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Abstract
The Cerrado (Brazilian Savanna) biome suffers intense degradation due to several anthropic activities and its recovery 
is extremely important for the restoration of environmental quality. Therefore, the present study tested the survival 
and growth of seedlings of the grass Schizachyrium tenerum produced by the division of clumps. The experiment 
was carried out in a greenhouse using Reddish Oxisol, dystrophic of “cerrado sensu stricto” and Litholic Neosol 
dystrophic of quartzitic rupestrian grassland  with and without the addition of limestone and NPK. Survival of  
S. tenerum was also compared between being grown in a greenhouse and directly in the field in full sun. Seedlings 
of S. tenerum had greater survival, total growth, number of tillers and accumulation of biomass when cultivated in 
Reddish Oxisol and Reddish Oxisol with limestone added than in the other treatments. Seedling survival was three 
times greater when grown in a greenhouse than in full sun. 
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1. INTRODUCTION

Savanna and grassland vegetation types in Brazil, such 
as “cerrado sensu stricto” and rupestrian grassland (Campo 
Rupestre) are subject to constant degradation by human 
activities including agriculture and livestock monocultures 
(Klink & Machado, 2005), mining (Le stradic et al., 2015a) 
and road construction (Barbosa et al., 2010), among others, 
which have been intensifying in recent decades (e.g., Klink & 
Machado, 2005). Cerrado and grassland areas are dominated by 
herbaceous strata, mainly grasses (Haridassan, 2000; Viana & 
Lombardi, 2007; Messias et al., 2012; Le Stradic et al., 2015a). 
Almost 400 species of native grasses have been described for 
“cerrado stricto sensu” (Mendonça et al., 2008) and 340 for 
rupestrian grassland (Viana & Filgueiras, 2008). Grasses are 
widely distributed and occur in different environments, even 
in those where there are shallow soils with low fertility and 
little water retention (Messias et al., 2013), and they can easily 
colonize degraded environments (Jacobi et al., 2008). Due to 
processes of degradation, extensive areas of “Cerrado” currently 

require restoration (Cava et al., 2016). However, the erroneous 
practice of planting tree species in grassy environments has 
been recurrent, with great damage to ecosystems (Overbeck 
et  al., 2013; Fernandes et  al., 2016a). The introduction of 
trees in environments naturally dominated by herbaceous 
and shrubby plants alters the local biota and the hydrological 
regime and reduces ecosystem services (Fernandes  & 
Barbosa, 2013; Fernandes et al., 2016a). In addition, exotic 
grass species are commonly used in areas that require rapid 
soil coverage, disregarding the great diversity of native species 
(Durigan et al., 2013). The environmental damage resulting 
from planting of exotic grasses includes biological invasions, 
impediment of the establishment of native species and changes 
in the process of ecological succession, in addition to favoring 
the occurrence of severe fires due to the accumulation of 
above ground biomass (Simberloff, 2003; Martins et al., 2007; 
Figueiredo et al., 2012). 

Among the most used forms of grass planting is direct 
sowing. However, the seeds of many native species have 
low viability and germination, making it difficult to use this 
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technique (Carmona et  al., 1999; Figueiredo et  al., 2012; 
Le Stradic et  al., 2015b). A promising and still poorly 
studied alternative is the method of vegetative propagation 
by clump division (Fernandes et  al., 2016b; Santos, 2017; 
Figueiredo et al., 2018). The production of grasses on a large 
scale requires knowledge about the needs and physiological 
restrictions of each species, ideal substrate for planting, 
need for irrigation and climate tolerance. In general, soils 
in grassland areas of “Cerrado” and rupestrian grassland 
possess low concentrations of nutrients, while the process 
of liming and fertilizing can contribute to their productivity 
(Haridasan et al., 1997). However, in order to demonstrate 
these soil enrichment effects on the development of plants 
already adapted to nutritionally poor soils, each species needs 
to be investigated individually (Haridasan, 2000).

In view of the need to produce native grasses for environmental 
restoration, the present work aimed to test the performance of 
the species Schizachyrium tenerum Nees cultivated using the 
clump division (tillering) technique and different substrates 
in different environments (i.e., greenhouse and directly in the 
field). Thus, we hypothesized that: (I) S. tenerum will have 
higher survival and growth rates when grown on substrates 
with greater availability of nutrients (Haridasan et al., 1997) 
and that are slightly acidic pH (between 5 and 7), as well soil 
typical of the natural environments where the species occurs; 
and (II) survival of S. tenerum seedlings will be greater when 
grown in a greenhouse compared to direct cultivation in the 
field where the environmental conditions of solar radiation 
and humidity vary widely and represent strong environmental 
filters for adaptation and initial growth. 

2. MATERIAL AND METHODS

2.1. Study area

The study was conducted at Reserva Vellozia (19°16’45.7”S, 
43°35’27.8”W) located in Serra do Espinhaço, state of 
Minas Gerais, Brazil. The area is under the dominion of the 
“Cerrado” biome and is in the rupestrian grassland vegetation 
type. Fragments of “cerrado sensu stricto” can also be found 
in the grassland matrix (Almeida et al., 2017). Rupestrian 
grassland is characterized by predominantly sclerophilous 
and perennial vegetation on quartzitic-sandstone substrate 
(Giuliette et al., 1997; Fernandes et al., 2016b). The climate of 
the region presents mild summers and well-defined dry seasons 
(May to September), with an average annual temperature 
of 21.2ºC and mean precipitation of 1622 mm (Fernandes 
et al., 2016b). The local climate is classified as mesothermic 
(Cwb), according to the classification of Köppen, which is 
characterized by dry winters and wet summers.

2.2. Study species

The grass S. tenerum was chosen due to the possibility 
for vegetative propagation facilitated by its physical and 
physiological characteristics, besides being quite abundant 
at the study site. Its growth is cespitose, that is, it forms 
typical clumps, which facilities its division into tillers.  
The species is distributed throughout Brazil in several biomes, 
such as “Cerrado”, Atlantic Forest and Pampas, with high 
frequencies of occurrence in both natural and anthropized 
environments (Boldrini et al., 1998; Guimarães et al., 2002; 
Messias et al., 2012; Teixeira & Lemos-Filho, 2013). The wide 
distribution of this species is important both to facilitate it 
use in restoration, as well as to validate and use this technique 
in other areas. In addition, S. tenerum is also resistant to fire 
(Filgueiras,1992), increasing its importance in the resilience 
of “Cerrado” and rupestrian grassland.

2.3. Substrate preparation

To assess the survival and growth of S. tenerum, six 
substrates were prepared with soil form quartzitic rupestrian 
grassland classified as Litholic Neosol (USDA, 1999; called 
in Portuguese Neossolo Litolítico - EMBRAPA, 2018) and 
“cerrado stricto sensu” classified as Reddish Oxisol (USDA, 1999; 
called in Portuguese Latossolo Vermelho - EMBRAPA, 2018). 
Reddish Oxisol are an advanced state of tempering, deep, of 
medium texture, moderately to well drained, and considered 
strongly acidic with low base saturation, while Litholic 
Neosols have suffered low intensities of pedogenic processes, 
are shallow and with little organic material and high levels 
of aluminum and sodium (EMBRAPA, 2018). Both soils 
were collected at a depth of 40 cm in Reserva Vellozia. 
The Litholic Neosol was collected in an environment with 
native grassland vegetation, whereas the Reddish Oxisol was 
collected in a fragment with the presence of grasses, trees 
and shrubs (typical physiognomy environment). The six 
different treatments employed here are named according to 
fertilizer dose and/or soil type (details in Table 1).

After collection, the soil of each physiognomy was 
sieved (3mm sieve) and divided into three parts (details 
in Table 1). One portion was stored without receiving 
any treatment (control treatments for each environment).  
The second part received an addition of dolomitic limestone 
with (Total Neutralization Relative Power - TNRT) 100% 
until 50% base saturation, 60 days before planting, according 
to Martins (2005). The third portion received, in addition 
to dolomitic limestone, 9g/kg the nutrient NPK (10-10-10), 
according to instructions of the manufacturer (Vitaplan®), 30 
days before planting. The soils were moistened and turned 
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three times a week for a complete reaction of the nutrients 
during the 60 days of preparation (Martins, 2005). 

Soil samples (250g) from each treatment were packed in 
plastic bags, identified and sent for analysis of the chemical 

composition (for details see EMBRAPA, 1997), by Soil Fertility 
Routine Laboratory at the Federal University of Viçosa.  
The parameters analyzed were: pH (H2O) N, P, K, Ca², 
Mg2+, Al³, H+ Al, SB, t, T, V, m and P-Rem (Table 1).

Table 1. Description of the composition and chemical characteristics of the six treatments used to test the survival and growth of seedlings 
of S. tenerum. Cal = Limestone, N = Nitrogen (mg/dm³), P = Phosphorus (mg/dm³), K = Potassium (mg/ dm³), Ca² = Calcium (cmolc/dm³), 
Mg² = Effective cation exchange capacity (cmolc/dm³), H+AL = Calcium acetate extractor 0.5mol/L (cmolc/dm³), V = Base Saturation 
Index (%), m = Aluminum Saturation Index (%) and P-Rem = Remaining phosphorus (mg/L).

Treatment Composition Codes pH N P K Ca² Mg² Al³ H+Al SB t T V m P-Rem

T1 Reddish Oxisol Oxisol 5.02 0.094 0.2 2 3.58 0.03 0.9 9.6 3.62 4.52 13.22 27.4 19.9 8.4

T2 Reddish Oxisol 
+ limestone 
(50% base 
saturation)

Oxisol + 
CaCO3 6.72 0.179 0.6 79 6.9 0.41 0 1.7 7.51 7.51 9.21 81.5 0 19.9

T3 Reddish Oxisol + 
limestone + NPK 
(10-10-10)

Oxisol + 
CaCO3 + 
NPK

7.78 0.083 7 172 12.19 0.32 0 0.8 12.95 12.95 13.75 94.2 0 18.1

T4 Litholic Neosol Neosol 7.51 0.052 2.4 19 6.81 0.12 0 1.3 6.98 6.98 8.28 84.3 0 41.7

T5 Litholic Neosol 
+ limestone 
(50% base 
saturation)

Neosol 
+ 
CaCO3

8.23 0.028 1.9 16 9.23 0.15 0 0.7 9.42 9.42 10.12 93.1 0 36.8

T6 Litholic Neosol 
+ limestone + 
NPK (10-10-10)

Neosol + 
CaCO3 + 
NPK

8 0.036 8 34 10.03 0.15 0 1 10.27 10.27 11.27 91.1 0 40.4

2.4. Seedling production and planting 

To test the two hypotheses, seedlings were produced 
from plants (clumps) collected in rupestrian grassland. 
Each clump was divided into six parts (here on referred to 
as ‘seedlings’) (Figure 1). The aerial part of each seedling 
was pruned to a length of 10 cm. The seedlings were then 
weighed on a precision scale to obtain initial fresh weight 
and then placed in trays with water to maintain humidity 
until planting. The procedure was performed at 7:00h and 
10:00h when there is low solar incidence to avoid drying 
out the roots and to reduce losses during regrowth.

To evaluate the survival and growth of S. tenerum in 
each treatment 300 seedlings were produced from 50 plants 
in order to maintain a part of each plant (seedling) in one 
treatment, and thus exclude the influence of a genetic 
factor in the performance responses of seedlings. Another 
200 seedlings were produced to compare the survival rate 
when grown in a greenhouse to that of direct planting in 
the field in full sun. In total, 500 seedlings were produced 
from 84 plants.

Figure 1. A) Schematic of the collection and preparation of 
seedlings of the grass S. tenerum for planting. One plant (clump) 
was divided into six parts and each part was planted in one of six 
different treatments: T1= Reddish Oxisol, T2= Reddish Oxisol 
with the addition of limestone, T3= Reddish Oxisol with the 
addition of limestone and NPK, T4= Neosol, T5= Neosol with the 
addition of limestone, T6 = Neosol with the addition of limestone 
and NPK nutrient.



Floresta e Ambiente 2021; 28(2): e20200051

4 - 8 Sena L, Bahia T, Fernandes G

4

An experiment was performed in randomized blocks 
with 50 repetitions in six treatments (total n = 300 
seedlings) to test the hypothesis regarding survival and 
growth of S. tenerum in each treatment. The seedlings 
were planted in 1 dm³ plastic pots. The greenhouse was 
covered with 50% shade and was automatically irrigated 
by sprinkling for five minutes twice a day, morning and 
afternoon, with an average of 120 ml of water per pot/
day. The experiment was conducted for 120 days from 
October 2016 to January 2017. 

To compare the survival rate of S. tenerum in different 
environmental conditions (greenhouse and field), 
100 seedlings were grown in 1 dm³ plastic pots containing 
rupestrian grassland soil (in the greenhouse with the same 
conditions as before). Another 100 seedlings were planted 
directly in the field, in part of a cut slope next to the 
greenhouse. The slope had an inclination of approximately 
30º and was 3 meters high x 12 meters long. It was devoid 
of vegetation and had compacted soil, with no signs of 
erosion. Seedlings were distanced from each other by 25 cm. 
Irrigation was performed manually twice a day, morning 
and afternoon, with an average of 120 ml of water per hole/day 
for 120 days from February to May 2017. 

2.5. Collection of data and statistical analysis

To test the hypothesis regarding survival by treatment, 
surviving seedlings of S. tenerum were counted every 30 
days for 120 days. A survival analysis was performed to 
evaluate differences in survival among the six treatments. 
The survival analysis consisted of assessing the life span 
of each seedling per treatment from the beginning of the 
study to the final moment (with the occurrence of death) 
(Pinder et al., 1978).

A correlation analysis was performed to assess the 
association between seedling survival and chemical 
characteristics of the soil. This analysis tests whether the 
investigated variables are correlated, with values above 
0 and up to 1 indicating a positive correlation, that is, 
variable y increases together with variable x. On the other 
hand, values between -1 and below 0 indicate an inverse 
correlation, that is, variable y decreases with increases in 
variable x (Callegari-Jaques, 2003).

To evaluate the growth of seedlings in each treatment, 
shoot length was measured with a graduated ruler (cm), 
and the number of tillers counted. At the end of 120 days, 
the surviving seedlings were submitted to destructive 
collection. This involved carefully washing the seedlings 
under running water and wrapping them in paper towels 

to remove excess moisture. Total length (cm) and weight 
(precision scale) of the root and the aerial pert were 
subsequently measured to obtain wet weight (g). Each 
individual was packed separately in paper bags and dried 
in an oven at 70º until constant weight (approximately 
seven days), after which they were weighed again to obtain 
final dry weight.

These measurements were then used to calculate the 
root/shoot ratio according to McGraw and Garbutt (1990). 
Generalized linear models (GLMs) were constructed to 
test the effect of treatments on growth with treatment as 
the predictor variable and total length (cm), tiller number, 
biomass (g) and root/aerial part ratio as response variables. 
The error distribution of each model was tested and found 
adequate for each variable according to the analysis of the 
model (Crawley, 2007).

To compare the survival of seedlings grown in the 
greenhouse versus in full sun, the percentage of surviving 
seedlings in each environment was calculated monthly 
for 120 days. To test this difference, a GLM was built after 
verifying homogeneity of variances of the data. Percentage 
survival was used as the response variable while environment 
(greenhouse of full sun) was the predictor variable. 

All analyses were performed with the aid of the program 
R (R Development Core Team, 2010). Results that showed 
differences between response variables were submitted to 
post hoc contrast analysis at 5% significance level.

3. RESULTS 

Survival of the seedlings of S. tenerum (p<0.001) 
(Figure 2) decreased markedly in different treatments 
after 30 days of the experiment. The average survival of 
plants at the end of 120 days was higher in Reddish Oxisol 
(T1) and Reddish Oxisol + CaCO3 (T2) with 66% and 
70%, respectively (Table 2). These two treatments had a 
higher concentration of nitrogen, a lower concentration 
of phosphorus and a more acidic pH (Table 1). Seedlings 
grown in RGS (T4) had lower survival, with at least 50% 
of seedlings dying before 90 days (Figure 2). 

Strong associations were found between survival 
rate of the seedlings and the concentration of nitrogen, 
phosphorus, and pH value of treatments. The average 
survival of seedlings was increased in treatments with a 
higher amounts of nitrogen (r= 0.79; p <0.05), while it was 
decreased with greater presence of phosphorus and basic 
pH (r = - 0.85; p <0.001 and r = -0.77; p <0.05, respectively). 
Average survival was lower for higher concentrations of 
phosphorus and elevated pH.



Vegetative Propagation of ...

Floresta e Ambiente 2021; 28(2): e20200051 5

5 - 8

Table 2. Mean and standard error of growth parameters for seedlings of S. tenerum cultivated in different substrate treatments.

T1 T2 T3 T4 T5 T6

Survival (%) 66 ± 6.76 70 ± 6.54 42 ± 7.05 44 ± 7.09 40 ± 6.99 30 ± 6.54

Total length (cm) 77.35 ±4.16 68.15 ± 3.26 56.10 ± 5.08 53.16 ± 4.63 43.50 ± 3.52 50.90 ± 4.98

Number of tillers (unit) 7.18 ± 1.00 6.42 ± 0.61 3.45 ± 0.69 4.00 ± 0.52 3.52 ± 0.59 3.73 ± 0.56

Root/aerial part ratio 2.69 ± 0.47 1.97 ± 0.36 2.08 ± 0.34 1.71 ± 0.36 2.67 ±1.09 1.351 ± 0.22

We weight (g) 8.60 ± 1.10 6.13 ± 0.76 4.60 ± 0.80 5.36 ± 0.69 3.81 ± 0.86 4.90 ± 0.78

Figure 2. Survival of seedlings of S. tenerum grown on different 
substrates over 120 days: T1= Reddish Oxisol T2= Reddish Oxisol 
with the addition of limestone, T3= Reddish Oxisol soil with the 
addition of limestone and NPK, T4= Litholic Neosol, T5= Litholic 
Neosol with the addition of limestone, T6 = Litholic Neosol with 
the addition of limestone and NPK nutrient. Dashed vertical line 
indicate the time when mortality reached 50%.

Seedlings of S. tenerum grown in T1 and T2 had higher 
average total lengths (F=8.818; df=139; p<0.001) and a 
greater number of tillers (F= 4.784; df =135; p<0.001) than 
the other treatments (Figure 3, Table 2). Seedlings grown in 
T1 and T2 produced 80% and 60%, respectively, more tillers 
than seedlings grown in the other treatments (Figure 3, 
Table 2). Plant wet weight (F=3.794; df=139; p<0.001)  
was 40% higher for seedlings grown in T1 compared to 
the other treatments (Figure 3). All seedlings allocated 
more biomass to the root than to the aerial part (Figure 3, 
Table 2), while the root/aerial part ratio did not vary among 
treatments (F=0.910; df=139; p=0.473).

Survival of seedlings grown in a greenhouse after 120 
days was 62%, while those grown in the field reached only 
26% (df=247,42; p<0.001) (Figure 4). 

Figure 3. Effect of treatments on the growth of seedlings of 
S. tenerum produced by vegetative propagation. Means followed 
by the same letters do not differ significantly at 5% probability.
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Figure 4. Survival percentage for seedlings of S. tenerum when 
grown in a greenhouse or in full sun for 120 days.

4. DISCUSSION

As predicted by hypothesis I, seedlings grown in more 
fertile soils showed a higher survival rate and greater growth 
in treatments with Reddish Oxisol (T1 and T2). These 
treatments had in common the highest concentrations of 
nitrogen and slightly acidic pH (below 7) in common. Nitrogen 
is considered one of the main macronutrients absorbed by 
plants, being responsible for the synthesis of protein and 
organic compounds (Lemaire et al., 2011). 

Phosphorus, which is an important nutrient for seedling 
development, showed an inverse correlation with survival, 
being present in higher doses in treatments where seedlings 
survived less. In this sense, it is believed that the presence 
of arbuscular mycorrhizal fungi (AMF), very common in 
“Cerrado” and rupestrian grassland and important for plants, 
may have been reduced in the medium rich in phosphorus 
(Moreira et al., 2019; Tang et al., 2001). The role of mycorrhizal 
fungi in the development of native plants of the “Cerrado” has 
been the target of investigation and is considered responsible 
for the greater development of seedlings even in soil that is 
poor in nutrients (Martins et al., 1999). Rupestrian grassland 
possess a great diversity of AMF, with 51 species inventoried 
in the Serra do Cipó alone (Coutinho et  al., 2015), and 
plants developed in these environments may have strong 
dependence on mycorrhiza. 

Although plants showed better development in more 
fertile soils, we also expected the addition of NPK and the 
improvement these nutrients to increase seedling survival, 
but the opposite occurred. Substrates that were not fertilized 
with these nutrients had the highest concentrations of N, 
contrary to what we expected. Thus, from the point of view 
of producing seedlings for planting in degraded areas, this 

result is quite beneficial as it reduces production costs, which 
is a decisive factor for using the method. Other studies with 
native grasses have also found high survival and growth 
rates for plants grown in “Cerrado” soil without fertilization. 
Oliveira (2019) evaluated the survival of seedlings of the native 
grass Schizachyrium sanguineum and observed almost total 
survival (98%) of seedlings cultivated in “Cerrado” soil, and 
the number and height of tillers were twice that for plants 
grown in fertilized non-commercial soil. The species Axonopus 
laxiflorus and Sporobolus metallicolus showed 100% chance 
of survival and high growth rates when grown in lateritic soil 
in rupestrian grassland (Figueiredo et al., 2018). Tilman and 
Wedin (1991) studied five species of grasses (Agrostis scabra, 
Agropyron repens, Poa pratensis, Schizachyrium scorparium, 
Andropogon Gerardi) in an experimental nitrogen fertilization 
gradient and found indications of maximum survival of all 
species in different cultivation conditions. 

Biomass allocation was higher in roots than in the 
aerial part in all treatments of the present study, which is 
a characteristic of great interest for planting in restoration 
areas. The elongation of roots promotes greater aggregation 
of soil and better captures limiting resources, such as water 
and nutrients, for the maintenance and development of 
plants in normally stressful environmental conditions. In 
fact, plants grown in soils with low nutrient contents allocate 
more energy to the roots in order to increase the capacity 
to absorb scarce resources (Chapin III, 1980; Mašková & 
Herben, 2018). On the other hand, in nutritious medium, 
plants invest in aerial parts, thus optimizing photosynthesis 
and plant development above ground (Chapin III, 1980; 
Müller et al., 2000; Negreiros et al., 2014a; Yan et al., 2016).  

As predicted by hypothesis II, survival of seedlings of 
S. tenerum was three times higher in the greenhouse than 
in full sun. This difference may be related to the controlled 
conditions of the greenhouse where there is less temperature 
fluctuation and less sun exposure for the seedlings. This 
is in contrast to the rupestrian grassland environment of 
the present study, where conditions are normally extreme 
with regard to temperature, humidity and solar incidence 
(Negreiros et al., 2014b), which increases stress for seedlings. 
In addition, the soil of the slope where the planting was 
performed was compacted and, thus, may have impaired 
the development of roots (Perez, 2008). A similar result was 
obtained by Oliveira (2014) in a study on the survival of tree 
species seedlings grown in a greenhouse with different levels of 
shading, with three-times greater survival with shading of 50% 
compared to the open environment. The species Schizolobium 
amazonicum also showed greater survival in a greenhouse 
compared to cultivation in full sun (Frigotto et al., 2015). 
The high mortality of seedlings planted in a degraded area 



Vegetative Propagation of ...

Floresta e Ambiente 2021; 28(2): e20200051 7

7 - 8

indicates the need for a period in the greenhouse to recover 
from water stress after production. 

The high rates of survival and development of seedlings 
of S. tenerum in Reddish Oxisol demonstrate the feasibility 
of using the technique of vegetative propagation through 
clump division. In addition, it is important to test how and 
when seedlings grown in a greenhouse can be taken for 
planting since direct field cultivation has had little success. 
Nevertheless, this result is promising for the technique to 
be expanded on a large scale for use in restoration due to 
its simplicity and low cost. New studies with different types 
of soil, nutritional concentrations and grass species will be 
important to expand knowledge and improve the technique. 
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