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SPATIAL AND TEMPORAL VARIABILITY

OF THE OCCURRENCE OF GROUND FROST
IN POLAND AND ITS EFFECT ON GROWTH,
DEVELOPMENT AND YIELD OF PICKLING
CUCUMBER (Cucumis sativus L.), 19662005

Robert Kalbarczyk

West Pomeranian University of Technology in Szczecin

Abstract. In the world of plants frost is a particularly dangerous phenomenon. Destruc-
tive effect of frost on plants is both direct and secondary. The amount of damage done by
frost depends on its intensity, frequency, a season of its occurrence and a plant species.
The aim of the work was to find spatial and temporal distribution of ground frost in Po-
land and to determine effect of minimum air temperature at the ground level on the dates
of phenological phases and harvesting and duration of development stages and also on the
quantity of cucumber yield of pickling cultivars at the turn of the 20™ and 21 centuries.
Source materials used in the present study were collected from 28 experimental stations of
COBORU and from 51 meteorological stations of IMGW in the years 1966-2005.
Ground frost was characterised, e.g., by means of average dates of last spring and first au-
tumn frost, duration of the period without frost and also intensity and frequency of its oc-
currence and a linear trend. Effect of minimum air temperature at the ground level on the
growth, development and crop productivity of cucumber was determined with the use of
linear and curvilinear regression analysis and the linear trend of occurrence of last spring
and first autumn frost and duration of the period without frost with the use of linear re-
gression analysis. Ground frost poses high potential risk for field cultivation of cucumber
in Poland not only because of the fact that it significantly determines the rate of growth,
development and yield quantity of the plant but also because of its high spatial and tempo-
ral variability; the highest cultivation risk occurs in north-eastern Poland where significant
shortening, year by year, of the period without frost was proved and where the highest
frequency of frost occurrence both at the beginning and at the end of the cucumber grow-
ing season is recorded.
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INTRODUCTION

Air temperature at the ground level is a very important meteorological factor which
regulates the rate of life processes of plants and chemical reactions in their surroundings
and which is marked by unusually high variability in time and space [Kozminski and
Trzeciak 1971, Brazdil et al. 1995, Peck 1996, Lindkvist and Lindqvist 1997, Dragan-
ska et al. 2004, Kotodziej et al. 2004, Kalbarczyk 2009a, 2009b]. What is of importance
to plants is extreme temperatures — minimum and maximum temperatures and their
distribution in time because these two extremes constitute limits of life within which
particular plant species may exist [Fletcher and Moot 2006, Grabowski et al. 2007,
Loginov et al. 2007, Maqgbool et al. 2009]. Considerable shortage or excess of this fac-
tor can even cause dying of plants and air temperature determines all life processes of
plants: photosynthesis, respiration, transpiration and growth [Krug and Thiel 1985,
Lederle and Krug 1985, Liebig 1985, Marcelis and Hofman-Eijer 1993, Yoshida et al.
1998, Akinci and Abak 1999, Medany et al. 1999].

In the world of plants frost is a particularly dangerous phenomenon [Kozminski and
Michalska 2001, Wilczynski et al. 2005]. Destructive effect of frost on plants is both
direct and secondary [Kozminski and Trzeciak 1971]. The amount of damage done by
frost depends on its intensity, frequency, a season of its occurrence and a plant species
[Kozminski 1976, Draganska et al. 2004, Gotaszewski 2004, Cittadini et al. 2006, Eccel
et al. 2009, Feliksik and Wilczynski 2009].

The previous research dedicated to ground frost in Poland usually concerned only
some geographical regions or even only surroundings of single meteorological stations
and when it pertained to the whole country it was often based on distant in time, multi-
annual periods which do not cover significant changes in air temperature occurring at
the turn of the 20" and 21% centuries [Kozminski and Trzeciak 1971, Kozminski and
Michalska 2001, Gotaszewski 2004, Kotodziej et al. 2004]. Also, there are few research
studies dedicated to the assessment of effect of frost on the development and yield of
crop plants; there are no studies on cucumber. Therefore, the aim of the work was to
analyse occurrence of ground frost in Poland in the years 1966-2005 and its effect on
the growth, development and crop productivity of cucumber.

MATERIAL AND METHODS

The analysis, as starting materials, used a 40-year series (1966—-2005) of meteoro-
logical observations collected for 51 stations of the Institute of Meteorology and Water
Management (fig. 1). The data used in the present study can be regarded as representa-
tive of almost whole Poland as their distribution is quite even and enables fairly exact
description of frost occurrence variability, excluding the south-western and south-
eastern parts of the country. Because of that, but also due to very high diversity of
physiographical conditions in these parts of Poland, and, moreover, because of the fact
that field cultivation usually occurs up to the height of 500 m above sea level they were
excluded from the study (fig. 1). Measurements of the minimum air temperature,
amounting to <0°C, conducted at the ground level, i.e. at the height of 5 cm, were used
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to determine dates of occurrence of last spring and first autumn frost and also to deter-
mine frequency of their occurrence in the growing season of cucumber (from May to
September) and duration of periods without frost. The work also determined intensity of
frost according to the following temperature ranges: from 0 to -2°C (mild frost), from -
2.1 to -4°C (moderate), from -4.1 to -6°C (severe) and below -6°C (very severe) at the
beginning (in May) and at the end (in September) of the cucumber growing season for
each of the 51 analysed IMGW stations. The same ranges of frost intensity were ac-
cepted, among others, by: Diaz and Martinez [1993] and Draganska et al. [2004].

ls;ka"'. ™

S\\'il}(#pu_is'-'("ie L e ke an )
‘ Szezecinek o o Suwalki!,
o0 Chojnice) !
/Szczecin S \
J * o /o - AT |
T ™ ® Ostidleka Bialystok
N L, \o P
T o — . )
. . [N S —..
(@0 oD o / O o : Siedlce Terespol
y Zielona o [ e ) {
\(vl)l':l ) Kalisz. . ® o JWlodawa
| T S ¢ (e \
2 o ) ! E,
it Opole o ¢ e 0O e
] L4 N ) AN

(1? e "'-l{ntg“.ridg < Oa N -
(I}l -0 4 e,
\ — 4@ Rzestowty, /
— Krakow equ E:
l“'”U“k

Fig. 1. Location of meteorological stations of IMGW (e) and experimental stations of COBORU
(0) used in the study

Ryec. 1. Lokalizacja stacji meteorologicznych IMGW () i stacji doswiadczalnych COBORU (o),
ktore zostaty wykorzystane w opracowaniu

The work also used data concerning growth, development and crop productivity of
cucumber and agrotechnical dates collected from 28 experimental stations of COBORU
in the successive years of the considered multi-annual period 1966-2005, except for
2003 and 2004, when field experiments on this plant were not carried out (fig. 1). The
COBORU experimental data were collected for all the most common in cultivation
varieties of pickling cucumber examined in a given year which after averaging were
accepted as a collective standard of the described plant. Effect of ground frost and
minimum air temperature at the ground level on dates of phenological phases (the end
of emergence, the beginning of flowering, the beginning of fruit-setting), agrotechnical
dates (the beginning of harvesting, the end of harvesting), duration of development
stages (sowing — the end of emergence, the end of emergence — the beginning of flower-
ing, the beginning of flowering — the beginning of fruit-setting, the beginning of fruit-
setting — the beginning of harvesting, the beginning of harvesting — the end of harvest-
ing) and the quantity of yield (total, marketable) of cucumber were assessed on the basis
of linear and curvilinear (2™ degree polynomial) regression analysis. In the regression

Hortorum Cultus 9(3) 2010



6 R. Kalbarczyk

equation, dates, periods and cucumber yield were dependent variables and the number
of days with ground frost (Tfd) or the minimum air temperature at the ground level
(Tfmin) and a linear trend, i.e. the successive years of the analysed multi-annual period
1966-2005 constituted independent variables. Significance of structural parameters
of multiple regression and significance of the whole equation were assessed respectively
on the basis of the 7-Student test and the F-Snedecor test, and fitting of empirical data
to the regression function line on the basis of the determination coefficient (R [Do-
bosz 2001].

RESULTS

Spatial variability of frost occurrence

In Poland, in the years 19662005, spatial distribution of average dates of last spring
ground frost was moderately diverse as the difference between extreme dates amounted,
on average, to two weeks — most frequently from 10" to 25™ May (fig. 2a). Earliest, till
10" May, last spring frost subsided in the region of the Szczecin Lagoon and the Bay of
Gdansk, also in the Krakow—Czgstochowa Upland and in the region of Zielona Gora,
and latest even after 25" May — in the Pomeranian Lakeland and also in the north-
eastern, south-western and south eastern parts of the country. In central Poland average
dates of last spring frost fell, on average, between 15" and 20™ May and in the region of
Siedlce, Leszno and in the Lublin Polesie after 20" May and in the south (the Silesian
Upland, the Nida Basin, the Wielkopolska Lowland) — between 10™ and 15" May. First
dates of autumn frost were marked by considerably higher spatial variability than the
dates of last spring frost as in Poland, on average, they took place from 15™ September
to 10™ October (fig. 2b). Earliest, before 15™ September, ground frost was recorded in
the Podlasie Lowland and before 20" September in the north-east, the Lublin Upland,
the Kaszuby Lakeland and also in the south-west and south-east. A lot later, before 10"
October, autumn frost was recorded in the north — along the western coast of the Baltic
and the Bay of Gdansk. On average between 25" and 30" September autumn frost oc-
curred in the Gorzoéw Plain, the Tuchola Forest and the Itawa Lakeland and between
30™ September and 5™ October in the Wielkopolska Lakeland, the Wielkopolska Low-
land, the Silesian Lowland, the Silesian Upland, the Sandomierz Basin and the western
part of the Mazovian Lowland.

Apart from learning about distribution of last spring and first autumn frost, knowl-
edge of distribution of average duration of the period without frost in different regions
of Poland is also of big importance while determining the risk of cucumber growth and
development. In Poland, in the years 19662005, the number of days without frost,
determined between average occurrence dates of last spring and first autumn frost, os-
cillated between below 120 and above 150 days (fig. 2c). The longest period without
frost, lasting over 150 days, was recorded along the Szczecin Lagoon and the Bay of
Gdansk and the shortest one, below 120 days, in the north-east, in Roztocze and sub-
montainous regions — the Sudeten Foothills and the Carpathian Foothills. In most re-
gions of northern and eastern Poland, in the Pomeranian and Masurian Lakelands, in the
Lublin Polesie and in the eastern part of the Mazovian Lowland the period without frost
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lasted from 120 to 130 days, in central Poland — from 130 to 140 days, and in central
and southern Poland stretching from Koto to Krakéw through Kalisz, Czgstochowa,
Opole and Katowice, and also between Zielona Goéra and Legnica and between San-
domierz and Przemys$l — above 140 days.
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Fig. 2. Spatial distribution of average dates of ground frost — last spring frost (a) and first autumn
frost (b) and average duration (expressed as days) of the period without frost (c) in Po-
land, 1966-2005

Ryec. 2. Przestrzenny rozklad $rednich dat przymrozkéw przygruntowych — ostatnich wiosennych
(a) 1 pierwszych jesiennych (b) oraz §rednich dtugosci (w dniach) okresu bezprzymroz-
kowego (c) w Polsce. Lata 19662005
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Fig. 3. Spatial variability of the range (expressed as days) of ground frost dates — last spring frost
(a) and first autumn frost (b) in Poland, 19662005

Ryc. 3. Zmiennos$¢ przestrzenna rozstgpu (w dniach) dat przymrozkéw przygruntowych — ostat-
nich wiosennych (a) i pierwszych jesiennych (b) w Polsce. Lata 1966-2005
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Fig. 4. Spatial variability of the nange (expressed as days, a) and standard deviation (expressed as
days, b) of duration of the period without frost in Poland, 19662005

Ryc. 4. Zmienno$¢ przestrzenna rozstgpu (w dniach, a) i odchylenia standardowego (w dniach, b)
dtugosci okresu bezprzymrozkowego w Polsce. Lata 19662005

The lowest variability of occurrence of dates of last spring frost described by means
of a range was recorded in the region of Swinoujécie and Ustka and in the central part of
the Mazovian Lowland — the difference between the latest and the earliest date of the
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analysed phenomenon in the years 1966-2005 amounted to below 50 days, and the
highest one, amounting to even above 70 days, occurred in Kaszuby, in the Pomeranian
Lakeland, the Suwatki Lakeland, the Szczecin Lowland and the Opole Plain (fig. 3a). In
the central strip of Poland, in the Malopolska Upland and the Sandomierz Basin the
range between the dates of last spring frost oscillated between 50 and 60 days. Dates of
first autumn frost were marked by higher variability because the range calculated for the
considered phenomenon oscillated from 50 days in the north and in the regions of
Ketrzyn and Koto to above 90 days in the central-west (the vicinity of Stubice and
Gorzow Wielkopolski), in the Koszalin region, in the Silesian Lowland and in the
south-east and also in the valley of the River Note¢ and Vistula within the stretch be-
tween Pita and Plock (fig. 3b). The gap concerning duration of the period without frost
oscillated from below 80 to above 100 days, and the biggest one was determined in
Kaszuby and the Pomeranian Lakeland, the Silesian Lowland, the Piotrkoéw Upland
Plain, in the regions of Gorzow Wielkopolski and Torun and the central-east (fig. 4a).
A standard deviation was also calculated for the period without frost; in Poland most
often it amounted to between 16 and 24 days, the lowest was in the Suwatki Lakeland
and in the vicinity of Mtawa and Siedlce (fig. 4b).

Temporal trend of frost

In the examined multi-annual period 1966—-2005 increasingly late occurrence of last
spring frost was statistically proved at three stations: in Biatystok (by +5.4 days/
10 years, P < 0.01), Ostrolgka (by +5.8 days/10 years, P < 0.01) and in Suwalki (by
+4.2 days/10 years, P < 0.01), situated in north-eastern Poland and increasingly early
occurrence of the described phenomenon in: Katowice (by -4.1 days/10 years, P < 0.05),
Krakéw (by -8.1 days/10 years, P < 0.01) and Zielona Gora (by -7.1 days/10 years,
P <0.01) (fig. 5). On the other hand, at 8 meteorological stations, out of the 51 consid-
ered ones, a significant linear trend of the occurrence of first autumn frost was noted in
the analysed multi-annual period, and in: Biatystok, Ketrzyn, Ostrotgka, Terespol, Wto-
dawa and Opole — a negative one, and in Szczecinek and Krakéw — a positive one
(fig. 6). The highest acceleration of first autumn frost was noted in Wilodawa (by
-6.1 days/10 years, P < 0.01), and next in Opole (by -4.3 days/10 years, P < 0.01), and
the highest delay — in Szczecinek (by +5.1 days/10 years, P < 0.05). Significant changes
in the occurrence of spring and autumn ground frost in the years 1966-2005 were not
the only ones proved; changes were also proved in the case of duration of the period
without frost (fig. 7). Significant lengthening of the period without frost was recorded at
three stations located near each another in northern Poland (Szczecinek, Chojnice and
Ustka) and at 3 stations situated in various regions of the country (Zielona Gora, Kalisz
and Krakow), and significant shortening — at 5 stations of eastern Poland (Suwalki,
Bialystok, Ostrolgka, Terespol and Wtodawa) and in Opole. Lengthening of the period
without frost oscillated from +3.5 days/10 years (P < 0.1) in Ustka to +12.9 days/
10 years (P < 0.05) in Krakéw, and shortening — from -6.1/10 years (P < 0.01) in Su-
watki to -10.0/10 years (P < 0.01) in Ostroleka.
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Fig. 5. Temporal distribution of occurrence of the dates of last spring ground frost in selected
meteorological stations in Poland in the successive years of the multi-annual period

1966-2005. DOY — day of the year

Ryec. 5. Czasowy rozktad wystgpowania dat ostatnich wiosennych przymrozkéw przygruntowych
w wybranych stacjach meteorologicznych Polski, w kolejnych latach wielolecia

1966-2005. DOY — kolejny dzien roku

Acta Sci. Pol.



Spatial and temporal variability of the occurrence of ground frost in Poland... 11

Biatystok Ostroteka
300 300 .
290 4 290 ++ X
el 1 e AN i
= S om0 e [l J N 1
T A4 - 2] Iy
g Trend 3 MA VAN T, ]
< 260 A > 260 YT VY AN
Q 250 250 4 Y
?
240 + 240
230 =-0.307x + 868.18 230 1Y =-0.41x + 1088.29 v
220 4 f=03LP00 220 4 f=038P00S
B3IRNRLCRIIZBSI SIS 8 BIRNRERFIBSIE&IS S
2222222222223 2222222222223
Year Year
Ketrzyn Szczecinek 305
300 300 -
290 1+ < 1 e 1 290 - \
LN Y P N | gl v ~,
— = Trend
Nl e S AWAWTAN A Y
2 260 A S 60 ]
> >
8 250 3 v RS 8 250
240 240 { V.
230 ¥ =-0.39x + 10549.98 230 11 y = 0.508x - 741 57
=-0.36, P<0.05 216 r=+0.29, P<0.05
200 415 00.9<08 000000 | 200+
©W O N B O - < N O M © O N W © OO N 1 0 ~ ¥ N O M © OO N W
88EEEEEBEEEEEE 8855853388888 8¢%
Year Year
Krakow Terespol
300 300 -
290 et ./‘/\ » ZQO,A .
280 + 280
=270 Soro s J\ AR Lyt
2 260 = 260
> >
Trend
Q 250 Q 250 -
240 240 4
230 y =0.47x - 668.91 230 1 y =-0.20x + 852.74
Sop [~ 7034, P<0.05 r=-0.33, P<0.05
T T T T T T T T T T T T 1 220 T T T T T T T T T T ’ T T 1
© OO N I 0O «~ < N O M © O N v © O N IO O v« St N O M © OO N v
© © I N I 0 0O 0 O O O O O O © © I I I 0 0 0 O O O O O O
2222222222228 <K 22222222222 2QR¢K
Year Year
Opole Wiodawa
300 300
290 4 290 4
280 —gond 280
52701 7 270 4
T 260 y i Y || 260 ] Trend
) 9] J
S S S S
240
2301 ¥ =-043x+1128.49 2301 ¥ =-0.606x +1470.29
r=-0.42, P<0.01 =-0.57, P<0.01
20 4+—F—"F"F—"FF—7F—F—FT———— || 20+—1TTA T
© OO N IO O v~ S N O M © O N v © O N 0 0 «~ ¥ N~ O M © O N W
© © I I I © 0 0 O O O O O O © © I~ I I 0 © 0 O O O X O O
222222222222 LKRK 222222222222 RK
Year Year

Fig. 6. Temporal distribution of occurrence of the dates of first autumn ground frost in selected
meteorological stations in Poland in the successive years of the multi-annual period 1966—
2005. DOY — day of the year

Ryc. 6. Czasowy rozklad wystgpowania dat pierwszych jesiennych przymrozkéw przygrunto-
wych w wybranych stacjach meteorologicznych Polski, w kolejnych latach wielolecia
1966-2005. DOY - kolejny dzien roku
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Fig. 7. Temporal distribution of duration of the period without frost in selected meteorological
stations in Poland in the successive years of the multi-annual period 19662005

Ryc. 7. Czasowy rozktad dtugosci okresu bezprzymrozkowego w wybranych stacjach meteorolo-
gicznych Polski, w kolejnych latach wielolecia 1966-2005

Frequency of frost occurrence

Spring ground frost after 30™ April occurred most often, every 67 years, in the
north-east, in the Pomeranian Lakeland (in the region of Lg¢bork, Resko and
Szczecinek), locally in the vicinity of Olsztyn, and also in the south-west and the south-
east; least frequently, every 20 years, at the Szczecin Lagoon, in the vicinity of Zielona
Gora and in the Sandomierz Basin (fig. 8a). North of the line running in the vicinity of
the towns, Zielona Goéra—Leszno—Kalisz—Koto—Ciechanéw—Siedlce—Terespol, spring
frost after 30™ April in the analysed multi-annual period (1966-2005) was recorded with
frequency from 10 to 15%, and south of that line — from 5 to 10%, except for the above-
described regions, where frost occurred with different frequency. After 10™ May fre-
quency of frost occurrence was lower, as it oscillated between below 5 and above 10%,
i.e. respectively every 20 and 10 years (fig. 8b). After 10™ May, like after 30™ April,
frost most frequently occurred in the north-east, also in the south-west and south-east
and locally in the vicinity of Lebork and Resko; least frequently — at the Szczecin La-
goon, the Bay of Gdansk, the vicinity of Ustka, also in the region between Zielona Goéra
and Legnica and in the Matopolska Upland (excluding the Swigtokrzyskie Mountains),
the Silesian Upland, the Wielkopolska Lowland, the Sandomierz Basin, the Opole Plain
and the south-western part of the Mazovian Lowland.
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Fig. 8. Spatial distribution of occurrence frequency (%) of the dates of spring ground frost in
Poland after 30™ April (a) and after 10™ May (b), 19662005

Ryc. 8. Przestrzenny rozktad czgstosci (%) wystgpowania dat wiosennych przymrozkow przy-
gruntowych w Polsce po 30 kwietnia (a) i po 10 maja (b). Lata 19662005
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Fig. 9. Spatial distribution of occurrence frequency (%) of the dates of autumn ground frost in
Poland before 30" September, 1966-2005
Ryec. 9. Przestrzenny rozktad czgstosci (%) wystgpowania dat jesiennych przymrozkow przygrun-

towych w Polsce przed 30 wrzesnia. Lata 19662005

On the other hand, in autumn before 30™ September, frequency of the occurrence of
first frost in Poland oscillated from below 5 to above 15% (fig. 9). Most frequently,
every 6—7 years, this phenomenon was recorded in the Podlasie Lowland and least fre-
quently, every 20 years — in the Stowinskie Coastland, the Szczecin Lowland, in the
vicinity of Zielona Gora, in the valley of the River San between Sandomierz and Prze-
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my$l and in the Kalisz High Plain reaching the Czgstochowa region. In the remaining
area of the country, covering about 60% of Poland, frost occurred with frequency from

5 to 10%.
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Fig. 10. Frequency of ground frost occurrence in selected stations in Poland in the cucumber
growing season (from May to September), 1966-2005. DOY — day of the year
Ryc. 10. Czgstos¢ wystgpowania przymrozkow przygruntowych w wybranych stacjach meteoro-

logicznych Polski, w okresie wegetacji ogorka (od maja do wrzesnia). Lata 1966-2005.

DOY - kolejny dzien roku
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Table 1. Frequency of ground frost occurrence in selected air temperature ranges (°C) at the
beginning (in May) and at the end (in September) of the cucumber growing season in
Poland, 1966-2005

Tabela 1. Czgstos¢ wystgpowania przymrozkoéw przygruntowych w wybranych zakresach tempe-
ratury powietrza (°C) na poczatku (w maju) i na koncu (we wrzesniu) okresu wegetacji
ogorka w Polsce. Lata 19662005

Month — Miesiac

I;(; Sstz;[ (1:3): May — Maj September — Wrzesien
[0;-2°C)  [-2;-4°C) [-4;-6°C)  <-6°C  [0;-2°C) [-2;-4°C) [-4;-6°C) <-6°C

1 Bialystok 9.0 4.5 2.7 0.8 6.5 4.0 1.5 0.9
2 Chojnice 7.7 32 0.3 0.0 2.9 1.6 0.6 0.0
3 Czestochowa 4.4 33 0.3 0.0 0.8 0.3 0.1 0.0
4  Elblag 8.0 3.8 1.7 0.5 4.0 0.5 0.6 0.0
5 Gdansk 3.7 1.6 0.9 0.1 1.3 0.5 0.3 0.0
6  Gorzow Wikp. 4.9 1.5 0.3 0.2 1.9 0.3 0.0 0.0
7  Kalisz 5.5 1.9 0.6 0.1 1.8 0.4 0.3 0.1
8  Katowice 44 2.3 0.5 0.0 32 0.5 0.2 0.0
9  Ketrzyn 6.5 3.7 1.1 0.1 33 1.0 0.3 0.0
10 Kielce 6.0 3.5 0.9 0.2 4.8 1.3 0.5 0.0
11 Klodzko 9.0 4.8 1.0 0.0 4.8 1.8 0.3 0.1
12 Koto 52 2.3 0.6 0.0 2.1 0.2 0.1 0.0
13 Koszalin 8.6 42 1.2 0.1 1.8 0.4 0.0 0.0
14 Krakow 44 2.3 0.9 0.0 2.3 0.9 0.1 0.2
15 Legnica 6.0 1.5 0.6 0.0 32 1.3 0.3 0.1
16 Leszno 9.1 39 1.2 0.2 4.7 1.5 0.4 0.0
17 Lgbork 8.6 5.6 1.7 0.4 3.6 1.6 0.5 0.0
18 Lublin 5.7 3.1 0.7 0.3 5.1 1.8 0.8 0.1
19 Lodz 5.7 2.9 1.3 0.3 5.8 1.8 0.8 0.1
20 Miawa 5.1 39 1.4 0.3 43 1.5 0.2 0.2
21  Nowy sacz 4.7 3.7 0.9 0.4 3.1 1.2 0.3 0.1
22 Olsztyn 6.7 5.7 1.9 1.0 5.1 22 0.7 0.8
23 Opole 4.6 1.5 0.7 0.1 2.7 0.8 0.3 0.0
24  Ostrolgka 7.1 3.1 1.2 0.4 5.4 2.0 0.8 0.0
25 Pita 7.3 4.0 1.7 0.2 6.0 33 0.5 0.2
26 Plock 52 2.0 0.8 0.2 2.7 0.9 0.3 0.0
27 Poznan 7.1 2.6 0.9 0.1 3.9 0.9 0.4 0.0
28  Przemysl 2.9 0.9 0.6 0.0 1.3 0.3 0.2 0.0
29 Pulawy 4.9 1.8 0.6 0.1 33 1.3 0.5 0.0
30 Raciborz 4.6 1.9 0.6 0.0 4.0 1.1 0.3 0.0
31 Radom 7.4 2.7 1.1 0.3 43 1.8 0.4 0.2
32 Resko 9.2 5.1 1.3 0.3 32 1.4 0.4 0.2
33 Rzeszdéw 6.9 4.2 1.6 0.9 44 1.5 0.3 0.2
34  Sandomierz 3.2 1.7 0.1 0.0 1.6 0.5 0.2 0.0
35 Siedlce 6.9 24 1.1 0.2 4.1 2.5 0.6 0.0
36 Stubice 8.2 22 0.4 0.2 3.8 2.3 0.0 0.0
37 Suwatki 8.9 5.0 2.0 0.4 59 34 1.7 0.3
38 Szczecin 7.3 2.1 0.9 0.1 1.6 1.3 0.0 0.0
39  Szczecinek 8.4 5.7 1.5 0.4 2.6 2.3 0.7 0.3
40  Swinoujscie 3.6 0.6 0.4 0.0 0.5 0.0 0.0 0.0
41 Tarnéow 3.8 2.6 1.1 0.1 33 1.1 0.2 0.0
42 Terespol 6.7 33 1.6 0.2 42 3.1 1.3 0.2
43 Torun 7.1 4.5 2.0 0.2 3.9 2.0 0.8 0.4
44  Ustka 4.6 1.5 0.5 0.2 0.3 0.2 0.0 0.0
45 Warszawa 5.1 2.3 0.6 0.2 33 0.8 0.2 0.0
46  Wielun 5.1 2.0 0.2 0.0 2.5 0.6 0.1 0.0
47 Wiodawa 4.9 3.1 1.1 0.2 3.6 1.9 0.9 0.1
48  Wroctaw 8.8 2.7 0.8 0.1 3.8 0.9 0.3 0.0
49  Zamoscé 6.0 33 1.7 0.3 4.8 2.1 0.8 0.1
50 Zgorzelec 8.3 3.5 0.9 0.0 3.0 1.3 0.3 0.0
51  Zielona Géra 3.0 0.4 0.1 0.0 0.6 0.0 0.0 0.0
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Frequency of frost occurrence in the cucumber growing season (from May to Sep-
tember), shown for some meteorological stations representing different climatic regions
of Poland in the analysed multi-annual period 19662005, was highly diverse, as it
oscillated in May from 0 to 13% in Swinoujscie and from 3 to 38% in Suwalki, and in
September from 0 to 3% in Swinoujécie and from 0 to 23% in Siedlce (fig. 10). On
particular days of the period from June to August ground frost occurred very seldom,
maximally with frequency of: 15% in Biatystok, 10% in Chojnice, 8% in Suwatki, 5%
in Szczecin and Kalisz, 3% in Siedlce and Tarnéw and 0% in Swinoujscie.

Most often intensity of ground frost in Poland, both in May and September, was
mild and then, moderate, severe and very severe; for the whole country, on average, it
amounted to, respectively: about 6.2, 3.1 1.1 and 0.2% in May and 3.4, 1.3, 0.4 and
0.1% in September (tab. 1). In May, out of the 51 considered meteorological stations at
four stations mild frost was recorded with frequency >9%, at 15 stations — with fre-
quency of 7-8.9%, at 16 stations — with frequency of 5-6.9%, at 15 stations — with
frequency of 3-4.9% and at 1 station — slightly below 3%. In September mild frost was
recorded with frequency from 0.3% in Ustka to 6.5% in Bialystok, but at 18 stations
with frequency of below 3%, at 26 stations with frequency of 3—4.9% and at 7 stations
with frequency of above 5%. Frost of moderate intensity occurred maximally with fre-
quency of about 6 and 4% respectively in May and September, of severe intensity —
about 3 and 2%, and of very severe intensity — about 1% in each month.

Effect of frost and minimum air temperature at the ground level on growth, devel-
opment and yield of cucumber

In the years 1966-2005, significant influence of frost described by the number of
days with air temperature <0° (Tfd) and significant influence of minimum air tempera-
ture at the ground level (Tfmin) on the rate of cucumber growth and development (ta-
bles 2-5) were proved despite the fact that experiments conducted by COBORU were
not directed at this phenomenon. Lower than average minimum air temperature at the
ground level significantly delayed all the considered phenological phases and agrotech-
nical dates of cucumber and in the strongest way — the date of the end of harvesting and,
next, the date of emergence and the beginning of harvesting (tab. 2). Delay of the date
of the end of emergence and the end of harvesting was also confirmed by means of the
second of the considered indexes describing unfavourable thermal conditions of air at
the ground level; namely, the number of days with frost (tab. 3). Determination coeffi-
cient obtained for regression equations describing effect of frost by means of minimum
air temperature on the analysed dates oscillated between 8.4% in the case of the date of
the beginning of fruit-setting and 51.9% in the case of the date of the end of harvesting;
on the other hand, when described by means of the number of days with frost — between
15.7% in the case of the date of the end of emergence and 35.6% in the case of the date
of the end of harvesting. Relationship between the date of the end of harvesting and the
two analysed indexes describing unfavourable thermal conditions of air at the ground
level in Poland and relationship between the date of the beginning of flowering and
Tfmin were determined with the use of the 2" degree polynomial and the remaining
relationships by means of the linear function.
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Table 2. Linear or curvilinear relationship between the date of a phenophase and an agrotechnical®
date of cucumber for whole Poland and minimum air temperature at the ground level in
the preceding development stage, considering the linear trend in the years 1966-2005

Tabela 2. Zalezno$¢ liniowa lub krzywoliniowa migdzy terminem fazy fenologicznej i agrotech-
nicznym” ogérka w skali calej Polski a minimalna temperatura powietrza przy gruncie
w poprzedzajacym okresie rozwojowym, z uwzglgdnieniem trendu liniowego w latach

1966-2005
Regression equation — ROwnanie regresji
- - Range
Term . regression coefficient ; 2
. intercept X . .. Tfmin R
Termin wyraz wolny wspotczynnik regresji Zakres Tfmin
o aRk bTfmin bTfmin’

Ee 513.15 -0.18%%* -0.69%* -8.1;7.2 13.4
Bf 541.35 -0.17%%* -0.49%* -0.053* -6.3;7.8 9.6
Bfs 627.0061 -0.21%** -0.38%* -1.1; 13.1 8.4
Bh* 831.59 -0.31%** -0.506%** -0.2; 14.2 18.6
Eh* 962.42 -0.35%** -2.54%** -0.11%** -7.9;9.0 51.9

R? — determination coefficient (%), Tfmin — minimum air temperature at the ground level, R — linear trend of
the yield, i.e., the successive years of the 1966—2005 multiannual period, a, b — regression coefficients, ***
significant at P < 0.01, ** significant at P < 0.05, * significant at P < 0.1, Ee — end of emergence, Bf — begin-
ning of flowering, Bfs — beginning of fruit-setting, Bh — beginning of harvesting, Eh — end of harvesting.

R? — wspétczynnik determinacji (%), Tfmin — minimalna temperatura powietrza przy gruncie (°C), R — trend
liniowy, czyli kolejne lata wielolecia 19662005, a, b — wspotczynniki regresji, *** — istotne przy P < 0,01,
** — istotne przy P < 0,05, * — istotne przy P < 0,1, Ee — koniec wschodéw, Bf — poczatek kwitnienia,
Bfs — poczatek zawigzywania owocow, Bh — poczatek zbioru, Eh — koniec zbioru.

Table 3. Linear or curvilinear relationship between the date of a phenophase and an agrotechni-
cal® date of cucumber for whole Poland and the number of days with ground frost in the
preceding development stage, considering the linear trend in the years 19662005

Tabela 3. Zalezno$¢ liniowa lub krzywoliniowa migdzy terminem fazy fenologicznej i agrotech-
nicznym® ogorka w skali calej Polski a liczbg dni z przymrozkiem przygruntowym
w poprzedzajacym okresie rozwojowym, z uwzglednieniem trendu liniowego w latach

1966-2005
Regression equation — Réwnanie regresji
Term intercent regression coefficient Range Tfd R’
Termin Wyraz w (I:ln wspdlczynnik regresji Zakres Tfd
Y Y aR bTHd BT

Ee 532.95 -0.19%%* 1.0707%*** 0; 14 15.7

Bf 0;4 n.s.
Bfs 0;4 n.s.
Bh* 0;2 n.s.
Eh* 1392.11 -0.57*** 6.4001*** -0.27%* 0;13 35.6

Tfd — the number of days with ground frost (day), n.s. — non-significant at P < 0.1. Other explanations see
table 2.

Tfd — liczba dni z przymrozkiem przygruntowym (dzien), n.s. — nieistotny na poziomie P < 0,1. Pozostate
objasnienia patrz tabela 2.

It was also proved that there is significant relationship between duration of all the
analysed development stages of cucumber and minimum air temperature and also be-
tween duration of the period from sowing to the end of emergence (S-Ee), the period
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from the beginning of harvesting to the end of harvesting (Bh-Eh) and the number of
days with frost (tables 4 and 5). Out of the 5 analysed cucumber development stages the
largest significant lengthening pertained to 2 development stages, S-Ee and Bh-Eh (re-
spectively at the beginning and at the end of the growing season of this plant), i.e. when
ground frost was recorded in Poland most frequently. Determination coefficient describ-
ing these relationships was the highest for the period S-Ee in the case of using the inde-
pendent variable Tfd (R* = 26.7%), and next for the period Bh-Eh in the case of using
the independent variable Tfmin (R* = 24.7%). All regression equations, apart from the
variables Tfmin and Tfd, characterising minimum air temperature at the ground level,
also considered the linear trend of duration of cucumber development stages, like in equa-
tions describing variability of the dates of phenophases and harvesting (tables 2 and 3).

Table 4. Linear or curvilinear relationship between duration of a cucumber development stage
for whole Poland and minimum air temperature at the ground level, considering the lin-
ear trend in the years 1966-2005

Tabela 4. Zalezno$¢ liniowa lub krzywoliniowa migdzy dlugoscia okresu rozwojowego ogorka
w skali calej Polski a minimalna temperatura powietrza przy gruncie, z uwzglednieniem
trendu liniowego w latach 1966-2005

Regression equation — ROwnanie regresji Range

Stage . regression coefficient Tfmin 2
Okres intercept wspolczynnik regresji Zakres R
wyraz wolny pOTcZyniiX [eEres) — .

aR bTfmin bTfmin Tfmin
S-Ee 453.12 -0.2] %% -0.72%%* -0.0804** -8.1;7.2 23.2
Ee-Bf 102.35 -0.034* -0.49%%* -6.3;7.8 8.0
Bf-Bfs 50.89 -0.022%** -0.19%%* -1.1;13.1 12.8
Bfs-Bh 202.042 -0.094%** -0.79%** -0.2;14.2 18.9
Bh-Eh 390.016 -0.17%%* -1.3 1 -0.091%* -7.9;9.0 23.7

S — sowing. Other explanations see table 2.
S — siew. Pozostate objasnienia patrz tabela 2.

Table 5. Linear relationship between duration of a cucumber development stage for whole Po-
land and the number of days with ground frost, considering the linear trend in the years
1966-2005

Tabela 5. Zalezno$¢ liniowa migdzy dlugoscia okresu rozwojowego ogorka w skali catej Polski
a liczba dni z przymrozkiem przygruntowym, z uwzglednieniem trendu liniowego w la-
tach 1966-2005

Regression equation — Réwnanie regresji

Stage . regression coefficient Range Tfd 2
intercept . . .. R
Okres wyraz wolny wspotczynnik regresji Zakres Tfd
aR bTfd
S-Ee 460.62 -0.22%%%* 1.13%** 0; 14 26.7
Ee-Bf 0;4 n.s.
Bf-Bfs 0;4 n.s.
Bfs-Bh 0;2 n.s.
Bh-Eh 628.804 -0.20%** 2.77*** 0; 13 16.9

Other explanations see tables 2 and 3.
Objasnienia patrz tabele 2 i 3.
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Table 6. Effect of minimum air temperature at the ground level and the number of days with
frost on cucumber yield in Poland, considering the linear trend in the years 1966—-2005

Tabela 6. Wplyw minimalnej temperatury powietrza przy gruncie i liczby dni z przymrozkiem na
plon ogoérka w Polsce, z uwzglednieniem trendu liniowego w latach 19662005

Kind of Regression equation — ROwnanie regresji
yield Characteristics Stage - - 2
Rodzaj  Charakterystyki Okres intercept regression co efﬁc1en.t. R
plonu wyraz wolny wspotczynnik regresji
aR b b’
Tfmin S-Ee -737.14 0.38*** -0.0701* -0.097* 15.6
T Ttd S-Ee -754.99 0.39%** 1.025* -0.11* 13.5
Tfmin Bh-Eh -750.0011 0.39%** -0.18* -0.055* 14.3
Tfd Bh-Eh -752.049 0.40%** 0.26* -0.051* 13.1
Tfmin S-Ee -862.105 0.44%** -0.33* -0.100001*  25.8
M Tfd S-Ee -887.15 0.46%*** 1.92%** -0.21%** 26.6
Tfmin Bh-Eh -977.93 0.503*** -0.38% -0.027* 24.9
Tfd Bh-Eh -896.31 0.46%*** 0.72% -0.053* 23.9

T — total yield (tha™), M — marketable yield (t-ha™"). Other explanations see tables 2 and 3.
T — plon ogdlny (t-ha™), M — plon handlowy (t-ha™). Pozostale objasnienia patrz tabele 2 i 3.

Lower than average minimum air temperature at the ground level not only delayed
particular phenological phases and dates of harvesting and lengthened cucumber devel-
opment stages but also negatively affected the quantity of final total and marketable
yield of the plant (tab. 6). The quantity of the total yield of cucumber was significantly
negatively determined by unfavourable thermal conditions of air at the ground level
occurring not only in spring but also in autumn and its variability amounted to from
13.1 to 15.6%; for the marketable yield — from 23.9 to 26.6%. The closest relationship
was proved for the marketable yield of cucumber and the number of days with frost in
the period from sowing to the end of emergence (R* = 26.6%), and the weakest relation-
ship — for the total yield and the number of days with frost in the period from the begin-
ning of harvesting to the end of harvesting (R* = 13.1%). In all constructed regression
equations not only a variable describing the distribution of Tfmin and Tfd was an inde-
pendent variable but also a variable describing a positive linear trend of cucumber yield
in the years 1966-2005 (aR).

DISCUSSION

In Poland, spatial and temporal distribution of frost mainly depends on vertical to-
pography, its cover and a type of substrate, hydrographical network and, next, on the
continentality factor [Kozminski and Trzeciak 1971]. Regions of Poland where high
frequency of frost occurrence in the growing season (from April to October) is noted are
marked by its high intensity and a shorter period without frost [Kozminski and Trzeciak
1971, Kozminski and Michalska 2001]. Unfavourable phenomena for agriculture will
probably be marked by increasingly high variability and not by their increased fre-
quency [Bokwa and Matuszyk 2005]. Because of that a necessity of further develop-
ment and improvement of systems of forecasting and early warning against unfavour-
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able phenomena, including frost, acquires much significance [Diaz and Martinez 1993,
Yang and Goodings 1998, Madelin and Beltrando 2005, Han and Goodings 2006,
Prabha and Hoogenboom 2008, Castellanos et al. 2009, Magbool et al. 2009]. In Poland
in spring, and especially in May, the bigger the absolute number of days with frost in
a given area is and the more frost of low sub-zero temperatures occurs, the higher risk
caused by frost in vegetable growing [Kozminski and Weber 1969]. It results from the
research by Kozminski and Trzeciak [1971] based on the multi-annual period 1951—
—1970 that last spring frost, in most regions of Poland occurs on average from 26™ April
to 5™ May. Earlier, before 25™ April, frost subsides in the region of the Szczecin La-
goon and the Bay of Gdansk, along the river Oder (within the stretch from Opole to the
Nysa Luzycka river mouth), in the Radom Plain and in the vicinity of Putawy, Terespol,
Chetm and Wieliczka. Relatively late, until 15™ May, last spring frost subsides in the
Pomeranian Lakeland, in the regions of Olsztyn and Szczytno, Bydgoszcz and Torun;
on the other hand, in the Carpathians and the Sudeten spring frost may occur after 25"
May and in the highest parts of the mountains as late as in June. Slightly different spa-
tial distribution is presented in the current work on the basis of the 40-year research
period 1966-2005, according to which earliest frost subsides before 10" May, i.e. on
average 15 days later than in the years 19511970, latest — after 25™ May, i.e. the same
as according to Kozminski and Trzeciak [1971]. On the other hand, first autumn frost in
most regions of Poland, except for the Carpathians, the Sudeten and Roztocze, occurs
on average in the second decade of October, but it may also occur in September [Koz-
minski and Trzeciak 1971, Kozminski and Michalska 2001, Draganska et al. 2004,
Wilczynski et al. 2005], i.e. similar to the years 1966-2005.

From the perspective of cucumber field cultivation, duration of the period without
frost in Poland, included between average dates of last spring and first autumn frost,
which in two thirds of Poland oscillates most often from 160 to 180 days, is also of big
importance [Kozminski and Trzeciak 1971]. The shortest period without frost, amount-
ing to 150 days, occurs in river valleys, land depressions and in the mountains. On the
other hand, analysing the period without frost on the basis of the dates of the latest
spring frost and the earliest autumn frost, it can be noticed that it becomes shortened, in
comparison with the period determined on the basis of average dates, to 130 days in
most regions of the country and even to 120 days — on the elevations of the Pomeranian
Lakeland, in the River Biebrza valley, in the Biatowieza region and in the Sudeten and
the Carpathians [Kozminski et al. 1990]. The period without frost in the years
19662005 is characterised by slightly different spatial distribution because the shortest
period, lasting below 120 days, encompassed not only submountainous regions but also
north-eastern Poland and the Lublin Upland. On the other hand, in the Pomeranian
Lakeland, where according to Kozminski and Trzeciak [1971] the period without frost
lasts slightly below 120 days, at present it is, on average, by 10 days longer. The longest
period without frost, lasting above 150 days, occurs only in the region of the Szczecin
Lagoon and the Bay of Gdansk and lasting above 140 days — in the Radom Plain, the
Sandomierz Basin, the Szczecin Lowland and the Zielona Géra Hills. However, it re-
sults from the research by Sokotowska [1980] that the growing season of cucumber
cultivated from sowing oscillates in Poland, on average, from 110 to 150 days, and the
longest period occurs in the Radom Plain, the Sandomierz Basin and in the Czgsto-
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chowa region, i.e. in the regions where last spring frost subsides earlier in comparison
with other regions and first autumn frost appears relatively late.

Not only the dates of ground frost but also its intensity determines cucumber risk at
the time of its occurrence. A drop of minimum temperature below a specified threshold
as well as the number of days with frost depend on the region of Poland. It results from
the research by Draganska et al. [2004] that the most frequent intensity type of frost is
mild frost, i.e. from 0 to -2°C both in spring and in autumn. Similar results were ob-
tained on the basis of data coming from the multi-annual period 1966-2005; in May
mild frost occurs on average twice as often as in September. Information on the occur-
rence of sequences of frost days is also of very high importance. According to Dragan-
ska et al. [2004] bigger damage may be done by milder frost which lasts several days in
a row than severe frost but lasting one day. In north-eastern Poland single frost days
occur most frequently and frost lasting two days is the second most common. The low-
est number of frost sequences occur in June and September and these months are
marked by single days with frost. On the other hand, it results from the research by
Kozminski [1976] that in most regions of the country, especially in its western and
central parts, potential risk for thermophilous agricultural plants caused by a sequence
of frost days lasting >2 days in the period from 11™ May to 30™ June is low and locally
very slight. Most frequently frost sequences lasting >2 days are recorded in April — on
average about 60%, in October — about 30%, and next in May — about 7% and in Sep-
tember about 3% of the total number of sequences in the growing season (from May to
October).

Cucumber, as a subtropical plant is very sensitive to ground frost and, therefore, it
should be sown and harvested in such a period when this risk has disappeared or before
it occurs. That is why, cucumber seeds should be sown between 10™ and 20™ May, and
locally even after 25™ May [Sokotowska 1980, Gorka 1987, Kalbarczyk 2006]. On the
other hand, it should be harvested, on average, until 10-20™ September, when risk of
frost occurrence at the end of the growing season of cucumber is still very low [Kal-
barczyk 2006, Kalbarczyk 2009a, 2009b]. Similar dates of sowing and harvesting of the
described plant are used in other countries of Central Europe [Bittsanszky et al. 1990].
Ignoring the dates of sowing causes that cucumber seeds often emerge longer and very
unevenly, especially when it takes place in a period with cold days causing shifts of
successive development stages in time and, as a result, also of the dates of harvesting or
that the plants do not emerge at all or die, irrespective of a cultivar, in extremely unfa-
vourable thermal conditions [Gorka 1987, Babik 2004]. Similar results are obtained in
the present work, in which negative influence of lower than average minimum air tem-
perature at the ground level on all the analysed phenological dates and the dates of har-
vesting was proved. It results from the research by Gorka [1987] that in Poland cucum-
ber emerges depending on average air temperature, quickest after 5 days at the tempera-
ture of 19°C, latest after 20 days — at 11°C. Damage of cucumber plants caused by low
air temperature may occur not only at the beginning and the end of the growing season
of the described plant but also in the period of flowering and even during fruit-setting
when after a period of high temperatures there occurs cooling to 4-6°C of several days.
A few days of cool air and low temperature in the root zone cause dying of the plants
because water uptake from soil is stopped and transpiration continues [Babik 2004].
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Some scientific results suggest that soil warming partly prevents unfavourable influence
of low air temperature at night on the growth of thermophilous plants [Ingratta 1980,
Liebig 1985]. In conditions when soil is warmed to 14°C, cucumber without any bigger
damage may survive even a longer period at air temperature amounting to only 10°C
[Liebig 1985].

RECAPITULATION

In Poland, in the years 1966-2005, spring and autumn ground frost is marked by
high variability, both spatial and temporal. In the whole country, on average, frost sub-
sides earliest, before 10™ May, at the Bay of Gdansk and in the Swinoujécie region, and
latest, after 25" May — in north-eastern, south-western and south-eastern Poland and
also in the Pomeranian Lakeland and, on average, first autumn frost appears earliest,
before 15" September, in the Podlasie Lowland and latest, after 10" October, in the
Stowinskie Coastland and at the Bay of Gdansk. In the years 1966-2005, at 12 meteoro-
logical stations out of the 51 considered stations, significant changes concerning dura-
tion of the period without frost were noted: its lengthening in northern Poland and in the
vicinity of Zielona Goéra, Kalisz and Krakéw — on average from 4 to 13 days/10 years,
shortening in the north-eastern part of Poland and in the vicinity of Opole — on average
from 6 to 10 days/10 years. The highest risk of ground frost occurrence in spring after
10™ May takes place in the north-east and in the submountainous regions situated in the
south-western and south-eastern parts of Poland and locally in the north (every
10 years), and in autumn before 30™ September in the south-west and south-east (every
10 years), and especially in the Podlasie Lowland (every 67 years).

Frost and minimum air temperature at the ground level significantly determine the
rate of growth and development of cucumber and also its final yield — total and market-
able. Minimum air temperature at the ground level lower than the multi-annual average
causes delay of all the analysed dates of phenological phases and harvesting (the longest
delay concerns the date of the end of harvesting and, next, the end of emergence),
lengthening of all development stages (the largest lengthening concerns the period from
the beginning of harvesting to the end of harvesting and, next, the period from sowing
to the end of emergence) and, as a result, reduction in cucumber yield (higher reduction
concerns the marketable yield than the total yield).

Ground frost poses high potential risk for field cultivation of cucumber in Poland
not only because of the fact that it significantly determines the rate of growth, develop-
ment and quantity of the plant yield but also because of its high spatial and temporal
variability and the highest cultivation risk occurs in north-eastern Poland where signifi-
cant shortening, year by year, of the period without frost was proved and where the
highest frost frequency both at the beginning and at the end of the cucumber growing
season was recorded.
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ZMIENNOSC PRZESTRZENNA I CZASOWA WYSTEPOWANIA
PRZYMROZKOW PRZYGRUNTOWYCH W POLSCE I ICH WPLYW NA
WZROST, ROZWOJ I PLON OGORKA KONSERWOWEGO (Cucumis
sativus L.), 19662005

Streszczenie. Dla §wiata roslin szczegélnie niebezpiecznym zjawiskiem sa przymrozki.
Destrukcyjny wpltyw przymrozkéw na rosliny ma charakter zarowno bezposredni, jak
i nastgpczy. Rozmiar szkdd wyrzadzonych przez przymrozki zalezy od ich intensywnosci,
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czgstotliwos$ci, pory ich wystgpowania i od gatunku rosliny. Celem pracy bylo poznanie
przestrzennego i czasowego rozkladu przymrozkéw przygruntowych w Polsce oraz okre-
$lenie wptywu minimalnej temperatury powietrza przy gruncie na termin faz fenologicz-
nych i zbioru oraz dtugos¢ okresow rozwojowych, a takze na wielko$¢ plonu ogérka od-
mian konserwowych na przetomie XX i XXI w.. Material zrodlowy wykorzystany w ni-
niejszym opracowaniu zebrano z 28 stacji doswiadczalnych COBORU i z 51 stacji mete-
orologicznych IMGW w latach 1966-2005. Przymrozki przygruntowe scharakteryzowano
m.in. za pomoca przecig¢tnych dat ostatnich wiosennych i pierwszych jesiennych przy-
mrozkow, dlugosci okresu bezprzymrozkowego, a takze intensywnosci i czgstosci ich wy-
stgpowania oraz trendu liniowego. Wplyw minimalnej temperatury powietrza przy grun-
cie na wzrost, rozwoj i plonowanie ogorka okre§lono za pomoca liniowej i krzywolinio-
wej analizy regresji, natomiast trend liniowy pojawienia sig¢ ostatnich wiosennych i pierw-
szych jesiennych przymrozkéw oraz dlugosci okresu bezprzymrozkowego — liniowej ana-
lizy regresji. Przymrozki przygruntowe stanowia duze potencjalne ryzyko polowej upra-
wy ogorka w Polsce nie tylko ze wzgledu na to, ze istotnie determinuja przebieg wzrostu,
rozwoju i wielko$¢ plonu tej rosliny, ale rowniez ze wzgledu na ich duza zmiennos¢ prze-
strzenna i czasowa. Najwicksze ryzyko uprawy ogorka wystepuje w Polsce poinocno-
wschodniej, gdzie udowodniono istotne skracanie si¢ z roku na rok okresu bezprzymroz-
kowego i1 gdzie notuje si¢ najwigksza czgstos¢ wystgpowania przymrozkéw zardwno na
poczatku, jak i na koncu okresu wegetacji ogorka.

Stowa kluczowe: ogorek, temperatura powietrza przy gruncie, trend czasowy, okres roz-
wojowy, analiza regresji
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