groups for all variables with exception of height and SPAD that had 2df between groups and 33dfjneitps

3.4 General visual observation son the field at different stages

One month aftercrop sowing whe soil sampling for chemical quality were conducted, thees no
visible differences in growth ofthe crops between ECO and CON compared to W8E observed
Crops were vigorouy growingwith visible weeds in Nldompared to ECO and CON (FigAhdB).
Figure 14C and D show the appearance of crops and weeds in NIT anads@éxtively at the late
ear emergence two weeks afteneasurements orrop performanceéhad been takenThere vere no
visible difference between weed abundance and crop growtigour between ECO and CON during
early and late growth stageTherewere visble difference in slurry applicatiorwithin the tractor
paths and atside as shown ifHgures17 and 18 in the Appendix. Furthermore, grass specied
weeds were mostly observed tractor paths with large quaity of slurry.In addition, broad leaved
weeds were abundant in NIT compared to ECO and C¥Nmost dominant weed observed during
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early (autumn) and late (spring) crop growth stage was Chamomiler Mayweed (Matricaria
chamomilg. During autumn 2015 the most common weeds in the field were chickw8éelldria
medig), corn spurry §pergula arvensisand grass speciesdowever,during spring 2016 the most
dominant weeds weregperennial sowthistle $onchus arvensis.), red poppy Papaver rhoeas..)
Chinopodium sppnd grass species.

Figurel4 Appearance of the field during early growth stage of the cthptngNovember, 201%A and Bandduring late
growth stage of the crop3une, 2016C and Djor NIT and EC®@espectively
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