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Abstract

In this short review, current scab management strategies are interpreted from
the aspect of environmentally-benign production. The basic features of plant pro-
tection in integrated and organic apple production systems will be shown and their
relationships with apple scab epidemiology and management will be presented.
Then, all types of control measures such as mechanical, agrotechnical, biological,
biotechnical and chemical control will be demonstrated shortly which are ap-
proved in integrated and/or in organic scab management programs. In the inte-
grated production system, special attention will be paid to current disease warning
systems which will be related to cultivar susceptibility, spraying techniques and
timing of spray applications. Finally, future aspects and possible improvements on
scab control strategies are interpreted.
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Introduction

Both environmental and food-safety concerns have generated a great interest in
integrated pest management (Penrose et al. 1994, Cooley and Autio 1997) which
is a decision-based process involving coordinated use of multiple tactics for opti-
mizing the control of all classes of pests (insects, pathogens, weeds, vertebrates) in
an ecologically and economically sound manner (Prokopy 2003). Biologically/cul-
turally-based tactics reduce pesticide use through alternative practices that replace
some, or even all, of the pesticides needed to control a pest. The greater the shift
from traditional, chemically-based tactics to biologically/culturally-based tactics,
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coupled with strategies that integrate pest management practices, the more ad-
vanced the IPM program (MacHardy 2000). Although integrated approach has re-
duced pesticide use in apple production, there is increasing pressure for further
reductions for all classes of pesticides (Zalom 1993, Penrose et al. 1994, 1996,
Cooley and Autio 1997, MacHardy 2000, Prokopy 2003). Fungicides comprise the
greater proportion of pesticides applied to apples (Bower et al. 1993, Penrose
1995, Holb et al. 2005 b) and the largest proportion of fungicide sprays are applied
to control apple scab, caused by Venturia inaequalis (MacHardy 1996, 2000,
MacHardy et al. 2001). Scab management involves 6–16 fungicide treatments per
season, depending on the weather conditions and disease pressure (Köller et al.
1991, Van der Scheer 1992, Beresford and Manktelow 1994, Penrose and Dodds
1994, Manktelow et al. 1996, MacHardy 1996, 2000, MacHardy et al. 2001, Carisse
and Dewdney 2002, Holb et al. 2003, 2004, 2005 b, Vincent et al. 2004), which
represent up to 90% of the annual fungicide costs in apple production. Therefore,
an important objective in integrated orchard management programs is the reduc-
tion of primary scab inoculum in order to lessen fungicide use during the growing
season (MacHardy 1996).

Advanced scab management strategies
in integrated apple production

The basic disease management practices are cultural practices including
cultivar resistance, mechanical, biological and chemical control. Cultivars with
partial resistance to scab are known, and there is a potential to reduce the fungicide
dose to control scab in orchards planted with these cultivars (Blaise and Gessler
1994). Some of those scab-resistant cultivars are available, but due to their low or
middle levels of fruit quality standards, they have not been widely planted or ac-
cepted in integrated apple orchards. Cultivars, throughout the selection of several
genotypes in orchard plantings, are also used as a management practice. Different
genotypes planted in mixed cultivar stands seem to effectively reduce incidence
and severity of plant diseases (Mundt 2002, Mundt et al. 2002), including apple
scab (Masny and Bielenin 2001, Meszka et al. 2002). Unfortunately, biological
products against apple scab are not available; however, there are some good experi-
mental results in this field with Athelia bombacina and Microsphaeropsis ochracea spe-
cies (Heye and Andrews 1983, Carisse et al. 2000, Vincent et al. 2004). Nowadays,
chemical control relies mainly on DMI and strobilurin fungicides (Köller et al.
1991, Carisse and Pelletier 1994, Köller and Wilcox 2000, Broniarek-Niemiec et al.
2002, Broniarek-Niemiec and Bielenin 2003, Köller et al. 2005). However, there
are several examples of reduced activity of these fungicides against apple scab
(Parisi et al. 1994, Shirane et al. 1996, Köller et al. 1997, 2004, Köller and Wilcox
2001). This called for developing resistance management strategies, which were
critically evaluated and improved by the study of Köller and Wilcox (1999). For the
last two decades, great attention has been paid to sanitation practices against apple
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scab, including ploughing (Curtis 1924, Louw 1948), shredding of leaf litter
(Sutton et al. 2000, Vincent et al. 2004), leaf collection (MacHardy in press), urea
application (Burchill et al. 1965, Burchill 1968, Ross and Burchill 1968, Sutton et
al. 2000, Meszka and Bielenin 2001, 2002, 2003, Vincent et al. 2004), antagonists
against pseudothecia of apple scab (Heye and Andrews 1983, Carisse et al. 2000)
and fungicide applications applied to fallen infected leaves (Connor and Heuberger
1968, Gadoury et al. 1989, Biggs and Warner 1990) on suppressing the ascigerous
stage of V. inaequalis.

In most advanced scab management strategies, scab warning models are used
to control the disease. These models are incorporated into decision-making sys-
tems and used as a computer software program such as APPLESCAB (Blaise et al.
1987), SEEM simulator (Seem et al. 1989), VENTEMTM (Butt et al. 1992), RIMpro
(Trapman 1994), and WELTE (Aalbers et al. 1998). Their main purpose is to opti-
mize fungicide use by better timings of fungicide sprays. In Figure 1, the funda-
mentals of these computer programs and their relationships in an advanced scab
management are shown. The figure explains that sanitation practices and biologi-
cal control are used to reduce disease inoculum and scab epidemics. Information
on this procedure is incorporated into pathogen submodels of scab warning sys-
tems. Computer models calculate the severity of scab infection depending on
cultivar resistance, weather variables and information obtained from the pathogen
submodels. Then the decision-making modul of the computer models gives sug-
gestion on fungicide selection and/or possible fungicide reduction.

The typical scab computer program is centered on a warning system consisting
of (1) weather data collecting equipment from which infection periods (mainly
Mills’ scab infection periods) can be predicted, (2) strategies to apply fungicides
based on the predicted “severity” of the infection periods, and (3) several possibili-
ties (e.g., telephone, printed page, satellite) to notify the grower as quickly as pos-
sible of current infection conditions (Fig. 2). This type of scab warning program is
designed to improve the efficiency of scheduling fungicides.

The most advanced integrated scab management program has been developed
in the United States (MacHardy 1993, 1996, 2000, Sutton et al. 2000). In addition
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to the above warning system, two new strategies were developed. These systems
were based on the pathogen spores (ascospores) that cause the initial infections,
which was measured in autumn as the number of scabbed lesions on 600 shoots.
The two systems are as follows:

1) a “scab-risk” action threshold that distinguishes “low-risk”, “moder-
ate-risk” and “high-risk” orchards. The developed system was able to distin-
guish “high-risk” orchards from “low-risk” orchards which could allow to use
tactics for the reduction of early season fungicide dose and application numbers.
This resulted in lower fungicide costs and a better application of fungicide-resis-
tance strategies (Fig. 3);

2) a “sanitation” action threshold which could enable the grower to re-
duce scab-risk action threshold by using orchard sanitation (leaf shredding and
urea application in autumn or early spring). The use of sanitation reduces the
potential ascospore dose (PAD) and allows a “moderate-risk” orchard to be con-
sidered as a “low-risk” orchard, and the grower can use the tactics recom-
mended for a “low-risk” orchard (Fig. 4).
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The “sanitation” action threshold improves fungicide efficiency by (1) reducing
the fungicide dose in a “low-risk” orchard, (2) employing sanitation practices to
economic advantage in a “moderate-risk” orchard, and (3) alerting the grower to
prepare for a full-season fungicide schedule in a “high-risk” orchard.

Newly developed scab management decision system
in organic apple production

In organic production, the use of synthetic products is not permitted; therefore,
scab control in organic apple production relies on copper and sulphur fungicides.
Efficacy of these fungicides is lower compared to synthetic fungicides used in inte-
grated apple production. Therefore, scab epidemics are much more severe in or-
ganic apple production compared to the integrated one. Moreover, an effective
bioproduct against apple scab has not been commercialized yet and the most effec-
tive fungicide component (copper) is banned in several Western-European coun-
tries, which calls for new alternatives against apple scab. In recent studies (Holb et
al. 2004, 2005 a), the role of overwintered conidia was proved in early scab epi-
demics in organic apple orchards and curative efficacy of lime sulphur against ap-
ple scab was verified under field conditions (Holb et al. 2003). These two main
findings allowed to construct a theoretical scab warning model against apple scab
in organic apple production (Holb et al. 2005 b). The structure of the model is
shown in Figure 5. In this model three parameters should be incorporated: 1) Y75
as the time for bud closure for cv. ‘Jonagold’, 2) previous year autumn scab inci-
dence (40%) as minimum threshold criterion for overwintering conidia, and 3)
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minimum values of AUDPC (Area Under the Disease Progress Curve) and theta
(the absolute rate of disease progress) for calculating the present year epidemic in-
tensity until the tree reaches day Y75. The effect of spray application can be mod-
elled based on the above factors in order to suppress conidial entrapment as much
as possible. If computer calculated AUDPC and theta are lower than the minimum
and until mid-October the orchard has a lower level of scab incidence, less than
40%, then no further control is needed against overwintering conidia. However, if
computer calculated AUDPC and theta are higher than the minimum and autumn
scab incidence is between 40–60% until mid-October then an additional copper or
lime sulphur spray should be applied at bud burst next spring. And finally if com-
puter calculated AUDPCs and theta are higher than the minimum and autumn
scab incidence is above 60% until mid-October then an additional early fungicide
spray combined with winter pruning should be applied in order to suppress infec-
tions by overwintered conidia.

Concluding remark

In integrated apple orchards, the combination of chemical, cultural and biologi-
cal control methods in scab management strategies is only the first level of IPM in
the Integrated Fruit Protection (IFP). As IPM has four levels (Prokopy 1993,
Prokopy et al. 1994, MacHardy 2000), the future objective is to integrate the above
scab management strategies into the further levels of IPM in order to harmonise
scab management strategies with control of other diseases and pests and with
other horticultural management practices such as pruning, irrigation and nutrition
supply.

In organic apple orchards, there are still several efficacy problems in the level of
scab management strategies too, so further improvements of this level are needed
for integrating chemical, cultural and biological control methods in an effective way.

Literature

Aalbers P., Balkhoven M.K., Burg van W.L., 1998: The WELTE scab model. Obstbau 23: 198-202.
Beresford R.M., Manktelow D.W.L., 1994: Economics of reducing fungicide use by weather-based dis-

ease forecasts for control of Venturia inaequalis in apples. N. Z. J. Crop Hortic. Sci. 22: 113–120.
Biggs A.R., Warner J., 1990: Full-season and post-harvest applications of stereol-inhibiting fungicides

to reduce ascospore formation in Venturia inaequalis. Phytoprotection 71: 9–15.
Blaise P., Arneson P.A., Gessler C., 1987: APPLESCAB: a teaching aid on microcomputers. Plant Dis.

71: 574–578.
Blaise P., Gessler C., 1994: Cultivar mixtures in apple orchards as a mean to control apple scab? Norw.

J. Agric. Sci. Suppl. 17: 105–112.
Bower C.C., Penrose L.J., Dodds K., 1993: A practical approach to pesticide reduction on apple crops us-

ing supervised pest and disease control – preliminary results and problems. Plant Prot. Q. 8:
57–62.

Broniarek-Niemiec A., Bielenin A., 2003: The curative activity of some fungicides in the control of apple
scab. Zesz. Nauk. Inst. Sadown. Kwiac. 11: 121–125.

36 I.J. Holb



Broniarek-Niemiec A., Bielenin A., Dyki B., 2002: Efekt wyniszczającego działania fungicydów
strobilurynowych i difenkonazolu na grzybnię i zarodnikowanie Venturia inaequalis. Acta Agrobot.
55, 1: 49–58.

Burchill R.T., 1968: Field and laboratory studies of the effect of urea on ascospore production of
Venturia inaequalis (Cke.) Wint. Ann. Appl. Biol. 62: 297–307.

Burchill R.T., Hutton K.E., Crosse J.E., Garrett C.M.E., 1965: Inhibition of the perfect stage of Venturia
inaequalis (Cooke) Wint. by urea. Nature (Lond.) 205: 520–521.

Butt D.J., Santen van G., Xu X.M., Stone K.B., 1992: VENTEMTM – an apple scab (Venturia inaequalis) in-
fection warning system, version 3.1. Computer software and users’ manual. Horticultural Re-
search Institute, East Malling.

Carisse O., Dewdney M., 2002: A review of non-fungicidal approaches for the control of apple scab.
Phytoprotection 83: 1–29.

Carisse O., Pelletier J.R., 1994: Sensitivity distribution of Venturia inaequalis to fenarimol in Quebec ap-
ple orchards. Phytoprotection 75: 35–43.

Carisse O., Philion V., Rolland D., Bernier J., 2000: Effect of fall application of fungal antagonists on
spring ascospore production of apple scab pathogen, Venturia inaequalis. Phytopathology 90:
31–37.

Connor S.R., Heuberger J.W., 1968: Apple scab. V. Effect of late-season applications of fungicides on
prevention of perithecial development by Venturia inaequalis. Plant Dis. Rep. 52: 654–658.

Cooley D.R., Autio W.R., 1997: Disease management components of advanced integrated pest manage-
ment in apple orchards. Agric. Ecosystem Environ. 66: 31–40.

Curtis K.M., 1924: Black spot of apple and pear. N. Z. J. Agric. 28: 21–28.
Gadoury D.M., MacHardy W.E., Rosenberger D.M., 1989: Integration of pesticide application sched-

ules for disease and insect control in apple orchards of the northeastern United States. Plant Dis.
73: 98–105.

Heye C.C., Andrews J.H., 1983: Antagonism of Athelia bombacina and Chaetomium globosum to the apple
scab pathogen, Venturia inaequalis. Phytopathology 73: 650–654.

Holb I.J., Heijne B., Jeger M.J., 2003: Summer epidemics of apple scab: the relationship between mea-
surements and their implications for the development of predictive models and threshold levels
under different disease control regimes. J. Phytopathol. 151, 6: 335–343.

Holb I.J., Heijne B., Jeger M.J., 2004: Overwintering of conidia of Venturia inaequalis and the contribution
to early epidemics of apple scab. Plant Dis. 88: 751–757.

Holb I.J., Heijne B., Jeger M.J., 2005 a: The widespread occurrence of overwintered conidial inoculum of
Venturia inaequalis on shoots and buds in organic and integrated apple orchards across the Nether-
lands. Eur. J. Plant Pathol. 111: 157–168.

Holb I.J., Heijne B., Withagen J.C.M., Gáll J.M., Jeger M.J., 2005 b: Analysis of summer epidemic prog-
ress of apple scab in different apple production systems in the Netherlands and Hungary.
Phytopathology 95: 1001–1020.

Köller W., Parker D.M., Reynolds K.L., 1991: Baseline sensitivities of Venturia inaequalis to sterol
demethylation inhibitors. Plant Dis. 75: 726–728.

Köller W., Parker D.M., Turechek W.W., Avila-Adame C., Cronshaw K., 2004: A two-phase resistance
response of Venturia inaequalis populations to the Qoi fungicides kresoxym-methyl and
trifloxystrobin. Plant Dis. 88: 537–544.

Köller W., Wilcox W.F., 1999: Evaluation of tactics for managing resistance of Venturia inaequalis to
sterol demethylation inhibitors. Plant Dis. 83: 857–863.

Köller W., Wilcox W.F., 2000: Interactive effects of dodine and the DMI fungicide fenarimol in the con-
trol of apple scab. Plant Dis. 84: 863–870.

Köller W., Wilcox W.F., 2001: Evidence for the predisposition of fungicide-resistant isolates of Venturia
inaequalis to a preferential selection for resistance to other fungicides. Phytopathology 91:
776–781.

Köller W., Wilcox W.F., Barnard J., Jones A.L., Braun P.G., 1997: Detection and qualification of resis-
tance of Venturia inaequalis populations to sterol-demethylation inhibitors. Phytopathology 87:
184–190.

Köller W., Wilcox W.F., Parker D.M., 2005: Sensitivity of Venturia inaequalis populations to anilino-
pyrimidine fungicides and their contribution to scab management in New York. Plant Dis. 89:
357–365.

Scab control management strategies... 37



Louw A.J., 1948: Fusicladium of apples. IV. Can this disease stamped out? Farming Suppl. Afr. J. 5:
28–32.

MacHardy W.E., 1993: A ‘PAD’ action threshold: the key to integrating practices for managing apple
scab. Norw. J. Agric. Sci. Suppl. 17: 75–82.

MacHardy W.E., 1996: Apple scab: biology, epidemiology, and management. APS Press, St. Paul, MN.
MacHardy W.E., 2000: Current status of IPM in apple orchards. Crop Prot. 19: 801–806.
MacHardy W.E., Gadoury D.M., Gessler C., 2001: Parasitic and biological fitness of Venturia inaequalis:

relationship to disease management strategies. Plant Dis. 85: 1036–1051.
Manktelow D.W.L., Beresford R.M., Batchelor T.A., Walker J.T., 1996: Use patterns and economics of

fungicides for disease control in New Zealand apples. IOBC/WPRS Bull. 19, 4 (Proceedings of the
International Conference on Integrated Fruit Production, Cedzyna, Poland, 1995. Eds F. Polesny,
W. Müller, R.W. Olszak): 187–192.

Masny S., Bielenin A., 2001: Severity of apple scab in monoculture and mixture of apple cultivar’s or-
chards. IOBC/WPRS Bull. 24, 5: 339–343.

Meszka B., Bielenin A., 2001: The suppression of ascospore production of Venturia inaequalis and
changes in the microbial population of apple leaves after autumn urea treatment. IOBC/WPRS
Bull. 24, 5: 345–348.

Meszka B., Bielenin A., 2002: Rola mocznika w ograniczaniu infekcji pierwotnych jabłoni przez Venturia
inaequalis (Cooke) Aderh. Acta Agrobot. 55, 1: 225–231.

Meszka B., Bielenin A., 2003: Wpływ jesiennego opryskiwania mocznikiem na mrozoodporność jabło-
ni. Acta Agrobot. 56, 1–2: 117–125.

Meszka B., Bielenin A., Masny S., 2002: Development and maturation of pseudothecia of Venturia
inaequalis in leaves of different apple cultivars. Phytopathol. Pol. 25: 5–11.

Mundt C.C., 2002: Use of multiline cultivars and cultivar mixtures for disease management. Annu. Rev.
Phytopathol. 40: 381–410.

Mundt C.C., Cowger C., Garrett K.A., 2002: Relevance of integrated disease management to resistance
durability. Euphytica 124: 245–252.

Parisi L., Guillaumes J., Wuster G., 1994: Sensitivity to fenarimol of Venturia inaequalis strains from
French orchards. Agronomie 14, 6: 387–394.

Penrose L.J., 1995: Fungicide reduction in apple production potentials or pipe dreams? Agric. Ecosys-
tem Environ. 53: 231–242.

Penrose L.J., Bower C.C., Nicol H.I., 1996: Variability in pesticide use as a factor in measuring and
bringing about reduction in pesticide usage in apple orchards. Agric. Ecosystem Environ. 59:
97–105.

Penrose L.J., Dodds K.A., 1994: Incidence of Venturia inaequalis on apple fruit during the second half of
the season under different fungicide and weather regimes. N. Z. J. Crop Hortic. Sci. 22: 251–261.

Penrose L.J., Thwaite W.G., Bower C.C., 1994: Rating index as a basis for decision making on pesticide
use reduction and for accreditation of fruit produced under integrated pest management. Crop
Prot. 13: 146–152.

Prokopy R.J., 1993: Stepwise progress toward IPM and sustainable agriculture. IPM Pract. 15: 1–4.
Prokopy R.J., 2003: Two decades of bottom-up, ecologically based pest management in a small com-

mercial apple orchard in Massachusetts. Agric. Ecosystem Environ. 94: 299–309.
Prokopy R.J., Cooley D.R., Autio W.R., Coli W.M., 1994: Secondlevel integrated pest management in

commercial apple orchards. Am. J. Altern. Agric. 9: 148–155.
Ross R.G., Burchill R.T., 1968: Experiments using sterilized apple-leaf discs to study the mode of action

of urea in suppressing perithecia of Venturia inaequalis (Cke.) Wint. Ann. Appl. Biol. 62: 289–296.
Seem R.C., Shoemaker C.A., Reynolds K.L., Eschenbach E.A., 1989: Simulation and optimization of ap-

ple scab management. In: Integrated control of pome fruit diseases. Eds C. Gessler, D.J. Butt, B.
Köller. IOBC Bulletin, Brissago.

Shirane N., Takenaka H., Ueda K., Hashimoto Y., Katoh K., Ishii H., 1996: Sterol analysis of DMI-resis-
tant and -sensitive strains of Venturia inaequalis. Phytochemistry 41, 5: 1301–1308.

Sutton D.K., MacHardy W.E., Lord W.G., 2000: Effect of shredding or treating apple leaf litter with urea
on ascospore dose of Venturia inaequalis and disease buildup. Plant Dis. 84: 1319–1326.

Trapman M.C., 1994: Development and evaluation of a simulation model for ascospore infections of
Venturia inaequalis. Norw. J. Agric. Sci. 17: 55–67.

38 I.J. Holb



Van der Scheer H.A.Th., 1992: Management of scab and powdery mildew on apple with emphasis on
threshold values for control of both diseases. Acta Phytopathol. Entomol. Hung. 27: 621–630.

Vincent C., Rancourt B., Carisse O., 2004: Apple leaf shredding as a non-chemical tool to manage apple
scab and spotted tentiform leafminer. Agric. Ecosystem Environ. 104: 595–604.

Zalom F.G., 1993: Reorganizing to facilitate the development and use of integrated pest management.
Agric. Ecosystem Environ. 46: 245–256.

Author’s address:
Dr. Imre J. Holb, University of Debrecen, Centre of Agricultural Sciences,
Department of Plant Protection, 4015 Debrecen, P.O. Box 36, Hungary,
e-mail: holb@agr.unideb.hu

Accepted for publication: 15.02.2006

Scab control management strategies... 39




	Abstract
	Introduction
	Advanced scab management strategies

in integrated apple production
	Newly developed scab management decision system

in organic apple production
	Concluding remark
	Literature
	Author ’s address

