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The State of São Paulo, Brazil is the major orange producer in the world. The “Valência” orange is one 
of the most important cultivars for industry with a high efficiency of processed juice. Climate is the 
main factor of influence for citrus yield and quality and its study is fundamental for understanding the 
climatic requirements of the crop. The estimation of yield and quality by agrometeorological models 
helps to understand the effects of climate on crop cycle, besides being an option for orchards planning 
activities. Understanding the relationships between water deficiencies (DEF), phenological phases, 
yield (fruits per box (FRBOX) and quality of “Valência” orange grafted on rangpur lime (VACR) are 
important to improve the water use in the production areas and to provide information about water 
stress for plants during its cycle. The present study aimed to investigate the influence of monthly DEF 
on yield and quality parameters of VACR, in order to develop agrometeorological models for the main 
four producers regions of State of São Paulo, Brazil. Data of 13 years were used for analysis, being the 
period from 2001 to 2009 used for calibration and from 2010 to 2012 for validation. Multiple linear 
regression for model construction was used. All the developed agrometeorological models were 
accurate, ranging the values of mean absolute percentage error (MAPE) of 5.25 to 9.27% for mean 
annual yield (FRBOX) and 2.74 to 14.14% for quality (RATIO) among all regions. The angular coefficients 
indicate which phenological phase of VACR is more sensitive to DEF. Bauru and Limeira FRBOX was 
related to DEF during bud formation and vegetative dormancy. Yield at Bebedouro were related to DEF 
between vegetative dormancy and flowering and at Matão bud formation. Fruit quality was more 
sensitive to DEF during maturity at all regions.   
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INTRODUCTION 
 
Brazil is the major citrus producer in the world, with the 
production mainly used in industrial processing for 
producing concentrated juice for exportation. Every five 
cups of orange juice consumed in the world has at least 
three from Brazilian fruits (Neves et al., 2010). The  State  

of São Paulo stands out due to three fundamental 
factors: economic, climatic and soil. With regard climatic 
and soil factors, São Paulo shows favorable conditions to 
citrus production due to, mild temperatures, suitable  
rainfall distribution, soils composition and  relatively  plain
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topography (Reis, 2008).  

While the other factors that affect production and plant 
development are constant weather condition which varies 
from year to year and it is considered as the main factor 
that cause yield and quality variability (Paulino et al., 
2007).  Agrometeorological models are tools used to 
understand the influence of climatic variables on crop 
production, being a way to summarize the responses of 
the crop to the climate (Rolim et al., 2008). These models 
can be of great utility for planning the agricultural 
activities at orchards and to estimate production 
(processed or ‘in natura’ fruits). There are many 
examples of agrometeorological models application on 
estimations of yield of annual and perennial crops. 
Santos and Camargo (2006) developed 
agrometeorological models to estimate coffee yield at 
different regions of São Paulo, Espírito Santo, Paraná 
and Minas Gerais States. Bozorg et al. (2011) developed 
a model for wheat crop at Irã region. Araújo et al. (2014) 
made a modeling in order to estimate soybean yield 
associated to agrometeorological variables at Paraná. 

Guimarães et al. (2013), elaborated models in multiple 
linear regressions to predict the banana “Prata” harvest 
time, at Guanambi, Bahia (BA) in function of yield 
characteristics, for example number of fruits. The main 
problem in multiple linear regression models is the 
selection of independent variables. According to Xu and 
Zhang (2001) there are many methods for this selection 
linear and non-linear multiples models, as: a) forward 
selection, b) backwards elimination, c) stepwise, d) leaps 
and bound regression, e) orthogonal descriptors, f) 
genetic algorithm, g) genetic population, f) choosing the 
operators and g) fitness of evaluation. Or according to 
Gujarati and Porter (2011), another option is to test all 
possible combinations to avoid the minimum local 
problems in the domain range. 

Some literature was found using modelling to estimate 
yield and quality of “Valência” orange (Camargo et al., 
1999; Volpe et al., 2002; Paulino, 2007). Citrus crops 
according to some studies use water deficiencies 
information to detect its effects at yield and quality with 
regards to irrigation scheduling. Panigrahi et al. (2014), 
have done a study about this subject and utilized this 
hydric information to predict yield of “Kinnow” mandarin in 
New Delhi, India.   

Among the agrometeorological modelling papers for 
yield estimation, a few are exclusive dedicated to 
understand the water deficiencies influence at different 
phenological phases. For annual crops, this relation is 
more commonly studied, as the model tested by Monteiro 
and Sentelhas (2014) that used relative water deficiency 
at phenological phases to the calculation of actual 
soybean yield at different Brazil regions. For perennial crops, 
such analysis are not common, for most of “Valência” 
orange agrometeorological modelling papers search to 
understand effects of water stress at citrus orchards in 
order to determine the irrigation deficit, mainly at 
flowering  (Pérez-Pérez et  al.,  2009;  Roccuzzo   et   al.,  

 
 
 
 
2014) and not to estimate yield and quality of the fruits in 
function of the monthly water deficiency. The “Valência” 
is important among sweet oranges, due to its yield and 
fruit size (Pio et al., 2005).  At industrial view, this orange 
represents one of the pillars of the agroindustry, being 
the second cultivar most produced at the state of São 
Paulo. The “Valência” orange have excellent juice quality 
for processing, storage and transport (Coelho, 2002).  

This study aim to develop agrometeorological models 
for estimating annual yield (mean fruits per box and fruits 
weight) and quality parameters (maximum of ratio, fruit 
sugar content, kilograms of soluble solids per hectare 
and mean acidity) of “Valência” orange as a function of 
monthly water deficiencies (DEF) for Bauru (BAU), 
Bebedouro (BEB), Limeira (LIM) and Matão (MAT) 
regions and also comprehend the relationship of annual 
DEF with yield and quality parameters of VACR orange.  
 
 
MATERIALS AND METHODS 
 
The regional climate data (Table 1) were obtained in daily scale 
from automatic meteorological station. Precipitation and air mean 
temperature data were organized at monthly scale from the period 
of 2000 to 2013 for calculation of potential evapotranspiration by 
the equation of Camargo (1971) (Equations 1, 2, 3, 4 and 5). Data 
of 13 years were divided into nine years for calibration (2001 to 
2009) and three for validation (2010 to 2012). 
 

                            (1) 

 
               (2)  

 
                                               (3) 

 

                                    (4) 
                         

                 (5)  
 
where, Qo is daily solar irradiance at the atmosphere (MJm-2 day-1); 

DR is relatively distance from earth to sun (astronomic units);  is 
hourly angle at sunrise;  is latitude (°); δ is solar declination (°); 
JD is Julian day; T is mean air temperature (°C); ND is number of 
days considered. 

Meteorological data were used to calculate water deficiencies 
(DEF) (Equation 6), from the water balance calculation by the 
Thornthwaite and Matter (1955) method at monthly scale with 
available water capacity (AWC) of 100 mm.  
 

                                                                (6) 
 
Where, DEF is water deficiency at the soil-plant system; ETP is 
potential evapotranspiration and ETR is actual or real 
evapotranspiration. Monthly quality data of ratio (Equation 7), fruit 
sugar content measured by optical refractometer (°BRIX), kilograms 
of soluble solids per hectare (KGSS) (Equation 8), acidity (% citric 
acid) and juice percentage (Equation 9) and monthly yield data of 
fruits per box (FRBOX) and fruit weight (WFRUIT) of “Valência” 
orange (Citrus sinensis, L. Osbeck) grafted on rangpur  lime  (Citrus 

ܲܶܧ ൌ 0.01 ൈ ݋ܳ ൈ ܶ ൈ ܦܰ

݋ܳ ൌ 37.6 ൈ ܴܦ ൈ ቂቀ ߨ

180
ቁ ൈ ݄݊ ൈ SINΦ ൈ SIN ߜ ൅ COSΦ ൈ COSߜ ൈ SIN ݄݊ቃ

ܴܦ ൌ 1 ൅ 0.033 ൈ COS ቀ
360ൈܦܬ

365
ቁ 

ߜ ൌ 23.45 ൈ SIN ቂቀ
360

365
ቁ ൈ ሺܦܬ െ 80ሻቃ

݄݊ ൌ COSሾെݎܽ TANΦ ൈ TANߜሿ 

݄݊

Φ



Moreto and Rolim        545 
 
 
 

Table 1. Regional and climatic description. Legend: Normal annual water deficiency (DEF) estimated by Thornthwaite and Matter 
(1955) model.  
 

Region Latitude Longitude Altitude (m) DEF (mm) Thorntwaite (1948) climate classification

Bauru 22º 17' 29" S 49º 33' 10" W 561 120 C2sB’4a 
Bebedouro 20º 56' 58" S 48º 28' 45" W 573 203 C2dA’a 
Limeira 22º 33' 53" S 47º 24' 06" W 588 132 B1rB’3a 
Matão 21º 36' 12" S 48º 21' 57" W 585 178 B1rB’4a 

 
 
 

 
 
Figure 1. Mean phenology of “Valência” Orange grafted on rangpur lime for the State of São Paulo. Legend: B.F.: bud 
formation; V.D.: vegetative dormancy; FLO: flowering; DIV: cell division; DIF: cell differentiation; C.E.: cell expansion; E, MID 
e LATE: early, mid and late crops cycle lengths.  

 
 
limonia, Osbeck) (VACR) were obtained from the regional 
producers. These data were organized as a mean of the two 
flowerings and only from adult orchards (more than six years). 
Orange plants usually have two flowerings during its cycle, induced 
by thermal and/or hydric stresses, but it is possible for the plant to 
have more flowerings with climatic stresses off season.  
 

             (7) 
 

                      (8) 
  

                          (9) 
 
where, JC: juice content (L); WJUICE: juice weight (kg); ACIDITY: 
% of citric acid; 40.8 box weight in kg. 
Multiple linear regressions (Equation 10) were applied to develop 
the models (Figures 6, 7, 8 and 9). The dependent variables were 
the yield and quality parameters and independent variables were 
the monthly DEF during the development and production years 
(Figure 1). The DEF data from April to December of the first year 
and from April to December of the second year were used to total 
the 16 possible pre-selected variables use in the models.  
 
ܻ ൌ ܽ ൈ ܺଵ ൅ ܾ ൈ ܺଶ ൅ ܿ ൈ ܺଷ ൅⋯൅ .ܥ  (10)            .ܮ
 
Where, Y: yield (fruits per box), as also brix, soluble solids, ratio, 
acidity and fruit weight; a, b, c,….: angular coefficients; X1, X2, 
X3,…: selected monthly DEF and C.L.: linear coefficient. 

The main problem in multiple linear regressions is to find the 
combination of independent variables that brings consistency in the 
models. Following Gujarati and Porter (2011), the  method  used  in 

this study was to test all possible combinations of monthly DEFs 
with 1 to 5 independent variables in the models, totaling 6,884 
tested equations for each annual yield and quality parameter. The 
equations were generated by a routine in Visual Basic for 
Applications (VBA) in MS-Excel 2010 environment. 
Analyses were made to identify the multicollinearity between the 
independent variables (monthly DEFs). Gujarati and Porter (2011), 
describe that multicollinearity is not an issue if the interest is just 
estimation. However if exists an interest of doing a coefficients 
interpretation, as is the case of this study, multicollinearity causes 
bias on these coefficients. In this study, we chose to remove 
equations that have minimal correlations among independent 
variables greater than 0.7. The best models were classified 
according to statistical indices of mean absolute percentage error 
(MAPE) (equation 11) and precision by the adjusted determination 
coefficient (adjusted R²) (equations 12), selecting only regressions 
that are statically significant by the test-F (p-value <0.05).  
 

                          (11) 

 

                                   (12) 
 
where, N: number of data, Yest: estimated Y, Yobs: observed Y, k: 
number of independent variables.  
 
 
RESULTS AND DISCUSSION 
 
From all 6,884 generated and  later  tested  equations  for 
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Figure 2. Number of equations generated and tested for multicollinearity for the development of 
agrometeorological models for estimate each parameter of quality and yield of ‘Valência’ orange grafted 
on rangpur lime in function of monthly deficiencies of development year. 

 
 
 

 
 
Figure 3. Example of a model classification at Bauru region according to criteria of accuracy 
(lowering MAPE and p-value and R² Adj coming close to 1.00).  

 
 
 
each yield and quality parameters, 4,095 equations 
showed multicollinearity between the independent 
variables at the models, the remaining combinations 
(2,789) represent the possible models for estimation of 
each yield and quality parameter of each region (Figure 
2). With these, the best models were selected. The 
method of testing all combinations of the pre-selected 
independent DEFs were efficient. As long as adjusted R² 
gets closer to 1.00, the p-value and the MAPE kept 
decreasing, coming increasingly close to zero (Figure 3). 
These were the criteria used to classify the best estimate 
model for each yield and quality parameter of VACR.  

Analysis of available water variation at the studied 
regions proves a strong influence of DEF at yield (Figure 
4) and quality (RATIO) (Figure 5) of VACR. Garcia-Tejero 
et al. (2011), had a similar view for the mediterranean 
conditions where the available water is the most limiting 
factor for plant development.  For São Paulo, DEF  is  the 

most influent variable at flowering of oranges at mid-north 
state region and also the most active at central region, 
associated to low temperatures during flowering which 
result in reduced yield (Ribeiro et al., 2006).  

Fruits per box (FRBOX) values were higher in April and 
reduce in December (maturity) due to the fruit size 
increase. In its turn, RATIO increase constantly up to the 
end of the year. This analysis proves that meteorological 
variables, especially the hydric balance elements as DEF 
have an interesting relation with yield and quality of 
VACR. An example of DEF influence at crops is 
demonstrated in the case of Bauru (BAU) and Bebedouro 
(BEB) that are regions with different characteristics where 
BAU have lowest temperature and lower DEF compared 
to BEB, however wet years (less DEF) favor yield 
increase at both regions. Limeira (LIM) and Matão (MAT) 
regions have intermediate values of DEF, being the 
FRBOX value higher at dry  years.  All  the  regions  have  
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Figure 4. Yield (FRBOX, fruits per box) of “Valência” orange grafted on rangpur lime in function of the 
highest and the lowest water deficiency years from the period of 2000 to 2013 for four regions of  State 
of São Paulo. A) Bauru; B) Bebedouro; C) Limeira and D) Matão.   

 
 
 

 
 
Figure 5. Quality (RATIO) of “Valência” orange grafted on rangpur lime in function of the highest and 
the lowest water deficiency years from the period of 2000 to 2013 for four regions of State of São Paulo. 
A) Bauru; B) Bebedouro; C) Limeira and D) Matão.  

 
 
 
different relations of increase or reduction of annual DEF, 
thereby an analysis were performed to quantify the 
influence of  the  annual  water  deficit  variation  and  the 

responses this cause at average quality and yield of 
VACR, in annual scale (Table 2).  

An evaluation of increase  and  reduction  of  10 mm  of 
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Table 2. Water deficiency variation and influence at annual yield and quality parameters of “Valência” orange grafted on rangpur 
lime from the wet and dry years of the period from 2000 to 2013. Legend: (+) increase and (-) reduce.  
 

Bauru  

  RATIO °BRIX KGSS ACIDITY JUICE (%) FRBOX WFRUIT (kg) 

Mean  8.56 10.28 2.44 1.47 0.58 268.71 0.16 
Dry year 8.47 9.94 2.37 1.39 0.58 253.91 0.17 
Wet year 7.43 9.72 2.33 1.61 0.59 278.5 0.16 
(+ 10 mm DEF) -0.0086 -0.0324 -0.0067 -0.0076 0.00 -1.4092 0.0010 
 (- 10 mm DEF) 0.1139 0.0565 0.0111 -0.0141 -0.0010 -0.9871 0.00 

Bebedouro 

  RATIO °BRIX KGSS ACIDITY JUICE (%) FRBOX WFRUIT (kg) 

Mean  10.67 11.19 2.56 1.36 0.56 275.18 0.16 
Dry year 10.12 10.94 2.66 1.29 0.59 267.59 0.16 
Wet year 9.31 10.8 2.5 1.45 0.56 272.22 0.16 
(+ 10 mm DEF) -0.0702 -0.0319 0.0128 -0.0089 0.0038 -0.9693 0.00 
(- 10 mm DEF) 0.0777 0.0223 0.0034 -0.0051 0.00 0.1692 0.00 

Limeira 

  RATIO °BRIX KGSS ACIDITY JUICE (%) FRBOX WFRUIT (kg) 

Mean  8.97 10.65 2.5 1.46 0.57 280.58 0.15 
Dry year 8.8 10.89 2.65 1.39 0.59 278.18 0.15 
Wet year 8.33 10.5 2.48 1.57 0.58 295.83 0.14 
 (+ 10 mm DEF) -0.0076 0.0107 0.0067 -0.0031 0.0009 -0.1067 0.00 
(- 10 mm DEF) 0.0578 0.0135 0.0018 -0.0099 -0.0009 -1.3761 0.0009 

Matão 

  RATIO °BRIX KGSS ACIDITY JUICE (%) FRBOX WFRUIT (kg) 

Mean  9.5 11.29 2.59 1.5 0.56 281.11 0.15 
Dry year 10.78 11.60 2.76 1.34 0.58 302.30 0.14 
Wet year 7.31 9.82 2.21 1.57 0.55 253.12 0.18 
(+ 10 mm DEF) 0.1063 0.0257 0.0141 -0.0133 0.0017 1.7597 -0.0008 
(- 10 mm DEF) 0.1389 0.0932 0.0241 -0.0044 0.0006 1.7749 -0.0019 

 
 
 
annual DEF was made and how these variations affect 
the annual VACR yield and quality variability. The values 
of the parameters of yield and quality from the dry and 
wet years and the mean values of the period from 2000 
to 2013 were used. São Paulo having’ a different 
topography and influence from air masses has a broad 
climatic diversity (Rolim et al., 2007). North regions have 
higher air temperatures and lower occurrence of rain 
during winter that are favorable for orange crops 
production, which is the case of Bebedouro (BEB) and 
Matão (MAT). The recent performance of the climatic 
variables at Matão put this region (Bauru and Limeira) 
suitable for the cultivation (Ribeiro et al., 2006). 

At Bebedouro, every 10 mm of annual DEF increase 
results in a mean reduction of (-) 0.0702 annual RATIO, 
while for BAU and LIM the reduction is around 0.008. 
However, for MAT, the increase of 10 mm of annual DEF 
raises to 0.1063 points of RATIO. The maximum variation 
of DEF at BEB during the period of study (2000 to 2013) 
was at 2009/2010, with an increase of DEF of 253 mm 
which could reduce RATIO up to 1.77 points from  a  year 

to another. The minimized effect at BAU and LIM and the 
increase at MAT caused by the annual DEF variation can 
be due to the fact that these regions do not have water 
restrictions for orange crop production (Ribeiro et al., 
2006). Reduced annual DEF of 10 mm, in other words, 
increased availability of water at the system for the plant 
expressed RATIO increase for all regions.   

With regards to FRBOX, DEF effects were further 
stronger, even at regions without water restrictions for 
orange crop production (BAU and LIM); the reduction 
was significant. Each 10 mm of annual DEF increase 
result in a reduction of FRBOX at BAU, BEB and LIM in 
1.4092, 0.9693 and 0.1067, respectively. Already at MAT, 
a climatic favorable region for orange crop production, 
each 10 mm of annual DEF increase, during the period of 
study, which leads to an average increase of 1.7597 
FRBOX. For BEB, each increase of 10 mm of annual 
DEF may generate 0.97 fruits per box lose and the 
maximum variation (253 mm) can generate losses up to 
24.36 fruits per box. The reduction of DEF, in other 
words,   increase  of  available  water,  for  BEB and MAT  



Moreto and Rolim        549 
 
 
 

 
 
Figure 6. Agrometeorological models in function of monthly water deficiency for estimate mean and maximum annual 
parameters of “Valência” orange grafted on rangpur lime for Bauru region. Legend: B.F.: bud formation; V.D.: vegetative 
dormancy; FLO: flowering; DIV: cell division; DF: cell differentiation; C. E.: cell expansion; E: early crops; MID: midway 
crops; L: late crops. 

 
 
 
showed increase at FRBOX while that for BAU and 
mainly for LIM had opposite effect. For these regions 
without restrictions for orange crop production, the 
reduction of annual DEF could lead to losses at yield, 
perhaps because of rain during the maturity phase.  

An exact quantity of water applied to fill the plants 
needs at each phenological phase comes as an 
alternative to improve the water use efficiency and 
minimize losses at yield, by using irrigation with regulated 
deficiency. One of the difficulties of those techniques is in 
quantifying the permissible water deficiency for each 
phase (Carr et al., 2012). Researches about stress 
tolerance  mechanisms  and  the   understanding   of   the 

interactions of those with the biotic factors are needed to 
help the citrus producers deal with stress problems that 
can result in positive or negative effects, depending on 
the phenological phase of the plant (Syvertsen and 
Garcia-Sanchez, 2014). The agrometeorological models 
developed in this paper relate the yield and quality 
parameters to the monthly DEFs of the regions (Figures 
6, 7, 8 and 9), highlighting the phenological phases that 
are more sensitive to water stress by the use of adjusted 
coefficients; this can be a tool for quantify this tolerable 
DEF value for each phase during the plant cycle. For a 
better understanding of the limiting factors and estimation 
of   yield  and   quality,   parameters   were  established in  
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Figure 7. Agrometeorological models in function of monthly water deficiency for estimate mean and maximum annual 
parameters of “Valência” orange grafted on rangpur lime for Bebedouro region. Legend: B.F.: bud formation; V.D.: 
vegetative dormancy; FLO: flowering; DIV: cell division; DF: cell differentiation; C. E.: cell expansion; E: early crops; MID: 
mid crops; L: late crops. 

 
 
 
multiple linear models with monthly DEFs as independent 
variables during the cycle of “Valência” orange.  

For BAU region (Figure 6) the estimation model of 
maximum RATIO (equation 13) had accuracy (MAPE) 
and precision (R² adj) satisfactory, with values of 6.59 
and 0.94% respectively at validation and p-value of 
0.0372. Considering the maximum RATIO value from the 
period (17.70 points), the percentage error of 6.59% 
represents an error by the modes of 1.16 points. At BAU, 
for all parameters, the most part of DEFs become 
concentrated at development year (1), between the 
phases of vegetative dormancy to the beginning of cell 
expansion. The yield (FRBOX) showed more sensibility 
to DEF at bud formation (April) and at vegetative 
dormancy (July), in which  the  angular  coefficients  were 

higher. This result is in accordance with Camargo et al. 
(1999) that noticed that VACR yield is particularly 
sensitive to water deficiency at the beginning of flowering 
phase (August). 
 

 (13)    
 
Where, (1) development year and (2) production year.  

Bebedouro (Figure 7) had the same performance of 
BAU in relation of vegetative dormancy, being the most 
sensitivity phase to DEF, along with the start of flowering 
(August). This region in company of LIM and MAT had 
the main inducer flowering variable, the  DEF  (Ribeiro  et 
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Figure 8. Agrometeorological models in function of monthly water deficiency for estimate mean and maximum annual 
parameters of “Valência” orange grafted on rangpur lime for Limeira region. B.F.: bud formation; V.D.: vegetative 
dormancy; FLO: flowering; DIV: cell division; DF: cell differentiation; C. E.: cell expansion; E: early crops; MID: mid 
crops; L: late crops. 

 
 
 
al., 2006), being the performance of the flowering one of 
the responsible factors for losses or gains at yield. The 

estimation model of mean FRBOX for BEB was 
significant  with  p-value   of   0.018   and   accuracy   and  
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Figure 9. Agrometeorological models in function of monthly water deficiency for estimate mean and maximum annual 
parameters of “Valência” orange grafted on rangpur lime for Matão region. B.F.: bud formation; V.D.: vegetative 
dormancy; FLO: flowering; DIV: cell division; DF: cell differentiation; C. E.: cell expansion; E: early crops; MID: mid crops; 
L: late crops. 

 
 
 
precision at validation of 9.27 and 0.86, respectively. For 
a mean yield of 275.18 fruits per box, the percentage 
error of 9.27% represents an error by the model of 25.5 
fruits per box approximately.  

The performance of FRBOX at LIM (Figure 8) was 
practically the same as BAU, being the bud formation 
(April) and vegetative dormancy (July) phases, which are 
the ones that are more sensitive to DEF at the 
development year. Paulino et al. (2007), found that for 
LIM region the number of fruits per plant showed 
significant correlation with DEF of July to September of 
the development year. At production year (2) the most 
sensitive period for DEF at LIM is between the end of fruit 
growth  and  start  of  maturity  (May  and   June).   Water 

restrictions during these phases can lead to losses in 
yield and mainly in fruit weight (Garcia-Tejero et al., 
2010). The estimation model for FRBOX at LIM showed 
high reliability, with p-value of 0.007, and accuracy 
(MAPE) and precision (R² adj) at validation of 7.86 and 
0.46, respectively. For a mean yield of 280.58 fruits per 
box, the percentage error of 7.86% represents an error 
by the model of 22.05 fruits per box.  

At MAT (Figure 9), the bud formation phase (April) was 
the most sensitive to DEF, the flowering (August to 
September) also presented sensibility to water deficiency. 
Martins snd Ortolani (2006), observed the same results 
about flowering of VACR at the region. The best estimation 
model of mean FRBOX was the  one  of  this  region  with 
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greater p-value of 0.061, great accuracy and precision 
values of 5.5 and 0.99%, respectively. The percentage 
error of 5.5% represents an error by the model of 15.15 
fruits per box, considering an average yield of 281.11 
fruits per box.  

The water stress at production year (2) at the final 
phases of fruit growth and maturity (from May to 
September) were the ones that presented more effects of 
DEF on quality parameters (RATIO, BRIX and KGSS). 
Garcia-Tejero et al. (2010), affirmed that water deficiency 
at maturity affects the organoleptic characteristics of fruits 
and mainly the quality parameters.  Briefly for BAU, the 
RATIO is the quality parameter that is more affected by 
DEF on maturity. For BEB and LIM are BRIX and KGSS 
and for MAT is BRIX.  

Generally, at humid regions that have lower annual 
DEF, as BAU and LIM, the parameters estimation models 
of yield and quality were more accurate.  
 
 
Conclusion 
 
The ‘Valência’ orange grafted on rangpur lime had 
different sensitivities to the regional climate. Yield 
(FRBOX) was related to water deficiencies during bud 
formation (April) and vegetative dormancy (July) at Bauru 
and Limeira regions. The FRBOX at Bebedouro was 
more sensitive at the end of vegetative dormancy and the 
start of flowering (August) at bud formation (April). For 
the quality parameters (RATIO, BRIX and KGSS), all 
regions were more sensitive to water deficiency at 
maturity, especially Limeira. The agrometeorological 
models based on monthly water deficiencies showed 
good performance for yield and quality estimation of 
VACR for all regions.  
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