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Vynosy jeémene jarniho a kolisani zasoby vody v ptdé v obdobi kritickém z hlediska tvorby vynosu jeémene v CR bylo vyhodnoceno
za obdobi 1975-2010. Na vétsiné lokalit byl zjiStén statisticky prikazny vztah mezi vynosem zrna a zasobou pldni vody v rliznych fazich
vegetace, na nékterych lokalitdch vysoce prlkazny vztah. Statisticky prikazny vztah byl zjiStén také pfi hodnoceni primérnych hodnot
zasoby pudni vody a primérného vynosu v roce napfi¢ stanicemi. Pfi hodnoceni celosezénni primérné zasoby pudni vody a vynosu
byl zjistén statisticky prikazny (az vysoce prlikazny) vliv roénikt 1976, 1981, 1985, 1986, 1995, 1996, 2000, 2004, 2007, 2009 a 2010.
V poslednim desetileti pfibyl po¢et vegetacnich sezén s prikaznym vlivem vlahovych pomért na vynos jeémene v rliznych vyrobnich
oblastech.
Muzikova, B. — Stfeda, T. — Krmelova, P. — Dvorackova, O.: Yields of spring barley in the climatic conditions of the Czech Republic.
Kvasny Prum. 59, 2013, No. 12, p. 352-357

Yields of spring barley and fluctuations in soil water in the critical period in terms of barley yield in the Czech Republic were evaluated
for the period 1975-2010. On most sites there was statistically significant relationships between grain yield and soil water in different
stages of vegetation; in some locations highly significant relationship. Statistically significant relationship was also found when evaluat-
ing average values of soil water and the average income in across stations. When evaluating the season-average soil water and yield
a statistically significant (up to highly significant) effect of year 1976, 1981, 1985, 1986, 1995, 1996, 2000, 2004, 2007, 2009 and 2010
was found. In last decade the number of growing seasons with a demonstrable influence of moisture conditions on barley yield increased
in different production areas.
Muzikova, B. — Stfeda, T. — Krmelova, P. — Dvorackova, O.: Die Ertrdge der Sommergerste unter klimatischen Bedingungen in der
Tschechischen Republik. Kvasny Prum. 59, 2013, Nr. 12, S. 352-357

Es wurden die Ertrage der Sommergerstenernte und die Schwankung des Wasserinhalts im Boden in der fiir die Schépfung der Gers-
tenernteertrage kritischen Periode im Zeitraum 1975-2010 ausgewertet. Weiterhin in den meisten Lokalitdten wurde es eine statistisch
signifikante Beziehung zwischen dem Kornertrag und der Bodenwassermenge in den verschiedenen Vegetationsphasen, in einigen
Lokalitaten sogar einer groBen Bedeutung ermittelt. Eine statistisch signifikante Beziehung wurde auch bei der Auswertung der durch-
schnittlichen Bodenwassermenge und des durchschnittlichen Ernteertrag im Jahre quer durch die Stationen festgestellt. In den Jahren
1976, 1981, 1985, 1986, 1995, 1996, 2000, 2004, 2007, 2009 und 2010 wurde bei der Auswertung der wahrend der ganzen Saisonen
durchschnittlichen Wassermenge und des Kornertrages eine statistisch signifikante Beziehung (in einigen Fallen hoch signifikante Be-
ziehung) festgestellt. In den letzten Jahren in verschieden Anbaugebieten ist die Zahl der Vegetationsperioden mit der signifikanten

Wirkung von Bodenfeuchte auf den Gerstenertrag hochgestiegen.

Klicova slova: AVISO, vihkost ptdy, je¢men

1 UVOD

Mnoho agroklimatologickych studii se zaméfuje na vyjadfeni vzta-
hu mezi ristem &i vynosy plodin vzhledem k proménlivosti klimatu.
V souvislosti se stresujicimi U¢inky na vynos a kvalitu produkce ma
pro péstitele nejvétsi vyznam pfipadny vyskyt tzv. agronomického
sucha. To je obecné definovano jako stav, kdy je mnozstvi vlahy
v plidé niz8i, nez je potfeba rostlin (Blinka, 2005) a také je Casto
chapano jako pokles pladni vihkosti pod bod trvalého vadnuti (tj. cca
-1,5 MPa), kdy se zastavi pfijem vody a rostliny jiz nerostou. Stres
v8ak nastava jiz pfi velmi malych ztratach vody, kdy turgor klesne jen
0 0,1-0,2 MPa. To ma za nasledek zavirani praduch listt a snizeni
rychlosti fotosyntézy (Kincl a Krpes$, 2000). Dopady zavisi na délce
trvani stresu a dal$ich faktorech.

Zmény klimatu v Evropé od roku 1990 byly nepfiznivé pro vynosy
obilovin kvuli tepelnému stresu pfi plnéni zrna a suchu béhem rlistu
stonku (Brisson et al., 2010). Vyskyt sucha pfi seti a béhem vegeta-
tivnich fazi rlstu obilnin ma vliv na vzchazeni porostu a naslednou
redukci odnozi. Sucho béhem generativnich fazi ma vliv na redukci
poctu zalozenych klask( a zrn. Kritickym obdobim je kveteni, kdy
ma nedostatek vody horsi dopad nez v jinych fazich vyvoje. Dal-
Sim kritickym obdobim je faze poc¢atku tvorby zrna, kdy se rozhodu-
je o poctu bunék v endospermu. Ve fazi nalévani zrna vodni stres

Keywords: AVISO, soil moisture, barley

1 INTRODUCTION

Many agroclimatological studies focus on the expression of the re-
lationship between growth and crop yields due to climate variability.
In connection with the stressful effects on yield and quality is even-
tual presence of so-called agronomic drought the most important for
growers. This is generally defined as a condition when the amount
of moisture in the soil is less than the plant needs (Blinka, 2005) and
is often seen as a decrease in soil moisture under permanent wilting
point (about -1.5 MPa), when the intake of water stops and plants no
longer grow. Stress, however, arises at very small loss of water when
the turgor decreases only about 0.1-0.2 MPa. This has the effect of
closing the stomata and reducing the rate of photosynthesis (Kincl
and Krpe$§, 2000). Impact on yield depends on the duration of stress
and other factors.

Climate changes in Europe since 1990 have been unfavorable for
cereals yields because of heat stress during grain filling and drought
during stem elongation (Brisson et al., 2010). Drought during plant-
ing and vegetative growth stages of cereals affects crop germination
and subsequent reduction of offshoots. Drought during the generative
phase decreases the number of based spikelets and grains. The criti-
cal period is flowering, when the water shortage impact is worse than
in other stages of development. The next critical stage is the early grain
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naruSuje proces syntézy a ukladani Skrobu
a zasobnich bilkovin (Haberle et al., 2008).
Dle Spitze et al. (2007) se mnozstvi vyuzi-
telné vody k tomu, aby nedoSlo ke snizeni
vynosU, pohybuje podle druhu plodiny a vy-
vojového stadia mezi 45 a 75 % vyuzitelné
vodni kapacity (VVK). Jamieson et al. (1995)
povazuji za limitni hodnotu pro je€men (aniz
by doslo k redukci transpirace) vlhkost pudy
v kofenové zéné na urovni 65 % VVK. Do-
orenbos a Pruitt (1984) uvadéji pro obilniny
jako vynosové a kvalitativné nestresujici
hodnotu 55 % VVK pro vSechny rlstové
faze, kromé pocatku kveteni (45 %) a zrani.
Kohut et al. (2010) na zakladé dlouhodobych
hodnot zasoby vyuZitelné pldni vody vyja-
dfenych jako % vyuzitelné vodni kapacity
(rozdil mezi polni vodni kapacitou a bodem
vadnuti) zhodnotili viahové podminky v CR
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Obr.1 Prdmérné hodnoty % VVK na pokus-
nych stanicich UKZUZ za obdobi 1975-2010
/ Fig. 1 Average AWHC values at UKZUZ ex-
periment stations in period 1975-2010

formation phase when the number of cells
in the endosperm is determined. During the
stage of seed filling the water stress disrupts
the process of synthesis and storage of starch
and storage proteins (Haberle et al., 2008).
According Spitz et al. (2007), the amount
of usable water to avoid yield losses, varies
according to crop species and development
stage between 45 and 75% AWHC (avail-
able water holding capacity). Jamieson et al.
(1995) considered 65% of AWHC the limit
soil moisture value for barley (without reduc-
ing transpiration) in the root zone. Doorenbos
and Pruitt (1984) reported that value 55% of
AWHC as income and qualitatively stress-
free for all growth phases for cereals, except
early flowering (45%) and maturing. Kohut et
al. (2010) evaluated the moisture conditions in
the Czech Republic for the period 1961-2000

za obdobi 1961-2000. Z vysledkld analyzy
vyplynulo, Ze b&hem vyhodnoceného obdobi dochazelo ke zhorso-
vani vléhové situace a desetiletl' 1991—2000 sez hlediska vlahovych
do cca 300 m n. m. jsou charakteristické dIouhodobe hodnoty pod
45 % VVK, pro stfedni polohy do 600 m n. m. hodnoty do 60 % VVK.
Dopad jednotlivych epizod sucha, které se projevi snizenim vynos(
zemeédeélskych plodin, ovliviiuje kromé samotné délky a intenzity mete-
orologického sucha i obdobi vyskytu. Kazda epizoda je proto unikatni
nejen svym prabéhem, ale i nasledky (Brazdil a Kirchner, 2007). Stu-
die Hlavinky et al. (2009), ktera srovnavala citlivost plodin viéi vod-
nimu stresu ve vegetaénim obdobi (1961-2000), ukazala, ze sucho
vyrazné snizuje vynos jarniho je€mene oproti vynosu ozimé pSenice.
KlimeSova (2012) na zakladé nadobovych pokusl analyzovala vliv riiz-
nych stresovych podminek na produkci nadzemni i podzemni biomasy
jeémene. Vétsi hmotnost susiny nadzemni biomasy byla zjisténa u je-
dinct péstovanych v dostatec¢nych viahovych podminkach a v mirném
stresu ve srovnani s rostlinami v pfirozenych viahovych nebo silné
stresovych podminkach. Pfirozeny pribéh pocasi a tedy vystaveni via-
hovému kolisani bylo pro rostliny patrné vice stresujici nez udrzovani
dlouhodobého stabilniho mirného viahového stresu.

2 MATERIAL A METODY

Pro zjisténi vlivu viahovych podminek na produkci jeCmene jarniho
byla pouzita data o vynosech zrna z 14 pokusnych stanic Ustfedniho
kontrolniho a zkugebniho Ustavu zemédélského (UKZUZ), a to za
obdobi 1975-2010. Vyhodnoceni bylo z divodu absence vynoso-
vych dat v devadesatych letech rozdéleno na dvé ¢asové srovnatel-
na obdobi 1975-1990 a 1995-2010.

Stanice byly lokalizovany ve vSech zemédélskych vyrobnich ob-
lastech definovanych Némcem (2001) — kukuficné (KVO), fepaf-
ské (RVO), obilnarské (OVO), bramboraiské (BVO) a picninarské
(PVO), v nadmorské vysce od 171 do 647 m n. m., s prdmérnou
rocni teplotou od 6,3 do 9,6 °C a rocnimi srazkovymi uhrny od 435
do 738 mm. Agrotechnika byla srovnatelna (pfedplodina, hnojeni)
a odriidovéa skladba v daném roce v ramci pokusti UKZUZ identicka.
Hodnoceny byly pouze vynosy v letech, kdy byly do osevniho po-
stupu zafazeny vhodné predplodiny (nej¢astéji okopaniny) z 1. pés-
titelského systému UKZUZ (tj. méné intenzivni sytém s omezenou
aplikaci fungicida).

Zasoby vyuzitelné pddni vody v zajmovych oblastech byly vypo-
¢teny agrometeorologickym modelem AVISO (Kohut et al., 2010).
Vychozim vztahem modelu AVISO je vypocet potencialni evapotran-
spirace (ET) porostu je€mene jarniho, coz je ztratovy ¢len v rovnici
vodni bilance, metodou podle Penman—Monteithovy Uplné kombi-
nované rovnice s korekci na teplotu vypafujiciho povrchu a s vyja-
dfenim vlhkosti vzduchu pomoci tlaku vodni pary na uzemi Ceské
republiky v horizontu let 1975-2010. Model AVISO je zalozen na
bazi modelu MORECS (Hough et al., 1997), od néhoz se liSi fadou
programovych Uprav, které byly provedeny na zakladé experimental-
nich méfeni. Vstupy jsou denni Udaje zakladnich meteorologickych
prvkl (teplota a vlhkost vzduchu, trvani slune¢niho svitu, rychlost
vétru a srazky).

Jednim z vystupl modelu je aktualni deficit padni vody, ktery cha-
rakterizuje mnozstvi vody v plidé, chybéjici do hydrolimitu polni vod-
ni kapacita. Odvozenou charakteristikou je zdsoba dostupné pldni
vody v procentech vyuzitelné vodni kapacity (% VVK). Pouzity byly

based on long-term values of usable soil wa-
ter expressed as % of AWHC (difference between field water capacity
and wilting point). The results of the analysis showed that during the
assessed period, there was a worsening of the situation and the dec-
ade 1991-2000 in terms of moisture conditions generally appeared to
be the least favorable. The lowest altitude up to 300 m above sea level
is characterized by long-term value below 45% of AWHC, the middle
altitude to 600 m above sea level by value to 60% of AWHC.

The impact of drought episodes, which depress crop yields, is af-
fected by actual length and the intensity of meteorological drought and
periods of occurrence. Each episode is unique not only because of its
course, but also because of the consequences (Brazdil and Kirchner,
2007). The study of Hlavinka et al. (2009), that compared the sensitiv-
ity of plants to water stress during the growing season (1961-2000),
showed that drought affected spring crops more than winter crops.
KlimeSova (2012) analyzed the effect of different stress conditions
on the production of above and below ground biomass of barley on
the basis of pot experiments. Increased dry weight of shoot biomass
was observed by individuals grown in sufficient moisture and slight
stressful conditions in comparison with the plants in natural moisture
or stressful conditions. The natural course of weather and therefore
exposition to moisture fluctuations was probably more stressful for
plants than maintaining a long-term stable slight water stress.

2 MATERIAL AND METHODS

To determine the effect of moisture conditions on the production
of spring barley the grain yield data from 14 experimental stations of
the Central Institute for Supervising and Testing in Agriculture (UK-
ZUZ) for the period 1975-2010 were used. In case of absence of in-
come data in any year this period was interrupted in some locations.
Therefore the evaluation is divided into two comparable time periods
1975-1990 and 1995-2010.

Stations were chosen in all agricultural production areas defined
by Nemec (2001) — maize (KVO), sugar beet (RVO), cereal (OVO),
potato (BVO) and forage (PVO), at altitude 171-647 meters above
sea level, with average annual temperature from 6.3 to 9.6 °C and
annual precipitation totals from 435 to 738 mm. Agrotechnics were
comparable (forecrop, fertilization) and varieties were identical in at-
tempt of UKZUZ in given year. Incomes were evaluated only in the
years when suitable forecrops (mostly root crops) of the first UKZUZ
growing system (i.e. less intensive system with reduced fungicide
applications) were included in the cropping pattern.

Usable soil water reserves in areas of interest were calculated by
agrometeorologic model AVISO (Kohut et al., 2010). The default re-
lationship of the model is to calculate potential evapotranspiration
(ET) of spring barley stands (which is a loss element in the water
balance equation) using the method of total combined Penman-
Monteith equation corrected for evaporating surface temperature
and with expression of humidity using a water vapor pressure in the
Czech Republic for the period 1975-2010. Model AVISO is based on
MORECS model (Hough et al., 1997), which differs from a number
of program changes that were made on the basis of experimental
measurements. Inputs are daily data of basic meteorological param-
eters (air temperature, air humidity, sunshine duration, wind speed
and precipitation).

One of the model outputs is the current soil water deficit that char-
acterizes the amount of soil water missing in field water capacity hy-
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denni hodnoty zdsoby pldni vlidhy v % VVK. Vstupni data pro vy-
pocet primeérnych hodnot pro jednotliva obdobi byly technické fady
768 gridovych bodl sité 10 x 10 km zpracované na Ceském hyd-
rometeorologickém ustavu pro obdobi 1961-2011. Pro zpracovani
roku 2012 byly pouzity denni hodnoty zasoby pUdni viahy ze 135
stanic pouzivanych pro provoz modelu AVISO.

Pro jednotlivé gridové body popfipadé stanice byly spoéitany prad-
mérné hodnoty za obdobi 111.—-180. den v roce, tj. béhem hlavni
vegetace je€mene. Na zakladé téchto hodnot byly v prostfedi GIS
provedeny plo$né interpolace na tizemi CR (vyuzito bylo interpolagni
metody Kriging s upfesnénim na nadmorskou vysku). Vzniklé ras-
trové mapové podklady s prostorovym rozliSenim 500 x 500 m byly
pomoci zvoleného intervalu 10 % VVK rozkategorizovany a byly vy-
tvofeny tematické mapy zasoby pldni viahy za dana obdobi.

Vynosy zrna byly konfrontovany s dekadnimi prameéry VVK od 111.
do 180. dne v roce a s primérnou sezénni VVK pro danou stanici. Tés-
nost vztahu byla vyjadfena prostfednictvim korelacniho koeficientu.

Pokusné stanice UKZUZ jsou uvedeny v fab. 1.

3 VYSLEDKY A DISKUSE

Z vystupt modelu AVISO bylo v dlouhodobém horizontu zji§téno
vyrazné kolisani zasoby vody v plidé ve vegeta¢nim obdobi je¢mene
jarniho (obr. 1). Primérnd sezénni hodnota % VVK za obdobi 1975—
2010 se na vybranych 14 stanicich pohybuje od 52,0 do 83,5 %.

Nejvyssi primérna dlouhodoba hodnota zasoby pldni vody byla zjis-
téna na nejvySe polozené lokalité Stachy (83,5 % VVK), nejnizsi prd-
mérna hodnota v8ak byla zjisténa u lokality HoraZzdovice (52,0 %) ve
stfedni nadmorské vySce. Maximalni hodnota (v % VVK) za dekadu od
111. do 180. dne byla rovnéz zjisténa na stanici Stachy (96,2 % v roce
1987) a ne;niiéi v Chrastavé (rok 2007), a to pouhych 7,8 %. Viahové
nejmene pfiznivy byl rok 2000 kdy byIa na 5 Iokalltach zaznamenana
pfiznivé byly také roky 2007, 2003 a 1998. Nejvyéél' hodnoty VVK byly
dosahovany v letech 2010 a 1987, tyto roky byly vlahové nejbohatsi.

Z hlediska vynost zrna (tab. 2) se jevi jako nejlepsi rok 2004, kdy
byl na 4 lokalitach zaznamenan nejvyssi vynos. Vynosové nejméné
pfiznivy rok je obtizné najl’t nebot‘ na kaZdé lokalité to byI jiny rok.
to rok byl také vlahoveé velice nepfiznivy. Rovnéz v letech 2003, 1998
a 2000 (roky s nl'zkou prﬁmérnou hodnotou VVK) byly na nékterych

Nejvyssich primérnych vynosu bylo v obdobi 1975-2010 dosa-
hovano na Iokalitéch Sedlec (RVO) Lednice (KVO) a Jaroméfice
mérny vynos byl zji§tén v bramborarské vyrobni oblastl na lokalité
Vysoka na Pfibramsku (5,35 t). Nejmensi ro¢ni vynos je€mene byl
zjistén rovnéz na stanici Vysoka (3,03 t) v roce 1982, ale také na
stanici Lednice (KVO) v roce 2007 (3,12 t). Rok 2007 byl zejména
v kukufiéné vyrobni oblasti pro péstovani jarniho jeémene velmi ne-
pfiznivy, stejné jako rok 2012, kdy pfedevsim jizni Moravu trapilo
sucho a mnoho zasetych plodin bylo zaorano.

Mapa vytvofena na zakladé primérnych hodnot VVK za obdobi
1975-1990 od 111. do 180. dne roku (obr. 2) vyjadfuje vlidhové roz-

Obr. 2 Zasoba pudni vody v % VVK za obdobi 1975-1990, dlou-
hodoby prdmér za obdobi 111.-180. dne v roce / Fig. 2 Soil water
reserve in % AWHC for period 1975—-1990, long term average from
111" to 180" day in year

Tab. 1 Charakteristika vybranych stanic UKZUZ (zdroj: Horakova
et al., 2011) / Characteristics of chosen UKZUZ stations (source:
Horakova et al., 2011)

Stanice/Locality | Nadm.vysSka/| Tavg SRA VO
Elevation (m) (°C) (mm)
Lednice 171 9.6 461 KVO
Branisovice 190 8.8 460 KVO
Uhersky Ostroh 196 9.1 521 KVO
Nechanice 235 8.8 597 RVO
Rymafov 602 6.5 751 RVO
Sedlec 300 8.9 520 RVO
Libéjovice 460 7.9 563 ovo
Jaroméfice nad 425 8.0 471 OovOo
Rokytnou
Chrastava 345 8.0 738 ovo
Vysoka 585 71 611 BVO
Horazdovice 475 7.8 585 BVO
Hradec nad 450 7.4 616 BVO
Svitavou
Stachy 738 6.1 755 PVO
Krasné Udoli 647 6.3 602 PVO

Vysvétlivky: Tavg — primérna roéni teplota vzduchu, SRA — pri-
mérny ro¢ni uhrn srédzek, VO — vyrobni oblast / Explanatory Notes:
Tavg — the average annual air temperature, SRA — average annual
rainfall, VO — production area

drolimit. Derived characteristics is the reserve of available soil water
in the percentage of available water holding capacity (% AWHC).
Daily values of available soil water reserve in the % AWHC were
used. The input data for the calculation of average values for each
period come from technical series of 768 grid points in the network
10 x 10 km processed for period 1961-2011 in the Czech Hydro-
meteorological Institute. For the processing of the year 2012 daily
values of soil moisture reserves of 135 stations used for the model
AVISO were used.

For individual grid points or stations average values for the period
from 111th to 180th day of the year (i.e. during the main vegetation
period of barley) were calculated. On the basis of these values an
areal interpolation for the Czech Republic (using Kriging interpola-
tion method, specifying the altitude) was performed within the GIS.
The resulting raster maps with a spatial resolution of 500 x 500 m
intervals were categorized in 10% (AWHC) intervals and thematic
maps of soil moisture reserves for the period were created.

Grain yields were confronted with decade averages of AWHC from
111th to 180th day of the year with an average seasonal AWHC for
the station. The tightness of the relationship was expressed by the
correlation coefficient.

Experimental stations UKZUZ are listed in Tab. 1.

2 RESULTS AND DICUSSION

In the long term, significant fluctuations in soil water during the
growing season of spring barley were found from the model AVISO
outputs (Fig. 7). The average value of seasonal AWHC for the period
1975-2010 at 14 selected stations ranges from 52.0 to 83.5%.

The highest average value of long term soil water was found at
the highest locality Stachy (83.5% AWHC), the lowest average value
was found at the site Horazdovice (52.0%) at moderate altitude.
Maximum value (in % AWHC) per decade from 111th to 180th day
was also detected at the station Stachy (96.2% in 1987) and lowest
in Chrastava (2007), 7.8%. From the viewpoint of moisture the worst
year was 2000, when at 5 locations the lowest value of AWHC per
decade was recorded. However, negative were also the years 2007,
2003 and 1998. The highest values of AWHC were achieved in 2010
and 1987, these years were richest in terms of moisture.

In terms of the highest yields (Tab. 2) 2004 appears to be the best
year, when the highest yield was achieved at four stations. The worst
year is difficult to find, as in every area that was another year. Only
in 2007 the lowest yield was registered at two locations. This year
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Tab. 2 Primérné, maximalni a minimalni roéni vynosy je¢mene
setého na vybranych stanicich za obdobi 1975-2010 / Average,
maximum and minimum annual yield (per ha) at chosen stations for
period 1975-2010

Stanice / Locality MAX | Rok/ | MIN | rok/ |Primér/
Year Year | Average
Lednice 9.19 | 1989 | 3.12 | 2007 6.63
BraniSovice 8.15 | 2004 | 3.54 | 2007 6.42
Uhersky Ostroh 7.33 | 1998 | 3.99 | 2000 5.76
Libéjovice 8.32 | 1978 | 4.44 | 2003 6.14
Jaroméfice n. 7.39 | 1983 | 5.43 | 1988 6.59
Rokytnou
Stachy 8.08 | 1990 | 3.53 | 1989 6.11
Horazdovice 8.19 | 1985 | 3.66 | 1976 6.08
Vysoka 8.58 | 2004 | 3.03 | 1982 5.35
Hradec n/Sv. 8.47 | 2003 | 4.70 | 2008 5.73
Rymariov 7.96 | 1990 | 3.36 | 1998 5.94
Krasné Udoli 7.67 | 1985 | 4.35 | 2001 6.04
Sedlec 9.09 | 2004 | 4.01 | 1976 6.72
Nechanice 9.76 | 1990 | 4.98 | 1983 6.44
Chrastava 7.94 | 2004 | 3.53 | 2008 5.70

dily mezi riiznymi oblastmi Ceské republiky. Severni ¢ast Moravy,
Vyso€ina a obecné oblast pohrani€nich pohofi vykazuji primérné
dlouhodobe hodnoty VVK nad 60 %, zatimco na jizni Moravé a v riiz-
nych oblastech stfedni ¢asti Cech neni tato hodnota v dlouhodobém
praméru dosahovana.

Pfi srovnani s obdobim 1995-2010 (obr. 3) se vSak obdobi 1975—
1990 jevi jako vldhoveé pfiznivéjsi. Patrny je Ubytek ploch s primér-
nou dlouhodobou zasobou pudni vody vy$si nez 60 % v obdobi blize
soucasnosti. To se tykd zejména severni Moravy, ale také napf. Vy-
sociny. Naopak je zfejmy nardst ploch s primérnou hodnotou zaso-
by padni vody pod 50 % VVK, a to nejen na jizni Moravé, ale i na
mnoha mistech v Cechach.

Rok 2012 byl pfedev&im na Moravé rokem viahové mimofadné ne-
pfiznivym. Vinkost pady klesala k hodnotam bodu vadnuti. Z pohledu
zasob pudni vody se celd jizni Morava i stfedni Cechy, tedy nejurod-
néjsi oblasti, potykaly s velmi nizkymi hodnotami. Primérna hodnota
za vegetaéni obdobi (od 111. do 180. dne roku) v téchto oblastech ne-
pfesahla 50 %, na pomérné velkém uzemi v8ak ani 30 % VVK (obr.
4). Takovy stav je vyrazné pod hodnotami pfiznivymi pro péstovani
je€mene jarniho. S ohledem na vyvoj klimatu, respektive jeho rostouci
extremitu, Ize do budoucna pravdépodobné o¢ekavat rist poctu takto
nepfiznivych vegetacnich sezon. Nutna je proto specifikace a pfiprava
adaptacnich opatfeni, napf. v podobé $lechténi odriid odolnych suchu.

V ramci podrobnych analyz byla hodnocena tésnost vztahu mezi
hodnotami VVK za dekadu a vynosem zrna je€émene za obdobi
1975-2010 (tab. 3). Vztah byl vymezen prostfednictvim korelacniho

was very unfavorable also in terms of soil moisture. Further, in 1998,
2000 and 2003 (years with low average value of AWHC) were also
recorded the lowest yields at some locations.

The highest average yield in the period 1975-2010 was achieved
in the areas of Sedlec (RVO), Lednice (CVD) and Jaroméfice (OVO),
although in dry years it decreases there considerably too. The low-
est average yield was detected in potato production area at station
Vysoka near Pribram (5.35 t). The minimum annual yield of barley
was also detected at the station Vysoka (3.03 t) in 1982, but also
at the station Lednice (CVD) in 2007 (3.12 t). The year 2007 was
very unfavorable for the cultivation of spring barley particularly in
corn production areas, as well as the year 2012 when mainly south-
ern Moravia was plagued by drought and a lot of sown crops were
plowed in.

The map created on the basis of average values of AWHC for
period 1975-1990 from 111th to 180th day of the year (Fig. 2) indi-
cates the moisture differences between different areas of the Czech
Republic. North Moravia, Moravian Highlands and the border moun-
tains in general have average long-term values of AWHC above
60%, while in South Moravia and in different regions of Central Bo-
hemia, this value is not achieved in the long term average.

When compared with the period 1995-2010 (Fig. 3), the period
1975-1990 appears as more moisture favorable. Noticeable is the
decrease of areas with long-term average soil water higher than 60%
in the period closer to the present. This concerns particularly north
Moravia, but also the Moravian Highlands. Other way round, there
is an obvious increase of area with the average soil water below
50% of AWHC, not only in South Moravia, but also in many areas
in Bohemia.

The year 2012 was extremely unfavorable from the viewpoint of
moisture mainly in Moravia. Soil moisture declined to wilting point.
Both southern Moravia and Central Bohemia, the most fertile are-
as, faced very low values of soil water. The average value for the
growing season (from 111th to 180th day of the year) in these areas
did not exceed 50%, however, in relatively large area even 30% of
AWHC. Such a state was considerably below the favorable values
for cultivation of spring barley. With regard to climate change, or the
increasing extremity in the future it is likely to expect an increase of
number of such adverse growing seasons. What is needed is a spec-
ification and development of adaptation measures, e.g. in the form of
varieties resistant to drought.

The closeness of relationships between the values of AWHC for
a decade and barley grain yield for the period 1975-2010 was as-
sessed by detailed analysis (Tab. 3). The relationship was defined
by correlation coefficient. Statistically significant (a = 0.05) or highly
significant (a = 0.01) relationship was found in various phases of
vegetation. This is due to differences in water regime of sites.

From 14 UKZUZ experimental stations the correlation between
yield and AWHC (Fig. 4) was found at 9 stations. At stations Lednice,
BraniSovice, Lib&jovice, Jaromeéfice nad Rokytnou, Krasné Udoli,
Chrastava, Vysoka, Rymafov and Sedlec statistically significant
positive dependence was found, either 99% or 95% probability. For
the station Nechanice in the floodplain of the River Elbe and foothill
stations Rymarov and Stachy dependence was negative in some
decades.
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Obr. 3 Zasoba pldni vody v % VVK za obdobi 1995-2010, dlou-
hodoby prdmér za obdobi 111.-180. dne v roce / Fig. 3 Soil water
reserve in % AWHC for period 1995-2010, long term average from
111" to 180" day in year

Obr. 4 Zasoba pddni vody v % VVK za rok 2012, priimér za obdobi
111.-180. dne v roce / Fig. 4 Soil water reserve in % AWHC in 2012,
average from 111" to 180" day in year
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Tab. 3 Vztah mezi VVK a vynosem jeémene na vybranych lokalitdch za obdobi 1975-2010 / Relationship between AWHC and barley yield
in selected areas for the period 1975-2010

Vynosy jeémene setého v klimatickych podminkach Ceské republiky

Dekada/ | LED BRA UHO LIB JAR STA HOR VYS HRA RYM KRU SED | NECH | CHRA
Decade

111-120 | 0.289 | *0.591 | 0.032 | 0.339 | *0.540 | 0.206 | 0.088 | 0.118 | 0.252 | *0.629 | 0.059 | *0.454 | 0.217 | 0.269
121-130 | 0.370 | 0.467 | 0.027 | *0.464 | *0.525 | -0.189 | 0.173 | *0.440 | 0.257 | 0.024 | *0.392 | *0.387 | -0.043 | 0.351
131-140 | 0.414 | 0.390 | 0.015 | 0.398 | 0.442 | -0.118 | 0.168 | *0.473 | 0.509 | -0.057 | 0.125 | *0.456 | 0.239 | 0.450
141-150 | 0.376 | 0.357 | 0.034 | *0.491 | 0.428 | 0.210 | 0.313 | *0.414 | 0.280 | -0.097 | -0.095 | *0.449 | 0.136 | 0.318
151-160 | 0.429 | 0.206 | 0.133 | *0.520 | 0.114 | -0.105 | 0.221 | *0.449 | -0.084 | 0.126 | -0.180 | 0.306 | 0.110 | 0.308
161-170 | *0.478 | 0.126 | 0.264 | 0.221 0.037 | 0.199 | 0.257 |[**0.602 | -0.195 | 0.344 | 0.096 | 0.211 0.017 | 0.226
171-180 | *0.483 | 0.223 | 0.304 | 0.223 | 0.180 | 0.447 | 0.280 |**0.646| -0.212 | 0.149 | *0.404 | 0.175 | -0.138 | 0.064

Legenda k tabulce: / Legend of table:

** statisticky vysoce prikazny vztah / statistically highly significant relationship

* statisticky prlikazny vztah / statistically significant relationship

Vysvétleni zkratek pouzitych v tabulce: LED-Lednice, BRA-Branisovice, UHO-Uhersky Ostroh, LIB-Libé&jovice, JAR-Jaroméfice nad Ro-
kytnou, HOR-Horazdovice, VYS-Vysoka, HRA-Hradec n. Svitavou, RYM-Rymarov, KRU-Krasné Udoli, SED-Sedlec, NECH-Nechanice,
CHRA-Chrastava / Notes to the table: LED — Lednice, BRA — Branisovice, UHO - Uhersky Ostroh, LIB — Libéjovice, JAR — Jaromérice nad
Rokytnou, HOR — HoraZdovice, VYS — Vysokd, HRA — Hradec nad Svitavou, RYM — Rymarov, KRU — Krdsné Udoli, SED — Sedlec, NECH

— Nechanice, CHRA — Chrastava

koeficientu. Statisticky prikazny (a = 0,05), pfipadné vysoce priikaz-
ny (a = 0,01) vztah byl zjistén v riznych fazich vegetace. To vyplyva
z rozdilného vlahového rezimu lokalit.

Ze 14 pokusnych stanic UKZUZ byla korelace vynosu a VVK na-
lezena u 9 stanic. Na stanicich Lednice, BraniSovice, Libé&jovice,
Jaroméfice nad Rokytnou, Krasné Udoli, Chrastava, Vysoka, Ry-
marov a Sedlec byla zjisténa statisticky priikaznd pozitivni zavislost,
a to bud s 99%, nebo 95% pravdépodobnosti. U stanice Nechanice
v nivé feky Labe a podhorskych stanic Rymarov a Stachy byla za-
vislost v nékterych dekadach negativni.

Na zakladé hodnoceni priimérnych hodnot VVK a primérného vy-
nosu v daném roce napfi¢ vybranymi stanicemi byl zjiStén statisticky
prikazny vztah (r = 0,44, a = 0,05, n = 31). To sv&déi o vysoké zavislosti
vynosu jeCmene setého na vlidhovych podminkach vegetaéni sezény.

Pro vybrané stanice byl rovnéz vyhodnocen vztah celosezénni
pramémé VVK a vynosu v daném roce. Byl zji§tén statisticky pra-
kazny vliv ro¢niku v letech 1976 (velmi suchy rok), 1981 (suchy rok),
roky 1985, 1986 (normaini roky), 1995 a 1996 (negativni korelace,
vlhké roky), 2000 (suchy rok), 2004 (normalni rok), 2007 (velmi su-
chy rok), 2009 a 2010 (negativni korelace, vlhké roky). Na nékterych
stanicich byl vztah statisticky vysoce priukazny. V poslednim dese-
tileti tedy pfibylo vegetaénich sezén s priikaznym vlivem vlahovych
pomérl na vynos je¢mene setého v rliznych vyrobnich oblastech.

Analyza Hlavinky et al. (2009) ukézala, Ze jarni forma jeCmene je
méné odolna viéi vodnimu deficitu nez ozimé formy, nebot ozimy vy-
tvari hlubsi kofenovy systém nez jarni obilniny. Stres suchem v pri-
béhu kvétna a €ervna byl vyznamny pro vysi vynosu vSech zkouma-
nych obilnin. Na druhou stranu u sucha vyskytujiciho se v obdobi od
fijna do bfezna nebyl prokazan negativni vliv na vysi vynosu. Lawlor
et al. (1981) potvrdili, Zze Easné sucho snizuje po€et odnozi i pocet zrn
v klasech. Pozdni sucho v dobé tvorby listli a pInéni zrna zpusobu-
je starnuti listd a fotosynteticky aktivni plocha tak ubyva rychleji nez
u zavlazovanych rostlin. Pozdni sucho negativné ovlivnilo velikost
zrn. Dle Samarah (2005) stres zpusobeny suchem snizoval vynos
zrna bez ohledu na zavaznost sucha. Suchem vyvolané snizeni vy-
nosu plodin pravdépodobné prekrodilo ztraty ze vSech jinych pficin
(Farooq et al., 2009). SniZeni vynosu jarnich obilnin o 45-75 kg/ha
pfi poklesu mnozstvi srazek o 10 mm zjistili Peltonen et al. (2011).
Martyniak (2008) zjistil nejvyssi hodnoty potfeby vody rostlin ve fe-
nofazich od sloupkovani k metani, v pribéhu intenzivniho narlstu
biomasy. Béhem tohoto obdobi rostliny vyuzily aZ 5 mm vody za den.
Sezénni deficit srazek béhem vegetaéniho obdobi ve stfednim Pol-
sku doséhl -145 a -169 mm u jeEmene resp. pSenice. Ve vegetaénim
obdobi plodiny vyuzily 293-314 mm vody v pldé.

Analyza nékolika teplotnich a srazkovych index( a jejich zmén
v druhé poloviné 20. stoleti v Madarsku s dlirazem na zemédélstvi,
jiz provedli Pongracz et al. (2006), ukazala zvySeni regionalni in-
tenzity a Cetnosti extrémnich srazek, zatimco srazkovy uhrn klesl
v regionu a mistni klima se vysusilo. Totéz plati i pro oblast Ceské
republiky. NarGst teplotné nadnormalnich mésicl a Ubytek srazkové
normalnich mésicu zjistili také Stfedova et al. (2011). Narlst extre-
mity do budoucna napfi¢ klimatickymi podminkami i typy krajin CR
byl zjistén Muzikovou et al. (2011).

Based on the assessment of the AWHC average values and aver-
age yield in a given year across stations statistically significant rela-
tionship (r = 0.44, a = 0.05, n = 31) was found. This indicates a high
dependence of barley yield on moisture conditions in the growing
season. For the stations the relationship of average seasonal AWHC
and average yield in a given year was also assessed. There was
a statistically significant dependence in the years: 1976 (dry year),
1981 (dry year), 1985 and 1986 (normal years), 1995 and 1996 (neg-
ative correlation, wet years), 2000 (dry year), 2004 (normal year),
2007 (dry year), 2009 and 2010 (negative correlation, wet years). At
some stations there was statistically highly significant relationship.
In the last decade, therefore, the number of growing seasons with
significant influence of moisture conditions on the yield of barley in-
creased in different production areas.

According to study of Hlavinka et al. (2009) drought was one of the
key factors influencing variations in interannual yield, which affected
spring crops more than winter crops. Drought stress during May and
June was significant for amount of yield for all investigated cereals.
On the other hand, the drought occurring in the period from October
to March did not impact the yield negatively. Lawlor et al. (1981) con-
firmed that early drought reduces the number of offshoots and num-
ber of grains per ear. Late drought at the time of leaves development
and grain filling causes leaves aging and photosynthetically active
surface decreases faster than by irrigated plants. Late drought nega-
tively affected the grain size. According to Samarah (2005) stress
caused by drought reduced grain yield regardless of the severity of
drought. Drought-induced losses in crop yields most likely exceed
losses from all other causes (Farooq et al., 2009). Spring cereals
yields decreased by 45-75 kg/ha due to decreased precipitation by
10 mm (Peltonen et al., 2011). The highest values of water require-
ments of plants were observed in the stages from shooting to head-
ing, during the intensive increase of biomasses. During this period,
the plants utilized up to 5 mm of water per day. Seasonal deficits of
precipitation during the growing season in central Poland were -145
and -169 mm for barley and wheat, respectively. In the growing sea-
son they utilized from 293 to 314 mm of soil water (Martyniak, 2008).

Analysis of several temperature and precipitation indices and
their changes in the second half of the 20th century in Hungary with
emphasis on agriculture done by Pongracz et al. (2006) showed in-
crease of regional intensity and frequency of extreme precipitation,
while the total precipitation decreased in the region and the mean
climate became drier. This applies also for the Czech Republic. The
increase of above normal months and the loss of normal precipitation
months were found also by Stfedova et al. (2011). The increase in
extremity in the future across climatic conditions and types of land-
scapes CR was found by Muzikova et al. (2011).

4 CONCLUSIONS

For chosen localities the average, maximum and minimum yields
of spring barley for the period 1975-2010 were evaluated on the
basis of available data. Fluctuation of soil water reserves in the criti-
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4 ZAVER

Pro vybrané lokality byly na zakladé dostupnych dat vyhodnoceny pra-
mérné, maximalni i minimalni vynosy je€mene jarniho za obdobi 1975—
2010. Bylo rovnéz vyhodnoceno kolisani zasoby vody v ptdé v obdobi
kritickém z hlediska vyvoje i tvorby vynosu je€mene jarniho (111.—180.
den roku) v CR. Byla zji§téna znaéna variabilita vidhovych poméri stanic
ve vegetacnim obdobi jednotlivych let zkoumaného obdobi. NejsusSimi
roky (s nejniz&i hodnotou VVK) byly v pofadi od nejsussiho roky 2007,
20083, 2000, 1976. Velmi suchy byl také rok 2012. VIahové nejbohatsi
byly roky 1987 a 2010. Toto podpofila i teplotni a sraZzkova data.

Hodnoty zasoby pldni vody (% VVK) byly na vybranych stanicich
UKZUZ za obdobi 1975-2010 vztazeny k roénimu hektarovému vy-
nosu jeémene jarniho na téze stanici (byl-li v daném roce dostupny)
a vztah byl vymezen prostfednictvim korelaéniho koeficientu. Na vét-
8iné lokalit byl zji$tén statisticky prlikazny vztah mezi vynosem zrna
jeEmene jarniho a % VVK pudy v rGznych fazich vegetace, na né-
kterych lokalitach vysoce prikazny vztah. Statisticky prukazny vztah
byl zjistén také pfi hodnoceni priimérnych hodnot zasoby pudni vody
a prmérného vynosu v roce napfi¢ stanicemi. To svéd¢i o vysoké
zavislosti vynosu jeémene setého na vldhovych podminkach vege-
taéni sezény a rovnéz umozfuje vyuziti modelu AVISO k modelova-
ni vlivu poéasi na tvorbu vynosu pro libovolnou lokalitu v CR.

Pro vybrané stanice byl rovnéz vyhodnocen vztah celosezénni
pramémé VVK a vynosu v daném roce. Byl zjiStén statisticky pra-
kazny vliv ro€niku v letech 1976 (velmi suchy rok), 1981 (suchy rok),
roky 1985, 1986 (normalni roky), 1995 a 1996 (negativni korelace,
vlhké roky), 2000 (suchy rok), 2004 (normalni rok), 2007 (velmi su-
chy rok), 2009 a 2010 (negativni korelace, vlhké roky). Na nékterych
stanicich byl vztah statisticky vysoce prikazny. V poslednim dese-
tileti tedy pfibylo vegetacnich sezén s prikaznym vlivem vlahovych
pomérl na vynos jeémene setého v rliznych vyrobnich oblastech.
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cal period in terms of the development and yield formation of spring
barley (111th—180th day) in the Czech Republic was also evaluated.
Significant variability of moisture conditions at the stations in growing
seasons of analysed period was found. Driest years were (in order
from the driest year) 2007, 2003, 2000 and 1976. The year 2012 was
also very dry but it was not analyse in detail. The moisture richest
years were 1987 and 2010. This was confirmed by the temperature
and precipitation data.

The values of soil water (%AWHC) at chosen stations for the peri-
od 1975-2010 were related to annual spring barley yield per hectare
at the same station (if available in the given year), and the relation-
ship was defined by correlation coefficient. On most sites statisti-
cally significant relationship was found between grain yield of spring
barley and % AWHC of soil in various stages of vegetation; at some
localities highly significant relationship. Statistically significant rela-
tionship was also found when evaluating average values of soil water
and average yields in a single year across stations. This indicates
a high dependence of barley yield on moisture conditions in growing
season and also allows to use the model AVISO to model the influ-
ence of weather on yield formation for any location in the country.

For the selected stations relationship between average AWHC
and yield in a given year was also assessed. Statistically significant
effect of the year was determined in 1976 (dry year), 1981 (dry year),
1985 and 1986 (normal years), 1995 and 1996 (negative correlation,
wet years), 2000 (dry year), 2004 (normal year), 2007 (a dry year),
2009 and 2010 (negative correlation, wet years). At some stations
there was statistically highly significant relationship. In the last dec-
ade, therefore, the number of growing seasons with demonstrable
influence moisture conditions on the yield of barley increased in dif-
ferent production areas.
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