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ABSTRACT
Aims: The objective of this work was to evaluate the physical, chemical and biological
characteristics of the substrates formulated from carbonized rice husk, industrial sludge,
vermiculite, soil and commercial substrate, as well as the development of arugula seedlings
cultured in the compositions.
_____________________________________________________________________________________________________
*Corresponding author: Email: gianibohm@ifsul.edu.br, bohmgiani@gmail.com;
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Study Design: Eight treatments were studied in a completely randomized design: TO = commercial
substrate (SC); T1= commercial substrate + soil (1SC:1S); T2= commercial substrate + soil +
carbonized rice husk (1SC:1S:1CAC); T3= commercial substrate + vermiculite (1SC:1V); T4=
commercial substrate + vermiculite + carbonized rice husk (1SC:1V:1CAC); T5= sludge +
vermiculite (1L:1V); T6= sludge + vermiculite + carbonized rice husk (1L:1V:1CAC); T7=
commercial substrate + sludge + vermiculite + carbonized rice husk (1SC:1L:1V:1CAC), being
carried in box of expanded polystyrene (PEE) with four replicates.
Place and Duration of Study: The experiment was conducted in an experimental area of Campus
Pelotas, Federal Institute of Sul-rio-grandense, Pelotas, Brazil, period from October until December
2015.
Methodology: The chemical characteristics evaluated were: pH in water, organic carbon, total
nitrogen, total phosphorus, total potassium and C/N ratio. The physical characteristics as total
porosity, macroporosity, microporosity, water retention capacity and density. Also, organic matter,
electrical conductivity and basal respiration were evaluated.
Conclusion: The SC:V and SC:V:CAC treatments present pH, C Org., N, OM and C/N
characteristics close to the commercial substrate, but present P, K and EC levels below the ranges
indicated in the literature as suitable for the formation of substrates. Regarding the physical
characteristics, the formulation closest to the ideal was also SC:V, which results in good
microporosity, total porosity, water retention capability, but low macroporosity and density.

Keywords: Residue; electrical conductivity; rice husk; industrial sludge; basal respiration.
conditions of the substrate to be used for the
production of seedlings in box [3,6].

1. INTRODUCTION
The cultivation of arugula (Eruca sativa Mill.) has
been prominent in the world scenario due to its
nutritional and phytotherapeutic properties, as
they are rich in biologically active compounds
including ascorbic acid, carotenoids, fibers,
polyphenols and glucosinolates [1]. The most
commercialized vegetables in Brazil, it occupies
the 24th position, and among the hardwoods is in
fifth place coming soon after the lettuce, chives
and cabbage [2].

The objective of this study was to evaluate the
physical, chemical characteristics and biological
activity of substrates formulated from different
mixtures
involving
commercial
substrate,
industrial sludge, carbonized rice husk,
vermiculite and soil, as well as to compare the
results with reference values cited in the
literature, for the formulation of suitable
substrates for the cultivation of vegetable
seedlings in box.

Alternative substrates has been widely used for
obtain seedling cultivation in an environmentally
safe and profitable way [3,4,5]. A number of
residues, such as mixtures using peat and tree
bark [6], sewage sludge [4,7,8,9] have been used
over the last decades [10]. CAC as a component
for the formulation of substrates has been used
in regions that have rice industries due to their
chemical and physical characteristics, low cost
and high availability [10].

2. MATERIALS AND METHODS
The experiment was conducted in an
experimental area of Campus Pelotas, Federal
Institute of Sul-rio-grandense, geographic
coordinates 31° 76’ 68” S 52° 35’ 35" W, Brazil,
in the period from October until December 2015.
The following materials were used in the
experiment: commercial substrate Hdecher®,
vermiculite, soil is classified as Dystrophic Red
Yellow Podzolic (U.S. soil taxonomy), carbonized
rice husk and industrial sludge, the latter two
obtained from rice industry, both located in the
municipality of Pelotas/RS Brazil.

The evaluation of physico-chemical and
microbiological parameters are necessary to
monitor aspects related to soil composition,
structure and microbial activity [11]. The physical
characterization of substrates includes total
porosity, macroporosity, microporosity, water
retention capacity and density. For these
physical properties already have been studied
and defined standards and ranges of values that
serve as reference to characterize the ideal

Eight treatments were studied in a completely
randomized design: TO= commercial substrate
(SC); T1= commercial substrate + soil (1SC:1S);
T2 = commercial substrate + soil + carbonized
2
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rice husk (1SC:1S:1CAC); T3= commercial
substrate
+
vermiculite
(1SC:1V);
T4=
commercial substrate + vermiculite + carbonized
rice husk (1SC:1V:1CAC); T5 = sludge +
vermiculite (1L:1V); T6= sludge + vermiculite +
carbonized rice husk (1L:1V:1CAC); T7=
commercial substrate + sludge + vermiculite +
carbonized rice husk (1SC:1L:1V:1CAC), being
carried in box of expanded polystyrene (PEE)
with four replicates.

with a volume of 50 cm were identified, weighed
and filled manually with substrate. The substrate
was compacted, simulating the beating for
particle densification, similar to that used for the
production of commercial scale seedlings. After
filling the tubes and densification, the substrate
was submitted to water saturation. The initial
waterlogging period was 1 h. The tubes were
then drained for 30 min. The first weighing was
performed with the substrate soaked. For the
second weighing, the drainage was carried out in
two stages, the first one with the drainage
surface free for 1 h, and the second with the
drainage surface in contact with sheets of
newsprint and a plastic foam blade for 12 h.
Afterwards,
the
drained
substrate
was
transferred to capsules, which were taken to a
regulated oven at 105°C for 24 h. After this time,
the capsules were stored in desiccators for
cooling, followed by weighing.

As vegetable material were used arugula seeds
of the company Feltrin®, three seeds in each cell
for sowing. Irrigated daily until germination, after
this period irrigation was performed according to
the agronomic need of the plants. Eight days
after planting (DAP) thinning was performed,
leaving only one seedling per cell.
The chemical characteristics evaluated were: pH
in water (pH), organic carbon (C Org.), total
nitrogen (N), total phosphorus (P), total
potassium (K) and C/N ratio. The analysis of
these characteristics was performed according to
the method described by Tedesco [12]. The pH
was determined by potentiometer in substrate:
water suspensions (1:5, v:v). The C Org. was
determined by the moist combustion method
Walkey Black and the N by the Kjeldahl method.
The P and K were determined by sulfur
digestion, with P analyzed in mass spectrometry
and K in atomic absorption spectrometry.

To determine the physical
following equations were used:

attributes,

the

Macroporosity (%) = [(A-B) / C] x 100
Microporosity (%) = [(B-D-E) / C] x 100
Total porosity
Microporosity

(%)

=

Macroporosity

+

Maximum water holding capacity (mL.50 cm-3) =
B-D-E

The chemical characteristics were determined
before to cultivation under low humidity
conditions. The organic matter content and the
electrical conductivity was determined at 20
DAP. In this same period, the dry matter was
determined the evolution of CO2 released in the
process of microbial respiration.

Apparent density of substrate = (D-E) / C.
Where: A = weight of the soaked substrate; B =
weight of substrate drained; C = volume of the
tube; D = weight of dry substrate; E = tube
weight.
The values found for chemical and physical
properties in this study were compared with the
respective values or ranges considered ideal
in
literature
[3,6,15,16,17,18,19]
in
the
formulation of substrates for plant cultivation
(Tables 1 and 2).

The organic matter content (OM) was determined
by calcining 2 g of substrate sample, previously
oven dried at 60°C, in a muffle at 550°C for 4
hours, promoting the loss of volatiles from the
sample [13].
The electrical conductivity was determined with
50 mL of sample and 250 mL of deionized water
in a 300 mL flask. After 30 minutes of rest, the
samples were filtered and measurements in
conductivity equipment Digimed dm3.

Table 1. Ideal reference range for the
chemical properties of substrates
pH
Electric conductivity (mS cm-1)
Organic matter (%)
Carbon / Nitrogen ratio (C:N)
Total Nitrogen(g kg-1)
-1
Total phosphorus (g kg )
-1
Total Potassium (g kg )

The physical characteristics: total porosity,
macroporosity, microporosity, water retention
capacity and density, were evaluated according
to the method described by Guerrini and
Trigueiro [14]. For it, the polypropylene tubes
3

5,2 - 7
0,76 - 1,25
> 80
20 - 40
0 - 20
6 - 10
1,6 - 3,0
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Table 2. Ideal reference range for the physical
properties of substrates
Macroporosity (%)
Microporosity (%)
Total porosity (%)
Water holding capacity (%)
-3
Apparently density (g.cm )

ideal range. On the other hand, the treatments
T5, T6 and T7 (1L:1V: 8.93; 1L:1V:1CAC: 9.11
and 1SC:1L:1V: 1CAC: 8.7) presented pH above
the ideal range, indicating the need for pH
correction for use as a substrate for the
production of most seedlings in box, this alkaline
pH may be related to the presence of alkaline
and alkaline earth metals present mainly in the
sewage sludge. According to a study by Vieira
[7], the sludge from the parboilization of rice
presents high pH, being observed by the author
a pH equal to 8.5. Thus, the increase in the
contents of this attribute may be associated with
the presence of sludge from the rice industry in
the composition of the substrates.

35-45
45-55
> 85
20-30
0,10-0,35

Basal respiration (RB) was determined by the
quantification of CO2 released in the microbial
respiration process for 42 days, using the
method adopted by Bohm [20]. CO2 was
quantified by titration with 1M HCl solution after
the addition of BaCl2 solution (25% w/v) and 3
drops of phenolphthalein (1%) as indicator. The
amount of CO2 released in each treatment and
evaluation period was calculated by the formula:
RB = (VPB-VA) x M acid x Eq. C-CO2, where:
VPB = volume of HCl spent in the blank; VA =
Volume of HCl spent in the sample; M acid= HCl
concentration; Eq. C-CO2= gram equivalent of CCO2. The results were expressed as μg CO2 g-1
-1
h .

Adopting the limits of 25% of C org. for
substrates used in the production of seedlings,
recommended by Schmitz [3], only treatments
T0, T3, T4 and T7 present sufficient C org.
contents to be used as suitable substrates for the
cultivation of plants in box. The treatments T1,
T2, T5 and T6 presented low levels of this
variable (Table 3). T5 and T6 treatments had the
lowest levels. In a study by Schmitz [3], CAC
also presented low levels of C org. (17.3%),
which has been justified due to the high silicon
content and the carbonization process. The
presence of sewage sludge in the composition of
the substrates may have resulted in a lower
content of C org., as this decreases significantly
during the process of stabilizing the sludge
through microbiological respiration, converting it
into CO2 and also through mineralization [20].

The results were submitted to the analysis of
variance test with Tukey to 5% of probability.
Statistical analyzes were performed using
Statistix 8.0 (for Windows, Analytical Software
Inc., Tallahassee, FL, USA).

3. RESULTS AND DISCUSSION
Considering that the ideal pH range is between 6
and 7, for substrates of mineral origin and
between 5.2 and 5.5, for organic-based
substrates [17], the formulations mixtures from
SC, soil, CAC, vermiculite and sludge present
elements of organic and mineral base. The
treatments T1, T2, T3 and T4 (1SC:1S: 6.15;
1SC:1S:1CAC:
6.24;
1SC:1V:
6.25;
1SC:1V:1CAC: 6.47) presented pH within the

Regarding the N contents, considering the ideal
range of 0-20 (Table 1), all treatments were
within the indicated range, but the ideal P
-1
contents (6-10 g kg ) were not reached by any
treatment, treatments T0, T1, T2, T3 and T4
present lower values than those recommended in
the literature (Table 1), whereas treatments T5,

Table 3. pH, Organic Carbon (C Org.), Total Nitrogen (N), Total Phosphorus (P), Total
Potassium (K), Organic Matter (OM), Electric Conductivity (EC) and Carbon / Nitrogen Ratio
(C/N)
Tratamentos

pH

T 0 - SC
T 1 - 1SC:1S
T 2 - 1SC:1S:1CAC
T 3 –1SC:1V
T 4 - 1SC:1V:1CAC
T 5 - 1L:1V
T 6 - 1L:1V:1CAC
T 7-1SC:1L:1V:1CAC

6.3
6.1
6.2
6.2
6.4
8.9
9.1
8.7

C Org.
(%)
48.61
11.71
11.90
35.32
24.60
6.55
6.75
48.41

N
(g kg-1)
12.65
2.95
3.12
9.01
6.41
9.53
7.10
9.70

P
(g kg-1)
1.19
0.57
0.38
0.05
0.95
34.81
23.21
14.14

4

K
(g kg-1)
1.29
1.71
1.75
4.86
5.29
7.72
8.36
6.22

OM
(%)
83.03
13.51
11.91
53.06
46.45
19.17
36.94
15.15

EC
( mS cm-1)
0.295
0.140
0.129
0.229
0.141
0.987
0.348
0.339

C/N
38:1
40:1
38:1
39:1
38:1
7:1
9:1
50:1
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T6 and T7 present higher results than those
indicated, thus evidencing the need for correction
through fertilization suitable for use as substrates
in plant cultures.

essential to plants, as well as indirectly acting on
their availability, due to the elevation of pH,
increase the nutrient retention capacity, avoiding
losses. Biologically, OM is the source of energy
and nutrients, thus increasing the activity of soil
microorganisms [22]. According to Schmidt [24]
the process of microbial decomposition of soil is
controlled by substrate quality and the availability
of carbon and nutrients.

As for the contents of K for the cultivation of
vegetables, the average contents are in the
range of 1.6 - 3.0 [15]. The treatments T3, T4,
T5, T6 and T7 present levels considered very
high for this variable and the T0 treatment
resulted in a value classified as low [15]. This
increase in K concentration is possibly due to the
addition of the sludge in the mixtures, which has
high nutrient concentration, and with higher pH,
has become more available [21].

The ideal range for electrical conductivity (EC) is
between 0.76 and 1.25 mS cm-1 (Table 1). Only
the T5 treatment (1L:1V) was within this range,
all others resulted in lower values. According
to Martinez [25] electrical conductivity (EC)
-1
contents above 3.5 mS cm is excessive for
most plants. Excess EC was not observed in any
treatment. For some authors, such as Abad [16]
the optimal electrical conductivity for substrates
-1
should be less than 0.5 mS cm . This range was
reached by the other substrates tested in this
work.

The ideal C/N ratio for horticultural substrates is
between 20-40 (Table 1) which was obtained by
treatments T0, T1, T2, T3 and T4. The T7
treatment had a high C/N ratio. The treatments
T5 and T6 presented the lowest C/N ratio,
respectively, 7:1 and 9:1, which can be explained
by the presence of sludge, since materials of
easy decomposition have low values of this ratio
[22].

For the macroporosity variable, all the treatments
had lower levels than the T0 control treatment,
which presented 42.80%. The treatments T1 and
T3 resulted in values closer to the range
indicated for this variable, which according to
Lopes et al. [6] ideal macroporosity values
should be in the range of 35 to 45%. According
to Guerrini and Trigueiro [14], the carbonized rice
husk is a light and inert material, an increase in
the porosity of the substrate can occur, mainly
due to the increase in the percentage of
macropores.

During the mineralization process, the organic
matter releases nutrients to the plants [23], being
an important variable in agricultural substrates. In
relation to OM optimal levels should be higher
than 80% (Table 1), value reached only by T0
(SC). According to Schmitz [3], suggest a
minimum value of 50% of OM for substrates
used in the production of seedlings, being within
this range the T3 treatment composed by SC and
Vermiculite. The treatments T1, T2, T5 and T7
presented the lowest levels for this variable, on
average 14.93% (Table 4). The OM causes
changes in the physical, chemical and biological
characteristics of the soil, increasing the aeration
and the retention of moisture [7]. Chemically, OM
is the main source of macro and micronutrients

Only T1 treatment had levels below the
recommended range for microporosity, although
without differing from the T0 treatment. The
substrates formulated with the addition of
vermiculite, CAC and sludge (T3, T4, T5, T6
and T7) presented higher percentages of

Table 4. Macroporosity (Macro), Microporosity (Micro), Total Porosity (Porosity), Water
Retention Capability (Ret Cap.) and Density
Tratamentos
T 0 - SC
T 1 - 1SC:1S
T 2 - 1SC:1S:1CAC
T 3 –1SC:1V
T 4 - 1SC:1V:1CAC
T 5 - 1L:1V
T 6 - 1L:1V:1CAC
T 7-1SC:1L:1V:1CAC

Macro
(%)
a
42.80
32.13 b
cd
18.06
24.00 bc
11.53 de
e
7.03
9.66 de
de
12.60

Micro
(%)
bc
49.13
39.06 c
b
51.80
55.53 ab
59.86 ab
ab
57.60
63.66 a
ab
60.60

Porosity
(%)
a
91.93
71.19 bc
bc
69.86
79.53 ab
71.39 bc
c
64.63
73.33 bc
bc
73.20

Ret. Cap
(%)
bc
24.56
19.53 c
abc
25.90
ab
27.76
29.93 ab
ab
28.80
31.83 a
a
31.96

Density
(g.cm ³)
b
0.04
0.42 a
a
0.31
0.03 b
0.11 b
b
0.15
0.08 b
b
0.10

Means followed by the same letters, in the same column, did not differ significantly by the Tukey test at the 5%
probability level

5
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Basal respiration

mg CO2 100 g-1 de substrate

400.0

T0
T1
T2
T3
T4
T5
T6
T7

300.0
200.0
100.0
0.0
0

8

15

23

30

38

45

days
Fig. 1. Basal respiration of the treatments incubated for the period of 42 days
microporosity, being on average 21% higher than
that presented by the control treatment T0,
corroborating with the results obtained by
Simões et al. [26], which observed higher
percentages of microporosity in substrates
formulated with carbonized rice husk, coconut
fiber and vermiculite.

rooting of the plants, because the low retention of
water generates possible water stress, which
leads to a greater energy expenditure by the
plant to supply this need [28].
For density treatments T1 and T2 presented
adequate results for this variable, 0.42 and 0.31
g cm-3, respectively, with a recommended
-3
density of 0.10 to 0.35 g cm [17]. The other
treatments resulted in a low density of 0.085 g
cm-3, with no significant difference between the
other results.

As for total porosity only the T0 treatment is
within the recommended values for this variable
(> 85%), although the T3 treatment did not differ
from the T0 treatment, thus presenting better
aeration, water infiltration and drainage [27].
Costa et al. [28] obtained 88.18% porosity with
the addition of 32.33% CAC. Materials with low
porosity may impair root gas exchange and water
drainage, while high porosity may result in low
water retention causing water deficiency for
plants [29]. According to Costa et al. [28], the
determination of total porosity does not
distinguish between macro and micropores,
since it does not specify pore size, so that the
same total pore space can be occupied by
different volumes of air and water. According to
Pagliarin et al. [30], the substrate compaction
reflects a decrease in total porosity, especially in
the substrates with smaller particles and with
greater particle size unequality.

The microbial activity of the soil was determined
by the evolution of CO2, the highest RB rates
were obtained by treatments T5, T6 and T7,
presenting an average of 2.6019 μg CO2 g-1 h-1,
31.47% higher than that presented by the control
treatment (Fig. 1). Thus, these values were
associated to the presence of sludge in their
compositions, which provides a higher activity of
soil microorganisms [20]. For Rosa et al. [8] the
presence of stabilized sludge, used in the
cultivation of arugula, provided stimulus in the
production of microbial biomass. The addition of
substrate in the soil can cause the
microorganisms present in the soil to respond
differently depending on the physical and
chemical
properties
and
environmental
conditions [31].

As for the water retention capacity, treatments T6
and T7 presented 22.82% and 23.15%,
respectively, higher than the control treatment
T0, but these treatments did not differ from
treatments T2, T3, T4 and T5. For this physical
attribute, all treatments are within the range
indicated by Martínez [25], which considers an
optimal water retention capacity between 20 and
30%. The water retention capacity is an
important attribute for the development and

4. CONCLUSION
The substrates and mixtures tested in this study
allow to conclude that they have different
properties of the references cited as ideal for the
formulation of a substrate for the production of
vegetable seedlings in trays.
6
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Regarding the chemical attributes, the 1SC:1V
and 1SC:1V:1CAC treatments present pH, C
Org., N, OM and C/N characteristics close to the
commercial substrate, but present P, K and EC
levels below the ranges indicated in the literature
as suitable for the formation of substrates.

5.

Regarding the physical characteristics, the
formulation closest to the ideal was also SC:V,
which results in good microporosity, total
porosity, water retention capability, but low
macroporosity and density.

6.

7.
The presence of stabilized industrial residue
sludge provides greater soil microbial activity, but
does not result in improvements in the chemical
and physical attributes of the substrates.

ACKNOWLEDGEMENTS

8.

We would like to thank for Fapergs and CNPq for
scientific initiation scholarships, IFSul for the
availability of laboratories and experimental area
and UFPel Department of Soils for the availability
of laboratories for the physical analyzes.

9.

COMPETING INTERESTS
Authors have
interests exist.

declared

that

no

competing
10.

REFERENCES
1.

2.

3.

4.

Spadafora ND, Amaro AL, Pereira MJ,
Müller CT, Pintado M, Rogers HJ. Multitrait analysis of post-harvest storage in
rocket salad (Diplotaxis tenuifolia) links
sensorial, volatile and nutritional data.
Food Chemistry. 2016;211:114-23.
EMBRAPA/SEBRAE. Catálogo Brasileiro
de Hortaliças: Saiba como plantar e
aproveitar 50 das espécies mais
comercializadas
no
País.
Brasília:
EMBRAPA. 2010;59. Portuguese
Schmitz JAK, Souza PVD, Kampf AN.
Propriedades químicas e físicas de
substratos de origem mineral e orgânica
para
o
cultivo
de
mudas
em
recipientes. Ciência Rural. 2002;32(6):93744. Portuguese
Selma MV, Nez-Sa’nchez AM, Allende A,
Ros M, Herna’ndez M, Gil M. Impact of
organic soil amendments on phytochemicals and microbial quality of rocket
leaves (Eruca sativa) J. Agric. Food Chem.
2010;58:8331–37.
DOI: 10.1021/jf1016187

11.

12.

13.

14.

15.

7

Maggioni MS, Rosa CBCJ, Rosa Junior
EJ, Silva EF, Rosa YBCJ, Scalon SPQ,
Vasconcelos AA. Desenvolvimento de
mudas de manjericão (Ocimum basilicum
L.) em função do recipiente e do tipo e
densidade de substratos. Rev. bras. Plantas med. 2014;16(1):10-17. Portuguese
Lopes JLW, Guerrini IA, Saad JCC, Silva
MRda. Atributos químicos e físicos de dois
substratos para a produção de mudas
de eucalipto. Cerne. 2008;14(4):358-67.
Portuguese
Vieira GDA, Castilhos DD, Castilhos RMV.
Atributos do solo e crescimento do milho
decorrentes da adição de lodo anaeróbio
da estação de tratamento de efluentes da
parboilização do arroz. Rev. Bras. Ciência
do Solo. 2011;35(2):535-42. Portuguese
Rosa EVC, Mater L, Souza-Sierra MM,
Rörig LR, Vieira LM, Radetski CM. Textile
sludge application to non-productive soil:
Physico-chemical
and
phytotoxicity
aspects. Ecotoxicology and Environmental
Safety. 2007;68(1):91–97.
Korboulewsky N, Bonin G, Massiani C.
Biological and ecophysiological reactions
of white wall rocket (Diplotaxis erucoides
L.) grown on sewage sludge compost.
Environmental Pollution. 2002;117(2):365–
70.
Castoldi G, Freiberger MB, Pivetta LA,
Pivetta LG, Echer MM. Alternative
substrates in the production of lettuce
seedlings and their productivity in the field.
Revista Ciência Agronômica. 2014;45(2):
299-304.
Martins GSL, Abreu VP, Campos ANR.
Respiração basal do solo acrescido de
compostos orgânicos de carbono para
monitoramento da qualidade biológica do
solo.
Cadernos
de
Agroecologia.
2011;6(2). ISSN: 2236-7934.
Tedesco MJ, Bissani CA, Bohnen H,
Volkweiss SJ. Análises de solo, plantas e
outros materiais. 1995;174. Portuguese
APHA. Standard methods for the
examination of wather and wastewater. 21
ed. Outside: APHA; 2005.
Guerrini IA, Trigueiro RM. Atributos físicos
e químicos de substratos compostos por
biossólidos e casca de arroz carbonizada.
Revista Brasileira de Ciência do Solo.
2004;28(6):1069-76. Portuguese
Trani PE. Calagem e adubação para
hortaliças sob cultivo protegido. Artigo em
Hypertexto; 2007.
(Accessed 13 July 2016)

Bohm et al.; AJSSPN, 2(3): 1-8, 2017; Article no.AJSSPN.38822

16.

17.

18.

19.

20.

21.

22.

23.

24.

Available:http://www.infobibos.com/Artigos/
2007_1/cp/index.htm
Abad M, Noguera P, Burés S. National
inventory of organic wastes for use as
growing media for ornamental potted plant
production: Case study in Spain. Bioresource Technology. 2001;77:197-200.
Kämpf AN. Considerações sobre a
interpretação de análise química em
substratos. Plasticultura. 2011;4(17):10-11.
Portuguese
Cavins TJ, Whipker BE, Fonteno WC,
Harden B, McCalli, Gibson JL. Monitoring
and managing pH and EC using the
PourThru extraction method. Raleigh:
Horticulture Information. 2000;590:1-17.
Gonçalves JLM, Poggiani F. Substratos
para produção de mudas florestais.
Resumos. Sociedade Latino Americana de
Ciência do Solo; 1996. Portuguese
Bohm GMB, Amarante L, Bohm EM,
Rombaldi CV, Genovese MI. Glyphosate
influence on the soil microorganism sensibility, physiological parameters of the plant,
isoflavones and residues in the seeds and
soil. Journal of Agriculture and Ecology
Research International. 2016;5(4):1-12.
Vieira CR, Silva AP, Weber LS,
Scaramuzza JF. Características do solo e
das mudas de teca em função da adição
de lodo do caleiro. Ecologia e Nutrição
Florestal. 2014;2(2):32-45. Portuguese
EMBRAPA.
Embrapa
Agrobiologia.
Fundamentos da agricultura orgânica.
Sistemas de Produção, 2 – 2ª Edição.
ISSN 1806-2830. Versão Eletrônica. Dez;
2006.
(Accessed July 2015)
Available:http://sistemasdeproducao.cnptia
.embrapa.br/FontesHTML/Cafe/CafeOrgan
ico_2ed/funda mentos.htm
Dimassi B, Mary B, Fontine S, Perveen N,
Revaillot S, Cohan JP. Effect of nutrients
availability and long-term tillage on priming
effect and soil C mineralization. Soil
Biology & Biochemistry. 2014;78:332-339.
Schmidt MWI, Torn MS, Abiven S, Dittmar
T, Guggenberger G, Janssens IA, Kleber

25.

26.

27.

28.

29.

30.

31.

M, Koegel-Knabner I, Lehmann J, Manning
DAC, Nannipieri P, Rasse DP, Weiner S,
Trumbore SE. Persistence of soil organic
matter as an ecosystem property. Nature.
2011;478:49-56.
Martinez PF. Manejo de substratos para
horticultura.
In:
FURLANI,
A.M.C.
Caracterização, manejo e qualidade de
substratos para produção de plantas.
Campinas: Instituto Agronômico. 2002;5373. Portuguese
Simões D, Silva RBG da, Silva MR da.
Composição do substrato sobre o
desenvolvimento, qualidade e custo de
produção de mudas de Eucalyptus grandis
Hill ex Maiden x Eucalyptus urophylla S. T.
Blake. Ciência Florestal. 2012;22(1):91100. Portuguese
Ferraz MV, Centurion JF, Beutler AN.
Caracterização física e química de
alguns
substratos
comerciais.
Acta
Scientiarum Agronomy. 2005;27(2):209214. Portuguese
Costa JCF, Mendonça RMN, Fernandes
LF, Oliveira
FP de,
Santos
D.
Caracterização
física
de
substatos
orgânicos para o enraizamento de estacas
de goiabeira. Revista Brasileira de
Agropecuária
Sustentável
(RBAS).
2017;7(2):16-23. Portuguese
Zorzeto TQ. Caracterização física e
química de substratos para plantas e sua
avaliação no rendimento do morangueiro
(Fragaria- Ananassa duch.). Dissertação
de mestrado (Agricultura Tropical e
Subtropical).
Campinas.
2011;110.
Portuguese
Pagliarini MK, Castilho RMM, Alves MC.
Caracterização físico-química de misturas
de componentes de substrato com resíduo
de celulose para fins de produção de
mudas. Revista Brasileira de Agroecologia.
2012;7(2):160-169. Portuguese
Zhang W, Wang X, Wang S. Addition of
external organic carbon and native soil
organic carbon decomposition: A metaanalysis. 2013;8(2):e54779.
DOI: 10.1371/journal.pone.0054779

© 2017 Bohm et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://sciencedomain.org/review-history/22585

8

