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ABSTRACT: Prickly pear cultivation has played an important role in the Brazilian livestock farming, being
used as forage for animals in the Northeast region, especially during the drying season, because it is an excellent
source of water. Thus, the objective of this study was to estimate the crop coefficient and water requirement
of prickly pear in the Agreste region of Alagoas state, Brazil. Prickly pear crop evapotranspiration (ETc)
was determined using five drainage lysimeters, made of polyethylene with dimensions of 0.35 x 0.40 m (side
and depth). Four soil layers were separated and put into the lysimeters in the opposite sequence, in order
to maintain it as close as possible to the initial soil structure. The reference evapotranspiration (ETo) was
estimated by the Penman-Monteith, Hargreaves-Samani and FAO-Radiation methods, using climatic data
from the meteorological station of the Instituto Nacional de Meteorologia (INMET) in the city of Arapiraca,
AL, Brazil. Crop coefficient (kc) was calculated by the ratio between ETc and ETo. The average kc obtained was
0.72, 0.84 and 0.48 for the Penman-Monteith, Hargreaves-Samani and FAO-Radiation methods, respectively.
Keeping the soil under field capacity during the experimental period, the total crop evapotranspiration was
637.84 mm, with daily value equal to 4.22 mm d-1.
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Coeficiente de cultivo e necessidade hídrica
da palma forrageira no agreste de Alagoas
RESUMO: O cultivo da palma forrageira tem exercido papel importante na pecuária brasileira, sendo utilizada
como forragem para os animais na região Nordeste, especialmente na época de escassez de chuvas, por ser
uma excelente fonte de água. Deste modo, objetivou-se com o esse trabalho estimar o coeficiente de cultivo
e a necessidade hídrica da palma forrageira no agreste de Alagoas. A evapotranspiração da cultura (ETc) da
palma forrageira foi determinada utilizando cinco lisímetros de drenagem, construídos de material polietileno
com dimensões de 0,35 x 0,40 m (lado e profundidade). Foram separadas quatro camadas do solo, sendo
colocadas nos lisímetros de maneira inversa, a fim de manter o mais próximo da estrutura inicial do solo. Já a
evapotranspiração de referência (ETo) foi estimada pelos métodos de Penman-Monteith, Hargreaves-Samani
e FAO-Radiação, utilizando dados climáticos da estação meteorológica do Instituto Nacional de Meteorologia
(INMET) da cidade de Arapiraca, AL, Brazil. O coeficiente de cultivo (kc) foi calculado pela razão entre a
ETc e a ETo. O kc médio obtido foi de 0,72; 0,84 e 0,48 para os métodos de Penman-Monteith, HargreavesSamani e FAO-Radiação, respectivamente. Mantendo o solo sob capacidade de campo durante todo período
experimental, a evapotranspiração total da cultura foi de 637,84 mm, com valor diário de 4,22 mm dia-1.
Palavras-chave: Opuntia ficus-indica L., evapotranspiração, lisímetros

Ref. 210717 – Received 06 Aug, 2018 • Accepted 12 Oct, 2019 • Published 29 Oct, 2019

926

Jesiele S. Divincula et al.

Introduction
Prickly pear belongs to the Cactaceae family, which has as
its main characteristic the modification in the photosynthetic
process, called the Crassulacean Acid Metabolism (CAM). In
addition, it has peculiar characteristics, such as the absence of
leaves and photosynthetic apparatus located in the cladodes
(Arruda et al., 2005). Despite its high potential as food for
human, cosmetic industry, biofuel production and others,
prickly pear has been basically used as animal feed, especially
during periods of long drought, when there is a shortage of
pasture (Bezerra et al., 2014).
Pereira et al. (2015) emphasize that, in regions where water
availability is insufficient to achieve the ideal conditions for
prickly pear cultivation, the use of irrigation is recommend,
and evapotranspiration is an important parameter to determine
crop water needs (Souza et al., 2011). Evapotranspiration can
be measured either directly, using lysimeters, or indirectly,
through mathematical models (Alves et al., 2017).
Lysimeters are buried waterproof containers containing
the soil representative of the region cultivated with a crop
to be studied (Miranda et al., 2016; Alves et al., 2017). Crop
coefficient (kc) is the ratio between crop evapotranspiration
(ETc) and reference evapotranspiration (ET O ), being
determined for each phenological stage of the crop (Allen et
al., 1998).
Therefore, the present study aims to estimate the water
requirement and crop coefficient of prickly pear in Arapiraca,
in the Agreste region of Alagoas state, Brazil.

Material and Methods
The experiment was conducted for 152 days, in the period
from December 9, 2014, to May 10, 2015, in the experimental
area of the Grupo de Pesquisa, Extensão e Inovação
Tecnológica em Manejo de Água para Irrigação (Grupo Irriga),
on the Campus of Arapiraca of the Universidade Federal de
Alagoas. It is located in an area of transition between Zona
da Mata and Sertão Alagoano, municipality of Arapiraca, AL,
Brazil, at geodetic coordinates 9° 45’ 58” S and 35° 38’ 58” W,
and altitude of 325 m.
The climate of the region is classified as tropical ‘As’, with
dry summer seasons according to Köppen’s classification. The
soil of the experimental area is classified as Ultisol. According
to Xavier & Dornellas (2010), the annual precipitation of the
region is approximately 854 mm, and the rains are irregularly
distributed throughout the year, with rainy season starting at
mid-May and extending until mid-August.
Prickly pear ETc was determined using five drainage
lysimeters constructed of square polyethylene material with
dimensions of 0.35 x 0.40 m (side and depth). For setting up the
lysimeters, pits with depth, width and length of 0.50 cm were
excavated, and the soil layers (0-0.10; 0.10-0.20; 0.20-0.30; 0.300.40 m) were separated for subsequent filling of the lysimeter,
which first received a 10-cm-thick layer, corresponding to the
0.40-0.50 m layer, of sand and crushed stone to facilitate the
drainage.
The prickly pear cultivation area including the five
lysimeters installed was 5.2 m2, with three rows of 2.6 m in
R. Bras. Eng. Agríc. Ambiental, v.23, n.12, p.925-929, 2019.

length spaced by 1 m and dense planting with 0.10 m spacing
between plants. For crop planting, 78 cladodes were selected
and distributed along three planting rows, 4 cladodes for each
lysimeter. A drip irrigation system with flow rate of 1.0 L h-1 was
used to irrigate the prickly pear cultivation area and provide
water for the lysimeters.
The lysimeters were saturated for 24 h and, immediately
after, the drains were opened for draining the free water and
thus for the soil to reach field capacity. After that, the cladodes
were planted and the first water application was performed in
the lysimeter. Readings of the water drained from the lysimeters
and calculation of the water applied to the lysimeters were
performed daily, using Eq. 1, thus obtaining the daily ETc of
the prickly pear crop, as described by Alves et al. (2017).
ETc =P +
where:
ETc
P
La
Ld
A

La Ld
−
A A

(1)

- crop evapotranspiration, mm;
- precipitation, mm;
- water depth applied by irrigation, L;
- water depth drained from the lysimeter, L; and,
- lysimeter area, m².

ETo estimation was performed by the methods of PenmanMonteith, proposed by Allen et al. (1998), Hargreaves-Samani,
presented by Pereira et al. (1997) and FAO-Radiation,
described by Doorenbos & Pruitt (1975), using the data from
the meteorological station of the automatic station of the
Instituto Nacional de Meteorologia (INMET) of the Arapiraca
city, AL, Brazil. Precipitation values were collected from a rain
gauge installed in the experimental area.
ETo values (mm d -1 ) estimated by the methods of
Hargreaves-Samani and FAO-Radiation were correlated by
the Penman-Monteith standard method using the analysis
of correlation, linear regression, coefficient of variation (CV)
and F-statistic, generated by the statistical software R. This
correlation was based on statistical indicators in order to
observe the accuracy given by the correlation coefficient (r),
which is associated with the deviation between estimated and
measured values, indicating the degree of dispersion of the
obtained data in relation to the mean.
The standard error of the estimate (SEE), adjusted standard
error of the estimate (SEEadj), coefficients of fitting of linear
equations with their respective coefficients of determination
(R2) were the criteria used for ETo comparison and analysis
(Jensen et al., 1995). For the accuracy of the empirical methods,
the performance index (c) was determined, calculated by the
product of the Pearson’s correlation coefficient (r) and the index
agreement (d) of Willmott et al. (1985).
The values of r and c found were classified according to
Hopkins’ methodology and according to Camargo & Sentelhas
(1997), (Table 1).
After the collection of daily ETc data, obtained through
the drainage lysimeters, and ETo data, obtained through the
empirical equations for each method, kc was determined for
each phenological stage of the prickly pear crop. The crop

Crop coefficient and water requirement of prickly pear in the Agreste region of Alagoas state, Brazil
Table 1. Classification of the values of Pearson’s correlation
coefficient (r) and performance index (c), determined by
Willmott et al. (1985)

Source: Camargo & Sentelhas (1997); Hopkins (2000)

coefficient (kc) was calculated by the ratio between ETc and
ETo (Eq. 2) and calculated for three methods.
kc =

ETc
ETo

(2)

where:
kc - crop coefficient, dimensionless;
ETc - crop evapotranspiration, mm d-1; and,
ETo - reference evapotranspiration, mm d-1.

Results and Discussion
Figure 1 shows the ETo values for the Penman-Monteith
method, for which the maximum value was 7.44 mm d-1, on
January 19, and the lowest value was 3.03 mm d-1, on March
10. There was a reduction between February 19 and 28, and
this was the period with the lowest temperatures. In studies
conducted for the Agreste region of Alagoas, Ferreira Júnior
et al. (2006) found maximum evapotranspiration of 7.06 mm
d-1 and minimum of 0.75 mm d-1 , and the maximum value is
close to that of the present study. For the Hargreaves-Samani
method, the values ranged between 6.25 and 3.42 mm d-1.
Borges Júnior et al. (2012), working in the microregion of
Garanhuns, PE, Brazil, obtained maximum evapotranspiration
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of 6.30 mm d-1, close to that of the present study, and minimum
evapotranspiration of 0.40 mm d-1.
The FAO-Radiation method showed maximum value
of 8.49 mm d-1 and minimum value of 2.59 mm d-1. Borges
Júnior et al. (2012), estimating daily ETo for the conditions of
the municipality of Garanhuns, PE, Brazil, found maximum
value of 7.0 mm d-1 and minimum value of 1.10 mm-1, which
are close to those found in the present study.
Figures 2A and B present the linear fit of ETo values
estimated by the respective methods of Hargreaves-Samani and
FAO-Radiation correlated with the Penman-Monteith method
(FAO-standard). The correlation of the Hargreaves-Samani
method was considered low, with r = 0.6022, whereas the
FAO-Radiation method showed higher correlation, confirmed
by the coefficient of determination, R2 = 84.79%.
The angular coefficient of the equation in Figure 2A was
less than 1, indicating that the values found in the X-axis
[ETo(P-M)] are higher than those found in the Y-axis [ETo(H-S)],
demonstrating an underestimation of the ETo values by the
Hargreaves-Samani method. On the other hand, in Figure
2B the value of the angular coefficient is greater than 1,
demonstrating an overestimation of the values by the FAORadiation method in relation to the values obtained by the
Penman-Monteith method. The Table 2 shows low coefficients
of determination (R2 = 60.22%) and a very high Pearson’s
correlation coefficient (r = 0.7760) for ETo (H-S), indicating
that the method is accurate to estimate ETo for the region
of study, despite having a low R2. The ETo(H-S) had a tolerable
performance index (d = 0.6905 and c = 0.5358), according
to the estimates of ETo obtained in this study. These results
corroborate the studies conducted in Ilhéus, BA, Brazil, by
Tagliaferre et al. (2010), who found that the Hargreaves-Samani
method had the worst performance index, being classified
as tolerable. Costa et al. (2017), studying ETo estimation for
the city of Palmeira dos Índios, AL, Brazil, through the H-S
method, obtained an excellent performance index, differing
from the results found in these studies.
In Table 2, it is possible to observe that the FAO-Radiation
method had high coefficient of determination (R2 = 0.8479)
and very high coefficient of correlation (r = 0.9208), showing
the accuracy of ETo estimation. The performance index of
the FAO-Radiation method was very good (c = 0.8705 and d
= 0.9453), with nearly perfect correlation. Similar results for

Figure 1. Values of reference evapotranspiration estimated by the Penman-Monteith – P-M, Hargreaves-Samani – H-S and FAORadiation – F-R methods for the municipality of Arapiraca, AL, Brazil, in the period from December 9, 2014 to May 10, 2015
R. Bras. Eng. Agríc. Ambiental, v.23, n.12, p.925-929, 2019.
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*** Angular and linear coefficients of the linear regression were significant at p ≤ 0.001
probability level by test F

Figure 2. Correlation between the reference evapotranspiration
obtained by Hargreaves-Samani – H-S (A) and FAO-Radiation
– F-R (B) methods and obtained by the Penman-Monteith –
P-M method (FAO-standard)

the FAO-Radiation method were found by Tagliaferre et al.
(2010), for the region of Anagé, BA, Brazil, obtaining R2 = 0.84 and
classified as excellent. Moura et al. (2013), working with the
estimation of reference evapotranspiration in Rio Grande do
Sul State, Brazil, obtained very good performance for the FAORadiation method, corroborating the results of the present
study. Costa et al. (2017) obtained similar results in studies
conducted in the cities of Palmeira dos Índios, Pão de Açúcar
and Maceió, AL, Brazil, with a performance index higher than
0.90, indicating nearly perfect correlation.
In Figure 3, it is possible to visualize the ETc values that
correspond to the water consumption of prickly pear over 152
days of its vegetative development. The highest values occurred
in the final phase of the experiment, when plants had higher
water consumption due to the higher number of cladodes and
also because there was a drought period. With the beginning of
the rains of May in the region and rainier days, consequently
less solar incidence, the ETc of the crop tended to a decrease,
reducing water consumption at the end of the studied cycle.
The highest ETc value (7.11 mm d-1) occurred on April 28,
2015, a day with high temperature, reaching 34.3 ºC. The lowest
value found was 1.07 mm d-1, recorded on December 18, 2014
(beginning of crop development). During the experimental
period, the crop had a consumption of 637.84 mm with a daily
average consumption of 4.22 mm d-1, a value close to that found
by Pereira et al. (2017), who obtained an average of 5.1 mm d-1
working with prickly pear clones in the semiarid region of
Pernambuco state, Brazil.
Table 3 shows the crop coefficients obtained daily by the
three different empirical methods: Penman-Monteith Kc(P-M),
Hargreaves-Samani Kc(H-S) and FAO-Radiation Kc(F-R) for the
period of 152 days, at 30-day intervals after planting (DAT).

Table 2. Statistical coefficients of ETo correlation by the methods of Hargreaves-Samani – H-S and FAO-Radiation – F-R with
the Penman-Monteith – P-M method

SEE - Standard error of the estimate; SEEadj - Standard error of the estimate adjusted in relation to the linear regression by the standard method; a and b - Angular and linear coefficients
of the determination functions; r – coefficient of correlation; d – Index agreement; c – Performance index

Figure 3. Prickly pear evapotranspiration estimated by drainage lysimeters in the municipality of Arapiraca, AL, Brazil, in the
period from December 9, 2014 to May 10, 2015
R. Bras. Eng. Agríc. Ambiental, v.23, n.12, p.925-929, 2019.
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Table 3. Prickly pear crop coefficients estimated by the PenmanMonteith – P-M, Hargreaves-Samani - H-S and FAO-Radiation
- F-R methods in the period of 150 days after transplanting, at
30-day intervals, in the municipality of Arapiraca, AL, Brazil, in
the period from December 9, 2014 to May 10, 2015

It was observed that kc values showed constant increase,
which is explained by the constant vegetative growth of the
crop. The average kc obtained was 0.69, 0.78 and 0,69 for the
P-M, H-S and F-R methods, respectively. Queiroz et al. (2016),
working under the conditions of the Pernambuco state, Brazil,
with prickly pear clones for the period of one year, obtained
an average kc of 0.56, estimated by soil water balance, a value
lower than those found in the present study and closer to
those obtained by the methods of Penman-Monteith and FAORadiation, according to Table 3.

Conclusions
1. Prickly pear had average crop coefficients of 0.69, 0.78
and 0.69 for the methods of Penman-Monteith, HargreavesSamani and FAO-Radiation, respectively, at 152 days of
cultivation.
2. During the period of 152 days, the crop evapotranspiration
was 637.84 mm, with a daily value of 4.22 mm d-1.
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