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Abstract

Studies about crop residue management have become essential due to the possibility of their use in forest seedlings
production. This study evaluated the effect of coffee moinha (MO) on substrates composed of vermiculite (VE),
coconut fiber (CF) and carbonized rice husk (CRH) in the development of Eucalyptus seedlings. The experiment
was conducted in a completely randomized design, with five treatments of increasing proportions of MO/decreasing
proportions of CRH (0/28, 7/21, 14/14, 21/7 and 28/0%) and fixed proportions of VE (36%) and CF (36%) in the
substrate. At 85 days after planting, the following parameters were assessed: shoot height, stem diameter, root dry
mass, shoot dry mass, emergence percentage and Dickson’s quality index (DQI). The results showed CRH could
be fully substituted by MO (28%) in the substrate composition because the assessed variables presented lower
values than the control treatment (0% MO + 28% CRH + 36% VE + 36% CF). Moreover, the maximum vegetative
development in Eucalyptus seedlings was achieved when CRH was replaced by up to 20% MO. In this way, MO
becomes an alternative as a substrate component for Eucalyptus seedlings production.

Keywords: forest seedlings, environmental economics, agricultural residues.

1. INTRODUCTION AND OBJECTIVES

Seedlings grown in forest nurseries provide planting
stocks for implantation of forest stands, recovery of degraded
areas, urban afforestation and parks, among other purposes
(Walker etal., 2011). According to Zanetti (2008), Brazil has
one of the largest cultivated areas of fast-growing forests,
especially Pinus and Eucalyptus species. One of the most
important stages in the establishment of tree plantations is
the production of quality seedlings, conditioned by adequate
seeds and substrates (Silva et al., 2014).

The production of good quality seedlings depends on the
germination processes, as well as the formation of the root
and shoot systems, which are directly related to the aspects
that define the substrate efficiency, such as aeration, drainage,
water retention and nutritional content (Caldeira et al., 2008).

The type of potting technique may additionally influence
seedling quality and production costs (Kostopoulou et al.,
2011). In this context, the conical plastic pot (“cone-tainer”)
is the most popular for forest seedling production (Wendling
& Dutra, 2010).

In general, no single substrate meets all the conditions
necessary to achieve a satisfactory growth of forest seedlings.
So a mixture of different substrates is reccommended, as they
may present undesirable characteristics to the plant, when
used alone (Caldeira et al., 2011).

VE is as an inert mineral of low density and variable
structure, composed of tetrahedral silica sheets and iron and
magnesium octahedral sheets (Caldeira et al., 2013). Coconut
shell fiber has also proven useful in the production of high-quality
substrates because of its longevity without deterioration of its
characteristics, non-reaction with fertilizer nutrients, physical
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properties (e.g., porosity), the possibility of sterilization, high
primary quality and low cost to the producer (Carrijo et al.,
2002). Additionally, CRH allows the penetration and exchange
of air at the base of the roots (Saidelles et al., 2009). When
evaluating the attributes of commercial substrates mixed with
CRH in different proportions, Klein et al. (2002) verified that
this material improved the physical and hydraulic properties of
the substrates, providing better porosity. Hence, since CRH acts
predominantly as a physical conditioner of the substrate, it must
be used in conjunction with other materials that provide the
nutrients for adequate vegetative development of the seedlings.

Thus, organic residues, as alternative substrates for forest
seedlings production, have been studied extensively (Caldeira
et al,, 2013; Da Ros et al,, 2015; Delarmelina et al., 2014;
Figuerédo et al.,, 2014; Silva et al., 2014). Besides possessing
physical and chemical attributes that are fundamental to
improving the quality of the substrate, the use of organic
residues, especially if available in the cultivating area, can
minimize the risk of environmental contamination resulting
from improper disposal and reduce production costs.

In the mountainous region of Espirito Santo, Brazil, coffee
straw stands out as one of the most generated organic residues.
Also known as moinha (MO), coffee straw is a byproduct of
the coffee drying process composed of plant remains, such
as leaves, branches, inflorescences and poorly formed fruits,
which, when dried together with the coffee cherries, are
burned and released from the dryer (Meneghelli et al., 2016).
When chemically characterizing this material, Meneghelli et
al. (2016) verified its potential use as a fertilizer, due to high
contents of phosphorus, potassium and, especially, nitrogen.

It is believed that MO, combined with VE and CF, can
be a promising combination as it provides chemical and
physical attributes essential for substrate quality. Also, the
MO may be an alternative to rice straw, notably in regions
where rice residues are not available in high amounts. In this
way, it is necessary to obtain the ideal proportion of each
residue that provides quality seedlings and with adequate
vegetative development.

Thus, the current work aimed to evaluate the effect of the
coffee processing residue (i.e., MO) on substrates composed
of VE, CF and CRH in the development of Eucalyptus
seedlings, and obtain the proportion of these materials in
order to achieve the best vegetative development.

2. MATERIALS AND METHODS

The experiment was carried out at the Eucalyptus nursery
sector of the Fibria Celulose S.A. company, in the Aracruz
unit (Espirito Santo, Brazil), for 85 days. The Aracruz unit
is in the Atlantic Forest coastal region, with geographical

coordinates of 19°49°13” S and 40°16’24” W, and an altitude
of 60 m. The climate is “Aw;” based on Képpens classification,
with an average annual rainfall of 1.327 mm, and an average
annual temperature of 28 °C.

A completely randomized design (CRD) was used,
with five treatments and six replicates, with each repetition
consisting of 56 plants. In total, eight plants per replicate
were evaluated. The treatments consisted of increasing levels
of coffee processing residue (MO) in the substrate, mixed
with CRH, VE and CFE. The control treatment consisted of
CRH, VE and CF in the same proportions used by Fibria
Celulose S.A. The compositions of all treatments are shown
in Table 1.

The MO was collected at a coffee processing unit in
the municipality of Santa Teresa, ES, Brazil, while the
other materials used in the composition of the substrates
were donated by Fibria Celulose S.A. The chemical and
physicochemical characterization of the residues used in
the composition of the substrates for the production of
Eucalyptus seedlings was carried out at the Laboratory of
Soils and Solid Residues in the Agricultural Engineering
Department of the Universidade Federal de Vigosa
(Vigosa, Brazil). The physicochemical analysis consisted
of the determination of the electrical conductivity, using a
bench conductivity meter. The chemical analysis involved
measuring of the pH, by means of a benchtop pH meter,
and the quantification of the readily oxidizable organic
carbon, total organic carbon, organic matter, total nitrogen,
phosphorus and potassium contents, following the method
described by Matos (2015). Table 2 presents the chemical
and physicochemical attributes (electrical conductivity) of
the CF, MO and CRH used in the experiment.

Sprouts from the hybrid clone “Ara 6791” (Eucalyptus
urophylla x Eucalyptus grandis), of approximately 10 cm
in length and three pairs of leaves were obtained from the
mini-clonal garden of the Fibria Celulose S.A nursery. After
being collected, the sprouts were stored in thermal boxes for
a few minutes until transplanted to the growing container.
The chosen clone presents fast development and vigorous
seedlings, with satisfactory root and shoot formation.

In the sowing sector, where the air humidity was close
to 100%, the cuttings were transplanted in trays with 176
cone-tainer single cells (conical tubes made of rigid plastic),
with a volumetric capacity of 50 cm?® each, filled with the
different substrate mixes (treatments). In all treatments,
12 g of single superphosphate and 8.5 g of the nitrogen-
phosphate-potassium formulation 19-6-10 were added per
tray, according to recommendations obtained by surveys
conducted by Fibria Celulose S.A.
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Table 1. Composition of substrates for the production of Eucalyptus seedlings (v:v).

T1
T2
T3

T4
MO: moinha; CRH: carbonized rice husk; VE: vermiculite; CF: coconut fiber.

0% MO + 28% CRH + 36% VE + 36% CF

7% MO + 21% CRH + 36% VE + 36% CF

14% MO + 14% CRH + 36% VE + 36% CF

21% MO + 7% CRH + 36% VE + 36% CF
28% MO + 0% CRH + 36% VE + 36% CF

Table 2. Chemical and physicochemical attributes of the substrate materials used in the experiment.

EC ROC
RESTE pH
dS m
CRH 1.15 5.90 31.50
CF 0.09 7.15 57.10
MO 6.49 5.60 45.3

oc, oM N, P K
dag kg!

40.90 70.50 0.59 0.082 0.0329

74.10 127.70 0.66 0.053 0.14

58.9 101.5 3.7 0.14 0.71

EC: electrical conductivity; ROC: readily oxidizable organic carbon; OC_: total organic carbon; OM: organic matter; N_: total nitrogen; P: phosphorus; K: potassium;
CRH: carbonized rice husk; CF: coconut fiber; MO: moinha; pH: potential of hydrogen in water.

After planting, the trays were transported to the rooting
greenhouse, where they remained for 23 days, under a relative
humidity above 90% and temperature of 20 °C before they were
transported to the growing courtyard, where they remained for
22 days, protected by a shading screen, which allowed a 50%
reduction of solar radiation. Finally, the seedlings were transferred
to the open courtyard, where they remained for 40 days.

The hardening fertilization was carried out in the open
courtyard. At this hardening stage, the seedling is physiologically
prepared for the planting in the first weeks that follow.
During the hardening process, up to three fertigation are
usually carried out daily, prioritizing formulations with a low
nitrogen:potassium ratio since this phase is extremely critical
and directly affects the final quality of the seedlings (Alfenas
et al., 2009), as well as the potential for better survival and
growth on the outplanting site. In this study, the hardening
fertilization was carried out three times a day, via foliar
spraying, according to internal technical recommendations of
Fibria Celulose S.A. The mineral fertilizers used were calcium
nitrate, potassium chloride, monoammonium phosphate,
magnesium sulfate, boric acid, copper sulfate and zinc sulfate.

At 85 days after planting, in order to evaluate the vegetative
development of the Eucalyptus seedlings, the following
parameters were assessed: shoot height (SH), stem diameter
(SD), root dry mass (RDM), shoot dry mass (SDM), emergence
percentage and the Dickson quality index (DQI). A ruler was
used to obtain the SH, measuring from the base to the apical
shoot that gave rise to the last leaf. The SD was obtained using
a precision digital caliper. The SDM was estimated by cutting
the seedlings close to the substrate. To obtain the RDM, the
roots were carefully washed in running water over a sieve,
packed in paper bags, placed in a forced air circulation oven
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at 65 °C until constant weight and then weighed ina 0.01 g
electronic precision balance.

The DQI was determined according to Equation 1
(Dickson et al., 1960):

TDM
SH _ SDM
SD RDM

DQI=

Where TDM: total dry mass (g); SDM: shoot dry mass (g);
RDM: root dry mass (g); SH: shoot height (cm); SD: stem
diameter (mm).

Seedling survival percentage (SP) was assessed by counting
the seedlings at 23 days after planting the cuttings. The errors
were submitted to tests of normality (Lilliefors), additivity (Tukey)
and homoscedasticity (Bartlett), for the validation of their
analyses of variance. Those that did not meet the requirements
were transformed, according to criteria by Gravina et al. (2004),
again being submitted to the same validation tests. For the errors
that still did not meet the assumptions, the Kruskal-Wallis
non-parametric test was applied to the data, considering the
evaluation of the effects of the treatments by scores.

In the case of significant effects (p < 0.05), for the
comparisons between the treatments related to the moinha
level (quantitative treatments), the degrees of freedom of
the treatments were adjusted in the regression models by
orthogonal polynomials method. The adjusted models
were chosen according to the significance of the regression
coeflicients, the coefficient of determination and the biological
phenomenon. All the statistical analyses were performed
using SAEG 9.1 software (2007).

[SS)
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3. RESULTS AND DISCUSSION

Table 3 shows the effects of increasing levels of MO in the
substrate on the variables SD, SP and DQI in E. urograndis
(E. urophylla x E. grandis) by the non-parametric Kruskal-
Wallis test, at 5% probability.

According to Table 3, all treatments, except for T1
(7% MO), had a statistically superior SD to that of the
control treatment (0% MO). The MO level of 28% provided
the largest SD (3.46 mm), but the value was above that
considered ideal for E. grandis seedlings, according to
the studies of Lopes et al. (2007); and Wendling & Dutra
(2010) that recognize a minimal thickness of 2.0 and
2.5 mm, respectively. Souza et al. (2006) described the SD
as fundamental in evaluating the survival potential and
growth of forest seedlings. Within the same species, the
larger the stem diameter, the better their odds of survival,
due to their capacity to form and grow new roots. The
results obtained in the treatments with increasing levels
of MO in the substrate composition were similar to those
found by Silva et al. (2012), which registered SD values
ranging from 3.03 to 3.58 mm in E. urophylla x E. grandis
seedlings, at 90 days post-staking, grown on substrates
composed of VE, CRH and CF. However, comparatively
lower SD values were published by Caldeira et al. (2013),
of between 2.60 and 3.25 mm in E. grandis seedlings, at
90 days after sowing, grown on substrates with different
percentages of sewage sludge and VE; and da Silva et
al. (2014), of 1.51 and 1.90 mm in E. grandis seedlings
grown in different types and combinations of organic
agroindustrial-urban substrates at 90 days after sowing.

For the SP variable (Table 3), there was no statistical
difference at 5% probability level, indicating that 28% MO
may be an alternative option to the use of rice straw as a
component of the substrate. Rocha et al. (2015) mentioned
that this homogeneity and the high survival rates might be
reflective of the type of propagation method used in the
experiment. In the current study, the clone used has the
characteristics of genetic homogeneity of the seedlings and
a high percentage of survival.

As highlighted by Vidal et al. (2006), the DQI is a good
indicator of seedling quality since the robustness and the
balance of the biomass distribution are considered in its
calculation. According to this author, the higher the DQ],
the better the quality of the seedlings. Here, the highest DQI
values (Table 3),0.211 and 0.212, were obtained in treatments
T1 (7% MO) and T2 (14% MO), respectively, differing
statistically from the control (0% MO). It is believed that
the substrate containing 14% MO and 14% CRH provided
the highest DQI, due to the adequate nutrient supply
(i.e., MO) and ideal porosity (i.e., CRH) presented by this
combination. With increasing levels of MO in the substrates,
the DQI values in the treatments (0.199 to 0.212) can be
considered good results when compared with those obtained
by Silva et al. (2012), who also worked with E. urograndis
mini cuttings for seedlings production. The DQI obtained
by these authors ranged from 0.120 to 0.190, at 90 days after
planting, when evaluating the development and quality of
clonal seedlings in nine different substrate compositions
produced from VE, CRH and CF. The results achieved in
the present work were also superior when compared with
other literature data, albeit with other species and using
seed propagation. Silva et al. (2014) registered DQI values
ranging between 0.032 and 0.056 in E. grandis seedlings,
grown on different types and combinations of urban and
agroindustrial organic substrates, at 90 days after sowing.
Figuerédo et al. (2014), when studying the effect of different
proportions of CRH and substrates on E. globulus seedlings,
ascertained DQI values ranging between 0.0042 and 0.015,
at 65 days after sowing. Steffen et al. (2011) analyzed E.
grandis seedlings at 100 days after germination, and the
DQI values ranged from 0.12 to 0.21, considering different
vermicompost ratios in the substrate. It is acknowledged
that the DQI can vary depending on the species, seedling
management at the nursery, type and proportion of the
substrate, container volume and, especially, the age at which
the seedling was appraised (Caldeira et al., 2013).

The SH, SDM and RDM of the seedlings, are presented
in Figures la-c, respectively, as a function of the different
percentages of MO in the substrate composition.

Table 3. Effect of increasing levels of moinha on the variables of stem diameter (SD), survival percentage (SP) and Dickson’s quality index

(DQYI) in E. urograndis seedlings, at 85 days after planting.

Moinha level in the substrate (%)

Variable

0 7 21 28
SD (mm) 2.87 ¢ 3.24 abc 3.42 ab 3.41 ab 346a 0.0055
SP (%) 75 a 100 a 95a 85a 0.3724
DQI 0.121 ¢ 0.211 ab 0.212 a 0.199 abc 0.209 abc 0.0107

Means followed by the same letters are equal to each other by the Kruskal-Wallis test, at the 5% probability level.
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According to Figure 1, all the variables showed a
quadratic polynomial behavior, as a function of the different
percentages of MO in the substrate composition. It can be
seen in Figure 1a that the SH increased significantly with the
gradual replacement of CRH by up to 19.37% MO, providing
amaximum height of 35.61 cm. Above this MO level (19.37%),
the SH decreased, which may be related to the high salinity
presented by this residue, evidenced by the high electrical
conductivity (Table 2). This fact may have contributed to the
decrease of the osmotic potential in the substrate, negatively
affecting seedling growth. As Harter et al. (2014) stated, high
salt concentration in the substrate is a stress factor for plants

Reuse of Residues as Substrate for Production of Eucalyptus...

39 -
(a)
36
z 3 2
5 g
Y 4 >~
<= 30 SH = 25.104 + 1.085x -0.028x> 5
S R2 = 96.76%; P=0.000 =
< 274 2
w
247
0L . . . .
0 7 14 21 28
0.7 - Moinha in the substrate (%)
_ 0.6
20
2
£ 0.5
g RDM = 0.341 + 0.0373x -0.00107x2
= R2 = 89.87%; P< 0.0001
]
S 0.4 1
o~
0.3/
004 . : : .
0 7 14 21 28

Moinha in the substrate (%)

5-7

because it reduces the osmotic potential and exposes the
protoplasm to ionic action. The water is osmotically retained
in the saline solution so that the increased salt proportion
makes it decreasingly available to plants.

Even so, the decrease in SH at MO levels above 19.37%
did not reach the lowest value verified (25 cm), which was
registered in the treatment with 0% MO. This observation
may be associated with the low nutrient content in the CRH
(especially nitrogen) when compared to the MO (Table 2).
However, in all treatments, the seedling height was higher
than the minimum of 15 cm recommended by Wendling &
Dutra (2010) for planting.

2.5

(b)
2.0 1
2.51 SDM = 1.311 + 0.115x -0.003x2
R? =77.85%; P< 0.0001
4
1.0
0.0/-( T T T )
0 7 14 21 28

Moinha in the substrate (%)

Figure 1. (a) Shoot height, (b) shoot dry mass and (c) root dry mass of Eucalyptus urograndis seedlings as a function of the different

percentages of moinha in the substrate composition.

Similarly to the current work, Silva et al. (2012) registered
SH values ranging between 27.1 and 37.5 cm, at 90 days
after staking, in E. urophylla x E. grandis seedlings grown in
substrates containing VE, CRH and CFE Likewise, de Toledo
et al. (2015) determined an SH of 18.73 to 37.30 cm, in E.
urograndis seedlings, at 120 days after sowing, grown on

Floresta e Ambiente 2020; 27(3): €20180140

substrates composed of paper and cellulose industrial waste.
On the contrary, Rocha et al. (2015) recorded SH of between
11.09 and 20.16 cm in seedlings of the same Eucalyptus species,
grown on substrates composed of water treatment sludge.
As seen in Figure 1b, the SDM increased significantly as
the MO level increased, up to 19.16%, providing an average
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of 2.41 g. Above this MO level (19.16%), as verified for the
variable SH, a decrease in SDM values occurred. The lowest
SDM value (1.33 g), provided by the control treatment (0%
MO and 28% CRH), could be associated with nitrogen
limitation, a fundamental nutrient in the formation of
seedlings. A nitrogen deficiency in seedlings is known
to hamper development and reduce the accumulation of
dry matter (Malavolta, 1980). CRH contains less nitrogen
when compared with MO (Table 2), and this could have
contributed to the lower SDM value. The salinity effect in
substrates with MO levels above 19.16%, as noted for the
SH, may have surpassed the high nutrient availability effect,
providing lower SDM values.

The SDM values verified in this study were higher than
those given by Silva et al. (2012) of 1.10 and 1.72 g, at 90 days
after staking, in E. urophylla x E. grandis seedlings grown
on substrates produced from VE, CRH and CE Likewise,
comparatively lower SDM measurements of 0.99 and 1.82 g
in Eucalyptus seedlings cultivated on substrates composed
of VE, CRH and CF have been established by Simées et al.
(2012); and de Toledo et al. (2015), who found between
0.88 and 1.52 g in Eucalyptus seedlings grown on substrates
constituted of pulp and paper-making wastes.

It is well recognized that the root system quality is a
critical factor for the performance of the seedlings in the
field and, hence, is a parameter of paramount importance in
the definition of seedling quality (Simdes et al., 2012). From
Figure 1c, the RDM increased significantly with the gradual
replacement of the CRH by up to 17.42% MO, providing a
value of 0.67 g, but decreased at higher MO percentage, as
already verified for the other variables. It is noteworthy that
all MO levels provided RDM values above 0.55 g, which was
consistent with previous researchers. Simdes et al. (2012)
found RDM values between 0.23 and 0.59 g, similar to those
published by de Toledo et al. (2015), with results between
0.47 and 0.78 g; and by da Silva et al. (2012), with values
between 0.35 and 0.69 g.

The results obtained in this work show that CRH can be
fully substituted by MO (28%) in the substrate composition
since the assessed variables presented lower values when
the seedlings were submitted to the control treatment
(0% MO + 28% CRH + 36% VE + 36% CF). However,
maximum Eucalyptus seedlings vegetative development is
achieved when replacing the CRH with up to 20% MO in
the substrate. As such, MO becomes an alternative substrate
component for Eucalyptus seedlings cultivation, in addition
to its environmentally harmonic disposal.

Therefore, these positive agronomic results, along with
the necessity to offer a suitable destination for agroindustrial
wastes and byproducts, demonstrate that organic residues

from the coffee drying process (i.e., MO), as a component
of substrates, are a feasible alternative for the production of
E. urophylla x E. grandis clonal seedlings.

4. CONCLUSIONS

The reuse of coffee drying process residues (i.e., MO) in the
composition of substrates to produce seedlings of E. urophylla x E.
grandisis a viable alternative for the final disposal of these wastes.

The MO can be used in the composition of the alternative
substrate in a proportion of up to 28%, in substitution of the
CRH, to produce Eucalyptus seedlings.

The use of up to 20% MO in the composition of the
substrate in substitution of the CRH provides better quality
seedlings of E. urophylla x E. grandis.
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