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Relationship between several meteorological factors
and phenological features of apple cultivars
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It is almost a common-sense that the rate of growth

development is largely under the influence of the climate and
ey of the purpase and importance of monitoring the weather conditions. The seasonal life cycle of, plants are
lint phenological processes and ifs literature divided into distinct phases recognized easily by their
' appearance {(phenophases), which are closely refaled mainiy
Growth and development of plants is fundamentally with temperainure, consequently, the regular monitoring of
cided  in thelr inherited genetic constitution, but phenophases associated with the changes of temperature
iigm?estdnﬂn of the expression of the particular genes reveal the regularities called phenology, a characteristic of
égfpx_mls on the complex effects of a defined environment. plant species (Bacsd, 1966) moreover, variability of
the environment Is subject within wide limits to periodically individual genotypes within the same species. The beginaing
ep sted changes, especially through retarning seasons of the of a new phenophase is recognized by the appearance of a
lg cessive years, moreover, the geographic conditions of a new organ (e.g. flower) or loss of petals of leaves. The life of
ven site are though decisive as far as the main characters of 4 plant during the whole vear is divided into distinet
hi¢ seasons, the variable corabination of the environmental phenophases, which are not obligatory coincident with
! nponents, temperature, humidity, light intensity and develomnental phases not always recognized by naked eye.
trospheric movements may cause various stresses and The life cycle of plants belonging to different species or
ilversities with hardly predictable frequencies. In addition within one species 1o cultivars manifest their genetically
appmmg, determined mainty by the local climate, other coded character also by their different specific phonological
nponents of the site are changing the fate of living performance recognized and described vnder the same
orranisms, as the soil and other biotic and abiotic factors, conditions. Whereas the weather of another year with
sspeeially the agro- or phytotechnical interventions of man, different environmental conditions {e.g. temperatures) may
1‘mch may modify substantially even the original climatic change the phenology of the compared cultivars by a
gnc%:imns 2. by watering and nutrition. differemt wax. The rhythm, speed and- intensity of
i(
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phenophases characferistic to the cultivars of a species may
be changed by manipulating the genotype, i.e. by the
methods of plant breeding. The subsequent phenophases of
related coltivars may coincide, overlap each other or move
away (Brozit & Nydki, 1974,

Buban (1998) defined growth as the realization 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 lixed order, therefore the
organization of biological functions are changing
continoously.

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 uoits are used
tfive-day period, week, decade oz month). Terms of

phonological periods are given the preférence as thoughtful |

orientanons, which hall-mark the actual weather datn. The
characterization of e.g. thermal demand of the respective
phonological  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 s
significant.

The length of phenophases is determined first of all by
the meteorological elements: femperatare, precipitation, and
radiation. Temperatwre and rainfall used to have optimal
values, which may vary according to cultivars, however,
those values are not stable because of the interactions with
other meteorological factors and e.g. with the respective soil
conditions, etc. (Lakatos, 1997y 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 phenornena, the basic concept climatology
should keep in mind, the climate is always a complex of
many interacting factors. B.g. low temperatare may reduce
water demand of plants, high temperature on the contrary
increases it

High importance ought to be given to phenology in
fiming of phyfosanitary operations. This refers to the
culiivated plant as well as to the predator or to the pathogen.
Most elaborate technotogies are strictly bound to special
phenophases of the host plant, many diseases of fruit trees,
e.g. monitia of stone fruils or apple scab (Holb, 2002} have to
be spraved to exactly defined phenophases as a condition of
full efficiency,

Information derived from phonological observations is
needed to optimize the effects of man power and of a
disposable machine pool. The exact phonological monitoring
1s 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, becanse the
microclimate of the site may change the dynamics and length
of the phenophases and productivity (Berdnyr, 1958). Among_
the meteorological factors, the radiation is most susceptible
10 become dominant under the canopy of the trees, because a
modified penctration of sunshine is decisive (o the timely and
spatial distribution of other elements as temperature, air-
humidity, etc.

The microchimate of plantations depends beyond the
meteorological regime also on a couple of factors, which are
bound fo the growing site as well as 1o biological and
phytotechnical moments (Szdsz & Tokei, 1997). The spatial
arder of the trees, the distance and orientation between and
within the rows, the form and direension of the crown. Those
are the components of the ecological eavironment, which
determine the adaptability of a given genotype (Kdrpdti,
1960).

The life processes of fruit trees are undisturbed within set
imits of temperature only. All deviations from the optimum
are both directions are deleterious to productivity as well as
to frutt 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 wvalidity of this law is
resincted to a pamrow  interval only regarding the
phenological processes (Szdsz & Tokel, 1997).

Most of weather adversities in Tungarian froit growing
are Jdue to the temperature minima duriag the winler and
spring, whereas heath may become deleterious as well
(Szabd, 1997). The efficiency of photosynthesis is
dinuinished above (30-35°C) because dissimilative processes
become dominant.

The initiation of & new phenophase oceurs certainly on
the biochemical level, and becomes visible after some delay
first on the microscopic level only. Therefore, the
phenophases are sometimes difficult (o be distinguished by
morphological eriteria (Racskd, 2001); as a matter of fact the
phenophases remain latent. At the time of bud development
all buds seems to be Jeaf buds. The initiation of flower
primsordial ensues in different fruit species and cultivars 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 primordial of flowers and/or inflorescences
is a slow process during the eng of summer, avtumn
{paradormancy) and the first part of winter bur keeps to be
continuous (Brézik & Nyéki, 1975). This phenophase is
called ectodonmancy , which changes to the next phase and
the spring. The latter one is very susceptible to temperature
changes, as the warming op accelerates the formation of
flowers ap to bud burst and blooming (Bubdn, 2003).

The effect of temperatare on the development of bads has
been studied by Szabd (1997), and he stated that during the




period of endodormancy, buds and acrial, lignified parts of
fruit trees are practically hot damaged by low temperatures
or ~20 °C (below zero) in Hungary. As endedormancy
ished, any temperature above zere °C stimulates the life
processes of the trees (Heldefleiss, 1930) and abolishes
gradually that frost resistance experienced during
endodormancy. The regression of frost resistance in the
flower buds and flowers continues untit the end of bloom and
{ruit set, which is the most frost susceptible period of the fruit
Si(e‘:es {Seliész, 1997 Tiven -0.53 °C may prove to be
leterions to the developing oviles (seed primordial). Low
mperatures along blooming especially coupled with
precipitation cause stress in plants and renders the Howers
sceptible to infection of Monilia on stome {ruits. The
lation of phenophases and meteorclogical phenomena —
pecially temperature — was most explored around the
oom of fruit trees. The blooming process has been
alyzed meticulously by Nyéki (1980, 1981, 1990, 2002)
i divided into the following sub-periods 1, Start of bloom
~5% of flowers opened on the tree), 2. Main bloom (the
tio of open flowers is 50% or more}, 3. The day of main
oom the ratio of open florets achieved a maximum), 4. End
“bloom (when 95-100% of flowers shed their petals).

It i3 the easiest to determine the start of bioom, therefore
is considered to be the most characteristic for the
spective genotype of the tree and for distinguish cultivars.
A the literature, there are difficutties with the comparison of
ata because the authors applied different criteria as for the
finition of phenophases.

The length of endodormancy {a phenophase) of apple
fivars is determined by the demand of a set number of
illing hours, i.e. until that demand is not fulfitled, the rising
mperagure does not trigger the process of [lower
development. Milé winters may canse reversion of the
stomary bloomang order of cultivars in the following
ring because endodormancy of some cultivars still did not
vsh (Nvéki et al, 2004). In case if in all cultivars the
endodormancy expired regularly (normal or rather long
inters}, the blooming order will not be disturbed (Soliész,
023
- An important moment of the blooming process is the
dynamic of blooming (Orosz-Kovdces, 2002). The number of
dpen flowers on the first day, on the first three days and on
iht main blooming day may comprehensively characterize
the “dynamic™ of bloom (Nyéki, 1980). Knowing the data of
the first three days, the whole blooming process could be
timated. Ont of the three dates, the effect of the variety
Gominates in the first and gradually diminishes conceding o
the effect of the season. Temperatures above 10 °Cregistered
one or two days before the start of bloom is very closely
wrelated with the rate of flowers opened at the first day
{r=0.78).

‘_ Excessively high tewaperatures during bloom shorten the
Jength of blooming period. pollen is quickly released but the
drving out of the stigmatic fluid lowers the probability of
poilen graing being caught and fertilivation ensued. The
chance of the flowers being visited by pollinating bees
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declines at the same time (Brozik & Nyéki, 1973). Summing
up, the chance of flowers being pollinated and oviles being
fertilized is low with high temperatures during bloom
{(Szaho, 1997,

The relief of the growing site also mnfluences the
manifestation of meteorological factors, i.e. the development of
plants indirectly (Bacsd, 1946). Trees grown on a slope of NE
exposition are slower in displaying the sequence of pheno-
phases than those of southem exposition (Mokhdcsy, 1946).

Unfavorable climatic conditions and their deleterions
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 cctodormancy are diminished by slowing dowo
the development of the buds, During March and Apri, the
delay of bloom may become as long as 10 days caused by
watering the soit or the aerial parts of the trees (Szabd, 1997),

After bloom, the fertilized flowers set fruit and the
growth of fruit lets starts mpmediately. The growth of the
fruits is also divided to sub-periods, which are varietals
properties also subject to meteorological influence (Szalay,
2003).

Ripening, as the last phase of fruit development is
associated with changes of guality meaning complicated
biomechanical process (Okdlvi, 1954). Harvest of the fruits
ought to be performed earlier than the complete biological
mafurity of the Truit and its exact date is refemred to as
technological maturity (Szdsz, 1988). The exact distinction
of the phenophase as for the technological maturity of
individual coktivars is hardly approached all over by plain
phonological means, The phenological signs of maturity are
specific for most cultivars (e.g. changes of the ground colour
andfor 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, ete) (Brozik & Nyéki, 1974).

Unusually hot weather accelerates ripening, the fruits
may stay swmaller and of lower quality, less attractive by
aspect.

Materials and methods

Each of the 586 cultivars 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 cultivars have been grouped
according o dates of maturity, blooming period as well as
types of the scasons.

Groups of maturity dates:

—  SUMMEr Tipe,

- autwmnnal tipening,

- winter ripe cultivars.

According to the dates of blooming:

- early blooming,

intermediate blooming,
-~ late Mooming cultivars.
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The different seasons according to the weather of the
spring:

~ rainy

~ dry

—~  sunny e

- cloudy, overcast

- ool ;

- Warm .

According fo the length of fraiting period: (Date of-

maturity)

— short.

—~  medivm

— long

The classification of the seasons has been performed by
statistical means. Precipitation, number of sunny hours and
mean temperatwre are considered during the whole blomuing
period. The variation has been
respective sums  {precipitation, sunny hours) or means
(temperature). That was the way to establish the six categories.

The methods of research

+  We analyzed the time series’ fluctuation by the
dispersion I

»  Determined the different weather characteristics with
the mentioned equation

For example:

« Rainy flx}=zx+D

= Duy Six)sx~-D

fix)=xxD
Where ‘I is the dispersion of time series and * is the
pattern’s average
With this sumilar method we can classify
Sunny
~  Clowdy, overcast
- Cool
—~  Warm years
+ Far the researching plant-weather relationship we
use a simple, well known statistical methods
Correlation and regression analysis
Apphed procedure
» We used the 3PS 11.0 sofiware for the linear
regression fitting and for calculation of dispersions as
well,
+  The tables made by Excel programme.

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 happening of the past years. The
former year, 15 also considered in the exploration of causes

calculated around the

manifested in varying blooming dates, espectaliy the start of
bloom.
Between 1983 and 2001 the meteorological data-base
keaps the following variables:
~  daily means of temperature {°C)
- daily maxitnum temperature (0(,)
e dzul*,f munmum f,cmpm ature ("C
o daily pmuplmtmn sums (mm
© - daily sums of sunny hours
~ daily means of the differences between the day-time
- and night-time femperanres (°C)
~ average differences  between
successive datly means (°O)
Those wvariables served 1o calculate means of the
respective growing séasons, which in turn are the base of
computing correlation  and  regression  coefficients

temperatures  of

- characterizing the start of blooming of apple cultivars.

 Results

Approximately the half of the cultivars exammed (469
start blooming between the [14Mand 1215 day, i.e. between
Agpril 24 an May 17 and before March 31, blooming occurs
very rarely.

Within the interval of 19843001 over 18 years, the
garliest bloom staried in 1990 Aprit 3, and the fatest in 1997
May 1.

The highest frequency of starting bloom is expecifcd
between April 26 an May 3.

The frequency of starting bloom in cultivars of different
blomming time

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

The early blooming cultivars start blooming at April
1012, The cultivars of intermediate bloom start at the
mterval April 20-May 3, whereas the late blooming group
start at May 210, The curve of distribution in the case of
early blooming caltivars 1s 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 this course, That anomaly 15 atiributed to
the irconstancy of spring weather, The distribution curve of
start of bloosr in late blooming cultivars is a zigzag line, The
steep peeks are characteristic. The amplitude of the
distribution is the narrowest in this group.

The distribution of starting bloom according 1o different
types of years

The distribution of starting bloorn in rainy and dry type of
years. In Figwre 1 the function curves prove that bloom
started carlier by 4-5 days in dry years than in rainy ones.
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However, the dynamic of flowering was slower in dry years
by 12 days.
The number sunny hours influenced decisively the
dyramic of bloom. The results show cleardy the favourable
feet of sunshine in stirnudating the start of bloom by 7-8
days compared with the cloudy vears (Figare 2. The
amplitude of variation in the start was much {ess remarkable,
it was 1-2 days shorter in sunny days than in cloudy ones.
The most remarkable differences is the distribution of
arting  bloom  are experienced between the yeary
aracterized as warm and cool. In warm years the start of
bleom ensued $-9 days than in cool yvears, moreover the
amplitude of variation was also narrower in warm years by
-8 days (Figure 3). The cool years produce a quasi-normal
function shightly skewed to the left with numerous steep
egressions. The cause of it is the unfavourable, chilly
cather. In warmer years, on the contrary, the cwrve is
most regularly normal (Figure 3.

The retations of the start of bloom and the different
omponents of the meteorological enyironment

- On the basis of time series of the beginning of bloom we
n stated that starting poiats of flowering are shifted 10 days
eartier during the last 18 years period (Figure £).
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Out of the meteorolpgical variables oy components the
spring temperature maxima, the mean temperature of the
spring as well ay the difference between the mean day-time
and night—time temperatures produced a  significant
correfation with the start of blomm on the level of P=1%, We
have also found significant correlation between muzmum
iemperature and beginning of bloom (Figire 3).

1f the specific length of the fruiting season of the cultivars
and the start of bloom are plotted against the meteorological
parameters of the past year, the following consequences have
been drawn:

If the cultivars, which started bloom lmely were
considered, there was a significant effect attributed to the
autwmual precipitation, the mean winter temperature and
winter mintma, the autumnal and hibernal maxima on the
start of Bloom, vatid at P=1% 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
eultivars reflected 1o the hibernal sunshine with blooming
dates, significanily. The cultivars of a longer fruiting period
manifested the effects of the mean differences befween day-

time and night-time hibemal temperatures, significantiy.
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Among the meteorological variables of the former a
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 cultivars, there was a
significant correlation {at P=1% 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 cultivars of intermediate
hlooming time reflected significantty the effects of the
sunmner precipitation, the mean differences of daytime and
night time temperatures and the spring minima. The late
blooming cultivars 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 as being
susceptible, significantly, to the summer precipitation and to
the mean differences between daytime and night time
summer temperatures of the previous year.

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

There is a significant correlation berween average night
and day temperature differences and length of blooming
period (Figure 63,

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

‘The date of starting bloom 1s less influenced by the spring
weather of the current wear in the carly blooming group of
cultivars., Fer all the 7 meteornlogical variables, the
influence could not be proved in the date of starting bloom,
In the early blooming group of caltivars, rather the thermal
conditions of spring and summer of the previous wear were

decisive. In the intermediate blooming time group of

coltivars, the spring temperature and the mean differences
between dayiime and night time temperatures proved to be
significant in influencing the start of bloom. Similarly, in the
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Figure 6 Relationship between the length of blooming and the average might
and day tempessiure difference in Spring Tifehértd, 1984-2001

fate blooming growp of cultivars, the mean differences
between daytime and night time was decisive as influencing
the start of blooming.

In a mild spring, blooming starts carlier, The larger
differences between daytime and night time femperatures
stimulate the start of blooming. The large amplitnde of
temperature changes is associated with high daytime maxima
during the spring. In the other variety groups too, the two
mentioned  meteorological variables are  decigive in
influencing the start of bloom. In addition to that, cultivars of
intermediate blooming date are significantly influenced by
minimum temperatures of the spring. The surprising fact is
that is early blooming cultivars any of the meteorological
variables did not alter significantly the start of bloom.
However, weather conditions of the previous year proved to
be decisive 1n determining the blooming dates.

Not onty between the blooming date and meteorological
parameters we have found significant correlation but
between length of vegetation period and minimum
temperature of vegetation period (Figure 7). The maturity
time important phonological stages for the apple growers,
there is also significant relationship between maturity time
and mininem temperature from [ of Janvary to maturity
date (Figure 8).

Conclusions

«  Blooming thme shifted to an earlier period by 2 weeks
at most of Hungarian fruit cultivation areas

«  Positive effects:

« ‘Thanks tw the lengthening of vegeiation season in the
future we can cultivate in the Carpathian basin those
plants also which require warmer clirnate circumstances,

Negative effects of temperature and precipitation
changes on plant production

« Increasing risk of frost occurrence
tater spring, early autumn frost damage (fruits,
vegetables)
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Dirought-dryness
OCCUFTENCE growing}
— Extremely high femperature-heat stres (more
frequently)
~ Huge amount of precipifation during a shost
period
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