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Abstract

Control of apple diseases still bases mainly on chemical products. However, in-
terest in alternative methods is increasing, especially among groups of farmers
with Integrated Fruit Production (IFP). Use of the resistant cultivars and some ag-
ricultural practices leads up to reduction of chemical treatments and consequently
the decline of residues. In the control of many apple diseases, also the important
ones like apple scab (Venturia inaequalis) and powdery mildew (Podosphaera
leucotricha), reduction of primary infection source is very useful. Removing or
crushing fallen, scabbed leaves and pruning of mildew affected shoots enable to de-
crease fungicides use or increase their efficacy. Decrease in the number of chemical
treatments can be also obtained by use of some bioproducts. Plant extract (walnut
extract) and other natural products (chitosan and complexon of titanium) were in-
vestigated in control of main apple diseases.
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Introduction

The control of main apple diseases has still been based on chemical products.
They are popular thanks to: quick effect, easy application and accessibility of mod-
ern, effective fungicides with a new mode of action. But unfortunately, the com-
mon use of fungicides beside its beneficial effect may also lead to many problems.
The most important are: a negative impact on the environment and human health,
elimination of beneficial organisms and occurrence of fungal resistance. During
the last years, the evolution in plant protection programmes, which has lead to a
new system of production – Integrated Fruit Production (IFP) has been observed.
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IFP is the system, which includes economic thresholds, monitoring and prediction
of pests/diseases and alternative, non-chemical plant protection methods
(Sansavini 1997).

In IFP strategy the fruit protection bases on:
– planting pest/disease resistant cultivars,
– pest/disease monitoring and forecasting,
– use of cultural, mechanical and biological methods,
– use of synthetic pesticides, selective to beneficial organisms when no other

options are available.

Resistant cultivars

Plant breeders have continually been developing new apple cultivars that have
been resistant to the most important fungal diseases (Crosby et al. 1992). During
the last years, significant progress in plant breeding has been observed. Basically
it’s a result of using, beside regular methods, also modern techniques (genetic en-
gineering), which allows having better knowledge of plant defense mechanisms
and creation new cultivars. Now several cultivars resistant or tolerant to some ap-
ple diseases like apple scab (‘Topaz’, ‘Rubin’, ‘Rubinola’) or fire blight (‘Sawa’,
‘Enterprise’) have been already planted in commercial orchards. Also the breeding
programme of Research Institute of Pomology and Floriculture at Skierniewice has
recently resulted in the interesting genotypes ‘Free Redstar’ and clone J79 tolerant
to fire blight. Unfortunately some of them should be protected before other patho-
gens, e.g.: European canker (Nectria galligena) or perennial canker and bull’s eye rot
(Pezicula spp.). In orchards not treated with chemicals was also observed severe in-
fections of fruits caused by minor diseases, like sooty blotch (Gloeodes pomigena) or
flyspeck (Schizothyrium pomi). New apple cultivars have been introduced to com-
mercial production usually quicker than scientists have been able to evaluate their
resistance to secondary diseases and pests. In this situation new problems with
control pests and diseases can appear in Polish orchards.

Rootstock

In apple orchards the most destructive root disease is collar/crown rot caused
by Phytophthora cactorum. This problem can be solved by the use of the resistant or
less susceptible rootstocks, like M.9, P.22 or P.2 (Bielenin 2002). Also, the certi-
fied and disease free planting material must be used to decrease the losses caused
by soil pathogens.
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Cultural practices

Among cultural factors limiting diseases infestation the proper localisation of
an orchard is crucial. Sites with frost pockets, poor drainage and shallow
non-moisture retentive soils should be avoided. Weakened trees because of frost
damage, overflow or deficiency of water, are usually easier affected by some patho-
gens. Severe occurrence of silver leaf (Chondrostereum purpureum) in apple orchard
was always the result of winter damage. Unproper localisation can also increase in-
tensity of apple canker (N. galligena). Each landscape has its own microclimate
which can be favourable or is able to limit the development of diseases, for exam-
ple, severity of apple canker increases and more applications against apple scab
should be done in sites with long period of high humidity. In such circumstances it
will be also difficult to obtain high efficacy of chemical control of scab, especially
on susceptible cultivars.

Technology of integrated production establishes the balance between cultivar,
pruning and plant protection system. Holb et al. (2001) observed that the pruning
technique influenced the diseases level. Generally, the “weak” pruning technique
was correlated with a higher level of damages caused by diseases than the “strong”
one.

In Integrated Fruit Production more attention is paid to a biodiversity, in or-
chard surroundings should be planted tree species, which can be refuge for benefi-
cial organisms. Proper environment differentiation (green fences, grass straps, non
crop areas) to allow predators feeding on different species to survive and be pres-
ent at all time in or close to the orchard has been promoted (Balan et al. 2001).

Tree nutrition and irrigation

The structure of soil, fertility and soil microorganism population should be
conserved and, where possible, organic matter should be recycled. Minimum fertil-
izers ensuring high yield according to chemical analysis of soil or plant material is
justified. Risk of polluting of soils and water with fertilizers, especially nitrates
must be minimized. Proper nitrogen fertilization during growth season is impor-
tant in decreasing pressure of some diseases. For example too high or too late use
of nitrogen prolongates vegetation growth and leads to extended tissue suscepti-
bility to Erwinia amylovora (fire blight), Venturia inaequalis (apple scab) or
Podosphaera leucotricha (powdery mildew).

Reduction of primary infection source

The level of primary infection source is the main factor, beside the weather con-
ditions and susceptibility of plants, which decide on disease severity, especially ap-
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ple scab, powdery mildew and fire blight. Removing or crushing fallen, scabbed
leaves (Creemers et al. 1996) and pruning of mildew affected shoots (Cimanowski
et al. 1980) enable to decrease fungicide use for control of these diseases.

Also autumn application of urea, as shown the results of many experiments,
strongly restricted development of V. inaequalis pseudothecia (Creemers et al.
1996, Beresford et al. 2000, Bengtsson et al. 2001). In some seasons, the urea
treatment caused more than 90% reduction of pseudothecia formation (Fig. 1).
And also these produced pseudothecia on urea treated leaves developed signifi-
cantly slower than those on control leaves (Fig. 2). Usually they did not reach a ma-
turity needed for discharge (Meszka and Bielenin 2002).

Reduction of ascospores by autumn application of 5% urea had influence on
disease pressure. In all experiments apple scab severity in orchards treated with
urea was lower than in untreated ones. It was resulted with the significant im-
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Fig. 1. Pseudothecia formation on leaves untreated and treated with 5% urea in autumn

0

20

40

60

80

100

15
II

I
23

II
I

6
IV

12
IV

19
IV

26
IV 4
V

10
V

17
V

24
V

31
V

7
V

I
14

V
I

21
V

I

15
II

I
23

II
I

6
IV

12
IV

19
IV

26
IV 4
V

10
V

17
V

24
V

31
V

7
V

I
14

V
I

21
V

I

1 2 3 4 5

P
se

ud
ot

he
ci

a 
in

 s
ta

ge
of

 d
ev

el
op

m
en

t (
%

)

untreated leaves treated leaves

Fig. 2. Development of pseudothecia on ‘McIntosh’ leaves untreated and treated with 5%
urea in autumn. Stages of pseudothecia development: 1 – no asci, 2 – formation of asci, 3 – 1 to 10%

asci with ascospores, 4 – 10 to 30% asci with ascospores, 5 – more than 30% asci with ascospores



provement in the efficacy of chemical programs (Fig. 3). The same tendency ob-
served Sutton and MacHardy (1993). They found that number of affected by V.
inaequalis leaves was lower on treated with urea trees than on untreated. Results of
these investigations showed that urea treatment increased bacteria populations,
particularly after autumn application. Two weeks after urea treatment the number
of bacteria was almost 10 times higher in urea treated leaves than in control ones
(Meszka and Bielenin 2001). The mode of urea action is not fully known. Crosse et
al. (1968) and Ross and Burchill (1968) demonstrated that both chemical and mi-
crobial changes occurred in leaves after urea treatment. Ross (1961) showed that
media with high nitrogen concentration inhibited formation of V. inaequalis
perithecia in culture. Crosse et al. (1968) also reported about importance of micro-
bial factors and showed that rate of leaf decomposition and their disappearance
from the orchard floor were greatly accelerated after urea treatment. The experi-
ments conducted in Polish apple orchards revealed that autumn urea treatment
caused the growth of bacteria populations and also big changes in species composi-
tion. Large numbers of green, fluorescent pseudomonads colonies were isolated
from urea treated leaves. All these bacteria gave a positive reaction in Kovacs
oxidase test and caused the reduction of nitrogen. Pseudomonas syringae, P.
marginalis and P. fluorescens were the most often occurring species (Meszka and
Bielenin 2001).

Resistance inducer

Regalis 10 WG (prohexadion calcium) which is used for reduction of shoots
growth shows additional activity. This product used twice, in splitted doses, gave
some protection against apple scab (Table 1).
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Fig. 3. Affected by Venturia inaequalis leaves on untreated and treated with 5% urea
‘McIntosh’ trees in autumn



Antagonistic organisms

One of the important non-chemical methods is biological control. Fungal an-
tagonists have emerged as one of the most promising alternatives, either alone or
as part of an integrated control strategy (Larena et al. 2001). Andrews et al. (1983)
found that some microorganisms (Flavobacterium sp., Cryptococcus sp.,
Aureobasidium pullulans, Trichoderma viride, Chaetomium globosum) were antagonistic
to apple scab. Promising results against apple scab and fire blight were obtained
with Pseudomonas syringae (strain 508) (Burr et al. 1996) and Bacillus subtilis. Pseudo-
monas cepacia (Janisiewicz and Roitman 1988) and other epiphytic bacteria origi-
nated from apple leaves of cv. ‘Idared’ showed good results in inhibiting growth of
Botrytis cinerea and Penicillium expansum in vitro (Sobiczewski et al. 1996). However,
antifungal activity evaluated in vitro did not always correspond with its ability to
control grey mould and blue moulds on apple fruits.

Increased interest in natural products (chitosan, walnut extract) in apple scab
and powdery mildew control is observed during the last few years. These natural
products provided a satisfactory control, but their effectiveness was about 50% and
it was still lower than standard fungicide – Captan 80 WG (Masny et al. 2004). It
was tested against apple scab effective microorganisms (EM), too. Their effective-
ness was about 50% (Meszka unpublished).

Regular monitoring

Proper forecasting and exact assessment of pathogens are very important to
conduct IFP. It can be achieved by regular monitoring. Determination of first asco-
spores discharge and use of scab warning system have a great importance for effi-
cacy of apple scab control (Giosue et al. 2000). Development of pseudothecia
strongly depends on weather conditions. In some seasons ascospores are ready to
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Table 1
The effect of Regalis 10 WG in control of apple scab

Treatment

Date of application Affected leaves (%)

April May June
2001 2002

19 23 26 2 11 1

Control – – – – – – 97.6 c 41.3 b

Regalis 10 WG 1.0 kg M C C C R R 46.4 a 5.6 a

Regalis 10 WG 2.0 kg M C C C R – 67.0 b 6.3 a

Fungicides only M C C C – – 68.9 b 10.5 a

Means in columns followed by the same letter do not significantly differ at 5% level of significance
(Duncan’s multiple range test).

M – Miedzian 50 WG, C – Captan 80 WG, R – Regalis 10 WG.



discharge in the end of March but in others not before the end of April. In the fore-
casting of apple scab infections different models e.g. RIMpro or WELTE are useful.
The results obtained by Holb (2003) showed that 9–11 sprays according to the
Mills table could be reduced to seven–nine sprays by using RIMpro scab warning
systems without reduction the efficacy. The WELTE scab warning systems de-
tected only one or two more infection periods compared to RIMpro (Holb 2003).

In control of powdery mildew monitoring of primary infection and shoots infes-
tation early in the spring is commonly used as the base for spraying decision.

Conclusion

Integrated method of plant protection is the combination of non-chemical and
chemical treatments. It encompasses resistant cultivars, mechanical and biological
methods and pesticides which are used when necessary. The use of agricultural
chemicals, especially those with broad spectrum activity, should be minimized.
Preference should be given to alternatives to chemical control whenever they are
available and sufficiently effective, including biological, natural, cultural, genetic
and biotechnical control methods. In control of main apple diseases (apple scab,
powdery mildew, fire blight and apple canker) orchard sanitation like removing
the overwintering sources of pathogens should be practiced. Also reduction of pri-
mary source of scab infection by 5% urea application in the autumn is very useful.
This application is recommended as the routine in these orchards where the sever-
ity of apple scab was high. Also improvement of proper horticultural practices (e.g.
fertilization, irrigation) can keep trees less susceptible to pests and diseases.
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