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 Nowadays half of the Brazilian towns still use Dumps as targets for the waste and those 

sites, when deactivated, are invariably degraded and need the elaboration of a recovery 

plan. Currently diverse techniques are applied for the ecological restoration promotion 
in degraded areas, especially the planting of seedlings, that guarantees better success in 

the restoration establishment. Aiming to evaluate the survival and growth of late forest 

species seedlings planted under the crown of four different pioneer species, already 

established in the area. The randomized block design was used with five treatments and 

three repetitions, in the factorial scheme 5x2 (four shader pioneer species + control 

environment with full sun, to know: Solanum lycocarpum Saint Hilaire., 
Vernonanthura phosphorica (Vell.), Melia azedarach L., Acacia mangium L. and 

Control and two climax species (shaded): Hymenaea courbaril L. and Copaifera 

langsdorffii Desf.. The evaluations of diameter at the soil level, height and area of 
crown at 28 months after the planting. In general, the survival of the H. courbaril 

species was considered high with average 97% and the C. langsdorffii species was 

considered low with average value 27.5%. This way, it can be concluded that H. 
courbaril presented better increment in all the analyzed variables; Melia azedarach, 

Acacia mangium and Solanum lycocarpum have presented better results among the 

shaded species. 
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INTRODUCTION 

 

 Nowadays half of the Brazilian towns still use Dumps as targets for the waste (Ibge, 2010). The dumps, 

open air disposal site that until today is a challenge to the society, even with the great efforts for the elimination 

of them and the adoption of controlled landfills. Those areas do not have a proper infrastructure to avoid the 

damages consequents from that activity, degrading the environment and causing damages to the public health 

under its influence (Sissino and Moreira, 1996). 

 Those sites, when deactivated, are invariably degraded and need the elaboration of a recovery plan, besides 

the over-years monitoring in order to evaluate its evolution (Beli et al., 2005). 

Degraded area or degraded ecosystem, is the one that, after disturb, had its biotic regeneration means 

eliminated, together with the native vegetation, besides the loss of the fertile soil layer; destruction; removal or 

expulsion of the fauna; and alteration of quality and output of the hydric system (Carpanezzi et al., 2005). 

Currently diverse techniques are applied for the ecological restoration promotion in degraded areas, 

especially the planting of seedlings that is one of the most used methods in the ecological restoration procedures 

and, depending on the case, the one that guarantees better success in the restoration establishment; and the 

“diversities islands” facilitate the natural regeneration by the planting of small cores of plants of distinct life 

forms to attract the fauna, enhance the dispersion and promote the connectivity among the small fragments 

(Santana et al., 2011). 

Having as object the use of the planting of seedlings of native species basing on the ecological succession 

principles and the function of each species in the planting, they present major probability to attract their 

pollinators, seedlings dispersers and predators, so getting to establish in the best place to be restored than the 

species from other environment (Kageyama and Gandara, 2001). 

The initial colonizers arboreal species increased the quality of the microenvironment under their crown, 

providing the occurrence of new species, creating small cores, thus increasing the development of late colonizer 

species (Yarranton and Morrison, 1974). 
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Therefore, the current work had as object to evaluate the survival and the growth of seedlings of two late 

forest species planted under the crown of four pioneer species, already established in the area. 

 

MATERIAL AND METHODS 

 

The experiment was implanted in  an area recovering, of “Campus JK da Universidade Federal dos Vales 

do Jequitinhonha e Mucuri, in Diamantina, MG”, situated in the coordinates 18°20’44”S latitude and 

43°56’99”W longitude at 1390 m altitude. The climatic regime is typically seasoned with dry winter, Cwb in 

Koppen classification, the annual average rainfall varies from 1,250 to 1,350 mm concentrated from October to 

March and the annual average temperature varies from 18°C to 20°C, with relative air humidity mostly high, 

giving annual averages of 70.6% (Neves et al., 2005). The predominant soil in the study site is the “Neossolo 

Quartzarênico Órtico” (Embrapa, 2006). 

The totally randomized blocks design was used (DIC) with three repetitions, in the factorial 5X2 (four 

shaded species + control) x two shaded species). 

The use treatments consisted of the use of four shading pioneer species and the open air planting without 

shading (control), Lobeira (Solanum lycocarpum Saint Hilaire.), Assa-peixe (Vernonanthura phosphorica 

(Vell.) H. Rob), Cinamomo (Melia azedarach L.), Acácia (Acacia mangium Willd.) e Control, the first two 

being native and the two others exotic. The climax species (shaded) studied were “Jatobá” (Hymenaea courbaril 

L.) and “Copaíba” (Copaifera langsdorffii Desf.), each of the shaded species was disposed, always, in the 

North-West and South-East direction, and there were no shaded species repetitions in any direction mentioned. 

In December 2009 forty seedlings of Hymenaea courbaril and forty seedlings of Copaifera langsdorffii 

were planted, with application of 200 grams of simple superphosphate and 200 grams of manure per pit. 

The crowning of 50cm was done around the seedlings, that procedure was repeated each year during the 

rainiest season. 

The characteristics of the shaded species were evaluated: survival, stem diameter increment (mm), height 

increment (cm) and crown area increment (cm²), in such way that it identifies the replies from the seedlings of 

Hymenaea courbaril and Copaifera langsdorffii at different shadings up to 28 months after the planting. 

The survival evaluation was done under two aspects, analysis based on the end of the period of 28 months 

and other which was considered within the months. Percentage survival index was used (SI), which is given by 

the following equation:  

  , where 

N= number of planted individuals of each species; 

Ni= number of surviving individuals of the species after 28 months; 

Nm= number dead individuals of the species for the same period. 

For this the survival has been categorized as: (i) maximum, when the (SI %), for the species were 100%; (ii) 

high, for indexes between 80% and 100%; (iii) intermediary, when the indexes were between 50% and 80%; (iv) 

low, for values under 50%. 

The periodic increments for height, diameter and crown area were obtained by the difference of the 

measures at 28 months after the planting in relation to the initial. The data were submitted to variance analysis 

and afterwards to the Turkey test and 5% probability. 

Bends of growth, height and crown area of climax species in relation to pioneer species based on the 

increment values during the period of 28 months of planting were adjusted. The data were submitted to variance 

analysis, and the regression to the models adjustment was performed. 

 

Results: 

Survival: 

In general, the survival of the H. courbaril species was considered high with average 97% and the C. 

langsdorffii species was considered low with average value 27.5%, after 28 months of planting. 

In figure 1 it can be identified that the index of survival between the 12th and 16th month of evaluation, it 

started to decay for C. langsdorffii, what did not occure to H. courbaril.  

The highest index of survival of C. langsdorffii was found under the crown of Acacia mangium, average 

75%. 
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Fig. 1: Values calculated by the (SI %) of the shaded or climax species studied within 28 months. 

 

Increments: 

According to the data from the ANOVA, it is verified that there was no interaction between the shaded 

species and the shading species for the growth in height, diameter and crown area. While the same variables, 

presented significant differences (p<0.05), either to the shaded or to the shading ones treatments. 

Among the studied shaded species the H. courbaril was the one that presented greatest periodic increment. 

It is noticed that there was significant difference (p<0.05) between two studied climax species for all the 

analyzed variables (Table 1). 

 
Table 1: Average results for height, stem diameter and crown area seedlings of Hymenaea courbaril and Copaifera langsdorffii. 

Shaded species   Median increments   

 

Height  (cm) DAS (mm) Crown area (cm²) 

Copaifera langsdorffii 2.56 b 0.70 b 59.42 b 

Hymenaea courbaril 10.47 a 3.67 a 887.14 a 

 

Averages followes by the same letters in the column do not statistically differ among thensolves by the 

Tukey test at 5% probability. 

The average increment values for the three studied variables presented difference by the Turkey test at 5% 

probability for the climax species (Table 2). 

 
Table 2: Averages of height, stem diameter and crown area for the shaded seedlings (Hymenaea courbaril and Copaifera langsdorffii) in 

relation to shading species, at 28 months after the planting. 

Shading species 
  Median increments   

Height  (cm) DAS (mm) Crown area (cm²) 

Control 1,66 b 0,76 c 106,27 c 
Vernonanthura phosphorica  4,47 b 1,68 bc 357,03 bc 

Solanum lycocarpum  8,03 ab 3,29 ab 264,18 bc 

Acacia mangium 9,34 ab 3,00 ab 1025,28 ab 
Melia azedarach  15,35 a 4,60 a 1413,82 a 

 

Averages followed by the same letter in the column do not statistically differ from each other by the Turkey 

test at 5% probability. 

There was a greater average increase for all variables under the canopy of exotic species (Acacia mangium 

and Melia azedarach), followed by Solanum lycocarpum. 

 

Growing: 

The growth of diameter, height and canopy area for the climax species (shaded) in relation to the pioneer 

species (shadings) are presented in the equations of table 3. 

It can be noticed that there is a linear behavior of growth in the parameters. It is noticed a worse adjustment 

for the canopy area in the species with worse growth average. 

It can be verified that the coefficients of inclination of the line, were greater for the Hymenaea courbaril 

than to the Copaifera langsdorffii, inferring that it owns major growth in the time, what corroborates the 

increasing data. 

It was possible to verify that all the variables, which the shading provided by the Melia azedarach presented 

higher indexes of growth, due to the higher slope, either to C. langsdorffii or to H. courbaril, corroborating the 

increasing values found. 
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Table 3: Equations of growth in diameter, height and canopy area for Copaifera langsdorffii  and Hymenaea courbaril under the crown of 

different shaded pioneer species in a Dump area in restoration process.  

Shading species Copaifera langsdorffii Hymenaea courbaril 

  Diameter 

Solanum lycocarpum  y = 0.0919x + 2.6204 R² = 0.96 y = 0.1386x + 8.3864 R² = 0.91 

Vernonanthura phosphorica  y = 0.0989x + 2.5283 R² = 0.84 y = 0.1247x + 8.9833 R² = 0.94 

Melia azedarach  y = 0.1091x + 3.2683 R² 0.98  y = 0.2955x + 7.9722 R² = 0.88 
Acacia mangium y = 0.0764x + 3.4109 R² = 0.96 y = 0.1898x + 8.7673 R² = 0.97 

Control y = 0.0707x + 2.9926 R² = 0.92 y = 0.1124x + 8.4544 R² = 0.84 

  Height 

Solanum lycocarpum  y = 0.2072x + 11.731 R² = 0.88 y = 0.3635x + 33.413 R² = 0.93 

Vernonanthura phosphorica  y = 0.3176x + 9.8837 R² = 0.43 y = 0.3757x + 34.007 R² = 0.92 
Melia azedarach  y = 0.5617x + 13.023 R² = 0.87 y = 0.79x + 33.418     R² = 0.89 

Acacia mangium y = 0.3174x + 11.575 R² = 0.80 y = 0.3745x + 32.025 R² = 0.92 

Control y = 0.3209x + 11.582 R² = 0.98 y = 0.2771x + 34.701 R² = 0.42 

  Canopy area 

Solanum lycocarpum  y = 7.3603x + 111.11 R² = 0.71 y = 9.0046x + 844.14 R² = 0.27 
Vernonanthura phosphorica  y = 0.8741x + 149.43 R² = 0.02 y = 17.104x + 860.65 R² = 0.47 

Melia azedarach  y = 4.1285x + 184.18 R² = 0.19 y = 87.182x + 539.61 R² = 0.79 

Acacia mangium y = 5.1184x + 245.84 R² = 0.41 y = 51.869x + 901.22 R² = 0.87 
Control y = 6.9457x + 77.134 R² = 0.94 y = -5.7288x + 905.28 R² = 0.04 

 

Discussion: 

Survival: 

The high survival level to the Hymenaea courbaril, corroborates the study of Souza (2002) where the 

species presented survival rate superior to 60%, considered high to recovery plantings. For the species C. 

langsdorffii low survival rates not being indicated for recovery plantings. 

That high survival rate of H. courbaril may be related to the species not having suffered with the weed 

competition and the lack of water probably because it is larger than C. langsdorffii either in height, diameter or 

canopy area. 

Salgado et al. (2001) comments that C. langsdorffii presents heliophyla characteristic with a certain 

tolerance to the shadow. Felfili (1997) has verified that the seedlings may spend long periods under canopy with 

its retarded development. However, in the conditions of competition with grass the light is severely restraint, 

negatively affecting the species. That can be verified in the experiment, since the greatest survival index of C. 

langsdorffii was found under the canopy of Acacia mangium, average 75%, where it was found a lower 

occurrence of aggressive grasses (Melinis e Urochloa) under their canopy, what can be attributed to the thick 

layer of litter competing with the grasses and favoring the microclimate under the crown of shading trees. 

The high survival exhibited by H. courbaril indicates the potential use of this species in the enrichment 

areas in order to restore the increasing diversity and attraction to wildlife. As the use of exotic species such as A. 

mangium and M. azedarach existing areas to be restored as climax species shaders. Poggiani and Paiva (2000) 

found a mortality rate of less than 5% for planted seedlings of Hymenaea courbaril in the understory of a forest 

fragment in the state of São Paulo. 

 

Increments: 

Due to the greater increase of the H. courbaril species, it presents great potential of using Jatoba in areas 

with adverse soil and weather conditions similar to this study. 

The greatest increments found by the Melia azedarach and Acacia mangium can, partly, be justified by the 

high fixation capacity of nitrogen through roots and production of soil litter of Acacia mangium and by the fact 

that it is larger in height and crown size of exotic species when compared to the native species studied, create a 

more favorable microclimate in the understory of them. Contributing with a greater water infiltration, deposition 

of litter, less competition for light and soil nutrients, thus favoring the climax species. Lima et al. (2010) showed 

that under shaded conditions Hymenaea courbaril features larger and more vigorous seedlings, with full sun the 

species had its growth negatively affected. Souza et al. (2001) considers it a typically slow growing species, 

which is favored by the shade provided by the pioneers. This result perfectly corroborates the presented in Table 

2, since species with denser canopies had higher increments of the Hymenaea courbaril. 

The Solanum lycocarpum and Acacia mangium treatments presented statistically similar increment results, 

except for the canopy area, being important to feature the Vernonanthura phosphorica behavior as initial 

colonizer species for restoration programs. 

 

Growing: 

The Melia azedarach and Acacia mangium have shown that the species presented better growing. Zub 

Junior et al. (2010) showed that a greater shading I the initial phase, presented by plants of dense canopy, such 

as A. mangium, favors the growth of the H. courbaril, probably because of the decreasing of the loss of water 

through evapotranspiration. 
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When evaluating the intercepts of the lines, that would be the values of the variables at time zero, there are 

considerable lower values for C. langsdorffii compared to H. courbaril, it may have indicated the use of small 

and little rusted seedlings, being more easily affected by weed competition. 

Dutra et al. (2012), comments that “copaiba” has its maximum survival percentage around 50%, occurring 

greater mortality with full sun and more intense shadings. 

 

Conclusion: 
According to the results obtained we can conclude that: 

The survival of Hymenaea courbaril was high and of Copaifera langsdorffii was considered low. 

Acacia mangium has proposed a better survival for the C. langsdorffii. 

The H. courbaril species has presented the greatest values of increment in height, diameter and canopy area 

when compared to the C. langsdorffii. 

The shading pioneer species: Melia azedarach, Acacia mangium and Solanum lycocarpum provided the 

best results in the shading. 
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