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ABSTRACT: The aim of the work was to determine whether and how the frequently observed trends in air tempera-
ture changes affect the dates of phenophases of field cucumber (pickling variety) cultivated in Poland. Completion of
the task included gathering of monthly and seasonal data concerning average air temperature in the vegetation season
of cucumber collected from 53 stations of the Institute of Meteorology and Water Management and of phenologi-
cal and agrotechnical dates collected from 28 experimental stations of the Research Centre for Cultivar Testing over
1966—2005 all over Poland. Dependence between the dates of phenological phases and average air temperature, their
trend and the size of the changes for the 40-year research period of 1966—2005 were determined on the basis of a linear
regression analysis. Moreover, the generalized cluster analysis was employed to group years, similar in terms of the
course of cucumber phenophases: emergence, flowering and fruit setting, together with thermal conditions of air in
the period preceding their occurrence. If the current tendencies hold slight acceleration of phenophases: emergence
(+1.2 days/10 years), flowering (+1.9 days/10 years), fruit setting (+2.1 days/10 years) and growing acceleration of the
dates of harvesting (the beginning by +3.1 days/10 years, and the end by +6.4 days/10 years), it leads to the shortening

of the fructification period and it may thus deteriorate conditions for achieving good cucumber yields in Poland.
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At the end of the 20" century and at the begin-
ning of the 21* century there were numerous re-
ports on fast changes occurring in air temperature
both in Europe and in the world. An increase in
average monthly air temperature measured by me-
teorological stations was confirmed, among others
by KNIGHT and STANEVA (2002) or VENTURA et al.
(2002), in Poland by LoreNC (2000), KOZUCHOWSKI
and ZMUDzKA (2002) and Boryczka and STOPA-
Boryczka (2004).

Air temperature is one of the most important me-
teorological elements determining the rate of plant
growth and development (SYsoeva et al. 1997; Po-
povV et al. 2003; AHMED et al. 2004; CHMIELEWSKI
et al. 2005). Air temperature fluctuations in subse-
quent years modify the course of the occurrence of
phenological phase dates and, thus, affect the size
and quality of the yield of crop plants. Changes in
the course of phenology occurring under influence
of climate changes, depending on a plant species and
a world region, can be totally different — from accel-
eration to retardation of the occurrence of pheno-
logical phases (CHMIELEWSKI et al. 2004; LOBELL et
al. 2007; WANG et al. 2008; X1A0 et al. 2008). In the
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case of the cucumber, characterized by a quite early
date of fruit ripening, the course of weather during
emergence, flowering and fruit setting is especially
important, and later largely determines the duration
of fructification and the level of crop productivity.
In climatic conditions of Poland average length of
cucumber fructification amounts to 44 days and os-
cillates, in general, between 4 and 8 weeks (KALBAR-
czyK 2006). Publications concerning the effect of
climate changes on the course of plant phenophases
are comparatively rare (AHAS et al. 2000; MENZEL
2000; DALEZIOS et al. 2002; MAZURCZYK et al. 2003;
CHMIELEWSKI et al. 2004; TAao et al. 2006). There
are no similar studies for field vegetables, including
cucumber.

The goal of the work was to determine whether
and how the highly observed trends in air tempera-
ture changes affect the dates of phenophases of field
cucumber cultivated in Poland.

MATERIAL AND METHODS

The work uses data from 53 stations of the Institute
of Meteorology and Water Management (IMGW),
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Fig. 1. Distribution of experimental stations of COBORU
(m) and meteorological stations of IMGW (@)

encompassing the average monthly air tempera-
ture in Poland from the months from May to Oc-
tober and from the May—October season, over
1966-2005 (Fig. 1). Air temperature was collected
from the Agrometeorological Bulletins (Agromete-
orological Bulletins 1966-2002) and the Bulletin
of State Hydrological and Meteorological Service
(Bulletin of State Hydrological and Meteorological
Service 2003-2005) and was partially made acces-
sible by IMGW in Warsaw. The temporal structure
of air temperature was statistically described with
the use of the following: the average (X), the stand-
ard deviation (S), extreme values of the minimum
(Min) and the maximum (Max), deviations from
the multi-annual average over 1966-1995 (ATa)
and the linear trend. Based on linear regression
equations created for the relation of average air
temperature (calculated on the basis of 53 IMGW
stations) to subsequent years of the period from
1966-2005, 10-year upward temperature changes
were calculated.

The work also employed the results of phenologi-
cal observations of field cucumber, conducted in the
whole country in 28 experimental stations of the Re-
search Centre for Cultivar Testing (COBORU) over
1966—-2005, excluding two years: 2003 and 2004, in
which the tests were not conducted (Fig. 1). Phe-
nological observations covered the following dates:
the end of emergence (Ee), the beginning of flower-
ing (Bf) and the beginning of fruit setting (Bfs). The
work also used the following agrotechnical dates of
cucumber: sowing (Sg), the beginning of harvest-
ing (Bh) and the end of harvesting (Eh). In order to
standardize the terms of cucumber development,
each development stage determined according to
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COBORU was additionally described with the nu-
merical scale of BBCH (Biologische Bundesanstalt,
Bundessortenamt and Chemical Industry), binding
in EU states, with the use of the principle for deter-
mining development stages of monocotyledonous
and dicotyledonous plants (MEIER 2001). Starting
materials were collected for all, the most common
in cultivation, cucumber pickling cultivars exam-
ined in a given year, which were after averaging
accepted as a collective standard of the described
plant. Experiments from 1966—2005 were carried
out on soils for field cucumber cultivation: very
good and good wheat complexes and a very good
rye complex. In the cultivation mainly fully organic
manuring was used, at a dose from 30 to 40 t/ha,
which had been ploughed up in the autumn. Spring
organic manuring, on the other hand, amounted
on average to 400 kg/ha of the crops, where N and
P,O, were embedded at the doses of 115 and 90 kg,
and K, O at 195 kg, respectively.

In order to determine the relations between the
dates, emergence, flowering and fruit setting of the
cucumber, and average air temperature in May and
in the period of May—June and to determine the
linear trend of phenological phases over 1966 to
2005 the analysis of single regression was used. Pa-
rameters of the regression function were defined
with the least squares method. The hypothesis of
the significance of regression, i.e. the correlation
coefficient, was examined with the F-Snedecor test,
and the significance of regression coefficients with
the ¢-Student test. The measure of matching of the
regression function to empirical data was the cor-
relation coefficient (r) (SoBczYK 1998).

In order to group years (1966—2003, 2005), simi-
lar as to the course of cucumber phenological phas-
es, and accompany them with thermal conditions
of air in May and the period of May—June, method
of the generalized cluster analysis was used. Before
the analysis the phenological dates and values of
average air temperature underwent normalization
based on the formula:

X; — Min(X))

Z. =
" Max(X;) - Min(X))
where:
Max(X)), Min(X)) - highest and the lowest j value of this

variable X.

After such normalization all variables assumed
values from the same interval (0; 1). The division of
all the analyzed variables into clusters was carried
out with the non-hierarchical method of k-means,
in which the squared Euclidean distance was used
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(JaIN et al. 1999; EVERITT et al. 2001). Grouping
of observations with the method of k-means con-
sisted in moving observations from cluster to clus-
ter in order to maximize variance between particu-
lar clusters, at the same time minimizing variance
within the analyzed clusters. For the determination
of the number of clusters the test of the v-fold cross-
validation was used. The significance of differences
between isolated clusters was assessed by means of
the variance analysis using the Fisher’s test at the
level of P < 0.05 (DoBOsz 2001).

RESULTS AND DISCUSSION

Variability of average air temperature

In the years of 1966—-2005 average air tempera-
ture in Poland in the vegetation season of field cu-
cumber (May—October) amounted to 14.6°C. The
lowest one, amounting to 12.9°C, was recorded in
1980 and the highest one, amounting to 16.3°C,
in 2002 (Table 1, Fig. 2). In the May—October sea-
son a significant increase in air temperature was
noted, the linear trend equalled +0.21°C per each
10 years (r = +0.37, P < 0.05), which gave an increase
by 0.84°C in the whole period of 40 years. During
40 years of observations air temperature lower than
average was recorded 17 times (the average for
1966—1995) and higher than average 23 times. An
especially intense increase in air temperature was
observed from the beginning of the 1990s, from
1992 almost all years were warmer than the aver-
age. The exception was two years: 1996, by 0.3°C
colder than the average and 1993, colder by 0.2°C.

An increase in air temperature in particular
months of the cucumber vegetation season in Po-
land was determined by three months: May, July

and August (Table 1, Fig. 2). The highest significant
increase in average air temperature occurred for
August (+0.42°C/10years; r = 0.42, P < 0.01), alower
one for July (+0.35°C/10 years; r = 0.28, P < 0.1) and
May (+0.32°C/10 years; r = 0.27, P < 0.1). As in the
case of the average air temperature from the whole
season of May—October, also in the case of partic-
ular months of this period one can note a higher
increase in air temperature from the beginning of
the 1990s. In May from 1966—2005 air temperature
higher than average was recorded 25 times, and in
the last 15 years (1991-2005) — 10 times. The high-
est positive deviation of air temperature from the
norm (the average for 1966—-1995) was noted, like
in the whole analyzed period, in 2002 (+3.5°C), and
next in 1993 (+3.0°C). In July the highest positive
deviation of air temperature from the norm was
recorded in 1994 (+3.4°C) and 2002 (+2.4°C); in
August, in 1992 (+3.4°C) and 2002 (+2.9°C). Ana-
lyzing deviations of air temperature in subsequent
years of the period of 1966-2005 simultaneously
in three months, in which its significant increase
was proved, it can be said that the highest positive
deviation in the whole research period occurred in
2002, and next in: 2003, 1992 and 2001.

Significant differences in the value of air tem-
perature in Poland at the turn of the 20 and the
21% century, in subsequent years of the cucumber
vegetation season (May—October), were also con-
firmed by MicHALskA and KALBARCZYK (2005),
KozucHowskl and DEGIRMENDZIC (2005), and
ZAWORA (2005). ZAwORA (2005), on the basis of
44 stations of IMGW, noted an increase in average
air temperature in the 1990s in comparison with
the normal period of 1960-1990, with the highest
increase in August by 1.1°C and in July by 0.9°C, and
a lower one in May and June —0.3°C each. MICHAL-

Table 1. Statistical parameters and linear trend of average monthly and season air temperature (in °C) in Poland,

1966-2005

Month/season x S Min Max Trend (°C/decade)
May-October 14.6 0.8 12.9 16.3 0.21%*

May 13.1 1.5 9.3 16.3 0.32*%

June 16.0 1.1 14.0 18.5 0.09

July 17.7 1.5 14.7 21.0 0.35*
August 17.5 1.2 15.1 20.6 0.42%**
September 13.1 1.4 10.3 16.0 0.021
October 8.6 1.6 5.7 11.8 0.035

x — mean (average of 53 stations from the Institute of Meteorology and Water Management), S — standard deviation,

Min — extreme minimum, Max — extreme maximum. Trends are significant with *P < 0.10, **P < 0.05, ***P < 0.01
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Fig. 2. Average season (Ta . , ) and monthly (Ta, Ta , Ta) air temperature for Poland

*P < 0.10,

monthly means, right: anomalies compared to the 1966—1995 standard period. Trends are significant with

**P < 0.05, ***P < 0.01
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skA and KALBARCZYK (2005), on the other hand,
proved a significant, positive trend in average air
temperature in the Szczecin Lowland (North-West
Poland) in May, in July and August. KOZUCHOWSKI
and DEGIRMENDZIC (2005) assessed air tempera-
ture changes in five regions of Poland not only
on the basis of the value of the average but also
on the basis of the sums: > 0°C, > 5°C and > 15°C
and the number of days with temperature > 15°C,
confirming its increase in some months of the cu-
cumber vegetation season — the highest in August
by 0.6°C.

Influence of average air temperature on the
course of agrophenology

Changeable thermal conditions of air in sub-
sequent years (Table 1, Fig. 2) cause diversifica-
tion of the course of development stages of both
wild-growing and crop plants (SPARKS et al. 2000;
CHMIELEWSKI, ROTZER 2002; CHMIELEWSKI et al.
2004; Tao et al. 2006). Changes in the dates of phe-
nophases could be observed also in Poland for the
medium-early potato variety. According to KaL-
BARCZYK and KALBARCZYK (2004) a significant, at
the level of P < 0.05, negative trend over 1972-1995
was shown by main phenophases of the potato
plant: emergence, flowering and haulm drying.

Phenological phases of field cucumber in Poland
fell, on average, on the period of June—July: the end
of emergence — 3™ June, the beginning of flowering
— 7" July and fruit setting — 12" July (Table 2). Both
the earliest and the latest dates of subsequent dates
of cucumber development stages usually differed
by 1-3 weeks from the average dates, and higher
differences pertained to the latest dates and not the
earliest ones. The analysis of the linear trend of cu-
cumber phenophases showed a statistically signifi-
cant, at the level of P < 0.01, negative temporal ten-

dency, i.e., acceleration, year by year, of emergence,
flowering and fruit setting. The changes were more
significant in the later phenophases — for emer-
gence average acceleration of the date amounted to
1.2 days/10 years, for flowering —1.9 days/10 years,
and for fruit setting —2.1 days/10 years. The conse-
quence of the acceleration of phenological phases,
excluding a significant change in the date of sow-
ing, was also the acceleration of cucumber harvest-
ing — the beginning by 3.1 days/10 years and the
end by as many as 6.4 days/10 years.

All the considered cucumber phenophases were
correlated in a strongest way, at the level of P < 0.01,
with average air temperature from a period of one
or two months preceding an average date of their
occurrence (Fig. 3). The date of the end of emer-
gence was the most negatively correlated with aver-
age air temperature in May and the dates of the be-
ginning of flowering and fruit setting in the period
of May—June. The correlation coefficient amounted
to: —0.59, —0.65 and —0.67 for emergence, flowering
and fruit setting, respectively.

It results from the equations of the linear regres-
sion (Fig. 3) that an increase in air temperature in
May by 1°C caused acceleration, by nearly 2 days, of
the date of emergence, and average air temperature
in the May-June period by approximately 4 days
each, in the case of the date of flowering and fruit
setting. The comparison of the date of phenophase
occurrence in subsequent years of the 40-year re-
search period with the average period (the average
for 1966-1995), against a background of thermal
conditions of air, showed increasingly early, year by
year, occurrence of the dates of the analyzed phe-
nophases, which was also indicated by the analysis
of the trend. Since the beginning of the 1990’s we
were able to observe a distinct prevalence of nega-
tive deviations of the dates of phenophases in sub-
sequent years. In the last 15 years (excluding 2003

Table 2. Statistical indexes of agrotechnical® dates and phenological phases of cucumber in Poland, 1966-2005

Agrophase BBCH scale % (DOY) Date (day) S (DOY) Min (DOY) Max (DOY) Trend (day/decade)
Sg 2 137.4 16/05 1.9 134 142 n.s.

Ee 09,009 155.8 3/06 4.7 147 165 -1.2%

Bf 61,601 189.0 7/07 5.9 175 207 —1.9%*

Bfs 71,701 194.5 12/07 6.0 180 214 —2.1%%*

Bh 2 204.1 22/07 7.3 191 223 —3.1%**

Eh 2 247.3 3/09 11.1 227 271 —6.4%**

x — mean (average of 29 stations from the Research Centre for Cultivar Testing), n.s. — non-significant, Sg — sowing,
Bh - beginning of harvest, Eh — end of harvest, BBCH-code: 09,009 — end of emergence (Ee), 61,601 — beginning of
flowering (Bf), 71,701 — beginning of fruit setting (Bfs), DOY — day of the year. Other explanations see Table 1

HORT. SCI. (PRAGUE), 36, 2009 (2): 75-83

79



170 |

165 | . .

160

=
2
< 155 |
5]
Ee = 18053 - 1.88Tay
150 |
r=-059"" . .o
.
145 . : : . :
9 10 11 12 13 14 15 16 17
210 .
.
205 |
200 ] .
195 |
S
z 19 |
a
= 185 |
m
180 |
Bf = 242.47 - 3.68Tag o .
175 4 r=-065m .
170 . : : :
12 13 14 15 16 17
20 _
as |,
210 |
205 | o
=
g 200 |
€ 195 |
=
190 |
185 4 Bfs = 250.74 — 3.87Tags o
.
180 | r=-067% .
175 T T T T
12 13 14 15 16 17
Ta (°C)

Fig. 3. Left: relation between phenological phases of cucumber (Ee, Bf, Bfs) and average air temperature (Ta
in Poland, 1966-2005 and right: deviations of the dates of phenophases (AEe, ABf, ABfs) and average air
) from the average over 1966—1995. Trends are significant with ***P < 0.01,

Tags_o)
temperature (ATa ,, ATa
DOY - day of the year

ATa

05-06 05-06

and 2004) negative deviations of the dates of phe-
nophases from the average value were recorded as
many as 9 times out of 13 cases; the highest one in
2002 — in the case of emergence by nearly 9 days, for
flowering by 7 days and for fruit setting by 8 days.

Changeable duration of the periods of cucumber
interphases in subsequent years is the consequence
of the change of phenophase dates (Table 3). Sig-
nificant changes concerning the duration of field
cucumber periods over 1966-2005 were proved
statistically, at the level of P < 0.01, for two inter-
phases, sowing-end of emergence and beginning
of harvesting-end of harvesting, which were short-
ened by —1.8 days/10 years and —3.7 days/10 years,
respectively.
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Apart from the regression analysis, the general-
ized cluster analysis was used to evaluate the effect

Table 3. Statistical indexes of cucumber development
stages in Poland, 1966-2005

Duration of X S Min  Max Trend
agrophase (day) (day) (day) (day) (day/decade)
Sg-Ee 18.5 4.3 13 27 —1.8%**
Ee-Bf 33.2 4.1 21 42 n.s.
Bf-Bfs 5.5 1.5 4 12 n.s.
Bfs-Bh 9.6 3.8 4 25 n.s.
Bh-Eh 43.2 8.2 27 58 —3.7%*

Explanations see Tables 1 and 2
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Table 4. Statistical characteristics of cucumber phenophases and thermal conditions by separated clusters,

1966-2005
Development stages (day) Air temperature (°C)
Cluster Number mean deviation from mean deviation from
number  of years the average” the average®
Ee Bf Bfs Ee Bf Bfs May May- May May-
June June
1 11 160.2 194.1 199.0 5.3 5.9 5.6 11.6 13.7 -1.2 -0.6
2 21 152.8 186.3 191.8 -1.6 -15 -1.4 13.5 14.7 0.7 0.4
3 6 147.7 179.9 184.4 -6.4 -8.5 -9.5 14.3 155 15 1.2
PDeviation from the average over 1966—1995; other explanations see Table 1
of air temperature changes on the course of field CONCLUSION

cucumber phenophases. On the basis of the cluster
analysis three sets of years characterizing a differ-
ent course of cucumber phenological phases and
thermal conditions of air in Poland were isolated
(Table 4). The results show that all dates of pheno-
logical phases (the end of emergence, the beginning
of flowering, the beginning of fruit setting) and av-
erage air temperature in May and in the May—June
period statistically significantly, at the level of
P < 0.01, differentiated isolated clusters; the date of
the end of emergence and air temperature in the
May-June period were the most significant.

As shown in Table 4, cluster 1 encompassed
11 years, cluster 2—21 years, and cluster 3—6 years.
The earliest dates of cucumber phenological phases
and, at the same time, the highest air temperatures
in the analysed periods were determined for cluster
3, and the latest dates of phenophases and the low-
est temperatures for cluster 1. In the years grouped
in cluster 3, the earliest average dates of phenophas-
es were recorded as follows: emergence 28" May,
flowering 29™ June, fruit setting 37 July; the highest
average air temperature was recorded both in May
—14.3°C and in the May-June period —15.5°C. De-
viations of the dates of phenological phases from
the average (the average for 1966—1995) amounted
to: — 6.4 days for the date of emergence, —8.5 days
for the date of flowering and —9.5 days for the date
of fruit setting. Air temperature deviations, on the
other hand, amounted to +1.5°C in May and +1.2°C
in the May—June period.

The difference in air temperature between the set
of years with the latest dates of phenophases (clus-
ter 1) and the earliest ones (cluster 3) amounted to
2.7°C in May and 1.8°C in the May—June period, and
the difference in the dates of cucumber phenophases
between these clusters amounted to 11 days in the
case of emergence, 14 days in the case of flowering
and 15 days in the case of fruit setting.

HORT. SCI. (PRAGUE), 36, 2009 (2): 75-83

Over 1966-2005 in Poland, an increase in aver-
age air temperature in the period of the vegetation
season of cucumber (May—October) was proved.
The highest increase was observed in the case of air
temperature in August (+0.42°C/10 years, P < 0.01),
followed with July (+0.35°C/10 years, P < 0.1) and
May (+0.32°C/10 years, P < 0.1); it contributed to
acceleration of phenophases (emergence, flower-
ing and fruit setting) and the dates of harvesting.
The changes were more significant in the later phe-
nophases — for emergence, average acceleration
of the date amounted to +1.2 days/10 years, for
flowering +1.9 days/10 years, and for fruit setting
+2.1 days/10 years. If the current tendencies hold,
i.e. slight acceleration of phenophases (emergence,
flowering, fruit setting) and growing acceleration of
the dates of harvesting (the beginning by +3.1 days
to 10 years, and the end by 6.4 days/10 years), it will
lead to the shortening of the fructification period
and it may deteriorate conditions for achieving
good cucumber yields in Poland.
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Zmény teploty vzduchu a fenologické faze okurky seté (Cucumis sativus L.)
v letech 1966-2005 v Polsku

ABSTRAKT: Cilem préce bylo urd¢it, zda a jak casto sledované tendence ve zméndch teploty vzduchu ovliviuji
data fenofazi okurky seté (nakladacky) péstované v Polsku. Prace zahrnovala shromazdéni mési¢nich a sezonnich
dat pramérné teploty vzduchu ve vegeta¢ni sezoné okurky z 53 stanic Ustavu meteorologie a vodohospodarstvi
a fenologickych a agrotechnickych dat ziskanych z 28 stanic Vyzkumného centra pro testovani kultivara (COBRU)
z celého Polska za obdobi 1966-2005. Zavislost mezi daty fenologickych fazi a pramérnou teplotou vzduchu byly
stejné jako trend a rozsah téchto fdzi béhem ¢tyficetiletého obdobi vyzkumu (1966—2005) ur¢eny na zakladé linedrni
regresni analyzy. Byla rovnéz pouzita zobecnéna shlukova analyza, a to pro seskupeni let s podobnym prtibéhem
fenofazi okurky (vzchazeni, kveteni, tvorba plodt) a teplotnich podminek (teplota vzduchu) v obdobi predchaze-
jicich témto fazim. Pokud se udrzi dosavadni tendence, tj. mirné urychleni fenofazi: vzchazeni (+1,2 dne/10 let),
kveteni (+1,9 dne/10 let), tvorba plodu (+2,1 dne/10 let) a vzristajici urychleni dat sklizné (zacédtek +3,1 dne/10 let,
konec +6,4 dne/10 let), povede to ke zkraceni obdobi plodnosti a mohou se zhorsit podminky pro dosazeni dobrych
vynost okurky v Polsku.

Klic¢ova slova: okurka; fenologie; klimatické zmény v Polsku; linearita vyvoje

Corresponding author:

Ing. ROBERT KALBARCZYK, Ph.D., West Pomeranian University of Technology in Szczecin, Department
of Meteorology and Climatology, ul. Papieza Pawla VI 3, 71 469 Szczecin, Poland

tel.: + 48 091 44 96 273, fax: + 48 091 44 25 690, e-mail: robkalb@agro.ar.szczecin.pl

HORT. SCL (PRAGUE), 36, 2009 (2): 75-83 83



INSTITUTE OF AGRICULTURAL ECONOMICS AND INFORMATION

Slezska 7, 120 56 Prague 2, Czech Republic
Tel.: + 420 222 000 111, Fax: + 420 222 000 116, E-mail: redakce@uzei.cz

In this institute scientific journals dealing with the problems of agriculture and related
sciences are published on behalf of the Czech Academy of Agricultural Sciences. The
periodicals are published in English with abstracts in Czech.

Number Yearly subscription
Journal of issues per year in USD
Plant, Soil and Environment 12 285
Czech Journal of Animal Science 12 285
Agricultural Economics (Zemédélska ekonomika) 12 285
Journal of Forest Science 12 285
Veterinarni medicina (Veterinary Medicine — Czech) 12 285
Czech Journal of Food Sciences 6 150
Plant Protection Science 4 85
Czech Journal of Genetics and Plant Breeding 4 85
Horticultural Science 4 85
Research in Agricultural Engineering 4 85
Soil and Water Research 4 85

Subscription to these journals be sent to the above-mentioned address.




