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ABSTRACT: One of the alternatives to increase productivity and without harming the environment is the use of green cover
associated with soil bioactivators. However, there are still incipient studies reporting the association influence of these two
techniques on soil quality. In this sense, the aim in this work was to evaluate the Penergetic® bioactivator effect associated to
different cover plants on the physical and biological characteristics of the soil cultivated with coffee tree. The experiment was
carried out in a coffee field with Catuai Vermelho cultivar IAC 144, in a randomized block design in a factorial scheme 4 x 2,
consisting of control (without plant cover); oats (Avena strigosa) + forage turnip (Raphanus sativus); oats (Avena strigosa) +
forage turnip (Raphanus sativus L) + lupine (Lupinus albus) + rye (Secale cereale) + vetch (Vicia sativa) (OFLRV); Brachiaria
brizantha (Urochloa brizantha), associated or not with the Penergetic® bioactivator use. The experiment was conducted for 6
months and after that period physical and biological soil characteristics were analyzed. The data were submitted to variance
analysis and the means of treatment were grouped by the Scott-Knott test at 5% probability. The treatments containing cover
plants had lower temperature and greater water retention. The bioactivator use reduced the nematodes population from
the Meloidogyne genus and when associated to the cover plants showed increased the density of diazotrophic bacteria and
solubilizers of phosphorus and potassium.

Index terms: Coffee cultivation, Penergetic®, Soil microbiota, Sustainable management.

INFLUENCIA DA UTILIZACAO DE PLANTAS DE COBERTURA E BIOATIVADOR NAS
CARACTERISTICAS FISICO-BIOLOGICAS DO SOLO CULTIVADO COM CAFE

RESUMO: Uma das alternativas visando aumentar a produtividade e sem agredir o meio ambiente consiste no uso de
cobertura verde associada aos bioativadores de solo. No entanto, ainda s@o incipientes os estudos relatando a influéncia da
associagdo destas duas técnicas na qualidade do solo. Nesse sentido, o objetivo deste trabalho foi avaliar o efeito do bioativador
Penergetic® associado a diferentes plantas de cobertura sobre as caracteristicas fisicas ¢ biologicas do solo cultivado com
cafeeiro. O experimento foi instalado em gleba de café contendo a cultivar Catuai Vermelho IAC 144, em delineamento
de blocos casualizados em esquema fatorial 4 x 2 , sendo constituido por: controle (sem planta de cobertura); aveia (Avena
strigosa) + nabo forrageiro (Raphanus sativus L); aveia (Avena strigosa) + nabo forrageiro (Raphanus sativus ) + tremogo
(Lupinus albus) + centeio (Secale cereale) + ervilhaca (Vicia sativa) (OFLRV); Brachiaria brizantha (Urochloa brizantha),
associados ou ndo ao uso do bioativador Penergetic®. O experimento foi conduzido por 6 meses e apds esse periodo foram
analisadas caracteristicas fisicas e biologicas do solo. Os dados foram submetidos a analise de variancia e as médias dos
tratamentos foram agrupadas pelo teste de Scott-Knott a 5% de probabilidade. Os tratamentos contendo plantas de cobertura
apresentaram menor temperatura e maior retengdo de agua. O uso do bioativador reduziu a populagdo de nematoides do
género Meloidogyne e quando associado as plantas de cobertura apresentou aumento da densidade de bactérias diazotréficas e
solubilizadoras de fosforo e potassio.

Termos para indexagio: Cafeicultura, Penergetic® - Microbiota do solo, Manejo sustentavel.

1 INTRODUCTION environmental pollution promoted by erosion

and leaching of fertilizers and pesticides to

The green manure consists of the rotating  watercourses (AVANZI et al., 2013). In addition,

or consortium plants use with the economic it provides reduction of the thermal and moisture

interest crops, being considered a management  ogcillations, thus ensuring better conditions for the
technique that promotes improvement of the development of plants and soil organisms.

physical, chemical and biological characteristics The organic material provided by the

of the soil (NUNES et al., 2006; CARVALHO  practice of green manure provides an increase in

et al., 2012), and is also responsible for reducing  the density and diversity of soil microorganisms
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(FILSER, 1995; DUDA et al., 2003), since its
residues serve as energy source for metabolic
activities. These, in turn, play a fundamental
role in the decomposition of organic matter and
increase the availability of nutrients to the plants
(MOREIRA; SIQUEIRA, 2006). Among the
groups of soil microorganisms, deserve to be
highlighted, the N, fixers (FENG et al., 2018) and
the phosphorus solubilizers (WEI et al., 2018) and
potassium (ZHANG; KONG, 2014; MEENA et al.,
2015), responsible for increasing the availability
of this macronutrients in the soil.

However, in addition to the groups of
beneficial organisms, there are pathogens, such
as phytonematodes, responsible for large losses
in productivity, widely disseminated and difficult
to control (CASTRO et al., 2008). Mattei et al.
(2017), report on the importance of maintaining the
soil organisms population balance, thus favoring
the occurrence of ecological interactions, thereby
avoiding the population explosion occurrence of
the phytonematodes and other pests.

In this way, the green manure use promotes
better soil quality, controlling the ecosystem key
functions (BATISTA et al., 2013). In addition to
this, in the market are found the soil bioactivators,
which are constituted by organic substances,
humic and fulvic acids, amino acids, algae extract
and vitamins that may or may not be associated
with micronutrients. These products, according
to Castro and Pereira (2008), act in the vegetal
development by diverse mechanisms. Kiilen et
al. (2011), declare that these products act in all
development stages of the cultivated plants, being
able to benefit different crops, such as soybean,
corn, wheat and vegetables. According to Assis et
al. (2012), the bioactivators reduce the aluminum
toxicity and this is due to the formation of organic
complexes with calcium and magnesium, which
favors their soil movement, thus filling phosphorus
adsorption sites and making it available to the
plants, besides potentiating the use of fertilizers
and contributing to the soil microbiological
activity.

The Penergetic® bioactivator has been
widely used in Brazil and, among its mechanisms
of action, is responsible for favoring the microbial
soil activity and, with this, increases the nutrient
cycling and, consequently, reduction in the use
of chemical fertilizers, providing a better life
quality for rural producers and less aggression to
the environment (BRITO; DEQUECH; BRITO,
2012). However, despite all these benefits, studies
on the joint use the on cover plants of green
manure and bioactivators are still incipient.
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In this sense, the aim in this work was
to evaluate the Penergetic® bioactivator effect
associated to different cover plants on the physical
and biological characteristics of the soil cultivated
with coffee.

2 MATERIAL AND METHODS

The experiment was carried out at Farm
Boa Esperanga, located in the country of Serrania,
South of Minas Gerais, during the months from
May to December 2016. The experimental area has
the following geographical coordinates: Latitude:
21°36°18.29”S, Longitude: 46°7°46.29”W and
Altitude of 982m. The coffee grounds selected
were those cultivated with Catuai Vermelho 1AC
144, implanted in 2011, spacing 3.5 m between
rows and 0.7 m between plants, totaling 4081 pls/
ha.

The experimental design was a randomized
complete block design in a 4x2 factorial scheme,
with 4 soil cover conditions associated to the use or
not of Penergetic® bioactivator and 4 replications,
totaling 32 experimental units. The four soil cover
conditions were: 1) control, without cover plant;
2) oats (Avena strigosa) + forage turnip (Raphanus
sativus L); 3) oats (Avena strigosa) + forage turnip
(Raphanus sativus L) + lupine (Lupinos albus)
+ rye (Secale cereale) + vetch (Vicia sativa)
(OFLRV); 4) Brachiaria brizantha.

Each experimental unit consisted of 10
coffee plants, being considered for the analysis
only the 6 central plants, being the useful area
of the parcel of approximately 74 m? and the
experimental area of 0.24 ha'. The planting
densities of the cover plants were: Brachiaria
brizantha and forage turnip, 10 kg ha’', oats 40 kg
ha!, lupine and rye 20 kg ha! and vetch 15 kg ha’
I, The bioactivator was used in the dosage of 0.6
kg ha'. The sowing was done in shallow grooves,
using 3 lines in the middle of the coffee streets,
distant from each other by 50 cm. For both the
seed quantity and the Penergetic® bioactivator to
be applied, the manufacturer’s recommendations
were followed.

The cover plants were kept in the area from
May to October, when the mowing was done and
these were conserved in the coffee intercropped.
The soil temperature was measured on its surface,
using an infrared thermometer, at 1pm, weekly, for
32 weeks (may/december), resulting in an average.
Two months later, soil samples were taken for
moisture analysis, which was determined by the
direct (gravimetric) method, which is the most

Coffee Science, Lavras, v. 14, n. 1, p. 116 - 122 jan./mar. 2019



118

used, consisting of sampling the soil and, through
weighing, determining its gravimetric moisture,
correlating the water mass with the sample solids
mass or the volumetric moisture, relating the water
volume contained in the sample and its volume
(EMBRAPA, 1997).

Soil and root samples, for nematode
analysis, were collected under the canopy,
where the highest root concentration was found
according to the methodology recommended by
Salgado, Carneiro and Pinho (2011) and sent to the
nematology laboratory of the Federal University
of Lavras - UFLA.

The soil samples collected for the
microbiological analyzes were carried out with
flambé auger to avoid contamination between the
treatments. The population density of the bacterial
groupswasevaluatedbytheserialdilutiontechnique
using the following culture media: associative
diazotrophs - FAM Medium (DOBEREINER et
al., 1995), phosphate solubilizing bacteria - NBRIP
Medium (NAUTIYAL et al., 2000) and potassium
- Aleksandrov Medium (PARMAR; SINDHU,
2013). In the soil samples collection for the
nematode and microbiological analyzes, the auger
was flambed after collection in each treatment to
avoid contamination, being placed in sterilized
containers, transported in a thermal box and taken
to the Agricultural Microbiology Laboratory of the
José do Rosario Vellano University (UNIFENAS)

The data were submitted to variance
analysis and the averages were compared by
the Scott-Knott test at 5% probability using the
Sisvar® computer program (FERREIRA, 2014).

3 RESULTS AND DISCUSSION

Analyzing the values of the physical
parameters, temperature and moisture, it was
observed that there was no interaction between
soil cover versus bioactivator, only soil cover
influenced the values of these parameters (Table 1).

In relation to the temperature, it was
verified that the different treatments containing
cover plants were similar to each other, presenting
smaller values when compared to the control
treatment (without soil cover). For moisture, the
positive effect of soil cover was also observed,
and the treatments containing OFLRV and B.
brizantha were the ones that presented higher
water retention in the soil.

These results agree with those reported by
Lima et al. (2017) and Ribeiro et al. (2018), who
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mention the positive influence of cover plants
on the reduction of soil water evaporation and
mitigate the temperature, factors that favors the
root development with greater absorption of water
and nutrients and, consequently, ensuring greater
agricultural productivity.

The OFLRV treatment, constituted by
cruciferous, grass and leguminous plants, which
have different morphological characteristics of
the root system may have had a positive influence
on the higher water retention. Studies show the
importance of grasses, such as the Brachiaria
genus in soil quality improvement, with emphasis
on maintaining moisture (ANDRIOLI et al.,
2008). Prando et al. (2010), relate to higher water
retention in soils grown with Brachiaria ruziziensis
due to the improvement in the size and numbers
of biopores, which facilitates the penetration of
water into the soil, in agreement with the results
found in this study.

Other studies confirm the importance
of soil cover to increase infiltration and
moisture maintenance, since they reduce the
raindrops impact, disintegrating the soil and, as
observed in this study, reduce soil temperature,
besides increasing the organic matter contents
(CARVALHO et al., 2012; MOREIRA; PAIVA;
DINIZ, 2017).

In the soil biological characteristics, in
relation to the population density of nematodes, no
interaction between soil cover versus bioactivator
was observed, and the population of the Meloidogyne
genus was only influenced by the bioactivator
use (Table 2), while the nematodes density of the
Xiphinema genus was affected by the soil cover type
(Table 3).

Analyzing Table 2, there is a significant
reduction of the nematode population of the
Meloidogyne genus by the bioactivator use.
According to Assis et al. (2012), bioactivators
increase soil microbiological activity, which,
according to Elhady et al. (2017) can act in the
phytonematodes control. Mattei et al. (2017),
report on the bacteria efficiency of the Pasteuria
genus, found in soil, in reducing the number of
galles formed by Meloidogyne spp.

Considering the importance of the
nematodes control for agriculture and studies
are still incipient on the effects of the use of
soil bioactivators, the results obtained are of
great relevance, since the Meloidogyne genus
occurs in all the coffee regions of Brazil, mainly
in the states of Sdo Paulo, Rio de Janeiro,
Parana, Minas Gerais, Espirito Santo and Bahia,
causing damages to the national coffee industry
(MATIELLO et al., 2010).
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TABLE 1 - Temperature and soil afther handling the cover plants, moisture and soil in the coffee plantation as a function

of the cover plants in dezember 2016.

Soil cover Temperature (°C) Moisture (%)
Control 30.88 a 15.75 ¢
Oats and turnips 2799 b 21.75b
OFLRV* 27.78 b 27.00 a
Brachiaria brizantha 2727Db 30.38 a

Averagets of treatment followed by the same letter, in the column, do not differ by Scott Knott’s test at 5%
probability. * Abbreviation of treatment: oat + forage turnip + lupine + rye + vetch.

TABLE 2- Nematodes density of the Meloidogyne genus in soil samples collected in the coffee intercropped
grown under different cover plants, after handling the cover plants.

Penergetic® Meloidogyne density (100 cm? soil)
With 7.12b
Without 12.50 a

Averagets of treatment followed by the same letter, in the column, do not differ by Scott Knott’s test at 5%

probability.

TABLE 3 - Nematodes density of the Xiphinema genus in soil samples collected in the coffee intercropped grown
under different cover plants, after handling the cover plants.

Soil cover

Xiphinema density (100 cm? soil)

Control
Oats and turnips
OFLRV*

Brachiaria brizantha

575a
2.75a
0.00b
0.25b

Averagets of treatment followed by the same letter, in the column, do not differ by Scott Knott’s test at 5%
probability *Abbreviation of treatment: oat + forage turnip + lupine + rye + vetch.

Table 3 shows the results of the nematode
density of the Xiphinema genus, which was
influenced by the different types of soil cover.

It is observed that the OFLRV and B.
brizantha treatment significantly reduced the
nematode population, presenting lower results
than the other treatments. Although this nematodes
genus is not a problem in the coffee crop, this
confirms the importance of cover plants, which, by
promoting diversity in the population of predatory
fungi, plays an important role in reducing
population nematodes density, of different genera,
that cause damage in many crops (INOMOTO;
ASMUS, 2014).

In the microbiological parameters, it was
observed that there was interaction between
soil cover versus bioactivator, and, in general,
the presence of cover plants associated to the
bioactivator use increased the density of the
bacteria groups, evidencing the synergistic effect
between cover plants and bioactivators.

Averagets of treatment followed by the
same letter, in the column, do not differ by Scott
Knott’s test at 5% probability. *Abbreviation of
treatment: oat + forage turnip + lupine + rye +
vetch.

In the bioactivator and cover plants
presence a largest population of diazotrophic
bacteria was obtained.
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TABLE 4 - Average of log of UFC.mL"! for the diazotrophic bacteria groups, potassium and phosphorus solubilizers
isolated from soil samples collected in the coffee intercropped grown with different cover plants with or without
the Penergetic® bioactivator, after handling the cover plants.

Bioactivator

Soil cover With Without With Without With Without

. . Potassium Phosphorus

Diazotrophic solubilizers solubilizers
Control 4.64 Ba 3.74 Aa 3.09 Ca 3.23 Ba 3.07 Ba 3.35Ba
OFLRV* 5.74 Aa 4.09 Ab 7.30 Aa 5.37 Ab 6.44 Aa 3.39Bb
Oats and Turnip 5.75 Aa 3.80 Ab 3.24 Ca 2.96 Ba 3.71 Ba 4.22 Ba
Brachiaria 6.95 Aa 4.64 Ab 529Ba  2.98Bb 5.97 Aa 591 Aa

Brizantha

Averagets of treatment followed by the same letter, in the column, do not differ by Scott Knott's test at 5%
probability. *Abbreviation of treatment: oat + forage turnip + lupine + rye + vetch.

On the other hand, when the bioactivator
was not used, no statistical difference was
observed in the density of these bacteria.

For the potassium solubilizers group, the
OFLRYV treatment associated to the bioactivator
provided a higher population density, followed
by the soil cover containing B. brizantha. In the
phosphorus solubilizers, the OFLRV treatment
with the bioactivator use was also highlighted,
which was similar to that of B. brizantha.

The cover plants influence, as well as the
rhizospheric effect on the soil microbial population
is well reported by Moreira and Siqueira (2006),
however, studies are needed aiming to identify
possible soil bioactivators action mechanisms
associated with cover plants on the soil micro-
organisms. In this sense, the results obtained in
this study are of great relevance for research and
for coffee cultivation in general, since there is now
a need to identify alternative sources of nutrients
to reduce dependence on fertilizer imports by
Brazil and that are sustainable, thus ensuring the
products competitiveness on the external market.

4 CONCLUSIONS

The wuse of cover plants positively
influenced soil temperature and moisture in the
coffee intercropped. The use of the Penergetic®
bioactivator reduced the nematode population of
the Meloidogyne genus and when associated with
the use of cover plants, increased the population
density of diazotrophic and solubilizers bacteria of
phosphorus and potassium.
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