
CLIMATE RESEARCH
Clim Res

Vol. 12: 153–160, 1999 Published August 27

1. INTRODUCTION

According to the present state of climate science, the
increase in greenhouse gas concentrations will result
in changes of the climate parameters; particularly, an
increase of the global temperature and changes in pre-
cipitation are expected. These changes in climate,
which are likely to occur during future decades, may
have significant consequences (positive or negative)
on the development, growth, and yields of crops in
Romania, including winter wheat and maize. 

There are several reasons for choosing these 2 crops
in the vulnerability assessment. Winter wheat and
maize are strategic crops in the cultivated areas in
southern Romania and represent different agronomic
systems: winter wheat is mainly rainfed, and maize is

both a rainfed (in few areas) and an irrigated crop
(especially in the regions with a warmer and dry cli-
mate). The maize crop is sensitive to water availability,
especially in the flower initiation/tasseling and silk-
ing/grain-filling phases. Winter wheat is a less water-
consumptive crop, but is sensitive to water stress in the
anthesis phase. In addition, winter wheat and maize
are different plants from the genetic point of view, so
their response to doubled atmospheric CO2 is different.

The present paper deals with the effects of climate
change on winter wheat and maize development,
grain yield, and the main components of water balance
using the CERES crop simulation models in con-
junction with climate change scenarios derived from
equilibrium general circulation models (GCMs). The
results of the vulnerability assessment were used to
evaluate shifts in agricultural practices that could
reduce the potential negative effects of climate
change. Different potential adaptation measures were
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analyzed by alternative simulations of agricultural
management systems, such as changes in crop variety,
sowing date, crop density, as well as changes in the
level of fertilization, and application of irrigation.

2. METHODOLOGY

2.1. Crop models and management variables. To in-
vestigate physiological responses of the winter wheat
and maize crop to changes in climate, the CERES
simulation crop models were used. The CERES-wheat
(Godwin et al. 1989) and CERES-maize (Ritchie et al.
1989) crop-climate models that are included in the
Decision Support System for Agrotechnology Transfer
(DSSAT) v3.0 program (Tsuji et al. 1994) were cali-
brated and validated with data obtained from field
experiments conducted in the 5 agrometeorological
stations of the National Institute of Meteorology and
Hydrology, Bucharest, Romania. The models were run
for 30 yr with baseline climate and climate change
scenarios.

The 2 models have been modified by US Country
Studies Management Team (1994) to simulate changes
in dry matter production and in water balance as a
result higher concentrations of atmospheric CO2. In
this study, the atmospheric CO2 concentration was set
to 330 ppm for the baseline climate, and to 660 ppm for
the 2 equilibrium GCM scenarios.

To evaluate alterations in the agricultural practices
that would reduce any adverse consequences of the
climate change, different adaptive responses were cal-
culated with the CERES-maize model. The simulation
output files from running the model for a 30 yr time
series period and for different adaptation options were
analyzed and compared by using the seasonal analysis

program that is also included in DSSAT v3.0. Both bio-
physical and economic analyses were used to obtain
information on potential adaptations to future climate
change.

For winter wheat, the data specifying crop growth
and phenological development were set for Fundulea-
4, one of the most commonly grown winter wheat vari-
eties in southern Romania. Simulations were done for
all sites and individual GCM scenarios. The agrotech-
nology was assumed constant for all simulations: the
mean sowing date (Day 274–287, depending on the
agroclimatic zone), mean crop density (500 plants m–2),
medium nitrogen supply (60 kg ha–1), and no irrigation
applied.

For maize, the management variables used as input
data in the simulation model were held constant for all
sites: the mean sowing date was 20 April, crop density
6.0 plants m–2, automatic fertilization (50% stress N),
and a longer maturing cultivar (F-420). The genetic
coefficients defining the phenological development
and crop growth were calibrated for the most widely
used hybrids in Romania. The water demand at all sites
was calculated assuming the following: 100% effi-
ciency of the automatic irrigation system; 1 m irrigation
management depth; and automatic irrigation when
available water was 50% of soil water capacity. These
crop management variables correspond to a medium
agrotechnology level specific to Romania. 

2.2. Climate change scenarios. Output from 2 indi-
vidual equilibrium equivalent 2 × CO2 GCMs, the
Canadian Climate Centre model (CCCM) and God-
dard Institute for Space Studies (GISS) model, were
used to create climate change scenarios for the pur-
poses of the present paper. The grid point monthly
mean temperature, precipitation amount, and solar
radiation derived from GCM simulations are available
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Model Parameter Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual

Craiova
CCCM Temperature (°C) 3.80 3.40 4.10 3.20 3.50 4.80 6.00 5.20 4.40 3.50 3.50 3.10 4.0

Precipitation ratio 1.04 0.87 1.02 0.88 0.88 0.69 0.92 0.91 0.77 1.15 1.11 1.15 –
Radiation ratio 0.98 1.03 1.00 1.02 1.04 1.05 1.02 1.00 1.03 0.98 0.96 0.97 –

GISS Temperature (°C) 4.30 5.00 4.10 5.70 4.20 2.70 2.70 3.50 4.70 3.70 5.10 3.60 4.1
Precipitation ratio 1.18 0.99 1.23 1.14 1.15 1.05 1.24 1.04 0.61 1.44 1.22 1.09 –
Radiation ratio 0.99 0.99 0.98 1.00 1.01 0.98 0.98 1.01 1.06 0.98 1.08 1.02 –

Calorasi
CCCM Temperature (°C) 4.00 3.50 3.90 3.50 3.70 4.50 5.10 4.60 3.90 3.60 3.40 3.40 3.9

Precipitation ratio 1.11 0.83 0.87 0.98 0.92 0.82 1.10 1.00 0.66 1.23 1.12 1.17 –
Radiation ratio 0.98 1.03 1.01 1.00 1.01 1.05 1.01 1.00 1.03 0.99 0.97 0.97 –

GISS Temperature (°C) 4.70 5.10 4.30 5.20 4.80 3.20 3.20 4.00 4.80 3.70 5.50 4.30 4.4
Precipitation ratio 1.08 0.96 1.52 0.77 1.16 1.12 0.87 0.68 0.53 1.81 0.83 1.11 –
Radiation ratio 0.95 1.00 1.01 0.98 1.00 0.98 0.98 1.03 1.06 0.98 1.16 1.07 –

Table 1. Adjustment statistics for the difference between 2 × CO2 and current 1 × CO2 generated by the CCCM and GISS GCMs 
for 2 sites: Craiova and Calarasi in the southern region of Romania
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from the National Center for Atmospheric Research
through the US Country Studies Program (Benioff et al.
1996).

The GCM outputs (1 × CO2 and 2 × CO2) were inter-
polated for the sites where the climate change impact
was assessed. The climate change under 2 × CO2 con-
centration conditions is estimated as the difference (for
temperature) and ratio (for precipitation and solar radi-
ation) between 2 × CO2 and current 1 × CO2 GCMs. As
an example, Table 1 presents the respective values for
2 locations: Craiova and Calarasi.

According to the climate scenarios for the southern
region of Romania, the annual temperature would rise
by 3.9 to 4.4°C and monthly variations of precipitation
would range from –47 to +81%. Generally, precipita-
tion would increase during the autumn and winter and
decrease during the summer, depending on the sce-
narios, sites, and crop seasons. The CCCM scenario
provides a higher temperature increase and a more
pronounced decrease in the amount of precipitation. 

2.3. Climatic data. The SIMMETEO weather genera-
tor (Geng et al. 1988) was used to create the daily base-
line climate data sequences for a 30 yr period (1961 to
1990). Weather data records with a 1 d time step were
generated for minimum, maximum, and mean temper-
ature, precipitation, and solar radiation. 

2.4. Simulations. The key steps in the simulation
were: (1) Running the crop models with the baseline
and climate change scenarios, with the simulation of
the direct effects of CO2 on crop development, grain
yield, and water balance. (2) Comparing the crop
model results from climate change simulations with
baseline climate; quantifying the changes in winter
wheat and maize yields, changes in growing period
length, growing season precipitation and growing sea-
son evapotranspiration. (3) Evaluating different agri-
cultural measures that would reduce any adverse con-
sequences to climate change, and selecting the most
efficient adaptation measures.

2.5. Selected sites. To perform the present study, 5
representative areas situated in the main agricultural
production zone of Romania were selected. These
areas are located in the southern part of Romania and

cover the different agro-pedo-climatic
conditions (Table 2). Depending on
the thermic and water resources (30 yr
averages of monthly means of air tem-
perature and precipitation from the
growth period of the wheat and maize
crops), these 5 locations are character-
ized by a warmer and moderate dry
climate, with a large variability in
monthly precipitation amounts and
their distribution. An 8.9°C average
air temperature and 467 mm of precip-

itation were calculated for the winter wheat season
(October to July), and 17.3°C and 367 mm for the maize
season (April to October). The low precipitation associ-
ated with high temperature, especially in the summer
months, represents the major factor restricting growth
for crops such as maize. 

The difference in precipitation amounts and their
distribution between the sites leads to different crop
management practices: from low-input management
systems (minimum amount of the fertilizer application,
no irrigation, very simple rotation—with the main
crops being winter wheat and maize) to management
systems similar to those used in the high-input agricul-
ture of developed countries (optimum fertilizer appli-
cation, irrigation or complex dry-farming technology,
crop rotations suitable for local soil and climate condi-
tions, and so forth).

3. LIMITATIONS

A number of yield-limiting factors are not considered
in simulations, including phosphorus limitation, nega-
tive effects of weed competition, diseases and insect
pests, and incidence of catastrophic weather events. In
addition, winter wheat varieties, maize hybrids, and
crop management are not adapted to future climatic
conditions but are held constant as for the baseline
conditions.

A full understanding of the possible responses of the
crop-environment system to the predicted climate
change for Romania can only be gained through con-
sideration of crop-climate interactions at the site, and
at regional and national levels. The disadvantages of
the site-specific modeling scale used in the present
study are caused by a lack of information on the spatial
patterns of change.

4. RESULTS AND DISCUSSION 

The output from the CERES simulation models were
used for the vulnerability assessment on winter wheat
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No. Site Latitude Longitude Elevation Soil type
(°N) (°E) (m)

1 Alexandria 43.59 25.21 76 Cambic chernozem
2 Calarasi 44.12 27.21 19 Cambic chernozem
3 Craiova 44.19 23.52 192 Brown reddish
4 Grivita 44.45 27.18 50 Cambic chernozem
5 Targoviste 44.56 25.26 297 Brown reddish

Table 2. Sites in the southern region of Romania used for climate change impact 
assessment and covering the different agro-pedo-climatic conditions
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and maize crops. The effects of climate change scenar-
ios on crop yield formation and water balance ele-
ments were estimated considering the 30 yr means of
the following simulated variables: grain yield (t ha–1 of

dry matter, or dm), season length (d), amount of the
precipitation (mm), and evapotranspiration (mm) in the
winter wheat and maize growth period.

4.1. Winter wheat

Table 3 shows the output of the CERES-wheat site-
level simulation model and the changes in winter
wheat crop variables with climate change scenarios.
Changes in crop production and evapotranspiration
(the average of the 5 sites) are shown in Figs. 1a & 2a.

The growing season length of winter wheat for pre-
sent climate conditions is between 253 and 274 d. Sim-
ulated results for the GCM scenarios show that matu-
rity dates occur earlier and the growing season
becomes significantly shorter at all sites. The fastest
crop development occurs in the case of the GISS sce-
nario (with the growing period from sowing to maturity
shorter by 23 to 27 d on average, in comparison to the
baseline), while under the CCCM scenario, maturity is
reached 19 to 22 d earlier than in the case of the base-
line.

The CERES-wheat results show the average grain
yield calculated for the baseline climate (over a 30 yr
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Fig. 1. Changes in grain yield of (a) rainfed winter wheat and
(b) rainfed and irrigated maize under 2 × CO2 scenarios 

(average of the 5 sites) in the southern region of Romania

Fig. 2. Changes in growing season evapotranspiration for (a)
winter wheat and (b) maize under 2 × CO2 scenarios (average 

of the 5 sites) in the southern region of Romania

(a)

(b)

(a)

(b)
Site Scenario GY SL PRC ET WUE

(t ha–1) (d) (mm) (mm) (kg m–3)

Craiova Baseline 3.4 273 412 444 0.76
CCCM 12% –19 –7% –16% 33%
GISS 3% –24 3% –15% 21%

Grivita Baseline 3.3 266 347 445 0.74
CCCM 21% –20 –11% –14% 40%
GISS 15% –25 –2% –12% 31%

Calarasi Baseline 3.2 259 362 436 0.73
CCCM 34% –19 –11% –15% 59%
GISS 25% –23 1% –12% 42%

Alexandria Baseline 3.0 253 370 438 0.68
CCCM 33% –19 –15% –15% 57%
GISS 30% –24 1% –11% 47%

Targoviste Baseline 4.1 274 509 499 0.82
CCCM 5% –22 –19% –19% 29%
GISS 2% –27 –13% –20% 28%

Table 3. CERES-wheat site-level results by climate change
scenarios (with CO2 effect on rainfed winter wheat) for 5 sites
in the southern region of Romania. GY: grain yield, SL: season
length, PRC: growing season precipitation, ET: growing sea-
son evapotranspiration, WUE: water use efficiency (GY/ET). 

Change from baseline is shown as a percentage
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period) varies between 3.0 t ha–1 dm at Alexandria
and 4.1 t ha–1 dm at the Targoviste site. For the
CCCM scenario the average grain yields were higher
than for the baseline by 5 to 34%; they were higher
by 2 to 30% in the case of the GISS, scenario. The
CCCM scenario predicts the highest increase in grain
yield as compared to GISS due to less shortening of
the growing season. Yield increases were the largest
(33 to 34%) at the sites representing the warmer
region (Alexandria and Calarasi). The 2 GCM equilib-
rium scenarios appear to have a positive effect on
winter wheat production for all sites analyzed, as a
consequence of the photosynthesis process intensifi-
cation, resulting from doubled atmospheric CO2 con-
centration. The generally negative effect of the tem-
perature increase that causes a shorter growth period
is balanced by the positive effect of doubled CO2 (van
de Geijin et al. 1993).

The amount of precipitation during the growth
period of the wheat differs according to the local con-
ditions, between 347 and 509 mm, in the baseline cli-
mate. For the CCCM scenario, the growing season
precipitation decreases by 7 to 19%. For the GISS
scenario, precipitation during the growing season
slightly increases by 1 to 3% on average at 3 sites; for
the other 2 sites (Grivita and Targoviste), precipita-
tion in the growing season decreases by an average
of 2 to 13%. The cumulative water losses by evapo-
transpiration during the vegetation period decreases,
compared with the present level, by an average of 11
to 20% at all sites in the 2 scenarios, as a result of
growing season shortening caused by temperature
increase. The winter wheat crop uses the available
soil water more efficiently in both climate scenarios;
the crop water use efficiency increases significantly,
by as much as 47 to 59%, compared with the actual
conditions, due mainly to the increased CO2 assimila-
tion rate.

4.2. Maize

The maize crop is very sensitive to the technology
level, the local conditions of each site, and the severity
of climate change scenarios. The CERES-maize model
was run for both current and future climate conditions
in 2 cases: rainfed and irrigated crops.

4.2.1. Simulation with direct CO2 effect on rainfed
maize

Table 4 shows the site-level results obtained using
the CERES-maize model and changes in rainfed maize
with the climate change scenarios. Changes in grain

yield of the rainfed maize and the total evapotranspira-
tion (the average of the 5 sites) under 2 × CO2 scenar-
ios are shown in Figs. 1b & 2b. 

The average maize grain yield estimated for the cur-
rent climate conditions ranges between 2.9 t ha–1 dm at
Alexandria and 7.2 t ha–1 dm at Targoviste. Under cli-
mate change conditions, the grain yield appears to
increase considerably for all sites considered under the
2 scenarios. The CCCM scenario resulted in an
increase in the grain yield by 29 to 74%, compared
with the baseline. For the GISS scenario, the increase
ranges from 44 to more than 100%. These data show
that for the GISS scenario the CO2 assimilation rate
(AMAX) reaches its maximum (potential) value. The
data are consistent with the AMAX values obtained in
controlled climatic chambers (Goudriaan & Unsworth
1990). 

For rainfed conditions, the growing season length
decreases by 12 to 32 d for CCCM and by 6 to 26 d
for GISS. Compared with the baseline climate, the
amount of precipitation during the vegetation period
decreases up to 19% in the CCCM scenario and
increases by 1 to 18% in the GISS scenario (except at
the Targoviste site, where it slightly decreases by
2%). The simulated results show a decrease of the
total evapotranspiration during the growth period for
all sites and both scenarios (5 to 19%). The water use
efficiency (ratio of crop yield to total crop evapotran-
spiration) greatly increases under climate change
conditions, particularly in the case of the GISS sce-
nario.

157

Site Scenario GY SL PRC ET WUE
(t ha–1) (d) (mm) (mm) (kg m–3)

Craiova Baseline 4.5 130 368 471 0.96
CCCM 38% –17 –12% –12% 55%
GISS 115% –7 18% –7% 130%

Grivita Baseline 5.0 122 340 439 1.14
CCCM 74% –12 0% –5% 83%
GISS 114% –9 4% –6% 126%

Calarasi Baseline 5.9 120 325 426 1.38
CCCM 38% –14 –8% –8% 51%
GISS 72% –11 1% –7% 87%

Alexandria Baseline 2.9 121 385 480 0.60
CCCM 44% –14 –19% –13% 67%
GISS 119% –6 4% –7% 138%

Targoviste Baseline 7.2 156 532 578 1.25
CCCM 29% –32 –13% –19% 58%
GISS 44% –26 –2% –18% 75%

Table 4. CERES-maize site-level results by climate change
scenario (with CO2 effect on rainfed maize) for 5 sites in the
southern region of Romania. GY: grain yield, SL: season
length, PRC: growing season precipitation, ET: growing sea-
son evapotranspiration, WUE: water use efficiency (GY/ET). 
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4.2.2. Simulation with direct CO2 effect on irrigated
maize

Table 5 shows the results of the simulations with CO2

effect on irrigated maize. Figs. 1b & 2b show the
changes in grain yield and evapotranspiration of the
irrigated maize (the average of the 5 sites) under 2 ×
CO2 scenarios. 

The analyses of the simulated results in the case of
intensive management systems, in the present climatic
conditions, show that the average grain yield is higher
by about 5 t ha–1 dm than in rainfed conditions. The
yields are in the range of 7.8 to 11.0 t ha–1 dm The aver-
age grain yield for irrigated maize decreases by 6 to
17% for the CCCM scenario at all sites. For the GISS
scenario, the yield increases by 8 to 12% at 2 sites
(Craiova and Grivita) or slightly decreases by 2 to 5%
at the other 3 sites. 

Yield reduction, especially in the case of CCCM (a
hot and dry scenario), occurs due to much shorter
grain-filling periods (26 to 56%), caused by the higher
temperatures and the relatively small photosynthetic
benefits of CO2 concentration that are associated with
C4 plants such as maize (Simota & Marica 1997).

The amount of precipitation during the growth period
of the maize is different, according to the local condi-
tions, between 330 and 555 mm, in the baseline climate.
The growing season precipitation decreases by 9 to 23%
on average at all sites under the CCCM scenario and
slightly decreases (1 to 6% for 3 sites) or increases (2 to

9% for the other 2 sites) under the GISS
scenario. The cumulative water losses
by evapotranspiration during the vege-
tation period decreases significantly (22
to 30%), compared with the baseline
climate for all locations and both sce-
narios, because of the shortening of the
growth period. The reduction in the to-
tal evapotranspiration of the irrigated
maize (the average of the 5 sites) is
larger than it is for rainfed maize or
winter wheat (Fig. 2). Water use effi-
ciency increases in all cases. In order to
maintain the same management prac-
tices as in the baseline, the irrigation
needs to decrease in both climate
change scenarios up to 70 to 80%,
while the irrigation use efficiency has a
great increase, especially in the case of
GISS scenario. These irrigation de-
creases have to be carefully interpreted
in relation to the significant shortening
of the maize growing season.

4.3. Possible adaptive responses

Results of the vulnerability assessment on winter
wheat and maize crops presented above show that
maize productivity in the southern part of Romania can
be affected by future climate change. To evaluate
alterations in agricultural practices that would reduce
the potential negative effects of climate change on irri-
gated maize production, the following adaptation
options were analyzed: changes in the crop variety,
sowing date, crop density, and fertilization level. The
results from CERES-maize simulation models for the
medium-input agriculture systems highlight a varia-
tion in maize yields among sites. For an easy compari-
son, the 5 site-level results for the 2 × CO2 scenarios
were averaged. Table 6 shows irrigated maize grain
yield changes by altered maize hybrids, sowing dates,
crop density, and fertilizer levels. 

4.3.1. Cultivar adaptation

Three maize hybrids (with a low-, medium- and
high-temperature sum required for the grain-filling-P5
coefficient) were chosen to examine the possibility of
management responses to climate change. The use of a
maize cultivar with a high grain-filling duration coeffi-
cient (H3) resulted in the yield increase in all sites ana-
lyzed compared with the hybrids with a low or medium
grain-filling duration coefficient (H1 or H2). Yield
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Site Scenario GY SL PRC ET IRR WUE IUE
(t ha–1) (d) (mm) (mm) (mm) (kg m–3) (kg m–3)

Craiova Baseline 9.4 155 399 586 138 1.60 6.81
CCCM –17% –37 –14% –22% –46% 8% 51%
GISS 8% –32 9% –24% –70% 44% 257%

Grivita Baseline 10.3 146 373 607 182 1.70 5.66
CCCM –6% –34 –11% –28% –62% 30% 142%
GISS 12% –32 –3% –30% –74% 59% 323%

Calarasi Baseline 10.8 133 330 563 172 1.92 6.28
CCCM –16% –26 –9% –25% –55% 13% 86%
GISS –2% –24 –1% –28% –68% 36% 207%

Alexandria Baseline 7.8 149 410 649 191 1.20 4.08
CCCM –14% –33 –23% –22% –33% 13% 29%
GISS –3% –28 2% –24% –64% 29% 166%

Targoviste Baseline 11.0 180 555 660 108 1.67 10.1
CCCM –14% –56 –15% –29% –70% 20% 183%
GISS –5% –50 –6% –28% –80% 32% 367%

Table 5. CERES-maize site-level results by climate change scenarios (with CO2

effect on irrigated maize) for 5 sites in the southern region of Romania. GY: grain
yield, SL: season length, PRC: growing season precipitation, ET: growing season
evapotranspiration, IRR: water used for irrigation, WUE: water use efficiency
(GY/ET), IUE: irrigation use efficiency (GY/IRR). Change from baseline is 

shown as a percentage
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losses were lower (–8%), in the case of the CCCM sce-
nario, by using a longer maturing hybrid, than by using
the hybrids with a low or medium grain-filling duration
coefficient (–12 and –11%). 

4.3.2. Change in the sowing date

For maize crop, the impacts of 5 different planting
dates were assessed from March 20 to April 30. The
predicted grain yields of irrigated maize increased by
0.6 t ha–1 (from 9.0 to 9.6 t ha–1) in the CCCM sce-
nario and by 0.7 t ha–1 (from 10.3 to 11 t ha–1) in the
GISS scenario, with a later sowing date (April 30), in
comparison with the present dates (April 20). For the
CCCM scenario, the grain yields decrease in all
cases, but less so for the later sowing dates (–9%)
than for the earlier ones (–14%). The yield losses are
reduced in this scenario for the sowing on April 30. In
the case of GISS scenario, the grain yields showed an
increasing trend for all the alternative sowing dates,
but this was more evident for the later sowing date
(+5%). For both current and future climatic scenarios,
the later sowing date resulted in an increase in maize
yields.

4.3.3. Change in crop density

The effects of climate change on maize yields may be
diminished also by using a low crop density (5 plants
m–2). This leads to a general increase in mean maize
yields by 1.4 t ha–1 for both climate change scenarios
(from 7.6 to 9.0 t ha–1 in the CCCM scenario and from
8.9 to 10.3 t ha–1 in the GISS scenario), as compared
with those predicted using a higher crop density (8
plants m–2).

4.3.4. Change in fertilizer levels

To examine the effect of the fertilizer level increases,
3 cases for automatic application of nitrogen were
used: a medium variant (N1) in which the nitrogen
stress reaches 50%, and 2 other variants in which the
stress diminishes up to 20 (N2) and 10% (N3). The
other management variables were maintained con-
stant: automatic irrigation, sowing date of April 30, a
longer maturing hybrid, and a crop density of 5 plants
m–2. 

The progressive increase of the nitrogen amount
applied in the vegetation season, from 50–70 kg ha–1 to
120–160 kg ha–1 (as the result of the decreased stress),
determines the maize yield increase in both actual
(from 10.6 to 13.5 t ha–1) and future climates (from 9.5

to 11 t ha–1 in the CCCM scenario and from 10.7 to
14.5 t ha–1 in the GISS scenario).

5. CONCLUSIONS

Climate change effects on agricultural crops in the
southern part of Romania depend on local conditions of
each site, the severity of changes in climate, and the di-
rect physiological effects of a double CO2 concentration.

Winter wheat could benefit from the interaction of a
double CO2 concentration with higher temperatures,
while maize appears to be vulnerable to climate
change, especially in the case of a warm and dry sce-
nario (such as CCCM). Wheat yields increased at all
sites for the 2 climate change scenarios as a result of
large direct effects of doubling CO2 on photosynthesis
and water use. The negative effect of the temperature
increase that causes a shorter growth period would be
counterbalanced by the positive effect of the doubling
CO2 concentration. 

The impact on maize is different according to the
scenario and the management practices used: in the
case of rainfed maize, the grain yield increases signifi-
cantly for both scenarios, while in the case of the irri-
gated maize the grain yield decreases for the CCCM
scenario and increases or slightly decreases depending
on the sites for the GISS scenario. Yield decreases are
a result of increasing temperatures that shorten the
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Alternative Baseline CCCM GISS
(t ha–1) (t ha–1) (%) (t ha–1) (%)

Hybrid
H1 (Pio 3780) 8.2 7.2 –12 8.6 5
H2 (Pio 3382) 8.8 7.8 –11 8.9 1
H3 (F 420) 10.4 9.6 –8 11.2 8

Sowing dates
Mar 20 8.9 7.7 –13 9.1 +2
Apr 1 9.1 7.8 –14 9.5 +4
Apr 10 9.6 8.4 –13 9.8 +2
Apr 20 10.1 9.0 –11 10.3 +2
Apr 30 10.5 9.6 –9 11.0 +5

Crop density (plants m–2)
8 8.5 7.6 –11 8.9 +5
7 8.9 7.9 –11 9.3 +5
6 9.4 8.4 –11 9.8 +4
5 10.1 9.0 –11 10.3 +2

Fertilizer levels (kg ha–1)
N1: 50–70 10.6 9.5 –10 10.7 +1
N2: 110–120 11.1 9.8 –12 11.4 +4
N3: 120–160 13.5 11.00 –18 14.5 +7

Table 6. Irrigated grain yield changes due to altered maize
hybrids, sowing dates, crop density and fertilizer levels (aver-
age of the 5 sites) in the southern region of Romania. 

Weighted and percent changes from baseline yield
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season length associated with the water stress during
the grain filling.

For both crops, the cumulative evapotranspiration
during the growth season generally decreases, as a
result of growing season shortening, but with different
strengths according to the crop type and management
practices. Under the climate change conditions, water
is used more efficiently by the 2 crops. 

For maize, the economic risk analysis suggests that
the dominant strategy use the following adaptation
options: the application of irrigation, use of longer
maturing hybrids, sowing in the last 10 days of April,
use of a plant density of 5 plants m–2, and the increase
of nitrogen levels up to 120–160 kg ha–1.

The assessment of the direct effects of CO2 on crop
production remains an important research question.
Although many studies have confirmed the beneficial
effect of CO2 on the mean responses of crops (espe-
cially for C3 crops, including winter wheat), variation
in responsiveness between plant species persists.

Development and improvement of the agricultural
modeling approaches particularly applicable at the
regional scale warrant increased attention.
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