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ABSTRACT

Models that estimate potential and depleted crop yield according to climatic variable enable the crop planning and
production quantification for a specific region. Therefore, the objective of this study was to compare methods to
sugarcane yield estimates grown in the climatic condition in the central part of Goias, Brégtogaplogical Zone
Method (ZAE) and the model proposed by Scarpari (S) were correlated with real data of sugarcane yield from an
experimental area, located in SaAtadnio de Goiés, state of Goias, Brazil. Data yield refer to the crops of 2008/2009
(sugarcane plant), 2009/2010, 2010/Ramhd 201/2012 (ratoon sugarcan&)eld rates were calculated as a function of
atmospheric water demand and water deficit in the area under Redlyand estimated yields were adjusted in
function of productivity loss due to cutting stage of sugarcane, using an average reduction in productivity observed
in the experimental area and the average reduction in the state of Goias. The results indicated that the ZAE method,
considering the water deficit, displayed good yield estimates for cane-plant (d ¥\ag#)deficit decreased the yield
rateq(r = -0.8636p = 0.05) while thehermal sum increased that rate for all evaluated harfres®&68;a = 0.05).
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RESUMO

Estimativa da produtividade agricola da cana-de-acgucar para
as condicdes climaticas do Centro Goiano

Modelos que estimam a produtividade potencial e deplecionada dos cultivos agricolas em fungéo de variaveis
climaticas tornam possivel o planejamento agricola da lavoura e a quantificagéo da producdo para uma dada regiéo.
Sendo assim, objetivou-se comparar métodos para a estimativa da produtividade da cana-de-acucar cultivada nas
condic@es climaticas da regido central do Estado de Goias. Para isto, utilizaram-se o MétodégeoZoakbgica
(ZAE) e 0 modelo proposto por Scarpari (S), correlacionando-os aos dados reais de produtividade da cana, em uma
area experimental, localizada em Saithnio de Goids GO. Os dados de produtividade s&o referentes aos anos safra
2008/2009 (cana-planta), 2009/2010, 2010/2011 e 2011/2012 (canas-soca). Foram avaliadas também as taxas de produti-
vidade em fun¢do da demanda hidrica atmosférica e do déficit hidrico da regido dedsgttnliutividades estima-
das e reais foram ajustadas em funcao da quebra de produtividade devido ao estadio de corte da cana, utilizando-se a
reducdo de produtividade média observada na area experimental e a reducdo média para o estado de Goias. Os
resultados indicaram que a metodologia ZAE considerando o déficit hidrico apresentou boas estimativas de produti-
vidade para a cana-planta (d > 0,90). O déficit hidrico ocasiona reducao na taxa de produtivi@8&86.e= 0,05),
enquanto a somarimica contribui para o aumento dessa taxa em todas as safras avaliadas (r = 0,68)
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INTRODUCTION air temperature is a good alternative to predict sugarcane

L . . . . productivity in the climatic conditions &erradoin the

Estimation of productivity makes it possible to obtai .

. . . enterWest of Brazil.

strategic information that benefits sugar and alcoho S .
. . - . . The objective of this study was to compare methods
companies, from which they optimize their operatlonafl . . . . .
. . . . or estimating sugarcane yield under the climatic

programming with regard to the ideal cutting season and

. . ., conditions of the central region of the State of Goias.
the agricultural planning of the sugarcane crop, which is

avery important factor for the optimization of profitabilityMATERlAL AND METHODS
of the project (Scarpari & Beauclag?004) The government
is also favored with productivity prediction since it uses Sugarcane yields were obtained in an experimental area
the crop edaphoclimatic zoning to minimize loss risk itpcated in the municipality of Sanfnt6nio de Goias,
the bank financing system (Rossetti, 2001). state of Goias (16° 29’ 8" S; 49° 20’ 36"; 780 m above sea
Sugarcane productivity depends, among other factofgVel), for the harvests of 2008/2009 (sugarcane plant), 2009/
on the interactions between climate variations and the4P10, 2010/2011 and 2011/2012 (ratoon sugarcane). The
phenological phaseSVater stress causes a reduction iyariety of sugarcane cultivated in the area was CTC-4.
carbon dioxide assimilation rates, in leaf area size, in |he experimentwas carried outin a medium textured,
transpiration and growth rate, in plant water potential arfystrophic Red-¥llow Latosol (270 g kgclay, 130 g kg
stomatal opening (Raet al, 2005; Gouvéa, 2008), in - Silt and 600 g kg sand). The soil was plowed and
addition to a decrease in the stalk final height of sugarcafi@'rowed and 2.0 t Haf agricultural gypsum and 4.0 t
(Batistaet al, 2015).Temperature is another extremelyn@" of limestone were applied for soil correctidit.
important climatic element in the production of sugarcan@lanting, 120 kg hof PO, were applied and 380 kgha
acting directly on the maturation process, in which th@f the 18-00-27 (N-P-K) formulated was applied in
plants respond to the thermal amplitude for the Chané@pdressingWeeds were controlled with the application

Kassam, 1979). isoxaflutole, at the amounts recommended by the

The Cerrado region of central-western Brazil hasmanufacturer
severe water deficit conditions betweApril and The experiment used two models of sugar cane yield
Septemberin addition to high daily temperatures, andStimates:
may be the target of important studies that describe the 1) Agro ecological zone method (ZAE) oh® Model
behavior of sugarcane under these conditions. (Doorenbos & Kassam, 1979):

From the productvity estimate models based opp = PPB.C, . C,.C..Cyo- N, 1)
climatic elements and climatic factors, it is possible to
predict possible crop failures and/or maximum possible N that PP is the potential productivity (kg MS*ha
productivity as well as to advance the studies on tf&Y ™), PPRis the gross photosynthetic production of a

influence of climatic extremes on crop productivity (Olj-Standard crop dry matter (kg DM ha); C, is the
veiraet al, 2012). correction for the existing leaf area index (whether IAF <

5, then G =0.0093 +0.185 LAI - 0.0175 IAF?, but whether

Among the models of productivity prediction, the ., ° o _
Agroecological Zone Method (Doorenbos & Kassam',AF €”5, then G, =0.5); G is the correction for the crop

1979), which, in general, estimates the potentiaWa'ntenance rate', usmg€0.6f'orT<20°C and G=0.5
productivity of agricultural crops by assuming that th&o" T €20 °C; G is the correction for the harvested part
water and nutritional needs are satisfactorily mef?f such crop (Harvestllndex), u_smg €0:75 for. sugar
However it does not account the losses caused by attat®"€: Gio IS the correction of residual moisture in the dry
of pests and or diseases (Barbieri & Silva, 2008). On tijgatter of the profitable part (¢ sugar cane = 0.8); and
other hand, potential productivity can be penalizeth is the ”“m'_oer of days of the tOt?I period OT t_he crop
acording to the water deficit (Gouvétal, 2009). The CYcle. The daily rate of the potential productivity was
best estimates of sugarcane productivity are obtain@§t@ined by the relationship between the potential
when this model is adjusted and calibrated for the IocB[Oduq'V'ty of.the month and the numper of P'ays of the
climatic conditions (Barbieri & Silva, 2008; Oliveied month in questiorithe depleted productivitshatis, when

al., 2012). Other models have also been described f§ €@l productivity (RPkg ha' day?) ceases to be
estimate sugarcane productivity for local conditionEOtem'al (RP < PP) due to the water deficit, was estimated

(Scarpari, 2002; Mariat al., 2008; Cuadrat al., 2012), by equation 2:
emphasizing the model proposed by Scarpari (ZOOZ‘I‘U):PP [1 K (1 i ETa)]
which because working with the variables rainfall anc. ' YU ETo
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Where I§is the sensitivity factor to crop water deficit,by the average decrease in productivity in the state of
at each growth stage (budding, establishment ar@bias were used. The average sugarcane yield data in
vegetative growth: 0.75, harvest formation: 0.5, maturatiofoias were obtained from the Conab website (2014).

0.1), ETais the actual evapotranspiration (mm-tfagnd The productivity reduction, both in the experimental
ETo is the reference evapotranspiration (mm*jlaget area and in the state of Goias, was estimated from the ratio
by the method of Thornthwaite (1948). between the productivity (t Hpof the “r™ cut (P) and

i) Scarpari (2002): model that regards rain and athe F'cut (P*).
temperature The performance of the models was tested from the

Qefficient of determination @R root mean squared error

TSH=35.72306 +0.57487.. mm1+0.22057 . mm2 +0.29833" (1 S A gl
. mm4 +0.89310 . mm5 - 0.34098 . Gd4 ), mean absolute error (MAE) akdlimott’s
concordance index (d).

TSH=64.21145+ 0.27273 . mm4 4)

RESULTS AND DISCUSSION

iitati f the “f’ th bef ot h i In relation to the cuts for the state of Goias, sugarcane
precipitation ot the mon ctore plot harvesting yields show productivity declines from the second cut

(mm), and (ozgare the degree days |°n thé™month prior . for all harvest years as published by Conab (2014) in 2007/
to harvest (°C). Degree-days (Gd, °C-day) vary according, -, 561915 crops. The productivity losses were

to the average air temperature and the crop base . . .
. ndmerically higher as the number of cuts increased,
temperature (Equations 5 and 6):

complemented with a greater variation in productj\asy
For TM>Tb >Tm: observed by the standard deviation. Physiologically
_ TM -Tb2+ (TM - 25)2 ¢ NDM known that sugar cane ratoon productivity tends to
- 2. (TM - Tm) : () decrease gradually as cutting stages are increased
(Rodrigues, 1995).
And for Th < Tm: The productivity of the experimental area followed the
same tendency of the average yields presented in the same
-f.NDM (6) harvest years for the state of Goias, with productivity
losses during the cuts. Howeyére absolute values of
Where TM and Tm are the maximum and minimum monthlghe losses in the experimental area were as many as twice
temperatures (°C), respectively; Th is the sugar cane basethose found for the state of Goias.
temperature, Th = 20°C (Barbietial, 1979); fis a function By applying ZAE and Scarpari models (2002), and their
factor of the photoperiod (N, hours), set by equation 7respective adaptations according to the water deficit and
N )2 the reduction in the sugar cane productivity due to the
f=(ﬁ 'N) (7) " number of cuts for the state of Goias (Conab, 2014) and
the loss observed in the experimental aredl@l), it was
And NDM is the number of days of the month. Thepossible to verify that all the models presented high
climatic variables, air temperature, relative air humjditypositive correlations in relation to the observed real values
solar radiation, radiation balance, wind velocity angr > 0.95), in which the ZAE model can be highlighted,
rainfall used in the models were provided by Embrapa&onsidering both the productivity decrease of the experi-
Arroz e Feijao automatic weather station (Sa#atthnio  mental area (ZAR as well as the sum of the loss due to
de Goias, Goiés state). the water deficit and the decrease in the productivity of
The daily sequential water balance (Thornthwaite e area (ZAE), which showed values of r = 0.9%(dle
Mather 1955), with adjustments in the CAD (availablel). These correlations reinforce the trend of decreasing in
water capacity) was applied, using a value equal to 78e productivity in function of the cuts observed in real
mm, rather than the one recommended by the authors, f@ues.
the group of large crops (CAD = 100 mm). For this In the second and third sugar cane cuts, the model
adjustment, a preliminary study described the effectiiat presented the closest results to the real productivity
depth of the sugarcane average root system (Ze = 0.50was that proposed by Scarpari (2002), weighted by the
and the physical-water characteristics of the soil, in tHess due to the cuts referring to the state of Goias. The
area under study model ZAE, corrected by the loss due to cuts referring
For correlation effects, gross data provided by théhe experimental area, approached the real productivity in
models as well as the adjusted data were used becauseheffourth cut. The values overestimated by the ZAE and
the productivity losses as a function of the number &AE method can be justified since this model considers
cuts in each study area (plot), as well as the data adjustkdt the results represent a first-cut sugarcane in an ideal

Where TSH are the tonnes of stalk per hectare, isithe

Gd

(TM-Tm) __(TM - 25)2

Gd=Tm-Tb+43 3TV Ta)
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soil, free of pests and diseases, where losses only ochigher values of RMSE and MAE, which were in some
as a function of the climatic variables and water shortageases approximately 100% of the observed real
when that is the casedfle 1). productivity (Table 1).The ZAE method showed better
According toTeramoto (2003), this model is not idealadjustment than the Scarpari (2002) methodology
for productivity estimates at regional levels or smallepresenting lower RMSE and MAE values (Figure 1). The
scales for sugarcane because ZAE model was developebt adjustment of this model may have occurred as it
to be used at a continental scale with contrasting regiortitl not result in an overestimation of productivity for
climatic differences. In order to be used locally focane-plant, as expressive as the previous one.
sugarcane, this method must be adjusted from parametsiesvertheless, the values obtained from both errors are
and definitions of calculation intervals with experimentastill considered high.
data. This is partially corroborated by the values obtained Still in Figure 1, it was observed a good adjustment of
from the ZAE and ZAEmethod when corrected due tothe ZAE, method to the observed data (d > 0.9), showing
losses from cuts, from which the overestimation ofeductions in the RMSE and MAE values, when the loses
productivity data were reduced. due to the cutting stage (< 20 t¥havere inserted in the
The methodology for estimation of potential pro-estimation. The best adjustment of this method, when
ductivity proposed by Scarpari (2002) considers theompared to the others, can be explained by the fact that
climatic variables, rainfall and air temperature, such dake estimated productivity of the cane plant was the one
degree-days and negative degree-days besides preserttiag most approached the observed value and also, the
different models for cane-plant and ratoon cane. lalues estimated in this study are corrected by the loss
addition, this method was developed for climatidue to the water deficit, which also reduces the
conditions of a mesoregion, which may have contributealverestimation of the results. For this analysis, the ideal
to a lower overestimation of ratoon sugarcane productivithing to do would be to investigate the estimated and
when compared to the results obtained by ZAE and ZABbserved productivity values of cane plant separately
models (considering water deficit). Howeyveane-plant from ratoon cane, as it was done in the analysialoie 1,
productivity presented the greatest amplitude among athere the best results were observed in the second and
investigated models, inferring that this model was not wethird cuts. Howevera historical series of productivity
fit for the conditions of this study observed in the experimental area for sugarcane plant
Sugarcane productivities estimated by the mode&lould be necessary in order to be able to perform the
proposed by Scarpari (2002) showed coefficient d > 0.88gression analysis of the crop cycles (sugarcane plant
(Figure 1). Howeverthe estimated values tended tcand ratoon) separately
overestimate, when the model without adequations and Oliveiraet al (2012) tested the ZAE method for the
with adequacies due to the decrease in the productivityacro-region of Triangulo Mineiro for yield data of cane
was applied in the experimental area (Figures 1A and 1BJant and first-cut ratoon cane, separatelyserving a
and to underestimate when the adequacy of the averdggter adjustment of the model for the estimated values of
productivity loss in the state of Goias (Figure 1B) wasane-plant, of which presented an overestimation of 1 t ha
made. This occurred mainly for the highest values of cang-and this overestimation for ratoon cane was 5.9.t ha
plant productivity Carvalho (2009) calibrated the ZAE method for
Moreover the model proposed by Scarpari (2002)estimation of potential and real productivities for ratoon
because of the lower adjustment for cane-plant preugarcane, as a function of meteorological data and water
ductivity, provided an increase in errors, resulting irmvailability in soils in the State of S&do Paulo from 1990/

Table 1: Sugarcane estimated productivity by the Scarpari (S) madebecological Zone method (ZAE) and ZAE method
considering water deficit (ZAJ, and their respective corrections as a function of the loss for the state of Goias (1) and of the loos
observed in the experimental area (2), as well as the productivity observed in the experimentg| ameatgFsimple Pearson (r)
correlations with the other models. SaAtudnio de Goias, state of Goias

ESTIMATED PRODUCTIVITY (tha?)

cuT P (tha?
s s, s, 26 zAE,  zAE, 2AE, zAE,  zAE, oM@

1 239.6 2396 2396 1577 1577  157.7 1289 1289 1289 1128

2 6427 5294 2830 8644 7121 3807 9185 7567 4045 49.65

3 6443 4957 2966 9642 7419 4438 8252 6349  37.9951.90

40 7894 5898 2377 9012  67.34 2714 8696 6498 2618  33.95

Means 1118 1003 8033  107.7 9262 66.83 9756 8326 5838  62.06

r 0.95 0.96 0.98 097 098 0.99 095 097 099 -
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Figure 1. The relationship between the observeg @hd the estimated (Pproductivities by the Scarpari method (A), Scarpari
method according to the decrease in productivity in the state of Goias (B), Scarpari method according to the productivity loss in the
experimental area (CAgroecological Zone method (DAgroecological Zone method as a function of productivity loss in the state

of Goias (E)Agroecological Zone method as a function of productivity loss in the experimental area (F), ZAE method considering
water deficit (G), ZAE method considering water deficit as a function of the productivity loss in the state of Goias (H) and ZAE
method considering water deficit as a function of the productivity loss in the experimental area (1) for the cane-plant cycle and first,
second and third ratoon cane cycles, with their respective regression equations, coefficient of deternfjpavioinian squared

error (RMSE), mean absolute error (MAE), alidimott’s index of agreement (d). Saitoténio de Goids, state of Goias.
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1991 to 2005/2006 harvests, obtaining a value of R2=0.60. Some studies correlate the &ETo values to the

In order to assist the visualization of the period when th@oduction of crops such as: soybean (Moedes, 1998),
crop is more sensitive to water deficit, the water balaneearandu grass (Cruet al, 2011), Tanzania grass
(water surplus [EXC] and water deficit [DEF]) were plottedPezzopanet al, 2012) as well as the model described by
under the curve that reflects the relationship betwed#®O (Doorenbos & Kassam, 1979).

actual evapotranspiration (B)land reference evapotrans- The values of the potential sugarcane productivities
piration (ET0). Values of E&/ETo <1.0 indicate that the obtained by the ZAE method considering the water deficit
soil-plant system was not able to supply the atmosphefiar the 2008/2009 ¢1cut), 2009/2010 (2crop), 2010/2011
water demand, being possible to verify periods of wat€8* crop) and 2011/2012'(4ut) were plotted according to
restriction (Blairet al, 2009). In this studyalues of E&/  the number of days after planting/cutting, from which they
ETo < 1.0 were observed in periods of water deficit (drgbtained a polynomial adjustment for the regression
season), as shown in Figure 2. equation (Figure 3).

mmDEF =wEXC —ETa/ETo
200 r 1.0

150

ETa/ETo

100

Water level, mm
v
S

-50
USRS RS SO IR SO R I SSIRU S R RS RN R R oo

2008 2009 2010 2011 2012

Figure 2 Water surplus (EXC), water deficit (DEF) and ratio between actual evapotranspiration and potential evapotranspiration
(ETa/ETo) of the water balance performed from the values obtained in the experimental area in relation to the analized period. Santo
Antdnio de Goiés, state of Goias.

A B
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0.4538-DAP+18.044 < 0.2195-DA* + 12.4%}
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- 150 A 150
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& ar
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200 ,  PP=-8105DA2+ C 500, PP=-110°DA3®+ D
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Figure 3: Sugarcane potential productivity (PP) estimated by the Zdthod, for the 2008/2009 (A), 2009/2010 (B), 2010/2011
(C) and 2011/2012 (D) crops, according to the days after planting (DAP), days after the first ¢t ayd after the second cut
(DA2™) and days after the third cut (DA3 SantoAntonio de Goias, state of Goiés.
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The third-order polynomial curve shows an inflectiorvalues equal to 1.0 are not observed for the months from
point which mathematically reflects the change in thBlovember to March (Figure 2).
direction of the grapB’concavityThis value is obtained The 2009/2010 harvest presented an inflection point
by making the second derivative of the function belongingn day 214 after the first cut. The 2010/2011 harvest had
to the curvef’(t) and thenf’ (t) = 0. In this case, the the inflection point 208 days after the second cut, while in
inflection point indicates the moment at which thehe 2011/2012 harvest, this occurred 230 days after the
instantaneous rate of potential productivity changeshird cut. Their productivity rates after the referred point
showing an increase or a fall. showed an increase in relation to the rates obtained before
In the 2008/2009 harvest, the curve inflection occutthat point, being these values, before and after the
200 days after planting (DAP), which is the seconihflection point, of 0.51 and 0.52; 0.51 and 0.54; 0.50 and
fortnight of NovemberThe productivity rate of the crop 0.68 t ha day?, respectively for each crop previously
until inflection was 0.53 t hladay?, after which the rate mentioned. For the 2009/2010 and 2010/2011 harvests, the
decreased to 0.43 t Ralay’. Although the 200 DARf inflection point occurred in Novembhearhile in the 201/
the sugarcane coincides with the beginning of the rair3012 crop this inflection was observed in December
season, specifically in this crop-ygetre volume of rain This increase in the productivity rate is due to the
was not sufficient to avoid the water stress of the crop, Bgginning of the rainy season, which presented
it can be observed in the B/ETo curve, where constant satisfactory volume of rain in these harvests, which
provided water availability in the soil and met the crop
evapotranspiratory demand, resulting irmEETo = 1.0, in

07 - PPR = -0.004-DEF + 0.4855 : .
} R2= 0.7458 almost all rainy season (Figure 2).
bt o r=-0.8636 These results are evidenced by the negative correlation

(r = -0.8636,0 = 0.05) found between the Potential

Productivity RateRPR) and th@vater Deficit (DEF) that

occurred all over the study period (Figure 4). This result

confirms that the occurrence of water deficit contributes

to the decrease of potential productivity in a linear trend
o 2 (R2=0.7458)

} % a 50 50 1o 120 According to Rampinet al (2006), any other stress

DS mechanical, thermal, etc.) negatively affects plant
Figure 4: Sugarcane potential productivity rate (PPR) for alf ’ ' ' g y P

crops (that is, 2008/2009, 2009/2010, 2010/2011 and 2011/203pPductivity as water stresslater availability is the main
according to the water deficit (DEF). Sa#totonio de Goias, Ccause of the variation of the interannual rates of sugarcane

state of Goiés. productivity, and its reductions are mainly attributed to
_ 06 % A _ 06 B
30.5 v _5-0.5 < %
& 0.4 | o & 04 1<
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Figure 5: Sugarcane potential productivity rate (PPR) for the 2008/2009 (A), 2009/2010 (B), 2010/2011 (C) and 2011/2012 (D)
crops, as a function of the thermal sum (ST). SAnténio de Goias, Goias state.
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