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Abstract
The management of eucalyptus harvest residues can affect the initial growth and nutrient content of new eucalyptus 
plantations. We investigated the initial growth and nutritional status of Eucalyptus saligna plantation according to 
five alternative strategies for management of harvest residues on sandy soil, in the municipality of Barra do Ribeiro, 
RS. The total height, diameter at breast height (DBH), individual volume and nutrient content in the leaves were 
evaluated after twelve months. We observed that the maintenance of harvest residues increased growth in height, 
DBH and individual volume. The levels of calcium in leaves of eucalyptus were higher in the treatments in which 
harvest residues were removed, whereas the opposite was confirmed for sulfur. The differences found in our study 
point that the maintenance of harvest residues increase the eucalyptus growth, especially in sandy soils.
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1. INTRODUCTION AND OBJECTIVES

Forest plantations occupy an area of about 200 million ha 
in the world, in order to attend the increased demand for wood 
and also to sequester carbon dioxide from the atmosphere 
(Zhang et al., 2012). In Brazil, the area with planted forests 
occupies approximately 7.74 million ha, comprising species of 
the genera Eucalyptus, Pinus, Acacia and Tectona (Iba, 2017). 
This area is expected to grow by 3.0 million ha by 2020 due 
to the goal of the National Plan for Low Carbon Agriculture 
(MAPA, 2010). The state of Rio Grande do Sul contributes 
with 780 thousand  ha, being Eucalyptus the predominant 
species (Ageflor, 2017).

In Brazil, these eucalyptus plantations have been established 
in areas with predominantly low-fertility soils that are highly 
dependent upon nutrient cycling through plant litter and the 
decomposition of harvest residues (HR). Recently, several 
reports have attempted to understand the effects of forest 
harvest residues on the sustainability of eucalyptus forest 

production (Jesus et al., 2015). The removal or maintenance 
of the harvest residues is a cause of debate in the international 
scientific community (Achat, Deleuze et al., 2015; Carneiro 
et al., 2009; Kumaraswamy et al., 2014). On one side, many 
studies recommend keeping the harvest residues on soil to 
avoid the risk of nutrient depletion. The maintenance of forest 
harvests residues brings advantages by promoting the initial 
growing of trees (Laclau et al., 2010) due to the improvement 
of soil characteristics such as the availability of soil nutrients 
(Hernández et al., 2016; Menegale et al., 2016; Mendham et al., 
2014) and soil organic matter (Achat, Fortin et al., 2015; Epron 
et al., 2015), as well as the soil microbial activity (Nambiar & 
Harwood, 2014; Wu et al., 2011). 

On the other side, there is an increasing demand for 
energy from renewable sources, which has stimulated the 
use of forest residues for energy generation purposes in 
Brazil and in the world in recent decades. The reasons for 
using forest residues are not only of environmental concern, 
but also due to its technical and economic viability (Ribeiro 
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et al., 2017). In this context, Gustavsson et al. (2015) point out 
the large climate benefits when forest residues are collected 
for energy services, in substitution to coal, providing great 
climate change mitigation benefits. Additionally, other 
authors point out the economic and energetic advantages 
of using forest residues for the production of biogas (Kabir 
et al., 2014) or charcoal (Brown et al., 2013). Despite the 
importance of the subject, there are only a few studies 
dedicated to understand the importance of maintenance 
of forest harvest residues in Brazil, especially in sandy soils 
with low cation exchange capacity, fertility and storage water. 
Thus, our study sought to understand the impact of different 
managements that harvest residue retention has on initial 
growth and nutritional assessment in eucalypt. We tested the 
hypothesis that residue maintenance would increase initial 
growth and leave concentration of nutrients in sandy soil 
in southern Brazil.

2. MATERIALS AND METHODS

2.1. Study site 

The experimental trial was conducted in the municipality 
of Barra do Ribeiro, RS. The area of study is located at 

the geographic coordinates of latitude 30°  23’  36.68”  S 
and longitude 51° 7’  57.70” W. According to the Köppen 
classification, the prevailing climate in the region is of the 
Cfa type (humid subtropical) with an average annual rainfall 
of about 1400 mm. The average temperature of the warmest 
month does not exceed 25 °C and 14 °C in the coldest month, 
with light frosts. A 7-year-old Eucalyptus saligna plantation 
for pulp production was harvested at the study site in May 
2010. The plantation had a 1666  trees  ha-1 stand density, 
with 38.3 m3 ha-1 year-1, and a 480 kg m-3 basic wood density, 
which is within the average for E. saligna species in the area.  
The soil at the site was classified as Quartzipsamment  
(Santos et al., 2013).

2.2. Aerial biomass and nutrient stock of the 
first rotation

An inventory of tree diameter at breast height (DBH) and 
tree height was used to select fifteen average sized trees. The 
trees were felled using a mechanical harvester. Each tree was 
fractioned into branches, bark and leaves. Samples of each 
part were weighed separately, after being dried at 65 °C until 
a constant weight, and a sample was taken to determine the 
moisture and nutrient content (Table 1).

Table 1. Aerial biomass production (dry matter), nutrient concentration, and amounts of nutrients accumulated in each fraction of a 
harvest of a seven-year-old Eucalyptus saligna plantation; means and mean standard deviations (between parentheses).

Aerial part Biomass N P K Ca Mg S N P K Ca Mg S

Mg ha-1 g kg-1 kg ha-1

Leaves 0.4 19.8 1.2 1.9 12.7 3.3 1.3 6.9 5.8 0.7 4.3 1.1 0.5

(0.3) (1.6) (0.3) (0.4) (2.8) (0.4) (0.1) (4.9) (4.4) (0.5) (3.0) (0.8) (0.3)

Branches 13.0 2.6 0.2 0.5 5.4 2.7 0.4 34.7 2.3 6.2 71.6 12.0 3.0

(4.3) (0.6) (0.1) (0.1) (1.5) (0.4) (0.0) (16.4) (1.2) (3.3) (34.7) (4.9) (1.4)

Bark 6.6 6.1 0.4 0.7 39.1 2.7 0.4 39.5 2.8 4.3 283.1 17.3 2.6

(3.2) (0.4) (0.1) (0.1) (2.8) (0.4) (0.0) (20.0) (1.4) (2.2) (108.5) (8.9) (1.3)

Total 20.0 81.1 10.9 11.2 359.0 30.5 6.0

(4.2) (15.5) (4.7) (5.4) (124.4) (15.7) (2.7)

2.3. Experimental design 

After clear-cutting, the seven-year-old Eucalyptus saligna 
plantation residue layer was homogeneously spread at the 
site. The experimental design was a randomized complete 
block design (1.8  ha of total area, Figure 1a) with four 
replications, established in June 2010 with Eucalyptus saligna. 

Each block contained five plots of 10 × 10 trees (100 trees) at 
a 1,333 trees ha-1 density, with different management levels 
of forest residue removal. Each plot (900 m2) consisted of 
an inner plot of 36 trees (6 × 6), flanked by two buffer rows 
on all sides (Figure 1b). The treatments were implemented 
with different management levels of forest residue removal. 
The treatments tested were:
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1.	 FRM: all forest residues (bark, branches, leaves and litter 
layer from the previous rotation) were maintained on 
the soil, only stem wood were harvested;

2.	 FRMB: all forest residues (branches, leaves and litter 
layer from the previous rotation) were maintained 
on the soil, but only stem wood and bark were 
harvested;

3.	 FRMBr: all forest residues (bark, leaves and litter 
layer from the previous rotation) were maintained 

2.4. Field procedures

The treatments were applied and the soil was prepared by 
subsoiling to 0.4 m deep with a ripper. The plots were planted with 
clone 2864 Eucalyptus saligna seedlings in June 2010 (one month 
after harvesting the first plantation). The base fertilization was 
150 g plant-1 of NPK 06-30-06. After planting, three topdressing 
fertilizations were applied in every treatment. In the first two 
fertilizations, the formula NPK 12-00-20 with 0.7% boron was 
applied around the seedling, within the ground area covered by 

on the soil, but only stem wood and branches were 
harvested;

4.	 FRR: all forest residues (bark, branches, leaves and 
litter layer from the previous rotation) were removed;

5.	 FRRs: all forest residues (bark, branches, leaves and 
litter layer from the previous rotation) were removed 
and litter from new planting was removed by means of a 
shade net that prevents leaves and branches from falling 
on the soil surface.

Figure 1. Schematic representation of trial (a) and the planting designs showing the inner plot comprising 36 trees (6 × 6) of plot (b).

(a) (b)

the canopy, at the thirty and ninety days after planting. In the 
twelfth month, maintenance fertilization was performed with 
225 g plant-1 of the formula NPK 24-00-20. Mineral fertilization 
was conducted based on soil chemical analysis.

2.5. Soil sampling and analysis

The soil was collected in June (winter, South Hemisphere), 
before the tree harvest at first rotation. The soil physical and 
chemical attributes are shown in Table 2. 

Table 2. Soil chemical and physical attributes in the experimental area.

Depth O.M pH 
(H2O) Al H + Al CEC

efet.
CEC 
pH 7 Ca   Mg P K

(cm) dag kg-1 cmolc dm-3  mg dm-3

0-20 0.6 4.9 0.7 2.1 1.5 2.9 0.6 0.2 8.4 16.0
20-40 0.5 5.1 0.4 2.4 1.4 3.4 0.8 0.2 13.2 14.2
40-60 0.4 5.1 0.8 2.0 1.6 2.8 0.6 0.1 10.2 13.0
60-80 0.3 5.0 0.8 2.3 1.5 3.0 0.6 0.1 9.5 12.0

80-100 0.3 5.1 0.8 2.6 1.4 3.2 0.5 0.1 9.3 14.6
Depth M BS Sandy coarse Sandy fine Silt Clay
(cm) %
0-20 47.1 27.7 93.1 3.6 0.0 3.3

20-40 36.0 27.0 92.8 5.8 0.0 1.4
40-60 52.2 26.3 91.9 6.3 0.0 1.7
60-80 56.5 22.8 92.8 5.0 0.0 2.2

80-100 57.6 19.3 92.2 5.5 0.0 2.3
P and K: Mehlich-1 Extractor; Al, Ca and Mg: KCl 1 mol l-1 Extractor; H + Al: Ca(OAc)2 0.5 mol l-1 pH 7.0 
Extractor; O.M.: organic matter; CEC: cation exchange capacity; m: aluminum saturation percentage; 
BS: base saturation percentage.
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Soil fertility and soil physical attributes were characterized 
in three bulked samples, each one composed by four samples, 
collected at depths 0–20, 20–40, 40–60, 60–80 and 80–100 cm 
before establishment of the trial. At each depth, we measured 
soil pH (H2O), organic matter, phosphorus, potassium, calcium, 
magnesium and exchangeable aluminum, H + Al, CECeffect, 
CECpH 7, m and BS according to the methodology described 
by Tedesco et al. (1995) and granulometric analysis (sandy 
coarse, sandy fine, silt and clay) was performed by the pipette 
method (Embrapa, 1997) . All analyses were performed in 
the Laboratory of Soil Analysis of the Universidade Federal 
do Rio Grande do Sul, Brazil.

2.6. Tree growth 

The individuals were evaluated after twelve months, with 
measurements of total height (H, m), and diameter at breast 
height (DBH, cm). The individual volume was estimated by 
the Equation 1: 

   (1)

VOL: individual volume with bark (m3 plot-1); ff: form factor of k 0.45.

2.7. Leaf Nutrient Content

Leaves were collected in the upper third of the canopy, 
twelve months after the treatments. We collected twenty fully 
expanded young leaves from each of the ten trees sampled 
per plot, forming a bulked sample per plot and totaling 
four bulked samples to each treatment. Samples were air 
dried at 65 °C to a constant weight and ground for chemical 
determinations of nutrient concentrations. The total N was 
determined after sulfuric acid digestion using the micro 
Kjeldahl method. After nitropercloric digestion, the P and B 
content were determined by colorimetry, Ca, Mg, Fe, Cu, Mn 
and Zn by atomic absorption spectrophotometry. K content 
was determined by flame photometry and S by turbidimetry 
(Tedesco et al. 1995).

2.8. Statistical analysis

The normality and homogeneity of the variances were 
checked using the Shapiro-Wilk test (p > 0.05) before Anova. 
After these assumptions were met, the averages were compared 
by the Tukey’s test (p < 0.05). The statistical analyses were 
performed using the PROC GLM procedure as a randomized 
blocks design (SAS Institute Inc., Cary, NC, USA), according 
to Equation 2:

   (2)

: dependent variable; : overall mean; : residue management 
treatments; : replication effect (four blocks in different positions 
of the landscape); : experimental error.

3. RESULTS AND DISCUSSION

3.1. Influence of harvest residue management 
on tree growth

The analysis of variance of the height, DBH and wood 
individual volume data recorded after the experiment showed 
that there were significant differences among the harvest 
management residues (p < 0.05). The treatment in which all 
forest residues were maintained on the soil surface (FRM) 
showed the highest mean values to height, DBH and wood 
individual volume, whereas the treatments with maximum 
residue removal, FRR and FRRs, had the lowest values (Table 3). 

Table 3. Growth in height (H), diameter at breast height (DBH), and 
individual volume (V) of clone Eucalyptus saligna after 12 months 
in different management of harvest residues.

H DBH V
(m) (cm) (m3 plot-1)

FRR(1) 2.19 b 1.54 b 0.30 b
FRM 2.89 a 2.32 a 0.88 a

FRMB 2.68 ab 2.09 ab 0.65 a
FRMBr 2.56 ab 1.90 ab 0.52 ab
FRRs 2.20 b 1.47 b 0.28 b
Mean 2.50 1.86 0.53

CV(%) 14.46 23.23 58.32
Mean values with the same letter do not differ between them according to the 
Tukey’s test at p < 0.05.
(1) FRRs: all forest residues (bark, branches, leaves and litter layer from the previous 
rotation) were removed and litter from new planting was removed using a shade 
net that prevents leaves and branches from falling on the soil surface; FRM: all 
forest residues (bark, branches, leaves and litter layer from the previous rotation) 
were maintained on the soil, only stem wood were harvested; FRMB: all forest 
residues (branches, leaves and litter layer from the previous rotation) were 
maintained on the soil, but only stem wood and bark were harvested; FRMBr: 
all forest residues (bark, leaves and litter layer from the previous rotation) were 
maintained on the soil, but only stem wood and branches were harvested; FRR: 
all forest residues (bark, branches, leaves and litter layer from the previous 
rotation) were removed.

The removal of harvest residues decreases approximately 
31% the growth in height, 50% of DBH and 62.5% wood 
individual volume when compared with the when residues 
were maintained. These results indicates the important role 
of maintenance of harvest residues on the surface of soil to 
initial growing eucalyptus. Our results are corroborated by 
Soares et al. (2002) and Gómez-Rey (2008), that showed 
faster early growth when harvest residues are maintained on 
eucalyptus plantations, when compared with areas where they 
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are removed or incorporated to the soil, in Mediterranean 
conditions. Besides, these results are consistent with those of 
other authors who found that the maintenance of residues on 
the surface of soil increased yield in eucalypt when compared 
with residue removal (Paes et al., 2013; Rocha et al., 2018).

One possible explanation for these results is the fact 
that the residues maintained on soil surface influenced soil 
water availability (Mendham et al., 2011) and the supply of 
nutrients by mineralization over time for eucalyptus trees 
(Hernández et al., 2009; Nambiar & Harwood, 2014; Rocha 
et al., 2016a). Mazurana et al. (2011) found that removal of 
harvest residues of Eucalyptus grandis presented the greatest 
loss of nutrients due to soil erosion when compared with 
their maintenance due to the absence of vegetal material 
covering the soil surface. Our results are also corroborating 
with the previous findings of Merino et al. (2003), in rainy 
areas of Northwest Spain, in which the maintenance of harvest 
residues significantly improved the growth and nutritional 
status of trees. 

3.2. Influence of harvest residue management 
on tree nutritional status

The nutritional concentration of the leaves of eucalyptus 
on the different managements is shown in Table 4. In general, 
significant differences were observed only for Ca and S 
concentrations in the leaves.

Table 4. Concentration of nitrogen (N), phosphorus (P), potassium 
(K), calcium (Ca), magnesium (Mg) and sulfur (S) in leaves of 
clone Eucalyptus saligna after 12 months in different management 
of harvest residues.

N P K Ca Mg S
g kg-1

FRR(1) 20.3 a 1.6 a 9.4 a 4.1 ab 2.8 a 0.9 b
FRM 19.7 a 1.5 a 9.4 a 3.6 b 2.6 a 1.2 ab

FRMB 21.5 a 1.7 a 9.6 a 4.1 ab 2.7 a 1.5 a
FRMBr 21.6 a 1.7 a 9.3 a 4.1 ab 2.7 a 1.4 ab
FRRs 20.7 a 1.6 a 8.7 a 4.4 a 2.6 a 1.2 ab
Mean 20.7 1.6 9.3 4.0 2.7 1.2

CV(%) 8.3 9.0 14.5 8.2 6.7 21.2
Mean values with the same letter do not differ between them according to the 
Tukey’s test at p < 0.05.

(1) FRRs: all forest residues (bark, branches, leaves and litter layer from the previous 
rotation) were removed and litter from new planting was removed using a shade 
net that prevents leaves and branches from falling on the soil surface; FRM: all 
forest residues (bark, branches, leaves and litter layer from the previous rotation) 
were maintained on the soil, only stem wood were harvested; FRMB: all forest 
residues (branches, leaves and litter layer from the previous rotation) were 
maintained on the soil, but only stem wood and bark were harvested; FRMBr: 
all forest residues (bark, leaves and litter layer from the previous rotation) were 
maintained on the soil, but only stem wood and branches were harvested; FRR: 
all forest residues (bark, branches, leaves and litter layer from the previous 
rotation) were removed.

In contrast to what was observed concerning the tree 
growth parameters, the highest concentration of Ca was 
found in the FRRs and the lowest concentration in FRM. 
The decrease of content of Ca may occur due to dilution 
effects of increased plant growth in FRM. These effects may 
both decrease and increase the concentrations of elements 
in plant tissues (Jarrell & Beverly, 1981). In general, Ca is the 
second most absorbed nutrient by forest species (Barros et al., 
1990). Ca is the most accumulated nutrient in components 
exported from the production area by the eucalyptus species, 
since approximately 75% of that element is exported from 
the site due to the harvesting of stem wood (Santana et al., 
2008). Rocha et al., (2016b) observed that 50% of the Ca 
contained in Forest residues had been released 300 days after 
the harvest. About 68% of Ca are exported when the bark 
is removed, decreasing the nutrient stocks available for the 
next cycle of planting. Therefore, the maintenance of bark 
on sites such as sandy soil is very important to maintain 
sustainability of forestry production.

Regarding S concentration, the highest concentration 
was found in FRMB and the lowest in FRRs. One possible 
explanation is that the retention of harvest residues can, in 
some cases, conserve soil moisture (O’Connell et al., 2004) 
and root ionic absorption of S occurs mainly through mass 
flow, which is a process limited by water availability (Cramer &  
Hawkins, 2009). Therefore, S is believed to possibly be more 
dependent on residue management, which affects an ideal 
condition of soil moisture.

On the other hand, no significant differences were observed 
in N, P, K and Mg concentrations. Our results contrast with 
those obtained by Vitousek & Sanford (1986) and Bouillet et al.  
(2004) that found nitrogen as the most likely nutrient to limit 
primary production in eucalyptus plantations in tropical sandy 
soils. Those results could be attributed to the low mineralization 
rates of these nutrients that were insufficient for optimal growth. 
In the early years of development, plants consume more N 
and P (Graciano et al., 2006). Thus, the results suggest that, 
probably, N and P were taken from fertilizations, since these 
nutrients are promptly available.

Moreover, one reason for the lack of differences in K 
content in leaves is the fact that K is nonstructural, being 
rapidly released from plant tissue, that is, it is very labile 
in decomposing harvest residues, and a large proportion 
of K will be released with the first rains that follow harvest. 
Ferreira et al. (2016) found that about 90% of K contained in 
forest residues had been released in the first year, in eleven 
sites for eucalypt production in Brazil. This process becomes 
important mainly in sandy soils or on sites with low cation 
exchange capacity, where there is a strong possibility of 
leaching of K down the soil profile.
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Regarding micronutrients, no significant differences in 
the concentrations were observed (Table 5).

Table 5. Concentration of zinc (Zn), copper (Cu), manganese (Mn), 
iron (Fe), in leaves of clone Eucalyptus saligna after 12 months in 
different management of harvest residues.

Zn Cu Mn Fe

mg kg-1

FRR(1) 16.1 a 2,5 a 336,0 a 45.8 a

FRM 15.2 a 2,2 a 339,3 a 39.2 a

FRMB 15.2 a 2,2 a 360,6 a 39.4 a

FRMBr 15.9 a 2,4 a 354,8 a 41.9 a

FRRs 14.7 a 2,1 a 368.0 a 40.2 a

Mean 15.4 2.3 351.7 41.3

CV(%) 7.2 25.4 21.0 14.0
Mean values with the same letter do not differ between them according to the 
Tukey’s test at p < 0.05.
(1) FRRs: all forest residues (bark, branches, leaves and litter layer from the previous 
rotation) were removed and litter from new planting was removed using a shade 
net that prevents leaves and branches from falling on the soil surface; FRM: all 
forest residues (bark, branches, leaves and litter layer from the previous rotation) 
were maintained on the soil, only stem wood were harvested; FRMB: all forest 
residues (branches, leaves and litter layer from the previous rotation) were 
maintained on the soil, but only stem wood and bark were harvested; FRMBr: 
all forest residues (bark, leaves and litter layer from the previous rotation) were 
maintained on the soil, but only stem wood and branches were harvested; FRR: 
all forest residues (bark, branches, leaves and litter layer from the previous 
rotation) were removed.

This result is similar to those found in Caldeira et al. (2015), 
who did not report significant differences for Fe, Mn and B 
content in leaves, when evaluating four hybrids of Eucalyptus 
in early plantations. These results can be attributed to the 
ability of trees to maintain a balance between the levels of 
this nutrient in the leaves, despite the higher availability of 
the element in the presence of harvest residues.

4. CONCLUSION

According to our results, we can conclude that the 
maintenance of harvest residues increased height, DBH 
and individual volume when compared with the removal 
of the harvest residues and litterfall. The beneficial effects of 
maintaining the harvest residues and litterfall for tree growth 
are probably due to nutrient input to the soil, resulting from 
the decomposition and mineralization of these materials, as 
well as the increased water retention in the soil.

Significant differences were not observed in the 
concentrations of nutrients in leaves, except for S, whose 
concentration was higher when the harvest residues and 
litterfall were maintained when compared with the removal 
of these material.
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