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The paper deals with the active sum of daily average air temperature above 5, 10, and 15 °C, and with the length of the vegetation
season which is given by values of the daily average values of air temperature exceeding the given threshold (5, 10, 15 °C). The aver-
age values of four long-term periods (1931-1960, 1961-1990, 2021-2050, and 2071-2100) were compared to one another. A gradual
increase of all the above mentioned characteristics was found. The area of interest involves several localities in south Moravia (the Czech
Republic). These findings were confronted with a long-term (1931-2012) analysis of spring barley’s phenological phases and with the
date of sowing and the beginning of harvest. A prolongation of the interval between sowing and harvest was found; this was probably
caused by agronomy machinery advancement. A prolongation of the interval between sowing and emergence and between heading and
harvest, and a shortening of the interval between emergence and heading was also proved. A trend analysis of spring barley pheno-
phases during 1961-1990 did not prove almost any significant changes, except for a 12-day delay of the beginning of the harvest day,
which was probably caused by a more effective mechanization

Stfedova, H., Stehnova, E., Skvareninova, J., 2017: Vyvoj parametrGi vegetaéniho obdobi v kontextu nastupu jednotlivych
fenofazi je€mene jarniho na jizni Moravé. Kvasny Prum. 63, €. 1, s. 11-15

Clanek se zabyva sumou aktivnich teplot dennich prdmérnych teplot vzduchu nad 5, 10 a 15 °C a délkou vegetacni sezény, ktera je
dana hodnotami dennich primérnych hodnot teploty vzduchu pfesahuijici dany limit (5, 10, 15 °C). Primérné hodnoty ¢ty dlouhodobych
obdobi (1931-1960, 1961-1990, 2021-2050 a 2071-2100) byly nasledné porovnany. Byl zjistén postupny narist vech vyse uvedenych
charakteristik. Zajmové Uzemi zahrnuje nékolik lokalit jizni Moravy (Ceska republika). Tato zjiSténi byla dale konfrontovana s dlouhodo-
bymi analyzami fenologickych fazi (1931-2012) je€émene jarniho a s terminy vysevu a po¢atkem sklizné. Bylo zjisténo prodlouzeni in-
tervalu mezi setim a sklizni. Toto je pravdépodobné zplsobeno lepsi zemédélskou technikou. V ramci analyzy bylo zjisténo prodlouzeni
intervalu mezi fenologickymi fazemi seti a vzchazeni a mezi metanim a sklizni. Dale bylo zjisténo zkraceni intervalu mezi fenologickymi
fazemi vzchazeni a metani. Pfi analyze nastupl trendd fenologickych fazi jeémene jarniho nebyly zjistény v obdobi 1961-1990 zadné
vyznamné zmény, s vyjimkou dvanactidenniho zpozdéni pocatku sklizné. Toto bylo pravdépodobné zpusobeno uginnéj§i zemédélskou
mechanizaci.

Stiedova, H., Stehnova, E., Skvareninova, J., 2017: Die Entwicklung von Parametern der Vegetationszeit im Kontext mit der
Zusammenhang mit dem Beginn jeder phanologischen Phasen der Sommergerste in Siidmahren. Kvasny Prum. 63, Nr. 1, S. 11-15

Der Artikel befasst sich mit der Summierung von durchschnittliche Aktivtagestemperaturen Uber die Limits 5°C, 10°C und 15°C und
mit der L&nge der Vegetationszeit, die durch gegebene Werte der durchschnittlichen Aktivtageslufttemperaturen tber Limit (5, 10, 15 °C)
gegeben wird. Die durchschnittlichen Werte von vier langzeitigen Perioden (1931-1960, 1961-1990, 2021-2050 a 2071-2100) wurden
miteinander verglichen. Es wurde eine allméhliche Zunahme in allen Parametern gefunden. Das Interessengebiet erstreckt sich lber
mehrere Gebiete in Sidméahren (Tschechische Republik). Diese Ergebnisse wurden weiter mit langfristigen Analysen der phénologi-
schen Phasen konfrontiert (1931-2012) und mit Sommergerste Aussaatzeiten und Anfang der Ernte. Es wurde gefunden, dass Intervall
zwischen Aussaat und Ernte verlangert wurde. Dies kann wahrscheinlich durch verbesserte landwirtschaftliche Technologie erklart wer-
den. Im Rahmen einer Analyse wurde es festgestellt das Intervall zwischen den phanologischen Phasen der Aussaat und Keimung und
zwischen durch das Werfen einer Ernte zu verlangern. Es wurde ferner festgestellt, dass Intervall zwischen den phénologischen Phasen
der Keimung und Earing verkirzt wurde. Bei der Analyse des Beginns eines Trends phanologischen Phasen der Sommergerste wurden
im Zeitraum 1961-1990 keine wesentlichen Anderungen mit Ausnahme der zwélftagigen Verzégerung bei Beginn der Ernte gefunden.
Dies kann wahrscheinlich durch eine verbesserte landwirtschaftliche Mechanisierung erklart werden.
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change, barley, harvest
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1 INTRODUCTION

Both the plant development as well as the development of poikilo-
thermic organisms is significantly influenced by the condition of the
environment. The regime of the external temperature (of air and soil)
and the surface temperature in particular impact the metabolism by
changing the velocity of enzymatic reactions.

The biological temperature minimum, that is the value indicating
the beginning or the ending of growth and limiting of metabolism, is
important in the life of plants. Vegetation of moderate climate is gen-
erally affected by the temperature of 5 °C. Temperature suitable for
the period from sowing to heading varies from 9 to 16 °C. In case that
temperature exceeds 20-26 °C, the growth is being retarded (Petr et
al., 1987).

The onset of individual developmental phases is driven by tem-
perature expressed as the sum of active or effective temperature.
The active temperature is defined as the temperature exceeding the
biological minimum which is the value of the decline of the ability to
vegetate. The sum of all daily average temperature values exceed-
ing the biological minimum (or the threshold temperature) is called
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the sum of active temperature (SAT). SAT reflects the rate of satura-
tion of a plant” s temperature demands and is also used as the crite-
rion of crops planting regionalization. Daily average values of 0, 5,
10, and 15 °C are considered as the temperature thresholds. The
effective temperature then means also the sum of the daily/hourly
average temperature exceeding the threshold when the value of the
threshold is subtracted.

The on-going increase in temperature which is, according to Lobell
and Field (2007), put down to the climate change, will also cause the
increase in the sum of the effective temperature that would induce
shortening of phenological phases, which has unfavourable impact
on the yield.

For instance, RemiSova and Vinceova (2006) indicated the shift of
the winter rape flowering onset in Slovakia (i.e. under comparable
climatic conditions) during the period 1996—2005 towards to earlier
terms in reaction to March and April temperatures. An accelerated
plant development, i.e. the shortening of phenophases (mainly the
generative ones) is negative to a certain extent because it limits the
yield.

Yield and its quality are markedly affected by the length of the
vegetation season. Partial vegetation seasons are connected with
given values of daily average values of air temperature. First, we can
distinguish the great vegetation season determined by the beginning
and the end of the season with the daily average temperature above
5 °C (VO 5), secondly, there is the main vegetation season (tem-
perature of 10 °C) — VO 10, and finally, there is the vegetation sum-
mer (temperature of 15 °C) — VO 15. During VO 15, intense growth
and maturation occur (Sobisek et al., 1993).

Siska and Takad (2008) suggest that the vegetation season could
be prolonged to up to 21 days by the year 2020 and up to one month
by the year 2050 because of the temperature increase.

The analysis of the data from international phenological gardens
(IPG) from 1969-1998 proved 8 days acceleration of the beginning
of the vegetation season in Europe.

The observed trend corresponds with the changes of the air tem-
perature and is considered to be a consequence of the global warm-
ing. According to Chmielewski and Rétzer (2001), the increase in the
average January and February temperatures (by 1 °C) causes
a 7-day earlier beginning of the vegetation season.

The climatic conditions as well as the actual weather situation influ-
ence the phenological phases onset to a certain extent (Crepinsek,
2002; Wielgolaski, 2003). Ahas (1999); Beaubien and Freeland (2000)
described the marked trend of the earlier spring onset of vegetation in
different parts of Europe, and even in the USA and Canada.

An assessment of phenological data from the period 1940-2008
detected an earlier onset of the phenophase beginning of flowering
in case of apricot by about 13 days, i.e. 2 days per decade under the
climatic conditions of the Czech Republic (Stfeda et al., 2009).

2 MATERIALS AND METHODS

2.1 Characteristics of a vegetation season
* Sum of active temperature exceeding 5, 10, 15 °C (SAT 5, SAT
10 a SAT 15)
* Length of the great and the main vegetation season and the
length of the vegetation summer (VS 5, VS 10 a VS 15)

SATs and VSs were evaluated during four long-term periods
(1931-1960, 1961-1990, 2021-2050, and 2071-2100). The evalua-
tion is based on “technical data series” (TDS) that are created in the
Czech Hydrometeorological Institute (CHMI). TDS represents a fully
homogenized database of daily values of climatic elements (such as
mean, minimum and maximum air temperature, precipitation total,
mean air humidity etc.) in a 10km grid (i.e. 787 points) for the entire
area of the Czech Republic from 1961 up to the present. TDS is
based on the data from standard measurement on the climatologic
station network and deals with the regional climatic model (RCM)
ALADIN-Climate/CZ which is driven by the global climatic model
ARPEGE-Climate.

Moreover, future climate conditions by up to the year 2100 can be
predicted by means of the “scenario data series” (SDS) created in
CHMI. SDS deals also with RCM ALADIN-Climate/CZ, and besides
that, with the emissions scenario A1B (according to IPPC). The SDS
network corresponds with the TDS network (i.e. 787 points ina 10km
grid).

The grid creation and all data processing including TDR and SDS
have been implemented by the Pro ClimDB software (Stépanek,
2007).

The reference point for the SAT and VS evaluation is the grid point
situated in the town of Bfeclav at the altitude of 197 MASL. For
alonger retrospective comparison (1931-1960), data from the publi-
cation "Agroclimatic conditions” by Kurpelova, Coufal and Culik
(1975) for the Zidlochoyice station in 185 MASL were employed. The
distance between the Zidlochovice station and the town of Bfeclav is
about 30km (in Fig. 2 and 3 marked with *).

2.2 Onset of phenological phases in spring barley

The assessment of phenological phase onset deals with the phe-
nological data observed on the CHMI station of BraniSovice. The
station is located about 30 km from the reference point in Bfeclav and
was chosen because of its longest available data set (i.e. 1961—
2012). The summary of the studied phenophases and their descrip-
tions are displayed in Table 1.

Table 1 Description of the investigated phenophases (according to
Pifflova et. al, 1956)

Phenophasis |Description

Sowing (SD) | The seeds are worked into the field.
The first aboveground parts of plants could be
Emergency observed in the field. The crop is beginning to
(Em) create visible rows. Young plants of barley are
yellow-green.
More than a half of all plants have been
tillering already. In the axil of the lower leaf, an
Tillering (Ti) approximately 1-cm long peak of the coiled leaf

has developed. The tillering begins several days
after the third leaf is uncoiled.

A half of an ear is taken out from the sheath of
the highest leaf.

More than a half of all plants are in the following
state: The grains are dry, heavy and hard to
break. The grain matter is rough, mealy or
glassy.

The day when the harvest begins.

Heading (He)

Fully ripe (FR)

Harvest (HD)

The average value of phenophases onset and the beginning of
agronomic practices of three long-term periods (1931-1960, 1960—
1990, and 1991-2012) have been compared. For a longer retrospec-
tive comparison (1931-1960), data from the publication "Agroclimat-
ic conditions“ by Kurpelova, Coufal and Culik (1975) for the
Pohorelice station in 183 MASL were used. The distance between
the Zidlochovice station and the town of Breclav is about 30km.
Apart from that, the trend analysis of individual phenophases and
practices onset during 1961-1990 was carried out.

Additionally, the average data of two long-term periods, 1931—
1960 and 1961-1990, from other stations with similar climatic condi-
tion and altitude (Hodonin: 190 MASL, Tvrdonice: 170 MASL,
Némcice nad Hanou: 204 MASL, HoleSov: 220 MASL) were com-
pared to confirm the conclusion in regard to the long-term changes of
the phenophases.

Fig. 1 shows the map of all stations included into the evaluation.
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Fig. 1 Map of the area of interest with localizations of the individual
stations
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3 RESULTS AND DISCUSSION

3.1 Vegetation season

The comparison of three long-term periods proved gradual in-
crease of SAT 5, 10, 15 in all months (January to December), in all
seasons (DJF-December, January, February, MAM—March, April,
May, JJA-June, July, August, SON-September, October, Novem-

ber) and also in the whole year (Fig. 2). The SAT 5 of 1961-1990
was by about 204 °C higher in comparison with 1931-1961. Its fur-
ther 644 °C or 1250 °C increase has been predicted for 2021-2050
or 2070-2100 respectively (again, compared with the period of
1931-1961).

An analogous rise was also proven in case of SAT 10 (by 193 °C
or 597 °C or 1210 °C higher values in 1961-1990, 2021-2050 and
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Fig. 2 Comparison of SAT 5, 10, 15 for three or four long-term periods, Breclav locality
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Fig. 3 Comparison of the length, the beginning and the ending of VS 5, 10, 15 for four long-term periods, Breclav locality
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SD Em He HD

1991 - 2012
GS =126 days 19 57 52

SD Em He HD

1961 - 1990

GS =125 days 16 57 52
SD Em He HD

1631 - 1960

GS =116 days 14 63 40
25.3 10.4 20.4 10.5 20.5 10.6 20.6 10.7 20.7
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Fig. 4 Comparison of the average date of phenophases onset and the beginning of agronomic practices among three long-term periods,

Branisovice locality

Table 2 Comparison of the average date of phenophases onset and the beginning of agronomic practices between two long-term periods for

several stations in South Moravia

locality | period SD Em He HD SD-Em Em-He He-HD SD-HD
1931-1961 82 94 161 197
12 67 37 116
Hodonin LD 2311 4 10.VI 16.VII
odonin - 961-1990 79 98 158 200 » o P >
WwW
Date 203. 8.IV 7.V 19.VIl
1931-1961 82 94 161 197
12 67 37 116
Turdonice |28 23111 4V 10.VI 16.VII
vraonice 1 961-1990 82 9% 156 203 » o 48 T
Datum 23111 6.1V 5.V 22 VI
1931-1961 89 106 167 209
17 61 43 121
Néméice |Date 3011 16.1V 16.VI 28 VIl
nad Hanou [1961-1990 80 94 160 209 . o o T
Datum 21,111 4V 9.VI 28 VI
1931-1961 84 100 162 203
16 62 42 120
Horesoy D3 25111 10V TRV 22Vl
OleSOV 1961-1990 83 100 161 209 - . 40 >
Date 24111 10V 10.VI 27 VI

2070-2100 respectively) and SAT 15 (75 °C or 416 °C or 1053 °C
higher values in 1961-1990 or 2021-2050 or 2070-2100 respec-
tively).

Similarly, Fig. 3 presents the prolongation of all VSs in comparison
with 1931-1961. VS 5 was longer by three days, VS 10 by nine days
and VS 15 by twelve days. The change will probably be confirmed in
the future. According to the predictions, VS 5 will be prolonged by
about 14 days, VS 10 by about 27 days and VS 15 by about 15 days
in 2021-2050. The values for 2071-2100 are as follows: VS 5 46, VS
10 56, and VS 15 44 days.

3.2 Phenological analysis

The evaluation of the average onset of phenophases (Em, He)
and the beginning of agronomic practices (SD, HD) proved gradual
prolongation of the interval between SD and HD (growing season—
GS) from 1931-1960 through 1961-1990 to 1991-2012.

In terms of phenology, the prolongation of the interval between SD
and Em and the interval between He and HD on one hand, and
shortening of the interval between Em and He on the other hand
(Fig. 4) is more interesting. These conclusions are confirmed by the
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HARVEST DATE

y = 0.434x - 652.54
r=0.446

FULLY RIPE

y= 0.1709x - 136.86
r=0.234

HEADING

y = 0.0385x + 78.269
r=0.047

TILLERING

y =-0.0881x + 289.64
r=-0.083

EMERGENCE

y =-0.2674x + 625.13
r=-0.235

SOWING DATE

=-01711x + 418.73
r=-0.114

1 20 40 60 80

100
ordinal day number from January 1 to August 28

120 140 160 180 200 220 240

Fig. 5 A 30-year (1961-1990) trend analysis of phenophases and practices onset, Branisovice locality

comparison of two long-term periods from 1931 to 1990 for several
other stations in south Moravia (Table 2).

The trend analysis of phenophases and practices onset proved
a significant 12-day delay of the HD beginning in the frame of a 30-
year period 1961-1990 (see Fig. 5). It might be explained by the cli-
mate change but rather by a more effective mechanization that has
been used recently. Modern agronomy machinery allows making
harvest in a much shorter time, so the harvest day can be adjusted.
However, this conclusion is not confirmed by the results of the trend
analysis of other stations (see Fig. 7). Apart from the significant 14-
day earlier onset of Em in HoleSov (which could be to some extent
explained by SD, thereby by agronomy machinery development
again), there is no significant trend at all.

4 CONCLUSION

The aim of the paper was to compare the vegetation season char-
acteristics i.e. the sum of the active temperature (SAT 5, SAT 10,
and SAT 15) and the length of the vegetation season (VS 5, VS 10,
and VS 15) among four long-term periods (1931-1960, 1961—-1990,
2021-2050 and 2071-2100). The evaluation was based on TDS cre-
ated in CHMI. The findings were subsequently confronted with the
results of the phenological phases onset of spring barley based on
the phenological data observed by CHMI. The research was con-
ducted on several localities in south Moravia. The comparison of
SAT and VS length proved their gradual increase and prolongation
from 1931-1961 to 2071-2100. The evaluation of the average SD
and HD proved gradual prolongation of the interval between them
from 1931-1960 through 1961-1990 to 1991-2012. The analyses of
phonological phases onset confirmed the prolongation of the interval
between SD and Em and shortening of the interval between He and
HD and between Em and He. A thirty-year trend analysis (1961—
1990) of spring barley phenophases did not prove almost any sig-
nificant changes, except for the 12-day delay of the HD beginning,
which was probably caused by a more effective mechanization.
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