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Abstract 

The importance of forest restoration plantations to restore ecosystems and neutralize greenhouse gases 
is increasing, especially as a way to combat climate change. Research related to the growth of forest 
species and the influence of the environment should be considered to determine their potential in 
neutralizing carbon dioxide. Thus, the objective was to evaluate the growth in diameter at ground level 
and height of six forest species throughout the first year after planting according to meteorological 
variables. The experiment was conducted in the Carbon Zero Forest, part of the Open Space for 
Events on the main campus of the Federal University of Viçosa (UFV), Minas Gerais, Brazil. Planting of 
the 324 seedlings was conducted in December 2019, with 2.0 m x 2.0 m spacing, in a randomized block 
design. The meteorological characteristics for the year 2020 were obtained through the bulletins of the 
institution's own automatic station. The current increment in height and diameter was calculated for 
three-month intervals, per species. The data were subjected to Spearman's non-parametric correlation 
test. The significant correlations between increments in diameter at ground height and height with 
climatic variables were weak or moderate. In general, precipitation and maximum absolute temperature 
positively affected the current increment in height, while global radiation affected them negatively. 
Precipitation, average temperature and absolute minimum temperature negatively affected the current 
increment in diameter. The results obtained can help in the elaboration of strategies that promote the 
restoration of areas according to the adaptability of the species to adverse conditions, aside from 
potentiating the neutralization of atmospheric carbon dioxide. 

Keywords: Climate change; Recovery of degraded areas; Neutralization of greenhouse gases. 

Resumo 

A importância dos plantios de restauração florestal com o intuito de restaurar os ecossistemas e 
neutralizar os gases de efeito estufa vem aumentando, principalmente, como forma de enfrentamento 
às mudanças climáticas. Pesquisas relacionadas ao crescimento de espécies florestais e a influência do 
ambiente devem ser consideradas para determinação do potencial das mesmas em neutralizar carbono. 
Dessa forma, o objetivo foi avaliar o crescimento em diâmetro à altura do solo e altura de seis espécies 
florestais ao longo do primeiro ano pós-plantio em relação às variáveis meteorológicas. O experimento 
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foi conduzido no Bosque Carbono Zero, inserido no Espaço Aberto de Eventos do campus-sede da 
Universidade Federal de Viçosa (UFV), Minas Gerais, Brasil. O plantio das 324 mudas foi realizado em 
dezembro de 2019, com espaçamento 2,0 m x 2,0 m, em delineamento de blocos casualizados. As 
características meteorológicas para o ano de 2020 foram obtidas através dos boletins da estação 
automática da própria instituição. O incremento corrente em altura e em diâmetro foi calculado para 
intervalos de três meses, por espécie. Os dados foram submetidos ao teste de correlação não 
paramétrico de Spearman. As correlações significativas entre os incrementos em diâmetro à altura do 
solo e altura com as variáveis climáticas foram fracas ou moderadas. De maneira geral, a precipitação e 
a temperatura máxima absoluta afetaram positivamente o incremento corrente em altura, já a radiação 
global, negativamente. A precipitação, temperatura média e temperatura mínima absoluta afetaram 
negativamente o incremento corrente em diâmetro. Os resultados obtidos podem ajudar na elaboração 
de estratégias que promovam a restauração de áreas em função da adaptabilidade das espécies em 
condições adversas, além de potencializar a neutralização de carbono atmosférico. 

Palavras-chave: Mudanças climáticas; Recuperação de áreas degradas; Neutralização de gases de 
efeito estufa. 

1. INTRODUCTION 

The importance of greenhouse gas neutralization plantations has been increasing, 
including due to the socio-environmental benefits they can bring (Holl & Aide, 2011). 
Neutralization through plantations are a potential alternative for mitigating climate change, 
taking into account the carbon stock of trees in their biomass (Morais Júnior et al., 2019). In 
addition to the benefits of carbon storage, these plantations can act as a means of forest 
restoration of degraded areas, increase biodiversity, maintenance of the landscape, among 
others (Brancalion et al., 2019; Azevedo et al., 2018; Oliveira & Engel, 2017). The demand for 
knowledge about silvicultural techniques and suitable species for the establishment of 
plantations grows considerably, with the aim of carrying out plantations adequately and 
reducing the costs of the process (Brancalion et al., 2019; Crouzeilles et al., 2017). 

Growth is a relevant characteristic about species, defined as the increase in their 
dimensions in a given time, such as in diameter, height, volume or other measurable 
characteristics, at the individual or forest stand level (Prodan, 1997). Research related to the 
growth of forest species and the influence of the environment should be considered to 
determine their potential for restoration and neutralization plantings (Machado et al., 2014; 
Morais Júnior et al., 2019). The correlation between growth and meteorological conditions has 
already been proven, with emphasis on studies on precipitation, temperature and availability 
of water in soils to analyze the variability of growth of species (Kanieski et al., 2017; 
Martinkoski et al., 2015; Blagitz et al., 2016; Bernert et al., 2020). 

Meteorological variables can generate changes over the years in limiting resources such 
as water, light and nutrients, which directly affect the endogenous metabolism of the plant 
and interferes with growth (Alves, 2021; Worbes, 1999). The influence of meteorological 
variables on the initial growth of seedlings can be positive or negative. Low precipitation, for 
example, is reported as a limiting factor for cambium activity and stem growth in some 
species, but in other cases, high precipitation can become a hindrance to the initial growth of 
seedlings (Worbes, 1999). 

The relationship between tree growth and environmental factors varies between species, 
indicating that they have different sensitivities (Shimamoto et al., 2016). The greatest growth 
of a species in a region depends, among other factors, on its morphological characteristics, 
the ability to adapt to the environment and the classification of species in terms of their 
successional strategy (Almeida et al., 2005; Fırıncıoğlu et al., 2010). 

Thus, this research aimed to evaluate the growth in diameter at ground level and height 
of Anadenanthera colubrina var. cebil (Griseb). Altschul, Citharexylum myrianthum Cham., 
Joannesia princeps Vell., Peltophorum dubium (Sprengel) Taubert, Inga laurina (SW) Wild and 
Libidibia ferrea var. leiostachya (Mart.) during the first year after planting in relation to 
meteorological variables, temperature, precipitation, relative humidity and radiation. 
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2. MATERIAL AND METHODS 

2.1 Characterization of the area 
The experiment (A1) was conducted in the Bosque Carbono Zero, inserted in the Open 

Space of Events of the Federal University of Viçosa (UFV), Minas Gerais, Brazil (20º 45’ 35,73” S, 
42º 52’ 30,84” O) (Figure 1). 

 
Figure 1. Location of the experimental area (A1) in the Carbon Zero Forest. 

The site, with an altitude of 697m, is located in the Atlantic Forest biome, regionally 
characterized as Montane Seasonal Semi-deciduous Forest. The climate is Cwa (Köppen) with 
hot, rainy summers and cool, dry winters. The meteorological characteristics for the year 2020 
were obtained through the bulletins of the institution's own automatic station. The highest 
accumulated precipitation occurred in January and February, with 495.8 mm and 392.6 mm, 
respectively. The months of June and July were marked by low rainfall, with values below 5 mm. 
(Figure 2A). The absolute minimum temperature presented the lowest values in May and August 
and the absolute maximum in the months of September and October. (Figure 2B). The average 
temperature varied between 15°C and 25°C, with the lowest averages between the months of 
May and August (Figure 2B). Relative air humidity had the lowest average in September (Figure 
2C), which was also the month with the highest incidence of solar radiation (Figure 2D). 

 
Figure 2A. Accumulated precipitation (mm) averages during the year of 2020, in Viçosa, Minas Gerais. 
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Figure 2B. Temperature (ºC), absolute minimum and maximum averages during the year of 2020, in 

Viçosa, Minas Gerais. 

 
Figure 2C. Relative air humidity (%) averages during the year of 2020, in Viçosa, Minas Gerais. 

 
Figure 2D. Global radiation (kj m-2) averages during the year of 2020, in Viçosa, Minas Gerais. 

The local topography is characterized by a pedo-geomorphological gradient with flat tops with 
access to colluvial slopes, whose predominant soils are dystrophic Latosols abundant in aluminum, 
and shallow Cambic Latosols and valleys with eutrophic Cambisols (Ferreira Júnior et al., 2012). 

2.2 Characterization of planting 
Three hundred and twenty-four seedlings of six forest species native to the Atlantic Forest; 

Anadenanthera colubrina var. cebil (Griseb). Altschul, Citharexylum myrianthum Cham., Joannesia 
princeps Vell., Peltophorum dubium (Sprengel) Taubert, Inga laurina (SW) Wild and Libidibia ferrea 
var. leiostachya (Mart.) with 54 individuals each, were planted at 2.0 m x 2.0 m spacing, distributed 
in 18 rows with pits (30 cm x 30 cm x 30 cm) parallel to the slope of the area. The species are 
commonly used in flora recomposition projects and deserve attention regarding their behavior 
and development under such conditions. The cutting of low density crawling vegetation was 
carried out before and after planting to control weed competition, mainly with brachiaria (Urocola 
decumbes (Stapf) R.D. Webster) favoring the establishment and growth of seedlings. 

Liming was done 60 days before planting, with 50g of dolomitic limestone with PRNT 76% 
mixed into the bottom of the pit. Phosphate fertilization of 300g of simple superphosphate (18% 
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P2O5) was also done 30 days before planting. After planting, three surface fertilizations using 
NPK 20-0-20 were done in January (100g/pit), February (100g/pit), and November (150g/pit) of 
2020. There was no need for irrigation, because planting occurred during the rainy season. 

The control of leaf-cutting ants with formicide baits (0.3% m/m sulfluramid) was done 
when active nests were detected. Weed combat was done with a hoe, as needed. 

2.3 Data Analysis 

The height (cm) and diameter at ground level (mm) of each seedling were measured with 
a tape measure and caliper, respectively. The inventories were made soon after planting and 
in each quarter of the year. The current increment in height (ICH-cm) and in diameter at 
ground level (ICD-mm) was calculated in each quarter per species; with ICHij = Hij- H(i-1) j; 
ICDij = ICDij - ICD(i-1) j, where i = quarter evaluated; j = species. 

The meteorological variables temperature, precipitation, relative humidity and radiation 
collected from the weather station established on the UFV headquarters campus and the 
information on height and diameter increments were submitted to Spearman's non-
parametric correlation test, commonly used for data distributions that do not tend to 
normality. The alpha (α) adopted was 1%, with the null hypothesis (H0) accepted, when the p-value 
> α (0.01) with correlation equal to zero and the alternative (Ha), when p-value ≤ α (0.01) with 
non-zero correlation. Analyzes were performed using the R software. 

3. RESULTS AND DISCUSSION 

The interaction between the current quarterly increment in Height and Diameter at 
ground level related to the Average, Maximum and Minimum Temperature variables; 
Precipitation; Radiation, and Relative Humidity are presented in Figures 3A, 3B, 3C and 3D, 
respectively. The significant correlations between the increments in diameter at ground level 
and height with the climatic variables were weak or moderate, which may be related to the 
tropical climate of the study region. The effect of variations in temperature, precipitation, solar 
radiation, among other climatic variables on the growth rate of trees is more significant in 
areas with temperate climates (Jacoby, 1989). 

 
Figure 3A. Quarterly current increment in Height (ICH - cm year -1) and Diameter at ground level (ICD - 

mm year-1) in relation to the variables Average Temperature (T avg - ºC), Maximum (Tmax - ºC) and 
Minimum (Absolute Tmin - ºC). 
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Figure 3B. Quarterly current increment in Height (ICH - cm year-1) and Diameter at ground level 

(ICD - mm year-1) in relation to the variable Precipitation (Pp - mm). 

 
Figure 3C. Quarterly current increment in Height (ICH - cm year-1) and Diameter at ground level 

(ICD - mm year-1) in relation to the variable Radiation (RAD - Kj-2). 

 
Figure 3D. Quarterly current increment in Height (ICH - cm year-1) and Diameter at ground level 

(ICD - mm year-1) in relation to the variable Relative Air Humidity (RH - %). 
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In general, precipitation and absolute maximum temperature positively affected the 
current height increase, while global radiation negatively affected it (Table 1). Solar radiation 
and maximum temperature were the climatic variables that most influenced the current 
increment in individual height of the species studied, but with an interdependence considered 
weak between the variables. 

Table 1. Correlation values between the Current Increment in Height (ICH) and in Diameter at Ground 
level (ICD), and the analyzed climatic variables 

Variable ICH ICD 
Pp 0.128* -0.126* 

RAD -0.106* -0.048 
Tavg -0.027 -0.177* 
Tmax 0.185* 0.055 
Tmin 0.128* -0.126* 
RH 0.009 0.068 

*significant correlations, at 1% probability, by Student's test. 

Generally for height growth analyses, the quarter with the lowest ICH is between June 
and August. This behavior is similar in the analysis of increment in diameter at ground level 
(ICD), but less expressive. Even though this is a study conducted in a tropical climate area, a 
lower plant development is expected in these months, since the period is marked by water 
scarcity and milder temperatures, typical of the Cwa (Koppen) climate in winter (Alvares et al., 
2013). The differences found in the growth patterns are related to the seasonal conditions to 
which they are exposed, because the individual trees adapt their growth to withstand the 
seasonal stress to which they are submitted. 

In the fourth quarter (October to December), the highest rates of ICH were observed; a 
period that coincides with the hottest and rainiest season. In a study related to the periodicity 
of the growth of tree species, it was concluded that the analyzed species also had a greater 
development in the months in question (Blagitz et al., 2016). The quarters that had the highest 
precipitation rates favored height growth, but decreased the diameter increment at the base 
of the evaluated individuals. Precipitation and, consequently, soil water availability are 
paramount for the development of tropical forest seedlings, and recurrent periods of drought 
inhibit growth rates and reduce the response to precipitation (O’Brien et al., 2017; Wang et al., 
2019). The variation in precipitation alters the availability of soil water and nutrients and, 
consequently, the dynamics of the root system, since the roots expand in drier conditions, in 
search of water (Moran et al., 2019). Other water use strategies besides rooting depth are 
used by plants, such as deciduousness, tissue water storage, hydraulic architecture, and 
regulation of stomatal conductance (Comita & Engelbrecht, 2009). 

The increase in radiation caused a decrease in ICH in J. princeps and C. myrianthum, in which 
the interdependence was considered very weak. For A. colubrina var. cebil, I. laurina and P. dubium, 
on the other hand, the effect of Tmax was the opposite, causing an increase in ICH as it increased. 
This effect was significant, but with an interdependence considered very weak. The other 
interdependencies between the climatic variables and the ICH were very weak, with the effect of 
precipitation and absolute minimum temperature being positive, while the average temperature 
was negative. The effect of relative humidity was variable, being negative for A. colubrina var cebil, 
I. laurina and L. ferrea var. leiostachya, and positive for J. princeps and C. myrianthum. 

The current increment in diameter at ground level was more influenced individually by 
the analyzed climatic variables, in comparison with ICH. The growth in diameter of trees varies 
between and within species, and is influenced not only by age, but also by seasons and 
weather conditions (Higuchi et al., 2003). The peak growth in diameter tends to vary 
depending on the climatic conditions of each year, and may suffer a reduction due to the 
decrease or cessation of the cambial activity resulting from the onset of water deficit, in 
conjunction with the lower temperatures that preceded the onset of winter (Maria, 2002). 
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Precipitation had a significant and positive effect for the increments only for C. myrianthum 
and, negative for A. colubrina var. cebil, P. dubium, I. laurina and L. ferrea var. leiostachya. The 
distribution of precipitation is one of the climatic factors that regulate the growth of tree 
species in tropical forests (Brienen et al., 2011). In these forests, the reduction in cambial 
activity and consequently in the ICD, is mainly due to the decrease in precipitation 
(Martinkoski et al., 2015). Good results of survival and development of individuals of C. myrianthum 
in places with high rainfall and good water availability in the soils were obtained by 
Silveira et al. (2013). According to the authors, these results may have been attributed to the 
fact that this species preferentially inhabits humid places. Positive effects of precipitation are 
reported for height and basal diameter growth and total biomass accumulation in forest 
seedlings (Wang et al., 2019), but this behavior is variable depending on the species. Water is 
related to growth due to its participation in all physiological and biochemical processes, being 
the main constituent of plant tissues, responsible for cell turgidity, reactant in hydrolytic 
processes and acting as a means of dissolving salts and other substances, creating a 
continuous system for dissolution inside the plant (Campos, 1970). 

The maximum and minimum temperature had a significant positive influence on the ICH, 
while the average and minimum temperature influenced the ICD with a negative effect; that 
is: the lower the minimum temperature or the quarterly average, the higher the ICD. 
Temperature is a key determinant of the rate of metabolic processes and therefore has a 
direct impact on plant growth, influencing photosynthesis and cellular respiration, which can 
affect the plant's water balance, disrupt enzyme systems, induce water stress and cause loss 
of turgidity (Landsberg et al., 2011). Daily maximum and minimum temperatures are variables 
of interest because they can cause damage to plants and interrupt growth temporarily or 
permanently, and are a significant source of abiotic stress (Landsberg et al., 2011). 

The current increment in diameter at ground level was more influenced individually by 
the analyzed climatic variables, when compared with ICH. Precipitation had a significant and 
negative effect for A. colubrina var. cebil, P. dubium, I. laurina and L. ferrea var. leiostachya, 
positive. The interdependence between precipitation and the current increment in diameter 
of I. laurina is moderate, in the other species it was considered weak or very weak. The global 
radiation and the current increase in diameter at ground height had moderate and negative 
interdependence with J. princeps and P. dubium, but with A. colubrina var. leiostachya, positive. 

The interdependence of Tavg was not significant only for A. colubrina var. cebil. For C. 
myrianthum, the Tavg was moderate and positive, while in the other species it was weak and 
negative. With the other species, the interaction was moderate and negative. Tmax and Tmin 
had moderate interaction effects, and Tmax had a positive effect for A. colubrina var. cebil and 
negative for J. princeps and P. dubium. In contrast, the effect of Tmin was positive for C. 
myrianthum and negative for A. colubrina var. cebil and P. dubium. 

Thus, in this study, by analyzing only the climatic variable Tmax, it can be inferred that 
individuals of A. colubrina var. cebil, I. laurina and P. dubium, have a good ICH in locations that 
have high temperatures. However, it is necessary to determine the optimum temperature 
rates for each species, because rates above optimum lead to increases in photorespiration, 
which reduces photosynthesis because the enzymes and membranes involved in the 
photosynthetic process lose their function. The average growth rate of Ficus insipida Willd., 
Ochroma pyramidale (Cav. Ex Lam.) Urb and Calophyllum longifolium L., which grow in 
neotropical regions, peaked at temperatures near 30°C and the appearance of the plants was 
also affected by temperature variation (Slot & Winter, 2017). In general, pioneer species such 
as P. dubium even when in competition with herbaceous plants, grow faster in warmer 
locations, and thus small increases in temperature and length of the growing season may 
favor the establishment of forest stands in grasslands (Fridley & Wright, 2018). Temperature 
extremes are responsible for stress in plants (Maria, 2002). Thus, when analyzing climatic 
ranges to which species are adapted, it is important to examine their ability to withstand 
extremes at various stages of growth (Landsberg et al., 2011). High temperatures can reduce 
the plant's carbon assimilation, due to increased transpiration and the closing of stomata. In 
contrast, low temperatures damage plant tissue and can impair seedling development, 
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influencing the provision of ecosystem services and even causing seedling death (Tan, 2013; 
Li et al., 2018). The impact of low temperature is dependent on duration and intensity, and can 
also be influenced by topography, slope and stand characteristics, such as the degree of 
canopy closure (Li et al., 2018). The effect can be enhanced in open locations, where a 
reforestation process is initiated. Seedlings stressed by low temperatures for a short period 
of time tend to adapt through self-regulation, seeking a new balance to minimize damage and 
resist cold. However, longer periods alter the physiological functions permanently, for 
example by damaging cell membranes and promoting electrolyte leakage (Luo et al., 2007; 
Zhou et al., 2010; Wang et al., 2011). 

The global radiation and the current increase in diameter at ground level had moderate 
and negative interdependence with J. princeps and P. dubium, but with A. colubrina var. cebil, it 
was positive. Relative humidity had no influence on the ICD of P. dubium and had a weak 
positive interaction with J. princeps and a negative interaction with L. ferrea var. leiostachya. The 
ICDs of A. colubrina var. cebil and I. laurina had moderate and negative interactions with RH, 
and C. myrianthum had positive ones. 

The solar radiation indexes contributed negatively to the development of J. princeps and P. 
dubium, demonstrating that perhaps these species can have favored growth if planted together 
with faster growing species, aiming to generate a light shading. Light is one of the climatic 
variables that has the greatest influence on the development of trees and, like temperature, it 
can influence many physiological activities that affect plant metabolism (Machado et al., 2014). 
Photosynthesis, for example, tends to increase with increasing temperature, up to an optimum 
point, after which it declines for biochemical and hydraulic reasons (Sage & Kubien, 2007; Slot & 
Winter, 2017). Solar radiation is a key factor for forest productivity, particularly during the rainy 
season (van de Weg et al., 2014; Banin et al., 2014; Malhi et al., 2017; Fyllas et al., 2017; 
Uriarte et al., 2018). It is composed of a complex mixture of ultraviolet (UV), visible and infrared 
wavelengths, and the different wavelengths have different effects on plant growth and 
development (Verdaguer et al., 2017). Increased radiation can decrease plant height, basal 
diameter, leaf area index, below and above ground biomass, fruit and stem biomass by 25.6%, 
16.4%, 46.4%, 40.9%, 23.3%, 37.5% and 23.8%, respectively, but responses to the effect of 
increased radiation vary with vegetation types (Fu & Shen, 2017). 

4. CONCLUSIONS 

Precipitation and temperature have an effect on growth in height and diameter at ground 
level, but with an opposite behavior between the variables, indicating possible strategies for 
adapting species to adverse conditions. 

The effect of meteorological variables varies depending on the species and planting 
conditions. For solar radiation, its effect on growth must be taken into account in order to minimize 
the negative effects it can promote, depending on the specific tolerance of each species. 

Elucidating the degree to which and how forest species are affected by climate variables 
is of high importance, especially in the context of current climate change. The results obtained 
can help in the development of strategies that promote the restoration of areas due to the 
adaptability of the species to adverse conditions, aside from potentiating the neutralization of 
atmospheric carbon. 
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