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Escarole (Chicorium endivia) is 
a specie of Asteraceae family 

(Filgueira, 2000), constituting the most 
popular group of leafy vegetables in 
Brazil, together with lettuce, cabbage, 
rocket and kale (Feltrim et al., 2008). 
Its growing and consumption in greater 
scale occurs in the South and Southeast 
regions of Brazil, mainly in the winter 
months. It may be consumed in the form 
of salads and sauces, and, regardless 
of the consumption form, it has large 
amounts of vitamins and nutrients, as 
well as functional components (Feltrim 
et al., 2008).

According to Caron et al. (2007), the 

relationships among climatic conditions 
and agricultural production are complex 
because they directly affect the growth 
and development of plants under 
different forms at different vegetative 
stages of crops. For escarole crop, for 
example, it is desirable to have warmer 
diurnal and mild night temperatures, 
which is optimal for plant development, 
in the range of 14 to 16°C (Reghin et al., 
2007). However, the ideal conditions for 
the development of the escarole crop 
are still not well elucidated, due to the 
scarcity of studies that quantify base 
temperature for development of this 
leafy vegetable.

The plant’s development is given 
as thermal units accumulated above a 
base temperature, whereas below this 
temperature the development of plants 
is negligible or null (Souza et al., 
2015). Through thermal accumulation, 
also known as degree-days or thermal 
sum, excellent correlations have been 
obtained with the crop cycle duration, 
or with the stages of phenological 
development of a given cultivar (Volpe 
et al., 2002).

The air temperature is the main 
element that determines the growth 
rate of the crop, changing the period of 
growth necessary to reach the harvest 
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ABSTRACT
The objective of this study was to determine the base temperature 

of escarole and to apply in the phenological analysis of crop during 
four growing periods. The study was carried out with escarole 
(Chicorium endivia) ‘Escarola Lisa’ cultivar, at the Federal University 
of Santa Maria, campus Frederico Westphalen-RS. The experiment 
was performed in a randomized block design with four sowing periods 
(P1: 2/15/2015; P2: 04/29/2015, P3: 07/22/2015, P4: 10/16/2015) 
and 10 replicates, each replicate being one plant. The evaluations 
consisted of counting the number of leaves, performed three times a 
week after transplanting date until the harvesting point. To determine 
the base temperature, the following methods were used: standard 
deviation in degree-days (SDgd), standard deviation in days (SDd), 
coefficient of variation in degree-days (CVgd), coefficient of variation 
in days (CVd), regression coefficient (RC) and X-intercept. The base 
temperature for emission of two successive leaves in the escarole is 
4.7°C, obtained by values of 4.0 and 5.5°C, observed in the SDgd 
and RC methods. For two leaves emission, the temperature between 
16.6 and 27.8°C day leaf-1 is necessary.

Keywords: Chicorium endivia, phenology, degree-days, leaf 
emission.

RESUMO
Temperatura base, soma térmica e filocrono no cultivo de 

escarola

O objetivo deste trabalho foi determinar a temperatura base da 
chicória e aplicá-la na análise fenológica da cultura, durante quatro 
períodos de cultivo. O trabalho foi realizado com a cultura da chicória 
(Chicorium endivia) cultivar Escarola Lisa, na Universidade Federal 
de Santa Maria, campus Frederico Westphalen-RS. O experimento 
foi conduzido em delineamento de blocos ao acaso com quatro pe-
ríodos de cultivo (P1: 15/2/2015; P2: 29/04/2015, P3: 22/07/2015, 
P4: 16/10/2015) em 10 repetições, com uma planta por repetição. As 
avaliações consistiram da contagem do número de folhas, realizada 
três vezes por semana após transplante até o ponto de colheita. Para 
determinação de temperatura base utilizaram-se os métodos desvio 
padrão em graus dias (DPgd), desvio padrão em dias (DPd), coeficiente 
da variação em graus dias (CVgd), coeficiente de variação em dias 
(CVd), coeficiente de regressão (CR), X-intercepto. Desta forma, a 
temperatura base para emissão de duas folhas sucessivas na escarola 
é de 4,7°C, obtida através dos valores de 4,0 e 5,5°C, observados 
nos métodos DPgd e CR. Para a emissão de duas folhas é necessário 
entre 16,6 e 27,8°C dia folha-1.

Palavras-chave: Chicorium endivia, fenologia, graus-dia, emissão 
de folha.
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point (Beckmann-Cavalcante, 2009). 
It also affects the speed of chemical 
reactions and internal processes of 
solutes transport and the normal plant 
development (Taiz et al., 2017).

The lettuce (Lactuca sativa), 
belonging to the same botanical family 
of escarole, presents a requirement 
of short days during the vegetative 
phase, and long days, so that the 
flowering occurs; when there is an 
association between long days and high 
temperatures, it accelerates flowering 
(Diamante et al., 2012). However, its 
growing has limitations, mainly due to 
its sensitivity to adverse conditions of 
temperature, humidity and rain (Gomes 
et al., 2005).

The ability of a species to adapt 
to a wide range of environments is 
considered of great interest to producers 
(Figueiredo et al., 2004), so it is of 
fundamental importance to know 
the minimum temperature for plant 
development. Thus, hypotheses were 
formulated: 1) base temperature for 
escarole allow development and growth 
in four seasons?; 2) thermal accumulated 
time in hot seasons may decrease cycle 
period? The objective of this study 
was to determine base temperature and 
thermal accumulation time for escarole 
from emergence to harvest stage.

MATERIAL AND METHODS

Vegetal material and experiment 
conditions

The present study was carried out 
at Federal University of Santa Maria 
(UFSM) Campus Frederico Westphalen-
RS (27º39’S, 53º42’O, 490 meters 
altitude). The cultivar Escarola Lisa 
(Chicorium endivia) was used during the 
four experimental seasons. According to 
the classification of Köppen, the climate 
is type 3, subtropical humid, 2100 mm 
average annual rainfall and 19.1°C 
average annual temperature (Alvares 
et al., 2014). The soil is classified as 
typical Latosol Red alumino-ferric 
(Embrapa, 2013).

Soil was prepared through plowing 
and sorting, and fertilized according to 
the interpretation of soil analysis, by 
the Fertilization and Liming Manual for 

Rio Grande do Sul and Santa Catarina 
(CQFSRS/SC, 2004).

Seedlings were transplanted with 
two or three leaves, 25 days after 
sowing. Seedlings were grown in beds 
1.2 m wide and planted at 0.2x0.25 
m spacing. For irrigation, reference 
evapotranspiration (ETo) was calculated 
according to Penman (1948) and 
adapted by Monteith (1965). Thus, 
daily water requirement was calculated 
by multiplying ETo by crop coefficient 
(Kc) (Allen et al., 1998), necessary 
irrigation being made available through 
the drip irrigation system.

The experiment was conducted in 
randomized blocks design, with 10 
replicates, each replicate consisting of 
one plant. The treatments consisted of 4 
growing periods: P1) February 15, 2015; 
P2) April 4, 2015; P3) July 7, 2015 and 
P4) October 16, 2015. Growing periods 
were analyzed according to seasons of 
the year, defined in south Brazil. The 
evaluations consisted of counting the 
number of leaves (NF), considering 
the emission of a fully expanded leaf 
(>5 cm), performed three times a week 
after transplant until the plant reaches 
50 leaves, considered the harvest point.

The meteorological data (rainfall, 
solar radiation, temperatures) were 
obtained through the automatic 
meteorological station of Frederico 
Westphalen-RS (INMET, Frederico 
Westphalen, A854), located 200 meters 
distant from the experiment.

Thermal time
In order to determine the lower base 

temperature (Tb), the daily thermal time 
(Tt) was estimated according to the 
equation proposed by Arnold (1960):

			   (1)
where Tt= thermal time, Ta= average 
air temperature, Tb= lower base 
temperature. The results are expressed 
in growing degree-days (GDD, °C day), 
where 1 GDD is equal to 1°C above Tb.

The thermal time was calculated 
from the emission of the first true leaf, 
and the accumulated thermal time (Tta) 
was obtained from the daily thermal 
time, expressed in °C day:

			   (2)
Where Tta= accumulated thermal time, 
Tt= daily thermal time.

The lower base temperature (Tb) is 
defined as the daily thermal time above 
a lower base temperature (Rosa et al., 
2011), which was determined by the 
methods below.

Methods for calculation of lower Tb
For the estimation of the lower 

base temperature (Tb), different 
methodologies proposed by Arnold, 
(1960) were used:

Standard deviation in degree-days
The standard deviation method 

in degree-days (SDgd) considers Tb 
as result from the smallest standard 
deviation of the thermal time obtained 
using a series of Tb. The SDgd is 
calculated using the equation:

 	 (3)

Where SDgd = standard deviation in 
degree-days, GDi = accumulated degree-
days in the i-th growing period using a 
series of Tb, GDa = average of degree-
days accumulated in all i-th transplant 
periods, n= number of growing periods.

Standard deviation in days
In the method of standard deviation 

in days (SDd), Tb is resulted from the 
smaller standard deviation among 
different growing periods, according to 
the equation:

			   (4)

Where SDd = standard deviation in days, 
SDgd = standard deviation in degree-
days using a series of Tb,  = average 
air temperature (°C) of all i times, Tb = 
lower base temperature (°C).

Coefficient of variation in degree-
days

The coefficient of variation in 
degree-days (CVgd) method considers 
as Tb the one that presents the lowest 
coefficient of variation in relation 
to degree-days accumulated in the 
development phase in question. CVgd  
is obtained from the formula:

		  (5)

Where CVgd = coefficient of variation in 
degree-days, SDgd = standard deviation 
in degree-days using a series of Tb, GDa 
= average of degree-days accumulated 
in all i-th transplant periods.

Coefficient of variation in days
The coefficient of variation in days 
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(CVd) determines Tb in the lowest 
coefficient of variation obtained from 
the relation between the standard 
deviation in days (SDd) and a number of 
days in the development phase, so the  
CVd is determined from the equation:

		  (6)

Where CVd = coefficient of variation 
and days (%), SDd = standard deviation 
in days, d= number of days in 
development phase.

Regression coefficient
The regression coefficient (RC) 

method is based on linear relationship 
between average air temperature during 
plant development (Tx) and degree-
days (GDi) accumulated during the 
development phase. Considering the 
following:

		  (7)
Where a = coefficient of linear 
regression, T = average air temperature 
during plant development, b= linear 
coefficient.

X-intercept
This method is based on linear 

relationship between average air 
temperature (Ta) during the development 
phase and relative development (DR) 
values, according to the equation:

Where
			   (8)

Where a= coefficient of linear regression, 
Ta = average air temperature, b= linear 
coefficient.

In the X-intercept, the Tb value 
is given when DR = 0, obtained by 
extending the linear regression between 
the  DR as function of Ta, such that 
Tb= -b/a.

Determination of lower base 
temperature and phyllochron

Tb was determined by mean Tb 
values obtained from different methods 
used. With the obtained Tb value, 
the phyllochron was estimated. For 
this, linear regression was performed 
between number of leaves (NL) and 
accumulated thermal time (Tta, °C day) 
for each period. Thus, the phyllochron 
value was determined by inverse of 
angular coefficient linear regression 
between Tta and number of leaves.

Statistical analysis
The values of cycle duration in days, 

thermal time and phyllochron were 
submitted to variance analysis by the 
F test, afterwards mean comparison by 
the Tukey test at 5% probability was 
performed.

RESULTS AND DISCUSSION

During the four growing periods, 
the air temperature showed variations 
as observed in Table 1. The average 
temperatures used for the estimation of 
Tb ranged between 16.2 and 22.9°C, 
with absolute temperatures between 
4.0 and 33.7°C. This exposure to 
different air temperatures is essential 
in studies that use thermal time as a 
measure of biological time on growth 
and development parameters.

The calculated base temperature 
values showed variation among methods 
(Figure 1). In the SDgd method, a base 
temperature of 4.0°C was observed, 
however, for SDd, CVgd and CVd, a 
temperature around 2.5°C was observed. 
In the RC and X-intercept methods, 
base temperatures of 5.5 and 3.0°C, 
respectively, were observed. Differences 
in lower base temperatures observed 
in six methods were probably due to 
variations in air temperature shown 
during the escarole development phase 
during four growing periods. The 
differences among methods are justified 
by the specificity of each evaluation 
method (Table 1).

The lower base temperatures 
estimated ranged between 2.5 and 5.5°C. 
This variation is smaller than that found 

by Martins et al. (2012), who estimated 
base temperature for olive trees, and 
observed temperatures from 4 to 14°C 
using other methods for its calculation. 
Fagundes et al. (2010), using standard 
deviation in days, regression coefficient 
and X-intercept methods observed base 
temperatures of 12.9 to 14°C and 5.5 
to 9.3°C for two different development 
phases of Aspilia montevidensis, also 
observing variations among the used 
methods.

However, the used methods proved 
to be feasible, since as already mentioned 
in the SDd, CVgd and CVd methods, 
calculated Tb values were similar. In 
addition, the smaller variance among 
thermal time of each period, which 
was used for Tb estimative by different 
methods (except for X-intercept 
method), was given when the base 
temperature of 4°C (Figure 1G) was 
used, being similar to the value obtained 
by SDgd method.

For the RC method, the linear 
regression equation showed an angular 
coefficient of 0.16 (Figure 1F). Fagundes 
et al. (2010), using the same method, 
obtained coefficients of 0.19 and 0.44 
for two development subperiods, being 
that values closer to zero represent a 
more accurate Tb value, as observed 
in the study. As shown in Figure 
1D, the linear regression used in the 
X-intercept method showed a coefficient 
of determination (R²) of 84%, being 
considered statistically high.

Considering the above, none of 
the methods used could be discarded, 
however, the estimated Tb values of 
2.5 and 3.0°C were below the absolute 
minimum (4.0°C), that is, they are not 

Table 1. Maximum and minimum air temperatures (0C) recorded at four growing periods of 
Chicorium endivia. Frederico Westphalen, UFSM, 2015.

Growing 
period

Absolute 
minimum

Absolute 
maximum

Average 
minimum

Average 
maximum Average 

P1 12.8 33.4 18.6 29.2 22.9

P2 7.6 30.2 14.6 22.4 16.7

P3 4.0 32.1 12.2 21.8 16.2

P4 9.4 33.7 17.3 25.1 21.1

P1= February 15, 2015 - May 4, 2015; P2= April 29, 2015 – October 7, 2015; P3= July 
22, 2015 - September 21, 2015; P4= October 16, 2015 - December 21, 2015.



469Hortic. bras., Brasília, v.36, n.4, October-December  2018

Figure 1. Lower base temperature of Chicorium endivia estimated by coefficient of variation in degree-days (CVdg) (A); standard deviation 
in days (SDd) (B); standard deviation in degree-days (SDdg) (C); relative development (RD) (D); coefficient of variation in days(CVd) (E); 
linear regression coefficient (RC) (F); methods and variance between accumulated thermal time and different base temperatures (G). Black 
color point indicate the value of the base temperature. Frederico Westphalen, UFSM, 2015.

Base temperature, thermal time and phyllochron of escarole cultivation



470 Hortic. bras., Brasília, v.36, n.4, October-December  2018

D Schmidt et al.

between the temperatures registered. The 
methods used are statistical methods, 
so there may be differences between 
physiological Tb and statistically 
determined Tb. According to Moreno 
et al. (2014), it is important to maintain 
the classification of estimated Tb within 
range of temperatures registered, since it 
is a determinant factor in the estimated 
Tb.

Therefore, the average between 
4.0 and 5.5°C was used, obtained in 
SDgd and RC methods, respectively, 
resulting in a Tb of 4.7°C. There are no 
registers of a minimum temperature that 
might affect escarole development, but 
comparing it with other leafy vegetables, 
such as lettuce, estimated temperatures 
were of 4°C in Japan (Madariaga & 
Knott, 1951) and 10°C in Campinas-SP 
(Brunini et al., 1976).

The variance analysis showed a 

significant difference (p<0.05) only 
for phyllochron variables and cycle 
length (Figure 2). Regardless of the 
cycle duration, the escarole presented a 
thermal accumulation between 1107.4 
and 1275.0°C day in four growing 
periods (Figure 2B), requiring, on 
average, 1198.28°C day to reach harvest 
point. Establishing thermal time might 
be used in escarole as a physiological 
clock of development, being more 
precise than using chronological time 
in days.

For the cycle duration, there is 
a significant difference between P1 
and P2, and among P4 and P2 and P3 
growing periods. In P2 and P3, cycles 
of 63 and 58 days were observed, being 
longer than those observed in P1 and 
P4, which presented cycles of 44 and 
39 days, respectively (Figure 2B). This 
may be due to the low temperatures 

during P2 and P3 (Table 1). According 
to Sá & Reghin (2008), minimum 
temperatures of 8 and 9°C may slow 
escarole development, consequently, as 
observed in this study, it was necessary 
to increase the number of days to reach 
the harvest point that is not desired 
for leafy vegetables. In this context, 
Feltrim et al. (2006) reported that 
lower amplitudes may provide better 
escarole development, justifying results 
observed for growing periods. The 
results observed in this study, for four 
growing periods, were contrary to 
those shown by Reghin et al. (2006), 
which reported a good development 
under mild temperatures showing 
cycles of 86 and 83 days. However, 
temperatures of 22.9 and 22.4°C as 
shown in P1 and P4 periods conditioned 
faster development, which may result in 
gains, since shorter cycles might reduce 
expenses in agronomic management, in 
addition to ensuring better sale prices in 
the market.

For phyllochron, values of 16.6 
and 17.9°C day leaf-1 were observed in 
P1 and P2 growing periods, differing 
statistically from P3 and P4, which 
showed values of 26.5 and 27.8°C 
day leaf-1, respectively (Figure 2). The 
higher phyllochron values indicate a 
lower leaf emission rate (Figure 3), 
since they require higher thermal time 
(°C day leaf-1) for its growth (Mendonça 
et al., 2012), and consequently lower 
phyllochron values indicate lower 
amount of thermal time to emit a leaf 
(Martins et al., 2012), that is, fast 
development.

Therefore, phyllochron results 
reflect a faster development for the 
P1 and P2, however, this result was 
not observed, probably due to the 
differences in air temperature, occurred 
in growth period. Beckmann-Cavalcante 
et al. (2009) cite that air temperature 
is a main variable that affects a plant 
growth rate. In this context, Dalmago et 
al. (2013), in the phyllochron estimate 
for canola, observed 23.5 to 59.0°C day 
leaf-1, reaching this variation at several 
air temperature regimes during day and 
night, such as low temperatures.

The differences in phyllochron values 
observed in this study were influenced 
by variations in air temperature (Table 

Figure 2. Phyllochron of Chicorium endivia (A) and cycle length in days and accumulated 
thermal time (B) from emergence to harvest point in four growing periods. P1= February 15, 
2015 - May 4, 2015; P2= April 29, 2015 – October 7, 2015; P3= July 22, 2015 - September 
21, 2015; P4= October 16, 2015 - December 21, 2015. Frederico Westphalen, UFSM, 2015.
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1). According to Birch et al. (1998), 
differences in phyllochron values 
may be related to the temperature 
oscillation in short periods of time. 
During P2, the temperatures decreased 
at the end of the period, observing 
minimum temperatures of 20 to 10°C 
and maximum of 30 to 20°C, registering 
minimum and maximum peaks of 7.2 
and 30.2°C, respectively. For P4, from 
beginning to end of cycle there was an 
increase in temperatures, observing that 
the minimums were 10 to 20°C and the 
maximum of 30 to 25°C, with minimum 
peaks of 9.4°C and maximum of 33.7°C. 
In both P2 and P4 the temperature 
variation was higher, compared to 
P1 and P3, whereas in P3 the lowest 
temperatures were recorded (Table 1), 
however, they remained more constant.

Temperature variation explains 
phyllochron values obtained in this 

study. Since it was assumed that leaf 
emission has a linear behavior in relation 
to average air temperature, during the 
entire development phase, and probably 
temperature requirements were different 
during each stage after issuing a new 
leaf. According to Itoh & Sano (2006), 
leaf emission rate might vary after a 
determinate number of leaves, because 
minimum temperature required for leaf 
emission varies with the position and 
order of leaf in question.

Thus, in general, the plants respond 
dist inctly,  where minimum and 
maximum temperatures may have 
caused an imbalance in the emission 
of leaves. According to Cocco et al. 
(2016), the occurrence of maximum 
temperatures during plant development 
influences the phyllochron variation in 
the crop cycle, because leaf emission is 
dependent of temperature. Regardless of 

species, temperature fluctuations (Itoh 
& Shimizu, 2012), as well as ontogenic 
changes (Pržulj & Momčilović, 2013) 
during the development period, may 
strongly influence the phyllochron.

For each period, it was possible to 
observe in the simple linear regression 
between number of  leaves and 
accumulated thermal time, coefficients 
of determination (R²) above 81% 
(Figure 3), showing high correlation, 
fact that proves that linear regression 
method is efficient to phyllochron 
estimative (Cocco et al., 2016).

Since the objective is to have a tool 
to predict leaves emission, and thus 
possible estimate crop performance, 
the phyllochron method might be used 
as a development model for Chicorium 
endivia. The use of air temperature as 
variable may be sufficient, considering 
that there are several elements and 

Figure 3. Linear regression between number of leaves and accumulated thermal time (°C day) for the calculation of the phyllochron (°C 
day leaf-1) of Chicorium endivia at growing periods, being P1= February 15, 2015 - May 4, 2015; P2= April 29, 2015 – October 7, 2015; 
P3= July 22, 2015 - September 21, 2015; P4= October 16, 2015 - December 21, 2015. Values are of one repetition. Frederico Westphalen, 
UFSM, 2015.
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climatic factors that may influence 
development (Gramig & Stoltenberg, 
2007).

Thus, we determined 4.7°C the lower 
base temperature for Chicorium endivia 
growth, obtained through the values of 
4.0 and 5.5°C, observed in standard 
deviation in degree-days and regression 
coefficient methods. Chicorium endivia 
requires on average, from the emergency, 
accumulated thermal time of 1198.2°C 
day to reach harvest point. The linear 
regression method is efficient to estimate 
phyllochron in Chicorium endivia, 
showing 16.6 to 27.8°C day leaf-1.
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