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Abstract: Forecast and estimation are distinct concepts within crop modeling and it is precisely in
the forecast there is a lack of knowledge. Estimation is the prediction of current conditions based on current
data, while forecast is a future event prevision. Grass is the basis of the productive systems of the Brazilian
livestock and among the cultivated species, Brachiaria sp forage genus is the most important. Among the
many factors related to the cattle feeding, the adjustment of supply to forage intake is one of the key
objectives for the livestock farming planning. The productive potential modeling of forages represents a
technological leap as the application of management procedures of livestock production, reasons for
decision-making in livestock systems on pasture in the tropics which happens to be made from statistical
models and not only producer´s empirical or practical knowledge. The purpose of this paper was adjusting
forecast models of Brachiaria brizantha yield related to soil and climatic explanatory variables from
experiments conducted in eight different regions. The best variables were related to water supply,
temperature and fertilizing. The best adjusted model was Y0.5 = 0.13K2O +5.77T9+0.14EXC8 -105.94 (9, 8
subscripts means September and august respectively) whose can be used to forecast yield data with a year in
advance.
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Introduction
The grasslands are the basis of the productive systems of the national livestock due to: the low cost,
large capacity and ease of establishment (TONATO et al. 2010; RODRIGUES 2004). Among the cultivated
species of forage Brachiaria sp genus is the most important in the national livestock which represent about
80% of the area cultivated with grasslands in the country (TONATO et al. 2010; RODRIGUES 2004). The
forage yield modeling is an important tool in the estimation of production systems in livestock (TONATO et
al. 2010). The environmental variables fluctuations can explain the forage yield seasonality. A mathematical
modeling is a simple description of real systems from the relationship between different areas of knowledge
in order to summarize, describe and evaluate different characteristics of agricultural yield, including the
production and the interactions between crops and the environment, thus allowing the prediction of
performance of plant community and description opportunities for improvement in handling used (MUNIZ et
al. 2007). However, as these authors stated when the analysis of correlation among climate variables indicate
that there were autocorrelations the variables should be eliminated from the models, because there were not
gains with models of greater complexity (TONATO et al. 2010). Assuming that the grass yield is influenced
by climatic and soil elements, the purpose of this paper is adjust forecast models of Brachiaria brizantha yield
based on meta-analysis from experiments carried on 8 important Brazilian regions.
Material and Methods
The Brachiaria brizantha yield data due to climatic variables, including experiments conducted in
various locations in South-Central region of Brazil between 2000 and 2015 were compiled from papers
whose works were carried out in the localities of Piracicaba (SP) Nova Odessa (SP) Jaboticabal (SP)
Araçatuba (SP), Janaúba (MG), Londrina (PR), Uberaba (MG), Ilha Solteira (SP) (Figure 1).

Figure 1. Brachiaria brizantha yield in the central-south region of Brazil between 2000 and 2015. Source:
Metadata from this search. Mean values of Yield and the bars indicate standard deviations.
Climatic data of the various authors of local experiments were obtained on a daily scale from
automatic weather stations (EMA) for monitoring the Agronomic Institute system (APTA-IAC) and the
National Institute of Meteorology System (INMET). There were used daily rainfall data (P) and minimum
temperature (TMIN), medium (T) and maximum (TMAX) air, organized in monthly scale for the period
2000-2013 for the potential evapotranspiration calculation (PET) by the equation of Camargo (1971)
(equations 2, 3,4,5 and 6). From the monthly data P and PET is calculated water balance (BH) proposed by
Thornthwaite and Mather (1955) with available water capacity of 100 mm for all locations. Variables with
best correlations were selected for the agrometeorological construction models aiming to pasture yield
forecast for the regions. In this construction were used multiple linear regression method (Equation) as
proposed by GUJARATI and PORTER (2011).
In the construction of the models, especially with many independent variables, the biggest problem
is the selection / combination of the most important variables. For the selection of variables, it was used the
'stepwise' process with 'backwards' approach, following the accuracy improvement criteria (Mean Error
Percentage Absolute, MAPE) (MORETO and ROLIM 2015). Only models with 0.05 of significance were
selected. Preference was given to selection of variables that enable greater yield in anticipation of forecast.
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After this stage, were selected about 6 models that best adapt to the statistical requirements and anticipation
for each location. These 6 models were applied to accuracy analysis by MAPE, precision by adjusted
coefficient of determination (R2) (Equations 9 and 10). We used 70% of data for calibration models (2000 to
2011) and 30% for testing (validation).
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The basic statistics (including position and dispersion measures, box plot graphic, histogram,
confidence interval and normality test Anderson-Darling) were presented as statistical summary in
accordance with the procedures described by Minitab Inc (2007).
Results and Discussion
The yield values (Y) presented asymmetry by the Anderson-Darling test (AD) (p-value <0.05), then
the respective values were transformed in Y0,5 (Figure 2) (COTTRELL and LUCCHETTI 2013). The average
yield of Brachiaria brizantha was of 3,589.3 kg.ha-1 (Figures 1 and 2) and the data showed high standard
deviation and variance what reflects differences of management, soil, genetics, climates whose is discussed
in sequence. But with the transformation of the data (Figure 2) this problems were solved. The yield of
September and October had the highest standard deviations and this can be explained by the year whose dry
season is more severe can extend from May to November or even August or September in the rainiest year.
This pattern of distribution of forage production is 85% concentrated in the summer spring seasons and 15%
in the autumn-winter according to the literature (FAGUNDES et al. 2005).
Anderson-Darling Normality Test
A-Squared
P-Value
Mean
StDev
Variance
Skewness
Kurtosis
N
Minimum
1st Quartile
Median
3rd Quartile
Maximum
0

20

40

60

80

0,77
0,044
55,724
22,158
490,962
-0,233764
0,110532
72
0,000
38,159
60,306
69,620
112,406

99% Confidence Interval for Mean

100

48,812

62,635

99% Confidence Interval for Median
49,601

64,809

99% Confidence Interval for StDev
18,183

28,128

99% Confidence Intervals
Mean

Median
50,0

52,5

55,0

57,5

60,0

62,5

65,0

Figure 2. Statistical summary for Brachiaria brizantha yield corrected by root transformation (Y0.5) of
metadata. p-value > 0.01 = normal distribution.
The climate elements are significant in the establishment of the forage yield, and variables such as
temperature, rainfall and light (photoperiod and light quality) influence greatly mass production and
seasonality of forage yield (TONATO et al. 2010). However, as these authors the correlation analysis
between climate variables showed that, for all data sets assessed by them, climatic variables were high and
positively correlated, allowing discard models of greater complexity. Therefore, the tests performed gave no
regression when using 4 independent variables, since collinear variables (r = 0.6) were excluded from the
model. However, were found 65,230 models with 3, 2 and 1 variables with no multicollinearity (Figure 3).
We selected only the top 6 models, which had the lowest MAPE (high accuracy). The method of APC testing
for the independents variables was efficient.
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Figure 3 Number of possible viable models with 4, 3, 2 or 1 independent variables for yield
forecasting of Brachiaria brizantha.
Edaphic aspects refers to fertility attributes and physical soil and the effect of fertilization of pastures
on dry matter yield, especially nitrogen fertilization has been thoroughly studied and numerous studies show
a linear relationship of the amount of dry matter (DM) due to the increase of nitrogen, (FAGUNDES et al;
2006). In the best equations, 1 and 2 (Table 1) the best soil variable was K 2O (in fertilizing), but the
correlation coefficient between K2O and N was strong (r = 0.81), so the two variables do not appear together
in the calibrated models. The response variables of the calibrated models (table 1) essentially are water,
temperature and fertilizing. This corroborates with Tonato et al (2010) whose estimation model uses the
temperature as explanatory variable and fertilizing effect, namely nitrogen, is reported in papers of SANTOS
et al. (2009).
As Tonato et al (2010) the minimum temperature (Tmin) was the one that allowed a highest
correlation to grass yield, followed by radiation (RA) and a seasonal variability described by julian days (JD).
The estimation models were obtained respectively for TMA (average rate per day of dry matter
accumulation, (kg.ha-1) of Brachiarias respectively for groups 1 (Marandu, Basilisk and Arapoty) and group
2 (Capiporã and Xaraes cultivars): TMA = -94.92 + 8,19Tmín and TMA = -128.07 + 10.66 Tmin (TONATO
et al., 2010).
Table 1. Top 6 adjusted models. Precision (R²), Tendency (EP reg) and Accuracy (MAPE) measures.

Eq
1
2
3
4
5
6

adjusted
model
R²
0.5
Y = 0.13K2O +5.77T9+0.14EXC8 -105.94
0,53
Y0.5= 0.07K2O + 5.76T9 +0.14P9 -107.73
0,45
0.5
Y = 0.12K2O + 5.79 T9 +0.14 P8 -105.25
0.501
Y0.5 = 0.07K2O + 5.75T9 +0.14 P-PET9 -107.73 0.457
Y0.5 = 0.12K2O +5.88 T9 +0.14P-PET8 -107.05 0.498
Y0.5 = 0.07K2O +5.92T9 +0.14EXC9 -111.14
0.461

EPreg
14,96
16,22
15.46
16.12
15.49
16.06

MAPE- MAPECalibration Test
29,29
25,68
29,96
25,78
30,17
25,98
30,34
24,27
30,37
25,33
30,60
26,35

RP = root productivity(kg ha-1)0.5. K2O = potassium fertilizer (kg/ha). T9 =temperature of ninth month
(°C). EXC8 = hydric exceeding of eighth month (mm). P9 = precipitation of ninth month (mm). PET =
Potential Evapotranspiration (mm). P-PeT = Precipitation – Potential Evapotranspiration (mm). EPreg =
standard error of regres’sion. R² = determination coefficient. Eq = Equation number. The models coefficients
were significant (p-value < 0.01).
The irrigation effect is reported by RASSINI (2004) and the relatively low R² (table 2) whose larger
value was of the equation 8320, and the respective differences remaining to 1 can be explained for others soil
attributes like chemistry composition, physic aspects, micronutrients fertilizing levels (CAVALLINI et al.
2010), management practices like sealing and rotational grazing with supplemental fertilizer nitrogen
(SANTOS et al. 2009), besides genetic aspects in function of different varietal cultivars used in the
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experiments (TONATO et al. 2010) and DM production in response variations can occur depending on the
season of work and the effect of the year (FAGUNDES et al. 2005) (FAGUNDES et al. 2006). The variables
EXC8, EXC9, P8, P9, P8, P-PET and PET9 are all related to water balance and explain the B. brizantha yield
(Table 1). As yield data were regressing to climate data of the previous year, these models are used to
forecast the yield within a year in advance, making it the month temperature of September and the water
availability of the months of August and september determinants of yield in the 12 months following and
explain the high standard deviation of grass yield in the October month (Figure 1). In the model 1 (Table 1)
for each 1 Celsius rise in temperature, we have 5.77 (kg ha-1)0.5 increase in RP (root yield) and for each 1
mm of EXC have 0.14 (kg ha-1)0.5 increase in RP.
Despite the high variance of productivity data (Figure 3) which reflects the different environmental
conditions in the compiled experiments in this work and certainly reduced the precision of the calibrated
model (R² values) (Table 2) the data transformation (Figure 2) provided with the calibrated models presented
good accuracy (Table 1). In the national literature lacks forecast articles which would compare the R² and
MAPE values obtained here, so this work is pioneering serve as the basis for future comparisons.
Conclusions
The B. brizantha yield was a function of temperature, water availability and potassium.
The calibrated models were accurate in forecast B. brizantha yield within a year in advance.
The temperature of September and the water availability of August and September months are
determinants of yield in the 12 months following.
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