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‘Mutsu’ (commercial synonym – ‘Crispin’) is a quite new apple cultivar on the
Polish market. It came from Japan. It is a cross between cv. ‘Golden Delicious’ and
cv. ‘Indo’ obtained in Aomori Apple Experiment Station in 1930. ‘Mutsu’ is a me-
dium winter hardy apple cultivar. The fruits are similar to ‘Golden Delicious’ with
a green to pale golden skin. The fruits are sweet with medium acidity. ‘Mutsu’ is a
big fruit cultivar and apples can be kept in regular cold storage till April or May
(Fukuda 1994).

Three fruits of ‘Mutsu’ with slightly bumpy surface and green-olive-yellow pat-
tern (Phot. 1) were brought to our laboratory from the apple orchard at Budzi-
szynek near Chynów (central Poland) in the autumn of 2002. Almost 50% of 960
‘Mutsu’ trees grown there were showing such symptoms. The same symptoms
were observed also in about 90% of fruits collected from 870 ‘Mutsu’ trees grown
in the orchard in Radom (central Poland). No traces of pathogenic bacteria or fungi
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Phot. 1. Crinkling and green-olive-yellow pattern on the surface of mature apples cv. ‘Mutsu’
(photo by K. Tomala)



were found on symptomatic fruits. The symptoms could neither be attributed to
phytoplasma infection. On the other hand the symptoms resembled some of the
diseases caused by viruses or viroids (N meth 1986). The search was started in
2003 to identify the possible viruses causing this disease. At the beginning 96 trees
from Budziszynek and 87 trees from Radom were tested by standard ELISA test for
three most common apple viruses: Apple chlorotic leaf spot virus (ACLSV), Apple stem
grooving virus (ASGV) and Apple mosaic virus (ApMV). Samples for testing were col-
lected in May 2003. Eight young leaves and eight flowers were collected from dif-
ferent parts of individual trees.

The classical double antibody sandwich DAS-ELISA test according to Clark and
Adams (1977) was used to detect ApMV. Modified-ELISA procedure described by
Flegg and Clark (1979) was used for the detection of ACLSV and ASGV. In the ex-
periments commercial kits (Loewe Biochemica GmbH, Germany) were used. Sam-
ples were prepared by grinding 0.25 g portions of plant materials (young leaves and
flowers) with extracting buffer usually at 1/20 (w/v) dilution. The results were as-
sessed by measuring absorbance at 405 nm. Negative and positive controls were al-
ways included. Readings for negative control never exceeded 0.050 whereas
readings above 0.200 were regarded as positive. The results of testing with ELISA
tests ‘Mutsu’ apple trees for ApMV, ACLSV and ASGV are presented in Table 1.

The samples yielding the highest and the lowest absorbance readings for
ACLSV and ASGV were tested again by immunosorbent electron microscopy
(ISEM) + decoration technique for verification of the obtained results. The anti-
serum against ACLSV received from Dr. G.I. Mink (Washington State University,
WA, USA) and the antiserum against ASGV received from Dr. R.M. Lister (Purdue
University, IN, USA) were used for coating EM grids and for decoration procedure
according to Szyndel and Paduch-Cichal (1997). The dilutions (with saline solu-
tion) of used antisera were 1:1000 for trapping and 1:100 for decoration, respec-
tively. The sap obtained from buds, young leaves or flowers in presence of 0.067 M
phosphate buffer, pH 7.0, with an addition of 0.5% Na2SO3 was used for testing.
Preparations were examined in JEM 100C electron microscopy in the Laboratory of
Electron Microscopy of the Warsaw Agricultural University.
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Table 1
Detection of three viruses in ‘Mutsu’ apple cultivar by ELISA test

Place
ApMV positive ACLSV positive ASGV positive ACLSV + ASGV positive

leaves flowers leaves flowers leaves flowers leaves flowers

Budziszynek
near Chynów

0/96
(0%)

0/96
(0%)

40/96
(41.67%)

50/96
(52.08%)

0/96
(0%)

0/96
(0%)

32/96
(33.33%)

41/96
(42.71%)

Radom 0/87
(0%)

0/87
(0%)

59/87
(67.82%)

66/87
(75.86%)

0/87
(0%)

0/87
(0%)

0/87
(0%)

3/87
(3.45%)

Together 0/183
(0%)

0/183
(0%)

99/183
(54.10%)

116/183
(63.39%)

0/183
(0%)

0/183
(0%)

32/183
(17.4%)

44/183
(24.04%)



Apple mosaic virus was not detected in any of the trees tested in both locations.
Apple stem grooving virus was detected only in mixed infections with Apple chlorotic
ringspot virus. From the total of 183 tested apple trees from two orchards, over 50%
of trees were infected with ACLSV. The virus was detected in leaves (54.1%) and
flowers (63.4%). There were no significant differences in the number of trees in-
fected by ACLSV in both orchards, but the number of infected trees was a little
higher in the Radom orchard. A mixed infection by both ACLSV and ASGV was
found in trees tested in Budziszynek and Radom orchards. In Budziszynek viruses
were detected in leaves (32/96) and flowers (41/96), respectively, and only in
flowers (3/87) in Radom. The rate of mixed infections was significantly lower than
the rate of infections by individual virus (ACLSV) in both locations. No visible dis-
ease symptoms on fruits harvested from any of tested trees in Budziszynek or
Radom were noticed in 2003 and 2004.

ACLSV and ASGV were detected and identified by ISEM + decoration tech-
nique in the examined material. The concentration of both viruses was rather low
and although the process of serological attachment of virus particles occurred, the
number of trapped virus particles was not too high. Individual virus particles were
identified by clearly visible decorations by homologous antibodies. Bacterial con-
tamination occurred in some preparations.

Apple mosaic virus was not detected in tested ‘Mutsu’ trees. The low infection
level with the virus was found in some earlier research in Poland. Zawadzka (1982)
found ApMV in 14 out of 178 trees of most common apple cultivars grown in
Skierniewice region (central Poland) and Kryczyński et al. (1995) found only inci-
dental ApMV infection in four out of 54 cultivars tested. On the other hand,
Zawadzka (1982) as well as Kryczyński et al. (1995) reported quite high ACLSV
infection (about 75%) of several apple cultivars in Poland and some cultivars (for
example: ‘Alwa’, ‘Delicious’, ‘Honeygold’, ‘Jonagold’, ‘King Jonagold’ and ‘Paula
Red’ as well as Polish cultivars ‘Rataj’, ‘Warta’ and ‘Witos’) were infected in 100%.
Similarly severe ACLSV infestation of the main cultivars of intensive orchards was
reported by Pol k et al. (1997) in the Czech Republic. Our results indicated that
the ‘Mutsu’ trees were infected by ACLSV in over 50%. Pol k and Zieglerova
(2001) from the Czech Republic detected Apple stem grooving virus in 200 out of 371
trees tested, grown in six apple orchards. In Poland ASGV was earlier found in 59
out of 178 tested apple trees by Zawadzka (1982) but in our tests ASGV was de-
tected only in mixed infections with ACLSV. This virus was found in 17.4% and
24.0% of leaves or flowers tested, respectively. There is very little information
about any disease symptoms in fruits.

N meth (1986) described 37 apple diseases, which were caused by viruses or
viroids. 12 out of mentioned diseases cause the fruit symptoms. The pathogens
have been identified only for apple flat apple and apple scar skin diseases. Green
crinkle symptoms in ‘Mutsu’ fruits, which were observed in 2002, did not appear
in fruits harvested from infected trees in 2003 and 2004. Although we detected
ACLSV in symptomatic fruits in 2002, it is necessary to confirm that disease symp-
toms observed in tested fruits were directly connected with ACLSV, ASGV or
ACLSV + ASGV infections. Both viruses are rather common in apple trees and
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they are regarded as latent viruses. Both orchards are still being carefully inspected
and we hope that our further investigation will allow finding the proper causing
agent of ‘Mutsu’ apple trees disease.
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