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SUMMARY

Obtaining high-quality native species seedlings and sustainable alternatives for seedling production are currently some of the bottlenecks 
for successful restoration plantings in degraded ecosystems. This study evaluated the survival and vigor of seminal seedlings of 
Mimosa flocculosa, M. micropteris and M. incana, produced in three containers (110 cm3 and 55 cm3 polypropylene tubes and 58 cm3 
SISBGC type biocompostable container) for ecological restoration purposes in the phytogeographic region of Mixed Ombrophilous 
Forest. Survival, total height, stem diameter, shoot and root dry biomass, sturdiness quotient, Dickson’s quality index and technical 
efficiency were evaluated. Survival percentages were higher for the three Mimosa species throughout all evaluations and in the three 
containers, with an average over 95 %, demonstrating the viability of the seedling production protocol used. Although the 110 cm3 
tube favored larger seedling growth, especially in M. flocculosa, the SISBGC tube showed similar efficiency for M. micropteris and 
M. incana. We conclude that a good performance in the nursery, associated with the bio-decomposition characteristics, makes SISBGC 
an excellent alternative for producing native seedlings for ecological restoration purposes.  

Keywords: biodegradable tube, native species of Brazil, ecological restoration, forest nurseries, Mixed Ombrophilous Forest.

RESUMEN

La obtención de plántulas de especies nativas de alta calidad, así como alternativas sostenibles para la producción de plántulas, 
representan hoy algunas de las limitaciones para el éxito de las plantaciones de restauración de ecosistemas degradados. Así, el 
objetivo fue evaluar la supervivencia y vigor de plántulas seminales de Mimosa flocculosa, M. micropteris y M. incana, producidas 
en tres recipientes (tubos de polipropileno de 110 cm3 y 55 cm3 y recipiente biocompostable tipo SISBGC de 58 cm3), con fines de 
restauración ecológica en una región fitogeográfica de Bosque Mixto Ombrófilo. Se evaluó la supervivencia, altura, diámetro del 
tallo, biomasa de tallo seco y raíz, coeficiente de robustez, índice de calidad de Dickson y eficiencia técnica. Hubo altos porcentajes 
de supervivencia para las tres especies del género Mimosa a lo largo de todas las evaluaciones y en los tres paquetes utilizados, con 
un promedio superior al 95 %, demostrando la viabilidad del protocolo de producción de plántulas utilizado. Si bien el tubo de 110 
cm3 favoreció un mayor crecimiento de plántulas, principalmente en M. flocculosa, para M. micropteris y M. incana, el tubo SISBGC 
mostró una eficiencia similar. Así, el buen desempeño en vivero, asociado a la característica de biodecomposición, hacen del SISBGC 
una excelente alternativa para la producción de plántulas nativas con fines de restauración ecológica.

Palabras clave: tubos biodegradables, especies nativas de Brasil, Bosque Mixto Ombrófilo, restauración de ecosistemas degradados, 
viveros forestales.

INTRODUCTION

The Fabaceae family, popularly known as legumes, is 
currently divided into six subfamilies (LPWG 2017). Five 
of these families are represented in Brazil, comprising 253 
genera and 3,033 species (Flora do Brasil 2020). Many 
of its species are associated with nitrogen-fixing bacteria, 
which form root nodules that improve soil physical, che-

mical and biological properties (Marchetti and Barp 2015). 
Among the subfamilies, Caesalpinioideae has 73 genera in 
Brazil, being Mimosa sp. the second most expressive ge-
nus, with about 373 species (Dutra et al. 2020).

The genus Mimosa is a functionally important group, 
characterized by fast growing species and good vegetati-
ve regeneration capacity, giving species a high potential 
for their use to recovering degraded ecosystems (Doura-
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do et al. 2013). Many species are pioneers and can colo-
nize disturbed sites, acting as nucleating species by im-
proving soil quality and facilitating the establishment of 
other plants (Brancalion et al. 2015). Currently, vigorous 
pioneer species are valuable for the initial phase of ecosys-
tem recovery, as their competitive capacity is an enormous 
advantage over colonization by species that inhibit natural 
regeneration, e.g., many invasive grass species (Fragoso 
et al. 2017). For example, the species Mimosa flocculosa 
Burkart, Mimosa micropteris Benth. and Mimosa incana 
Benth. are considered important components for restoring 
Permanent Preservation and Legal Reserve Areas in Brazil 
(Carpanezzi and Zanona 2017). 

Among the challenges of ecological restoration is the 
growing demand for native species in forest nurseries, 
which points to the need to develop research that optimi-
zes the production of quality seedlings that can meet the 
objectives of plantations (Grossnickle 2016). Several fac-
tors guide seedling production in forest nurseries to pro-
vide higher survival in the field. Among the main factors, 
the type of container and its dimensions highly influence 
forest species seedling quality and production costs, being 
significant for plant growth (Pias et al. 2015). A suitable 
container must ensure the proper development of the root 
system until the seedling dispatch stage, generating good 
architecture and aggregating roots to the substrate, and 
thus favoring the survival and initial growth of seedlings 
in the field (Freitas et al. 2018).

Many containers are used to produce native species 
seedlings, from traditional “plastic bags” to biodegrada-
ble materials, with rigid plastic tubes being the most com-
monly used material. The wide use of these tubes has been 
justified by lower substrate consumption and optimization 
of time and production area and the ease of field transport 
and good root system formation (Cabreira et al. 2021). In 
contrast, the need to disinfect packaging, high shipping 
costs and damage to the root system have required viable 
alternatives to this production system. To overcome these 
limitations, certain biodegradable materials have recently 
emerged on the market (Ferraz et al. 2015, Harris et al. 
2020); however, such materials require high investments 
by forest nurseries including structural modifications to 
adapt the production system. Recently, the compostable 
germinating cradle (SISBGC) is an alternative to traditio-
nal production systems in rigid plastic tubes, adapting to 
traditional production structures and offering the advanta-
ges of already consolidated biodegradable materials.

To determine the quality of forest seedlings used in 
reforestation programs, morphological and physiological 
variables can be used, both of which are defined by gene-
tic (propagule) and environmental factors such as cultural 
treatments in the nursery (Grossnickle and MacDonald 
2018). Among the morphological variables, shoot height, 
stem diameter and dry shoot and root biomasses stand out 
as the most common to assess the quality of seedlings in 
the nursery (Grossnickle and MacDonald 2017). These va-

riables, in turn, can be used to calculate indices such as 
the sturdiness quotient (H/SD) and Dickson quality index 
(DQI), which make it possible to assess the growth balan-
ce of seedlings and provide a measure of their performance 
potential in the field (Gomes et al. 2019).

Thus, considering all the highlighted aspects, the ob-
jective of this study was to evaluate the survival and vigor 
of seminal seedlings of M. flocculosa, M. micropteris and 
M. incana, produced in SISBGC tubes (58 cm3) and poly-
propylene tubes with two separate volumes (55 and 110 
cm3), to restore degraded ecosystems.

METHODS

The experiment was conducted between August and 
November 2019, at the premises of the Forest Nursery 
of State University of Ponta Grossa (UEPG), in the mu-
nicipality of Ponta Grossa (Paraná, Brazil) (25°5′40″ S, 
50°9′48″ W, 956 m). The region climate is Cfb type, cha-
racterized as humid subtropical, with mild summers and 
average temperature around 18 °C, and a maximum of 24 
°C and a minimum of 13 °C. The average annual rainfall 
for the region ranges between 1,500 mm and 1,800 mm, 
with rainfall distributed evenly throughout the year and 
frosts occurring in autumn and winter.

Three shrubby species of the Fabaceae family M. floc-
culosa, M. micropteris and M. incana were evaluated. The 
ecology laboratory of Embrapa Florestas provided the 
seeds. Before the experiments, seeds were disinfected in 
1 % sodium hypochlorite solution (NaClO) for 3 minu-
tes. Subsequently, the seeds were subjected to dormancy 
breakage by immersion in 80 °C water, which was allowed 
to cool for 24 hours. 

Seeds were sowed in three different containers 
(treatments) as follows: I - 58 cm3 SISBGC (Intelligent and 
Sustainable Compostable Germinator Cradle System) type 
biodegradable tubes, II - 55 cm3 polypropylene tubes, III 
- 110 cm3 polypropylene tubes. The containers were filled 
with Carolina Soil® commercial substrate (composed of 
Sphagnum peat), expanded vermiculite, dolomitic limes-
tone, agricultural gypsum and NPK fertilizer, with 4 kg m-3 
of Osmocote® 5-6M (NPK 18-5-9).

Sowing was performed manually, using two seeds per 
container covered with a 0.2 cm layer of vermiculite. Af-
terwards, the containers were kept in a shade house for 60 
days (70 % shading and micro-sprinkler irrigation, with 
four daily irrigations that lasted for 5 minutes and flow 
rate of 144 L hour-1). After 30 days in the shade house, the 
seedlings were thinned, keeping the taller and more centra-
lized seedlings in the container. 

Starter fertigation was carried out 30 days after sowing 
by applying 5 L of a solution composed of 0.15 g L-1 am-
monium sulfate, 2.3 g L-1 of Yoorin MG, 1.6 g L-1 potas-
sium chloride and 0.25 g L-1 of FTE BR 10 (7 % Zn, 4 %  
Fe, 4 % Mn, 0.1 % Mo, 2.5 % B, 0.8 % Cu) to 1,000 seed-
lings. At 45 and 60 days after sowing, 5 L of growth fer-
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tilizer composed of 4 g L-1 urea, 3 g L-1 of Yoorin MG,  
3 g L-1 of potassium chloride and 0.25 g L-1 of FTE BR 10 
were applied to 1,000 seedlings. At 75 days after sowing, 
rustification fertilization was performed by applying 5 L of 
a solution composed of 4 g L-1 of ammonium sulfate, 10 g 
L-1 of Yoorin MG, 4 g L-1 of potassium chloride and 1 g L-1 
of FTE BR 10 to 1,000 seedlings. 

After 60 days in a shade house, the seedlings were 
transferred to the rustification area (full sun and micro-
sprinkler irrigation, with two daily irrigations lasting 10 
minutes and flow of 144 L hour-1), where they stayed for 
105 days. 

Throughout the experiment, the variables survival, 
total height (H), stem diameter (SD), shoot dry biomass 
(SDB), root dry biomass (RDB) and total dry biomass 
(TDB) were evaluated. Survival and total height were eva-
luated at 30, 60, 90 and 105 days after sowing. Stem dia-
meter was measured at 60, 90 and 105 days after sowing. 
At 105 days after sowing, four plants were selected per 
sampling unit to evaluate the shoot dry biomass, root dry 
biomass and total dry biomass. Dry biomasses were ob-
tained by drying the material in an oven for 48 hours at 
65 °C, with subsequent weighing on an analytical scale 
with precision of 0.001 g. From this data, the sturdiness 
quotient (H/SD) was calculated for each species at 60, 90 
and 105 days. The Dickson quality index was determined 
by the following formula [1]: 

  [1]

Where,
DQI = Dickson quality index.
TDB = Total dry biomass (g).
SDB/RDB = Shoot-to-root dry biomass ratio
H/SD = Sturdiness quotient.

Additionally, for the quantitative classification of 
treatments for each species, technical efficiency was cal-
culated at 105 days, according to the following formula [2] 
adapted from Kratz et al. (2016):

 
   [2]

Where,
TE = technical efficiency.
TDB = Total dry biomass (g).
SDB = Shoot dry biomass (g).
RDB = Root dry biomass (g).
SD = Stem diameter.
H = Total height

  
Following a completely randomized design, the expe-

riment was installed in a split-plot design, with four re-
plicates of 20 seedlings per experimental unit. The main 

plots corresponded to the three containers, and the sub-
plots to the four evaluation periods (30, 60, 90 and 105 
days). The treatment variances were evaluated for homo-
geneity by the Bartlett Test (P < 0.05). The variables with 
significant differences (P < 0.05) in the variance analysis 
(ANOVA) had their means compared by the Tukey test  
(P < 0.05). 

RESULTS

We found high survival percentages for the three Mi-
mosa species in all evaluations and the three different 
containers, with an average of 96.5 %. The analysis of 
variance (ANOVA) revealed a significant interaction bet-
ween the factors container and periods evaluated only for 
the height of M. flocculosa and M. incana, which showed 
higher growth in the three container types from 90 days of 
evaluation (Table 1). In M. micropteris, despite the absen-
ce of interaction between the variables, there was a signifi-
cant increase in height over the three evaluations, reaching 
a final height that was higher than that obtained for the 
other species.

In general, superior height and diameter values were 
obtained for the species M. flocculosa in the 110 cm3 tubes 
(Table 1 and Figure 1). For M. micropteris, SISBGC and 
110 cm3 tubes showed similar growth in diameter and hig-
her growth than that shown by the 55 cm3 tube; however, 
they presented no statistical differences for height. Similar 
height values were also found between SISBGC and 110 
cm3 tubes for M. incana, which showed no differentiated 
growth in diameter in any of the containers. Considering 
the increase in diameter over the evaluated periods, only 
M. incana maintained the same growth pattern in all eva-
luations.

Analyzing the H/SD, SDB, RDB and DQI at 105 days of 
evaluation, no statistical differences were observed among 
the containers for any of the three species studied (Table 2).  
Only for TDB and TE, higher values were observed for  
M. flocculosa in 110 cm3 tubes and did not repeat for the 
other species. It should be noted that the TDB values obtai-
ned for M. flocculosa in 110 cm3 tubes did not differ from 
the SISBGC values.

The correlation analysis presented in Table 3 reveals 
that stem diameter, TDB, SDB and RDB were determinant 
for the values obtained from DQI and TE for the three spe-
cies studied. However, total height was positively correla-
ted to TE only, in all three species, which was also verified 
for H/SD in M. flocculosa.

DISCUSSION

The high survival for the three Mimosa species in the 
three containers studied demonstrates the viability of the 
seedling production protocol used and highlights how 
well the species adapted to the environmental conditions 
in the shade house and full sun. This is also evidenced by 

TE = (TDB * 0.45) + (SDB * 0.25) + (RDB * 0.10) +
         (SD * 0.10) + (H * 0.10)   
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Table 1. Total height of M. flocculosa, M. micropteris and M. incana seedlings at 30, 60, 90 and 105 days of evaluation, in three 
different containers: 58 cm3 SISBGC tube, 55 cm3 and 110 cm3 polypropylene tubes.
 Altura de las plántulas de M. flocculosa, M. micropteris y M. incana a los 30, 60, 90 y 105 días de evaluación, en tres paquetes diferentes: 
tubo SISBGC de 58 cm3, tubos de polipropileno de 55 cm3 y 110 cm3. 

Containers
Total height (cm) - M. flocculosa

Means
30 days 60 days 90 days 105 days

58 cm3 SISBGC 2.09 aC 4.59 bB 10.96 bA 11.94 bA 7.40

55 cm3 polypropylene tube 1.96 aC 4.82 abB 9.46 bA 10.64 bA 6.72

110 cm3 polypropylene tube 2.28 aD 6.39 aC 17.93 aB 20.26 aA 11.71

Means 2.11  5.27  12.78  14.28    

Coefficient of variation (a) = 10.86 % (b) = 9.96 % 

Containers
Total height (cm) - M. micropteris

Means
30 days 60 days 90 days 105 days

58 cm3 SISBGC 2.54 11.53 26.44 29.61 17.53 a

55 cm3 polypropylene tube 2.26 10.38 23.99 23.19 14.95 b

110 cm3 polypropylene tube 2.55 10.47 24.97 25.85 15.96 ab

Means 2.45 C 10.79 B 25.13 A 26.21 A   

Coefficient of variation (a) = 11.76 % (b) = 16.42 % 

Containers
Total height (cm) - M. incana

Means
30 days 60 days 90 days 105 days

58 cm3 SISBGC 2.96 aC 9.02 aB 18.37 aA 20.51 aA 12.71

55 cm3 polypropylene tube 2.77 aC 7.64 aB 14.66 bA 15.21 bA 10.07

110 cm3 polypropylene tube 3.05 aC 9.15 aB 18.20 aA 19.55 aA 12.49

Means 2.93  8.60  17.07  18.42    

Coefficient of variation (a) = 12.67 % (b) = 23.54 %

Means followed by the same lowercase letter in column and capital letter on the line do not differ between them by Tukey’s test (P < 0.05).
Los promedios seguidos de la misma letra minúscula en la vertical y letras mayúsculas en la horizontal no difieren significativamente entre sí mediante 
la prueba de Tukey (P < 0,05).

the growth in height and diameter obtained in the three 
evaluations (Table 1 and Figure 1). The higher values of 
height and diameter observed in the 110 cm3 tube compa-
red to the 55 cm3 tube reinforce results that point to better 
development of the root system in larger containers since 
there is more space for roots to distribute and more nu-
trients available for absorption by seedlings (Feletti et al. 
2020). However, the efficiency of the 58 cm3 SISBGC tube 
(which is sometimes comparable to the 110 cm3 tube in 
this study about the diameter and height values obtained 
for M. micropteris and M. incana, respectively) demons-
trates that not only is the volume of the container impor-
tant for adequate development of the root system, but the 
container morphology could also lead to quality seedlings 
in the nursery since the quality of the root system is rela-
ted to the adequate stem development. According to some 
authors, the quality standard of seedlings is highly corre-
lated to the height and diameter of the stem, determining 

higher survival and growth rates in field (Grossnickle and 
MacDonald 2017, Freitas et al. 2018). 

Another aspect worth mentioning is the composition 
of the SISBGC tube, which comprises about 80 % cal-
cium carbonate (CaCO3), of which approximately 50 % is 
converted into CO2 and the rest into CaO. Carbon dioxide 
can interact with water and release hydrogen ions (H+), re-
ducing the pH of the substrate, with cations available for 
root absorption. In turn, calcium is considered an impor-
tant macronutrient for vegetables. It is a constituent of cell 
walls, particularly the middle lamella, and also required 
for cell division, and therefore, for better seedling growth. 
In addition, it contributes to higher solubility of other nu-
trients, increasing the cation exchange capacity (CTC) of 
the substrate (Thor 2019), which could be related to the 
results found in this study. It is noteworthy, however, that 
even though the holes in the sides of SISBGC tubes pro-
vide better distribution of the root system throughout the 
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Figure 1. Stem diameter of M. flocculosa (A, B), M. micropteris (C, D) and M. incana (E, F) seedlings at 60, 90 and 105 days of 
evaluation and three different containers: 58 cm3 SISBGC tube, 55 cm3 and 110 cm3 polypropylene tubes. Means followed by the same 
letter do not differ between them by Tukey’s test (P < 0.05). The bars indicate the standard error of the mean.
 Diámetro de las plántulas de M. flocculosa (A, B), M. micropteris (C, D) y M. incana (E, F) a los 60, 90 y 105 días de evaluación, en 
tres paquetes diferentes: tubo SISBGC de 58 cm3, tubos de polipropileno de 55 cm3 y 110 cm3. Las medias seguidas de la misma letra no difieren 
significativamente según la prueba de Tukey (P < 0,05). Las barras indican el error estándar de la media.

Table 2. Means and standard deviation (±) of sturdiness quotient (H/SD), total dry biomass (TDB), shoot dry biomass (SDB), root dry 
biomass (RDB), Dickson’s quality index (DQI) and technical efficiency (TE) of M. flocculosa, M. micropteris and M. incana seedlings 
at 105 days of evaluation, in three different containers: 58 cm3 SISBGC tube, 55 cm3 and 110 cm3 polypropylene tubes.
 Medias y desviación estándar (±) del coeficiente de robustez (H/SD), biomasa seca total (TDB), biomasa de tallo seco (SDB), biomasa seca 
de raíces (RDB), índice de calidad de Dickson (DQI) y eficiencia técnica (TE) de las plántulas de M. flocculosa, M. micropteris y M. incana a los 105 
días de evaluación, en tres paquetes diferentes: tubo SISBGC de 58 cm3, tubos de polipropileno de 55 cm3 y 110 cm3.

Containers H/SD TDB (g) SDB (g) RDB (g) DQI TE Rank

M. flocculosa

58 cm3 SISBGC 8.41±0.75    2.56±0.65 ab     1.64±0.52     0.92±0.14     0.25±0.06 3.00±0.32 b 2

55 cm3 polypropylene tube 8.33±0.91    2.16±0.64 b     1.50±0.53     0.67±0.13     0.20±0.04 2.60±0.55 b 3

110 cm3 polypropylene tube 9.54±0.90    3.49±0.38 a     2.41±0.32     1.08±0.25     0.30±0.06 4.52±0.25 a 1

M. micropteris

58 cm3 SISBGC 13.20±1.16    4.31±1.30     2.45±0.76     1.86±0.69     0.30±0.09 5.92±1.02 1

55 cm3 polypropylene tube 12.67±1.19    3.03±0.57     1.96±0.41     1.07±0.19     0.21±0.02 4.46±0.65 3

110 cm3 polypropylene tube 11.59±0.26    4.53±1.14     2.89±0.99     1.64±0.16     0.34±0.08 5.73±0.88 2

M. incana

58 cm3 SISBGC 12.12±1.29    4.90±1.26     2.66±0.52     2.24±0.75     0.37±0.10 5.32±1.15 1

55 cm3 polypropylene tube 11.29±0.93    3.14±0.58     1.75±0.27     1.38±0.33     0.25±0.06 3.64±0.39 3

110 cm3 polypropylene tube 11.04±1.13    3.47±0.85     2.05±0.42     1.42±0.44     0.28±0.08 4.35±0.64 2

Means followed by the same letter do not differ between them by Tukey’s test (P < 0.05).
Las medias seguidas de la misma letra no difieren según la prueba de Tukey (P < 0,05).
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container, they also increase moisture loss in the substrate, 
thus requiring more frequent irrigation.

The absence of statistical difference between the H/SD 
of the three containers for the three species can be explai-
ned by adjusting seedling growth between the stem and 
root system, which is in turn related to the allocation of 
reserves (Grossnickle and MacDonald 2017). The lowest 
averages obtained for M. flocculosa reflect its lower growth 
in height compared to other species, a characteristic that 
can influence its development in the field. Some studies 
have considered an H/SD under 10 as ideal for good qua-
lity seedlings, with the justification that values above this 
could mean more important susceptibility of seedlings to 
tipping in the field, due to the high etiolation and redu-
ced stem resistance (Rossa et al. 2013, Grossnickle and 
MacDonald 2017), or even higher difficulty in absorbing 
and transferring water to the upper parts, especially in field 
conditions, where there is superior water requirement for 
full initial planting establishment (Gomes et al. 2019). 
However, these values have been suggested for conifers, 
and further studies are needed to define suitable values for 
native species. For example, despite the better nursery de-
velopment of M. micropteris and M. incana than the deve-
lopment shown by the species M. flocculosa, they presen-
ted H/SD over 10, ranging from 11.04 to 13.20.

Different species may respond differently to the phy-
sical restrictions generated by the root system due to the 
smaller volume of the container used. These restrictions, 
when present, seem to be related to the interference in the 
synthetic functions of the root system and to its capacity 
to absorb water and nutrients and translocate resources, 
reflected in its biomass production (Judd et al. 2015). In 

this study, although there were no statistical differences 
for SDB and RDB among the three containers, the highest 
averages for the three species were observed in the 58 cm3 

SISBGC and 110 cm3 tubes compared to the 55 cm3 tube. 
Only M. flocculosa showed statistical differences for TDB 
among the three containers. The lower value observed for 
the 58 cm3 SISBGC tube compared to the 110 cm3 tube 
may have occurred because this species is less tolerant to 
well-drained substrates (Carvalho 2002), as was found in 
SISBGC tubes, presumably causing lower growth of the 
species.

Regarding DQI, which considers the biomass of the di-
fferent plant compartments, as well as the height and stem 
diameter, there are no reference values in literature for 
higher seedling quality of different native woody species. 
This may hinder the analysis of the values obtained and 
make further studies necessary to determine the optimal 
value ranges for these plants in the nursery. However, M. 
flocculosa presented a higher TE value for the 110 cm3 tube 
due to the higher averages obtained for TDB and SDB, re-
presenting important fractions of this index. As previously 
mentioned, the highest averages of TDB and SDB in this 
species for the 110 cm3 tube compared to the SISBGC tube 
are possibly related to the higher moisture loss in the latter 
container. However, it does not seem to be a limiting factor 
for M. micropteris or M. incana, where the averages for 
TDB, SDB and RDB are comparable to those obtained for 
the 110 cm3 tube. In fact, considering the TE values ob-
tained for the three species, only in M. flocculosa did the 
110 cm3 tube rank higher than the SISBGC tube, while the 
averages for M. micropteris and M. incana suggest that the 
SISBGC is possibly tied to better seedling development. 

Table 3. Correlation among biometric variables: total height, stem diameter, sturdiness quotient (H/SD), total dry biomass (TDB), 
shoot dry biomass (SDB) and root dry biomass (RDB) with Dickson quality index (DQI) and technical efficiency (TE) of M. flocculosa, 
M. micropteris and M. incana seedlings at 105 days of evaluation.
 Correlación entre las variables biométricas altura total, diámetro, cociente de robustez, biomasa seca total (TDB), biomasa de tallo seco 
(SDB) y biomasa de raíces (RDB) con el índice de calidad de Dickson (DQI) y la eficiencia técnica (TE) de las plántulas de M. flocculosa, M. 
micropteris y M. incana a los 105 días de evaluación.

Total height Stem diameter H/SD TDB SDB RDB

 M. flocculosa

DQI 0.49 ns 0.59 * 0.11 ns 0.90 ** 0.78 ** 0.94 **

TE 0.90 ** 0.83 ** 0.62 * 0.92 ** 0.88 ** 0.77 **

M. micropteris 

DQI 0.50 ns 0.77 ** -0.19 ns 0.98 ** 0.93 ** 0.79 **

TE 0.79 ** 0.83 ** 0.18 ns 0.97 ** 0.85 ** 0.89 **

M. incana

DQI 0.58 ns 0.71 ** -0.17 ns 0.95 ** 0.93 ** 0.95 **

TE 0.87 ** 0.77 ** 0.24 ns 0.97 ** 0.97 ** 0.95 **

* = P < 0.05, ** = P < 0.01, ns = not significant.
* = P < 0,05; ** = P < 0,01; ns = no significativo.
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These results are also reinforced by correlation analyses 
between the variables and the DQI and TE indices, which 
attest to the possibility of using these indices to predict the 
response of plants in the field. Although it is not possible 
to say for certain that the development of a seedling in 
a nursery will reflect its development in the field, several 
studies have reinforced that attributes such as stem dia-
meter and root dry biomass are related to higher or lower 
susceptibility of seedlings to the stress of planting and abi-
lity to adapt to environmental conditions (Grossnickle and 
MacDonald 2018). For example, well-developed roots in 
dry and nutritionally poor soils are important hence plants 
can more efficiently capture the few available resources. 
However, higher heights provide a competitive advanta-
ge (i.e. access to light) in places with high weed compe-
tition, which may be more critical for seedling survival 
(Grossnickle and MacDonald 2017). Regarding the SIS-
BGC tube, the highest RDB and lower SDB/RDB ratios 
may be related to higher moisture loss in this tube, leading 
the plant to develop a more branched root system to ensure 
better contact with the substrate and, consequently, better 
efficiency of water and nutrient absorption. It is assumed 
that the proper development of the root system, in turn, 
influences not only the performance of the seedling in the 
nursery but mainly in the field and can ensure higher sur-
vival, which is particularly important if the planting oc-
curs in drier times when water supply becomes the most 
influential factor for seedling survival in the first year after 
planting (Grossnickle 2016).

Finally, although larger containers are often associated 
with better seedling development (Pias et al. 2015), they 
present disadvantages such as lower production per unit 
area and higher consumption of substrate and fertilizers, 
which are not as costly when using smaller containers (Fe-
letti et al. 2020). For biodegradable packaging, costs are 
reduced since tubes do not need to be disinfected to be 
reused, as well as because seedlings do not need to be dis-
patched from them, and less human resources to remove 
the seedlings from the plastic tubes and prepare them for 
the expedition is required. Such maneuvering can be par-
ticularly stressful for the plant when the root system is not 
well attached to the substrate (Grossnickle and El-Kassaby 
2016), which can be mitigated by using SISBGC tubes, as 
they aggregate roots better, are planted with the seedling 
and can lead to higher survival in field. In fact, the root sys-
tem is so crucial that several studies have pointed out that 
regardless of the species evaluated, RDB is the variable 
that most influences the other variables and DQI, constitu-
ting the leading indicator of seedling quality (Rossa et al. 
2013, Grossnickle and El-Kassaby 2016). Other research 
has also frequently found that although seedlings produ-
ced in larger packages have significantly higher heights in 
the nursery, this difference dissipates within a few months 
after planting, and seedling growth mainly depends on the 
quality of the root system (Feletti et al. 2020, Cabreira et 
al. 2021). With well-formed root systems, seedlings more 

efficiently absorb the nutrients made available during 
planting, and smaller seedlings gradually reach the larger 
seedlings. Thus, in addition to factors such as the possibi-
lity of reusing the production system, ease of handling and 
availability in the market, production costs should also be 
considered when choosing the container since economic 
viability is an important factor for seedling production.

CONCLUSION

Under the conditions in which the present work was 
carried out, it is concluded that the production of seminal 
seedlings of the species M. flocculosa, M. micropteris and 
M. incana is a viable method in forest nurseries, and 110 
cm3 and 58 cm3 SISBGC tubes are the most recommended 
for obtaining quality seedlings.

It is noteworthy that the optimization of space and ma-
terials must be considered in the elaboration of seedling 
production protocols to reduce their time and cost of pro-
duction and provide higher quality and vigor for ecolo-
gical restoration plantations. Thus, although the 110 cm3 

tube favors higher growth of seedlings in some cases, the 
SISBGC tube has comparable efficiency and can be used 
as a sustainable alternative for producing high quality 
seedlings. 
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