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Abstract

The colour of fruits is considered to be an important quality indicator. Sale ability greatly depends on how
well covered the colour is of the specific type of fruits. We used a visual colour scale (0—100 percent) for evalua-
tion of colorization. We distinguished the yellow, green and red cultivars. In the following studies we show those
results which consider the red type apples only.

Cover colour is one of the phenometric variables and it is a well-known fact that significant differences can
be experienced year by year. The experienced oscillation can be the cause of inappropriate water- and nutriment
supply; however it can be the result of some kind of plant disease, extremely high or low temperature, setting
rate above the average and outstanding fruit density.

In the present examination it is postulated that the degree of cover colour is mostly influenced by day and
night temperature. Therefore, our study aims to find out whether it is true or not. Cover colour belongs to those
phenometric characteristic features, only the final value of which is taken into consideration; due to their nature
of establishment or forming time it seems useless to follow closely the change in the time of vegetation.

We analysed the ripening groups of apple varieties separately. We have found that at winter ripening culti-
vars has bigger importance of genetic properties whilst at summer and autumnal ripening ones the weather ef-
fects have bigger importance.

The research results shows that the day and night temperature has an important role on fruit quality parame-
ters as sugar content, vitamin C content and on acidity also. Because we can modify the canopy temperature by
using evaporative cooling system we have a chance to set up an optimal value of day and night temperature dif-
ference in the orchards.
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LITERARY OVERVIEW ses of macro and microclimatic impacts on the growth
of fruits is linked with the name of SzAsz [1961]. At
the end of the sixties studies analysing the mutual

effect of phenological, stage and meteorological pa-

In the ’50s ZERINVARI [1950], BERENYI and
JUSTYAK [1956] started the survey in orchards as well

as in mountanary vineyards. The first results of meteo
phytoclimatic examinations on vineyards and or-
chards were published in the ’60s due to the re-
searches of BOGNAR and K0ozMA [1961]. The analy-

rameters were published, CSOBONYEI and STOLLAR
[1969] mainly studied apple and grape cultures. These
studies meant great help to develop orchard crop
safety and in finding out about the productivity of
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different species. As a result of some really hard win-
ters in the decade, the first studies on frost protection
[PLETSER, RADNAI 1964] seemed to come out. In the
’70s, several research results were published revealing
the relations between fruit growing, dry matter con-
tent and weather conditions. Similarly, during this
period evapotranspirational researches came to light
[FURL, KOozMA 1975], as well as studies about apple’s
water consumption [GERGELY, STOLLAR 1978], and
results relating to Jonathan apple’s ripening period
estimated by weather variables [STOLLAR 1977]. In
the ’80s, greater and greater emphasies were laid
choosing the production site by means of the descrip-
tion of meteorological background of different varie-
ties [STOLLAR 1984; STOLLAR, ZARBOK 1981], tem-
perature and radiation state of stands [DUNKEL et al.
1981] and examinations of critical winter temperature
on surviving winter, analysing mainly grapes [CSAPO
1984; DUNKEL, KozMA 1981].

MATERIAL AND METHOD

The examination material used derives from the
assortment of Ujfehértéi Gyiimolestermesztési Kutaté
¢és Szaktanacsadéo Kht (Fruit growing Research and
Consultant non-profit company, Ujfehérto).

In the examination we recorded and measured 2
trees/varieties in repetition system, the phenological
phases and phenometric indicator of 586 kinds of ap-
ples, during the years of 1984-2001. Ripening period
according to groups:

1) ripening in summer,
2) ripening in autumn,
3) ripening in winter.

In the sample we separated the varieties with
good cover colour and later we analysed reciprocal
effect with meteorological factors only in these varie-
ties. We made an examination on what reciprocal ef-
fect of average day and night temperature on the de-
gree of cover colour has in different months of the
vegetation period and 30 days before ripening.
Among the varieties, there were the so-called “old”
varieties, that were getting to be squeezed out of cul-
tivation, popular and widespread varieties as well as
perspective, spreading varieties. A total number of
1172 trees were examined. The different kinds of ap-
ples were planted by MM106 stock grafts on spindle
shaped parent branched plantation in 1981-1982. The
difference between lines and stocks is 8 x 2 m.

Observation and surveying took place in the re-
search area of Ujfehért. The position of the territory
is plain, 115 m a.s.l., 19 km south of Nyiregyhaza. Its
soil evolved on sand soil-creating stone non-carbonate
several layer humous sand, which has a strong, sour
acidity (pH 5.74-5.79). Its organic matter content is
low (<1%) in its genetic category.

In the examining period, from microclimatic
date, air temperature was set hourly and on daily basis

by means of a computer demodulation automatic me-
teorological measuring station.

In our calculations, we used the
mentioned temperature variables:

— night temperature Ty,
— day temperature Ty,
— difference between day and night temperature Ty;s.

During the records, cover colour degree was set
in percentage (0—100%) in intervals.

The evaluation of data was fulfilled by means of
Excel 97 for Windows programmes. We calculated
average and standard deviation from the details. The
correlation between phenometric indicators and mete-
orological elements were evaluated by linear regres-
sion and correlation analysis.

below-

RESULTS, CONSEQUENCES

On the basis of frequency distribution of cover
colour values it can be stated that almost half (49.7%)
of the varieties ripening in summer has a good cover
colour, while 25.2% of this group can be counted to
be a less well-colouring variety. Those kinds of apples
represent the biggest subrate (32.1%-ot) in the sam-
ple, whose colouring rate reaches 64-81%. In the
sample the varieties with good cover colour appear in
a significantly larger proportion than varieties with
weak cover colour.

The kinds of apples ripening in autumn show
a fairly stable distribution in respect to colouring.
42.5% of these apples can be characterized with good
cover colour, while 36.4% have weak cover colour.

In the sample, the number of varieties with good
cover colour and weak cover colour seems to be al-
most equal.

The frequency distribution of apples ripening in
winter can be described by a U-shape function. This
means that in the sample we can experience the pre-
dominance of well as well as weak colouring varie-
ties. We can notice the smallest proportion of varieties
with mid-range cover colour in this group.

If cover colour values are examined in the com-
plete range of varieties, as a whole, the following can
be stated: 34.1% of the examined varieties can be de-
scribed with a colouring rate above 70%. Hereinafter,
these apples will be considered well colouring varie-
ties (Fig. 1). In case of 24.6% of the sample, colour-
ing rate was between 10-39%. These apples belong to
the weak-colouring category. The rate of cover colour
in case of 41.2% of the assortment turned out to be
between 40-70%; they can be regarded as mid-range
colouring varieties.

As a next step, in case of well colouring varie-
ties, we examined how day and night temperature and
the difference of these temperatures influence the de-
gree of the fruit’s cover colour.

© ITP in Falenty, 2012; J. Water Land Dev. No. 16 (I-VI)



Effect of night and day temperature on the cover colour and quality parameters of apple 25

45,0 412
= 400 341
£ 350
g 300 e
s 40 245
E 250
2 200
S 150
T 100

5,0

0.0 - . .

10-39 40-70 71-100

Fruit cover colour intensity in percent
Fig. 1. Distribution of apple cover colour
at 586 apple cultivars

According to our hypothesis, the degree of cover
colour is mostly influenced by day and night tempera-
ture.

In the last 20 years the average night tempera-
ture of growing season has increased greatly in the
examined habitat. Higher night temperature generally
has an unfavourable result on production. Respiration
becomes more intense and; therefore, daily weight
growth becomes less.

In case of higher night temperature several qual-
ity indicators, e.g. sugar content also reaches a lower
value, since the energy necessary because of the in-
creased respiration is covered by the plant’s own re-
serves.

Naturally it is also important to examine what
changes characterize day temperature in time during
the same period. If day temperature increased more
intensely, there is no need to worry, because all cli-
matic conditions are given for growth. Even the same
rate of growth in day and night temperature does not
cause any problem. Problems can occur from the
growers point of view if the two examined variables’
rate of growth is different.

According to the results, the day temperature’s
rate of growth falls behind the same value of night
temperature.

If we take the difference of day and night tem-
perature and analyse what change the time series of
this value shows in the examined period, the follow-
ing statements can be done:

In the last 20 years the difference of average day
and night temperature characteristic to the growing
season has decreased, which can be considered sig-
nificant in 5% rate (Fig. 2). The decreasing trend
proves that the increase rate of night temperature ex-
ceeds the change of day temperature. This means that
if this tendency continues the same way, further de-
cline in crop quality can be expected.

In the next parts of the study we show how the
cover colour of apples is influenced by night and day
temperatures characteristic to different months and
their differences. Night temperature in August in p =
5% level show a significant relation with the cover
colour of apples ripening in summer (Fig. 3) Accord-
ing to the results 5 degrees higher night temperature
results in a 15—17% lesser degree of cover colour.
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Fig. 2. Time series of the average night and day
temperature difference
(Ujfehérto, between 1984-2001)
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Fig. 3. Relationship between night temperature
and apple cover colour in August at summer ripening
apple varieties

While high night temperature has an unfavour-
able effect on the establishment of cover colour, in
case of higher day temperature a better cover colour
can be expected. In case of apples ripening in autumn
the relation between day temperature in October and
the degree of cover colour is illustrated in Figure 4.
The results show that in case of apples ripening in
autumn, a 4°C higher temperature results in 10-12%
more favourable colouring rate.
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Fig. 4. Relationship between day temperature and apple
cover colour in October at autumnal ripening apple
varieties

In further parts of the study we demonstrate by
different ripening groups which month’s difference in
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day and night temperature has the greatest influence
on the cover colour and what function can be used to
show the interrelation.

VARIETIES RIPENING IN SUMMER

In case of apples ripening in summer the differ-
ence between average day and night temperature in
August showed a significant relationship with cover
colour degree in 1% rate (Fig. 5).
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4°C, as a result, we can reach a 10% higher cover col-
our degree. By colouring irrigation, this effect can be
reached in the years when there is a small difference
between day and night temperatures.

VARIETIES RIPENING IN WINTER

In case of apples ripening in winter the differ-
ence between average day and night temperature in
October showed a significant relationship with cover
colour degree in 1% (Fig. 7).
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Fig. 5. Relationship between day and night temperature
difference and apple cover colour in August at summer
ripening apple varieties

However, the character of the relation cannot be
considered linear. That is, in case of big differences
between day and night temperatures, a small extent in
change does not result in significant change of cover
colour. Furthermore, it can be stated that in case of
a greater than 6,2°C difference between day and night
temperature the extent of cover colour of apples ripen-
ing in summer does not increase any more, but it
starts decreasing (Fig. 5).

VARIETIES RIPENING IN AUTUMN

In case of varieties ripening in autumn the dif-
ference between day and night temperatures in Sep-
tember showed a significant relationship with the
cover colour degree in 1% rate (Fig. 6). On the basis
of the presented regression relationship it can be stat-
ed that if the difference of temperature is increased by
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Fig. 7. Relationship between day and night temperature
difference and apple cover colour in October at winter
ripening apple varieties

The cover colour change as a result of tempera-
ture difference could be observed in the smallest ex-
tent in case of this group. It can be stated that in case
of a greater than 6,2°C difference between day and
night temperature the extent of cover colour of apples
ripening in summer does not increase any more, but it
starts decreasing (Fig. 7).

If the exact dates of the examined varieties’ rip-
ening and harvest are known, the relationship with the
difference between day and night temperatures might
be even closer.

In Figure 8 it is clearly seen that if the difference
between the average day and night temperatures in-
creases from 3 to 8°C, in the meantime cover colour
degree also increases from 54 to 78%.
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Fig. 6. Relationship between day and night temperature
difference and apple cover colour in September at autumnal
ripening apple varieties
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Fig. 8. Relationship between apple cover colour and average
night and day temperature difference 1 month before
ripening at summer ripening apple cultivars in apple gene
bank plantation /Ujfehérto, 1984-2001

© ITP in Falenty, 2012; J. Water Land Dev. No. 16 (I-VI)



Effect of night and day temperature on the cover colour and quality parameters of apple 27

CONCLUSIONS

It is very important to know about day and night
temperatures to estimate the extent of fruit cover col-
our. The presented regression relationships clearly
proved that knowing the examined meteorological
information the rate of colouring can be estimated

In case of varieties ripening in winter genetical
characteristics of the variety have a greater effect,
while in case of apples ripening in summer or autumn
the year plays a bigger role. ,,Spur” varieties usually
have a more intense cover colour, since because of the
smaller tree size, they are influenced more by weather
conditions. In the future it would be useful to analyse
how cover colour changes in case of green and yellow
varieties, since their market value and saleability are
greatly influenced by these factors.

In the future it would also be practical to analyse
the character of relationship and interrelation in other
habitats with different soil and climatic characteri-
stics. Since factor values received by regression pro-
cedures cannot be generalized to other areas without
more thorough evaluation.
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Wplyw nocnej i dziennej temperatury na wybarwienie i parametry jakosciowe jablek
STRESZCZENIE

Stowa kluczowe: dzienna i nocna temperatura, jakosc jablek, wybarwienie jabtek

Dobre wybarwienie owocow jest jednym z najwazniejszych wskaznikow ich jakosci, poniewaz decyduje
ono o mozliwosci zbytu, a zatem optacalnosci uprawy. Rozni si¢ ono istotnie w poszczegolnych latach, do czego
przyczynia si¢ z pewnoscia niewltasciwe zaopatrywanie w wodg i sktadniki pokarmowe. Przyczyna moga by¢
takze choroby drzew, ekstremalnie niska lub wysoka temperatura powietrza. W niniejszej pracy przeprowadzono
analiz¢ wplywu dziennej i nocnej temperatury na stopien wybarwienia czerwonych odmian jabtek. Materiat ba-
dawczy pochodzit z Ujfehérté (Wegry). Analizy przeprowadzono oddzielnie dla trzech grup jabtek: dojrzewaja-
cych latem, jesienig oraz zima. Do analiz wykorzystano dzienne i nocne warto$ci temperatury powietrza oraz ich
dobowe roznice. Stopien wybarwienia owocow oceniano w skali procentowej. Przeprowadzone analizy wykaza-
ly, ze dla odmian dojrzewajacych w zimie wigksze znaczenie majg ich wlasciwosci genetyczne, w przypadku
pozostatych wigksza rolg odgrywaja warunki pogodowe. Zaréwno dzienna, jak i nocna temperatura powietrza
ma istotny wplyw na jako$¢ owocow, tj. zawarto$¢ cukru, witaminy C czy kwasowos¢. Poprzez zwigkszenie
procesu parowania z koron drzew jabtoniowych mozna obniza¢ ich temperaturg. To dziatanie pozwala na opty-
malizacjg roznic migedzy dziennymi i nocnymi warto$ciami tego elementu.
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