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Abstract

The objective of this work was to evaluate the microbiological attributes of a Plinthossol cropped with sugar cane
in straw. The experiment was installed in Uniédo (04 ° 51°09”S and 42 ° 53’10 * W, altitude 52 m), northern region
of Piaui state, Brazil. The experimental design was randomized blocks, with four replications, and treatments
corresponding to different rates of straw (Mg.ha') (0, 4.19, 9.54, 13.04 and 18.38). Microbiological attributes
were determined at a depth of 0-10 cm. Data was submitted to analysis of variance, cluster analysis and main
components. An increase of straw in the soil influenced the stocks and contents of C, Cmic, Nmic, respiration
and microbial and metabolic quotients. Cluster analysis combined the treatments into three distinct groups. 9.54
Mg.ha'! of straw treatment was isolated from other treatments, being strongly correlated to the microbial quotient.
The group formed by the treatments 13.04 and 18.38 Mg.ha! of straw correlated with most of the evaluated
attributes, being the best proportions to be used to improve soil quality.
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Resumen

El objetivo de este trabajo fue evaluar los atributos microbiolégicos de un Plintosol cultivado con cafia de
azucar y residuos de cosecha. El experimento se instalé en Unido (04°51’09”S y 42°53’10” W, altitud 52 m),
region norte del estado de Piaui, Brasil. El disefio experimental fue de bloques al azar, con cuatro repeticiones,
y tratamientos correspondientes a diferentes cantidades de residuos (0, 4.19, 9.54, 13.04 y 18.38 Mg.ha!). Los
atributos microbiologicos se determinaron a una profundidad de 0-10 cm. Los datos se sometieron a analisis de
varianza, analisis de conglomerados y componentes principales. El incremento en los residuos de cosecha en el
suelo influyé en el contenido de C, Cmic, Nmic, respiracién y cocientes microbianos y metabdlicos. El analisis de
conglomerados combiné los tratamientos en tres grupos distintos. El tratamiento con 9.54 Mg.ha! de residuos
fue diferente a los otros tratamientos, estando fuertemente correlacionado con el cociente microbiano. El grupo
formado por los tratamientos 13.04 y 18.38 Mg.ha! de residuos se correlacion6é con la mayoria de los atributos
evaluados, siendo las mejores proporciones para ser utilizadas para mejorar la calidad del suelo.

Palabras clave: Microorganismos; Multivariante; Biomasa; Saccharum officinarum; Materia organica del suelo.
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Introduction

Sugarcane cultivation has played an important
role in the Brazilian economy and is expanding
mainly in ethanol production. Due to this and the
great concern about the impacts of cultivation and
soil management practices for agricultural use,
different studies are being carried out in relation
to the sugarcane production systems, standing
out among other sustainable alternatives, the
use of mulch as ground cover (Silva-Olaya et al.,
2013; Moitinho et al., 2013).

In planting systems where crop residues are
deposited in the soil there is a significant increase
in nitrogen (N) and carbon (C) levels in the surface
layers, where carbon can accumulate in the soil
up to five times more on average. When compared
to conventional systems (Dendooven et al., 2012).

In addition, many reports prove the positive
effects of no burning on straw, especially those
related to fertility, aggregation, structure,
biological activity, soil microbial diversity and
reduction in greenhouse gas emissions (GHGs)
(Carvalho et al., 2010; Rachid et al., 2012; Portela
et al., 2018). In this context, the management
system of raw sugar cane, with the maintenance
of vegetable residue (straw) on the soil, has
been pointed out as a mitigating measure of
the greenhouse effect, contributing to the
improvement of soil quality and consequently
increasing the productive potential of culture.
(Tavares et al., 2010; Portela et al., 2018).

Several attributes have been used in the
qualification of management systems. For
monitoring soil quality, there are indicators
more sensitive to its use and management,
such as carbon content and microbial activity
that provide information on changes due to
agricultural exploitation, being use as ecological
indicators capable of presenting activity
levels of microbial populations, estimate the
decomposition potential of plant residues and
evaluate the environmental and anthropogenic
effects on soil microbiological communities
(Alves et al., 2011; Evangelista et al., 2013).

According to Vasconcelos et al. (2010) and
Barros et al. (2013), total organic carbon content
improves soil aggregation and continuous
deposition of organic waste becomes extremely
important for soil structure. Although there are
numerous researches on soil microbiological
attributes (Alves et al., 2011; Capuani et al.,
2012; Thorburn et al., 2012; Mazurana et al.,
2013; Rossi et al., 2013) those focused on the
use of sugarcane straw in the improvement of
soil conditions in the Northeast and especially in
Piaui are still scarce. In addition, there is a need
for studies in the region related to the amount
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of waste that must be left in the soil to impact
soil quality. Therefore, the present study aims
to evaluate the microbiological attributes of a
Plintossol cultivated with sugarcane on straw.

Material and methods

The experiment was carried out at Vale do
Parnaiba Company Alcohol and Sugar Plant
(COMVAP), located in Unido - PI (04 ° 51°09”S and
42 °53’10” W, altitude 52 m.a.s.l), in the northern
region of the state of Piaui (Brazil).

The climate of the region corresponds to
the Aw (rain tropical) type, according to the
Koéppen classification, with dry winters and rainy
summers. Precipitation is concentrated between
December and June (Figure 1). The average annual
temperature is 28.4 ° C, however, during the year,
there is a warmer period (September to December),
with temperatures between 29 and 31 °C.

The soil of the study area was classified as a
sandy texture clay loam soil (EMBRAPA, 20006).
Soil particle size and chemical characteristics of
the experimental area in the 0-40 cm layer are
shown in Table 1.

The experiment was installed in September
2009, repeated in 2010, 2011 and 2012. For
this report the experiment was installed in July
2013, with a four years crop and third punch
area, harvested without burning of sugarcane
variety SP 81-3250. Plants were distributed 1.4
m between rows, where each experimental plot
had dimensions of 10 m wide and 15 m long, for
a total of 150 m?, composed by 10 planting lines,
with the floor area formed by the five central
lines of each plot. For soil correction, 500 kg
ha! of dolomitic limestone was applied. The
fertilization used was 25, 150 and 75 kg ha! of
N, P,O, and K, O, respectively. After harvesting,
40 kg.ha'of N (urea) was applied. The trial
was developed in a randomized block design
with five treatments and four replications.
Evaluated treatments consisted of five levels
of straw. After harvesting all remaining straw
within the experimental plots was weighed and
placed in each plot according to the amounts
determined for each treatment (Table 2).

Total organic carbon (TOC) was quantified by
wet oxidation of organic matter using potassium
dichromate solution (Yeomans and Bremner,
1988). Total nitrogen was quantified in soil
samples submitted to sulfuric digestion and
dosed by Kjedhal distillation (Bremner, 1996).

To determine soil density (Ds), undisturbed
samples were collected following the volumetric
ring method. The TOC stocks in depth were
calculated from the expression: ESTC = (x TOC x
and Ds), wherein the TOC is total organic carbon;
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Figure 1. Rainfall and maximum and minimum temperature from July 2013 to July 2014. Data obtained from EMBRAPA Mid-North Meteorological Station,

installed at Comvap Factory.

Table 1. Granulometric and chemical characteristics of soil in the experimental area. Municipality of Unido-PI., Brazil.

Depth Coarse  Fine . P
Silte Clay o.M
(cm) sand sand o (m
(gke" £
(gkg" dm?)
0-5 438 354 133 75 9,9 83,1 6,2
5-10 439 351 128 82 7,93 58,72 6,2
10-20 407 373 132 88 5,13 48,2 6,2
20-40 399 352 137 112 3,35 28,07 58

pH K* Ca?* Mg Na* AP* H+Al
(Cacl,)
(cmol /dm?)
0,67 2,05 1,15 0,07 0,05 2,61
0,46 2,04 0,99 0,07 0,05 2,87
0,37 1,42 0,85 0,06 0,05 2,58
0,29 09 0,57 0,06 0,06 2,3

Table 2. Amount of sugarcane straw deposited in the soil, according to the
proportions of the test.

Amount of straw placed on

Treatment the ground (Mg.ha)
Treatment 1 (T-0%) 0,0
Treatment 2 (T-25%) 4,19
Treatment 3 (T-50%) 9,54
Treatment 4 (T-75%) 13,04
Treatment 5 (T-100%) 18,38

Soil samples were collected in the 0 to 10 cm layer per experimental plot
and then placed in sterile bags and stored under refrigeration for further
analysis.

Ds is the soil density at each depth and 10 cm
layer. NT stocks in depth were calculated from the
expression: EstNT = (Ds x and x NT), where NT'is
the total nitrogen content and Ds is soil density.

Soil microbial carbon (Cmic) was determined
by the irradiation-extraction method (Islam and
Weil, 1998). Respiratory activity of microbial
biomass, or ground basal respiration, was
determined by quantifying C-CO2 produced from
75 g of soil, incubated for seven days in a closed
system (Alef and Nannipieri, 1995).

Microbial quotient (microbial biomass C/
organic C) (CBM C) (Sparling, 1992) and metabolic
ratio (qCO2) was calculated as the relationship
between the cumulative breath and microbial
biomass C (Anderson and Domsch, 1989) and
expressed as mg CO2 g'! day! of Cmic.
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The evaluations of the variables related to the
attributes and considering the 0-10 cm layer,
resulted in a data set that was submitted to the
analysis of variance. Means were compared by the
Tukey test using the SAS 9.0 statistical program.
Soil microbiological variables, treatments and
productivity data were submitted to multivariate
analysis by cluster analysis using the mean
distance between groups (Euclidean distance)
method and principal component analysis (PCA)
using the SAS 9.0 statistical program.

Results and discussion

Straw content in the soil provided a significant
effect on TOC contents and C:N ratio (P < 0.01)
(Figure 2). Highest TOC contents occurred
with 13.04 Mg.ha! and 18.38 Mg.ha! of straw
(Figure 2-A). These results corroborate with
those observed by Leite et al. (2018) where an
increase in organic carbon was related to the
higher amounts of straw in the soil. Straw
content also affected C:N ratio. Highest C:N ratio
was attributed to 18.38 Mg.ha'! of straw (Figure
2-B). Values obtained indicate that the mulch
is not completely decomposed, since a decrease
in C:N ratio is related to the consumption of
mulch by soil microorganisms, releasing CO2.
As sugarcane straw presents, on average, a C:N
ratio of approximately 100, large immobilization
of soil N is expected.



Wendling et al. (2011) observed in areas of
the Cerrado of Minas Gerais, Brazil, values for
C:N ratio that ranged from 13.2 to 15.4 at 0-10
cm depth. According to the same authors, these
values are considered low and may contribute
to soil microbial activity and accelerated
decomposition of material and incorporation to
soil. Deposition of straw in soil promoted the
increase of carbon stocks that presented higher
values (P < 0.01) in the treatments with 13, 04
and 18.38 Mg. ha'! of straw (Figure 3-A).

Segnini et al. (2013) observed in the superficial
layer of soil with deposition of 12 to 15 Mg.ha! of
straw, values for C stocks that ranged between
13.3 and 13.9 Mg.ha! due to the higher input of
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plant residues and higher concentration of crop
roots. Other authors report that the deposition
of sugarcane straw on the soil surface gradually
increases carbon stocks over time (Thorburn et
al., 2012; Rossi et al., 2013).

Microbial biomass carbon with 18.38 Mg. ha'!
of straw outperformed treatments with 0, 4.19
and 9.54 Mg.ha! of straw (P < 0.01), and matched
with 13.04 Mg.ha! of straw (Figure 3-B). The
highest Cmic values in this proportion indicate a
favourable condition for microorganisms activity
in soil, attributed to a higher deposition of mulch
in soil. Considering that mulching provides
greater soil coverage, favouring fewer variations
in temperature and humidity ranges, as well as
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Figure 2. Total Organic Carbon (TOC) (Left) and C:N (Right) ratio of a Plintossol under sugarcane cultivation, after harvest without burning and different straw content
in soil. Vertical bars indicate the standard error of the mean (n = 4). ** Significant at 1% probability.
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Figure 3. Carbon stocks (A), Carbon contents of microbial biomass (B), microbial biomass nitrogen (C) and respiration (D) of a Plintossol under sugarcane cultivation
after harvest without burning and different straw content in soil. Vertical bars indicate the standard error of the mean (n = 4). ** significant at 1% probability.
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providing greater amount of organic substrate
for decomposition and mineralization, which may
influence the activity and microbial biomass.
Morais et al. (2019) observed similar results and
reinforced the idea that the total removal of straw
from the soil reduces microbial activity.

There was a greater amount of N immobilized
in microbial biomass 13.04 and 18.38 Mg.ha'!
of straw (P < 0.01) (Figure 3-C). These results
contradict those reported by Meier et al. (2000),
who did not observe differences between the
microbial biomass nitrogen of sugarcane straw
and non-straw in soil.

A research by Santos et al. (2004) found
that lower soil mobilization and adoption of
a conservation management system provides
similar microbial biomass to natural soils in the
form of microbial nitrogen.

For microbial respiration, it was observed that
treatments with 13.04 Mg.ha! and 18.38 Mg.ha!
of straw had higher values in relation to other
treatments (P <0.01) (Figure 3-D). This indicator
of a greater soil microbiological activity responds
to a higher amount of straw deposited. Cmic/
TOC ratio values in all treatments and depths
were low and presented significant differences
among them (P < 0.01), showing an increasing
trend (Figure 4-A). For the metabolic quotient,
there was an effect of soil straw levels, showing
a decreasing trend (Figure 4-B).

Treatment with O Mg.ha! of straw resulted in
the lowest microbial quotient compared to other
treatments that did not present differences.
Observed ratios of microbial quotients were below
those obtained by Jenkinson and Ladd (1981)
at a range between 1% and 4%. The low values
found in this test indicate that even after 4 years
covered with sugarcane straw, this condition
was probably not sufficient to alleviate the stress
situation of soil microbiota, which causes lower
population efficiency in immobilizing carbon.
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It may also indicate poor nutritional quality of
organic matter, disabling microbial biomass from
utilizing organic carbon.

When the respiration per unit of microbial
carbon is considered, the greatest activity
occurs in the treatment without straw in soil.
Increasing straw content in the soil decreases
CO, production per unit of carbon of microbial
biomass. This higher value of metabolic quotient
without straw in soil indicates that the condition
of food stress causes organisms to consume
more substrates, expending more energy to
maintain the microbial community (Carneiro
et al., 2008; Mazurana et al., 2013). Given the
selected variables to distinguish treatments,
a cluster analysis was performed to assess
variation of Euclidean distance values between
treatments (Figure 5).

An Euclidean distance of 0.5 favoured the
division into groups, indicating that using the
variables mentioned above it is possible to sort
the data into three distinct groups: the group
formed by treatment O and 4.19 Mg.ha! of straw
in the soil, the group formed by treatment 9.54
Mg.ha™' of straw in the soil and the group formed
by the treatments 13.04 and 18.38 Mg.ha' of
straw in the soil.

Euclidean distance

00 419 9,5 13.04 18,38

Levels of straw in the ground (Mg ha')

Figure 5. Dendrogram resulting from cluster analysis by average Euclidean
distance, showing group formation according to soil variables at 0-10 cm
depth and yield
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Figure 4. Microbial quotient (Qmic) (Left) and metabolic quotient (Qmet) (Right) of a Plintossol under sugarcane cultivation after harvest without burning and
different straw content in soil. Vertical bars indicate the standard error of the mean (n = 4). ** significant at 1% probability. * significant at 5% probability

310



Differentiation shows similar soil characteristics
of the treatments belonging to the same group
and differ from the behaviour of the variables of
other groups, that is, treatments with soil under
different straw content form distinct groups
with changes in soil characteristics from group
to group. Freitas et al. (2014b) evaluating soil
attributes, with different textures, in sugarcane
planting areas, with filter cake incorporated into
the soil, submitted data to cluster analysis and
found the division into three distinct groups,
indicating the similarity of soil characteristics
independent of soil texture.

The difference among groups results in
differences observed in the attributes evaluated
in this experiment. Thus, the close proximity
among the groups can be evidence in the principal
component analysis, which confirms the cluster
analysis for the studied treatments.

Variables correlation (Table 3) allowed a
characterization to discriminate the effect of straw
content in soil. The eigenvalues obtained from
the covariance matrix, with values greater than
one, confirm the cluster analysis for the studied
treatments. Thus, the first and second principal
components can be used to explain at least 70%
of the total variance, considering that only these
presented values greater than one (8.90 for PC1
and 1.21 for PC2).

The first two principal components account
for 92.01% of the total variance, being 80.94%
in the PC1 and 11.07% in the PC2, with reduced
dimensionality of original variables and loss of
explanation less than 10%. Oliveira et al. (2015)
evaluating soils of sugarcane, cassava, pasture,
forest and archaeological black earth found
73.51% of data variability explained by three
main components.

Table 3. Correlation between each main component and the soil attributes
analysed in the 0-10 cm layer.

Principal components

Attributes
PC1 PC2
Total Organic Carbon 0,9437* -0,6476
Total Nitrogen -0,9078* 0,0647
Carbon of microbial biomass 0,9813* 0,2062
Nitrogen from microbial biomass 0,8745* 0,3033
Carbon stock 0,9906* 0,1277
Nitrogen stock -0,4959 0,8691*
CN 0,9902* 0,0393
Metabolic quotient -0,83129 0,4636
Microbial quotient 0,8581 -0,3452
Basal Breathing 0,9105* 0,5183
Ground density 0,998* 0,1329
Productivity 0,8757* 0,3430

* Discriminatory values.

Microbiological attributes of a cultivated Plinthosol
with sugarcane on different levels of straw

The first principal component was represented
by positive eigenvectors. Influence of most
variables on the axis of PC1 was observed. The
influence of nitrogen levels and metabolic quotients
on the PC1 axis was found to be negative.

In the second main component, most of the
positive eigenvectors were observed, highlighting
the influence of the total nitrogen stock on the
PC2 axis and the negative eigenvectors highlight
the total organic carbon content.

It was observed that the treatment O Mg.ha'!
of straw formed a group with the treatment
4.14 Mg.ha'! of straw and was positioned in
the upper left quadrant, that is, opposite to the
arrangement of the variables assessed (Figure 6).
The variables that most correlates with this group
were metabolic quotient, total nitrogen content
and nitrogen stock.

The second isolated group is related to 9.54
Mg.ha! of straw, located at the lower left quadrant
and shows the best correlation with the microbial
quotient ratio variables. Third group, consisting
of 13.04 Mg.ha' and 18.38 Mg.ha! of straw was
positioned in the upper and lower right quadrants
and associated with most soil attributes and stalk
yield in Mg.ha'l. This group was more correlated
to most of the studied variables due to the higher
contribution of vegetal residue deposited in the
treatments. Freitas et al. (2014a), evaluating
managed areas, one of them with sugarcane and
comparing with native forest areas, observed a
greater relationship of biological variables with
areas where there was no anthropic interference
and action of agricultural machinery, associated
with the input of waste vegetables.

Multivariate analysis allows us to identify the
variables that most correlated with each type of
treatment and the effects on the change in soil
characteristics, indicating the amount of mulch
that remains in soil that promotes soil quality.

£

.
. OMg.ha'

.
4,19 Mg ha!

PC2 (11,07%)

PC1 (80,94%)
Figure 6. Principal component analysis (PCA) based on soil variables at

different treatments: 0, 4.19, 9.54, 13.04 E 18.38 Mg.ha" of remaining mulch
in the 0-10cm layer
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Paredes Jr., Portilho and Mercante (2015)
observed similar results and linked the increase
in carbon from microbial biomass in systems
where there is no intervention in the soil, that
is, the soil is protected, improving microbial
development conditions. For Morais et al. (2019)
soil microorganisms are sensitive indicators
for assessing soil changes induced by the
management of cultural residues and must be
taken into account when defining the proper
management of sugarcane straw for sustainable
production.

Conclusions

At a depth of 0-10 cm, increase of straw in the
soil influences soil microbiological attributes:
using 9.54 Mg.ha! of straw in the soil, only the
microbial quotient is beneficially influence; the
presence of 13.04 and 18.38 t.ha! of straw in
the soil has a better correlation with most of the
evaluated attributes, attributing the improvement
of the quality of the soil covered with these levels
of sugarcane straw, and the recommended use
these levels of straw in the soil; the presence of
13.04 Mg.ha! provides the best productivity of
sugarcane on straw, and this ratio is recommend.
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