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ABSTRACT 

This study had the objective to evaluate the initial growth and crown cover of native cerrado species of 

different successional groups in planting forest restoration in Chapadão do Sul, MS, with an experiment 

installed in February of 2013 to test restoration models. Twelve species were selected, being four 

pioneers: Anadenanthera falcata, Cybistax antisyphilitica, Platypodium elegan and Samanea tubulosa; 

four early secondary species: Dipteryx alata, Sterculia striata, Alibertia edulis and Enterolobium 

contortisiliquum; and four late secondary species: Cedrela fissilis, Copaifera langsdorfii, Handroanthus 

roseo-albus and Hymenaea stilbocarpa. Diameter at soil height (DSH), total height and crown diameter 

were measured at 8, 14, 20 and 26 months after planting. the periodic increase in height and DSH were 

calculated by species, group and age, and the crown area at 26 months. The highest increases in height 

and DSH were from the pioneers group and from the early secondary until 26 months, and the lowest 

increases were from the late secondary species. The species within each group vary their initial 

investment in height and DSH. The pioneers group presented the largest crown areas, while the late 

secondary group presented the smallest. 
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RESUMO 

Com o objetivo de avaliar o crescimento inicial e a cobertura de copa de espécies nativas do cerrado de 

diferentes grupos sucessionais, em plantio de restauração florestal, em Chapadão do Sul, MS, foi 

instalado em fevereiro de 2013 um experimento testando modelos de restauração. Foram 

selecionadas 12 espécies, sendo quatro pioneiras: Anadenanthera falcata, Cybistax antisyphilitica, 

Platypodium elegan e Samanea tubulosa, quatro secundárias iniciais: Dipteryx alata, Sterculia striata, 

Alibertia edulis e Enterolobium contortisiliquum e, quatro secundárias tardias: Cedrela fissilis, 

Copaifera langsdorfii, Handroanthus roseo-albus e Hymenaea stilbocarpa. Foram mensurados o 

diâmetro à altura do solo (DAS), a altura total e o diâmetro de copa destas, aos 8, 14, 20 e 26 meses 

após plantio. Foi calculado o incremento periódico em altura e DAS, por espécie, grupo e idade e, a 

área de copa aos 26 meses. Os maiores incrementos em altura e DAS foram do grupo das pioneiras e 

das secundárias iniciais até os 26 meses e os menores das secundárias tardias. As espécies, dentro de 

cada grupo, variam seu investimento inicial em altura e em DAS. O grupo das pioneiras apresentou as 

maiores áreas de copa enquanto, as secundárias tardias as menores. 

Palavras-chave: Recuperação de áreas degradadas; Sucessão ecológica; Crescimento 
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 1 INTRODUCTION 

 

The Cerrado is a biome that has suffered the second most from changes 

caused by human occupation, behind only the Atlantic Forest (MMA, 2011). The 

degradation to which it is submitted is mainly due to activities such as agricultural 

frontier expansion, inadequate soil management (PEREIRA et al., 2012) and predatory 

exploitation of firewood for coal production (MMA, 2011). These activities result in 

suppressing the natural vegetation which interferes in the ecological processes of the 

environment, causing ecosystem imbalance (DUARTE et al., 2017), thus the need for 

recovering these areas arises. 

Until the beginning of the 2000s, reclamation projects of degraded 

environments were aimed at re-establishing climax stage vegetative structure in an 

altered environment through planting seedlings, which led to a series of failures 

(RODRIGUES et al., 2007). Currently, alternatives have been pursued for restoring 

these areas, where the management and induction of ecological processes such as 

the successional process are recommended, taking advantage of or stimulating 

ecosystem resilience (CAVA et al, 2016; MARTINS et al., 2008) in order to restore 

biologically viable forests that do not depend on constant human interventions 

(BRANCALION et al., 2010). Thus, several models and techniques have been tested to 

promote restoration of these environments, such as natural regeneration (BRITO et 

al., 2019), seed mixing (BENINI et al., 2016), no-tillage (PARRON et al., 2015; FERREIRA 

et al., 2016), planting in rows (ALMEIDA, 2016), planting seedlings (GUIMARAES et al., 

2017), the use of integrated cultivation systems (MICOLLIS et al., 2016) and the 

nucleation strategy (MORES AND BOBROWAKI, 2018). However, many experiments 

have not yet achieved the desired results, demonstrating that studies in this area still 

require advancement (BRANCALION et al, 2010). 

The complexity related to the succession process, the time required for it to 

occur, the diversity of ecosystems and degradation histories, as well as the 

environmental characteristics of the degraded areas make each restoration process 

unique, and he success of this process depends on the barriers encountered in each 
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 location (DURIGAN et al., 2010; GOMES et al., 2013; HOLL AND AIDE, 2011; RODRIGUES 

et al., 2020). 

In degraded ecosystems which present low resilience, natural vegetation 

recovery can be very slow, contributing to the continuity of degradation. Thus, 

planting species from different successional stages can accelerate the succession 

process (DUBOC AND GUERRINI, 2007; REZENDE et al., 2015). 

Planting seedlings is considered a costly technique due to the implantation cost 

and initial maintenance of these plantations (BENDITO et al., 2018; GOMES et al., 

2013). However, it can be efficient and present faster results when compared to other 

techniques favouring fast soil cover (RIBEIRO et al., 2012), being the most used 

technique in the cerrado biome (RODRIGUES et al., 2020). For this, a successional 

model can be adopted where the cover group provides rapid area closure in the initial 

succession stage, thus providing conditions for the diversity group formed by the final 

succession species to establish later (MARTINS, 2009) in places where (in principle) 

there are barriers to their development (FERREIRA et al., 2010). Therefore, promoting 

soil cover with native species of the ecosystem itself enables ecological processes to 

resume, thereby restoring part of the local biodiversity and enabling greater action 

effectiveness (OLIVEIRA et al., 2015). 

The use of Cerrado species in restoring degraded areas is relatively recent 

(SAMPAIO AND PINTO, 2007). Thus, identifying species capable of developing in these 

areas becomes essential for managing restorations under ecological and economic 

criteria (MELO et al., 2004). 

It is now known that not all planted species can establish in an area, since they 

do not survive or form a stable population and therefore do not persist over time 

(DURIGAN et al., 2010). In order to be successful in establishing species with rapid soil 

recovering in the cerrado area, it is necessary to introduce species that present high 

height increase and survival rate values (SAMPAIO AND PINTO, 2007; OLIVEIRA et al., 

2015). 

In this sense, Durigan (1990) tested 20 species and pointed to Anadenanthera 

falcata, Tapirira guianensis and Calophyllum brasiliense as promising species for the 
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 recovery of riparian forest in a cerrado area based on a survival rate above 90% and a 

vigorous growth rate; a result attributed to the ecological classification of the species 

as pioneers and early secondary. In addition, the canopy cover of a stand is an 

important indicator of the environmental changes that occur in the forest, since it 

changes the internal environment of these areas, affecting seedling establishment 

and growth, the floristic structure of the area and the chemical, biological, and 

physical characteristics of the soil (MELO et al., 2007). 

Studies related to the establishment and growth of native cerrado species in 

degraded areas are still scarce. Thus, this study had the objective to evaluate the 

initial growth and crown cover of native cerrado species belonging to different 

successional groups in a forest restoration plantation. 

 

2 MATERIAL AND METHODS 

 

The experimental area is located in the municipality of Chapadão do Sul, MS, 

within the Pasto Ruim microbasin, which has an area of approximately 30,000 ha, 

presenting degradation processes in all its extension, located at the coordinates 18° 

48' south latitude and 52° 37' W longitude, at an average altitude of 860 m. According 

to the Köppen classification, the climate of the region is tropical with dry season in 

winter and rainy in summer (Aw), an average annual temperature of 13 to 28°C and 

average annual rainfall of 1,800 mm (CUNHA et al., 2013). 

The restoration experiment was installed in February of 2013, in an area of 

approximately one hectare, using seedling planting based on ecological succession 

models as the recovery method. The experiment implemented a randomized block 

design in a factorial scheme with time subdivided plots. Species and ecological groups 

were considered in the plots and time in the subplot, with three repetitions. Seedlings 

of 29 native cerrado tree species were produced from seeds collected from selected 

matrix trees in the region. 

Twelve species were selected for this study, four from each of the ecological 

groups: pioneers, early secondary and late secondary (Table 1). The definition of the 
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 species to be used in the experiment, considered those of easy occurrence in the 

study environment. 

Diameter at soil height (DSH) and total height (HT) were measured at 8, 14, 20 

and 26 months after planting. The crown diameter of the 12 species was obtained at 

the age of 26 months, in the planting line direction (LD) and in the planting between 

lines direction (ILD). 

Based on the collected data, we calculated the periodic increment in height 

(PIHT) and diameter at soil height (PIDSH) by species, group and age for the periods of 8-

14, 14-20, 20-26 months after planting, and the crown cover area for species, group 

and age at 26 months after planting. 

A statistical analysis was performed comparing the means obtained by the 

Tukey test at 5% probability. 

 

Table 1 - Species selected for study, their respective families and successional groups 

(Sg). (Pioneers: P; Early secondary: ES; Late secondary: LS) 

Species Scientific Name Family Sg 

Angico Anadenanthera falcata (Benth.) Speg. Fabaceae P 

Baru Dipteryx alata Vog. Fabaceae SI 

Chichá Sterculia striata A. St.-Hil. & Naudin Malvaceae SI 

Cedro Cedrela fissilis Vell. Meliaceae ST 

Copaíba Copaifera langsdorfii Desf. Fabaceae ST 

Ipê branco Handroanthus roseo-albus (Ridl.) Mattos Bignoniaceae ST 

Ipê verde Cybistax antisyphilitica (Mart.) Mart. Bignoniaceae P 

Jacarandá do campo Platypodium elegans Vogel Fabaceae P 

Jatobá do cerrado Hymenaea courbaril L. Fabaceae ST 

Marmelada de 

bezerro 
Alibertia edulis (Rich.) A. Rich. Rubiaceae SI 

Orelha de negro Enterolobium contortisiliquum (Vell.) Morong Fabaceae SI 

Sete cascas 
Samanea tubulosa (Benth.) Barneby & J. W. 

Grimes 
Fabaceae P 

 

3 RESULTS AND DISCUSSION 

 

Analyzing the rainfall regime, it was observed that the months from January to 

April, were the ones that showed greater stability and greater monthly accumulations 
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 for the three years of study. The total accumulation in the four months was 264, 672 

and 812.2 mm for the years 2013, 2014 and 2015, respectively (Fig. 1). 

 

Figure 1. Mean monthly precipitation during the study period for the municipality of 

Chapadão do Sul, MS 

 
Source: by the authors 

 

The increase in diameter and height of the cerrado species evaluated varied 

with the ecological group to which they belonged and the evaluation period (Table 2). 

Between 8 and 14 months and 20 to 26 months of age, periods equivalent to the 

interval of months between October and April (and the time of the year that 

corresponds to the highest occurrence of rainfall in the region - Figure 1), the pioneer 

species group presented the greatest growth in the evaluated variables, while those in 

the late secondary group presented the lowest growth. A similar result was observed 

in studies by Duboc and Guerrini (2007) and Leles et al. (2011), where the average 

diameter growth was higher for the pioneer species than the non-pioneer species. 

According to Martins (2009), one of the outstanding characteristics of the species 

belonging to the pioneers group is the rapid initial growth when compared to the 

group of late secondary species, since these are less demanding to soil fertility and 

can develop in adverse conditions. 
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 Table 2 - Periodic increment in diameter at soil height (PIDSH) and total height (PIHT) for 

the three successional groups in the periods of 8-14 months, 14-20 months and 20-26 

months 

 Evaluation Period 

Sg PIDSH (cm) PIHT (cm) 

 8-14 14-20 20-26 8-14 14-20 20-26 

P 0.32 a 0.29 b 0.82 a 20.98 a 12.47 b 24.27 a 

SI 0.26 b 0.44 a 0.74 b 14.69 b 14.65 a 18.00 b 

ST 0.13 c 0.13 c 0.58 c 7.31 c 7.14 c 15.25 c 

Values followed by the same letter in the column do not differ at the 5% probability level by the Tukey test; (Sg): successional 

groups; P: pioneers; ES: early secondary; LS: late secondary. 

 

Between the ages of 14 and 20 months, which corresponded to the interval 

between April and October 2014 when the rains were sporadic or did not occur in the 

study region (Figure 1), the early secondary group presented the greatest increase in 

diameter and height, while the late secondary group presented the smallest 

increases. When compared to the group of pioneers, these values were 51.7% higher 

in PIDSH and 17.5% in PIHT, and this difference was even more significant when 

compared to the late secondary group, being 238% higher in diameter and 105% in 

height (Table 2). 

The higher increment of early secondary in the second evaluation period (14-20 

months) seems to indicate that they can grow better in adverse conditions, especially 

in periods without rain, as occurs in the study region (Figure 1). Or, pioneers may be 

able to reduce their growth rate in adverse periods as a strategy to survive those 

periods. According to Kanegae et al. (2000), an adaptation form of young Cerrado 

species would be to go into dormancy and/or maintain photosynthesis at lower rates 

under the reduced leaf water potential to survive the dry season. 

The species within each successional group varied in diameter and height for 

the three evaluated periods (Table 3). All species of the three groups studied 

presented the largest diameter increases in the period from 20 to 26 months of age, 

demonstrating a diametric growth relationship with soil water availability. According 

to Zanon and Finger (2010), both excess and water deficiency may lead to a reduction 

in the photosynthetic rate of plants. For Martinkoski et al. (2015), this reflects in the 

exchange rate of tropical species. 
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 Table 3 - Periodic increment in diameter at soil height (PIDSH) and total height (PIHT), for 

the studied species within the successional groups in the periods of 8-14 months, 14-

20 months and 20-26 months 

 Evaluation Period 

Sg PIDSH (cm) PIHT (cm) 

 8-14 14-20 20-26 8-14 14-20 20-26 

Pioneers       

Af 0.34 bB 0.23 bC 1.30 aA 36.43 aB 16.52 bC 37.30 aA 

Ca 0.10 dC 0.15 cB 0.51 dA 12.79 cA 6.61 cB 6.14 dB 

Pe 0.31 cC 0.55 aB 0.87 bA 31.84 bA 23.38 aB 19.64 cC 

St 0.53 aB 0.23 bC 0.60 cA 2.85 dB 3.39 dB 34.01 bA 

Early secondary       

Da 0.18 cC 0.18 dB 0.95 bA 10.78 cB 4.47 dC 38.89 aA 

Ae 0.19 cC 0.46 bB 0.50 cA 11.19 cC 12.01 bB 13.78 bA 

Ss 0.30 bB 0.21 cC 0.32 dA 13.36 bA 9.67 cB 10.24 cB 

Ec 0.37 aC 0.90 aB 1.18 aA 23.42 aB 32.44 aA 13.06 bC 

Late secondary       

Hs 0.18 aB 0.13 bC 0.46 cA 9.07 aB 3.50 cC 24.30 aA 

Cl 0.11 bB 0.11 bB 0.57 bA 6.14 cC 7.86 bB 11.79 cA 

Cf 0.09 bB 0.10 bB 0.88 aA 6.78 bC 9.78 aB 17.59 bA 

Hr 0.16 aC 0.19 aB 0.40 dA 7.24 bA 7.42 bA 7.34 dA 

Values followed by the same lowercase letter in the column and upper case in the row do not differ at the 5% probability level by 

the Tukey test; Sp - species: Af - angico; Ca - ipê verde; Pe - jacarandá; St - sete cascas; Da - baru; Ae - marmelada; Ss - chichá; Ec - 

orelha-de-negro; Hs - jatobá; Cl - copaíba; Cf - cedro; Hra - ipê-branco. 

 

Within the successional groups studied, the growth for the height variable 

varied over the evaluation time. In the pioneers group, angico presented higher PIHT in 

the last evaluated period, followed by the first evaluation period, which both coincide 

with the rainy season in the region (Figure 1). This reduced its rate of growth in the dry 

period of the year (14-20 months) (Table 3). On the other hand, the ipê verde and the 

jacarandá-do-campo had a higher growth in the first evaluated period. This shows that 

even though they belong to the same successional group, the species present 

different establishment strategies in the field. According to Venturoli et al. (2013), the 

different behavior in relation to the growth in height and diameter of the plants may 

be related to the growth rate that each species presents. 

Species in the initial secondary group also presented differentiated behavior 

regarding height increase (Table 3). Baru and marmelada-de-bezerro presented the 

highest growth in the period from 20 to 26 months, while the orelha-de-negro showed 

the highest PIHT in the second evaluation period, which coincides with the dry period 
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 of the year. The chichá presented a reduced growth rate in the dry period (14-20 

months) for both diameter and height. In following the growth of different Cerrado 

species in degraded areas, Oliveira et al. (2015) also found different growth strategies 

among evaluated species which belonged to different cerrado environments, as well 

as within each environment. 

Regarding the height variable for the late secondary group, copaíba and cedro 

had similar behavior for PIDSH (Table 3), while ipê branco showed a different growth 

strategy at the same time, maintaining the same growth rate during the evaluated 

period since there were no significant differences between the evaluated periods for 

this species. In this group, only jatobá-do-cerrado species showed a lower growth rate 

in the period of 14 to 20 months for both height and diameter. This reduction may be 

related to the period of the year in which the evaluations were carried out (April-

October) as there is a decrease in rainfall in the region. According to Martinkoski et al. 

(2015), this variation in the species growth may be related to the local abiotic 

characteristics and/or to the genetic factors of each species, thus being determinant 

in the species development. 

When evaluating the PIDSH and PIHT among the species within the successional 

groups (Table 3), it can be observed that the species present a different growth rate 

among them. Among the pioneers, ipê verde presented the smallest growth rate in 

diameter in all the evaluation periods. This species was only ahead of the sete cascas 

species for height in the first two periods evaluated. Between 8 and 14 months after 

planting, the sete cascas presented the highest PIDSH, which was 56% higher than 

angico and 430% higher than ipê verde. 

For height, the angico species presented the greatest increment in this period, 

with this value being 14.4% superior to the PIHT observed for the jacarandá-do-campo 

and 12.8 times greater than that observed for sete cascas. This shows that species vary 

in their initial investment in height or diameter growth, establishing different 

establishment strategies in the field, even belonging to the same successional group. 

According to Oliveira et al. (2015) typical cerrado species of different environments 

(savanna and forest) present different initial growth strategies. In their study, savanna 
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 species initially invested more in diametric growth, while those in the forest 

environment invested more in height. Therefore, species such as angico, which occur 

naturally in forests, invest in height first as a way of establishing themselves in the 

canopy. 

In the period from 14 to 20 months, the driest period of the year in the region 

(April/September), the species with the highest PIDSH and PIHT was the jacarandá-do-

campo (Table 3). Species that occur in drier environments, preferably in the Cerrado in 

a restricted sense (OLIVEIRA et al., 2015; ALVES et al., 2016), may present a mechanism 

for avoiding drought, since they did not interrupt their development in this season. In 

the third period of 20 to 26 months, the angico species presented the greatest 

increases for both diameter and height, while the smallest increase (PIDSH and PIHT) 

was observed for the ipê verde. 

Baru and marmelada-de-bezerro were the species that presented the smallest 

increment for the initial secondary group in the period of 8 to 14 months (Table 3) for 

both height and stem diameter, and did not differ significantly between them. The 

orelha-de-negro was the one that presented the largest increments in diameter in all 

periods. However, baru presented the greater increase among the others only for 

height in the period of 20 to 26 months. 

In the late secondary group for the period of 8-14 months, the jatobá-do-

cerrado and ipê branco were the species with the highest PIDSH, obtaining on average 

70% higher than the copaiba and cedro species, which had obtained smaller increases. 

Regarding PIHT for the same period, jatobá obtained the greatest increase, being 

40.4% higher than what was observed for the copaiba and cedro species which 

obtained the smallest increases. In the period of 14-20 months, ipê branco was the 

only species that differed from the others with an average of 68% higher diameter 

increase than the others. The cedro species obtained the greatest increment at the 

same time and for the same period, being 179% superior to jatobá, which presented 

the smallest increase. For the period of 20-26 months, the cedro species had the 

highest PIDSH, while the ipê branco species presented the lowest PIDSH, with cedro being 

120% higher than ipê branco. 
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 The crown projection area of the studied species varied among the 

successional groups. The largest crown areas were observed for the pioneers group, 

while the smallest areas were verified for species of the most advanced succession 

stage (Figure 2). 

 

Figure 2 - Crown projection area for the three successional groups studied at 26 

months of age. 

 

 

This result is due to the characteristics attributed to these successional groups, 

since the pioneer species present rapid growth and expansion of their crowns among 

their main characteristics in order to provide shading, assisting in controlling inter-

canopy competition, providing soil protection and favorable microclimatic conditions 

for end-of-succession species to be established later (MELO et al., 2007; PEREIRA et al., 

2012). It is also worth mentioning that the small development of the leaf area of the 

late secondary group species can be caused by the soil characteristics and the 

influence of the local agents (PEREIRA et al., 2012), since they are generally plants 

which are more demanding of the soil characteristics (MARTINS, 2009). 

In analyzing the species within each group, it can be observed that there is a 

variation in crown development between the species of the same group (Figure 3). 

The species that stood out for the pioneers group was jacarandá-do-campo (3.57 m2) 

followed by angico (3.20 m2), while the smallest crown area was for ipê verde (0.31 m2). 
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 Among the early secondary species, orelha-de-negro stood out from the others with a 

mean area of 3.13 m², being 92% larger than the baru species (1.63 m²), which was the 

second largest in crown area. In the late secondary group, the cedro species had the 

largest crown area (3.47 m²), which was 689% higher than the jatobá and ipê branco 

species, which obtained the smallest areas at 26 months of age. This variation found 

among the species once again demonstrates that local biotic and abiotic factors as 

well as characteristics inherent to each species may interfere with their development 

(BINOTTO et al., 2016; MARTINKOSKI et al., 2015). 

 

Figure 3. Crown projection area for species within the three studied successional 

groups at 26 months of age. 
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 The work made it possible to verify that the species of the successional group 

of the pioneers have a quick response regarding growth and the formation of canopy, 

when the climatic conditions are more favorable. In this way, they are able to establish 

themselves more efficiently and provide adequate conditions for the other 

successional groups. Thus, the pioneers manage to restrict their energy cost during 

the most stressful period, preserving themselves for other times more conducive to 

their development. In the unfavorable climatic period, mainly due to the reduction of 

precipitation, the initial secondary ones show an outstanding growth. 

Regarding the species used, it was possible to observe an intense variation by 

species in the responses to growth in height, diameter and crown, for all successional 

groups. This aspect reinforces the need to establish more studies to define the best 

genetic materials for different environments within the same biome. The main 

starting point would be the native species of the environment itself, however, it is not 

always possible to follow these parameters, for different reasons, such as the absence 

of natural vegetation, lack of phytosociological studies, precariousness in the 

production of seedlings, among others. 

The information provided by the study in question, facilitates decision-making 

in the restoration process, and configures greater certainty in the desired results. 

Some points are clearer and can guide the implementation of the system. The success 

in this establishment will provide ecological benefits to the system and the favored 

region, allowing the faster covering of the soil, which reduces erosion processes, and 

consequently, physical, chemical and biological losses in the environment. It also 

favors the initial restoration of fauna, which will contribute to the acceleration of the 

restoration process. In this respect, the use of attractive species, such as fruit trees, 

can be advantageous. 



Initial growth crown cover of…                                                  14 

 

Ci. e Nat., Santa Maria, v. 42, e42, p. 1-17, 2020 

    

 4 CONCLUSIONS 

The pioneer and early secondary successional groups presented the largest 

increases in height and diameter at soil height up to 26 months of age, while the late 

secondary group presented the smallest increments. 

The species within each successional group vary as to their initial investment in 

growth in height and in diameter at soil height, implementing different establishment 

strategies in the field. 

The crown area varied between the successional groups. The pioneers group 

presented the largest crown areas, while the late secondary group had smaller crown 

areas. 

The work allowed us to understand that the establishment of the species of the 

successional group of the pioneers should preferably be at the beginning of the rainy 

season, so that they take advantage of the greater availability of water, which was a 

favorable point for the growth of these species. The variation in species responses, 

allows us to understand that the definition of which will be used must be based on 

previous studies. Priority should also be given to studies of this nature in the different 

biomes and in different environments within the biomes, so that the information is 

more specific and facilitates the ecological establishment of the environments to be 

restored. 
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