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Abstract

KALBARCZYK, R.: Reaction of fi eld cucumber (Cucumis sativus L.) to the delay of agrotechnical dates and pheno-
logical phases in Poland.  Acta univ. agric. et silvic. Mendel. Brun., 2009, LVII, No. 5, pp. 159–166

The aim of the work was to determine a potential decrease in yields and a risk of cultivation of fi eld 
cucumber of pickling varieties in Poland caused by the delay of the dates: fl owering, fruit setting and 
harvesting. In order to carry out this task the following phenological dates from whole Poland were 
used: emergence, fl owering and fruit setting and also the agrotechnical dates: sowing and harvest-
ing from 28 experimental stations of the Research Centre for Cultivar Testing (COBORU) through 
1966–2005. On the basis of linear regression analysis the relation between the yield of fi eld cucumber 
and the analysed agrotechnical and phenological dates was determined, taking into account the trend 
of the yield from 1966–2005. Moreover, a potential decrease in the yield caused by the delay of phe-
nophases was calculated for both the whole country and for its particular regions. The measure of 
matching of the regression function to empirical data was the determination coeffi  cient and the re-
gression equation error. Moreover, to determine the share of each of the selected factors in the pre-
diction of cucumber yield partial correlation analysis was used. The obtained results may be used, 
among other things, in the meteorological protection of agriculture and improvement of new tech-
nologies of cucumber fi eld cultivation.

cucumber, potential decrease in yield, phenological phase, agrotechnical date

Out of agrotechnical factors the decisive infl uence 
on the fi nal yield of fi eld-cultivated plants, including 
cucumber, is exerted by the date of sowing or plant-
ing and mineral fertilization (Gronowicz et al., 1992; 
Śnieg and Ludko, 1995; Schittenhelm, 2001; Kalbar-
czyk, 2003; Jadczak and Żurawik, 2004; Caliskan 
et al., 2008). The delay, in comparison to the optimal 
date of sowing or planting of fi eld-cultivated plants, 
causes that the plants develop in diff erent light, ther-
mal and moisture conditions, which in consequence 
leads to the movement of successive development 
stages in time and shortening of the vegetation sea-
son (Koźmiński et al., 1993; Chmielewski and Rö-
tzer, 2001; Tao et al., 2006).

According to Babik (2004), cucumbers should be 
sown when average daily temperature amounts to 
approximately 16.0 0C. In Poland the optimal air 
temperature for sowing occurs, on average, in the se-
cond half of May, but in particular years may oc-

cur in the period between the third decade of April 
and the second decade of June (Koźmiński and Mi-
chalska, 2001; Kalbarczyk, 2006b). Too late sowing 
of fi eld cucumber denotes a bigger risk of shorten-
ing of the vegetation season and, thus, a decrease in 
the fi nal yield of the plant and a higher probability 
of the occurrence of autumn ground frost in the pe-
riod of its fructifi cation. On the other hand, too early 
sowing of fi eld cucumber, into not warmed soil, ex-
poses the seeds to diseases and decay in the period of 
lengthened emergence. Earlier sowing o� en means 
also earlier emergence of cucumber and a danger 
of the occurrence of spring frost at the time, which 
causes damage to young seedlings (Babik, 2004).

According to Koźmiński and Trzeciak (1971), 
an average duration of the period with no frost (be-
tween average dates of the last spring and the fi rst au-
tumn frost) in Poland oscillates between below 130 
days and over 200 days, in the south of the country it 
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lasts shortest. The amount of risk of fi eld cucumber 
cultivation is aff ected not only by average but also 
by extreme dates of the occurrence of the last spring 
and the fi rst autumn frost. According to Koźmiński 
and Trzeciak (1971) and Koźmiński and Michalska 
(2001), the last spring frost can occur even at the end 
of May, especially in the North (the Pomorskie La-
keland) and the Central West of Poland; the fi rst au-
tumn frost, on the other hand, as early as at the end 
of the fi rst decade and the beginning of the se-
cond decade of September, especially in the North 
(the Pomorskie Lakeland, the Olsztyńskie Lakeland) 
and the South of the country (the Carpathian Foot-
hills, the Sudetic Foreland).

Plants react to the delay of sowing and plant-
ing, depending on a species and the region of Po-
land, with a diverse decrease in yields. For instance, 
the delay of the date of sowing by 10 days, in com-
parison with the optimal one, may cause a de-
crease in the yield of sugar beet from below 10% 
in the south-eastern part of Poland up to slightly 
above 15% in the north-eastern part (Koźmiński 
et al., 1993), and a decrease in the yield of late cul-
tivars of potato plant from below 10% in South-East 
Poland up to even slightly above 20% in the North-
East (Kalbarczyk, 2003). In the whole country spring 
crops react with a lower decrease of yields caused by 
a 10-day delay of the date of sowing: barley – 5%, tri-
ti ca le – 6%, and oats – 8% (Koźmiński and Michalska, 
2001; Kalbarczyk, 2006a). According to the research 
by Toro (2005), a delay by 1 day of the date of sowing 
or harvesting, depending on a species of cultivated 
plants, may result in yield losses from 0.2 to 1.2%.

There are no studies dedicated to the reaction 
of fi eld cucumber to the infl uence of both agro-
technical dates and phenophases. Therefore, this 
work made an eff ort to assess the relation be-
tween the yield of fi eld cucumber of pickling culti-
vars, the agrotechnical dates and the dates of phe-
nophases, and to determine a potential decrease in 
the yield of this plant due to the delay of the follow-
ing dates: fl owering, fruit setting and harvesting and 
also a risk of their occurrence.

MATERIALS
Field experimentation was represented by data 

concerning the yield volume of fi eld cucumber 
fruits (total and marketable yield), agrotechnical 
dates (sowing, beginning of harvesting, end of har-
vesting) and phenological phases (end of emer-
gence, beginning of fl owering, beginning of fruit 
setting), coming from 28 experimental stations of 
the Research Centre for Cultivar Testing (COBORU) 
through 1966–2005, excluding two years: 2003 
and 2004, in which the experiments were not con-
ducted (Fig. 1). The marketable yield of cucumber 
comprised a part of fruits for pickling from 6–10 cm 
long, of the dia me ter from 2.5–4.0 cm, however not 
smaller than the half of the fruit length. Data con-
cerning the level of crop productivity and the course 
of agro phe no lo gy were collected for all pickling va-

rieties, the commonest in cultivation, examined in 
a given year, which a� er averaging were accepted 
as a collective model of the described plant. Em-
ploying the collective model in the research was 
based on a supposition that intraspecifi c diff erences 
do not obscure the searched general regularities for 
the species.

Experiments from 1966–2005 were conducted in 
accordance with the methodology of COBORU used 
in the 1960s and updated many times in the follow-
ing years. Cucumber was cultivated in soils of wheat 
complexes: a very good one and a good one. Mostly, 
full organic manuring was used, at a dose from 30 to 
40 t . ha−1, which was ploughed in the autumn. De-
pending on soil richness of the time, mineral ferti-
lization, on average, amounted to 400 kg of a pure 
component per 1 hectare of the crop, including N 
and P2O5, which were embedded respectively at 
doses of 115 and 90 kg, and K2O – 195 kg.

METHODS
In order to determine the dependence of the yield 

of fi eld cucumber on agrotechnical dates and phe-
nological phases multiple regression analysis was 
used. It took into consideration, one a� er the other, 
the ana ly sed dates in the period from sowing to 
the end of harvesting and a linear trend of the yield, 
i.e., successive years of the analysed period from 
1966–2005. No statistically signifi cant infl uence 
of soil conditions and fertilization on the yield vo-
lu me of cucumber was found (own calculations). 
Therefore, the information was not included in 
the regression equation. These results confi rm that 
the COBORU stations conducted correct agrotech-
nology of cucumber cultivation and, therefore, it 
was mainly unfavourable agrometeorological con-
ditions, causing the delay or acceleration of agro-
technical dates and phenological phases, that de-
termined the fi nal yield. Parameters of the multiple 

 

1: Distribution of the stations of COBORU ( ) with the experi-
ments on field cucumber of pickling cultivars, conducted through 
1966–2005 against a background of selected towns in Poland ( )
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regression function were defi ned with the least 
squares method. The hypothesis of the signifi cance 
of the regression function, i.e. the multiple correla-
tion coeffi  cient, was assessed with the F-Snedecor 
test, and the signifi cance of regression coeffi  cients 
with the t-Student test. The measure of matching of 
the regression function to empirical data was the de-
termination coeffi  cient R2 (%) and the regression 
equation error Sy (t . ha−1). Moreover, to determine 
the share of each of the selected factors in the pre-
diction of cucumber yield (agrotechnical and phe-
nological dates, temporal trend) partial correlation 
analysis was used (Sobczyk, 1998; Stanisz, 2007).

In order to assess multiple regression equations, 
which describe the dependence of the yield of fi eld 
cucumber on the dates of phenophases and harvest-
ing, taking into account the linear trend of the yield 
from 1966–2005, two indexes were used – the so-
called relative forecast error, calculated based on 
the formula:

 y − ypRFE =  · 100 %
 y

and the average relative forecast error, for all the exa-
mi ned years of 1966–2005, which was calculated 
based on the formula:

 |y − yp|
ARFE =  · 100 %
 y

,

where:
y..... actual yield (t . ha–1),
yp ... potential yield (t . ha–1).

A decrease in the yield of fi eld cucumber caused 
by the delay of the beginning of the following dates: 
fl owering, fruit setting and harvesting, was calcu-
lated on the basis of the multiple regression equa-
tion which took into account, apart from successive 
dates of phenophases, the linear trend of the yield 
through 1966–2005. In each of the three created 
equations describing the infl uence of each date 
on the yield, a delayed by 10 days, average multi-
year date of a given agrophase was placed, succes-
sively for each considered station. Next, the yield 
calculated for a given station was compared with 
the multi-year actual yield of fi eld cucumber deter-
mined for the whole country, and the diff erences 
were expressed in %.

RESULTS AND DISCUSSION
The results of the partial correlation analysis ob-

tained for the relation between total and market-
able yield and successive agrotechnical dates and 
phenophases, considering the yield trend from 
1966–2005, placed in Tab. I, indicate that there was 
statistically signifi cant relation of all the analysed 
dates, except for the date of sowing. The lack of sig-
nifi cant infl uence of the date of sowing on the yield 
volume of cucumber is a result of sowing of the plant 
in accordance with agrotechnical recommendations 
and not the lack of cucumber sensitivity to this fac-
tor, as it is confi rmed by experiments with initially 
assumed 3 or 4 dates of sowing, oriented at inves-
tigating this relation (Babik, 2004). A stronger in-
fl uen ce of agrotechnical dates and phenological 
phases was proved for the volume of the total yield 
than the marketable yield, except for the end of har-
vesting. The total yield of fi eld cucumber was sig ni-
fi  cant ly aff ected by the dates from the end of emer-
gence to the beginning of harvesting; the marketable 
yield, on the other hand, from the beginning of fruit 
setting to the end of harvesting. The delay of the fol-
lowing dates: the end of emergence, the begin-
ning of fl owering, the beginning of fruit setting and 
the beginning of harvesting signifi cantly decreased 
the yield of cucumber and the delay of the end of har-
vesting positively aff ected the yield volume. The to-
tal yield was defi nitely determined in a strongest way 
by the date of the beginning of harvesting (rp = –0.54, 
P ≤ 0.01), and next by the dates of the beginning of 
fruit setting (rp = –0.49, P ≤ 0.01) and fl owering (rp = 
–0.46, P ≤ 0.01); the marketable yield, on the other 
hand, by the date of the beginning of harvesting (rp = 
–0.37, P ≤ 0.05), and next the date of the end of har-
vesting (rp = +0.35, P ≤ 0.05). The causes of the delay 
of the dates of cucumber phenophases and the date 
of the beginning of harvesting in the conditions of 
proper agrotechnology were most probably unfa-
vourable agrometeorological conditions; especially 
light and thermal conditions of air, which determine 
the rate of plant growth and development (Walczak 
and Sławiński, 2000; Chmielewski et al., 2004; Tao 
et al., 2006).

Another step of the work was the evaluation of 
a potential decrease in the cucumber total yield in 
fi eld cultivation, but only through the dates which 
infl uenced the yield of the plant most (rp < –0.45, P ≤ 
0.01), i.e., at the beginning of: fl owering, fruit setting 
and harvesting (Tab. II). In order to carry out the task 
multiple regression equations were developed, in 

I: Partial correlation coeffi  cients (rp) for the relation between the total and marketable yield of fi eld cucumber and agrotechnical dates (s, 
bh, eh) and phenological phases (ee, bf, bfs) in Poland, taking into account the linear trend through 1966–2005

Kind of yield
Date (day)

s ee bf bfs bh eh

Total −0.11 −0.35** −0.46*** −0.49*** −0.54*** 0.11

Marketable −0.092 −0.097 −0.18 −0.34** −0.37** 0.35**

s – sowing, ee – end of emergence, bf – beginning of fl owering, bfs – beginning of fruit setting, bh – beginning of harvest-
ing, eh – end of harvesting, *** signifi cant at P ≤ 0.01, ** signifi cant at P ≤ 0.05
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which, apart from phenological dates or harvest-
ing date, also the linear trend of the total yield of cu-
cumber through 1966–2005 was included. The de-
termination coeffi  cient oscillated between 0.63 for 
the equation taking into account the date of the be-
ginning of fl owering and 0.67 for the equation taking 
into account the date of the beginning of harvesting. 
In all the three formed equations natural variability 
of the yield of fi eld cucumber expressed by a stand-
ard deviation (S) was lower than the standard error 
of equation estimation (Sy); the lowest for the equa-
tion taking into account the date of the beginning 
of harvesting. The lowest, amounting to 6.8%, ave-
ra ge relative forecast error was found in the equa-
tion taking into account the date of the beginning 
of harvesting, and the highest, amounting to 9.9% – 
the date of the beginning of fl owering, which means 
that in all forecasts average diff erences between ac-
tual and predicted cucumber yield were lower than 
10%, which supports the possibility of their practi-
cal use. Very good forecasts (within the range from 0 
to 5%) constituted from about 45 up to slightly over 
53% of all forecasts, and good ones (from 5 to 10%) – 
from about 27 to 33%.

On the basis of these equations (Tab. II) a dia-
gram was formed, which enabled the determina-
tion of a decrease in the country’s total yield of fi eld 
cucumber, expressed in percentage of multi-year 
yield, with the assumed size of the delay of the fol-
lowing dates: the beginning of fl owering, the begin-
ning of fruit setting and the beginning of harvest-
ing, separately for each of them. A potential decrease 
of the total yield of cucumber for the whole coun-
try caused, e.g., by a 10-day delay, in comparison 
with the average multi-year yield of the period from 
1966–2005, of the dates of the beginning of fl ower-
ing may amount to 12.5%, the beginning of fruit set-
ting – 13.5%, and the beginning of harvesting – even 
14.3% (Fig. 2). Hence, it results that moving of suc-
cessive phenophases and the date of the beginning 
of cucumber harvesting in the conditions of proper 
agrotechnology is aff ected not only by the date of 
sowing but also by the course of meteorological 
conditions in the vegetation season of the plant, es-
pecially by air temperature which may accelerate 
or delay successive phenophases, like in the case of 
other fi eld-cultivated plants (Koźmiński et al., 1993; 

Dalezios et al., 2002; Kalbarczyk, 2003; Tao et al., 
2006). Therefore, despite the insignifi cant infl uence 
of the date of sowing on the fi nal yield of cucumber, 
a decrease in the yield may be caused by the delay 
of successive phenophases and by the date of har-
vesting. Frequency of the occurrence of the delay 
of: the beginning of fl owering, the beginning of fruit 
setting and the beginning of fi eld cucumber harvest-
ing by, e.g., 10 days, in comparison with the average 
date, for the whole country amounted to about 16, 
14 and 18% respectively, and, e.g., by 15 days only as 
little as about 4, 3, and 10% respectively (Fig. 3). Be-
low 1% of all the dates of the beginning of: fl owering, 
fruit setting and harvesting occurred with the delay 
of 17, 18 and 22 days, respectively, in comparison 
with average dates.

Diagrams presented in Fig. 2 enable the evaluation 
of the infl uence of the delay of phenophases and 
harvesting dates for the whole country. An identical 
delay may be, however, the cause of yield losses of 
diff erent size depending on the region of the coun-
try (Koźmiński et al., 1993; Koźmiński and Michal-
ska, 2001; Kalbarczyk, 2006b). Due to these reasons, 
another stage of the work was the determination of 
a potential decrease of cucumber yield caused by 
an assumed 10-day delay of the three analysed dates. 
As a result of the delay of the beginning of fl ower-
ing by 10 days (in comparison with the average date) 
a potential decrease of the yield of fi eld cucumber 
in Poland may run from below 3% in Central-West 
Poland (the Wielkopolska Lowland, the Silesian 
Lowland), in the Mazovian Lowland (the vicinity of 
Warsaw) and in the Sandomierz Basin (the vicinity 
of Rzeszów) up to over 15% in the northern, north-
western and southern part of the country and in 
Roztocze (the vicinity of Zamość), the Kraków-Czę-
stochowa Upland (the region between Częstochowa 
and Cracow) and in the vicinity of Kielce (Fig. 4). 
Similar spatial diversifi cation of a potential de-
crease of the yield of fi eld cucumber in Poland may 
be caused by a 10-day delay of the date of the be-
ginning of fruit setting, which in Poland occurs 
in the second decade of July (Kalbarczyk, 2006b). 
A potential decrease of the yield in this case can also 
oscillate, most o� en, between 3 and 15%, when com-
pared to the average multi-year yield; the highest de-
crease will occur in the northern, south-western and 

II: Regression equations for the relation of the total yield of fi eld cucumber and the dates of the beginning of: fl owering (bf), fruit setting 
(bfs) and harvesting (bh), taking into account the linear trend through 1966–2005

Regression equations R2
(%)

Sy-S
(t·ha−1)

ARFE
(%)

Frequency of the 
occurrence of RFE in range

0–5 (%) 5–10 (%)

y = −489.736*** + 0.3077R*** − 0.463bf*** 0.63 3.0 9.9 45.3 32.9

y = −442.725*** + 0.289R*** − 0.496bfs*** 0.64 3.2 9.7 49.0 30.7

y = −307.782*** + 0.223R*** − 0.527bh*** 0.67 3.7 6.8 53.4 26.8

R2 – determination coeffi  cient (%), Sy-S – diff erence between the standard error of equation estimation and a standard de-
viation (t·ha-1), R – the linear trend of the yield, i.e., successive years of the 1966–2005 period, *** signifi cant at P ≤ 0.01, 
ARFE – average relative forecast error (%), RFE – relative forecast error (%), y – total yield of cucumber.
Other explanations, see table I.
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southern part of the country and in the Małopolska 
Upland (the regions of Częstochowa and Kielce). 
However, the highest danger to cucumber yields is 
connected with a 10-day delay of the date of the be-
ginning of harvesting. At this development stage, 
the plant has no time to compensate for the loss 
caused by the course of unfavourable meteorologi-
cal conditions earlier in the vegetation season (Koź-
miński et al., 1993). In Central and Central-West Po-
land and in the Sandomierz Basin (the vicinity of 
Rzeszów) a potential decrease in the yield caused by 
the 10-day delay of the date of the beginning of har-
vesting may not exceed 9%, like in the case of the de-
lay of the dates of the beginning of fl owering and 
fruit setting, and in the regions of Warsaw, Wrocław 
and Zielona Góra – 3%. An over two-fold decrease of 
the yield, amounting to even above 18%, may occur 
in the North, South-West and South of the country 
and in the Lublin Upland (the vicinity of Zamość) 
and in the Kielce region.

The 10-day delays of each of the analysed dates oc-
cur in Poland with a similar frequency, oscillating, in 
general, between 10 and 30%, and can also be cha-
rac te ri sed by a similar, close to the latitudinal one, 

spatial distribution (Fig. 5). The area of the coun-
try in which the frequency of the delay of the dates 
by 10 days (compared to the average) did not ex-
ceed 10%, gradually decreased, from the biggest one 
covering the whole central part of the country – for 
the date of the beginning of fl owering, to the small-
est one, occurring only in Central-West Poland and 
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2: A potential decrease in the total yield of field cucumber (%) 
caused by the delay of the date of the beginning of: flowering (bf), 
fruit setting (bfs) and harvesting (bh) for the whole country
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3: Frequency of the occurrence (%) of the date of the beginning of: 
flowering (bf), fruit setting (bfs) and harvesting (bh) of field cu-
cumber for the whole country
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4: Spatial distribution of a potential decrease in the total yield of 
field cucumber (%) caused by the 10-day delay of the date of the 
beginning of: flowering (a), fruit setting (b) and harvesting (c) 
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in the vicinity of Wrocław, Rzeszów and Warsaw – 
for the date of the beginning of harvesting. Most of-
ten, over 30%, the delays of the analysed dates oc-
curred in the North (the Pomeranian Lake District) 
and the North-East of the country, and in the case of 
harvesting also in the South-West; the biggest area of 
Poland with this threat pertained to the date of har-
vesting, the smallest area to fl owering.

Comparing the frequency of the delay of the ana-
ly sed dates of fi eld cucumber with other agricul-
tural plants in Poland one can point to a higher risk 
of the cultivation of the described plant caused by 
the delay than in the case of other plant species. For 
example, the frequency of a 10-day delay of the date 
of emergence and fl owering of late cultivars of potato 
plant oscillates in Poland from below 8% to above 
12%, and in the case of fl owering up to above 18%; 
most o� en it occurs in the North-East of the country 
(Kalbarczyk, 2003). The date of emergence and tiller-
ing of spring triticale oscillates only between 5% and 
slightly above 10% (Kalbarczyk, 2006a). In the case of 
sugar beet and cereal plants the frequency of the de-
lay in Poland is determined only for the date of sow-
ing. Probability of the occurrence of the assumed 
10-day delay of the date of sowing may oscillate be-
tween 5% – in the case of sugar beet, oats and spring 
barley and over 20% – in the case of spring wheat; 
most o� en it occurs in the North-East and South of 
the country (Koźmiński and Michalska, 2001).

CONCLUSIONS
The total yield and marketable yield of fi eld cu-

cumber fruits (pickling cultivars) was signifi cantly 
correlated, at the level of P ≤ 0.01, with all the exa-
mi ned agrotechnical and phenological dates in 
the vegetation season, except for the date of sowing. 
The strongest infl uence on the yield was exerted by 
the dates of the beginning of: fl owering, fruit setting 
and harvesting. As early as possible dates of: the end 
of emergence, the beginning of fl owering, the begin-
ning of fruit setting and the beginning of harvesting 
and a late date of the end of harvesting were condu-
cive to big total and marketable yields of cucumber. 
A delay by 10 days, in relation to average dates of 
the beginning of fl owering, the beginning of fruit 
setting and the beginning of harvesting may, on ave-
ra ge, lead to a decrease in the total yield of cucum-
ber in Poland respectively by 12.5, 13.5 and 14.3%; 
the highest delay in the northern and south- northern 
and southern part of the country. The 10-day delay 
of the dates which determined the yield of fi eld cu-
cumber in the strongest way most frequently, over 
30%, occurred in the North of the country, and most 
seldom, below 10%, in the central strip of Poland 
in the case of fl owering, and in the central-western 
part of the country, in the Silesian Lowland and in 
the Sandomierz Basin in the case of fruit setting and 
harvesting.

a

b

c

5: Spatial distribution of the frequency of years (%) with the date 
of the beginning of: flowering (a), fruit setting (b) and harvesting 
(c) of field cucumber delayed by 10 days, 1966–2005 



 Reaction of fi eld cucumber to the delay of agrotechnical dates and phenological phases in Poland 165

REFERENCES
BABIK, J. (ed.), 2004: Ekologiczne metody uprawy ogórka. 

Wyd. Radom: Kongresowe Centrum Rolnictwa 
Ekologicznego, 38 s. ISBN 83-89060-34-5.

CALISKAN, S., CALISKAN, M. E., ARSLAN, M., 
ARIOGLU, H., 2008: Eff ects of sowing date and 
growth duration on growth and yield of ground-
nut in a Mediterranean-type environment in Tur-
key. Field Crops Research, 105: 131–140. ISSN 
0378-4290.

CHMIELEWSKI, F. M. and RÖTZER, T., 2001: Re-
sponse of tree phenology to climate change cross 
Europe. Agric. Forest Meteorol., 108: 101–112. 
ISSN 0168-1923.

CHMIELEWSKI, F. M., MÜLLER, A., BRUNS, E., 
2004: Climate changes and trends in phe no-
lo gy of fruit Trees and fi eld crops in Germany, 
1961–2000. Agric. Forest Meteorol., 121: 69–78. 
ISSN 0168-1923.

DALEZIOS, N. R., LOUKAS, A., BAMPZELIS, D., 
2002: The role of agrometeorological and agro-
hydrological indices in the phenology of wheat in 
central Greece. Physic and Chemistry of the Earth, 
27: 1019–1023. ISSN 1474-7065.

GRONOWICZ, Z., ZIELIŃSKA, A., KOSECKA, Z., 
1992: Wpływ terminu sadzenia i nawożenia azo-
tem na zawartość i plon suchej masy, zawartość 
białka ogółem oraz witaminy C w bulwach sześ-
ciu odmian ziemniaka. Acta Acad. Agricult. Tech. 
Olst., Agricultura, 54: 149–160. ISSN 0860-2832.

JADCZAK, D. and ŻURAWIK, A., 2004: Wpływ ter-
minu i normy siewu nasion na wielkość i jakość 
plonu cebuli siedmiolatki odmiany ‘Sprint’. Folia 
Univ. Agric. Stetin. Agricultura, 239 (95): 161–164. 
ISSN 1506-1973.

KALBARCZYK, E., 2006a: Agrofenofazy a plony 
pszenżyta jarego w północnej Polsce. Folia Univ. 
Agric. Stetin. Agricultura, 247 (100): 75–82. ISSN 
1506-1973.

KALBARCZYK, R., 2003: Zależność między pozio-
mem plonowania a agrofenologią późnych od-

mian ziemniaka w Polsce. Acta Sci. Pol., Agricul-
tura, 2 (2): 83–92. ISSN 1644-0625.

KALBARCZYK, R., 2006b: Time and spatial distribu-
tion of agrotechnical dates and phenological stages 
of cucumber in western Poland. Acta Sci. Pol., Hor-
torum Cultus, 5 (2): 51–68. ISSN 1644-0692.

KOŹMIŃSKI, C. and TRZECIAK, S., 1971: Prze-
strzenny i czasowy rozkład przymrozków wiosen-
no-jesiennych na obszarze Polski. Prz. Geogr., 4: 
523–549. ISSN 0033-2143.

KOŹMIŃSKI, C., MICHALSKA, B., CZARNE-
CKA, M., 1993: Ekstremalne warunki pogodowe. 
In: DZIEŻYC, J. (ed.) Czynniki plonotwórcze – plono-
wanie roślin. PWN Warszawa – Wrocław, 214–220. 
ISSN 83-01-11120-8.

KOŹMIŃSKI, C. and MICHALSKA, B. (EDS), 
2001: Atlas of climatic risk to crop cultivation in Po-
land. Wyd. Szczecin: AR Szczecin i US, 81 s. ISSB 
83-87327-24-7.

SCHITTENHELM, S., 2001: Eff ect of sowing date on 
the performance of root chicory. Eur. J. Agron., 15: 
209–220. ISSN 1161-0301.

SOBCZYK, M., 1998: Statystyka, podstawy teoretyczne, 
przykłady – zadania. Wyd. Lublin: UMCS, 407 s. 
ISBN 83-227-1153-0.

STANISZ, A., 2007: Przystępny kurs statystyki z zastoso-
waniem Statistica Pl na przykładach z medycyny. Analizy 
wielowymiarowe. Wyd. Kraków: StatSo� , 500 s. ISBN 
978-83-88724-19-0.

ŚNIEG, L. and LUDKO, M., 1995: Reakcja odmian 
ziemniaka na opóźnienie terminu sadzenia na Po-
morzu Zachodnim. Rocz. Nauk Roln. Seria A, 111: 
117–126. ISSN 0080-3650.

TAO, F., YOKOZAWA, M., XU, Y., HAYASHI, Y., 
ZHANG, Z., 2006: Climate changes and trends 
in phenology and yields of fi eld crops in China, 
1981–2000. Agric. Forest Meteorol., 138: 82–92. 
ISSN 0168-1923.

TORO, A., 2005: Infl uences on timeliness costs and 
their variability on arable farms. Biosystems Engi-
neering, 92 (1): 1–13. ISSN 1537-5110.

SOUHRN
Reakce polních okurek (Cucumis sativus L.) na opoždění agrotechnických termínů 

a fenologických fází v Polsku
U polních okurek nakladaček byla zjištěna průkazná korelace na hladině P ≤ 0,01 mezi celkovým 
a tržním výnosem a všemi zkoumanými agrotechnickými a fenologickými daty v průběhu vege-
tace, mimo doby výsevu. Největší vliv na výnos měl začátek kvetení, začátek násady plodů a sklizně. 
Včasné ukončení klíčení, včasný začátek kvetení, začátek tvorby plodů a začátek sklizně a pozdní da-
tum ukončení sklizně umožnily vysoký celkový a tržní výnos okurek. Zpoždění 10 dnů oproti prů-
měrnému termínu začátku kvetení, začátku tvorby plodů a začátku sklizně může vést k poklesu cel-
kového výnosu okurek v Polsku, a to v průměru o 12,5; 13,5 a 14,3 %; největší zpoždění je v severní, 
jižně severní a jižní části krajiny. Desetidenní zpoždění v termínech, které určují výnos polních oku-
rek nejvýrazněji, vedou na severu k poklesu výnosu nejčastěji nad 30 %, a zcela ojediněle pod 10 % ve 
středním Polsku v případě kvetení, ve středozápadní části země, ve Slezské nížině a v Sandomierz-
ském povodí v případě tvorby plodů a sklizně.

okurky, potenciální pokles výnosu, fenologické fáze, agrotechnické termíny
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