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Caxxerak: Y pajay ce Temarusyje MOJeNOBambe MPUHOCA KYJITypa M BPEMEHCKHX YCJIOBA I10J] YTHUIAjeM KIMMAaTCKHX
npomjena. Ananuszupa ce onHoc u3mely arpoekocucremMa u KiuMe ca (JOKycoM Ha IPOU3BOAY 3pHA KyKypy3a (Zea
mays L.). Illomohy momena Daisy cumynupanu cy edekru kimmarckux mpomjena, npema IPCC SRES A 1B cuenapujy, Ha
HOTEHIM]jaJ IPHHOCA KYKYpy3a Y HajIPOLyKTUBHHU]UM TIOJbOIPUBpeIHUM perrnonnma Cioauke — Hurpu u Munxocrosy.
[pojexunje npunoca 6asupane cy Ha GCM ARPEGE nopanuma nooujenum 3a nepuoae 2021-20150. u 2071-2100.
ronuHe. Pesynratu cumynaipja motom ¢y yrnopeheHu ca mpou3BoImHOM 10 XeKTapy y nepuoay 1961—-1990. roguse.
Kibyune pujeun: mMozenoBame NpuHOCa KyITypa U BPEMEHCKHX YCioBa, Daisy Mojiel, KIMMaTcKke poMjeHe, KyKypy3,
NPUHOC KyKypy3a, ananranuje, A1B cienapuo.
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YBOA

[IpoMjeHe KIMMaTCKUX yCII0Ba MPEACTaBIbajy
JEIHY Ol TVIABHUX NPUJETHH KaKO TII00AITHO], TAKO
u noMahoj MmoJbONpUBpEN, OUOIUBEP3UTETY H
urymapcTBy. Y ClioBaukoj je 3amaskeH 3HayajaH
MIOPACT CPEIEHE TOTUILIELE TEMIIEPAType y IEPUOLY
1881-2016. ronune. Temneparypa Ba3myxa je caaa
3a 2°C Buia y nopehemy ca npeauH 1y CTpujCKUM
MIEpHOAOM. YKYIIHH ITOpAcT najaBuHa u3Hocu 0.8
%, anu je 3a0UJbeXKEeH U HUXOB 3Ha4YajaH Maj u
Tto 32 10 % y jyxxHum oOmactuma CrnoBadke,
Koje ¢y yjenHo u Hajuioanuje. Ha Taj HauuH,
noBehame Temmeparype Ba3dyxa U CMambeme
KOJTMYMHE TaJlaBUHA JIOBEJIU Cy JI0 CMambema
pelaTHBHE BIIAXXHOCTH BaszayXxa W moBehama
eBanorpancnupanuje 3a 5 % (Ministry of
Environment of the Slovak Republic, 2017). Hekn
OJ1 MHAMKATOpa yKa3yjy Ha MOCJhEAULIE KOje Cy
Beh mpucyTHe U noTBpl)yjy NpUCyTHE TPEHIOBE.
WNunexce cyme Palmer Drought Severity Index
(PDSI), Ha mpumMjep, 3a0MIBEIKHO je T y TIePUOILY
1980—-2010. roguHe y MHOTMM pPErnoHUMA
CrnoBauke, ykasyjyhu Ha Behy yuecTaioCcT CyIHuX
MepHo/Ia, MOCEOHO Y JYKHUM TOAPYIjUMa 36MIbE
(Zuzulova et al., 2015). YTuuaj KaumaTckux
IpOMjeHa Ha MOJONPHUBPEAHY MPOU3BOIILY
MaHugecryje ce Ha pasznuuure HauumHe. Kao
MIPBO, CTamke KXUBOTHE cpeanHe Ouhe MOTmyHO
JpyTaduje of OHOT Koje Biana nanac. [Ipema A1B
SRES crienapujy emricrja racoBa cTakjeHe Oarre,
y nepuony 2071-2010. rogune MehyBnanun
naHen 3a kiaumarcke npomjeHe (IPCC) 3a
obnact Hutpe (jyrozanan Cnoauke) npensula
noBehame cpefme TONUIIBE TEMIEpaType 3a
3.1°C y ognocy Ha nepuop 1961-1990. roaune,
a 3a moJpydje MUIXocToBa y jyrOMCTOYHO]
CnoBaukoj mpenuheHo mnoBehame 3a HCTH
nepuog uszHocu 3.2°C. OBako NPOMHUjECHECHU
TeMIIepaTypHHU yCIOBHU JloBenthe 0 MpoayXemba
BEreTaloHoOr MIeproAaa, Koju he moynmaru cBe
paHHje W 3aBpIIaBaTH CBE KacHHje, Te he ce
TaKo, Ha IpuMjep, nosehatu 1 pU3NLM HaCTaHKA
mrere on mpasza (Halenka, 2006). TToehame
KOHIIEHTpAIlHje racoBa CTakjieHe fallte, ¢ Apyre
CTpaHe, MOXKE UMaTH Pa3IM4YMUT YTHUIIA] HA yCjeBe,
bUXOB [IPUHOC U POU3BOIY Onomace. YKOJIHKO
ce xonuentpanuja CO, yIBOCTpYYH U JIOCTHTHE
660 ppm, npon3BoAKa OMomMace Ousbaka U3 rpyre
C3 (ma mpumMmjep, TIICHHUINIA U jedaMm) Ouna Ou
Beha 3a 41 %. Y cnyuajy Ousbaka u3 rpymne C4,
MOTYT KyKypy3a, IpoayKiija ou Omia Beha 3a 22

36

INTRODUCTION

Changes in climate conditions are one of
the main threats of the global and domestic
agriculture, biodiversity and forestry. In
Slovakia, there was significant increase of
mean annual temperature during the 1881—
2016 periods. The air temperature is currently
2°C higher in comparison to the preindustrial
period. Overall precipitation has increased by
0.8 %. However, there was a significant 10 %
decrease in the south of Slovakia with most
fertile soils. Thus, the higher air temperature
and lower precipitation led to a decrease in
relative air humidity and increase in potential
evapotranspiration by 5 % (Ministry of
Environment of the Slovak Republic, 2017).
Some of the indicators suggest possible
impacts, which are already occurring and
the trend, which is continuing. For instance,
Palmer Drought Severity Index (PDSI) had
a decreasing trend during the 1980—-2010
periods in many Slovak regions, suggesting
that drought periods are becoming more
frequent, especially in the south of Slovakia
(Zuzulova et al., 2015). Climate change
affects agricultural production in various
ways. First of all, environmental conditions
will be completely different to what they are
nowadays. According to the A1B greenhouse
gases SRES scenario of Intergovernmental
Panel on Climate Change (IPCC), the mean air
temperature is projected to be 3.1°C higher in
20712100 in contrast to 1961-1990 climate
normal in Nitra (southwest of Slovakia) and
3.2°C higher for the same reference periods
in Milhostov (southeast of Slovakia). These
air temperature conditions will prolong the
vegetation period with an earlier start and later
finish that might cause the crop to be damaged
by frost in the beginning of vegetation period,
for instance (Halenka, 2006). On the other
hand, increasing concentrations of greenhouse
gases might have various effects on crops
and their yields and biomass production. If
the concentrations of CO, increase twofold
to 660 ppm, the biomass production of C3
plants (for example: wheat and barley) will be
41 % higher, in the case of C4 plants, such as
corn, the production will be higher by 22 %.
Nevertheless, this is limited by air temperature
and sufficient levels of soil moisture, therefore
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%. Csa oBa npensubhama, unaxk, Mopajy y3eTH y
003up u apyre orpannyanajyhe akrope kao mro
Cy TeMIleparypa Ba3lyXa W BIQXHOCT TJIa KOjU
CBOJHUM Ij€JIOBalEM MOTY YTHIIATH Ha CMambCHE
MIPOU3BO/IHhe Oromace Ousbaka u nopes nosehane
xoHuenTpanuje CO, y IpUPOIHMM yCIIOBHMA
(Pooster, 1993).

I[MOAALI U METO/IE
[Tonpyuyje npoyuaBama

Y CBpXy HCTpaxuBama wu3abdpaium cMo
neuje nokanuje: Hurtpa—Jlonmna Mananra y
3anaaHo] CrmoBauko] 1 MUJIXOCTOB Y MCTOYHO]
CrnoBaukoj. HaBenene yiokaryje cMmjemreHe cy y
JIBa HajIIPOIyKTUBHM]A MOJLOIPUBPE/IHA PETHOHA
CnoBauke — y /[lynasckoj nHusuju (Hurtpa) u
Hctounoj cnoBaukoj Hu3uju (MHIXOCTOB),
npu 4emy o0a HaBeJECHa NPOCTOpa MPHIIAIAjy
Benukoj mahapckoj paBHunu. Ieorpadcke
koopauHare Hutpe cy 48°17' c. r. 1, 18°08' u. r.
1. TIOK HaJIMOpPCKa BUCUHA M3HOCH 135 m, 10K je
MunxocToB no3uMOHUpaH Ha 48°55' ¢. . . u
21°69'u. 1. 1. u Ha 102 m HaIMOpPCKE BUCHHE.

plants might not be capable of benefiting
from higher concentration of CO, in natural
conditions (Pooster, 1993).

DATA AND METHODS
Study area

For this paper, we chose two sample
locations with topsoil: Nitra—Dolna Malanta
in western Slovakia and Milhostov in eastern
Slovakia region (Fig. 1). These subjects
are located in two of the most productive
agricultural regions in Slovakia — Danubian
Lowland (Nitra) and Eastern Slovak Lowland
(Milhostov), both belonging to Great
Hungarian Plains. GPS coordinates are 48°17’
latitude, 18°08" longitude with altitude of
135 m in Nitra—Dolna Malanta and 48°55°
latitude, 21°69" longitude with altitude of 102
m in Milhostov.

Cn. 1. Teorpadcku monoxaj u3y4aBaHOT IPOCTOPa
Fig. 1. Geographic location of study area
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Daisy monen

[Ipoujena yTuiaja KIUMATCKUX MPOMjeHA
Ha TOJHONPHUBPEAHY NPOU3BOJY H3BPILICHA
je momohy MozenoBama CEpHjOM CUMYJAIlHja
3a mepuon no 2100. rommne. Momen Daisy
MpeJCTaB/ba yCjeB—BpHjeMe THI Mojelia KOjH
y3uMma y 003up mporece TpaHchopmaiuje u
KpeTama BOJIe, CHEpruje, yribeHukKa, a3ora H
MECTUIH/IA, KAKO Ha TIOBPLIMHU TJIa, TAKO U Yy TIY.
[Iporiec MozenoBama 3acCHUBA C€ Ha Pas3BOjy U
BATM/IAIM]Y MAaTEMATUYKUX MOJIETIA 32 CUMYJIAIIN]y
pa3Boja ycjeBa, LUKIIyca KpeTama BOJIE U a30Ta y
MIPOIIECY MOJBOIIPUBPEIHE MPOU3BOAKBE U TIIA Y
OZIHOCY Ha Pa3IM4HUTEe CTPATETHje U YIpPaBIbarhe
semspinTeM. CHMynanyje caapke MoJIaTKe o
MIPOU3BOJIIbM yCje€Ba, KpETamy KOJIUYMHE a30Ta
U BEJIMYUHM eBaroTpaHcnupanuje 3a oapehene
noJbonpuBpeane kyntype (Hansen et al., 1990).
OBaj Mozen 3axTjeBa ylaszHy TpyIy IOJaTaka
Koju Tpeba 1a MpeAcTaBibajy CTBapHE yCIOBE
cpenuHe (Ha NpUMjEp, BPEMEHCKH YCIOBH,
YIIPaBJbAE 3€MJBUIIITEM U TIOIAIH O 3eMJBHIITY)
na OM ce Morila MOKPEHYTH cuMynanuja. Y
HEKUM CJydajeBUMa, MOJEN je crocobaH na
(YHKIMOHHMIIIE U Y CITyYajeBUMa KaJia Cy oAy
HenoTnyHu. Hemocrarak mogaraka HacToju ce
HaJIOKHAJIUTHU ITyTEM JiepUBallyje U3 HHpopMalyja
KOj€ Cy JOCTYITHE. 3aXTjeB 32 BPCTOM M KOTMUHHOM
OBHUX MOYETHUX MO/IaTaKa 3aBUCH O]l OYEKUBAHOT
HH1BOoa aHanu3e Daisy mozena (Abrahamsen, 2016).

[Mapamerpu3zaryja

3a morpebe HCTpakMBama KpeupaHa je
noceOHa CKpHITA ca YIa3HUM MOJalMa Koja
je cazapkaBaja TpH OCHOBHE IpyIe IoAaraka

— TMOJATKE O BPEMEHY, Ty, BOAU U YIPaBJbaby

3eMJpuIITEM 3acajeHumM Kykypyszom. VY

UCTPaXMBakby CMO KOPUCTHIIM JIBA TUIIA TTOJ]aTaKa

0 BpeMeHy y pacnony o 30 roguHa 3a CBaky

rpymy:

1. MjepeHr mojanu O3HAYEHU EKCTCH3H)jOM
.dwf (Daisy Weather File) ykibyunBanu cy
NPOCjeYHEe THEBHE BPH]EIHOCTH KIMMATCKUX
eireMeHara (mpukymbeHe ojJ CraoBadukor
XUJIPOMETEOPOJIOMKOT HMHCTUTYTA) 3a

Model Daisy

The impact of climate change on
agricultural production was evaluated by the
model in a series of simulations to 2100. The
Daisy model is a crop—weather model that
includes transformation and transportation
processes of water, energy, carbon, nitrogen
and pesticides, all of this below and above
ground. This is based on the development
and validation of mathematical models for
crop simulation, water and nitrogen cycle in
agriculture and soil with respect to different
land management and strategies. Simulations
contain a production data, nitrogen flow and
evapotranspiration rate for agricultural crops
(Hansen et al., 1990). The model requires
entry dataset that represent real environmental
conditions (for example weather, land
management and soil data) in order to launch
the simulation. In some cases, it is capable of
working in the absence of some data. In this
case, the model tries to derive the respective
data from available content. The input
requirements depend on the expected output
level of the Daisy model (Abrahamsen, 2011).

Parameterisation

We created special text log (script) files
with entry dataset in three main data groups,
which contained information about weather,
soil, ground water and land management for
maize. In this study, we used two types of
weather data in climate normals with 30-year
long period for each:

1. measured data represented by .dwf
(Daisy Weather File) files included
weather information (produced by Slovak
Hydrometeorological Institute) in daily
steps for Nitra—Velké Janikovce and
Milhostov weather stations for the 1961—
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Hurpy, Benuke JanukoBue m Muixoctos
y nepuony 1961-1990. rogune. dajnoBu
ca mojalnyMa yKJbY4HBAJIH Cy IOJNATKEe U O
JOKaIjaMa CTaHWIla, HaIMOPCKO] BUCHHH,
omre HHPOpMaIHje O YCIOBUMA y KOjUMA je
BPIICHO Mjepemse (2 m u3Haj T/ia), BpeMEHCKE
WHTEpBaje Mjepema M cajpxkaj a3ora y
armocdepu. Ose .dwf gatoteke cagpxapaie
Cy MpocjeuHe JTHEBHE TeMIeparype Basyxa,
IbUXOBE MAaKCUMyMe€ U MUHUMYME, IJI00aIHy
panujanujy, Op3uWHY BjeTpa, peEIaTHUBHY
BJIQXXHOCT Ba3JlyXa M JHEBHY KOJIMYHUHY
naJlaBuHa.

. CUMYJIHMpPaHU EeKCIEPUMEHTAJIHU MOAaIu
u3 0Oasze monaraka mporpama ProclimDB
ne(UHUCAHU MOJICIIOM OTINTE LUPKYJIAIH]je
ARPEGE mnpema ycnosuma A1B SRES
cuenapuja. [logamm cy o6pahenu 3a nepuose
1961-1990., 2021-2050. 1 2071-2100. ronune
3a 00je ucTpakuBane okamuje (mpexa 10x10
km). Ilomanu y oBoj rpynu cajpaBaiiu Cy
Takohe M BPHjEIHOCTH IPOCjeuHE JIHEBHE
TeMIepaType Ba3dayxa, HBHXOBE MAaKCHUMyMe
U MHUHHMYME, TI00alIHy paaujaiujy, Op3uny
BjeTpa, pEJIaTUBHY BIAXKHOCT Ba3lyXxa M
JTHEBHE KOJIMYMHE I13/1aBUHA. YKYITHU MOJallN
cy npebadenu y .dwf maroreke 3a cBaku o
HABEJCHUX TIepuona. AHAJIU3UPAHO je U
Tpajame BEreTallMOHUX MEpPHO/ia HAa OCHOBY
1071aTaKka O BpEMEHY, [IPU YeMy je 3a MMoYeTaK
BEreTaloHOr TIepuojia y3UMaH J1aTyM Kaja
je mpocjeyHa JHEBHA TEMIleparypa HeT
y3actonHux jaaHa Ouma 6ap 10.0°C. [Mogamm
0 Ty ¢y 100WjeHr Ha OCHOBY TEPEHCKOT pajia
y capagmu ca ClI0BaYKUM MOJHOIIPUBPEIHUM
yHHMBep3uTeToM y HuTpu, y TOKy Kojer cy
ypahene ananuze mia y JlonHoj Manantu u
MmuiixocToBy. JlatoTeka ca OBUM moAanuMma
caapkaBajia je JAyOMHY 3EMJbHUIIHUX
XOpH30HATa, MEXaHWYKH CACTaB 3eMJBHIITA U
HUBO TIoy3eMHUX Boga (Cir. 2).

1990 periods climates normal. These files
were comprised from GPS locations of
the stations, altitude, general information
about the measuring conditions (2 m
above ground level), time interval of
measurement and atmospheric nitrogen
deposition. In .dwf we used data on:
daily mean air temperature, max and min
air temperature, global radiation, wind
velocity, relative humidity and daily
precipitation.

. simulated experimental data were

the outputs from database software
ProclimDB defined by general circulation
model ARPEGE in condition of A1B
SRES scenario. Data were processed for
the 1961-1990, 2021-2050, 2071-2100
periods for both locations (grid 10x10
km). Data contains the information about
daily mean air temperature, max and
min air temperature, global radiation,
wind velocity, relative humidity and
daily precipitation. All of the data
were transformed to .dwf files for each
period. The duration of the vegetation
period was analysed and evaluated from
weather data, when the beginning of the
vegetation period (and growing season)
was considered as a period with an
average temperature of 10.0°C (and 5.0°C)
for 5 consecutive days. The soil data had
an experimental basis (field experiments
realized by co-operating departments at
Slovak University of Agriculture in Nitra)
from soil analyses in Dolna Malanta
and Milhostov. The soil file contained
information about soil horizons depth,
fractions of soil and their ratio, ground
water depth as shown in Fig. 2.
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Ca. 2. Ckpunra nojaraka o 3eMJbUIITY 32 oapy4dje Hurpa—/lonna Mananra u Muiixoctos
Fig. 2. Soil data script for Nitra-Dolna Malanta and Milhostov

[lomatke o ympaB/baky 3EMJBHIITEM
caurmaBae cy nH(popmaliyje o mioopey, Opamy,
cjetBu, hyOpuBy u xeTBu. OBa gaTroTeka caJIpiku
1 nerHKCabe TIepHo/a ,,TIOYETHOT 3arprjaBama’
yuja je ¢yHKIHja Ouila MHUHHUMH3AIH]a
HEMPaBUIHOCTU KOj€ C€ MOTY I10jaBUTH YCJbE]
MOYETHUX YCJIOBA Y KOjHMa Ce HaIa3uiIo TI0 — Ha
MIpUMjep, 3EMJBHILTE Ca PA3THUYUTUM IJI0I0PEIOM
y ToAMHaMa Koje Hucy oOyxBaheHe nonarma. OBaj
MeproJ] OAHOCHO ce Ha cibenehe ycjeBe: KyKypys
(Zea mays L.) copre Evelina, rpamak (Pisum
sativum), o3uma mmenuna (Triticum aestivum),
japu jedam (Hordeum vulgare) xoju je 3acujaH
Ha moJpy Jnyuepke (Medicago sativa) (Takac
& Siska, 2011). ¥V cmweaehem kopaky (3BaHOM
“NAOSTRO”) y naroteky cMO YHH]eIU TI0I0PE/T
KOJH j€ YCTaHOBJbEH Ha €KCIIEPUMEHTATTHOM T0JbY
y Homuoj MananTu (y capaamu ca dakynreTom
3a arpoOuonorujy u pecypce xpane CioBadkor
MOJbONIPUBPEAHOT YHHBep3uTera y Hutpm).
[Tnomopen ce cactojao of ycjeBa: Kykypysa (Zea
mays L. copre Evelina), osume mmenune (Triticum

Land management data was information
about crop rotation, plowing, sowing,
fertilizing and harvesting. In the file, there
was a defined warming-up period that was
used for minimization of irregularities
due to initial soil condition (land with a
different crop rotation in previous years). The
warming-up period consisted of the following
crops: maize (Zea mays L.) Evelina variety,
pea (Pisum sativum), winter wheat (Triticum
aestivum), spring barley (Hordeum vulgare)
with undersowing of lucerne (Medicago
sativa) (Takac & Siska, 2011). In the next
step (called “NAOSTRO”) we set up the
same crop rotation as at the experimental
field in Dolna Malanta (provided by Faculty
of Agrobiology and Food Resources at Slovak
University of Agriculture in Nitra) to the file.
The crop rotation included the following
crops: maize (Zea mays L.) Evelina variety,
winter wheat (7riticum aestivum) and spring
barley (Hordeum vulgare). The crop rotation
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aestivum) u japor jeuma (Hordeum vulgare).
OBaj ruioopes yKJbYYEH je y TPU pa3iuyuTe
cUMyJalMje y IHUJby MOKpPHBamka CBUX ycjeBa y
CBAKOj TOMMHU y OKBUPY Tiepuona o 30 ronuHa. Y
JIaTOTEKY je YHECeH U cJbeniehy KaneHaap pajaHux
aKTUBHOCTH Ha Y3rojy KyKypys3a: IpHIIpemMa Tia
3a cjeTBy Koja je onmpeheHa 3a kpaj anpuia (28.04),
npezcjeTBeHo hyOpeme T1a a30THUM hyOpuBOoM
(30 kg/ha) (11.03) u hyOperme aMOHHjyM HUTPATOM
(100 kg/ha) 3a Bpujeme BereTarMoHOr TepUOAA
cpenunoM jyna (13.06). bepba je ompehena 3a
novyerak okroopa (07.10.).

Bamunammja

Pesynratu Mjepema y nepuoay 1961-1991.
roJiHe KOpHIITheH! Cy 3a BAIWAALN]y pe3yarara
Hamer Mojena. Pe3ynratu MopaenoBama
3aCHOBAHU Ha M3MjEPEeHHM IOAAIMMA O BPEMEHY
CnoBaykor XHJIPOMETEOPOIOUIKOT WHCTUTYTa
n excnepumeHTtanHuM noganuma ARPEGE-a,
MIOTOM cy ynopeheHu ca noganuma o mpuHocuMa
CroBaykor 3aBojia 3a CTaTUCTHUKY Y TOM IEPUOY.
Koedumnujent Bapujanmje ckyma mnojaaraka
n3Hocuo je 0.20 (20 %), a CKymoBH mojgaraka
MOKA3UBAJIU CY UCTH TPeH] (TPEH pacTa) TOKOM
ronuHa. Mnak, momanu 3aBoja 3a CTaTUCTHKY
0 MPOCjeYHUM TIpuHOcuMa ounn cy u 10 40 %
HIDKH O pe3yaTara JOOWjeHHX MOJICIOBAEM.
OBa pasnuka HacTaja je ycJbell PasIMYyUuTHX
HayMHA pacnojarama 3eMJBUIITEM TOKOM
HaBEJICHOT MEPHO/Ia — CJETBOM PA3ITHMYUTUX COPTH
KyKypy3a, T U YUE-CHULIOM JIa ITOAAIM 3aBoIa 32
CTaTUCTUKY NPE/ICTaBIbajy PETMOHAIHHU MPOCjeK
JIOK Cy C€ pe3ylTaTd MOJIEIOBaba OIHOCWIN Ha
crierduyne nokayje Hurpe 1 Munxocrosa.

PE3VIITATU

Ha ocHOBy nipoBeieHUX cumyrnaiuja, ypahexe
cy npoigjete 3a nepuoze 2021-2050. u 2071-2100.
roguue 3a npoctop Hurpe—/lonna Mananre u
MunxocroBa. Pesynraru Daisy monena ykasyjy
Ha CMambeHmhe MPUHOCA MPETEKHO Y3POKOBAHO
EKCTPEMHUM BPEMEHCKUM YCIIOBHMa — BUCOKOM
TEMIIEpaTypoM Ba3ayxa KOMOWHOBAaHOM ca

was included in three different simulations to
cover all crops in each year within a 30-year
dataset. We set a framework of activities with
maize to the file in the following sequence:
preparation of maize’s seedbed that was
defined at the end of April (4/28), fertilizing
with a nitrogen fertilizer (30 kg/ha) in the pre-
sowing phase (3/11) and ammonium nitrate
fertilizer in the total volume of 100 kg/ha N
during the vegetation period in the middle
of June (6/13) and harvesting was set for the
beginning of October (10/7).

Validation

We used 1961-1990 data for validation
of our model. The model outputs, based
on measured weather data (Slovak
Hydrometeorological Institute) and ARPEGE
experimental data, were compared with
historical yields measured by Statistical
Office of the Slovak Republic in this period.
The coefficient of variation for dataset was
0.20 (20 %) and datasets showed the same
trend (uptrend) during the years. However,
the average yields (measured by Statistical
Office) were by 40 % lower in comparison
with model results. This was caused by
different management during years, planting
of different maize varieties and the fact
that the data from the statistical office is
regional average (model outputs are fixed to
specific location: Nitra—Dolna Malanta and
Milhostov).

RESULTS

According to our simulations, we figured
out an estimate for the 2021-2050 and 2071—
2100 periods in Nitra—Dolna Malanta and
Milhostov. The results from Daisy model
suggest a decrease in grain yields mainly due
to weather extremes — high air temperature
combined with low precipitations that lead to
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CMambEHEM KOJTMUMHE TaJaBHHA IITO O JOBEIO
710 TI0jaBe CylIlla, ajli U MaJaBUHCKUX EKCTpemMa
yCJbE/1 jaKUX KHIIa KOje MOTY M3a3BaTu OyjuuHe
TMIOTUIaBE y MEpUOAY KiMjarka U pa3Boja OMIbKe.

[TpuHOCH cy 3HAa4ajHO MamH y TOAUHAMA Y
KOjUMa Ce€ I0jaBJbyjy €KCTPEMHE BPHjeIHOCTH
KJIMMaTCKUX €JIeMEeHaTa, a CopTe KyKypy3a HUCY Y
CTamby MPUJIATOUTH CE U3MU]CH-ECHIM KITMMATCKIM
ycrnoBuma. Cumyrnaiuja U3BpIICHAa HA OCHOBY
ARPEGE xnumaTckux mokasaresba, MOKasyje
na he npocjeynu npuHOCH Ha nozpy4jy Hurpa—
Jonna Mananta y nepuony 2021-2050. rogune
uzHocut 5.37 t/ha (Cn. 3) mro mpeacraBiba
nioBehame o1 8 % y OMHOCY Ha MPHHOCE OCTBAPEHE
y nepuony 1960-1990. ronune.

drought and rainfall extremes from supercell,
which could result in a flash flood in period
of emergency and development.

The yields are significantly lower in the
years affected by weather extremes and the
maize variety could not adapt to changed
climate conditions. The average grain yield
was 5.37 t/ha for the 2021-2050 periods in
Nitra—Dolna Malanta (Fig. 3) that represents
an 8 % decrease in contrast to estimated
yields in 1960-1990 climates normal based
on ARPEGE climate data.

Cn. 3. Cumynupanu pUHOCH KyKypy3a 3a noapydje Hurpa—/{onna Mananra
y niepuony 2021-2050. ronune
Fig. 3. The maize grain yields simulated for Nitra—Dolna Malanata in the 2021-2050 periods

Ha uctn HaumH, Ha OCHOBY pesynrara Daisy
Mozena, 3a noapydje Hurpa—/lonna Mananra,
JneTekToBaau ¢cMo W maa ox 35% (mpocjeuHu
npuHoc 3.50 t/ha) 3a mepmonm 2071-2099.
roguae (Cn. 4) y onmHocy Ha mepuon 1961—
1990. ronune. Ha rpadukony ce jacHO Mory
YOUHTH 3HaYajHE pa3iivKe y KpeTambuMa IPHHOCA
TOKOM TI0j€/IMHUX TOJMHA HABEICHOT TepHoa.
[Tonjennak y3pok oBuM (ryKTyarujama JIeKH
y cBe yemhuM IojaBaMa CYIIHHUX M BIQXKHHX
TOJIHA, EKCTPEMHHM BPEMEHCKUM TpUIINKaMa |
M0CeOHO HEJeIHAKO] IUCTPUOYLIN]H aTMOC(EPCKUX
najaBuHa 1o mjecenuma y nepuoay 2071-2099.
ronune. Exctpemuo Hucku npuHocu (camo 0.5 t/

42

In the same way, we detected a decrease
by 35% (average grain yield 3.50 t/ha)
between 2071-2099 model Daisy results
and 1961-1990 grain yields in Nitra—Dolna
Malanta (Fig. 4). Production outages are
observable in many years, which correspond
to a high difference of values within the
yields in 2071-2100. This is equally caused
by the more frequent occurrences of wet and
dry years, extreme weather, and especially
an uneven distribution of atmospheric
precipitation over the months during the
2071-2099 periods. Extremely low grain
production (only 0.5 t/ha) in 2095 is caused
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ha) 3a 2095. ronuHy pOy3pOKOBAHU CY CYIIIOM.
Cumynanmja Ha ocnoy ARPEGE mozena nokasyje
3a HaBeZIeHY FOJIMHY BPHjEIHOCT nagaBuHa ox 480
mm ¥ IpOCjeyHy TOAUIIKBY TEMENparypy BHILY
oxn 13°C.

by drought. The ARPEGE model simulated
precipitation for 2095 at only 480 mm and an
average temperature above 13°C.

Ca. 4. CumynupaHu IpUHOCH KyKypy3a 3a noapyyje Hurpa—/loana Mananta
y nepuony 2071-2100. ronune
Fig. 4. The maize grain yields simulated for Nitra—Dolna Malanata in the 2071-2100 periods

3a moapydyje MunxocToBa, cuMynamuja
Daisy mojnena mokazajna je cMameme MPUHOCA
KyKypy3a 3a 3.5% ako ymopenumo pesyaTare
Mozena 3a mepuon 1961—1990. rogune ca
nonanuma OasupanuMm Ha ARPEGE 3a mepuon
2021-2050. romuHe Ha Jokanuju MUIXOCTOB.
YKynHH NPOCjedyHU MPUHOCH 3pHA KYyKypy3a y
MunxocroBy (Cin. 5) 3a mepuon 2021- 2050.
ronune uzHoce 6.84 t/ha, mro je 3a roroso 1.5
t/ha Bume Hero y Hutpu. Mnak, ykynHu TpeHa
3a mepuog 2021-2050. rogune je omaxaajyhw.
CMameme IpuHOCa HHje TOMUKO 3HA4ajHO Kao
Ha nonpy4jy Hurpa—/lomna Manante, anu cy
MojelMHe HM3Pa3UTO Jiolle ToauHe (MOMyT Ha
npumjep 2049. rogune ucro kao u y Hurpa—
Honna Manantn) y3pokoBane cymiom (ARPEGE
nokasyje camo 500 mm mnajaBUHa W BHUIILY
MpocjeyHy roauimy temmeparypy — 13°C 3a
Hutpy u 12°C 3a Munxoctos).

The Daisy model showed a decrease in
yields of maize grain by 3.5 % compared to
model results in the 1961-1990 periods with
data based on ARPEGE in the 2021-2050
periods in Milhostov location. The total
average production of grain in the Milhostov
location (Fig. 5) in the 2021-2050 periods
reached 6.84 t/ha, which is almost about
1.5 t/ha more than in Nitra—Dolna Malanta.
However, the overall trend was declining
during the 2021-2050 periods as well.
Production failures were not so serious as
in Nitra—Dolna Malanta location but weak
years (for example 2049 — the same as in
Nitra—Dolna Malanta) were due to drought
in locations (ARPEGE model of atmospheric
precipitation simulated only 500 mm per year
and higher annual mean air temperature —
13°C in Nitra and 12°C for Milhostov).
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Cn. 5. Cumynupanu IpUHOCH KYKypy3a 3a nmojapydje Muixoctosa y nepuoay 2021-2050. roqune.
Fig. 5. The maize grain yields simulated for Milhostov in the 2021-2050 periods

[Tpojexmuje mokasyjy MpoCjedHu MPUHOC The model expected decreasing of yields
on 5.07 t/ha y MunxocrtoBy y nepuony 2071— by 26 % in the 2071-2100 periods compared to
2100. roguHe mTO MpeacTaBiba cMameme 32  the 2021-2050 periods with total yield 5.07 t/ha
26 % y mopehemwmy ca mepuogom 2021-2050. in Milhostov (Fig. 6). The outages were more
rogune (Ca. 6). frequent than in the previous period in the light of

changing climate conditions.

Ci. 6. Cumynupanu MPUHOCH KyKypy3a 3a nofpydje MunxoctoBa y nepuoay 2071-2100. roguse.
Fig. 6. The maize grain yields simulated for Milhostov in the 2071-2100 periods
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JIMCKYCHJA

Mognen npensub)a 3Hauajan onaaajyhu TpeHa
Ha 00je uctpaxuBaHe jokanyje. [Tpunarohasame
he, Tako, OMTH HENXOAHO y LUJBY OApKABAHA
npuBpeaHor paspoja. CMmameme MNpHUHOCA
MOX€ JIOBECTH JI0 3HA4YajHOT MoBehama IujeHa
MOJHOTIPUBPEIHUX MPOU3BOJA. JemHa of] CTyauja
nokaszana je maa ce ao 2050. romuHe ouekyje
nopact 1jena 3a 45 % (Trnka, 2015). Arpapna
Npou3BOAmka Hehe OUTH yrpoxkeHa camo
IYTOPOYHUM TOCTENEHUM IpOMjeHaMa KIuMe,
HETO U eKCTPEMHHMM BPEMEHCKUM T0jaBamMa MOy T
KHUIIHUX 0JIyja, N3HEHAHUX TOTJIaBa, OPKAaHCKUX
BjeTpoBa M cyme. IIpomjene, Takohe, mory
13a3BaTé ¥ yOp3aHO IIUPEHEe MHBAa3UBHUX BPCTa
IITETOYMHA WK eKcrian3ujy Beh nmocrojehux, mro
MOKE€ 3HaUajHO YTUIATH HA IPUHOCE PA3THMUUTUX
coptu Kykypysa. Illpeannoctu mnoBehama
KOHIICHTpALlUj€ YIJbCH-ITUOKCUAA, OMUCAHE Y
YBOJIy pajia, IIOHUILTABA]y CE€ 030MIBbHUM YTHUILIAjeM
EKCTPEMHHUX BPEMEHCKHX YCIIOBA, IIITO CY TOKA3aJIH
U pe3yiaTaTu MojelioBama. Paznuuure cryauje
0aBuIIe Ccy ce eBallyalljoM YTHIaja KIMMaTCKUX
MpoMjeHa Ha MPOU3BOIHU MoTeHIMjal. AquaCrop u
STICS monenu cumynupani cy (pema cleHapujy
RCP4.5 —exBuBanent A 1B creHapujy) 3a nogpydje
[Topryrana cmameme npousBoame 3a 17 % 1o
2080. roquue y ogHocy Ha nepuog 1986—2005.
ronuHe (Yang et al., 2017). Canunu pesynratu
CMambeHha MPUHOCA JOOUjEHHU CY U Y CHMYJIalifjama
3a IlIBajuapcky, rije je MCTpaKMBaH YTHIIA]
KIMMaTCKuX npomjeHa 1o 2050. ronuHe Ha TpH
nokarmje (Holkédmper et al., 2015). Temmneparypa
BazJyxa Ha HaBeIECHUM MOApPYyYjUMa CIUYHA je
oHOj y Hutpu nu MuiaxocToBy, 10K je TOAUIIEHA
KoinnuuHa nagasuHa Beha. [Ipema pesynraruma
nobujenum nomohy moxena CropSyst, mpuHOCH
KyKypy3a U3HOCHIHU cy camo 2—3 t/ha y 3aBucHOCTH
071 BPEMEHCKHUX YCJI0Ba Ha M0jeJMHIM JIOKaI[hjama.
OBo ucTpaxuBame 1Mokasajo je aa he repuropuja
[IIBajuapcke BjepoBaTHO OMTH MOTOJHA 32 Y3TO]
KyKypy3a, alu moj ycioBoM ga ce go 2050.
TO/IMHE W3BPIIM aJarnTalyja Ha MPOjeKTOBaHE
npomjene (Holkdmper et al., 2015). Ha pe3ynrare
Hallle CTynuje, MehyTum, yTUIao je U pa3IuyuT
IUIOJIOPE HA EKCTIEPUMEHTAIHUM 3acauMa KOju

DISCUSSION

The model predicted a significant
decreasing trend in both locations. Thus, the
adaptations will be necessary for securing the
economic value. Outages in crop production
could lead to a higher price of agricultural
commodities. One of the studies expected an
increase in prices by 45 % by 2050 (Trnka,
2015). The production will not only be affected
by changes in long term climate normal but also
by severe weather, for instance heavy rains,
flash floods, high wind velocity and drought.
Changes could lead to a spread of invasive
pests or further expansion of existing species,
which can significantly affect grain yields of
maize varieties. The advantages of increasing
concentrations of carbon dioxide for plants,
described in the introduction, is replaced by
serious impacts of weather conditions (severe
weather) which is also shown in the model's
results.

Many studies evaluated the effects of
climate change on the productive potential.
AquaCrop and STICS models simulated
(scenario RCP 4.5 — eq. A1B) production
decreased by 17 % by 2080 in Portugal in
comparison to the 1986-2005 average (Yang et
al., 2017). The same assumption of decreasing
yields is also simulated in Switzerland
(Holkdmper et al., 2015). The impact of climate
change was evaluated at three locations to
2050. The sites were similar in air temperature
but with a higher precipitation sum compared
to Nitra and Milhostov. According to CropSyst,
the maize yield was only 2—3 t/ha depending on
the weather conditions of locations. The study
argues that the territory of Switzerland will
probably be suitable for maize production but
it will be necessary to use adaptations by 2050
(Holké@mper et al., 2015).

However, results of our study were
influenced by different rotations provided on
the experimental fields in comparison to real
production and field conditions. The results
should not be shown as predictions, but only
for trendsetting purposes.
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Ce pa3NuKyje y OZIHOCY Ha CTBAPHY MPOU3BOIHY Y
peanHuM ycnoBuma. Jlobujenu pesynraru, npema
ToMe, He Tpeba ma Oyny cxBaheHH Kao uBpCTa
npeasuhama, Hero je HBUXOB IIMJb MPEBACXOAHO
yo4aBame TPEH/I0Ba.

3AKJbYYAK

[IpoBeneHO HCTpaxHBamke MOKA3alo je Ja
nosehawe ronuenrpauuje CO, y armochepu
HUje MMaJo TO3WTHUBAH yYMHAK HAa MPUHOCE
KyKypy3a. YCjeBH TMOIYT KYyKypy3a YTpOXKEHH
Cy KJIMMAaTCKHUM IIpOMjeHaMa M EKCTPEMHHM
BPEMEHCKUM TpWiIMKama. TpeHIoBH HpUHOCA
MOKa3yjy MaJl y CBUM aHAJIM3UPAHUM MIEPUOIUMA
Kako Ha noapy4jy Hurpa—Jlonmna MananTe, Tako
u y MunxocroBy. Cumynanuja Daisy mopena
3a moxapydje Hwurtpe mnokaszama je cMameme
npousBoame 3a 8§ % y mepuomy 2021-2050.
roivHe y oaHocy Ha mnepuon 1961-1990.
ronuHe, 10K je y nepuoay 2071-2100. roqune To
cMameme n3Hocwio 35 %. CnudHo je yTBpheHo
1 32 MUJIXOCTOB — IPUHOCH Cy OMiy MambH 3a 3.5
% wu3mehy nepuoga 1961—-1990. u 2021-2050.
roiuHe, OMHOCHO 3a 26 % y mopehemy ca
nepuogom 2071-2100. ronune. be3 cipoBohema
Mjepa ajanTaiyje Kao IITO Cy HaBOAHABAILE
U mubaHo hyOpeme, KIMMarcke IpoMjeHe
he wumaru morybaH yTHLA) HA TPOU3BOIILY

KyKypy3a.

3axBajanuua: OBaj paja je HACTA0 Y3 MOIAPIIKY
rpanTta y okupy mnpojekra VEGA 1/0767/17:
Pervonanuu yTunaju KIMMaTrcKUX MpoMjeHa Ha
EKOCHUCTEMCKE yCIIyTe Y 3eMJbaMa y3rajuBadnma
rpoxha — mpomjeHa (yHKIMja y alanTHUBHOM
MOTEHIIH]aITy.

CONCLUSION

We showed that the increasing
concentration of CO, in the atmosphere did
not have a positive effect on the maize yields
in simulations. The crops such as maize were
threatened by climate change and severe
weather. The yield trends were decreasing
in each period in Nitra—Dolna Malanta
and Milhostov. Model Daisy simulated the
production output lower by 8 % between
1961-1990 and 2021-2050 and by 35 %
compared to 2071-2100 in Nitra—Dolna
Malanta. Similarly, the production output
was lower by 3.5 % between 1961-1990
and 2021-2050 and by 26 % compared to
20712100 in Milhostov. Without adaptations
such as irrigation and targeted fertilizing for
the most productive regions with topsoil,
the climate changes are expected to have an
adverse impact on the maize production.
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