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Cardinal temperatures and 
thermal requirements for the 
initial development of two 
Brazilian native species
Abstract – The objective of this work was to estimate the cardinal temperatures 
and to quantify the thermal requirements for the initial development of seedlings 
of the native tree species Citharexylum myrianthum and Bixa orellana. A field 
experiment was carried out in a completely randomized design, in a 2×12 
factorial arrangement (2 tree species and 12 sowing dates), with five replicates. 
The base, optimum, and maximum temperatures for the development of C. 
myrianthum were 11.4, 18.1, and 36.6°C, and, for B. orellana, 12.0, 18.4, and 
46.4°C. The thermal requirements for the development of C. myrianthum was 
66.7°C day per leaf, and, for B. orellana, 82.5°C day per leaf. In the initial 
development, B. orellana shows a large thermal amplitude and is tolerant to 
extreme temperatures, while C. myrianthum shows a large thermal amplitude, 
but a lower thermal requirement and a more rapid development than B. orellana.

Index terms: Bixa orellana, Citharexylum myrianthum, air temperature, leaf 
appearance, phenology.

Temperaturas cardinais e necessidade 
térmica para o desenvolvimento inicial 
de duas espécies nativas brasileiras
Resumo – O objetivo deste trabalho foi estimar as temperaturas cardinais e 
quantificar a necessidade térmica para o desenvolvimento inicial de mudas 
das espécies de árvores nativas Citharexylum myrianthum e Bixa orellana. 
O experimento foi realizado em campo, em delineamento inteiramente 
casualizado, em arranjo fatorial 2×12 (2 espécies arbóreas e 12 épocas de 
semeadura), com cinco repetições por tratamento. Os valores de temperatura 
basal inferior, ótima e basal superior, para o desenvolvimento vegetativo de 
C. myrianthum, foram 11,4, 18,1 e 36,6°C, e, para B. orellana, 12,0, 18,4 e 
46,4°C. A necessidade térmica para o desenvolvimento de C. myrianthum foi 
de 66,69°C dia por folha, e, para o de B. orellana, de 82,49°C dia por folha. 
Na fase inicial do desenvolvimento, B. orellana apresenta grande amplitude 
térmica e é tolerante a temperaturas extremas, enquanto C. myrianthum 
apresenta grande amplitude térmica, porém menor necessidade térmica e 
desenvolvimento mais rápido do que B. orellana.

Termos para indexação: Bixa orellana, Citharexylum myrianthum, 
temperatura do ar, emissão de folhas, fenologia.

Introduction

Air temperature is a main environmental factor that affects the 
development, vigor, and duration of seedling phase in perennial species 
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(Martins et al., 2012; Freitas et al., 2017), influencing 
the leaf appearance and the permanence period of trees 
in greenhouses and nurseries (Martins et al., 2007).

The effect of temperature, expressed in degree-days, 
is determined by the thermal time from which the daily 
cumulative thermal availability for the species can be 
computed within certain limits, called the cardinal 
temperatures (Muttoni et al., 2017). The cardinal 
temperatures are defined as follows: base temperature, 
which is considered the temperature below which 
metabolic processes are reduced, and development is 
null or diminished; optimum temperature, which is 
considered the temperature in which the maximum 
development occurs; maximum temperature, is that 
above which respiration is greater than photosynthesis, 
and development is null or diminished (Lisboa et al., 
2012; Monteiro et al., 2014; Freitas et al., 2017).

Cardinal temperatures are specific to each species 
and may vary during the development stage, and 
according to the cultivars and varieties of the same 
species (Lago et al., 2009; Farias et al., 2015). The base, 
optimum, and maximum temperatures are determined 
by appropriate and distinct statistical methods, and 
from which phenological data can be counted, such 
as leaf appearance, for instance. Besides, plants are 
subjected to different air temperature conditions, as 
they can be planted in the different sowing dates or 
in the same sowing date, but in sites with distinct 
air temperature conditions (Luz et al., 2012; Souza 
& Martins, 2014). In some climatic conditions, 
such as subtropical climate, the convention is to use 
controlled temperature environments (Muttoni et al., 
2017); however, this process is onerous and difficult 
to put into practice with forest species (Freitas et al., 
2017). 

Studies on cardinal temperatures are frequently 
carried out for annual and biannual cultures due to 
agricultural interest (Lucas et al., 2012; Luz et al., 2012; 
Gonçalves et al., 2015; Muttoni et al., 2017; Schmidt et 
al., 2018), but are practically nonexistent for perennial 
cultures (Souza & Martins, 2014; Freitas et al., 2017), 
mainly for tree species native to Brazil. Information 
on the capacity of a species to adapt to a wide range 
of environments is of great interest to producers and 
researchers, since knowledge of cardinal temperatures 
and thermal requirements values are important for 
developing and refining optimization strategies to 
manage and improve both production and its quality, 

as well as to integrate species that are more adapted 
to the climactic conditions of cultivation (Martins et 
al., 2007; Freitas et al., 2017; Schmidt et al., 2018). 
Furthermore, this information constitutes important 
input data for forest management models applied to 
native forest trees, like gap models and mechanistic 
ones.

Native forest species such as Citharexylum 
myrianthum Cham. and Bixa orellana L. are important 
for reforestation programs or for forest preservation. 
Species like B. orellana are also relevant agriculturally 
and economically due to their seed pigments, which are 
used in food, pharmaceutical, and cosmetic industries 
(Ferreira & Novembre, 2015). However, there is still 
a great need for studies on the basic cultivation of 
C. myrianthum and B. orellana, as well as on topics 
related to their temperature limits.

The objective of this work was to estimate the 
cardinal temperatures and to quantify the thermal 
requirements for the initial development of seedlings 
of the native tree species C. myrianthum and B. 
orellana.

Materials and Methods

An experimental field was installed at the 
Universidade Federal de Itajubá, in the municipality of 
Itajubá (22°24'46"S, 45°26'49"W, at 1.050 m altitude), 
in the state of Minas Gerais, Brazil. According to 
the Köppen-Geiger’s classification, the climate is a 
subtropical Cwa, which is characterized by dry winters 
and hot summers (Abreu et al., 2015). The experiment 
was carried out in a completely randomized design, in 
a 2x12 factorial arrangement (two native tree species 
and twelve sowing dates), with five experimental 
units per treatment, totaling 120 experimental units. 
The sowing dates (Sd) were defined in intervals of 
approximately 30 days (Table 1), so that plants might 
be exposed to different meteorological conditions 
(Souza & Martins, 2014). 

Seeds of C. myrianthum and B. orellana were 
obtained in two dispersion periods (2015/2016) 
from plantations located in the municipalities of 
Piranguinho, São José do Alegre, and Pedralva, all 
located in the southern Minas Gerais state, Brazil. 
The collecting, drying, and storing seed, to conserve 
their viability and to avoid experimental errors, was 
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performed according to Lorenzi (2014) and Medeiros 
(2001).

Each experimental unit contained two plants, 
cultivated in 8.0 L containers filled with a moderate 
type A horizon subsoil, of a Latossolo Vermelho 
distrófico típico (Santos et al., 2013), i.e. Oxisol, of 
a class of high-clay content soils, collected in the 
municipality of Itajubá, in the state of Minas Gerais, 
Brazil. Considerations and calculations for soil fertility, 
as well as the covering, followed recommendations set 
forth in a proposal by the commission for soil fertility 
of Minas Gerais state (Guimarães et al., 1999). The 
experimental units were placed upon pallets with 
15 cm spacing, covered with a 30% shadow-screen 
positioned at 2 m above the soil surface. Except for 
rainy days, the plants were watered regularly (to the 
point of saturation) in the evening. 

The plant development was measured by the 
number of leaves on the main stem. Counting began 
as the first leaves emerged, and ended when each 
experimental unit had 20 leaves on average (Abreu et 
al., 2015). Leaves were counted weekly, beginning by 
the emergence of leaves with lengths greater than or 
equal to 1 cm, disregarding the lateral buds (Souza & 
Martins, 2014).

Data from the first four-sowing dates were considered 
to measure the base temperatures, since they had the 

lowest-air temperatures. The methodologies used 
for calculating these temperatures were proposed by 
Arnold (1959) and Yang et al. (1995), and modifications 
to these models were proposed by Yang et al. (1995).

Irrespectively of these methods, the degree-days 
(DDd, ºC day) were first gathered, according to Lucas 
et al. (2012), as follows: DDd = Tmed - Tb × day, in 
which: Tmed  is the medium air temperature, obtained 
from the arithmetic mean of registries made every 10 
min at an automatic weather station (ºC); Tb is the base 
temperature for each species, from a Tb series that 
ranged from 0 to 20ºC, with 0.5ºC intervals (Lucas et 
al., 2012).

The accumulated degree-days (DD, ºC day) were 
obtained by taking the sum of the DDd from the first 
emergence, in each sowing date, until the end of the 
seedling phase (Farias et al., 2015). The least standard 
deviation in degree-days (SDgd), the least standard 
deviation in days (SDd), the coefficient of variation in 
days (CVd, %), the coefficient of variation in degree-
days (CVgd, %), the regression coefficient (RC), and the 
relative development (RD) were used as methods for 
estimating the base temperature. 

For SDgd, the base temperature for each species is 
that which results in the lowest standard deviation in 
growing degree-day among the series of sowing dates 
(Lago et al., 2009; Souza & Martins, 2014), as follows:

Table 1. Duration and characterization of air temperature, during the experiment, used to estimate the cardinal temperatures 
for the initial development stages of Citharexylum myrianthum and Bixa orellana, in the municipality of Itajubá, in the state 
of Minas Gerais, Brazil.

Sowing date C. myrianthum B. orellana
Seedling emergence Seedling phase(1) Temperature (°C)(2) Seedling emergence Seedling phase(1) Temperature (°C)(2)

(month/day/year) (month/day/year) (days) Tmed Tmax Tmin (month/day/year) (days) Tmed Tmax Tmin

Sd1, 05/12/2015 06/10/2015 162 19.8 27.1 14.0 06/12/2015 209 20.5 27.6 15.2
Sd2, 06/12/2015 07/15/2015 148 20.9 28.2 15.2 07/10/2015 197 21.2 28.2 16.0
Sd3, 07/10/2015 08/05/2015 141 21.7 28.9 16.2 07/28/2015 184 21.7 28.7 16.4
Sd4, 08/11/2015 09/02/2015 120 22.5 29.3 17.5 08/26/2015 170 22.5 29.3 17.5
Sd5, 09/10/2015 10/05/2015 115 23.0 29.4 18.3 09/30/2015 153 23.0 29.4 18.3
Sd6, 10/09/2015 11/04/2015 119 22.9 29.1 18.6 10/19/2015 172 22.9 29.4 18.1
Sd7, 11/13/2015 12/08/2015 122 22.6 29.0 17.9 11/27/2015 168 22.2 28.9 17.3
Sd8, 12/11/2015 01/04/2016 130 22.0 28.7 16.8 12/28/2015 144 21.8 28.5 16.8
Sd9, 01/12/2015 02/07/2016 103 21.4 28.3 16.1 01/27/2016 198 19.3 27.0 13.5
Sd10, 02/11/2016 03/04/2016 140 18.6 26.3 12.7 02/19/2016 189 18.6 26.5 12.6
Sd11, 03/11/2016 03/31/2016 134 17.7 25.8 11.4 03/24/2016 176 18.1 26.4 11.6
Sd12, 04/12/2016 05/05/2016 141 17.3 25.7 10.6 05/03/2016 157 17.5 26.0 10.9

(1)Period from plant emergence, when 50% of the seedlings were visible above the soil level, until the end of the seedling phase (plants with 20 
accumulated leaves, on average, on the main stem. (2)Values obtained from the arithmetic mean of maximum (Tmax), minimum (Tmin), and medium (Tmed) 
air temperatures.
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in which: ADD is the average accumulated degrees for 
all i sowing dates; and n is the number of sowing dates 
(which in this study were four). 

For SDd, the base temperature in each species is 
that which results in the lowest standard deviation 
among sowing dates (Fagundes et al., 2010; Müller et 
al., 2009): SDd = SDgd / T - Tb, in which T is the average 
air temperature in all four i sowing dates (ºC).

For CVd%, the base temperature for each species 
is that which has the lowest coefficient of variation in 
days, which is obtained from the relationship of the 
standard deviation in days with the number of required 
days to achieve the end of the seedling phase (Lago et 
al., 2009; Souza & Martins, 2014):

CV SD xdd d= ( )×100,
in which: dx  is the average number of days required to 
achieve the end of the seedling phase. 

For CVgd, the base temperature for each species is 
that which has the lowest coefficient of correlation 
with respect to the degree-days needed to achieve the 
end of the seedling phase (Souza & Martins, 2014), as 
follows: CVgd = (SDgd / ADD) × 100, in which, ADD is 
the average accumulated degree-days for all i sowing 
dates.

For RC, the base temperature for each species is 
given by the angular coefficient value of the simple 
linear regression between the DD necessary to achieve 
the end of the seedling phase and the medium air 
temperature (Tmed, ºC): DD = a × Tmed  + b. The angular 
coefficient for the simple linear regression is positive if 
the Tb used to calculate the DD is high; it is negative if 
Tb is low; and it is zero (or very close to zero) if Tb is 
correct (Fagundes et al., 2010; Souza & Martins, 2014).

For RD, the base temperature is that which 
results in a null relative development from the 
prolongation of the simple linear regression between 
the RD of the species in function of Tmed (Tb = -b / a) 
(Fagundes et al., 2010; Farias et al., 2015), as follows:  
RD = a × Tmed + b, RD = 100/ N, in which: 100 is an 
arbitrary ordered value; and N is the number of days to 
achieve the end of seedling phase in each sowing date. 

Modified methods were used (Yang et al., 1995; 
Lago et al., 2009), as follows:

The least standard deviation in degree-days (SDgd mod):
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in which: di is the duration in days of the 
i sowing dates; Tmedi is the medium air 
temperature of i four sowing  dates (°C); T is 
the average temperature of all i sowing dates 
(ºC); n is the number of sowing dates; and  
ti = T - Tmedi (°C).

The final base temperature for the two species was 
obtained using the arithmetic mean of the values found 
among the ten estimation methods (equations 2 to 11).

The optimum temperature was estimated (Lisboa 
et al., 2012; Freitas et al., 2017) by determining the 
thermal requirements for each species, sowing dates 
(12), and experimental units. Thermal requirements 
were obtained by the inverse of the angular coefficient 
(a) of the simple linear regression between the number 
of leaves (NL) in the main stem and the accumulated 
degree-days (DD) counting from the date when leaves 
first emerged (Table 1) (Martins et al., 2007). To 
calculate DD was used the base temperature estimated 
previously: NL = a × DD + b.

Thermal requirement values were subjected to the 
normality test of Shapiro-Wilk, at 5% probability, 
and to the analysis of variance to test the effects of 
the variation sources (species and sowing dates). 
The comparisons were performed using the Scott-
Knott’s test (1974), at 5% probability. The Tot was 
obtained using the arithmetic mean of the measured 



Cardinal temperatures and thermal requirements for the initial development 5

Pesq. agropec. bras., Brasília, v.54, e00525, 2019
DOI: 10.1590/S1678-3921.pab2019.v54.00525

air temperatures in the sowing date with the lowest 
thermal requirement, which was indicated by 
maximum development (Freitas et al., 2017). All 
tests were carried out using the Sisvar software 5.3 
(Ferreira, 2011).

The maximum temperature (TB) was estimated 
using the criterion TB>Tmed>Tb (Lima & Silva, 2008), 
with data from the two sowing dates for the highest-air 
temperatures (Freitas et al., 2017):

A = N2 × TM1 ×TM2 - N2 × TM2 × Tm1,
B = -N1 × TM1 × TM2 + N1 × TM1 × Tm2,
C = (-TM1 × Tm1)× (-TM2 + Tm2),
D = N1 × Tm2

2 × N2 - 2 × Tm2 × N1 × N2 

       × Tb - Tm2 × Tm1 × N1
2 ,

E = -Tm2 × TM1 × N1
2 × N2

2 × TM1 × Tm2 

       - Tm1 × N2
2 × Tm2 +2 × Tm2 × N2

2 × Tb,
F = Tm1 × N1

2 × TM2 - 2× N2
2 × TM1 × Tb 

       - 2 × N1
2 × TM2 × Tb,

G = TM1 × N1
2 × TM2 + Tm1

2 × N2 × N1 - 2 
       × Tm1 × N2 × N1 × Tb,
H = 2 × Tm1 × N2

2 × Tb + 2 × N1 × TM2 × N2 

       × Tb + 2 × N2 × TM1 × N1 × Tb,
I = -2 × N2 × TM1 × N1 × TM2 + N2

2 × TM1 
       × TM2 - Tm1 × N2

2 × TM2,
J = -N1 × TM2 + N1 × Tm2 + N2 × TM1 - N2 × Tm1,

TB A B C D E F G H I J= + ± + + + + +( )( ) ,

in which: N1 and N2 are the duration of the seedling 
phase in days, considering a period from 50% of plant 
emergence to the end of the seedling phase (NL=20); 
TM1 and TM2 are the maximum air temperatures (ºC); 
Tm1 and Tm2 are the minimum air temperatures (ºC); 
subscripts 1 and 2 are the two sowing dates with the 
greatest medium air temperatures; and Tb is the base 
temperature.

Results and Discussion

The meteorological conditions varied during the 
entire experimental period (Table 1). Air temperature 
values varied between 2.3ºC, which is the minimum 
absolute value observed during sowing dates Sd9, Sd10, 
Sd11, and Sd12, and 35.7ºC, which is the maximum 
absolute value observed during sowing dates Sd1, Sd2, 
Sd3, Sd4 Sd5, and Sd6. These different meteorological 
conditions are important for estimating cardinal 
temperatures (Freitas et al., 2017; Lima & Silva, 2008; 
Souza & Martins, 2014).

The different meteorological conditions among the 
twelve sowing dates influenced the duration (days) 
of the seedling phase, and it was observed an inverse 
relationship between the duration of the seasons and the 
air temperature, that is, the higher the air temperature 
the lower the duration. The inverse relationship 
between air temperature and the duration of the 
seedling phase is expected, and it was also observed 
in eucalyptus seedlings (Freitas et al., 2017), in canola 
(Luz et al., 2012), and in the olive cultivars Grappolo 
and MGS Mariense (Souza & Martins, 2014).

In general, sowing dates Sd1, Sd2, Sd3, and Sd4 had 
longer durations and lower-registered air temperatures. 
This fact justifies choosing these sowing dates (May, 
June, July, and August) for estimating the base 
temperature. However, sowing dates Sd5 and Sd6 
had higher-registered medium air temperatures (22.9 
and 23ºC) and were chosen to estimate the maximum 
temperature, whose conditions are similar to those 
observed by Freitas et al. (2017).

The base temperature values estimated using the 
10 methods (Table 2) had similar results to each other 
for each species (between 10.9 and 12.1ºC). Methods 
resulting in Tb≤6.5ºC were not considered in the base 
temperature values (Souza & Martins, 2014), given our 
field observations and the characteristics of the studied 
species. Because the methods used for estimating 
base temperatures are statistical, it is usual to have 
small differences between statistically estimated 

Table 2. Base temperature values (Tb, ºC) for Citharexylum 
myrianthum and Bixa orellana estimated by the different 
methods.

Method C. myrianthum

(ºC)

B. orellana

(ºC)
Least standard deviation in DD 12 12
Least standard deviation in days 11 12
Lowest coefficient of variation in days 11 12
Lowest coefficient of variation in DD 0(1) 12
Regression coefficient 11 12
Relative development 11.5 12
Least standard deviation in DD – modified 11.9 12.1
Least standard deviation in days – modified 5.1(1) 6.3(1)

Least CV in DD – modified 10.9 12
Regression coefficient – modified 11.2 12
Average 11.4 12

(1)Value not used to calculate the Tb average. DD, degree-days. CV, 
coefficient of variation. 



6 M. de C. Ferreira et al.

Pesq. agropec. bras., Brasília, v.54, e00525, 2019
DOI: 10.1590/S1678-3921.pab2019.v54.00525

temperatures and the physiological temperature of 
each species (Lago et al., 2009; Freitas et al., 2017). 
Therefore, it is important to verify if the estimated 
base temperatures are within the temperature ranges 
observed in the field (Schmidt et al., 2018), and 
coherent with phenological observations. Given this 
fact, some methods have been shown to register low 
and unrealistic base temperature, much lower than 
those registered in the field (Souza & Martins, 2014); 
hence, it is customary to exclude values less than or 
equal to 6.5ºC for tropical climate species (Lago et al., 
2009).

Although the main objective of this work was not 
to compare the estimation methods, it is worth noting 
that except for the SDd Mod, the other methods were 
coherent in estimating the base temperature. The 
efficacy of the methods RC and RD must be highlight. 
The inefficacy of SDd Mod may be attributed to the fact 
that this method considers combinations of durations 
(days in the common calendar) and air temperature. 
The days of the calendar do not accurately represent 
the development of seedlings of forest species, and this 
is still the most frequently used metric for determining 
when to transplant seedlings in forest nurseries 
(Martins et al., 2007; Freitas et al., 2017).

The base temperatures estimated for C. myrianthum 
(11.4°C) and B. orellana (12ºC) were coherent with 
the phenological observations in which no new leaves 
were observed when air temperature was close to these 
estimate values. Besides, although these two species 
show distinct characteristics, they showed estimate 
values close to those estimated for the vegetative 
development of perennial species, which also occur 
naturally in tropical climates, such as Eucalyptus 
grandis (10ºC) (Martins et al., 2007), Eucalyptus 
urophylla (11.5ºC) (Freitas et al., 2017) and the coffee 
cultivars Acaiá Cerrado MG-1474 and Rubi MG-1192 
(12.9°C) (Lima & Silva, 2008), which were subjected 
to the same methods as those in the present study, and 
to others such as the lowest mean square error.

When estimating optimum temperatures, all simple 
linear regressions had significant angular coefficients 
and high adjusted coefficients of determination 
(R²adj≥0.9822 for C. myrianthum, ≥0.9416 for B. 
orellana), which show that there is a linear relationship 
between seedling development (given by NL) and the 
air temperature, shown by DD (Figure 1).

The thermal requirements followed the assumptions 
of normality according to the Shapiro-Wilk’s 
test, and a significant interaction was observed 
between the variation sources, species, and sowing 
dates. The average thermal requirement values for 
C. myrianthum and B. orellana were 66.69±7.2 and 
82.49±6.4ºC day leaf, respectively (Table 3). Thus, 
B. orellana requires more energetic accumulation that 
C. myrianthum to generate leaves on the main stem. In 
the field, C. myrianthum developed more quickly than 
B. orellana under relatively similar air temperature 
conditions (Table 1). Despite this fact, B. orellana 
showed higher emergence and grew faster and more 
uniformly at the beginning of the seedling phase.

The thermal requirements were lower on Sd11 and 
Sd12 and, consequently, the seedling development 
was greater in these two sowing dates. The optimum 
temperature estimated was 18.1ºC for C. myrianthum 
and 18.4ºC for B. orellana. It is worth noting that these 
values, in theory, are low and inferior to the values 
found for other forest species, according to Monteiro et 
al. (2014), who found optimum temperature values of 
24.4ºC for Adenanthera pavonina, 24.9ºC for Cassia 
fistula, 24.5ºC for Hymenolobium petraeum, and 
25.1ºC for Parkia pendula. Nonetheless, in the present 
study, atypical air temperatures were observed in the 
period of higher development for the two species, 
which corresponds to Sd11 and Sd12 (from March to 
September 2016), with Tmed values from 17.2 to 18.1ºC. 
These values are inferior to the climatic mean values 
of the studied region, which range from 20.1 to 21ºC 
(Reboita et al., 2015). This may have contributed to the 
lower-estimated optimum temperature values for both 
species. 

As to the maximum temperature, the estimated 
values were 36.6ºC for C. myrianthum, and 46.4ºC for 
B. orellana, which are above the absolute maximum 
temperature observed during the experimental 
period (35.7ºC). However, the estimated maximum 
temperature is expected to be above the maximum 
air temperature, since this baseline conceptually 
represents the maximum temperature limit at which 
the plant would have its metabolic processes inhibited 
(Freitas et al., 2017; Muttoni et al., 2017).

The maximum temperature estimated for 
C. myrianthum (36.6ºC) is similar to the values found 
for other tropical forest species, such as Cassia fistula 
(37.1ºC) (Monteiro et al., 2014), and Eucalyptus 
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grandis (36ºC) and E. saligna (35ºC) (Martins & 
Streck, 2007). However, although the maximum 
temperature (46.4ºC) estimated for B. orellana is high, 
it is justified by the fact that the plant has its origin in 
a tropical region and is highly adaptable to elevated air 
temperatures (Ferreira & Novembre, 2015). The lack 
of studies of this type makes it practically impossible 
to compare this species with other forest species of 
similar nature, especially with respect to the maximum 
temperature. Despite this, B. orellana may be more 
tolerant and, consequently, more adapted to higher 
air temperatures than other species, such as: Lippia 
javanica Spreng., a bush belonging to the Verbenaceae 
family – the same as that of C. myrianthum –, with 

a maximum temperature of 37.6ºC (Mattana et al., 
2017); and Corymbia citriodora (Hook.) K.D.Hill & 
L.A.S.Johnson, a tree belonging to the Myrtaceae 
family, with 41.3ºC (Freitas et al., 2017), which is close 
to the Cactaceae family, including plants of Polaskia 
chichipe (Rol.-Goss.) Backeb., with 51.3ºC, and P. 
chende (Rol.-Goss.) A.C.Gibson & K.E.Horak, with 
54.5ºC (Ordoñez-Salanueva et al., 2015).

With the estimating temperature limits were 
obtained parameters in which C. myrianthum and 
B. orellana can best develop, and identified the 
thermal requirements under which seedlings should 
be cultivated to guarantee quality and efficient 
establishment in the field.

Figure 1. Relationship between the accumulated number of leaves on the main stem and the accumulated degree-days, 
starting from the date of plant emergence to the end of the seedling phase, using the thermal requirements for estimating 
Citharexylum myrianthum and Bixa orellana, in three sowing dates (Sd). Data from each sowing date are represented in 
an experimental unit chosen randomly. R² adj is the fitted adjusted coefficient of determination, and Syx, the standard 
estimated error, both are related to the quality of fit of the simple linear regression between the accumulated number of 
leaves (leaves per plant) and the accumulated degree-days (ºC day).
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Conclusions

1. Bixa orellana has a large thermal development 
amplitude and is tolerant to extreme temperatures 
during its initial development.

2. Citharexylum myrianthum has a large thermal 
development amplitude; however, it has a lower 
thermal requirement in its initial development and 
develops more quickly than B. orellana .

3. The estimated cardinal temperature values are 
necessary as input data in development simulation 
models, as well as in forest management models for 
the two native species.
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