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Abstract

In 1999 and 2000, the effects of scab fungicides on yeast composition and russeting of Elstar apples were
assessed. Yeast composition of fungicide-treated and untreated young apple fruit with or without russet
symptoms was investigated and enzyme activity of the yeasts was studied. Cryptococcus albidus,
C. laurentii, Rhodotorula glutinis, Sporobolomyces roseus and Metschnikowia pulcherrima dominated the
apple fruit surface. Russeted apple fruitlets had a higher red yeast density than non-russeted fruitlets.
In vitro fungicide susceptibility of the dominant yeast species varied. Dithianon and dodine were active
against all tested species, captan and tolylfluanid showed specificity for certain species, whereas pyri-
methanil and bupirimate were largely ineffective. Fungicide treatment in the field had a clear effect on the
yeast composition. Metschnikowia etschnikowia pulcherrima was eliminated from the phyllosphere and
cryptococco€�d species diminished by both captan and dithianon. The red yeast population was not
significantly changed by either fungicide. Captan, dithianon, tolylfluanid and pyrimethanil reduced russet
in the field in both years, dodine and kresoxim-methyl only in 2000. All yeast species had cutinolytic
activity, all but M. pulcherrima and Debaryomyces hansenii were lipolytic, and some of the isolates
showed proteolytic activity.

Introduction

Russeting of the apple cultivar ‘Elstar’, one of the
most important cultivars in The Netherlands, re-
sults in substantial economic losses due to reduced
fresh market value (Gildemacher, 2000) and stor-
ability (Walter, 1967; Tromp et al., 1976). Russ-
eting is the formation of cork on the apple skin by
epidermal cells as a reaction to the death of epi-
dermal and hypodermal tissue (Meador and Tay-
lor, 1987). The death of a limited number of
epidermal cells can result in a considerable russ-
eted surface (Walter, 1967). The characteristics of
the cuticle and epidermis determine the suscepti-
bility of apple varieties to russet (Babin et al.,
1977; Eccher, 1978).

The most vulnerable period for russet forma-
tion ranges from 1 to 4 weeks after flowering
(Creasy, 1980; Creasy and Swartz, 1981). The
diminishing susceptibility after this period is
probably related to the development of a thicker
cuticle during the first 8 weeks after full bloom, as
Miller (1982) showed. Russet formation of the
apple skin is the result of complex biotic and abi-
otic interactions, which explains the irregular
occurrence of russet over the years (Vogl et al.,
1985; Gildemacher, 2000).

Important weather conditions favouring russet
formation are high relative humidity (Babin et al.,
1977; Creasy 1980; Creasy and Swartz, 1981;
Bonany and Carbo, 1995), dew (Vogl et al., 1985),
exposure to sunlight (Jackson et al., 1977; Eccher
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and Noe, 1993) and large fluctuations between day
and night temperatures (Walter, 1967). Nitrogen
superfluity (Faust and Shear, 1972; Hatch, 1975)
and boron deficiency (Porreye, 1980; Smith et al.,
1987) can augment russeting. The use of gibber-
ellins can diminish russeting (Eccher, 1978; Taylor,
1978; Wertheim, 1982).

It has been reported that the fungicides captan
(Walter, 1967; Vogl et al., 1985; Jones et al., 1994),
polyram (Bremer and Bünemann, 1982; Vogl
et al., 1985) and sulphur (Wundermann, 1981;
Eccher and Maffi, 1986) reduce russet. It has been
suggested that microbes occurring on young ap-
ples may induce russet. Inoculation of apples with
the yeast-like fungus Aureobasidium pullulans and
the red yeast Rhodotorula glutinis increased russet
formation (Matteson Heidenreich et al., 1997).
Yeasts are a normal part of the microflora occur-
ring on apples (Davenport, 1976; Bizeau et al.,
1989; Chand-Goyal and Spotts, 1996). These
studies suggest a rather limited number of yeast
species occurring on the apple surface. Different
numbers of yeasts were observed in different
developmental stages of the apple (Davenport,
1976; Pennycook and Newhook, 1981). Among
the factors influencing the yeast population are
weather conditions (Davenport, 1976; Andrews
and Kennerly, 1978; Pennycook and Newhook,
1981), animal vectors (Davenport, 1976) and fun-
gicide regime (Hislop and Cox, 1969; Andrews and
Kennerly, 1978; Calvente et al., 1999).

To test the hypothesis that apple russeting is
influenced by phylloplane yeast species we inves-
tigated the influence of scab fungicides on the

apple phylloplane yeast population and russet of
Elstar apples, and the enzymatic activities of dif-
ferent phylloplane yeast species.

Materials and methods

Experimental practices in the orchard

Apple trees of cultivar Elstar were used as exper-
imental trees at Randwijk experimental station.
The trees had an average height of 2.5 m and were
planted in 1996 in a 1.25 · 3.00 m configuration
with Delcorf and Everest as pollinators within the
row. The experimental field comprised five double
rows of Elstar, alternated with double rows of
Jonagold. A randomised complete block design
with 10 replicates was used. On every single Elstar
row one replicate was placed with six experimental
trees per treatment, flanked by a buffer tree on
both sides.

Fungicide treatments are summarised in
Table 1. No fungicides other than the indicated
treatments were used during the entire season. The
fungicide treatments were applied with an Empass
experimental sprayer with a hand-held spray gun
and a 1.2 mm nozzle, under 10 bar with a resulting
discharge of 1.4 l/min. Trees were sprayed until
run off, with 1000 l/ha, approximately 0.4 l per
tree. Timing of sprayings was based on weather
data using the Welte scab warning system (Batzer
et al., 2000). Spraying dates, sampling dates and
phenological data are presented in Figure 1.

Table 1. Doses of tested fungicides in 1999

Fungicide Conc.a.i.b Recommended dose

ha)1 a.i. (mg/l)c

Water

Captana 83% 1.5 kg 1.245

Dithianon 75% 0.5 l 0.375

Tolylfluanid 50% 1.5 kg 0.750

Dodine 45% 1.3 l 0.585

Bupirimate 25% 0.5 l 0.125

Kresoxim-methyl 50% 0.2 l 0.100

Pyrimethanil 40% 0.75 l 0.300

a First two sprayings 1999 were with 1.2 kg ha1, thereafter always 1.5 kg ha1.
b Concentration active ingredient.
c Active ingredient in mg l)1, based on 1000 l/ha spraying volume.
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Within each of the captan, dithianon and un-
treated plots a random sample of ten fruitlets was
taken on June 14, 1999, 6 weeks after full bloom.
On June 28, 8 weeks after full bloom, the first signs
of russeting became apparent and a second sample
was taken of ten russeted and ten smooth fruitlets
per plot. All samples were kept in plastic bags and
stored at )18 �C till transport to the laboratory
for analysis of yeast composition.

All experimental trees were harvested normally
and the fruit was stored at 3 �C until assessed for
russet. Russet was assessed separately for the stalk
and calyx half of the apples. Five russet grades
were distinguished; 1 = smooth, 2 = slight,
3 = moderate, 4 = strong and 5 = very strong.
A russet index for both sides of the apple was
calculated comparable to a method used by
Wertheim (1982):

ð#grade 1�1+#grade 2�3+#grade 3� 5

þ#grade 4�7+#grade 5�9)/total#

where # is the number of apples.

Statistical analysis of the russet figures was done
by analysis of variance followed by identification
of significantly different treatment pairs through
t-tests.

Isolation of yeasts from the apple skin

Prior to isolation of the yeasts from the sample
apples, the stalk and the calyx were removed.
Subsequently, all 10 apples per treatment were
transferred to a sterile Stomacher bag, containing
100 ml sterile water and placed overnight on a
shaker to obtain a maximum release of yeast cells
present on the apples. Ten-fold dilutions (till 10)3)

were made and 0.1 ml was plated in duplicate onto
1% yeast extract, 0.5% bactopeptone, 4% glucose,
2% agar (YPGA) with 50 mg/l penicillin-G and
30 mg/l streptomycin (PS).

Ballistospore-producing yeasts were isolated by
the spore-fall method. Five pieces (approx. 1 cm2)
of apple skin were attached with double sided
adhesive tape to the lid of the Petri-dish containing
YPGA/PS. After 24 h at 20 �C, the lids were re-
placed by new sterile ones. After incubation for
4 – 5 days at 20 �C in darkness, all the macro-
scopically different yeast species were isolated and
identified.

Yeast identification

All isolates obtained were grouped according to
phenotypic characteristics, such as colony colour
and morphology. From these groups a represen-
tative selection was made and identified, using the
API 32C Yeast ID Kit-system (Biomérieux, ‘s-
Hertogenbosch, the Netherlands). The ability to
utilise different nitrogen sources, peptone (blank),
nitrate, ethylamine, LL-lysine and cadaverine, and
the ability to grow at 30, 35, 37 and 40 �C was also
investigated, as was the macroscopic appearance
of the colony and the micromorphology of the
yeast cells. The ability of the red yeasts to dis-
charge ballistospores was investigated. Identifica-
tions were made by the Yeast Identification
Program, version 4.0 (Barnett et al., 2000).

Screening of enzyme activity

Cutinase was detected as described by Dantzig
et al. (1986), with p-nitrophenyl butyrate (Sigma)
as the substrate. The yeast isolates were grown

Figure 1. Spraying, sampling and harvest dates and corresponding phenological data indicated by letters according to Tromp et al.

(1976). A, 1999; B, 2000.
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onto acetate medium containing 0.5% yeast ex-
tract, 0.5% peptone, 0.5% ammonium acetate and
2.0% agar. After incubation for 10 days at 24 �C, a
loop of cells was transferred onto a glass slide and
overlaid with freshly prepared 0.026% p-nitro-
phenyl butyrate containing 0.011% Triton X-100.
Distinct yellow staining was considered a positive
reading. Lipase was detected according to the
method described by Sierra (1957), using Tween
40, Tween 60 and Tween 80 as lipid substrates.
Protease was detected as described by Braga
et al. (1998), using agar plates containing 0.75%
casein.

Fungicide susceptibility tests

Fungicide susceptibility of the most frequently
found microorganisms on the apple samples,
Metschnikowia pulcherrima, Cryptococcus lauren-
tii, C. albidus, Sporobolomyces roseus and R. glu-
tinis and of the yeast-like fungus Aureobasidium
pullulans, was tested using a poison food technique
(Dhingra and Sinclair, 1985; Smolka, 1993).
Growth of the selected isolates on YPGA con-
taining different concentrations of captan, dithi-
anon, dodine, tolylfluanid, pyrimethanil and
bupirimate was tested. The fungicides were mixed
with YPGA in a concentration range of 0, 0.01,
0.1, 0.5, 1, 2, and 7 times the dose recommended
by the supplier, based on a spraying volume of
1000 l/ha (Table 1).

Yeast suspensions of 4 to 5 · 107 cells per ml
were prepared in sterile distilled water. Ten point-
inoculations were made per dish with a prepara-
tion needle dipped in the yeast suspension. After

seven days incubation in the dark at 20 �C the
number of visible colonies per dish was counted
and multiplied with the average rate of growth of
all inoculation points in one dish. Good growth,
moderate growth, bad growth or no growth scored
7, 5, 3 or 0 points, respectively. Consequently, the
score in the test ranged between 350 points for
unhampered growth of all inoculation points in all
five dishes until zero for total suppression.

Results

Effect of fungicide treatment on russeting

There was a significant interaction between year
and treatment effect. In both 1999 and 2000 fun-
gicide treatment had a significant effect on the
severity of russet. In 1999 tolylfluanid, captan and
dithianon significantly reduced russet for the calyx
side when compared to the control, the dodine and
kresoxim-methyl treatments. Pyrimethanil reduced
russet significantly compared to the control, but
not compared to the dodine and kresoxim-methyl
treatments (Table 2). The russet index of the stalk
cavity side of the apple was not significantly
influenced by fungicide treatment.

In 2000, russeting was more severe, resulting in
a higher index for the calyx side of the apples. In
2000, all fungicide treatments reduced the russet
index compared to the control for both sides of
the apple, except the stalk side of the apples in the
pyrimethanil treatment (Table 2). Regarding the
calyx side, captan, dithianon, and tolylfluanid re-
duced russet significantly compared to kresoxim-

Table 2. Effect of different scab control fungicides on the russeting index of Elstar in 1999 and 2000

1999 2000

Calyx end Stalk end Calyx end Stalk end

Tolylfluanid 1.98 a 4.08 3.34 a 3.62 bc

Dithianon 2.05 ab 4.08 3.35 a 3.66 a

Captan 2.15 abc 4.08 3.46 a 3.71 a

Pyrimethanil 2.29 cd 3.87 3.40 ab 3.88 cd

Dodine 2.4 de 3.98 3.71 ab 3.86 ab

Kresoxim-methyl 2.41 de 4.05 3.53 b 3.93 bc

Control 2.5 e 3.88 4.22 c 4.10 c

F.prob. <0.001 ns <0.001 <0.001

LSD 0.05 0.19 0.26 0.19

Data within the same column followed by a same letter are not significantly different (P = 0.05).
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methyl. Stalk side russet was reduced most by
captan and dithianon, but was not significantly
different from treatment with dodine. Kresoxim-
methyl and tolylfluanid reduced russet significantly
less than the other treatments.

Qualitative and quantitative yeast analyses

The number of isolates obtained per species and
their corresponding percentage of the total popu-
lation is given in Table 3. In total 208 and 385
isolates were obtained from the apple fruit 6 and
8 weeks after full bloom in 1999, respectively.
Most isolates belonged to the basidiomycetes. C.
albidus and C. laurentii were the most common
yeast species. Also red yeasts belonging to the
genera Rhodotorula, Sporidiobolus/Sporobolomy-
ces were frequently detected. M. pulcherrima was
the most common ascomycetous yeast. Some dif-
ferences occurred between the yeast species iso-
lated 6 and 8 weeks after full bloom. In particular,
the filamentous fungus Phoma macrostoma was
found abundantly 6 weeks after full bloom, but
was almost absent after 8 weeks. C. albidus and R.
glutinis were relatively more dominant 8 weeks
after full bloom compared to two weeks earlier.

The quantitative yeast analysis 8 weeks after
full bloom showed significant differences between
the russeted and non-russeted samples regarding
the amount of red yeasts. The difference for
cryptococco€�d yeasts and M. pulcherrima was not
significant (Figure 2). Both captan and dithianon

practically eliminated M. pulcherrima from the
apple surface. Also the Cryptococco€�d yeast pop-
ulation was significantly reduced by captan, and
even more by dithianon (Figure 3).

In vitro enzyme activity

A summary of the results of the enzyme assays is
presented in Table 4. All the tested isolates were
cutinolytic. With the exception of M. pulcherrima
and D. hansenii, all of the tested yeast isolates were
also lipolytic. All the tested C. laurentii, R. auran-
tiaca and R. minuta isolates were protease negative,
but all the tested D. hansenii, M. pulcherrima,
R. mucilaginosa and S. roseus isolates were prote-
olytic. A. pullulans, C. albidus, P. macrostoma and

Table 3. Yeast species isolated from apple fruits 6 and 8 weeks after full bloom in 1999

Species 6 weeks 8 weeks

No. of isolates %a No. of isolates % a

Aureobasidium pullulans 1 0.5 1 0.3

Cryptococcus albidus 24 11.5 70 18.2

Cryptococcus laurentii 66 32.0 133 34.6

Debaryomyces hansenii 2 1.0 0 0

Metschnikowia pulcherrima 25 12.0 55 14.3

Phoma macrostoma 29 13.9 2 0.5

Rhodotorula aurantiaca 1 0.5 1 0.3

Rhodotorula glutinis 18 8.7 70 18.2

Rhodotorula minuta 2 1.0 2 0.5

Rhodotorula mucilaginosa 1 0.5 0 0

Sporobolomyces johnsonii 1 0.5 1 0.3

Sporobolomyces roseus 38 18.3 50 13.0

Total 208 385

a Relative percentage, the number of isolates per species relative to the total number of isolates.
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Figure 2. Yeast population of russeted and smooth apple

fruitlets eight weeks after full bloom. Different letters behind
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yeasts and M. pulcherrima: not significant; red yeasts: F

P = 0,02; LSD0,05 = 16.
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R. glutinis showed a variable proteolytic activity.
Different isolates of the same species showed dif-
ferences in the level of enzyme activity (data not
shown).

Yeast susceptibility to fungicides in vitro

The results of the in vitro tests of yeast suscepti-
bility to fungicides are presented in Figure 4. Do-
dine suppressed growth of all species from 10% of
the recommended fungicide dose onwards. Dithi-
anon suppressed growth of all species at half the
recommended dose, with the exception of C. albi-
dus, which was not totally suppressed until inoc-
ulated on the full dose. Captan suppressed growth
of A. pullulans, C. albidus and M. pulcherrima
above 10% of the recommended dose. The growth
of C. laurentii was clearly reduced from the same

dose onwards, but was not completely inhibited
until seven times the recommended dose. The red
yeasts S. roseus and R. glutinis seemed completely
unaffected by the captan in the growing medium.
Tolylfluanid stopped M. pulcherrima at 10% of the
dose. A. pullulans and C. albidus were suppressed
considerably in growth from 10% of the dose on-
wards, but still visible at 7 and 2 times the dose
respectively. R. glutinis was completely unaffected,
while S. roseus and C. laurentii were only slightly
affected at seven times the advised tolylfluanid
dosage. Bupirimate showed only slight action at 1
and 2 times the advised dose against a selection of
the fungi. Pyrimethanil showed partial inhibition
of several species from 0.5 times the recommended
concentration onwards.

Discussion

All tested fungicides reduced russet, especially in
2000, in contrast to results of other authors who
were not able to detect a significant russet reducing
effect of captan (Schwabe and van der Merwe,
1991) or dithianon (Jones et al., 1994). Captan,
dithianon, tolylfluanid and dodine had a higher
russet reducing effect than pyrimethanil and kres-
oxim-methyl, while all suppressed apple scab
(Venturia inaequalis) effectively, suggesting the
involvement of another fungal agent in russeting.
Matteson Heidenreich et al. (1997) identified
phyllosphere yeasts as a russet inducing factor.

The yeast population on the apple fruit was
clearly decreased by the spraying of both captan
and dithianon. Hislop and Cox (1969), Andrews
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Figure 3. Yeast population of apple fruitlets eight weeks after

full bloom subject to different fungicide treatments. Different

letters behind treatment values within the same yeast group

indicate a significant difference. Cryptococcoid yeasts: F

P < 0,001, LSD0,05 = 51; red yeasts: not significant; M. pul-

cherrima: F P < 0,002; LSD0,05 = 4,0.

Table 4. Summary of enzyme activities of different yeasts species and the filamentous fungi Aureobasidium pullulans and Phoma

macrostoma isolated from apple skin

Species No. of isolates Cutinase positive (%) Lipase positive (%) Protease positive (%)

Aureobasidium pullulans 2 100 100 50

Cryptococcus albidus 36 100 100 83

Cryptococcus laurentii 46 100 100 0

Debaryomyces hansenii 2 100 50 100

Metschnikowia pulcherrima 30 100 0 100

Phoma macrostoma 6 100 100 67

Rhodotorula aurantiaca 2 100 100 0

Rhodotorula glutinis 35 100 100 91

Rhodotorula minuta 2 100 100 0

Rhodotorula mucilaginosa 1 100 100 100

Sporobolomyces roseus 36 100 100 100

934



and Kenerly (1978) and Calvente et al. (1999) also
demonstrated the influence of pesticide regimes on
phylloplane microflora under field circumstances.
M. pulcherrima and the cryptococco€�d yeasts
proved vulnerable, while the red yeasts were rela-
tively insensitive. Fungicides thus have distinct
effects on individual component yeast species and
can influence fungal species composition on apple
fruits.

The vulnerability of M. pulcherrima found in
the field was confirmed by the in vitro experiment.
The moderate in vitro action of captan against
C. laurentii was in line with the field observations.
In contrast to the field observations, all yeast
growth, including the red yeasts, was inhibited in
the Petri dishes at low concentrations of dithianon.

Picco and Mangiarotti (1989) found no in vitro
effect of dithianon on A. pullulans, Rhodothorula
sp., S. roseus and M. pulcherrima and concluded
that yeasts and yeast-like species in general were
not very sensitive to fungicides. Smolka (1993)
found an effect of tolylfluanid on two different
strains of S. roseus where we found none. An
explanation for the differences between these
studies could be the existence of less sensitive or
resistant strains. Smolka (1993) found one S. roseus
strain susceptible to carbendazim while another
strain was not affected. The inconsistencies be-

tween these in vitro experiments and between our
field observations and in vitro experiment empha-
size that caution should be taken in extrapolating
laboratory results to the orchard practice.

The russet reducing effects of the fungicides
were higher in the year 2000 when russet was more
pronounced than in 1999. Andrews and Kenerly
(1978) found a marked effect of season on fungi-
cide efficacy on microorganisms in an apple orch-
ard. They explained these variations by assuming
the effect of different rainfall patterns close to
pesticide applications.

The skin of young apple fruits was dominated
by a limited number of fungal microorganisms, as
was earlier reported for apple leaves by Andrews
and Kenerly (1978). More than 98% of the popu-
lation of fungal microorganisms on the apple fruit
comprised only six species, the yeasts C. albidus,
C. laurentii, R. glutinis, S. roseus and M. pulch-
errima and the filamentous fungus P. macrostoma.
All these species are frequently reported to occur in
apple orchards all over the world (Hislop and Cox,
1969; Davenport, 1976; Andrews and Kenerly,
1978; Andews and Kenerly, 1980; Pennycook and
Newhook, 1981; Picco and Mangriotti, 1989).

The slight changes in the composition of
microorganisms between the two sampling dates
suggest a dynamic population development in

Figure 4. Effects of different fungicides at different concentrations on the in-vitro growth of selected yeast species. 350 means no

growth inhibition of all inoculated points, 0 means complete inhibition. Concentration 1 represents the dose on the label, based on a

spraying volume of 1000 litre per hectare, 0.01 is 1% of the dose, 7 is seven times the dose.
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which different species occupy different niches on
the apple fruit skin and where changes in circum-
stances can cause changes in the population com-
position. Larger changes in species composition
over longer time interfalls were previously ob-
served by Hislop and Cox (1969), Davenport
(1976), Pennycook and Newhook (1981) and Picco
and Mangiarotti (1989).

All the yeast species isolated produced enzymes
with the potential to degrade cutin. This may in-
duce or aggravate russet as Matteson Heidenreich
et al. (1997) suggested. Dickman and Patil (1988)
showed that the fungus Colletotrichum gloeospo-
rioides can infect papaya fruit directly by produc-
ing cutinase, while Mycosphaerella sp., a wound
pathogen, could only infect intact fruit when cu-
tinase was added. Similar mechanisms may play a
role when russet of apple and the role of enzyme-
producing yeasts are concerned. The yeasts may
induce russet directly, but could also stimulate
russet by exposing the apple surface to environ-
mental factors through enzymatic degradation of
the apple cuticle. Dickman and Patil (1988)
showed that certain fungicides and insecticides
protected papaya fruit in the field from C. gloeo-
sporioides by cutinase inhibition. It would be
interesting to test the efficacy of cutinase inhibitors
as anti-russet agents.

The results of our study support the hypothesis
that phyllosphere yeasts play a role in the devel-
opment of russet. More yeasts were found on the
young apples showing the first signs of russet, and
both the severity of russet as well as the yeast
population on the apple surface was reduced by
the use of fungicides. All isolated yeasts produced
enzymes that are potentially harmful for the apple
skin.

Matteson Heidenreich et al. (1997) identified
the red yeast R. glutinis, which was rather insen-
sitive to both fungicides used in the field in this
research, as one of the yeasts that can induce
russet. The russet-reducing effect of dithianon and
captan we observed is thus more likely to be due to
their action against other yeast species. This sug-
gests that species other than those previously
identified also induce russet. It also implies that
the russet-reducing effect of fungicides might be
further improved by better targeting of the yeast
species responsible for russet induction.

However, one has to be cautious when search-
ing for a chemical solution to russet. Yeasts on the

apple skin contribute to preventing storage dis-
eases caused by Botrytis cinerea (Filonow et al.,
1996) and Penicilium expansum (Janisiewicz,
1987). Moreover, in spite of the ample use of scab
fungicides in apple growing today, russet is a
major concern of commercial apple growers. This
indicates that, although yeasts may well play an
important role in the development of russet, it is
not likely that a satisfying solution will be found
by adjusting fungicide regimes alone. It is unlikely
that a complicated physical defect such as apple
fruit russet is the result of only one factor.

References

Andrews JH and Kenerly CM (1978) The effects of a pesticide

program on the non-target epiphytic microbial populations

of apple leaves. Canadian Journal of Microbiology 24: 1058–

1072

Andrews JH and Kenerly CM (1980) Microbial populations

associated with buds and young leaves of apple. Canadian

Journal of Botany 58: 847–855
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