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agro-meteorology Among the reference evapotranspiration (ETo) equations, the FAO-56 Penman-Monteith (PM

irrigation
Penman-Monteith FAO 56

FAO-56) model is considered the most accurate, but this model requires a greater amount of
meteorological data. On the other hand, there are other methods that require fewer variables and
have shown good precision according to the location. The objective of this work was to evaluate
the efficiency of four methods for estimation of daily ETo, comparing them with FAO-56 PM
equation in Bom Jesus da Lapa, Bahia, Brazil. To do so, a dataset from 2010 to 2017, acquired at
the National Institute of Meteorology (INMET), was used. The models were analyzed by means
of statistical indicators: Willmott’s concordance index, root mean square error (RMSE), mean
bias error (BIAS), coefficient of determination “R?”, correlation coefficient “r”” and coefficient
of confidence “c”, in addition to the classification of the coefficient of confidence. The results
obtained show that Hargreaves and Samani equation was the only method classified as “good”
and is recommended. While the models of Camargo, Priestley and Taylor and Benevides and

Lopes are not recommended to calculate ETo in the municipality.

Palavras-Chave: COMPARACAO DE METODOS DE ESTIMATIVA DA EVAPOTRANSPIRACAO DE
agrometeorologia REFERENCIA EM BOM JESUS DA LAPA, BA
irrigagdo RESUMO

Penman-Monteith FAO 56
Dentre as equagdes de estimativa de evapotranspiragdo de referéncia (ETo), o modelo Penman-

Monteith FAO-56 (PM FAO-56) ¢ considerado o mais preciso, entretanto esse modelo requer
uma maior quantidade de variaveis meteoroldgicas. Por outro lado, existem outros métodos que
demandam menos variaveis e tem conseguido boa precisdo, a depender do local. O objetivo
deste trabalho foi avaliar para as condi¢des de Bom Jesus da Lapa, Bahia, a eficiéncia de
quatro métodos para a estimativa da ETo didria, comparando-os com o padrao de PM FAO-
56. Para tanto, foi utilizado um conjunto de dados de 2010 a 2017, adquiridos no Instituto
Nacional de Meteorologia (INMET). Os modelos foram analisados por meio de indicadores
estatisticos: indice de concordancia “d” de Willmott, raiz do erro quadratico médio (RMSE),
erro sistematico (BIAS), coeficiente de determinag@o “R?”, coeficiente de correlagdo “r” e
coeficiente de confianga “c”, além da classificagdo do coeficiente de confianga. Os resultados
obtidos indicam que a equagdo de Hargreaves e Samani e método de Priestley e Taylor foram
classificados como “bom”, sendo recomendado. Enquanto os modelos de Camargo e Benevides

e Lopes ndo sdo metodologias recomendadas para célculo da ETo no municipio.
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INTRODUCTION

Irrigated farming activities imply in a large
consumption of water. Moreover, its scarcity has
become more and more worrying, so, efforts have
been used in the development of studies that make
possible its economy through the rational use. The
municipality of Bom Jesus da Lapa in the State of
Babhia presents itself with zoning and classification
for investment in agricultural production, where
irrigated production is found in large areas as it is
located in the Sao Francisco Basin.

Farming activities are highly dependent on
meteorological
determining factor for agriculture (Sales et al.,
2018a). Through these elements, it is possible to
obtain knowledge of the evapotranspiration of
the agro-ecosystem, whether for irrigation design

elements, which make them

and / or management, assuming fundamental
importance.

One alternative for rationalize the use of
water in farming projects is to estimate the crop
evapotranspiration (ETc), based on the reference
evapotranspiration (ETo) and on the crop coefficient
(Kc), so, the water depth needed by the crop can
be correctly applied (COSTA et al., 2019). Thus,
the determination of ETo is imperative to make a
water calculation of a crop, and as a result, it may
assist in irrigation and river basin management
strategies depending on the climatic conditions of
each region (Sales et al., 2016).

There are several models for determining ETo
such as the direct ones, which are represented
by lysimeters, and the indirect ones, consisting
of empirical mathematical equations. Because
of the difficulties of direct measurement of
evapotranspiration, as well as its importance in
the management of water resources, the choice
of a method that estimates it accurately and based
on climatological variables available at the study
site is essential, because both the climatological
variables and the precision of the models factors
that restrict their use (FANAYA JUNIOR et al.,
2012).

Therefore, before choosing the method to be
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used to estimate ETo, it is necessary to know which
climatic elements are available and, based on that,
to check which methods can be applied. This is
necessary, since the use of different methods for
a particular place of interest depends on these
variables and their precision (ARAUJO et al.,
2007).

Food and Agriculture Organization of the
United Nations (FAO)
Monteith parameterized equation as standard
model in the Bulletin 56 of the institution. This
physical-physiological model estimate ETo with
adequate accuracy, but requires a greater number
of meteorological variables, which may not be
available in some regions (CONCEICAO, 2013).

Thus, the objective of this work was to
evaluate the efficiency of the methods of Camargo,
Benevides and Lopes, Hargreaves and Samani and
Priestley and Taylor to estimate the daily ETo in
the period from 2010 to 2017 for the conditions of
Bom Jesus da Lapa (BA), compared to the standard

establishes Penman-

Penman-Monteith method.
MATERIAL AND METHODS

The study was carried out using meteorological
data from the municipality of Bom Jesus da Lapa
(13°15°18” S and 43°25°05” W and 436 m above
sea level), which has a total territorial area of
4,115,511 km? and located in the state of Bahia, in
the Northeast of Brazil (Figure 1).

The average annual rainfall index is 833 mm,
occurring most intensely between October and
March (spring-summer). The climatic type of the
region, according to the Koppen-Geiger climatic
classification, is the tropical climate with dry
winter season (INMET).

For the calculation of ETo, daily climatological
data of maximum, minimum and average
temperature, relative humidity, solar radiation
and wind speed were required. These data were
obtained from the automatic meteorological station
owned by the National Institute of Meteorology
(INMET) from January 1, 2010 to December 31,
2017.
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Figure 1. Geographical location of the municipality of Bom Jesus da Lapa, Bahia.
Prior to the calculations of ETo, an analysis was 900U
. . . 0408 AR, -G)+y| ——2—| (e, -e,)
carried out to verify the quality of the data and to EToPM T, +273 (1)
(0] =
exclude possible measurement errors in the field. A+y(1+0.34U,)
Based on the methodology proposed by Sales et In which,

al. (2018b), data inconsistent with the following
parameters were excluded: minimum temperature
below 0°C, maximum temperature above 39°C,
maximum temperature less than the minimum
temperature for the same day, global solar radiation
equal to zero and global solar radiation greater than
extraterrestrial solar radiation. Consequently, after
these analyses, 2,633 days remained with consistent
measurements, corresponding to 90.17% of the
data.

Then, the equations used to calculate ETo for
the different estimation methods are shown.

Penman Monteith (PM FAQO-56)

For ETo estimate, using the Penman-Monteith
method, Equation 1 was used, according to FAO
Bulletin 56 (Allen et al., 1998).
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A = slope of the saturation water vapor pressure
curve, kPa °C;

R = net radiation, MJ m?>d";

G = soil heat flux density, MJ m2d!;

Y = psychometric constant, kPa °C';

U,= Wind speed (daily average) at 2 m above soil
surface;

e, = vapor saturation pressure, kPa;

e, = vapor real pressure, kPa, and

T .4 = average temperature, °C.

m

Camargo (CM)

The Method of Camargo (1971) is a
simplification of the Thornthwaite method. The
main advantage of this method is the use of only
the daily average air temperature data and the
extraterrestrial solar radiation, which can be easily
estimated from equations or obtained from specific
tables (Equation 2).

Engenharia na Agricultura, v.28, p. 120-128, 2020
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0.011x Ra
EToCM === X Torenge ()

In which,
Ra = extraterrestrial solar radiation, MJ m d'!, and
= air average temperature, °C.

average

Benevides and Lopes (BL)

It can be seen in Equation 3 the method
developed by Benevides and Lopez (1970), which
is based on data of average temperature and relative
humidity of the air.

7.5xT average

EToBL =1.21x10{ ————
2373 +Tuvemge

J X (1-0.01x RH) +0.21 X T, e —2.30 (3)

In which,
werage — AVETAZE air temperature, °C, and
rage
RH = air relative humidity, %.

Hargreaves and Samani (HS)

The model proposed by Hargreaves and Samani
(1985) is an alternative to estimate ETo in places
where data on solar radiation, relative humidity
and wind speed are not available (Equation 4).

Ra 05
EToHS =0.0023x —— (T, -T_ )" (T +17.8
o % Ss T T (T +178)  (4)

In which,

Ra = extraterrestrial solar radiation, MJ m? d*;
T . =maximum day temperature, °C;

T . = minimum day temperature, °C; and

awerage — AVETage day temperature, °C.
Priestley and Taylor (PT)

The Priestley and Taylor Method (1972) is a
simplification of the Penman and Penman-Monteith
method. Thus, this model has the advantage of
requiring less climatological data (Equation 5).

ETOPT=1.26X( = j [(R“-G)j (5)
A+y 2.45

In which,

v = psychrometric constant, kPa °C"';

A = slope of the water vapor saturation curve, kPa
oc-l;

R = net radiation, MJ m*d"'; and

G = soil heat flux density, MJ m2d..

For comparative analysis and indication of the
best ETo estimation methods for the municipality
of Bom Jesus da Lapa, the following statistical
indices were used: Willmott’s “d” agreement

Engenharia na Agricultura, v.28, p. 120-128, 2020

index (WILLMOTT et al., 1985), root of the mean
square error (RMSE in mm d'), systematic error
(BIAS in mm d"'), determination coefficient R?, “r”
correlation coefficient and confidence coefficient or

performance “c”, in addition to the classification of
the confidence coefficient (Equations 6, 7, 8, 9, 10).

1/2

Y.(€,-0,)’
RMSE=| = (6)
N
Z?:1 (|El - O| + |Oi - O|)
N
R2= Zizl QEi B Emol B O‘) (9)

\/Z:’ZI (Ei - E)z \/Z:l:] (Oi - 6)2

— Z; QEi — Emoi — 6‘) (10)
> & ~EF3 (o, -0f

In which,

E, = value obtained by means of the alternative
methods (mm d);

O, = value estimated through the Penman-Monteith
standard method (mm d);

E = mean of the estimated by means of the
alternative methods (mm d'); and

O = means of the estimated by means of the
Penman-Monteith standard method (mm d'); and
N = number of values.

The “d” values may range from 0 to any
agreement, to 1, for a perfect concordance.

Table 1 shows the confidence coefficient,
proposed by CAMARGO & SENTELHAS (1997),
which is obtained by the product between the
correlation coefficient (r) and the Willmott index (d).
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Table 1. Classification of the performance of
methods for estimating ETo according
to the “c” confidence index

Value of “c” performance index Classification
>0.85 Excellent
0.76 — 0.85 Very good
0.66 -0.76 Good
0.61 -0.65 Medium
0.51-0.60 Tolerable
0.41-0.51 Bad
<0.40 Terrible

Source: Camargo and Sentelhas (1997).

For all statistical calculations, it was used the
Microsoft Office Excel® software in order to assist
in the organization of data and also the R open
source software (R core team, 2016).

RESULTS AND DISCUSSION

The statistical indicators RMSE, BIAS and R?
for the estimation of daily ETo are shown in Figure
2. The analysis of coefficient of determination
R? allowed to observe that it varied from 0.34 to
0.66, where the PT method indicated the highest
value. However, analyzing R? as the sole criterion
for selecting the ETo model is not convenient,
as this parameter does not indicate the range of
differences between a standard value (PM FAO-
56) and a value predicted by the alternative models
(BARROS et al. , 2009).

One of the reasons PT had shown the highest
R? among the methods under study is because
this model uses solar radiation as a predictor
variable as this meteorological element is one of
the most important in ETo estimate (PANDEY et
al., 2016). According to Allen et al. (1998), the
evapotranspiration process is conditioned to the
amount of energy available for water evaporation.
Also, according to the authors, solar radiation
is the most important energy source of the plant
and influences the physical processes of water,
transforming liquid water into vapor.

Based on the root of the mean square error
(RMSE), the methods were ranked in the following
order: HS <PT <CM <BL. The HS method
obtained an RMSE value of 0.66 mm d°!, while the
BL showed an RMSE 0f 2.98 mm d"!, which is very
high in comparison to the others. Such result may
be linked to the environmental conditions of the
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study area, since HS was developed in semi-arid
California, with conditions similar to those found
in the municipality under study.

The BIAS systematic error shows the under-
or overestimation of a model, thus it is possible
to observe that HS and BL overestimated, being
more accentuated for BL with a systematic error
of 2.68 mm d! while the PT and CM methods
underestimated it ( Figure 2). These results are
in agreement with Santos et al. (2017), as when
studying ETo in Feira de Santana, state of Bahia,
found values for HS overestimating PM FAO-
56 in all the months. The authors Borges Junior
et al. (2017), when estimating the daily ETo for
Sete Lagoas, state of Minas Gerais, found that the
original HS has an overestimate tendency.

It is evident that the BL had the greatest
overestimation of the standard method PM FAO-
56 (Figure 2), in addition to presenting R? of 0.44.
The trend line of this model is further away from
the line 1:1, together with the CM. Therefore, it
was evident that BL and CM showed the worst
adjustments for the municipality of Bom Jesus da
Lapa, State of Bahia.

Table 2 shows the correlations between the
ETo estimated through PM FAO-56 and the ETo
estimated by means of the other models for Bom
Jesus da Lapa, Bahia. Smaller dispersions were
found for the HS and PT models, and worse
correlations for the estimates obtained using CM
and BL models, with respective values of 0.58
and 0.65. The low correlation found for CM and
BL was followed by a lower agreement between
the data, thus impairing their performance, since
it is a product between the correlation and the
concordance.

These results are in agreement with those found
by Borges Junior ef al. (2012), when estimating the
daily ETo using different methods in Garanhuns,
Pernambuco state, in which a poor performance
was observed for CM. It should be highlighted
that the method of Camargo was initially proposed
to determine ETo for periods from seven days
onwards, and for regions with temperate and humid
climates, which contributed to its low accuracy
(PAZ & THEBALDI, 2018).

According to Aratjo et al. (2010), when working
with ETo in the city of Crateus, state of Ceara,
found unsatisfactory results for the BL method,
which showed a poor performance. This result was
also found in this study, and can be explained by
the semiarid climate in the municipalities.

Engenharia na Agricultura, v.28, p. 120-128, 2020
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Figure 2. Correlations between the daily reference evapotranspiration (ETo) estimated by means of the
Penman-Monteith method (FAO) and the simplified models (PT, CM, HS and BL) over 2010-

2017 period, in Bom Jesus da Lapa, Bahia.

Table 2. Evaluation of ETo (mm d') estimates obtained through different methods in relation to the standard

method, PM FAO-56.

ETo methods r d c “classification
Penman Monteith (PM FAO56)
Priestley and Taylor (PT) 0.79 0.84 0.66 Good
Hargreaves and Samani (HS) 0.75 0.88 0.66 Good
Camargo (CM) 0.58 0.53 0.31 Terrible
Benevides and Lopes (BL) 0.65 0.52 0.34 Terrible

Coefficient of correlation (r); Willmott “d” concordance index; “c” confidence coefficient; Confidence coefficient classification.

The correlation and concordance values found
through HS and PT are close to those obtained by
Tagliaferre et al. (2012) by evaluating ETo on a daily
scale in the municipality of Piata, state of Bahia,
with a correlation of 0.70 and 0.86 respectively,
and with concordance between the data of 0.82 for
HS and 0.87 for PT. Studies conducted by Oliveira
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et al. (2010), for the region of Juazeiro, BA showed
that the HS method had a performance considered
Good.

It is possible to observe in Figure 3 the annual
accumulated ETo estimate among the different
methods analyzed in the study. The annual sum of
ETo estimates by means of BL was 2,889.70 mm
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Figure 3. Total annual estimates of ETo (mm year') provided by the different methods in the 2010-2017

period, in Bom Jesus da Lapa, state of Bahia.

year'in 2010 to 2,987.23 mm year' in 2017, while
the PM FAO-56 standard showed the value of
1,869.22 mm year' in 2010 and 1,824.76 mm year
"in 2017. In all the years evaluated, it is observed
that the greatest accumulation of ETo always
occurred for BL, considered the worst result, in
which it is visible through the dispersion graph
and the annual accumulated (Figure 2, 3), being
much higher than the PM-FAOS56 standard method
during the eight analyzed years.

When observing the HS model, it can be seen
that ETo has always approached the PM-FAQOS56.
However, although CM has presented values closer
to that of PM-FAO56 when accumulated annually,
their statistics show that it cannot be recommended
for the region (Figure 2). This is due to the lower
concordance and correlation between the data, thus
showing greater variability between them, that is,
on specific days, it overestimated very much and
on others, it underestimated.

CONCLUSION

e According to the adopted statistical criteria,
the methods of Hargreaves and Samani
and Priestley and Taylor showed the best
performance for daily estimation of ETo,
when compared to the PM FAO-56, being
recommended to be used in the region under
study.
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e The methods of Benevides and Lopez and
Hargreaves and Samani overestimated
reference evapotranspiration.

e Camargo and Benevides and Lopes models
are methodologies not recommended for
calculating ETo in Bom Jesus da Lapa, Bahia,
and require regional calibration of their
coefficients so to be used.

REFERENCE

ALLEN, R.G.; PEREIRA, L.S.; RAES, D;
SMITH, M. Crop evapotranspiration: guidelines
for computing crop water requirements-FAO
Irrigation and Drainagepaper, 56. FAO, Rome,
v.300, n.9, p.297, 1998.

ARAUJO, W.E; COSTA, S.A.A.; SANTOS,
A.E. Comparacao entre métodos de estimativa da
evapotranspiracao de referéncia (ETo) para Boa
Vista, RR. Revista Caatinga, Mossoro, v.20, n.4,
p-84-88, 2007.

ARAUJO, WEF.; OLIVEIRA, JB.; ARAUIO,
E.M.; LEDO, SILVA, M.G. Desempenho de
métodos de estimativa de ETo correlacionados
com a equacdo padrio Penman Monteith Fao56,
em Cidades do Estado do Ceard. Revista ACTA
Tecnolégica - Revista Cientifica, Maranhao, v.5,
n.2, p.84-101, 2010.

Engenharia na Agricultura, v.28, p. 120-128, 2020



COMPARISON BETWEEN ESTIMATION METHODS OF REFERENCE EVAPOTRANSPIRATION IN BOM JESUS...

BARROS, V.R.; SOUZA, A.P.; FONSECA, D.C;
SILVA, L.B.D. Avaliacdo da evapotranspiragdo
de referéncia na Regido de Seropédica, Rio de
Janeiro, utilizando lisimetro de pesagem e modelos
matematicos. Revista Brasileira de Ciéncias
Agrarias, Recife, v.4, n.2, p.198-203, 2009.

BENEVIDES, J.G.; LOPEZ, D. Foérmula para el
calculo de la evapotranspiracion potencial adaptada
al tropico (15° N - 15° S), Agronomia Tropical,
Maracay, v.20, n.5, p.335-345, 1970.

BORGES JUNIOR, J.C.F.; ANJOS, R.J.; SILVA,
TJ.A.; LIMA, J.R.S.; ANDRADE, C.L.T. Métodos
de estimativa da evapotranspiragdo de referéncia
diaria para a microrregido de Garanhuns, PE.
Revista Brasileira de Engenharia Agricola e
Ambiental, Campina Grande, v.16, n.4, p.380—
390, 2012.

BORGES JUNIOR, I.C.F.; OLIVEIRA, A.LM.;
ANDRADE, C.L.T.; PINHEIRO, M.A.B. Equacdo
de Hargreaves-Samani calibrada em diferentes
bases temporais para Sete Lagoas, MG. Revista
Engenharia na Agricultura, Vicosa, v.25, n.1,
p-38-49,2017.

CAMARGO, A.P.; SENTELHAS, P.C. Avaliagdo
do desempenho de diferentes métodos de
estimativa da evapotranspiragdo potencial no
Estado de Sdo Paulo, Brasil. Revista Brasileira de
Agrometeorologia, Santa Maria, v.5, n.1, p.89-97,
1997.

CONCEICAO, M.AF. Ajuste do modelo de
Hargreaves para estimativa da evapotranspiracao
de referéncia no noroeste paulista. Revista
Brasileira de Agricultura Irrigada, Fortaleza,
v.7, p. 306-316, 2013.

COSTA, T.S.; SALES, R.A.; SANTOS, R.A;
OLIVEIRA, E.C.; BOHRY, D.; SALLES, R.A;
SANTOS,E.P.;SANTOS,R.L.Calibration Methods
for Estimation of Reference Evapotranspiration
in Morro Do Chapéu, Bahia, Brazil. Journal of
Agricultural Science, v.11, n.5, p. 8§2-92, 2019.

FANAYA JUNIOR, ED;

LOPES, A.S;

Engenharia na Agricultura, v.28, p. 120-128, 2020

OLIVEIRA, G.Q.; JUNG, L.H. Métodos empiricos
para estimativa da evapotranspiragdo de referéncia
para Aquidauna, MS. Revista Irriga, Botucatu,
v.17,n.4, p.418- 437, 2012.

HARGREAVES, G.H.; SAMANI, Z.A. Reference
crop evapotranspiration from temperature. Applied
Engineering in Agriculture, St Joseph, v.1, n.2,
p-96-99, 1985.

INSTITUTO NACIONAL DE
METEOROLOGIA - INMET. Disponivel em:
<http://www.inmet.gov.br/portal/>. Acesso em 15
de Agosto de 2018.

MARENGO, JA.; CUNHA, A.P; ALVES,
L.M. (2016). A seca de 2012-15 no semiarido do
Nordeste do Brasil no contexto historico. Revista
Clim analise, v.2, n.1, p.49-54, 2016.

OLIVEIRA, G.M.; LEITAO, MM.VBR,
BISPO, R.C.; SANTOS, ILM.S.; ALMEIDA,
A.C. Comparagdo entre métodos de estimativa da
evapotranspiragdo de referéncia na regido norte
da Bahia. Revista Brasileira de Agricultura
Irrigada, Fortaleza, v.4, n.2, p.104-109, 2010.

PAZ, LR.; THEBALDI, M.S. Estimativa da
evapotranspiracao de referéncia diaria em Formiga,
MG, Brasil. Revista Brasileira de Engenharia de
Biossistemas, Tupa, v.12, n.1, p.7-17, 2018.

PANDEY, P.K.; DABRAL, P.P, PANDEY, V.
Evaluation of reference evapotranspiration methods
for the Northeastern region of India. Revista
International Soil and Water Conservation
Research, Amsterda, v.4, n.1, p.56-67, 2016.

PRIESTLEY, C.H.B.; TAYLOR, R.J. On the
assessment of surface heat flux and evaporation
using large-scale parameters. Monthly Weather
Review, Boston, v.100, p.81-92, 1972.

SALES, R.A.; LOUZADA, JM.; OLIVEIRA,
E.C.; PINEIRO, M.A.B.; SALES, R.A. Estimativa
das necessidades hidricas do milho cultivado nas
condigoes edafoclimaticas de Sdo Mateus-ES.
Revista Enciclopédia Biosfera, Goiania, v.13,
n.23, p.598-609, 2016.

127



COSTA, T. S. et al.

SALES, R.A; RIBEIRO, W.R.; GONCALVES,
M.S.; OLIVEIRA, E.C; GELCER, EM.,;
PEZZOPANE, JEM., BERILLI, S.S. A
comparative study between meteorological data
from conventional and automatic weather Stations
in Espirito Santo, Brazil. Journal of Experimental
Agriculture International, v.21, n.6, p.1-12,
2018a.

SALES, R.A.; OLIVEIRA, E.C.; LIMA, M.J.A;
GELCER, E.M; SANTOS. R.A; LIMA, C.F. Ajuste
dos coeficientes das equacdes de estimativa da
evapotranspiracdo de referéncia para Sdo Mateus,
ES. Revista Irriga, Botucatu, v.23,n.1, p.154-167,
2018b.

128

SANTOS, R.A.; SANTOS, E.P.; SALES, R.A;
SANTOS, R.L. Estimativa da evapotranspiragdo
de referéncia para o municipio de Feira de
Santana (BA). Revista Brasileira de Agricultura
Irrigada, Fortaleza, v.11, n.4, p.1617-1626, 2017.

TAGLIAFERRE, C.; SILVA, J.P.; PAULA, A,
GUIMARAES, D.U.G.; BARROSO, N.LS,;
Estimativa da Evapotranspiracdo de referéncia
para trés localidades do Estado da Bahia. Revista
Caatinga, Mossoro, v.25, n.2, p.136-143, 2012.

WILLMOTT, C.J.; CKLESON, S.G.; DAVIS,
R.E. Statisticsfor evaluations and comparisons of
models. Journal os Geophysical, Ottawa, v.90,
n.65. p.8§995-9005, 1985.

Engenharia na Agricultura, v.28, p. 120-128, 2020



