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Abstract

Climate change promotes variations in climatic elements necessary for crop growth and development, such as tempera-
ture and rainfall, potentially impacting yields of staple crops. The objective of this study was to assess future climate
projections, derived from Intergovernmental Panel on Climate Change, and their impacts on second season maize in a
region of Mato Grosso state. Field experiments in the 15/16 season comprising different sowing dates and hybrids
maturities in rainfed conditions were used for crop model adjustment and posterior simulation of experiments. Crop
simulations comprised historical (1980-2010) and future (2010-2100) time frames combined with local crop manage-
ment practices. Results showed decreases of 50-89% in grain yields, with the most pessimistic scenarios at the latest
sowing date at the end of the century. Decreases in the duration of crop cycle and in the efficiency of water use were
observed, indicating the negative impacts of projected higher temperatures and drier conditions in crop development.
Results highlight the unfeasibility of practicing late sowing dates in second season for maize in the future, indicating the
necessity of adjusting management practices so that the double-cropping production system is possible.
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Impactos de Predigdes Climaticas Futuras sobre o Milho de Segunda Safra
em Agrossistema em Regido de Transi¢cao de Bioma no Estado do Mato
Grosso

Resumo

As alteragdes climaticas promovem variagdes nos elementos climaticos necessarios para o crescimento ¢ desenvolvi-
mento das culturas agricolas, como temperatura e chuvas, potencialmente impactando os niveis de produtividade. O
objetivo deste estudo foi avaliar projegdes futuras do clima, oriundas do Painel Intergovernamental sobre Mudanga do
Clima, e seus impactos sobre o milho de segunda safra em uma regido do estado de Mato Grosso. Experimentos de
campo na safra 15/16, compreendendo diferentes datas de semeadura e maturidade de hibridos em condi¢des de
sequeiro, foram utilizados para ajuste do modelo de desenvolvimento de cultura e posterior simulagcdo dos experi-
mentos. As simula¢des envolveram periodo historico (1980-2010) e futuros (2010-2100) combinados com praticas
locais de manejo da cultura. Os resultados mostraram decréscimos de 50-89% na produtividade de grdos, com os cena-
rios mais pessimistas na data de semeadura mais tardia no final do século. Decréscimos na duragdo do ciclo da cultura e
na eficiéncia do uso da agua foram observados, indicando os impactos negativos das altas temperaturas ¢ condigdes
mais secas projetadas para o desenvolvimento da cultura. Os resultados evidenciaram a inviabilidade de se praticar as
épocas de semeadura mais tardias na segunda safra para o milho em condig¢des futuras, indicando a necessidade de ade-
quagao das praticas de manejo para que o sistema de produgdo de cultivo de culturas em sucessdo seja possivel.
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1. Introduction

Maize is one of the most economically important
crops in Brazil. According to the National Company of
storage and supply (CONAB, 2017), the crop is projected
to provide more than 87 thousands of tons of production in
the 2017/18 agricultural season, of which more than 89%
coming from Central-Southern portion of the country
(which include Midwestern, Southern and Southeastern
regions). Mato Grosso, the third largest Brazilian state
(IBGE, 2017) and major national agricultural producer, is
located in the Midwestern region. In the last agricultural
season, it was responsible for more than 57% of Mid-
western total production of maize (~45 thousand tones)
and responsible for 30% of the country’s total production
(of ~87 thousand tones). The state also presented a total
maize production 79% higher than the second larger pro-
ducing state, Parana state (CONAB, 2017).

Due to the overall Brazil’s warm climate, a double-
cropping system is usually practiced in great part of its
territory, including states that goes from Southern (e.g.
Parand) all the way to Midwestern (e.g. Mato Grosso)
political regions. In this context, in which the most com-
mon cultivated crops are soybean and maize in the first
and second season, respectively, it is of main importance
the occurrence of general warm temperatures during the
autum-winter, due to the risk of frost and consequent
maize yields failure, a condition not found in the south-
ernmost states (Duarte, 2004). In the double-cropping sys-
tem, the main crop is cultivated in the start of the rainy or
first season (around mid September - October) and the
second crop is sown right after the main crop’s harvest
(denoting the beginning of the decline of the rainfall,
around late January-March). Mato Grosso state, as well as
the whole Midwestern region, has the great majority of its
total maize production concentrated in the second crop-
ping season, while soybean figure as the main crop in the
first season (CONAB, 2017). The double-cropping agri-
culture system is intrinsically related to climatic dynamics.
In Mato Grosso state, the consistent annual warm tem-
peratures and the contrasting rainfall regime (with annual
amount increasing as latitude increases) is a main driver of
its agricultural dynamics (Arvor et al., 2014). Thus, on
second season, water stress presents great importance con-
cerning agricultural activity. For maize, this can represent
water deficiency during the most critical phases, i.e., flow-
ering and grain filling. In this context, the importance of
an earlier sowing date is widely acknowledged and even
suggested by government initiatives (BRASIL, 2017) in
order to avoid as much water stress as possible.

General warming tendencies and greater rainfall
variability are already worldwide stated conditions due to
climate change (IPCC, 2014). Although most regions in
the world will or are already experiencing climate change
effects, these changes are spatially and temporally variable

(Penereiro et al., 2018); also, some regions are understood
as more sensitive, meaning that they will experience chan-
ges in a more accentuated manner. Specifically in Brazil,
an assessment performed by Torres and Marengo (2014)
could identify ‘hotspots’ where climate change can be
more accentuated in a warmer climate. Mato Grosso state,
along with Midwestern region and Amazon are some of
Brazil’s hotspots, indicating, especially, higher surface air
temperatures in winter, higher temperature variability in
summer and more variable averages and interannual rain-
fall in winter (Torres and Marengo, 2014). In agriculture,
specifically for maize, the increase in temperatures more
frequently will surpass the crop optimal temperature,
resulting in shorter vegetative and reproductive phases
(Lizaso et al., 2018), situation that will be more easily
found in warm-climate regions. Interference in processes
related to water availability, such as crop evapotranspira-
tion, can impose critical changes in its physiology due to
climate conditions, ultimately impacting grain yields. Stu-
dies have been showing that for maize, regions with cooler
climate may present yield benefits due to warmer tem-
peratures, while the opposite is the predominant effect in
regions with warmer climate (Southworth et al., 2000).
Assessments of climate impacts on agriculture must rely
on simulation studies to be able to make long-term projec-
tions. The use of properly parameterized crop models in
agricultural crop studies is an indispensable step for
understanding future yield constraints related to environ-
ment (Boote ef al., 2010; Lobell and Asseng, 2017), which
can help the formulation of policies to mitigate climate
change impacts. Crop models, such as those contained in
the Decision Support for Agrotechnology Transfer
(DSSAT) (Jones et al., 2003) have been used for few dec-
ades to provide information on the interaction of geno-
type-environment-management, and more recently in the
context of climate change impacts on agricultural crops
(Rosenzweig ef al., 2013).

There is a national scarcity of studies on climate
change impacts in staple crops, although the probable
negative effects on the main crops of the double-cropping
system has already been pointed out by few studies (Min-
uzzi and Lopes, 2015; Pires et al., 2016). Mato Grosso
state, due to its location and large extension, houses dif-
ferent biomes and climate patterns, highlighting the
importance of assessment of environment-crop manage-
ment interactions and its impacts in agricultural activity in
the climate change context. Tangara da Serra, a munici-
pality located in the South-Central portion of the state is
unique according to this point of view: its territory com-
prises the transition between Cerrado and Amazonia
biomes, which influence on local climate conditions, also
impacting on crop yields. The main objective of this study
was to assess impacts on second season maize develop-
ment under future climate scenarios in a Brazilian region
of Mato Grosso state. This objective was accomplished
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through the following specific objectives: (i) assessment
of local future climate change under different projections
of scenarios and future periods; (ii) assessment of the
impact of different sowing dates and hybrid maturity on
crop development under future climate scenarios.

2. Materials and Methods

2.1. Study area characterization

This study comprised simulations based on field
experiments conducted at the experimental area of
CETEGO-SR (“Centro Tecnolégico de Geoprocessamento
e Sensoriamento Remoto aplicado & producdo de Biodie-
sel”) located at the State University of Mato Grosso, uni-
versity campus of Tangard da Serra, in the 2015/2016
cropping season (Barbieri, 2017). The referred munici-
pality (14°37°10” S; 57°29°09” W), located in the South-
Central portion of Mato Grosso state, has climate classi-
fied as Tropical wet (Aw) (Koppen classification) with
annual average temperature of 24.4 °C and total rainfall of
1830 mm, concentrated between October and March (Dal-
lacort et al., 2011). Soil characteristics of the experimental
area were obtained for 0-20 cm through soil analysis prior
to experiments (Barbieri, 2017). At this local level, the soil
is classified as Latossolo Vermelho (EMBRAPA, 2006) or
Rhodic ferralsol (FAO classification) (IUSS WORKING
GROUP WRB, 2014), with a very clayey texture. The
observed soil information was combined with data from
the Harmonized World Soil Database (FAO/ITASA/ISRIC/
ISS-CAS/JRC, 2012), wich information are available at ~
1 km grid cell resolution, to complete information up to
100 cm of soil depth (Table 1). Soil water parameters, i.e.,
wilting point, field capacity and saturation, were calcu-
lated apart from the crop model through pedotransfer
functions adapted for Brazilian soil (Tomasella et al.,
2000) and also used as input data in the crop model. Maize
sowing was performed in different dates, characterizing
the second cropping season, an early: 27/01/2016 (S1) and
an intermediate-late date: 25/02/2016 (S2). Three hybrids
of different maturity were used in each sowing date, an
early: AG 7088 (H1), an intermediate: AS 1555 (H2) and a
late: DKB 390 (H3) maturity material. Experiments were
conducted imposing non-irrigated conditions for the crop.
Installation of experiment and crop management was
made to provide proper soil correction and fertilization
and full control of pests, diseases and weeds.

2.2. Climate data: baseline and projections

Observed daily meteorological information, locally
available at the University in the experimental area from
an automatic station, comprised seven years of data. The
data set consisted of average maximum and minimum
temperatures (°C), average solar radiation (MJ m™' day™),
average wind speed (m s'), average air relative humidity
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Table 1 - Soil parameters used in the simulations for the study region in
Tangara da Serra, Mato Grosso state and respective sources. Soil para-
meter values are indicated by “t” for topsoil (0-30 cm) and by “s” for
subsoil (30-100). SLL: wilting point, SDUL: field capacity and SAT:
saturation point. Parameters used for estimating soil-water parameters
are indicated by (*), added to clay, sand and silt fractions (%), also
obtained through observed and HWSD data.

Soil parameter Value Source
Texture Fine Observed and HWSD
Dominant group (FAO) Rhodic ferralsols Observed and HWSD
Texture (t) Clayey Observed and HWSD
Texture (s) Clayey Observed and HWSD
pH (t) 5.9 Observed
pH (s) 5.7 HWSD
Organic carbon (%) (t) 1.75 Observed
Organic carbon (%) (s) 0.8 HWSD
Bulk density (kg d®) (t) 1.14 HWSD
Bulk density (kg d*) (s) 1.16 HWSD
SLL (cm3 cm™) (t) 0.296
SLL (ecm3 ecm™) (s) 0.266
SDUL (cm3 cm™) (t) 0.358 Tomasella (2000)
SDUL (cm3 cm™) (s) 0.323
SAT (cm3 cm™) (t) 0.585
SAT (cm3 cm™) (s) 0.529

(%) and rainfall (mm). The remaining years to complete
the baseline scenario (a thirty years series) was obtained
from a high-resolution grid database developed for Brazil
(Xavier et al., 2016), with resolution grids of 0.25° x
0.25°, for the same climatic variables. The potential eva-
potranspiration (ETp) was estimated by FAO 33 method
through the crop model. Baseline climate was used to
develop future climatic series projections. Future projec-
tions were made with the aid of the International Panel on
Climate Change (IPCC)’s fifth report (IPCC, 2014). Its
fifth report gathers the assessment of several Global Cli-
matic Models (GCMs), currently originated from the Cou-
pled Model Intercomparison Project Phase 5-CMIPS
(Taylor et al., 2012). In this IPCC’s report, scenarios of
radiative forcing, denominated Representative Concentra-
tion Pathways (RCPs) are presented, referring to the tra-
jectories of society and by consequence to the possible
scenarios relating to greenhouse gases forcing over time.
In the present study two RCPs were used: (i) RCP4.5,
considered an intermediate scenario where total emissions
are stabilized before the year of 2100 (Smith and Wigley,
20006; Clarke et al., 2007; Wise et al., 2009) and (ii) RCP
8.5, considered a high-emission scenario, characterized by
the continuous increase of GHGs emissions over time
leading to the highest GHGs concentration levels (Riahi
et al., 2007). The development of future daily meteor-
ological data was performed through algorithms routines
developed by the Agricultural Model Intercomparison and
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Improvement Project (AgMIP) international collaborative
group (Rosenzweig et al., 2013), referent to CMIPS. In an
attempt to minimize uncertainty, inherent to simulations
and to the climatic system, we chose to use an ensemble of
GCMs. The choice of models was based on Pinheiro et al.
(2014) and Silveira ef al. (2013), which evaluated the per-
formance of GCMs in Brazilian regions. GCMs and their
identification can be observed in Table 2. Maximum and
minimum temperatures and rainfall were the variables
changed through mean and variability changes by the rou-
tines using the GCMs, outputting climatic files to be used
as input in the crop model simulations. Average values of
atmospheric CO, concentration was adopted for each set
of assessed periods (Table 3), and were also used for char-
acterize future climate projections. The specific sets of
years of future climate were: (i) short-term future: 2010-
2039; (ii) mid-term future: 2040-2069 and (iii) end of cen-
tury: 2070-2100; and each time frame assessed for each
RCP (4.5 and 8.5).

2.3. Crop model and simulations

Maize growth and development was simulated by
means of the CSM CERES MAIZE, part of the Decision
Support System for Agrotechnology Transfer (DSSAT v.
4.7.0.0) software (Jones et al., 2003; Hoogenboom et al.,
2017). The model was previously adjusted to local envir-
onmental conditions related to phenological events and
yield components, resulting in good agreement between
simulated and observed (maximum absolute deviation of
four days for phenological events and 7% for non-irrigated
grain yields) (see Barbieri, 2017 for further information).

Table 2 - Identification of Global Circulation Models (GCMs) used in the
present study for simulating future climate projections in Tangara da
Serra, Mato Grosso state..

Model Origin Country Resolution
GISS-E2-R  NASA Goddard Institute for United 2.0°x2.5°
Space Studies States
CSIRO- Commonwealth Scientificand  Australia ~ 1.8°x 1.8°
MK3-6-0 Industrial Research Organisa-
tion - Mark 3.6.0
HadGEM2- Hadley Centre Global Environ- United 1.8°x 1.2°
ES mental Model Kingdom
inmem4 Institute for Numerical Mathe- Russia 2.0°x 1.5°
matics - Coupled Model Ver-
sion 4
MIROC- Model for interdisciplinary Japan 2.8°x2.8°
ESM Research on Climate - Earth
System Model
MPI-ESM-  Max Planck Institute - Earth Germany  1.8°x 1.8°
LR System Model - Lower
Resolution
CNRM-CMS5 Centre Europeen de Recherche  France 1.5°x 1.5°

Meteorologique - Coupled
Model 5

Considering the optimum crop management at experi-
mental level (no reduction factors from nutrient, pests and
diseases), the crop model was used for estimating potential
yield in water-limited conditions, (i.e., water-limited
yields) (Lobell et al., 2009), capturing exclusively the
influence of climate conditions and their interactions with
crop development. For both baseline (1980-2010) and
future climate (2010-2100) scenarios, the model was run
comprising the combination of two sowing dates and three
hybrid maturity.

Assessment of local future climate projections of
rainfall and temperatures was performed. The impacts
from the variation of these climatic variables through ana-
lysis of crop yields, number of days per crop cycle (NDC)
(Pires et al., 2016) and water-use efficiency (WUE, an
index between yield and water consumptive use) (Souza
et al., 2016) was performed for the present study’s crop
management conditions and assessed time periods.

Data manipulation and visualization were performed
by using the R software - version 3.5.2 (R Core Team,
2018) e and by using the tidyverse package (v1.2.1; Wick-
ham, 2017).

3. Results and Discussion

3.1. Baseline climate of Tangara da Serra

In the baseline scenario, the amount of monthly
rainfall varied from 10 mm (in July, the driest month) to
210-290 mm (November - March, the rainy season in
which the main crop is cultivated) characterizing the Aw
climate (Fig. 1). Rainfall variability reached their highest
and lowest values during the wet and dry season, respec-
tively, with monthly standard deviation (sd) values of 64-
90 mm between November - March, and of 13-25 mm
between June - August. Average values of monthly max-
imum temperatures ranged from 31-34 °C, with sd
between 1.9-3.6 °C, while for minimum temperatures the
range was between 16-22 °C, with sd between 0.8-2.7 °C
during the year.

Main agricultural municipalities in Mato Grosso
state are located in the Aw climatic zone, wherein the dou-
ble cropping system is commonly practiced. On these
areas, crops like maize, for an average cycle of 130 days,
will be able to profit from rainfall if sown as early as pos-
sible in January, which can help mitigate water stress dur-
ing its critical phases (flowering to beginning of grain
filling). Authors have pointed that the accentuated sensi-
bility to water stress in the reproductive stage, added to
rainfall variability have contributed to the strong suscept-
ibility of maize to this non biotic factor (Bergamaschi and
Matzenauer, 2014), which can be observed in several Bra-
zilian regions. Southeastern (Soler et al., 2007) and war-
mer portion of Southern regions (Andrea et al., 2018), for
example, cultivate maize as a second season crop, with
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Table 3 - Average atmospheric CO, concentration for the assessed sets of years of baseline, RCP 4.5 and RCP 8.5 scenarios used for future climate pro-

jections in Tangara da Serra, Mato Grosso state.

Scenario Period Av. [CO;] Source
(ppm)
Baseline 1980-2010 362 Keeling, C.D. et al., (2005)
2010-2039 422
RCP 4.5 2040-2069 495 Clarke L. et al., (2007); Smith & Wigley, (2006); Wise et al., (2009) through RCP databse (see
http://tntcat.iiasa.ac.at/RcpDb/dsd? Action=htmlpage&page=welcome)
2070-2100 532
2010-2039 432
RCP 8.5 2040-2069 572 Riahi, K. et al., (2007) through RCP database (see http://tntcat.iiasa.ac.at/RcpDb/dsd?
Action=htmlpage&page=welcome)
2070-2100 803
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Figure 1 - Monthly averages of rainfall (a) and maximum and minimum temperatures (b) of baseline climate scenario (1980-2010) in Tangara da Serra,

Brazil. Bars indicate standard deviation.

rainfall pattern (concerning most months of the year)
similar to the assessed region. Thus, sowing dates per-
formed from late February until beginning of March have
greater possibilities to suffer from water deficit, penalizing
crop yields. This condition, due to rainfall patterns, is a
reality in many Brazilian regions, whether in subtropical
climate, under historical and current climate conditions
(Soler et al., 2007); or in warmer climate types of other
regions including Midwestern, under historical or current
climate conditions (Heinemann et al., 2009; Penereiro
et al., 2018) as also under future climate projections
(Torres and Marengo, 2014; Pires et al., 2016). Possible
delays in sowing second season maize, as pointed by peri-
odic reports of state agriculture (IMEA, 2017), can be ori-
ginated from current or previous crop (summer crop)
cultivation and its calendar of operations. In this context,

unfavorable environment conditions, such as insufficient
or excess of soil moisture can delay and even make it
impossible to carry out operations.

3.2. Climate projections for Tangara da Serra

Projections of future climate can be observed in
Figs. 2 and 3 through the absolute differences of tempera-
tures and rainfall from baseline scenario. The projections
presented in this study are consistent with an overall ten-
dency of increases in maximum and minimum tempera-
tures and altered rainfall patterns and amounts (IPCC,
2014). In terms of monthly rainfall, RCP 8.5 emission
scenario presented greater absolute variability: during Jan-
uary - June, average monthly deviation from baseline var-
ied between -20 to 4% (near future); -13 to 13% (mid
future) and -13 to 4% (end of century). During July -
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December, these values ranged between -17 to 0%; -25 to
11% and -44 to 0%, respectively. In RCP 4.5, monthly
rainfall (January - June) deviated from baseline as follows:
-13 to 7% (near future), -13 to 4% (mid future) and -13 to
2% (end of century); during July - December these same
values ranged between -11 to 36%, -22 to 7% and -34 to
3%, respectively. Rainfall decreases were most accen-
tuated during September - October in all future scenarios
(Figs. 2 and 3). Rainfall future projections are always
more subject to uncertainties than temperature, probably
due to the more variable nature of this climatic variable.
Kent et al. (2015) present in detail several facts concern-
ing the uncertainties on projecting seasonal precipitation
in the tropics, and point to the strong contribution of
dynamic processes as result of spatial shifts in convective
mass flux, and that is where efforts to understand uncer-
tainties should be directed. Knutti and Sedlacek (2013)
assessed the evolution from CMIP3 to CMIPS climate
models in climate change context, and found an overall
consistency and robustness across generations of models,
although the complexity of more moderns models tend to
increase. As these authors point, climate models are con-
tinuing evolving, and these uncertainties should not pre-
vent their use as an aid in decision-making.

Maximum and minimum temperatures deviations
from baseline were represented only by increases in all
scenarios. RCP 8.5 presented the most accentuated increa-
ses in all time periods, for both maximum and minimum
temperatures; variability of average maximum tempera-
ture from baseline during January - June ranged between
1-5% (near future), 6-10% (mid future) and 12-16% (end

Y
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RCP 4.5 (2040-2069)
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of century). During July - December these values varied
between 2-6%; 7-12% and 13-20%, respectively. Average
minimum temperature deviations in this RCP during Jan-
uary - June varied between 5-9% (near future), 10-18%
(mid future) and 19-33% (end of century), while for July -
December these values varied between 5-8%, 13-19% and
22-34%, respectively. For RCP 4.5, average maximum
temperature deviation from baseline varied between 1-4%
(near future), 4-7% (mid future) and 6-9% (end of century)
for January - June, and between 1-7%, 4-11% and 6-12%,
respectively, for July - December. Average minimum tem-
perature deviations in this RCP during January - June var-
ied between 4-8% (near future), 8-14% (mid future) and
10-18% (end of century), while for July - December these
values varied between 5-9%, 9-15% and 12-18%,
respectively.

The assessed future projections of climate could
negatively impact the state and national grain production.
National maize production (of which the state is respon-
sible for ~40% of second season maize production,
according to CONAB (2017), could be undermined if no
efforts to alleviate water and temperature constraints are
performed. This general reduction tendency can be found
in studies that assessed the impacts of climate change, in
Brazil, particularly for maize as also other grain crops,
even in Southern regions of Brazil, with climate cooler
than Midwestern (Streck and Alberto, 2006; Streck et al.,
2010). While temperature constraints will be more diffi-
cult to solve due to impossibility of manipulating environ-
ment for this particular climate variable at large and
commercial scale, water constraints could be more easily
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Figure 2 - Monthly rainfall (a,c,e) and maximum and minimum temperatures (b,d,f) absolute differences from baseline climate scenario generated for
RCP 4.5 at short-term future (a,b), medium-term future (c,d) and end of the century (e,f) in Tangara da Serra, Mato Grosso state.
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Figure 3 - Monthly rainfall (a,c,e) and maximum and minimum temperatures (b,d,f) absolute differences from baseline climate scenario generated for
RCP 8.5 at short-term future (a,b), medium-term future (c,d) and end of the century (e,f) in Tangara da Serra, Mato Grosso state.

addressed when considering the possibility of changing
sowing dates or utilizing irrigation.

3.3. Impacts on second season maize in Tangara da

Serra

The evolution of simulated maize yields across base-
line and future emission scenarios, summarized as average
yields of three hybrid maturities within each of two sowing
dates can be observed in Fig. 4. Temperature and rainfall
projections were responsible for an overall decrease trend

of second season maize yields for all assessed scenarios
when compared to baseline, varying in magnitude for the
RCPs and sowing dates. These results are consistent with
studies assessing impact of climate change in maize yields
in warm climate environments that typically have double
cropping agriculture systems (Minuzzi and Lopes, 2015;
Pires et al., 2016). While it was possible to observe an
overall clear separation between projection of yields at the
earliest and latest assessed sowing dates, results also indi-
cated an increasing differentiation between RCP 4.5 and
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Figure 4 - Variability of maize grain yields in two different sowing dates (early and late) in the baseline (1980-2010) and in sets of future climate scenar-
ios of emissions (RCP 4.5 and RCP 8.5): near-term future (2010-2039); mid-term future (2040-2069) and end of century (2070-2100) of second season
rainfed maize in Tangara da Serra, Mato Grosso state. Lines show a local regression for an average value of the three hybrid maturity for each sowing

date.
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RCP 8.5 as future scenarios advanced in time. In the early
sowing date (baseline average of 7.8 t ha™'), decreases
were found reaching an average of ~3.5 t ha™ (-55%, for
both RCPs) in near future; of 3.2 t ha™ (-59%, RCP 4.5)
and 2.9 tha™ (-63%, RCP 8.5) in mid future and of 2.9 t ha"
' (-63%, RCP 4.5) and 1.7 tha™ t ha™ (-78%, RCP 8.5) in
the end of century. At the late sowing date (baseline aver-
age of 6.1 t ha™') average yields presented a even more
accentuated and continuous decrease, to averages of ~1.2 t
ha™' (-80%, for both RCPs) in the near future; of 1.1 t ha™
(-82%, for both RCPs) in mid future and of 1.1 t ha™
(-82%, RCP 4.5) and 0.7 t ha™ t ha (-88%, RCP 8.5) in
the end of the century.

Simulated yields for future climate projections were
also assessed detailed for each hybrid maturity and spe-
cific sowing date (Fig. 5). For comparison purposes, aver-
age yields from baseline are also presented for each
sowing date. In the baseline scenario, average yields (and
standard deviation) ranged between 6.7-9.3 (1.5-2.2) t ha™!
and between 5.3-6.9 (2.0-2.7) t ha™ for the early and late
sowing dates, respectively, between hybrids. In the RCP
4.5 scenario, in the near-term future, average yields (sd)
ranged between 3.1-4.0 (1.3-1.8) t ha™ and between 1.1-
1.3 (0.7-0.9) t ha™ for the early and late sowing dates,
respectively, between hybrids. In the mid-term future,
same values ranged between 2.8-3.5 (1.2-1.6) t ha™ and
between 1.0-1.2 (0.6-0.8) t ha™'. At the end of the century
the values ranged between 2.6-3.2 (1.1-1.4) t ha™ and
between 1.0-1.2 (0.6-0.7) t ha™' for the early and late sow-
ing dates, respectively, between hybrids. In the RCP 8.5
scenario, in the near-term future, average yields (sd) ran-
ged between 3.1-4.0 (1.2-1.7) t ha™' and between 1.1-1.3
(0.7-0.9) t ha™' for the early and late sowing dates,

1y
J

1
J

respectively, between hybrids. In the mid-term future,
same values ranged between 2.5-3.2 (1.0-1.4) t ha™' and
between 1.0-1.2 (0.6-0.8) t ha'. At the end of the century
the values ranged between 1.5-1.9 (0.7-0.9) t ha™' and
between 0.6-0.7 (0.4-0.5) t ha™! for the early and late sow-
ing dates, respectively, between hybrids. As time progress,
absolute average of yields and their variability decreases.
With most accentuated decreases in RCP 8.5 and at the
late sowing date in which yields could reach < 0.1 t ha™".
Although these values may seem extreme, they reflect
estimates in a context where no management actions are
taken to alleviate the issues, i.e., continue with the same
crop management practices. The late maturity hybrid also
presented slightly superior average values in all future cli-
mate projections. This may be due to the greater number
of days the crop stays on field and may profit of some
additional water and radiation input (Bassu et al., 2014).
When compared with its baseline reference (hybrid and
sowing date), decreases in grain yields in RCP 4.5 reached
a maximum of 57 and 83% in the near-term future; 62 and
83% in the mid-future; 65 and 84% in the end of century
for early and late sowing dates, respectively. For RCP 8.5
those values were of 58 and 82%; 66 and 84%; 79 and
89%, respectively.

Simulated yields for baseline climate scenario corro-
borate the widespread knowledge that the later second
season maize is sown, the lower are their yields due to
water stress (BRASIL, 2014), also pointed by several stu-
dies (Heinemann et al., 2009). Although irrigation repre-
sent a logical technical solution, this management practice
is hardly considered in studies concerning the water issues
in second season maize through the state of Mato Grosso
and mainly all Midwestern (Heinemann et al., 2009;
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Figure 5 - Variability between the combination of three maize hybrids (H1: early, H2: normal and H3: late maturity) grain yield in two sowing dates (S1,
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Minuzzi and Lopes, 2015; Pires et al., 2016). The state
presents less than 5% of national irrigated area (IBGE,
2018); this is a region characterized by large extension
properties, which has, in general, soybean as main crop on
the rainy season. In major part of national territory this is
the predominant condition wherein the rainfall period
concentrates in one part of the year (4-5 months) and dou-
ble cropping is practiced. In the projected future climate
scenarios the importance of earlier sowing date of second
season maize became accentuated; a late sowing date
could even be disregarded from being practiced. Results
from Pires et al. (2016) also show the increases of risk in
double cropping systems (soybean-maize succession) due
to future water deficit in major soybean producing regions
in Brazil, including MT state. Despite the focus of Pires
et al. (2016) has been on the first season crop, soybean,
their results showed that while soybean yields may even
increase with delay in sowing, maize as second crop will
be negatively affected. Present results agrees and comple-
ment information from Pires ef al. (2016), the presented
rainfall decreases in September-October may affect soy-
bean sowing by the deficiency of soil moisture, pushing it
forwards in the agricultural calendar, which ultimately
will affect maize cropping systems by delay in its sowing.
Such water constraints could be alleviated by the use of
irrigation practices, for example, however this is not a
common practice in maize in Brazil, especially in the
Midwestern region, wherein the crop is usually associated
with extensive properties. By separately considering the
possibility of solving water supply in the second season,
regions with Am climate type could represent better con-
ditions for crops such as maize in second cropping season,
since its bulk rainfall is concentrated at the first half of the
year, when the crop is under growth and development.

In terms of temperatures, the projected scenarios
also impose difficulties for cultivating maize. The warmer
condition of days and especially nights (i.e., increase in
minimum temperatures), which is already a factor by
which maize has lower biophysical limits of maize yield in
second (when compared to first) season in Brazil (Farinelli
et al., 2003), will become even more accentuated in the
future. Generally, the increase of temperatures and number
of days with higher-than-average daily and night tempera-
tures, act specifically on maize physiology by accelerating
the end of its cycle and completing phenological phases by
earlier than usual achievement of thermal sum (Lizaso
et al., 2018). Bassu et al. (2014), in an overview over
multi-model responses to maize yields under CO, and
temperature changes in different regions worldwide (one
of them in Midwestern Brazil), indicated temperature
increases as the main factor altering maize yields in future
climate, situation more aggravated in tropical regions.

In terms of CO,, experimental studies have shown
that its higher concentration in the atmosphere may
enhance overall plant growth and water use efficiency;
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although this effect is expected to be more intense on Cj
plants and the possibility of this positive contribution from
CO ,is also expected to be attenuated by higher tempera-
tures. McGrath and Lobell (2011) point to the tendency of
more intense CO, fertilization effect for both C3 and C4
plants, in different intensities, when grown in drought
compared with non-water limited conditions. In detail,
increases in CO, concentrations reduces stomatal activity
in both C; and C,4 plants (20-40%) and can lead to a
greater soil water conservation when crops are under soil
water deficit (Hatfield er al., 2011), an apparent advantage.
However, reduction in crop evapotranspiration caused by
changes in CO, concentrations will be mediated by tem-
perature; there is evidence that although WUE can
increase in such conditions, its values decline when tem-
perature increases (Hatfield ef al., 2011). Thus, as pointed
by the latter authors, it is acknowledged that full combined
effects of increasing CO, concentrations and temperature
in water-limited conditions is still subject to understanding
on how crops do respond to interactions between these cli-
matic elements and should continue to be evaluated in
future experimental and modeling studies. In maize, the
isolated effect of doubled CO, is relatively low (general
~4% change of grain yield) when compared to other staple
crops due to its metabolic pathway (C4), as presented by
Hatfield et al. (2011).

Summarization of average absolute values and rela-
tive differences (%) concerning the average of number of
days per crop cycle (NDC) and water use efficiency
(WUE) between baseline and future climate scenarios for
both assessed RCPs can be observed in Table 4. From the
mid-century on, for both RCPs, decreases on the NDC and
WUE were more accentuated at the late sowing date,
highlighting the negative impacts, related to water and
temperature, due to the delaying maize growth and devel-
opment during the agricultural drier season of the year.

In the baseline scenario, NDC ranged between 123-
130 and between 128-135 days for the early and late sow-
ing dates, respectively, between hybrids (shortest and
longest lengths for the early and late maturity hybrid,
respectively). Relative differences of RCPs presented
increasing deviations from baseline, reaching highest
variability at the end of the century in RCP 8.5, thus the
shortest cycles (~100 days for the early maturity hybrid).
Evapotranspiration in RCPs were higher than on baseline
due mainly to warmer conditions, however, during the
thirty-year periods through the century, evapotranspiration
remained practically stable. Due to the continuous
decrease of yields, WUE also presented decrease of
values, reaching its lowest values in the end of the century,
and more accentuated for RCP 8.5. WUE, determined for
the entire crop season, indicated the amount of commer-
cial output obtained by the consumptive use of water, in
this case grains and evapotranspiration, respectively, as kg
grain ha” mm™. In the baseline scenario, WUE values
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Table 4 - Absolute values (and variation, %) in grain yield (t ha™), number of days per crop cycle (NDC, in days) and water use efficiency (WUE, in kg
ha™! per mm of actual evapotranspiration) between baseline (1980-2010) and future (2010-2100) climate scenarios, RCP 4.5 and RCP 8.5, considering
two sowing dates and three hybrid maturity of second season rainfed maize in Tangara da Serra, Mato Grosso state.

Management scenario Emission Variable (difference from baseline %)
scenario
Sowing Hybrid Yield NDC WUE Yield NDC WUE
date maturity
Near-term (2010-2039) S1 H1 3.6 118 53 RCP 3.7 117 5.4
(-0.51) (-0.04) (-0.73) 8.5 (-0.50) (-0.05) (-0.72)
H2 3.1 121 4.6 3.1 120 45
(-0.54) (-0.05) (-0.74) (-0.54) (-0.06) (-0.74)
H3 4.0 125 5.8 4.0 123 5.7
(-0.57) (-0.05) (-0.76) (-0.58) (-0.05) (-0.76)
S2 H1 1.3 117 2.7 1.3 117 2.7
(-0.78) (-0.09) (-0.86) (-0.78) (-0.09) (-0.86)
H2 1.1 121 2.2 1.1 121 2.3
(-0.79) (-0.08) (-0.87) (-0.79) (-0.08) (-0.86)
H3 1.2 123 2.4 1.2 123 2.5
(-0.83) (-0.09) (-0.89) (-0.82) (-0.09) (-0.88)
Mid-term (2040-2069) S1 H1 33 113 4.9 29 110 43
(-0.55) (-0.08) (-0.75) (-0.60) (-0.11) (-0.78)
H2 2.8 116 4.1 2.5 113 3.7
(-0.58) (-0.09) (-0.77) (-0.63) (-0.11) (-0.79)
H3 RCP 4.5 35 119 52 3.2 116 4.7
(-0.62) (-0.08) (-0.78) (-0.66) (-0.11) (-0.81)
S2 H1 1.2 112 2.5 1.2 110 2.4
(-0.79) (-0.13) (-0.87) (-0.80) (-0.14) (-0.87)
H2 1.0 116 2.1 1.0 113 2.0
(-0.81) (-0.12) (-0.88) (-0.81) (-0.14) (-0.88)
H3 1.1 119 2.3 1.1 116 2.2
(-0.83) (-0.12) (-0.89) (-0.84) (-0.14) (-0.90)
End of century (2070- S1 H1 3.0 111 4.4 1.6 101 2.5
2100) (-0.59) (-0.10) (-0.77) (-0.78) (-0.18) (-0.87)
H2 2.6 113 3.8 1.5 104 22
(-0.62) (-0.11) (-0.78) (-0.78) (-0.18) (-0.87)
H3 32 116 4.8 1.9 106 29
(-0.65) (-0.11) (-0.80) (-0.79) (-0.18) (-0.88)
S2 H1 1.2 110 2.4 0.8 99 (-0.23) 1.6
(-0.80) (-0.14) (-0.87) (-0.87) (-0.92)
H2 1.0 113 2.0 0.6 101 1.3
(-0.82) (-0.14) (-0.88) (-0.88) (-0.23) (-0.92)
H3 1.1 115 22 0.7 104 1.5
(-0.84) (-0.15) (-0.90) (-0.89) (-0.23) (-0.93)

were closer to upper limits of this range, between 17.7-
24 kg ha! mm™ and between 16.6-21.4 kg ha™! mm™ for
the early and late sowing dates, respectively, between
hybrids. In the projected future those values decreased by
73-89% and 72-88% in the near future for both RCPs,
reaching 77-90% and 87-93% decreases for RCP 4.5 and
8.5, respectively, in the end of the century.

Bassu ef al. (2014) highlighted a common trend
among several crop models of decreasing the duration of
crop cycle, and consequently crop biomass and yields in
maize with the increase of temperatures in warm-climate
locations, physiologically based on the temperature-

response trait of maize. These results are also found in
Brazil for a variety of regions (Minuzzi and Lopes, 2015);
even when there is an apparent positive effect of decreased
risk by frost at some sowing dates in Southern Brazil due
to warmer climate, scenarios that provided higher relative
increases of this variable also leads to the shortening of the
cycle (Streck et al., 2010). The decrease of crop cycle
length affects crop development mainly due to the imposi-
tion of lower water and radiation intake, which ultimately
affects CO, assimilation. Howell (1990) presented the cli-
mate-specific linear relationship between transpiration and
crop biomass, when there is no nutritional deficiency,
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which is the condition of the simulations of this study.
Perry (2011) pointed that the shorter the maize growth
cycle becomes, the lower the water supply, crop transpira-
tion and water demand by the plant. Thus, in the present
study a continuously decreasing WUE, also named water
productivity (Perry, 2011) was observed, with the lowest
values found for the late sowing date at the end of the cen-
tury. Minuzzi and Lopes (2015) point to the relationship
between cycle duration and WUE; although in its analysis
there was a tendency of decrease of yields and increase of
WUE, this was due to the non water-limited conditions in
the simulations. While baseline WUE are inside the range
reported by FAO (Sadras et al., 2007) of 6-23 kg ha™ mm"
! for rainfed systems, the decrease in all future projections,
of at least 70% is strongly linked by crop cycle duration
and yield decreases. While Minuzzi and Lopes, (2015),
Bassu et al. (2014), did not present sowing date and hybrid
maturity variation in its assessment of impact of climate
change on maize in Midwestern Brazil, in this study we
found the strong evidence of the unfeasibility of late sow-
ing dates on second season maize, suggesting the necessity
of shifting to early dates and/or imposing other manage-
ment practices, such as irrigation. Also, although late
maturity hybrids may profit from better resource use (i.e.,
through longer period in the field), as suggested by Bassu
et al. (2014), we found that due to less favorable climate
conditions in the projected future, a shift to early sowing
date will probably be most determinant in achieving
higher yields, since the most accentuated yield decreases
were due to sowing dates.

In terms of uncertainties regarding crop modeling
studies, for C4 crops like maize, great part of these can be
linked to model parameterization related to increases in
temperatures and CO, (Bassu et al., 2014). Specifically for
CERES-MAIZE, main uncertainties are related to the pos-
sible underestimation of yields and crop transpiration due
to increase of temperatures and increases in CO,, respec-
tively (Boote ef al., 2010). While overall model uncertain-
ties may be mitigated by using an ensemble of crop
models (Asseng et al., 2013; Bassu et al., 2014), uncer-
tainties on crop responses due to combination of variables
climatic elements are heavily dependent on good quality
experimental data. Future research should contemplate
ensemble of crop models and other regions in Mato
Grosso state.

4. Conclusions

For the assessed region, located in the South-Central
portion of Mato Grosso state, although some positive rain-
fall variability was found, most of the future projections
found were negative in relation to the baseline, indicating
less amount of annual water income in local rainfed agri-
cultural systems. In terms of temperature, all the evaluated
models and scenarios pointed only to increases, especially
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concerning daily minimum temperatures, indicating pro-
jections for a warmer future. More extreme projections
were always found for the end of the century, especially
for RCP 8.5, with the most accentuated estimates.

Projections for maize growth and development at
second agricultural season showed predominantly less
favorable results when compared to baseline historical
scenario. In response to a warmer and overall drier cli-
mate, crop cycle length will decrease leading to lower
water and radiation uptake, and ultimately lower crop
yields, reaching lowest values by the end of the century.

The results highlight the importance of prioritizing
earlier sowing dates on second agricultural season as cli-
mate continuously keeps changing, as a manner to miti-
gate the decrease of maize growth and development due to
less favorable temperature and rainfall conditions. Adap-
tation measures concerning climate change will have to
comprise the shift of sowing dates to as early as possible,
the use of irrigation practices, and/or the development of
heat and drought-tolerant genetic materials. Such adapta-
tion will be definitive in the continuity of double-cropping
systems, such as soybean-maize succession, common in
Central Brazil.

Acknowledgements

The first author would like to thank the Coordenagdo de
Aperfeicoamento de Pessoal de Nivel Superior (CAPES)
for the postdoctoral scholarship (PNPD/CAPES).

References

ANDREA, M.C.S.da.; BOOTE, K.J.; SENTELHAS, P.C,;
ROMANELLI, T.L. Variability and limitations of maize
production in Brazil: Potential yield water-limited yield
and yield gaps. Agricultural Systems, v. 165, p. 264-273,
2018.

ARVOR, D.; DUBREUIL, V.; RONCHAIL, J.; SIMOES, M.;
FUNATSU, B.M. Spatial patterns of rainfall regimes rela-
ted to levels of double cropping agriculture systems in
Mato Grosso (Brazil). International Journal of Climatol-
ogy, v. 34, p. 2622-33, 2014.

ASSENG, S.; EWERT, F.; ROSENZWEIG, C.; JONES, J.;
HATFIELD, J. L.; et al. Uncertainty in simulating wheat
yields under climate change. Nature Climate Change,
v.3,n.9,p. 627-632, 2013.

BARBIERI, J.D. Fenomenos enos e producdo de soja e milho
safrinha no estado de mato grosso. 2017. 100p. Dis-
sertacio (mestrado)-Curso de Mestrado Académico em
Ambientes e Sistemas de Produg@o Agricola, Universidade
do Estado de Mato Grosso, 2017.

BASSU, S.; BRISSON, N.; DURAND, J-L.; BOOTE, K.
LIZASO, J.; et al. How do various maize crop models vary
in their responses to climate change factors? Global
Change Biology, v. 20, p. 2301-2320, 2014.

BERGAMASCHI, H.; MATZENAUER, R. O milho e o clima.
Emater/RS. Porto Alegre: Emater/RS-Ascar, 2014.



346 Impacts of Future Climate Predictions on Second Season Maize in an Agrosystem on a Biome Transition Region in Mato Grosso State

BOOTE, K.J.; ALLEN JUNIOR, L.H.; PRASAD, P.V.P; JO-
NES, J.W. Testing Effects of Climate Change. In: HILLEL,
D.; ROSENZWEIG, C. (Eds.). Handbook of Climate
Change and Agroecosystems Impacts, Adaptation, and
Mitigation. Imperial College Press, Singapore, 2010.
p. 109-129.

BRASIL. Zoneamento Agricola de Risco. 2017.

CLARKE, L.E.; EDMONDS, J.A.; JACOBY, H.D.; PITCHER,
H.M.; REILLY, J.M.; RICHELS, R.G. CCSP Synthesis and
Assessment Product 2.1, Part A: Scenarios of Greenhouse
Gas Emissions and Atmospheric Concentrations. 2007.
Washington, DC.

COMPANHIA NACIONAL DE
(CONAB). Séries historicas. (2017)

DALLACORT, R.; MARTINS, J.A.; INOUE, M.H.; FREITAS,
P.S.L. DE.; COLETTI, A.J. Distribuicdo das chuvas no
municipio de Tangara da Serra, médio norte do Estado de
Mato Grosso, Brasil. Acta Scientiarum Agronomy, v. 33,
n. 2, p. 193-200, 2011.

DUARTE, A.P. Milho safrinha: Caracteristicas e sistemas de
producio. In: GALVAO, J.C.C.; MIRANDA, G.V. (Ed.).
Tecnologias de producio de milho. Vicosa: UFV, 2004.
p.109-138.

EMBRAPA. Sistema brasileiro de classificacio de solos. Rio
de Janeiro: EMBRAPA-SPI, 2006.

FAO/ITASA/ISRIC/ISS-CAS/JRC, 2012. Harmonized World
Soeil Database (version 1.2) FAO, Rome, Italy and IIASA,
Lazenburg, Austria.

FARINELLI R.; PENARIOL, F.G.; BORDIN, L.; COICEV, L;
FORNASIERI FILHO, D.. Desempenho agrondémico de
cultivares de milho nos periodos de safra e safrinha. Brag-
antia, v. 62, n. 2, p. 235-241, 2003.

HATFIELD, J.L.; BOOTE, K.J.; KIMBALL, B.A.; ZISKA, L.
H.; IZAURRALDE, R.C.; ORT, D.; THOMSON, A.M.;
WOLFE, D. Climate impacts on agriculture: implications
for crop production. Agronomy Journal, v. 103, n. 2,
p. 351-370, 2011.

HEINEMANN, A.B.; ANDRADE, C.L.T.de.; GOMIDE, R.L;
AMORIM, A.de O.; PAZ, R.L.da. padrdes de deficiéncia
hidrica para a cultura de milho (safra normal e safrinha) no
estado de Goids e suas consequéncias para o melhoramento
genético. Ciéncia e Agrotecnologia, v. 33, n. 4, p. 1026-
1033, 2009.

HOOGENBOOM, G.; PORTER, C.H.; SHELIA, V.; BOOTE, K.
J.; SINGH, U.; WHITE, J.W.; HUNT, L.A.; OGOSHI, J.1;
LIZASO, J.; KOO, J.; ASSENG, S.; SINGELS, A.; MOR-
ENO, L.P.; JONES, J.W. Decision Support System for
Agrotechnology Transfer (DSSAT) version 4.7 Gaines-
ville DSSAT Foundation, , 2017.

HOWELL, T.A. Relationships between crop production and
transpiration , evapotranspiration , and irrigation. Irriga-
tion of Agricultural Crops, n. 30, p. 391-434, 1990.

INSTITUTO BRASILEIRO DE GEOGRAFIA E ESTATIS-
TICA (IBGE). Levantamento Sistematico da Producio
Agricola LSPA.

INSTITUTO BRASILEIRO DE GEOGRAFIA E ESTATIS-
TICA (IBGE). Censo Agropecuario 2017 - Resultados
Preliminares.

INSTITUTO MATO-GROSSENSE DE ECONOMIA AGRO-
PECUARIA (IMEA). Indicadores Milho.

ABASTECIMENTO

INTERNATIONAL PANNEL ON CLIMATE CHANGE
(IPCC). Climate Change 2014 Synthesis Report.

IUSS WORKING GROUP WRB. World reference base for
soil resources 2014. International soil classification system
for naming soils and creating legends for soil maps. World
Soil Resources Reports 2014 International soil classifica-
tion system for naming soils and creating legends for soil
maps. Rome: FAO, 2014.

KENT, C.; CHADWICK, R.; ROWELL, D.P. Understanding
uncertainties in future projections of seasonal tropical pre-
cipitation. Journal of Climate, v. 28, p. 4390-4413, 2015.

KNUTTI, R.; SEDLACEK, J. Robustness and uncertainties in
the new CMIP5 climate model projections. Nature Cli-
mate Change, v. 3, p. 369-373, 2013.

JONES, J.; HOOGENBOOM G.; PORTER, C.H.; BOOTE, K.J.;
BATCHELOR, W.D.; et al. The DSSAT cropping system
model. European Journal of Agronomy, v. 18, n. 3-4,
p. 235-265, jan. 2003.

LIZASO, J.1.et al. Impact of high temperatures in maize: Phe-
nology and yield components. Field Crops Research,
v. 216, p. 129-140, 2018.

LOBELL, D.B.; ASSENG, S. Comparing estimates of climate
change impacts from process-based and statistical crop
models. Environmental Research Letters, v. 12,
p. 15001, 2017.

LOBELL, D.B.; CASSMAN, K. G.; FIELD, C. B. Crop Yield
Gaps: Their Importance, Magnitudes, and Causes. Annual
Review of Environment and Resources, v. 34, n. 1,
p. 179-204, 2009.

McGRATH, J.M.; LOBELL, D.B. An independent method of
deriving the carbon dioxide fertilization effect in dry con-
ditions using historical yield data from wet and dry years.
Global Change Biology, v. 17, p. 2689-2696, 2011.

MINUZZI, R.B.; LOPES, F.Z. Desempenho agrondémico do
milho em diferentes cenarios climaticos no Centro-Oeste
do Brasil. Revista Brasileira de Engenharia Agricola e
Ambiental, v. 19, n. 8, p. 734-740, 2015.

PENEREIRO, J.C.; BADINGER, A., MACCHERI, N.A;
MESCHIATTI, M.C. Distribui¢do de tendéncias sazonais
de temperatura média e precipitacdo nos biomas brasileiros.
Revista Brasileira de Meteorologia, v. 33, n. 1, p. 97-113,
2018.

PERRY, C. Accounting for water use: Terminology and implica-
tions for saving water and increasing production. Agri-
cultural Water Management, v. 98, p. 1840-1846, 2011.

PINHEIRO, J.U.; NEVES, J.A.; CHAVES, R.R.; MENDES, D.;
BARRETO, N.D.J.D.C. Avaliagdo de modelos do CMIP5
que melhor expressam a atuagéo dos vortices ciclonicos em
altos niveis (VCANS) no nordeste brasileiro (NEB).
Revista Brasileira de Geografia Fisica, v. 7, n. 5, p. 891-
904, 2014.

PIRES, G.F.; ABRAHAO, G.M.; BRUMATTI, LM.; OLI-
VEIRA, L.J.C.; COSTA, M.H.; LIDDICOAT, S.; KATO,
E.; LADLE, R.J. Increased climate risk in Brazilian double
cropping agriculture systems: Implications for land use in
Northern Brazil. Agricultural and Forest Meteorology,
v. 229, p. 286-298, 2016.

RIAHI K.; GRUBLER, A.; NAKICENOVIC, N. Scenarios of
long-term socio-economic and environmental development



Andrea et al.

under climate stabilization. Technological Forecasting
and Social Change, v. 74, n. 7, p. 887-935, 2007.

R CORE TEAM. 2018. R: A language and environment for
statistical computing. Foundation for Statistical Comput-
ing, Vienna, Austria.

ROSENZWEIG, C.; JONES, J.W.; HATFIELD, J.L.; RUANE,
A.C.; BOOTE, K.J.; et al. The Agricultural Model Inter-
comparison and Improvement Project (AgMIP): Protocols
and pilot studies. Agricultural and Forest Meteorology,
v. 170, p. 166-182,2013.

SADRAS, V.; GRASSINI, P.; STEDUTO, P. 2011. Status of
water use efficiency of main crops: SOLAW Background
Thematic Report - TR07. Rome: Food and Agricultural
Organization.

SILVEIRA, C. DA S.; SOUZA FILHO, F.D.A.; COSTA, A.A,;
CABRAL, S.L. Avaliagdo de desempenho dos modelos do
CMIPS5 quanto a representagdo dos padrdes de variagdo da
precipitagdo no século XX sobre a regido Nordeste do Bra-
sil, Amazonia e Bacia do Prata e analise das projecdes para
o cendrio RCP8.5. Revista Brasileira de Meteorologia, v.
28, n. 3, p. 317-330, 2013.

SMITH, S. J.; WIGLEY, T. M. L. Multi-Gas Forcing Stabiliza-
tion with Minicam. The Energy Journal, v. 27, p. 373-
391, 2006.

SOLER, C. M. T.; SENTELHAS, P. C.; HOOGENBOOM, G.
Application of the CSM-CERES-Maize model for planting
date evaluation and yield forecasting for maize grown off-
season in a subtropical environment. European Journal of
Agronomy, v. 27, n. 2-4, p. 165-177, 2007.

SOUTHWORTH, J.; RANDOLPH, J.C.; HABECK, M.; DOER-
ING, O.C.; PFEIFER, R.A.; RAO, D.G.; JOHNSTON, J.J.
Consequences of future climate change and changing cli-
mate variability on maize yields in the midwestern United
States. Agriculture, Ecosystems & Environment, v. §2,
p. 139-158, 2000.

SOUZA, E.J.; CUNHA, F.F.; MAGALHAES, F.F,; SILVA, T.R.;
SANTOS, O.F. Eficiéncia do uso da dgua pelo milho doce
em diferentes laminas de irrigagdo e adubag@o nitrogenada
em cobertura. Revista Brasileira de Agricultura Irri-
gada, v. 10, n. 4, p. 750-767, 2016.

TOMASELLA, J.; HODNETT, M. G.; ROSSATO, L. Pedo-
transfer Functions for the Estimation of Soil Water

347

Retention in Brazilian Soils. Soil Science Society of
America Journal v. 64, p. 327-338, 2000.

TORRES, R.R.; MARENGO, J.A. Climate change hotspost over
South America: from CMIP3 to CMIP5 multi-model data-
sets. Theoretical and Applied Climatology, v. 117,
p. 579-587,2014.

WICKHAM, H. 2017. tidyverse: Easily Install and Load the
'Tidyverse'. R package version 1.2.1.

WISE, M.; CALVIN, K.; THOMSON, A.; CLARKE, L
BOND-LAMBERTY, B.; SANDS, R.; SMITH, S.J;
JANETOS, A.; EDMONDS, J. Implications of Limiting
CO, Concentrations for Agriculture, Land-use and Energy.
Science. v. 324, p. 1183-1186, 2009.

XAVIER, A. C.; KING, C. W.; SCANLON, B. R. Daily gridded
meteorological variables in Brazil ( 1980-2013 ). Interna-
tional Journal of Climatology, v. 36, p. 2644-2659, 2016.

Internet Resources

BRASIL http://www.agricultura.gov.br/politica-agricola/zonea-
mento-agricola/mapas-tabelas

CONAB http://www.conab.gov.br/conteudos.php?a=1252&t=2

FAO/TTASA/ISRIC/ISS-CAS/IRC http://www.fao.org/soils-por-
tal/soil-survey/soil-maps-and-databases/harmonized-
world-soil-database-v12/en/

DSSAT www.DSSAT.net

IBGE (Levantamento Sistematico da Producdo Agricola LSPA)
https://www.ibge.gov.br/estatisticas-novoportal/econom-
icas/agricultura-e-pecuaria/9201-levantamento-sistema-
tico-da-producao-agricola.html?=&t=0-que-e

IBGE (Censo Agropecuario) https://biblioteca.ibge.gov.br/visua-
lizacao/periodicos/3093/agro 2017 r-
esultados_preliminares.pdf

IMEA http://www.imea.com.br/imea-site/indicador-milho

IPCC http://www.ipcc.ch/report/arS/syr/

R SOFTWARE https://www.R-project.org

Tidyverse R package https://CRAN.R-project.org/
package=tidyverse

This is an Open Access article distributed under the terms of the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided
the original work is properly cited.



	Abstract
	1. Introduction
	2. Materials and Methods
	2.1. Study area characterization
	2.2. Climate data: baseline and projections
	2.3. Crop model and simulations

	3. Results and Discussion
	3.1. Baseline climate of Tangará da Serra
	3.2. Climate projections for Tangará da Serra
	3.3. Impacts on second season maize in Tangará da Serra

	4. Conclusions
	References
	Internet Resources


