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Summary

Fungal populations were examined each month on apple leaves, cv. 'Golden Delicious', during 1989.
Out of32 different fungal species studied, 21 were present throughout the season in large numbers. Of
these, 368 isolates were selected and tested in vitro and in vivo for antagonistic activity against the
postharvest pathogens Botrytis cinerea, Monilinia fructigena and Penicillium expamum. If applied to

wounded apples, isolates of Aureobasidium pullulam, Epicoccum purpurascem, Sorclaria fimicola and
Trichoderma polysporum (20 fll containing 107 spores/m!) provided good protection against the three
postharvest pathogens at a ratio of 100: 1 (antagonists to pathogen). Better control with much smaller
numbers of antagonists was obtained with mixtures, such as E. purpurascem plus A. pullulam, S. fimi
cola, or T polysporum. After the application ofsuch mixtures to freshly wounded apples, ratios between
I: 1 until 10: 1 (antagonists to pathogen) were sufficient to control postharvest decay over a broad range
of concentrations of the micro-organisms.
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Zusammenfassung

Wahrend der Saison 1989 wurden die Pilzpopulationen auf Apfelblattern der Sone 'Golden Delicious'
monarlich untersuchr. Von den 32 verschiedenen Arten, die im Laufe des Jahres gefunden wurden,
waren 21 im Verlauf der Saison in grossen Mengen anwesend. Aus diesen Arten wurden 368 Isolate
hergestellt und in vitro und in vivo auf antagonistische Aktivitat gegenUber den Erregern der Apfel
faule, Botrytis cinerea, Monilinia fructigena und Penicillium expamum getester. Isolate von Aureobasi
dium pullulam, Epicoccum purpurascem, Sordaria fimicola und Trichoderma polysporum (107 Sporen/ml
bei 20 fllIWunde) schUtzten die verwundeten FrUchte sehr gut gegen die Erreger der Apfelfaule, solange
das Verhalrnis Antagonist zu Pathogen mindestens 100: 1 betrug.

Ein deurlich besseres Ergebnis wurde mit Mischungen von Antagonisten erzielt. Wenn E. purpur
ascem mit A. pullulam, S. fimicola oder T polysporum gemischt wurden, reichte ein Verhalrnis von 1: 1
bis 10: 1 von Antagonist zu Pathogen in den frisch verwundeten Apfeln aus, urn die Faule in einem
weiten Konzentrationsbereich der Mikroorganismen zu bekampfen.
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1 Introduction

Microbial populations on leaves and fruits of apple trees develop and change in typical ways during the
season (ANDREWS and KENNERLY 1980; LEBEN 1971; STADELMANN and SCHWINN 1976, 1979). Among
these micro-organisms, pathogenic fungi may become prevalent, depending on the climatic conditions
and on the capability of the pathogen to infect the different apple cultivars. To prevent this infection,
fungicides are applied at regular intervals. Because of unfavourable weather in 1988, and the infection
pressure by fungicide-resistant strains of apple scab (HERMANN et al. 1989; SIEBELS 1991) up to 28
fungicide treatments had to be applied in the orchards around Lake Constance (Bodensee) within 3
months (MENDGEN et al. 1991). Also for the postharvest pathogens Botrytis cinerea, Penicillium expan
sum (PALAZON and PALAZON 1987) and Monilinia frueticola (ZHANG et al. 1991), a loss of sensitivity to
fungicides has been reported. .

As an alternative to this extensive reliance on chemical control, antagonistic micro-organisms have
been used to prevent the ipfection of apples by the major pathogens (CULLEN et al. 1984; JANlSIEWICZ
1987; PUSEY and WILSON 1984; TRoNsMo and YSTASS 1980). Control of the pathogen B. cinerea was
achieved by a postharvest treatment of apples with Trichoderma pseudokoningii (TRoNsMo and RAA
1977), Acremonium breve (jANISIEWICZ 1988), Cryptococcus laurentii (ROBERTS 1990), some yeasts
(MCLAUGHLlN et al. 1990), or Pseudomonas cepacia (jANISIEWICZ et al. 1991). More recently (SCHIEWE
and MENDGEN 1992), antagonistic fungi were found that control the two postharvest pathogens Pezi
cula malicorticis and Neetria galligena under laboratoty conditions.

The first antagonists used for biological of postharvest fruit diseases were isolated from the soil (PUSEY
and WILSON 1984; TRoNsMo and RAA 1977). Since then, effective antagonists have also been found
among the epiphytic microflora of apples (jANlSIEWICZ 1987). The use of the natural microflora of
fruit trees for the selection of micro-organisms antagonistic to single pathogens has become a standard
practice [e.g., grapes (FERRElRA 1990) citrus (CHALUTZ and WILSON 1990) mangoes (KOOMEN et al.
1990)]. However, since a variety of pathogens may contribute to losses even under modern storage
conditions (REYES 1990), a complex system of biological control is needed, where several antagonistic
micro-organisms are combined.

Here, we report on the interaction of several isolates of fungi resident on leaves as antagonists with
the three postharvest pathogens, B. cinerea, M. fructigena and P. expansum and their potential use for
the control of postharvest decay.

2 Methods

2.1 Sampling of fungal isolates

Leaves of Malus sylvestris var. domestica cv. 'Golden Delicious' were collected in an orchard in Hegne,
10 km east of Konstanz from June to October 1989. The orchard had not been treated with fungicides
since 10 years. A group of 10 trees, centrally located in the apple orchard was sampled monthly. On
each sampling date, 40 leaves were collected randomly from each tree, bulked and taken immediately
to the laboratoty. The phylloplane fungi were detached from the leaves by shaking them for 10 min at
250 rpm in 0.01 molll phosphate buffer (pH 7.0) containing 0.001 % Tween 20 at 4° C. The result
ing suspension was diluted four times (10-1 to 10-4), aliquots (0.1 m!) of each dilution were mixed with
20 ml molten (35° C) potato dextrose agar (PDA) containing streptomycin sulfate 0.5 gll, and poured
into Petri dishes. The cui tures were incubated at 20° C for 3 to 8 days in the dark. Single spore isolates
were produced from fungal colonies by streaking on PDA. Isolates were identified whenever possible to
the species level, according to the specifications of ARx (1981), ELLlS (1971) and SUTTON (1980). In
some cases, identification was completed and/or confirmed by the CBS Institute, Baarn, The Nether
lands. Total colony counts, and counts of each species were made as colony-forming-units (cfu)/per
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gram leaf fresh weight. The varying population levels of the isolated leaf micro-organisms were assessed
by the Wilcoxon non-parametric range test, as described by MELGARE]O et al. (1985). Single spore
isolates of Botrytis cinerea, MoniLinia fructigena and PeniciLLium expansum were isolated from infecred
apples, from the same orchard in Hegne. They were also grown on PDA and tested for parhogenicity
at regular intervals.

2.2 Inhibition of spore germination of postharvest pathogens

Fungal conidia were obtained by washing the mycelia growing on PDA with 2 011 of sterile 0.05 %
Tween 20. The resulring suspensions were diluted with sterile distilled water ro a concentrarion of 106

conidia/OIl as derermined with a hemarocyromerer. Conidial suspensions of rhe posrharvest parhogens
(106 conidia/OIl) were prepared in filrer-sterilized apple juice and mixed with the spores from fungal
leaf isolates. Of the mixed suspension, 0.1 011 aliquors were plared in wells (20 mm in diamerer). Afrer
24 h ar 4° C, germination of 200 spores was evaluared. A spore was regarded germinated as soon as the
germ tube was longer than the diameter of the spore. The experiments were repeated three times.

2.3 Inhibition of mycelial growth

Inhibition of the pathogens by phylloplane fungi was evaluated in dual cultures by the inhibition of
radial growth as described by MELGARE]O et al. (1985): Mycelial plugs of the pathogens and of poten
rial antagonists were cut from actively growing colonies on PDA, and transferred to the assay plates, at
a distance of 3 cm. In the controls, a mycelial plug of one of the pathogens and a sterile PDA plug were
used. Mter 10 days at 4° C, inhibition was determined. The experiments were repeared three times.

2.4 In vivo test

For in vivo assays, apples (cv. 'Golden Delicious') were harvested at commercial maturity from trees of
the same orchard where the fungal isolates had been collected and stored in polyethylene bags at 4° C
in the dark uncil use. After surface srerilization by soaking the apples in 70 % ethanol for 5 min,
followed by several rinses with sterile water, apples were wounded by removing a plug with a cork borer
(3 mm wide, 3 mm deep) and immediately inoculated with the conidia. Generally, two wounds were
applied on the equator of each fruit, one wound with both the antagonists and the pathogens, the
other with the pathogens only (controls). First, 20 fll of a suspension of a single antagonist (107 spores/
011 in water) was applied to one of the wounds. The other wound received 20 fll of water only. Mter
20-30 min, both wounds were inoculated with B. cinerea, M fructigena or P: expansum (20 fll contain
ing 105 spores/m!).

When two ancagonistic fungi were used in mixtures, spores of each antagonistic fungus were sus
pended in 20 fll 0.05 010111 phosphate buffer, pH 7.0. Tw~nry fll containing 105 spores/OIl of Epicoc
cum purpurascens (KC7574) and 20 fll containing 5 x 105 spores/OIl ofAureobasidium puLLulzns (KCI503)
were applied. In the other variants, 20 fll containing 105 spores/OIl of E. purpurascens (KC 7574) were
mixed either with 20 fll containing 105 spores/OIl of Trichoderma poLysporum (KCI 014) or with iden
tical amounts of Sordaria fimicolz (KC8964), Clzdosporium clzdosporioidej· (KCII07), Acremonium
strictum (KCI026) or Chaetomium gLobosum (KCI047). To the control wounds, 40 fll of phosphate
buffer was added. After 20-30 min, the pathogens (20 fll concaining 105 spores/m!) were added to
both wounds.

Immediately afrer inoculation, apples were placed inco airtight sealed plastic containers ar 4° C for 3
weeks. These conditions correspond to those in apple storage containers used by local farmers.

2.5 Statistical analysis

In the in vivo tesr on fruits, each treatment in each experiment consisted of 10 single-fruit replicates, in
a randomized complete block design. Each experiment was repeared twice. The data were subjected to
analysis of variance using the Waller-Dunkan K-ratio t test (p :<:; 0.05) and the Statistical Analysis
Sysrem software SAS Institute Inc., Cary, NC., USA (1989).
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3.1 Fungal populations on apple leaves

The fungi regularly recovered from apple leaves are listed in Table I. The number of colony-forming
units from most species varied significanrly during the year. Out of the 32 different fungi repeatedly
observed, 21 were present in significant numbers throughout the season (Table I). Fungi generally
assumed to have antagonistic activities, such as A. strictum. Trichoderma spp. or S. fimicola, tended to
increase in number during late summer.

Table 1. Changes in fungal populations isolated from apples leaves (cv. 'Golden Delicious) during 1989. (+) Indi-
cate fungi present in low amounts only « 10 CFU's/g fresh weight) and are considered as transient micro-
organism. Values followed with equal letters do not differ significantly (P S 0.05) in the Wilcoxon non-
parametric range test. Values are means of loglO CFU's/g fresh weight

Tab. I. Fluktuation der Pilzpopulation aufApfelbtittern (Sorte 'Golden Delicious) wahrend der Saison 1989. (+)
zeigt an, daB diese Pilze nur in niedrig~rAnzahl vorhanden waren « 10 CFU/g Frischgewicht). Dies sind
transiente Mikroorganismen. Ergebnisse die mit gleichen Buchstaben versehen sind, unterscheiden sich
nicht signifikant (P < 0,05) im Wilcoxon Test. Die Ergebnisse sind Mittelwerte, ausgedriickt als !oglO
CFU/g Frischgewicht

June July August September October

Acrernonium strictum + + 2,5 b 4.5 a 4.0 a
Acremonium sp. 3.6 b 4.7 a 3.1 b 3.3 b 5.5 a
Alternaria alternata 4.7 a 3.0 b 4.8 a 5.1 a 5.2 a
A. tenuissima 4.5 a 37 b 3.2 b 3.6 b 5.1 a
Aspergillus clavatus + + 1.8 b 4A a 3.9 a
A>pergillus niger 3.1 b + Bb 5.0 a 3.1 b
Aspergillus sp. lA b 2.7 b 2.4 b 4.0 a 3.6 b
Aureobasidium pullulans 4.1 b 5.0 a 5.3 a 4.2 b 4.9 a
Botryosphaeria sp. 1.5 b + 3.0 b 4.4 a 5.1 a
Botrytis cinerea 2.8 b 3.4b 5.1 a 6.1 a 4.6 a
Cephalosporium sp. 1.4 b 3.6 b 4.8 a 2.3 b 4.6 a
Chaetomium globosum 2.0 b 2.8 b 3.6 b 4.3 a 5.2 a
Cladosporium cladosporioides 4.0 b 4.3 b 5.3 a 6.3 a 5.5 a
C. herbarzml 4.1 b 5.0 a 4.8 a 5.5 a Ob
C. sphaerospermum 3.4 b 3.6 b SA a 47a 6.3 a
Coniothyrium sp. 2.2 c Bb 3.8 b 5.2 a 5.1 a
Dendryphiella sp. + + + 4.0 a +
Epicoccum purpurascens 2.6 c 4.4 b 5.5 a 6.3 a 5.4 a
Fusarium sp. lA b + + 3.8 b 4.7 a
Monilinia fruetigena 1.8c 3.0 b 3.6 b 4.2 a 4.5 a
Penicillium frequentans 2.2 c 2.8 c 4.4 b 5.6 a 57a
P. purpurogenum 3.1 b 4.9 a 4.7 a 3.5 b 3.0 b
Phoma macrostomum 3.6 b 4.8 a 4.9 a 5.3 a 4.6 a
Phoma pomorum 3.0 b Bb 6.1 a 5.3 a SA a
Phyllostieta sp. 1.5 c 3.8 b 4.5 a 4.9 a 5.0 a
Sordaria ftmicola + + 2.0 b 2.5 b 3.7 a
Stemphylium sp. 4.1 b 3.8 b 6.2 a 6.1 a 4.5 b
Spilocaea pomi 4.0 b 5.8 a 4.9 a 5.2 a 4.3 b
Trichoderma viride + + 2.4 b 3.8 a 4.0 a
Trichoderma polyspomm + + + 3.0 a +
Trichotecium roseum + 1.8 b 2.1 b 4.6 a 5.2 a
Ulocladium sp. + 2.0 b 3.9 b 5.2 a 3.5 b
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Table 2. Inhibition by 42 selected fungi of spore germination, mycelial growth and apple lesions from Botrytis ci-
nerea (B. c.), Moniliniafructigma (M. f.), and Pmicillium expansum (P. e.)

Tab. 2. EinflulS von 42 ausgewahlten Pilzen aufdie Sporenkeimung, das Mycelwachsrum und die Faulsrellen, die
durch B. cinerea (B. c.), M. fructigma (M. f.) und P. expansum (P. e.) aufApfeln hervorgerufen wurden

Inhibition (%)

Spore germination Mycelial growth Apple lesions

Isolare B.c. M.f. P. e. B. c. M.f. P. e. B.c. M.f. P. e.

Aureobasidium KC1503 60 20 45 8 4 20 96 95 75
pullulans KCI506 52 19 44 4 12 22 70 90 78

KCI507 56 18 40 3 18 25 87 92 64
KC1512 58 13 44 5 19 21 80 50 60

Trichoderma KCIOl4 85 90 90 95 98 99 93 80 87
polysporum KCI218 84 89 88 92 97 98 90 75 80

KC1393 84 83 80 90 94 98 89 60 78
KCI412 83 86 90 85 92 80 85 72 65
KCI553 80 90 94 80 90 74 70 68 42
KCI684 98 90 87 85 90 96 28 12 6
KC1714 92 98 90 80 75 92 14 38 10

Sordaria KC8964 95 80 60 98 99 98 89 86 90
fimicola KC7252 94 77 58 95 98 93 78 82 87

KC4325 92 80 60 94 96 95 80 78 70
KC7758 95 80 55 90 95 90 85 80 74
KC4297 96 75 54 88 93 92 82 50 64
KC3337 94 72 56 85 90 85 75 62 80
KC4283 92 73 60 80 86 88 74 70 85
KC2684 42 30 25 34 20 10 85 80 96

Cladosporium KCII07 80 60 20 15 56 55 62 42 20
cladosporioides KCI215 78 54 18 4 12 15 45 30 18

KCI336 79 60 19 2 IS 18 42 26 10
KCI669 77 58 20 8 0 30 30 20 IS
KCI712 75 52 18 6 2 25 28 40 10

Acremonium KCI026 35 38 80 4 7 IS 30 44 55
strictum KC5310 34 37 79 -2 3 13 25 30 42

KC5864 31 32 80 I 5 II 22 40 48
KC5141 30 34 77 0 2 10 20 44 10
KC5558 30 19 74 2 5 7 15 52 8
KC5106 28 38 75 10 6 9 10 40 30
KC5712 26 36 67 3 6 8 12 35 18
KC5853 20 37 50 4 5 II 8 10 12

Chaetomium KCI047 80 78 70 78 87 60 59 84 46
globosum KCI560 76 75 65 42 55 56 42 75 40

Epicoccum KC7574 80 85 80 25 70 67 93 98 95
purpurascens KC1348 79 84 70 12 45 50 85 94 90

KC1352 80 83 77 23 50 48 78 80 87
KC7561 69 80 72 22 30 38 65 30 85
KC8530 70 82 70 18 20 IS 63 20 70
KC2213 73 85 74 10 IS 19 62 18 45
KC4326 78 82 76 25 12 60 60 II 40
KC3367 60 80 78 18 20 54 42 15 8
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3.2 Inhibition of spore germination

During the season, 368 fungi were isolated and tested for their antagonistic qualities. A selection of the
most effective fungi is shown in Table 2. Some characteristics are typical for the different fungal spe
cies. A. pullulans has only an intermediate effect on spore germination of B. cinerea, P. expansum. and
even less influence on M fructigena. Some S. fimicola isolates considerably inhibited spore germination
of B. cinerea and M. fructigena, but not so much P. expansum. Also C. cladosporioides had only a minor
effect on P. expansum. On the other hand, some A. strictum isolates efficiently suppressed spore germi
nation of P. expansum, but not so much B. cinerea and M fuctigena. Many isolates of C. globosum, T.
polysporum and E. purpurascens isolates effectively suppressed the germination of all three postharvest
pathogens.

3.3 Inhibition of mycelial growth

A. pullulans, C. cladosporioides and A. strictum isolates had only minor effects on mycelial growth of all
three pathogens. C. globosum and E. purpurascens isolates reduced hyphal growth at an intermediate,
variable level. In contrast, the majority of T. polysporum and S. fimicola isolates were quite efficient,
with some noticeable exceptions (e.g., S. fimicola KC2684).
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3.4 In vivo test on apples

Artificially wounded apples wete inoculated both with a potential antagonist and one of the pathogens
and subsequently stored under conditions that are similar to those applied in practice. One isolate of E.
purpurascens (KC7574) was most efficient at a concentration of 107 spores/ml (Table 2). This corre
sponds to a ratio between pathogen and antagonist of I: lOO. Good control was also obtained with A.
pullulans (KC 1503) and T. polysporum (KCI 014), S. fimicola (KC8964 and KC2684) and E. purpur
ascens (KC7574). Often, in vitro antagonistic activity of the isolates did not correspond to the activities
observed in llillo (Table 2). We also applied mixtures of two antagonists, however at much lower con
centrations (Fig. I). Excellent control was obtained with the mixtures of E. purpurascens (KC7574)
andA. pullulans (KCI503). Also, a combination ofE. purpurascens (KC7574) with S. fimicola (KC8964)
or with T. polysporum (KCIOI4) gave good tesults. In these experiments. the ratio pathogen-antago
nist was 1:2 or 1:5 in the case of E. purpurascens (KC7574), and A. pullulans (KCI503).

In Figure 2, we varied the ratio between the pathogen and the mixture of the antagonists E. purpur
ascens (KC7574) and A. pullulans (KCI503) by using different spore concentrations of pathogen and
antagonists. No lesions were observed as long as the two antagonistic fungi together surpassed the
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number of pathogenic fungi by a facror of 10. Some control was already obtained as long as the number
of pathogenic spores was matched by at least a similar number of antagonistic spores.

4 Discussion

The method used in this study to quantifY the number of propagules of fungi is only a rough means of
estimating the presence of resident micro-organisms on leaves (LEBEN 1971; STADELMANN and SCHWINN
1976). It takes into account only those micro-organisms which can be washed away from the leaves
and grown on nutrienr agar. It does not allow to distinguish berween single spores, large fungal colo
nies or hyphae, which may be difficulr to wash away at similar rates. However, in spite of these disad
vanrages, the method is capable to indicate population trends and shows that many fungal species occur
in high numbers on the apple leaf surface, including pathogenic fungi such as B. cinerea, M. fructigena
and 5pilocaea pomi. This roughly corresponds ro results obtained in experiments with apple and pear
trees from other regions (ANDREWS and KENERLY 1980). The higher number of fungal species found in
this study (32 different species) may be due 'to the fact that this orchard was not treated with fungicides
during the laSt 10 years.

This paper highlights the interaction of fungi under differenr conditions such as artificial media or
apple wounds. It is interesting to note the variation of differenr isolates of fungal species in their ability
ro inhibit spore germination, mycelial growth or lesion development in apple of three different patho
genic fungi. Isolates may inhibit spore germination or mycelial growth poorly, bur suppress apple
lesion formation efficiently (5. fimicold, KC2684). Some isolates inhibited spore germination and mycelial
growth, but did not affect the development of apple lesions considerably (T. polysporum, KC 1714,
KCI648). Other isolates were efficient in all qualities tested (5. fimicola, KC8964, KC7252; T. poly
sporum. KCIO 14, KCI218). These few examples give a general impression of the complexity of inter
actions which may occur on the surfaces of apple leaves or fruits. Therefore, the selection of a single
isolate for the biological control of apple storage disease, as has been done before OANISIEWICZ 1987;
MENDGEN et al. 1991; ROBERTS 1990), is unlikely ro include the differenr possible mechanisms an
tagonistic fungi have developed against other fungi.

We did not study the mechanisms of anragonistic activity. It may be the resulr of physical contact,
competition for space and nutrienrs, or may even be an effect of fOxins and anribiotics (PUSEY 1989; Sy
et al. 1991; WILSON et al. 199 I). E. purpurascens, an effective fungus for the conrrol of pathogens in
this study, is known ro produce numerous antifungal and anribacterial compounds such as flavipin and
epicorazin (MALLEA et al. 1991). This has to be considered before the consumption of such apples. The
mechanisms of antagonistic action of the other antagonistic fungi used here must be studied also before
they may be safely applied in practice OEFFRIES and JEGER 1990; WILSON et al. 199 I).

Our srudies have shown that the anragonists are more or less efficient towards each pathogen. Also,
differenr antagonists may be more adapted to the variable conditions on leaves or fruits OANlSIEWICZ
1988; MENDGEN et al. 1991). Therefore, we applied defined mixtures of fungi anragonistic to B.
cinerea, M. fructigena and P. expansum. Thus, we were able to reduce the concentrations of anragonists
needed for a prorection against postharvest decay considerably. In addition, it is interesting that the
effective ratio anragonist-pathogen was rather constanr over a broad range of the concenrrations ap
plied. This ratio reached I: I under optimal conditions and seems unsurpassed by any other bioconrrol
system against three pathogens we know.

Experimenrs were performed at 4° C and conditions of high humidity and low oxygen. Similar
conditions for storage are used by many farmers in the lake Constance (Bodensee) area. Additional
experimenrs performed at 20° C showed, that even lower concenrrations of the anragonists can be
effective (resulrs not shown), bur we think that these resulrs are of minor imporrance in practice.

Currenrly, we are performing field experimenrs using mixtures of antagonistic fungi presented in
this work and, in addition, rwo antagonistic micro-organisms effective against P. malicorticis, and N
galligena (SCHIEWE and MENDGEN 1992). In variants, we add calcium (CONWAY et al. 1991) or film
polymers (ELAD et al. 1990) ro the sprays. During growth of apples, this combination of different
techniques will create an environment on their surface which simulraneously improves fruit quality,
favors antagonists and suppresses pathogens.
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