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SPENT MUSHROOM SUBSTRATE of Pleurotus ostreatus KUMMER INCREASES
BASIL BIOMASS AND ESSENTIAL OIL YIELD'

CRISTIANO OLIVEIRA DO CARMO? MARCOS DE SOUZA RODRIGUES?, FRANCELI DA SILVA?, TAMARA
GRAZIELE MATOS IRINEU?, ANA CRISTINA FERMINO SOARES?*

ABSTRACT - Lignocellulosic residues are used to produce mushrooms, but they generate large amounts of
spent mushroom substrate (SMS). The objective of this study was to evaluate they effect of SMS of Pleurotus
ostreatus, combined with organic fertilization, on biomass production and essential oil yield of basil (Ocimum
basilicum L.) plants. The fertilizer was formulated using combinations of organic compounds: SMS, organic
compost (OC), and earthworm humus (EH). The treatments were applied using 35 g of the formulations,
corresponding to an application of 20 Mg ha™. The treatments used were: 100% OC; 100% EH; 100% SMS;
75% SMS + 25% OC (C1); 75% SMS + 25% EH (C2); 50% SMS + 50% OC (C3); 50% SMS + 50% EH (C4);
50% SMS + 25% OC + 25% EH (C5), and a control with no fertilizer application (CT). Plants grown with the
soil fertilizers containing SMS, single or combined with OC and EH, presented higher average plant height
(55.6 t0 62.2 cm) and leaf area per plant (696.5 to 836.4 cm?). The treatment C3 resulted in plants with higher
mean dry weight (10.9 g plant™), and C2 resulted in the highest oil yield (5.0 kg ha™), representing a gain of
324.8% in oil yield when compared to the control. Thus, SMS increases biomass production and essential oil
yield of basil plants.

Keywords: Ocimum basilicum. Sisal residue. Organic fertilization. Medicinal plants.

SUBSTRATO POS-CULTIVO DE Pleurotus ostreatus Kummer AUMENTA A BIOMASSA E
RENDIMENTO DE OLEO ESSENCIAL NO MANJERICAO

RESUMO - Residuos lignocelulosicos sao usados na produgido de cogumelos, mas geram grandes quantidades
de substrato pds-cultivo de cogumelo (SPC). Neste estudo avaliou-se o SPC de Pleurotus ostreatus, aliado a
adubacdo organica na producdo de biomassa e rendimento de Oleo essencial de manjericdo (Ocimum
basilicum L.). As formulagdes das adubagdes foram preparadas com o SPC, composto organico (CO) e humus
de minhoca (HM) e suas combinagdes, todos com aplicagdo de 35 g no solo, equivalente a 20 t ha™. Os
tratamentos foram: CO = 100 %; HM = 100 %; SPC = 100 %; C1 =75 % SPC + 25 % CO; C2 =75 % SPC +
25 % HM; C3 =50 % SPC + 50 % CO; C4 =50 % SPC + 50 % HM; C5 =50 % SPC+25% CO +25% HM e
CT = sem adubacdo. O comprimento médio e a area foliar foram superiores nas plantas cultivadas no solo
contendo o SPC, individualmente ou combinado com as fontes organicas, com 55,6 a 62,2 cm de comprimento
e 696,5 a 836,4 cm” de area foliar por planta. O tratamento C3 proporcionou plantas com maior acumulo de
matéria seca (10,9 g planta’) e o C2 proporcionou maior rendimento de 6leo (5,0 kg ha™), com ganho de
324.8 % no rendimento, em relagdo ao controle. O SPC promove um aumento significativo na biomassa e no
rendimento de 6leo essencial em plantas de manjericdo (Ocimum basilicum).

Palavras-chave: Ocimum basilicum. Residuo de sisal. Adubacao orgénica. Plantas medicinais.
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INTRODUCTION

The agroindustrial production generates, in
general, large quantities of lignocellulosic residues,
and most of them are discarded due to the high
operating cost for their use (NASCIMENTO FILHO;
FRANCO, 2015). Technologies for the use of these
residues are required to avoid environmental
pollution (BARH et al, 2018) and for the
conservation of natural resources.

Fungi of the genus Pleurotus colonize several
lignocellulolytic residues and produce mushrooms
that are appreciated for their flavor, nutritional value,
and medicinal properties (CARRASCO-
GONZALEZ; SERNA-SALDIVAR; GUTIERREZ-
URIBE, 2017). Mushroom species of the genus
Pleurotus are the second most produced commercial
edible mushrooms in the world (RAMAN et al.,
2020). Pleurotus ostreatus, known as oyster
mushroom, is highlighted among these species; it can
be produced on several residues, such as coffee peels
(NUNES et al., 2012), cotton seeds (GIRMAY et al.,
2016), sawdust (VIEIRA; ANDRADE, 2016),
sugarcane and maize bagasse, wheat and rice straws
(SARDAR et al., 2016; KOUTROTSIOS, et al.,
2017), palm oil bagasse (SILVA et al., 2020), and
residues from sisal leaf decortication and processing
(CARMO et al., 2021). However, the production of
mushrooms generates a large amount of spent
mushroom substrate (SMS) (KAPU et al., 2012).
Approximately 5 kg of SMS are generated per
kilogram of fresh mushrooms produced (PAREDES
et al., 2016; CORREA et al., 2016); these SMS are
often discarded in locations distant from the
production site to avoid the proliferation of flies,
insects, and diseases (MARQUES et al.,, 2014;
LOPES et al., 2015). However, this procedure can
contaminate the environment and waste natural
resources.

Fungal degradation during the growth of
mushrooms changes the physical, chemical, and
biological characteristics of lignocellulosic residues
(SHARMA; ARORA, 2015), which can be used as a
soil organic fertilizer to produce seedlings (LOPES
et al., 2015; NAKATSUKA et al., 2016; PAULA et
al., 2017), for bioremediation of soils (GARCIA-
DELGADO et al., 2013; ADENIPEKUN; LAWAL,
2012), and as animal feed (WANZENBOCK et al.,
2017). However, the potential of using SMS is still
little explored and has not solved the problem of
accumulation of these residues (PAREDES et al,,
2016).

The viability of applying SMS in horticulture,
single or combined with other organic or mineral
fertilizers, has been studied (LOU et al., 2017,
NAKATSUKA et al., 2016; HANAFI et al., 2018).
Medicinal plants, such as basil (Ocimum

basilicum L.), are among horticultural plants that can
benefit from the use of biofertilizers formulated with
SMS and other organic sources of nutrients
(HANAFI et al., 2018). Basil is a medicinal plant
that produces an essential oil with several bioactive
constituents and is used as an ingredient for cooking
and preparation of drinks (WANNISSORN, et al.,
2005; BURDUCEA et al., 2018).

The bioconversion of agroindustrial residues
into mushrooms, combined with the use of SMS for
agricultural production, enables the development of
agroindustrial production systems that do not
accumulate residues and generate products with
commercial value, meeting the concepts of the
bioeconomy (CUNHA ZIED et al., 2020). Thus, the
objective of the present work was to evaluate the
effect of SMS of Pleurotus ostreatus, combined with
organic compost and earth earthworm humus, on
biomass production and essential oil yield of basil
plants.

MATERIAL AND METHODS

Preparation of Basil (Ocimum basilicum L.)
seedlings

The experiment was conducted in a
greenhouse at the Universidade Federal do
Reconcavo da Bahia (UFRB), campus Cruz das
Almas, Bahia, Brazil (12°39'33.7"S and 39°
05'05.9"W), from April to July, 2018. In this period,
the mean minimum and maximum temperatures were
24.0 and 25.3 °C in April, 22.5 and 23.5 °C in May,
and 21.7 and 22.7 °C in June; and the mean
minimum and maximum relative air humidity
outside the greenhouse were 78.5% and 84.9% in
April, 85.7% and 90.5% in May, and 87.0% and
91.6% in June. The basil seedlings were produced
from seeds of the Alfavaca Verde variety sown in
128-cell plastic trays of 53 cm length and 27 cm
width. The basil seeds were germinated and initially
grown in a coconut fiber substrate in a greenhouse
(Van der Hoeven) with plastic cover and 50% shade
screen in the laterals, with daily irrigation by a
sprinkler system for 30 days.

Substrate preparation and formulation

The spent mushroom substrate (SMS) was
generated from the production of Pleurotus ostreatus
mushrooms in a substrate composed of solid residues
from leaf decortication of sisal plants (Agave
sisalana Perrine) for fiber extraction and from
industrial processing of dry sisal fibers, as described
by Carmo et al., (2021). The SMS was dried in a
forced air circulation oven (Solab, model SL-102) at
45 °C until constant weight for the preparation of the
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soil fertilizer formulations. The organic compost
(OC) and earthworm humus (EH) were produced
using pruning residues of the experimental farm of
the UFRB (Cruz das Almas campus), and the EH

was produced using Californian earthworms (Eisenia
andrei Bouché). The treatments are described in
Table 1.

Table 1. Treatments consisted of biofertilizer with spent mushroom substrate of Pleurotus ostreatus (SMS), organic
compost (OC), and earthworm humus (EH), single or in combined (C1 — C5) formulations.

Treatments OC (%) EH (%) SMS (%)
oC 100 0 0
EH 0 100 0

SMS 0 0 100
Cl1 25 0 75
C2 0 25 75
C3 50 0 50
Cc4 0 50 50
C5 25 25 50
CT 0 0 0

The biofertilizer was applied to the soil at a
rate of 35 g per pot with 3.5 liters of soil,
representing an application of 20 t ha”, which was
based on recommendations commonly used for
medicinal plants (LAMEIRA; PINTO, 2008). The
soil was collected from a pasture area of the UFRB
(Cruz das Almas campus) and sieved with a
galvanized wire mesh sieve (8 mesh; 2.79 mm
opening). The soil was mixed with the SMS, OC,

and EH formulations (Table 1) and placed in 3.6-liter
plastic pots (22 cm diameter and 18.1 cm length).
Basil seedlings with 15 cm height were transplanted
into the pots containing the soil and fertilizers,
according to the treatments, and were grown in a
greenhouse with an automatic sprinkler irrigation
system. The chemical characteristics of OC, EH, and
SMS are described in Table 2.

Table 2. Chemical characteristics of spent mushroom substrate of Pleurotus ostreatus (SMS), organic compost (OC), and
earthworm humus (EH) used in soil fertilizer formulations for growth of Ocimum basilicum L plants.

Characteristics oC EH SMS
pH 7.5 7.8 6.60
Organic Matter (%) 21.98 36.46 61.17
Organic Carbon (%) 10.79 18.88 32.61
Total Nitrogen (%) 1.98 2.29 1.72
Phosphorus (%) 0.59 1.09 0.77
Potassium (%) 1.00 1.10 0.23
Calcium (%) 3.04 1.56 10.44
Magnesium (%) 0.71 0.73 0.51
Sulfur (%) 0.12 0.03 0.20
C to N ratio (C/N) 5 8 19

Evaluated parameters

The biometric evaluations of plants were
carried out every 15 days over 60 days. Destructive
evaluations were carried out every 15 days using two
basil plants of each treatment, which were randomly
selected from each experimental plot. Six plants were
evaluated at the ending of the experiment (60 days).
Plant growth was evaluated by measuring the shoot
length (SL; mm) with a 30 cm ruler, the stem
diameter (SD) with a ruler, and the leaf area (LA) by

using the Image J program (MARTIN et al., 2013).
Two plants were removed from the pots every 15
days, and cut to separate the leaves, stems, and roots
for determination of LA. These plant parts were then
placed in a forced air circulation oven (Solab, model
SL-102) at 45 °C until constant weight and weighed
in a semi-analytical balance with precision of
0.001 g to obtain the leaf, stem, root, and total dry
weights. The total dry weight was calculated based
on the sum of root, stem, and leaf dry weights, and
the harvest index (IC) was calculated by the leaf dry
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weight to total dry weight ratio.
Essential oil extraction

The basil essential oil was extracted by hydro
-distillation, with four replications, at the Laboratory
of Phytochemistry of the UFRB. Samples of 30 g of
dry leaves of plants, which were collected at 60 days
after transplanting of seedlings and dried at 45 °C in
a forced air circulation oven (Solab, model SL-102),
were placed in a 2-liter glass flask containing enough
distilled water to totally cover the plant material for
the hydro-distillation process. A Clevenger device
coupled to the glass flask was used. The extraction
process was carried out for 2 hours from the first
drop of the condensation, and the volume of the
extracted oil was measured in the Clevenger column.
The essential oil was extracted from the Clevenger
column by using a glass pipette with capacity for 5
mL, and it was stored in glass bottles covered with
aluminum foil in a refrigerator at 4 °C.

The essential oil content was calculated on
moisture free basis, which represents the volume
(mL) of essential oil in relation to the dry weight,
using Equation 1:

OC=VO/[LB—(LBxM)]*100 (1)

OC = oil content (%)

VO = volume of oil extracted

LB = Leaf biomass

LBxM = Moisture content in the leaf biomass

LB-(LBxM) = Quantity of dry biomass

The essential oil yield was calculated by
multiplying the oil content by the leaf dry weight of
the plants.

Statistical analysis

A completely randomized experimental
design was used, with nine treatments and four
replications; each experimental plot consisted of
twelve plants (one plant per pot), totaling 432 pots.
The data were compared by analysis of variance
(ANOVA) and grouped by the Scott-Knott test at 5%
probability, using the Sisvar program (FERREIRA,
2011).

RESULTS AND DISCUSSION

The biomass production of basil plants over
time, as a result of the soil fertilization with SMS
single or combined with OC or EH, is presented in
Table 3. The growth of basil plants varied according
to the treatments and evaluation time. The first
evaluation, carried out at 15 days after transplanting
of seedlings, showed no differences between the

treatments for shoot length (SL), leaf area (LA), and
total dry weight (TDW) of basil plants. The stem
diameter (SD) showed significantly lower results
only in the treatments C5 and CT (Table 3).

The treatments with SMS, single or combined
with OC and EH, showed the best results at 30 and
45 days after transplanting of seedlings, followed by
the treatments with OC and EH. When OC and EH
were combined with SMS, they showed similar
results for SL, LA, and TDW of basil plants (Table
3). However, plants in the treatments with OC and
EH, without SMS, started to present symptoms of
nutritional deficiency (yellowing of leaves and
reduced growth) at 30 days after seedling
transplanting, whereas the treatments that included
SMS showed plants with higher growth and vigor.

The treatments with SMS, single or combined
with OC and EH, presented no significant
differences (p>0.05) in SL and LA of basil plants at
60 days after transplanting of seedlings, showing
greater results than the treatments with 100% OC,
100% EH, and the control. The plants without soil
fertilization (CT) had the lowest SD. The
formulation with 50% SMS + 50% OC (C3) resulted
in statistically higher TDW than the other treatments,
with a mean of 10.9 g, and an increase of 600% in
biomass when compared to the plants in the control
treatment.

The application of organic fertilizers
increases the yield and improves the quality of
agricultural products. The addition of OC and EH
improves the soil chemical, physical, and biological
properties by decreasing soil density, promoting root
growth, increasing water retention capacity, and
releasing nutrients to plants (NARDI et al., 2004). In
addition to the effects on the soil structural and
biological properties, the application of organic soil
fertilizers is also associated with higher microbial
biomass and activity (MASMOUDI et al., 2020).

The lower SL (20.9 cm), SD (3.1 mm), LA
(1182 c¢m?), and TDW (1.1 g) at 30 days after
transplanting of basil seedlings were observed in the
treatments with SMS, which may be related to a
slower release of nutrients. SMS is rich in nutrients,
as shown in Table 1, but many of these nutrients are
not in forms available to plants and are slowly
mineralized, especially nitrogen (N), phosphorus (P),
and potassium (K) (HACKETT, 2015; LOU et al.,
2015). In addition, nutrient losses by leaching are
higher when using chicken manure instead of SMS,
as found by Holbeck et al. (2013), who reported that
the low humic acid contents in SMS delayed the
nitrification of NH,". This can cause a slow and
sustainable nutrient mineralization and availability to
plants, decreasing N losses. Medicinal and aromatic
plants, as well as other crops, depend on the
adequate supply of nutrients for a high yield
(CORREA et al., 2010). Basil plants have a high
demand for N (LIMA et al., 2020).
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Table 3. Length, stem diameter, leaf area, and total dry weight of basil (Ocimum basilicum L.) plants at 15, 30, 45, and 60
days after transplanting of seedlings (15 cm length) to 3.5-liter pots containing soil fertilized with 35 g of spent mushroom
substrate of Pleurotus ostreatus (SMS), organic compost (OC), and earthworm humus (EH), single or combined (C1 — C5)

formulations.
Treatments Length (cm) Stem diameter (mm)

15 30 45 60 15 30 45 60
oC 1035a 29.08 b 40.13 ¢ 48.48b 2.95a 4.88a 538a 6.50 a
EH 9.04 a 27.13b 40.89 ¢ 5044 b 3.08a 513a 550a 6.50 a
SMS 8.75a 2091 ¢ 46.68 b 62.24 a 313a 5.00 a 575a 6.50 a
Cl 10.50 a 26.10b 5134 a 57.09 a 325a 5.00 a 6.00 a 6.13a
C2 11.56a 26.11b 54.85a 59.70 a 33la 525a 575a 6.00 a
C3 9.81a 30.53 a 49.53 a 60.88 a 3.06a 450 a 5.75a 575a
C4 1248 a 33.61a 51.08 a 61.50 a 3.00 a 4.06 a 550a 6.06 a
C5 10.85a 32.05a 46.33b 5558 a 2.81b 3.69b 550a 6.19a
CT 7.29 a 12.54d 24.08 d 2444 ¢ 2.63 ¢ 3.13¢ 3.28b 333b
CV 22.6 10.50 9.37 12.6 7.08 10.61 12.36 10.40

Treatments Leaf area (cm’) Total plant dry weight (g)

15 30 45 60 15 30 45 60
oC 92.35a 281.69 a 405.66 b 528.74 b 041 a 271 a 5540 8.86b
EH 83.87 a 308.10 a 468.13 b 522370 040 a 2.76 a 5420 6.84 c
SMS 70.56 a 11827 ¢ 485.72 b 706.43 a 040 a 1.08 ¢ 495b 9.74b
Cl 87.19a 24721 a 616.61 a 836.49 a 045a 2.08 b 693 a 9.18b
C2 81.72 a 189.88 b 652.68 a 742.56 a 0.44 a 1.96 b 7.03a 9.94b
C3 90.29 a 333.73 a 671.82 a 774.00 a 048 a 2.64 a 724 a 1093 a
C4 101.44 a 336.89 a 612.36 a 696.49 a 0.53a 3.00 a 732a 9.99b
C5 96.48 a 346.10 a 689.68 a 722.54 a 048 a 2.89 a 8.08 a 9.68b
CT 50.00 a 70.31 ¢ 155.61 ¢ 143.01 ¢ 0.29 a 0.84 ¢ 1.60 ¢ 1.82d
CV 17.84 19.52 14.82 11.39 19.77 16.26 16.94 7.40

OC =100% OC; EM = 100% EH; SMS = 100% SMS; C1 = 75% SMS + 25% OC; C2 = 75% SMS + 25% EH; C3 = 50%
SMS + 50% OC; C4 = 50% SMS + 50% EH; C5 = 50% SMS + 25% OC + 25% EH; CT = control with no fertilization.

The soil fertilized with SMS, single or
combined with OC and EH, presented greater
organic matter contents (21.43), cation exchange
capacity (75.4%), and sum of exchangeable bases
(123%) than the soil without application of soil
fertilizers (Table 4). These factors affect the
sustainability, stability, and availability of nutrients
and the soil pH and aeration, increasing soil fertility
and agricultural production (MADEJON et al.,
2016). Increases in organic matter contents, cation
exchange capacity, and sum of exchangeable bases
were also reported by Masmoudi et al. (2020), who
evaluated the effects of soil fertilizer rates and OC
levels on chemical and physical characteristics of
different soil layers and on basil plant growth. These
authors found that the application of organic
fertilizer improved the soil absorption capacity for
mineral elements.

Carmo et al. (2019) observed positive
changes in soil chemical, physical, and biological
characteristics, and different yields for basil plants
grown in soil with organic compost enriched with
actinobacteria. Organic fertilization promote positive
effects on plant development and essential oil

contents of basil plants of different varieties
(BURDUCEA et al., 2018). According to Li et al.
(2014), the application of OC and EH is efficient in
adding stable organic matter to the soil, which is
important for release of N to the soil and its
absorption by plants. However, OC and EH are
composted organic sources; thus, despite the slow
release of nutrients to plants, the mineralization
process is faster when compared to SMS, mainly for
nitrogen. This explains the symptoms of N
deficiency found in plants grown in soils with OC
and EH, after a few weeks. The slower availability of
nutrients from SMS to plants may explain the lower
SL, SD, LA, and TDW found in plants grown in
soils fertilized with only SMS, when compared to
those of plants grown in soils fertilized with
biofertilizers formulated with SMS combined with
OC and EH, up to 45 days after transplanting of basil
seedlings. However, the treatments with SMS and
those with formulations of SMS combined with OC
and EH presented no significant differences at 60
days after seedling transplanting, with the best
results obtained with the formulation C3 (50% SMS
+50% OC).
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Table 4. Chemical and physical characteristics of unfertilized soil, at the beginning (CT1) and end (CT2) of basil (Ocimum
basilicum L.) growth, and soil fertilized with organic fertilizers based on formulations with spent mushroom substrate of
Pleurotus ostreatus (SMS), organic compost (OC), and earthworm humus (EH), after basil growth for 60 days.

pH oM P K Ca Mg H+tAl SB  CEC BS
Treatments

CaCl, g dm’ mg dm™ mmolc dm %

CT1 5.6 14 7 <0.9 14 7 14 223 329 46.8
CT2 5.7 14 5 <0.9 14 7 12 21.7 33.7 64
oC 5.6 16 12 1.4 13 9 13 234 36.4 64
EH 5.4 17 18 1.5 12 14 13 27.5 40.5 68
SMS 6.2 15 17 <09 36 12 48.6 57.6 84
Cl 6.6 16 19 <09 39 10 49.7 57.7 86
C2 6.5 16 18 <09 30 10 40.6 49.6 82
C3 6.5 15 16 0.9 26 10 10 36.9 46.9 79
C4 6.3 15 17 0.9 24 10 10 34.9 449 78
C5 6.2 15 16 1.1 27 10 10 38.1 48.1 79

OC =100% OC; EM = 100% EH; SMS = 100% SMS; C1 = 75% SMS + 25% OC; C2 = 75% SMS + 25% EH; C3 = 50%
SMS + 50% OC; C4 = 50% SMS + 50% EH; C5 = 50% SMS + 25% OC + 25% EH; CT = control with no fertilizer
application; OM = organic matter contents; CEC = cation exchange capacity; SB = sum of exchangeable bases; BS = base
saturation. Basil plants were grown for 60 days under greenhouse conditions with irrigation by a sprinkler system, and the
seedlings with 15 cm length were transplanted into 3.5-liter pots containing soil fertilized with 35 g of organic fertilizer,

according to the treatments.

The use of SMS as a soil fertilizer and its use
combined with organic or mineral fertilizers have
been associated with significant increases in soil
mineral N (LOU et al., 2017). The use of SMS
combined with chemical fertilizers changes soil
characteristics, favoring the immobilization of N and
decreasing its leaching (LOU et al., 2015). Ribas et
al. (2009) evaluated SMS as a soil fertilizer for
lettuce (Lactuca sativa L.) crops and found that it has
a potential for soil bioremediation and that most of
its  nutrients are slowly mineralized by
microorganisms and, consequently, slowly released
to the soil. Similar results were found by Roy et al.
(2015), who evaluated the potential of SMS as a

biofertilizer for improvement of growth and
characteristics of sweet pepper (Capsicum annuum
L.) fruits.

The addition of N to the soil increases leaf N
concentrations, resulting in higher photosynthetic
rates (KHAN et al., 2018). Nitrogen is a key factor
that regulates photosynthetic responses because it is
an important component of the rubisco and other
enzymes and photosynthetic structures (SUN et al.,
2016; ZHONG et al., 2017). The addition of SMS to
soils may also be an important source of beneficial
microorganisms for plant growth, with potential to
induce resistance against diseases (LOPES et al.,
2015).

Thus, SMS can be a promising organic
fertilizer source for agriculture, mainly for
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production of medicinal plants, presenting the
advantages of improving soil fertility and reducing
nutrient losses by leaching. The chemical
composition of the organic fertilizers and the soil
after their incorporation (Tables 2 and 4) assists in
the understanding of the dynamics of basil plants
over the crop cycle, when using treatments with
organic fertilizer formulations, (Table 3) and denotes
the potential of SMS for basil production.

Phosphorus is also an essential macronutrient
for plant growth, but it has low mobility in the soil
and is found immobilized in most soils. Phosphorus
availability was found in samples of soils fertilized
with SMS (Table 4). SMS can act as a soil
biofertilizer, providing P to plants (LOU et al.,
2015), and as a soil conditioner, improving the soil
structure (NAKATSUKA et al., 2016). Meng et al.
(2018) showed that soils fertilized with swine
manure combined with SMS present higher contents
of N, P, and K, confirming the potential of this
substrate as an agricultural fertilizer.

The dry biomass distribution in the basil plant
parts at the end of the experiment is presented in
Figure 1. Basil leaves which represent the main
commercial product of this crop, exhibit the higher
essential oil contents compared to other parts of the
plant, and the leaves can be consumed fresh or in
processed food, and can also be wused in
pharmaceutical industries (TAHAMI et al., 2017).
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OC = 100% OC; EM = 100% EH; SMS = 100% SMS; C1 =75% SMS + 25% OC; C2 = 75% SMS + 25% EH; C3 = 50%
SMS + 50% OC; C4 = 50% SMS + 50% EH; C5 = 50% SMS + 25% OC + 25% EH; CT = control with no fertilizer
application

Figure 1. Dry biomass distribution: leaf dry weight (LDW), stem dry weight (SDW), and root dry weight (RDW) of basil
(Ocimum basilicum L.) plants, at 60 days after transplanting of seedlings into 3.5-liter pots containing soil fertilized with 35
g of spent mushroom substrate of Pleurotus ostreatus (SMS), organic compost (OC), earthworm humus (EH), or

combinations of these organic soil fertilizers.

The highest dry biomass accumulation at the
end of the experiment (60 days after transplanting of
seedlings) was found in the roots of basil plants. This
is due to the beginning of leaf maturation, plant
senescence, and increases in the root system caused
by decreases in nutrient contents and photosynthesis,
which increase respiration (PEIXOTO; CRUZ;
PEIXOTO, 2011). The higher leaf dry weight was
found in the treatments C1 (3.13 g) and C4 (3.01 g).
These results confirm the high potential of SMS
combined with OC, as found for TDW (Table 3).

Studies about dry biomass distribution in
basil plants were not found. However, Ferreira et al.
(2004) evaluated the growth and biomass
distribution in a medicinal plant (Catharanthus
roseus L.), as a function of organic soil fertilizer
rates and harvest times, and found that the organic
fertilizer rates affected the dry biomass accumulation
in the branches, leaves, stems, and roots.

Content and yield of essential oil

The basil essential oil contents ranged from
1.24% to 1.84%, with no significant differences

between the treatments and the control. However, the
essential oil yield was higher in plants fertilized with
SMS (4.41 kg ha), and SMS combined with EH and
OC, which presented essential oil yields from 3.93 to
4.97 kg ha™', with no significant differences. These
yields were higher than those found in plants grown
in the soil fertilized with formulations containing
100% EH or 100% OC. The treatments with SMS,
single or combined with EH and OC, presented a
significantly higher essential oil yield than the
control, with yield increases that reached 324.8%
(Figure 2).

According to Bufalo et al. (2015), organic soil
fertilizers can be used without compromising the
basil essential oil, i.e., maintaining the basil bioactive
compounds and essential oil properties, changing
only the fresh and dry biomasses and nutrient
accumulations in the plants. Burducea et al. (2018)
found essential oil contents from 0.91% to 1.30%
and relative increases in essential oil yield from 21%
to 30% compared to the control, when using organic
and conventional fertilizers for the growth of two
cultivars of basil plants for essential oil production.
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Figure 2. Essential oil content (A) and yield (B) of basil (Ocimum basilicum L.) plants grown under greenhouse conditions,
in 3.5-liter pots containing soil fertilized with 35 g of spent mushroom substrate of Pleurotus ostreatus (SMS), organic
compost (OC), earthworm humus (EH), or the combinations of these organic soil fertilizers.

Pandey, Patel and Patra (2016) evaluated the
effect of different sources of nutrients, using
different combinations of organic and chemical
fertilizers, on biomass, yield, essential oils
composition, mineral nutrition, and antioxidant
activity of basil plants under field conditions and
found yields from 7.12 to 13.35 kg ha”'. They
concluded that the organic and chemical soil
fertilizers, applied single or combined, have positive
effects on basil essential oil yield.

The present study confirms that SMS has
potential as a soil fertilizer for basil plants and
increases the biomass production (Table 3) and
essential oil yield, mainly when formulated with
50% SMS and 50% OC (Table 3). According to
Pandey, Patel and Patra (2016), increases in biomass
of basil plants with the application of organic soil

fertilizers is one of the factors that generate high
essential oil yields per unit of area because of the
absorption of nitrogen by basil plants.

CONCLUSION

The spent mushroom substrate of Pleurotus
ostreatus has potential to be used as a soil fertilizer
for growth of basil plants, with significant effect on
biomass production and essential oil yield. The
fertilizer formulations using spent mushroom
substrate of P. ostreatus plus organic compost at
ratios of 75:25 and 50:50 (v v'') increase the biomass
production of basil plants. The application of spent
mushroom substrate of P. ostreatus, single or
combined with organic compost and earthworm
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humus, increases the essential oil yield of basil
plants.
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