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Summary: The aims of this paper was 1o investigate the flowering characteristic of apples and their relationship to meteorological parameters.
The trees observed are grown at Ujfehértd, Eastern Hungary in the plantation of an assortment (gene bank) with 586 apple varieties. Each of
the varieties were observed as for their dates of subsequent phenophases, the beginning of bloom, main bloom and the end of bloom over a
period between 1984 and 2001. During this period the meteorological data-base keeps the following variables: daily means of temperature
(°C). daily maximum temperature (°C). daily minimum temperature (°C), daily precipitation sums (mm), daily sums of sunny hours, daily
means of the differences between the day-time and night-time temperatures (°C), average differences between temperatures of successive
daily means (“C). Between the 90t and 147" day of the year over the 18 years of observation. The early blooming varieties start blooming at
10-21 April. The varieties of intermediate bloom start at the interval 20 April to 3 May. whereas the late blooming goup start at 2-10 May.
Among the meteorological variables of the former autumnal and hibernal periods. the hibernal maxima were the most active factor influencing
the start of bloom in the subsequent spring.
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Introduction

Survey of the purpose and importance of monitoring
plant phenological processes and its literature

Growth and development ot plants is fundamentally
coded in their inherited genetic constitution, but
manifestation of the expression of the particular genes
depends on the complex effects of a defined environment.
The environment is subject within wide limits to periodically
repeated changes, especially through returning seasons of the
successive years, moreover. the geographic conditions of a
given site are though decisive as far as the main characters of
the seasons, the variable combination of the environmental
components, temperature, humidity, light intensity and
atmospheric movements may cause various stresses and
adversities with hardly predictable frequencies. In addition to
happenings determined mainly by the local climate, other
components of the site are changing the fate of living
organisms, as the soil and other biotic and abiotic factors,
especially the agro- or phytotechnical interventions of man,
which may modify substantially even the original climatic
conditions e.g. by watering and nutrition.

It is almost a common-sense that the rate of growth and
development is largely under the influence of the climate and
the weather conditions. The seasonal life cycle of plants are
divided into distinct phases recognised easily by their
appearance (phenophases), which are closely related mainly
with temperature, consequently, the regular monitoring of
phenophases associated with the changes of temperature
reveal the regularities called phenology, a characteristic of
plant species (Bacso, 1966), moreover, variability of
individual genotypes within the same species. The beginning
of a new phenophase is recognised by the appearance of a
new organ (e.g. flower) or loss of petals or leaves. The life of
a plant during the whole year is divided into distinct
phenophases, which are not obligately coincident with
developmental phases not always recognised by naked eye.

The life cycle of plants belonging to different species or
within one species to varieties manifest their genetically
coded character also by their different specific phenological
performance recognised and described under the same
conditions. Whereas the weather of another year with
different environmental conditions (e.g. temperatures) may
change the phenology of the compared varieties by a
different way. The rhythm, speed and intensity of
phenophases characteristic to the varieties of a species may
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be changed by manipulating the genotype. i.e. by the
methods of plant breeding. The subsequent phenophases of
related varieties may coincide, overlap each other or move
away (Brozik & Nyeki. 1974).

Bubdn (1998) defined growth as the realisation of genetic
program on the charge of an input of energy by the
modifying contribution of correlated factors of environment,
which activate the manifestation of a series of genes
according to a genetically fixed order, therefore the
organisation of biological functions are changing
continuously.

Phenological observations are strictly bound to the
calendar, but for the purpose of comparing years, sites and
meteorological data, the rigid scale of the calendar is
suppressed and weather cycles or arbitrary units are used
(five-day period, week. decade or month). Terms of
phenological periods are given the preference as thoughtful
orientations. which hall-mark the actual weather data. The
characterisation of e.g. thermal demand of the respective
phenological phenomena is derived from those
observations. Similarly, de water supply of apple trees could
not be approached with terms fixed in the calendar. because
the incidents of precipitation as the rhythm of warming up
during the spring time used to be extremely variable, but the
information of three weeks before apple bloom is
significant.

The length of phenophases is determined first of all by
the meteorological elements: temperature, precipitation,
and radiation. Temperature and rainfall used to have
optimal values, which may vary according to varieties,
however, those values are not stable because of the
interactions with other meteorological factors and e.g. with
the respective soil conditions, etc. (Lakatos, 1997). With
increasing temperatures the length of phenophases tends to
shorten, whereas precipitation being coupled with a drop
of temperature, may prolong the periods. An excessive
shortening of phenophases — especially of the fruit
growing process — may diminish yield and impairs fruit
quality.

In exploring relations between phenophases and
meteorological phenomena, the basic concept climatology
should kept in mind, the climate is always a complex of
many interacting factors. E.g. low temperature may reduce
water demand of plants, high temperature on the contrary
increases it.

High importance ought to be given to phenology in
timing of phytosanitary operations. This refers to the
cultivated plant as well as to the predator or to the pathogen.
Most elaborate technologies are strictly bound to special
phenophases of the host plant, many diseases of fruit trees,
e.g. monilia of stone fruits or apple scab (Holb, 2002) have to
be sprayed to exactly defined phenophases as a condition of
full efficiency.

Information derived from phenological observations is
needed to optimise the effects of man power and of a
disposable machine pool. The exact phenological monitoring
is also useful in predicting future expectations.

The effect of meteorological elements on the life
rhythm of fruit trees

The effect of individual elements may not be observed
immediately on the trees of the plantation, because the
microclimate of the site may change the dynamics and length
of the phenophases and productivity (Berényi, 1958). Among
the meteorological factors. the radiation is most susceptible
to become dominant under the canopy of the trees. because a
modified penetration of sunshine is decisive to the timely and
spatial distribution of other elements as temperature, air-
humidity, etc.

The microclimate of plantations depends beyond the
meteorological regime also on a couple of factors, which are
bound to the growing site as well as to biological and
phytotechnical moments (Szdsz & Tdikei, 1997). The spatial
order of the trees, the distance and orientation between and
within the rows, the form and dimension of the crown. Those
are the components of the ecological environment. which
determine the adaptability of a given genotype (Kdrpati,
1960).

The life processes of fruit trees are undisturbed within set
limits of temperature only. All deviations from the optimum
in both direction are deleterious to productivity as well as to
fruit quality. Temperature is satisfactory to growth and
development within relatively narrow limits only. According
to the law of van't Hoff. increasing temperature accelerates
the speed of chemical reactions by a rate of two fold per an
increase of 10 °C. However, the validity of this law is
restricted to a narrow interval only regarding the
phenological processes. (Szdsz & Tokei. 1997).

Most of weather adversities in Hungarian fruit growing
are due to the temperature minima during the winter and
spring. whereas heath may become deleterious as well
(Szabo, 1997). The efficiency of photosynthesis is
diminished above (30-35 °C) because dissimilative processes
become dominant.

The initiation of a new phenophase occurs certainly on
the biochemical level. and becomes visible after some delay
first on the microscopic level only. Therefore, the
phenophases are sometimes difficult to be distinguished by
morphological criteria (Racsko. 2001). as a matter of fact the
phenophases remain latent. At the time of bud development
all buds seem to be leaf buds. The initiation of flower
primordia ensues in different fruit species and varieties at a
set time during the summer. Its first visible sign is the
change of form in the growing meristem tip of the bud. The
development of primordia of flowers and/or inflorescences
is a slow process during the end of summer, autumn
(paradormancy) and the first part of winter but keeps to be
continuous (Brozik & Nvéki, 1975). This phenophase is
called endodormancy, which changes to the next phase
called ectodormancy comprising the second part of winter
and the spring. The latter one is very susceptible to
temperature changes, as the warming up accelerates the
formation of flowers up to bud burst and blooming (Bubdn,
2003).
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The effect of temperature on the development of buds has
been studied by Szabo (1997), and he stated that during the
period of endodormancy, buds and aerial. lignified parts of
fruit trees are practically not damaged by low temperatures
of =20 "C (below zero) in Hungary. As endodormancy
finished. any temperature above zero “C stimulates the life
processes of the trees (Holdefleiss. 1930) and abolishes
gradually that frost resistance experienced during
endodormancy. The regression of frost resistance in the
flower buds and flowers continues until the end of bloom and
fruit set, which is the most frost susceptible period of the fruit
trees (Soltész, 1997). Even —0.5 °C may prove to be
deleterious to the developing ovules (seed primordia). Low
temperatures along blooming. especially coupled with
precipitation cause stress in plants and renders the flowers
susceptible to infection of Monilinia on stone fruits. The
relation of phenophases and meteorological phenomena —
especially temperature — was most explored around the
bloom of fruit trees. The blooming process has been analysed
meticulously by Nveki (1980, 1989, 1990, 2002) and divided
into the following sub-periods 1. Start of bloom (1-5% of
flowers opened on the tree). 2. Main bloom (the ratio of open
flowers is 50% or more). 3. The day of main bloom (the ratio
of open flowers achieved a maximum), 4. End of bloom
(when 95-100% of flowers shed their petals).

It is the easiest to determine the start of bloom. theretore
itis considered to be the most characteristic for the respective
genotype of the tree and for distinguish varieties. In the
literature, there are difficulties with the comparison of data
because the authors applied different criteria as for the
definition of phenophases (Table 1).

The length of endodormancy (a phenophase) of apple
varieties is determined by the demand of a set number of
chilling hours, i.e. until that demand is not fulfilled, the rising
temperature does not trigger the process of flower
development. Mild winters may cause reversion of the
customary blooming order of varieties in the following
spring because endodormancy of some varieties still did not
finish (Nveki et al.. 2004). In case il in all varieties the
endodormancy expired regularly (normal or rather long
winters). the blooming order will not be disturbed (Soltész,
1992).

An important moment of the blooming process is the
dynamic of blooming (Orosz-Kovaes, 2000). The number of
open flowers on the first day, on the first three days and on
the main blooming day may comprehensively characterise
the “dynamic” of bloom (Nyveki, 1980). Knowing the data of
the first three days, the whole blooming process could be
estimated. Out of the three dates, the effect of the variety
dominates in the first and gradually diminishes conceding to
the effect of the season. Temperatures above 10 °C registered
one or two days before the start of bloom is very closely
correlated with the rate of flowers opened at the first day
(r=0.78) (Nvéki et al., 2002).

Excessively high temperatures during bloom shorten the
length of blooming period, pollen is quickly released but the
drying out of the stigmatic fluid lowers the probability of

Table 1 The estimated terms of phenophases of the blooming process
in apple according to Nyeki et al. (2002) modified

Phenophases Criterium Reference

Maliga (1946)
Soenen et al. (1978)

Start of bloom the first flower opened
the first flower opened
and the others continue
1-5% flowers opened
5% flowers opened
10% flowers opened

Soltész (1992)

Nveki (1989, 2002)
Palara et al, (1985)
Faedi & Rosati (1975)
Muarro & Lalatta (1982)
Faust (1989)

Wertheim (1975)

12-15% flowers opened
209% flowers opened

Time of the main | 25-75% (lowers opened Stoyanov & Gyrmevski
bloom (1984)

50% or more fMowers opened | Nveki (1980, 2002)
Soltesz (1982)

the first petals are shed Faedi & Rosati (1975)
shedding of petals started
and 60 % ol Nower are open | Marro & Lalarta (1982)
75% of flower opened Szasz (1988)

80% of flower opened Palara et al. (1985)

it is lasting from the opening
of lateral flowers until the
shed of petals on the top

[Towers Redalen (198()

Palara et al. (1985)
Blasse & Hofmann
(1992)

90% of flowers shed petals | Soenen et al. (1978)
95-100% of flowers shed Faust (1989),
petals Nyéki (2002)
stigmata finished to function.

End of bloom start of shedding petals

50% petals shed

Soltész (1992)

dispersal of pollen stopped

pollen grains being caught and fertilisation ensued. The
chance of the flowers being visited by pollinating bees
declines at the same time (Brozik & Nveki, 1975). Summing
up. the chance of flowers being pollinated and ovules being
fertilised is low with high temperatures during bloom (Szabd,
1997).

The reliel of the growing site also influences the
manifestation of meteorological factors, i.e. the development
of plants indirectly (Bacso. 1946). Trees grown on a slope of
NE exposition are slower in displaying the sequence of
phenophases than those of southern exposition (Mohdcsy.
1946).

Unfavourable climatic conditions and their deleterious
effect could be counteracted more or less by a series of
phytotechnological measures. E.g. the chances of frost
damage threatening the flower buds and later flowers during
the phase of ectodormancy are diminished by slowing down
the development of the buds. During March and April, the
delay of bloom may become as long as 10 days caused by
watering the soil or the aerial parts of the trees (Szabo, 1997).

After bloom, the fertilised flowers set fruit and the growth
of fruitlets starts immediately. The growth of the fruits is also
divided to sub-periods, which are varietal properties also
subject to meteorological influence (Szalay, 2003).

Ripening, as the last phase of fruit development is
associated with changes of quality meaning complicated
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biochemical processes (Okalyi, 1954). Harvest of the fruits
ought to be performed earlier than the complete biological
maturity of the fruit and its exact date is referred to as
technological maturity (Szdsz. 1988). The exact distinction of
the phenophase as for the technological maturity of
individual varieties is hardly approached all over by plain
phenological means. The phenological signs of maturity are
specific for most varieties (e.g. changes of the ground colour
and/or covering colour of the fruit skin, the force needed to
pick the fruit, the firmness of the fruit flesh, accumulating of
sugar, regression of acidity, etc) (Brozik & Nyeki, 1974).
Unusually hot weather accelerates ripening, the fruits may
stay smaller and of lower quality, less attractive by aspect.

Materials and methods

The beginning of bloom is, as explained above, a
genetically coded character although subject to environ-
mental influence. i.e. the weather of the season.

The trees observed are grown at Ujfehértd in the plantation
of an assortment (gene bank) of apple varieties of the Society
of Public Utility for Fruit Growing and Extension Service.

Each of the 586 varieties is represented by two trees,
which have observed as for their dates of subsequent
phenophases, the start of bloom, the main bloom and the end
of bloom over a period between 1984 and 2001.

For the analysis of data the varieties have been grouped
according to dates of maturity, blooming period as well as
types of the seasons.

Groups of maturity dates:
—  summer ripe,

— autumnal ripening,

— winter ripe varieties.

According to the dates of blooming:
— early blooming,

— intermediate blooming,

— late blooming varieties.

The different seasons according to the weather of the
spring:

~ rainy

o dry

— sunny

— cloudy. overcast

- cool

— warm

According to the length of fruiting period (date of
maturity)

—  short

- medium

— long

The classification of the seasons has been performed by
statistical means. Precipitation, number of sunny hours and

mean temperature are considered during the whole blooming
period. The variation has been calculated around the respective
sums (precipitation, sunny hours) or means (temperature). That
was the way to establish the six categories.

Meteorological variables examined

The developmental cycles, as the physiological processes
of the trees. are influenced not only by the actual weather but
also by the meteorological happenings of the past years. The
former year, is also considered in the exploration of causes
manifested in varying blooming dates. especially the start of
bloom.

Between 1983 and 2001 the meteorological data-base
keeps the following variables:

— daily means of temperature (°C)

— daily maximum temperature (°C)

— daily minimum temperature (°C)

~ daily precipitation sums (mm)

— daily sums of sunny hours

— daily means of the differences between the day-time

and night-time temperatures ("C)

— average differences between

successive daily means (°C)

Those variables served to calculate means of the
respective growing seasons, which in turn are the base of
computing correlation and regression coefficients
characterising the start of blooming of apple varieties.

temperatures  of

Results

Figure | presents the temporal distribution of frequencies
of the start of blooming in the population of 586 apple
varieties, which started blooming between the 90" and 147"
day of the year over the 18 years of observation. The
histogram of distribution is a little inclined to the left, which
means that earlier blooming varieties are in majority.
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Figure I The distribution of frequencies of starting bloom in 586 apple
varieties grouped into three categories according to their length of (growing
period) fruiting period (1984-2001)
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Approximately the half of the varieties examined (46%)
start blooming between the 114" and 121 day. i.e. between
April 24 and May 1. After May 17 and before March 31,
blooming occurs very rarely.

Within the interval of 1984-2001 over 18 years, the
earliest bloom started in 1990 April 3, and the latest in 1997
May .

The highest frequency of starting bloom is expected
between April 26 and May 3.

The frequency of starting bloom in varieties
of different blooming time

As the data of examined varieties of different blooming
dates over 18 years have been evaluated we may draw the
following consequences:

The early blooming varieties start blooming at April
10-21. The varieties of intermediate bloom start at the
interval April 20-May 3. whereas the late blooming group
start at May 210 (Figure 2). The curve of distribution in the
case of early blooming varieties is skewed to the right. It
means that the probability of starting bloom increases with
the time elapsed. The group of intermediate blooming time
shows the distribution most approaching normality. but there
are regressions along its course. That anomaly is attributed to
the inconstancy of spring weather. The distribution curve of
start of bloom in late blooming varieties is a zigzag line. The
steep peeks are characteristic. The amplitude of the
distribution is the narrowest in this group.
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Figure 2 The frequency distribution of the date of starting bloom in the
population of apple varieties in the gene bank (Ujfeherto, 1984-2001)

The distribution of starting bloom according to different
types of years

The distribution of starting bloom in rainy and dry type of
years. In Figure 3 the function curves prove that bloom
started earlier by 4-5 days in dry years than in rainy ones.
However, the dynamic of flowering was slower in dry years
by 1-2 days.

The number sunny hours influenced decisively the
dynamic of bloom. The results show clearly the favourable
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Figure 3 Frequency distribution of starting bloom in rainy and dry years
(Ujfehérto, 1984-2001)
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Figure 4 The frequency distribution of starting bloom in sunny and in
cloudy years (Ujfehérto, 1984-2001)
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Figure 5 The frequency distribution of the starting bloom in cool and in
warm years (Ujfeherto, 1984-2001)

effect of sunshine in stimulating the start of bloom by 7-8
days compared with the cloudy years (Figure 4). The
amplitude of variation in the start was much less
remarkable, as it was 1-2 days shorter in sunny days than in
cloudy ones.
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The most remarkable differences in the distribution of
starting bloom are experienced between the years
characterised as warm and cool. In warm years the start of
blopm ensued 8-9 days earlier than in cool years, moreover
the amplitude of variation was also narrower in warm years
by 7-8 days (Figure 5). The cool years produce a quasi-
normal function slightly skewed to the left with numerous
steep regressions. The cause of it is the unfavourable, chilly
weather. In warmer years, on the contrary, the curve is almost
regularly normal (Figure 5).

The relations of the start of bloom and the different
components of the meteorological environment

Out of the meteorological variables or components the
spring temperature maxima, the mean temperature of the
spring as well as the difference between the mean day-time
and night-time temperatures produced a significant
correlation with the start of bloom on the level of P=5%.

If the specific length of the fruiting season of the varieties
and the start of bloom are plotted against the meteorological
parameters of the past year. the following consequences have
been drawn:

If the varieties, which started bloom lately were considered,
there was a significant effect attributed to the autumnal
precipitation, the mean winter temperature and winter minima,
the autumnal and hibernal maxima on the start of bloom, valid
at P=5 % level. In the variety groups of early and intermediate
blooming dates, there was no significant effect detected of the
meteorological parameters of the former year on blooming
data. All the three groups of varieties reflected to the hibernal
sunshine with blooming dates, significantly. The varieties of a
longer fruiting period manifested the effects of the mean
differences between day-time and night-time hibernal
temperatures, significantly (Table 2).

Among the meteorological variables of the former
autumnal and hibernal periods, the hibernal maxima were the
most active factor influencing the start of bloom in the
subsequent spring.

In the group of early blooming varieties, there was a
significant correlation (at P=5% level) between the mean
temperature, the minima and maxima of the former spring
and the mean temperatures of the summer on the one hand
and the start of bloom in the respective spring on the other
hand. The start of bloom of varieties of intermediate
blooming time reflected significantly the effects of the
summer precipitation, the mean differences of daytime and
nighttime temperatures and the spring minima. The late
blooming varieties did not reflect by their start of bloom the
effects of any meteorological parameter measured in the
former year. The groups distinguished by different lengths of
fruiting period started blooming as being susceptible,
significantly, to the summer precipitation and to the mean
differences between daytime and nighttime summer
temperatures of the previous year.

Among the meteorological parameters the mean
differences of daytime and nighttime summer temperatures
of the last year seemed to be effective on the start of bloom.

The general statements concerning the relation between
the spring weather of the current year and the date of bloom
in different groups of varieties, regarding start of bloom and
length of fruiting period are the following:

The date of starting bloom is less influenced by the spring
weather of the current year in the early blooming group of
varieties. For all the 7 meteorological variables, the influence
could not be proved in the date of starting bloom. In the early
blooming group of varieties, rather the thermal conditions of
spring and summer of the previous year were decisive. In the
intermediate blooming time group of varieties, the spring
temperature and the mean differences between daytime and

Table 2 Values of the correlation coefficients expressing causal relation between the start of bloom and the meteorological parameters of the former winter
and autumn in variety groups distinguished according to their blooming dates and length of fruiting period.

Previous vear Early Medium Late Short Medium Long
Autumnal precipitation .26 -0.07 -0.49 0.22 0.21 0.11
Hibernal precipitation -0.38 0.41 0.04 0.13 0.11 0.13
Autumnal temperature -0.22 0.05 0.38 0.37 0.36 0.29
Hibernal temperature (105 -0.15 -0.51 -0.29 -0.27 -0.30
Autumnal day-night -0.21 0.30 0.38 -0.04 -0.02 0.12
Hibernal day-night 0.13 0.20 -0.27 0.34 0.36 0.46
Autumnal tempchan -(0.37 0.06 -0.31 0.21 0.24 0.23
Hibern tempchang 0.13 0.01 0.41 0.08 0.08 0.14
Autumnal minima -0.01 -0.26 0.06 0.27 0.24 0.04
Hibernal minima 0.21 -0.22 -0.48 -0.33 -0.31 -0.35
Autumnal maxima -0.25 0.19 0.54 0.32 0.31 0.31
Hibernal maxima 0.17 -0.08 -0.62 (.18 -0.15 -0.16
Autumnal sunshine 0.01 0.20 -0.02 0.02 0.00 0.02
Hibernal sunshine 0.17 022 -0.17 0.49 0.44 043
Maximal values 0.26 0.41 0.54 0.49 0.44 0.46
Minimal values -0.38 -0.26 -0.62 -0.33 -0.31 -0.35
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Table 3 The values of the coelficients of correlation between the start of blooming and the meteorological variables of spring of the current year in different
groups of varieties according to their blooming dates and the length of fruiting period.

Current year Early Medium Late Short Medium Long
Spring precipitation 0.11 0.07 -0.15 0.08 0.11 0.25
Spring temperature 0.10 -0.62 0.37 -0.52 -0.55 -0.55
Spring day/nightemp -0.28 -0.51 0.69 -0.60 -0.62 -0.64
Spring temp. change 0.01 0.01 -0.17 0.15 0.15 0.05
Spring temp.minima 0.36 -0.50 -0.01 -0.13 -0.18 -0.27
Spring temp.maxima 0.00 -0.61 0.54 -0.61 -0.67 -0.65
Spring sunshinehour 0.10 -0.25 (.06 .20 -0.22 -0.45
Maximal values 0.36 0.07 0.69 0.15 0.15 0.25
Minimal values -0.28 -0.62 -0.17 -0.61 -0.67 -0.65
nighttime temperatures proved to be significant in References

influencing the start of bloom. Similarly. in the late blooming
group of varieties, the mean differences between daytime and
nighttime was decisive as influencing the start of booming
(Table 3).

[n a mild spring, blooming starts earlier. The larger
differences between daytime and nighttime temperatures
stimulate the start of blooming. The large amplitude of
temperature changes is associated with high daytime maxima
during the spring. In the other variety groups too, the two
mentioned meteorological variables are decisive in
influencing the start of bloom. In addition to that, varieties of
intermediate blooming date are significantly influenced by
minimum temperatures of the spring. The surprising fact is
that in early blooming varieties any of the meteorological
variables did not alter significantly the start of bloom.
However, weather conditions of the previous year proved to
be decisive in determining the blooming dates.

The dates of bloom became gradually earlier during the
last nearly 20 years (Figure 6). The first bloom started at the
end of the period examined 1012 days earlier, whereas the
latest ones became earlier by about 3 weeks than experienced
in the 1980s.
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Figure 6 The start of bloom in the earliest blooming and in the latest

blooming apple varieties out of 586 varieties of the gene bank examined

during the period of 1984-2001
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