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Abstract

The aim of this study was to evaluate the use of different organic residues and bokashi in the substrate formulation
in the initial growth of marmelo-do-cerrado. The experiment was carried out in pots under shading (50%). The
following organic residues were tested: poultry manure (PM) with rice husk base, PM with wood shavings base,
Organosuper®, and castor bean meal, in a control with only soil. All treatments were assessed with and without
bokashi. The experimental arrangement was a 5 x 2 factorial scheme in a randomized block design with four
replicates and four plants. The greatest plant height was observed when the plants were cultivated in PM with rice
husk base with bokashi. The pigment contents, photochemical efficiency, biomasses and quality of seedlings were
highest in Organosuper® with bokashi. We recommend the use of Organosuper® and PM with rice husk base, both

with bokashi, in the growth of marmelo-do-cerrado.
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1. INTRODUCTION AND OBJECTIVES

Alibertia edulis (Rich) A. Rich. ex DC. (marmelo-do-cerrado,
Rubiaceae) is a dioecious and semi-deciduous tree, native to the
Cerrado region, with large leaves, white flowers, and globose
berries with a fleshy sweet brown pulp (Lorenzi et al., 2006). The
species is used as a food source and has forestry and medicinal
properties: antidiabetic (Rieder et al., 2013), antifungal activity
against Candida albicans and Cryptococcus neoformans (Silva
et al., 2008), antibacterial and also leishmanicidal activities
(Marques et al., 2013).

Marmelo-do-cerrado fruits are a source of food for mammals
and wild birds (Oliveira et al., 2016) and can be consumed fresh
or in several processed forms, including jams and jellies for
humans. The plant is used in reforestation (Bento et al., 2016)
for seedling plantation; thus, in situ and ex situ cultivation
practices should be clearly defined.

In the cultivation practices of medicinal and forest plants,
it has been shown that the addition of organic residues releases
nutrients, improving physical and microbiological properties of
the soil (Mangiori & Tavares Filho, 2015), and thus increasing

root soil exploration and plant growth. The forest species have a
long cycle of cultivation - thus, with the gradual decomposition
of organic residues, nutrients are released favoring growth
and development.

Among the possible organic residues, poultry manure is widely
available in several Brazilian states owing to the development
of the poultry industry. Globally, Brazil is the largest exporter
of chicken meat; the number of poultry produced in 2015 was
5.79 billion (IBGE, 2015). As each bird produces approximately
1.8 kg of residue (Rogeri et al., 2016), the production of poultry
manure is estimated to be 10.450 t year™'.

Poultry manure is characterized by a high nutrient content,
low decomposition rate, and conditioning effect when added
to the soil; it is therefore a viable alternative in the nutritional
dynamics of the soil, mainly because it contains nitrogen in the
organic fraction (Eguchi et al., 2016; Rogeri et al., 2016), which
favors the use of nutrients by plants during the growth cycle.

Species native to the Cerrado region generally respond
positively to the addition of poultry manure to the growth
substrate. For instance, the emergence and length of the aerial
part (20.07 cm) of Eugenia pyriformis Cambess. improved
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with the use of Dystroferric Red Latosol, sand, and poultry
manure, in the ratio 1:2:0.5 (v/v), when the field capacity was
maintained at 100% (Scalon & Jeromine, 2013).

Another option is Organosuper®, an organomineral
compound used in organic farming. After the treatment of
medicinal plants with Organosuper®, noteworthy changes
were observed for Campomanesia xanthocarpa O. Berg. — the
length of the aerial part (29.59 cm) was longer when cultivated
in Dystroferric Red Latosol, sand, and Organosuper® (5:4:1 v/v)
(Carnevali et al., 2015).

Bokashi is a balanced blend of organic matter of vegetable
and/or animal origin subjected to a fermentation process
controlled by favorable microorganisms (Baldotto & Baldotto,
2016). The agricultural effects of bokashi are associated with
increased cation exchange capacity, soil pH and faster availability
of nutrients (Boechat et al., 2013).

To our knowledge, no studies have focused on the effects
of organic residues on marmelo-do-cerrado. Thus, the aim
of the study here presented was to evaluate the effect of
different organic residues, with and without the addition of
bokashi, and to recommend a substrate for the initial growth
of marmelo-do-cerrado.

2. MATERIALS AND METHODS

The study was performed between January and August
2015 in a protected environment (nursery) (22°11°43.7”S and
54°56’08.5”W, 452 m), with a 150-pm transparent polyethylene
top cover and additional black screen shade protection on the
sides and top, provided 50% retention of the solar radiation
and a photosynthetic radiation average of 924 umol m?s™.

The seeds used were randomly collected from fruits of
marmelo-do-cerrado (Authorization of Access and Sample
Shipping of Genetic Heritage Component No. 010220/2015-
1 - CNPq/CGEN/MMA) in the Cerrado region (18°07°03”S,
54°25’07”W, 452 m). The species was identified and an
exsiccate was deposited in the Dourados, State of Mato
Grosso do Sul (DDMS) herbarium, Federal University of
Grande Dourados (n°. 4649).

To obtain the seedlings, mature fruits were pulped by hand;
the seeds were then selected, washed in running water, and

immersed in 1% sodium hypochlorite for 5 min. After this,
they were put in 128-cell expanded polystyrene trays with
Bioplant® substrate.

The treatments used soil combined with the following
organic residues: PMH, semi-decomposed poultry manure
with rice husk base (4.16 g kg*); PMW, semi-decomposed
poultry manure with wood shavings base (4.16 gkg"); ORG,
Organosuper® (4.16 gkg™); CBM, castor bean meal (0.83 gkg™);
and the control (soil only). Treatments were tested without
and with the addition of Garden Bokashi® (80 g pot*), into
four applications. The chemical composition of the organic
residues is in Table 1. The experimental arrangement was a 5
x 2 factorial scheme in a randomized block design with four
replicates. The experimental unit comprised four plastic pots
(4.2 dm®) and one plant per pot.

Table 1. Chemical composition of the organic residues used in the
experiment.

Orgamic PH C N P K Ca Mg C/N*
residues CaCl, gkg!
Poultry

) 6.4 2670 266 21.4 110 38.1 116 10/1
manure
Poultry. 62 2910 158 153 168 193 85 18/1
manure

Organosuper® 8.0 12100 67.0 43.0 40 27.0 4.0 18/0

Castorbean ¢\ 100 140 3.0 450 7.0 40 60/l
meal

Garden 6.1 4000 340 80 7.0 220 50 11/1
Bokashi

'Rice husk base; 2Wood shavings base; > Organic carbon; * C/N ratio.

The soil used for filling the pots was Dystroferric Red
Latosol with clay texture (Santos et al., 2013), which had the
following chemical properties (Silva, 2009): pH CaCl, = 4.3;
P =17 mgdm? Ca= 6.7 mmol_dm? K =4.0 mmol_dm;
Mg=138 mmolC dm?3Al=12 mmolc dm?H+Al=29.9 mmolC dm?;
SB=12.9 mmol_dm? T =42.4 mmol_dm™, and V% = 29.5.
Soil liming was performed 30 days before transplantation
using dolomite limestone filler with 80% PRNT (manually
incorporated) with the aim of achieving 60% base saturation.
Samples were then taken from the substrates for chemical
analysis (Silva, 2009) (Table 2).

Table 2. Chemical composition of the substrates used in the experiment.

pH P K Ca Mg H+Al SB T \%
Treatments

CaCl, mg dm? mmolc dm-3 %
PMH 6.26 45.55 9.68 5.04 6.55 3.27 11.97 15.11 70.54
PMW 6.35 36.60 7.87 5.47 6.72 3.09 12.73 15.80 72.44
ORG 6.55 36.30 7.90 5.62 5.31 3.34 10.97 14.24 68.01
CBM 6.21 26.48 5.71 4.70 5.56 2.98 10.72 13.45 69.32
Soil 6.75 5.8 1.33 3.37 4.52 2.30 8.56 10.45 69.17
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Table 2. Continued...
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pH P K Ca Mg H+Al SB T \%
Treatments
CaCl mg dm? mmolc dm-3 %
With bokashi

PMH 6.25 52.60 11.08 5.76 7.50 3.34 13.46 16.76 71.88
PMW 6.43 48.07 10.36 3.84 4.62 2.53 9.24 11.47 61.08
ORG 6.38 48.00 10.38 4.87 5.35 2.77 10.45 13.03 71.89
CBM 6.20 24.89 5.42 5.26 7.19 3.29 12.85 16.05 71.89
Soil 6.77 19.92 3.25 3.63 5.50 2.54 9.73 11.88 70.71

PMH: poultry manure with rice husk base; PMW: poultry manure with wood shavings base; ORG: Organosuper®; CBM: castor bean meal.

Transplantation to the pots was carried out 60 days after
sowing, when the seedlings had a mean height of 5 cm.
Cultivation treatments included daily irrigation, uprooting
of spontaneous plants, and pest control. One hundred days
after transplant (DAT) there was an incidence of aphids,
cochineal, and whitefly. Effective control was achieved through
two sprays with neem oil (Azadirachta indica A. Juss.) at 3%
and vegetable oil at 5%.

During the crop cycle, the plant height, number of leaves,
and collar diameter were evaluated every 30 days from 60 to
150 DAT. The height of the plants was defined as the distance
between the collar and the inflection of the highest leaf. The
stem diameter was placed + 1.0 cm above the substrate level
and the number of leaves was manually counted.

After 150 DAT, the initial (F)) and maximum (F )
chlorophyll a fluorescence emissions were quantified using a
portable fluorometer (OS p 30; OPTI-SCIENCES) after the
leaves were kept in the dark for 30 min using leaf clips and
under a flash of 1.500 pmol m?s; the variable “fluorescence
(F))” was calculated as the difference between F and F . The
photochemical quantum efficiency of the photosystem II
(PSTI) (F /E ) and the effective energy conversion efficiency
(F /F,) were calculated from the data obtained.

The content of chlorophyll a, chlorophyll b, total
chlorophyll, and carotenoids were quantified at 150 DAT, and
a fully expanded leaf blade was collected from each plant. A
sample (1 g) was weighed and macerated with a pestle and
mortar in 8 mL 80% acetone. Subsequently, the solutions
were centrifuged at 1500 rpm for 10 min. The absorbance
was read at wavelengths of 470, 645, and 663 nm using a
spectrophotometer. The concentrations of chlorophyll and
carotenoids were calculated in accordance with Arnon (1949)
and Lichtenthaler & Buschmann (2001), respectively.

At 155 DAT, plants were withdrawn from the pots, washed,
and had their leaves, stems, and roots separated. To obtain
the dry mass, the samples were packed in Kraft paper bags
and placed in a greenhouse with forced air ventilation at
60 £ 5 °C, until a constant mass was reached. The samples
were weighed on a precision balance (+ 0.0001 g). The leafand
root surface areas were determined using the area integrator
LI-COR 3100 C. The leaf area ratio, specific leaf area, and
specific leaf mass were calculated by assessing the dry mass
and leaf area (Benincasa, 2003). The Dickson quality index
(DQI) (Dickson et al., 1960) was also calculated.

Analysis of variance was conducted on the average values
and the data were analyzed at the 5% probability level by using
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the F-test. The data evaluated during the cultivation cycle
were analyzed using subdivisions of time; when significance
was determined in the F-test, the averages were submitted to
regression analysis as a function of the number of days of the
cycle. The data obtained on the mass production, physiological
indices, and quality of seedlings were analyzed as a factorial, and
when significant, the averages were compared using Student’s
t-test and Tukey’s test for bokashi and the organic residues,
respectively, at the 5% probability level.

3. RESULTS AND DISCUSSION

The plants were taller with the addition of bokashi,
regardless of the substrate (Figure la), when compared
without the use of bokashi. For the organic residues, the
maximum height was 27.33 cm at 150 DAT in the plants
grown in PMH with bokashi. The increased height of
marmelo-do-cerrado plants grown in the substrate soil and
poultry manure with wood shavings as the base and with
bokashi might be related to the greater use of nutrients
(Tables 1 and 2) by the plants (Baldotto & Baldotto, 2016).
Without bokashi, there was little variation of plant growth
in the substrates (Figure 1b).

The PMH, owing to the lower C/N ratio, underwent the
fastest mineralization resulting in subsequent faster nutrient
delivery to the plants (Peixoto Filho et al., 2013). Furthermore,
the addition of bokashi resulted in an increase of favorable
microorganisms in the substrate that may have accelerated
the cycling and availability of nutrients; as bokashi contains
nitrogen fixers, the availability of N and other nutrients
increased (Alvares-Solis et al., 2016).

The largest stem diameters were 3.42 and 3.30 mm in plants
grown in PMH and in ORG, both with bokashi, respectively,
at 150 DAT (Figure 2a). In contrast, the largest stem diameter
in the absence of bokashi was 2.84 mm in the substrate with
only soil (Figure 2b). The highest number of leaves was 21
leaves/plant, which was found in plants grown in PMH; the
next highest number (18 leaves/plant) was found in plants
grown in ORG, regardless of bokashi (Figure 2c).

The larger stem diameters observed in the plants grown
in the substrates, both with bokashi, allowed greater
development of the root system, which reduced the time
required for the seedlings to be transplanted to the field
(Campos & Uchida, 2002).
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PMH: poultry manure with rice husk base; PMW: poultry manure with wood shavings base; ORG: Organosuper®; CBM: castor bean meal.

Figure 1. Height of plants of marmelo-do-cerrado cultivated in pots with organic residues (a) with and (b) without bokashi as a function
of evaluation times.
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Figure 2. Diameter stem (a) with, (b) without bokashi and (c) number of leaves of marmelo-do-cerrado cultivated in pots with organic
residues as a function of evaluation times.
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The increased number of leaves in the plants grown in
PMH, followed by that in plants cultivated with ORG, was
attributable to the higher content of nutrients, including
nitrogen, present in these organic residues (Table 1). Nitrogen
was found in the organic fraction of the poultry manure
(Bolan et al., 2010), which stimulated more vigorous growth
and prolonged the vegetative period (Ghorbani et al., 2008).

The highest levels of chlorophyll a were observed in the
leaves of the plants cultivated in PMH, PMW, and ORG, all
with bokashi (Table 3); chlorophyll b in ORG, with bokashi,
and total chlorophyll in ORG, with bokashi and PMH,
without and with bokashi. In addition, the increased levels
of chlorophylls in the plants grown in PMH or ORG, both
with bokashi, may be associated with the nutrient content
of their chemical composition, especially magnesium
(Table 2), which is part of the chlorophyll molecule
(Taiz & Zeiger, 2013).

The highest chlorophyll a/b ratio was observed in plants
grown in CBM with bokashi, differing only PMH, PMW and
ORG, without bokashi (Table 4). The highest carotenoid contents
were in PMH and ORG, both with bokashi. The increase in
the carotenoids levels in these same substrates is a favorable
response, as it minimizes possible photo-oxidative damage
(Streit et al., 2005) and enhances the use of chlorophyll a in
the photosynthesis.

The initial and maximum fluorescence emissions were not
influenced by the factors under study (Table 5). The initial
or maximum chlorophyll a fluorescence emissions were not
significantly influenced by the substrates, as marmelo-do-
cerrado belongs to an ecological group of non-pioneer species
(Leles et al., 2011), which remain in shaded places with low
luminosity (Calegari et al., 2011), favored in the cultivation
environment with a 50% shading screen.

The other photochemical characteristics were influenced
only by organic residues (Table 5). The potential quantum
efficiency of the PSII (F /F ) of the leaves of the marmelo-
do-cerrado was higher when cultivated in the PMH, differing
statistically from PMW only (Table 5); consequently, the
effective efficiency of the absorbed energy conversion
(E /F,) was similar, most likely owing to the higher nutrient
content in the substrate (Table 2), especially phosphorus,
magnesium and nitrogen present in organic residues (Table 1).
Phosphorus acts as a source of energy in the electron transport
(Veigas et al., 2013), increasing the efficiency of the leaves
in the conversion of absorbed energy (F /F ), which was
consistent with an increase in F, associated with electron
transferability.

TheF /F_ ratio quantified the potential quantum efficiency
of the PSII, which is an important characteristic in the analysis
of plant growth, as it estimates the ability of leaves to absorb
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energy when adapted to the dark (Murchie & Lawson, 2013),
and determines the cultivation conditions under which these
parameters are more synchronized.We found the lower
efficiency values of PS II in the leaves of the plants grown
cultivated with PMW, since wood shavings are a highly fibrous
material with a slow decomposition rate (Table 1). Thus, the
nutrients involved in the photochemical process may have
been released in smaller amounts throughout the crop when
compared with other organic residues, which reduced the
efficiency of electron transport between the receptors in the
photosystems.

The plants with the largest leaf and root areas were those
grown in PMH and ORG, both with bokashi (Table 6). The
highest leaf area of the plants grown in substrates was related
to the higher chlorophyll a content, which is associated with
the quantum efficiency of PS II. Subsequently, this provided
better conditions for photosynthetic conversion and an increase
in photoassimilates for the expansion of the leaf limbs.

The response to organic residues varies among species.
The seedlings of Campomanesia xanthocarpa O. Berg showed
higher growth in pots with substrates based on organic
residues and greater leaf area (167.90 cm?) in a substrate
containing dystroferric Red Latosol, sand, and Organosuper®
(5:4:1, v/v) (Carnevali et al., 2015). For seedlings of Eugenia
pyriformis Cambess., the largest leaf areas were obtained after
the addition of poultry manure (Scalon & Jeromine, 2013),
which was also observed in our study.

The larger root area gains were attributed to the addition of
organic residues and resulted in a possible improvement in the
physical properties of the substrate, such as moisture retention,
aeration and lower compaction (Valaddo etal., 2011), which have
favored root development and expansion. Thus, when added to
soil with a mean density of 1.2 dm?, these semi-decomposed
residues with a density of 0.4-0.6 dm* (Kiehl, 2008) lowered
the substrate density, resulting in a conditioning effect
(Eguchi et al., 2016).

The highest dry masses of leaves and roots were observed
in the plants grown in PMH or ORG with bokashi (Table 7).
The higher mass yields resulted from, among other factors,
the substrate nutrients, such as phosphorus (Table 2), which
helps to define the amount of biomass (Vieira et al., 2015)
by participation in cell differentiation (Taiz & Zeiger, 2013).

When plants have larger leaf areas, the solar energy
retention capacity is higher, which causes an increase in
photoassimilates and mass production (Gonzalez-Sanpedro
et al.,, 2008), as observed in this study. The addition of
organic residues improved the physical properties of the
soil, increasing the retention and availability of water and
reducing the resistance to root penetration (Mosaddeghi
et al., 2009).
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Table 3. Chlorophyll content a, b and total leaves of marmelo-do-cerrado cultivated in pots with soil, organic residues, and bokashi (B).

Residnes Chlorophyll a (ug cm?) Chlorophyll b (ug cm?) Total chlorophyll (ug cm?)
PMH 27.56 aB 28.65 aA 18.52aA 16.15 bB 46.09 aA 44.80 abA
PMW 23.13 bB 25.74 aA 11.89 bB 15.35 bA 35.03 bB 41.09 bA
ORG 16.61 cB 25.84 aA 11.87 bB 21.08 aA 28.49 cB 46.92 aA
CBM 16.73 cA 13.74 bB 10.14 bA 5.35cB 26.88 cA 19.09 cB
Soil 21.40 bA 15.02 bB 11.70 bA 7.29 cB 33.11 bA 22.31 cB
C.V. (%) 7.26 11.37 6.12

PMH: poultry manure with rice husk base; PMW: poultry manure with wood shavings base; ORG: Organosuper®; CBM: castor bean meal.
Averages followed by lower case letters equal, in the columns, for residues and upper case in the lines, for bokashi, do not differ between
them, by Tukey’s test and Students t-test, respectively, at 5%.

Table 4. Chlorophyll a/b ratio and carotenoid content of marmelo-do-cerrado leaves cultivated in pots with soil, organic residues, and
bokashi (B).

a /b (ug cm?) Carotenoids (ug cm?)
Organic residue - B + B - B + B
Poultry manure with rice husk base 1.49 aA 1.77 bcA 12.27 aB 13.14 aA
Poultry manure with wood shavings base 1.96 aA 1.69 bcA 9.43 bB 11.56 bA
Organosuper’ 1.43 aA 1.23 cA 8.80 bB 12.98 aA
Castor bean meal 1.65 aB 2.62 aA 8.28 bA 5.62 dB
Soil 1.82 aA 2.19 abA 9.44 bA 7.50 cB
C.V. (%) 16.91 5.96

Averages followed by lower case letters equal, in the columns, for residues and upper case in the lines, for bokashi, do not differ between
them, by Tukey’s test and Students t-test, respectively, at 5%.

Table 5. Initial (F), maximum (F ) and variable (F ) fluorescence; photochemical efficiency of the photosystem II (F /F, ) and effective
energy conversion efficiency (F /F ) of leaves of marmelo-do-cerrado cultivated in pots with soil and organic residues.

F, F_ F. F /F_ F /F,
Organic residue (electrons quantum™)
PMH 0.258 a 0.977 a 0.745 a 0.731a 2.905 a
PMW 0.315a 0.835a 0.570 b 0.612 b 2.008 b
ORG 0.312 a 0.881 a 0.620 ab 0.675 ab 2.018 b
CBM 0.260 a 0.833 a 0.573 b 0.677 ab 2.405 ab
Soil 0.297 a 0.902 a 0.547 b 0.669 ab 1.957 b
C.V. (%) 22.57 18.69 19.11 11.16 23.74

PMH: poultry manure with rice husk base; PMW: poultry manure with wood shavings base; ORG: Organosuper’; CBM: castor bean meal.
Averages followed by equal letters in the columns do not differ by Tukey’s test for organic residues at 5%.

Table 6. Leaf and root surface area of marmelo-do-cerrado cultivated in pots with soil, organic residues, and bokashi (B).

Leaf area (cm? plant!) Root area (cm? plant!)
Organic residue -B +B -B +B
Poultry manure with rice husk base 132.87 abB 250.45 aA 16.33 aB 22.13 aA
Poultry manure with wood shavings base 145.35 aB 192.53 bA 14.95 aA 10.96 bA
Organosuper® 73.12 cdB 224.31 aA 9.82 abB 22.52 aA
Castor bean meal 103.34 bcA 76.24 bB 11.96 abA 11.87 bA
Soil 59.81dA 66.29 bA 7.05 bB 12.83 bA
C.V. (%) 12.41 24.84

Averages followed by lower case letters equal, in the columns, for residues and upper case in the lines, for bokashi, do not differ between
them, by Tukey’s test and Students t-test, respectively, at 5%.

Table 7. Dry mass of leaves, stems and roots of marmelo-do-cerrado cultivated in pots with soil, organic residues, and bokashi (B).

Dry mass (g plant™)

Residues Leaves
PMH 1.42 aB 2.31 aA 0.46 aA 0.53 bA 0.74 aB 1.26 aA
PMW 1.31 aA 1.03 bA 0.31 abA 0.26 cA 0.59 abA 0.48 bA
ORG 0.86 abB 2.83 aA 0.18 bB 0.80 aA 0.36 abB 1.38 aA
CBM 1.13 abA 0.85 bA 0.24 abA 0.25 cA 0.60 abA 0.48 bA
Soil 0.53 bA 0.66 bA 0.13 bA 0.16 cA 0.32 bA 0.43 bA
C.V. (%) 26.08 31.71 29.74

PMH: poultry manure with rice husk base; PMW: poultry manure with wood shavings base; ORG: Organosuper’; CBM: castor bean meal.
Averages followed by lower case letters equal, in the columns, for residues and upper case in the lines, for bokashi, do not differ between
them, by Tukey’s test and Students t-test, respectively, at 5%.
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The chemical composition of the substrates can influence
the root mass gain and consequently the dry mass of the
plants (Cruzetal., 2016), as observed in this study. In a study
on the agronomic response of cultivars of Mangifera indica
L. to organic and mineral fertilizers, Peralta- Antonio et al.
(2014) showed that the highest yields were obtained when
10 t ha'! of poultry manure, or bokashi, were used.

A further beneficial effect associated with the addition of
organic residues such as poultry manure with rice husk base
or Organosuper was the increased availability of phosphorus
(Table 2), especially as the soil used in the experiment was
Dystroferric Red Latosol with clay texture. Phosphorus is
strongly adsorbed to oxides of iron, aluminum, and clay
minerals in Cerrado soils, which causes nutrient deficiency.
Thus, the addition of these residues increased nutrient
availability (Souza et al., 2013).

Similar results regarding organic residues were reported
in a study on the growth of Eugenia pyriformis Cambess. in
different substrates. Scalon & Jeromine (2013) observed higher
dryleaf mass (0.36 g plant!) of seedlings in Dystroferric Red

Organic Residues and Bokashi Influence in the Growth... ~ 7-9

Latosol, sand, and poultry manure (1:1:0.5) and the field
capacity was maintained at 100%.

The leaf area ratio or the specific leaf area was not
influenced by the factors under investigation. In contrast, the
highest leaf mass was influenced only by organic residues,
and occurred in plants grown in ORG, differing only from
the soil (Table 8). The specific foliar mass reflects the dry
mass fraction retained in the plant and leaf area. Thus, as
the plant grows, a greater transfer of photoassimilates from
the leaves to the other organs (Benincasa, 2003) occurs,
and this was observed in this study in the plants grown in
the substrate.

The highest DQIs were observed in plants cultivated in
PMH and ORG, both with bokashi, and PMW, without bokashi
(Table 9). Higher DQIs were observed because the substrates
favor the conditions required for the marmelo-do-cerrado
to develop and to have greater mass production and growth
characteristics, photosynthetic pigments, providing higher
quality in the young plants by favored suitable conditions
of substrates.

Table 8. Leaf area ratio (LAR), specific leaf area (SLA) and specific foliar mass (SFM) of marmelo-do-cerrado cultivated in pots with soil
and organic residues.

LAR SLA SFM
Organic residues (cm? gt) (g cm™)
Poultry manure with rice husk base 58.56 a 106.45 a 0.0100 ab
Poultry manure with wood shavings base 59.69 a 101.43 a 0.0102 ab
Organosuper® 48.52a 82.09 a 0.0122a
Castor bean meal 50.82 a 90.87 a 0.0110 ab
Soil 58.60 a 110.52 a 0.0094 b
C.V. (%) 20.67 20.73 15.89

Averages followed by equal letters in the columns do not differ by Tukey’s test for organic residues at 5%.

Table 9. Dickson quality index of marmelo-do-cerrado with organic
residues and bokashi (B).

The addition of poultry manure to the substrate also
increased the quality of Ocimum basilicum L. seedlings
cultivated in Dystroferric Red Latosol (Souza et al., 2011).

Organic residue -B +B
The DQI is a fundamental parameter in the evaluation of the

Poultry manure with rice husk base 1.23aB  1.64aA quality of the seedlings as it combines biometric and mass
Poultry manure with wood shavings base  1.25aA  0.46 bB production increase c.harac’Fe.rlst.lcs. The hlghef the DQI the
better, because there is stability in the growth in the plants.
Organosuper’ 0.68abB  1.74aA Evaluation of this parameter is important for verifying
P T whether the see'dhngs are suﬁ’ic1e'ntly developed to survive
after transplanting to the field (Silva et al., 2012), allowing
Soil 0.44bA  0.33bA the selection of the most vigorous plants according to the
substrate composition. The addition of poultry manure
C.V. (%) 29.45

with rice husk base and Organosuper®, both with bokashi,

Averages followed by lower case letters equal, in the columns, for
residues, and upper case in the lines, for bokashi, do not differ

between them, by Tukey’s test and Student’s t, respectively, at 5%.

Floresta e Ambiente 2020; 27(1): e20171034

improved DQI values. In general, it was observed that the use
of poultry manure or Organosuper® is a viable practice for
native species such as the slow-growing marmelo-do-cerrado.

N



8-9 Santos CC, Vieira MC, Heredia Zarate NA, Carnevali TO, Gongalves WV

4. CONCLUSION

Marmelo-do-cerrado responds positively to the addition
of organic residue in the substrate of the cultivated. After
considering the increase in the growth characteristics,
photosynthetic pigments and the efficiency of the photosystem
I1, biomass production, and plant quality, we concluded that
the addition of Organosuper® or poultry manure with rice
husk base, in association with bokashi in the substrate, can be
used for enhancing the initial growth of marmelo-do-cerrado.
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