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Abstract 
This study determined the thermal requirements of forest native seedlings (Hymenolobium pe-
traeum and Parkia pendula) and exotic seedlings (Adenanthera pavonina and Cassia fistula) all 
belonging to Fabaceae family, in three shading conditions (full sun, 50% and 65% of global radia-
tion attenuation by poliefinas black screens). Also they were estimated of leaf emergence by Phyl-
lochron and the Wang and Engel models, on climatological conditions at Sinop (Region of Transi-
tion Amazon-Cerrado), Mato Grosso State, Brazil, for winter period (between June and August of 
2012). The minimum (Tb) and maximum (TB) basal temperatures and the optimum temperature 
(Topt) of growth of each species were estimated by regressions between relative growth rates and 
minimum, maximum and average temperatures, respectively. The values of the estimated Tb were 
15.0˚C, 16.4˚C, 14.5˚C and 14.6˚C; to TB were 39.7˚C, 37.1˚C, 38.6˚C and 40.1˚C; and to Topt were 
24.4˚C, 24.9˚C, 24.9˚C and 25.1˚C to A. pavonina, C. fistula, H. petraeum and P. pendula, respectively. 
The Phyllochron model showed highest efficiency in the estimation of leaf appearance when com-
pared to Wang and Engel method. 
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1. Introduction 
The growth, development and yield of plants are resultant from interactions between environmental factors, crop 
management and genotype, being a high productivity dependent of metabolic efficiency and use of environmen-
tal resources [1]. The vegetables are organisms highly responsive to environment where they live, and influ-
enced by factors such as solar radiation, temperature, water and nutrient availability. So, the knowledge about 
plant-environment relation is necessary. 

The solar radiation availability affects the morphogenetic, phototropism and photosynthetic processes [2] [3], 
establishing itself as the driving force of the latter process as it leads to the transformation of atmospheric CO2 in 
metabolic energy [4]. Its properties such as intensity, quality, duration and direction of solar radiation interfere 
on metabolic responses and development of plants [3] [5]. The characterizations of regarding adaptation under 
varied conditions are based on analysis of their growth characteristics, physiological behavior, speed standards 
and allocation efficiency of dry matter [6] [7]. 

Among the processes resulting from the energy balance, temperature is one of environmental factors that most 
influences on metabolism of plants, acting in enzymatic activity and chemical reactions [8], through the quantit-
ative energetic effect, conditioning directly and indirectly, the processes of therm-periodism, therm-induction 
and therm-morphism. In photosynthetic process, low temperatures make CO2 fixation slower, whereas high 
temperatures cause considerable reduction in the carboxylation and photorespiration increase [9]. 

According to Snyder et al. [10], the increase of plant development rates is a linear function of temperature, 
being these variables correlated by several methodologies. In this context, the heat units (accumulated thermal 
sum or degree-days) are used to quantify the plants development, based on the requirements of duration of phe-
nological phases and air temperature. This variable defines the daily energy accumulation between limiting con-
ditions (minimum and maximum basal temperature) required by the plant, which evidence the energetic states 
(sensible heat) minimums propitious to metabolic processes, and the maximum levels, above which the respira-
tory rates exceed the rate production of photoassimilates [11]. 

Thus, plants that are not under hydric stress, phytosanitary problems and nutritional restrictions present their 
growth rates expressed by the local environmental conditions, and in these cases, occur high rates of net carbon 
assimilation by photosynthetic process, contributing to the plant dry mass definition. The leaf area is a limiting 
factor for direct interference in light interception and in its conversion into chemical energy, influencing also in 
numerous processes such as the ground cover, competition with other plants, specific surface for evapotranspira-
tion and aerodynamic resistance of canopy, among other interactions with the environment [12] [13]. 

The quantitative growth analysis is paramount in the evaluation of plant production and requires information 
on the mass accumulation in different partitions of plants. Thus, the estimate of number of leaves (NL) has been 
widely used as a tool for ecophysiological studies of agricultural and forestry crops, to evaluate the plants de-
velopment, since the NL can considered directly proportional to plant leaf area [14]. Based on mathematical 
modeling applied to ecophysiology, NL can be obtained by integrating the leaf appearance rate (LAR), which in-
dicating the number of leaves that become visible on the main stem per unit time [15]-[18]. In turn, different 
methodologies are employed to estimate the LAR, especially the models Phyllochron and Wang and Engel for 
applications on modeling growth of forest seedlings.  

The Phyllochron model is defined as the time elapsed between the appearance of successive leaves on the 
main stem of plant [19] and considers a linear relationship between air temperature and LAR [20], expressed by 
the thermal sum required for appearance of each leaf [21]. The multiplicative model developed by Wang and 
Engel (WE) considers the effect of air temperature as a nonlinear function [f(T)] on the phenological response of 
plant and describes the environmental factors that influencing on the leaf emergence (LAR) through a beta func-
tion [16]. Although the Phyllochron method is widely used to estimate the growth of most crop [20] [22], the 
assumption of proportional linearity between development rate and temperature is seen as a disadvantage [23]. 
According to Streck [22] and Xue et al. [20], biological processes such as LAR, have non-linear responses to 
temperature. Estimates of leaf appearance through the Phyllochron methodology are recurring for crops like 
wheat [24], cassava [25], strawberry [26], maize [27] and eggplant [28], among others. As to the method of WE, 
studies with wheat [20], potato [29] and maize [30], among others were also found. In forest species, such 
searches were restricted to eucalypt [14] [31], Araucaria [32] and olive tree [33], not being reported in literature, 
evaluations for tropical native species. 
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Studies with air temperature, development and phenology tend to receive little attention, however, even con-
sidering the variability of growth and forest species development in tropical climates. The information is vital 
for the appropriate implementation of management for forest species, as well to improve the quality of produced 
seedlings, increasing the probability of successful implementation in plantations, whether for production or re-
covery [14]. In this context, considering the lack of information about the ecophysiological aspects of tropical 
forest seedlings, this study aimed to determine the thermal requirements of the following species: Adenanthera 
pavonina (L.), Cassia fistula (L.), Hymenolobium petraeum (Ducke) and Parkia pendula (Willd.), and estimate 
the leaf emission in forest seedlings, in different shading levels, in Sinop (Amazon-Cerrado transition), Mato 
Grosso State, Brazil. 

2. Material and Methods 
The experiment was conducted between June and August 2012 at the Experimental Station of Federal University 
of Mato Grosso, located at Sinop (11˚51'08"S; 55˚30'56''W; 376 meters above sea level), Mid-North of Mato 
Grosso State (Cerrado-Amazon Transition), Brazil. The climate of this region according to Köppen’s classifica-
tion is Aw—tropicalhot and humid climate, with distinct seasons: drought (May to September) and rainy (Octo-
ber to April), with average monthly temperatures between 24˚C and 27˚C, and annual rainfall around 1970 mm 
[34]. 

The seeds were collected from health trees matrices, distributed in the vicinity of Sinop, Mato Grosso State. 
The germination occurred on germitex paper, into BOD growth chamber, with constant temperature of 30˚C. 
Sequentially, the seeds were transplanted to in black polyethylene bags (15 × 30 cm) with lateral holes for water 
drainage. The substrate utilized was a mixture of commercial substrate (compost by Pinus spp. bark biostabi-
lized, vegetal turf, expanded vermiculite and acidy correctives) and Yellow-Red Oxisol from forestry in a 3.2:1 
ratio, respectively. The fertilization was done with 500 g∙m−3 of NPK 4-14-8 granular fertilizer for provide the 
basic nutritional requirements for all evaluated species. Were employed suspended modular nurseries, built with 
wood in the dimensions of 1.5 × 5.0 × 1.0 m (width × length × height). 

The seedlings were submitted to the following shading treatments: 0% (full sun), 50% and 65% of global rad-
iation attenuation, through nylon black shade-screen (commercial screen Sombrite®). The shading levels were 
established by measurements of the luminosity (lux) in each treatment, with twelve measurements during the 
day, with hourly intervals, during the first 30 days after transplation (DAT), using a LD-200 digital luxmeter 
(Instrutherm). We used a no shaded control point to determine the measure of full sun. The irrigation manage-
ment was performed by determining the daily evapotranspiration of species by weighing lysimeters. 

Were employed meteorological data from the Meteorological Automatic Station (MAS), located in the 
11.98˚S; 55.56˚W and altitude of 371 m above of sea level. As there was no routine to monitoring of air temper-
ature (T) and global radiation (GR) on indoor the suspended tree nurseries, were performed periodic evaluations 
to obtain the correlations (in different shading conditions) to T and GR estimated, considering as reference the 
data monitored in MAS (treatment in full sun). The instant measures of GR were obtained with portable digital 
luximeters (LD-200) at 07:00, 09:00, 12:00, 15:00, 17:00 h, while the temperature and relative humidity of air 
measurements were performed daily (at same time) with digital thermo-hygrometers (HT-600). 

Was adopted a completely randomized design with five replicates of four plants, with weekly non-destructive 
analysis (counting the number of leaves on the main stem) and biweekly destructive (total dry mass). The plants 
drying was obtained by kiln with air forced movement under temperature of ±65˚C, until constant mass be 
achieved, with determination on a digital scale precision 0.01 g. Sequentially, the growth relative rates of plants 
(GRR) was obtained in gg−1∙day−1 as proposed by Benincasa [35]. Were applied linear regressions obtained by 
correlations for determination of the minimum (Tm), medium (Tmed) and maximum (TM) air temperatures. Sub-
sequently, were determined the minimum (Tb) and maximum (TB) basal temperatures of each species for all 
treatments with linear regressions between Tm and TM and GRR. Therefore, to define the optimal temperatures 
(Topt) were adjusted the polynomial regressions between Tmed and LAR. 

Were evaluated two methodologies to leaves emission estimative on the main stem of the four studied species. 
Firstly, the Phyllochron method considers the plant development a linear function of thermal units accumulation, 
in other words, accumulated thermal sum (STa), expressed in degree day (˚C∙day−1) [36]. The calculation of the 
daily thermal sum (STd) was performed following the Omettomethodology [37] cited by Souza et al. [38], using 
the following expressions for the local climate conditions: 
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Case 1: TB > TM; Tm > Tb: 

( ) ( )2M m m bSTd T T T T = − + −                            (1) 

Case 2: TB > TM > Tb ≥ Tm: 

( ) ( )2 2M b M mSTd T T T T   = − −                            (2) 

where: Tb and TB: minimum and maximum basal temperature, respectively (˚C); Tm and TM: daily minimum and 
maximum temperature, respectively (˚C); The STd accumulation over the development period, generates up STa 
(in ˚C∙day−1). 

To application of Phyllochron model, firstly was performed a linear regression (Equation (3)) between the 
number of leaves on the main stem (NL) and STa [39]. For this, the Phyllochron (˚C∙day∙leaf−1) was obtained 
through the inverse slope of the linear regression equation, i.e., 1/a [20] [40]. The NL accumulated on the main 
stem was obtained by the ratio between STa and Phyllochron [40]. 

NL a STa b= ⋅ +                                    (3) 
According to the Wang and Engel (WE) method [16], LAR was obtained by multiplication between f(T) (non- 

linear function of the temperature) and the maximum observed LAR (LARmax) [20]. WE model was expressed by 
the general formula [14]: 

( )maxLAR LAR f T=                                  (4) 

where: LAR: leaf appearance rate (leaves day−1); LARmax: maximum leaf appearance rate (occurs in Topt) of spe-
cies (leaf day−1); f(T): temperature beta function, which in conditions where Tmed < Tb or Tmed > TB has a null 
value, and when Tb < Tmed ≤ TB, is defined by Equation (5) [14]: 

( ) ( ) ( ) ( ) ( )22
med opt med opt2 b b b bf T T T T T T T T T

αα α = − − − − −                  (5) 

where: Topt: optimum temperature for each species (˚C); The α coefficient was obtained based on niperiam loga-
rithm (ln) by Equation (6) [14]: 

( ) ( ) ( )ln 2 ln B b opt bT T T Tα  = − −                           (6) 

Finally, the NL by WE model was taken with the sum of daily values of LAR ( )NL LAR= ∑  from trans-
planting date [16] [18]. To evaluate the performance of NL estimation methods and enable indication which 
showed a better description of the forest species seedlings development, was performed the F test between NL 
values observed to verify the data variance homogeneity. Subsequently, were applied the RMSE indicatives (root 
mean square error); dw (Willmott index adjustment); BIAS (systematic error); r (correlation coefficient); and c 
(performance index) [20] [22] [41]-[43]. 

( )
0.521

1iRMSE Ei Oi n
=

 = − ∑                          (7) 

( ) ( ){ }22
1 11 n n

i idw Ei Oi Ei O Oi O
= =

 = − − − + −  ∑ ∑                      (8) 

( )1 1 1
1 1 1i i iBIAS Ei Oi Oi
= = =

= −∑ ∑ ∑                          (9) 

( )( ) ( ) ( ){ }0.52 2

1 1 1
n n n
i i ir Oi O Ei E Oi O Ei E
= = =

 = − − − − 
 

  ∑ ∑ ∑               (10) 

c r dw= ⋅                                    (11) 
where: Ei: estimated values; Oi: observed values; n: number of observations; E : average of estimated values 
and O : average of observed values. 

The RMSE value demonstrates the error produced by the model and its lower value indicates that better is the 
model [22]. The model accuracy was determined by the Willmott [41] concordance index, with values ranging 
from zero to one, refers to minimum and maximum concordance, respectively [40]. The BIAS index refers to the 
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average deviation between the observed and estimated values, expressing this way the tendency of model [44], 
being the best model analyzed, which present values close to zero [43]. The correlation coefficient (r) indicates 
the association degree between two or more variables, with values ranging from −1 to 1, and its higher absolute 
value indicates that occurs greater adhesion between estimated and observed values [44]. The model perfor-
mance index (c) varies from 0 to 1 and the higher value indicates the better estimates performance [42]. 

Finally, was employed the statistical method by position values (Vp) of statistical indicatives (scores), that 
classify and define the best method for the of leaf emergence estimation. To obtain the Vp were assigned weights 
of 1 to “n” for each statistical indicator, being “n” the number of tested models, in this case, were assigned 
weight “1” to the best model and “2” to the worst, and consequently, the best model is the one with the lowest 
sum of assigned weights or lower accumulated Vp [45]. 

3. Results and Discussion 
The averages of the main meteorological parameters monitored by Automatic Meteorological Station from June 
to August 2012 showed in Table 1. The total rainfall was 4.80 mm during this period, with monthly average 
temperature of 24.45˚C. This study performed in dry season allowing evaluating the direct effects in growth and 
development of seedlings under shading conditions, considering that in the winter months (June, July and Au-
gust) occur the higher temperature ranges in this region [34]. The water vapor has a great potential for radiation 
attenuation in the atmosphere during the summer or rainy season, the differences between nocturnal and diurnal 
temperatures are lower, mainly with attenuation in the maximum temperature resulting to the changes in direct 
and diffuse total components with cloudiness. Consequently, the coverage use tend to modify the behavior by 
changes in absorption, reflection and transmission of incident global solar radiation, and therefore, changes in 
the balance of short and long waves, which in turn allow variations in the available net energy for physical 
processes (latent and sensible heat), biochemical (photosynthesis) and biophysical (evapotranspiration). 

The air temperature attenuation coefficients obtained for coverage with nylon black shade-screen of 50% and 
65% attenuation, as well the linear regressions of correlations between the internal environment (shading) tem-
peratures and external (full sun) ones are illustrated in Figure 1. The values of Tb and Topt estimated for each 
species shown in Table 2. The cardinal average temperatures for the four forest species were 15.1˚C (Tb); 
24.8˚C (Topt) and 38.9˚C (TB). Although the standard deviations between the values of basal temperatures for the 
four species had been low (0.87˚C; 1.37˚C and 0.28˚C for Tb, TB and Topt respectively), the H. petraeum and 
Parkia pendula showed the lowest Tb values (14.5˚C and 14.6˚C), whereas these species with A. pavonina 
showed higher TB values (38.6˚C; 40.1˚C and 39.7˚C, respectively). 
 
Table 1. Meteorological parameters collected by meteorological automatic station during period form 06/06 to 14/08/2012, 
at Sinop, Mato Grosso State, Brazil (11.98˚S and 55.56˚W).                                                      

DAT 
Precipitation Air temperature 

(˚C) 
Air relative humidity 

(%) 
Global  

radiation Insolation ETo 

(mm) Average Maximum Minimum Average Maximum Minimum (MJ∙m−2∙day−1) (hours) (mm∙day−1) 

6 0.00 23.59 31.68 17.26 77.58 97.97 46.33 17.37 8.42 3.01 

12 0.00 24.82 33.47 17.50 71.10 98.27 34.95 18.13 9.06 3.18 

18 4.80 24.89 33.65 18.84 75.12 98.87 38.64 17.47 8.90 3.04 

24 0.00 24.00 33.03 15.68 60.01 95.01 26.31 20.63 10.25 4.03 

30 0.00 23.50 32.41 15.56 65.91 94.84 32.67 19.82 10.09 3.18 

36 0.00 24.23 33.18 16.47 61.36 92.59 30.59 20.10 9.93 3.29 

42 0.00 24.10 33.46 15.49 60.30 93.24 28.82 20.03 9.73 3.27 

48 0.00 24.94 35.16 14.71 51.12 89.99 20.11 22.20 10.53 3.49 

54 0.00 24.55 33.99 15.06 52.22 89.53 22.56 22.98 10.58 3.75 

60 0.00 25.87 35.17 16.52 46.13 82.27 20.97 22.88 10.44 4.15 

Averages - 24.45 33.52 16.31 62.09 93.26 30.19 20.16 9.79 3.44 

DAT: days after transplantation; ETo: daily reference evapotranspiration. 
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Table 2. Values of optimal temperatures (Topt), minimum (Tb) and maximum (TB) basal temperatures estimated for forest 
species.                                                                                                  

Species Tb (˚C) Topt (˚C) TB (˚C) 

Adenanthera pavonina 15.0 24.4 39.7 

Cassia fistula 16.4 24.9 37.1 

Hymenolobium petraeum 14.5 24.9 38.6 

Parkia pendula 14.6 25.1 40.1 

Average 15.1 24.8 38.9 

Standard deviation 0.87 0.28 1.37 

 

 
Figure 1. Correlations between daily mean temperatures (˚C) measured at full sun and under the covers at 50% and 65% 
shading by nylon black shade-screen (p = 0.01).                                                                
 

In the literature are reported the thermal requirements for perennials crops, especially Eucalyptus saligna spe-
cies, whose values of Tb, TB and Topt are 8.0˚C; 35.0˚C and 25.0˚C, respectively [21] [46]; Eucalyptus grandis 
are 10.0˚C; 36.0˚C and 27.0˚C [21] [47]; whose for fig tree (Ficus carica), the values of Tb and TB are 8.0˚C and 
36.0˚C [38]; coffee (Coffea arabica) in implementation phase are 12.9˚C and 32.4˚C [48]; and finally, the olive 
tree (Olea europaea L.) Tb is 8.5˚C [49]. The values of optimum temperatures (Topt) provides the higher devel-
opment rates and hardly found in the literature for native species. However, it is noted that Topt values to H. pea-
trum and P. pendula are close to those determined for Eucalyptus species, while the values of Tb and TB were 
higher than, in view that they are originate from tropical regions and two are Amazonian. 

As to the shading levels effect on the seedlings development, it was observed that the highest values of RGR 
occurred in 50% shade coverage for all species, indicating that this percentage can be considered suitable for 
accommodate the evaluated species seedlings. Based on the basal temperatures and daily average temperatures 
estimated at each cultivation condition, were obtained the STa values for the experimental period at the different 
treatments (Table 3), being observed small values of standard deviation of STa between the different coverage 
for all species. 

The estimated Phyllochron values for the four forest species had low standard deviation between treatments, 
being the average values 11.40˚C day leaf−1; 19.54˚C day leaf−1; 26.72˚C day leaf−1 and 30.30˚C day leaf−1 for A. 
pavonina, C. fistula, H. petraeum and P. pendula. From these values, it is noteworthy that the higher Phylloch-
ron value is the greater quantity of STa needed for leaf issuance, and thus, the species with the highest thermal 
demand to issue one leaf organ was P. pendula. 

It was found out in NL estimates for A. pavonina, C. fistula and P. pendula in all treatments that the Phyl-
lochron method overestimated the NL average, while the WE model propitiated under estimations. To H. pe-
traeum, both models underestimated the NL with minimal values of 2.9 and 6.9 leaves to Phyllochron and WE, 
respectively (Figure 2). For all species and treatments, the standard deviation for Phyllochron method were 
higher than those presented by WE model. Analyzing the observed and estimated data (Figure 3) noted that for 
H. petraeum, the Phyllochron method approached the 1:1 line (simple linear regression with passage through the 
origin), indicating better accuracy of the estimate. For the other species, this behavior was given by the WE model, 
which presented values of determination coefficients (R2) higher than those adjusted for Phyllochron model. 

The RMSE values were better in the WE method and lower those presented by Phyllochron method (except 
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Figure 2. Means of accumulated leaves observed and estimated by two methods (Phyllochron and WE) for forest species at 
50% and 65% shading by nylon black shade-screen.                                                             
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Figure 3. Number of accumulated leaves (NL) observed and NL estimated by two models (phyllochron and WE) for forest 
seedlings species at 50% and 65% shading by nylon black shade-screen.The solidlineisthe 1:1 linecross.                     
 
for H. petraeum in 50% shading), varying from 0.741 to 2.924 for WE and 1.418 to 8.891 for Phyllochron. In 
relation to correlation coefficient (r), performance index (c) and concordance index (dw), the Phyllochron me-
thod showed be superior than the WE method. Regarding the statistical indicatives (Table 4), it was observed  
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Table 3. Accumulated thermal sum (STa, in ˚C∙day−1) estimated for forest species at 50% and 65% shading by nylon black 
shade-screen.                                                                                           

Shading level Adenanthera pavonina Cassia fistula Hymenolobium petraeum Parkia pendula 

0% 696.22 599.11 729.03 721.23 

50% 664.43 565.56 697.47 689.63 

65% 685.81 590.21 718.92 711.06 

Average 682.15 584.96 715.14 707.31 

Standard deviation 16.21 17.38 16.12 16.13 

 
Table 4. Empirical values of the statistics used to classify Phyllochron (PHY) and Wang and Engel (WE) methods for four 
species in each treatment (0%, 50% and 65% shading). 

Statistics 
0% 50% 65% 

WE PHY WE PHY WE PHY 

Adenanthera pavonina 

RMSE 1.942 (1) 6.370 (2) 2.924 (1) 8.891(2) 2.520 (1) 8.070 v 

R 0.701 (2) 0.978 (1) 0.687 (2) 0.984 (1) 0.688(2) 0.985 (1) 

dw 0.961 (2) 0.994 (1) 0.966 (2) 0.993 (1) 0.966 (2) 0.994 (1) 

C 0.674 (2) 0.972 (1) 0.664 (2) 0.977 (1) 0.665 (2) 0.978 (1) 

BIAS −0.229 (2) 0.227 (1) −0.379 (2) 0.293 (1) −0.323 (2) 0.281 (1) 

Σ Vp 9 6 9 6 9 6 

Cassia fistula 

RMSE 0.995 (1) 5.602 v 0.741 (1) 1.554 (2) 0.814 (1) 2.369 (2) 

r 0.692 (2) 0.984 (1) 0.801 (2) 0.995 (1) 0.859 (2) 0.994 (1) 

dw 0.966 (2) 0.987 (1) 0.970 (2) 0.999 (1) 0.974 (2) 0.998 (1) 

C 0.669 (2) 0.970 (1) 0.777 (2) 0.994 (1) 0.837 (2) 0.992 (1) 

BIAS −0.127 (1) 0.519 (2) −0.137 (2) 0.089 (1) −0.201 (2) 0.137 (1) 

Σ Vp 8 7 9 6 9 6 

Hymenolobium petraeum 

RMSE 1.408 (1) 2.996 (2) 1.833 (2) 1.418 (1) 1.512 (1) 1.555 (2) 

r 0.718 (2) 0.993 (1) 0.722 (2) 0.987 (1) 0.701 (2) 0.988 (1) 

dw 0.963 (2) 0.994 (1) 0.961 (2) 0.981 (1) 0.963 (2) 0.999 (1) 

c 0.691 (2) 0.988 (1) 0.694 (2) 0.968 (1) 0.675 (2) 0.986 (1) 

BIAS −0.438 (2) −0.170 (1) −0.520 (2) −0.021 (1) −0.452 (2) −0.067 (1) 

Σ Vp 9 6 10 5 9 6 

Parkia pendula 

RMSE 0.973 (1) 3.831 (2) 1.595 (1) 4.329 (2) 1.227 (1) 2.798 (2) 

r 0.615 (2) 0.975 (1) 0.655 (2) 0.981 (1) 0.687 (2) 0.986 (1) 

dw 0.963 (2) 0.990 (1) 0.960 (2) 0.991 (1) 0.962 (2) 0.995 (1) 

c 0.592 (2) 0.965 (1) 0.629 (2) 0.971 (1) 0.661 (2) 0.981 (1) 

BIAS −0.262 (1) 0.383 (2) −0.466 (2) 0.375 (1) −0.389 (2) 0.248 (1) 

The values in parentheses below each statistic relate to weights assigned second method of statistical weighted scores (Vp), where 1 refers to the best 
model and 2, to worst. 
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that the Phyllochron method showed lowest of Vp values when compared with the WE method for all species 
and treatments, being this way, indicated as the best method to estimate the leaf appearance. 

Finally, the BIAS index indicated that the Phyllochron method excelled over WE, considering that for the spe-
cies H. petraeum and A. pavonina, the first was superior in estimating the NL in all treatments, while the second 
was greater only in the full sun treatment for C. fistula and P. pendula. For the mentioned index, the values 
ranged from −0.021 to 0.519 and −0.229 to Phyllochron to −0.127 for WE. 

The results were different from the observations for E. saligna and E. grandis, since for these species the best 
NL estimates given by WE method with nonlinear responses of LAR as a temperature function [14]. In general, 
the Phyllochron method criticized by considering the leaf emission response linear to temperature, what not ac-
cepted from the biological viewpoint. Streck [22] and Xue et al. [20] affirm that the linearity of responses (de-
velopment) obtained only in the proximity of basal temperatures. However, this method is widely used to esti-
mate crop development, mainly agricultural [20], and which for forest species, the studies of this nature are not 
frequent. 

4. Conclusions 
The thermal requirements estimated for the species Adenanthera pavonina, Cassia fistula, Hymenolobium pe-
traeum and Parkia pendula were respectively 15.0˚C, 16.4˚C, 14.5˚C and 14.6˚C, for the minimum basal tem-
peratures; 39.7˚C, 37.1˚C, 38.6˚C and 40.1˚C, for the maximum basal temperatures; 24.4˚C, 24.9˚C, 24.9˚C and 
25.1˚C, for optimum temperatures for development; and accumulated thermal sums (STa) averages are 
682.15˚C∙day−1; 584.96˚C∙day−1; 715.14˚C∙day−1 and 707.06˚C∙day−1. 

The Phyllochron model presented best estimates of leaf appearance of forest seedlings in shaded conditions 
and full sun. 
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