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Opening Adress 

 

Dear Participants,  
It gives me great pleasure to welcome you all to the 15th International Conference on 
Organic Fruit Growing ñEcofruit. The IFOAM EU Group is delighted to be the patron of this 
biennial event for the fourth consecutive period. Ecofruit is an important date in the 
calendar for the organic researchers, consultants and growers to address problems and 
exchange solutions for organic fruit production now and into the future 
Your contribution to food and farming systems not only helps to develop more robust and 
resilient organic fruit farming in Europe, but ensures that the organic fruit sector continues 
to secure and expand its market share and in the process play a strategic part in realising 
more sustainable food production worldwide. While there has been a notable decline in 
organic fruit cultivation in some EU countries, Europe continues to record growth across 
key fruit groups, including grapes and temperate and citrus fruit. This is a testament to the 
results you and colleagues has delivered over the decades and the valuable contribution 
you make to the organic researcch as a whole. 

The organic research community continues to demonstrate its ability and potential to 
respond proactively to the impending environmental and socio-economic challenges we 
face in terms of climate change, biodiversity loss and water scarcity. Over the last 20 years 
public policymakers have slowly begun to acknowledge the added value that the sector 
delivers in the area of research and innovation, with several research projects funded by 
the European Commission since the mid-1990s. Current figures show that research 
funding for organic farming has increased seven-fold from 5m between 1990 and 1994 
under FP3 to 41m between 1990 and 2002 under FP6. Despite the sectorôs proven track 
record funding under FP6 only represented 0.23% of the overall budget.  

The new EU framework programme for EU Research and Innovation Horizon 2020 
provides a decisive opportunity for the organic research community to sustain and build 
upon its achievements to date. With its proven track record the time has come for our 
sector to be recognised in its entirety by the EU as a key actor within the Unionôs research 
programmes. This recognition must be backed up with the necessary financial support in 
order to realise the full potential of the sector.  

Through the TP Organics technology platform the IFOAM EU Group in partnership with 
other members and supporters is strongly committed to strengthening the position of 
organic research and development now and into the future. Further, IFOAM EU will 
strengthen its efforts to improve knowledge transfer from research to practice, a challenge 
you are very much aware of.  

Over the past four years we have worked consistently to promote the strategic importance 
of organic research in making Europe a world leader in ecologically sustainable food 
production. We have confronted many barriers in working to secure public financial 
support and I am sure we will face new challenges ahead, but I am confidence with your 
cooperation and support we can ensure that organic research has a bright and promising 
future.  

 
Marco Schlüter    
Director IFOAM EU Group 
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Reviewing Process of Conference Contributions  

 

In order to maintain a high and consistent scientific quality, the contributions for the 
Proceedings of the 15th International Conference on Organic Fruit-Growing were subjected 
to a reviewing process. 
 
The Ecofruit Conference aims at bringing together results and experiences on organic fruit 
growing. Thus, not only scientific papers with results of trials completed over many years 
and/or of many different sites that allow a proper evidence-based conclusion are of interest 
for the conference but also smaller contributions with the description of one year 
experiments or other more limited trial set ups.  
 
 
Thus, the Conference Proceedings are divided in two parts: 
 
1.    Reviewed papers 
This part contains papers of scientific quality which were subject of a full anonymous peer 
review process. Each contribution was sent to at least two reviewers with expertise in the 
relevant field of study. 
The editorial decision of acceptance of a paper in the Conference and in the part 
ñreviewed papersò of the Proceedings was done by the Conference Organisers based on 
the refereesô reports.  
 
2. Short contributions 
This part of the Proceedings is reserved for smaller contributions. They were subject to an 
abbreviated reviewing process (only one reviewer, conclusions must not be based on trials 
over more years or locations). 
 
 
We would like to thank the following colleagues for reviewing one or more of the papers 
submitted to the Proceedings of the 15th International Conference on Organic Fruit-
Growing: 
 
Bastian Benduhn, OVB Jork (D); Sascha Buchleither, KOB Bavendorf (D); Philipp Haug, 
Konstanz (D); Johannes Jehle, JKI Darmstadt; Markus Kelderer, Research Station 
Laimburg (I); Jutta Kienzle, Kernen (D); Karsten Klopp, OVB Jork (D); Stefan Kunz, 
University of Konstanz (D); Ulrich Mayr, KOB Bavendorf (D), Barbara Pfeiffer, LVWO 
Weinsberg (D); Franz Ruess, LVWO Weinsberg (D); Andreas Spornberger, Institute of 
Horticulture and Viticulture, University of Natural Resources and Applied Life Sciences, 
Vienna (A), Bart Timmermans, Louis Bolk Institute (NL); Peter Triloff, Marktgemeinschaft 
Bodenseeobst eG (D); Francois Warlop, GRAB Avignon (F); Franco Weibel, FIBL Frick 
(CH); Heidrun Vogt, JKI Dossenheim (D); C.P.W. Zebitz, University of Hohenheim (D). 
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Breeding apples to withstand infection pressure by fire blight                  
and other diseases 

I.O. Baumgartner1*, L.R. Leumann1, J.E. Frey1, M. Joos2, R.T. Voegele2 and M. Kellerhals1 

 

Abstract 

Commercial cultivars, old varieties and wild species with known resistance against fire 
blight, caused by the bacterium Erwinia amylovora, were selected as breeding parents. 
Due to strong fire blight quantitative trait loci (QTLs), the crab apples óRobusta 5ô and 
óEveresteô confer virtual immunity against the disease. However, these crab apples lack 
the characteristics of good fruit quality. In a multilevel phenotypic and molecular selection 
process, progeny plants were selected based on additional breeding objectives such as 
agronomic tree features and scab and mildew resistance. 

óLadinaô is a newly named variety and óACW 14995ô, and óACW 11303ô are advanced 
selections with interesting fruit quality. They all carry Rvi6 (Vf) scab resistance and have a 
low susceptibility against fire blight based on shoot and flower inoculation tests in the 
greenhouse. Latent E. amylovora presence was analysed in shoots of plants grown in the 
greenhouse without visible disease symptoms after artificial inoculation by using 
quantitative polymerase chain reaction (qPCR). The development of apple cultivars with 
marketable fruit quality and low susceptibility to E. amylovora and other major apple 
diseases is especially valuable for organic growing and fruit growing in general. 

 

Keywords: Malus x domestica, Erwinia amylovora, multiple disease resistance, marker-
assisted selection, plant inoculation 

 

Introduction 

Fire blight, caused by the bacterium Erwinia amylovora (Burrill) Winslow et al., is one of 
the most important plant diseases in pome fruit production. Recently, the disease has 
become a considerable economic problem in high-density orchards. Bacteria infect 
blossoms, fruit, vegetative shoots, and rootstock crowns. During flowering under optimal 
conditions E. amylovora is actively distributed through pollinating insects. After fast 
multiplication on stigma and migration to the nectarthodes (Spinelli et al., 2005) bacteria 
invade the floral cluster as well as petiols and migrate further through the stem to the roots 
(Bogs et al., 1998). 

Planting of resistant cultivars is potentially the most promising disease control strategy 
(Peil et al., 2009). However, classical apple breeding of resistant cultivars with high fruit 
quality is a costly and time consuming process due to the long juvenile stage (Kellerhals et 
al., 2008). The most promising breeding parents are selected based on literature, 
phenotypic or molecular testing results. Different sources of QTLs against fire blight are 
known. In cultivars such as óEnterpriseô, óRewenaô, óFree Redstarô and óFiestaô the 
susceptibility towards fire blight is reduced compared to the susceptible cultivar óGala 
Galaxyô (Fischer & Richter, 1999; Calenge et al., 2005; Khan et al., 2006; Sobiczewski et 
al., 2006). The QTL of óFiestaô (FBF7) is flanked by the SCAR (sequence-characterized 
amplified region) markers AE10-375 and GE-8019 (Khan et al., 2006; Khan et al., 2007). 
In óRobusta 5ô and óEveresteô strong fire blight QTLs (FB_MR5 and Fb_E, respectively) 
                                                
1
 Forschungsanstalt Agroscope Changins-Wädenswil ACW, Schloss 1, 8820 Wädenswil, Switzerland 

2

 Fachgebiet Phytopathologie, Institut für Phytomedizin, Universität Hohenheim, Otto-Sander-Strasse 5, 
  70599 Stuttgart, Germany 
* Corresponding and presenting author, E-mail: isabelle.baumgartner@acw.admin.ch 
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have been found (Peil et al., 2007; Peil et al., 2008; Durel et al., 2009; Fahnentrapp et al., 
2011). Due to low fruit size and poor quality of these crab apples the QTL cannot be 
directly introduced while breeding for marketable fruit quality. This leads to pseudo-
backcrosses with qualitative cultivars over several generations to eliminate most of the 
negative fruit traits of these wild apples. 

For the development of new disease resistant apple varieties, progeny plants are selected 
based on the breeding objectives for multiple disease resistance, tree features and fruit 
quality. By performing crosses multiple disease resistances against fire blight (FR), apple 
scab (Venturia inaequalis; SR) and powdery mildew (Podosphaera leucotricha, MR) can 
be combined. For a more sustainable and stable situation, polygenic resistances and 
resistance pyramids are developed, combining several resistance genes or QTLs for the 
same disease. For example the scab resistance Rvi6 (= Vf) of Malus floribunda 821 can be 
combined with Rvi4 (= Vh4) of the Russian Seedling R12740-7A. Disease resistance can 
be determined with molecular markers or phenotypic inoculation tests. Marker-assisted 
selection (MAS) is an established procedure to confirm the presence of the desired 
resistance genes (Kellerhals et al., 2009) and has the advantage, that it can be applied at 
an early seedling stage. In phenotypic tests fire blight susceptibility can be investigated 
with shoot and blossom inoculations. Real Time PCR is a fast and sensitive method to 
quantify the bacteria within plant tissue (Higuchi et al., 1993). Voegele et al. (2010) have 
shown that E. amylovora can even be present in tissue without visible disease symptoms. 

This paper highlights results of the project ZUEFOS, breeding fire blight resistant fruit 
varieties. We describe breeding activities including phenotyping and molecular selections 
and present new cultivars with low susceptibility to fire blight, good fruit quality and tree 
features. 

 

Material and Methods 
 

Plant material 

Parents for crosses were chosen based on literature, phenotypic and molecular testing 
results. 

Pollen of the selected father trees was collected at balloon stage and dried. Branches of 
mother trees were bagged, flowers manually pollinated and re-bagged until petal fall. From 
the harvested fruits, seeds were extracted and stratified in humid sand for 2 months at 
2ÁC. The crosses of ó58/06ô x óACW 11301ô and ó01/05ô x óACW 11301ô were established in 
2010. ó58/06ô and ó01/05ô both originate from a cross of óResiô x óJuliaô obtained by a 
ZUEFOS project partner, with low fire blight susceptibility and carrying the FBF7 
resistance QTL. óACW 11301ô is an advanced selection with low fire blight susceptibility 
carrying Rvi4 and Rvi6 scab resistances. 

óLadinaô (= óACW 14959ô), a newly named variety, óACW 14995ô, and óACW 11303ô are 
advanced selections with interesting fruit quality. óLadinaô and óACW 14995ô originate from 
a cross of óTopazô x óFujiô, óACW 11303ô from a cross of óACW 6104ô (óArletô x óGlosterô) x 
óRewenaô. All of them carry Rvi6 scab resistance, óACW 11303ô carries additional Rvi4 
scab resistance and óLadinaô and óACW 14995ô the FBF7 fire blight resistance QTL. All 
three selections were investigated upon their fire blight susceptibility using inoculation 
tests. 
 

Scab inoculation 

After germination, seedlings were raised in a greenhouse. After artificial scab inoculation 
plants were scored for scab symptoms according to Chevalier et al. (1991). A control 
progeny with scab susceptible parents was included, in 2011 óScifreshô x óLa Flamboyanteô. 
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Seedlings rated in classes 0 to 3b were considered as scab resistant. Seedlings with high 
susceptibility and heavy sporulation (class 4) were excluded from further analyses. 
 

Marker analyses 

For MAS, phenotypically scab resistant seedlings of the progeny populations ó58/06ô x 
óACW 11301ô (n = 61) and ó01/05ô x óACW 11301ô (n = 42) were individually labelled as well 
as leaf samples collected for molecular analysis. DNA was extracted according to Frey et 
al. (2004), followed by multiplex PCRs with fluorescently labelled primers assembled 
according to Patocchi et al. (2009). Seedlings were genetically analysed for the two SCAR 
markers AE10-375 and GE-8019 (Khan et al., 2007) and for the two microsatellite 
markers, (simple sequence repeat, SSR) CH02C02a linked to the Rvi4 scab resistance 
and CHVf1 linked to the Rvi6 scab resistance. Fragment analysis was carried out on a 
3130xl Genetic Analyzer (Applied Biosystems) and data were analysed using 
GeneMapperTM v.4.1 Software (Applied Biosystems). 
 

Fire blight inoculation tests of shoots and flowers 

Fire blight inoculation tests of shoots and flowers were conducted in a quarantine 
greenhouse. óGala Galaxyô was included as a susceptible control, óEnterpriseô as tolerant 
control. Prior to inoculation plants were grown for four to six weeks in a greenhouse.  

For shoot inoculations scion wood was grafted on M9 rootstock for twelve replicate trees 
per genotype. One or two shoot(s) per plant were inoculated at the tip with a syringe 
containing an E. amylovora suspension of 109 cfu/ml Swiss strain FAW610 (Rezzonico & 
Duffy, 2007). The length of necrotic lesion (cm) was measured 7, 14 and 21 days after 
inoculation. Susceptibility of the genotypes was estimated by calculating the percent lesion 
length (PLL (%) = lesion length (cm) divided by shoot length (cm)). 

For flower inoculations perennial wood was grafted on M9 rootstock. óEnterpriseô was 
included as three year old trees grafted on M9. One day old floral clusters were reduced to 
three flowers per cluster and pollinated. The subsequent day flowers were injected with an 
E. amylovora solution of 108 cfu/ml strain FAW610 in PBS (200-250 µm, i.e. 107 cfu/ml per 
flower). Infection symptoms were scored 4, 7, 14 and 28 days after inoculation. 
 

qPCR analyses 

Thirteen weeks after shoot inoculation three random shoots including new secondary 
shoots and rootstock of óLadinaô, óACW 14995ô and óEnterpriseô, and eight weeks after 
inoculation three random shoots of óGala Galaxyô were cut into 5 cm long pieces (starting 
from the shoot tip) and analysed with Real Time PCR according to Voegele et al. (2010). 

 

Results 

In 2008, 2009, 2010 and 2011, between 3,500 and 11,000 seeds were produced each 
year for the project ZUEFOS. Selected examples of fire blight relevant crosses are shown 
in Table 1. 

In the scab inoculation test, 268 out of 433 ó58/06ô x óACW 11301ô and 273 out of 465 
ó01/05ô x óACW 11301ô progeny plants were rated as scab resistant (Fig. 1). In the control 
progeny óScifreshô x óLa Flamboyanteô 9 out of 53 plants were rated as scab resistant. 

Scab resistant seedlings of all progenies were selected for tree features and powdery 
mildew resistance in the first autumn. From the crosses of 2008, 2009 and 2010 17.7% of 
the plants were selected for further investigation of fruit and trees, and grafted on óM27ô 
rootstock with óGolden Deliciousô as interstem. These selection steps allowed for the 
reduction of 10,744 primal seedlings to 1,000 grafted plants. 
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The results of the marker analyses of scab resistant seedlings are shown in Table 2. 
Eleven (18%) of the progeny seedlings ó58/06ô x óACW 13001ô and 13 (34%) of the 
progeny seedlings ó01/05ô x óACW 11301ô analysed at the molecular level carry markers for 
FBF7 as well as the markers for Rvi4 and Rvi6. 

 
Table 1: Examples of fire blight relevant crosses and progeny size in years 2008, 2009 and 2010. 

Year Mother (parents; resistances) Father (parents; resistances) Progeny size 

2008 ACW 11303 (ACW 6104 x Rewena; 
FR, Rvi4, Rvi6, MR) 

Evereste (Fb_E, Rvi6) 39 

2008 La Flamboyante ï Mairac® DA02. 2.7 (Idared x Malus robusta 5; 
FB_MR5, Rvi4) 

196 

2008 Milwa ï Junami® Free Redstar (FR, Rvi6) 
 

539 

2009 Ariane (Rvi6) Ladina (= ACW 14959; Topaz x Fuji; 
FBF7, Rvi6) 

1383 

2010 58/06 (Resi x Julia; FBF7) ACW 11301 (ACW 6104 x Rewena; 
FR, Rvi4, Rvi6) 

310 

2010 01/05 (Resi x Julia; FBF7) ACW 11301 (ACW 6104 x Rewena; 
FR, Rvi4, Rvi6) 

308 

 

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

58/06 x ACW 11301 n=433

01/05 x ACW 11301 n=465

Scif resh x La Flamboyante n=53

0 1-3b 4

 
Figure 1: Scab screening of selected crosses 2010. Seedlings rated in classes 0 to 3b were 
considered as scab resistant and seedlings in class 4 with heavy sporulation as highly susceptible. 

 

Table 2: Molecular analyses of phenotypically scab resistant progeny seedlings ó58/06ô x óACW 
11301ô (n=60) and ó01/05ô x óACW 11301ô (n=38). Percentage of observed and from segregation 
expected progeny population carrying the markers for FBF7, Rvi4, Rvi6 resistance. 

58/06 (FBF7) x ACW 11301 (Rvi4, Rvi6) 

Resistances FBF7  Rvi4 Rvi6 

Observed (n) 26 30 53 

Observed (%) 43 49 87 

Expected (%) 50 50 50 

01/05 (FBF7) x ACW 11301 (Rvi4, Rvi6) 

Resistances FBF7  Rvi4 Rvi6 

Observed (n) 29 21 35 

Observed (%) 76% 55% 92% 

Expected (%) 50% 50% 50% 

 
The results of the tested advanced selections óLadinaô, óACW 14995ô and óACW 11303ô 
revealed some differences in susceptibility towards E. amylovora between the different 
years (Fig. 2). Control cultivar óEnterpriseô was as expected very low susceptible with a 
mean of 12.9% percent lesion length relative to óGala Galaxyô. óLadinaô was in the same 
range as óEnterpriseô with a mean of 14.2% percent lesion length. óACW 11303ô and óACW 
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14995ô reached a mean percent lesion length relative to óGala Galaxyô of 33.6% and 
37.1%, respectively. 

Figure 3 illustrates the levels of fire blight susceptibility after flower or shoot inoculation. 
The highest infection symptoms were observed with óGala Galaxyô with 61.7% of bourse 
shoots or shoots with fire blight symptoms four weeks after flower inoculation and 87.0% of 
total shoot length three weeks after shoot infection. óLadinaô, óACW 11303ô and óACW 
14995ô were less susceptible with 10.0%, 20.0% and 32.7% of bourse shoots or shoots 
with fire blight symptoms four weeks after flower inoculation and 12.6%, 19.7% and 13.5% 
of total shoot length three weeks after shoot infection. Control cultivar óEnterpriseô is very 
low susceptible with 2.9% of bourse shoots or shoots with fire blight symptoms four weeks 
after flower inoculation and 5.9% of total shoot length three weeks after shoot infection. 
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Figure 2: Mean lesion length in percent of total shoot length relative to óGalaô for advanced 
selections 3 weeks after shoot infection in years 2008 to 2011 compared to óEnterpriseô (tolerant 
control). 
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Figure 3: Fire blight symptoms after flower or shoot inoculations for advanced selections compared 
to óEnterpriseô (tolerant control) and óGala Galaxyô (susceptible control). The upper bar shows the 
percentage of bourse shoots or shoots with fire blight symptoms 4 weeks after flower inoculation in 
year 2011. The mean lesion length in percent of total shoot length 3 weeks after inoculation in year 
2010 is shown in the lower bar. 

 

Real Time PCR results of shoots after artificial fire blight inoculation show that significant 
amounts of bacteria, up to 108 cells per gram of tissue, were detected in samples without 
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visible symptoms. Spread of bacteria down the shoot and to the rootstock seems to 
proceed faster than upwards towards new shoots. In symptomatic tissue of óGalaô shoots 
highest amounts of bacteria with up to 1012 cells per gram of tissue were measured. In 
new shoots and rootstocks only minor differences between cultivars were found. 
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Figure 4: Spread of E. amylovora after artificial shoot inoculation in new secondary shoots (N), 
shoots (S) and rootstock (R). 

 

Discussion 

In this paper we show that crosses within the project ZUEFOS lead to a wider genetic 
diversity pool in respect to fire blight resistance in the ACW breeding program. By scab 
inoculation, molecular analyses, evaluation of tree features and powdery mildew the 
seedling number was considerably reduced. Fruit quality and tree features of selected 
plants, as well as fire blight susceptibility with different inoculation tests will be further 
evaluated within the next years. 

Screenings with molecular markers for the FBF7 QTL can provide some information about 
susceptibility to fire blight but the association between marker presence and tolerance is 
not absolute (Nybom et al., 2011). Seedlings with fire blight resistance of óEveresteô or 
óRobusta 5ô need four to five generations of pseudo-backcrossing due to the small fruit size 
and poor fruit quality of the parental resistance donors. In 2012 we expect plants of the 
third pseudo-backcross-generation with FB_MR5 resistance and first flowers in second 
generation with Fb_E resistance. Within the F2 seedling progeny plants, while using a set 
of molecular markers covering the whole genome, some individuals might be identified 
with a high proportion of genome inherited from the high quality parents (Volz et al., 2009). 
Discovery of further QTLs from other parent sources (Peil et al., 2007) and development of 
markers will improve germplasm screenings and enable the selection of plants with 
pyramided fire blight resistance QTLs for durable resistance. 
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The newly named variety óLadinaô carries Rvi6 scab resistance and was low susceptible in 
fire blight inoculation tests of both shoots and flowers. Fire blight resistance evaluations 
under controlled conditions have been shown to correlate well with field resistance 
(Quamme et al., 1976). Our results have shown, that flower and shoot resistances are 
often correlated, but there are occasions reported where this is not the case (Le Lezec et 
al., 1987). However, even in asymptomatic tissue, E. amylovora was detected. Such latent 
infections could explain fire blight infections in orchards where no fire blight had ever been 
seen before (Vanneste & Eden-Green, 2000). Further testing of advanced selections 
under field conditions is planned from 2012 onward. 
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Strategy to reduce the investment of copper for control of apple scab in 
organic apple growing 

J. Zimmer1, B. Benduhn2, Dr. U. Mayr3, Dr. S. Kunz4, H. Rank5 

 

Abstract 

Apple scab (Venturia inaequalis) is still a major problem for organic apple growers. The 
control of apple scab requires a rigorous control strategy especially in the phase of primary 
scab infection. To develop a save scab control strategy it is necessary to work out the 
parameter of alternatives and their combinations thoroughly. In consideration of the 
ascospore potential, the phenological growth stage of the host plant and the potential of 
the plant protection products, an advice for a control strategy without or with reduced 
copper amount should be established in all situations.  
 

In the context of the BÖLN project óEstablishing a strategy to reduce the investment of 
copper for scab control in organic apple growingô different products were tested in 
laboratory and in field trials.  
 

In laboratory alternative products against apple scab such as potassium bicarbonates 
showed good efficacies. But in the field the products were not efficient enough (rain 
stability, UV stabilityé). Depending on the weather potassium bicarbonates in combination 
with wettable sulphur can be an additional option for scab control. Lime sulphur with 
specific treatment in the germination period proved to be the most effective and the most 
reliable alternative to copper. A significant reduction of copper can be achieved through 
the new generation of copper products in the form of copper hydroxide. 

 

Keywords: apple scab, Venturia inaequalis, copper, lime sulphur 

 

Introduction 

The apple scab project ñEstablishing a strategy to reduce the investment of copper for 
scab control in organic apple growingñ, which is funded by the ñBundesprogramm 
Oekologischer Landbau und andere Formen nachhaltiger Landwirtschaftò (B¥LN) started 
in spring 2008. During the project period the beneficial effect of several plant protection 
products against apple scab is tested in an in-vivo test system by Bio-Protect GmbH (Dr. 
Stefan Kunz) in Konstanz. Products which promised good efficacy are then tested under 
field conditions at various locations of Germany. The field trials for scab control during the 
primary and secondary scab period are carried out at four different sites: 
Dienstleistungszentrum Ländlicher Raum Rheinpfalz, Öko-Obstbau Norddeutschland, 
Kompetenzzentrum Obstbau Bodensee and Sächsiches Landesamt für Umwelt, 
Landwirtschaft und Geologie. The geographical distribution ensured that regional climatic 
differences in west, east, north and south Germany were considered. The regional climatic 
differences as well as the intensity of scab infestation are important to detect side effects 
of the products such as fruit russeting. 
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Material and Methods 

At the DLR Rheinpfalz in Klein-Altendorf the trial was carried out in the variety óGalaô. The 
testing variants have been repeated four times with always fifteen trees per testing plot. 
During the whole trial the control remained untreated. In the months April and May in 
treatment 2 three preventive treatments with copper and eight treatments with lime sulphur 
into the germination period were applied.  

With the product óCuprozin progressô in total an amount of 800 g copper per hectare was 
used. Treatment 3 was sprayed three times with lime sulphur before rain and 8 times with 
lime sulphur into germination period. 9 treatments only with lime sulphur into germination 
period were applied in treatment 4. For details about treatments, application rate and dates 
see table 1. After the end of primary infection period all treatments were treated the same 
way. 

 
Table 1: Treatment, application rate and date at DLR Rheinpfalz Klein-Altendorf 
 

Treatment Application rate per ha Date 

1 untreated control --- --- 

2 

preventative copper 
covering before rain 

+ 
lime sulphur into 

germination period 

200 g ï 300 g Cu/ha 
from bloom without copper as 

variant 3 
 

20 l/ha till bloom 
15 l/ha from begin of flowering 

16.03.* / 29.03. * / 31.03. / 07.04. / 
11.04.* / 12.04. / 21.04. / 27.04. / 

08.05. / 17.05. / 30.05. 
(11 treatments) 

3 

preventative lime sulphur 
covering before rain 

+ 
lime sulphur into 

germination period 

20 l/ha till bloom 
15 l/ha from begin of flowering 

16.03. / 29.03. / 31.03. / 07.04. / 
11.04. / 12.04. / 21.04. / 27.04. / 

08.05. / 17.05. / 30.05. 
(11 treatments) 

4 
lime sulphur into 

germination period 
20 l/ha till bloom 

15 l/ha from begin of flowering 

16.03. / 31.03. / 07.04. / 12.04. / 
21.04. / 27.04. / 08.05. / 17.05. / 

30.05. (9 treatments) 

 

* treatment with ñCuprozin progressò before high infection risk: 16.03. (300 g Cu/ha), 29.03.       
(300 g  Cu/ha), 11.04. (200 g Cu/ha) = 800 g Cu/ha 
 
 

The ÖON experiment was carried out in the Jork area during the primarily scab season in 
a randomized óElstarô block with four replicates. Additional to 11 wettable sulphur and 7 
lime sulphur applications in all blocks, 960 g copper were sprayed in the treatments 3, 5 
and 7. ñTS-Forteò (Treatment 4, 5) and ñNu-Film-Pò (Treatment 6, 7) were used as 
surfactant. Dosage and timing of applications are shown in table 2.   
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Table 2: Treatment, application rate and date at ÖON Jork 
 

Treatment Application rate per ha Date 

1 untreated control --- --- 

2 

preventative sulphur 
covering before rain 

+ 
lime sulphur into 

germination period 

3000 g S/ha 
 

37,5 l/ha before blossom 
25,0 l/ha as of blossom 

30.03. / 06.04. / 09.04. / 20.04 / 
22.04. / 25.04. / 27.04. / 02.05. / 
05.05. / 08.05. / 11.05. / 14.05. / 
19.05. / 23.05. / 26.05. / 29.05. / 

30.05. / 06.06. 
(18 treatments) 

3 

preventative copper & 
preventative sulphur 
covering before rain 

+ 
lime sulphur into 

germination period 

105 g ï 405 g Cu/ha 
before blossom 

3000 g S/ha 
 

37,5 l/ha before blossom 
25,0 l/ha as of blossom 

30.03.* / 06.04. / 09.04.* / 20.04 / 
22.04. / 25.04. / 27.04. / 02.05. / 
05.05.* / 08.05. / 11.05. / 14.05. / 
19.05. / 23.05. / 26.05. / 29.05. / 

30.05. / 06.06. 
(18 treatments) 

4 

preventative sulphur 
covering before rain 

+ 
lime sulphur into 

germination period 
+  

TS Forte 

3000 g S/ha 
 

37,5 l/ha before blossom 
25,0 l/ha as of blossom 

 
2,5 l /ha 

30.03. / 06.04. / 09.04. / 20.04 / 
22.04. / 25.04. / 27.04. / 02.05. / 
05.05. / 08.05. / 11.05. / 14.05. / 
19.05. / 23.05. / 26.05. / 29.05. / 

30.05. / 06.06. 
(18 treatments) 

5 

preventative copper & 
preventative sulphur 
covering before rain 

+ 
lime sulphur into 

germination period 
+ 

TS Forte 

105 g ï 405 g Cu/ha 
before blossom 

3000 g S/ha 
 

37,5 l/ha before blossom 
25,0 l/ha as of blossom 

 
2,5 l /ha 

30.03.* / 06.04. / 09.04.* / 20.04 / 
22.04. / 25.04. / 27.04. / 02.05. / 
05.05.* / 08.05. / 11.05. / 14.05. / 
19.05. / 23.05. / 26.05. / 29.05. / 

30.05. / 06.06. 
(18 treatments) 

6 

preventative sulphur 
covering before rain 

+ 
lime sulphur into 

germination period 
+ 

Nu-Film-P 

3000 g S/ha 
 

37,5 l/ha before blossom 
25,0 l/ha as of blossom 

 
0,3 l/ha 

30.03. / 06.04. / 09.04. / 20.04 / 
22.04. / 25.04. / 27.04. / 02.05. / 
05.05. / 08.05. / 11.05. / 14.05. / 
19.05. / 23.05. / 26.05. / 29.05. / 

30.05. / 06.06. 
(18 treatments) 

7 

preventative copper & 
preventative sulphur 
covering before rain 

+ 
lime sulphur into 

germination period 
+ 

Nu-Film-P 

105 g ï 405 g Cu/ha 
before blossom 

3000 g S/ha 
 

37,5 l/ha before blossom 
25,0 l/ha as of blossom 

 
0,3 l/ha 

30.03.* / 06.04. / 09.04.* / 20.04 / 
22.04. / 25.04. / 27.04. / 02.05. / 
05.05.* / 08.05. / 11.05. / 14.05. / 
19.05. / 23.05. / 26.05. / 29.05. / 

30.05. / 06.06. 
(18 treatments) 

 

* treatment with ñCuprozin progressò before high infection risk: 30.03. (405 g Cu/ha), 09.04. (405 g 
  Cu/ha), 05.05. (150 g Cu/ha) = 960 g Cu/ha 
 

At KOB Bavendorf the presented trial was carried out 2010 in a randomized block design 
with the variety óJonagoldô. During the phase of primary scab infection all treatments were 
sprayed seven times with lime sulphur (treatments 2, 3, 4) or sulphur (treatment 5) in the 
window of germination. In Treatment 2 and 3 four additional preventive treatments with 
copper (2) respectively sulphur (3) were applied. Application rates and dates are shown in 
table 3. Two treatments with sulphur + Vitisan were applied in case of high infection risk 
and rain periods longer than 48 hours in all variants.  For modelling and forecast of scab 
infections RimPro apple scab model was used. After the primary infection period all 
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treatments were treated equally with a standard fungicide management based on sulphur 
and bicarbonate. The control treatment remained untreated until the end of the primary 
infection phase.  

 
Table 3: Treatment, application rate and date at KOB Bavendorf 
 

Treatment Application rate per ha Date 

1 untreated control --- --- 

2 

preventative copper 
covering before rain 

+ 
lime sulphur into 

germination period 

100 g ï 300 g Cu/ha 
till bloom  

+ 
20 l/ha till bloom 

15 l/ha from begin of flowering 

30.03.*/ 04.04. / 09.04.* / 14.04. / 
20.04.* / 25.04.* / 27.04. / 01.05. / 

02.05. / 05.05. / 10.05. 
(11 treatments) 

3 

preventative sulphur 
covering before rain 

+ 
lime sulphur into 

germination period 

5 kg/ha till bloom 
+ 

20 l/ha till bloom 
15 l/ha from begin of flowering 

30.03. / 04.04. / 09.04. / 14.04. / 
20.04. / 25.04. / 27.04. / 01.05. / 

02.05. / 05.05. / 10.05. 
(11 treatments) 

4 
lime sulphur into 

germination period 
20 l/ha till bloom 

15 l/ha from begin of flowering 

 04.04. / 14.04. / 27.04. / 01.05. / 
02.05. / 05.05. / 10.05. 

(7 treatments) 

5 
sulphur into 

germination period 
5 kg/ha 

04.04. / 14.04. / 27.04. / 01.05. / 
02.05. / 05.05. / 10.05. 

(7 treatments) 

 

* treatment with ñFunguranò before high infection risk: 30.03. (250 g Cu/ha), 09.04. (300 g Cu/ha),  
  20.04. (100 g Cu/ha), 25.04. (100 g Cu/ha) = 750 g Cu/ha 
 

Results 

At the DLR Rheinpfalz in Klein-Altendorf the apple scab infestation on the rosettes and on 
the young fruits of óGalaô was evaluated on 28th of June. At this time the rosettes and the 
fruits of the untreated control showed a scab infestation of 82 % and 78 % (Figure 1). All 
treatments were highly effective with efficiencies of 90 % and more.  

Nine treatments with lime sulphur into the germination period reduced the apple scab to 
8 % and 4 % (rosettes and fruits). A further preventative lime sulphur covering led to a 

reduction of the scab infestation to 7 % (rosette) and 4 % (fruits), which equates to an 
efficiency of 92 % and 95 %.  

The best result was achieved in the treatment protective application with copper before 
rain plus lime sulphur application in the germination period. The three copper applications 
(in total 800 g copper) with a following treatment with lime sulphur in the germination 
period reduced the infestation of the rosettes to 3 % and the infestation of the young fruit 
to 2 %. This corresponds to an efficiency of 96 % and 98 %. 
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Figure 1: Percentage infestation and efficiency of the different treatments for the variety óGalaô, 
 DLR Rheinpfalz Klein-Altendorf (2011) 
 
 

Evaluations of apple scab infection in the Jork area were carried out at the 3rd of June for 
infection on the rosette leaves and on 13th of July for fruit infections. Rosette leaves and 
fruits in the untreated control were totally infected with apple scab and scored with 100 % 
and 98 %, respectively.  

Apple scab infections on leaves and on fruits were significant reduced in all treatments 
compared to the untreated control. In between the different treatments the highest 
infection rate of leaves (3 %) and on fruits (11 %) was observed in treatment 2 (Figure 2).  

The use of ñNu-Film-Pò and ñTS-Forteò lead to a reduction of the infection rate with apple 
scab both on leaves and fruits (treatment 4, 6).  

A lower level of infections on leaves and fruits were observed in all treatments that 
included copper as a protectant coverage (treatments 2, 5 and 7); efficacies here varied in 
between 98 % and 100 %.   
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Figure 2: Percentage infestation and efficiency of the different treatments for the variety óElstarô, 
 ÖON Jork (LS = lime sulphur ; pS = preventative sulphur ; pCu = preventative copper) 
 
 

At the KOB Bavendorf the apple scab infestation on the rosettes was assessed on 8th of 
June and accordingly on the fruits on the 9th of August 2010. Compared with the high 
infestation of the untreated control with 65 % affected rosettes and 91 % affected fruits, all 
treatments lead to a clear reduction of the scab infestation (Figure 3). 

 Seven treatments with lime sulphur into the window of germination reduced scab 
infestation to 6 % (rosettes) and 20% (fruits) which corresponds to an efficacy of 90 % and 
78 % respectively.  

Alternative treatments with sulphur in the germination period lead to a higher infestation 
with 15 % infested rosettes and 69 % scabbed fruits. Compared to lime sulphur 
applications exclusively in the germination period, four additional preventive treatments 
with sulphur lead to a further reduction of scab infestation to 2 % (rosettes) and 18 % 
(fruits).  

The best results were achieved with lime sulphur in the germination period and four 
additional preventive copper treatments. In this treatment the infestation of the rosettes 
could be reduced to 1 % and on the fruits to 12 %. This corresponds to an efficacy of 98 % 
(rosettes) and 87 % (fruits).  



28                                                                                                                           Reviewed Papers 

65

1 2
6

15
12

18 20

69

91

98 97
90

77

25

7880
87

0

10

20

30

40

50

60

70

80

90

100

untreated control copper before

rain + lime

sulphur

germination

period

 sulphur before

rain + lime

sulphur

germination

period

lime sulphur

germination

period

sulphur

germination

period

%
 i
n

fe
s
ta

ti
o

n

0

20

40

60

80

100

120

e
ffic

ie
n

c
y
 [%

]

% infestation rosette 
% infestation fruit 
efficiency rosette 
efficiency fruit

 

 
 Figure 3: Percentage infestation and efficiency of the different treatments for the variety    
 óJonagoldô, KOB Bavendorf (2010) 
 

Discussion  

Summarising all field trial results a reduction of the copper application rate (application per 
hectare and year) is possible by optimization and substitution of copper. But a total 
substitution of copper products for the control of the apple scab is not possible yet. Lime 
sulphur with specific treatment in the germination period seems to be a good and safe 
alternative, because the best potential of reducing copper applications was reached with 
this method. A further alternative for the control of the apple scab is the combination of 
wettable sulphur with a potassium bicarbonate during the germination period at the time of 
infection or within 24 hours after the infection on the dry leaf (Benduhn et al., 2011). But in 
the field the efficiencies were not constant during trial years. An explanation for the 
different efficiencies is the rain intensity and quantity. At the moment the exclusive use of 
wettable sulphur with potassium bicarbonate could only be recommended during minor 
infections. As an extra treatment for middle and serious infections, especially under difficult 
weather conditions during the primary apple scab period, this combination is a good 
opportunity for an effective apple scab control. With an additional application within 24 
hours after infection the efficiency of the first lime sulphur application can be increased. 
The addition of additives to the copper compound or wettable sulphur adduced a slight 
increase in the efficiency.  
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Apple Scab: Experiences from 2009 to 2011 in Trentino 
L. Mattedi1, F. Forno1, R. Maines1 and M. Varner2 

 

Abstract 

The scab is, in many years, the "key problem" of the apple production. After several years 
generally quiet, since the summer of 2008, it returned with an aggressiveness requiring 
major attention for its containment. The scab control in organic farms has highlighted the 
potential of the known lime sulphur and its use requires, in some conditions, an integration 
with other fungicides, particularly copper (in low doses) to be used before the rain,( in 
order to differentiate the defence in the larger reality), with sulfur (to be included in certain 
stages and certain varieties) in the window of germination and potassium bicarbonate 
used curative in combination with sulphur.  

A series of experiments started in 2009 in order to find some answers to these questions. 
The choice of the optimal timing was performed with the help of RIMPRO (scab - model 
from Marc Trapman). The model has been validated in Trentino during the last twenty 
years and it is now used by a good group of organic producers. 

Curious to note is that in recent years, scab - management showed more interesting 
results in the organic farms than in conventional ones. 

 

Keywords: apple, apple scab, Venturia inaequalis, organic, disease management 

 

Introduction 

 

After a relatively quiet period in the years from 2000 to 2007, severe apple scab attacks 
started again from the summer 2008. The evolution of the disease can be summarised as 
follows: 

 

¶ 2008: secondary infections were very serious during summer even where the 
situation was calm after primary infections. The secondary infections favoured the 
formation of a very high inoculum level for the next season; 

¶ 2009: very severe primary infections resulting from the inoculum of 2008. 
Secondary infections were not very aggressive due to the summer weather 
conditions. 

¶ 2010: the inoculum of 2009 and the weather conditions of spring 2010 caused 
grave primary infections. Very serious secondary infections, favoured by the 
summer weather conditions, resulted in severe damages at harvest, especially on 
Golden Delicious. 

¶ 2011: primary infections were moderate. The short leaf wetting recorded during 
spring 2011 hampered severe primary infections, in spite of the great inoculum of 
the previous year. Also secondary infections were not very severe, with only one 
worrying period in the first decade of June. 
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Several experiments aimed at continuing and deepening the knowledge of apple scab 
behaviour in our environmental conditions are ongoing at ñMaso delle Partò (one of the 
experimental farms belonging to FEM-IASMA), located in Mezzolombardo municipality 
(Valle dellôAdige-Trentino). These activities are focused on: 

¶ evaluation of pseudothecia development, 

¶ survey of the ascospores flight, 

¶ exposure of ñbait plantsò in order to follow the seasonal evolution of primary 
infections, 

¶ monitoring of control plots in areas with different inoculum levels and assessment of 
the primary infections and duration of spots appearance within the same infection, 

¶ confirmation of the RIMpro model developed by Marc Trapman (Bio Fruit Advies-
Zoelmond, Netherlands) and preliminary attempts to fix threshold levels for the RIM 
values, 

¶ evaluation of vegetative growths. 

Furthermore, some studies have started since 2009 to support apple scab management in 
organic fruit farming. The main targets were to improve the knowledge of fungicide use 
and, on the other hand, to find answers to some practical requirements. These activities 
are conducted in collaboration with the Gruppo Produzione Biologica of the Stazione 
Sperimentale di Laimburg and funded by the Ufficio delle Produzioni Biologiche della 
Provincia. 

As to show the results of three years (2009-2011) would be too long, only the year 2010, 
when scab attacks were very aggressive, and the results of the control experiments are 
presented here. 

 

Material and Methods 

Apple scab evolution on Golden Delicious (very susceptible to either primary or secondary 
infections) is described by the survey of: 

¶ ñbait plantsò: potted plantlets exposed, in groups of three, to one rainfall during the 
primary infection period (from new growth to the end of May). Afterwards these 
plantlets are left under a tunnel and the presence of scab spots on flower fascicles or 
buds of each plant is surveyed before the end of June. With time, this survey allows 
establishing the duration of primary infections and the severity of every attack; 

¶ ñuntreated controlsò, regularly monitoring the development of scab spots on both leaf 
sides and on fruits. Observations are carried out in several control plots located in 
different microclimatic areas, which often show different inoculum levels due to the 
previous season. If possible, also the duration of spot appearance within the same 
infection is assessed; 

¶ development of the pseudothecia, obtained by diseased leaves collected in fall and 
left in the orchard under natural conditions. From the half of February, every week, 
the developmental stage of 50 pseudothecia is observed by the microscope, 
classifying them as primordial, immature or mature; 

¶ flight of ascospores with the ñMarchi captasporesò during every rainy period. 

 

Efficacy trials with newly introduced molecules for the apple scab management in organic 
fruit farming are conducted on Golden Delicious/M9 (7-year old in 2010) in an about 1100 
m2 wide plot where the efficacy of every treatment is compared to an untreated control.  
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For the different treatments considered, the single molecules are distributed in the key-
moments of the primary infection period. Following the specific features of each molecule, 
they are used (Kelderer, M., Casera,C., Lardschneider, E., 2006; Trapman, M., 2008; 
Hinze, M., Kunz, S., 2010): 

¶ preventive before rainfall (copper at 10 g/hl of active ingredient mixed with liquid and 
wettable sulphur), 

¶ ñstop sprayò (sulphur in liquid formulation), 

¶ as curative (potassium bicarbonate at 1000 g/hl mixed with wetting sulphur), 

¶ the reference standard is represented by the ñkey moleculeò for the practice: lime 
sulphur used as stop -spray at 1500 g/hl, 

¶ sulphur used in the different treatments was standardised with the dosage for the 
reference lime sulphur (1500 g/hl of lime sulphur corresponds to 334 g/hl of sulphur). 

Treatments are made by hand, distributing about 10 hl/ha in big parcels (without 
repetitions) and controls are conducted with three repetitions/variant. During each control, 
at least 300 shoots and 1500 fruits are observed (every variant). 

Furthermore, in each strategy the side effects are evaluated by considering the equilibrium 
mite-fauna on leaves (100 leaves every variant were examined in July for the presence of 
phytoseiid mites) and the rustiness (all the fruits collected from three trees/treatment are 
visually inspected at harvest). 

 

Results 

Seasonal evolution of apple scab in 2010 

In bottom-valley areas the actual primary infections observed can be ascribed to the 
rainfalls of the end of March-beginning of April, but especially to the weather conditions of 
the period 2ndï6th of May (in some bottom-valley locations, depending on the wetting 
duration, a further infection was observed the 16th-17th of April). 

The season 2010 was characterized by a very serious series of secondary infections (the 
2nd-6th of May, the 15th-18th of June, the 14th-17th of August) that caused severe attacks on 
both leaves and fruits. 

ñBait plantsò exposure 

Figure 1 illustrates the historical evolution of scab primary infections. In 2009 and 2010 the 
severity of the disease increased, while in 2011 the infection level slimmed down. 
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Figure 1: Potted plants ï Maso delle Part. Sum of the scabbed shoot percentages during primary 
infections from 1989 to 2011. 

 

Untreated controls 

The infection evolution is followed at the same time in 4 untreated plots in the farms of 
Istituto Agrario; they are substituted every year and normally different inoculum levels are 
observed in the different areas (Figure 2). Interestingly, at the end of primary infections, all 
climatic conditions being equal, the damage level recorded is definitely different. 
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Figure 2: Apple scab presence on shoots and fruits in the untreated controls in the farms of Istituto 
Agrario (control at the end of primary infections-10th June 2010). 

 



Reviewed Papers                                                                                                                       33 

 

 

Survey on pseudothecia development and ascospores flight 

The evolution of pseudothecia development and the flight of ascospores followed in a 
representative bottom valley area of Trentino are shown in Figures 3 and 4, respectively. 
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Figure 3: evolution of the pseudothecia development in 2010 at ñMaso delle Partò. The percentage 
of empty pseudothecia is represented. 
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Figure 4: comparison between the ascospores air dispersal in 2010 at ñMaso delle Partò. In the 
upper graph the flight is simulated with the ñMarchi captasporesò, while in the lower one it is 
simulated by the ñRIMproò model. 

 

RIMpro model confirmation 

To confirm the effectiveness of the RIMpro model in our environmental conditions, at 
ñMaso delle Partò the comparison between the observed severity of the infections and the 
simulation by the program is still ongoing (Figure 5). A twenty-year study with simulations 
and comparisons with field collected data points out very interesting results. 
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Figure 5: Comparison between the primary infection severity recorded on potted plants at ñMaso 
delle Partò (Valle dellôAdige) and that simulated by the RIMpro model in 2010. 

 

Some additional observations 

Thanks to the observations carried out, much knowledge can be built up; some very 
interesting points concern: 

¶ the duration of spot comparison within the same infection, which in our environment 
was observed lasting 11 days; such a duration can be precisely simulated also by 
RIMpro using the increase in the number of spots shown by the model for each 
infection (Figure 6). 
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Figure 6: % of appearing of apple scab spots predicted by the RIMpro model (dotted line) and 
verified in an ñuntreated controlò (continuous line). The infection considered took place April the 1st-
2nd 2009 and 11 days went by between the beginning of spot appearance and their stabilization 
(April 15th-25th). 
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¶ During 2009 and 2010, while surveying the untreated control, it was possible to 
evaluate the varietal susceptibility that concerns, all climatic conditions being equal, 
Golden Delicious and Granny Smith. A higher damage level was found in the former 
variety (Table 1), which showed also more diseased fruits in plants with an average 
productive power than in plants with alternation (Table 2). 

 

Table 1: harvest survey on two varieties planted in the same untreated control plot 

Variety % of diseased shoots 2009/2010 % of diseased fruits 2009/2010 

Golden Delicious 100/100 79/99 

Granny Smith 37/41 16/12 

 

Table 2: harvest survey on Golden Delicious with different production power 

Production power % of diseased fruits harvest 2009 % of diseased fruits harvest 
2010 

Plants with average 
production 

89 99 

Plants in alternation 27 24 

 

Efficacy of products 

The control strategies and the time schedule for treatments are listed in Table 3. In the trial 
we had five variants (2 Preventive, 2 in Germination window and 1 Curative) 

 

 

 

Table 3: treatment schedule in 2010 

Preventive 

Copper 10 g/hl + Thiopron 
550 g/hl 

Copper 10 g/hl + Sulphur 420 
g/hl 

Germination window 

Lime-sulphur 1,5 kg/hl 

Thiopron 550 g/hl 

Curative 

Bicarbonate 1 Kg/hl  

+ sulphur 420 g/hl 

March 26th March 27th March 27th 

March 29th March 30th   

March 31st   March 31st 

April 2nd April 2nd (Lime-sulphur) April 2nd 

April 12th     

April 18th (Lime-sulphur) April 18th April 19th 

April 22nd     

April 26th April 27th April 27th 

May 1st     

May 3rd May 3rd (Lime-sulphur) May 3rd 

May 5th (Lime-sulphur) May 5th (Lime-sulphur) May 5th (Lime-sulphur) 

May 7th     

  May 11th May 11th 

 

The results of these trials are represented in Figure 7, which shows the damaged shoots 
and leaves at the end of primary infections (3rd of June), and in Figure 8, which shows the 
damage level on fruits in two different moments (3rd of June and 16th of July). 
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Figure 7: % of diseased shoots and leaves the 3rd of June. Trial for ñBioò control of apple scab in 
2010. 
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Figure 8: % of scabbed apple fruits surveyed the 3rd of June and the 16th of July. Trial for ñBioò 
control of apple scab in 2010. 

 

As depicted in Table 3, the last treatment was done the 7th or the 11th of May. Afterwards, 
in spite of climatic conditions that favour secondary infections, treatments were stopped. 
The survey conducted at the half of July to evaluate the interference of secondary 
infections of June (Figure 9) and, at harvest, to evaluate the incidence on fruits (Figure 
10). 
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Figure 9: efficacy of the different strategies evaluated the 16th of July on shoots and leaves. Trial 
for ñBioò control of apple scab in 2010. 

 

99

1 0 1.6 1
6.2

0

20

40

60

80

100

U
ntr

ea
te

d

C
ooper

 +
 s

ulp
hur

C
ooper

 +
 T

hio
pro

n

Lim
e-

su
lp

hur 

Thio
pro

n

B
ic

ar
bonat

e

% scabbed fruits

 
Figure 10: % of scabbed fruits evaluated the 10th of September in the different control strategies. 
Trial for ñBioò control of apple scab in 2010. 

 

Side effects 

A survey was conducted in July to evaluate the side effects on phytoseiid mites: the 
different treatments sowed no differences with the untreated control (Table 4). 
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Table 4: side effects in phytoseiid mites 

Control strategies N° phytoseiids/leaf 

untreated control 1,76 

thiopron + copper 1,08 

sulphur + copper 1,08 

polysulphide 1,16 

thiopron 1,16 

bicarbonate + sulphur 1,08 

 

The results of the evaluation of rustiness conducted at harvest is represented in Figure 11; 
as shown by the untreated control, the climatic conditions were particularly favourable. The 
comparison between the different strategies results in an increase in the rustiness in the 
copper treatment. 
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Figure 11: evaluation of fruit russeting at harvest. Trial for ñBioò control of apple scab in 2010. 

 

Discussion 

As the knowledge of apple scab biology in different environmental conditions is the key 
factor for its management, it is very important to follow the historical evolution of this 
disease but also its behaviour year by year. The reduction of the primary infection level 
allows, in our environments, eliminating or at least holding down summer treatments. 

The use of tools as RIMpro model results very useful for supporting decisions in the 
management of the disease. 

Calcium polysulphide is the most important compound in apple scab management not only 
in organic fruit farming: also IPM shows an increasing interest for it due to the small 
number of new molecules available. Another reason to be considered is the probable 
reduction in number of the treatments with products as ñdithianonò, following a new 
European guideline for the sustainable use and marketing of pesticides. 

The products tested for apple scab management in organic fruit farming seem very 
interesting, even though they need further experimental validations. Anyway, these results 
are confirmed also in the years 2009 and 2011, although the pathogen evolution was quite 
different. 
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In 2010 at the end of primary infections (3rd of June) all the products and the management 
strategies resulted very efficacious compared to the infection level of the untreated control 
(initially higher on leaves and shoots than on fruits). At the half of July, after the attack on 
fruits by the secondary infection of June, a very interesting difference emerged between 
the control and all the treatments, in spite of the lack of specific summer treatments. This 
difference lasts until harvest even if a stronger attack of fruits is recorded in the 
bicarbonate treatment compared to the other products. 

Copper is confirmed effective at low doses and the addition of sulphur seems to reduce its 
phytotoxicity. It should be worth to use it in wide farms, where it could be difficult to treat 
the entire surface with polysulphide during rainfall. Moreover, it could be used with other 
varieties different from Golden Delicious and its efficacy and persistence should be tested 
even at lower doses. 

The good results obtained with the mixture potassium bicarbonate + sulphur have to be 
confirmed in further trials where treatments are done with atomizer in wider experimental 
plots. This mixture, at the doses used, does not show severe phytotoxicity problems; on 
the contrary, a slight ñgrowth retardantò effect can be observed in 2010 and 2011. 

The evaluation of side effects picks out no interference either as favouring agent for 
phytophagous mites or as disturbing agent against phytoseiids, while copper causes more 
rustiness problems than the other molecules on Golden Delicious. 
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Potassium bicarbonate: a conceivable alternative control measure 
towards scab on pome fruits 

W. Van Hemelrijck1, E. Croes and P. Creemers1 

 

Abstract 

Scab on apple and pear, caused by the ascomycete Venturia inaequalis and V. pirina, 
respectively, is one of the most important diseases in fruit growing, due to high economic 
losses if no control measurements are undertaken. Seventy five % of the pesticide use in 
apple production is related with control of fungal diseases, in which apple scab has a 
share of 70 %. With the new regulation replacing Directive 91/414 and the Framework 
Directive on the sustainable use of Pesticides (2009/128/EC), products will disappear from 
the European market which will give a new challenge in IPM strategies to control pests 
and diseases. Besides there is the pressure of environmental and consumer groups on 
supermarkets to reduce residues on fruits. As such, the use of pesticides is at the moment 
under debate. Reduction in pesticide use is possible, for example, by taking alternative 
control measures against scab. Pear scab, and to a lesser extent apple scab, does not 
only infect fruits and leaves, but gives rise to twig lesions as well. The presence of twig 
scab represents a major problem, especially in organic pear growing, as fruit growers lack 
satisfying measurements to put an end to the disease. Furthermore, as the use of copper 
is under discussion, new alternative control strategies are a must in the organic farming. 
To this end, the efficacy of potassium bicarbonate (pbc) to control scab was investigated. 
The first experiments on the efficacy of kbc towards scab were performed on apple. The 
mode of action of pbc on conidial infection and the timing of applications in function of the 
infection period was determined. Out of the first trials it was concluded that pbc has a 
fungistatic activity and has the best activity towards apple scab when it is applied 
curatively, shortly after the infection around 300 degree hours.  
 
Keywords: Scab, potassium bicarbonate, conidia, fungistatic 

 
Introduction 

The most important disease on pome fruits is scab. This disease can be present on apple 
(V. inaequalis) and pear (V. pirina) and if no control measurements are undertaken, high 
economic losses will appear. At this moment about 50 % of the pesticide use in apple 
production is related with control of scab disease. With the new regulation replacing 
Directive 91/414 and the Framework Directive on the sustainable use of Pesticides 
(2009/128/EC), chemical products will disappear from the European market which will give 
a new challenge in IPM strategies to control diseases. Besides that, a competition 
between retailers is present, which is based on residue levels that are much stronger 
compared with the legally MRL (Maximum Residue Level) and eventually are combined 
with a maximum of active ingredients present on the fruit. Furthermore there is the public 
concern about pesticide residues present on the fruits. This will all lead to a reduced use of 
fungicides starting from the post bloom period. As such, the challenge for the present and 
the future research will be how to manage pest and diseases starting from the post 
blossom period until harvest. The basis to achieve this goal in scab control will be directed 
in sanitation measures and in obtaining a total control during the primary scab season. In 
the secondary season alternative control measures such as biological control organisms, 
salts or elicitors could be contribute to manage the disease. The past decade much 

                                                
1 Proefcentrum Fruitteelt vzw, Fruittuinweg 1, 3800 Sint-Truiden, Belgium 
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research concerning alternative control of scab by means of biological antagonists or 
elicitors has been performed (Köhl et al., 2009; Spinelli et al., 2010). Besides those 
alternative techniques also salts can be used to control fungal diseases in vegetables and 
fruits (Deliopoulos et al., 2010). The past years different carbonates have been tested for 
the control of apple scab with varying efficiencies (Jamar et al., 2007; Tamm et al., 2006; 
Trapman, 2008; Kunz et al., 2008). In this article the potential of Vitisan as an alternative 
control measure to manage scab on apple will be discussed. Much attention has been paid 
to determine the best application time of the product and the influence of additives on the 
efficacy of the product and this both in in vitro and in vivo trials.   
 
Material and Methods 

In vitro germination tests 

A V. inaequalis spore solution of 300.000sp/ml was made out of infected seedling leaves. 
The solution was prepared by cutting the leaves in small pieces and shaking them in a 
solution containing 0.5ml/L Tween20. Out of this stock solution a concentration range was 
prepared for the different tests. The in vitro germination tests were performed in microtiter 
plates. In each well 100µl of a specific spore concentration was added in combination with 
100µl of a specific concentration of Vitisan, or captan, which was included as a control 
treatment. The plates were incubated at room temperature for specific time periods 
whereafter the percentage of spore germination was counted. To test whether Vitisan has 
a fungitoxic or fungistatic activity the spore solution, after a specific contact time with 
Vitisan, was plated out on PDA medium to test if the spores would continue germinating 
once again. The percentage of germination was counted 24h after incubation of the plates 
at room temperature. 

Seedling trials 

Preventive or curative efficacy of Vitisan 

For this trial, apple seedlings were inoculated with a spore solution of 150.000sp/ml, 
prepared as described above, and treated with Vitisan (0.5% or 1%) at specific time points 
prior to or after infection. As a control treatment preventive application of captan (0.15%) 
was included. Seedlings were then incubated for 48h at 100% RH and room temperature. 
Thereafter, they were placed in climate chambers (20°C, 90% RH, 12h light/dark cycle) for 
up to 2 weeks. Two and three weeks after inoculation seedlings were analysed for the 
presence of scab symptoms. The degree of infestation and the efficacy were determined 
with the formula of Townsend-Heuberger and Abbott (see below).                              

                                    S (n x v) 

Townsend-Heuberger formule: THv max = 
    ___________

     x 100 
                                    vmax  x N   
(THv max  = degree of infestation (%), v = infection classes (0,1,2,3), vmax= highest infection class, n = amount 
leaves/fruits in each class, N = total amount of evaluated leaves/fruits) 
     
                                      C - T   

Abbott formule: ABB = 
_____________

 x 100 
             

C 
(C = degree infestation untreated object, T = degree infestation treated object) 

 

Rain fastness and efficacy of additives 

For this trial, apple seedlings were inoculated with a spore solution of 150.000sp/ml, 
prepared as described above, and treated with Vitisan (0.5% or 1%) 24h after inoculation. 
As a control treatment curative application of lime sulphur (1.5%) was included in the test. 
To test the rain fastness of the product a rain event was created at specific moments after 
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application of the fungicide by means of a spraying device (<1.0l/m2, flow rate: 0.1l/m2). In 
order to test the efficacy of additives different products were applied in combination with 
Vitisan (0.5%). The incubation of the seedlings and the evaluation of the symptoms was 
done as described above.  

Field trial 

The objective of this trial, performed in 2010, was to check the optimal timing and the 
effect of Vitisan in comparison with sulphur, copper and lime sulphur treatments (Table 4) 
towards scab on leaves and fruits of apple trees cultivar Jonagold. This trial was 
performed during the primary scab season (08/04/2010-19/05/2010) and covered 4 
ascospore releases (8-9/04; 03-05/05; 12-14/05 and 17-19/05). Object 2 was treated on 
the following dates: April 8, 26 and 30, May 5, 8, 11 and 17. For object 3 the treatment 
dates were April 8 and 26, May 3, 11, 12 and 17. Object 4 till 10 was treated on April 9 and 
May 4, 14 and 19 and object 11 and 12 were treated on April 8, 26 and 30 and May 4, 8, 
14, 17 and 19. Four times 9 trees were included per object. Assessment of scab on leaves 
and fruits was done by analyzing 100 different leaves at the sun and shadow side and 100 
fruits per plot in the field. The degree of infestation and the efficacy were determined with 
the formula of Townsend-Heuberger and Abbott. 

Statistical analysis 

Statistical analyses were performed on TH-value using the Unistat Statistical Package, 
version 5.5 (Unistat Ltd. 1998). Means were compared using Duncanôs multiple range test. 
 
Results 

In vitro germination tests 

The first trials pointed out that Vitisan can inhibit the germination of apple scab conidia and 
that the efficacy of the product is dependent on the concentration of the spore solution and 
of the product. For example, addition of Vitisan (13.7g/L) resulted in 50% inhibition of 
spore germination when a concentration of 100.000sp/ml was used. On the other hand, 
addition of Vitisan at a concentration of 6.85g/L was enough to get the same results when 
the spore solution was diluted till 25.000sp/ml. In a second trial the fungistatic or fungitoxic 
activity of Vitisan was determined (Table 1).  
After addition of Vitisan for a specific time, all spore solutions were able to restart 
germination when the spores were incubated on PDA. On the contrary, when the spores 
were in contact with Captan for a specific time prior to incubation on PDA medium, no 
spores could germinate any more. Based on these results it can be stated that Vitisan has 
a fungistatic activity towards scab conidia.   
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object incubation time (h)
% germination ( after 24h 

on PDA)

1,5 88

3 87

6 84

12 68

24 73

32 74

48 86

1,5 0

3 0

6 0

16 0

24 0

32 0

48 0

C
a

pt
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n 
(1
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 g

/L
) 
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3

,7
 g

/L
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Table 1: Fungistatic activity of Vitisan 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

Preventive or curative efficacy of Vitisan 

The results of the seedling trial to reveal the preventive or curative efficacy are shown in 
Table 2. Overall, captan as a preventive treatment had the highest efficacy. In comparison, 
the use of Vitisan prior to infection only had an efficacy of 35 to 45%. However, when 
Vitisan was applied in a curative way better efficacies were obtained. Out of this trial it can 
be concluded that curative application of Vitisan at 24h after inoculation resulted in the 
best control of scab on the seedlings. A dose range effect of the product could only be 
observed when the product was applied at suboptimal time points. 
 
Table 2: Preventive and curative efficacy of Vitisan on apple seedlings 

         
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

* TH13: degree of infestation; ABB: efficacy of the product, hpi: hours post inoculation; different letters indicate significant 
differences in degree of infestation.  

 
Rain fastness of Vitisan and effect of additives towards efficiency of Vitisan 

The results of the seedling trial to reveal the rain fastness of Vitisan and the effect of 
additives are shown in Table 3. As can be seen in this table, the efficacy of Vitisan 
declines even after a small (<1.00l/m2) rain event (ABB:73% vs ABB 37-55%). On the 
other hand, addition of additives, like T/S Forte, Cocana and Trend had a synergistic effect 
towards the efficacy of Vitisan. Although the infestation on the seedlings was rather low, 
differences between objects could be observed. The combination of Vitisan with additives 

% infestation ABB

1 untreated 68,8 22,8 d

2 0,5% Vitisan (preventive) 50,0 14,7 d 35,8

3 1,0% Vitisan (preventive) 37,5 12,5 d 45,3

4 0,15% captan (preventive) 9,4 0,7 a 96,8

5 0,5% Vitisan (8hpi) 59,4 10,3 d 54,7

6 1,0% Vitisan (8hpi) 40,6 8,2 c,d 64,2

7 0,5% Vitisan (16hpi) 21,9 5,5 b,c 75,8

8 1,0% Vitisan (16hpi) 15,6 3,4 a,b 85,3

9 0,5% Vitisan (24hpi) 21,9 3,8 b,c 83,2

10 1,0% Vitisan (24hpi) 15,6 3,4 a,b,c 85,3

11 0,5% Vitisan (32hpi) 62,5 17,3 d 24,2

12 1,0% Vitisan (32hpi) 46,9 11,3 d 50,5

TH13objects
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performed in general much better than Vitisan alone, however nog significant differences 
were observed. Between the different additives applied also no significant differences has  
been observed.  
 
Table 3: Rain fastness of Vitisan and effect of additives towards efficiency of Vitisan towards scab 
on apple seedlings 

    % A  TH13* ABB 

1 Vitisan 0,5% curative 4,7 1,4 abc 73,0 

2 Vitisan 1% curative 3,6 0,3 ab 94,9 

3 Lime sulphur 1,5% curative 1,6 0,2 a 95,5 

4 untreated + rain (after 15 min) 15,1 5,3 c   

5 
Vitisan 0,5% curative + rain (after 15 
min) 7,8 2,4 abc 55,0 

6 untreated + rain (after 2u) 9,4 2,5 abc   

7 Vitisan 0,5% curative + rain (after 2u) 11,0 3,4 c 36,8 

8 untreated + rain (after 24u) 11,8 4,6 bc   

9 Vitisan 0,5% curative + rain (after 24u) 12,7 3,7 c 31,2 

10 Vitisan 0,5% curative + T/S Forte 1,6 0,5 ab 91,0 

11 Vitisan 0,5% curative + cocana 0,0 0,0 a 100,0 

12 Vitisan 0,5% curative + trend 1,6 0,6 ab 88,8 
* different letters indicate significant differences in degree of infestation. 

 

Field trial 

The results of the field trial are shown in Table 4. In the untreated object, the scab 
infestation on the leaves was very high (92%). The best efficacy towards scab on leaves 
were obtained with sulphur applied during the germination window (object 3) and with 
schedule 12 in which sulphur was used preventively according to the weather forecast, in 
complement with a curative treatment with Vitisan about 300 degree hours (DH) after start 
RIM-curve.  
 
Table 4: Assessment of scab symptoms on leaves and fruits in field trial 

Objects 
leaves 11/08 fruits 15/09 

%A TH3 ABB   %A TH3 ABB   

1 Check 91,88 78,46   42,90 24,30   

2 preventive Cu (0,025%)/after bloom S (0,3%) 21,00 11,29 85,61 ab 3,60 1,40 94,20 ab 

3 S (0,3%) in germination window 14,75 7,00 91,08 a 3,50 1,40 94,20 ab 

4 lime sulphur (1%) 300 DH 26,88 16,13 79,45 bc 5,60 2,40 90,20 b 

5 Vitisan (0,33%) 300 DH 23,75 13,88 82,32 bc 12,00 5,60 77,00 c 

6 Vitisan (0,33%) + S (0,3%) 300 DH 25,50 14,38 81,68 bc 6,10 2,50 89,70 b 

7 Vitisan (0,33%) + T/S Forte (0,133%) 300 DH 34,88 22,96 70,74 d 13,30 6,00 75,40 c 

8 Vitisan (0,5%) 300 DH 35,00 23,00 70,69 d 14,80 6,50 73,20 c 

9 Vitisan (0,5%) + S (0,3%) 300 DH 19,75 10,96 86,03 ab 2,80 1,00 95,90 ab 

10 Vitisan (0,5%) + T/S Forte (0,133%) 300 DH 28,88 19,00 75,78 cd 11,30 4,80 80,20 c 

11 optimal schedule S or lime sulphur 300DH* 19,50 10,25 86,94 ab 1,60 0,50 97,80 a 

12 optimal schedule S and Vitisan 300 DH** 14,75 6,96 91,13 a 1,90 0,70 97,30 a 

* S (sulphur) preventive or in germination window (RIM<150) or Vitisan 300DH (RIM 
between 150 and 300) or lime sulphur 300 DH (RIM >300), DH: degree hours, 
different letters indicate significant differences in degree of infestation. 
** idem object 11 but without lime sulphur; so also Vitisan at 300DH with RIM>300    
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In general a good efficacy (70-82%) was obtained with the curative application of Vitisan at 
about 300 DH. Although not significantly different, the application of Vitisan at 300 DH 
seems to have a better efficacy compared with the application with Lime sulphur at the 
same time point. When sulphur was added to Vitisan applied at the highest dose rate, a 
slightly better efficacy was obtained compared with application of Vitisan alone, although 
results were not significantly different. However, when T/S forte was added, a decline in 
efficacy was observed, although results out of the in vitro trial on seedlings indicated a 
synergistic effect when this product was added.  

At harvest time about 43% of the fruits in the untreated object were infested with scab. The 
best efficacy towards scab on fruits was also obtained with schedule 11, where sulphur 
was applied preventively combined with a curative application of lime sulphur or Vitisan 
according to the RIM value and with schedule 12 in which sulphur was used preventively 
according to the weather forecast, in complement with a curative treatment of Vitisan at 
about 300 degree hours (DH) after start of the RIM-curve. No significant differences have 
been observed between the two dose rates of Vitisan that were tested. Again, when 
sulphur was applied in a tank-mixture with Vitisan, at the highest dose rate applied, an 
increase in efficacy towards scab on fruits was obtained. As observed for the leaves, the 
synergistic effect when an additive was applied was lost. Overall, it can be concluded that 
Vitisan has a potential as an alternative control measure against scab on apples. 
 
Discussion 

With the new regulation replacing Directive 91/414 and the Framework Directive on the 
sustainable use of Pesticides (2009/128/EC), chemical products are under discussion and 
some of them will disappear from the European market. These facts will give a new 
challenge in IPM strategies to control diseases. One solution for this problem is to look for 
alternative techniques or strategies as a substitution for the use of fungicides. In this work, 
the potential of unformulated potassium bicarbonate (Vitisan) to control scab on apples 
was investigated. A lot of research on the potential of bicarbonates to control fungal 
diseases is already performed. The activity of (sodium) bicarbonates towards scab on 
apples was reported earlier (Ilhan et al., 2006). In vitro trials pointed out that sodium 
bicarbonate could strongly reduce the germination of V. inaequalis conidia. Here, we 
reported that Vitisan has a fungistatic activity towards conidia of V. inaequalis. Inhibitory 
activity of carbonates towards micro-organisms is mostly fungistatic (Smilanick et al., 
1999). Therefore, it is probable that a residue of carbonate or bicarbonate must remain on 
the fruit, or at least within the wound infection courts occupied by this pathogen to be able 
to control it.  

Furthermore, field trials based on a 10 days schedule revealed that efficacy of sodium 
bicarbonate (1%) was comparable with that of tebuconazole (Ilhan et al., 2006). Sodium 
bicarbonate applied at a concentration of 2% resulted in phytotoxicity. In our trials, no 
phytotoxicity on leaves was observed after application of Vitisan (0.5% and 1%). On the 
other hand, it was also reported previously that a during-infection application of Armicarb 
resulted in a good efficacy towards scab on leaves and fruits of apple trees (Jamar et al., 
2008). Besides that, Trapman (2008) reported a varying activity depending on the orchard 
when Vitisan was applied shortly before a rain event or during the germination window of 
the spores. 

However, in the trials described here, it was pointed out that for the control of scab, 
potassium bicarbonate can best be applied as a curative treatment at 240 - 320 degree 
hours. The same results were also obtained by Kunz et al. (2008). Furthermore, it was 
stated that the efficacy of Vitisan could be enhanced when it was applied in combination 
with sulphur (Kelderer et al., 2008) and this was also confirmed in our trials. However, it 
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was observed that not only addition of sulphur but also tank-mixtures with additives 
enhanced the efficacy of Vitisan. A possible explanation is that due to the tank mixture a 
better formulation of the product is obtained. Previous studies with Armicarb (Kelderer et 
al. 2006; 2008) have shown that the formulation can definitely affect the efficacy of the 
product. Overall, it can be concluded that Vitisan has a potential as an alternative control 
strategy towards scab on apple, when applied as a curative treatment. Further research 
concerning a correct timing of the product (in relation to its rain fastness) and the efficacy 
of this product when it is applied in combination with other alternative techniques is still 
needed. 
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Pest status of the sooty blotch and flyspeck complex in Asturian (NW 
Spain) apple orchards 
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Abstract 

Sooty blotch and flyspeck (SBFS) fungi occur on apple surface in regions with moist 
climate, such as Asturias, in the Northwest coast of Spain. Due to the lack of knowledge 
on SBFS in our region, research has been conducted to determine (1) the timing of 
appearance of symptoms, (2) the incidence of these fungi on different cultivars, orchards 
and years and (3) the effectiveness of several fungicides for controlling this disease. 
Development of SBFS signs was followed in the 2011 season from early July to harvest in 
several cultivars and orchards. SBFS signs were observed from July 20 onwards. Signs 
classically related to SB and those of FS appeared on the same date. Some variation in 
symptom development was observed among cultivars and orchards. Cultivar susceptibility 
was recorded just before harvest in 2010 and 2011. The severity of SBFS depended 
greatly on the cultivar but also on the orchard. Damage level in individual cultivars and 
orchards was rather similar in the two years of observation. Lime sulphur and potassium 
bicarbonate (Armicarb) sprayed alone or combined with wettable sulphur provided good 
control of SBFS when they were applied fortnightly from early June to late September (9 
sprayings). The clay Myco-San was not as efficient at controlling fruit blemish although 
diminished the symptoms compared to untreated trees. The use of potassium bicarbonate 
had, however, side effects increasing lenticel spotting to intolerable limits and reducing 
fruit weight and yield. This study allowed us to determine the importance of the disease 
and the cultivar susceptibility in our conditions. Further research is needed to develop a 
forecasting model and to use fungicides more efficiently.  
 

Keywords: SBFS complex, cultivar susceptibility, organic control, symptom development  

 

Introduction 

Sooty blotch and flyspeck (SBFS) fungi occur worldwide in regions with moist climate, 
including Asturias, in the Northwest coast of Spain. The development of these fungi on 
apple surface causes the appearance of black spots that produces an aesthetical damage 
and reduces consequently the yield value. Sooty blotch symptoms are diffuse dark areas 
of different size while flyspeck ones are small dots closely clumped. These two different 
types of symptoms led to a two-disease paradigm (that sooty blotch was caused by a 
single species and that flyspeck was caused by a different single species) that remained 
until recent years. However, nowadays, it has been shown that SBFS is caused by a 
complex of fungi comprising more than 60 different species (Gleason et al., 2011). SBFS 
complex is likely not composed of the same species assemblage at each region (Gleason 
et al., 2011) and so SBFS may have a different local response to factors such as 
temperature or fungicides. Therefore there is a need to conduct local studies on the 
species assemblage and their environmental biology at each apple-producing region 
(Gleason et al., 2011). 

Apple in Asturias is mainly devoted to cider production and thereby aesthetical damage is 
not as important as in the case of dessert apple. However, there is an increase in the 
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surface of orchards guided to produce organic apple for fresh consumption. SBFS may be 
a constraint for apple production in those orchards, but there is a lack of knowledge on the 
SBFS status in our region. To fill this gap, research was conducted to determine (1) the 
timing of appearance of symptoms, (2) the incidence of these fungi on different cultivars, 
orchards and years and (3) the effectiveness of some fungicides for controlling this 
disease. 
 

Material and Methods 

In all the essays disease occurrence was scored following Mayr & Späth (2008): 0=no 
symptoms; 1=small spots; 2= symptoms on <10% fruit surface; 3= on 10-25%; 4= on 25-
50% and 5= on >50%. Disease incidence was the percentage of fruits with symptoms 

while severity was calculated as: (Ǖ(n*c)/(N*5))*100, where n is the number of fruits of 
each class, c is the evaluation class (0-5), N is the total number of fruits and 5 is the 
highest class of the evaluation scale. In all the cases we differentiated between the 
classical SB symptoms and those of FS. Occurrence of lenticel spotting was recorded in 
the same scale. 

Timing of appearance of SBFS signs 

The occurrence of disease symptoms on apples was recorded weekly in four untreated 
orchards from the first week of July to the end of September 2011. Two or three cultivars 
were evaluated at each orchard. Ten trees per cultivar were selected and marked at the 
end of June. Then ten apples per tree were randomly selected at each sampling date and 
disease occurrence was recorded for each apple.  

Cultivar susceptibility 

Occurrence of SB and FS signs was recorded in 2010 and 2011 just before the respective 
harvest of the cultivars. Eight dessert cultivars and 22 cider cultivars were observed. When 
possible, each cultivar was observed in five organically-conducted orchards and then ten 
apples of five trees of each cultivar were observed at each orchard. 

SBFS control with organic products 

An experiment was conducted in 2011 on the cultivar Goldrush to evaluate the 
effectiveness of four treatments: potassium bicarbonate (Armicarb, 0.5%), potassium 
bicarbonate (Armicarb, 0.5%) combined with wettable sulphur (Bayer, 0.4%), lime sulphur 
(Sulfoluq, 3%) and the clay Myco-San (0.8%) mixed with an adjuvant (Nu-film 17, 0.1%). 
Treatments were applied exactly every two weeks from early June to late September (9 
sprayings) using a backpack sprayer. Treatments were applied on dry leaf and never with 
rainy weather. Results were compared with untreated trees. A randomized complete block 
design with three replicates was used. Each replicate consisted of a five-tree subplot, in 
which sampling was done on the three central trees.  

 

Results and discussion 

Timing of appearance of SBFS signs 

Both signs of SB and FS were observed for the first time on July 20, specifically on cultivar 
Regona in orchard 3 (Figure 1). In both cases fungi developed at a different rhythm 
depending on the cultivar. A correlation was found between the date at which the first 
symptoms were observed and the final severity recorded for both SB and FS signs: the 
sooner the cultivars showed first signs, the higher was the severity they suffered (Figure 
2). According to the disease development on the different cultivars, an orchard effect may 
be also appreciated in the case of FS: pressure seemed higher in orchard 3 followed by 
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orchard 4 and then orchards 1 and 2 (Figure 1B). In other studies, between-year variability 
in the development of SBFS infection has been observed and related to rainfall variables 
(Mayr et al., 2010; Spolti et al., 2011). Therefore, new observations taking into account 
weather variables should be performed in our case in order to develop a forecasting 
model. 
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Figure 1: Temporal progress of SB (A) and FS (B) severity in 2011 in different cultivars from four 
orchards (O1 to O4).  
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Figure 2: Correlation between the date when first symptom was observed for each cultivar and the 
final severity recorded for those cultivars. 

 

Cultivar susceptibility 

Susceptibility to SBFS varied widely among cultivars (Table 1). For all the cultivars but 
Florina SB severity was higher than FS severity. The four cultivars with higher SB severity 
(Goldrush, Regona, Verdialona and Durona de Tresali) produce yellow or light green 
apples that ripen late in the season, supporting previous findings (Biggs et al., 2010, Mayr 
et al., 2010). Notable differences among orchards were also recorded. For example, SB 
severity in Goldrush in different orchards ranged between 51.2 and 84.4 and FS severity 
between 4.4 and 28.0. In general, lower fruit blemish was observed in orchards placed in 
sunny slopes and/or orchards with lower leaf and branch density in the tree canopies.  
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Table 1: Cultivar susceptibility to the sooty blotch & flyspeck complex. Data from different orchards 
in 2010 and 2011 were pooled for calculations (mean ± SE are shown).  

Cultivar Cultivar

Dessert cultivars Cider cultivars

Florina 14.6 ± 1.9 18.5 ± 3.2 Durona de Tresali 51.4 ± 1.7 31.9 ± 1.7

Galarina 14.4 ± 3.9 3.2 ± 1.3 Ernestina 39.5 ± 4.0 21.7 ± 2.8

GoldRush 65.0 ± 2.0 15.4 ± 1.6 Fuentes 48.1 ± 2.1 18.8 ± 1.4

Liberty 18.3 ± 3.2 16.4 ± 3.7 Limón Montés 32.5 ± 3.7 13.6 ± 2.0

Priscilla 28.1 ± 4.0 16.1 ± 2.9 Meana 21.8 ± 2.9 20.2 ± 2.9

Reineta Roja Canadá 5.0 ± 3.0 0.0 ± 0.0 Panquerina 31.7 ± 4.2 15.3 ± 1.8

Reineta Blanca Canadá 31.4 ± 2.6 7.2 ± 1.6 Perezosa 19.5 ± 3.4 8.2 ± 1.6

Reineta Encarnada 22.7 ± 3.2 15.4 ± 1.6 Perico 30.1 ± 3.2 9.7 ± 1.2

Prieta 19.6 ± 4.4 12.4 ± 3.2

Cider cultivars Raxao 34.6 ± 2.9 24.6 ± 1.9

Blanquina 25.0 ± 4.3 12.5 ± 1.8 Regona 62.3 ± 2.9 40.0 ± 1.8

Carrió 21.2 ± 3.8 19.5 ± 3.1 San Roqueña 19.5 ± 3.9 6.6 ± 1.8

Clara 34.1 ± 1.9 9.8 ± 1.5 Solarina 24.7 ± 2.8 17.1 ± 1.9

Collaos 42.9 ± 2.2 29.3 ± 2.2 Teórica 5.5 ± 1.8 4.5 ± 0.9

Coloradona 21.2 ± 2.8 4.3 ± 1.2 Verdialona 60.6 ± 4.1 20.8 ± 2.6

De la Riega 38.6 ± 3.4 23.8 ± 2.7 Xuanina 35.6 ± 3.4 20.1 ± 2.5

SB severity FS severity SB severity FS severity

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Correlation between sooty blotch (A) and flyspeck (B) severity in 2010 and 2011 (data for 
each cultivar-orchard pair are plotted). 

 

The overall disease severity stayed in the same range for the two years of observation (SB 
severity in 2010 and 2011 was respectively 36.3 and 33.1, whereas FS severity was 21.8 
and 17.1. In addition, there was a high correlation between years in the disease severity 
observed from each cultivar at each orchard (Figure 3). All these results support previous 
observations indicating that orchards have more importance than years at explaining 
disease occurrence (Trapman, 2006). 

Control with organic products 

Goldrush apples were harvested on 14th of November. Accordingly to the results in the 
untreated trees, the SB pressure was very high (Table 2) whereas the occurrence of FS 
symptoms was, by contrast, very low (Severity index = 3.3; results not presented). All the 
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treatments reduced the SB severity although in a different degree. Armicarb (alone and 
mixed with wettable sulphur) and lime sulphur provided an excellent control of SB signs, 
with 100% of marketable apples (level damage lower than 2, i.e. less than 10% of the fruit 
surface blemished) (Table 2). Spraying with Myco-San resulted in an intermediate level of 
blemish and marketable apples (Table 2): most of the apples showed symptoms but in 
general only occupying a small fruit surface, usually the less exposed. Lime sulphur and 
Myco-San left visual residues on the apples. Excellent protection against SBFS by 
Armicarb (alone or with wettable sulphur) has been previously shown (Tamm et al., 2006; 
Mayr et al., 2010).  

 

Table 2. Treatment effect on the occurrence of sooty blotch signs: percentage of apples in each 
infection class, severity index and percentage of marketable apples.  

Severity 

index

Marketable 

apples (%)

0 1 2 3 4 5
(classes 0, 

1 & 2)

Control 0.0 1.1 12.2 34.4 24.4 27.8 73.1 ± 5.4 a 13.3

Armicarb 66.7 21.1 12.2 0.0 0.0 0.0   9.1 ± 2.3 c 100.0

Armicarb + sulphur 65.6 28.9 5.6 0.0 0.0 0.0   8.0 ± 2.1 c 100.0

Myco-San 6.7 25.6 25.6 30.0 10.0 2.2 43.6 ± 5.2 b 57.8

Lime sulphur 45.6 40.0 14.4 0.0 0.0 0.0 13.8 ± 1.9 c 100.0

Infection class

Mean ± SE

Treatment

 
 

The latest spraying was done on 23rd of September, that is, almost two months before 
harvest. During this period there was a considerable increase in SB severity in all the 
treatments (Figure 4). The high increase in symptoms when spraying ceased supports the 
results of studies that show that infection can take place throughout the fruit development 
period (Mayr et al., 2010; Spolti et al., 2011), and suggests the need of covering the whole 
season with spray applications. Therefore, in cases of late-maturing cultivars and in 
regions where apples are harvested relatively late, such as Asturias, a high number of 
sprayings could be necessary to protect apples over their development period.  

As a negative side-effect, the use of potassium bicarbonate increased lenticel spotting 
(sometimes known as ñTopaz spotsò) to intolerable limits, exceeding even the results in the 
control trees (Figure 5). Other products, including, curiously, the combination of Armicarb 
with wettable sulphur, diminished lenticel spots in comparison to the untreated trees. 
Tamm et al. (2006) also recorded an increase in lenticel spotting using Armicarb in 
Switzerland. Considering as marketable fruits only those without or with small lenticel 
spots (classes 0 and 1), only 4.4% of the Armicarb-treated apples could have been sold 
versus 65.6% in the control, 80% in the Armicarb + sulphur, 92.2% in the lime sulphur and 
95.6% in the Myco-San treatments (data not shown).   
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Figure 4: Treatment effect on the temporal progress of sooty blotch severity. 
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Figure 5: Treatment effect on the incidence and severity of lenticel spotting (mean + SE is shown; 
columns with the same letter are not significantly different). 

 

Moreover, a reddening in foliage was observed from mid September in some treatments, 
mainly in Armicarb-treated and in untreated trees. The increase of both lenticell spotting 
and leaf-reddening may be related to some extent to a toxic effect of Armicarb and may 
explain the lower fruit weight and total yield observed in Armicarb plots (Figure 6), which 
may be mediated by a reduction in the photosynthetic capability of trees. Therefore, the 
use of Armicarb may not be generally recommended before testing the effect of other 
doses in this and other cultivars. Further research is also required to reduce the number of 
spray applications.  

This first approach to the SBFS status in Asturias allowed us to know the importance of 
the disease and the cultivar susceptibility in our conditions. Further research is needed to 
develop a forecasting model and to use fungicides more efficiently.  
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Figure 6: Treatment effect on fruit weight and yield (mean + SE is shown; columns with the same 
letter are not significantly different). 
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Abstract 

Since 2005 research has been done on the biology of the sooty blotch complex at the 
Research station for fruit growing (Kompetenzzentrum Obstbau Bodensee) at Lake 
Constance area. In several trials, for example bagging trials, disinfection of apples on the 
trees and monitoring of disease development over 7 years, we find a correlation between 
disease development and leaf wetness. The appearance of the first symptoms in the field 
but also the further development of infestation seems to be linked with a certain number of 
wetness hours. Thereby the development stages of the fruits seem to have no influence on 
the appearance of sooty blotch symptoms.  
 

Keywords: sooty blotch, disease development, bagging experiments, wetness hours 

 

Introduction 

During the past years sooty blotch disease received a strong proliferation particularly in 
scab resistant varieties due to the diminished fungicide treatments. Especially in regions 
with a high amount of rain fall and humidity like the Lake Constance area, frequent 
summer treatments become necessary to avoid substantial losses of crops. Knowledge 
about the specific pathogens of the sooty blotch complex is limited. Although results of the 
research from North America are available, the transfer to German apple production is 
limited. Suitable knowledge about the identity of the local pathogens as well as their 
physiology relevant for infection is lacking. Since 2006 research on the infection biology of 
the sooty blotch complex has been done at the KOB Bavendorf. Results of bagging trials 
with focus on infection periods, efficiency of different plant protection strategies or 
susceptibility of different varieties were already presented within the scope of this 
conference (Mayr et al., 2008, Mayr et al., 2010). Based on a deeper understanding of the 
infection biology under western European conditions, the control of sooty blotch should be 
optimized in future by focusing on definable key events in the infection cycle. To reach this 
aim it is necessary to be able to describe several parameters which are relevant for 
infection, i.e. incubation period, more detailed. By using different methods, e.g. bagging 
trials, disinfection of fruit surface and monitoring of the infestation development, we could 
show that the duration of incubation as well as the further infestation development is 
influenced directly by the duration of wetness. 

 

Material and Methods 

To examine the influence of wetness on the first symptom expression and the further 
infestation development, different methods which are described below were applied. 
Infestation was assessed by using a six class scheme (0= without, 1= small spots 2= up to 
10%, 3= 10-25%, 4= 25-50%, 5= >50% of the surface with symptoms).  
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Disease severity can be calculated as an index using the following formula which takes 
into account the number of apples in each disease severity class. 

 

P = S (n*v) / (5*N) *100  
 
(P= disease severity index (%), N= total number of fruits, v = numerical value of the severity class: 0,1,2,3,4, 
5, n: number of fruits in each severity class) 
 

The weather data were determined with a weather station from the company ñThiesò. For 
recording leaf wetness a sensor measuring the electric conductivity of a hemp string was 
used. The leaf wetness sensor was positioned inside the tree. 

 
1. Monitoring of the disease development 

To examine the disease development over the years, untreated óTopazô apple trees were 
regularly monitored with regard to date of first symptoms and the further development of 
sooty blotch spots. Two times per week, beginning from the end of June, 250 marked and 
numbered apples were assessed for symptoms and classified in 6 severity categories. To 
establish a relationship between disease and fruit development as well as climatic 
parameters, phenological development and weather conditions were recorded. This 
disease survey has been carried out since 2005 and allows for seasonal comparisons of 
disease development.  

To examine the correlation between fruit development stage and the appearance of first 
symptoms, starting with a fruit diameter of 25 mm, weekly thirty fruits of untreated óTopazô 
trees were picked and laid out on a grass plain apart from apple trees to reach a higher 
amount of wetness. In contrast to incubation trials carried out in the years before under 
controlled conditions in incubator and moist chamber, this method led to the desired 
symptom expression.  

 

2. Bagging trials 

To find out when infections occur during the season, 8 x 30 fruits were put separate into 
waterproof bags starting middle of May with a fruit diameter of 25 mm. This allows a 
temporary protection against rain and infections. Subsequently the apples in the several 
experimental units were bagged out weekly. The infestation was assessed on the 9 th of 
August and at harvest time in September by using the described assessment scheme. 

In the opposite direction, in each case 30 apples were put into bags in a weekly interval 
starting middle of May. The apples remained in the bags until harvest in the middle of 
September. After harvest the bags were removed and the infestation on the apples was 
assessed. Subsequently the apples were laid out on a grass plain over a period of 4 
weeks.  

 

3. Disinfection of the fruit surface in the field 

For each experimental unit 30 apples were chosen and marked in untreated trees of the 
variety óTopazô. On the 22nd of June, before the appearance of the first symptoms in the 
field, the surface of the marked fruits was disinfected by dipping the fruits into alcohol and 
sodium hypochloride. Thereby we used the following dipping sequence: alcohol (70%) ï 
sodium hypochloride ï alcohol (70%) ï distilled water. The fruits were dipped 15 sec. into 
each solution. Fruits of the control unit were dipped only into distilled water. Disease 
infestation was assessed every 14 days starting on the 21st of July.  
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Results 

1. Monitoring of the disease development 

In the last years we find a trend in the correlation between the date first symptoms 
occurred and the sum of leaf wetness hours between petal fall and first symptoms, 
according to the method of Brown & Sutton (1995). After this method all moist periods 
beginning from the first rain 10 days after petal fall with a duration of more than 4 hours 
were accumulated. During the past 7 years a sum of 240 to 285 wetness hours was 
necessary for the appearance of the first symptoms in the field. These values are very 
similar to the amount calculated by Sutton for Northern America (Sutton et. al., 2002).  
 

Table 1: Summary of temporal appearance of different growth stages and sooty blotch symptoms 
as well as the corresponding accumulated wetness hours in the years 2005-2011 at KOB, 
Bavendorf. 

Parameter 2005 2006 2007 2008 2009 2010 2011 

Full bloom  30.04. 06.05. 18.04. 02.05. 25.04. 29.04. 19.04. 

ñPetal fall"  09.05. 16.05. 27.04. 08.05. 04.05. 12.05. 24.04. 

T-stage  18.06. 28.06. 31.05. 14.06. 27.05. 17.06. 03.06. 

Harvest time  04.10. 27.09. 13.09. 18.09. 22.09. 24.09. 20.09. 

First symptoms of sooty blotch  20.07. 05.08. 20.06. 15.07. 07.07. 22.07. 05.07. 

All apples with symptoms 08.09. 19.09. 31.07. 05.09. 24.08. 26.08. 05.08. 

Number of days between full bloom and first 
symptoms  

81 91 63 74 73 84 77 

Accumulated wetness hours (till first 
symptoms) 

278 285 241 205 240 287 275 

        
The observations allow the conclusion that the appearance of the first symptoms is 
primarily correlated with the wetness duration. The annual weather conditions as well as 
the phenological development stages of the fruits seem to play a minor part. If young fruits 
are transferred into a more humid environment, the incubation time can be shortened 
compared to the natural development in the tree. Exemplarily for the years 2009-2011 the 
results from the actual experiment year are shown in table 2.  
The fruits which were laid on the grass weekly, starting from the 19th of May with a fruit 
diameter of 25 mm, developed symptoms much earlier than the fruits that remained in the 
trees. Thus the fruits laid out on the 3rd of June showed the first symptoms already on the 
17th of June, 19 days before the appearance of the first symptoms in the control trees (5th 
of July). The more wetness hours the apples reached on the tree before laying out on the 
grass, the faster the symptoms developed under the more humid conditions.  
The symptoms appeared in each case on the part of the fruit which had contact to the 
ground, no matter with which side they were laid on the grass. The incubation duration 
could be clearly shortened by transferring the apples into a more humid environment. In 
addition, it could be shown that infections are already possible before the fruit reaches ñT- 
stageò and thus also before the wax layer on the fruit surface is fully developed. 
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Table 2: Disease severity index of apples laid out on grass at different points in time. 

Nr. laid out in 
grass 

leaf wetness 
hours 

disease severity index P (%) days till 
symptoms 

   10.6. 17.6. 24.6. 1.7. 8.7. 15.7. 21.7. 29.7.  

1 19.05. 41 0,0 0,0 7,0 32,0  40,0   37 

2 26.05. 67 0,0 0,0 12,1 24,1 39,3 42,2 62,2 62,9 30 

3 03.06. 120 0,0 2,1 11,0 31,0 37,9 47,6 60,7 58,6 14 

4 10.06. 159 0,0 0,0 4,7 17,2 27,9 37,2 45,3 45,3 14 

5 17.06. 204  0,0 2,0 19,3 43,3 59,3 53,5 63,3 8 

6 24.06. 255   0,0 5,9 24,0 44,1 51,7 67,3 8 

7 01.07. 274    0,0 7,6 33,1 57,2 79,3 8 

8 08.07. 288     0,0 33,3 60,0 87,6 8 

 

2. Bagging trials 

In the bagging trials, a correlation between wetness duration and the appearance of 
symptoms could also be observed. On the apples which were temporarily protected 
against spores and rain by bags, the first symptoms appeared after bagging out also after 
more than 200 wetness hours. Apples of treatment ñIò, which were bagged out on the 15th 
of July, still showed no symptoms on the 9th of August after 202 accumulated wetness 
hours (table 3). However, apples of treatment ñHò, which have been bagged out one week 
earlier and reached a total of 272 wetness hours till assessment date, showed first 
symptoms. Furthermore, the disease severity index (P%) of the apples bagged out at 
different dates increased nearly linearly to the sum of wetness hours accumulated till 
assessment date. 
 

Table 3: Disease severity index (P%) of different bagging variants  

on the 9th of August 2011. 

No. bagging period P (%) on 
August 9 

leaf wetness 
hours 

A 13.05.-19.05. 75,6 519 

B 13.05.-26.05. 75,2 493 

C 13.05.-03.06. 60,0 440 

D 13.05.-10.06. 44,0 401 

E 13.05.-17.06. 23,0 356 

F 13.05.-24.06. 16,2 305 

G 13.05.-01.07. 8,5 286 

H 13.05.-08.07. 2,3 272 

I 13.05.-15.07. 0,0 202 
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In contrast to the monitoring, the apples of the single bagging treatments were directly 
surrounded by already infested (unbagged) apples after bagging out. At the time when the 
apples of variation ñIò were bagged out, a disease severity index (P%) of 20% was 
assessed on the unbagged apples which increased to 70% until the first assessment date 
on 9th of August. Even with high inoculum in immediate vicinity it seems as if a certain 
wetness duration was necessary for incubation. 

 
In the counter-rotating trial beginning middle of May apples without visible symptoms were 
bagged continuously in a weekly chronology. The apples of the 8 bagging periods 
remained in bags till harvest. Bagging periods between 118 and 68 days were given. At 
harvest time apples were taken out of bags and were transferred in the humid environment 
in the grass. Symptom development could be prevented by avoiding wetness temporarily 
with bags. Only after reentry into humid conditions visible sooty blotch symptoms 
appeared. Figure 1 shows the disease severity index (P%) of the fruits 17 days after they 
have been laid out on the grass. The more wetness hours were already reached before 
bagging the apples, the higher was the disease severity index (P%) after laying out on the 
grass.  
 

 
Figure 1: Disease severity index (P%) of different bagging variants after 17 days on the grass. 

 
3. Disinfection of fruits 

The apples which have been surface-disinfected on the tree on the 22nd of June showed a 
clearly lower disease severity index than the control apples on the assessment dates 21st 
of July, 1st of August and 15th of August (fig. 2). On the 21st of July and after an 
accumulated sum of 170 wetness hours, the disinfected fruits still showed no symptoms 
(fig. 3). At this time a severity index of 28,7% was assessed in the control apples. The first 
visible spots on the disinfected apples were observed on 1st of August, 40 days and 240 
accumulated wetness hours after disinfection date. A disease severity index (P%) of 2,8% 
was assessed on this date. 13% of the apples showed first symptoms (severity class 1), 
87% were still free of symptoms. At this time the untreated control already had a severity 
index of 49,3%. 
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Figure 2: increase of the disease severity index (P%) of disinfected and untreated apples between 
21st of July and 15th of August. 
 

 
Figure 3: development of leaf wetness hours and disease severity index (P%) of disinfected apples 
between 21st of July and 15th of August. 
 
 

Discussion 

Working with wetness hours, the methodology of the leaf wetness measurement plays a 
central role. A calibration of leaf wetness sensors is not possible due to a lack of 
appropriate norms. Thus, the presented threshold values for leaf wetness can only be 
seen in relation with the leaf wetness sensor used in our investigations. By using different 
leaf wetness sensors and divergent positioning of the sensors these values can deviate 
due to different methodology. By continuous use of the same leaf wetness sensors and 
positioning over the years the results have been reproduced in our trials. The following 
conclusions can be derived from our investigations: 

For symptom development a certain sum of wetness hours seems to be necessary. In the 
Lake Constance area during the past 7 years a range of 240 ï 285 accumulated wetness 
hours according to the method of Brown & Sutton (1995) was necessary for the 
appearance of the first symptoms in the field. Even if a high inoculum already exists in the 
orchard, a comparable threshold value seems to be necessary for the incubation. The 
earlier the wetness duration which is necessary for the incubation was achieved, the 
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earlier the first symptoms appeared. If humidity is prevented, the symptom development 
can be inhibited or delayed. Also after time periods of more than 110 days without 
wetness, symptoms develop after reentry into humid conditions within a few days and 
even apart from apple orchards. Under humid conditions symptoms appear even on young 
fruits with a diameter < 25 mm. Thus, the development stage of the fruits does not seem to 
play a role for symptom appearance. In the last years it was supposed that the T-stage 
might play a role in the pathogens biology as from around this stage a process known as 
óleachingô starts when soluble substances are released out through the cuticle. Sooty 
blotch pathogens live only on the cuticula surface and feed on the substances released 
from the fruit. Thus the leaching process was supposed to be linked with the disease 
infection cycle.  
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Abstract  

An increased occurrence of the fungal disease Alternaria blotch of apple, sometimes 
resulting in severe production losses, has been observed in South Tyrol in recent years. In 
integrated production, up to now the disease could be effectively contained with the 
fungicides currently available on the market. The studies conducted in 2010 and 2011 
aimed at evaluating the efficacy of several plant protection products allowed in organic 
farming against Alternaria blotch of apple. Lime sulphur and acid clay were tested in both 
2010 and 2011. Potassium bicarbonate was tested only in 2010, while algae extract and 
copper sulphate were tested only in 2011. Up to now, satisfactory results were obtained 
only with the acid clay-based product Ulmasud.  

 

Keywords: Apple, Alternaria, Acid clay, Ulmasud, Lime sulphur 

 

Introduction 

The fungal species belonging to the genus Alternaria are pathogenic fungi affecting plants 
of worldwide distribution (Jones et al., 1997). Several different cultivated crops are 
affected. Especially hazardous for fruit growing, and thus also for the fruit growing area 
South Tyrol, is the species Alternaria alternata apple pathotype (Alternaria mali Roberts). 
In the orchards in South Tyrol, the first records of this disease occurred at the beginning of 
the 1990-ies. Initially the disease appeared only in isolated orchards, but soon it spread 
over the entire area. Infections are most severe on the cultivars Gala, Golden Delicious, 
and Crips Pink, and occasionally also Granny Smith can be affected (Marschall et al., 
2004). 

A. alternata is commonly regarded as a weakness parasite. It develops and overwinters 
saprophytically on non-living organic matter and in soil, and spreads by forming numerous 
spores producing host-specific toxins during germination, which are responsible of its 
pathogenicity. 

Affected fruits exhibit brown or black circular, pinpoint-sized spots, frequently with brown or 
red borders, on lenticels. Affected leaves exhibit brown spots that later enlarge and finally 
result in leaf drop. First symptoms of infection usually appear in spring on leaves and/or 
fruits, from end of flowering to mid June. Under conditions of warm temperatures and 
adequate humidity, damage increases over time up to harvest (Marschall et al., 2006). 

In integrated production systems, acceptable levels of control can be achieved with the 
fungicides currently available on the market. In organic production, instead, studies on 
adequate and effective control strategies are still in progress. 

 

Material and methods 

The studies on the efficacy evaluation of plant protection products for Alternaria blotch 
control in organic production were conducted in 2010 and 2011. The trials were conducted 
in an apple cultivar Golden Delicious orchard (rootstock: M9) located in Auer (South Tyrol, 
Italy). The study orchard had been planted in 2000. In addition to the treatments for 
Alternaria blotch control, all treatments commonly applied in organic orchards were carried 
out during the primary season (from June to September), while no additional fungicide 
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sprays were applied during the secondary season. The active ingredients of the formulated 
products tested in 2010 and 2011, product names, distributors, and tested field rates are 
reported in Table 1 and 2. 

 

Table 1: Description of the plant protection products tested in 2010 

Active ingredient Product name Distributor Applied rate (/100 l)

Lime sulphur Polisolfuro di Calcio Polisenio 1 kg, after July 0,8 kg

Acid clay Ulmasud Biofa 1 kg

Potassium bicarbonate Vitisan Biofa 1 kg

Untreated Control - - -  
 

Table 2: Description of the plant protection products tested in 2011 

Active ingredient Product name Distributor Applied rate (/100 l)

Lime sulphur Polisolfuro di Calcio Polisenio 1 kg, after July 0,8 kg

Acid clay Ulmasud Biofa 1 kg

Alga extract RB1 ICAS 400 ml

Copper sulphate (20%) Poltiglia Disperss Cerexagri 100 g

Untreated Control - - -  
 

In both study years, a randomized block design with 4 replicates of 10 trees each per 
treatment was used. To prevent biasing of data due to border effects, each experimental 
plot was shielded from the other plots by additional trees and rows. Treatments were 
applied using a motorized sprayer for experimental trials and a spray volume of 1500 l/ha. 
All treatments were applied at weekly time intervals from June to September in 2010 and 
from June to mid August in 2011. 

In both study years, assessments on Alternaria blotch were conducted at the end of 
August by counting the number of infected fruits and leaves on respectively ca. 200 fruits 
and 40 shoots. The percentage of infected fruits and leaves was then calculated. 

The percentages of infected fruits and leaves recorded in the two study years were 
compared across treatments using 1-way ANOVAs, followed by Tukeyôs test for post-hoc 
comparisons of means.  

 

Results 

In 2010, 25% of fruits were infected by Alternaria blotch in the untreated control. Ulmasud 
considerably reduced the percentage of infected fruits (10%), but differences among 
treatments failed significance due to high variability among plots (Table 3). In 2011, the 
percentage of diseased fruits in the untreated control amounted to 14%, and was 
significantly lower in plots treated with Ulmasud (1.4%) than in untreated control plots 
(Table 5).  

In 2010, the percentage of infected leaves was significantly lower in plots treated with lime 
sulphur and Ulmasud than in untreated control plots (Table 4). The efficacy of Ulmasud in 
reducing percent leaf infection was confirmed also in 2011 (Table 6): in the plots treated 
with the acid clay-based product, 57% of leaves showed disease symptoms, while leaf 
infection was highest in the plots treated with the RB1-based product (81%). 
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Trial 2010 

 

Table 3: Percentage of fruits infected by Alternaria blotch in the different treatments in 2010 

Treatment % affected fruits N Std. Deviation Std. Error of Mean Tukey HSD* 

Lime sulphur 25.2 4 11.0 5.5 a 

Ulmasud 10.0 4 6.5 3.3 a 

Vitisan 23.4 4 4.7 2.4 a 

Untreated control 25.2 4 5.7 2.8 a 

* Different letters indicate statistically significant differences (Tukey HSD test: P=0.05) 

 

Table 4: Percentage of leaves infected by Alternaria blotch in the different treatments in 2010 

Treatment % affected leaves N Std. Deviation Std. Error of Mean Tukey HSD* 

Lime sulphur 93.5 4 3.2 1.6 a 

Ulmasud 93.2 4 3.7 1.8 a 

Vitisan 99.0 4 .1 .0 b 

Untreated control 98.9 4 .9 .5 b 

* Different letters indicate statistically significant differences (Tukey HSD test: P=0.05) 

 

Trial 2011 

 

Table 5: Percentage of fruits infected by Alternaria blotch in the different treatments in 2011 

Treatment % affected fruits N Std. Deviation Std. Error of Mean Tukey HSD* 

Lime sulphur 11.0 4 4.8 2.4 ab 

Ulmasud 1.4 4 1.8 .9 a 

RB1 9.5 4 4.7 2.4 ab 

Copper 5.9 4 4.0 2.0 ab 

Untreated control 13.9 4 6.2 3.1 b 

* Different letters indicate statistically significant differences (Tukey HSD test: P=0.05) 

 

Table 6: Percentage of leaves infected by Alternaria blotch in the different treatments in 2011 

Treatment % affected leaves N Std. Deviation Std. Error of Mean Tukey HSD* 

Lime sulphur 67.3 4 9.5 4.8 ab 

Ulmasud 56.9 4 10.1 5.0 a 

RB1 81.0 4 4.7 2.3 b 

Copper 72.9 4 9.6 4.8 ab 

Untreated control 71.0 4 10.9 5.5 ab 

* Different letters indicate statistically significant differences (Tukey HSD test: P=0.05) 

 

Discussion 

Alternaria blotch is considered one of the major problems on apple in South Tyrol. In 
recent years, in addition to infection on leaves, disease symptoms appeared with 
increased frequency also on fruits, often resulting in up to 100% fruit damage.  

In the trials conducted in 2010 and 2011, the fungicides most commonly used in organic 
farming, that is lime sulphur, copper, potassium bicarbonate and acid clay, were tested for 
Alternaria blotch control. The products were applied during summer, in some cases by 
using high field rates and application frequencies. The acid clay-based product Ulmasud 
was the only fungicide showing acceptable levels of disease control, with a mean efficacy 
according to Abbott (1925) on fruits of approximately 60% in 2010 and 90% in 2011. 
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Additional studies are needed to evaluate the efficacy of copper, because in the trials 
herein reported this active substance has been tested at a relatively low field rate (20 g 
copper/100 l). In previous studies conducted on pear in Emilia Romagna (Italy), copper 
applied at higher field rates provided extremely promising control of Stemphylium 
vesicarium (Antoniacci et al., 2006), a fungus with a disease progression very similar to 
that of Alternaria blotch. 

In addition to the evaluation of new biological plant protection products, future studies 
focusing also on the efficacy of sanitary measures for the control of Alternaria blotch, are 
warranted. 
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Abstract 

In recent years pear rust (Gymnosporangium sabinae) caused serious damages in 
organically managed pear orchards, on different sites in Eastern Austria, especially in the 
surroundings of St. Pölten. Therefore the appearance and development of the fungus was 
monitored over three years 2009-2011 in this area. The infection period and phase of 
spore discharge were estimated with a spore trap and with observations of symptoms on 
potted pear seedlings. The results of this monitoring campaign showed a moderate 
infestation level in pear orchards over the three years with low damage on fruits. In all 
three years, the main infection period was found to be from end of April to early May. Light 
infections were observed also from mid of April until the end of May. Later spores were 
flying until mid of June but did not lead to infections. In an organically managed orchard a 
reduction of the infestation dependent on the distance to an infected host plant and on 
treatments with fungicides used in organic growing could be found. 

 

Keywords: pear rust, Gymnosporangium sabinae, organic farming. 

 

Introduction  

In 2007 and especially in 2008, pear rust (Gymnosporangium sabinae) caused severe 
damage on leaves, fruits and twigs of pears in many orchards in the area of St. Pölten. In 
this area most of the organically managed pear orchards in Austria were planted during 
the last 8 years.  

G. sabinae is a host changing fungus which is overwintering on twigs of some cedar 
species (Juniperus sabina, J. chinensis, J. x media). It is infecting pear trees in spring, 
mostly on leaves and less frequent also on twigs and fruits. Infections from pear to pear 
are not possible, whereas infections on cedars can reappear every year. Spring 
precipitation cause a swelling of telial horns on Juniperus sp.; in this process the 
teliospores are germinating and release basidiospores which are transported by wind to 
pear leaves. Clearing of cedars in the neighbourhood of pear orchards is a well-known 
method to reduce the infection pressure (Hilber & Siegfried, 1990). However, not in all 
cases the source (i.e., the infected cedars) can be found, and also quite frequently the 
owners of the cedars are not willing to cut the plants. Till now there is only few data 
available on the spreading distance of pear rust in literature, and estimates are reaching 
from a few hundred meters up to a few kilometres. The effect of fungicides used in organic 
growing like copper, (lime) sulphur or potassium bicarbonate pear rust is not precisely 
understood so far and subject of continuous research.  

This paper is reporting on the effort to bridge this gap reporting on lessons learned from a 
detailed field campaign investigating biology, development and possibilities of control of 
the host changing fungus in 2009-2011. 
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Material and Methods 

From 2009 to 2011, the occurrence of pear rust symptoms was monitored in 19 pear 
orchards in the surroundings of St. Pölten at the end of August. In each orchard the 
occurrence frequency and the leaf position of pear rust symptoms was recorded on 10 
long shoots and 10 short shoots of each cultivar (óUtaô and óConferenceô). At the same time 
the farmers filed a survey on how serious they see the damage in the actual and the 
previous year. The survey comprised 5 categories, reaching from 0 (= no damage) to 4 
(4=very serious).  

A Burkard 7-day recording spore trap was set up in 3 m distance from an infected 
Juniperus sabina in Klosterneuburg, Haschhof. The recording was done from April, 21st to 
June, 30th in 2010 and from April, 5th to June, 12th in 2011. The sum of collected spores 
was counted on daily basis. 

In spring 2010 and 2011, for each week three (in 2010) or two (in 2011) small potted 
seedlings of Pyrus communis óBartlettô were placed outdoor to monitor natural infections. 
The remaining time those were placed indoors protected from rain and infectious spores. 
In 2010, the trees were placed in the garden of the University of Natural Resources and 
Life Sciences Vienna where the next known infected cedar was within about 150 m 
distance. In 2011, the seedlings were put at Klosterneuburg, Haschhof next to the spore 
trap and an infected J. sabina. The pear seedlings were placed outdoor from 3 Mai 2010 to 
26 June 2010 and 12 April to 6 June 2011. The amount of infestations was counted either 
at the whole tree (2011) or at each tree at 1 to 3 long shoots (2010). 

In the years 2010 and 2011 the infestation development on pear trees was also monitored 
in Vienna (10 shoots ï 2010) and St. Pölten (5 shoots ï 2011). This data was analysed on 
dependence with the occurrence and amount of precipitation. On each twig the sum of 
leaves and the sum and position of pear rust symptoms was investigated once a week.  

In an orchard in St. Georgen the influence of the distance (50m, 110m and 170m) between 
pear trees and an infected host plant (Juniperus sabina) was examined. In each distance 
five pear trees of the cultivar óUtaô were assessed, infections on two short shoots and two 
longshots were counted at each tree. Additionally to these three variants with fungicide 
applications a control variant without fungicide application located in 50m distance to the 
infected host plant was monitored in the same way.  

 

Results 

Monitoring of symptoms on pears on the organically managed farms 

The results of the three year field campaign (2009-2011) on 19 farms showed a moderate 
infestation level with symptoms mainly located on leaves and rarely on twigs. The farmers 
participating in the survey estimated the infestation level in the years 2009 to 2011 
between light and medium, in comparison they conceived the infections in the year 2008 
as very severe. (data not shown). 
The largest number of infestations was found in 2010 on short shoots and long shots 
(25.72 and 11.05 per 100 leaves, respectively, see Table 1). In general the frequency of 
infestations symptoms was always higher on short shoots than on long shoots. Inter-
cultivar comparison showed that the cultivar óUtaô often had fewer infestations than the 
cultivar óConferenceô. However the statistical analysis of the data showed that significant 
difference between the cultivars was only found for 2010 on long shoots (p=0.035; 
independent sample T-Test).  
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Table 1: Average infestation level with G. sabinae on pear leaves in the observed orchards (N=19) 
in the area of St.Pölten 

 Symptoms/100 leaves 

Uta Conference Mean 

2009 long shoots 5.39 6.20 5.73 

2010 long shoots 9.41 13.3 11.05 

2011 long shoots 5.98 7.32 6.60 

     

2010 short shoots 28.27 23.03 25.72 

2011 short shoots 11.5 14.31 12.81 

 

Temporal development of infections in 2009-2011 

 

2009 was a quite early year regarding the vegetative development in spring and no 
precipitation occurred from budding to flowering. The first springtime rainfall occurred at 
the end of April (29th and 30th April) and caused first infections. Pear rust symptoms 
appeared in this year especially on the 7th to 9th developed leaf on long shoots. 

In 2010, first infection symptoms appeared on the 10th of May (Figure 1). As the 
incubation time of G. sabinae is about 3 to 4 weeks (Hilber & Siegfried, 2003), the infection 
can be related to the rainfall events of April 12th and 15th or the later event of the 20th of 
April. Our data shows that the main infection period was between early and mid of May 
when also the highest number of spores could be monitored in the spore trap at 
Klosterneuburg (Figure 2). Most symptoms occurred at the end of May, and only a small 
number of new symptoms could be counted in June. From July onwards no new pear rust 
spots occurred. However, spores were discharged until 21st of June. Infections especially 
happened on the 3rd to 6th leaf of long shoots. Pear rust symptoms appeared in 2010 on 
earlier built leaves then in 2009.  

 

The alternately outdoor placed pear seedlings got infected only in the first two settings (3rd 
Mai to 17th May). The later exposed trees had already stopped growing, and no symptoms 
did appear (data not shown). 
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Figure 1: Precipitation amount and infestation development of G. sabinae on long shoots on two 
pear trees (Pyrus communis, P. pyraster) in 2010 ï Boku, Vienna 
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Figure 2: Precipitation amount and discharge of spores of G. sabinae on a spore trap in 2010 ï 
Haschhof, Klosterneuburg 
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In 2011, rainfall events between the 12th and 15th of April didnôt led to spore discharge. 
Expectedly no symptoms could be seen 4 weeks later (Figure 4, 5). For the first time a few 
spores were observed at the 19th of April. Later rainfall events that occurred at the end of 
April led to a massive spore discharge (2593 spores ï 26.4.2011) and in consequence a 
large number of new infection symptoms could be monitored between mid and end of May. 
Also on the potted seedlings an enormous amount of pear rust spots was developed in this 
week of precipitation (data not shown). These rainfall events also caused an increase of 
growing and many new susceptible leaves were built. A second rain period in mid of May 
can be related to new infection symptoms about four weeks later, however not the 
infection is not accounted as very serious. As in the orchard also the potted trees showed 
only few symptoms after this event (see Figure 3).  
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Figure 3: Precipitation amount and infestations on pear seedling in 2011 ï Haschhof, 
Klosterneuburg 

 

Unfortunately due to technical problems with the spore trap details on the sporulation in 
this time period is not available for the analysis. Later this year a small number of spores 
were discharged in the first days of June. From the 17th of June onwards no new spots 
appeared on the monitored shoots.  

In this year most symptoms were formed on the 2nd, 4th and 5th leaves (data not shown). 
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Figure 4: Precipitation amount and infestation development of G. sabinae on long shoots on pear 
trees (cv. óUtaô) in 2011 ï Seeben 
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Figure 5: Precipitation amount and discharge of spores of G. sabinae on a spore trap in 2011 ï 
Haschhof, Klosterneuburg 
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Effects of fungicide treatments and host distance on the infestation level in the monitored 
pear orchard 

 

The first rain period of 2011 (12th to 15th April) with probable infestations in the organic 
managed pear orchard was protectively treated with 0.5l/ha copper oxychloride (Figure 6), 
however no infection period was estimated, as the results from the spore trap showed. The 
main infection period from 24th to 27th of April 2011 was treated as well as a small 
precipitation event at 3rd of May with 9.86 kg/ha of lime sulphur. The second and less 
serious period of infection was treated with 0.4 l/ha copper oxychloride (see Figure 6). 
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Figure 6: Fungicide treatments and precipitation in the pear orchard (cv. óUtaô) in St. Georgen, 
Austria in 2011. 

 

The assessment of August 26th showed that the heaviest infections with G. sabinae could 
be found on the untreated control variant in 50 meter distance from the host plant with 33.4 
spots per 100 leaves (Figure 7). At the same distance the variant treated with fungicides 
showed only 9.7 symptoms per 100 leaves. Also the treated trees in further distance 
showed fewer infestations than the trees in 50 m distance, even though there was no 
significant difference between all three treated variants (see Figure 7). 
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Figure 7: Infestation in depend on host distance and plant treatments 

 

Discussion 

The investigations in pear orchards in the surroundings of St. Pölten revealed a much 
lower infestation level in the evaluation years 2009 to 2011 than in the year 2008, which 
was designated as a year of heaviest infection on pear leaves, fruits and twigs by the 
farmers participating in the survey.  

Over the three years the main infection period occurred between the end of April and the 
beginning of May. Light infections also occurred from mid of April till the end of May. The 
results show that the precipitation event observed at the end of April 2011 caused most 
infections on early build leaves, whereas infections in the beginning of Mai in 2009 and 
2010 led to more infections on later build leaves.  

The spore trap showed a spore flying period till beginning or even mid of June, even 
though no later infections could be monitored on pear leaves. The alternately outdoor 
placed pear seedlings in 2010 seemed to be only infected during shoot growing. No new 
infections could be found on the seedlings after terminating growth, even though spores 
were discharged at this time. Earlier work on pear rust by Hilber et al. (1990) showed that 
artificial infections were only effective on young leaves. In their investigations about the 
closely related cedar apple rust (G. juniperi-virginianae) Aldwinckle et al. (1980) found, that 
4 to 8 day old leaves get more lesions than 10 or 12 days old ones. Our results are in good 
agreement with these studies as after the end of the shoot growing period no more 
infections were observed at our monitored sites.  

When an orchard was treated with fungicides commonly used in organic farming during 
the estimated main infection periods, the infestation level dropped remarkably by 70 
percent. As spore discharge was largest at the end of April the main protection effect could 
be achieved by lime sulphur application on the 26th of April. These results show the high 
potential of organic fungicides in the protection of orchards from pear rust and suggest 
further studies on the effect of other fungicides for organic farming. The direct relationship 
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of infection frequency and distance to the host plant couldnôt be proved statistically 
significant within this analysis, however a decrease of infestations with distance to the host 
was found. Ormrod et al. (1984) conducted a field study were pear trees in 300 meters 
distance to a cedar shrub were not infected by G. sabinae. They monitored infections in 
distances up to 150 meters and no effect of the direction of the pear trees from the source. 
The monitoring at the farms in the surroundings of St. Pölten showed a high risk of serious 
infections in orchards nearby an infected cedar. In addition almost every orchard 
monitored showed pear rust symptoms even if no infected cedar could be found in the 
direct neighbourhood. This provides some evidence that in windy regions like St. Pölten 
the distance of spore threating could be much higher than 300 meters. 

For improving the control of G. sabinae a next step is creating a forecast model. 
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Advantages from Canopy Related Spray Application                                      
in Organic Top Fruit Production 

P. Triloff1, G. Bäcker2, S. Kleisinger3 

 

Summary:  

To reduce the negative environmental impact of copper as an important fungicidal 
substance, especially for the control of apple scab, new molecules and formulations with 
lower dose rates of copper have been developed in the past years. Canopy related dosing 
may contribute to this desired reduction by adapting the dose rate to canopy cha-
racteristics. Since spray application produces losses to non target areas and the 
atmosphere and may influence quantitative and qualitative distribution of pesticides on the 
target, it was interesting if there are possibilities for improvements of the application 
process that may be utilized to once more reduce dose rates in relation to canopy 
characteristics or increase efficacy at dose rates that may no more be increased. 

Based on the MABO-dosing model, relating water volume, dose rate, forward speed and 
fan power to the canopy, the effects on spray deposits have been compared with common 
dosing and application rules using fixed water volume, preset forward speeds and nominal 
fan power. Spray cover from three canopy systems has been analysed on deposit on the 
entire leaf and on coverage and droplet deposit density on both upper and lower leaf 
surface.  

The canopy related application could for the very most parameters compensate a 
reduction of water volume per ha as canopy width decreased, leading on the upper leaf 
surface to very similar coverage and droplet deposit density and improved spray cover in 
the centre of broad canopies. On the lower leaf surface both methods resulted in a strong 
overdeposition increasing as canopy width increased. The results clearly showed that 
canopy adapted spray application improves efficacy of deposition, and thus may be 
utilized to further reduce dose rates in combination with canopy related dosing models. 

 

Key words: copper, fan power, spray deposit, coverage, droplet deposit density 

 

Introduction:  

A better understanding of apple scab (Venturia inaequalis, Cke., Wint.) and its host in the 
past two decades has yielded several tools like sophisticated simulations to predict the 
behaviour of the fungus, sanitation means to reduce the primary inoculum to levels the 
fungicides can handle with acceptable success, and specific spray strategies increasing 
the efficacy of control of individual infections. Altogether these tools allow this important 
disease of apple to be controlled in organic farms at least as effectively as in integrated 
production in the primary season. To obtain this result in organic apple production, copper 
is probably the strongest fungicidal substance available and is required to control the most 
severe primary infections. Since copper is a heavy metal accumulating in the soil and 
exhibiting some negative impacts, e.g. on earth worms and aquatics, its further use in 
Germany has been endangered. With the development of new formulations and new 
copper containing molecules the amount of copper required per unit area of a crop has 
been reduced enormously and resulted in the registration of new copper products in  
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Germany recently. However it has not yet been assessed if spray application may offer 
some potential to either directly reduce the farm specific total consumption of copper by 
canopy related dosing and more efficient spray application or indirectly by an increase of 
an insufficient efficacy from dose rates that may no more be increased. 

 

Results from a project to develop a method to reduce spray drift with small droplet nozzles 
(Triloff, 2011) may provide another means for a further reduction of total copper 
consumption used for e.g. apple scab control in organic fruit production. Besides an almost 
horizontal air stream the main key for the reduction of spray drift from small droplets is the 
adaptation of fan power to the canopy by forward speed and fan speed, transporting the 
spray mist just into the canopy but not out again into the next alley way. Since this 
adaptation is contrary to the widespread opinion that only a strong air stream produces a 
good cover it was also interesting to assess the effect of the adaptation of fan power to the 
canopy on spray deposition. Therefore both methods - dosing and application after a 
model that adapts water volume, dose rate, forward speed and fan power to the canopy 
and the classical method with fixed dose rates per ha, low forward speed and full fan 
power - have been compared in three canopy systems; a broad three row bed, a regular 
slender spindle and a super spindle. 

From only little research on the effect of reduced fan power on spray deposit, it is known 
that in trials with big canopies, already Randall (1971) reports most uniform spray deposits 
from highest air volumes and lowest air speed inside the canopy. In citrus Whitney & 
Salyani (1991) find lower spray deposits at the canopy surface than 0,6 m inside the 
canopy and attribute this effect to a high air volume at high speed. In fruit trees with a large 
canopy also Derksen & Gray (1995) did not find an increase of spray deposit after raising 
fan speed. An improvement of spray deposit has been achieved by Landers & Farooq 
(2004), who did not reduce fan speed of axial fans in top fruit but reduced air intake by 
wooden ñdonutsò with various size and so reduced air volume. An indirect prove of a 
positive effect of a reduced fan power on spray deposit in apple is reported from 
Richardson et al. (2000), who at crosswind found higher deposits on the upwind tree row 
than on the downwind row. But also headwind not only leads to an improvement of spray 
deposit as Cross et al. (2003) state, but also decrease spray drift, indicating the positive 
effect of a reduced reach of the air stream. Also in grape vine a reduction of fan power 
improved spray cover even at early developmental stages with little leaf area as Pergher & 
Gubiani (1995) report. Later in the season with a high leaf area the authors even found a 
reduced spray deposit from increased fan power and increased water volumes, indicating 
a poor penetration of the spray mist into the canopy at high air speed because of a 
shielding effect of the large leaves and a loss of spray liquid through run off at higher water 
volumes. The influence of fan power on spray deposit is rather high as Pergher (2005) 
notes which before bloom decreased spray deposit by 23% and after bloom by 21% when 
increasing fan power from 6,3 m3

¶s-1 to 10,6 m3
¶s-1. This improvement of the spray cover in 

grape vine by reduced fan power was also confirmed by Pezzi & Rondelli (2000) and 
Pergher & Lacovic (2005). 

To evaluate combinations of a canopy adapted air stream and varying forward speed on 
the spray deposit, a trial series was carried out which combined a three dimensional 
dosing model adapting spray volume per ha, forward speed and fan power to the canopy 
(Triloff, 2005). While spray volume per ha and forward speed are calculated by the model 
and decrease resp. increase as canopy width decreases, fan power has to be adjusted 
visually for each canopy to a value where at the forward speed calculated by the model 
only very little spray mist is transported through the canopy into the next alley way. 
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Material and methods: 

Orchards: Three apple orchards with differing dimensions have been selected from 
commercial farms to cover the range of planting systems at Lake Constance area: 

1) Ă3-row bedñ, variety Jonagold M9, planted in 1982, canopy width 3,20 m 

2) ĂSlender spindleñ, variety Jonagold M9, planted in 1986, canopy width 1,35 m 

3) ĂSuper spindleñ, variety Jonagold M9, planted in 2004, canopy width 1,00 m 

 

Orchard Sprayer: For all three orchards a tower sprayer ĂWanner SZA32/1500ñ with a 
nominal fan power of 34.000 m3

¶h-1 at the small fan gear was used, fitted with 2 x 8 
hydraulic hollow cone nozzles ĂAlbuz ATR purpleñ which were used in all treatments. 

 

Adaptation of fan power: To adjust fan power at each forward speed the model 
calculated to a value where only little spray mist was transported through the canopy into 
the next alley way, a few metres where sprayed in each planting system, with a second 
person visually monitoring the reach of the air stream in the alley way next to the sprayed 
tree row. 

 

Dosing and application treatments: In each of the three orchards three plots were 
sprayed according to the owners setting of forward speed at a constant water volume of 
200 l¶ha-1 and nominal fan power. According to the dosing model three other plots were 
sprayed at differing settings of water volume¶ha-1, forward speed and fan power (table 2). 

 

Table 1: Trial treatments to evaluate spray cover 

Treatment Training system 
Application 
method 

Forward 
speed 

Fan power 

PTO* 

Spray 
liquid 
pressure 

Water volume 

km¶h-1 min-1 bar l¶ha-1 

I 3 row Bed Ăgrowerñ 6,7 540 16,5 200 

II 3 row Bed Ămodelñ 3,8 460 7,5 237 

III slender Spindle Ăgrowerñ 8,0 540 9,0 200 

IV slender Spindle Ămodelñ 9,0 330 7,5 153 

V Super spindle Ăgrowerñ 9,0 540 11,0 200 

VI Super spindle Ămodelñ 12,1 290 7,5 114 

* = The fan of the sprayer was operated only in the low gear 

Bold letters and numbers indicate treatments in the graphs: e.g. treatment I: Be g 6,7 540 16,5 200 

 

Leaf sampling: From each trial plot in the 3rd of five beds/rows sprayed, 10 leaves where 
picked in each of 4 canopy sectors from the top to the bottom of the canopy in each of 
three trees according to the protocol for spray cover trials (Schmidt & Koch, 1995; 
Ganzelmeier & Schmidt, 2003) shown in figure 2. Leaf samples were picked immediately 
after the spray cover had dried off.  

 

Fluorescent tracer: As fluorescent tracer Tinopal® NFW, a 20% water soluble formulation 
of disodium-2,2'-([1,1'-biphenyle]-4,4'-diyldivinylene)bis(benzolsulfonate) was used. The 
dose rate of the tracer was set to 1,0 l¶100 l-1 to achieve sufficient fluorescence for the 



Reviewed Papers                                                                                                                       77 

image analysis. For thoroughly mixing the tracer in the spray tank a 15 minute agitating 
period was required. 

Leaf sample analysis: Leaf samples were analysed on coverage and droplet deposit 
density on each upper and lower leaf surface by image analysis (Media Cybernetics 
ñImage-Pro 5.0ñ) followed by an analysis on spray deposit of the total leaf area by 
fluorometry (auto-sampler ñPerkin Elmer AS 91ò, luminescence-spectrometer ñPerkin 
Elmer LS 30ò). 

 

Results: 

Spray deposit: With both methods of dosing and application a decrease in spray cover is 
observed as canopy width decreases, even at the constant water volumes¶ha-1 in the 
ñgrowerò scheme, but with a higher gradient in the ñmodelò scheme. Adapting water 
volume, forward speed and fan power to the canopy, ñmodelò improved average spray 
deposit in the bed system by 36% compared to ñgrowerò although water volume was 
increased by only 18,5%. In the slender spindle ñmodelò gave the same average spray 
deposit as ñgrowerò despite water volume¶ha-1 was reduced by 24%. In the super spindle 
ñmodelò resulted in a 23% reduction of spray deposit despite a 43% reduction in water 
volume per ha, compared to ñgrowerò. Comparing ñmodelò to ñgrowerò in terms of overall 
efficiency of spray deposition, ñmodelò resulted in a 28% more efficient use of pesticides, 
comprising a 16% reduction in pesticide consumption and an average increase of spray 
deposit by 7,7%.  

Plotting spray deposit over canopy height, increasing canopy width resulted in a strong 
increase of spray deposit as the sampling position increased. The highest increase was 
observed in the bed system at the ñgrowerò scheme with a factor of 2,4 between the  

Figure 1: Spray deposits over canopy height calculated as average values of the 4 sampling 
sectors and average values of all individual data (n = 120) plotted at sampling position 
0,0 m. Includes the scheme for leaf sampling at 4 canopy sectors (according to Schmidt 
& Koch, (1995), Ganzelmeier & Schmidt; (2003), modified) 
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highest and lowest sampling position. This increase is generally slightly stronger within the 
ñgrowerò plots and is still visible in the super spindle, while ñmodelò gave an almost uniform 
spray deposit over canopy height in this system (figure 1).  

 

Relative Coverage: On the upper leaf surface, coverage ranged between 10% and 17% 
over all planting systems and spray schemes and decreased as canopy width became 
less. Maximum average values reached 17% and 14% in the bed system, 14,3% and 
13,8% in the slender spindle and 10,5% and 10% in the super spindle for ñgrowerò and 
ñmodelò schemes. Plotting coverage data over canopy height showed a slight decrease as 
sampling position increased for all treatments (figure 2). Comparing ñmodelò to ñgrowerò, 
the efficiency of application decreased by 29% in the bed system but with still the same 
absolute values as in the slender spindle trees. In the slender spindle and the super 
spindle, ñmodelò appeared to be 27% and 67% more efficient as the ñgrowerò scheme. 

 

Droplet deposit density: As observed with the spray cover on the upper leaf surface, 
also this parameter for both methods showed a decrease as canopy width decreased. 
Average values for ñgrowerò and ñmodelò in the bed system were 62¶cm-2 and 70¶cm-2, in 
the slender spindle 61¶cm-2 and 59¶cm-2, and 51¶cm-2 and 45¶cm-2 in the super spindle. 
When plotted over canopy height, the average values of the four sampling sectors in the 
bed system showed an almost vertical alignment, while in the slender spindle trees a slight 
decrease with increasing canopy height was observed which appeared to be more 
pronounced for ñmodelò than for ñgrowerò. In the super spindle, the values of ñmodelò 
decreased with increasing canopy height while for ñgrowerò an increase was recorded 
(figure 3). Separating the average values over canopy height into the 4 canopy sectors, 
very clearly a higher droplet deposit density has been measured in the upper part of the 
centre of the bed system for ñmodelò which was not detected in the ñgrowerò scheme. The 
droplet deposit densities measured on the upper leaf surface also indicate an increase of 
the efficiency of deposition of ñmodelò compared to ñgrowerò of 27% in the slender spindle 
and 55% in super spindle orchard, while in the bed system ñmodelò appeared to be 5% 
less efficient than the application according to the ñgrowerò scheme. 

 

On the lower leaf surface image analysis for both relative coverage and droplet deposit 
density revealed a strong oversupply of spray liquid of about 2,5 x for Ăgrowerñ and 2,0 x 
for Ămodelñ, compared to the upper leaf surface, even without taking into account 
overlaying deposition on the lower leaf surface (figure 4). From this reason detailed data of 
the lower leaf surface are not presented. 

 

Discussion: 

The spray trials clearly showed that even with a fixed water volume per ha in the Ăgrowerñ 
plots the average spray deposit is decreasing as canopy width decreases. This decrease 
may be caused by the slight increase of forward speed in the ñgrowerò plots because the 
relative reduction of the spray deposit complied with the relative increase of forward speed 
from the bed system to the super spindle. Since this reduction of the average spray cover 
per cm2 is stronger in the ñmodelò plots compared to ñgrowerò, canopy related dosing 
models may not produce a constant average spray deposit per cm2. 

Plotting spray deposits over canopy height discloses a very uneven distribution of the 
spray deposits with a strong increase as sampling height and canopy width increase. As 
the results show, a great percentage of the spray mist has been deposited at the upper 
part of the canopy while values at the bottom of the canopy did not vary much between the 
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three canopy structures and both dosing and application methods. Consequently a 
judgement of the spray cover by average spray deposits appears to be very questionable 
since it does not take into account an uneven distribution over canopy height and width.  

However the analysis of the spray deposits of the canopy surface and the centre showed 
gradients from the surface to the centre which were lower for ñmodelò than for ñgrowerò in 
the spindle and super spindle trees, indicating a better deposition of spray mist inside the 
canopy with a canopy adapted fan power even at a high forward speed. In the bed system 
with a high canopy width, ñmodelò resulted in a higher gradient but produced a higher 
absolute spray deposit in the canopy centre than did ñgrowerò, indicating an improvement 
of spray deposition also in broad canopies. In this respect a slower forward speed at 
canopy adapted fan power seems to be more suitable than a high fan power at a higher 
forward speed.  

But even a more detailed analysis of spray deposits appears to be inappropriate for 
judging the application of pesticides in fruit trees since it ignores an uneven distribution on 
the leaf surface over the canopy structure. This becomes very obvious when analysing 
spray coverage separately on the upper and lower leaf surface. These data clearly proved 
that even with the almost horizontal air stream of the tower sprayer the average coverage 
on the lower leaf surface over all canopy systems and methods was 2,3 x higher than on 
the upper surface. Since coverage mirrors mass distribution to a certain extent, it may be 
concluded, that also spray deposit is much higher on the lower leaf surface than on the 
upper one, but also much higher at the top of the canopy than at the bottom, decreasing 
as canopy width decreases. 

Since coverage on the upper leaf surface in the three canopy structures did not vary 
remarkably between ñgrowerò and ñmodelò, an improved deposition from adapting forward 
speed and fan power to canopy width by the dosing model compensated a 24% reduction 
in spray volume¶ha-1 in the slender spindle and a 43% reduction in the super spindle, 

Figure 2: Relative coverage over canopy height calculated as average values of the 4 sampling 
sectors and average values of all individual data (n = 120) plotted at sampling position 
0,0 m 
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compared to ñgrowerò. These results clearly show that the deposition efficiency increased 
as canopy width decreased and forward speed and fan power were adapted to the 
canopy. In the bed system ñmodelò resulted in a 16% reduction of the coverage compared 
to ñgrowerò on the upper leaf surface, but absolute values were still as high as recorded in 
the slender spindle from both methods. 

Comparing coverage on the upper leaf surface of the canopy surface with the canopy 
centre, the average ratios over canopy height generally have been rather low with slightly 

Figure 3: Droplet deposit density over canopy height calculated as average values of the 4 
sampling sectors and average values of all individual data (n = 120) plotted at sampling 
position 0,0 m 

 

Droplet deposit density on upper leaf surface; average values sectors "A" - "D"

0 20 40 60 80

S
a

m
p

lin
g

 p
o

s
it
io

n
 a

b
o

v
e

 g
ro

u
n

d

0,0

0,5

1,0

1,5

2,0

2,5

Be g  6,7 540 16,5 200

Be m 3,8 460 7,5 237

Sp g  8,0 540 9,0 200

Sp m  9,0 330 7,5 153

Su g  9,0 540 11,0 200

Su m 12,1 290 7,5 114

Åcm
-2

m

Figure 4: Differently covered leaf surfaces of the same leaf (left = upper surface; right = lower 
surface). On the lower leaf surface an uncovered spot (risk area) is visible (Photos: 
Triloff, 2007). 

 


