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BIOLOGICAL FERTILIZER AND COVER PLANTS ON SOIL ATTRIBUTES AND
MAIZE YIELD'

JOAO PAULO ASCARI**, DEJANIA VIEIRA DE ARAUJO?, INES ROEDER NOGUEIRA MENDES?, RIVANILDO
DALLACORT?, LEOPOLDO SUSSUMU MATSUMOTO*

ABSTRACT - Maize is an important crop for Brazil's economy. This species is, in general, grown as
monoculture, making it necessary the use of conservationist practices for soil management and to favor crop
development. The objective of this study was to evaluate the effects of biological fertilizer and cover plants on
soil properties and maize yield. The experiment was conducted in a dystrophic Latossolo Vermelho (Oxisol), in
the 2015-2016 and 2016-2017 crop seasons in Tangara da Serra, MT, Brazil. The experiment was conducted in
a randomized block design, using a double factorial arrangement with an additional control: two biological
fertilizer conditions, three soil cover conditions, and a control (forest fragment). Seeds of Pennisetum glaucum
and Crotalaria ochroleuca were sowed on October 2015 and 2016. Maize seeds were sowed on December
2015 and 2016, with subsequent application of 150 L ha™* of biological fertilizer. The soil cultivated with maize
had greater chemical quality than that under the forest fragment, however, the forest fragment soil had greater
microbiological quality. The use of biological fertilizer and cover plants increased the fertility and
microbiological quality of the soil cultivated with maize. The use of cover plants increased the maize yield in
both crop seasons. The use of biological fertilizer and soil cover plants (P. glaucum and C. ochroleuca)
improved the soil chemical and microbiological quality.

Keywords: Soil fertility. Microbiological quality. Zea mays.

FERTILIZANTE BIOLOGICO E PLANTAS DE COBERTURA NOS ATRIBUTOS DO SOLO E
PRODUTIVIDADE DO MILHO

RESUMO - O milho é uma importante cultura para a economia brasileira, porém, é produzido em sistema de
monocultura, e por isso, torna-se necessario o uso de praticas conservacionistas de manejo do solo que
favoregam o desenvolvimento da cultura. O objetivo deste estudo foi avaliar os efeitos da adubacao bioldgica e
plantas de cobertura nas propriedades do solo e produtividade do milho. O experimento foi conduzido em um
LATOSSOLO VERMELHO distréfico (Oxisols dystrofphic), nas safras 2015/16 e 2016/17 em Tangara da
Serra — MT, Brasil. O delineamento experimental foi em blocos casualizados, em esquema fatorial duplo com
controle adicional: duas condi¢des de adubagdo bioldgica, trés condigdes de cobertura do solo e um controle
(fragmento de mata). A semeadura do Pennisetum glaucum e da Crotalaria ochroleuca foi realizada em
outubro de 2015 e 2016. A semeadura do milho ocorreu em dezembro de 2015 ¢ 2016, seguida da aplicagdo de
150 1 ha" de fertilizante biolgico. O solo cultivado com milho apresentou maior qualidade quimica em relagio
ao solo do fragmento de mata, ndo obstante, obteve menor qualidade microbiologica. A adubagao biologica e as
plantas de cobertura incrementaram a fertilidade e a qualidade microbioldgica do solo cultivado com milho. As
plantas de cobertura incrementaram a produtividade do milho em ambas as safras. Com isso, a adubagdo
biolégica e a plantas de cobertura P. glaucum, and C. ochroleuca aumentaram a qualidade quimica e
microbioldgica do solo.

Palavras-chave: Fertilidade do solo. Qualidade microbiologica. Zea mays.
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INTRODUCTION

Brazil is the world's third largest maize
producer. Maize is the most important cereal in the
Mato Grosso State, where it is grown mainly as a
second crop, usually after soybean crops; this crop
presented grain production of 30,093.7 Mg
(approximately 42.6% of the national production)
and average yield of 6,232.0 kg ha™ in the 2018-
2019 crop season (CONAB, 2019).

The monoculture system can change soil
properties, usually by decreasing its biological,
physical, and chemical quality. It can affect crop
development, reducing grain yield. Soil management
practices in agriculture has changing because of the
need for new techniques that increase the fertilizer
efficiency and crop yield, and they contribute for the
soil conservation and sustainability ~ of
agroecosystems (ANDREOTTI et al, 2008;
JAKELAITIS et al., 2008).

Soil fertility is low in the monoculture
system, mainly because of reductions in soil nitrogen
contents. Thus, crop rotation is recommended as an
alternative practice to minimize agricultural impacts
on soil quality. The no-tillage system is another
alternative conservationist practice that makes
agriculture viable from the economic and
environmental point of view. Crop rotation with soil
cover plants, whose biomass remains on the soil for
long time, maintains the soil protected. Plant species
used as green manure are good options for soil cover
in the Brazilian Cerrado biome (ANDREOTTI et al.,
2008; ZERIHUN; HAILE, 2017).

Soil cover plants must have high biomass
production. Millet (Pennisetum spp.) has high dry
matter production and nutrient cycling, which are
important for making potassium, phosphorus,
nitrogen, calcium, and sulfur available to the soil
(BOER et al., 2007). Crotalaria (Crotalaria spp.)
also has high biomass production and assists in
biological nitrogen fixation (TORRES et al., 2008).
These soil cover plants have a high potential for use
in the no-tillage system due to their dry matter
production capacity and gradual nutrient release to
the soil (PERIN et al., 2010).

The addition of plant residues to the soil
contributes to the soil organic matter. The soil
organic matter improves soil biology and soil
physicochemical properties by increasing the soil
organic carbon, cation exchange capacity, microbial
activity, nutrient cycling, and nutrient availability. It
also improves the soil physical structure,
establishment of microorganisms responsible for
organic matter decomposition, and organic carbon
fixation, maintaining the soil with long-term
productive capacity (JAKELAITIS et al., 2008;
BHARDWAIJ et al., 2011; CAPUANI et al., 2012).

The effect of these practices is monitored
using the soil microbiological and chemical
properties. Microbiological indicators are sensitive to

environmental changes, and microorganisms have a
complex interaction with the soil. Thus, a joint
analysis of microbiological and chemical indicators
is necessary (CARNEIRO et al., 2009).

The soil microbial biomass is important for
agricultural soils and is a sensitive indicator of soil
quality change in agricultural systems regarding the
fertilizer type and soil management practices used
(HARGREAVES et al.,, 2003; LIU et al., 2014).
Biological fertilizers contribute to the soil microbial
diversity. These organic compounds are rich in
minerals that favor the increase and establishment of
microbial populations in the soil (MEDEIROS;
LOPES, 2006).

The addition of organic matter to the soil
makes the use of mineral fertilizers more efficient,
and is a viable practice to increase soil organic
matter and microbial biomass, which contributes to
the conservation of agroecosystems and reduces the
impacts of agriculture on the soil biodiversity
(BHARDWAI et al., 2011; XU et al., 2018).

The use of biological fertilizers in maize
crops results in high agronomic performance and
number of ears per square meter. The addition of
organic matter by soil cover plants associate with
biological and/or mineral fertilizers has presented
satisfactory results in long-term management,
increasing grain yield and improving soil properties.
Therefore, it can be an important tool to minimize
impacts on soil structure (BEZERRA et al., 2008;
ABERA et al., 2009; XU et al., 2018).

In this context, the hypothesis of the present
study is that the combined use of biological fertilizer
and cover plants increases physical and
microbiological properties of soils cultivated with
maize as second crop. Thus, the objective of this
study was to evaluate the effects of biological
fertilizer and cover plants on soil properties and
maize yield.

MATERIAL AND METHODS

The experiment was carried out in two crop

seasons, 2015-2016 and 2016-2017, at the
experimental area of the Mato Grosso State
University, in Tangard da Serra, Brazil (-

14.6323662065, -57.4685632572). The experimental
area had been cultivated with cotton (Gossypium
hirsutum L.) in the previous five crop seasons using
conventional planting system, with two harrowing
operations per season. The soil of the experimental
area was classified as a dystrophic Latossolo
Vermelho (Oxisol) (EMBRAPA, 2013). The
meteorological data were monitored during the two
crop seasons by an automatic station installed near
the experimental area (500 m) (Figure 1).

The experiment was conducted in a
randomized block design, using a double factorial
arrangement with an additional control and four
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replications. The treatments consisted of two
fertilization conditions (with and without biological
fertilizer), three soil cover conditions— millet -
Pennisetum  glaucum (L.) R. Br.; crotalaria
(Crotalaria ochroleuca G. Don.); and a fallow
areca—and a control (forest fragment). The native
forest fragment was used as control to evaluate the
soil chemical and microbiological quality.

Before the experiment installation, 1,300 kg
ha™' of limestone was applied and incorporated into
the soil using a leveling disc harrow, following the
recommendations of Sousa and Lobato (2004).

The plots were 5.0 m long and 5.0 m wide.
Seeds of the soil plant covers were distributed and

incorporated into the soil with a leveling disc
harrow, shortly after the onset of rains (October 3,
2015 and 2016) (Figure 1). The millet seeds (ADR-
500 cultivar) were sowed using 25 kg ha, and the
crotalaria seeds (Common cultivar) were sowed
using 15 kg ha™'; the plants were chemically killed at
50 and 65 days after sowing (DAS), respectively.
The fallow plots were kept free from weeds during
the period between harvests; no weed control was
done during the soybean season to show the
responses of the soil properties without any cover
plants and compare with the soil with cover plants.
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Figure 1. Accumulated precipitation (mm™), average temperature (T °C), and relative air humidity (%) in the experimental

field in the 2015-2016 (A) and 2016-2017 (B) crop seasons.

The maize seeds (AS1555 cultivar) were
sowed under no-tillage system on December 20,
2015 and 2016, with spacing of 0.5 m between rows
and density of 55,000 plants ha”. Fertilization at
sowing consisted of 550 kg ha™ of MAP (51% P,0;
plus 9% N) and 85 kg ha” of KCI (60% K,0).
Topdressing consisted of 155 kg ha™ urea (45% N)
and 50 kg ha’ KCI at 20 DAS, according to
recommendations of Sousa and Lobato (2004).
Micronutrients were applied via foliar at 30 DAS,
using 1.5 L ha™' of Platon-25".
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The biological fertilizer was prepared in a
plastic container by mixing 20 L water, 4 L bovine
manure, and 1 kg of the biological compound. It was
left for fermentation for 60 days. Its mineral
properties at the time of application are shown in
Table 1. The biological properties of this compound
consisted mainly of bacteria and fungi as described
by the manufacturer (MEDEIROS; LOPES, 2006).
The biological fertilizer was applied 24 hours after
the maize sowing using 150 L ha™.
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Table 1. Chemical characteristics of the biological fertilizer used in the experiment.

Chemical characteristics

pH N P K Ca Mg S Zn Cu Fe B oM
H,O gL mg L %
6.2 0.71 0.3 0.02 0.06 0.01 0.04 4.7 2.8 175 14.4 5.2
The soil chemical and microbiological (NGR). Subsequently, all plants in the evaluation
properties were evaluated at 120 days after the maize area of the plots were harvested and threshed, and
sowing. A Dutch auger was used to collect five their grains were dried to a moisture of 13% and

simple soil samples of each plot from between the weighed to determine 1,000-grain weight (1000GW)
maize rows, and soil samples from the forest and grain yield (GY) (kg ha™") (TEIXEIRA; COSTA,

fragment, forming composite samples for each 2010).

replication. The data were subjected to analysis of
Soil samples from the 0-0.20 m layer were variance by the F test. The Dunnett's test (p<0.05)

collected to analyze the following soil chemical was applied to analyze the soil chemical and

properties, according to Embrapa (2011): organic microbiological properties. The means of the soil

matter (OM), pH, phosphorus (P), potassium (K), properties and maize agronomic characteristics were

calcium (Ca), magnesium (Mg), hydrogen + subjected to Tukey's test (p<0.05). The statistical
aluminum (H + Al), and cation exchange capacity analyses were performed using the ASSISTAT
(CEQ). program (SILVA; AZEVEDO, 2016).

Soil samples from 0-0.10 m layer were
collected for microbiological analysis to determine
the following properties: a) soil microbial biomass RESULTS AND DISCUSSION
carbon (SMBC) by the fumigation extraction method
(VANCE; BROOKES; JENKINSON, 1987); b) soil The effect of the interaction between the
basal respiration (C-CO,) by quantification of the biological fertilizer and soil cover plants was not
soil CO, released (JENKINSON; POWLSON, significant; however, these factors affected the soil
1976); ¢) microbial quotient (¢MIC) obtained by the chemical and microbiological properties and the

relation between SMBC and total organic carbon maize agronomic characteristics evaluated in both
(TOC); and d) metabolic quotient (¢qCO,) calculated crop seasons (Tables 2, 3, 4, and 5).
by the C-CO, to SMBC ratio (ANDERSON; The soils cultivated with maize showed
DOMSCH, 1993). higher fertility in the two evaluated crop seasons
Ten random maize plants in the evaluation when compared to that of the forest fragment
area of the plots were marked at the R, phenological (control). The biological fertilizer used had no
growth stage (TOLLENAAR, 1992). These plants significant effects on the soil fertility, however, the
were evaluated at the Rq stage for leaf area (LA),  yge of millet as soil cover plant increased the

plant height (PH), stem base diameter (SD), ear  potassium concentration in the 2015-2016 crop
diameter (ED), ear length (EL), number of grain season (Table 2).

rows per ear (NRE), and number of grains per row

Table 2. Soil chemical properties (0 to 0.20 m layer) as a function of biological fertilizer and cover plants in the 2015-2016
crop season, using a forest fragment as a natural control.

Dunnett’s test (p<0,05)

gﬁilgzg;:al Cover plant pH OM P K Ca Mg H+Al T
CaCl gkg! ceemgdm® - s cmol, dm™ —--mmmmmee-
Millet 6.6 23.5b 2.6b 117.3a 3.7a 2.0b 1.5b 7.5
With Crotalaria 6.7 23.2b 3.5b 117.3a 3.3b 2.0a 1.5b 7.1
Fallow 6.5 24.8b 3.5b 39.1b 3.7a 2.0b 1.4b 7.3
Millet 6.6 21.5b 3.9 156.4a 3.3b 1.6b 1.5b 6.8
Without Crotalaria 6.7 24.5b 4.5b 78.2b 3.0b 1.2b 1.6b 6.1
Fallow 6.5 22.2b 5.1a 39.1b 3.2b 2.2a 1.4b 7.0
Forest fragment 6.4 30.5a 0.7b 39.1b 2.3b 1.1b 3.3a 6.9
Biological fertilizer Tukey’s test (p<0,05)
With 6.6 23.8 32 78.2 3.6 2.0 1.5 7.3
Without 6.6 22.7 4.5 78.2 3.2 1.7 1.5 6.6
Cover plants
Millet 6.6 225 33 117.2a 35 1.8 1.5 7.2
Crotalaria 6.7 23.8 4.0 78.2b 3.2 1.6 1.6 6.6
Fallow 6.5 23.5 4.3 39.1¢c 3.5 2.1 1.4 7.1
CV (%) 4.1 8.9 63.8 22.7 20.8 24.9 10.4 12.9

Means followed by the same letter in the column do not differ statistically by the Dunnett's test (p< 0.05) and Tukey's
test (»<0.05).
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In the subsequent crop season (2016-2017),
the use of biological fertilizer and soil cover plants
continued to increase the soil fertility when
compared to the control (forest fragment), presenting

higher pH and higher phosphorus, potassium, and
calcium concentration (Table 3). This denotes the
benefits of wusing this management in maize
production systems in the second crop season.

Table 3. Soil chemical properties (0 to 0.20 m layer) as a function of biological fertilizer and cover plants in the 2016-2017

crop season, using a forest fragment as a natural control.

Dunnett’s test (p<0,05)

Bf?rg’hg;fl Cover plants pH oM P K Ca Mg H+AI T
CaCl, gkg! ceemgdm?® - e cmol, dm™ —---------—-
Millet 5.7a 27.3b 6.3a 117.3a 4.3a 1.3 2.7b 8.6b
With Crotalaria 5.7a 28.0b 2.7b 117.3a 4.2a 1.2 2.3b 8.0b
Fallow 5.8a 27.7b 4.3b 78.2a 4.3a 1.3 2.3b 8.1b
Millet 5.4a 27.0b 6.5a 117.3a 4.1b 1.3 2.4b 8.1b
Without Crotalaria 5.5a 25.3b 4.6b 78.2a 4.3a 1.2 2.6b 8.3b
Fallow 5.5a 26.7b 4.2b 78.2a 4.1b 1.3 2.6b 8.2b
Forest fragment 5.0b 39.3a 0.7b 39.1b 3.8b 1.2 4.3a 9.4a
Biological fertilizer Tukey’s test (p<0,05)
With 5.7a 27.7 4.2 117.3 42 1.3 2.4 8.2
Without 5.5b 26.3 5.1 78.4 4.2 1.2 2.5 8.2
Cover of soil
Millet 5.6 272 6.4 117.3a 4.2 1.3 2.5 8.3
Crotalaria 5.6 26.7 3.6 78.3b 4.2 1.2 24 8.1
Fallow 5.7 27.2 4.3 78.2b 4.2 1.3 2.4 8.1
CV (%) 1.59 6.52 54.13 19.1 3.7 5.7 17.4 4.8

Means followed by the same letter in the column do not differ statistically by the Dunnett's test (p< 0.05) and Tukey's

test (p<0.05).

The biological fertilizer had no effect on soil
chemical properties of the experimental field in the
2015-2016 crop season. However, in the 2016-2017
crop season, the soil without biological fertilizer had
lower pH (5.5), and that with the fertilizer had a
lower decrease in soil pH (5.7) (Tables 2 and 3).

The highest potassium concentration (117.2
mg dm™) was found in the soil covered with millet in
the 2015-2016 crop season (Table 2), with similar
results (117.3 mg dm™) in the following crop season
(Table 3). These results are higher than those found
in the soil covered with crotalaria (78.2 mg dm™) and
in the fallow area (78.2 mg dm™) in the last crop
season.

Andreotti et al. (2008) evaluated the chemical
changes of a Latossolo Vermelho (Oxisol) under no-
tillage system, using Mucuna deeringiana,
Crotalaria juncea, Setaria incana, Pennisetum
glaucum, and Eleusine gracilis as cover plants, and
found higher soil fertility due to nutrient cycling by
organic matter decomposition on the soil surface,
presenting a K concentration of 312.8 mg dm>,
mainly with the millet, which has high potassium
cycling capacity.

This potassium concentration is higher than
the highest one found in the present study using
millet (156.4 mg dm™) in the 2015/2016 crop season,
which was the first maize season grown in no-tillage
system. Andreotti et al. (2008) evaluated a soil that
had been under no-tillage for five years before their
experiment and found higher dry matter production

and release of elements such as Ca’" and Mg*" by
soil cover plants, which contributed to nutrient
cycling. Perin et al. (2010) evaluated millet and
crotalaria as cover plant growing singly and
intercropped, and found similar nutrient release in
both crop systems for P, K, Ca, and Mg.

Torres et al. (2008) evaluated dry matter
production and nutrient releases by soil cover plants
and found higher fertility, mainly regarding N and K
nutrients, and higher nutrient mineralization (N, P,
Ca, Mg, and S) in a Latossolo Vermelho (Oxisol)
when compared to the soil of the control. Millet and
crotalaria were the soil cover plants with the highest
dry matter production and nutrient accumulation in
the second crop season. Torres et al. (2008) reported
similar results; they found higher K concentration
with millet and crotalaria in the 2015/2016 crop
season, and with single millet in the 2016/2017 crop
season. Perin at al. (2010) found higher efficiency in
K cycling when using millet as soil cover plant; the
use of crotalaria resulted in higher efficiency in Ca
and Mg cycling.

Jakelaitis et al. (2008) evaluated chemical
properties of an Argissolo Vermelho-Amarelo
(Ultisol) and found improvements in soil chemical
quality and fertility, mainly regarding the K, Ca, Mg,
Cu, and Zn nutrients, using maize in no-tillage
system for five crop seasons. They also found
improvements in soil physical and microbiological
properties using no-tillage system, reaching similar
characteristics to those of natural environments.
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The soil chemical indicators varied little due
to the use of biological fertilizer and cover plants,
except for K concentration, which was higher in the
soil with millet. Carneiro et al. (2009) found little
variation in chemical indicators, but lower H+AI,
Ca, Mg, and K concentrations in soils treated with
lime and mineral fertilization when compared to the
soil of a natural forest.

The soil cultivated with maize had lower
organic matter content than that of the forest
fragment (control area) in both crop seasons.
However, the organic matter was approximately
15% higher in the second crop season than in the
first (Tables 2 and 3). It was due to the combined
effects of biological fertilizer, organic matter
produced by the cover plants, and maize crop
residues produced over the time.

The no-tillage system assists in increasing or
maintaining soil chemical and microbiological
quality, since the conventional tillage system affects
the organic matter. The soil microorganisms

responsible for fragmenting and decomposing
organic matter are very sensitive to environmental
changes caused by agricultural practices. Thus,
organic matter decomposition, nutrient cycling, soil
aeration, and soil aggregation can be minimized
using no-tillage system and soil cover plants that
produce high amounts of biomass (SOUSA NETO et
al., 2008). Contrastingly, the conventional tillage
system is responsible for reducing 30% of the plant
cover on the soil surface, decreasing the soil
protection time and increasing soil carbon losses
(MAHL et al., 2008).

The soil of the control area had higher total
organic carbon contents (TOC) (31%), microbial
biomass carbon (SMBC) (423%), microbial quotient
(gMIC) (313%), and basal respiration (C-CO,)
(129%) than that cultivated with maize in the 2015-
2016 crop season; and higher TOC (37%), SMBC
(138%), and gMIC (72%) than the cultivated soils in
the 2016-2017 crop season (Table 4).

Table 4. Soil microbiological properties (0 to 0.10 m) as a function of biological fertilizer and cover plants in the 2015-
2016 and 2016-2017 crop seasons, using a forest fragment as a natural control.

Dunnett’s test (p<0.05)

Bfgﬁ?l‘legfl Cover plants Scason 2015-2016 Season 2016-2017
TOC SMBC ¢MIC C-CO, ¢CO, TOC SMBC ¢MIC C-CO, ¢CO,
Millet 13.6b 95.4b 0.7b 0.4b 3.9b 1596  177.7b l.1a 0.4 3.0b
With Crotalaria 13.4b 77.9b 0.6b 0.2b 2.8b 162b  130.8b  0.8b 0.4 3.2b
Fallow 144b  133.1b 0.9b 0.5b 3.5b 16.1b  112.3b  0.7b 0.6 5.8a
Millet 12.5b 80.5b 0.7b 0.4b 4.8a 1576 1255b  0.8b 0.6 5.6a
Without Crotalaria 14.2b 67.4b 0.5b 0.3b 4.5a 154b  156.4b 1.0a 0.4 2.8b
Fallow 12.8b 49.5b 0.4b 0.3b 7.4a 1470  114.3b 0.8b 0.6 4.3b
Forest fragment 17.7a  439.3a 2.6a 0.8a 1.9b 214a  324.7a  1.5a 0.5 1.5b
Biological fertilizer Tukey’s test (p<0,05)
With 13.8 102.1a 0.7a 0.4 3.4b 16.0 140.2 0.9 0.5 4.0
Without 13.2 65.8b 0.5b 0.3 5.6a 15.3 132.1 0.9 0.5 4.2
Cover of soil
Millet 13.0 88.0 0.7a 0.4ab 4.3ab 15.8 151.6 0.9 0.5 4.3ab
Crotalaria 13.8 72.7 0.5b 0.3b 3.7b 15.8 143.6 0.9 0.4 3.0b
Fallow 13.6 91.3 0.6ab 0.4a 5.5a 15.4 113.3 0.7 0.6 5.0a
CV (%) 8.9 9.9 10.2 19.7 24.1 7.1 30.3 36.1 25.3 38.9

Means followed by the same letter in column do not differ statistically for the Dunnett's test (p<0.05) and Tukey's test
(p<0.05). Total organic carbon (TOC; g kg™, soil microbial biomass carbon (SMBC; mg C microbial kg™ soil), microbial
quotient (¢qMIC; %), soil basal respiration (C-CO,; mg of C-CO, kg soil hour™), and metabolic quotient (¢CO,; mg C-CO,

g'SMBC hh).

The use of biological fertilizer improved the
soil microbiological properties, showing the
important effect of using biological compounds from
bovine manure on the development of
microorganism populations in the experimental soil.
The SMBC found in the 2016-2017 crop season
(140.2 mg C microbial kg™ soil) was 37.32% higher
than that found in the 2015-2016 crop season (102.1
mg C microbial kg™ soil) when using the biological
fertilizer (Table 4), but it is still low for a dystrophic
Latossolo Vermelho (Oxisol).

The soil cultivated with maize presented
lower soil microbial biomass carbon (SMBC).
Jakelaitis et al. (2008) found similar results when

comparing soils cultivated with crops in no-tillage
system to soils with natural vegetation. According to
Silva et al. (2010), the more intensive the soil
management the lower the carbon fixation by the
microbial biomass, because carbon losses are
intensified under stress conditions.

Moreover, the complexity, amount, and
quality of the organic residues on the soil affect the
microbial activity, slowing decomposition of less-
complex organic matter and soil carbon fixation.
Therefore, SMBC may be sensitive even to the
introduction of a new plant cover in the crop rotation
(BELO et al., 2012). Thus, associating agricultural
practices, such as biological fertilizer and cover

714 Rev. Caatinga, Mossoro, v. 32, n. 3, p. 709 — 718, jul. — set., 2019



BIOLOGICAL FERTILIZER AND COVER PLANTS ON SOIL ATTRIBUTES AND MAIZE YIELD'

J.P. ASCARI et al.

plants, can improve soil properties. Zhao et al.
(2009) found a high SMBC in soils cultivated with
cover plants and subjected to biological fertilizer
combined with mineral fertilizer.

Mendes, Sousa, and Junior (2015) developed
a table of interpretation classes for microbiological
quality indicators for a Latossolo Vermelho (Oxisol)
of the Cerrado biome in Brazil and established that
the SMBC and the soil basal respiration are adequate
when they are higher than 400 mg kg™ and 100 mg
kg™, respectively. Based on these values, the results
of the indicators found in the present study for the
cultivated soils were within the lower class.

The biological fertilizer and cover plants
affected positively and significantly these indicators
in both crop seasons. Several factors may have
contributed to these results, such as the lower
average precipitation and temperature in the first
crop season (Figure 1).

The soil with millet had a gMIC of 0.7% in
the 2015-2016 crop season, which was higher than
those of the crotalaria (0.5%) and the fallow area
(0.6%). In the 2016/2017 crop season, the means of
gMIC were statistically similar by the Tukey's test
(Table 4). The use of the no-tillage system increased
the soil organic matter content in both crop seasons;
this organic matter was a substrate for the
development of microorganisms that were already
present in the area and for the ones introduced by the
biological fertilizer.

The soil gMIC expresses the SMBC to TOC
ratio, indicating the amount of soil carbon
immobilized by microorganisms; it is sensitive to
changes in the crop system (SILVA et al., 2010;
DUARTE et al., 2014). In the present study, the
values of this property in the soils cultivated with
maize were lower than 1%. According to Jakelaitis et
al. (2008), this denotes that some factors, such as
nutrient limiting to microorganisms, homogeneity of
the organic matter, and water reducing, cause soil
microbial stress. Jenkinson and Ladd (1981) reported
that the gMIC of balanced soils must be between 1%
and 4% of the TOC, such as that of the forest
fragment evaluated in the present study.

According to the metabolic quotient (¢CO,),
the soil of the control area had higher quality than
that cultivated with maize, whose ¢gCO, was 135%
(2015/2016) and 175% (2016-2017) higher than that
of the soil without biological fertilizer and cover
plants. Regarding the use of cover plants, the
crotalaria residues in the soil cultivated with maize
resulted in lower ¢gCO, at the first (3.7 mg C-CO* g
'SMBC h™) and second (3 mg C-CO* g'SMBC h™)
crop seasons, followed by the millet at the first (4.3
mg C-CO? g'SMBC h™) and second (4.3 mg C-CO?
g'SMBC h™) crop seasons, and the fallow area at the
first (5.5 mg C-CO* g'SMBC h™') and second (5 mg
C-CO? g'SMBC h'') crop seasons. The gCO, was
40% lower when using the biological fertilizer in the
2015-2016 crop season than that of the soil without

biological fertilizer (Table 4). However, the soil with
millet had the highest ¢CO,, indicating losses of
carbon as CO, by microbial respiration, presenting
similar results to those found in the soil of the fallow
area, in both crop seasons. The soil with crotalaria
had lower SMBC than that with millet, but the
metabolic activity of the microorganisms of the soil
was more efficient when using this cover plant, as
shown by the results of the plots with biological
fertilizer (Table 4).

The use of biological fertilizer and cover
plants (millet or crotalaria) resulted in higher SMBC
and lower CO, losses to the atmosphere when
compared to the soil without the biological fertilizer
and to the soil of the fallow area. Moreover, these
managements improved the soil microbiological
quality, which is responsible for decomposition of
organic matter and mineralization of nutrients in the
soil.

The basal respiration (C-CO,) in the soils
with millet, fallow area, and forest fragment was
higher in the 2015-2016 crop season. According to
Silva et al. (2010), microbial properties are sensitive
to changes in natural and crop systems due to soil
management practices, temperature, and soil
moisture. Low C-CO, is commonly found in natural
environments and in minimum tillage, no-tillage, and
agriculture-livestock integration systems (ALVES et
al., 2011; MENDES; SOUSA; JUNIOR, 2015).

Soils with natural vegetation, as in the forest
fragment, usually have more complex organic
residues and less readily available carbon, resulting
in a low C-CO, emission by microorganisms.
However, the high microbial respiration found in the
soil of the forest fragment, in the soil with millet, and
in the soil of the fallow area in the 2015/2016 crop
season may indicate a greater release of nutrients to
the soil due to the high organic matter
decomposition. Thus, analyzing this property alone
does not provide complete information on soil
microbial conditions; therefore, the amount of CO,
released per unit of microbial carbon from the soil
should be determined (ALVES et al., 2011).

The gCO; is the result of the C-CO, to SMBC
ratio. The closer the gCO, is to zero the lower the
microbial stress. Environments under greater stress
conditions, such as the fallow area, have greater
carbon (CO,) loss by microbial respiration (SILVA
et al., 2010). The lowest gCO, was found in the soil
of the forest fragment and in that with crotalaria.
Similarly, Jakelaitis et al. (2008) found lower ¢CO,
in a soil with native vegetation; and Belo et al.
(2012) found lower metabolic efficiency of
microorganisms in soils without vegetation cover.

According to Duarte et al. (2014), the less the
respiration per unit of microbial carbon the more
efficient the soil carbon fixation, indicating less
stress conditions. Insam and Domsch (1988) reported
that microbial respiration tends to decrease as the
environment improves soil quality and stability;
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therefore, the introduction of organic matter into the
soil from cover plants can increase gCO, (ALVES et
al., 2011). Thus, an efficient analysis of each
agricultural context is important.

The biological fertilizer had no significant
effect on the maize vegetative and productive

characteristics in the evaluated crop seasons.
Probably, this was due to the short time of the
experiment. However, the maize grain yield
increased by 37% (with biological fertilizer) and
28% (without biological fertilizer) between the first
to the second crop season (Table 5).

Table 5. Maize crop responses to biological fertilizer and soil cover plants in the 2015-2016 and 2016-2017 crop seasons.

Season 2015-2016

Biological fertilizer LA PH SD ED EL NRE NGR 1.000GW GY
m’ m cm un g kg ha™!
With 7.4 2.2 2.1 4.8 15.3 15.9 30.3 319.7 5,745.8
Without 7.6 2.2 2.2 4.8 15.6 16.1 31.1 316.9 6,034.1
Cover plants
Millet 7.5ab 2.2 22 4.7b 15.2 15.7 29.8b 320.0 5,754.1ab
Crotalaria 7.9a 2.2 2.1 4.8a 15.7 15.9 31.6a 315.6 6,251.2a
Fallow 7.1b 2.2 2.1 4.8a 15.4 16.2 30.8ab 319.3 5,664.5b
CV (%) 7.0 2.1 5.7 1.8 4.3 2.7 4.6 4.30 7.4
Biological fertilizer Season 2016-2017
With 7.4 2.1 22 4.8 17.2 17.9 354 377.2 7,839.7
Without 7.4 2.1 2.2 4.8 17.6 18.1 36.1 377.0 7,750.8
Cover plants
Millet 7.3 2.1 23 4.8 17.2 17.7 34.8b 378.0 8,206.9a
Crotalaria 7.0 2.2 2.3 4.9 17.7 17.9 36.6a 376.0 8,217.5a
Fallow 7.9 2.1 2.2 4.9 17.4 18.2 35.8ab 377.6 6,961.3b
CV (%) 10.4 5.0 5.7 1.8 3.8 2.4 4.0 2.35 10.7

Means followed by the same letter in the column do not differ statistically by the Tukey's test (p<0.05). Leaf area (LA),
plant height (PH), stem base diameter (SD), ear diameter (ED), ear length (EL), number of grain rows per ear (NRE),
number of grains per row (NGR), 1,000-grain weight (1000GW), and grain yield (GY).

Crotalaria is a nitrogen-fixing plant, thus, the
use of crotalaria as soil cover plant resulted in higher
maize leaf area, ear diameter, number of grains per
row, and grain yield in the 2015-2016. Moreover, it
resulted in higher 1,000-grain weight and grain yield
in the 2016-2017 crop season when compared to the
first. However, the use of millet as soil cover plant
increased the maize grain yield in the 2016-2017
crop season, probably by increasing the soil
potassium concentration and organic matter (Tables
2,3, and 5).

The maize grain yield was approximately
43% higher when using millet and 32% higher when
using crotalaria as soil cover plant in the second crop
season when compared to the first (Table 5). These
results were due to the soil chemical (Tables 2 and
3) and microbiological improvements (Table 4)
generated by the cover plants, and the higher
precipitation in the second crop season (Figure 1).

Maize crops have high nutritional
requirement, mainly nitrogen. The yield of the maize
grown in soils with crotalaria as plant cover was
higher than that of the maize grown in soils of the
fallow area, in both crop seasons. These results were
probably due to the atmospheric nitrogen fixation by
symbiosis between crotalaria plants and fixing
bacteria (Rhizobium spp.), which releases N
gradually along the maize cycle (ANDREOTTI et
al., 2008).

716

Andrioli et al. (2008) found higher grain
yields of maize grown in soils covered with
crotalaria residues than in soils covered with millet
residues. Silva et al. (2007) also found higher maize
yield in rotations with Crotalaria sp., and higher
need for mineral nitrogen fertilization when the
maize was rotated with millet, they recommended the
use of Crotalaria sp. as an alternative for nitrogen
fertilization in maize crops.

The soil managements used in the present
study showed the importance of biological fertilizers
and soil cover plants to improve soil chemical and
microbiological properties, and to increase maize
yield due to the crotalaria organic matter.

CONCLUSION

The use of biological fertilizer and soil cover
plants have a practical potential to increase soil
chemical and microbial properties in long-term
managements. The soil properties at the second crop
season showed a slight improvement when compared
to the first crop season.

The highest maize yields were found in plants
grown on plant residues of crotalaria in the 2015-
2016 crop season, and in plants grown on plant
residues of crotalaria or millet in the 2016-2017 crop
season. The maize agronomic characteristics had no
response to the biological fertilizer.
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