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ABSTRACT: The success of forest creation relies on seedling availability and quality. The 
aim of this research is to assess the possible use of rootstock and bare-root seedlings 
of Cedrela fissilis obtained from natural regeneration for direct field planting. We used 
Generalized Linear models to assess survival and Hierarchical Models to assess height 
growth over one year after planting. Initial root-collar diameter (RCD) and treatment 
(rootstock or bare-root) affected survival and growth. Rootstock and larger seedlings 
presented higher levels of survival and growth. Higher seedling quality in the rootstock 
treatment is due to higher water stress tolerance. Rootstock seedlings with more than 
1 cm of initial RCD had over 80% of survival probability, while small bare-root seedlings 
had mean survival probability as low as 20%. Rootstock seedlings grew as much as 
fourfold more than bare-root. Using natural regeneration of C. fissilis as a source of 
rootstock seedlings may be a cheap alternative for forest restoration and enrichment 
planting projects.

UTILIZAÇÃO DE MUDAS DE RAIZ NUA E MUDAS DE TOCO PROVENIENTES 
DA REGENERAÇÃO NATURAL DE CEDRELA FISSILIS

RESUMO: O sucesso da implantação de florestas depende da disponibilidade e da 
qualidade de mudas. O objetivo desta pesquisa é avaliar a possibilidade do uso de mudas 
de toco e mudas de raiz nua de Cedrela fissilis obtidas de regeneração natural para plantio 
à campo. Nós usamos Modelos Lineares Generalizados para avaliar sobrevivência e 
Modelos Hierárquicos para avaliar crescimento em altura durante um ano após o plantio. 
O diâmetro do colo (DC) inicial e tratamento (mudas de raiz nua ou de toco) afetaram a 
sobrevivência e o crescimento. Mudas de toco e mudas com maior DC inicial apresentaram 
maiores probabilidades de sobrevivência e maior crescimento. A melhor qualidade de mudas 
no tratamento de mudas de toco é devido à maior tolerância ao stress hídrico. Mudas de 
toco com DC inicial maior que 1 cm tiveram probabilidade de sobrevivência acima de 80%, 
enquanto mudas de raiz nua pequenas tiveram probabilidade de sobrevivência média de 
20%. As mudas de toco cresceram quatro vezes mais que mudas de raiz nua. A utilização 
da regeneração natural de C. fissilis como fonte de mudas de toco pode ser uma alternativa 
barata para projetos de restauração florestal e plantios de enriquecimento.
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INTRODUCTION

Artificial regeneration is the process to grow 
forests through anthropic energy input. This type of forest 
regeneration is used to produce forests for environment 
restoration (CAMPOE et al. 2010; CAMPOE et al. 2014), 
enrichment of natural forests (KETTLE 2009; NAVARRO-
CERRILLO et al. 2011; SCHWARTZ et al. 2013) or to 
constitute highly productive monocultural plantations 
(DESROCHERS; TREMBLAY 2009). The costs of artificial 
regeneration are associated with site slope, access to 
site, human labor cost, seedling availability and the need 
for post-planting competition control (BIRCH et al. 
2010; CAMPOE et al. 2010). Seedlings with high quality 
and fast initial growth decrease artificial regeneration 
costs by reducing competition control costs (MCNABB; 
SCHAAF 2005) and increase the financial yield from the 
forest by reducing the time span between planting and 
logging trees.

Rootstock seedlings may be the best definition 
for bare-root seedlings with the shoot pruned close to 
the stump (DESROCHERS; TREMBLAY 2009). Another 
term used is stump planting (EVANS 1992), but this does 
not clearly state what constitutes the seedling, since 
almost the whole root system is still attached to the 
plant. This type of seedling has been successfully used 
in southeastern Asia for teak plantations, as well as for 
other species. It is mostly used by smallholders due to 
low cost (ICHIWANDI et al. 2009), because most of the 
seedlings are obtained from natural regenerating teak 
saplings. There have been trials with this method in North 
America (SOUTH, 1996; DESROCHERS; TREMBLAY, 
2009) with mixed success (SOUTH; DONALD, 2002), 
due to lower sprouting capacity of coniferous species.

The method of obtaining rootstock seedlings 
allows the transportation of this propagation material 
for longer distances and may even allow storage for 
restricted time spans (DESROCHERS; TREMBLAY 
2009). This is made possible by the very small shoot 
to root ratio (S:R), which is a desirable seedling 
feature. S:R greater than three is known to cause very 
low tolerance drought (GROSSNICKLE 2012). For 
coniferous, which are drought resistant species, the 
method of rootstock seedlings may only decrease the 
total height (SOUTH; DONALD, 2002) of the seedling, 
reducing its competitive ability.

One source of cheap material for obtaining 
rootstock seedlings is the use of natural regeneration 
from established forests (VIANI; RODRIGUES, 2009). 
The use of natural regeneration is a common procedure 
for teak plantations in southeastern Asia (HODGE et 

al., 2009) and has also been tested in Brazil (VIANI and 
RODRIGUES 2009; VIANI et al. 2012). If the seedlings 
are obtained from nearby forest areas, they are prone to 
have a greater adaptability to the environment (KETTLE 
2009), in addition to the fact that these seedlings 
have already been through a selection process during 
establishment on the forest floor. 

The success of forest plantations relies on the 
acceptance of the landowner of the species being used 
(CHAZDON 2008; KETTLE 2009). Landowners tend 
to prefer to plant trees with wood of high commercial 
value or with edible fruits, since these characteristics are 
readily related to some economic yield (CHAZDON 
2008; HARRISON et al. 2008). In this context, Cedrela 
fissilis Vell. (Meliaceae) (SMITH JR 1960), a light 
demanding deciduous species, is one of the few species 
from Brazil with high sawn timber international market 
value. Furthermore, it has high sprouting ability, making 
it ideal for planting trials with small and even large 
landowners. C. fissilis, like many Meliaceae, is attacked 
by shot borers, limiting its use in large scale plantations. 
The genetic pool of this species has been eroded due to 
selective logging, thus developing suitable techniques for 
collection and establishment of C. fissilis seedlings are key 
for conservation and silviculture of this tree species.

The objective of this work was to test the planting 
of C. fissilis rootstock and bare-root seedlings obtained 
from natural regenerating saplings in southern Brazil. 
More specifically, we aimed to compare seedling 
survival, number of leaves (as a proxy to seedling 
vitality) and growth between bare-root and rootstock 
seedlings at different sizes during a full growing season.

METHODS

Experimental design

The study site is located in the Central 
Depression of Rio Grande do Sul, Brazil. The mean 
annual temperature is 25 °C, with monthly minimum 
average temperature 18 °C, and maximum of over 30 °C 
in February. Mean annual rainfall is 180 cm, with no dry 
season, although water deficits are usual during summer 
(HELDWEIN et al. 2009). The soils of the region are 
mainly acrisols with variations caused by the position in 
the relief, as soils closer to water courses show signs of 
oxidation (DALMOLIN; PEDRON, 2009).

In September 2012, 50 saplings of C. fissilis were 
collected from a nearby forest site by uprooting the 
plants. As it was the beginning of the growing season, 
saplings already had 2-8 leaves. As a light demanding 
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species, most of the C. fissilis saplings were found close 
to forest edges. On the same day, these saplings were 
taken to an experimental field at Universidade Federal 
de Santa Maria. There the bare-root saplings were 
weighed and visually paired according to morphological 
similarities such as size and apparent vitality. In each pair 
one of the seedlings had its shoot pruned, leaving about 
10 cm of the shoot, excessive and bent roots were also 
pruned, generating the rootstock seedlings. The leaves 
of the bare-root seedlings were cut in half as a way to 
reduce water loss. Seedlings were planted in open field 
with 1 x 1 m regular spacing. Each pair of seedlings was 
planted side by side as to reduce spatial variation in 
the experiment. Heavy irrigation was carried out after 
planting and two days later as a means to eliminate the 
air around the roots.

Measurements began 15 days after planting. Until 
the 45th day after planting the number of sprouts in the 
rootstock seedlings was recorded, at this point only the 
most vigorous sprout in each plant remained, as the 
others were manually pinched off. Measurements in the 
rootstock and bare-root seedlings continued for every 
month until October 2013. Root-collar diameter (RCD), 
shoot height, number of leaves and main shoot survival 
were obtained from each plant. Measurements were 
suspended during winter of 2013 as plants had no leaves 
and did not grow during this season.

Data analysis

The data were treated as a complete randomized 
experiment. Means of the initial observed variables 
from bare-root and rootstock seedlings were compared 
through t test, as a way to test the efficiency of the visual 
pairing. Time, treatment (bare-root or rootstock) and 
seedlings initial diameter were considered the factors 
influencing the seedling development. For model 
development we divided the seedlings into three size 
classes: RCD smaller than 1 cm, between 1 and 2.5 cm and 
larger than 2.5 cm. Number of leaves and sprouts were 
regressed using generalized linear models considering a 
Poisson distribution using a Log link function. Seedling 
survival had the same treatment but considering a 
Binomial distribution and Logit link. Height increment 
was modeled using full factorial parsimonious model 
through stepwise regression or manual elimination of 
non-significant coefficients, considering the data nested 
in each tree. The developed linear mixed model had its 
error correlation and heteroscedasticity matrix chosen 
by the visual analysis of a scatter plot of the residuals 
against the fitted values. The data were analyzed using R 
software (R CORE TEAM 2013).

RESULTS AND DISCUSSION

We used saplings of RCD ranging from 0.3 to 4.2 
cm (1.9 ± 0.9) (mean ± standard deviation, respectively), 
corresponding to a total weight range from 19 to 907 g 
(185 ± 181). This is a large range for a seedling trial, since 
most of the nursery seedlings produced seldom has RCD 
larger than 1.5 cm. We found no difference between 
pruned and whole seedlings groups for the initial values 
of RCD (p=0.56), initial height (p=0.96) neither for 
seedling total weight (p=0.70). Therefore, the visual 
pairing of plants had no influence on this experiment.

The rootstock seedlings had buds profusely 
sprouting 15 days after planting. Over 90% of the 
seedlings had buds already sprouting at this time. This fast 
response is due to the sprouting capacity of the studied 
species, but especially due to the irrigations that were 
carried out alongside with the rainy season in which the 
seedlings were planted. High soil humidity and rainfall (or 
irrigation) avoid great water losses by the seedlings and 
also eliminate the air around the roots remaining from 
the planting operation, creating a tight root-soil interface 
faster than in drier environments, thus increasing survival. 
Despite this rapid response to treatment, the number 
of sprouts tended to decrease in the time after planting 
(Figure 1). Therefore, the developed model had time, 
quadratic time and diameter class as predictors of the 
numbers of sprouting buds. This model did not have an 
intercepted and had all significant coefficients (p<0.01), 
reducing the null variance by over 70%.

The decrease of sprouting buds over time is due 
to the development of the primary meristems and initial 
height growth. These primary meristems are known 
to produce auxin, which inhibits bud sprouting and 
the growth of other primary meristems in lower parts 
of plants (ZIMMERMANN; BROWN, 1971) as long as 
the sap flux between roots and the primary meristem 
is fairly solid (BORCHERT; TOMLINSON, 1984). 
Hence, it is natural that as soon as there is at least one 
established and growing shoot, other shoots or sprouting 
buds may die with time. The number of sprouting buds 
was larger in the seedlings with smaller RCD. Smaller 
seedlings that have less stiff stems are ontogenetically 
younger, which makes them a better material for 
vegetative reproduction. Therefore, these seedlings are 
more prone to developing new roots and sprouts. The 
difference between the number of sprouts of smaller 
and larger seedlings decreases with time. Although 
the smaller seedlings are able to produce faster for 
shoot sprouts, it forces for a higher selection between 
sprouts, thus, along time any difference in sprouting 
tends to be eliminated.
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FIGURE 1 Number of sprouting buds of the rootstock 
seedlings of Cedrela fissilis for different root-
collar diameters.

High survival rates in the field is the most desirable 
characteristic for seedlings. This characteristic must be 
assessed in a considerable time span. Our seedlings had 
good survival rates for the initial months due to irrigation 
and high water availability in the soil. The model 
developed to predict survival probability reduced null 
variance by almost 25%. Along time large differences 
between treatments and seedling size appeared. Larger 
seedlings had much higher one-year survival rates (over 
80%) when they were treated in the rootstock (Figure 
2). Large bare-root seedlings had survival rate probability 
as low as 40%. Large seedlings have higher survival rates 
(MCNABB; SCHAAF, 2005; SIDHU; DHILLON, 2007). 
However, these survival rates are based on the main shoot 
survival. Many bare-root seedlings shoots died but the 
seedling survived through sprouting in parts of the stem 
closer to the ground. In this sense, it  appears to be a natural 
process of top pruning. Therefore transforming bare-root 
into rootstock seedlings by top pruning is a technique 
which should accelerate a natural process by as much as 
one year (DESROCHERS; TREMBLAY, 2009), reducing 
the time of weeding and thus costs with forest creation.

Bare-root seedlings of C. fissilis smaller than 1 cm 
are very unviable, never having survival rate probability 
greater than 60%. Since they have extremely low survival 
rate probability, the production of small seedlings of this 
species must be made with containers. The higher survival 
rate of the rootstock seedlings (DONOSO et al. 2009) 
is due to a reduced evapotranspiration from leaves and 
stem, making the seedling less prone to die during water 
limited periods. Moreover, there are morphological 
adaptations at leaf level to the outfield environment, 
since the saplings are collected in environments with 
different degrees of shading. The rootstock seedlings 
have all leaves adapted in outfield conditions, whereas 
in bare-root seedlings the initial photosynthesis occurs in 
leaves that were not produced for these environmental 

conditions. This treatment may be considered a method 
for a drastic reduction of the shoot to root ratio, which is 
a desirable seedling condition.

FIGURE 2 Main shoot survival probability for rootstock (a) and 
bare-root (b) seedlings of Cedrela fissilis. The level 
refers to differences in root-collar diameters of 
seedlings smaller than 1 cm in diameter at soil level 
(continuous line), between 1 and 2.5 cm (broken 
line) and larger than 2.5 cm (dotted line).

Since it is a deciduous species, C. fissilis leaf 
production during a growing season is fundamental 
for growth in the same season, and for carbohydrate 
accumulation for early growth and new leafs development 
in the next growing season (YOSHIMURA, 2010). In this 
sense, results may be influenced by primary production 
of the saplings in the growing season prior to its lifting, 
once our data is limited to observations in one growing 
season. However, we do believe that seedling pairing 
was effective in eliminating this tendency. Our model 
included time, initial diameter and treatment as variables 
to control leaf production. Larger seedlings produced 
more leaves as they had more carbohydrate reserves in 
its roots and stems. Nevertheless, the most interesting 
result is related to the treatment effect.

Since bare-root seedlings had not had all their 
leaves removed, they had a head start in photosynthetic 
surface, but those leaves were not adapted to the full 
light environment (YOSHIMURA, 2010). In less than a 
hundred days after planting rootstock, seedlings already 
had more leaves than bare-root. It seems that the sap flux 
in bare-root seedlings was not strong enough to reach 



SCHRODER et al.

313

the primary meristem and make nutrients and water 
available for the production of new leaves. In contrast, 
rootstock with a smaller distance for water and nutrients 
to travel were able to have a mean leaf number almost 
twice that of the bare-root (Figure 3), in the peak of leaf 
bearing in the growing season. As winter approached, 
leaf senescence made the treatments similar for the 
mean number of leaves by plants between treatments.

treated seedlings (1.4 cm/cm) than in bare-root seedlings 
(0.04 cm/cm). Initial RCD had a large effect due to more 
carbohydrate reserves in the remaining roots and stem 
of rootstock seedlings, enabling plants to have a more 
vigorous and balanced sprouting and leaf formation 
(LANDHAUSSER et al. 2012; ZHU et al. 2012). In the 
bare-root seedlings this effect was smaller because 
larger seedlings had a larger stem and therefore higher 
evapotranspiration, eliminating any advantage that 
larger carbohydrate reserves could have. Reserves in 
the bare-root seedlings were probably used to develop 
roots as a way to re-balance the S:R (DESROCHERS; 
TREMBLAY, 2009).

Large seedlings of C fissilis have a higher survival 
rate and a larger increment. However, producing larger 
seedlings is more expensive (SOUTH et al., 2001; 
WATSON, 2005). One inexpensive source of large 
seedlings is the use of regenerating saplings from natural 
forests. However, these seedlings are adapted to forest 

FIGURE 3 Mean number of leaves by plant in each treatment 
during the first growing season after planting of C. 
fissilis seedlings lifted from natural regeneration in 
nearby forests.).

Seedlings had a large variation among themselves 
regarding height increment. For this reason, a hierarchy 
was used to explain treatment effect on height. In addition, 
we observed negative increment between measurements 
in several occasions (Figure 4). This is a common feature 
in time series data (CLARK; BJORNSTAD 2004; CLARK 
et al. 2007) when the observations are too close in 
time between them. It has been recommended that 
the observations which represent negative increments 
should be excluded from the data (CLARK; CLARK 
1999; CLARK et al. 2007). However, we believe that 
measurement errors have the same probability of 
overestimate or underestimating increment, as long as 
the observations are independent. Our measurements 
were made in the field with no knowledge of the results 
of the previous measurement, so that they were totally 
unbiased. Thus, we did not exclude any observation, and 
expected the mean tendency to be the best estimation of 
the true value of height increment in any given time span.

The exploratory analysis of the data already 
shows a large difference between height increments of 
the treated and untreated seedlings. While rootstock C. 
fissilis grew almost 60 cm in height over a year, bare-root 
seedlings grew no more than 15 cm. Our model showed 
that RCD, time and treatment affected height growth 
(Figure 5). Rootstock seedlings grew 14 cm more per 
unit diameter over a year than did untreated plants. 
Furthermore, initial RCD had a larger effect on growth of 

A

B

FIGURE 4 Observed heights and mean individual linear 
tendencies along time for rootstock (a) and bare-
root (b) seedlings of C. fissilis, lifted from natural 
regeneration of a nearby natural forest in Santa 
Maria, Brazil. 
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conditions and do not thrive in open field plantings. This 
is due to high development of the shoot system in the 
search for light, and low development of the root system 
in a variation of the forest floor which is relatively rich 
in nutrients and has low water availability. However, by 
shoot pruning these saplings we were able to produce 
rootstock seedlings with high survival rates and growth. 
The use of saplings from natural forests may deplete 
regeneration in natural forest (KETTLE, 2009), but new 
areas of regeneration of the collected species will be 
created. Therefore, we believe that the techniques here 
described should be of great help for any project that 
aims to plant trees of native species with sprouting ability.

CONCLUSIONS

Seedling survival was higher for plants under the 
rootstock method, especially for saplings with root-
collar diameter larger than 1 cm.

Bare-root seedlings had a higher number of 
leaves at the beginning of the experiment, but rootstock 
seedlings quickly developed larger and deeper crowns 
than the former.

Height growth had high variability, but rootstock 
seedlings grew much faster and had a mean height 
increment of 60 cm over a full growing season.
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