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1. Introduction

1.1 The importance of oilseed rape

Cultivation of oilseed rapeBfassica napus L.) had its breakthrough in the 1970s due to the
development of the “double-zero” rapeseed varigd®srapesseed), which have only small
amounts of the bitter tasting erucic acid and aarly free from glucosinolates. Previously
these two toxic components prohibited the use pksaed for food purposes (oil and
margarine) or as feed for pigs, cattle and chickéowadays, with acreage of 5.4 million
hectares (2007), rapeseed represents a major rcriy@ iEuropean Union and is the second

largest oil crop worldwide (Gehringer et al. 2007).

Besides an increase in demand for biodiesel (ragt@yhester) and edible oil, oil seed rape
is also attractive as a preceding crop. These weasons of the development of the area
under cultivation of constantly more than 1 millibectares in the last ten years in Germany.
In 2010 almost 1.5 million hectares of rapeseecevgeown (ufop 2011).

1.2 Oilseed rape diseases and control

The extension of rapeseed cultivation results ios&l crop rotations and increased
abundance of fungal diseases in growing areas. dacigally relevant pathogens are
Leptosphaeria maculans (Desmo.) Ces and de Not. (anamoR#toma lingam Tode ex Fr.)
(blackleg disease)erticillium longisporum (ex. V. dahliae var. longisporum Stark, comb.
nov. Karapana)\erticillium wilt), Sclerotinia sclerotiorum (Lib.) de Bary (stem rot) and
Plasmodiophora brassicae Woronin (club root). Wheredg. lingam andS. sclerotiorum can

be controlled by application of fungicides, longisporum andP. brassicae are not affected
by common chemicals. Furthermore, pathogens caelojevesistance against applied agents
and therefore biological control might offer aneatiative to application of fungicides.
Throughout the last decade, many naturally occgrmsoil microorganisms have been
screened for their ability to control seed- and-bBorne diseases (Slininger et al.1998).
Among several bacteria and fungi identified as bidml agents (BCAs), the most abundant
soil and plant-associated bacteria are in the geBerkholderia, Bacillus, Pseudomonas,
Serratia and Streptomyces (Berg et al. 2002, Nair et al. 2002, Costa ek@D6, Mark et al.
2006). BCAs operate as competitors for substrates space and can have a direct
antagonistic effect on the pathogens throughousyhéhesis of antifungal or rather antibiotic

metabolites (Chernin and Chet 2002). Most BCAs girevarious active substances and so

1



1. Introduction

their selective use minimizes the selection pressur pathogens to develop resistance
(Handelsman and Stabb 1996). The duration of aididad effect of synthetic fungicides is
limited and therefore applications must be repeard timing is of great importance,
whereas most micro organisms are able to establishrget locations and act continuously
thus providing sustainable effects (Sivan and Ch@92). Furthermore, plant growth
promoting effects and the ability to induce resistin plants increases the attractiveness of
some BCAs (Harmann 2006).

Nevertheless, only few potential BCAs have beerelbgped to reach market quality. Reason
for that are technical problems (Whipps 2001) daminsufficient control by the antagonists
under field conditions, which has been frequentgatibed in the literature (e.g., Weller
1988; Gerhardson and Larsson 1991; Hornby et &3;1%ahoven et al. 1995). Another
disadvantage of BCAs is the often limited rangepathogens that can be controlled by a
single BCA (Cook 1993; Campell 1994Pseudomonas chlororaphis isolate MA 342
represents an efficient counterexample as it peaicbnsistent effects against several cereal
diseases under field conditions (Johnsson et 8B)19he active organism was developed by
Lantmannen BioAgri AB (Uppsala, Sweden), is producédy e-nema GmbH
(Schwentinental) and sold under the trademarks @edd and Ceraft. Approximately 1.5
million hectares have been cultivated with seeéatéd with MA 342 in Sweden since 1997
(Hokeberg 2006).

1.2.1Phoma lingam

Phoma stem canker (blackleg), causedLlegtosphaeria maculans, is one of the most
important diseases in oilseed rape and occurs mr&d=urope, Australia, Canada and China
(Fitt et al. 2006; Howlett 2004; West et al. 200Ahnual crop losses of more than 100
million Euros in European countries are possibleilevosses at harvest are usually less than
10 %, although they can reach up to 30-50 % (Fd&l.eWest et al. 2001).

The life cycle ofP. lingam is demonstrated in Fig. [l. maculans generates ascospores in
pseudothecia located on infected residuals of ptevicrops, which are primarily released
from September until November in Central Europel@iar and Wittern 1985; Péres et al.
1999). These air-borne ascospores cause the prinfaggion by penetrating leaves of young
seedlings after few hours of leaf moisture. Firstual symptoms appear in the form of
lesions containing distinctive asexual pycnidiogso(Fig. 2), which are spread out by the

kinetic energy of impinging raindrops. In the fallmg, the pathogen colonizes petiole, root
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collar and stem through systemic growth, which theayl to stem and crown cankers (Fig. 3,
4) that cause yield loss (Hammond et al. 1985;dti&l. 2006).

Isolates of P. lingam can be differentiated into twheptosphaeria-species, which are
classified asL. maculans (A-Type, virulent, aggressive) arld biglobosa (B-Type, non-
virulent, non-aggressive) (Mendes-Peira et al. 200&h et al. 1989; Johnsen and Lewis
1994; McGee and Petrie 1979). WHilemaculans is associated with damaging stem canker,
L. biglobosa causes mostly non-damaging upper stem lesions (¥¥edt 2001; Huang et al.
2005). In northern parts of Germany the aggressige is more common (Koopmann and
Hoppe 1998, Volke et al. 2000a, Volke et al. 2000b)

At the momentP. lingam is controlled by azole fungicides and cultivatioh tolerant
cultivars. However, resistance genes may beconféeatiee after intensive use, whereas
application of fungicides may reduce disease sgvdiut is also affected by weather
conditions and has to be timed correctly (West.2@02; Li et al. 2003; Rouxel et al. 2003).
Therefore the rhizobacteria-mediated biologicaltsmrcould be an environmentally friendly
alternative to protect plants agaifstingam.
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Fig. 1: Life cycle ofPhoma lingam (Rouxel and Balesdent 2005)
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Fig. 2: Lesions containing pycnidia on rapeseed lgas caused byhoma lingam

Fig. 3: Crown cancer symptoms on rapeseed caused Bi{ioma lingam
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Fig. 4: Stem infestation with pycnidia on rapeseedaused byPhoma lingam
1.2.2Verticillium longisporum

The soil-borne fungu¥erticilliumlongisporumis of worldwide distribution in temperate and
sub-tropical regions and causes wilt on a broadeani crops (Steventon et al. 2002, Berg et
al. 2001). Every yeaV. longisporum is responsible for yield losses of 10 to 50% ilse®d
rape in Germany (Mdller 2006). It survives morenti® years in the form of thick walled
and melanized microsclerotia in soil (Lucas 199&8s£ and Seidel 1990; Collins et al. 2003).
The life cycle ofV. longisporum is demonstrated in Fig. 5. Germination of the wscterotia

is stimulated by root exudates of host plants (@lith 1955; Schreiber and Green 1963).
Winter oilseed rape can be infested two months pastrgence of the seedlings, while
typical half-sided yellowing of the older leavesualy occurs past flowering (Holtschulte
1992; Paul 1988). Hyphae of the fungus penetraitsr@arber and Houston 1966) and the
mycelium grows inter- and intracellular into thentral cylinder. Damage is caused by
blockage of the xylem through mycelium and/or canids well as parasite-host-interaction
induced, cell devastating metabolic products of tmethogen (Daebler et al. 1988;
Niederleitner et al. 1991; Hoffmann et al. 1994¢casl 1998). Initiated by senescence, typical
microsclerotia are formed in the stem and mark feefaarvest (Fig. 6) (Glnzelmann and
Paul 1990; Kriiger 1986; Zeise and Seidel 1999;4dblilte 1992).

Control of the pathogen is limited to heat treattreemd fumigation of the soil with broad
spectrum biocides, such as methyl bromide (Beaj.€t001), which is not practicable under
large field conditions and prohibited in most coig®. As chemical control is impossibié,

longisporum is becoming a major disease in some areas of Ggynfance and other

6
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European rapeseed-producing countries (Karapapa).19Berefore, the focus of breeders is
on the development of resistant cultivars, sincaroercially available cultivars only possess
a low level of resistance against the fungal dise@ygulla et al. 2008). Preliminary

glasshouse trials at the Institute of PhytopathplG4U Kiel (Germany) revealed that the

BCA S plymuthica strain HRO-C48 has potential to contMl longisporum in different

oilseed rape cultivars.

formation of

conidia and
systemic chlorosis,
colonization of necrosis, and

vascular system wilting of foliage

4 _ colanization of
entry into senescing lissues
xylem vessels

colonization of

root cortex development of

microsclerotia in
. . dead tissues
direct penetration

of root tips

root exudates

stimulate ; ;
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Fig. 5: Life cycle ofVerticillium dahliae / Verticillium longisporum (Rowe and Powelson 2002).
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Fig. 6: Infestation of rapeseed stem with microscietia of Verticillium longisporum
1.2.3Plasmodiophora brassicae

Plasmodiophora brassicae is a soil-borne, obligate parasite causing clubthsease, which

is one of the economically most important and dantagliseases oBrassica crops. The
fungal pathogen, recently regarded as a protifgsia more than 300 plant species including
Brassica rapa (turnip rape, chinese cabbagB)oleracea (cabbage, kohlrabi, kalep, napus
(rapeseed)B. nigra (black mustard) (Tjallingii 1965; Crute et al. B381attusch 1987) and a
range of weeds. The amount Bf brassicae contaminated cultivation area is estimated to
range up to 10 % globally (Créte 1981), while anyield losses vary between 10 and 30 %
depending on the affected crop (Ludwig-Muller 2000)

P. brassicae survives as resting spores in soil, which gerneimatto zoospores that penetrate
root hairs of host plantdn the latter phase abnormal tissue proliferatiorihie root cortex
takes place, forming galls (clubs) (Fig. Biside these galls new resting spores are generated
which are liberated into the soil at the end of lifeecycle (Ingram and Tommerup, 1972),
which is shown in Fig. 7. The clubs formed inhibttrient and water transport, stunt the
growth of the plant and increase susceptibilityviing.

Cultural practices like multi-annual crop rotatiand increasing the pH by lime conditioning
can reduce the disease severity (Murakami et 8RR Effective soil fungicides are available
(Tanaka et al. 1999), but agents do not have atragon in rapeseed in Germany, while
application is expensive and not always succes$tutrefore the development of resistant
cultivars is now considered the most economical effidient method for the control of
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clubroot. Resistance has been identifiedBnrapa, B. oleracea and B. napus (Crute et al.
1983; Crisp et al.1989). A few years ago Norddéwds€flanzenzucht (NPZ-Lembke)
released the resistant cultivar Mendel that casradé moderate levels of resting spores.

Fig. 8: Clubs on roots of rapeseed caused IBrasmodiophora brassicae



1. Introduction

1.2.4Sclerotinia sclerotiorum

The necrotrophic funguSclerotinia sclerotiorum is capable of infecting 408 plant species
among 75 families includinBrassica napus andPhaseolus vulgaris (Boland and Hall 1994).
The ubiquitous pathogen manifests itself as stemnroapeseed, which is one of the most
important diseases in Canada, where it causes lgs$es of 5-100 % (Martens et al. 1994,
Manitoba Agriculture 2002). In the United Kingdorasses of up to 50 % due to this
pathogen have been reported (Pope et al. 1989)eaméncidence of up to 70 % in areas
with short crop rotation were noticed in Germanfjck might result in losses from 10-30 %
(Dunker 2004).

The lifecycle ofS sclerotiorumis shown in Fig. 9. Vegetative sclerotia persisthie soil and

germinate under moist conditions to form apothetiee infection of rapeseed occurs either
by the release of airborne ascospores from theshepa (Abawi and Grogan 1975; Cook et
al. 1975) or via mycelium targeting roots. Ascosporesngnate on petals and infested
petals- if lodged in leave axils -can infect thenst Infection of stem and further spread of

the disease solely occurs through growth of myoeliu

To date, complete resistance to this pathogen loasbeen identified, although partial
resistance was recently reportedBimapus cv. Zhongyou 821Buchwaldt et al. 2003; Li et
al. 1999). As there are no resistant cultivarslaiée at the moment preventive application of
fungicides at the time of flowering has become usHawever, research has shown that
preventive application of fungicides is cost efieetin one of three cases (Dunker 2006;
Dunker and Tiedemann 2004; Wahmhoff 2000). Bioadnmight be an efficient and
environmentally friendly alternative to control ghpathogen (Kohl and Fokkema 1998).
BCAs based on the fungal antagonistsichoderma harzianum (Elad 2000) and
Coniothyrium minitans (Li et al. 2005) reduced infestation &fsclerotiorum in cucumber or
alfalfa while strains of the bacterRseudomonas fluorescens and P. putida showed good

control of S, sclerotiorum in sunflowers (Kamensky et al. 2002).
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Fig. 9: Life cycle of Sclerotinia sclerotiorum (modified according to Paul 2003)

1.3 Use of antagonistic bacteria in seed treatment

High rhizosphere colonizing potential of crop pkarg essential to obtain sustainable effects
of soil borne antagonists (Weller 1988). Rhizosphmionisation can be initiated by treating
seeds with the antagonistic bacteria. As Gram-inegdiacteria, likeS. plymuthica, are
unable to produce spores, their survival dependsaasuccessful establishment of the
bacterial cells in a protected environment, whiglpriovided inside of a seed. To reach high
bacterial concentrations inside the seeds withshat time, adapted application technology
is necessary. According to Rhodes (1993) and (Mmnand Press 1991) seed treatment
should be fast and the procedure easily be intggi@tinto the commercial seed treatment
process. Technology needs to be adapted in orderotect the bacteria against various
abiotic factors during storage and shipping (JaresBurges 1998).

According to Muller and Berg (2008), bio-primingase of the most effective methods to
establish bacteria inside seeds. This technigbased on imbibtion by the seed, which leads
to an uptake of bacterial suspension and enrichmoebgcteria inside the testa. From bio-
primed seeds bacteria have been re-isolated aitigsrsf almost logy 5 CFU seed after 30
days of storage at 20°C. This procedure also imggaermination (Gray, 1994). Through

further investigation by Abuamsha et al. (2010 dluration of the priming procedure could

11



1. Introduction

be reduced from 12 to 2 hours, however, the folhguie-drying is still time consuming.
Abuamsha et al. (2010b) did further research os tchnique using plymuthica andP.
chlororaphis and found out that addition of Mg@Q@upports the establishment of bacteria
inside the seeds, while a temperature of 28°C otiee best conditions for the procedure of
priming with S, plymuthica. Storage ability was prolonged by anaerobic coolt whereas

P. chlororaphis survived significantly longer tha® plymuthica, in general.

The so called “drum priming” (Rowse 1996), anotla@plication techniques for Gram-
negative bacteria, finds use in seed treatmengeaK, Icarrots and parsnip, but is not suitable
for rapeseed. A further, widespread method for iapppbn of micro organisms is coating
(pelleting), which can easily be integrated inte themical seed treatment process (Burgues,
1998). Besides a reduced germination, coating eae A negative influence on the survival
of bacteria (Farvel et al. 1998; Miller and Berd&0 Another possibility to reach high
bacterial concentrations within a short time wasdestrated by Schmidt et al. (2004), who
put coated sugar beet seed ifseudomonas fluorescens B5 (alternativelyP. corrugata
2140) suspension for 15 minutes resulting in batEvels of logo 3- loge 9 CFU g seeds.

In the process of chemical coating, talcum is adtedabsorb excessive liquid. This
procedural step could be used to apply a bactenathed binding agent. Vidhyasekaran et
al. (1997) mixed several binding agents includ@gum, kaolinite and lignite with carboxy-
methylcellulose and added concentraedluorescens suspension. This mixture was stored
in sealed polyethylene bags for two days at 25%&t@&ia from treated pigeon pea seeds (49
kg seed) were able to colonize the roots at concentratmh®g; 5 CFU g rhizosphere
ninety days after sowing. Dandurand et al. (199¢) aroved the survival d?seudomonas
spp. in different air-dried powdered minerals.

1.3.1Serratia plymuthica HRO-C48

Serratia plymuthica strain HRO-C48 is a naturally occurring antagonisoil bacterium
which has originally been isolated from the rhizom@ of oilseed rapBrassica napus near
Rostock (Germany) (Kalbe et al. 1996). An isolgieesfic production of the chitinases
CHIT60 and N-Acetylhexosaminidase (CHIT100) hasnbesported for this Gram-negative
bacterium, which allows the entire degeneration abiitin into N-acetylglycosamin
(Frankowski 2002). Furthermore the strain is ablproduce the antibiotic agent pyrrolnitril,
as well as several AHLINfAcyl-Homoserin-Lactone) likeN-butanoyl-HSL, N-hexanoyl-
HSL and N-3-oxo-hexanoyl-HSL (OHHL). These molecules areoimed in ,quorum-
sensing” and have been reported to induce plaistaese (Liu et al. 2007).

12
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HRO-C48 has a high antifungal activity against tinegal pathogen¥erticillium dahliae
subsplongisporum (Kurze et al. 2001; Berg et al. 2000; HammoudiZ2®rankowski 2002),
Phytophtora cactorum (Kurze et al. 2001)Sclerotinia sclerotiorum, Rhizoctonia solani and
Fusarium spp. (Frankowski 2002). Another positive aspecthiss production of indole-3-
acetic acid (IAA) and its growth promoting effecashbeen reported in rapeseed and
strawberries (Kurze et al 2001). Since 2085lymuthica strain HRO-C48 is commercially
applied as Rhizost8y the e-nema GmbH (Schwentinental, Germany) tonpte growth

of strawberries.

Preliminary glasshouse trials at the Institute dfytBpathology CAU Kiel (Germany)
revealed tha& plymuthica has potential to contr®. lingam andV. longisporum in different
oilseed rape cultivars under controlled conditiolrs.glasshouse trials with artificig®.
lingam infection a mean reduction of the disease inddx §pmore than 70 % was observed
for plants, which had been treated w&hplymuthica (Abuamsha et al. 2010a). Hammoudi
(2008) showed significant reductions of modefatéingam leaf pycnidia as well as crown
canker and stem disease scores through seed treatntie the antagonist in a field trial in
northern Germany. Furthermore, HRO-C48 could redbeearea the under disease progress
curve (AUDPC) ofV. longisporum infested plants significantly by almost 60 % ireeage
compared to the non-bacterial treated control, evapproximately 70 % more healthy plants
were obtained. Differences in control efficiencytioé ten tested cultivars indicate a varietal

dependence of the antagonist (Abuamsha et al. 2011)
1.4 Objectives

The main objective of this investigation was tottése performance of the bacterial
antagonistS plymuthica HRO-C48 against naturally occurring fungal rapdséeseases in
plot trials under field conditions and to find owhether the combined treatment with
fungicides will result in an enhanced pathogen mdnEurthermore, the colonization of the
rhizosphere and bacterial population dynamics ffeint soil types and climates were
recorded. Successful establishment is requireccdotrol effects (Abuamsha et al. 2010a,
2011; Hammoudi 2007).

Besides the field trials, the effect of HRO-C48 nbrassicae and S. sclerotiorum under
controlled conditions was of interest as well as\thrification of the described control effect
onV. longisporumin rape seed.

13
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Another aspect of the investigation was the impnoset of the seed treatment in order to
further adapt the seed treatment process to paacteeds for industrial use. Hence testing
new methods as well as upgrading the existing plaeeto enable integration into chemical

rapeseed treatment was an objective of this study.
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2. Material and Methods

2.1 Field trials
2.1.1 Trial sites

The fundamental idea while choosing the trial sites to cover different soil types and

climatic condition in northern parts of Germanywimtensive rapeseed cultivation (Table 1).
The locations shown in Fig. 10 were provided anttivated by the German breeding

companies Kleinwanzlebener Saatzucht AG (KWS), Neutische Pflanzenzucht (NPZ-

Lembke) and the agricultural institution Landwitiafiskammer Schleswig-Holstein

(LKSH) as well as the Christian Albrecht UniversifAU) Kiel.

A Battic Sea

Fig. 10: Location of trial sites. 1=Birkenmoor, 2#ohenschulen, 3=Hohenlieth, 4=Sdnke-Nissen-Koog,
5=Sartjendorf, 6=Elskop, 7=Walkendorf, 8=Braunschway, 9=Einbeck.
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Table 1: Trial site information. AZ (“Ackerzahl”, a parameter for soil quality reaching from 7 (very
bad)-100 (very good)) as well as mean temperaturesd mean annual precipitations of the trial episode

2008-2011.

Information about soils and weather datawere

received from project partners:

Kleinwanzlebener Saatzucht AG (KWS), Norddeutsche flanzenzucht (NPZ), Landwirtschaftskammer
Schleswig-Holstein (LKSH) and Deutscher Wetterdientg DWD).

Annual
) ) AZ Temperature o
No. Site Soil type precipitation
g (°C)
(mm)
1 Birkenmoor (Schleswig-Holstein) sandy loam 56 8,6 715
) ) sandy loam —
2 Hohenschulen(Schleswig-Holstein) 55 8,1 744
clay loam
3 Hohenlieth (Schleswig-Holstein) sandy loam 56 8,7 838
Sonke-Nissen-Kood Schleswig- )
4 ] silty loam 90 8,2 703
Holstein)
5 Sartjendorf (Schleswig-Holstein) humic loam 73 8,9 636
6 Elskop (Schleswig-Holstein) silty loam 65 7,7 843
Walkendorf (Mecklenburg- sandy loam —
7 ) 51 8,6 588
Vorpommern) gleyey luvisol
8 Braunschweig(Niedersachsen) loam 85 9,4 641
) ) loamy
9 Einbeck (Niedersachsen) 20 8,9 739
chernozem

2.1.2 Plant material

For the selection of the rapeseed cultivar the dogas on a high productivity and intensive
cultivation in northern Germany. In field trialsethybrid Visby (Rapool) realised the highest
yields in 2008-10 compared together rapeseed andtiand is currently the most common
cultivar (Rapool 2012). Visby is moderately resisttp the blackleg disease with a rating of
4 on a scale from 1 (low) to 9 (high resistant) r{Bessortenamt 2008).

2.1.3 Experimental design

Four different variants were chosen for the figlidls (Table 2). Each variant had four
randomly distributed replicates (plots). Each plats divided into to identical sections, one
for sampling and the other for yield assessmerdggixat Sonke-Nissen-Koog and Barlt).
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Table 2: Variants of field trials

Variant Term Treatment

Seeds coated with Elado Premium and TMTD
1 Control (flowering treatment)
Seeds coated with Elado Premium and TMTD

Azole fungicide application in autumn, spring

2 Fungicide )
(+flowering treatment)
Seeds coated with Elado Premium and TMTD
+ bio-primed with S. plymuthica HRO-C48

3 HRO-C48 P pym

(flowering treatment)

Seeds coated with Elado Premium and TMTD
o + bio-primed with S. plymuthica HRO-C48

Fungicide + HRO-

4 48 Azole fungicide application in autumn, spring

(+ flowering treatment)

Cultivation practises such as fertilization, heidés and insecticides (Table 3-5) were

according to official recommended practise in treaaconcerned.
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Table 3: Cultivation practises of trial sies 2008/09

Birkenmoor Hohenschulen Hohenlieth Sonke-Nissen-Kagy Braunschweig Sartjendorf Walkendorf
Plotsize 25 nt 18 nf 12,75 m 24 nt 33 nf 18 nf 21 nf
Seeding date 30.08.2008 31.08.2008 04.09.2008 20.08.2008 2808.2 29.08.2008 28.08.2008
Seeding rate 40 sint 40 sint 70 s/nf 45 sint 60 s/nt 60 s/nf 60 s/nt

Previous crop

winter barley

winter barley

winter barley

winter barley

winter wheat

winter wheat

winter barley

Croprotation 25 % 33 % 20 % 25 % 16,6 % 25 % 21 %
percentage
rapeseed
Cultivation plough; plough; plough; plough; no till plough; plough;
circular harrow disc harrow circular harrow circular harrow circular harrow circular harrow
Fertilization 20 dt/ha Granukal 210 kg N/ha as 8kg/ha no data available 200 kg/ha no data available no data available
40 kgN/ha as KAS KAS Micro Top Triplephosphat
95 kgN/ha as 180 kg/ha Kieserit 25 I/ha AHL 350 kg/ha 40er Kali
15/9/20 0,5 I/ha Boric 140 400 kg/ha ASS 40 kgN/ha as KAS
8 kg/ha Epsom 10 kg/ha
salts Microtop
1 I/ha Manganese-
chloride
Herbicides 30.08.08 2,0 I/ha 01.09.08 2,5 I/ha 06.09.2008 2,0 I/ha 29.08.08 0,3 I/ha 07.09.08 2,0 I/ha 08.09.08 2,0 I/ha 28.08.08 2,5 I/ha
Roundup Ultramax Nimbus CS Colzor Trio Nimbus Butisan Top + Butisan Top Nimbus SC + 2,0
01.09.08 2,5 I/ha 31.10.08 1,0 I/ha 10.10.08 0,75 I/ha 25.09.08 0,25 I/ha 0,5 I/ha Fusilade 13.10.08 2,0 I/ha I/ha Round up max
Nimbus CS Focus Ultra Agil-S Focus Ultra Top Focus Ultra + 1 24.03.09 0,35 I/ha
29.09.08 0,7 I/ha 25.09.08 0,4 I/ha I/lha Solubor Effigo + 1,5 I/ha
Agill S Agil S Fusilade Max
Insecticides 29.09.08 75 mi/ha 06.04.09 0,2 I/ha 10.10.08 50 ml/ha 16.09.08 5 kg/ha 03.04.09 100 ml/ha 08.09.08 0,3 I/ha 10.09.08 0,1 I’ha
Karate Zeon Trebon Karate Zeon snail granules Fastac Decis Fastac
05.04.09 0,2 I/ha 14.04.09 0,2 I’ha 04.04.09 0,3 I/ha 25.09.08 0,1 I/ha 18.04.09 0,3 I’ha 13.10.08 0,1 I/ha 20.09.08 75 ml/ha
Trebon 30 EC Trebon Bulldock Talstar Biscaya Fastac Karate Zeon
14.04.09 0,3 I’ha 08.05.09 75 ml/ha | 09.04.09 0,125 I/ha 03.05.09 0,3 I/ha 20.04.09 1,5 I/ha
Biscaya Karate Zeon Talstar 8 SC Biscaya Reldan
02.05.09 125 ml/ha 15.04.09 125 I/ha
Talstar 8 SC Talstar 8 SC +
0,3 I/ha Biscaya
Fungicides 07.10.08 0,75 I’ha 31.10.08 0,5 I/ha 808 0,5 I/lha 25.09.08 0,5 I/ha 17.10.08 1,0 I’lha] 30.10.08 0,8 I’ha 10.10.08 0,5 I’ha
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Folicur Caramba Folicur Folicur Caramba Caramba Caramba
02.05.09 0,5 I/ha 06.04.09 0,6 I/ha 04.04.09 1,0 I/ha 03.04.09 1,0 l/ha 15.04.09 0,5 I/ha 04.04.09 1,0 I/ha 07.04.09 0,75 I/ha
Cantus Folicur Folicur Folicur Caramba + 0,3 I/ha Caramba Caramba
08.05.09 0,5 kg/ha 06.05.09 0,8 I/ha 03.05.09 0,5 I/ha Moddus 09.05.10 0,5 kg/ha 21.04.09 0,7 I/ha
Cantus Gold Proline Cantus Gold 27.04.05 0,5 I/ha Cantus Gold Caramba
Cantus Gold 11.05.09 0,5 kg/ha
Cantus Gold
Table 4: Cultivation practises of trial sies 2009/10
Birkenmoor Hohenschulen Hohenlieth Sonke-Nissen-Kag Braunschweig Sartjendorf Walkendorf
Plotsize 25 nt 18 nf 12,8 nf 24 nt 33 nf 36 nt 33 nf
Seeding date 23.08.2009 21.08.2009 28.08.2009 20.08.2008 2708.2 26.08.2009 28.08.2009
Seeding rate 40 sint 45 sint 70 s/nt 45 sint 60 s/nt 60 s/nf 60 s/nt

Previous crop

winter barley

winter barley

winter barley

winter barley

winter wheat

winter wheat

winter barley

Croprotation 25 % 33 % 20 % 25 % 16,6 % 16,6 % 32%
percentage
rapeseed
Cultivation plough; plough; plough; plough; no till plough; plough;
circular harrows disc harrow circular harrows circular harrow circular harrows circular harrows
Fertilization 40 kg/ha DAP 180 kg N/ha 80-100 kg/ha BOs 100 kg/ha NPK 180 kg/ha 250kg N/ha 2,4 dt/ha chicken
90 kgN/ha as SSA+ 120 kg K;0/ha 240 kg/ha KO 90 kg N/ha urea Triplephosphat 80kg P/ha dung
KAS 80 kg P.Os/ha 111 kg/ha KAS 350 kg/ha 40er Kali 80kg K/ha 102 kgN/ha
70 kgN/ha as 40 kg S/ha 346 kg/ha ASS 40 kgN/ha as KAS 50kg S/ha Optimag
15/9/20 50 kg MgO 260 kg/ha KAS 3l Bor/ha 86 kgN/ha KAS
20 kgN/ha as urea 10 kg/ha Microtop 51 kgN/ha urea
Herbicides 25.08.09 2,7 I/ha 22.08.09 2,2 I/ha 24.08.09 2,0 I’ha 21.08.09 4,0l/ha 6.09.09 2,0 I/ha 07.09.2009 2,0 I/ha 29.08.09 2,5 I/ha
Nimbus CS Nimbus CS Round up turbo Colzor Trio Butisan Top + Butisan Top Nimbus SC + 1,5
30.09.09 0,5 I/ha 08.09.09 2,0l/ha 0,5 I/ha Fusilade I/ha Round up
Agil S Butisan Top Max ultra max
13.10.09 0,75 I/ha 25.09.09 0,4 I/ha 20.09.09 0,9 I/ha
Agil S Agil S Fusilade max
Insecticides 25.08.09 4 kg/ha 13.04.10 150 g/ha 21.09.09 75 mi/ha 01.09.09 4 kg/ha 2.4.10 0,3l/ha 19.05.10 0,1l/ha 20.09.09 75ml/ha
Patrol Meta Pads Trafo WG Karate Zeon Patrol Meta Pads Decis Fastac Karate Zeon
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25.09.09 4 kg/ha
Patrol Meta Pads
30.09.09 50 mi/ha
Karate Zeon
16.04.10 1,5 I/ha
Reldan 22
26.05.10 75 ml/ha
Karate Zeon

13.10.09 0,3 I’ha
Bulldock
12.04.10 125 mi/ha
Talstar 8 SC
29.04.10 125 ml/ha
Talstar 8
27.05.10 0,2 I’/ha
Mavrik

15.04.10 125 ml/ha
Talstar 8 SC

16.04.10 0,1l/ha
Fastac

10.04.10 0,1 I’ha
Fatac

30.10.09 0,8 I/ha

10.10.09 0,7 I/ha

Fungicides 30.09.09 0,75 I/ha 23.09.09 0,7 I/ha 21.09.09 0,5 I’/ha 28.09.09 0,5 I/ha 28.10.09 0,8 I/ha
Folicur Carax Carax Folicur Caramba Caramba Caramba
07.04.10 0,75 I/ha 13.04.10 0,7 I/ha 12.04.10 1,0 I/ha 08.04.10 1,0 I/ha 20.04.10 1,0 I/ha 07.04.10 1,0 I/ha 10.04.10 0,7 I/ha
Folicur Carax Folicur Folicur Caramba Caramba Carax
17.5.10 0,7 I/ha 20.05.10 0,5 kg/ha 17.5.10 0,8 I/ha 20.05.10 0,5 kg/ha 20.05.10 0,5 kg/ha 15.5.10 0,7 I/ha
Proline Cantus Gold Proline Cantus Gold Cantus Gold Proline
Table 5: Cultivation practises of trial sies 2010/11
Birkenmoor Hohenschulen Hohenlieth Barlt Braunschveig Sartjendorf Einbeck
Plotsize 25 nt 18 nf 12,8 nt 11,25 nf 33nf 24nt 21,6 nf
Seeding date 20.08.2010 06.09.2010 08.09.2010 04.09.2010 06)09.2 02.-04.09.2010 27.08.2010
Seeding rate 40 s/nt 45 sinf 55 s/nf 55 s/nf 55 s/nf 55 s/nf 55 s/nf

Previous crop

winter barley

winter barley

summer barley

winter wheat

winter wheat

winter wheat

winter wheat

Croprotation 25% 33% 20 % 25% 16,6 % 25% 0%
percentage
rapeseed
Cultivation plough; plough; plough; plough; no till plough; plough;
circular harrows disc harrow circular harrows circular harrow circular harrows circular harrows
Fertilization 24 kg N/ha as 210 kg N/ha as 170 kg N/ha 222 kgN/ha 180 kg/ha 140 kg N/ha 160 kg N/ha
8-24-24-4 KAS 175 kg K;O/ha Triplephosphat
52 kg N/ha as SSA | 200 kg/ha Kieserit 45 kg P.Og/ha 280 kg/ha 40er Kali
60 kg N/ha 15-9-20 1,5 /ha 40 kg N/ha as KAS
100 kg N/ha as Manganese-chelat
KAS 8 kg/ha epsom salts
Herbicides 21.08.10 3,0 I’ha 07.09.10 2,5 I/ha 0910 1,8 I/ha 05.09.10 2,5 I/ha 27.09.10 2,0 I’ha 4.09.10 1 I/ha 10.09.10 2,0 I/ha
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Nimbus CS Nimbus CS Nimbus CS Butisan Kombi + Butisan Top + 0,5 Colzor Trio Butisan Top + 0,3
09.10.10 2,0l/ha 10.10.10 1,0 I/ha 0,25 I/ha CS 36 I/ha Fusilade Max I/ha Agil
Focus Ultra + 2,0 Panarex 06.04.11 2,5 I/ha
I/lha Dash 20.04.11 1,0 I/ha Focus Ultra
Lontrel
19.07.11 4,0 I/ha
Biograde
Insecticides 31.08.10 7 kg/ha 20.04.11 0,2 I/ha 01.10.10 0,3 I/ha 06.05.11 75 mi/ha 14.04.11 0,3 I/ha 30.05.11 150 ml/ha 10.09.10 0,3 I/ha
Metarex TDS Trebon Decis Karate Zeon Biscaya + 0,2 I/ha Fastac Decis
09.10.10 3 kg/ha 02.04.11 0,2 I/ha Mavrik 13.04.2011 150 g/ha
Mollustop Trebon Plenum
10.10.10 0,3 I’ha 16.04.11 0,2 I/ha
Bulldock Trebon
11.04.11 0,2 I/ha 20.04.11 0,2 kg/ha
Trebon Mospilan
20.4.11 0,2 l/ha 06.05.11 0,2 I/ha
Mavrik Mavrik
10.05.11 0,3 I’ha
Biscaya
Fungicides 02.10.10 0,75 I’ha 10.10.10 0,5 I’ha 26.10.10 0,75 I/ha 10.4.11 0,6 I/ha

Folicur
04.04.11 0,75 I/ha

Folicur
10.05.11 0,7 I/ha

Proline

Folicur
20.04.11 1,0 I/ha
Folicur

Folicur
09.04.11 1 I/ha

Folicur
06.05.11 0,8 I/ha

Proline

Tilmor
06.05.11 0,5 I/ha
Proline

25.10.10 0,5 I’/ha
Caramba
07.04.10 1 I/ha
Caramba
29.04.10 0,5 I’lha
Cantus Gold

12.10.10 0,5 I’ha
Caramba
19.4.111,0l/ha
Caramba
30.05.11 0,5 I/ha

Cantus Gold

23.09.10 0,5 I’/ha
Caramba
07.04.10 1 I/ha
Caramba
29.04.10 0,5 I’/ha
Cantus Gold
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2. Material and Methods

2.1.4 Assessment #homa lingam, Verticillium longisporum andPlasmodiophora

brassicae disease symptoms

Sampling started in September/October and wasedaaut every 2-4 weeks (depending on
climate and stage of development), except for wirsigason when climatic conditions
prohibited sampling. A minimum of 10 plants perliegte was collected and screenedPRor
lingam symptoms on leaves, root collar and stem dependimghe progress of plant

development (BBCH-stages).

Lesions and pycnidia oP. lingam on leaves were counted from September/October
(cotyledon stage) to end of May (loss of leavesusing a binocular. From April onwarés
lingam root collar- and stem symptoms were assesseddTa@br), while present pycnidia
were counted again. All data according?tdingam are given in area under disease progress
curve values (AUDPC) and illustrated in box plothile given percentages refer to
differences in means. AUDPC was calculated usieddhowing equation:

AUDPC=Y((yitYi+1)/2) X (t+1-t))), where vyi is the disease severity (frequencinfestation;
number of pycnidia; disease score) for the obsemvatumber i, jtis the corresponding

number of days of disease assessment (Campell addévi 1990).

Table 6: Scoring scheme for disease symptoms at tocollars caused byPhoma lingam on oilseed rape
(according to Kriiger 1982).

Scores Symptom description
0 No infestation
1 Small spots on the root collar surface
2 Small spots on the surface including minor corkig and/or browning
3 Intermediate value
Corking at root collar is clearly visible, stem-claping, but not deep or deep at one side
4 and/or severe browning
5 Intermediate value
6 Deep necking at root collar, severe abundance pfcnidia
7 Intermediate value
8 Corking at root collar deep and severe. No/fewrking(s) to roots
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2. Material and Methods

Table 7: Scoring scheme for disease symptoms at st& caused byPhoma lingam on oilseed rape
(according to Kriiger 1982).

Scores Symptom description

No infestation

Small spots on the surface

Larger spots on the surface

Intermediate value

Larger spots that goes deeper into stem

Intermediate value

Deep spots with pycnidia, stem dried up and softed

Intermediate value

| N o g M W N| | O

Broad, deep infested areas. Plant has died dueitdestation

V.longisporum symptoms were assessed after harvest. A minimun25ofstubbles per
replicate were collected resulting in a total numiiiel00 per variant, site and year. Disease
scores were assessed according to Kriiger (19863%ihg a binocular (Table 8). Results are
given as disease index (DI) calculated using tHeviing equation:

DI= [(nOx0) + (n1x1) + ... + (n8x8) / (Nx8)] x 100, here n0-n6= number of plants

belonging to classes 0-6, and N= the total numbgptamts.

Table 8: Scoring scheme for disease symptoms Merticillium longisporum on oilseed rape (according to
Kriiger 1986).

Scores | Symptom description

No infestation

Slight (1-5 cm) and one-sided spreading of microkerotia

Still slight spreading of microsclerotia (3-10 ch

Intermediate value

Clear symptoms. Microsclerotia colonized 10-30 cmf the stem

Intermediate value

More than half of the stem is cluttered with micosclerotia

Intermediate value

| Nl O g M W N| | O

Plant is completely cluttered with microsclerotia

To investigate the infection of roots wikh brassicae all collected plants were cut off and
assessed according to Sacristan (1996) and Fa{#io@l) (Table 9)Data are given as
disease index.
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2. Material and Methods

In spring/summer 2009 the DLR (Dienstleistungsaentt. andlicher Raum) Rheinland-Pfalz
carried out a field trial in Gondershausen (neablKinz) to investigate the effect of a seed
treatment withS. plymuthica on the infection withP. brassicae. The soil was naturally
contaminated with resting spores of the fungalatiee An even distribution of spores was
testified by the planting of susceptible brown raodt Belinda, a spring rapeseed cultivar,
was chosen for this trial. Untreated seeds (contvele tested against seeds bio-primed with
HRO-C48. There were three fully randomized repésafior the control and four replicates
for the HRO-C48 variant. Planting was carried onttioe 28' of May, while sampling took
place four times till the end of August. A total 80 plants per replicate was examined

according to Sacristan (1996) and Fahling (200&}al2re presented as disease index.

Table 9: Scoring scheme for disease symptoms I®fasmodiophora brassicae on oilseed rape (modified
according to Sacristan (1996) and Fahling (2001)).

Scores | Symptom description

0 No infestation

1 Only small bulges (@ < 3 mm), mostly on lateralaots

2 Only small bulges (@ 4-8 mm), mostly on lateralaots

3 Small bulges (& 9-14 mm) on lateral roots and tamot; > 90 % healthy roots

Several medium-sized tumours at tap root (& 122 mm), no symptoms on the stem;

4 > 70 % healthy roots

5 Medium-sized tumours at tap root (g 23-29 mm), noyanptoms on the stem; 40-70 % healthy
roots

5 Medium-sized — severe tumours at tap root (& 385 mm), no symptoms on the stem;
20-40 % healthy roots
Severe tumours at tap root (> 30 mm), slight wilhg of the stem; 2-20 % healthy roots

8 dead plant

2.1.5 Assessment &erratia plymuthica HRO-C48 concentrations in the rhizosphere

For the assessment of the bacterial densitieseirhifzosphere composite samples of roots
with adhering soil of each bacterial treated regécwere made and suspended in water.
Sample weight (1-10 g) and added water (20-50 maljed depending on the stage of
development. After 2h on the shaker (180 rpm) #@akédilution was made and 10 of
suspensions were plated on TSA containing L6OmI™* rifampicin. Depending on the
sample weight and water amount the lower detedtinit was logo 2 - logoe 3 CFU ¢

rhizosphere. Bacterial densities were calculatemeans of eight samples per date and site.
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2. Material and Methods

2.2 Glasshouse trials
2.2.1 Experimental design ¥frticillium longisporum trials

The hybrid varieties Visby and Trabant (Rapool)vasl as two non-commercial KWS-
cultivars (KWS 63, KWS 136) were used. Trabant veé®sen because of its good
performance in previoug. longisporum experiments (Abuamsha et al. 2011), while KWS 63

is known to be more susceptible to this pathogan WS 136.

For soil infestation microsclerotia oferticillium longisporum (Isolate ELV25) were
incubated in Erlenmeyer flasks containing 250 ml ©tapek-Dox medium (Difco
Laboratories, USA) on a rotary shaker at 140 rpnmivi@ weeks at 25°C until a level of Igg
7 conidia mI* was reached. After adding another 200 ml of Czdpek medium the
microsclerotia were mixed with 4 | of autoclavedmeulite (Daemmstoffe Sproekhovel,
Germany; granulation 1-2 mm) and incubated at roemmperature for four weeks. Potting
soil ED 73 (Einheitserdewerk, Uetersen, Germany} waxed with vermiculite and the
infested vermiculite (log 6 microsclerotia Q) at the ratio 8:3:1 (v/v/v) (modified according
to Abuamsha et al. 2011). Pots for healthy contwase filled with potting soil mixed with
vermiculite (4:1, v/v) (Miller and Berg 2008).

The experiments were carried out in a glasshoysenggsummer) using artificial light (14 h
photoperiod) in addition. Pots (9x9x9.5 cm), camtag two plants, were placed on trays in a
randomized design and watered and fertilized retyuldhe experiment was conducted two
times and contained 14 replicates of each treatrasrfollows: (1) healthy control (non-
infested soil and no antagonisté2) pathogen controM; longisporum infested soil and no

antagonists); (3% plymuthica (V. longisporum infested soil and HRO-C48 treated seeds).

The disease assessmenVofongisporum glass house trials according to Zeise (1992)eslart
with occurrence of the first symptoms and was edrout twice a week till plateau phase
was reached (Table 10). Afterwards bacterial dexssih the rhizosphere were determined.
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2. Material and Methods

Table 10: Scoring scheme for disease symptoms atotocollars induced by Verticillium longisporum on
oilseed rape (according to Zeise 1992).

Scores | Symptom description

No symptoms

Slight symptoms on oldest leaf (yellowing, blackeins)

Oldest leave with strong symptoms (nearly dead)

Loss of the oldest leave

About 50% of leaves with strong symptoms

Loss of about 50% of leaves

Loss of over 50% of leaves

Only vegetation conus left

| N o g | W| N| | O

Dead plant

2.2.2 Experimental design oPlasmodiophora brassicae trials

For testing the performance of HRO-C48 agaiRstbrassicae the cultivars Visby and
Mendel were choseMendel, bred by Rapool, is the only cultivar thas la certified cultivar

specific resistance against this fungal diseasp@®£011).

Resting spores dP. brassicae were extracted from clubs of infested plants cbdd from
fields in northern Germany and their concentrati@s adjusted to lqg5 as well as log 7
spores mt, using tap water. In order to decrease the soiapH promote the infestation a
soil (ED 73) sand mixture was produced containifg Sand. Every seedling was inoculated
with 3 ml of the particular resting spore suspensieven days after sowing by use of a
pipette (modified according to Sacristan (1996) &atlling (2001)). The experiments were
carried out in a glasshouse using additional ailfilight (14 h photoperiod). Pots (9 x 9 x
9.5 cm), containing four plants, were placed ogdiia a randomized design and watered and
fertilized regularly. The experiment was condudte@e times and contained 60 replicates of
each treatment as followgt) pathogen controP brassicae inoculation and no antagonists);

(2) S plymuthica (P. brassicae inoculation and HRO-C48 treated seeds).

The disease assessmenfobrassicae was done according to Sacristan (1996) and Fahling
(2001) and the determination of bacterial densitiethe rhizosphere took place seven weeks

after starting the experiment (Table 9).

In addition, the DLR carried out a test series woperation with the Institute of
Phytopathology using seeds of the variety Visbated withS plymuthica HRO-C48. For
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2. Material and Methods

this trial, seedlings were inoculated wkh brassicae concentration levels of 0, 10, le®,
log103, logo 4, 10g05, logie 6and logo7 resting spores Ml Pots with a volume of 800 ml
were filled with approximately 450 g of potting kdtight plants per pot were sowed and
inoculated with 2.5 ml of spore suspension eadky &rmation of the second cotyledon was
completed. The disease assessment was also cautiextcording to Sacristan (1996) and

Féahling (2001) (Table 9) eight weeks after sowing.

2.2.3 Experimental design ofclerotinia sclerotiorum trials

Visby, Trabant and the line variety Lorenz weredis€érabant and Lorenz were chosen
because of their good performance in previous éxyats (Abuamsha et al. 2010a, 2011).
According to the Bundessortenamt Visby is sligmtigre susceptible (5) t8. sclerotiorum

than Lorenz and Trabant (6).

The plants were grown in pots (9x9x9.5 cm) in aegh®use for 6-8 weeks under long day
conditions. The mycelium of the fungal pathogengioally from Mei et al. (2010), was
incubated on PDA for 48-72 h before mycelium pl(@$% mm) were cut out by a cork borer.
The biggest two leaves of every 6-8 week old piaete infested with two plugs each by
pressing them upside down on the leave and fixuegntby cling film (Fig. 11). Developing
lesions on the leaves were measured after 12,&2d4n@ 48 h by using a calliper. Afterwards
bacterial densities in the rhizosphere were asdefsga on the development of lesions were
AUDPC transformed

The experiment was conducted three times and cmtdl5 replicates of each treatment as
follows: (1) pathogen control§ sclerotiorum inoculation and no antagonist); (B

plymuthica (S. sclerotiorum inoculation and HRO-CA48 treated seeds).
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2. Material and Methods

Fig. 11: Infection of a rapeseed leaf vi&clerotinia sclerotiorum mycelium plug

2.3 Seed treatment
2.3.1 Seed treatment for field and glasshouse tral

For an easy identification and re-isolation of thecteria from seeds and root-samples a
spontaneous rifampicin-resistant mutantSofplymuthica HRO-C48 was used (Hammoudi
2007). Stock cultures had been stored at 80°C peggorf-tubes filled with TSB (tryptic
soy broth; bioMerieux Deutschland GmbH, Nurtingerjuding 15 % glycerol. The bacteria
were grown in liquid medium containing TSB 304fbr 48 h at 180 rpm and 25°C until a
level of logo 10 - loge 11 CFU mi* was reached. Afterwards, seeds were added tighid |
culture (1g 1mt) and left for 6 h on the shaker (180 rpm). Imbdsitby the seeds leads to an
uptake of the bacterial suspension and enrichmieltige, 6 - log,o7 CFU seed. Then the
seeds were spread on trays covered with papersamel dried for 12 h at 25 °C (Fig 12).

Untreated Soaked (6 h) in Drying for 12 h at 20T Bio-primed seed
bacterial suspension

Fig. 12: Bio-priming procedure
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2. Material and Methods

To assess the bacterial density inside the selkds® samples of 10 seeds were taken and
grinded in 1 ml 0.85 % NaCl using a sterile modad pestle. Then a dilution series was
made and suspensions were plated on TSA contalf®qug mi* rifampicin. The agar—
plates were incubated for 48 h at 25°C before golforming units were counted and

concentration could be calculated.

Seeds that were used for glass house trials warggal within 3 days after treatment, while
bacteria-treated seeds and untreated seeds neededd trials were chemically coated with
Elado Premium (Clothianidin, beta-Cyfluthrin, Thiwa Dimetomorph) and TMTD by the

NPZ (Hohenlieth, Germany) and were stored for aimam of three weeks at 4-10°C before

sowing.
2.3.2 Experimental design of seed treatment improveent

2.3.2.1 Spray application procedure

Bacterial suspension was applied to seeds by usanofirbrush gun. Two different
concentrations of bacterial¢g,o 10CFU mI* and>log;o 11 CFU mt") and three different
ratios of seeds and bacterial suspension (1:1;113g seeds/ml bacterial suspension) were
used. Before treatment samples of two grams of sapes were dried at 40°C until 5.8 %,
4.8 % and 2.8 % of moisture was obtained. Afterapplication remaining suspension was
dabbed off with paper towels and seeds were trenesfd¢o Petri dishes. For storage four
different variants were chosen: V1) sealed for fileg/s (Parafilfi) and stored cold (4°C);
V2) opened (no lid) and cold; V3) sealed and stawedm (25°C); V4) opened and warm.
Bacteria were re-isolated from seeds 2, 7 and 86 dfter treatment (see 2.3.1).

2.3.2.1 Clay mineral procedure

The grinded clay minerals talcum (Carl Roth GmbKC®. KG, Karlsruhe, Germany) and
Vermiculite (e-nema GmbH, Schwentinental, Germaag)well as the diatomaceous earth
Diafill (e-nema) were enriched with bacterial susgien &logie 11 CFU mt) and
afterwards applied within the chemical priming pes. At first, 1 g of carboxyl-methyl-
cellulose each was mixed with 99 g of the autodastay minerals to be used as inert carrier.
Then 10 ml of the bacterial suspension were addetig prepared carrier substances and
mixed with the help of a grinder. Afterwards 14rPdishes per clay mineral were filled with
2.5 g of the substrate, sealed with Pardfiland incubated at room temperature for 24 h.

Next Petri dishes were opened again and driedrer two, three, four and five hours. Then
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one half of the sealed samples were stored at 2B&ther half at 5°C. For re-isolation at 2,
7 and 30 days after treatment, 0.5 g of the sanwdes mixed with 1 ml 0.85 % NaCl in a 2
ml Eppendorf tube.

One kilogram of seeds (Visby) each was chemicatigted with 10 ml Elado Premium
(Clothianidin, beta-Cyfluthrin, Thiram) 10 ml DMMnd 10 ml TMTD while 25 g of the
bacterial enriched clay minerals (n2; stored <24urfp were used to bind liquid. The
procedure was carried out in a small seed treatenth at Norddeutsche Pflanzenzucht
(NPZ). Afterwards seeds were transferred to Peshies, sealed and stored at 25°C (5°C).

Re-isolation of bacteria from seeds (see 2.3.1)duva® two days after treatment.
2.4 Statistical analysis

Statistical analysis was computed with the softw&e(R Foundation for Statistical
Computing, Vienna, Austria). All data recorded dgrifield trials on infection withP.
lingam andV. longisporum and data o1& sclerotiorum from glasshouse trials, were AUDPC
transformed for the statistically analysis. Data tbe effect againsP. brassicae from
glasshouse experiments akd longisporum field trial data were transformed to disease
scores, whileP. brassicae field trial results are given as disease indeXescases when
normal distribution was not given, data were assuteebe heteroscedastic. If additional
random effects occurred, mixed models were apptitterwise linear models were used. For
field trial data an artificial factor (SY), incluay all combinations of trials-site and year was
created, since trial sites changed in the lastsigation period. Models were tested by
analysis of variance (ANOVA). Depending on sigrafit interactions of influencing
variables, variants were compared, pooled and/para¢éely analysed by related multiple
contrast tests at leveF0.05. Regression between the intensity of leadstation and crown
canker was verified by analysis of covariance (ANG]. Statistical significances regarding
the improvement of seed treatment were calculasatyuhe Tukey-HSD Testi€0.05) with
XLSTAT (Microsoft) after analyses of variance usi@mgma Plot (Systat Software Inc., San
Jose, USA).
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3. Results

3.1 Field trials
3.1.1Phomalingam

The ANOVA revealed significant interactions betwedsgal site, year (SY) and variant (V)

for leaf infestation and crown canker with p-valuaaging between 0.0023 (F=1.9; df=60,
252) and <logy-16 (F=35.4; df=60, 252). On the other hand datatein disease score and
frequency of stem infestation showed no significdateraction between SY and V. Due to
homogeneity and comparability of the results, midticontrast tests of the different variants

has just been conducted within the different sated years.

Since P. lingam data are presented as AUDPC values in the follgwthe infestation
progress of every measured parameter is showrstahze the relation between the absolute

number and AUDPC level using the example of theeaed control at Birkenmoor.

3.1.1.1 Leaf infestation

800

700 -

600 -

500 +

g —a—2008/09
84004 - NS —e—2009/10
©

S —=—2010/11
2 300 -

200 +

100 f - a—4& L 7 7

9.9 29.10 18.12 6.2 28.3 17.5 6.7
Date

Fig. 13: Pycnidia ofPhoma lingam per plant in the untreated control (V1) assessed &8irkenmoor during
the trial years 2008/09, 2009/10, 2010/11.

First symptoms oP. lingam always appeared in autumn, while occurrence ohigya was
by far highest in first trial season 2008/09 (Fi8). The decline appeared in October 2010
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was caused by the loss of leaves. In general, essgstagnated during the dormant season,

while pycnidia per plant decreased at the end hgmlue to the discharging of leaves.
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Birkenmoor  Braunschweig Hohenlieth Hohenschule n Sartjendorf ~ S-N-Koog Walkendorf

Fig. 14: Phoma lingam pycnidia leaf infestation expressed as AUDPC (araander disease progress curve)
of field trials in 2008/09. V1: control V2: singlefungicidal treatment V3: single bacterial treatmentV4:
combined fungicidal and bacterial treatment. AUDPCvalues are presented as box plots. Box plots within
one frame followed by different letters are signiftantly different according to related multiple contast
tests at significance levek=0.05.

Variation of leaf infestation was highly variableadadepending on the year and siie.
lingam leaf infestation was highest in the first seasbtmials performed during 2008/09 (Fig.
14). During this season the combination of badté@n@culation and application of fungicides
(V4) reduced the pycnidia AUDPC at all sites betwe&8 and 78 % compared to the
untreated control (V1). At Birkenmoor a significargduction of 58 % (T=-5.7, df=252,
p<0.01) and of 78 % in Walkendorf (T=-4.0, df=25%;0.012) were recorded. V4 also
reduced number of pycnidia significant comparedh® single fungicide treatment V2 in
Birkenmoor (42 %, T=-13.9, df=252, p<0.01) and Vémélorf (61 %, T=-7.5, df=252,
p<0.01). In many cases the single bacterial treatr{d3) could achieve efficiencies that
were comparable to V4. The pycnidia AUDPC in V3 a0 reduced at all sites by 17-70 %,
but the reduction in comparison to the control wagificant only at Sonke-Nissen-Koog
(55 %, T=-4.2, df=252, p<0.01), while the reductioampared to the single fungicide
treatment V2 was significant in Walkendorf (47 %%-9.4, df=252, p<0.01). The single
fungicide treatment provided a reduction of leatmgia AUDPC in 5 out of 7 cases, but

efficiencies were lower and non-significant.
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3. Results

There is a clear ranking of the variants regardimg efficiency of controlling the leaf
infestation ofP. lingam in 2008/09: V1 with the highest infestation wadidaed by the
single treatments V2 and V3, while V4 realized khghest reduction of the AUDPC (Fig.
14).
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Fig. 15: Phoma lingam pycnidia leaf infestation expressed as AUDPC (araander disease progress curve)
of field trials in 2009/10. V1: control V2: singlefungicidal treatment V3: single bacterial treatmentV4:
combined fungicidal and bacterial treatment. AUDPCvalues are presented as box plots. Box plots within
one frame followed by different letters are signiftantly different according to related multiple contast
tests at significance levek=0.05.

In the following two trial seasons the disease sgvef the leaf infestation was lower and
the efficiency of the single bacterial treatmentl ais combination with the fungicide was
also lower. In 2009/10 a significant reduction loé AUDPC was recorded at Hohenlieth for
V2 (62 %, T=-4.9, df=252, p<0.01) and V4 (56 %, 45, df=252, p<0.01) compared to the
control while in V4 a significant reduction of tAéJDPC of 63 % (T=-4.8, df=252, p<0.01)

was assessed in Birkenmoor in 2010/11. These Werertly significant differences that have
been recorded during the years 2009/10 and 201Big115, Fig. 16).
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Fig. 16: Phoma lingam pycnidia leaf infestation expressed as AUDPC (areander disease progress curve)
of field trials in 2010/11. V1: control V2: singlefungicidal treatment V3: single bacterial treatmentV4:
combined fungicidal and bacterial treatment. AUDPCvalues are presented as box plots. Box plots within
one frame followed by different letters are signiftantly different according to related multiple contast
tests at significance levek=0.05.

The frequency of infestation in the untreated awnét Birkenmoor was also highest in
2008/09 (Fig. 17), while differences between tled seasons are less expressed compared to
leaf pycnidia (Fig. 13). Decreases in autumn afated to the loss of first real leaves. In
2008/09 and 2009/10 infestation frequency reackednaximum in spring and dropped to

zero due to discharging of leaves end of sprintyeammer.
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Fig. 17: Frequency of leaf infestation withPhoma lingam of the untreated control (V1) at Birkenmoor
during the trial years 2008/09, 2009/10, 2010/11.

The frequency of leaf infestation was reduced 8809 by the combination of bacteria and
fungicides (V4) at all trial sites with differencbstween 11 and 26 % reduction of AUDPC
when compared to the untreated control (Fig. 18).
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Fig. 18: Frequency of leaf infestation withPhoma lingam expressed as AUDPC (area under disease
progress curve) of field trials in 2008/09. V1: camol V2: single fungicidal treatment V3: single baderial
treatment V4: combined fungicidal and bacterial treatment. AUDPC values are presented as box plots.
Box plots within one frame followed by different léters are significantly different according to relaed
multiple contrast tests at significance levek=0.05.

Effects were highly significant with a reduction 2f % in Braunschweig (T=-5.0, df=252,
p<0.001) and 26 % in Hohenlieth (T=-4.6, df=25201®01) as well as 22 % in Walkendorf
(T=-4.3, df=252, p=0.0028). The single bacteriatl dangicidal treatments (V3; V2) also
resulted in less infested plants at all sites enftrst trial season (V3: 6-19 %; V2: 2-12 %),
but reductions were only significant in Braunschyv@¥3: 15 %, T=-5.0, df=252, p<0.001;
V2: 12 %, T=-8.7, df=252, p<0.001) compared tocbetrol (Fig. 18).
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Fig. 19: Frequency of leaf infestation withPhoma lingam expressed as AUDPC (area under disease
progress curve) of field trials in 2009/10. V1: camol V2: single fungicidal treatment V3: single baderial
treatment V4: combined fungicidal and bacterial treatment. AUDPC values are presented as box plots.
Box plots within one frame followed by different léters are significantly different according to relaed
multiple contrast tests at significance leve«=0.05.

In general, the frequency of infestation was loweall variants in the following trial season
2009/10 (Fig. 19, 20). The AUDPC was not reducedheysingle bacterial treatments (V3).
At Sartjendorf the AUDPC for the frequency of irted plants for V3 even increased by
81 % (T=4.8, df=252, p<0.001) compared to the fowlg treatment V2 and by 97 %
compared to V4 (T=7.1, df=252, p<0.001). The saffiecewas recorded for Walkendorf
with an increase of 92 % (T=3.7, df=252, p=0.036jnpared to V2 and 69 % (T=3.8,
df=252, p=0.018) to V4 and at Sonke-Nissen-Koogemghs V3 was significantly lower
compared to V4 (T=4.241, df=252, p=0.0037) withiacrease of 46 % of the AUDPC.
Again, the strongest control effects regarding fileguency of infestation in 2009/10 was
most often recorded in V4, with significant redoas in Sartjendorf (52 %, T=-6.2, df=252,
p<0.001) and Hohenlieth (22 %, T=-4.1, df=252, 08Q) compared to the control (Fig. 19).
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Fig. 20: Frequency of leaf infestation withPhoma lingam expressed as AUDPC (area under disease
progress curve) of field trials in 2010/11. V1: camol V2: single fungicidal treatment V3: single baderial
treatment V4: combined fungicidal and bacterial treatment. AUDPC values are presented as box plots.
Box plots within one frame followed by the same l&trs are not significantly different according to
related multiple contrast tests at significance les a=0.05.

In the last season of trials (2010/11) no signiftadifferences in the frequency of infestation
due to treatments could be found (Fig. 20). Thesgt#tion level was comparable to the
previous season (Fig. 19), while frequency of laédstation was highest in Birkenmoor and
Einbeck. A reduction of the AUDPC was detected irk&moor in V2 (10 %), whereas the
combined treatment (V4) reduced the AUDPC in Birkeor and Braunschweig by 25 %

compared to the control.

3.1.1.2 Crown canker

As shown in Fig. 21 first symptoms of crown can&ppeared in May. The highest infection
level was recorded during the last season of t(2040/11). In general, the disease severity

increased until harvest, but did not exceed moddexels.
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Fig. 21: Disease score (DS) dthoma lingam crown canker recorded in the untreated control (V) at
Birkenmoor during the trial years 2008/09, 2009/102010/11.

A reduction of theP. [ingam AUDPC of crown canker symptoms in 2008/09 was et at

5 sites (Birkenmoor, Hohenschulen, Braunschweigk8éNissen-Koog and Sartjendorf) for
all treatments (Fig. 22). The combined treatmeriiaafteria and fungicides led to a reduction
of the AUDPC at all sites, varying between 3 and%3Compared to the control, it was
significant in Hohenschulen (44 %, T=-3.6, df=2%20.046) and Braunschweig (63 %,
T=5.1, df=252, p<0.01). In average of all siteg libwest control effect was recorded for the
fungicide treatment V2. V4 had significantly lowdisease scores (DS) in Hohenlieth (55 %,
T=-5.4, df=252, p<0.01) and Hohenschulen (39 %,318;-df=252, p=0.0203) compared to
the single fungicidal treatment. V3 reduced the ARD significantly in Birkenmoor
compared to V1 (51 %, T= -3.8, df=252, p=0.025) &2d(45 %, T=-3.7, df=252, p=0.033)
as well as in Braunschweig (V3<V1 by 66 %, T=-U6;252, p<0.01; V3<V2 by 56 %, T=-
3.8, df=252, p=0.021). On the other hand, a nonignt increase of the AUDPC by 60 %
was observed in Walkendorf in the single bactan@atment in relation to the untreated

control, whereas V2 could obtain a reduction ofb4t this site.
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Fig. 22: Area under disease progress curve (AUDPGQ)f the disease score (DS) ¢thoma lingam crown
canker of field trials in 2008/09. V1: control V2: single fungicidal treatment V3: single bacterial
treatment V4: combined fungicidal and bacterial treatment. AUDPC values are presented as box plots.
Box plots within one frame followed by different léters are significantly different according to relaed
multiple contrast tests at significance leve«=0.05.

Level of crown cancer infestation was by far lowiedtial season 2009/10 and no significant

differences were recorded (Fig. 23). Here infestativas most severe in Birkenmoor and

Braunschweig. No important differences betweerfdhe variants were recorded.

40



3. Results

B
2501 [ v2
[Jvs
[[Jva

2001

1501

AUDPC

100+

501

Eaaaa éél
== L
E FE éééaégiéﬁé$éiééé%ééé

Birkenmoor Braunschweig Hohenlieth Hohenschule n Sartjendorf ~ S-N-Koog Walkendorf

Fig. 23: Area under disease progress curve (AUDPG)f the disease score (DS) ¢thoma lingam crown
canker of field trials in 2009/10. V1: control V2: single fungicidal treatment V3: single bacterial
treatment V4: combined fungicidal and bacterial treatment. AUDPC values are presented as box plots.
Box plots within one frame followed by the same l&trs are not significantly different according to
related multiple contrast tests at significance lesd a=0.05.

The strongest root collar infestation was obseivetie last trial season 2010/11 (Fig. 24).
Contrary to 2008/09, no remarkable positive effeetgarding the different treatments were
assessed. Bacterial and fungicidal treatmentsasecethe infection levels in most cases, but
none of the treatments provided significant effe@tse single fungicide treatment led to a
higher infestation pressure in 6 out of 7 caseducing an increase of 35 % of the crown
cankers AUDPC in Braunschweig. The bacterial tebatariants V3 and V4 revealed
increased infestations at three sites. V3 couldeedhe AUDPC in Barlt and Sartjendorf by
almost 20 %, whereas the combined treatment inedettee AUDPC in Braunschweig by
44 %.
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Fig. 24: Area under disease progress curve (AUDPGQ)f the disease score (DS) ¢thoma lingam crown
canker of field trials in 2010/11. V1: control V2: single fungicidal treatment V3: single bacterial
treatment V4: combined fungicidal and bacterial treatment. AUDPC values are presented as box plots.
Box plots within one frame followed by the same l&trs are not significantly different according to
related multiple contrast tests at significance lesl a=0.05.

The level of crown canker pycnidia was comparagivelv in relation to leaf infestation (Fig.
25). Total amount of pycnidia increased until hatyevhereas occurrence was highest in
2008/09 and 2010/11.
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Fig. 25: Phoma lingam crown canker pycnidia recorded in the untreated cotrol (V1) at Birkenmoor
during the trial years 2008/09, 2009/10, 2010/11.
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The single fungicide treatment (V2) reduced crovanker pycnidia at 5 out of 7 sites in
2008/09 (Fig. 26). Compared to controls, the AUDBICV2 was reduced by 50 % in
Sartjendorf and 66 % in Walkendorf due to the famg treatment, although the data were
not significantly different. However, pycnidia wesggnificantly reduced in V2 compared to
V4 (60 %, T=-5.9, df=252, p<0.01) in Walkendorf. ¥Bovided high efficiencies at all sites
except for Hohenlieth and Walkendorf. Reductiong du bacterial treatments (V3) were
significant in Birkenmoor compared to V1 and V2 {369 %, T=-3.6, df=252, p=0.044;
3<2: 60 %, T=-5.4, df=252, p<0.01) and in Braunseigncompared to V1 (68 %, T=-4.4,
df=252, p<0.01). In 2008/09 crown canker pycnidiarevreduced by the combination of
bacteria and fungicides (V4) at all trial sites,iletefficiencies differed between 16 and 73 %
reduction of the AUDPC compared to the control. &#idn was significant in
Braunschweig (4<1: 73 %, T=-5.0, df=252, p<0.01g atmost significant at S6nke-Nissen-
Koog (4<1: 62 %, T=-3.4, df=252, p= 0.083).
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Fig. 26: Phoma lingam crown canker pycnidia expressed as AUDPC (area ued disease progress curve)
of field trials in 2008/09. V1: control V2: singlefungicidal treatment V3: single bacterial treatmentV4:
combined fungicidal and bacterial treatment. AUDPCvalues are presented as box plots. Box plots within
one frame followed by different letters are signiftantly different according to related multiple contast
tests at significance leved=0.05.

Occurrence of crown canker pycnidia in 2009/201& wee lowest within the period of

investigation (Fig. 27). Analogous to the diseasares the number of pycnidia was highest
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in Birkenmoor and Braunschweig. No differences laetw the variants were determined

during this trial year.
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Fig. 27: Phoma lingam crown canker pycnidia expressed as AUDPC (area ued disease progress curve)
of field trials in 2009/10. V1: control V2: singlefungicidal treatment V3: single bacterial treatmentV4:
combined fungicidal and bacterial treatment. AUDPCvalues are presented as box plots. Box plots within
one frame followed by the same letters are not si@itantly different according to related multiple
contrast tests at significance levai=0.05.

In the last trial season 2010/11 treatments lethtceased AUDPC for number of crown
canker pycnidia in most cases (Fig. 28). V2 andhdd significant more pycnidia at root
collars in Braunschweig (V2<V1: 103 %, T=5.4, df225<0.01; V4<V1: 153 %, T=5.6,
df=252, p<0.01), while the AUDPC of V4 was signéid higher in Sartjendorf (34 %, T=4.4,
df=252, p<0.01) compared to V3. Fungicide treatadants led to non-significant increases
of 103 (V2) and 154 % (V4) in Braunschweig as wadl 168 (V2) and 198 % (V4) in
Einbeck. Barlt was the only site in 2010/11 wheeatments had a positive effect. Here the
single bacterial treatment could reduce the pyen®UDPC by 37 % compared to the
control, which was non-significant. Due to wet swanditions there was no application of

fungicide in autumn in Barlt.
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Fig. 28: Phoma lingam crown canker pycnidia expressed as AUDPC (area ued disease progress curve)
of field trials in 2010/11. V1: control V2: singlefungicidal treatment V3: single bacterial treatmentV4:
combined fungicidal and bacterial treatment. AUDPCvalues are presented as box plots. Box plots within
one frame followed by different letters are signiftantly different according to related multiple contast
tests at significance levek=0.05.

Crown canker frequencies reflect the progressedisdase score and pycnidia (Fig. 29).

Infestation frequency was highest in 2010/11, fe#d by trial season 2008/09.
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Fig. 29: Frequency ofPhoma lingam crown canker of the untreated control (V1) at Birkenmoor recorded
during the trial years 2008/09, 2009/10, 2010/11.
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The combination of bacteria and fungicides (V4)ldaeduce the frequency of crown canker
at all trial sites in 2008/09, while efficienciesfdred between 7 and 59 % reduction of the
AUDPC compared to the control (Fig. 30). Reductioveye significant in Braunschweig

(4<1: 59 %; T=-4.0, df=252, p=0.013; 4<2: 50 %, 36; df=252, p=0.039), Birkenmoor

(4<1: 38 %; T=-4.2, df=252, p<0.001; 4<2: 31 %, 44; df=252, p<0.001) and almost
significant in Hohenschulen (4<1: 42 %; T=-3.4, 262, p=0.0723). The single bacterial and
fungicidal treatments (V3; V2) led to reductionsimfestation frequency at 6 out of 7 sites in
the first season of trials. While V2 reached namn#icant effects of up to 42 %, significant

reductions were found in V3 in Braunschweig (3<&:%, T=-4.5, df=252, p<0.01; 3<2:

48 %, T=-4.8, df=252, p<0.01) and Hohenschulen (371%, T=-4.6, df=252, p<0.01). On

the other hand, V3 provided a 46 % higher AUDP®@Vimkendorf compared to the control.
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Fig. 30: Frequency ofPhoma lingam crown canker expressed as AUDPC (area under diseaprogress
curve) of field trials in 2008/09. V1: control V2:single fungicidal treatment V3: single bacterial teatment
V4: combined fungicidal and bacterial treatment. ALDPC values are presented as box plots. Box plots
within one frame followed by different letters are significantly different according to related multiple
contrast tests at significance levai=0.05.

Besides DS and pycnidia, frequency of infestati@s wlso lowest in trial season 2009/10.

AUDPC were highest again in Birkenmoor and Braum&d, while no important

differences were recorded (Fig. 31).
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Fig. 31: Frequency ofPhoma lingam crown canker expressed as AUDPC (area under diseaprogress
curve) of field trials in 2009/10. V1: control V2:single fungicidal treatment V3: single bacterial teatment
V4: combined fungicidal and bacterial treatment. AUDPC values are presented as box plots. Box plots
within one frame followed by the same letters are ot significantly different according to related mutiple
contrast tests at significance levai=0.05.

In contrast to DS and pycnidia there were no sicaiit differences regarding the frequency
of infestation in the last season of trials. Thegtrency was by far highest in Einbeck,
whereas no differences between variants were redordt that site (Fig. 32). In

Braunschweig, AUDPC of fungicide treated varian® ahd V4 were increased by 27 and
33 % compared to the control, while all treatmertiuced the frequency of crown cancer in

Sartjendorf up to 15 % (V4).
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Fig. 32: Frequency ofPhoma lingam crown canker expressed as AUDPC (area under diseaprogress
curve) of field trials in 2010/11. V1: control V2:single fungicidal treatment V3: single bacterial teatment
V4: combined fungicidal and bacterial treatment. AUDPC values are presented as box plots. Box plots
within one frame followed by the same letters are ot significantly different according to related mutiple
contrast tests at significance levai=0.05.

3.1.1.3 Stem infestation

Data of P. lingam stem disease score revealed a significant infliesfcthe variant (V)
(F=4.0, df=3, 252, p=0.0083) and site and year (&¥110.2, df=20, 252, p<2.2 lgg16)

and no significant interaction between SY and V.

As shown in Fig. 33 first symptoms of stem infastatalso appeared in May and did not

evolve until the beginning of July. Serious inféista only took place in July 2009 and 2011.
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Fig. 33: Phoma lingam stem infestation of the untreated control (V1) aBirkenmoor during the trial years
2008/09, 2009/10, 2010/11.

Stem infestation was less severe than leaf infestaind crown canker during the period of

investigation and there were no significant differes between the variants.
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Fig. 34: Phoma lingam disease score (DS) of stem infestation expressesi /UDPC (area under disease
progress curve) of field trials in 2008/09. V1: cadmol V2: single fungicidal treatment V3: single baderial
treatment V4: combined fungicidal and bacterial treatment. AUDPC values are presented as box plots.
Box plots within one frame followed the same diffegnt letters are not significantly different accordng to
related multiple contrast tests at significance les! a=0.05.
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During the first season of trials mentionable stafestation did occur in Sartjendorf and
Walkendorf (Fig. 34). In Sartjendorf the fungicitteatment reduced the AUDPC (V2-V1.:
27 %; V4-V1: 21 %) while the single bacterial treant increased the AUDPC by 10 %
compared to the control. However, all treatmentg/elkendorf led to decreased infestation,

whereas the effect was highest in V4 (48 %).
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Fig. 35: Phoma lingam disease score (DS) of stem infestation expressexi MJDPC (area under disease
progress curve) of field trials in 2009/10. V1: camol V2: single fungicidal treatment V3: single baderial
treatment V4: combined fungicidal and bacterial treatment. AUDPC values are presented as box plots.
Box plots within one frame followed the same diffeent letters are not significantly different accordng to
related multiple contrast tests at significance lest a=0.05.

In 2009/10 severity of stem DS was lowest withia thvestigation period. Infestation was
highest in Hohenschulen (Fig. 35). The fungicidatment led to an increased AUDPC (V2-
V1: 54 %) while other variants did not differ frotimne control. In contrast to Hohenschulen,
in fungicide treated variants a decrease of the RGDQvas recorded in Sartjendorf by 56 %
(V2-V1) and 38 % (V4-V1). In absolute terms, alifeiences between variants are negligible

due to the low infestation intensity in this year.
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Fig. 36: Phoma lingam disease score (DS) of stem infestation expressexi MJDPC (area under disease
progress curve) of field trials in 2010/11. V1: camol V2: single fungicidal treatment V3: single baderial
treatment V4: combined fungicidal and bacterial treatment. AUDPC values are presented as box plots.
Box plots within one frame followed the same diffegnt letters are not significantly different accordng to
related multiple contrast tests at significance lesl a=0.05.

In the last season of trials stem infestation wascept for Hohenschulen- considerably
increased compared to previous years (Fig. 36)estafion was strongest in Barlt,
Birkenmoor, Einbeck and Sartjendorf. The combinegtment decreased the AUDPC by
24 % (V4-V1) in Barlt, while both fungicide treatmts led to a reduction of the AUDPC in
Sartjendorf (V2-V1: 13 %; V4-V1: 6 %). On the otheand, V4 and V3 led to an increased
AUDPC in Birkenmoor (V4-V1: 7 %; V3-V1: 18 %). Dagpthe higher infestation level, no

significant differences between the variants oalirr

The level of crown stem pycnidia also was compeedtilow compared to leaf infestation
(Fig. 37). While occurrence was hardly measurableéhe beginning, amount of pycnidia
explosively increased before harvest. Severity iglsest in 2008/09 and 2010/11.

51



3. Results

120

100 -

80

—a— 2008/09
—e—2009/10
—=—2010/11

I T e S e

Pycnidia/plant

40 -

20 4

0 *® ——& T A0 T

27.4 7.5 17.5 27.5 6.6 16.6 26.6 6.7 16.7 26.7 5.8 15.8
Date

Fig. 37: Phoma lingam stem pycnidia of the untreated control (V1) at Bikenmoor during the trial years
2008/09, 2009/10, 2010/11.

Data ofP. lingam stem pycnidia revealed a highly significant intti@n between SY and V
(F=2.5, df=60, 252, p=6.3 leg-07).
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Fig. 38: Phoma lingam stem pycnidia expressed as AUDPC (area under disgaprogress curve) of field
trials in 2008/09. V1: control V2: single fungicid&atreatment V3: single bacterial treatment V4: combned
fungicidal and bacterial treatment. AUDPC values ae presented as box plots. Box plots within one fraen
followed the same different letters are not signifiantly different according to related multiple contast
tests at significance leved=0.05.

Only in Sartjendorf occurrence of stem pycnidia wasere in 2008/09 (Fig. 38). Here all
treatments could realize a reduction that rangédden 54 % (V3-V1) and 64 % (V4-V1).
Furthermore, the single fungicide treatment ledriancreased infestation in Hohenlieth.
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Fig. 39: Phoma lingam stem pycnidia expressed as AUDPC (area under dismprogress curve) of field
trials in 2009/10. V1: control V2: single fungicidatreatment V3: single bacterial treatment V4: combned
fungicidal and bacterial treatment. AUDPC values ae presented as box plots. Box plots within one fragn
followed the same different letters are not signifiantly different according to related multiple contast

tests at significance levek=0.05.

In 2009/10 no relevant infestation with pycnidigpapred. Infestation in V3 was increased in
Braunschweig compared to the control, while V2 ted higher AUDPC in Hohenschulen
(Fig. 39). In Walkendorf a reduction of almost 80 (42-V1) was provided through the

fungicide application (V2), but infestation levehsvvery low.
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Fig. 40: Phoma lingam stem pycnidia expressed as AUDPC (area under dismprogress curve) of field
trials in 2010/11. V1: control V2: single fungicidatreatment V3: single bacterial treatment V4: combned
fungicidal and bacterial treatment. AUDPC values ae presented as box plots. Box plots within one fragn
followed the same different letters are not signifiantly different according to related multiple contast
tests at significance levek=0.05.

Analogous to the disease index, pycnidia infestalewvel was also highest in 2010/11 (Fig.
40). Most affected were Barlt, Birkenmoor, Braungely and Einbeck. Except for Barlt,
treatments had no influence on the amount of pyanid Barlt AUDPC in bacterial treated
variants was reduced by 41 % (V3) and 64 % (V4) mared to the control, while all

treatment led to increased AUDPC in Einbeck.

Stem infestation frequencies of the untreated obatrBirkenmoor are presented in Fig. 41.
Infestation frequency increased in July in all éhteal seasons and was highest in 2010/11,

followed by trial season 2008/09.
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Fig. 41: Frequency ofPhoma lingam stem infestation of the untreated control (V1) aBirkenmoor during

the trial years 2008/09, 2009/10, 2010/11.

Data of P. lingam stem infestation frequency revealed that V (F=8f63, 252, p=0.014)

and SY (F=77.8, df=20, 252, p< 2.2 |pgl6) had a significant influence while there is no
significant interaction between SY and V.
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Fig. 42: Frequency ofPhoma lingam stem infestation expressed as AUDPC (area undersgiase progress
curve) of field trials in 2008/09. V1: control V2:single fungicidal treatment V3: single bacterial teatment
V4: combined fungicidal and bacterial treatment. AUDPC values are presented as box plots. Box plots
within one frame followed the same different lettes are not significantly different according to relaed
multiple contrast tests at significance levek=0.05.

Compared to the level of leaf infestation and craanker,P. lingam stem infestation was
less pronounced throughout this investigation gerlo 2008/09 infestation was highest in
Sartjendorf and Walkendorf, while V4 led to a retituc of AUDPC at both sites (Sartjendorf
V4-V1: 16 %; Walkendorf V4-V1: 31 %) (Fig. 42). I8artjendorf the single fungicidal
treatment V2 reduced the AUDPC by 19 % (V2-V1), véas the single bacterial treatment
V3 led to increased AUDPC in Sartjendorf (V3-V1: %) and Walkendorf (V3-V1: 25 %)
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Fig. 43: Frequency ofPhoma lingam stem infestation expressed as AUDPC (area undersgiase progress
curve) of field trials in 2009/10. V1: control V2:single fungicidal treatment V3: single bacterial teatment
V4: combined fungicidal and bacterial treatment. AUDPC values are presented as box plots. Box plots
within one frame followed the same different lettes are not significantly different according to reldaed
multiple contrast tests at significance leve«=0.05.

In 2009/10 frequency of stem infestation was highe$lohenschulen and Sartjendorf. The
fungicide treated variants V2 and V4 realized agaductions of AUDPC of 56 % (V2-V1)
and 35 % (V4-V1). Except for Hohenschulen V2 redutlee frequency of infestation at
every site in this season, whereas the single balcteeatment was at the same level as the

control in most cases (Fig. 43).
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Fig. 44: Frequency ofPhoma lingam stem infestation expressed as AUDPC (area undersgiase progress
curve) of field trials in 2010/11. V1: control V2:single fungicidal treatment V3: single bacterial teatment
V4: combined fungicidal and bacterial treatment. AUDPC values are presented as box plots. Box plots
within one frame followed the same different lettes are not significantly different according to reldaed
multiple contrast tests at significance leve«=0.05.

Level of infestation frequency was highest in thst lseason of trials (Fig. 44). Most infested
plants were found in Barlt, Birkenmoor, Einbeck &aftjendorf. In Barlt the AUDPC of V4
was decreased by 19 % compared to the controlewtuimbined treatment increased the
AUDPC by 17 % in Einbeck. The single fungicidalatment could slightly reduce AUDPC
in Birkenmoor (12 %) and Sartjendorf (16 %), wholther variants did not noticeably differ

at these sites.
3.1.1.4 Regression analyseditioma lingam parameters

Regression analysis related leaf pycnidia with mmdlar pycnidia (slope: 7.56 x T0T=0.34,
df=168, p=0.63) and crown canker disease scorpdsia55 x 10, T=1.13, df=168, p=0.26)
showed a very small positive relation that is nghificant. Putting frequency of infestation
of leaves and root collars in relation resulteginon-significant negative relation (slope: -
6.37 x 10°, T=-0.33, df=168, p=0.74).
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3.1.2Verticillium longisporum

Regarding to disease score data for the infestatidh V. longisporum, the combined
variable of site and year (SY) and the variant (el a significant influence (SY: F=96.0,
df=16, 204, p<2.2 log -16; V: F=4.6, df=3, 204, p=0.0037). There are significant
interactions between SY and V. Sites showing nesitation were excluded from statistical

analysis.
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Fig. 45: Verticillium longisporum disease score (DS) of field trials in 2008/09. Vontrol V2: single
fungicidal treatment V3: single bacterial treatmentV4: combined fungicidal and bacterial treatment. [5
are presented as box plots. Box plots within one dme followed by different letters are significantly
different according to related multiple contrast tests at significance leved=0.05.

V. longisporum infestation was highest in the first season ofigr@008/09). The single-
fungicidal treatment V2 led to a higher infestatjpressure in 6 out of 7 cases including a
highly significant (T=5.6, df= 204, p<0.001) incseaby 77 % compared to V3 (Fig. 45).
Reduction of the disease score through the singtéebial treatment V3 was also worth
mentioning, albeit not significant in Walkendorf<@ 26 %; 3<2: 35 %; 3<4: 24 %) and
Sartjendorf (3<1: 15 %). Other than at Hohenschulrere V3 showed the highest DS with
4.56, the variant V3 revealed lowest DS in thialtseason at all sites. In most cases the DS
of the combined treatment of bacteria and funggit¥ was at the same level as the

untreated control.
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Fig. 46: Verticillium longisporum disease score (DS) of field trials in 2009/10. VZontrol V2: single
fungicidal treatment V3: single bacterial treatmentV4: combined fungicidal and bacterial treatment. [5
are presented as box plots. Box plots within onedme followed by the same letters are not significaly
different according to related multiple contrast tests at significance leved=0.05.

During the following trial season 2009/1\, longisporum infestation was, in general, lower
in all variants. No significant differences wereasded between the treatments. There was
noticeable emergence of the disease at Birkenmdohenlieth, Sartjendorf and Sonke-
Nissen-Koog (Fig. 46). At all presented sites, \@ hthe highest DS (Birkenmoor: 1<4:
59 %; Hohenlieth: 1<4: 21 %; S6nke-Nissen-Koog::18@ %), and none of the treatments

realized any control effect.
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Fig. 47: Verticillium longisporum disease score (DS) of field trials in 2010/11. VZXontrol V2: single
fungicidal treatment V3: single bacterial treatmentV4: combined fungicidal and bacterial treatment. [5
are presented as box plots. Box plots within onedme followed by the same letters are not significaly
different according to related multiple contrast tests at significance leved=0.05.

During the last investigation period, severity gmsed again especially in Birkenmoor (Fig.
47). At that site, the infestation in fungicidedted variants V2 and V4 was increased again,
while V3 realized a reduction of the DS by 12 % pamed to control. Again V2 revealed
highest DS at all sites with stronger infestatiBirkenmoor: 1<2: 5 %; Hohenschulen: 1<2:
34 %; Sartjendorf: 1<2: 65 %). On the other hareldimgle fungicide treatment showed the

lowest DS in Barlt but infestation level was lovoio

Regarding to the frequency of infestation datatlierinfestation withV. longisporum, the
combined variable of site and year had a signifiediect (F=61.7, df=16, 204, p<2 Iggl6).

There were no significant interactions between 8t V.
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Fig. 48: Verticillium longisporum frequency of infestation of field trials in 2008/@. V1: control V2: single
fungicidal treatment V3: single bacterial treatment V4: combined fungicidal and bacterial treatment.
Values are presented as box plots. Box plots withimne frame followed by different letters are
significantly different according to related multiple contrast tests at significance level=0.05.

V. longisporum was detected at 6 out of 7 sites in 2008/09. hkeéBimoor, Hohenlieth and
Sartjendorf clearly more than 50 % of the plantseniafested byv. longisporum (Fig. 48).
Relations between variants almost correspond WeghXS data in this season. In Hohenlieth
frequency of infestation was reduced significaritly V3 compared to the single fungicide
treatment (3<2: 60 %, p=0.028). Further V3 shove=d infected plants at all sites except for

Hohenschulen, where the combined treatment V4 eas Infected.
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Fig. 49: Verticillium longisporum frequency of infestation of field trials in 2009/0. V1: control V2: single
fungicidal treatment V3: single bacterial treatment V4: combined fungicidal and bacterial treatment.
Values are presented as box plots. Box plots withione frame followed by the same letters are not

significantly different according to related multiple contrast tests at significance level=0.05.

In 2009/10, infestations were recorded in Birkenmd#éohenlieth, Hohenschulen, Sonke-

Nissen-Koog and Sartjendorf, with the highest it#fesn frequency in Birkenmoor and

Hohenlieth (Fig. 49). For V3 the highest frequenfynfestation with a mean of 37 % was
assessed at Sartjendorf. There were no signifimamirol effect caused by the single use of

HRO-C48 within this period and for the combinedatmeent the highest frequency of

infestation was assessed at most sites. In Birkentie frequency of infestation in V4 was

increased by 51 % compared to the control.
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Fig. 50: Verticillium longisporum frequency of infestation of field trials in 2010/1. V1: control V2: single
fungicidal treatment V3: single bacterial treatment V4: combined fungicidal and bacterial treatment.
Values are presented as box plots. Box plots withione frame followed by the same letters are not
significantly different according to related multiple contrast tests at significance level=0.05.

During the last investigation period the frequen€ijnfestation was highest at Braunschweig,
Hohenschulen and Sartjendorf and again, no sigmfidifferences were recorded between
the treatments (Fig. 50). Differences between thants act mainly analogous to data of
disease score in 2010/11. In V3 at Birkenmoor 1€e8%6 infected plants compared to the
control were recorded, while other variants did didter from each other. Frequency of
infestation was increased in the fungicide treatméd (2<1: 33 %) in Hohenschulen,
whereas the combined treatment V4 realized a remucf 20 % compared to the control.
Both bacterial treated variants could reduce teguency in Braunschweig (3<1: 15 %; 4<1:
30 %).

The fact that there was no significant interactlmetween site, year and variant allowed

analysing variants pooled over year and site.
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Fig. 51: Verticillium longisporum disease score and frequency of infestation of fieldials summarized for
all sites from 2009-2011. V1: control V2: single fagicidal treatment V3: single bacterial treatment \4:
combined fungicidal and bacterial treatment. Valuesare presented as box plots. Box plots within one
frame followed by different letters are significanty different according to related multiple contrast tests
at significance leveln=0.05.

In summary of all sites and years, the diseaseedoorfungicide-treated variants V2 (T=3.3,
df=204, p=0.0064) and V4 (T= 2.9, df=204, p=0.018re significantly higher than in
bacteria alone-treated V3 (Fig. 51). On average,single bacterial treatment reduced the
disease score by 8 % compared to the control, wdtindghis effect was not significant. In
contrast to the disease score, no significant rdiffees were calculated for the frequency of
infestation, but ranking of means were analoguakddS: Most plants were infested in V2
(42,1 %), followed by V4 (41,7 %) and V1 (39,6 %hereas V3 showed the lowest
percentage of infected plants (37,8 %) (Fig. 5Dx Blots illustrate that differences between
the variants were not significantly different ark tdifferences between the variants were
negligible.

3.1.3Plasmodiophora brassicae

P. brassicae infested plants were found in Walkendorf in sea2@®3/09 and in Birkenmoor
in 2009/10. Statistical analysis of disease indek faeequency of infestation data revealed no
significant influences of site, year and variantivadl as no significant interactions. Therefore

data of both sites were summarized and are prasentdg. 52.
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Fig. 52: Plasmodiophora brassicae disease index (DI) and frequency of infestation ofield trials

summarized for Walkendorf 2008/09 and Birkenmoor 209/10. V1: control V2: single fungicidal
treatment V3: single bacterial treatment V4: combired fungicidal and bacterial treatment. Data are
presented as box plots. Box plots within one framéollowed by the same letters are not significantly
different according to related multiple contrast tests at significance leved=0.05.

All treatments showed higher disease indexes (ftdj tthe untreated control, but box plots
demonstrate that there were no major differencésdan variants (Fig. 52). With a mean of
6.2 the combined treatment V4 generated the higlissaise index. This is a non-significant
increase of 25 % compared to the control, whichdadean of 4.9. In summary, severity of
infestation was not high. Means of the infestati@guency ranged between 12 (V1) and
14.5 % (V4). The ranking is equal to the DI, whilgferences between variants are not
significant and low.
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Walkendorf
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Birkenmoor
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Rep.1 V1: 2% V1 V2: 8% V2 V3: 3% V3 V4. 3% V4
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Fig. 53: Breadboard of field trials in Walkendorf 2008/09 and Birkenmoor 2009/10. Percentages
represent frequency of infestation with Plasmodiophora brassicae in plots. V1: control V2: single
fungicidal treatment V3: single bacterial treatmentV4: combined fungicidal and bacterial treatment. No
samples were taken from harvest plots.

SinceP. brassicaeis a soil borne disease, the distribution of therep is usually patchy. Fig.
53 illustrates the spatial arrangement of repetgi¢plots) in the field including individual
infestation frequencies. In contrast to the treatmiafluence of plot position is striking. This
is particularly obvious in Walkendorf, where almestery infested plant was found in the
third repetition. In Birkenmoor frequency of infagbn was quite low in the first repetition,
while spores seemed to be concentrated in repeBtiand 4. Plots of V1 in replicates 3 and
4 were located further to the right of the fieldlahowed the lowest infestation frequency in

these replicates compared to other variants.

Fig. 54 shows the results of the field trial cadraut by the DLR in Gondershausen. Soil was
heavily infested with resting spores Bf brassicae leading to an infestation frequency of
100 % in all repetitions and a notably higher désemdex level. With a mean of 70, disease
index of theS. plymuthica variant was slightly and non-significantly incredscompared to
the untreated control (62).
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Fig. 54: Plasmodiophora brassicae disease index (DI) of DLR field trial in Gondershaisen 2009. Untreated
seeds (control) were tested again&plymuthica HRO-C48 treated seeds. DI is presented as box pld&ox
plots within one frame followed by the same letter@re not significantly different according to relatd
multiple contrast tests at significance leved=0.05.

3.1.4 Population dynamierratia plymuthica HRO-C48

S plymuthica HRO-C48 was able to colonize the rhizosphere of rdygeseed plants
efficiently when bacterial enriched seeds were useg. 55). Depending on the year and
location, the bacterial densities of {e-7 CFU @ in early autumn were reached. With a
level of logo 5-6 bacterial densities were comparatively loveaiowing in 2008/09 (Fig.
55A). At the beginning of the analysis, Braunsclgvand Sonke-Nissen-Koog had the
lowest rhizosphere colonization, which decreasddvbéogi;;3 CFU g' during winter but
recovered temporarily in spring/summer. At Hohdhliand especially at Walkendorf, higher
amounts of bacteria were found during the wholes@eaBacterial concentrations reisolated
in autumn 2009 were slightly higher than in 2008épt for SOnke-Nissen-Koog) (Fig. 55B).
After a decline during winter and spring, rhizosghecolonization at Birkenmoor,
Hohenschulen and Hohenlieth nearly reached the &mrek(log,6 CFU g* rhizosphere) in
summer like in October. Generally Walkendorf anck&nmoor provided the best conditions
for bacterial growth in season 2009/2010. The $astson of field trials in 2010/11 started
with concentrations of lag 5-7 CFU ¢ rhizosphere (Fig. 55C). At Birkenmoor, an increase
of bacterial densities in autumn, leading to 3@ cells during winter, was detected. At
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Einbeck and Braunschweig higher concentrations BIOHC48 were assessed in March
(logip 6) than in autumn, whereas at Barlt, Hohenschutah lohenlieth bacterial levels
were around log 3 CFU g' rhizosphere at that time. By end of May no baateduld be

detected at Hohenschulen anymore. The populatiositiEs at all sites severely varied in
spring and summer and the final densities were eoatpely low at harvest, except for

Hohenlieth and Braunschweig.

The percentage of samples containing HRO-C48 vane&2D08/09 between 47 % (Sonke-
Nissen-Koog) and 98 % (Walkendorf). In the follogitmial period (2009/10), the percentage
of HRO-C48 positive samples was lower at most sigmunschweig had an average
frequency of 23 %, whereas Birkenmoor (89 %) andKéradorf (97 %) had the highest
number of positive samples. During the last seasotmials, four sites reached more than
80 % of HRO-C48 positive samples, while Hohensah{#s8 %) and Barlt (51 %) had the

lowest frequency of positive samples (data not st)ow

In general, the bacterial concentration declinetll december and dropped to a minimum
level of logo 3-4 CFU ¢ rhizosphere. During spring until summer the popoite fluctuated
whereas an average increase compared to winteolgzsved in most cases. Samples from
Walkendorf continuously had the highest concerdreti of HRO-C48. Except for
Braunschweig 2009/10 and Hohenschulen 2010/11, i@R®was found during the whole

period of investigation at all trial sites.
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Fig. 55: Serratia plymuthica HRO-C48 population dynamics at different trial sites in A) 2008/09 B)
2009/10 C) 2010/11. Markings of trend lines repreae means of 8 root samples taken from plants of V3
and V4 expressed as colony forming units (CFU) pagram of rhizosphere in a logarithmic scale.
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Fig. 56: Mean bacterial densities ofSerratia plymuthica HRO-C48 at different sites subdivided by trial
years shown as boxplots in a logarithmic scale. Tal sites: BA=Barlt, BM=Birkenmoor,
BR=Braunschweig, El=Einbeck, HL=Hohenlieth, HS=Hohaschulen, SA=Sartjendorf, SNK=S6nke-
Nissen-Koog, WD=Walkendorf. Trial seasons: 1=2008%0) 2=2009/10, 3=2010/11. CFU=colony forming
units.

Fig. 56 additionally clarifies that Walkendorf aBadkenmoor achieved the highest bacterial
densities in the rhizosphere. Bacterial level vchbetween the trial seasons, while tendencies
differ depending on the site. Birkenmoor had insheg densities during the investigation
period, while the total amount of bacteria decrdaase Sartjendorf and Hohenschulen. At
Braunschweig and Hohenlieth, the lowest densitiesewassessed during the second trial
period. Except for Braunschweig 2009/10 and Hohewmen 2010/11, where no bacteria
were detected for longer periods, marshland sitdt Bnd Sonke-Nissen-Koog generally
had the lowest bacterial levels in comparison t® ¢ther sites. Statistical analysis with
Tukey-Test ¢=0.05) of AUDPC transformed bacterial densitiesesgd no significant
differences between the sites.

3.1.5 Yields

Yields recorded at the three trial during the per2®08/09-2010/11 are presented in Table
11. The first season revealed an averaged surptoggh all treatments. In relation to the
control (V1), V2 reached 1.2 dt, V3 1.0 dt and V& @t/ha higher yields in average. At
Hohenschulen, the 2009 fungicide treatment aloweiged a yield surplus of almost 4 dt

ha', whereas treatment V3 resulted in increased yiatdBirkenmoor, Hohenschulen and
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Hohenlieth of up to 3 dt Aa The combined treatment of fungicides and HRO-(4&)
consistently achieved higher yields compared todtwtrol variant in 2009. Especially at
Braunschweig and Walkendorf a surplus of 2.7 dt as harvested due to the combined

treatment.

In 2010, trends recorded during the previous sedsbmot show up again. Yields differed
only slightly between the variants in most casasldvwas reduced in the fungicide treated
variants by 8.8 dt (V2) and 6.3 dth@/4) in Sartjendorf, while there were small inses in
yield in Walkendorf in V2 and V4. In 2010, Hohensldn was the only trial site where all
treatments resulted in higher yields, while V3 gaterl the highest yield with 52 dtha

Yield levels decreased from 2009 to 2011, whilddgeecorded during the last season were
noticeably lower than those recorded during thet two years. In 2011, higher yields were
realized through application of fungicides in Hobemulen. With 13 dt kg V3 had the
lowest yield at this site. Higher yields througmdicides were reached in Barlt as well, but
there was just one application (spring). In Einbacl Sartjendorf the exact opposite was the
case and non-fungicide variants achieved up tohgitihigher yields compared to fungicide-

treated variants. Spraying fungicides in 2011 &ed tlecrease in yield at 3 out of 6 sites.

The differences between the four variants are rasimall, which is illustrated by the
statistical evaluation. There were no significaiftedences between the variants, while the
combined influencing variable of site and year (S¥)of significant influence (F=165.9,
df=19,239, p<2 log -16). Average yields recorded in 2010 and espgadial2011 differed
only slightly between the four variants. The ramkin 2011 was contrary to 2009, which
means that variant 1 had the highest yield (39t2%d) and variant 4 the lowest (38.84) on

average
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Table 11: Yields (in dt ha') and corresponding standard deviation of trial sies separated by years and variants: V1: control VXingle fungicidal treatment V3: single

bacterial treatment V4: combined fungicidal and baterial treatment. According to related multiple cortrast tests @ = 0.05) no significant differences were found.

Site Harvest 2009 (dt ha) Harvest 2010 (dt ha) Harvest 2011(dt ha)
V1 V2 V3 V4 V1 V2 V3 V4 V1 V2 V3 V4
65,83 67,73 67,95 66,52 49,49 50,90 49,41 50,85 47,67 46,78 47,76 47,03
Birkenmoor +1,03 +1,53 +1,66 +2,84 +5,05 +5,43 +5,27 + 4,46 + 2,87 3,54 +2,78 + 2,66
Hohenschulen 49,27 53,24 52,92 50,30 48,73 51,56 51,98 50,36 15,06 17,14 13,00 16,33
+1,71 +4,27 +4,70 + 6,00 +2,26 +1,90 +5,80 +2,36 +5,89 + 8,48 + 3,95 +13,57
62,21 63,79 64,49 64,79 62,29 62,36 61,37 61,31
Hohenlieth + 2,60 +0,44 +4,21 +1,00 +2,56 +0,91 + 2,46 +1,23 - i i i
.. . 60,95 59,55 58,80 60,38 62,63 63,20 62,53 62,08
SonkeNissen | 377 +5,09 +5,31 +5,10 +4,29 +2,76 +1,72 +3,73
-Koog - - - -
57,70 59,28 55,98 58,98
Barlt i i i i i i i i +5,92 +1,34 +3,65 +4,51
50,97 49,81 51,07 53,76 55,01 56,73 56,90 56,30 25,97 25,92 26,20 26,27
Braunschweig +3,70 +7,03 +5,08 + 3,20 +1,39 + 3,40 +4,23 +2,32 +2,24 +1,44 +1,03 +2,73
57 29 58,12 58,14 57,81 53,25 44,48 51,27 47,00 42,29 40,70 44,17 39,20
Sartjendorf +221 +1,45 +3,02 +2,56 +3,35 +3,47 +6,43 +4,36 +1,36 +1,81 +2,50 +1,72
44,62 46,97 44,38 47,89 51,23 52,73 48,02 53,53
Walkendorf +0,57 +1,31 +1,07 +1,25 +5,05 +1,85 +4,34 +2,75 i i i i
47,05 44,68 46,65 45,23
Einbeck - +1,99 +2,02 +1,75 +1,12
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3.2 Glasshouse trials

3.2.1Verticillium longisporum
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Fig. 57: Area under disease progress curve (AUDPQ@f Verticillium longisporum presented as box plots
recorded during glasshouse trials. Variants: KWS13@ntreated + Serratia plymuthica; KWS63 untreated
+ S. plymuthica; Trabant untreated + S. plymuthica; Visby untreated + S. plymuthica. Box plots followed
by different letters are significantly different according to related multiple contrast tests at sigrficance
level @=0.05.

There were no significant differences between thatients (controlS. plymuthica) and no
significant interaction, while the cultivar had grsficant influence (F=2.9, df=3, 216,
p=0.036). The cultivar KWS63 showed the highest AID with means of 118S(
plymuthica variant) and 114 (control), followed by Visby antis136. AUDPC of KWS63
was significantly increased by 22 % compared tdodna (T=2.8, df=216, p=0.027). Except
for Visby, treatment witls. plymuthica led to slight, but non-significant increases ofiball
cultivars (Fig. 57).

Bacterial densities were observed before planting,weeks later and at the end of the trials.
After treatment with the bacterial suspension seeele enriched with about lgg6 CFU
seed. Rhizosphere densities of two week old seedlirifjerdd between log 6-7 CFU ¢
rhizosphere, while concentrations slightly decrddasdog 5-7 at the end of the trial.
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Fig. 58: Stunting of rapeseed plants caused byerticillium longisporum: pictures shows untreated Visby
plants (a) andS. plymuthica treated plants in infested soil (¢) compared to i healthy control (b).

3.2.1Plasmodiophora brassicae

The effect of the bacterial treatment w&hplymuthica was also assessed in glasshouse
experiments with the susceptible cultivar Visby #melresistant cultivar Mendel. Statistical
analysis revealed a highly significant interactiomtween cultivar anB. brassicae spore
concentration (F=136.8, df=1, 778, p< 2.2:lpd.6). Due to this interaction, multiple
contrast tests of cultivars were conducted sepaduatespore concentration. Both analysis
revealed that increased disease scores record¥sfoy were highly significant (spore level
l00105: T=10.6, df=216, p<1 lag-10; spore level log7: T=30.6, df=216, p<1 lag-10)
compared to Mendel, while interaction of cultivadaspore concentration is caused by
higher differences between means at concentragicel logo 7 spores mit (Fig. 59). There
was no significant difference between the treatséetdntrol;S. plymuthica). In averages.

plymuthica treated variants did not differ from untreated ats.
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Fig. 59: Disease scores (DS) foPlasmodiophora brassicae infection recorded in glasshouse trials
presented as box plots. Variants: Mendel untreated S. plymuthica; Visby untreated + S. plymuthica

tested at two levels of. brassicae spore concentration (logo 5 mi'*; log:e 7 mI™). Box plots within one

frame followed by different letters are significanty different according to related multiple contrast tests
at significance leveln=0.05.

Fig. 59 shows that disease scores of the cultivabywwere clearly increased at the same
level of spore concentration. At the lower sporacemtration level (log 5 mI*) only few
plants of Mendel- no matter whether treated \@tiplymuthica or not- were infested, while
Visby variants achieved an average DS of 2.4. Tdletion is also reflected in the DS at the
higher spore concentration level.

Bacterial densities were determined at the enti®trials. Concentrations of samples varied

between logy4- logio7 CFU @' rhizosphere, while average concentration was g

In Fig. 60 results of &. brassicae glasshouse trial carried out by the Dienstleisszegtrum
Landlicher Raum (DLR) Rheinland-Pfalz are presenteerformance of untreated a&d
plymuthica treated Visby seeds were tested at different sponeentrations. According to
ANOVA, the effect of theP. brassicae spore concentration was significant (F=71.8, df=4,
178, p<2 logy-16), while treatments had no significant influendéherefore, multiple
contrast tests were conducted separately for eaeh éf spore concentration.
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Fig. 60: Plasmodiophora brassicae disease score (DS) recorded during glasshouse tsaat the
Dienstleistungszentrum Landlicher Raum Rheinland-Pélz presented as box plots. Untreated and.
plymuthica treated cultivar Visby was tested at different levls of Plasmodiophora brassicae spore
concentration (logo 3 mI* - log, 7 miY). Box plots followed by the same letter are not sigficantly
different according to related multiple contrast tests at significance leved=0.05.

Disease score faB plymuthica-treated plants was reduced by 28 % in comparisaido
untreated control at lag 3 spores mt (Fig. 60). This reduction at the lowest spore
concentration level was almost significant (T=-21#5216, p=0.0784), whereas differences
between the treatments were negligible at highegdl concentration levels. With disease
scores surpassing 7:abgio 6 spores mt level of disease severity was higher compared to

own glasshouse trials (Fig. 59).

78



3. Results

3.2.1Sclerotinia sclerotiorum
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Fig. 61: Area under disease progress curve (AUDPOpr Sclerotinia sclerotiorum infection recorded
during glasshouse trials presented as box plots. tieated and Serratia plymuthica treated cultivars
Lorenz, Trabant and Visby were testedBox plots within followed by different letters are significantly
different according to related multiple contrast tests at significance leved=0.05.

Statistical analysis revealed a significant effgicthe bacterial treatment (F=5.9, df=1, 262,
p=0.016), while the influence of the cultivar was significant and no interaction between
cultivar and treatment was recorded. This enalbledhsarized multiple contrast tests for the
two different treatments which revealed signifi¢ahdwer AUDPC ofS. plymuthica treated
plants (T= -2.4, df=262, p=0.016). In average, AtdDPC was reduced by 0.96 throughout
the treatment with the bacterium. In Fig. 61 resolttheS sclerotiorum trial are presented.
Visby had a slightly higher AUDPC (10.7) compared.borenz (10.1) and Trabant (10.1).

HRO-C48 rhizosphere densities of two week old segdldiffered between lggb - logio 7

CFU g rhizosphere, while concentrations remained stabiié the end of the trials.
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3.3 Improvement of seed treatment

3.3.1 Spray application

The basic idea of this trial was to examine thesjlgty of a sustainable enrichment &f
plymuthica inside rapeseed seeds by use of an airbrush dpentriél setup included the three
different initial variables: moisture of seeds, teai@ concentration and ratio between
applied suspension and seed weight to test thitieimce. To verify the survival capability of

the bacteria, treated seeds were stored in diffevagps.

ANOVA of the whole log-transformed dataset reveaesignificant interaction between the
factors: ratio, bacterial concentration and storegeditions (F=1.8, df=12, 288, p=0.048).
Consequently, the initial moisture of seeds, whinhgeneral, had a significant influence on
the bacterial concentration of seeds (F=9.0, di#2, p=0.0002), was the only variable that
did not interact with the other factors.

Due to the wide range of interactions between tiitgai treatments and storage conditions,
general effects of the other factors -besides tlaemwcontent of the seeds- cannot be
evaluated for the whole data set. Consequentlyifgignt effects of the temperature, for
example, can only be determined under conditionsnaio interactions with the other tralil

variants exist.

The influence of the initial seed treatment cowdis on the initial amount of bacteria
absorbed by the seeds were analysed by using thsetlafter two days of storage. At that
time the water content of seeds was above 25 %s#ordge conditions had the lowest
influence on the amount of bacteria re-isolatedhftbe seeds. For the ANOVA analysis and
post hoc Tukey HSD tests the data are separatdtidadifferent storage conditions: closed
at 4°C (V1), opened at 4°C (V2), closed at 25°C)(€Bd opened at 25°C (V4). This was
done in order to avoid interactions between th&ainseed treatment conditions and the
storage conditions in the statistical analysis. okdong to Tukey HSD Testa£0.05)
significant differences in bacterial densities wirend in V1, V3 and V4 and are presented
in Fig. 62-64.
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Fig. 62: Influence of the initial bacterial concentation and seed moisture and the ratio of bacterigo
seeds (ml §) on the bacterial density in one seed after 2 daysorage at 4°C in a closed container. Data
are given as logy CFU (colony forming units) per seed. Bars with diferent letters are significantly
different according to Tukey HSD ata=0.05 (3 replicates per treatment).

In a closed container at 4°C only the ratio betwseads and bacterial suspension had a
significant influence on the bacterial content e tseeds. However, this counts only for
specific conditions (see bacterial densitpgi; 11 CFU mf* at 2.8 % water content and
>logig 10 CFU mt'at 5.8 % (Fig. 62). The bacterial density and theew content of the
seeds had no significant influence. Bacterial lesfeV1 differed between 5 x lgg6 and
logio 8 CFU seed.

81



3. Results

log, CFU seed™!
[%,]

concentration (log) 10 11 10 11 10 11
moisture % 2,8 4,8 5,8

Fig. 63: Influence of the initial bacterial concentation and seed moisture and the ratio of bacterigo
seeds (ml @) on the bacterial density in one seed after 2 daysorage at 25°C in a closed container. Data
are given as logy CFU (colony forming units) per seed. Bars with diferent letters are significantly
different according to Tukey HSD ata=0.05 (3 replicates per treatment).

In a closed container at 25°C the bacterial levas Wower compared to V1 (Fig. 63) two
days after treatment, while the ratio had a sigaiit influence at moisture levels of 2.8 and
4.8 % when seeds were treated withg;p 11 CFU mf', as well as at a moisture level of
5.8 %, when treated withlogio 10 CFU mt'. Furthermore, a significant influence of the
moisture of seeds was found at an initial concéiotiaf >logio 11 CFU mf* and at a ratio of

1:2, indicating significant higher bacterial deresitat moisture levels of 2.8 % and 5.8 %

compared to 4.8 %.
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Fig. 64: Influence of the initial bacterial concentation and seed moisture and the ratio of bacterigo
seeds (ml @) on the bacterial density in one seed after 2 daystorage at 25°C in an opened container.
Data are given as logy CFU (colony forming units) per seed. Bars with diierent letters are significantly
different according to Tukey HSD ata=0.05 (3 replicates per treatment).

In an opened container at 25°C the ratio and thistore level had a significant influence on
the bacterial content of the seeds. The bactexiadllis comparably low differing between
logio 4-7 CFU seed While with the ratio 1:1 the highest amounts &0were obtained, the
difference was significant only at moisture conteh2.8 % (concentration eflogip 11 CFU
ml™) compared to the ratio 1:3. At this moisture lesEkeeds there was also a significant
difference between the different initial bactecaihcentrations at the ratio 1:2 (Fig. 64). In
contrast to V1 and V3, an initial concentration>tdg;o 11 CFU mit'led to higher bacterial

densities inside the seeds.

To estimate the influence of the different storagees and temperatures, bacterial densities
after 30 days of storage were assessed. For gf@tiahalysis the dataset was subdivided by
the different levels of moisture. In contrast te nalysis of the initial variables, Tukey HSD
Test ¢=0.05) was carried out separated for each bactesiatentration and ratio (Fig. 65-
67).
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Fig. 65: Influence of 30 days storage at 4° and 25n closed or opened containers on the bacterial
density in the seed with seed water content of 298. Data are given as logy CFU (colony forming units)
per seed. Bars followed by different letters are gnificantly different within the column according to
Tukey HSD ata=0.05 (3 replicates per treatment).

The bacterial level in seeds containing 2.8 % moéstat the time of treatment ranged
between logy 1 - logo 5 after 30 days of storage (Fig. 65). The effecthe storage
temperature- regardless of the storage type- ikirgjr Compared to 25°C, significantly
higher cell densities were recorded at 4°C in 5aud cases. Despite for ratio 1:3 treated
with a bacterial concentration ¢flog;o 10 CFU ml*, closed storage showed increased

bacterial densities, but differences to storagep@ned containers were non-significant.

84



3. Results

\ N o o b . 8y N
F: b| § §§ i bl T Tia §§ i s
E 5 § A \\% o ‘. : \\% Delosed 4 ,
= URICTE AR A TR p—
¥ g\ e b BHEHN
o
E N | EEN | EEN | (I &N
1=\ % =§ R i §
Sl EEE
=\ \ NN N
< :_i§ § N= e g
concentration (log, ;) 10 11

Fig. 66: Influence of 30 days storage at 4° and 25°in closed or opened containers on the bacterial
density in the seed with seed water content of 498. Data are given as logy CFU (colony forming units)
per seed. Bars followed by different letters are ghificantly different within the column according to
Tukey HSD ata=0.05 (3 replicates per treatment).

Cell densities of seeds containing 4.8 % watehattime of treatment are illustrated in Fig.
66. Again, bacterial densities of cold stored sa@®glontained more bacteria. This effect was
significant- regardless of the storage type- iruBaj 6 cases. At a concentration>dbg;o 11
CFU mI* the effect of the storage temperature was notifgignt at ratios of 1:1 and 1:3
when stored closed, while differences within opestedage were non-significant at ratio 1:3
when applied suspension walsg;o 10 CFU mt'.
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Fig. 67: Influence of 30 days storage at 4° and 25°in closed or opened containers on the bacterial
density in the seed with seed water content of 5%8. Data are given as logy, CFU (colony forming units)
per seed. Bars followed by different letters are ghificantly different within the column according to
Tukey HSD ata=0.05 (3 replicates per treatment).

The bacterial level of seeds containing 5.8 % moogsat the time of treatment was higher
compared to 2.8 and 4.8 % after 30 days of stoffeige 67). In contrast to previous analysis,
a significant difference according to the storageetwas found atlogio 11 CFU mf* and
the ratio 1:1 at 25°C. Cold stored variants hachéigoacterial densities again, while most
differences were significant in comparison to ggerat 25°C. An exception was found at
>log1o 10 CFU mi* at the ratio 1:1. Opened and warm stored (V4) $esripad higher CFU
than opened and cold (V2) as well as closed aral (&l).

For use of the airbrush procedure, concentratforlag; o4 CFU seed can be ensured by
use of the ratio of 1:1 and 1:2 (ml bacterial saspeEn/g seed) and a storage temperature of
4°C, even after 30 days of storage. The declineelhdensities due to the higher storage
temperature is clearly visible and significant irogh cases, while no major differences
regarding the storage type were recorded. An efféttorage temperature was recorded

already after two days storage
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3.3.2 Clay mineral trial

Three different clay minerals were enriched v8ghlymuthica, dried and stored at different

temperatures. Bacterial density was assessed?affeand 30 days of storage.

——Diafill 4"
Diafill 257

—&—Talcum4*

log,, CFU gt

§ =<=Talcum 25"
41 —#=Vermiculitc 4"

Vermiculite 257

dryingtime {h)

Fig. 68: Influence of drying at 40°C on the bactesl densities given as log10 CFU (colony forming utsi
per gram of talcum, vermiculite and diafill after storage for two days at 4 or 28°C.

In Fig. 68, CFU isolated from clay minerals two gajter bacterial inoculation are presented.
The initial bacterial density before drying theysavas at approximately leg9 CFU ¢".
Drying decreased the cell density, resulting indeh2 to loge 5.1 after 5 hours. Except for

Vermiculite, the bacterial density declined witle tthuration of drying.

For the statistical analysis, data on bacterial sdgnwere area under curve (AUC)

transformed. ANOVA of the whole data set revealedignificant effect of the storage

duration (F=213.3, df=2, 36, p<0.001) and a sigalit interaction between clay mineral and
storage temperature (F=3.8, df=2, 36, p=0.031). uthis interaction, Tukey HSD-Tests

(0=0.05) were conducted separated for each clay ali{iEable 12).
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Table 12: AUC (area under curve) and standard deviton of the re-dried (0-5h) clay minerals talcum,
vermiculite and diafill, separated by storage time(2, 7 and 30 days) and storage temperature (4° and
25°C). Mean AUC values of the same clay mineral folwed by different letters are significantly different
according to Tukey HSD test ¢=0.05).

Storage Storage Talcum Vermiculite Diafill
Temperature duration
(days)

(°C) (AUC) (AUC) (AUC)

4 2 36,9a 36,9a 36,1a
+4,3 +1,6 +2,8

25 2 32,1ab 33,6ab 35,9a
0,8 +2,8 +2,8

4 7 35,6a 34,0ab 33,5a
+1,1 +2,9 +3,0

25 7 27,7bc 30,0b 32,2a
+2,9 13,4 +1,2

4 30 23,3c 22,4¢c 23,7b
+0,09 +1,7 +1,2

25 30 15,5d 16,7c 17,7b
+1,3 +2,2 +2,1
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Table 12 shows that elongated storage (30 daysbplsiginificant lower cell densities
compared to the initial concentration no matterchtglay mineral was tested. Further,
storage temperatures of 25°C resulted in a decddsacterial densities. Differences
regarding to the storage temperature were mosopraed after 30 days of storage. In
comparison to talcum samples stored at 25°C, doleéd talcum exhibited significantly
more CFU/seed after 30 days. Tukey HSD-Testf.05) of the different clay minerals
within the two storage temperatures separateddrgge duration resulted very slight,

non-significant differences.

Freshly prepared and two hours dried bacterialched clay minerals were applied in the
chemical priming process as described in chap®224.. No bacteria could be found two
days after treatment.
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4. Discussion

4.1 Field trials

During the first season of trial§erratia plymuthica treatments resulted in considerable
reductions of leaf infection caused Bylingam. These results match with data of previous
greenhouse experiments using artificial infectionthwP. lingam pycnidiospores,
demonstrating disease reductions of more than Ay %e bacterial seed treatment alone
(Abuamsha et al. 2010a). In 2008/09, reductionughothe single fungicidal treatment was
never significant at any of the trial sites, wherehe single bacterial treatment and the
combination of both resulted in significant diffeces to the control at three out of seven
sites. However, despite high efficiencies of baatetreatments againg®. lingam leaf
infestation during the first year, results were cansistent during the following two years. In
2009/10 and in 2010/11, no significant effects weseorded on the leaf infestation by the
single bacterial treatment (V3) at any of the tsiks, while fungicide treated variants (V2)
and combinations with bacteria (V4) generated aisagnt reduction only twice out of 7
sites. Comparing the leaf infestation level betw#en first and the consecutive years, the
levels were extremely low in the last two seasdrallarial sites. The lower the infestation
levels, the lower are the measurable effects ak waalsing problems for the evaluation of

differences between the treatments.

In contrast to many other authors (Gladders andaMi®80, Hammond and Lewis 1986, Sun
et al. 2000, West et al. 2002a), the presentedstigagion could not confirm a correlation
between the intensity of leaf infestation and tleeuorence of crown cankeRegression
analyses of the data revealed only weak, non-sogmif relations. Despite high levels Bf
lingam leaf infestation, occurrence of crown canker wawselr in 2008/09 compared to
2010/11, while leaf infestation and crown canke2@99/10 were of no importance. A dry
spring in 2009 with no rainfall in April led to @agnancy of plant growth and maybe the
mycelium growth too, what might explain the minoccorrence of crown and stem
symptoms.P. lingam grows systemic and asymptomatic down the petioie the stem of
rapeseed plants (Hammond and Lewis 1985). In 2Q16¥&ck frost caused huge losses of
leaves resulting in smaller amounts of leaf pyaniger plant. Here mycelium &f lingam
might have grown into stems very early in autuma@0naking the loss of leaves in winter
less important. Damage caused by insects andrfrigstt also have provided further entrance
wounds for pycnidiospores in spring 2011 (Broschewt al. 1993). According to Hammond
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and Lewis (1986) plant populations in which theuaut phase of the epidemic had reached
significant levels showed higher levels of steneation than those which had developed a
negligible autumn epidemic. In 2008 and 2010, prymlaaf infection by ascospores was
already severe in early autumn, with higher cownigycnidia than recorded during the first

year.

Crown canker causes economic losses more than®thagam symptoms (Fitt et al. 2006).
Due to the generally very low infestation level®09/10, results from this trial year are not
discussed in more detail. Regarding crown canker stem lesions, results were more
inconsistent than those recorded for leaf infestatMWhile the single fungicide treatment
could reduce crown canker disease score and ititgstaequency in 6 out of 7 cases in the
first season of trials (2008/09), single fungictd=atment led to increased disease scores in 6
out of 7 cases and increased infestation frequahdyout of 7 sites in 2010/11. None of the
reductions recorded for the single fungicidal tneat regarding crown canker parameters
(disease score, pycnidia, frequency of infestatweje significant. In contrast the single
bacterial treatment reduced the crown canker diseasre significant in 1 out of 7 cases,
while root collar pycnidia and infestation frequgneas significantly reduced at 2 out of 7
sites. All significant differences occurred in first season of trials. Though the effect of the
bacteria were lower in the last season of triaductions of the disease score and frequency
of infestation were provided at 4 out of 7 sitekeTcombined treatment resulted in crown
canker reductions at every site of all evaluatedupaters belonging in the first season of
trials. The disease score and the infestation &eqywere significantly reduced in 2 out of 7
cases each, while there was one significant realuaf the number of pycnidia. Similar to
the single bacterial treatment, all significanteeté were recorded in 2008/09, while the

effect on more severe crown canker, recorded duhegeason 2010/11, was less expressed.

A possible explanation for the low effect on croeancer in 2010/11 might be the low level
of bacteria recorded after the winter months. Diesjhie good establishment of HRO-C48 in
autumn, bacterial levels dropped in winter/spriremédnath logy 4 CFU ¢' rhizosphere and
did not recover again at Hohenlieth, Barlt, Sadff and Hohenschulen, as recorded in
2008/09. Thus the low abundance of bacteria irrttisphere might have been the reason
for the failure of the treatment with HRO-C48 agdimrown canker in 2011, as these

symptoms are developing during spring and summer.

P. lingam stem infestation was not severe during the coraptetestigation period. Neither

Azoles norS. plymuthica effected the development of these disease symptonssderably.
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Summarized results fov. longisporum including all sites and trial years revealed grdli
difference within the non fungicide treated vargaf\f1, V3), while fungicide treated variants
(V2, V4) had an increased infestation comparedh® d¢ontrol and a significant higher
infestation compared to the single bacterial trestimThe individual analyses of the sites
separated by trial year revealed no significantedéhces between the variants except for
Hohenlieth in 2008/09. Consequently it can be agsuthat the significant difference found
in the summarized analysis, which included alll tyears and sites, strongly depends on this
highly significant difference (p<0.001) found in kmlieth. In the first season of field trials,
the single bacterial treatment reduced diseaseisegeempared to the untreated at 3 out of 7
sites, but differences within the non-fungicideatesl variants (V1,3) were generally low in
the following trial seasons. Since the varianttedavith S, plymuthica and azoles together
showed higher disease scored/ofongisporum compared to the single bacterial treatment, it
might be considered that the negative effect causedizole treatments overruled any

antagonistic effect caused by the bacterial treatme

A possible explanation for more severe infestatath V. longisporum in fungicide treated
plots could be the stunting effect that is causg@4mles (Pits et al. 2008). It might lead to
faster colonizing of the stem in shorter plantaitésy in higher disease scores. The fact that
the frequency of infestation is not significanthcreased supports this theory. In contrast to
stunting effects caused by azoles, the plant-grgprdimotion-effect recorded for the
bacterial treatment in glass house experiments byafsha et al (2010a, 2011) might
complicate a fast colonization of young seedlings\Vb longisporum. However, at which
developmental stage the plant is infected Witthongisporum was not exactly recorded. The
first visible symptoms (yellowing of one side oktlkeaf) appeared in spring. According to
Holtschulte (1992) and Paul (1988) young seedlrays be infested after two month in the
field. At this time bacterial densities were congiasely high, while possible later infections

might have occurred at moments of low HRO-48 dgnsit

Results againd®. brassicae revealed that HRO-C48 is not capable of redudnmsgimfection
with this fungal pathogen under natural conditiohs.at Walkendorf and Birkenmoor high
bacterial densities were recorded in the rhizospluerring the occurrence . brassicae
(Fig.53), insufficient numbers of bacterial cells explanation for the absence of effects
against the clubroot disease can be excluded.nfluence of the randomized position of the
plots on the infestation frequency of single repeis is superior to the influence of
treatmentsP. brassicae is known for its patchy distribution in fields. @renduring spores

are spread through cultivation practice.
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Hammoudi (2007) found that rhizosphere concentnatiafS. plymuthica HRO-C48 of more
than logo 5 CFU @' rhizosphere are necessary to cause control etigaisist some of the oil
seed rape pathogens. In general, HRO-C48 was abéstablish at all sites in all three
periods of investigation, but bacterial densitiestuated severely during spring and in most
cases the minimum effect level of the bacterialcemtration was not reached. These results
are contradistinctive to Hammoudi's field trial aatwhich indicted constantly higher
bacterial densities at Hohenschulen during 2006/®%ong fluctuation in population
dynamics of HRO-C48 might be the reason for temqigrbad performances of the bacteria,
especially in spring. Although significant effects P. lingam leaf infestation were recorded
in Walkendorf 2008/09, crown canker in the singketerial treatment was unfortunately
more severe compared to the control and V2 in Walkg 2008/09 despite high bacterial
densities in spring/summer. Without doubt the haadteensity of the rhizosphere is of major
importance. However results like these recorded/alkendorf cause uncertainly of a direct

influence of bacterial densities on efficiency.

Population dynamics are influenced by biotic anwbtadbfactors. With an optimum growth
temperature foB. plymuthica of more than 20°C (Abuamsha et al. 2010b) dedjimiansities

in autumn and winter can be expected. Winter teatpegs recorded during 2008 until 2011
were comparatively low, which could have been aom&ctor for the low survival of the
antagonist. However, highest bacterial densitieevi@und in soils of Walkendorf, the field
trial site with the highest sand content amongiédls, whereas the nutrient-rich marshland of
Sonke-Nissen-Koog offered detrimental conditions dorvival. HRO-C48 originates from
the rhizosphere of rapeseed near Rostock, whichea to Walkendorf. Possibly, the
bacterium is adapted to soil conditions prevailmghat region.

Applying living organisms might possibly affect thatural composition of prevailing micro
organisms. Research results includigplymuthica HRO-C48 revealed that effects of
introduction of these bacteria into the soil mitwcd were exclusively temporarily and
changes in the microbial species population wegdigible (Thirup 2003, Blouin-Bankhead
2004). Walsh (2003) found out that even significaminges in the microbial diversity must
not necessarily have ecological impacts. Considdracterial densities reported during these

studies, low amounts seem to be a bigger problam plersistence of the introduced bacteria.

Effects of treatments on yields were more pronodmee008/09 than in the other trial years.
Besides reduction oP. lingam symptoms, stunting caused by azoles resultingighen

winter hardiness and tillering (Pits et al. 2008) well as the growth promoting effect
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induced byS plymuthica (Abuamsha et al. 2010a, 2011) could have causgiehiyields.
The average increase through single treatments bveaseen 1 dt and 1.5 dt by the
combination of bacteria and fungicides in this seasThis increase in yields could not
compensate for costs related with application afyfaides. Even assuming a high price of 45
Euro dt* rapeseed, fungicide applications were cost-effeatnly in 5 out of 20 cases (V1 vs.
V2; 2008-2011).

This calculation did not consider losses causetubygicide application, which were mostly
occurring in 2010/11. Strikingly, all treatmentsuéed in higher infestation at root collars
and stems and partly lower yields in 2010/11, wtrenvn canker had its strongest impact. In
2010, late sowing and cold climate caused weak Idpreent of the young seedlings in
Hohenschulen, Hohenlieth, Sartjendorf and Braunsaipwwhile the fungicide application in
autumn even had negative consequences (stress @ays)pin Sartjendorf. Besides their
antifungal activity Folicuf and CarambBainfluence the growth of plants by modifying their
hormonal balance (Rademacher 2000). Probably edadévelopment of the plants could
not match stress induced by the application of fthegicide. Apart from intense crown
canker, low yields in the last trial season wergnprily related to sub-optimal weather
conditions. After snow had melted in January 2Qidck frost and game bite caused serious
damage to plants at most of the sites followeddmgér dry periods in spring. In Barlt, no
fungicide was applied in autumn 2010 due to the sodt conditions. Considering yields of
2011, it was the only site where fungicidal treatin@pring) led to higher yields except for
Hohenschulen. On the other hand, the applicatiofungicides caused thicker stems in
spring 2011, what might have distorted the paramatéhe pycnidiospores number due to
physical reasons. Although fungicide treated plavage firmer and more densely stocked in
the last season, application of fungicides led teerease in yield in 3 out of 6 cases. As
costs related to the bacterial treatment of segd hat yet been assessed, no information can

be given about economic benefit of bio-priming HR@8.

Any attempts to relate yields with infestation wiRhlingam should be avoided as sampling
was not done in the same plots (except for Bart 8dnke-Nissen-Koog) that had been
harvested and other pathogens -especiallgngisporum- could have had influences as well.
Due to its morphology, rapeseed is able to comgerdamage caused by biotic and abiotic
factors, which makes assessment of effects ofntrerats more difficult (Becker and Leithold

2007), particularly when weather conditions haveaor influence on plant development.

Taking high variability within the repetitions intaccount, interpretations on tendencies

should be done with much care. However, some sgmf effects have been reported
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despite the biology of the crop and important inipafcweather conditions. Under these
aspects it can be concluded tBaplymuthica HRO-C48 and Azol fungicides have potential
to controlP. lingam leaf infestation. However, application of azolesautumn and spring as
well as the bio-priming of seeds wigh plymuthica HRO-C48 might not be cost effective.
Despite some high efficiency recorded in bactetr@ated variants, results were not
significant in most cases, probably because of dbparated analyses caused by the
correlation of the influencing variables and thghhvariance within data.

As S. plymuthica is a soil-bound bacterium, we hypothesize thauatidn of resistance
mechanisms in the plant plays a major role in tbetrol of P. lingam, because a direct
contact between mycelium or spores of the diseaddlse antagonistic bacterium is absent.
S plymuthica strain RIGC4 stimulated defence reactions in cummseedlings that had been
inoculated withPythium ultimum (Benhamou et al. 2000), while strain 1C1270 indlce
resistance tdotrytis cinerea on tomato and bean leaves as well as agélal$étotrichum
lindemuthianum on bean (De Vleeschauwer and Héfte 2007). AccgrtbhrPang et al. (2009)
strain HRO-C48 had a control effect agaiRgthium aphanidermatum in cucumber and was

able to induce systemic resistancd®otrytis cinerea treated beans and tomatoes.

It would nevertheless be advantageous to carryfuniher field trials, because weather
conditions during the period of investigation irdda non typical winters with exceptionally
low temperature and black frost. Compared to aréifiinfections in glasshouse trials, it is
much more challenging to obtain significant effamtsler outdoor environmental conditions.
Another possibility to reduce variability of resulinight be the use of different sampling
methods. Since variance within one plot can be entjnextended sample numbers along
with less sampling dates could provide more homogermata. This would enable the use of

other statistical models.
4.2 Glasshouse trials

In glasshouse trials the effect &fplymuthica HRO-C48 was tested againstlongisporum,
P. brassicae and S. sclerotiorum. The investigation on the effect an longisporum was
motivated by the results of Abuamsha et al. (20#19 found that the significant reduction
of the disease severity and frequency of infestaiwith V. longisporum was depending on
the cultivar. Thus a genetic background of theiwaltseemed to be responsible for the
interaction with the bacterial antagonist. Abuamshal. (2011) did not include the variety
Visby. Consequently, the investigation wanted teeas the interaction of this cultivar with
the bacterium and compare it with the most resistaitivar Trabant. Other cultivars
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provided by KWS were included into the trials. lontrast to Abuamsha et al. (2011), this
investigation could not detect a control effectHRO-C48 agains¥. longisporum under
given experimental design. The effect of the comtation of the soil with microsclerotia
was clearly visible resulting in stunting and a éswnumber of leaves compared to the
healthy control (Fig. 58). Abuamsha et al. (20Jgparted a growth promoting effect of the
antagonistic bacteria. However, this could not beutnhented during this investigation. No
matter whether treated or not treated with the gorist, HRO-C48 was unable to
compensate the stunting-effect through the growtbmpting ability. Compared to
Abuamsha et al. (2011) these experiments were abedwvith higher inoculum densities,
containing about twice as much microsclerotia. gsithe inoculum ratio 20:5:1
(soil/vermiculiteV. longisporum infested vermiculite) Abuamsha et al. (2011) oledie0 %
infected plants in untreated controls, a frequentyinfection also reported from fields
without artificial infection. Using the ratio acabing to Abuamsha et al. (2011) an infestation
frequency of less than 10 % was recorded in thiggtigation, why the ratio of 8:3:1was
used to increase the frequency of plant infectidonwever, even under these conditions no
major differences in tolerance were recorded. is tfials Trabant was less infected and had
a significant lower AUPDC compared to KWS63, no teratwhether treated with HRO-C48
or not. Higher inoculum densities 9f longisporum could be a possible explanation for the
lack of effect of the bacterium in these glasshadrtiaés.

One of the important problems related to increagiegcentage of in oilseed rape in the
rotation is the Oomycet®lasmodiophora brassicae. Consequently, an investigation on
possible control effects by the bacterial antagenigas of major interest. In contrastRo
lingam and S sclerotiorum, the bacteria ané. brassicae zoospores are in direct contact
during infection of the plant. Theoretically, arieet on resting spores of HRO-C48 through
the production of chitinases is possible as thaespare composed of 25 % chitin, 34 %
protein and 18 % lipids, (Moxham and Buczacki 198B¢ glasshouse trial carried out by
the DLR Rheinland-Pfalz revealed slight effectshaf bacterium at low spore concentrations
(logio 3 spores mi) that might be related to the production of amtifal metabolites. At
higher spore concentration no control effects ofOHB48 were observed. According to
Voorrips (1996) concentrations of lagt - logo 5 spores plaftresulted in a nearly entire

infestation, while logy 7 spores resulted in an infestation frequencyO0oPA.

Glasshouse trials conducted by the DLR led to highkestation levels at the same spore
levels used in glasshouse experiments at Kiel Usitye A possible explanation might be

the use of differenP. brassicae isolates. According to Voorrips (1995) populatidnsm
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field notably vary regarding their virulence ane @&f no genetic uniformity (Haji Tinggal
1981). This variation was impressively demonstratg@mployment of single-spore-isolates.
Jones et al. (1982) produced a single-spore-istitatewas virulent to a “resistant” genotype
of the host. Crute and Pink (1989) described enmegef higher virulent genotypes through
selection pressure, while pathogenicity of a pdputacan also be reduced through the
abundant occurrence of susceptible host plantsn{&eaet al. 1963). Consequently, the
reason for divergent results can have been causddferences in virulence d?. brassicae
isolates. In all experiments the cultivar Mendeksigly demonstrated its resistance even at

higher spore levels.

Another major disease of oilseed rapé&akerotinia sclerotiorum, which infects the stem of
the plant with ascospores during blossom. The plesanduction of resistance against this
disease by HRO-C48 was therefore also investigaiée. glasshouse trials revealed a
significant reduction in size of lesions caused Sysclerotiorum. In absolute terms this
reduction was small, but results of field trial®fishown) indicated a possible control effect
even under natural conditions. Fernando et al. 2@fund that application d?seudomonas
chlororaphis on petals of rapeseed provided good control effagainst ascospores &f
sclerotiorum, while Kamensky et al. (2002) reduced white moid aucumber leaves by
foliar application ofS plymuthica IC 14. These investigations tested direct antagigni
abilities of bacteria spayed on the canopy, whike presented investigation produced trial
set-ups enabling the examination of indirect effeddue to limited survival of Gram-
negative bacteria on the canopy and the availghofiteffective fungicides, applications of
these bacteria have little potential for practicse. Therefore, this investigation only targeted
at assessing the effect of the bio-priming of teeds. As withP. lingam, no direct contact
between infested petals and the antagonist is lgess$iS. plymuthica is applied to seeds, as
this bacterium has no endophytic potential (Abuaaneh al. 2010a). Probably, mode of
action is induction of resistance. According to Haenschmidt and Kuc (1995) an interval of
3-7 days is needed for this effect. Since no calvesistant t&. sclerotiorum are available
at the moment, bio-priming with HRO-C48 might regget an alternative to chemical
control. Further field trials have to confirm théildy of the antagonist to reduc&

sclerotiorum severity.
4.3 Seed treatment

The key to successful colonisation of the rhizosphey antagonistic bacteria is an efficient

seed treatment procedure. Muller and Berg (2008)rted that bacterial densities of HRO-
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C48 of logy3 CFU seed are capable to colonize the rhizosphere of rapeseedlings in a
controlled environment. Independent from the baaltepncentration in the seeds (168- 7)

the resulting density in the rhizophere was;§6gCFU g' isolated from 30 days old plants.
Supposing that control effects of the antagonistdmpendent on the density of the antagonist
in the rhizosphere, results by Hammoudi (2007)dnteebe taken into consideration, who
report a minimum effect level of a bacterial depsif logio5 CFU seed for control ofP.
lingam. However, under field conditions (compared to ooligd glasshouse conditions)
bacteria are exposed to abiotic and biotic factiva might complicate a sustainable
colonization of the rhizosphere. Therefore, higtmmncentrations of the antagonist inside the

seeds can still have advantages of lower numbers.

In order to improve the seed bio-priming procedaispray system was tested. Seeds treated
with the airbrush gun contained similar bactediahsities compared to bio-primed seeds of
Abuamsha et al. (2010b) after storage of 30 days ar 20°C. In contrast, Mtller and Berg
(2008) found cell densities of bio-primed seedslasfi, 5 CFU seed regardless of the
storage temperature. The difference between clasddopened storage in the current trial
setup was the water-impermeable Pardfilwhile an air exchange is possible, moisture is
kept inside the Petri dishes. In most cases, clagechge resulted in higher bacterial
concentrations, but probably due to the limited hamof cases, varieties were not
significantly different. In contrast, closed stoeagromotes the formation of mould and
untimely germination. Abuamsha et al. (2010b) asalysed the survival of bacteria in
closed Eppendorf tubes that allowed no air exchariges type of storing intensely
prolonged the survival of bacteria resulting in siées of >logo 5 CFU seed after 11
month when stored at 4°C compared to an unseabedgst. In practise seeds are filled into
paper sacks after chemical treatment which areedtat 10°C and reach final consumers
within six weeks. As paper sacks allow the exchasfgeoisture and air, seeds ought to be
stored in high barrier plastic bags allowing no gashanges to ensure adequate bacterial

densities for longer times.

Drying of the seeds and higher initial bacteriah@antrations did not have the expected
effect. The original idea was to accelerate andesse the uptake by the seeds due to lower
water content. Another objective was to producedsewsith lower seed moisture after
treatment. In fact, bacterial densities of drieddsewere lower in most cases compared to the
samples containing moisture of 5.8 %, while treattmevith higher initial concentrations
(>logip 11 CFU mt") led to slightly increased densities in average tan hardly justify the

additive labour for achievement of higher bactedihsities. In contrast to the concentration,
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the relation of applied bacterial suspension toatm®unt of seeds was of importance. Since
both factors refer to the applied amount of baateapplied water amount is the determining
parameter. A specific amount of water is necestgamgduce bulging of the seeds that leads
to imbibtion of the bacteria. Though the total amioof applied bacteria was higher in cases
of a>log;p 11 CFU mtinitial concentration and the ratio 1:3 compared-lmg,q 10 CFU

mi™*and the ratio 1:1, cell densities were increasaulyiimg ratio 1:1.

Spray application technique represents a timesaaitegnative to bio-priming but due to
high seed moisture subsequent chemical coatingtipossible. Based on physical reasons
applied water amount cannot be reduced below anmim and following re-drying or

storage is necessary.

Bacterial enrichment of talcum, vermiculite andfitliavas successful. The clay minerals had
to be re-dried to recover their ability of bindiegcessive liquid, but re-drying logically led
to decreased bacterial densities. Optimal dryingetof two hours regarding bacterial and
water content resulted in sufficient bacterial dées of loge 7 CFU ¢ - logio 8 CFU ¢
after two days. Storage temperature affected theivall of the bacteria inside the clay
minerals as expected. As it should not be a proldtesnrich the clay minerals immediately
before applying them in the chemical priming precestorage ability was not of major
importance. Anyway, non re-dried clay minerals edgd bacterial amounts of lggs CFU
g* - logo 7 CFU g after 30 days of storage (data not shown).

The procedure of bacterial enrichment used in tifie$ originates from Vidhyasekaran and
Muthamilan (1995), who enriched different clay miade with the gram negative bacterium
Pseudomonas fluorescens. While initial concentration were comparable wittsults of the
presented investigation, storage in sealed polgthleags (25°C) led td°. fluorescens
concentrations of log 7 in talcum and log 6 in vermiculite. One kilogram of chickpea
seeds was treated with only 5 g of the enricheg olnerals and 30 days post-planting

rhizosphere concentrations of >lgg CFU g" were achieved.

In the current study, no bacteria could be re-tedldrom rapeseed seeds that were treated
with S, plymuthica enriched clay minerals within the process of cluwaiicoating. The
detection limit of applied re-isolation method &, 2 seed. Assuming clay mineral had
bacterial densities of lag8 g* at coating and 25 g of the enriched binder weesl useating
one kilogram of seeds (thousand seed weight: @.6)logo 4 cells would be available for
every single seed under an ideal distribution. ®ligibservations revealed that seeds seemed

evenly coated and there were no residues of therslaerals inside the drum. In previous
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trials, HRO-C48 was grown in TSB media enrichedhwdifferent concentrations of the
agents used for coating, showing no negative impaathemicals applied to the seeds.
Bacteria might have died during the process of adasion and occurring shear forces.
Further unequal distribution of the bacteria in tdtey minerals could have led to bacterial

level below detection limit.

As the bacterial enrichment of the clay minerals Wwmited due to insufficient moisture

content, there were hardly any options to optinimeapplication of this procedure. Bacterial
survival during chemical coating might possiblydydanced by addition of protective agents
like trehalose (Strem 1998). Due to physical reab@ne is no possibility to realize seeds

containing logo 6 CFU without increasing the amount of applied/ctanerals.
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The efficiency of a seed treatment of oilseed ré@rassica napus) with the antagonistic
rhizobacteriumSerratia plymuthica (strain HRO-C48) against blackleg disease caused b
Phoma lingam, Verticillium longisporum and Plasmodiophora brassicae was tested
separately and in combination with azole fungicideperennial field trials at nine sites in
northern Germany. Furthermore, the performance ROHC48 againsV. longisporum, P.

brassicae andS sclerotiorumwas examined in glass house trials.

Seeds were enriched with bacteria via bio-primifige exposure of seeds in bacterial
suspensions of lag 10 CFU ml* for 6 hours reached densities of o CFU seed.
Occurrence and severity & lingam leaf infestation stem and crown canker was highly
variable depending on the year and field site. Nietation between leaf infestation and
crown canker infestation was recorded. ReductidnB.dingam infestation frequency (6-
19%) and leaf pycnidia area under disease progresss (AUDPC) (17-70 %) provided by
the single HRO-C48 treatment were significant iout of 7 cases compared to the untreated
control in the first year of trials (2008/09). lmrabination with fungicides the effect was
slightly higher, leading to reductions of infestatifrequency (11-26 %) and leaf pycnidia
AUDPC (38-78 %), which were significant in 2 outbtases.

In the following years the level d®. lingam leaf infestation was lower and there were no
significant reductions provided by the single HR@8CQreatment. Disease score, pycnidia
and infestation frequency of weaker infestationghwerown canker was controlled
significantly by the bacterium and the combinedtmgent of azol fungicides and bacteria at
3 out of 7 trial sites in the first season, whertas single fungicidal treatment could not
provide significant reductions. More severe crovamker infestations recorded during the
last season of trials (2010/11) were not reducetHBR{-C48, whereas fungicide treatment
even enhanced the severity in 6 out of 7 casebisntitial year.P. lingam stem infestation
was not severe during the complete investigatiamo@e Neither Azoles noS& plymuthica

effected the development of these disease symptonsderably.

Treatments led to increased yields in 2008/09, alinethe combined treatment of bacterium
and azoles resulted in a surplus of 1.5 dt imaverage. During the following trial seasons
treatments only had minor impact on yield. In gahalifferences within the yields were not

significant.
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S plymuthica was able to colonize the rhizosphere of the ragepkmts efficiently (log 6-

7 CFU/g rhizosphere) at all trial sites and yediee trial sites Walkendorf and Birkenmoor
revealed the highest population densities durirgitivestigation period, while isolation of
the antagonist from marshland soils was generaly. IThe population dynamics were
influenced by different soils and climatic conditsoand effective bacterial densities during
the whole growing period often dropped below th@imum effect level in winter/spring,
what might have been the reason for insufficiemitic effects of the antagonist.

During the investigation period. longisporum naturally occurred in 16 out of 21 field trials
leading to infestation frequencies as high as >7& %everal sites. Summarized resultsVor
longisporum control, including all sites and trial years, ralesl remote differences within the
non-fungicide treated variants, while fungicide atezl variants showed an increased
infestation compared to the control and a signifidagher infestation compared to the single
bacterial treatment. Cultivar dependent controea# reported by previous investigations
againstV. longisporum in glass house trials could not be confirmed wité cultivar Visby
used for field trails and other cultivars testesbain glasshouse trials. Field and glasshouse
trials demonstrated that HRO-C48 is not able taicedP. brassicae infections at common
levels of spore concentrations. The resistancehefdultivar Mendel was confirmed. In
glasshouse trials the antagonist reduced size sbrie caused by artificial inoculated
Sclerotinia sclerotiorum significantly.

Attempts to improve the bio-priming witG plymuthica by use of an airbrush gun led to
bacterial amounts of >lag7 CFU seed. Treated seeds revealed cell densities oflég- 5
CFU seett after 30 days of storage at 4 °C, which is comparabthe storage ability of bio-
primed seeds. Moisture content post-treatment washigh, why subsequent drying was
necessary, which reduced the amount of bacterighen seeds. Clay minerals were
successfully enriched with the bacterium resuliimglensities of nearly lag 9 CFU ¢,
however, bacteria could not be re-isolated frony ctaneral treated seeds two days after

treatment.
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In mehrjahrigen Freilandversuchen an insgesamt S¢aimdorten in Norddeutschland wurde
die Wirkung einer Saatgutbehandlung mit dem antsgisohen Rhizobakteriungerratia
plymuthica (Stamm HRO-C48) alleine und in Kombination mit AFoingiziden gegenuber
den Rapspathogenen Wourzelhals- und StangelfaBl®n@a lingam), der Rapswelke
(Verticillium longisporum) und der Kohlhernie Rlasmodiophora brassicae) untersucht.
Hierflr wurden die Rapssamen vor der Aussaat mitethsstiindigem Bio-priming in einer
S plymuthica Suspension (lag 10 CFU mf') mit Bakteriendichten von lag6 CFU Samenh

angereichert.

Wahrend das Auftreten des Erregéslingam stark von dem Versuchsstandort und -jahr
abhangig war, konnte keine Korrelation zwisckeihngam Blattbefall und Wurzelhalsbefall
festgestellt werden. Im ersten Versuchsjahr (20@)8kdnnteS. plymuthica die ,area under
disease progress curves* (AUDPC) desingam Blattbefalls um 17-70 % und die der
Befallshaufigkeit um 6-19 % reduzieren, wobei diedBktion an einem von sieben
Standorten signifikant war. Mit Reduktionen der &kshaufigkeit (11-26 %) und
Blattpyknidien (38-78 %) AUDPC, die an zwei vonlsea Standorten signifikant waren,
konnte eine leicht erhdhte Wirkung gegen den Bé#lb in Kombination mit Azol-
Fungiziden erzielt werden. In den beiden folgentdenersuchungszeitrdumen war der
lingam Blattbefall schwacher und es gab keine signifigantReduktionen durcts
plymuthica.

Durch S. plymuthica konnten im ersten Versuchsjahr der BefallswerknRlienbesatz und
die Befallshaufigkeit von schwéacher ausgepragtemzélhalsbefall signifikant an drei von
sieben Standorten reduziert werden, wahrend fieingdle Azol-Applikationen keine
signifikanten Unterschiede im Vergleich zur unbetedten Kontrolle ermittelt wurden.
Starkerer Wurzelhalsbefall, wie er im letzten Vetsjahr (2010/11) auftrat, konnte nicht
durch das antagonistische Bakterium reduziert werdgéhrend ein Fungizideinsatz hier in
sechs von sieben Fallen zu einer leichten ErholiasgBefallswertes fuhrte. Im gesamten
Untersuchungszeitraum konnte kein relevafdingam Stengelbefall ermittelt werden und

es gab keinen nennenswerten Einfluss der versaieadéehandlungen auf den Befall.

Alle Behandlungen fuhrten zu gesteigerten Ertréigeder Versuchssaison 2008/09. Durch
die kombinierte Anwendung von Azolen ur®l plymuthica wurde im Durchschnitt ein

Mehrertrag von 1,5 dt/ha erzielt. In den beidengdolden Versuchsjahren hatten die
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Behandlungen keinen nennenswerten Einfluss aufseag. Generell waren Unterschiede

zwischen den Ertragen der verschiedenen Varianté signifikant.

S plymuthica konnte an allen Versuchsstandorten und in allesihsjahren erfolgreich die
Rhizosphére von jungen Rapspflanzen im Herbst Befsi€logo 6-7 CFU ¢ Rhizosphare).
Die hochsten Bakteriendichten wurden an den Staewlowalkendorf und Birkenmoor
isoliert, wahrend ermittelte Zellzahlen aus schwevarschbdden in der Regel niedrig waren.
Die Populationsdynamik wurde stark durch die klisaten Bedingungen und den Bodentyp
beeinflusst. Dementsprechend sanken die ZellzaimeWinter/Herbst oftmals unter die
kritische Dichte, was ein Grund fur eine fehlend&lthg des Bakteriums gewesen sein

konnte.

Ein natirliches und teilweise starkes Auftreten vorongisporum mit Befallshaufigkeiten
von Uber 70 % konnte in 16 von 21 Versuchsféllerzeiehnet werden. Die Analyse der
zusammengefassten Freilandergebnisse aller Stendartd Jahre brachte leicht
unterschiedliche Befallswerte innerhalb der niclmdizid-behandelten Varianten hervor,
wéhrend die Befallswerte der fungizid-behandeltaridhten im Vergleich zur einzelnen
Bakterienbehandlung signifikant erhéht waren. Der der Literatur beschriebene,
sortenabhangige Effekt einer Saatgutbehandlung Smplymuthica auf V. longisporum,
konnte bei der in den Freilandversuchen verwendedente Visby und anderen in
Gewéchshausversuchen getesteten Sorten nicht igestéterden. Freiland- und
Gewachshausversuche haben ergeben, dass HRO-®dérder Lage ist, den Befall nft
brassicae zu vermindern, wéhrend die Resistenz der Sortedelegegentber dem Pathogen
bestatigt werden konnte. Hingegen wurde eine sigmfe Reduktion der durch eine
kunstliche Sclerotinia sclerotiorum Infektion verursachten L&asionen durch das Bakteriu

nachgewiesen.

Bei Versuchen das Verfahren des Bio-primings dukpplikation vonS. plymuthica mittels
einer Airbrush-Pistole zu verbessern, konnten Rapes mit Bakteriendichten von >lggd/
CFU Samettangereichert werden. Aus den behandelten Samenémnach dreiRigtagiger
Lagerung bei 4 °C Zelldichten von lpg4-5 CFU Sameh isoliert werden, was der
Lagerstabilitéat bio-geprimter Samen entspricht. Dehe Feuchtigkeitsgehalt der Samen
nach der Sprihapplikation machte eine anschlielRé&taktrocknung unvermeidbar, die
wiederum zu einem Absterben der Bakterien fuhrinrfimerale konnten mit Dichten von
fast logo 9 CFU g erfolgreich mitS plymuthica angereichert werden. Dagegen konnten
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6. Zusammenfassung

keine Bakterien nach dem Beizprozess, in dem dgsraicherte Tonmineral zum Abbinden

der chemischen Flissigbeize diente, aus den Sastsahiert werden.
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