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Abstract

The projected climate change is expected to have detrimental impact on agricultural production in Northern
Serbia, which imposes the need to develop mitigation strategies that will provide a stable yield and income of
growing plants in the coming years. Maize is the most important crop in Serbia which occupies the largest sown
area. In the present study, the aim was to determine how the average yield of rainfed maize will change in near
future (2001-2030) relative to the present and if the currently or higher irrigation rate can be used as a strategy
to mitigate the effect of predicted weather scenario on maize yield. AquaCrop model was calibrated with the
data derived from the field experiment with rainfed and irrigated maize (2015-2018) (relative standard error < 5%
in rainfed and < 7.3% in the irrigated trial), which was used for the simulation of maize yield. The results of the
validation showed very good performance of the model (root mean square error of 0.22 and 0.16 was obtained
for rainfed and irrigated maize, respectively). The model predicts the loss of maize yield of 15% with respect to
maize yield from the experiment. In the predicted scenario, irrigation with average irrigation rate of 200 mm ap-
plied in the region of Northern Serbia is expected to increase the yield of maize by approximately 28%. Increased
irrigation rate (250 and 300 mm) will reduce the yield of maize in comparison to the current one, thus the creation
of stable maize hybrids with the increased water use efficiency should be considered as a strategy for alleviating
climate change effect on maize production in the near future.

Introduction for rainfed cropping (Stri¢evi¢ et al., 2011). Maize is
the most important crop in Serbia, which provides the
highest economical revenue. Furthermore, it is the re-
presentative of the most cropped coarse grains. During
the period 1995-2016, 41% of the arable land of North
Serbia was under maize production (650.000 ha). Ac-
cording to the Statistical Office of the Republic of Ser-
bia, maize occupied approximately 68.4% of the whole
plant production with the largest sown area (906.753
ha) and an average yield of 7.7 t ha"during 2018. Most
maize crop cultivations in Vojvodina are produced un-
der rainfed conditions. However, in some areas, maize
is irrigated to stabilize the production from year to year.
Based on long-term experiments carried out under the
conditions of Vojvodina, Bosnjak et al. (2005) pointed
out that, on average, the irrigation of maize increased
its yield by 28.7%. The effect of irrigation on maize
yield in the region depends on weather conditions of
the year, primarily on the sum and distribution of preci-
pitation. In dry years, the irrigation can be abundantly

Agricultural production is one of the most vulnerable
components of a climate-changing world. The variabili-
ty of climate and extreme weather events are expected
to have a more deep effect on agriculture in less de-
veloped and developing countries as compared with
developed states (Stigter, 2010). The impact of climate
change on agriculture varies in different parts of the
world but also among regions. Even though several re-
searches have been done to assess the impact of future
climate changes on crops in various parts of the world
(Ahmadi et al., 2015; Raja et al., 2018), the smaller-scale
investigations are scarce.Therefore, there is a need for
an investigation of the consequences of climate chan-
ge on a regional scale with particular emphasis on the
vulnerability of specific locations. The projection of the
climate is of high importance because it enables the
development of local and regional strategies for miti-
gation and adaptation to future climatic threats (Eitzin-

ger et al., 2013).

Northern Serbia (Vojvodina) lies in the Pannonian zone
of Southeastern Europe. It is the region of the highest
importance for agricultural production of Serbia, whe-
re climate and soil characteristics are mostly favorable

used as farming practice (Bosnjak and Peji¢, 1994), whi-
le in wet years it can be very modest or it can even be
omitted (Peji¢ et al., 2011). These results suggest that
irrigation in Vojvodina is supplementary in character
and that precipitation can affect the soil water regime
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and irrigation schedule of maize (Peji¢ et al., 2011; Peji¢
et al., 2018). According to Dragovi¢ et al. (2008), most
of the spring crops experience the lack of soil water in
July and August. Furthermore, this is the most sensitive
period for maize production, which can affect its yield
(Peji¢ et al., 2009; Peji¢ et al., 2011).

Long-term weather analyses indicate that the Panno-
nian region (areas of Serbia, Hungary, Croatia, Bulgaria,
and Romania) will be considerably exposed to extre-
me weather events expected in the future. Drought
events and periods of excessive precipitation can di-
rectly affect maize farming, which can lead to changes
in agricultural production. According to Stricevi¢ et al.
(2011) and Bezdan et al. (2019), the pattern of extreme
drought events is difficult to be accurately predicted.
Eventually, this pattern can affect the demands in the
market place and prices of maize and other crops. Lali¢
et al. (2011) reported on higher vulnerability of spring
crops to drying days, relative to winter crops. Thus, it
is worthy to find out how the future climate will affect
the yield of maize and other spring crops (soybean and
sugar beet) in order to adjust mitigation strategies in
the region to uneven conditions in the future.

Nowadays, a lot of effort has been done regarding the
application of advanced techniques and methods to
foresee the future climate and to predict its impact on
crop growth and yields. The impact of expected clima-
te changes on the overall crop growth and yield can be
assessed using crop—weather models. Many studies ex-
plained the expected effects of climate change in Eu-
rope on crop yield using such models (Downing et al.,
2000; Dubrovsky et al., 2000; Lali¢ et al., 2013). So far,
the impact of potential climate changes on the territory
of Serbia included the use of different models to as-
sess the yield of maize (DSSAT and AquaCrop) (VuCetic,
2011; Strievi¢ et al., 2011; Janéi¢ et al., 2019), spring
barley (AquaCrop) (Danici¢ et al., 2019), winter whe-
at (SIRIUS) (Lali¢ et al., 2013) with an emphasis on the
analysis of expected weather changes. These studies
included mostly long-term analysis of weather and the
efficiency of crop models in simulating yields and cli-
matic indices, which are indicators of extreme weather
events.

In the present study, the aim was to determine how
the average yield of rainfed maize will change in near
future (2001-2030) relative to the present, and if the
currently applied or higher irrigation rate can be used
as a strategy to mitigate the effect of predicted we-
ather scenario on maize yield. For this purpose, FAO
AquaCrop model, version 6.0 (Raes et al., 2009; Ste-
duto et al., 2009) was selected for the simulation of
maize yield, since it is a water-driven model with less
requirements for experimental, soil and crop data as

an input, as compared with other models (DSSAT, CE-
RES, WOFOST), which is convenient considering that
the technology of maize production has already been
well-elaborated. In addition, better performance of
AquaCrop in simulating grain yield relative to DSSAT
was reported by Babel et al. (2019).

Abbreviations

ETo, reference evapotranspiration; ETd, daily water
used on plants evapotranspiration; kc, crop coefficient;
IWUE, irrigation water use efficiency; IWUEm, irriga-
tion water use efficiency of measured irrigated maize;
IWUEs, irrigation water use efficiency of simulated mai-
ze; IRR, irrigated; RF, rainfed; RAW, readily available
water; WFS, Weather forecast service.

Material and methods
Experimental site and recorded data

Field experiments with maize were conducted in Nor-
thern Serbia (45°20'N; 19°50' E; 82 m a.s.l.). The expe-
riment took place from 2015 to 2018 under rainfed and
irrigated conditions.It was set up using a random block
system. The size of the experimental unit was 50.0 m?
(2.1 x 24.0 m). The maize experiment was organized in
three replicates.

The soil from the experimental field was classified as
calcareous, gleyic chernozem (Loamic, Pachic-CH-cc.
gl-Ip.ph; IUSS Working Group WRB, 2015). The soil be-
longs to a clay loam textural class. The average pH of
the soil layer 0-30 cm is 7.3 and 8.1 in H2O and KCl,
respectively, humus 2.9%, CaCO3 6%, total N 0.190%,
soluble P and K 29.7 and 30.4 mg 100 g 'of soil, respec-
tively. Water-physical properties of the soil are descri-
bed by Hadzi¢ et al. (1996).

Meteorological data for the reference period were
compared with the predicted scenario (2001-2030) to
assess the shifts in mean air temperature in the period
April-September (A-S) (°C), the average number of
days with minimum air temperature below 0 °C (frost
days), the average number of days with maximum air
temperature below 0 °C (ice days), the average date
of the onset of last spring and first autumn frost, the
average number of days with maximum temperature
above 30 °C in the period A-S (tropical days) and the
amount of precipitation in the period A-S (mm). The
climate at the experiment site is characterized as mo-
derate continental with mean annual precipitation of
557 mm (reference period 1985-2005). The mean an-
nual precipitation during the four years of the expe-
riment (2015-2018) was 585.7 mm. The mean annual
temperature of the site is 11.5 °C. Drought is a regu-
lar phenomenon in the region. It appears almost every
year, lasts over longer or shorter period influencing the
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yield of growing plants. In some years, drought reaches
catastrophic proportions in agricultural production. In
dry years, yields can be reduced by 52-76% relative to
the average yields recorded in the region.

Maize hybrid NS6030 (Zea mays L.) was chosen for the
simulation in AquaCrop. It represents a middle-late
hybrid, which can reach the grain yield of 17 t ha™ in
optimal conditions. The optimal sowing rate is appro-
ximately 65.000 plants per ha. The length of its vege-
tation period is 125-130 days. Sowing of the maize was
conducted according to the common practice in the re-
gion (from the middle to the end of April) along with all
required technical measures. The maize was grown un-
der two scenarios: rainfed and irrigated. Irrigation was
scheduled on the basis of the water balance method
using ETo and kc. ETo was calculated by the Hargrea-
ves equation (Hargreaves and Samani, 1985).The data
were downloaded from the Weather forecast service
of Serbia. ETd was calculated by multiplying ETo by ke
values (FAO, 2015) for initial stage 0.3-0.55, crop de-
velopment stage 0.7-0.85, mid-season stage 1.05-1.2
and late-season stage 0.8-0.9. Irrigation was performed
when readily available water (RAW) in the soil layer of
0.4 m was completely absorbed by plants.

ETd= ETo kc

The plants were irrigated by a drip irrigation system,
with a lateral placed per plant row and drippers spaced
at every 0.1 m. The drippers had an average flow of 1.4
L h" under a pressure of 70 kPa.The irrigation in the
present experiment was scheduled mostly in June, July,
and August that coincided with the periods of seve-
re drought in the region (especially in 2015 and 2017)
"Fig. 2".

Model input data

AquaCrop version 6.0 was chosen for the simulation of
rainfed and irrigated maize yield during the projected
scenario (2001-2030). It is a water-driven model, which
includes climate, crop, and field parameters and ena-
bles the simulation of maize yield. Nevertheless, some
parameters needed to be adjusted to local conditions.

During the field experiment, meteorological data of
the site were obtained from a meteorological station
set up in the field. During four years of the experiment,
the meteorological data included minimum daily tem-
perature (T . ; °C), maximum daily temperature (T rnax
°C), average daily temperature (T_,; °C) and precipita-
tion (mm). The data were downloaded from the WFS.
The climate data from 2015 to 2018 were used as input
data for the model calibration and validation.

Table 1 - Input parameters for the maize yield prediction model

Parameter, unit Calibrated value

Base temperature, °C 8
Upper temperature, °C 30
Initial canopy cover, % 0.39
Maximum canopy cover, % 96
Crop coefficient 1.05
Water productivity, kg m* 33.7
Harvest index (Hlo), % 51

Crop development data were derived from the 4-year
long field experiment (2015-2018) (Table 1). The input
parameters were locally calibrated for rainfed maize
yield in 2016 and 2018 because these years were consi-
dered stable in the sense of weather conditions (relative
to 2015 and 2017during which severe lack of precipita-
tion was recorded, which resulted in a yield lower than
average). The crop yield is directly proportional to ac-
tual evapotranspiration, which is why the calibration of
crop models using crop yields is reliable in partitioning
water between soil storage and actual evapotranspira-
tion (Faramarzi et al., 2009). The model was validated
for all scenarios (rainfed in 2015 and 2017 and irrigated
maize in 2015, 2016, 2017 and 2018). The effect of soil
fertility was not considered during calibration and vali-
dation since a sufficient amount of fertilizers for maize
was ensured during the experiment (total of 130 kg N
ha”, 75 kg P,Oq ha™ and 75 kg K,O ha™ fertilizer was
applied according to recommendations based on the
results of the soil analysis). The initial status of RAW,
in the soil layer of 0.4 m was determined by soil sam-
pling applying the thermo-gravimetrical method. The
adjustment of harvest index to 51% instead of default
value for maize (33%) can be attributed to the characte-
ristics of the hybrid (StriCevi¢ et al., 2011). Djaman et al.
(2013) determined that HI in full irrigation and rainfed
treatment of maize can be 57% and 49%, respectively.

Predicted scenario

Climate data for 2001-2030 were obtained by dynamic
downscaling of climate simulations with the ECHAM5/
MPI-OM climate model (Jungclaus et al., 2006). The
downscaling of the global circulation models (GCM)
simulations was conducted with the coupled regional
climate model EBU-POM (Djurdjevi¢ et al., 2012). The
set of meteorological input data consists of daily solar
radiation (J m?, daily maximum (T daily minimum
(T,.) and average temperature (T_ ), daily precipita-
tion (mm), vapor pressure (mbar) and wind speed (m
s"). The projected concentration of CO, was defined in

max)’
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AquaCrop (Mauna Loa- default atmospheric CO, con-
centration from 1902-2099).

Statistical data analysis

Three statistical methods were used to compare yield
data from the experiment and AquaCrop simulations:
the determination coefficient for the model (R2), the
root mean square error (RMSE) and the index of agre-
ement (d) for the validation years. In addition, the
IWUEm and IWUEs (kg m*) was calculated according to
Strievi¢ et al. (2011) for four years (2015, 2016, 2017,
and 2018) according to the following equitation:

IWUEm = (Yim - Yrm) /1
IWUEs = (Yis - Yrs)/1

Y...—measured yield of the irrigated crop, Y, -measu-
red yield of the rainfed crop and I-the amount of irriga-
tion water applied, Y, —simulated yield of the irrigated
crop, Y ~simulated yield of the rainfed crop

Relative standard deviation (RSD, %) was calculated
between measured and simulated yield. Analysis of va-
riance and LSD test were performed in Statistica 13.5
(StatSoft, University Licence, University of Novi Sad,
2020). The significance of the obtained differences was
established at p < 0.05.

Results and discussion

The results of the model calibration and validation (by
the use of maize yield and IWUE from the field expe-
riment) under rainfed and irrigated conditions are pre-
sented in Fig. 1 and Table 2.

The results of the calibration showed a very good per-

Table 2 - The results of the calibration and validation of the model

formance of the model (RSD lower than 3%). Calibra-
ted parameters were later used for model validation.
Nevertheless, a small number of parameters in the de-
fault file from AquaCrop needed to be adjusted to the
local conditions (Hlo, soil type), which indicates that the
default maize file in the model can be applied under
current temperate conditions with minor modifications.
The use of slightly changed default maize file in Aqua-
Crop was reported also by Strievi¢ et al. (2011).The
low RMSE, R2 close to 1 and d value relatively close to
1 (in the rainfed trial), in the validation years, indicate a
very good match between the observed and simulated
yield of maize. The most pronounced difference betwe-
en the measured and simulated yield of rainfed maize
was observed in 2017 (RSD of 15%) when the model si-
mulated more than a tone higher yield of maize. During
2017, severe periods of drought were recorded during
summer months in the investigated region (maize is the
most sensitive in these months). The overestimation of
the maize yield by the model could be attributed to
the fact that crop models cannot simulate the extreme
event effects to the full extent. The other deviations
among years were smaller (less than 5% in rainfed and
less than 7% in irrigated years), although the model
better simulated the yield of rainfed maize (with the
exclusion of 2017) in general. The model mostly overe-
stimated the yield of irrigated maize (in 2015, 2017 and
2018). To support this, some authors reported a slight
overestimation of soil water content after scheduling
irrigation in AquaCrop such as Farahani et al. (2009) in
cotton and Hsiao et al. (2009) in maize. Similar was re-
ported by Stricevi¢ et al. (2011) and Heng et al. (2009)
in maize yield simulation, but with different hybrids.

The model simulated IWUE satisfactory for all four years

Measured yield Simulated yield

Year (t ha") (tha") RSD (%) RMSE d R2
Rainfed maize

2015 8.395 8.996 49

2016 13.073 12.555 29

2017 6.193 7.667 15.0

2018 12.846 12.538 1.7 0.22 0.97 0.99
Irrigated maize

2015 12.012 13.402 7.3

2016 13.927 13.742 0.9

2017 13.269 13.829 29

2018 13.310 13.797 25 0.16 0.44 0.90
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Regression of IWUEm by IWUEs (R>=0.759)

0.05 _/’/

IWUEs

Model
Conf. interval (Mean 95%)
Conf. interval (Obs 95%)

Fig. 1 - Irrigation water use efficiency of measured irrigated
(IWUEm) and simulated irrigated maize (IWUEs)

of investigation (Fig. 1). The highest difference betwe-
en measured and simulated maize water use efficiency
was determined in 2015, when the model overestima-
ted the irrigation water use efficiency of the maize.

Predicted climate shifts and changes in rainfed
and irrigated maize yield

To better understand and perceive the changes in mai-
ze yield caused by predicted climate shifts, the most
important weather indicators that affect spring crops
vegetation were analyzed. To describe the current cli-
mate in Northern Serbia the daily values of meteorolo-
gical variables, which were reported earlier in the study
of Lali¢ et al. (2011) for the reference period 1985-
2005 were used (Table 3). According to Mihajlovi¢ et
al. (2015), the compared selected variables may have
a profound effect on human activity, particularly agri-
cultural production. As obvious from Table 3, signifi-
cant differences in weather are mainly reflected in the
number of tropical days and precipitation during A-S.
It seems that 15% lower yield of rainfed maize in the
predicted scenario, relative to the current state (2015-
2018), could be the result of less precipitation during
the growing season of maize (Fig. 2). To support the-

se results, some studies indicated the loss of maize
yield of 17% as a consequence of global temperatu-
re increase followed by a lack of rainfall (Thomson et
al., 2005). In addition, Vuceti¢ (2011) reported a maize
yield loss as a consequence of climate change in Cro-
atia. According to the meteorological data obtained
from WFS the average annual amount of precipitation
during the experiment (2015-2018) was 585.7 mm.
However, according to the predicted climate scenario
(2001-2030), the average annual amount of precipita-
tion is expected to decrease significantly relative to the
2015-2018 and reference period (1985-2005). In agro-
climatic conditions of Northern Serbia, the maize water
requirement during the growing season usually ranges
between 450 and 540 mm, depending on the weather
conditions and the length of the hybrid growing sea-
son (Bosnjak, 1982; Peji¢, 2000).This water requirement
of maize is provided by rainfall only in 4-5% of years,
which cannot ensure the full potential for the yield of
certain maize hybrids without irrigation (Vuci¢, 1976).
As visible from Table 4 and Fig. 2), 2015 and 2017 were
dry years for maize production, while 2016 and 2018
can be considered normal in a sense of weather con-
ditions required for maize production. It can be assu-
med that the precipitation will stay prevalent variable
in the determination of the yield of rainfed maize in
the near future (2001-2030) since the increase in ave-
rage mean air temperature in A-S period is negligible
(at least in the near future). Extreme temperature in-
crease (the number of tropical days) can be particularly
dangerous for maize and other spring crops (soybeans,
sunflower, and sugar beet). This usually occurs during
summer months (June, July, and August), which coin-
cides with the generative phase of crops and their hi-
ghest demand for water (Kovacevi¢ and Sostari¢, 2016).
Based on predicted data analysis, the average number
of tropical days during the growing season of maize
is likely to significantly increase in the near future (by
5 days). Tropical days are mostly expected in June,
July, and August (sometimes in May and September).
Temperatures above 30° C usually produce disorders in
spring crops through the impact on the basic metabolic
processes in plants (the intensity of the respiration and

Table 3 - Mean air temperature, number of frost and tropical days, the precipitation amount in the period from April to September (A-
S) and the onset of spring and autumn frost in the reference period (1985-2005) and predicted scenario (2001-2030)

Number of frost days Spring/autumn frost

Number of tropical ~ Precipitation (mm)

Period Mean air C ° (A-
eno ean air C° (A-S) (A-S) date days (A-S) (A-S)
1985-2005 18.3° 2 5% April/29" October 29° 376.5°
th th
2001-2030 18.4° o 28 March/4 34° 369.6°

November

*Different letters between the sets of the years denote statistically significant difference according to LSD test at p<0.05
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Table 4 - Sowing, emergence, flowering, maturity/harvest dates, amount of precipitation during the growing season and irrigation

water applied

Amount of

Year Sowing Emergence Flowering Maturity/Harvest dur!:lrgectr:;tr:v:ing Ir;f:lti:c;‘ (vn\:;:'t‘;er
season (mm)

2015 16" April 24" April 2" July 25" August 221.8° 300°

2016 19" April 27" April 5% July 4" September 367.2° 120°

2017 26" April 3“ May 29" June 28" August 228.0° 330°

2018 18" April 27" April 4" July 8" September 311.6° 55¢

*Different letters between the years denote statistically significant difference according to LSD test at p<0.05

transpiration, and grain filling), which often results in
the loss of yield (Otorepec, 1980). Combination of the
lack of precipitation and increased number of tropical
days may be the reason for the rainfed maize yield de-
crease in the predicted scenario relative to the yield
in the field experiment. Besides extremely high tem-
peratures (above 30° C), the temperatures below 0°
C can be detrimental for crops. For spring crops, late
spring and early autumn frost are of the highest impor-
tance. Based on the available weather data, the period
between two frosts will extend in the future relative to
the reference period (1985-2005). Such a distribution
of frost days could extend the growing cycle of spring
crops, which may affect field operations (Lali¢ et al.,
2011). Nevertheless, the length of the growing cycle of

the maize in the predicted scenario (2001-2030) does
not significantly deviate from the field experiments (in
average 130 days). It seems that a negligible increase
in mean air temperature over the near future, relative
to the reference period, will not affect the length of the
growing cycle of the maize, regardless of the lack of
precipitation.

Successful maize production in the Pannonian Basin
depends mostly on meteorological variables and ade-
quate irrigation (Dragovi¢ et al., 2012). Maize is mostly
grown under rainfed conditions under temperate cli-
mate in the region, but increasing periods of drought
and temperature in the last few decades impose the
need for irrigation of maize and most spring crops (su-
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Fig. 2 - Daily weather data and water application rates for vegetation period for the following years: a) 2015, b) 2016, ¢) 2017 and d)

2018.
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Average yield (thal)
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Fig. 3 - The yield of rainfed and irrigated maize in the predicted scenario (2001-2030). Different letters between the sets of the years
denote statistically significant difference according to LSD test at p<0.05

gar beet, soybean). StriCevi¢ et al. (2011) reported that
AquaCrop is reliable in simulating the yield of irrigated
maize and sugar beet.The experimental results (2015-
2018) revealed that the average yield of maize was in-
creased by approximately 25% when it was irrigated
with 200 mm on average (Table 4). The irrigation was
conducted in June, July, and August during the field
experiment, which coincides with the periods of severe
stress during crop growth in the AquaCrop simulation.

In the later part of the simulation (predicted scena-
rio), the maize was irrigated with 200 mm to observe
whether the currently applied irrigation rate could in-
crease the maize yield in the predicted conditions as
well. The simulation results showed up to 28% higher
yield as a result of irrigation of maize in the projected
scenario (Fig.3). According to these findings, supplying
maize with the average irrigation rate in the field ex-
periment (200 mm) could alleviate the adverse effect
of predicted climate change and increase the yield of
maize to some extent. The irrigation rate of 200 mm
is expected not to provide the yield of the maize as
high as the one obtained from the experimental results
(13.3 t ha™). Hence, the irrigation rate in the predicted
scenario was increased by 50 and 100 mm. The results
of the simulation showed that irrigation of maize with
250 mm increased the yield only by 1% as compared
to irrigation with 200 mm. Furthermore, increasing the
irrigation rate for maize in the future (300 mm) could
result in yield loss. However, the limitation of AquaCrop
in simulating soil water content after irrigation of maize
reported by Hsiao et al. (2009) should be considered
before planning agricultural strategies, since the soil is
a very heterogeneous environment, which affects the
efficiency of the crop models in simulations. Contrary

to that, many studies indicated the acceptable perfor-
mance of AquaCrop in simulated irrigation treatments
(Farahani et al., 2009; Heng et al., 2009; Katerji et al.,
2013). In addition, spring crops could be responsive to
the reported amounts of additional water since their
growing cycle as well as sensitive phases overlap with
the one of maize in the study. The exception is sugar-
beet, which is sown earlier in general (the end of March
and the beginning of April), so the projected onset of
early spring frost should be taken into account in plan-
ning an agricultural strategy for this spring crop.

Conclusions

The climate in Northern Serbia, as well as in the re-
gion of Southeastern Europe, has changed significantly
in the last decades. The periods of extreme drought
and precipitation are apparent and affect agricultural
production which eventually impacts the production of
most important crops in the Pannonian Basin (parts of
Serbia, Hungary, Croatia, Bulgaria, and Romania). Ac-
cording to the present study, maize, as the most impor-
tant spring crop in Northern Serbia, is expected to be
vulnerable in the near future (2001-2030). The decrease
in the yield of rainfed maize simulated by the Aqua-
Crop is expected to be predominantly the result of the
lack of precipitation during the growing season, as well
as of an increase in extreme temperature events (tro-
pical days) expected in summer months. Furthermore,
even though field cropping in Serbia is mostly rainfed,
it appears that irrigation of maize and most likely other
spring crops (soybean and sugar beet) will become a
necessary practice in the region. At least in the case
of maize, currently used irrigation rates are expected
to remain a useful mitigation strategy, but their lower
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effect on yield is expected in the near future, relative
to current practice. Therefore, agricultural strategy for
maize production in the Pannonian region should pro-
bably be directed towards the breed of maize hybrids
which have advanced water use efficiency in projected
uneven conditions provoked by climate change.
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