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ABSTRACT At present very few walnut cultivars can be said to be cosmopolitan
cultivars, grown widely in the walnut-producing countries of the world. Walnut (Juglans
regia L.) has poor ecological adaptability, as its cultivation is greatly influenced by low
temperatures during the winter dormancy period and in early spring. The breeding
activities conducted in various countries are therefore of great significance. Choosing
suitable locations for cultivation is of key importance if optimum yield stability is to be
achieved. The introduction of foreign walnut cultivars regularly runs into problems if,
despite their high yielding ability, they are unable to adapt to the Hungarian climate.
In Hungary the most critical weather events for walnuts are the frequent frosts in early
spring. Buds therefore need to burst late to avoid damage to the flowers. Many papers
have dealt with the frost tolerance of stone fruit, but only limited information has been
published on the frost tolerance of walnut. For the first time in Hungary, artificial freez-
ing tests were performed in the present work to determine the frost tolerance of the
cultivars available in Hungary. The results could be of service to Hungarian growers in
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choosing the most suitable cultivar.

Introduction

If walnut production is to be profitable, however, the
growing site requirements must be fully met. As Hungary
is situated close to the northern boundary of the walnut
production area, walnuts are not cultivated for commercial
purposes in more northerly countries. Winter cold and
spring frosts are of great significance for cultivation in
Hungary. The trees must receive satisfactory nutrition
and the shoots must be fully matured if they are to sur-
vive frosts; this can be achieved by foliage protection in
summer. It is characteristic of the Hungarian climate that
several days of mild weather during January or February
are frequently followed by sudden sharp temperature
declines.

One of the most decisive factors in yield safety is the
frequency of spring frosts, to which early blossoming
cultivars are especially sensitive. Despite the consider-
able frost tolerance of walnut trees, early spring frosts
may cause damage to young shoots (Hemery et al. 2010;
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Poirier et al. 2010). During the dormancy period the trees
may endure temperatures as low as minus 25 or 28 °C
with little damage (Szentivanyi 1978), but studies made
by Fady et al. (2003) indicated that early spring frosts
may injure the apical buds, or in more severe cases, the
ends of young shoots. A close correlation was detected
between frost tolerance and origin (Guardia et al. 2013).
Although differences in the frost tolerance of species and
cultivars can be attributed to genetically inherited traits,
frost tolerance is not a static phenomenon, but exhibits
constant changes. Plants can protect themselves against
frost in two ways: by avoidance or tolerance (Charrier et
al. 2011). Avoidance means that the annual development
cycle is synchronized with the critical environmental
periods (Parmesan and Yohe 2003; Menzel et al. 2006), so
that the overwintering organs are gradually cold hardened
after the foliage has fallen. In autumn the dynamics of
decreasing temperature and increasing frost tolerance
can be observed for both deciduous and evergreen species
(Greer et al. 2000; Luoranen et al. 2004). The dynamics
of acclimatization is determined primarily by environ-
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Table 1. Flowering dates of the female flowers of Hungarian walnut cultivars (Szentivanyi 1980).

Flowering date of female flowers Early

Mid-Early

Mid-Late Late

Cultivar None

Milotai 10

Alsészentivani 117 Milotai kései

Tiszacsécsi 83 Alsészentivani kései
Milotai bétermé

Milotai intenziv

mental factors between September and January, while
from January onwards significant genotype effects have
been observed in the time of budburst in connection with
both tolerance and avoidance mechanisms (Charrier et
al. 2001). Frost damage is one of the factors causing the
greatest losses in walnut production (Xin and Browse
2000; Sanghera et al. 2011). The frost tolerance of the
cultivars exhibited a close correlation with their flow-
ering traits. The flowering time of the female flowers of
Hungarian-bred cultivars is shown in Table 1.

The leafless period is often thought to be inactive, but
in fact the trees need to actively modify their metabolism
through cold acclimatization processes if they are to
cope with winter frost effects (Charrier et al. 2018). The
level of frost damage differs for different plant organs
(Mahmodzahed and Imani 2011), the flowers being the
most sensitive (Charrier et al. 2013).

Laboratory tests are required for the precise measure-
ment of the frost tolerance of individual plant organs.
The analysis of tissues after artificial freezing reveals
the extent of damage caused by a given temperature.
The LT, index, or frost tolerance mean value, can then
be calculated (Szalay 2001; Szalay et al. 2010, 2016, 2017).
Frost tolerance must be tested on several occasions during
the dormancy period in order to obtain a clear picture
of the frost tolerance of each cultivar. Frost tolerance
is an extremely complex phenomenon from both the
physiological and genetic points of view, being the re-
sult of several independent processes. It is advisable to
use a climate chamber to test winter hardiness. As the
frost tolerance of the buds changes in the course of the
winter, the temperature in the chamber must reflect that
experienced in nature. Several temperatures should be
applied at each testing date, at least three, if possible. The
rate of chilling and the duration of the treatment are also
important. The rate of temperature change should be
1-2 °C an hour, and experience has shown that the buds
should be kept at the critical temperature for 3.5 - 4.0
hours (Szalay et al. 2016, 2017).

Materials and Methods

The experiments were performed between October and
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March in 2013-2014, 2014-2015 and 2015-2016. Ten to
twelve one-year-old shoots measuring 50 cm in length
were collected once a month from each cultivar in a
large-scale non-irrigated plantation in its 20" year in
Lengyeltoti, where the annual number of sunshine hours
averaged 2098 hours, the annual mean temperature was
11.2 °C and the annual mean precipitation sum 550 mm.
The soil was a chernozem (upper limit of plasticity, K, =
38, pH 8, total lime content in the upper 60 cm soil layer
5%, humus content 1.9%). The height above sea level was
150-160 m, and the summer was long enough for the
shoots to reach full maturity (Bujdosé et al. 2019).

The cultivars examined were the Hungarian-bred
‘Alsoszentivani 117, ‘Milotai 10’ and ‘Tiszacsécsi 83,
all of which only produce nuts from terminal buds, and
hybrids of the first two cultivars with ‘Pedro ‘Milotai
bétermd’ (high-yielding), ‘Milotai kései’ (late), ‘Milotai
intenziv’ (intensive) and ‘Alsdszentivani kései’ (late). The
Californian-bred ‘Pedro’ cultivar was used as the con-
trol. All the cultivars were grafted onto walnut sapling
rootstocks.

The laboratory analyses were carried out in the Depart-
ment of Pomology at Corvinus University of Budapest
(now Fruit Production Department, Institute of Horti-
cultural Sciences, Hungarian University of Agriculture
and Life Sciences). The artificial freezing tests were
carried out in Rumed 3301 climate chambers (Rubarth
Apparate, Laatzen, Germany). At each testing date, three
freezing temperatures were applied, chosen to represent
the external temperatures. While the lowest temperature
tested in October was -16 °C, in January a test tempera-
ture of -26 °C was applied to buds that had undergone
hardening. The rate of cooling and warming was 2 °C
an hour, and the shoots were maintained at the freezing
temperature for 4 hours.

After the end of the treatment, the samples were kept at
room temperature for 12 hours, after which the buds were
cut open and the degree of frost damage was determined
based on the discoloration of the tissues. Green tissues
were regarded as healthy and brown tissues as frost dam-
aged. The aim of the investigations was to determine the
LT, values, i.e. the temperature that caused 50% freezing
damage to mixed buds of the given cultivar at the given
time. The frost damage values recorded for the three
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Figure 1. Frost tolerance mean values (mean and standard deviation) of the mixed buds of standard cultivars and the cultivar ‘Pedro’, and three-
year means and standard deviations of daily maximum and minimum temperatures (upper part of the figure).

different freezing temperatures gave the frost tolerance
profile of the given cultivar at the individual sampling
dates, which could be approximated by a sigmoid graph
where the section between 20 and 80% could be regarded
aslinear (Gu 1999). The LT, values were then determined
by linear regression from the results of artificial freezing.
The IBM PASW Statistic 18 statistical program package
was used for the statistical evaluation. The data were
analyzed using the ANOVA model, while means were
compared and significant differences determined with
the help of Duncan’s test at the 95% probability level. The
SPSS 25.0 (Chicago, USA) program package was used for
the statistical evaluation of the data.

Results

The results are illustrated in Figs. 1-3. As no significant
differences were detected between the years, the results
of the three years were averaged, and the mean values
and standard deviation were used to determine the frost
tolerance dynamics of the flower buds and differences be-
tween the cultivars. Fig. 4 demonstrates the homogeneous

groups determined by means of analysis of variance, from
which the frost sensitivity order was deduced. The frost
tolerance of the generative organs of the walnut cultivars
was characterized using the LT, values obtained from
the artificial freezing tests. The frost tolerance of the
flower buds gradually developed in the first half of the
winter. The hardening process had begun well before the
first sampling date, as LT, values of below -10 °C were
generally recorded in mid-October. The initial stage of
hardening occurs when the external temperature is still
well above freezing point. By the time long-term frosts
were experienced, the LT, values of the flower buds
approached -20 °C for some cultivars. The hardening
process continued until January: the LT, values were the
lowest at the January sampling date in all the years. This
was followed by the dehardening process, when the frost
tolerance of the flower buds gradually declined, parallel
with the gradual rise in the external temperature.

The frost tolerance of the three standard cultivars and
‘Pedro’ in the three years is illustrated in Fig. 1. Averaged
over the three years, ‘Pedro’ was the most frost-sensitive
and ‘Tiszacsécsi 83’ the most tolerant, the LT, value of the
latter being 4 °C lower on average in October than that of
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Figure 2. Frost tolerance mean values (mean and standard deviation) of the mixed buds of ‘Alsészentivani kései’, ‘Milotai intenziv' and ‘Pedro’,
and three-year means and standard deviations of daily maximum and minimum temperatures (upper part of the figure).

‘Pedro’. The average difference between the two cultivars
was 3 °C in January and 5 °C in March. The maximum
level of frost tolerance was recorded in January for all
the cultivars, after which it gradually declined, with a
continuous rise in the LT, values. The frost tolerance
of ‘Milotai 10’ was closer to that of Pedro’, while that
of ‘Alsészentivéni 117" was almost the same as that of
‘“Tiszacsécsi 83"

Fig. 2 gives a comparison of the frost tolerance of
‘Milotai intenziv’, ‘Alsészentivani kései’ and ‘Pedro’, the
first two of which are hybrids originating from a cross
with ‘Pedro’ as pollinator. The results showed that the
frost tolerance of ‘Milotai intenziv’ tended to be like that
of ‘Pedro’, with lower values than that of the female parent
‘Milotai 10”. Considerable differences were exhibited in
the case of ‘Alsészentivani kései’, particularly in January,
February and March. In January the mixed buds of this
genotype survived freezing at a temperature 2-3 °C lower
than those of the other two genotypes on average, while
in February and March the difference increased to 4-5
°C. The slower rise in LT, values can be explained by the
later budburst of this genotype.

Based on knowledge of the female flowering dates of
the genotypes, a comparison was made of those in the
medium late flowering group. Most of the genotypes
included in the study belonged to this group, namely
‘Milotai b6termd’, ‘Milotai intenziv’, Alsészentivani 117,
‘Tiszacsécsi 83’ and ‘Pedro’ (Fig. 3). Genotypes in the same
flowering groups could be expected to have similar levels
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of frost tolerance, which should be most evident at the
March sampling date, shortly before budburst. Neverthe-
less, the results for individual genotypes could be clearly
distinguished from each other, indicating that genetic
traits other than the budburst date were also responsible
for their winter hardiness. Even in January, the coldest
month, ‘Pedro’ had the highest LT, values, and the frost
tolerance of ‘Milotai intenziv’ was closest to that of this
cultivar, while ‘Milotai b6termd’ was able to survive lower
temperatures during the dormancy period than either
of these genotypes. On the other hand, ‘Alsészentivani
117" and ‘Tiszacsécsi 83" were both more frost-tolerant
than the hybrids.

The flower buds of the genotypes were the most
frost tolerant in January in all three dormancy periods.
As the LT, values of the individual genotypes did not
differ significantly over the years, it was concluded that
they had reached the maximum frost tolerance of which
they were genetically capable, though tests need to be
performed in further years to give convincing proof of
this conclusion. The differences between the genotypes
as regards the winter frost tolerance of the flower buds
was analyzed for the January data. It can be seen in Fig.
4 that three homogeneous groups could be distinguished:
‘Pedro’ was frost-sensitive, ‘Milotai kései’, ‘Milotai 10/,
‘Milotai b6termé’ and ‘Mikotai intenziv’ had medium
frost tolerance, and ‘Alsdszentivani 117, ‘Alsdszentivani
kései’ and “Tiszacsécsi 83’ were frost-tolerant.
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Figure 3. Frost tolerance mean values (mean and standard deviation) of the mixed buds of cultivars in the same flowering date groups, and
three-year means and standard deviations of daily maximum and minimum temperatures (upper part of the figure).

Discussion

Frost damage in winter and spring often cause substan-
tial yield losses in fruit and nut production. Among the
overwintering organs of deciduous trees in the temperate
zone, the generative organs (flower buds and mixed buds)
are the most frost-sensitive during the dormancy period
and suffer damage most frequently. The main emphasis
has therefore always been placed on these organs in studies
on the frost tolerance of different genotypes (Proebsting
and Mills 1978; Faust 1989; Tromp 2005; Bartolini et al.
2006; Szalay et al. 2010; Salazar-Gutiérrez 2014). Under
the same thermal conditions (including a constant mild
temperature) walnut (Juglans regia L.) trees may exhibit
diverse levels of frost tolerance (Charrier et al. 2013). In
addition to genetic traits, frost tolerance is also influenced
to a considerable extent by environmental factors, so the
frost tolerance of individual genotypes may change as a
function of the growing site and year (Pénzes and Szalay
2003; Szentivanyi and Kallayné 2006). The general condi-
tion of the trees is a further influencing factor (Poirier et
al. 2010). The most precise method for determining the
frost tolerance of overwintering organs is the artificial
freezing test (Pedryc 1999; Miranda et al. 2005; Szalay et
al. 2010). In most cases LT, values are used to determine
frost tolerance (Lindén and Palonen 2000; Szalay et al.
2010; Ferguson et al. 2011; Salazar-Gutiérrez et al. 2014).

Walnut is not one of the most frost-sensitive fruit spe-
cies in the temperate zone, as the overwintering organs
are able to survive temperatures as low as -28-29 °C in
December and January (Westwood 1993; Szentivanyi
and Kallayné 2006; Kallayné 2014). By comparison, the
critical temperature is -25 °C for sweet cherry and -20 °C
for peach during the winter dormancy period (Szewczuk
etal. 2007). In Central Europe, including the Carpathian

-20

-28

-30

Figure 4. LT, values of the flower buds of the tested cultivars aver-
aged over three years, based on the data of freezing experiments in
January. Different letters represent significant differences between
cultivars at the LT, value.

167



Sziigyi-Bartha et al.

Basin, temperatures cold enough to damage walnut trees
are rarely encountered in winter. In spring, however, after
the buds burst, the young shoots and flower organs often
sustain damage in these regions due to repeated spells of
intense cold. For this reason, it is important for breed-
ers to select cultivars with late budburst (Szentivanyi
and Kallayné 2006; Kéllayné 2014). In order to achieve
long-term yield safety, however, it is important to obtain
knowledge on the frost tolerance of cultivated walnut
genotypes during the winter dormancy period. For this
reason, detailed investigations were begun on the winter
frost tolerance of the cultivars selected or bred in Hun-
gary that are grown most frequently in this country. The
Californian-bred cultivar ‘Pedro’ was used as the control.
A further incentive for this research was the fact that no
detailed data are to be found either in the Hungarian or
international literature on how the frost tolerance of
the overwintering generative organs of walnut cultivars
changes during the winter.

The LT, values of the cultivars were determined on
all the sampling dates during the dormancy period in
all three years. Very similar results were obtained each
year, so no significant year effect could be detected. The
greatest frost tolerance was recorded for the cultivar
‘Tiszacsécsi 83’ during the years tested, while the most
sensitive cultivar was the control genotype, ‘Pedro’. The
frost tolerance data for ‘Alsészentivéni kései’ were similar
to those of “Tiszacsécsi 83, while those of ‘Milotai 10’
were almost the same as those of ‘Pedro’. Differences
were observed between the hybrids, ‘Milotai intenziv’
being frost-sensitive, ‘Milotai bterm&’ and ‘Milotai kései’
moderately frost-tolerant and ‘Alsészentivani 117’ frost-
tolerant. The flower buds were the most frost-tolerantin
January. The values recorded in January were probably
equivalent to the genetically programmed optimum frost
tolerance levels, but this needs to be confirmed in further
research. Charrier etal. (2011) observed a genotype effect
between January and budburst, and during this period
this played a greater role than the environmental effect.

The weather in the experimental years was character-
ized by slightly lower minimum temperatures in the first
week of October, after which the temperature was like the
long-term mean. The next substantial cold spell occurred
in mid-December, which was followed by the second stage
of hardening in the case of mixed buds. There was a further
sudden intensive drop in temperature in mid-January,
but by this time the mixed buds of walnut have reached
maximum hardening, so frost tolerance means of -23.8 °C
were measured on average even for the most frost-sensitive
genotype. The gradual warming from January onwards
was interrupted by very cold temperatures at dawn on
one or two occasions, but as warming did not proceed at
arapid rate, these cold snaps were not a problem and the
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mixed buds retained their frost tolerance. By March the
continuous rise in temperature led to higher LT, values,
but as the winter weather was similar at the experimen-
tal location in all three years, no significant year effect
was detected. If the experiments were continued over a
longer period, differences would probably be observed,
as the effect of climatic factors on the frost tolerance of
overwintering organs has been reported for a number of
temperate fruit species (Faust 1989; Tromp 2005; Szalay
et al. 2010). However, no relevant data on walnut are to
be found in the literature.

It is difficult to compare the present results with earlier
data, as those available were obtained at different locations
for different cultivars. Based on the results obtained with
various methods, however, it can be concluded that the
frost tolerance of the overwintering organs constantly
changes and that both genotypic and environmental fac-
tors play a role in hardening and dehardening processes,
resulting in considerable differences between the cultivars
(Aslamarz et al. 2010a; Aslamarz et al. 2010b; Charrier
etal. 2013; Guardia et al. 2013; Charrier et al. 2018). The
data recorded by Aslamarz et al. (2010a) in plantations
in the neighborhood of Teheran showed ‘Pedro’ to be the
most frost-tolerant of the cultivars, indicating that, under
diverse climatic conditions, the same cultivar may give
quite different results. This was confirmed in the present
work, which was designed to provide information on the
winter frost tolerance of walnut cultivars of importance
for production in Hungary. Knowledge on the winter frost
tolerance of cultivars is important for the determination
of their suitability for cultivation at various growing sites,
and is likely to become increasingly necessary in the light
of climate change predictions, as alterations in climatic
conditions will influence the developmental processes of
cultivated plants and their levels of tolerance (Parmesan
and Yohe 2003; Menzel et al. 2006).

References

Aslamarz AA, Vahdati K, Rahemi M (2010a) Supercooling
and cold-hardiness of acclimated and deacclimated buds
and stems of Persian walnut cultivars and selections.
Hortic Sci 45(11):1662-1667.

Aslamarz AA, Vahdati K, Rahemi M (2010b) Cold-hardiness
evaluation of Persian walnut by thermal analysis and
freezing technique. VI International Walnut Symposium.
Acta Hortic 861:269-272.

Bartolini S, Zanol G, Viti R (2006) The cold hardiness
of flower buds in two apricot cultivars. Acta Hortic
701:141-146.

Bujdosé G, Gandev S, Izsépi F, Sztigyi- Bartha K, Végvari
Gy (2019) Detection and quantification of some phenolic



compounds in kernel of selected Hungarian and Bulgar-
ian Persian walnut cultivars. Eur ] Hortic Sci 84(2):85-90.

Charrier G, Bonhomme M, Lacointe A, Améglio T (2011) Are
budburst dates, dormancy and cold acclimation in wal-
nut trees (Juglans regia L.) under mainly genotypic or
environmental control? Int ] Biometeorol 55(6):763-774.

Charrier G, Poirier M, Bonhomme M, Lacointe A, Améglio
T (2013) Frost hardiness in walnut trees (Juglans regia L.):
How to link physiology and modelling? Tree Physiol
33(11):1229-1241.

Charrier G, Lacointe A, Améglio T (2018) Dynamic model-
ing of carbon metabolism during the dormant period
accurately predicts the changes in frost hardiness in
walnut trees Juglans regia L. Front Plant Sci 9:1746.

Fady B, Duccy F, Aleta N, Becquey J, Diaz Vazquez R, Fer-
nandez Lopez F, Jay-Allemand C, Lefévre F, Ninot A,
Panetsos K, Paris P, Pisanelli A, Rumpf H (2003) Walnut
demonstrates strong genetic variability for adaptive and
wood quality traits in a network of juvenile field tests
across Europe. New Forest 25:211-225.

Faust M (1989) Physiology of Temperate Zone Fruit Trees.
John Wiley and Sons, New York. 338.

Ferguson JC, Tarara JM, Mills L], Grove GG, Keller M
(2011) Dynamic thermal time model of cold hardiness
for dormant grapevine buds. Ann Bot 107(3):389-396.

Greer DH, Robinson LA, Hall AJ, Klages K, Donnison H
(2000) Frost hardening of Pinus radiata seedlings. Effect
of temperature on relative growth rate, carbon balance
and carbohydrate concentration. Tree Physiol 20:107-114.

Gu S (1999) Lethal temperature coefficient- a new param-
eter for interpretation of cold hardiness. | Hortic Sci
Biotechnol 74(1):53-59.

Guardia M, Savé R, Diaz R, Vilanova A, Aleta N (2013) Geno-
type and environment: two factors related to autumn
cold hardiness on Persian walnut (Juglans regia L.). Ann
Forest Sci 70:791-800.

Hemery GE, Clark JR, Aldinger E, Claessens H, Malvolti
ME, O’Connor E, Raftoyannis Y, Savill PS, Brus R (2010)
Growing scattered broadleaved tree species in Europe in
achanging climate: a review of risks and opportunities.
Forestry 83:65-81.

Kéllayné T (2014) Gyiimolcsosok terméhelye. MezGgazda
Kiad6, Budapest. 248 [in Hungarian].

Lindén L, Palonen P (2000) Relating freeze-induced electro-
lyte leakage measurements to lethal temperature in red
raspberry. ] Amer Soc Hort Sci 125(4):429-435.

Luoranen J, Repo T, Lappi J (2004) Assessment of the frost
hardiness of shoots of silver birch (Betula pendula) seed-
lings with and without controlled exposure to freezing.
Can J Forest Res 34:1108-1118.

Mahmodzadeh O, Imani A (2011) Effect of some of anti-frost
on morphology, anatomy and proline of selective almond
cultivars flower buds. I[JNRS 2:35-40.

Frost tolerance of Hungarian-bred walnut cultivars

Menzel A, Sparks TH, Estrella N, Koch E, Aasa A, Ahas
R, Alm-Kiibler K, Bissolli P, Braslavskd O, Briede A,
Chmielewski FM, Crepinsek Z, Curnel Y, Dahl A, Defila
C, Donnelly A, Filella Y, Jatczak K, Mage F, Mestre A,
Nordli @, Pefiuelas J, Pirinen P, Remisova V, Scheifinger
H, Striz M, Susnik A, VanVliet AJH, Wielgolaski F-E,
Zach S, Zust A (2006) European phenological response
to climate change matches the warming pattern. Global
Change Biol 12:1969-1976.

Miranda C, Santesteban LG, Royo JB (2005) Variability in
the relationship between frost temperature and injury
level for some cultivated prunus species. Hortic Sci
40(2):357-361.

Parmesan C, Yohe G (2003) A globally coherent fingerprint
of climate change impacts across natural systems. Nature
421:37-42.

Pedryc A, Korbuly J, Szab6 Z (1999) Artificial frost treat-
ment methods of stone fruits. Acta Hortic 488:377-380.

Poirier M, Lacointe A, Améglio T (2010) A semi-physiological
model of cold hardening and dehardening in walnut
stem. Tree Physiol 30(12):1555-1569.

Probesting EL Jr, Mills HH (1978) A synoptic analysis of
peach and cherry flower bud hardiness. ] Am Soc Hortic
Sci 103(6):842-845.

Salazar-Gutiérrez MR, Chaves B, Anothai J, Whiting M,
Hoogenboom G (2014) Variation in cold hardiness of
sweet cherry flower buds through different phenological
stages. Sci Hortic-Amsterdam 172:161-167.

Sanghera GS, Wani SH, Hussain W, Singh NB (2011) En-
gineering cold stress tolerance in crop plants. Curr
Genom 12(1):30-43.

Suranyi D, Molnar L (2011) A fajtak téli és tavaszi fagytirése.
In Surényi D, Ed., A sargabarack. Szent Istvan Egyetemi
Kiad6, G6dslls. 303. [in Hungarian].

Szalay L (2001) Kajszi- és §szibarackfajtak fagy- és téltiirése.
PhD Thesis. Szent Istvan Egyetem, Budapest. [in Hun-
garian].

Szalay L (2003) A kajszi 6koldgiai igényei. In Pénzes B,
Szalay L, Eds., Kajszi. Mezégazda Kiadd, Budapest. 43-
50. [in Hungarian].

Szalay L, Timon B, Németh Sz, Papp J, Téth M (2010) Hard-
ening and dehardening of peach flower buds. Hortic Sci
45(5):761-765.

Szalay L, Ladanyi M, Hajnal V, Pedryc A, Téth M (2016)
Changing of the flower bud frost hardiness in three Hun-
garian apricot cultivars. Hortic Sci (Prague) 43(3):134-
141.

Szalay L, Molnar A, Kovacs Sz (2017) Frost hardiness of
flower buds of three plum (Prunus domestica L.) cultivars.
Sci Hortic-Amsterdam 214:228-232.

Szentivényi P (1978) A gesztenye- és didtermesztés déln-
yugat Dunantulon, a fiatal gesztenye- és diéiiltetvények
agrotechnikéja. In Vig P, Ed., Ujabb kutatasi eredmények

169



Sziigyi-Bartha et al.

a gytimolcstermesztésben. Gytimolcs- és Disznovény-
termesztési Kutat6 Intézet, Budapest. [in Hungarian].

Szentivényi P (1980) Dié. In Nyéki J, Ed., Gyiimolcsfajtak
virdgzasbiol6gidja és termékenytilése. Mezégazdasagi
Kiad6, Budapest. 281-290. [in Hungarian].

Szentivanyi P, Kallayné T (2006) Di6. Mezégazda Kiado,
Budapest, 204. [in Hungarian].

Szewczuk A, Gudarowska E, Dererts D (2007) The estima-
tion of frost damage of some peach and sweet cherry
cultivars after winter 2005/2006. ] Fruit Ornam Plant
Res 15:55-63.

170

Tromp J (2005) Frost and plant hardiness. In Tromp J,
Webster AD and Wertheim SJ, Eds., Fundamentals of
Temperate Zone Tree Fruit Production. Backhuys Pub-
lishers, Leiden, The Netherlands. 74-83.

Westwood MN (1993) Dormancy and plant hardiness. In
Temperate-Zone Pomology: Physiology and Culture. 3rd
Ed, Timber Press, Portland, Oregon. 382-419.

XinZ, Browse J (2000) Cold comfort farm: the acclimation
of plants to freezing temperatures. Plant Cell Environ
(23):893-902.



