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A B S T R A C T
Optimization of water use in agriculture is fundamental, particularly in regions where 
water scarcity is intense, requiring the adoption of technologies that promote increased 
irrigation efficiency. The objective of this study was to evaluate evapotranspiration models 
and to estimate the crop coefficients of beet grown in a drainage lysimeter in the Agreste 
region of Alagoas. The experiment was conducted at the Campus of the Federal University 
of Alagoas - UFAL, in the municipality of Arapiraca, AL, between March and April 
2014. Crop evapotranspiration (ETc) was estimated in drainage lysimeters and reference 
evapotranspiration (ETo) by Penman-Monteith-FAO 56 and Hargreaves-Samani methods. 
The Hargreaves-Samani method presented a good performance index for ETo estimation 
compared with the Penman-Monteith-FAO method, indicating that it is adequate for the 
study area. Beet ETc showed a cumulative demand of 202.11 mm for a cumulative reference 
evapotranspiration of 152.00 mm. Kc values determined using the Penman-Monteith-FAO 
56 and Hargreaves-Samani methods were overestimated, in comparison to the Kc values 
of the FAO-56 standard method. With the obtained results, it is possible to correct the 
equations of the methods for the region, allowing for adequate irrigation management.

Desempenho de métodos de estimativa
da necessidade hídrica da beterraba de mesa em Alagoas
R E S U M O
A otimização do uso da água na agricultura é fundamental, em particular em regiões onde 
a escassez hídrica é intensa, exigindo a adoção de tecnologias que promovam aumento 
da eficiência de irrigação. Assim, objetivou-se avaliar modelos de evapotranspiração e 
estimar os coeficientes de cultivo da beterraba cultivada em lisímetro de drenagem na 
região agreste de Alagoas. O experimento foi conduzido na área experimental do Campus 
da Universidade Federal de Alagoas-UFAL, no município de Arapiraca, AL, entre março e 
abril de 2014. A evapotranspiração da cultura (ETc) foi estimada em lisímetros de drenagem 
e a evapotranspiração de referência (ETo) pelos métodos de Penman-Monteith-FAO 
56 e Hargreaves-Samani. O método de Hargreaves-Samani apresentou ótimo índice de 
desempenho da estimativa de ETo quando comparado com o método de Penman-Monteith-
FAO 56 indicando ser adequado para a área de estudo. A ETc da beterraba apresentou uma 
demanda acumulada de 202,11 mm, para uma evapotranspiração de referência acumulada 
de 152,00 mm. Os Kc’s determinados utilizando os métodos de Penman-Monteith-FAO 56 
e Hargreaves-Samani apresentaram superestimativa, quando comparados com os valores 
de Kc’s do método padrão da FAO 56. Com os resultados obtidos é possível fazer correções 
nas equações dos métodos para a região, possibilitando adequado manejo de irrigação.
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Introduction

Native to Europe, beet (Beta vulgaris L.) is an herbaceous, 
dicotyledon plant belonging to the Chenopodiaceae family. It 
is a vegetable with great economic importance in Brazil and 
one of the top ten vegetable crops cultivated (Sediyama et al., 
2011). For being commercially exploited, the study on beet is 
of great importance, especially regarding its water requirements 
(Lacerda & Turco, 2015).

For adequate irrigation management and rational use 
of water, it is necessary to know the crop coefficient (Kc). 
Kc determination requires the application of some method 
to estimate or measure ETo and the knowledge on crop 
evapotranspiration (ETc) (Miranda et al., 2016).

Studies comparing reference evapotranspiration (ETo) 
estimation methods in comparison to the Penman-Monteith 
method parameterized by FAO have been conducted in 
different regions of Brazil to evaluate the efficiency of indirect 
methods (Cavalcante Júnior et al., 2011; Borges Júnior et al., 
2012; Silva et al., 2014b; Tanaka et al., 2016).

Various studies report the application of water demand and 
crop coefficients (Kc) of vegetables, such as Silva et al. (2014a), 
Santana et al. (2016) and Santos et al. (2016a).

In the specific case of the Arapiraca-Alagoas region, 
evapotranspiration and Kc data of various crops do not exist, 
notably beet. Therefore, considering the importance of this 
crop and absence of information on its water management, 
it is essential to implement an irrigation management with 
rationalization of water resources. Hence, the objective was 
to evaluate the performance of evapotranspiration models and 
estimate the coefficients of the beet crop grown in drainage 
lysimeters for the Agreste region of Alagoas.

Material and Methods

The experiment was carried out in the experimental area of 
the Arapiraca Campus of the Federal University of Alagoas (9° 
45’ S, 36° 39’ W, 264 m), under field conditions, in the months 
of March and April 2014. The climate of the region, according 
to the classification of Köppen (1948), is As tropical. The rainy 
season starts in May and continues until early August, with 
mean annual rainfall of 854 mm, and the months from May 
to July are the rainiest ones, whereas months from September 
to December are the driest ones (Xavier & Dornellas, 2010).

The soil of the experimental area is classified as dystrophic 
Red Yellow Latosol (EMBRAPA, 2013). For its physical 
characterization, disturbed and undisturbed samples were 
collected in the 0-20 cm layer to determine the following 
physical attributes: texture (hydrometer method), soil bulk 
density (Ds - volumetric ring method), soil particle density 
(Dp - volumetric flask method), moisture at field capacity (FC) 
and moisture at permanent wilting point (PWP) (EMBRAPA, 
2006), presented in Table 1.

For the experiment, a bed was built (3.5 x 1.0 m) with 
total area of 3.5 m2, in which three drainage lysimeters were 
installed. The bed was composed of three plant rows, with 
spacing of 0.20 m between plants and 0.30 m between rows, 
and a population of 51 plants (Figure 1).

Three circular drainage lysimeters were used, built with a 
polyethylene pot. Each lysimeter had diameter of 0.30 m and 
depth of 0.30 m, obtaining an exposure area of approximately 
0.070 m2. The lysimeters were installed in soil pits (0.35 x 0.50 m), 
taking care to separate the soil into three 0.10 m layers.

The lysimeters were installed in the second row, 
corresponding to the central row of the area, so that plants 
maintained the same spacing both along the lysimeter row 
and for side rows. Each lysimeter was composed of one plant. 
Beet seedlings, cv. Early Wonder tall top, were transplanted at 
33 days after sowing (DAS)

The drainage system of the lysimeters consisted of a 
20-mm-diameter PVC pipe connected to a 3.85 L pot, in an 
observation well positioned in a slight slope along the direction 
of drain, in which the percolated excess of water was collected 
and measured.

To avoid the passage of sediments and possible clogging in 
the piping of the drainage system, before filling the lysimeter, 
a flexible Nylon screen was placed in the internal outlet of 
the drains, followed by a 0.20-m-thick layer of crushed stone 
at the bottom of the pot. The lysimeters were filled with soil, 
according to the original profiles of the area.

Irrigations were applied by dripping, trying to increase 
soil moisture to the field capacity condition, and irrigation 
management was conducted based on water balance and crop 
evapotranspiration.

Water collected in the drains was daily measured using a 1 L 
graduated cylinder, starting always at 9 h and ending at 10 h 
a.m. The water used came from the local supply and its salinity 
corresponded to 0.12 dS m-1, also used by Santos et al. (2016b).

Solar radiation, air temperature and relative humidity, wind 
speed, atmospheric pressure and rainfall data were collected 
using an automatic weather station (Thies Clima Model) and 
were used to estimate reference evapotranspiration (ETo) by 
the methods Penman-Monteith-FAO-56, with parametrization 
proposed by Allen et al. (1998), and Hargreaves-Samani 
(Pereira et al., 1997).

Ds - Soil bulk density; Dp - Soil particle density; FC - Field capacity; PWP - Permanent wilting point

Depth (cm)
Sand Clay Silt Ds Dp FC PWP

Textural class
% g cm-3 cm-3

Lysimeters 0-20 82.56 10.39 7.05 1.33 2.72 0.30 0.20 Loamy sand

Table 1. Physical characteristics of the soil profile in the experimental area of the Arapiraca Campus, in the 0-20 cm layer

Figure 1. Distribution of beet rows and installation of 
lysimeters
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ETc was obtained by direct measurements in the lysimetric 
system according to Aboukhaled et al. (1982), who established 
the following equation (Eq. 1):

was evaluated using the coefficient of determination (R2) 
of the linear regression between ETo estimated by certain 
empirical method and by the Penman-Monteith-FAO-56 
method (standard).

The performance of each method was evaluated using the 
performance index proposed by Camargo & Sentelhas (1997) 
(c), who suggest as statistical indices Pearson’s correlation 
coefficient (r) for accuracy and index of agreement of Willmott 
et al. (1985) (d).

The d index varies from 0 to 1, and the value 1 indicates 
perfect exactness between estimated data and those adopted 
as standard, while 0 indicates no agreement between the 
analyzed values.

Performance index was quantitively and qualitatively 
evaluated according to the classification of Camargo & 
Sentelhas (1997). Errors generated by the estimates were 
quantified using the parameters employed by Back (2008).

Results and Discussion

For the climatological variables used in the evapotranspiration 
estimation in the studied area (Table 2), relative humidity 
showed the highest deviation in relation to the mean, whereas 
solar radiation exhibited the lowest standard deviation, and 
rainfall showed the highest coefficient of determination.

Regarding the “d” and “c” indices, which evaluate 
agreement and performance, respectively, relative to the ETo 
values estimated by the proposed method (Figure 2A), the 
Hargreaves-Samani method showed r = 0.86 when compared 
with the standard Penman-Monteith-FAO 56 method, 
considered as with very good agreement and classified as 
“Optimal” for the performance criterion, for daily estimation.

ETc P I D
A

=
+ −( )

where:
ETc 	 - crop evapotranspiration, mm; 
P 	 - rainfall, L;
I 	 - water depth applied by irrigation, L;
D 	 - water drained from the lysimeter, L; and,
A 	 - lysimeter area, m2. 

ETo and ETc values were used to determine the crop 
coefficients (Eq. 2):

Kc ETc
ETo

=
( )

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

Crop cycle according to Doorenbos & Pruitt (1977) 
comprehends the following phenological stages:

I) Initial stage, 0 to 7 days;
II) Growth stage, 8 to 23 days; and,
III) Final stage, 24 to 30 days. 
ETo data resulting from the application of the presented 

method were subjected to statistical analysis. Model accuracy 

Values obtained along the experimental period (Mar to Apr 2015); P - Rainfall; WS - Wind speed; T - Temperature; RH - Relative humidity; Rs - Solar radiation

Statistical parameters P (mm) WS (m s-1) T (0C) RH (%) Rs (MJ m-2 d-1)

Mean 2.43 2.17 26.00 78.71 1.57

Maximum 20.20 6.40 34.80 96.00 9.90

Minimum 0 0 20.30 33.00 0.00

Standard deviation 4.50 1.54 3.12 16.10 1.43

Coefficient of variation 1.85 0.71 0.12 0.20 0.90

Table 2. Statistical analysis of the climatological variables used in evapotranspiration estimation in Arapiraca-AL, Brazil

Figure 2. Analysis of daily correlation and temporal series of ETo by Penman-Monteith (A) and Hargreaves-Samani (B)
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3rd Stage
R² = 0.9999

0

50

100

150

200

0 50 100 150 200

E
tc

ys
im

et
er

 (
m

m
d

l
)

-1

ETo Penman-Monteith (mm d-1)

1:1

A.

ETc = -0.0007x3 + 0.029x2 - 0.2273x + 6.5009
R² = 0.55

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

9.0

0 10 20 30

E
T

o
(m

m
d

-1
)

E
T

c
(m

m
d

-1
)

Days after transplantation (DAT)

ETc ETo

B.

0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

0 5 10 15 20 25 30

DAT

Kc Hargreaves-Samani Kc Penman-Monteith

Kc FAO-56

Initial Kc

Intermediate Kc
Final Kc

C.

Figure 3. Analysis of correlation between ETc and ETo in 
lysimeters, variation of the ETc temporal series and ETo 
and crop coefficient (Kc)

Similar results, corroborating the study, for the Hargreaves-
Samani method were obtained by Guedes Filho et al. (2011); 
Fanaya Júnior et al. (2012) and Moura et al. (2013), who 
obtained “Optimal” performance, with r = 0.99, 0.87 and 0.93 in 
studies conducted in Areia-PB (Agreste region), Aquidauana-
MS (Semi-arid region) and Vitória de Santo Antão-PE (Zona 
da Mata), respectively.

The Hargreaves-Samani method overestimated ETo, 
compared with the Penman-Monteith-FAO 56 method, 
showing value on the order of 4.81% (Figure 2B).

This overestimation observed in the method is probably 
related to the higher occurrence of rains recorded in April, 
which contributed to low temperatures, demonstrating the 
strong influence of maximum temperature on ETo estimation 
in this empirical method. This trend was also found by Borges 
& Mediondo (2007), Back (2008) and Palaretti et al. (2014).

The daily correlations between ETc from the lysimeter 
and ETo from the Penman-Monteith-FAO 56 method were 
high, with coefficients of determination (R2) of 0.9982 (1st 
Stage), 0.9954 (2nd Stage) and 0.9999 (3rd Stage), indicating 
high reliability of the data obtained in the drainage lysimeters 
(Figure 3A).

Until the first 15 DAT (Figure 3B), ETc remained lower 
than ETo because the leaf area of the crop was not yet fully 
developed. After 15 DAT, ETc became higher than ETo, 
evidencing that transpiration became preponderant over 
evaporation to compose the ETc.

From 24 DAT on, ETc decreased, which is justified by the 
beginning of the yellowing process or senescence of beet leaves, 
causing low ETc. ETc showed cumulative value of 202.11 mm 
along the studied period.

The mean Kc values of the beet crop estimated by Penman-
Monteith-FAO 56 were 0.83 in the initial stage, 1.30 in the 
intermediate stage and 1.10 in the final stage. For Hargreaves-
Samani, values corresponded to initial Kc of 0.94, intermediate 
Kc of 1.25 and final Kc of 1.02 (Figure 3C). Both Kc values 
estimated by the above-mentioned methods were compared 
with the mean values standardized by FAO-56, initial Kc of 
0.35, intermediate Kc of 1.20 and final Kc of 0.70, respectively.

Compared with the standard FAO-56 method, Kc values 
of the beet crop were overestimated by the Penman-Monteith-
FAO-56 and Hargreaves-Samani methods. Similarly, Silva 
et al. (2015), also using lysimeters, found high Kc values in 
comparison to the standard FAO-56 method.

Conclusions

1. The Hargreaves-Samani method showed optimal 
performance index for evapotranspiration estimation 
compared with the standard FAO-56 method, indicating an 
excellent result for the study area. 

2. Beet ETc showed a cumulative demand of 202.11 mm, 
for a cumulative reference evapotranspiration of 152.00 mm. 

3. Kc values determined using the Penman-Monteith-FAO 
56 and Hargreaves-Samani methods were overestimated, 
compared with Kc values of the standard FAO-56 method. 

4. With the obtained results, it is possible to correct the 
equations of the methods for the region, allowing for adequate 
irrigation management.
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