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Abstract

The susceptibility of 16 apple cultivars to collar rot caused by the fungus Phytophthora cacto-
rum was tested. Three methods of evaluation were applied: a laboratory test, a greenhouse
experiment and a field experiment. Two cultivars were very sensitive: ‘Discovery’ and ‘Hiber-
nal’. The next susceptibility group comprised the cultivars: ‘Gloster’, ‘Florina’, ‘Liberty’,
‘Julyred’, ‘Paulared’ and ‘Jonnee’. Moderately susceptible were: ‘Sampion’, ‘Nova Easygro’,
‘Jonagold®’ and ‘Quinte’. Least susceptible were: ‘Summerred’, ‘Niired’, ‘Jonamac’ and ‘Spar-
tan’. Not one of the tested cultivars was completely resistant to infection with Phytophthora
cactorum. A high degree of correlation was noted between the results obtained in the green-
house, in the field and in the laboratory test on annual shoots cut off at the dormant stage
of the trees. Much less reliable results were obtained in the laboratory test on apple-tree
shoots cut in September in the end stage of vegetation of the trees.

INTRODUCTION

The literature concerning susceptibility of apple cultivars to collar rot brings
mainly information on older apple varieties. Numerous authors consider that
‘Cox Organe’ is a very susceptible variety (Alston, 1970; Braun and Nienhaus,
1959; Roosje, 1955; Krihmer and Schmidle, 1979; Krober and Karnatz,
1979; Bielenin, 1975). As susceptible are also mentioned such cultivars as: ‘Gri-
mes Golden’ (Anderson, 1956), ‘Discovery’ (Borecki and Czynczyk, 1985;
Kréber and Karnatz, 1979), ‘Laxton Superb’ (Braun and Nienhaus, 1959;
Krober and Karnatz, 1979), ‘Berlepsch’ and ‘James Grieve’ (Braun and Nien-
haus, 1959), ‘Lord Lambourne’ (Roosje, 1955) and ‘Idared’, ‘McIntosh’ and
‘Orangeburg’ (Krihmer and Schmidle, 1979). Alston (1970) also considered
as susceptible such apple-trees as ‘Laxton Superb’ and ‘James Grieve’. Many authors
mention as susceptible the cultivars: ‘Boskoop’, ‘Manzen’, ‘Melba’ and ‘Wealthy’
(Braun and Nienhaus, 1959; Roosje, 1955; Krihmer and Schmidle, 1979;
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Krober and Karnatz, 1979). Borecki et al. (1978, 1982) and Boreckiand Czyn-
czyk (1985) tested among others the susceptibility to Phytophthora cactorum of
cultivars resistant to apple scab. Susceptible proved: ‘Priscilla’, ‘Florina’ and ‘Mac-
free’, and relatively resistant ‘Freedom’ (NY 58-553-1) and ‘Prima’.

An important factor influencing the susceptibility of apple-trees to collar rot
is the age of the trees. Most authors believe that the period of highest susceptibility
falls to the age of 5-10 years, that is the years of highest fruit bearing (Braun and
Nienhaus, 1959; Grupta and Singh, 1979; Krober and Karnatz, 1979; Sé6ko
and Lauvinen, 1981). Another important factor influencing the susceptibility of
apple-trees to Phytophthora cactorum are the development phases of the trees in
the course of vegetation. All authors dealing with this problem agree that apple-
trees are most susceptible in the period of bloom and further in the second half
of summer (Braun and Nienhaus, 1959; Bielenin, 1975). Kréber and Kar-
natz (1979) observed an interesting fact, namely, that shoots growing vertically
are more susceptible than the horizontal ones.

Several authors tried to establish the biochemical factors in the cortex paren-
chyma which influence the susceptibility of apple-trees to collar rot. Borecki et al.
(1970) detected in the tree tissues compounds with a stimulating and inhibitory
action on the growth of the fungus, and established the molecular weight and some
chemical characteristics of these substances. Bielenin et al. (1973) claimed that
floridzine is one of the inhibitors of growth of Phytophthora cactorum. Further
investigations, however, did not confirm the relation between floridzine content in
the tissues and susceptibility of the apple cultivars. The role of phenol and flavone
compounds, floridzine and quercetine as factors influencing resistance was also
investigated by Alt and Schmidle (1980).

Among external factors, soil humidity and temperature play an important
role in the incidence of collar rot. Long lasting high humidity of the substrate fa-
vors appearance of the disease (Braun and Nienhaus, 1959; Alt, 1983). The in-
fluence of temperature is rather complex and depends largely on the kind of stock.
Braun and Nienhaus (1959) ascertained that for development of Phytophthora
cactorum on stock M9 the optimal temperature was 18-21°C, and on stock M1l
24-26°C. According to Alt (1983), optimal temperature for development of the fun-
gus in vitro and on the stock is 27°C. At temperatures below 5°C and above 30°C
damage is only slight.

One of the difficulties encountered in investigations of the susceptibility of apple-
trees to collar rot are the wide differences in the pathogenicity of Phytophthora
isolates. This problem was studied by Bielenin (1975), Aldwinckle et al. (1975)
and Jeffers et al. (1982). Alston (1970) considers cultivation of resistant varie-
ties as an important method of protection of apple-trees against collar root and he
searched for genetic sources of resistance to this disease among 43 apple cultivars.
As such source may serve the cultivar ‘Norden Spy’.

A very important methodical problem connected with evaluation of suscep-
tible stock and apple cultivars to Phytophthora cactorum is the way and conditions
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of artificial infection of the plants. Many authors call attention to the difficulties
associated with artificial infection of apple-trees with the fungus Phytophthora
cactorum (McIntosh, 1975). Most investigators applied the routine method of
infecting the trees under field conditions in which evaluation of susceptibility lasts
several or a dozen or so months. Borecki and Millikan (1969) developed a rap-
id test making possible evaluation of susceptibility, fungus pathogenicity and the
role of various factors influencing pathogenicity. In this test the results can be ob-
tained within 5-8 days. The latter method was modified and improved by Ald-
winckle et al. (1975) and further by Jeffers et al. (1981, 1982), and used mainly
for evaluation of the pathogenicity of fungi of the genera Phytophthora and Pythium.
A similar method of artificial inoculation of cut off shoots was applied by Alston
(1970). Kréber and Karnatz (1979) compared the results of laboratory tests
and field experiments and confirmed the agreement of their results, they considered,
however, like Alston the field results as more reliable.

MATERIAL AND METHODS

The aim of the research undertaken in the period 1982-1984 was establishment
of the susceptibility of 16 apple cultivars to collar rot, including 11 new varieties
in the conditipns of Poland, three cultivars resistant to apple scab and two stand-

Table 1

Short description of tested apple cultivars*

Susceptibility to

Ripening

Cultivar Origin apple scab apple powdery
season mildew
‘Discovery’ England autumn 2 2
‘Florina’ France late winter 1 2
‘Gloster’ FRG late winter 2 2
‘Hibernal’ Soviet Union  autumn 2 1
‘Jonagold’ USA winter 2 2
‘Jonamac’ USA autumn 2 2
‘Jonnee’ USA winter 2 5
‘Julyred’ USA early summer 4 2
‘Liberty’ USA winter 1 2
‘Nova Easygro’ Canada winter 1 5
“Niired’ USA winter 2 5
‘Paulared’ USA late summer 2 3
‘Quinte’ Canada early summer 5 2
‘Spartan’ Canada winter 3 2
‘Summerred’ Canada late summer 2 2
“Sampion’ Czechoslovakia late autumn 2 2

* Susceptibility to apple scab and apple pbwdery mildew according to five degree scale: 1 — resistant, 2 — little
susceptible, 3 — moderately susceptible, 4 — rather susceptible, 5 — highly susceptible.
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ard varieties (‘Hibernal’ and ‘Spartan’) (Table 1). Another aim was to compare
various methods of evaluation of apple-tree resistance to the disease. The results
of the laboratory test, the field experiment and the greenhouse experiment, where the
conditions for development of the fungus were most favorable, were compared.

Laboratory method

This method has been described by Borecki and Millikan (1969). Annual
shoots of apple-trees were cut into 6-8 cm segments and the bark was cut off on
one side, exposing the phloem and cambium. Explants of a 6-day culture of the
fungus Phytophthora cactorum were placed on the thus prepared segments. After
incubation for five days in a moist chamber at 26°C, the length of the necrosis was
measured on the parts deprived of bark. Each of the 16 cultivars was one combi-
nation and had ten replications. In each replication ten shoots were infected. The
laboratory methods was applied in two versions: young shoots cut in the second
half of summer were infected at the beginning of September, and so were shoots
in the stage of dormancy cut in December.

Field method

The experiments were performed in the years 1982-1984 on two-year-old apple-
trees. The trees were planted in the autumn of 1982 and infected at the beginning
of May 1983, in the period of highest susceptiblity of apple-trees to collar rot. On
the tree stems a strip of bark was cut off and the wound was covered with an explant
of the fungus culture of 12 X4 mm size. The inoculated wounds were wrapped with
a band of foil which was removed after four weeks. Twelve months later the wounds
formed at the site of infection were measured. Each cultivar was represented by
15 trees, from which ten were chosen for precise measurements with elimination
of the poorly growing ones.

Greenhouse method

The experiment was performed in the year 1983. Ten trees of each variety were
planted in March on deep beds filled with heavy clayey soil mixed with bark. In the
initial stage of shoot growth the young trees were infected as in the field experi-
ment. The whole time a high temperature was maintained in the greenhouse within
the limits of 22-32°C and a high air moisture 80-95 rh. The trees grew much faster
in the greenhouse than in the field. The wounds developed throughout the 1983
season and they were measured after a lapse of 10 months from inoculation.

The length of the wounds caused by Phytophthora cactorum was the index of
susceptibility to the disease. The results of wound measurement were statistically
elaborated and susceptibility was compared within each experiment. In statistical



Table 2

Susceptibility of apple cultivars to collar rot (Phytophthora cactorum)

Mean length of lesion (mm):

Cultivar in greenhouse under field conditions under laboratory conditions: Susceptibility group

in Sept. in Dec.

‘Hibernal’ 789¢ 62.8¢ 448 ¢ 451e highly

‘Discovery’ 70.3¢ 60.1¢ 30.3d 50.3 ef susceptible

‘Gloster’ 59.9d 60.4¢ 2l.5¢ 37.7d rather

‘Florina’ 59.3d 52.4d 31.9de 51.4f susceptible

‘Liberty’ 54.6d 49,9 cd 18.4 be 40.8 de

‘Julyred’ 53.9d 443 ¢ 154b 48.1 ef

‘Paulared’ 52.44d 471 cd 37.0¢ 37.7d

‘Jonnee’ 50.6 cd 40.5 be 16.9b 36.1d

*‘Sampion’ 459 cd 41.1 bc 16.0b 3944 moderately

‘Nova Easygro’ 44.8 cd 394 be 48.9f 253¢ susceptible

‘Jonagold’ 43.6¢ 31.3ab 22.5¢ 215¢ :

‘Quinte’ 40.8 be 356b 16.5b 19.1b

‘Summerred’ 37.8bc 303a 17.1b 16.0a little

‘Niired’ 36.7b 379b ’ 11.8a 18.1b susceptible

‘Jonamac’ 33.1ab 314a 17.5b 15.8a

‘Spartan’ 30.7a 31.4ab 21.8¢c 16.4 ab

Means within a vertical column followed by the same letters are not significantly different at 5% level of probability.
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elaboration analysis of variance and Duncan’s test were used. Moreover, the agree-
ment of results obtained in the laboratory, glasshouse and field experiments was
established by the method of lincar correlation.

RESULTS

Wide differences were found in the degree of susceptibility of the tested apple
cultivars to collar rot (Table 2). To rather sensitive varieties belonged: ‘Gloster’,
‘Julyred’, ‘Paulared’ and ‘Jonnee’ and two varieties resistant to scab: ‘Florina’
and ‘Liberty’. Moderately resistant were: ‘Sampion’, ‘Jonagold’ and ‘Quinte’ and
the variety resistant to scab ‘Nova Easygro’. Least resistant proved: ‘Summerred’,
‘Niired’, ‘Jonamac’ and ‘Spartan’. This classification is based on greenhouse experi-
ments, confirmed mostly by results of field experiments and laboratory tests per-
formed on annual apple-tree shoots cut at the stage of dormancy.

The agreement of results obtained in greenhouse and field experiments and in
the December laboratory test confirm the high coefficients of linear correlation,
r varying from 0.820 to 0.939 (Table 3). The results obtained with shoots cut in
September, however, differ widely from the foregoing ones, are but weakly corre-
lated with those of the greenhouse experiment (r = 0.511) and practically show
no correlation with those of the field experiment (r = 0.448) and December test
(r =0.314).

Table 3

Values of coefficient of linear correlation r for dependence between length of lesions developed in
greenhouse, under field conditions and under laboratory conditions

. Under field Under laboratory conditions
Experiment In greenhouse conditions in Sept.t i Dec?
In greenhouse 1.000
Under field conditions 0.939 %% 1.000
Under laboratory
conditions — 1 0,511* 0.448 1.000
Under laboratory
conditions — 2 0.861** 0.820** 0.314 1.000

* Significance of coefficient of linear correlation at 5% level.
** Significance of coefficient of linear correlation at 1% level. 1 — end of growing season of apple tree. 2 — dor-
mant stage of apple tree.

DISCUSSION AND CONCLUSIONS

The susceptibility evaluation of 16 apple cultivars to collar rot indicated that
all the new apple varieties were susceptible to infection with Phytophthora cactorum
and not one could be qualitied as completely resistant or very slightly susceptible.
The high susceptibility of the cultivars ‘Hibernal’ and ‘Discovery’ was confirmed
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(Borecki and Czynczyk, 1985). The high susceptibility of ‘Discovery’ has also
been reported by Kroberand Karnatz (1979). The low resistance of the remaining
cultivars has so far not been mentioned in the literature. Among the varieties classi-
fied to highly or rather susceptible there are both summer (‘Julyred’, ‘Paulared’)
autumn (‘Hibernal’, ‘Discovery’) and winter varieties (‘Jonnee’, ‘Liberty’, “‘Gloster’,
‘Florina’). Similar differences in the dates of ripening can be seen in the group of
apple-trees little susceptible to collar rot. To this group belong: the summer apple-
. tree (‘Summerred’), the autumn (‘Jonamac’) and two winter cultivars (‘Niired’
and ‘Spartan’). Neither was there any relation noted between susceptibility to collar
rot and that to apple scab and mildew (Tables 1 and 2).

Accurate evaluation of the sensitivity of apple varieties to Phytophthora cactorum
requires investigations of many years and multiple repeating of experiments under
various conditions. This is indicated by the up-to-date discrepancies in the views
of authors on the susceptibility of stock and of the cultivars ‘James Grieve’ and
‘Laxtons Superb’ (Alston, 1970; Braun and Nienhaus, 1959; Krober and Kar-
natz, 1979). The authors views are concordant only in the case of very susceptible
apple-trees such as ‘Grimes Golden’ and ‘Cox Orange’.

On the basis of the results of experiments and observation of the development
of bark necroses after artificial inoculation, as most reliable may be considered the
results of greenhouse experiments where the disease develops fastest without dis-
turbances caused by air temperature variations and moisture. )

Each of the methods applied has some merits. The laboratory test is rapid and
makes preliminary evaluation of sensitivity possible. The greenhouse conditions
ensure a rapid growth of the fungus in the apple bark, and the field experiments
confirm the results under conditions prevailing in orchards. The wide variability
of susceptibility of apple-trees to collar rot indicates the usefulness of laboratory
tests on shoots cut after the end of vegetation of the trees. This test can be performed
with the use of various.-techniques described in the literature (Borecki and Milli-
kan, 1969; Aldwinckle et al., 1975; Alston, 1970; Jeffers et al., 1981, 1982).
The high correlation coefficients in the results of laboratory tests performed on
shoots cut in December and the experiments run in the greenhouse and in the field
are evidence of the usefulness of application of complex methods making possible
reduction of the period of investigation and revealing many factors affecting the
development of Phytophthora cactorum on infected apple-trees.
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Wrazliwoé¢ odmian jabloni na zgnilizng pierscieniowa podstawy pnia (Phytophthora
cactorum Leb. et Cohn. Schroet.)

Streszczenie

Zbadano wrazliwos$¢ szesnastu odmian jabloni na zgnilizne pierscieniowg podstawy pnia po-
wodowana przez grzyb Phytophthora cactorum. Do oceny wrazliwoéci zastosowano trzy metody:
test laboratoryjny, dodwiadczenie w szklarni i doswiadczenie polowe. Dwie odmiany ‘Discovery’
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i ‘Hibernal’ byly bardzo wrazliwe. W drugiej grupie wrazliwo$ci znalazly si¢ odmiany: ‘Gloster’,
“Florina’, ‘Liberty’, ‘Julyred’, ‘Paulared’ i ‘Jonnee’. Srednio wrazliwe byly: ‘Sampion’, ‘Nova
Easygro’, ‘Jonagold’ i ‘Quinte’. Najmniej wrazliwe okazaly si¢: ‘Summerred’, ‘Niired’, ‘Jonamac’
i ‘Spartan’. Zadna z badanych odmian jabloni nie wykazala calkowitej odpornosci na porazenie
przez grzyb Phytophthora cactorum. Stwierdzono wysoki stopien korelacji pomi¢dzy wynikami
uzyskanymi w szklarni, w polu i w teécie laboratoryinym na jednorocznych p¢dach wycigtych w sta-
dium spoczynku drzew. Znacznie mniej miarodajne wyniki uzyskano w teécie laboratoryjnym na
pedach jabloni wyci¢tych we wrze$niu, w koficowym stadium wegetacji jabloni.
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