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ABSTRACT - Mushroom cultivation generates a large volume of SMS (spent mushroom substrate), which needs to be
properly discarded to avoid contamination of new production cycles. However, SMS is a rich substrate, and can be used to
produce vegetable seedlings. The present study evaluated the feasibility of using SMS of Agaricus bisporus as substrate for
production of sweet pepper seedlings. The culture substrate was composed of sugar cane bagasse, horse manure, rice straw,
soybean meal, chicken bed, urea, potassium chloride, simple superphosphate and gypsum. After cultivation, the SMS was
homogenized, wet and composted. The substrate thus processed is the SMS of A. bisporus. The substrate Carolina 11® was used
as control. The following treatments were evaluated: T1- 100% Carolina Il; T2 - 25% SMS + 75% Carolina Il; T3-50% SMS +
50% Carolina II; T4- 75% SMS + 25% Carolina Il and T5- 100% SMS). Seedling and germination characteristics were
evaluated. The best germination parameters were observed with the treatment containing 50% of SMS, compared to the
commercial substrate. However, for the quality parameters of the seedlings, the best results were obtained with 100% SMS
treatment. Therefore, the use of different SMS percentages for the production of pepper seedlings is an alternative to reduce the
production cost. The treatment with 100% SMS presented the best DQI values, as it produced vigorous and better quality
pepper seedlings.
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SUBSTRATO PC)S-CUL]’IVO DO COGUMELO Agaricus bisporus
NA PRODUCAO DE MUDAS DE PIMENTAO

RESUMO - O cultivo de cogumelos gera um grande volume de SMS (substrato p6s-cultivo de cogumelos), que precisa ser
descartado adequadamente para evitar a contaminagdo de novos ciclos de producdo. No entanto, 0 SMS é um substrato rico e
pode ser usado para produzir mudas de vegetais. O presente estudo avaliou a viabilidade do uso de SMS de Agaricus bisporus
como substrato para producio de mudas de pimentdo. O substrato da cultura foi composto por bagaco de cana, estrume de
cavalo, palha de arroz, farelo de soja, canteiro de galinha, uréia, cloreto de potassio, superfosfato simples e gesso. Apds o
cultivo, o SMS foi homogeneizado, imido e compostado. O substrato assim processado é o SMS de A. bisporus. O substrato
Carolina 11° foi utilizado como controle. Os seguintes tratamentos foram avaliados: T1 - 100% Carolina Il; T2 - 25% SMS +
75% Carolina I1; T3-50% SMS + 50% Carolina II; T4- 75% SMS + 25% Carolina Il e T5- 100% SMS). As caracteristicas das
plantulas e germinagdo foram avaliadas. Os melhores pardmetros de germinacdo foram observados com o tratamento contendo
50% de SMS, comparado ao substrato comercial. Porém, para os parametros de qualidade das mudas, os melhores resultados
foram obtidos com o tratamento 100% SMS. Portanto, o uso de diferentes porcentagens de SMS para a producdo de mudas de
pimenta é uma alternativa para reduzir o custo de producdo. O tratamento com SMS 100% apresentou os melhores valores de
IQD, pois produziu mudas de pimenta vigorosas e de melhor qualidade.

Palavras-chave Capsicum annuum L., champignon, indice de qualidade de desenvolvimento, SMS.

INTRODUCION vegetable seedlings (MARQUES et al., 2014; LOPES et

The mushroom cultivation results in a large
volume of spent mushroom substrate (SMS), which needs
a cure condition for pest and disease recurrence problems,
as well as contamination of watercourses. In this context,
an alternative could be its use as fertilizer or soil
conditioner (RINKER, 2017). However, considering its
rich chemical composition and good physical properties,
the SMS can have an even more noble destination, and can
be used in the substrate composition for the production of
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al., 2015).

The substrates available in the market for the
production of vegetable seedlings have good properties,
providing seedlings of quality. However, these substrates
are costly in the context of family farming, directly
impacting their final gain, thus justifying the search for
alternative sources (SILVA et al., 2007).

The use of organic residues originating from the
agricultural activity and of easy access has been quite
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approached in this type of study (RODRIGUES et al.,
2015). Therefore, SMS can be an important source of
alternative substrate for seedling production. In addition to
the physicochemical properties inherent to a seedling
production substrate, the SMS also has substances derived
from the fungal metabolism, which can bring additional
benefits. One of these benefits may be the production of
compounds that act as inductors of resistance in the plant,
which have been studied in different species of
basidiomycetes (SILVA et al., 2013).

The SMS of the button mushroom (Agaricus
bisporus) is one of the best options for this purpose
because, besides being the most abundant in Brazil, it is a
more stable substrate when compared to the SMS of other
mushrooms such as shiitake. This is because the substrate
is obtained by a composting process that lasts for about 30
days and then goes through the colonization and
cultivation processes, which amounts to 3 to 4 months
(FIGUEIREDO and DIAS, 2014). In addition, it must
consider the fact that the SMS of the Agaricus mushrooms
come accompanied by soil from the casing layer, which it
is a layer of soil 5cm thick applied on top of colonized
compost (PARDO-GIMENEZ et al., 2012). Therefore, the
Agaricus mushroom SMS consists, in fact, of a mixture of
compost and soil, which certainly makes it quite
interesting as a substrate for the production of vegetable
seedlings. Therefore, in this work, the use of A. bisporus
SMS, in different proportions, was evaluated in the
production of sweet pepper seedlings, in comparison to
commercial substrate Carolina I1®.

MATERIAL AND METHODS

The SMS of A. bisporus was provided by the
company Sitio dos Micélios, Barbacena (Minas Gerais
State, Brazil). The mushroom compost was prepared using
sugar cane bagasse, horse manure, rice straw, soybean
meal, chicken bed, urea, potassium chloride, simple
superphosphate and gypsum. After cultivation, the SMS
(consisting of the compost and casing layer) was
homogenized, wet and composted for 15 days, with
turnings every two days. Finally, the thus obtained
substrate was sieved to remove clods and larger fragments
of compost, so as to obtain a more uniform granulometry
material. The A. bisporus SMS thus processed was the
substrate use during the present work and the substrate
Carolina 11® (Carolina Soil do Brasil Ltda) was used as
control and in combination with SMS. The composition
Carolina 11® substrate consists of: moss peat (Sphagnum),
expanded vermiculite, charcoal rice husk, dolomitic
limestone, agricultural gypsum and traces of NPK
fertilizer. The following treatments were evaluated:
T1-100% Carolina Il; T2 - 25% SMS + 75% Carolina Il;
T3 - 50% SMS + 50% Carolina II; T4 - 75% SMS +
25% Carolina Il and T5 - 100% SMS).

The pepper seeds (cultivar Cascadura IKEDA -
Agristar do Brasil Ltda) were seeded on the substrates
about 1 cm deep in styrofoam trays of 128 cells and taken
to the greenhouse where the minimum average
temperature was 12°C and the maximum average of 37°C.
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The experiment was carried out in a randomized block
design with five treatments and five replicates.

The germination was evaluated from the 1st day
after sowing, during 25 days. Percent Germination (G) was
calculated by equation 1:

N .

G = (g)x 100 (Equation 1)
Where:

N = number of germinated seeds (%).

Germination speed index (GSI) was calculated by
equation 2:

GSI = X (ni/ti) (Equation 2)
Where:
ni = number of seeds germinating at time ‘i’,

ti = time after test installation and
i=1— 25 days.

Mean germination time (MGT) was calculated by
equation 3:

MGT = (Zniti)/Zni (Equation 3)
Where:
ni = number of germinated seeds per day,

ti = incubation time and
i=1— 25 days.

Mean germination speed (VMG) was calculated
by equation 4:

VMG = 1/t (Equation 4)
Where:

t = average germination time (CARVALHO et al.,
2009).

After 34 days of sowing, the following seedlings
characteristics were evaluated: root length (RL) (mm),
shoot length (SH) (cm), plant height (H) (cm) and stem
diameter (SD) (mm); root dry mass (RDM), dry shoot
mass (SDM), total dry mass (TDM) (sum of RDM and
SDM), in grams; number of leaves (NL) and Dickson
quality index (DQI).

Finally, the development quality index (DQI),
calculated according to the formula (DICKSON, 1960),
was calculated by Equation 5:

(TDM)
(35)* (om)

For the evaluation of the variables in the molting
phase, ten seedlings of each treatment were removed,
constituting an experimental unit. Data were submitted to
regression analysis and the Skott-Knott test, at 5%
probability using the SISVAR program

DQI = (Equation 5)
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(FERREIRA, 2011).

RESULTS AND DISCUSSION

For the germination parameters, the best results
oscillated between the treatments with 25 to 75% SMS.
The highest germination rate and the highest GSI occurred
in the substrate containing 50% of SMS (Figures 1 and 2),
whereas for VMG and MGT, treatments with 25, 50 and
75% showed the best results indistinctly (Figures 3 and 4).
It was observed that, in general, the inclusion of SMS
tended to improve the germination parameters to a certain
extent, when this effect became negative. That is, if only
the germination parameters were considered, the best
treatment should be 50% SMS (spent mushroom
substrate).
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FIGURE 1 - Germination of seeds of Capsicum annuum
pepper seeds, according to the proportion of SMS.
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FIGURE 2 - Germination speed index (GSI) of Capsicum
annuum pepper seeds, according to the proportion of SMS.

The speed of germination is related to the
imbibition of water by the seed. The texture (particles) and
structure (particle aggregation) of the substrate influence
this process through water retention. Some studies show a
higher water retention in finer-textured soils (KIEHL,
1979). As mentioned previously, the A. bisporus SMS is
not only mushroom compost, but a mixture of compost,
soil and limestone (FIGUEIREDO and DIAS, 2014). This
composition probably favors a higher retention of water
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and nutrient availability, when SMS is included in the
substrate for seedlings production.

Lima et al. (2010) evaluated the effect of different
substrates the germination index and seed vigor in the
production of Sicana odorifera seedlings. However, the
best results were obtained with the commercial substrate,
contrary to what was observed in the present work. This
demonstrates the need for care in the use of alternative
substrates, since the economy provided by a cheaper
substrate may not result in the best cost/benefit ratio at the
end of the process.
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FIGURE 3 - Average speed of germination (VMG) of
Capsicum annuum pepper seeds, according to the
proportion of SMS.
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FIGURE 4 - Mean time of germination (MGT) of
Capsicum annuum pepper seeds, according to the
proportion of SMS.

On the other hand, for the DQI, it was observed
that the intermediate proportions of SMS did not differ
from the commercial substrate. The treatment with 25% of
SMS had a significantly lower result, while those of 50
and 75% presented similar results to the commercial
substrate. However, for the treatment with 100% SMS, the
DQI was significantly superior to the commercial substrate
and to the other treatments. Therefore, these results lead to
the paradox of having to choose between the best
germination  parameters, in particular germination
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percentage and germination time, and the final quality of
the seedlings. A lower percentage of germination could
mean higher cost on the seed, especially when using top
quality seeds, which are also of higher price. However, in
this context, it should be noted that the observed
differences were not significant (Table 1).

For the mean germination time, the differences
were significant, reaching a difference of up to 4 days
between the treatment with 100% SMS and the other
treatments. This would mean the need for a longer time to
obtain the seedlings in case only SMS is used as the
substrate for the production of pepper seedlings.

A known negative aspect of A. bisporus SMS is
its salinity, indicated by the high electrical conductivity of
this substrate. This salinity is associated with the presence
of fertilizers in the formulation of the cultivation substrate
of the mushroom. Due to this problem, a composting step
was performed after obtaining the SMS, in order to
stabilize the compost and reduce the salinity. Therefore,
after the processing, the SMS had an electrical
conductivity of 1.98 mS cm™, which was higher than that
normally found in commercial substrates, but within
acceptable limits for the production of seedlings.

At first, the higher salinity of the SMS in relation
to the commercial substrate could explain why 100% SMS
showed germination indexes lower than those observed for
the treatments corresponding to the mixtures of SMS and
commercial substrate. Probably, promoted a salinity
dilution effect. The effect of salinity on the germination
parameters occurred from values greater than 2.5 mS cm™.
Therefore, the value of electrical conductivity found in the
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SMS (1.98 mS cm™) is within the range considered
appropriate by Demontiézo et al. (2016).

Lopes et al. (2015) observed a negative effect of
the inclusion of the SMS of A. subrufescens on the
substrate of tomato seedling production. A possible
explanations presented by the authors for this negative
effect was the high salinity level. The authors did not use
the same SMS processing procedure described in the
present work and, therefore, the SMS of A. subrufescens
showed an electrical conductivity of 5.51 mS cm™. In the
present work, in addition to another species (A. bisporus),
the composting process of the SMS certainly contributed
to soften the problem of the high salinity observed in this
substrate.

The search for alternative substrates to the
commercial substrates has a long history, especially with
the purpose of reducing the seedlings production costs.
Smiderle et al. (2001) proposed a combination of
commercial substratum Plantmax® with soil and or sand to
produce lettuce, cucumber and sweet pepper seedlings.
The authors observed that none of the treatments, either
the pure Plantmax® or the combinations, provided the best
results for all evaluated parameters and for the three
vegetables studied. In these cases, the strategy should be to
choose a substrate with the best possible indicators, within
the desired commercial standards, with the best
cost/benefit ratio and that are equivalent or close to the
commercial substrate. However, the alternative substrate
tested has not always the same results as the commercial
substrate.

TABLE 1 - Table of germination, GSI, MGT and VMG of Capsicum annuum seeds according to the of SMS.

SMS (%) Germination (%) MGT (days) VMG (days)
T1(0) 73.75 a* 1.12a 13.77b 0.07b
T2 (25) 72.50 a 1.24a 11.82a 0.08a
T3 (50) 7750 a 1.29a 12.00 a 0.08a
T4 (75) 70.00 a 1.06 a 12.07 a 0.08a
T5 (100) 66.25a 0.69b 16.20 ¢ 0.06 ¢
CV (%) 10.06 16.81 7.72 7.02

*Means followed by different numbers in the lines differ among themselves by Scott-Knott test, at the 5% probability level.

The DQI (DICKSON, 1960) reflects the final
quality of the seedling, that is, even if a certain substrate
favors better germination conditions, what matters to the
producer is the quality of the seedling that he buys or
produces. Consequently, although the best germination
indexes have a direct effect on the cost of production, the
quality of the seedlings reflects directly on its potential for
commercialization. Probably, the combination of compost,
soil and limestone, found in the SMS, as previously
mentioned, contributed to the highest DQI provided by
100% SMS (Table 2).

In this context, it should also be considered that
the mushroom substrate is very rich, since its formulation

includes, in addition to vegetable raw materials, fertilizers
and correctives such as manure, simple superphosphate,
urea, limestone and gypsum, besides the inclusion of
soybean meal as a source of nitrogen. Therefore, SMS
certainly provides a greater contribution of nutrients to the
seedlings, compared to the commercial substrate.
According to Cerqueira et al. (2015) and Collela et al.
(2019), among the factors that interfere in the
characteristics of the seedlings is the substrate fertility,
which involves components such as nutrients, water,
aeration, soil reaction, microorganisms, texture and
temperature.
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TABLE 2 - Quality index of Dickson (DQI) for pepper seedlings according to the proportion of SMS (spent mushroom

substrate).
SMS (%) DQI
T1(0) 2,50 b*
T2 (25) 1,39¢
T3 (50) 2,08b
T4 (75) 245b
T5 (100) 3,71a
CV (%) 18.96

*Means followed by different numbers in the lines differ among themselves by Scott-Knott test, at the 5% probability level.

Fertility analysis and physicochemical properties
showed that the macronutrient concentration of SMS was
much higher than the commercial substrate used, except
for magnesium (Table 3), which was expected as a
function of the nutritional richness of SMS, as discussed
previously. Calcium and potassium were found in almost
two-fold concentration in the SMS, compared to the
commercial substrate.

However, the greatest difference was observed for
the phosphorus (P), which was found in a concentration
4.3 times higher than the commercial substrate. In

addition, it was also observed that SMS had a lower
phosphorus content (Rem-P) than that observed in the
commercial substrate. Based on the levels of P and Rem-P,
it was found that the relative phosphorus of the SMS was
5.1 times higher than that of the commercial substrate.
However, despite being an expressive difference, it is
important to note that remaining phosphorus of the
commercial substrate was also high, reaching the ‘very
good’ classification (> 150%). Therefore, other factors
should be considered to explain the effect of SMS on the
DQI of the seedlings produced.

TABLE 3 - Results of the fertility analysis and physical-chemical characteristics of the substrates Carolina 11® (CII) and SMS

of A. bisporus used for the production of pepper seedlings.

Samples pH K P Ca Mg Al H+Al SB T BS m oM Rem-P TN EC

B L — cmole dm™® - - % - dagkg® mgL! gkg! mScm?
SMS 6.3 608 54296 204 55 0 362 2746 2746 3108 8835 O 15.04 33.07 7.7 1.98
Cll 55 330 12575 107 57 0 404 1785 17.85 2189 8155 O 17.16 40.52  trace 0.7

Caption: pH = hydrogen ionic potential, K = potassium, P = phosphorus, Ca = calcium, Mg = magnesium, H + Al = potential acidity, SB =
sum of exchangeable bases, t = cation exchange capacity, T = cation exchange capacity at pH 7.0, BS = basal saturation index, m =
aluminum saturation index, OM = organic matter, Rem-P = remaining phosphorus, TN = total nitrogen, EC = electric conductivity, trace

elements (TEs). Source: Abreu et al. (2019).

Still in the context of fertility, the N-total content,
which was found in the value of 7.7 g kg™ in the SMS, is
also noteworthy, while only traces were found on the
commercial substrate. This difference in nitrogen content

4
35
3
2,5
2
1,5

1

Dickson quality index (DQI)

0,5

0
T1

T2

is probably one of the major differences in SMS in relation
to the commercial substrate in the seedlings production
with higher DQI (Figure 5).

13 T4 5

Treatments

FIGURE 5 - Seed quality index (DQI) of Capsicum annuum pepper seeds, according to the proportion of SMS.

Other parameters such as potential acidity, sum of
exchangeable bases, cation exchange capacity and base
saturation index, presented better results in the SMS. This
demonstrates that pure SMS generally has superior
chemical and physicochemical properties. One of the few

parameters that do not follow this trend is the organic
matter content, which can be explained, probably by the
presence of soil in the SMS, from the casing layer. The
electrical conductivity, as discussed above, is another
parameter in which the commercial substrate is superior.
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Therefore, with the exception of this last parameter, it is
possible to affirm that the SMS presents superior chemical
and physicochemical properties.

In addition to all the factors discussed above,
there is another one of great importance, but still little
known. It is the microbiota present in the mushroom
compost and which certainly remains in the SMS after the
mushroom cultivation. Of all the microorganisms present,
there are certainly species of bacteria that act as growth
promoters, as they form part of the rhizosphere of the
formed seedlings. As an example, we can cite the evidence
that bacteria of the genus Bacillus act as elicitors of
induction of resistance in the tomato (ROMEIRO et al.,
2010).

In previous work, it has been demonstrated that
these bacteria are part of the natural microbiota of the
Agaricus mushroom compost (SILVA et al., 2009).
Therefore, in addition to differences in fertility and
physicochemical properties, it will be essential to study the
SMS microbiota to understand its beneficial effects, when
compared to the commercial substrates in the production
of vegetable seedlings.

Therefore, considering the superior quality of the
A. bisporus SMS of further studies should evaluate the
pepper production from seedlings produced on SMS
substrate. Similarly, SMS must also be tested in the
production of seedlings of other vegetable species.

CONCLUSION

The use of different SMS percentages for the
production of pepper seedlings is an alternative to reduce
the production cost.

The treatment with 100% SMS presented the best
DQI values, as it produces vigorous and better quality
pepper seedlings.

ACKNOWLEDGEMENTS

To FAPEMIG (Fundagdo de Amparo a Pesquisa
de Estado de Minas Gerais), CAPES (Coordenacdo de
Aperfeicoamento de Pessoal de Nivel Superior) and CNPq
(Conselho Nacional de Desenvolvimento Cientifico e
Tecnologico) are acknowledged for financial support.

REFERENCES

CARVALHO, D.B.; CARVALHO R.LLN. Qualidade
fisioldgica de sementes de guanxuma em influéncia do
envelhecimento acelerado e da luz. Acta Scientiarum,
v.31, n.3 p.489-494, 20009.

COLLELA, C.F.; COSTA, L.M.AS.; MORAES, T.S.J;
ZIED, D.C.; RINKER, D.L.; DIAS, E.S. Potential
utilization of spent Agaricus bisporus mushroom substrate
for seedling production and organic fertilizer in tomato
cultivation. Ciéncia e Agrotecnologia, v.43, p.117-119,
2019.

CERQUEIRA, F.B.; FREITAS, G.A.; MACIEL, C.G,;
CARNEIRO, J.S.S. LEITE, R.C. Seedlings of tomato cv.
Santa Cruz on different substrates. Journal of Bioenergy
and Food Science, v.2, n.2, p.39-45, 2015.

166
ABREU, C. G. et al. (2020)

DEMONTIEZO, F.L.L.; ARAGAO, M.F. Emergéncia e
crescimento inicial de tomate ‘Santa Clara’ em fungdo da
salinidade e condicGes de preparo das sementes. Irriga &
Inovagri, v.1, n.1, p.81, 2018.

DICKSON, A.; LEAF, A.L.; HOSNER, J.F. Quality
appraisal of white spruce and white pine seedling stock in
nurseries. Forestry Chronicle, v.36, [s.n.], p.10-13, 1960.
FERREIRA, D.F. Sisvar: A computer statistical analysis
system. Ciéncia e Agrotecnologia, V.35, n.6,
p.1039-1042, 2011.

FIGUEIREDO, V.R.; DIAS. E.S. Cultivo do champignon
em fungdo da temperatura. Ciéncia Rural, v.44, n.2
p.241-246, 2014,

KIEHL, E.J. Manual de edafologia: Relagdes solo-planta.
Séo Paulo: Ceres, 1979. 262p.

LIMA, JF.; SILVA, M.P.L.; TELES, S.; SILVA, F;
MARTINS, G.N. Avaliagdo de diferentes substratos na
qualidade fisiolégica de sementes de meldo de caroa
[Sicana odorifera (Vell.) Naudim]. Revista Brasileira de
Plantas Medicinais, v.12, n.2, p.2, 2010.

LOPES, R.X.; ZIED, D.C.; MARTOS, E.T.; SOUZA,
RJ.; SILVA, R.; DIAS, E.S. Application of spent
Agaricus subrufescens compost in integrated production of
seedlings and plants of tomato. International Journal of
Recycling of Organic Waste in Agriculture, v.4, n.3,
p.211-218, 2015.

MARQUES, E.L.S.; MARTOS, E.T.; SOUZA, R.J;
SILVA, R.; ZIED, D.C.; DIAS, E.S. Spent mushroom
compost as a substrate for the production of lettuce
seedlings. Journal of Agricultural Science, v.6, n.7,
p.138, 2014.

PARDO, G.A.. FIGUEIREDO, V.R.. ZIED, D.C;
PARDO GONZALEZ, J.E. Sustratos de cobertura y
suplementacion del compost en cultivo de champifion.
Pesquisa  Agropecuéria  Brasileira, v.47, n.8,
p.1125-1132, 2012.

RINKER, D.L. Spent mushroom substrate uses:
technology and applications. In: ZIED, D.C.; PARDO-
GIMENEZ, A. (Eds.). Edible and medicinal mushrooms:
technology and applications. 1™ edition. Ed.: John Wiley
& Sons Ltda. v.1, p.339-360, 2017.

RODRIGUES, E.S.; SILVA, AB.; ARAUJO, JT.L,;
COSTA, 0.S.J. Producdo de mudas de pimentdo com
diferentes tipos de substratos. Cadernos de Agroecologia,
v.10, n.2, 2015.

ROMEIRO, R.S.; LANNA, F.R.; MACAGNAN, D,
GARCIA, F.A.O.; HARLLEN, AS.; SILVA, HS.A
Evidence that the biocontrol agent Bacillus cereus
synthesizes protein that can elicit increased resistance of
tomato leaves to Corynespora cassiicola. Tropical Plant
Pathology, v.35, n.1, p.11-15, 2010.

SILVA, C.F.; AZEVEDOQ, R.S;; SILVA, R;; DIAS, E.S;;
SCHWAN, R.F. Microbial diversity in a bagasse-based
compost prepared for the production of Agaricus
brasiliensis. Brazilian Journal of Microbiology, v.40,
n.3, p.590-600, 2009.

Sci. Agrar. Parana., Marechal Candido Rondon, v. 19, n. 2, apr./jun., p. 161-167, 2020



Spent mushroom substrate ...

SILVA, V.AD.; DIAS, E.S.; VALE, R.H.P.D.; SILVA,
R.D.; MOREIRA, G.F. Isolamento e identificacdo de
bactérias presentes nos solos de cobertura utilizados no
cultivo do cogumelo Agaricus blazei Murril. Ciéncia e
Agrotecnologia, v.31, n.5, p.1374-1379, 2007.

SILVA, R.F.; PASCHOLATI, S.F.; BEDENDO, I.P.
Induced resistance in tomato plants to Clavibacter
michiganensis sub sp. Michiganensis by Lentinula edodes
and Agaricus subrufescens (syn. Agaricus brasiliensis).
Journal of Plant Pathology, v.95, n.2, p.285-297, 2013.
SMIDERLE, 0..; SALIBE, A.B.; HAYASHI, AH,;
MINAMI, K. Producdo de mudas de alface, pepino e
pimentdo em substratos combinando areia, solo e
Plantmax®. Horticultura Brasileira, v.19, n.3, p.253-257,
2001.

167

ABREU, C. G. et al. (2020)

Sci. Agrar. Parana., Marechal Candido Rondon, v. 19, n. 2, apr./jun., p. 161-167, 2020



