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Yield potential of new apricot cultivars and hybrids within the 
first eight years after planting

Z. Vachůn

Mendel University of Agriculture and Forestry, Brno, Faculty of Horticulture, Lednice na Moravě, Czech Republic

ABSTRACT: The author evaluated yield potential of 21 apricot cultivars and hybrids grafted on the rootstock M-LE-1 
(Prunus armeniaca L.). In the majority of genotypes, economically significant productivity began in the fourth year after 
planting. In control cultivar Velkopavlovická LE-12/2, the average yield after five years of production was 11.2 kg 
(5.6 t/ha), while in the cultivar Bergeron it was 13.6 kg (6.8 t/ha). In the period of five years, the highest average yield was 
recorded in cultivar Lejuna (21.4 kg per tree, i.e. 10.7 t/ha). In 1999, i.e. in the year with favourable climatic conditions, 
the yield was higher than 20 t/ha in the majority of genotypes. In individual years, no significant correlations were found 
between the ranks of individual production of cultivars under study. Genotypes responded differently to identical climatic 
conditions of particular years. The average and/or summarised individual yield of apricots for the period of several years 
could be used above all as the most important criterion for evaluation of the yield potential of trees. Particular genotypes 
without fruit thinning responded to excessive productivity by lower yields in the following year. The level of yield, cau­
sing excessive productivity in the years with good climatic conditions, depends on genotype. Cultivars Lejuna and hybrid 
LE-498, with highest yield potential in five years, showed low sensitivity to high yield in 1999. Cultivars Lebela, Leskora 
and hybrids LE-3709 and LE-3662, with lower yield potential in five years, were sensitive to excessive productivity caused 
by relatively lower yield in 1999. Genotypes with lower index of biennial bearing gave a higher sum of yields.

Keywords: genotype; weight of harvested fruit; sensitivity to excessive productivity; correlations between individual years

Apricots are a fruit-bearing species more and more in­
teresting for fruit growers worldwide. Since 1951, the 
world production of apricots has increased more than four 
times (ANONYMUS 1998). Good productivity and quali­
ty of fruit represent the most important parameters en­
abling a profitable production of apricots. A suitable 
cultivar, rootstock, site and soil can be mentioned as the 
most important preconditions of good results. The meth­
od of management and growing can either support or 
suppress effects of these basic factors.

In the Czech Republic, Velkopavlovická, Karola and 
Bergeron are the most common cultivars of apricots and, 
in intensive orchards, their average yield was 2.3 t/ha in 
the period of 1996-2000. These average yields were 
comparable with results obtained in countries of Central 
and South-East Europe (Hungary, Bulgaria, Romania). 
In Greece, France and Italy, the yields (reached with the 
other cultivars) are usually significantly higher.

Recently, the problem of improvement of productivity 
and regularity of yields has been studied in several re­
search institutes both in Europe and overseas (CIFRANIČ 
1986; SMYKOV 1989; DELLA STRADA et al. 1989; CO- 
CIU et al. 1993; NYUJTÓ, KEREK 1996; AUDERGON et 
al. 1997; KARAYIANNIS et al. 1997; PAUNOVIČ 1997; 
MOLNÁR, VÁGÓ 1999).

In the Czech Republic, a long-term breeding pro­
gramme is implemented in the Research and Breeding 
Institute of Pomology at Holovousy, Seva-Flora at Val­
tice and at the Mendel University of Agriculture and For­
estry, Faculty of Horticulture at Lednice. At Lednice, 
methods of clonal selection of the most frequent variet­
ies and breeding of new ones are being used (VACHŮN 
et al. 1996, 1997; VACHŮN, KRŠKA 2000). Until now, 
11 new apricot varieties have been registered and ap­
proved for propagation in the Czech Republic. Because 
of their small production areas, these promising as well 
as new foreign varieties have shown no significant effect 
on average per-hectare yields up to now in the Czech 
Republic. The increase in per-hectare yields due to new 
selections will be relatively slow and it can be expected 
that it will be manifested later, after the establishment of 
further hectares of orchards. With only several excep­
tions, these new varieties have not been tested in pilot 
field experiments which enable to evaluate their econom­
ic traits, especially yields and their stability. Only some 
newer cultivars (e.g. Karola) may be considered as tes­
ted under field conditions because their orchards are of 
larger size at present. The onset of fruit-bearing capacity 
in new genotypes was evaluated under pilot field condi­
tions by KEBLOVSKÝ (1997) and JÍCHA (1997).

This research is one of results of the research order No. MSM 435100002 financed by the Ministry of Education, Youth and 
Sports and solved at Mendel University of Agriculture and Forestry, Faculty of Horticulture at Lednice.

HORT. SCI. (PRAGUE), 28, 2001 (2): 41-46 41



The objective of this study was to evaluate selected 
new apricot cultivars and hybrids from the viewpoint of 
their yield potential under pilot field conditions and to 
compare them with the most important Czech cultivar 
Velkopavlovická as control and some very known culti­
vars of the world assortment of apricots.

MATERIAL AND METHODS

An experimental pilot orchard was established in 1993. 
The soil was of alluvial loamy-sandy type with 0.05% of 
CaCO3 and pH 6.8. Trees were planted in rows with the 
spacing of 5 times 4 m. Altogether 21 apricot cultivars 
and hybrids on M-LE-1 rootstock (.Prunus armeniaca L.) 
were included in this orchard. All new genotypes were 
selected at the Faculty of Horticulture, Mendel Universi­
ty of Agriculture and Forestry at Lednice. All of them 
were selected above all on the basis of their fruit-bearing 
capacity and quality of fruit, at first in experimental or­
chards and thereafter in station tests. Until now, cultivars 
Ledana, Leskora, Lejuna, Leala, Lerosa and Lebela have 
been registered and approved for propagation.

The cultivar Velkopavlovická LE-12/2, selected also 
at the Faculty of Horticulture at Lednice, was used as 
control. For comparison, this experiment involved also 
cultivars Šálách and Bergeron. The first one is an impor­
tant Ukrainian and Central-Asian variety while Bergeron 
is very popular in Central and Western Europe.

Stems of trees were 0.7 m high and their crowns were 
of vase (hollow) shape. Fifty trees of each variety were 
planted on long plots. Only three variants had less trees 
(cultivars Leskora [41], LE-4725 [46] and Šálách [49]).

Drip irrigation was used in June and July in the total dose 
of 60-70 mm.

Yield potential of this collection of apricot cultivars 
and hybrids was evaluated for the period of 1993-2000. 
Under the term “yield potential" we understand the ca­
pacity of each genotype to produce certain and variously 
regular amounts of fruit with a different onset of yields 
and increasing of yields. Economically important pro­
ductivity (more than 0.5 kg per tree) was observed in the 
fourth year of age.

The total weight of harvested fruits was estimated in 
kilograms at the beginning of harvest ripeness. For the 
sake of objectivity, this parameter was also evaluated by 
another two independent experts. Correlation coefficients 
of these estimates ranged from 0.70й to 0.92“ so that it 
could be concluded that their estimates were highly sig­
nificant. Average values of one expert were used.

Index of yield depression was used to evaluate the ef­
fect of extremely high yield in one year on yield in the 
next year. This index was expressed as the difference 
between two subsequent yields divided by their sum and 
multiplied by 100. Index of biennial bearing (IBB) was 
calculated as follows:

IBB% =
(Pl - P2) + (P3 - P4) 
P1+P2 + P3 + P4

(P = yield per tree in the year concerned)

RESULTS AND DISCUSSION

In the experimental orchard, economically important 
productivity started in the fourth year after planting. In

Table 1. Evaluation of yields in new apricot cultivars and hybrids (kg per tree) as compared with control cultivars of the world 
assortment

Genotype Yield (kg per tree) in the year Yield in 5 years
1996 1997 1998 1999 2000 Total Average

LE-3204 12.7 0.6 2.0 55.0 1.0 71.3 14.3
LE-3709 10.3 0.2 0.2 45.0 0.1 55.8 11.2
Ledana (LE-1041) 12.6 1.7 1.0 65.0 0.1 80.4 16.1
Lejuna (LE-805) 10.5 1.7 32.0 48.0 15.0 107.2 21.4
Lerosa (LE-1328) 9.1 2.8 0.3 55.0 7.0 74.2 14.8
Lemira (LE-1446) 6.0 7.3 0.5 42.0 6.0 61.8 12.4
LE-3662 4.7 0.3 0.5 39.0 0.1 44.6 8.9
Velkopavlovická LE-12/2 0.6 0.1 0.5 35.0 20.0 56.2 11.2
Lebela (LE-1309) 6.4 0.1 4.0 33.0 0.3 43.8 8.8
Hargrand 7.8 3.3 0.5 51.0 0.1 62.7 12.5
Bergeron LE-2 3.8 2.9 5.0 48.0 8.0 67.7 13.5
Leskora (LE-836) 11.6 1.1 7.0 47.0 1.0 67.7 13.5
LE-4725 12.8 0.6 25.0 45.0 6.0 89.4 17.9
LE-3255 8.8 1.0 9.0 48.0 0.5 67.3 13.5
Legolda (LE-980) 4.5 2.6 16.0 60.0 1.0 84.1 16.8
Lebona (LE-984) 5.8 1.4 0.5 60.0 2.0 69.7 13.9
Lefreda (LE-833) 12.8 1.4 6.0 56.0 0.5 76.7 15.3
Šálách 3.4 0.3 0.5 49.0 7.0 60.2 12.0
Lednická (M 90 A) 3.2 1.4 2.5 50.0 12.0 69.1 13.8
LE-498 0.6 5.6 14.0 51.0 20.0 91.2 18.2
Leala (LE-352) 2.6 4.1 12.0 37.0 25.0 80.7 16.1
Total 150.6 40.5 139.0 1,019.0 132.7 1,481.8 296.4
Average 7.2 1.9 6.6 48.5 6.3 70.6 14.1

Bold - control cultivars from the world assortment
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Fig. 1. Average five-year yields of new apricot cultivars and hybrids (kg/tree) expressed as percentages of control cultivar Velko­

pavlovická LE-12/2

the period of 1996-2000, the average annual yield per 
tree was 14.1 kg. The control variety Velkopavlovická 
LE-12/2 with the yield of 11.2 kg was classified as slight­
ly below average among cultivars under study. When 
calculating the values of productivity as percentage of 
control, the cultivar Bergeron was better by 21%. The 
best variety Lejuna gave yields higher by 91 % in the same 
period of investigation. This shows that the cultivars re­
spond in a different way to the same growing conditions. 
The onset of commercial productivity (i.e. more than 
0.5 kg per tree) was rather different in individual geno­
types. Velkopavlovická LE 12/2 and LE-498 began to 
produce one year later. However, the hybrid LE-498 was 
evaluated in view of productivity as one of the best culti­
vars tested in this experiment. This means that a quick 
onset of productivity after planting need not guarantee 
higher production of fruits within a longer period.

The rank of genotypes in productivity in individual 
subsequent years was not the same. This fact was de­
monstrated by non-significant positive and/or negative 
coefficients of correlation ranging from r = 0.07 to 
r = -0.37. This observation concerned also pairs of years 
in relatively different periods (r = 0.37 to r = -0.30). The 
correlation of years 1996 and 2000 (r = -0.60“) can be 
held for random. An objective evaluation of differences 
in productivity can be carried out only on the basis of 
summing of yields obtained in several years (Table 1, 
Fig. 1).

An even better survey of the yield potential of geno­
types under study may be obtained after the calculation 
of individual yields per hectare. When using the spacing 
of 5 x 4 m, the total number of trees per hectare is 500. In 
this case the average per-hectare yield of experimental 
trees was 7.1 tons for the five-year period. Regarding the

fact that in apricots the dying of planted trees is as much 
as 30% in the first ten years after planting it can be con­
cluded that even under these conditions the average per­
hectare yield was higher by approximately 1 ton than in 
current orchards. The conditions of the year 1999 de­
monstrated that yields above 20 t/ha are possible to reach 
under conditions of the Czech Republic (Table 2). How­
ever, in such years, thinning would be quite necessary 
both for the higher quality of harvested fruit and for the 
prevention of stress caused by excessive yields.

In apricots, marked fluctuations in the total weight of 
harvested fruit may be caused most frequently by frost 
damage of blossom buds and/or young fruit, by bad pol­
lination and fertilisation caused by low temperatures dur­
ing the period of blossom and by Monilinia laxa. Effects 
of excessive productivity on the yield depression in the 
subsequent year cannot be excluded either. Some apricot 
varieties show tendency to yield fluctuation even in peri­
ods of generally favourable conditions (VACHŮN 1966). 
Such differences in yields were demonstrated as a gene­
tic trait for instance also in plums (COURANJOU 1983). 
This type of fruit-bearing can be denominated as bien­
nial bearing.

In the five-year experimental period, the yields were 
influenced by unfavourable weather in the period of blos­
som and shortly thereafter only in 1997 and 1998. This 
means that the trees were not excessively exhausted by 
too high yields. In 1999, the fruit yield was extraordinar­
ily high due to very favourable climatic conditions exist­
ing from blossom to harvest (without artificial thinning 
and with application of drip irrigation). The level of very 
high yield per tree was different in dependence on geno­
type. In the following year 2000, there was a marked yield 
depression in spite of the fact that the climatic conditions
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Table 2. Yields of new apricot cultivars and hybrids (t/ha) as compared with control varieties of the world assortment

Genotype
1996 1997

Yield (t/ha) in the year
1998 1999 2000

Yield in 5 years
Total Average

LE-3204 6.4 0.3 1.0 27.5 0.5 35.7 7.1
LE-3709 5.2 0.1 0.1 22.5 0.1 27.9 5.6
Ledana (LE-1041) 6.3 0.9 0.5 32.5 0.1 40.2 8.0
Lejuna (LE-805) 5.3 0.9 16.0 24.0 7.5 53.6 10.7
Lerosa (LE-1328) 4.6 1.4 0.2 27.5 3.5 37.1 7.4
Lemira (LE-1446) 3.0 3.7 0.3 21.0 3.0 30.9 6.2
LE-3662 2.4 0.2 0.3 19.5 0.1 22.3 4.5
Velkopavlovická LE-12/2 0.3 0.1 0.3 17.5 10.0 28.1 5.6
Lebela (LE-1309) 3.2 0.1 2.0 16.5 0.2 21.9 4.4
Hargrand 3.9 1.7 0.3 25.5 0.1 31.4 6.3
Bergeron LE-2 1.9 1.5 2.5 24.0 4.0 33.9 6.8
Leskora (LE-836) 5.8 0.6 3.5 23.5 0.5 33.9 6.8
LE-4725 6.4 0.3 12.5 22.5 3.0 44.7 8.9
LE-3255 4.4 0.5 4.5 24.0 0.3 33.7 6.7
Legolda (LE-980) 2.3 1.3 8.0 30.0 0.5 42.1 8.4
Lebona (LE-984) 2.9 0.7 0.3 30.0 1.0 34.9 7.0
Lefreda (LE-833) 6.4 0.7 3.0 28.0 0.3 38.4 7.7
Šálách 1.7 0.2 0.3 24.5 3.5 30.1 6.0
Lednická (M 90 A) 1.6 0.7 1.3 25.0 6.0 34.6 6.9
LE-498 0.3 2.8 7.0 25.5 10.0 45.6 9.1
Leala (LE-352) 1.3 2.1 6.0 18.5 12.5 40.4 8.1
Total 75.3 20.3 69.5 509.5 66.4 740.9 148.2
Average 3.6 1.0 3.3 24.3 3.2 35.3 7.1

Bold - control cultivars from the world assortment

were favourable and the drip irrigation was also used. 
This resulted from an excessive exhaustion of trees in 
the preceding year 1999. In the set under study, the ave­
rage fruit yield per tree was reduced from 48.5 kg to 
6.3 kg only (Tables 1 and 2). Also in this case, however, 
it was obvious that not all genotypes responded to exces­
sive yields in the same way. This means that if the rule

“the higher the yield in one year, the lower the yield in 
the next year” were correct, then a significant negative 
correlation should exist between ranks of individual ge­
notypes. However, the correlation coefficients showed 
only a slight negative dependence. The calculated value 
of r =-0.37 was not significant. Some genotypes are able 
to produce enough buds of good quality for the next year

Table 3. Classification of apricot genotypes on the basis of yield depression index (1999/2000) and on the basis of biennial bearing 
index

Group of 
genotypes Genotype

Level of excessive 
productivity in 1999

Index of yield 
depression 1999/2000 Genotype

Index of biennial bearing 
in 1997-2000

Leala (LE-352) 19.3 Leala (LE-352) 25.5
A Velkopavlovická LE-12/2 27.3 Velkopavlovická LE-12/2 27.8

LE-498 aa 43.7 LE-498 43.5
Lejuna (LE-805) aa 52.4 Lednická (M 90 A) 59.3
Lednická (M 90 A) aa 61.3
Bergeron LE-2 aa 71.4 Bergeron LE-2 65.4
Lemira (LE-1446) 75.0 Lemira (LE-1446) 76.7

В Šálách aa 75.0 Šálách 74.3
LE-4725 76.5 LE-4725 82.8
Lerosa (LE-1328) aa 77.4 Lerosa (LE-1328) 77.6

Lejuna (LE-805) 65.5
Lebona (LE-984) aa 93.5 Lebona (LE-984) 92.2
Leskora (LE-836) 95.8 Leskora (LE-836) 96.1
LE-3204 aa 96.4 LE-3204 94.5
Legolda (LE-980) aa 96.7 Legolda (LE-980) 91.0
LE-3255 aa 97.9 LE-3255 96.6

C Lebela (LE-1309) 98.2 Lebela (LE-1309) 97.9
Lefreda (LE-833) aa 98.2 Lefreda (LE-833) 94.0
LE-3662 99.5 LE-3662 98.8
LE-3709 99.6 LE-3709 98.7
Hargrand aa 99.6 Hargrand 97.8
Ledana (LE-1041) aa 99.7 Ledana (LE-1041) 98.2

Group of genotypes: C - Group with high sensitivity (index above 90)
A - Group with low sensitivity (index below 60) Type of productivity in the year 1999 with good conditions for extre-
B - Group with medium sensitivity (index 61-90) mely high yields

aa - average and/or above-average yield per tree in 1999
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Years 1996)

and this trait can be defined as a different sensitivity to 
excessive high yields.

Based on the values of the index of yield depression, 
the varieties under study could be classified into three 
groups (Table 3). The first one (index below 60), showed 
the least sensitivity to excessive yields and a high level 
of total productivity and involved above all the geno­
types LE-498 and Lejuna. This group involved also the 
cultivar Velkopavlovická, but its yield in 1999 was low­
er and its total yield within five years was medium and/ 
or even lower than average. This group also comprised 
the cultivar Leala with the lower yield in 1999 but with 
the high total yield in the five year period. The second 
one (index 61-90), showing a medium sensitivity to ex­
cessive yields, involved six cultivars and the highest le­
vel of production was shown above all by the cultivars 
LE-4725, Lerosa, and Lednická. The last one (index 
above 90), showing a very high sensitivity to excessive 
productivity, involved above all the cultivars Legolda,

Ledana, Lefreda, LE-3204 and Lebona with a high total 
yield in five years. Hybrids LE-3709, LE-3709 and 
LE-3662 as well as cultivars Lebela and Hargrand 
showed the high sensitivity to yields in 1999 and medi­
um to lower level of productivity in five years. The index 
of yield depression should also be evaluated in similar 
years with excessive productivity in the future to con­
firm the presented conclusions. Genotypes with lower 
index of biennial bearing gave a was higher sum of yields. 
This fact demonstrated by a highly significant coefficient 
of correlation (r = 0.92") (Fig. 3). It would be useful to 
evaluate biennial bearing in a longer period.
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Fig. 3. Total yield per treee and index of harvest fluctuation in 21 apricot genotypes (coefficient of correlation r = 0.92**)
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Výnosový potenciál nových odrůd a hybridů meruněk v prvních osmi letech po výsadbě

ABSTRAKT: Byl hodnocen výnosový potenciál 21 odrůd a hybridů meruněk na podnoži M-LE-1 (Prunus armeniaca L.). 
Hospodářsky významná plodnost začala u většiny genotypů od čtvrtého roku po výsadbě. Průměrná individuální sklizeň 
u kontrolní odrůdy Velkopavlovická LE-12/2 byla za pět let plodnosti 11,2 kg na strom (5,6 t/ha) a u odrůdy Bergeron 13,6 kg 
na strom (6,8 t/ha). Nejvyšší průměrný individuální výnos za pět let byl u odrůdy Lejuna (21,4 kg na strom, tj. 10,7 t/ha). 
V klimaticky příznivém roce 1999 byla u většiny genotypů sklizeň vyšší než 20 t/ha. Mezi pořadím odrůd podle individuální 
výkonnosti v jednotlivých letech nebyl zjištěn průkazný korelační vztah. Genotypy reagují na stejný průběh podmínek roz­
dílně a rozhodujícím kritériem pro hodnoceni výnosového potenciálu je především průměrný nebo sumární individuální 
výnos za víceleté období. Jednotlivé genotypy reagují na přeplození bez probírky rozdílným snížením sklizně v roce násle­
dujícím. Úroveň sklizně, způsobující nadměrné zatížení, je závislá na genotypu. Málo citlivé na přeplození a s vysokým 

výnosovým potenciálem jsou genotypy Lejuna a LE-498. Mezi genotypy citlivé na střední zatíženi a se středním až nižším 
výnosovým potenciálem patří genotypy Lebela, Leskora, LE-3709 a LE-3662. Mezi indexem kolísání a plodnosti genotypů 
meruněk byla zjištěna průkazná negativní velká závislost (r = -0,92).

Klíčová slova: genotyp; hmotnost sklizně; citlivost na přeplození; vztahy mezi roky
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Dynamics of ethylene in apples during maturation and cold 
storage

J. Goliáš

Mendel University of Agriculture and Forestry, Brno, Faculty of Horticulture, Lednice na Moravě, Czech Republic

ABSTRACT: Natural ethylene production in the intact apple fruit was taken as an indicator of the speed of metabolism 
both during maturation on the tree and subsequent cold storage. The same indicator has been used to assess the effective­
ness of the coating emulsion Semperfresh. The effectiveness of the preparation depends on the variety and storage temper­
ature. As shown by ethylene measurements, the protecting coat slows down the metabolism in Golden Delicious at the 
temperature of 3°C. Ethylene production from cold-stored fruits differs across varieties and also depends on the maturity 
at the time of harvest. The fruits of Rezista variety, which were harvested after the optimal maturity, showed a higher 
ethylene production at 3°C. No post-harvest peak of ethylene production was observed at this temperature. The protecting 
effect of the Semperfresh coating was demonstrated in Golden Delicious, where it delayed the ripening process, while no 
similar effect could be shown in Selena. This deviation can be related to the visually perceivable difference of the skin in 
the latter fruit based on a natural wax layer in the epidermis. By the method of ethylene measurements described in this 
article, it is possible to distinguish the metabolic activity of fruits stored at the temperatures of 3°C and 16°C.

Keywords: ethylene; apples; cold storage; preparation Semperfresh

The metabolic activity of pomes during storage has 
been studied by using different indicators. One of the 
main indicators is the concentration of ethylene in the 
inner atmosphere of fruits, or the natural ethylene pro­
duction inside an intact fruit. In order to demonstrate 
physiological concentrations of ethylene at their thresh­
old values, it is necessary to accumulate a sufficient quan­
tity of ethylene from the percolating gas by means of 
a suitable enrichment method. This must be done because 
in the majority of cases a direct measurement through 
feeding the chromatographic column with the inner at­
mosphere of the fruit would be unable to bring any prov­
able results due to the given low sensitivity of the 
analytical apparatus. Thus the methodology used in our 
approach can be fully justified since its utilization made 
it possible to measure threshold concentrations of ethy­
lene in completely unripe fruits or in fruit and vegetable 
species which are characterized by a low natural ethyl­
ene production.

Ethylene gas has profound effects on ripening process, 
ageing of tissues, and fading of dormancy. The concen­
trations typical of these effects were described as above- 
the-threshold (BLANPIED 1984). In the ambient 
atmosphere of the storage chamber, ethylene accumulates 
(GOLIÁŠ 1985) and the current concentration is a result 
of the imbalance between the physiological activity of 
the fruit and the efficiency of the device for its active 
elimination from the storage area.

Removing ethylene from the controlled atmosphere is 
difficult. It is usually achieved through its catalytic burn­
ing (Dilley et al. 1982; Dover 1985; Conte et al. 
1992), its adsorption on active carbon, its chemical bind­
ing on ethylene oxidants (WOJCIECHOWSKI etal. 1985). 
One technique recommended in the usual type of her­
metic cold storage chamber is appropriate ventilation 
with outside air.

Apples differ in the production of ethylene across vari­
eties and so the natural production can lead to such con­
centrations that in the ambient atmosphere act as an 
exogenous catalyst of ripening. As a result, the preserva­
tion potential is diminished, which is even enhanced 
when different varieties of apples or different fruit or 
vegetable species are stored together. On the other hand, 
it can be reasonably expected that varieties within a spe­
cies with naturally low level of ethylene release display 
an analogical slow-down in metabolism as measured by 
other indicators (oxidation of fruit acids, decomposition 
of pectins). In apricots, it is possible to establish the rip­
ening speed on the basis of the half-time of ethylene con­
centration in the inner atmosphere of the fruit and the 
half-time of tissue softening. This applies both to the pe­
riod of maturation and the storage at a corresponding 
transport temperature (GOLIÁŠ 1987).

Apart from the storage temperature and the effects of 
the ambient atmosphere, hemibiotic preservation of fruit 
can also be influenced by emulsion coatings which mo-
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dify the ability of the skin to act as a barrier for the com­
munication of physiological gases with the outer atmos­
phere. Edible coats contain saccharose esters with poly­
carbon aliphatic acids supported by some auxiliary com­
ponents designed to improve the effects of the substance 
and its application. One of the commercially available 
preparations in this group is the emulsion product Sem- 
perfresh.

In this article we concentrate on comparing the activi­
ties of different apple varieties under different conditions 
as shown by a variety’s ethylene production taking place 
both during maturation and subsequent cold storage. On 
the basis of the quantity of ethylene released from intact 
fruit, the effectiveness of the coating preparation Sem- 
perfresh has been assessed.

MATERIALS AND METHODS

MEASURING RELEASED ETHYLENE

Fruits were harvested from six-year-old experimental 
plantations of the Research Station Mendeleum in Led­
nice (Florina, Produkta, Rezista) and ten-year-old pro­
duction orchards Agrosad, Ltd., Velké Bílovice. During 
maturation on the tree, the measurements of ethylene re­
leased by the intact fruit were carried out in the period 
between 14th and 21st October. The varieties were picked 
when their ethylene production was below 1 pl/kg per h; 
in Rezista this value was 3 pl/kg per h. Golden Delicious 
variety was harvested at the ethylene values below 
1 pl/kg per h, but the first measurement at the storage 
temperatures showed the production at 3 pl/kg per h. 
These values correspond to the storage temperatures of 
3°C. For the evaluation of Semperfresh emulsion, the 
temperatures of ethylene measurement were 3°C and 
16°C.

The quantity of ethylene measured in intact fruits of 
a given variety is always that released by a single fruit. 
The used methodology is described in GOLIÁŠ and 
NOVÁK (1985). The measurements were carried out at

regular intervals from the beginning to the middle of the 
period of normal effective cold storage of a variety.

TREATMENT OF FRUITS WITH THE 
PREPARATION SEMPERFRESH

Fruits of Golden Delicious variety were dipped into 
a 1% water solution of the commercial preparation Sem­
perfresh and kept there for 2 minutes (the preparation is 
sold as emulsion solution by Agricoat Industries Ltd.). 
After surface evaporation which took place for several 
minutes, the treated fruits were put into storage at 16°C 
with relative air humidity 85-95%, and at 3°C with rela­
tive air humidity 88-94%. The untreated fruits (control) 
were kept under analogical conditions. At regular inter­
vals, the ethylene production inside intact fruits was mea­
sured.

RESULTS AND DISCUSSION

LEVEL OF METABOLIC PROCESSES IN THE 
INTACT FRUIT BASED ON ETHYLENE 

CRITERION

The climacteric phase is studied by measuring either 
the ethylene concentration in the inner atmosphere of the 
fruit or its natural production determined by capturing 
the diffuse flow into a suitable sorption material. Both 
techniques are currently used.

The former method, however, is more demanding for 
the quality of the available apparatus. There is no direct 
mathematically expressible relation between the two val­
ues (ethylene concentration inside the fruit and ethylene 
production) but the time patterns are consistent because 
the diffusion coefficient of the skin in the quasi-static 
determination does not change (GOLIÁŠ, NOVÁK 1983).

After the introduction into cold temperature and sub­
sequent adaptation of the tissues to the climatic condi­
tions in a cold storage chamber, the values of ethylene 
production, confirmed at several short intervals, express 
the properties of the given variety. According to this cri-

-*-Golden DeliciousFlorina

Fig. 1. Ethylene production 
(G) of Florina and Golden 

Delicious varieties during 

maturation on the tree and at 

cold storage temperature 

3°C. Ethylene release in 
Golden Delicious was ob­

served only in cold chamber 

(the arrow indicates the date 

of harvest)
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Fig. 2. Ethylene production 

(G) of Produkta variety du­
ring maturation on the tree 

(see black dots) and at cold 
storage temperature 3°C

Fig. 3. Ethylene production 
(G) of Rezista variety during 

maturation on the tree (black 
dots) and at cold storage tem­
perature 3°C

Fig. 4. Ethylene production 

(G) of Selena variety stored 
at 16°C and treated with 

Semperfresh as well as un­
treated fruits of the same va­
riety

terion, Florina (Fig. 1) and Produkta (Fig. 2) varieties 
display a lower physiological activity in the period of 
cold storage than Golden Delicious variety (Fig. 1). For 
all these varieties, the production of ethylene at the time 
of harvest when the fruits were picked and kept for fu­

ture measurements was similarly at 0.3-0.6 pl/kg per h. 
This was different in Rezista whose fruits were picked in 
a state of visibly excessive maturity, which was also con­
firmed by the content of non-volatile components ex­
pressed as three-parameter index (pulp firmness, soluble
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Fig. 5. Ethylene production 

(G) of Golden Delicious va­

riety stored at 16°C and trea­

ted with Semperfresh as well 

as untreated fruits of the same 

variety

dry matter, starch content). Thus, Rezista fruits have 
a permanently rising ethylene production, starting at 
0.3 pl/kg per h, which corresponds to the onset of cli­
macteric and going to 3 pl/kg per h, which were the val­
ues of over-matured fruits on the tree (Fig. 3).

The effect of Semperfresh on metabolic activity was 
determined from ethylene production. The emulsion lay­
er forms a secondary coat on the surface of the fruits and 
so slows down the diffusion of physiological gases 
through the skin into the ambient atmosphere. The fruits 
which were stored at 16°C had a much higher speed of 
metabolism typical of quicker ripening (Q]0 for apples 
based on the original respiration values is in the range 
between 3.6 and 4.0). The cold storage fruits had compa­
rably lower values (see Figs. 4 and 5, as well as 6 and 7).

The ethylene production values measured in the fruits 
treated with Semperfresh and those not treated in this way 
(control group) do not show any statistically significant 
differences (at reliability level 90% - see Figs. 4 and 5). 
The Semperfresh coat is little effective at 16°C as it 
quickly dries out, especially after the first symptoms of 
wilting appear. At this temperature, the ripening process 
with the immediately following phase of tissue ageing is 
unhindered and can proceed to the clearly observable 
peak. Polyester and fatty acid coats cause a delay of tis­
sue softening and the neutralization of the initial acidity 
(LAU, MEHERIUK 1994) even at the storage temperature 
of 0°C. However, the effectiveness of the coating is dis­
sipated at 20°C at both the high and low humidity. The 
quality of fruits from controlled atmosphere is thus bet-

40
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(nl/kg/h) 
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10 

5 ■ • ■ .....................................................................................................................................
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T(days)

—■—control - -*■ - Semperfresh

Fig. 6. Ethylene production 

(G) of Selena variety stored 

at 3°C and treated with Sem­
perfresh as well as untreated 

fruits of the same variety
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Fig. 7. Ethylene production 

(G) of Golden Delicious va­
riety stored at 3°C and treat­

ed with Semperfresh as well 
as untreated fruits of the 
same variety

ter than that of fruits protected by coating and kept at 
normal cold storage.

At the storage temperature of 3°C, the effect of the 
preparation was observed in Golden Delicious where the 
treated fruits had a permanently lower ethylene produc­
tion. This was probably due to the circumstance that the 
protective action of wax was maintained in the climate 
of the chamber acceptably saturated with water vapours. 
This variety has a rather tough and dry skin and the wax 
coat forms a selective membrane acting as an obstacle in 
the gas exchange. A similar finding was described by 
BLAŽEK et al. (1999), who could demonstrate that, only 
in cold storage, Semperfresh has the ability to diminish 
weight losses only in Nabella variety. Needless to say, 
Nabella’s skin resembles that of Golden Delicious, un­
like the skin of Selena variety which is smooth and 
greasy, especially in the state of advanced maturity, with 
the result that the cuticle permanently serves as a semi­
permeable membrane even when there is no added coat­
ing. This observation is in harmony with the differences 
in weight losses through evaporation in treated and un­
treated variety which, after cold storage in the duration 
of 69 days, were 1.71% in Golden Delicious, and only 
0.19% in Selena. The wax layer of the preparation slows 
down free water diffusion from the inner atmosphere of 
the fruit into the surrounding atmosphere. The opposite 
effect occurs when the evaporation increases in the form 
of cuticle evaporation. Then the biochemical conditions 
of ripening are deteriorated. Post-harvest ripening con­
nected with a low water deficit in the intact fruit was 
observed to lead to a diminished ethylene production in 
Golden Delicious variety, the fruits of which were coat­
ed with protective emulsion (Fig. 7).
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Dynamika etylenu během sklizně a chladírenského skladování jablek

ABSTRAKT: Produkce etylenu v neporušeném plodu odrůd jablek byla měřítkem látkového metabolismu v období zrání na 
stromě a následném chladírenském skladování a při posouzení účinku ochranného pokryvu emulzí Semperfresh. Účinnost 

přípravku závisí na odrůdě jablek a na teplotě skladování. Podle kritéria etylenu ochranný pokryv přípravkem působí zpo­
malení metabolismu v teplotě skladování 3 °C pro odrůdu Golden Delicious. Produkce etylenu u plodů jablek uložených 
v chladírenské teplotě je odrůdově odlišná a závisí na stupni zralosti v období sklizně. Plody odrůdy Rezista, sklizené jako 
přezrálé, mají v teplotě uložení 3 °C vyšší produkci etylenu. V této teplotě nebyl zaznamenán posklizňový vrchol produkce 
etylenu. Pokryvný účinek přípravku Semperfresh se prokázal jako tlumivý u plodů odrůdy Golden Delicious, nikoliv u plo­
dů odrůdy Selena. Rozdíly jsou vztaženy na vizuálně vnímanou odlišnost slupky s obsahem přirozené voskové vrstvy 
v epidermu. Hodnotou produkce etylenu lze rozlišit metabolickou aktivitu plodů skladovaných v teplotách uložení 3 °C 
a 16 °C.

Klíčová slova: etylen; jablka; chladírenské skladování; přípravek Semperfresh

Corresponding author:

Prof. Ing. JAN GOLIÁŠ, DrSc., Mendelova zemědělská a lesnická univerzita, Brno, Zahradnická fakulta, Valtická 337, 
691 44 Lednice na Moravě, Česká republika, tel.: + 420 627 34 01 05-7, fax + 420 627 34 01 59, e-mail: golias@mendelu.cz

52 HORT. SCI. (PRAGUE), 2«, 2001 (2): 47-52

mailto:golias@mendelu.cz


Reaction of selected lamb’s-quarters species (Chenopodium sp.) 
to mechanical inoculation with Celery mosaic virus

J. Chod, D. Chodová, M. Jokeš

Research Institute of Crop Production, Prague-Ruzyně, Czech Republic

ABSTRACT: Sensitivity of six lamb’s-quarters species: C. quinoa, C. ficifolium, C. strictum, C. album, C. polyspermum and 
C. ambrosioides to mechanical inoculation with Celery mosaic virus (CeMV) was investigated. C. quinoa and C. strictum 
plants were the best indicators for virus testing since they produced a high number of necrotic local lesions in a short incuba­
tion period after infection. Systemic reactions to CeMV infection were observed in C. ficifolium, C. ambrosioides and 
C. polyspermum. The aim of these experiments was also to investigate symptom intensity, number of infected plants, absor­
bance value determined by immunoenzymatic technique ELISA and number of virions examined by electron microscopical­
ly in selected preparations. Lamb’s-quarters species with systemic reactions had higher absorbance values and higher number 
of virions. There were no large differences between the inoculum from celery leaves and roots either in the number of 
infected plants or in the other examined properties.

Keywords: mechanical inoculation; Chenopodium sp.; Celery mosaic virus

Celery mosaic virus (CeMV), taxonomically the mem­
ber of the family Potyviridae, is mechanically transmis­
sible to a number of herbaceous hosts from different 
families. Following methods were used for the virus 
diagnosis: immunoenzymatic technique ELISA, electron 
microscopic examination, immunosorption electron mi­
croscopy and indicator plant method. Indicators from the 
family Chenopodiaceae are Chenopodium amaranticolor 
(syn. C. giganteum) and C. quinoa; following the mecha­
nical inoculation chlorotic or necrotic local lesions 
appear on their leaves in 7-9 days. CeMV was mechani­
cally transmitted by POLÁK (1966) to the cow-parsnip 
(Heracleum sphondylium'), causing systemic chlorosis 
and moderate leaf. Hosts from the family Chenopodia­
ceae that reacted to infection by local lesions were inves­
tigated by WOLF (1969). He published new details on 
some of his previous results with C. amaranticolor after 
inoculation with CeMV and reported irregularly dis­
persed brown local lesions. But another pair of leaves 
did not show any symptoms. Besides infection of selected 
indicators by mechanical inoculation he detected CeMV 
in naturally infected plants of the family Daucaceae that 
were infected by other viruses: Cucumber mosaic virus and 
Tropaeolum mosaic virus.

The objective of this paper is to describe reaction to 
CeMV infection in the lamb’s-quarters species that have 
not been investigated before.

MATERIAL AND METHODS

Experiments were carried out with Chenopodium quinoa, 
C. ficifolium, C. strictum, C. album, C. polyspermum and 
C. ambrosioides. Thirty plants of each species were me­
chanically inoculated with CeMV at the stage of the first 
pair of true leaves. The inoculum was made of a sap from

leaves and roots of celery plants from the parts with high­
est concentration of virus particles (CHOD, JOKEŠ 1996). 
To the inoculum chilled phosphate buffer at a concentra­
tion of 0.007 M with chelaton and veronal was added. 
Löwe-produced commercial antibodies were used for sero­
logical diagnosis applying ELISA at 405 nm in an ELISA 
apparatus manufactured by Dynatech company. Electron 
microscopic examinations of preparations were made in 
a Philips electron microscope at 20,000x magnification. 
Following characteristics were examined in investigated 
plants: type of symptoms, their intensity, number of in­
fected plants, length of incubation period, absorbance val­
ue, presence of virus particles and their number. 
C. quinoa was used as a control (CHOD 1984), which reac­
ted to CeMV isolate by necrotic local lesions, high num­
ber of virions and short incubation period. The CeMV 
isolate was maintained in the indicator plant of Ammi 
majus, which reacted by bright yellow spots in leaves af­
ter mechanical inoculation.

RESULTS AND DISCUSSION

The results (Table 1) document different reactions of 
selected lamb’s-quarters species to CeMV mechanical 
inoculation.

Chenopodium quinoa, C. strictum and C. album react­
ed by necrotic local lesions. The highest incidence of ne­
crotic local lesions was determined in C. quinoa. 
C. strictum and C. album produced less local lesions. Sys­
temic yellow spot appeared after infection in C. ficifo­
lium, C. ambrosioides and C. polyspermum. Diffuse 
necrotic local lesions were observed in C. strictum, re­
sulting in necrotization of the whole leaf blade. Yellow 
spots in C. ficifolium result in yellowing and dieback of 
whole leaves. The lamb’s-quarters species with systemic
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Table 1. Reactions of selected lamb’s-quarters species to mechanical inoculation with Celery mosaic virus

Chenopodium-. Type 
of symptoms

Symptom 
intensity

Per cent 
of infected plants

Absorbance 
value

Number 
of virions 

in EM field

Incubation 
period 

(in days)

quinoa LL 4 95 0.810 A 7

ficifolium S 3 62 0.990 C 12

strictum LL 3 54 0.727 В 8

album LL 2 48 0.821 A 8

ambrosioides S 4 67 1.101 C 10

polyspermum S 2 42 1.151 В 14

Notes: LL - local lesions, S - systemic symptoms
Symptom intensity: 4 - very severe, 2 - mild
Number of virions in EM field: 1-3 = A, 4-10 = B. > 10 = C

Fig. 1. Electron micrograph of CeMV particles, magnification 
20,000x ■

response to infection had longer incubation periods, and 
systemically infected species of lamb’s-quarters showed 
a higher number of CeMV virions (average of 50 elec­
tron microscopic grids - Fig. 1).

Substantially higher absorbance values were deter­
mined by ELISA in the species with CeMV systemic in­
fection.

C. quinoa can be recommended for rapid diagnosis by 
an indicator plant method due to short incubation period 
and higher number of necrotic local lesions. C. strictum 
is also suitable for its similar reaction. The well-disce­
rnible local lesions in both species facilitate quantitative 
assessment of the virus. C. album and C. strictum were 
mentioned in the context of CeMV infection by LENNON 
(1984), who considered them for suitable indicators too. 
KVÍČALA (1957) recommended C. quinoa as a suitable 
indicator plant for CeMV identification. Besides local 
lesions, his isolate showed systemic infection. For main­
tenance of isolates the lamb’s-quarters species with sys­

temic infection should be used, such as C. ficifolium and 
C. ambrosioides (CHOD et al. 2000).

The examined lamb’s-quarters species are hazardous 
and wide-spread weeds in the Czech Republic since most 
of them are spontaneous hosts of vegetable viruses such 
as Lettuce mosaic virus, Carrot mosaic virus, Beet yellows 
virus, Beet mosaic virus and Beet western yellows virus 
(CHOD 1983) and Cucumber mosaic virus (KLINKOWSKI 
1977; CHOD 1980).
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Reakce vybraných druhů merlíků (Chenopodium sp.) na mechanickou inokulaci virem 
mozaiky celeru

ABSTRAKT: Byla vyšetřena citlivost šesti druhů merlíků: Ch. quinoa, Ch. ficifolium, Ch. strictum, Ch. album a Ch. ambrosi- 
oides na mechanickou inokulaci virem mozaiky celeru (CeMV). Pro testování viru se ukázaly jako nejvhodnější indikátoro­
vé rostliny Ch. quinoa a Ch. strictum, které po infekci za krátkou inkubační dobu vykazovaly velké množství nekrotických 
lokálních lézí. Systémově reagovaly na infekci CeMV Ch. ficifolium, Ch. ambrosioides a Ch. polyspermum. V pokusu byla 
také vyšetřena intenzita příznaků, počet infikovaných rostlin, výška absorbance stanovená imunoenzymatickým testem 

ELISA a četnost virionů vyšetřená elektronmikroskopicky ve vybraných preparátech. Systémově reagující druhy merlíků 
vykázaly vyšší hodnotu absorbance a vyšší četnost virionů. Mezi inokulem použitým z listů a kořenů miříku celeru jsme 
nenašli podstatné rozdíly ani v počtu infikovaných rostlin, ani v ostatních vyšetřovaných parametrech.

Klíčová slova: mechanická inokulace; Chenopodium sp.; virus mozaiky celeru
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Evaluation of resistance of apricot to Monilinia laxa (Aderh. et 
Ruhl.) Honey

I. Musilová

Mendel University of Agriculture and Forestry, Brno, Faculty of Horticulture, Lednice na Moravě, Czech Republic

ABSTRACT: In 1998-2000 the resistance of 30 genotypes of apricot to Monilinia laxa (Aderh. et Ruhl.) Honey (brown 
rot) was evaluated in natural conditions and in laboratory. 24 genotypes are intraspecies hybrids obtained from cros­
sings carried out in Lednice, 5 foreign varieties and 1 foreign hybrid. The control genotype is Velkopavlovická, the clone 
LE-12/2. 50 trees of each of 21 genotypes were planted in one orchard, 5 trees of each of the other genotypes were planted 
in another orchard. Natural infection of fruits was observed and two tests were made in laboratory. The best genotypes 
were Nugget, LE-3709 and Bergeron LE-2, the worst genotypes were Šálách, LE-3662 and Hargrand. The highest correla­

tions were obtained between fruit infection and harvest (r = 0.51**), between fruit infection and setting of small green 
fruits (r= 0.48**) and the correlation between fruit infection in tests without injury and with injury was very high and very 

significant (r = 0.81**) in 2000.

Keywords: apricot; Monilinia laxa; brown rot; resistance

In the last years Monilinia laxa has become an impor­
tant pathogenic fungus that attacks stone fruits, apricots, 
peaches, cherries and plums. Damage caused by M. laxa 
can reach 40-50% in favorable conditions. Monilinia 
laxa (Aderh. et Ruhl.) Honey belongs to the phylum 
Ascomycota, class Ascomycetes, subclass Ascohymeno- 
mycedidae, order Leotiales, the imperfect form is Moni­
lia laxa (Ehrenb.) Sacc which is classed to the phylum 
Deuteromycota, subphylum Deuteromycotina, class 
Hyphomycetes, superorder Leotinae, order Mondiales. 
M. laxa causes blossom blight in spring and brown rot of 
fruits in summer. The first symptoms appear on sepals, 
then on petals, anthers and stigmata as the blossoms open. 
Blight symptoms appear when the fungus girdles the pe­
duncle (OGAWA et al. 1995). Mycelium grows through 
blossoms into the xylem. Blossoms and one-year old 
shoots become brown and dry. Fruits are infected at rip­
ening and maturing. Brown and soft places appear on 
fruits and then expand on the whole fruit. Later irregular 
gray layer of conidia is formed on the fruit surface. These 
fruits become a source of conidia for successive infec­
tions during the same year. Attacked fruits fall down onto 
the ground and rot or remain on the tree during the win­
ter and mummify. The following year the mummified

fruits become a source of infections. Apothecia are some­
times formed on the mummified fruits in spring. Apoth­
ecia produce asci and ascospores (BAUDYŠ et al. 1962).

Favorable climatic conditions support the disease 
spreading in spring, a fall of temperature below 12°C and 
a high relative humidity (HLUCHÝ et al. 1997) and in 
summer, a temperature between 20-24°C and rainy 
weather. According to OGAWA et al. (1995), infection 
and development of blossom and twig blight occur in 
humid periods at temperatures above 13°C (optimum 
24°C). Injuries of fruits (insect, hails, bursting of fruits) 
also increase the infection of fruits.

MATERIAL AND METHODS

A commercial orchard with 21 genotypes was planted 
in spring 1993 in Lednice on a parcel belonging to the 
Department of Fruit Growing and Viticulture. 50 trees 
were planted of each genotype, spacings were 6 m be­
tween rows and 4 m between trees. M-LE-1 rootstock 
was used; it is a Czech selected seedling of Prunus ar- 
meniaca L. Tree type is a free-standing tree with low stem 
and concave top (crown). 5 trees of each of the other 
genotypes were planted in an experimental orchard in

Table 1. Chemical protection in the orchard

1998 1999 2000

4.3. Kupricol 50 15.3.
24.4. Baycor 25 WP 6.4.
28. 5. Syllit 65 + Baycor 25 WP 14. 4.
7.6. Baycor 25 WP 4.5.

17.5.

Champion 50 WP 29.2. Kupricol 50
Sporgon50WP 10.-11.4. Sporgon50WP
Sporgon 50 WP 2.5. Syllit 65
Baycor 25 WP + Zolone WP 11.5. Baycor 25 WP
Syllit 65 + Fytovit 26.5. Syllit 65
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Table 2. Evaluation of apricot to brown rot

Genotype
1998

Observations in the orchard
average

Observations in the laboratory0 Total 
average1999 2000 1998 1999 2000 average

LE-3204 2.50 8.61 8.45 6.29 8.30/5.80 8.80/7.60 7.80/5.20 8.30/6.20 7.93
LE-3709 6.09 9.00 8.71 7.85 8.60/7.00 9.00/8.20 9.00/8.20 8.87/7.80 8.17
Ledana 8.00 8.36 8.62 8.26 7.30/6.00 8.70/9.00 8.60/6.80 8.20/7.27 7.91
Lejuna 9.00 8.44 5.41 7.82 9.00/6.40 9.00/8.20 7.75/7.80 8.58/7.47 7.96
Lerosa 5.28 9.00 8.55 7.37 9.00/6.60 9.00/8.60 8.80/2.60 8.93/5.93 7.41
Lemira 1.88 8.31 5.21 5.06 8.80/8.40 9.00/9.00 9.00/7.00 8.93/8.13 7.38
LE-3662 1.36 8.81 5.17 4.78 9.00/7.40 9.00/8.00 6.40/3.40 8.13/6.27 6.4
VP-LE-12/2 5.33 9.00 8.15 7.44 8.90/7.00 9.00/7.80 7.30/4.80 8.40/6.53 7.46
Lebela 4.76 7.48 8.79 6.71 8.90/7.00 9.00/8.40 9.00/9.00 8.97/8.13 7.94
Hargrand 4.51 8.87 5.36 6.15 9.00/7.40 9.00/8.20 6.10/1.00 8.03/5.53 6.57
Bergeron LE-2 5.56 8.71 7.92 7.40 9.00/6.60 9.00/9.00 8.90/8.00 8.97/7.87 8.08
Leskora 7.89 8.50 8.53 8.30 8.90/5.80 8.90/8.20 6.50/5.40 8.10/6.47 7.62
LE-4725 6.95 8.76 4.25 6.84 8.50/5.60 8.20/8.60 8.50/5.00 8.40/6.40 7.21
LE-3255 4.56 8.64 8.81 7.09 8.50/5.60 8.90/8.20 8.20/7.20 8.53/7.00 7.54
Legolda 5.00 8.77 8.70 7.38 8.30/6.60 8.90/7.60 6.00/3.40 7.73/5.87 6.99
Lebona 1.60 8.83 8.73 6.04 8.20/7.00 9.00/9.00 5.90/2.40 7.70/6.13 6.62
Lefreda 4.07 9.00 8.70 7.14 8.80/7.00 9.00/8.00 8.50/7.20 8.77/7.40 7.77
Šálách 2.19 8.16 5.47 5.22 8.50/6.20 9.00/7.60 5.40/2.60 7.63/5.47 6.11
Lednická 2.87 8.83 8.35 6.56 8.30/7.00 9.00/9.00 9.00/7.80 8.77/7.93 7.75
LE-498 5.38 8.05 3.98 5.83 9.00/6.40 8.90/7.80 8.80/8.20 8.90/7.47 7.4
Leala 5.98 7.89 4.16 6.26 8.90/6.80 9.00/8.60 9.00/8.00 8.97/7.80 7.68
Veecot 5.80 8.60 7.20 8.20/5.80 8.90/8.40 8.55/7.10 7.62
S třepet 5.80 8.33 5.00 6.17 8.60/7.20 9.00/8.20 6.50/2.40 8.03/5.93 6.71
Morava (LE-1547) 3.80 5.50 4.56 7.70/5.80 8.80/8.60 8.25/7.20 6.67
LE-1549 3.00 9.00 6.00 8.90/6.80 9.00/9.00 8.95/7.90 7.62
Pálava (LE-1599) 4.60 9.00 6.80 8.30/6.40 9.00/8.80 8.65/7.60 7.68
LE-1915 5.80 7.50 7.00 6.64 8.90/7.20 8.50/8.60 8.20/5.40 8.53/7.07 7.41
Leronda 5.80 7.80 6.50 6.71 8.10/7.60 8.90/7.40 9.00/8.80 8.67/7.93 7.77
Nugget 9.00 9.00 9.00/7.60 9.00/7.60 8.53
M-52 5.67 7.00 8.33 7.00 7.60/7.00 8.80/8.00 9.00/9.00 8.47/8.00 7.82

1991-1993. The rootstock and the tree type were the 
same, but they were planted at spacings of 6 m between 
rows and 2 m between trees. The system of cultivation 
was black fallow with a herbicide-treated strip under the 
trees.

Climatic characteristics of the station: 164 m above sea 
level; annual average temperature (from 1901 to 1980) 
9°C; annual average rainfall (from 1901 to 1980) 
524 mm. Lednice belongs to a maize production type, 
warm and dry subregion with mild winter and slightly 
shorter sunshine.

Soil properties: pH 6.05; CaCO3 content 0.05%; tex­
ture loam-sandy; soil type Chernozem; content of P 
72.1 mg/kg; content of К 262.0 mg/kg; content of Mg 
328.2 mg/kg (in 1994).

Chemical protection carried out in the orchard in 1998­
2000 is indicated in Table 1. All these chemical treat­
ments were aimed at the control of Gnomonia 
erythrostoma, except the one with Sporgon 50 WP, which 
was performed to control blossom and twig blight 
(Monilinia laxa).

The results of visual evaluation of fruit resistance were 
ranked from 1 to 9: 9 - very high resistance, a tree with 
0.0-1.0% of infected fruits; 7 - high resistance, 1.1-3.0% 
of infected fruits; 5 - medium resistance, 3.1-10.0% of 
infected fruits; 3 - low resistance, 10.1-30.0% of infect­
ed fruits; 1 - very low resistance, more than 30.0% of 
infected fruits.

In laboratory, the results of evaluation of fruit resis­
tance were ranked from 1 to 9: 9 - very high resistance, 
a fruit without infection; 7 - high resistance, infection on 
a third of the fruit; 5 - medium resistance, infection on 
a third to a half of the fruit; 3 - low resistance, infection 
on a half to two thirds of the fruit; 1 - very low resis­
tance, infection on more than two thirds of the fruit. Ar­
tificial inoculation of fruits was carried out in the maturity 
period. Twenty mature fruits without injury and 10 ma­
ture fruits with artificial injury of each genotype were 
inoculated by the fungal mycelium (5x5 mm) on the 
surface. The mycelium was cultivated on PDA and it was 
12 days old. Inoculated fruits were placed on a tray un­
der plastic sheet. The temperature was 22-25°C and 
a glass of water ensured high humidity under plastic 
sheet.The test was evaluated after 3 days.

Tested genotypes: LE-3207, LE-3709, Ledana, Leju- 
na, Lerosa, Lemira, LE-3662, Velkopavlovická (VP-LE- 
12/2), Lebela, Hargrand, Bergeron LE-2, Leskora, 
LE-4725, LE-3255, Legolda, Lebona, Lefreda (LE-833), 
Šálách, Lednická (M-90-A), LE-498, Leala, Veecot, 
Střepet, Morava (LE-1547), LE-1549, Pálava (LE-1599), 
LE-1915, Leronda, Nugget, M-52 (interspecific hybrid).

RESULTS AND DISCUSSION

The infection of fruits was most severe in 1998. It can 
be explained by two factors. First, there was no protec-
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Fig. 1. Climatic conditions in June 1998

1. 2. 3. 4. 5. 6. 7. 8. 9. 10.11. 12.13. 14.15. 1Б. 17.18. 19.20. 21.22. 23. 24. 25. 26. 27. 28.29. 30. 31.
Days

I-o—temperature л precipitation —♦—rel.humidity |

Fig. 2. Climatic conditions in July 1998

Fig. 3. Climatic conditions in June 1999
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Fig. 5. Climatic conditions in June 2000

tion against blossom blight and infected flowers became 
a source of conidia for successive infection of fruits. The 
second factor is a high precipitation amount in the peri­
ods before and during ripening (Figs. 1, 2). Higher pre­
cipitation on 12.-13. 6. (79.3 mm) promoted the 
spreading and development of disease on precocious gen­
otypes LE-3204 (2.50 degree), LE-3709 (6.09 d.), 
LE-4725 (6.95 d.), LE-3255 (4.56 d.). Other events of 
rainfall were on 26. 6. (7.4 mm) and on 1. 7. (9.2 mm) 
and favoured the infection of Lerosa (5.28 d.), Lemira 
(1.88 d.), LE-3662 (1.36 d.), Lebona (1.60 d.) (Table 2).

In the second year, 1999, the total infection was lower 
even though the fertility of all genotypes and precipita­
tion in June and July were high (Figs. 3,4). In that year, 
the protection against blossom blight was carried out 
(zero occurrence) and the source of infection was reduced 
strongly. The evaluation of genotypes is indicated in 
Table 2.

In 2000, climatic conditions were different (Figs. 5,6), 
the spring was very hot and dry. These conditions caused 
the drying of pistils and pollen in the flowering period. 
Very high fertility in the previous years also reduced the 
flower differentiation (Table 2).

Generally, the best genotypes in the orchard were Nug­
get, Leskora, Ledana and Lejuna. But Nugget produced 
only one year and that is why the result cannot be taken 
as objective.

In 1998, the correlation between fruit infection and 
blossom setting was slightly positive (r = 0.22"), be­
tween fruit infection and setting of small green fruits, 
and between fruit infection and harvest (kg/tree) it was 
positive, r = 0.58" and r = 0.62", respectively. In 1999 
correlations between fruit infection and setting of small 
green fruits, and between fruit infection and harvest 
(kg/tree) were slightly positive too (r = 0.31" for both 
correlations). In 2000, these correlations were possitive,
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Fig. 6. Climatic conditions in July 2000

but negative between fruit infection and blossom setting, 
r = -0.48"; between fruit infection and setting of small 
green fruits, r = -0.51" and between fruit infection and 
harvest (kg/tree), r = -0.50". Globally, the highest cor­
relations were obtained between fruit infection and har­
vest (r = 0.51") and between fruit infection and setting 
of small green fruits (r = 0.48").

In the laboratory test, differences between the two tests 
were found. The influence of injury was confirmed, fruits 
with artificial injury were more susceptible to infection, 
and it caused the development of brown rot. Evaluation 
of genotypes was more variable in the test of fruits with­
out injury. PASCAL et al. (1994) made similar tests with 
fruits and their results were identical.

In the test without injury, the best genotypes were Nug­
get (9.00), but the variety produced only one year (1999), 
Bergeron LE-2, Leala, Lebela (8.97) and LE-1549 (8.95) 
and the worst genotypes were Šálách (7.63), Lebona 
(7.70) and Legolda (7.73).

In the test with artificial injury, Lemira, Lebela (8.13), 
M-52 (8.00) and Leronda (7.93) were the best genotypes 
and Šálách (5.47), Hargrand (5.53), Legolda (5.87) and 
Strepet (5.93) were the worst genotypes in this test.

Correlations between fruit infection in the orchard and 
laboratory tests were very slight, the correlation between 
fruit infection in tests without injury and with injury was 
very high and very significant (r= 0.81") in 2000, high 
and very significant in a summary evaluation (1998­
2000, r = 0.78"). PASCAL (1994) also presents a differ­
ence between fruit infection in tests with and without 
injury, but he does not confirm the independence between 
these tests. Other higher correlations were determined 
between fruit infection in the orchard and the test of fruits 
with injury in 1998 (r = -0.33), between fruit infection in 
the orchard and the test of fruits without injury in 1999 
(r = 0.25) and between the average of fruit infection in 
the orchard and the average of the test of fruits without 
injury (r = 0.22).

BARGIONI (1993) presents Veecot as a resistant vari­
ety and DELLA STRADA (1989) as a medium resistant to 
slightly susceptible, and that was also shown in this test. 
Nugget is a medium resistant variety according to DEL­
LA STRADA (1989) and these tests. On the contrary, 
Strepet and Šálách have similar pomological qualities and 
degree of resistance, these varieties were more suscepti­
ble to Monilinia.

Velkopavlovická LE-12/2 is presented as a medium 
resistant variety (DELLA STRADA 1989) and it showed 
this level in all tests. Lejuna is evaluated as a susceptible 
variety when it has high fertility. Lejuna showed high 
resistance in the orchard in 1998-1999, but in 2000 it 
was more susceptible. It had similar results in laboratory 
tests.

CONCLUSION

Resistance of varieties to diseases is a very important 
quality for fruit-growers at the present time. Resistance 
is influenced by more factors, climatic conditions, vari­
ety, by the condition of the tree.

Generally, the best genotypes were Nugget (8.53), 
LE-3709 (8.17) and Bergeron LE-2 (8.08), the worst gen­
otypes were Šálách (6.11), LE-3662 (6.40) and Hargrand 
(6.57).
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Hodnocení rezistence meruněk к Monilinia laxa (Aderh. et Ruhl.) Honey

ABSTRAKT: V letech 1998-2000 byla zjišťována rezistence plodů vybraných genotypů meruněk к Monilinia laxa (Aderh. 
et Ruhl.) Honey jak v polních, tak v laboratorních podmínkách. V kolekci bylo celkem 30 genotypů, z toho 24 genotypů ze 
šlechtitelského programu Ústavu ovocnictví a vinohradnictví v Lednici, pět zahraničních odrůd a jeden mezidruhový hybrid 

(M-52). Kontrolní odrůdou byla Velkopavlovická LE-12/2 (dále VP-LE-12/2). Kolekce 21 genotypů (LE-3204, LE-3709, 
Ledana, Lejuna, Lerosa, Lemita, LE-3662, VP-LE-12/2, Lebela, Hargrand, Bergeron LE-2, Leskora, LE-4725, LE-3255, 
Legolda, Lebona, Lefreda, Šálách, Lednická, LE-498 a Leala) se nachází v poloprovozní výsadbě v Lednici, kde byly tyto 

genotypy vysazeny po 50 kusech. Dalších devět genotypů (Veecot, Strepet, Morava, LE-1549, Pálava, LE-1915, Leronda, 
Nugget a M-52) bylo vysazeno ve staničních zkouškách po pěti kusech. Ve všech sledovaných letech byl zjišťován přiroze­
ný výskyt moniliové hniloby v době sklizňové zralosti a zároveň byly provedeny umělé infekce zralých plodů v laboratorních 
podmínkách. Přirozená infekce byla hodnocena podle devítibodové stupnice, kde 9 - velmi vysoká rezistence, napadeno 
bylo 0,0-1,0 % plodů, 1 - velmi nízká rezistence, napadeno více než 30,0 % plodů. Umělé infekce byly hodnoceny opět 
podle devítibodové stupnice, kde 9 - plod bez projevu hniloby, velmi vysoká rezistence, 1 - napadeny více než dvě třetiny 
plodu, velmi nízká rezistence. Laboratorní test byl rozdělen na dvě části - infekce plodů bez poranění a infekce plodů s umělým 
poraněním. Nugget (celkový průměr 8,53 bodů), LE-3709 (8,17 b.) a Bergeron LE-2 (8,08 b.) byly vyhodnoceny jako nej­
lepší genotypy. Byly zjištěny korelace mezi napadením plodů v polních podmínkách a sklizní (kg/strom) (r = 0,51**) a mezi 
napadením plodů a bohatostí násady plodů (r = 0,48**). V roce 2000 byla také velmi silná pozitivní korelace mezi napade­
ním plodů bez poranění a napadením plodů s poraněním v laboratorním testu (r = 0,81**).
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Stability of yellow and red rose pigments during their storage 
under different conditions

J. Lachman, M. Orsák, V. Pivec, D. Kratochvílová

Czech University of Agriculture, Faculty of Agronomy, Prague, Czech Republic

ABSTRACT: The composition and stability of pigments isolated from yellow rose (cv. Papillon or Papillion Rose) and 
red rose (cv. Red France) were investigated. Thin layer chromatography and spectral data were used for pigment identifi­
cation. ß-carotene, its 5,6,5',6'-diepoxide, lutein, lycopene, zeaxanthin and phytofluene were identified as major caro­

tenoids in acetone extract of the yellow rose petals. Cyanin and chrysanthemin were found as major anthocyanin constituents 
in acidic (HC1) methanolic extract of the red rose petals. The extracts were stored in a closed glass bottle under four diffe­
rent conditions (temperatures 22, 4 and -8°C, dark or daylight at 22°C) and the pigments were determined periodically up 
to 132 days. Carotenoids were found to be much more stable (42-100.9% of the initial values on day 132) than anthocya­
nins (9.2-14.9% of the initial values). Losses of carotenoids fit to Arrhenius equation (correlation coefficient 0.894) and 
low activation energy indicates oxidation reaction with lesser temperature dependence. No correlation was found for an­
thocyanin decomposition. Light had the greatest destabilizing effect on both pigments (in carotenoids a decrease to 42%, 
in anthocyanins to 9.2% of the initial values). The effect of temperature was of lower significance. The anthocyanins were 
best preserved under storage in a freezer.

Keywords: yellow rose; red rose; carotenoids; anthocyanins; stability; effect of light and temperature

Flower pigments are of different chemical nature and 
structures (GOODWIN 1965). Carotenoids, anthocyanins, 
flavonoids, chaicones, aurones, and anthraquinones are 
the most widespread. The nature of a pigment can affect 
its stability and changes in colouration of ornamental 
plants during their storage and use.

Carotenoids, anthocyanins and flavonoids were found 
in Rosa species as the dominant pigments. VALADON and 
MUMMERY (1968a,b) analyzed flowers of ten varieties 
of yellow to orange roses, two Posentilla spp. and two 
Geum spp. for their carotenoid contents, ß-carotene and 
ß-carotene oxide mutatochrome were found in all sam­
ples. Lutein, a leaf xanthophyll, was found in low 
amounts in all flowers except for four rose varieties. Ep­
oxy carotenoids were obtained in fairly large amounts. 
Those identified were phytoene, phytofluene, ß-, y-, and 
5-carotene, ß-zeacarotene, and lycopene. Rubixanthin, 
a specific pigment of rose hips, was found in eight roses 
but not elsewhere. In six of the roses was found a yellow 
pigment to that the trivial name rosaxanthin was given, 
ß-carotene, auroxanthin, 5,6,5',6'-diepoxide of ß-caro- 
tene, flavoxanthin and chrysanthemaxanthin were re­
vealed as the main carotenoids (VALADON, MUMMERY 
1969). GOODWIN (1965) reported that carotenoid occur­
rence is similar in many Rosa species and rubixanthin is 
the dominant pigment. Data suggest that roses are yel­

low or orange depending upon types of occurring caro­
tenoids (acyclic or cyclic) and their ratio (Figs. 1 and 2). 
Valadon and Mummery (1969) found in anthers of 
fully opened flowers, anthers and styles of ripe hips from 
floribunda, hybrid tea and dog rose (Rosa canina L.) six­
teen carotenoids in flowers and twenty two carotenoids 
in hips, ß-carotene and its epoxides, from ß-carotene de­
rived xanthophyll, auroxanthin and from the a-carotene 
derived flavoxanthin and chrysanthemaxanthin were 
found in all developmental stages studied. With the age 
the control of carotenoid synthesis was removed and ox­
idation processes took place, leaving very few members 
of a-carotene series, and giving as main constituents the 
epoxy carotenoids and their derivatives. Rubixanthin 
(3-hydroxy-y-carotene) characteristic of rose hips was 
abundant in anthers and styles as derived from y-caro- 
tene. Only the hips of the floribunda rose cv. All Gold 
contained vitamin A.

Yellow roses contain only carotenoids whereas pink 
flowers of Rosa rugosa also anthocyanins. Pure peoni- 
din bound in glycosides was identified (GOODWIN 1956). 
The ratio of present carotenoids and non-carotenoid pig­
ments, mainly anthocyanins (Fig. 3) determines the tinge 
of roses (VALADON, MUMMERY 1968b). A mixture of 
glycosides derived from cyanidin and peonidin was 
found in Rosa rugosa and its hybrids whereas carmine

The article has originated within the Research Project of the Faculty of Agronomy, Czech University of Agriculture in Prague, 
MSM 412100002.
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Fig. 1. Major carotenoids of yellow-orange roses with rings

coloured roses contained only cyanidin glycosides (HAR- 
BORNE 1963). Copigmentation is also a factor control­
ling flower colour in genus Rosa. There were investigated 
lily and purple coloured varieties containing cyanin (cya- 
nidin-3,5-O-diglucoside). In this case cyanin is copig­
mented in greater deal with gallotannin and the spectral 
shift changes from 507 to 512 nm (HARBORNE 1963). 
This copigmentation causes blue tinge of certain roses. 
Copigmentation complexes of cyanidin-3-glucoside, cya- 
nidin-3-malonylglucoside and cyanidin-3-malonyllami- 
naribioside with chlorogenic acid or protocatechuic acid 
were intensively studied (DONNER et al. 1998; DAVIES,

R^GIu, R2=GIu cyanin

R^GIu, R2=H cyanidin-3-O-glucoside

R, =Malonyl-glu, R2=H cyanidin-3-O-malonylglucoside

R1=Malony|-|aminaribioside, R2=H cyanidin-3-O-laminaribioside

Fig. 3. Dominant glycosides of cyanidin in red roses

MAZZA 1993). A series of twelve structurally related 
anthocyanins, extracted from red-purple flowers of Den­
drobium Pramot, pink flowers of Senecio cruentus, oran­
ge-red flowers of Sophronitis coccinea, red-purple flow­
ers of Phalaenopsis and also red-purple flowers of Lae- 
liocattleya cv. Mini Purple and Bletilla striata allowed 
the confirmation of the existence of strong intramolecu­
lar copigmentation effects (FIGUEIREDO et al. 1998). 
Anthocyanins and chlorogenic acid copigmentation in­
fluence the colour of strawberry and chokeberry juices 
(WlLSKA-jESZKA, K.ORZUCHOWSKA 1996). Anthocya­
nins having catechol or pyrogallol group in their struc­
ture are widespread in flowers and fruits as glycosylated 
derivatives of cyanidin, delphinidin and petunidin chro­
mophores. In particular, flowers have developed very 
efficient strategies in the production of colour which led 
to the biosynthesis of structurally very complicated bio­
organic pigments, e.g. with Al3* or Ga3* (ELHABIRI et al. 
1998). The important role that anthocyanins could play 
as antioxidants in living systems may be well explained 
by their regulation of iron uptake and activity within the 
most complicated biological media. Values of a complex­
ation constant К ,. , for the reaction global .

AH,* + Fe1* < 2 [Cz(Fe)]3* + H*
range between 85 (5,7-dihydroxy-3,4'-dimethoxyflavy- 
lium) to 700 for malvin (GEORGE et al. 1998).

phytoflue ne

Fig. 2. Dominant acyclic carotenoids 
of yellow-orange roses
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The other types of complex forming are interactions 
between anthocyanins and different flavan-3-ols, as was 
studied in young red wines (SANTOS et al. 1998). For­
mation of complex pigments and its influence on the co­
lour were investigated in more stable complex pigments 
between malvidin-3-O-glucoside and (-)-epicatechin, 
(+)-catechin, and procyanidins (epi-4,8-epi and cat-4,8- 
cat). The other examples are major pigments in purple 
lisianthus (Eustoma grandiflorum) - delphinidin-3-O-ß- 
D-[6-O-a-L-rhamnogalactoside]-5-O-ß-D-[(E and Z)-p- 
coumaroylglucosides] (MARKHAM et al. 1998). 
Tiliroside (7-O-p-coumaroyl-3-O-glucoside of kaempfer­
ol) was reported in Rosa canina L. (GOODWIN 1965).

The interest in using anthocyanins as food colourants 
has increased in recent years (BRIDLE, TIMBERLAKE 
1997), however, these colours are affected by a number 
of factors (FRANCIS 1989). Nearly all reports on colour 
and stability of pure anthocyanins under pH influence 
deal with acid or neutral solutions (BROUILLARD 1988). 
A comparison between the colour intensity and stability 
ofpetanin, i.e. petunidin-3-[6-O-(4-O-E-p-coumaroyl-O- 
a-rhamnopyranosyl)-ß-glucopyranoside]-5-O-ß-glu- 
copyranoside and the anthocyanidin 3-monoglucosides 
revealed rather extensive differences (ANDERSEN et al. 
1998). Visible Xmax absorption of petanin at pH 8.1 after 
five days was similar or higher than the corresponding 
absorption of fresh cyanidin-3-glucoside solutions at any 
observed pH. Anthocyanins with two or more OH-groups 
in ortho-position to each other on anthocyanidin B-ring 
show dramatic hypsochromic shifts going from pH 8.0 
to 9.0 in comparison with anthocyanins with different 
number of methoxyl groups, however, with only one OH- 
group on the В-ring (pelargonidin, cyanidin, peonidin vs. 
delphinidin, petunidin and malvidin-3-O-glucosides). 
The difference between the flowers is the fluid pH in pig­
ment-bearing tissues: alkaline for cornflowers, and acid­
ic for roses. Acylation of cyanidin-3-O-sophoroside- 
-5-O-glucoside with p-coumaric, ferulic, sinapic and 
malonic acids or their two molecules in red cabbage caus­
es the greater stability of these glycosides (BUCKEN­
HÜSKES et al. 1988; LACHMAN et al. 1991).

Many recent works deal with floriculture and landscap­
ing of flowers, with roses playing an important role 
(BOSE et al. 1999; PEGRUM 1990; JOYCE et al. 1998). 
Many of them concern with artificial drying of flowers 
that eliminates some weather hazards and provides op­
portunity for much smoother marketing of the product 
(ROBERTS et al. 1998; THAL 1991; EPHRAUMS, IRON­
SIDE 1992). As reported by BASAPPA et al. (1991), each 
of drying methods produced different tinges of flower 
colour. Colouration of Helichrysum bracteatum Andr. 
ranged from canary yellow to cream, orange, copper, 
crimson red, carmine, amethyst and rose pink. The ef­
fects of different drying temperatures (room, full sun or 
in an oven at 40 or 50°C) were investigated. There was 
described a solar-powered drier (SlLHOL, DENIS 1994). 
The drier has to operate at moderate temperatures in or­
der to preserve colour, flavour and active ingredients of

the plant material. ORDUNO-CRUZ and BALTAZER-BER- 
NAL (1995) referred about the effect of different mix­
tures of sand and borax on the drying of three flower 
species. Rose, gerbera and carnation flowers were dried 
for 10, 15 or 20 days in river or sea sand mixed with 
borax in various proportions (sand: borax ratios of 1:1, 
2:1 or 3:1). Moisture loss was measured and flower qua­
lity was assessed in terms of blemishes, texture, general 
appearance, etc. River sand containing a high proportion 
of borax and drying time of 15 or 20 days were consid­
ered as the best conditions for roses and carnations.

Anthocyanins can be divided into two groups based on 
the possibility to form intramolecular copigmentation, 
e.g. Gymioa bicolor and Hibiscus sabdariffa L. (TSAI et 
al. 1992). Red anthocyanins from G. bicolor possessed 
better stability toward heating, oxygen and ascorbic acid. 
The extracts of Hibiscus sabdariffa L. (Malvaceae-) and 
its main coloured components were evaluated as a red 
colour additive. The results of colorimetric determina­
tion revealed a linear relationship between absorbance 
and concentration of the colour solution at absorption 
maximum Xmix= 518 nm (NOUR et al. 1993). It was due 
to delphinidin-3-O-ß-D-xylopyranosyl-( 1 —>2)-ß-D-glu- 
copyranoside (SATO et al. 1991). KOSWIG and HOFSOM­
MER (1995) stated that the anthocyanin fingerprints of 
different products such as blackberry, strawberry, blood 
orange and blueberry obtained by reversed-phase high­
pressure liquid chromatography or an RP-18 column with 
gradient elution are sufficiently differentiated.

TSAI and ANDI (1996) determined in red coloured 
roselie that after drying and storage either at room tem­
perature (about 25°C) or low temperature (5°C) under 
light or in the dark, the colour of dried roselle remained 
relatively stable in the dark and low temperature storage 
for up to eight months. The stability of anthocyanins is 
now studied very intensively (LIN, LI 1992; RASTELLI 
1993). This is the reason why we decided to study the 
stability of rose pigments under different storage condi­
tions.

MATERIAL AND METHODS

Extraction:
Cut petals of the yellow large-sized rose cv. Papillon 

or Papillion Rose (143.71 g) were extracted with ace­
tone (1,250 mL) and petals from the red rose cv. Red 
France (120.69 g) with 668 mL methanol acidified with 
HC1 (635 mL methanol + 33 mL 35% w/w HC1) in the 
darkness at laboratory temperature (22°C) for 24 hours. 
Dry matters were 13.37 and 16.55 % for yellow and red 
rose, respectively.

The extracts were stored in a glass bottle under four 
types of conditions:
a) exposed to diffused daylight at laboratory temperature 

22°C (L),
b) in the darkness at laboratory temperature 22°C (D), 
c) in a refrigerator at 4°C (R), 
d) in a freezer at - 8°C (F).
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The extracts were sampled for the pigment determina­
tion twelve times until day 132 of storage period.

TLC.
The anthocyanin pigments in the filtered extract of red 

rose were separated on Polygram Cell 300 (Macherey - 
Nagel Co.) - 0.1 mm cellulose MN 300 layer sheets in 
the following developing systems:
(1): cone. HCl - HCOOH - H2O (2:5:3 v/v/v), 
(2): HCOOH - cone. HC1 - H2O (10:1:3 v/v/v), 
(3): CH3COOH - cone. HC1 - H2O (5:1:5 v/v/v), 
(4): CH3COOH - H2O (15:75 v/v).

Anthocyanins were eluted from the chromatograms 
with 0.01% HC1 solution in methanol and their spectra 
were measured in visible region.

The filtered extract of yellow rose was analysed for 
carotenoids on Kieselgel 60 Merck sheets in the devel­
oping system (5): toluene - dioxane - acetic acid (90:25:4 
v/v/v).

VIS - spectrophotometry.
Spectra of anthocyanins were measured using a spec­

trophotometer Specord UV-VIS (Zeiss, Jena, Germany) 
against 0.01 % methanolic HC1. Absorbancies of extracts 
were measured at X^ = 530 nm in 0.5 cm cuvettes and 
concentrations were calculated as cyanin using specific 
absorbancy of 1% solution in 1.0 cm cuvette Al%|cm = 
34,300. '

Carotenoid spectra from yellow rose extracted into ace­
tone were measured using the same spectrophotometer 
against acetone (purity for spectrophotometry). Absor­
bancies of extracts were measured at Xmm = 435 nm in 
0.5 cm cuvettes and concentrations were expressed as 
ß-carotene with specific absorbancy of 1% solution in 
1.0 cm cuvette A,%lcm = 2,500.

The used chemicals were of analytical grade.
Obtained results were statistically evaluated using cor­

relation coefficient, Student’s t-test and F-test.

RESULTS AND DISCUSSION

Seven carotenoids were observed in visible light on 
TLC chromatograms of the yellow rose (Table 1). Three 
of them were very intensively coloured in yellow and 
orange. The amount of carotenoids, expressed as ß-caro­
tene, was calculated using the initial absorbancy, specif­
ic absorbancy and petal dry matter. The yellow rose petals 
contained 62 mg carotenoids per kg fresh matter or 
461 mg per kg dry matter. The spectrum of the extracted 
carotenoids in acetone (Table 2) has shown four distinc­
tive maxima at 354, 402, 429 and 448 nm. According to

Table 1. Carotenoids of the yellow rose separated using thin- 
layer chromatography

Compound No.
Rf value 

in developing 
system (5)

Colour

1 0.99 Deep intensive yellow
2 0.93 Pale yellow
3 0.83 Deep intensive orange
4 0.76 Pale ochre
5 0.68 Deep intensive yellow
6 0.63 Pale yellow
7 0.54 Pale yellow

CRAFT and SOARES (1992) and BRITTON et al. (1995a, 
b), maximum at X = 448 nm corresponds to absorption 
maximum of ß-carotene (448.5-^152 nm), lutein (ct-xan- 
thophyll) with 11 double bonds in the molecule and ly­
copene (446-448 nm) with 13 double bonds in the chain, 
while maximum at X = 429 nm is typical of ß-carotene 
(427 nm) and zeaxanthin (429 nm). Also 5,6,5',6’-diep- 
oxide of ß-carotene has its main absorbancy maximum 
lowered to this value in comparison with ß-carotene re­
garding two 5,6-epoxide structures in the molecule caus­
ing its hypsochromic shift about 16 nm (MOSS, WEEDON 
1976). The maximum at 354 nm corresponds with the 
maximum of phytofluene (MOSS, WEEDON 1976).

In contrary to the complexivity of carotenoids present 
in the yellow roses, the anthocyanin complex of red roses 
seems to be much simpler. Only two major anthocyanins 
were observed (Table 3) on the red rose extract chromato­
grams. Separated spots were eluted with 0.01% methan­
olic HC1 and their spectra were measured against blank 
(methanolic HC1). Results are given in Table 4. Three or 
four drops of 5% w/v A1C13 solution in methanol were 
added to 0.01% methanolic HC1 and the bathochromic 
shifts were determined. Rf values observed in four de­
veloping systems indicate glycosides, and the spectral 
data fit to glycosides derived from cyanidin. Compari­
son of RF values and spectroscopic data obtained from 
literature (GEISSMAN 1962) confirmed that compound 
No. 1 is cyanin (cyanidin-3, 5-O-diglucoside) and No. 2 
chrysanthemin (cyanidin-3-O-glucoside).

It can be concluded from the observed results that cya­
nin is the main anthocyanin pigment of the red rose. Its 
proportion is 75-80% of total anthocyanin content. Chry­
santhemin content is lower. Some unidentified antho­
cyanins were detected in trace levels only. There were 
not found any glycosides derived from peonidin. Using 
calculation similar to that for carotenoids. Red France 
red rose petals contained 3.06 mg anthocyanins per kg

Table 2. Spectral data of carotenoids in acetone extract isolated from yellow rose

Xmax = 354 nm Xnwx = 402 nm Xmax = 429 nm X|nax = 448 nm

phytofluene* ß-carotene, zeaxanthin, 
5,6,5',6'-diepoxide

of ß-carotene*

ß-carotene, lycopene, lutein*

* Measured values were compared with absorption maxima for individual compounds given by Craft and Soares (1992), Britton et al. (1995b), 
Moss and Weedon (1976) and Goodwin (1965)
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Table 3. Anthocyanins of the red rose separated using thin- 
layer chromatography with four different developing systems

Compound 
No. RF(1) R, (2) Rp(3) Rp(4) Colour

Approxi- 
matelly 
intensity

1 0.86 0.91 0.75 0.49 Red 75-80%
2 0.74 0.81 0.67 0.17 Red 20-25%

Table 4. Spectral data of anthocyanins isolated from the red rose

Com­
pound No.

0.01% methanolic 
HClX^fnm)

+A1C1, Xmx 
(nm)

Bathochromic 
shift (nm)

1 521 539 +18
2 529 542 +13

fresh matter or 18.5 mg anthocyanins per kg dry matter 
expressed as cyanin.

It is apparent from the obtained data (Tables 5 and 6) 
that the stabilities of carotenoids in the yellow rose and 
anthocyanins in the red rose are quite different. As can 
be seen in Fig. 6, the final decrease after 132 days of 
storage was much higher in anthocyanins (to 9.2-14.9% 
of the original content) in comparison to carotenoids 
(to 42-100.9% of the original content). In both cases 
(Figs. 4 and 5) light had the greatest destabilizing effect 
(carotenoids to 42% of the initial value, anthocyanins to 
9.2% of the initial value). No decrease of carotenoids 
content was observed in the extract stored in darkness at 
laboratory temperature. It could be concluded from the 
statistical evaluation that light had a highly significant 
effect (P < 0.01) on the degradation of the pigments 
stored at laboratory temperature. There were also found 
highly significant differences between the storage at lab-

Fig. 4. Degradation of the yellow 

rose pigments

Fig. 5. Degradation of the red rose 

pigments
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Table 5. Absorbancy values of the yellow rose

Conditions of storage
26. 5.

0

1.6.

6

9. 6.

14

15. 6.

20

21.6.

26

Dates of analyses 
29. 6. 

Days of storage 
34

10.7.

45

21.7.

56

4. 8.

70

18. 8.

84

31. 8.

97

19. 9.

116

5. 10.

132

Final 
content 
(% rel.)

Light, 22°C 0.885 0.767 0.782 0.666 0.633 0.627 0.592 0.560 0.501 0.414 0.392 0.380 0.372 42.0
Darkness, 22°C 0.885 1.194 1.086 1.031 1.005 0.962 0.923 0.913 0.941 0.870 0.862 0.881 0.893 100.9
Refrigerator, +4°C 0.885 0.838 0.831 0.786 0.830 0.777 0.775 0.753 0.785 0.756 0.730 0.722 0.707 79.9
Freezer, -8°C 0.885 0.805 0.795 0.731 0.738 0.697 0.680 0.668 0.732 0.740 0.726 0.706 0.704 79.6

Table 6. Absorbancy values of the red rose

Conditions of storage
26. 5.

0

1.6.

6

9. 6.

14

15. 6.

20

21.6.

26

Dates of analyses 
29. 6. 

Days of storage 
34

10. 7.

45

21.7.

56

4. 8.

70

18. 8.

84

31.8.

97

19. 9.

116

5. 10.

132

Final 
content 
(% rel.)

Light, 22°C 0.947 0.292 0.215 0.187 0.163 0.138 0.108 0.099 0.110 0.118 0.108 0.096 0.087 9.2
Darkness, 22°C 0.947 0.297 0.241 0.213 0.169 0.166 0.143 0.139 0.130 0.143 0.136 0.130 0.134 14.2
Refrigerator, +4°C 0.947 0.295 0.210 0.178 0.147 0.152 0.136 0.134 0.130 0.120 0.117 0.107 0.115 12.1
Freezer, -8°C 0.947 0.902 0.754 0.585 0.466 0.393 0.305 0.242 0.189 0.159 0.141 0.138 0.141 14.9



Fig. 6. Final content (per cent of the 
initial value) of the pigments after 
132 days of storage

oratory temperature and in a refrigerator for the yellow 
rose. Insignificant differences were found between the 
variants refrigerator - freezer for pigments of both roses. 
In the refrigerator or in the freezer the final decrease of 
carotenoids was about 20%. Losses of anthocyanins were 
about 85-90% of the initial content.

The obtained data were used for the calculation of Ar­
rhenius equation. These fit for carotenoids for the equa­
tion In = A+E/RT: pre-exponential factor A = 4.418, E/R 
= 10,697.650, low activation energy - 88,940.259 [J/mol] 
indicates oxidation reaction and a lesser temperature de­
pendence of the reaction rate. The pre-exponential factor 
A was used to calculate the activation entropy from the 
equation A = es,R.KB.T.e/h [-718.834 J/K.mol], The cor­
relation coefficient (0.894) fits to the equation quite well. 
On the other hand, there was no correlation found for 
losses of anthocyanins. The highest statistically signifi­
cant correlation coefficients were found for a decrease of 
pigments of yellow rose extract stored at laboratory tem­
perature in diffused light (-0.952) and in a refrigerator 
(-0.906). In red rose extract the highest correlation was 
found for the extract stored in a freezer (-0.873).

Thus, the carotenoid pigments in yellow and orange 
roses are much more stable in comparison with anthocy­
anins in the red roses. Light is the main factor affecting 
the decomposition of both types of pigments. Tempera­
ture has a lesser effect and for anthocyanins low storage 
temperatures were favourable. This is in accordance with 
results obtained by BlACS et al. (1992), who investigated 
the colour degradation after 150 days of storage of co­
loured substances in paprika (red pepper) powders. The 
colour degradation was estimated to 27, 20 and 15% at 
ambient storage conditions and 15, 13 and 5% under re­
frigeration in untreated, 8-tocopherol-treated, and ascor­
bic acid-treated powders, respectively. Antioxidants as 
8-tocopheroI and ascorbic acid decrease the rate of caro­
tenoid degradation.
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Stabilita barviv růží během skladování za různých podmínek

ABSTRAKT: Bylo sledováno složení a stabilita barviv v korunních plátcích žluté růže (cv. Papillon či Papillion Rose) 
a červené růže (cv. Red France). Na základě RF hodnot (Chromatografie na tenké vrstvě) a spektrálních dat byla jako hlavní 
karotenoidni barviva v acetonovém extraktu z květů žlutých růží identifikována ß-karoten a jeho 5,6,5',6'-diepoxid, lutein, 

lykopen, zeaxanthin a fytofluen. V kyselém (HC1) methanolickém extraktu z květů červené růže byly jako dominantní kon- 
stituenty nalezeny anthokyaniny kyanin a chrysanthemin. Sledováni dynamiky úbytků barviv v extraktech skladovaných 
v uzavřených skleněných lahvích při čtyřech různých podmínkách skladováni (při 22, 4 a -8 °C, ve tmě či na denním světle 
při 22 °C) po dobu 132 dni prokázalo, že karotenoidy jsou mnohem stabilnější (42-100,9 % počátečního množství po 
132 dnech) než anthokyany (9,2-14,9 % z počátečních hodnot). Úbytky karotenoidů odpovídají Arrheniově rovnici (kore­

lační koeficient 0.894) a nízká aktivační energie naznačuje oxidační reakci s malou teplotní závislosti. Pro rozklad antho- 
kyanů nebyla nalezena žádná korelace. Největším destabilizujícím faktorem u obou typů barviv bylo světlo (u karotenoidů 
se původní obsah snížil na 42 % a u anthokyanů na 9,2 % původní hodnoty po 132 dnech). Vliv teploty byl menší. 
U anthokyanů byly nejnižší úbytky zjištěny při skladováni extraktu v mrazničce.

Klíčová slova: žlutá růže; červená růže; karotenoidy; anthokyany; stabilita; vliv světla a teploty
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Parasitic mycoflora of the genus Acer

G. Juhásová, H. Ivanová

Institute of Forest Ecology SAS Zvolen, Department of Woody Plants Biology, Nitra, Slovak Republic

ABSTRACT: In this paper parasitic mycoflora of the genus Acer (A. platanoides L., A. pseudoplatanus L., A. campestre 
L. and A. tataricum L.) was evaluated. The microscopic fungi Rhytisma acerinum (Pers, ex St. Amans) Fr., Mycosphaerel­
la latebrosa (Cke.) Schröet. and Sawadaea bicornis (Wallr.:Fr.) Homma, syn. Uncinula bicornis (DC) Sacc. were identi­
fied on assimilative organs. Using these fungi we investigated their whole developmental cycle in 16 phenological stages 
of these trees and in the period of dormancy. We determinated the limit values of reproductive organs and we evaluated the 
germination of conidia. Growth rates of the fungus mycelium (Septaria acerina Pk.) from localities Nitra and Arborétum 
Mlyňany were investigated on different media. The degree of leaf damage was high in the low part of the crown and was 
annually high at some localities. Prevention of infection is possible by taking suitable plant protection measures.

Keywords: Acer; Mycosphaerella latebrosa; Rhytisma acerinum; Sawadaea bicornis; syn. Uncinula bicornis

Decorative woody species, which grow in towns, form 
important parts of public and private greenery. These are 
ever more subjected to negative influences of the envi­
ronment and of men. These factors of a general change 
in the settlement environment vary for different species 
of animals, plants and fungi, which live in this changing 
environment and are becoming dangerous pests for li­
ving organisms. Organisms with modified conditions are 
more or less compensated, some of them are weakening, 
in others we could observe visible development. The high 
plant support is weakened by the development of para­
sitic microscopic fungi which damage single parts of the 
woody species and decrease their aesthetic and decora­
tive value. Relatively often the greenery of parks and 
streets in front of public and private buildings consists of 
the trees of the genus Acer as a solitary tree or in groups 
in an alley. For their toleration of polluted environmental 
conditions, they are recommended by specialists to be 
planted along main roads.

In the world about 150 species of the genus Acer grow. 
In Slovakia Acer platanoides L., A. pseudoplatanus L„ 
A. tataricum L. and A. campestre L. grow freely. A great 
deal of cultivars with unusual variability are cultivated 
in culture (KOTEK 1975). Due to many sorts and forms, 
decorative timber, quick growth, valuable physical-me­
chanical quality of the timber, and because of their nice- 
looking texture, melliferous flowers and phytoncid 
effects, these cultivars are highly valued in the national 
economy and also in ornamental gardening (KOCHNO 
1982).

BENČAŤ (1982) identified 58 taxons from the genus 
Acer. During our research we evaluated the health condi­
tion of the following taxons: Acer campestre L., A. circi- 
natum Pursch., A. dasycarpum Ehrh., A. ginnala Maxim., 
A. macrophyllum Pursch., A. monspessulanum L„ A. pal-

matum Thunb., A. palmatum var. dissectum (Thunb.) 
Miq., A. platanoides L., A. platanoides Globosum, A. pla­
tanoides Rubrum, A. platanoides Lorbergii, A. pseudo­
platanus L., A. tataricum L.

The following species of parasitic microscopic fungi 
occur on the leaves: Mycosphaerella latebrosa (Cke.) 
Schröet. with conidial stages Septoria acerina Pk. and 
Phyllosticta aceris Sacc., Sawadaea bicornis (Walk.:Fr.) 
Homma, syn. Uncinula bicornis (DC) Sacc., Trochila 
aceris (Lib.) Hohn, with conidial stages Didimosporina 
aceris (Lib.) Hohn., Phyllactinia guttata (Walk, ex Sch.) 
Lev., Rhytismapunctatum (Pers.) Fr. and Rhytisma aceri­
num (Pers, ex St. Amans) Fr. with conidial stage Melas- 
mia acerina Lev. and Mycocentrospora acerina (Hartig) 
Deight. On the branches we observed the following fun­
gal species: Nectria cinnabarina (Tode ex Fr.) Fr., Gi- 
berella baccata (Walk.) Sacc. with conidial stage Fusa­
rium lateritium Nees, and Verticillium alboatrum (Har­
tig) Arm.

Our aim was to evaluate the parasitic mycoflora of the 
genus Acer that occurs at the localities Nitra and Arboré­
tum Mlyňany with regard to the presence of parasitic fun­
gi on the assimilative organs. We also studied some 
biological questions of the most frequent sorts of the fun­
gi Rhytisma acerinum, Mycosphaerella latebrosa and 
Sawadaea bicornis, syn. Uncinula bicornis in field and 
laboratory conditions and proposed optimal protective 
measures.

MATERIAL AND METHODS

Selection of the localities in Nitra was done so that the 
woody species in different types of functional greenery 
(street greenery, public greenery, greenery between the 
blocks of houses, greenery along main roads, park green-
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Fig. 2. Growth rates of mycelium hyphae of the fungus My­

cosphaerella latebrosa (Cke.) Schröet. and fungus Septaria ace- 
rina Pk. on the different media - locality Arborétum Mlyňany

Fig. 1. Growth rates of mycelium hyphae of the fungus My­

cosphaerella latebrosa (Cke.) Schröet. and fungus Septaria ace- 
rina Pk. on the different media - locality Nitra

ery, forest fringe) were represented. General health con­
dition of the woody species were evaluated. From the 
damaged trees we took samples for laboratory testing and 
the presence of parasitic fungi was determined with 
a microscope.

Phenological observations were made according to 
BenCaŤ and TOKÁR (1978). Health condition of the ge­
nus Acer during the vegetation period was evaluated once 
weekly from bud swelling to the beginning of the leaf 
burst. In the next phenological phases once a fortnight, 
during the period of dormancy once every ten to four­
teen days. Degree of leaf damage was evaluated by 
100-leaves method. Calculation of the degree of damage 
was made according to the method Towsend-Heuberger 
(DUBOVSKÝ 1969). Next, we determined spore dimen­
sions by measuring under a binocular light microscope 
at 8 x 20 and/or 8 x 45 magnification using eye an ocular 
and objective micrometer. In each replication 100 spores 
were measured.

Growth rate of the hyphae of the fungal mycelium was 
evaluated on 1% water agar, 2% and 3% Czapek-Dox

agar (Cz-D 2%, 3%) and maltose 2% and 3% agar (MA 
2%, 3%) (Tables 1 and 2, Figs. 1 and 2). For the isolation 
of infection originator, the fungus Mycosphaerella late­
brosa was used on 2% and 3% maltose agar and 2% and 
3% Czapek-Dox agar.

After surface sterilization (3% SAVO) the pieces of the 
infected tissue were placed on selected media and culti­
vated at temperatures 20°C to 26°C, constant relative at­
mospheric humidity 80-85% and pH 6.5.

Germination of the conidia of the fungus M. latebrosa 
was evaluated on 1% and 2% water agar, on 1% and 2% 
Czapek-Dox agar and 1% and 2% maltose agar. From 
the spots on damaged leaves we cut thin longitudinal and 
cross sections which were immersed into the pot with 
distilled water. After some time water droplets were 
placed on slides that were inserted into the exsiccators 
that were put into a thermostat with the temperature from 
+20°C to +26°C. Germination was evaluated microscop­
ically after 24 and 48 hours, 3 x 100 conidia were evalu­
ated (Table 3).

Table 1. Growth rates of mycelium hyphae of the fungi Mycosphaerella latebrosa (Cke.) Schröet. (Nitra, AM) and Septaria ace- 
rina Pk. (Nitra, AM) on the different media

Fungus
Medium

Mycosphaerella latebrosa
Nitra

Septoria acerina
AMNitra Nitra AM AM Nitra AM

Hours 24 72 24 72 24 72 24 72

Cz-D 2% 3.8 7.6 3.6 7.2 4.4 8.3 4.3 8.5

Cz-D 3% 3.5 7.3 3.3 7 4.1 7.9 4.6 8.6

MA 2% 4 8 4.1 8.5 4.3 8.7 4.6 8.8

MA3% 4.5 7.6 3.8 8 4.1 8.1 4.2 8.4

Water 1% 3 5.1 3 4.9 3 5.3 3.1 5.6
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Table 2. Growth rates of mycelium hyphae of the fungi Mycosphaerella latebrosa (Cke.) Schröet. (Nitra, AM) and Septaria aceri- 
na Pk. (Nitra, AM) on the different media

Medium
Mycosphaerella latebrosa Septoria acerina

Nitra Nitra AM AM Nitra Nitra AM AM

Hours 24 72 24 72 24 72 24 72

Cz-D 2% 3.7 7.7 3.5 7.3 4.2 8.5 4 8.6

Cz-D 3% 3.5 7.3 3.3 7.2 4 8.3 3.8 8.3

MA 2% 3.8 7.4 3.4 7.2 4.1 8.4 4.4 8.7

MA 3% 3.6 7.2 3.3 7 3.8 8.3 4.3 8.6

Water 1% 2.8 3.5 3 3.8 3.1 3.7 3.3 4

Table 3. The germination of the fungus Mycosphaerella latebrosa (Cke.) Schröet. on different nutrient media (T 22-23°C), locality 
Arborétum Mlyňany

Media (%) Hour Number of 
germinated conidia

Average Number of 
germinated conidia

Average Number of 
germinated conidia

Average

Water 1 24 16 22 26 21.3 22 24 28 24.6 20 24 22 22.0

Water 1 48 34 38 31 34.3 37 40 39 38.6 30 34 36 33.3

Water 2 24 21 28 34 27.6 26 31 37 31.3 23 25 28 25.3

Water 2 48 41 42 38 40.3 40 43 46 43.0 37 39 32 36.0

Cz-D 1 24 22 28 25 25.0 25 29 30 28.0 22 26 25 24.3

Cz-D 1 48 38 43 42 41.0 38 45 43 42.0 34 38 37 36.3

Cz-D 2 24 33 36 31 33.3 37 32 28 35.6 33 29 34 32.0

Cz-D 2 48 49 41 44 44.6 42 47 53 47.3 40 43 46 43.0
MA 1 24 28 31 34 31.0 19 32 30 27.0 22 25 28 26.0

MA 1 48 35 39 40 38.0 26 33 46 35.0 24 26 33 27.0

MA 2 24 32 30 38 33.3 20 19 22 20.3 25 29 33 29.0

MA 2 48 43 49 44 45.3 24 25 28 25.6 30 25 24 26.3

RESULTS AND DISCUSSION

By determination of the occurrence and distribution of 
the genus Acer in the Nitra locality we ascertained their 
representation in the whole city territory where they rep­
resented a significant component of the greenery. They 
occurred most frequently in parks and less frequently in 
the housing estates, in public and special-purpose green­
ery. The assimilative organs of Acer pseudoplatanus L., 
A. platanoides L. and A. campestre L. were most fre­
quently damaged by the following parasitic microscopic 
fungi: Rhytisma acerinum, Mycosphaerella latebrosa and 
Sawadaea bicornis, syn. Uncinula bicornis. The other 
observed locality was Arborétum Mlyňany where tree 
species were the component of the park greenery.

The fungus Rhytisma acerinum (Pers, ex St. Amans) 
Fr. is responsible for the black spot of leaves of the genus 
Acer The first symptoms of infection appeared at the 
beginning of June in form of small, roundish spots which 
continually enlarged and gradually coalesced. They 
change into black flat formations, stroma of the fungus, 
which emerged above the leaf surface (Fig. 3). In these 
stromata pycnidia of the conidial stage ofMelasmia ace- 
rina Lev. were formed. Conidia are oval to rod-shaped. 
In humid periods they are shed in form of jelly-like sub­
stance.

Apothecia of the fungus were formed in stromata on 
shed leaves in winter. They opened by very fine, irregu­
lar appertures. In them colourless paraphyses were pro­
duced. Eight ascospores formed in one ascus that were 
filiform, obtuse at one end, with marked oily drops. They 
matured in April to May and rarely occurred on the leaves 
also at the end of June and at the beginning of July. Ma­
ture ascospores were actively released by expulsion from 
the apothecia. They were carried by air flows to a great 
distance. The infection on the leaves was manifested by 
one or several spots (Figs. 4 and 5). It is interesting that 
the infection intensity was higher on the leaves of the 
genus Acer in forest stands than on the leaves of Acer 
trees growing in towns or in factory surroundings.

The fungus Sawadaea bicornis (Wallr.:Fr.) Homma, 
syn. Uncinula bicornis (DC) Sacc. caused powdery mil­
dew of maples by formation of white, floury coating on 
leaves and leaf stalks. The fungus mycelium penetrated 
through haustoria to the epiderma cells from where it 
obtained food. Conidia are formed on short conidio­
phores. At the end of the vegetation period free, visible 
cleistothecia were produced. At the beginning they were 
white and later yellow or brown-black. Mature cleistoth­
ecia are black (Fig. 6). They contain longitudinal asci 
with single-cell, colourless, oval ascospores. Perithecia 
are roundish to oval and on one perithecium are 50-60 ap-
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Fig. 3. The fungus Rhytisma acerinum (Pers, ex St. Amans) Fr. 

on the Acer leaves

Fig. 4. The fungus Rhytisma acerinum (Pers, ex St. Amans) Fr. 

on the leaves of Acer platanoides

Fig. 5. The fungus Rhytisma acerinum (Pers, ex St. Amans) Fr. 

on the leaves of Acer campestre

Fig. 6. Mature perithecia of the fungus Sawadaea bicornis 

(Wallr.:Fr.) Homma, syn. Uncinula bicornis (DC) Sacc. are black
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Fig. 7. Sawadaea bicornis (Wallr.:Fr.) Homma, syn. Uncinula 
bicornis (DC) Sacc. on the leaves of Acer platanoides

Fig. 8. The fungus Sawadaea bicornis (Wallr.:Fr.) Homma, syn. 
Uncinula bicornis (DC) Sacc. formed a very intensive coating

pendages with endings typical of this genus. In one per­
ithecium are 5-10 asci with 8 ascospores. On the leaves 
of A. platanoides L. (Fig. 7) there formed most inten­
sively floury coating of mycelium with perithecia on the 
upper and lower sides. The coating was so intensive on 
the upper side that leaves seemed as if they were painted 
with a layer of lime (Fig. 8). The mycelium hibernates in 
the leaf buds. Young leaves were infected in the spring 
and the whole developmental cycle was repeated.

Mycosphaerella latebrosa (Cke.) Schröet. and its 
conidial stages: Septoria acerina Pk. and Phyllosticta 
aceris Sacc. form small, roundish or polygonal spots on 
the leaves of the genus Acer which were concentrated 
later. Especially at the beginning of the infection the spots 
have a light-yellow rim. Their number is very variable 
on a single leaf (from 1 to 230). From spots it is possible 
to isolate conidia of the fungus S. acerina. The first in­
fection symptoms occur at the beginning of June. Pyc-

Table 4a. Developmental stages of the fungus Sawadaea bicornis (Wallr.:Fr.) Homma in some phenological phases of Acer pla­
tanoides L. at locality Nitra (Agrokomplex, Sihoť - park)

Phenological phases Date of phenological phases Developmental stages of the fungus

6AX Sihoť AX Sihoť 1 2 3 4 5

Bud swelling 15.3. 18. 3. + +

Bud burst 12. 4. 22. 3. + +

Beginning of leaf burst 30. 4. 4. 4. + +

General leaf burst 7.5. 5.5. + +

Beginning of blooming 12. 4. 30.7. + +

General blooming 30. 4. 10. 8. + + +

Blooming begins to end 12.5. 30. 8. + + + +

General end of blooming 17.5. 9. 9. + + + +

Bud-formation period 1.7. 30. 7. +

Fruits begin to mature 16. 9. 6. 8. + + + + +

General maturing of fruit 9. 10. 20. 9. + + + + + +

Leaves begin to yellow 30. 9. 15. 10. + + + + + +

General yellowing of leaves 15. 10. 20. 9. + + + +

Leaves begin to fall 30. 9. 15. 10. + + + +

General falling of leaves 28. 10. 30. 11. + + + + +

Period of dormancy 20. 11. 30. 12. + + + + +
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Table 4b. Developmental stages of the fungus Mycosphaerella latebrosa (Cke.) Schröet. in some phenological phases of Acer pla- 
tanoides L. in Arboretum Mlyňany and Nitra

Phenological phases Date of phenological phases Developmental stages of the fungus
AM AX AM AX 1 2 3 4 5 6

Bud swelling 

Bud burst 

Beginning of leaf burst 

General leaf burst 

Beginning of blooming 

General blooming 

Blooming begins to end 

General end of blooming 

Bud-formation period 

Fruits begin to mature 

General maturing of fruit 

Leaves begin to yellow 

General yellowing of leaves 

Leaves begin to fall 

General falling of leaves 

Period of dormancy

15.3. 15.3. ++ + +

8.4. 12.4. + + + + + + +

13.4. 30.4. + + + ++ +

23.4. 7.5. + + + + +

17.4. 12.4. + + + +

23.4. 30.4. + + + + +

1.5. 12.5. + + + + +

20.5. 17.5. 20.7. + + +

1.6. 1.7. 10.8. + + + +

10.9. 16.8. 11.7. ++ +

29.9. 9.10. 1.8. + +

20.9. 30.9. + +

10. 10. 15. 10. + +

29.9. 30.9. + +

Tl. 10. 28. 10. + +

27.11. 20.11. +

Table 4c. Developmental stages of the fungus Rhytisma acerinum (Pers, ex St. Amans) Fr. in some phenological phases of Acer 
platanoides L. in localities Nitra - Agrokomplex and Acer campestre L. in Nitra-Drážovce

Phenological phases Date of phenological phases Developmental stages of the fungus
Drážovce AX Drážovce AX 1 2 3 4 5 6

Bud swelling 18. 3. 15. 3. + + + +

Bud burst 8.4. 12. 4. + + + + + +

Beginning of leaf burst 28. 4. 30. 4. + + + + + +

General leaf burst 10. 5. 7.5. + + + + + +

Beginning of blooming 12. 4. + + +

General blooming 30. 4. 30.6. + + + +

Blooming begins to end 12. 5. 17.7. + + +

General end of blooming 17. 5. + +

Bud-formation period 1.7. 15.8. + + +

Fruits begin to mature 16. 8. + +

General maturing of fruit 26. 9. +

Leaves begin to yellow 15. 10. 9. 10. + +

General yellowing of leaves 30. 10. 30. 9. + +

Leaves begin to fall 20. 10. 15. 10. + +

General falling of leaves 30. 11. 30. 9. + + +

Period of dormancy 20. 12. 20. 11. + + + +

nidia of the conidial stage of the fungus Ph. aceris are 
formed on lower sides of leaves at the end of August.

Fast located pycnidia under the epidermis are sub­
merged in the tissue. They are small, dark spheres with 
dimensions 50-60 pm. They contain very small, colour­
less conidia. Reproductive organs of this fungus form on 
the lower leaf side and the spots are expressive on the 
upper side. On the shed leaves there originate pycnidia 
of the ascus stage. Asci are oblong and contain as­
cospores located in two lines. Ascospores are two celled, 
oblong-screwed, colourless, in the middle gently con­

stricted with thinned endings. Strong infection by this 
fungus was manifested on the locality Arboretum Mlyňa­
ny. M. latebrosa did not belong to the group of important 
pests from an economic aspect but it created an aesthetic 
defect.

At the localities Nitra (Nitra-Drážovce, park on the 
Sihoť, Agrokomplex, Kukučín street) and Arborétum 
Mlyňany phenological phases and developmental stages 
of the fungi S. bicornis, syn. U. bicornis, M. latebrosa 
and Rh. acerinum were observed and they are listed in 
Tables 4a,b,c. On the basis of these observations it is
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Table 5. The degree of leaf damage in the genus Acer by Sawadaea bicomis (Wallr.iFr.) Homma, syn. Uncinula bicomis (DC) 
Sacc. at selected localities of Slovakia

Trees Locality Damage degree 
in July

Damage degree 
in August

Damage degree 
in October

A. platanoides Arborétum Mlyňany П. III. I.

Nitra-Drážovce II. III. П.

Nitra-Lomonosova И. II. I.

Nitra-Kukučínova III. III. II.

Nitra-Jelenecká II. II. I.

Nitra - Castle II. II. I.

A. campestre Arborétum Mlyňany I. U. I.

Nitra-Drážovce П. IU. I.

Nitra - Castle I. П. I.

possible to ascertain at these localities in what period the 
leaves are still healthy, when the floury coating with 
conidia was formed or conidia in the pycnidia were pro­
duced, when the pycnidia of the fungus were differenti­
ated, ascospores matured and in what period there are 
already empty asci on leaves. It was stated by observa­
tion of the developmental stages of the fungi at selected 
localities that infection of the host by parasitic fungi was 
only rarely continuous. Usually the infection origines in 
certain developmental stages of the parasitic fungus and 
the same time by disease inclination of host tree species 
simultaneously. The obtained results correlated with data 
reported by several authors: PŘÍHODA (1959), PEIKER 
(1964), Brandenburger (1985), who described the 
process of the developmental stages of the parasite from 
primary infection by ascospores (Rh. acerinum, M. late- 
brosa), or fungal mycelium at powdery mildew to for­
mation of the secondary conidial infection in a similar 
way. Time period of the course of parasitic developmen­
tal cycle at the concrete localities was defined by evalua­
tion of the developmental cycle in 16 phenological stages 
on the genus Acer. This enabled us to recommend suit­
able protective measures to prevent primary infection by 
the ascospores and to reduce the infections pressure of 
secondary infection by the conidia.

The results of evaluation of the degree of damage to map­
le leaves by the fungus S. bicomis are listed in Table 5. The 
degree of leaf damage on A. platanoides during the ob­
servation period was high at all evaluated localities. Low­
er degree of damage in autumn to the aging leaves was

caused by reduction of the fungus mycelium. The results 
of evaluation of the degree of damage to maple leaves by 
the fungus M. latebrosa are in Table 6. 
A. platanoides L. was found to have a range from 18.6% 
(in Nitra) to 22.6% (Arborétum Mlyňany). A. campestre 
L. was found to have lower values (Arborétum Mlyňany 
9.3%, Nitra 6.2-8.6%). On the leaves of A. platanoides 
Lorbergii (Arborétum Mlyňany 52.8%) a very high per­
centage of damage was observed. The results of leaf dam­
age by the fungus Rh. acerinum are in Table 7. The values 
of damage in Arborétum Mlyňany on A. platanoides L. 
were 9.3% and in Nitra only 4.8%. The degree of dam­
age to leaves of A. pseudoplatanus L. was relatively low 
at both localities (Arborétum Mlyňany 3.8%, Nitra 2.2­
8.3%). On the basis of these values it was possible to 
observe that the degree of leaf damage was very differ­
ent in relation to time and evaluated locality.

In national literature, no distinct data on dimensions of 
reproductive organs of the observed fungi were found. 
On the basis of multiple measurements the following di­
mensions of the reproductive organs was determined 
(Table 8). Data on dimensions of fungal reproductive or­
gans can be found in foreign mycological and phyto­
pathological literature. They were often different. The 
values of these organs measured at Slovakian localities 
were not known. These original data were used to com­
pare to values acquired from other localities of Slovakia.

Growth rate of the hyphae of the fungal mycelium (M. 
latebrosa and S. acerina) was observed on the leaf sam­
ples of A. platanoides from locality Nitra and A. pseudo-

Table 6. The degree of leaf damage in the genus Acer by A/y- 
cosphaerella latebrosa (Cke.) Schröet. at selected localities in 
Slovakia

Trees Locality Degree of damage (%)

Acer platanoides Arborétum Mlyňany 22.6
Nitra 18.6

Acer campestre Arborétum Mlyňany 9.3
Nitra-Drážovce 8.6
Nitra-Krškany 6.2

Acer platanoides 
Lorbergii Arborétum Mlyňany 52.8

Table 7. The degree of leaf damage in the genus Acer by Rhytis- 
ma acerinum (Pers, ex St. Amans) Fr. at selected localities in 
Slovakia

Trees Locality Degree of damage (%)

Acer platanoides Arborétum Mlyňany 9.3
Nitra - park Sihoť 4.8
Nitra-Chrenová 4.4

Acer pseudoplatanus Arborétum Mlyňany 3.8
Nitra - park Sihoť 2.2
Nitra-Chrenová 8.3
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Table 8. Dimensions of reproductive organs of the fungi Sawadaea bicornis (Wallr.:Fr.) Homma, syn. Uncinula bicornis (DC) 
Sacc., Rhytisma acerinum (Pers, ex St. Amans) Fr. and Mycosphaerella latebrosa (Cke.) Schröet.

Originator of the disease

Sawadaea bicornis Cleistothecia

Dimensions of reproductive organs (gm) 

Ascospores Asci

A. platanoides

A. campe st re

106.4 x 209.0

103.8 x 144.4

3.8-11.4x3.8-17.1

3.8-11.4x3.8-19.0

57.0-79.8 x 38.0-52.2

60.8-72.2 x 38.0-52.2

Rytisma acerinum Conidia Ascospores Asci

A. platanoides

A. campestre

A. pseudoplatanus

1.9-3.8 x 10.4-20.9

1.9-3.8 x 11.4-19.0

1.9-3.8 x 10.4-20.9

56-98 x 1.9

60-98 x 1.9

58-96 x 1.9

5.7-8.5x91.0-110

7.2-9.5 x 95.0-120

6.6-8.5x98.8-114

Mycosphaerella latebrosa Conidia

A. platanoides

A. platanoides Lorbergii

22-27 x 1-1.9

22-25 x 1-1.9

platanus from locality Arboretum Mlyňany. The cultiva­
tion of the fungi was realized on Czapek-Dox 2% and 
3% agar and on maltose 2% and 3% agar ( Tables 1 and 
2, Figs. 7 and 8). The fastest growth rate of the hyphae of 
the fungal mycelium was observed on Czapek-Dox agar 
at 2% concentration. In our work we did not confirm the 
occurrence a new sort of the fungus M. mycopappii sp. 
which was described by some foreign authors (FUNK, 
DORWORTH 1987). The data from GRZYWACZ and 
VAŽNY (1973) we also did not acknowledge. According 
to those authors the fungus Rh. acerinum did not occur 
in the urban or intensively polluted environment. This 
fungus appeared not only in parks and in high forest 
stands but it was also possible to identify it in the urban 
environment in street greenery. Several taxons of out­
landish species of the genus Acer in parks and urban 
greenery from the observed localities (mainly in Arboré- 
tum Mlyňany) was observed. Great leaf damage by the 
fungus M. latebrosa on A. platanoides Lorbergii was as­
certained. Occurrence of this fungus in the conditions of 
Slovakia (locality Arborétum Mlyňany) was observed for 
the first time.

Plant protection measures proposed in this paper are 
generally accepted principles (PŘÍHODA 1959; PEIKER 
1964; KRUTÁ 1969; BRANDENBURGER 1985; JAN- 
ČAŘÍK 1986; JUHÁSOVÁ 1983, 1993). Prevention of in­
fection is posible by taking suitable plant protection 
measures. At the towns the mechanical protection is re­
commended. The source of infection - the leaves from 
the last years - is necessary to remove. The infection pres­
sure and degree of damage reduce. Chemical protection 
can be used for emergency reasons in towns only rarely.

The prevention is not often used in ornamental garde­
ning. The health condition of the seedlings is very inferi­
or controlled. The source of infection is damaged tree 
species and the fungi spread on the other localities. By 
the evaluation of the health condition of tree species was 
determined that application of suitable cultural proce­
dures in public greenery is important.

References

BENČAŤ F., 1982. Atlas rozširenia cudzokrajných dřevin na 

Slovensku a rajonizácia ich pestovania. Bratislava,VEDA: 

359.
BENČAŤ F„ TOKÁR F„ 1978. Výsledky fenologického po- 

zorovania gaštana jedlého na experimentálnej ploché 

v Horných Lefantovciach. Folia Dendrol., 4: 49-85.

BRANDENBURGER W., 1985. Parasitische Pilze am Gefäss­

planzen in Europa. Stuttgart, New York, Gustav Fischer Ver­

lag: 1248.
DUBOVSKÝ J„ 1969. Polně pokusy. Bratislava, Priroda: 154.

FUNK A„ DORWORTH C.E., 1987. Mycosphaerella myco- 
pappi sp. Nov. and its anamorphs on leaves of Acer macro- 

phyllum. Can. J. Bot., 66: 295-298.
GRZYWACZ A., VAŽNY J., 1973. The impact of industrial 

air pollutans on the occurrence of several important patho­

genic fungi of forest trees in Poland. Eur. J. Forest Pathol., 

3: 129-141.
JANČAŘÍK V, 1986. Rhytisma acerinum (Pers.) Fr. Lesn. 

Práce, 65: 36.
JUHÁSOVÁ G., 1983. Parazitičeskijegribynaassimiljativnych 

organoch drevesnych rastenij v gorodskoj srede. In: Introduk- 

cia drevesnych rastenij i zelenoje strojitel’stvo. Dokl. AN 

SSSR, 9: 131-137.
JUHÁSOVÁ G., 1993. Rezul’taty izučenija mikoflory gorod- 

skich nasaždenij. In: Bjuletin glavnogo botaničeskogo sada 

RAN. Moskva, Nauka: 64-71.

KOCHNO N.A., 1982. Kleny Ukrajiny. Kyjev, Naukova Dum- 

ka: 182.

KOTEK V, 1975. Javory v našich zahrádkách. Zahrádkář, 11: 

233.
KRUTÁ E., 1969. Súčasný stav zelene v Nitre. Záhradnik, 3: 

29.

PEIKER J., 1964. Ochrana rostlin v zahradnictví. Praha. SZN: 

298.
PŘÍHODA A., 1959. Lesnická fytopatologie. Praha, SZN: 363.

Received 26 October 2000

78 HORT. SCI. (PRAGUE). 28. 2001 (2): 71-79



Parazitické mikroskopické huby na javoroch

ABSTRAKT: V práci sme sledovali poškodenie asimilačných orgánov vybraných druhov rodu Acer (A. platanoides L„ 
A. pseudoplatanus L., A. campestre L. a A. tataricum L.) na vybraných lokalitách Slovenska z hfadiska parazitických mikro­
skopických hůb Rhytisma acerinum (Pers, ex St. Amans) Fr., Mycosphaerella latebrosa (Cke.) Schröet. a Sawadaea bicornis 
(WalIr.:Fr.) Homma, syn. Uncinula bicornis (DC) Sace. Hodnotili sme vývojový cyklus v 16 fenologických fázach javorov 
a vymedzili sme časové obdobie priebehu vývojového cykla parazitov. Stanovili sme hraničně hodnoty reprodukčných orgá­
nov, vyhodnotili kličivosť konidii a rýchlosť rastu hýf mycélia konídiového štádia (Septoria acerina Pk.) huby Mycosphae­
rella latebrosa (Cke.) Schröet. z lokalit Nitra a Arboretum Mlyňany na různých živných médiách. Určili sme stupeň poškodenia 
asimilačných orgánov javorov v důsledku infekcie námi sledovaných parazitických mikroskopických hůb. Záverom sme 
navrhli ochranné opatrenia na zamedzenie ďalšieho rozširovania infekcie.

Kl’účové šlová: javor horský; javor mliečny; javor babyka; javor tatarský; Mycosphaerella latebrosa; Rhytisma acerinum; 
Sawadaea bicornis; syn. Uncinula bicornis
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INFORMATION INFORMACE

Zahradnický slovník naučný

Pátým dílem byl ukončen Zahradnický slovník naučný, jehož vydávání zajistil v letech 1994-2001 Ústav zeměděl­
ských a potravinářských informací v Praze. Slovník představuje základní encyklopedické dílo, zahrnující všechny 
zahradnické obory - ovocnářství, zelinářství, květinářství, sadovnictví, vazačství a dekoratérství, vinařství a sklepní 
hospodářství, školkařství, léčivé a aromatické rostliny, pěstování hub i hlavní druhy tropického a subtropického 
zahradnictví. Zevrubně pojednává o šlechtění a semenářství zahradních rostlin, o jejich ochraně, uchování a zpraco­
vání zahradních produktů, o zahradnické technice a mechanizaci. Významné zastoupení mají hesla z vědních oborů, 
které tvoří základ zahradnictví - botaniky, fyziologie, genetiky, mikrobiologie, ekologie, fytopatologie, pedologie 
a meteorologie. Důležitou část tvoří informace o základní hortitechnice - výživě rostlin, závlaze, pěstováni 
v chráněných prostorách. Velmi široce a důkladně jsou zpracována hesla z ochrany rostlin, osvětlující především 
biologickou podstatu chorob a škůdců. Ve slovníku jsou zastoupena i hesla z velmi speciálních oblastí - např. kak­
tusy, sukulenty, orchideje, palmy aj. Značná část hesel je věnována životnímu prostředí a poskytuje návod, jak za­
hradnicky řešit jeho problémy.

Slovník obsahuje informace o zahradnicky nejvyspělejších zemích, významných botanických zahradách a národ­
ních parcích, o zámeckých zahradách a důležitých parcích naší vlasti i nej významnějších sadovnických objektech 
v cizině. Slovník přináší v jednotlivých heslech množství statistických údajů o stavu zahradnictví a jeho produkci 
v České republice i v zahraničí. Podává také přehled o historii a vývoji českého zahradnictví, organizacích, spolcích 
a časopisech zahradníků. Významnou součástí jsou početná životopisná hesla o českých i zahraničních zahradnících 
a botanicích; uvádějí jejich hlavní přinos pro rozvoj zahradnictví. Slovník encyklopedicky vykládá nejzávažnější 
terminologické pojmy užívané v botanice, ekologii, fyziologii, genetice a šlechtění, biotechnologii a ochraně rostlin. 
Je tedy užitečný pro každého, kdo pracuje s odbornou a vědeckou literaturou. Ve slovníku jsou s velkou zodpověd­
ností uvedeny platné vědecké i české názvy rostlin, jejich systematické začlenění a autoři názvů, což umožňuje 
napravit časté nepřesnosti v naší odborné literatuře.

Širokým pojetím zahradnické problematiky se Zahradnický slovník naučný značně liší od zahraničních zahrad­
nických slovníků, které jsou většinou zaměřené jen botanicky a také méně rozsáhlé. Obsah slovníku i jednotlivých 
hesel vychází ze současného vědeckého a odborného poznání. Hesla mají obecnou platnost, přitom jsou zaměřena 
především к potřebám českého zahradnictví a využití v našich podmínkách. Předností textu je jeho srozumitelnost 
i pro laika a konkrétnost údajů. Slovník také sjednocuje zahradnickou terminologii a u botanických názvů rostlin, 
latinských i českých, vychází z posledních botanických úprav.

Obsah slovníku je určen především zahradníkům, velmi dobře však poslouží i zemědělcům, lesníkům, šlechtitelům 
rostlin, pracovníkům v oblasti vědy i studentům. Pro aktuálnost a srozumitelnost jej mohou dobře využít i zahrádkáři 
a milovníci přírody.

Všech pět dílů Slovníku zahrnuje 13 000 hlavních a 15 000 vedlejších (navazujících) hesel celkem na 3 000 stra­
nách formátu A4. Na 208 tabulích je 1 750 barevných obrázků a v textu 3 800 černobílých snímků a pérovek. 
Obrazově jsou znázorněny především rostliny, choroby a škůdci zahradních rostlin, ale také popisované technologie, 
informace o zemích, parcích a sadovnických úpravách, portréty osob aj.

Slovník napsali naši přední odborníci z řad vysokoškolských profesorů, pracovníků Akademie věd ČR a výzkum­
ných zahradnických ústavů, učitelé zahradnických škol i praktičtí zahradníci. Autorský kolektiv zahrnul 160 členů. 
Je to v moderní historii druhý český zahradnický slovník. Jeho předchůdcem byl Ovocnicko-vinařský a zahradnický 
slovník, vydaný koncem třicátých let minulého století. Současný slovník, koncipovaný jako základní dílo české 
zahradnické literatury, je plně srovnatelný s podobnými zahraničními publikacemi tohoto typu. Jistým nedostatkem 
je méně reprezentativní technická stránka, která je však plně vyvážena více než bohatým obsahem a množstvím 
informací.

Slovník, jehož 5 dílů stojí 2 100 Kč. lze zakoupit ve všech větších knihkupectvích. Zájemcům jej také zasílá přímo 
vydavatel - Ústav zemědělských a potravinářských informací, Slezská 7, 120 56 Praha 2 - za sníženou cenu 1 780 Kč 
za celý komplet.

Ing. František Mareček
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