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ABSTRACT : In this study, an agrometeorological model wasdue estimate sugarcane yield in
tropical southern Brazil, based on future climascenarios presented in the fourth
Intergovernmental Panel on Climate Changes (IP@@9rt. The sugarcane yield was evaluated
considering the possible impacts caused by changesnperature, precipitation, sunshine hours
and CO2 concentration in the atmosphere as wakamological advances in 2020, 2050, and
2080, for the A1B scenario. The results show thatgasingly higher temperatures will cause an
increase of the potential productivity (PP), sisoeh variable affects positively the efficiency of
the photosynthetic processes of C4 plants; howekierchanges in solar radiation and rainfall
will have less impact. PP will increase by 15% afation to the present condition in 2020, by
33% in 2050 and by 47% in 2080. Regarding the agwaductivities (AP), the increase
observed in PP will compensate the negative effédhe increasingly water deficit. AP will
increase by 12% in relation to the present comditio 2020, by 32% in 2050 and by 47% in
2080.
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MUDANGCAS CLIMATICAS E AVANCO TECNOLOGICO - EXPECTAT IVAS DE SEUS
IMPACTOS NA PRODUTIVIDADE DA CULTURA DA CANA-DE-ACU CAR NA
REGIAO CENTRO-SUL DO BRASIL

RESUMO: Neste estudo, foi utilizado um modelo agrometégioo para estimar a
produtividade da cana-de-acUcar na regido de Palaaj SP, Brasil, baseado nos cenarios futuros
do clima apresentados no quarto relatério do Painedrgovernamental sobre Mudancas
Climéticas (IPCC). A produtividade da cana-de-actdicaavaliada levando-se em consideragéo
as possiveis alteracdes de temperatura, precipjtdgdolacdo e concentracdo de CO2 na
atmosfera, assim como 0s avanc¢os tecnologicos mass ge 2020, 2050 e 2080, para 0 cenario
A1B. Os resultados mostram que 0 aumento da tetoparacarretara aumento da produtividade
potencial (PP), ja que essa variavel afeta positarde a eficiéncia do processo fotossintético das
plantas C4; entretanto, as alteracdes na radiagldo s na chuva terdo menores impactos na
produtividade. A PP aumentara cerca de 15% eméaelagondicdo atual em 2020, de 33% em
2050 e de 47% em 2080. Com relacdo a produtivideal AP), 0 aumento da PP compensara o
efeito negativo causado pelo aumento do déficiticod A AP aumentara cerca de 12% em
relacdo a condicdo atual em 2020, de 32% em 20804&% em 2080.

PALAVRAS-CHAVE : mudancas climaticas, balanco hidrico, modeloragteoroldgico, cana-
de-aculcar.



INTRODUCTION : Agriculture is the economical activity that makgpends upon the weather
and climate conditions (Assad et al., 2004). Theate affects the growth and development of
plants, as well as the pests that may harm thescwdpy change in the climate condition will
impact crop growth and development, as well as tbm&tionship of the plants with
microorganisms. The best way to study the impactlohate change on agriculture, more
specifically on crop vyield, is by applying crop silation models (Challinor et al, 2005). These
models are tools that allow knowing the influendetlee climatic conditions on the growth,
development and productivity of crops. Its use &®lbo minimize environmental risks and
production costs, what may be an important aidherdefinition of public policies and decision
making. This work aimed to determine the potergralductivity and climatic risks associated to
sugarcane production, by means of a crop simulatiodel. The climatic data related to a eighty-
year period for the Piracicaba region, state of Bdilo, Brazil, were taken into consideration to
quantify possible impacts of the global warmingsoigarcane crop productivity, according to the
prognosis of the fourth IPCC report, as well afitetogical advances.

MATERIAL AND METHODS : This study was conducted for the Piracicaba regatate of
Sao Paulo, Brazil, chosen because it is one ofrithia regions of the State regarding sugarcane
production, with a tropical climate (wet summer ahg winter). The weather data were taken
from the database of a conventional agrometeorcébgstation located at the following
coordinates: 222’ S; 4738’ W; and 546 masl, in Piracicaba, for the peffimin 1927 to 2006.
The weather data, in a 10-day time interval, cargd in this study were: air temperature
(maximum, minimum and mean), sunshine hours anafal§i which were used to estimate
potential evapotranspiration, climatological wabedance, crop water balance and sugarcane
potential and actual productivity.

The crop potential productivity (Yp) was estimatgdthe Agro-Ecological Zones model (AZM)
(Doorenbos and Kassam, 1994). This model estimdtesmaximum yield rate of a crop,
obtained with a highly productive variety, very Wweldapted to the respective growth
environment, with water, nutritional and phytosanit requirements supplied, and with the
productivity conditioned only by the genetic chaeaistics of the crop and the environmental
conditions (solar radiation, photoperiod and amperature). The actual productivity (Ya) for
sugarcane in the context of this study refers dalyvater-limited yield, not accounting for
fertilization levels and pests damage. The Ya fogascane was calculated by a model that
estimates the yield rate due to the potential petdty (Yp) and relative water deficit, which
occurs in each phase of development, accordingetavater deficit sensitivity index (Ky). Thus,
by knowing the relation between actual and cropetranspiration (ETa/ETc), Yp and Ky, it is
possible to determine (Ya) of a crop by the follegvequation:

Ya=Yp[] {1— Ky, (1—32}}
1=1 i

Kc and Ky values for the use of Ya equation we@séhobtained by Santos et al. (2006) and
Gazzola (2007) for a commercial sugarcane cropracieaba, SP. The data related to potential
and actual sugarcane productivity, obtained by Algeo-Ecological Zones and water deficit
penalization methods, were determined for an eightyr historic series, considering the
observed conditions of temperature, precipitati@anshine hours and the current £O



concentration in the atmosphere. Such analysiscaasidered as the current scenario (C0). The
climatic conditions of the scenario A1B (IPCC, 2DW#re used in the simulations. This scenario
was adopted for presenting the most rational usenefgy sources, combining fossil and non-
fossil fuels. The changes of temperature for AlBnscio range from 1.7 to 4.4°C. It also
indicates that there may be -5 to +5% variationginfall during summertime, and -5 to -10%
variations during wintertime for the Piracicabaioeg(IPCC, 2007).

A linear increase from 370 ppm (current concerdrgtio 721 ppm by 2080 was considered to
evaluate the effect of the increasing £&ncentration in the atmosphere. The increment in
sugarcane productivity caused by that increaseosasidered as 0.029% ppmScenarios with
combinations of increase in temperature, variaiiorprecipitation and sunshine hours, and
increment in productivity caused by an increas€@ concentration in the atmosphere (440,
559 e 721 ppm) were used to analyze the sugarcadeigiivity variability, caused by climate
changes for the Piracicaba region, in the year0@D (C1 to C7), 2050 (C8 to C14) and 2080
(C15 to C21). The importance of the technologichlamces was also highlighted in this study,
since the genetic improvement of crops, associatgd adequate management practices, is
responsible for the increase in sugarcane prodtcteen in the last decades. The sugarcane
crop technological trend considered was establidieesttd on data from the IBGE's Automatic
Recovery System — SIDRA.

The simulations of the sugarcane potential andaagoductivities for Piracicaba region, for an
eighty-year period, were done for each of the distadxd scenarios to determine the sugarcane
temporal yield variability under such condition$ig procedure was adopted to have the average
productivity and its variability, expressed in teriof the standard deviation. Therefore, for each
scenario the model was run 80 times, for each gktire 80-year period, considering the climate
variability that has been observed in Piracicalggore The productivities were analyzed by two
ways: individually, for each type of sugarcane cfplant crop and ratoon crop); and considering
the general productivity, calculated as a functibnhe percentage of each type of sugarcane in
the field in a commercial crop (15% of the areahvglant crop, 25% with early ratoon crop, 39%
with mid ratoon crop, and 21% with late ratoon g¢rop

RESULTS AND DISCUSSION The potential productivity for each type of matyuicycle of
sugarcane crop in the future scenarios may incrvlas® compared to the current scenario. For
CO, the potential productivity of the sugarcanenplerop reaches 148 TCH, whereas for the
sugarcane ratoon crop the potential is 112 TCHHerearly cycle, 97 TCH for the medium cycle
and 116 TCH for the late cycle. The general averqagential productivity for sugarcane in
Piracicaba region is 112.5 TCH. Considering tharitscenarios, the potential productivity of
the sugarcane plant crop may range from 168.5 @00417CH in 2020 (C1 to C7), from 191 to
193 TCH in 2050 (C8 to C14) and from 209.6 to 2IPCH in 2080 (C15 to C21). For sugarcane
ratoon crops, the potential productivity for scéosuC1 to C7 (2020) may range from 127.6 to
129.4 TCH for early cycle, from 111.5 to 113.1 T@ mid cycle, and from 131.9 to 133.8
TCH for late cycle. For 2050, corresponding to scers C8 to C14, the potential productivity
may increase, ranging from 147.5 to 149.5 TCH fayecycle, from 130.3 to 132.1 TCH for
mid cycle, and from 152.1 to 154.2 TCH for late leyd=inally in 2080, scenarios from C15 to
C21, the ratoon crop potential productivity my tredee following ranges: from 162 to 164 TCH
for early cycle; from 145 to 146.7 TCH for mid ogcland from 167.1 to 169.2 TCH for late
cycle. Considering the proportion of the areas axfhetype of sugarcane maturity cycle in the



field, the general potential productivity will chge from 112.5 TCH (CO0) to the following
ranges: from 128.4 to 130.2 TCH in 2020, from 148.350.1 TCH in 2050, and from 163.6 to
165.6 TCH in 2080, which correspond to increasekbéb, 33%, and 47%, respectively.

Table 1 — General sugarcane potential product(#®), considering the proportion of each type
of maturity cycle in the field: 15% with plant crop5% with early ratoon crop; 39% with mid
ratoon crop; and 21% with late ratoon crop.

Scenarios General P Scenarios General P Scenarios General P
2020 TCH 2050 TCH 2080 TCH
Ci 130.( cs 150.] C1t 165.2
(o)) 129.¢ C¢ 149.¢ Cle 165.1
C3 128.¢ Cic 1483 C17 163.¢
C4 130.2 C11 150.] C1e 165.¢
Ck 129.¢ Ciz 149.¢ Ci¢ 165.¢
ce 128.t C1z 148.¢ c2c 163.¢
Cc7 129.t C14 149.¢ C21 164.¢

In relation to the actual productivities, in whitdhe effect of the water deficit is considered, a
similar pattern is observed to the variation of tAB values in relation to the potential

productivity in the future scenarios. Considerihg turrent climate conditions (C0), the actual
productivity is 110 TCH for sugarcane plant crop,T&H for early ratoon crop, 74 TCH for mid

ratoon crop, and 73 TCH for late ratoon crop. er future scenarios, the actual productivity of
the sugarcane plant crop may range from 122 toT2d in 2020 (C1 to C7), from 139.4 to

140.6 TCH in 2050 (C8 to C14) and from 154.7 t0.95BCH in 2080 (C15 to C21). For ratoon

crops, the actual productivity for scenarios CTi#(2020) may range from 91.6 to 93 TCH for
early cycle, from 83.5 to 84.4 TCH for mid cycledafrom 80.2 to 81.4 TCH for late cycle. For
2050, corresponding to scenarios C8 to C14, theabproductivity may increase, ranging from
108 to 109.4 TCH for early cycle, from 99.2 to 99©OH for mid cycle, and from 95.4 to 96.7

TCH for late cycle. Finally in 2080, scenarios fro@l5 to C21, the ratoon crop actual
productivity my reach the following ranges: from11® 122 TCH for early cycle; from 112 to

112.7 TCH for mid cycle; and 108.2 to 109.3 TCH late cycle. Considering the proportion of
the areas of each type of sugarcane maturity é¢ydlee field, the general actual productivity will

change from the present 81 TCH to the followingges from 90.1 to 91.2 TCH in 2020, from

106.1 to 107.1 TCH in 2050, and from 119.2 to 1ZI0CH in 2080 (Table 2), which correspond
to increases of 12%, 32%, and 47%, respectively.

Table 7 — General sugarcane actual productivity) (BBnsidering the proportion of each type of
maturity cycle in the field: 15% of plant crop; 258early ratoon crop; 39% of mid ratoon crop;
and 21% of late ratoon crop.

Scenarios General Al Scenarios General Al Scenarios General Al
2020 TCH 2050 TCH 2080 TCH
(0% 90.¢ cs8 107.( Ci1t 119.¢
(o)) 91.1 C¢ 107.( Cle 120.]
C3 90.4 Cic 106.: C17 119t
C4 90.7 C11 106.¢ C1e 119.¢
Ck 90.¢ Ciz 106.7 Ci¢ 120.(
(o1 90.1 C1z 106.] c2C 119.

C7 91.2 C14 107.] C21 120.]




Although the results of this study indicate incesag the potential and actual productivities of
sugarcane in every future scenario for Piracicaggon, including the effects of climate change
and technological advances, in relation to theerurcondition, it is necessary to highlight that
these data should be considered as an indicatiovhat may happen in future situations, since
the evaluation of the impacts of the climate changa the productivity of crops is very
uncertain.

CONCLUSIONS: The agrometeorological model used to estimatarsage productivity was a
very useful tool to describe the effect of climatange and technological advance on sugarcane
productivity. The results obtained led to the casmn that there will be a beneficial effect of the
climate changes on the sugarcane productivity, uéhe increase in temperature and,CO
concentration. The technological advances, whiclude development of new varieties and best
management practices, will also contribute for encenting productivity. Changes in solar
radiation and rainfall, due to their very high uramty, will have less effect on sugarcane
productivity. The PP will increase by 15% in redatito the present condition in 2020, by 33% in
2050 and by 47% in 2080. Regarding the AP, theeame observed in PP will compensate the
negative effect of the increasingly water defiédd® will increase by 12% in relation to the
present condition in 2020, by 32% in 2050 and b4 2080. Although the results obtained in
this study show increases in the sugarcane poterih actual productivities in every future
scenario, they have to be considered with cautlas,to the high degree of uncertainty related to
the limitations of the agrometeorological modeldised to the large spatial resolutions of the
climate change projections.
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