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ABSTRACT: Systems of soil cultivation and use directly influence crop yield by interfering with the
soil chemical, physical, and biological attributes. This study aimed to evaluate the correlation between maize
grain yield, soil chemical and biological attributes, and the occurrence of nematodes in maize crops grown in
the off-season, in the state of Mato Grosso do Sul. Soil samples from 21 off-season maize crops were collected
in 2015. The samples were used to identify and quantify nematodes, determine biomass carbon and microbial
activity, and for chemical analysis. The attributes were clustered based on the variables evaluated using the
mean Euclidean distance and Ward's clustering method. The interrelationship between the variables was
analyzed by correlations, and its unfolding in the cause and effect investigations was evaluated by the path
analysis. Organic matter and microbial biomass carbon positively influence grain yield. Magnesium negatively
influences the population of Pratylenchulus spp. in maize crops. The potential acidity and organic matter are

related to the presence of Rotylenchulus spp.
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INTRODUCTION

Soil attributes are directly influenced by soil
preparation. Thus, management systems and soil
quality have a direct relationship with the soil
physical, chemical, and biological attributes. Some
technological methods are responsible for changes
in soil attributes. Ribeiro et al. (2015) verified that
cover crops, the use of smaller spacing between
rows, intercropping, and larger plant populations
increase grain yield in maize crops in the state of
Mato Grosso do Sul. Most of these processes are
influenced by the organic matter accumulation in
the soil, leading to higher resistance to erosion,
higher infiltration rate, and greater water retention in
the soil. Also, it increases the cation retention
capacity and the nutrient stock, adsorption and
complexation of compounds, chemical elements
cycling, atmospheric carbon sequestration, activity
and diversity of the microbial population, and
resistance to disturbances (VEZZANI, 2001).
According to Vasconcellos et al. (1998), the
concentration and activity of soil microorganisms,
represented by the CO2 content in the soil and the
mineralization of organic N, are influenced only by

the quantity and quality of the organic residues
added to the soil and the type of soil preparation.

Loss et al. (2012) state that soybean grown
in succession to the fall-winter crops, such as off-
season maize, B. ruziziensis, and maize - B.
ruziziensis intercrop, increase the free fraction of
soil organic matter, contributing to its redistribution
on the subsurface. This result confirms one of the
main objectives of the maize-brachiaria intercrop,
which is the production of straw (in quantity and
quality) for the no-tillage system (NTS)
(ALMEIDA; FAVARIN, 2009), aiming at
conditioning the soil for the subsequent crop.
Almeida et al. (2008) state that soil managements
not only alter the soil chemical, physical, and
biological quality but also increase crop yield. These
authors compared the effect of the no-tillage system
and conventional soil preparation on some soil
attributes. Their results revealed an increase in the
organic matter content, pH, and maize grain yield in
the no-tillage system.

Variations in the soil management system
also influence the nematodes population density.
Franchini et al. (2011) observed that the population
density of P. brachyurus positively correlates with
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the potential soil acidity (H+Al). Therefore, crop
development depends on soil management,
considering that the latter influences all soil-related
crops. In this context, this study aimed to evaluate
the correlations between grain yield, soil chemical
and biological attributes, and the occurrence of
nematodes in maize crops in the state of Mato
Grosso do Sul.

MATERIAL AND METHODS

Soil samples were collected in 21 maize
crops grown in the 2015 off-season, and their
agronomic aspects were described.  The soil
samples belonged to sole crop systems and maize-
brachiaria intercropped systems installed in the
municipalities of Nioaque, Maracaju, Sidrolandia,

1846
KROLIKOWSKI, V. et al.

Rio Brilhante, Douradina, Dourados, Chapadao do
Sul, Sdo Gabriel do Oeste, Juti, Navirai, and Ponta
Pord, in the state of Mato Grosso do Sul (Table 1).

Soil samples were collected from three
points randomly determined in the area of each
crop, at 0 to 20 cm depth, using a hoe. Afterward,
samples were divided into three subsamples for soil
chemical analysis, determination of microbial
biomass carbon and microbial activity, and
identification and quantification of nematodes.

To determine the grain yield, two five-meter
rows were randomly selected in the sole and
intercropped systems, and five ears were collected
per sample. Grain yield was obtained in kg and then
converted to kg ha™. Grain moisture was corrected
to 13%.

Table 1. Maize crops sampled in Mato Grosso do Sul: Municipality, soil type, textural class, crop system, and

climate.

Crop Municipality Soil type Textural Class Crop System Climate'
FO1 Nioaque LVe Average Sole AW
F02 Maracaju LVef Very clayey Intercropped AW
FO03 Maracaju LVef Very clayey Intercropped AW
Fo04 Maracaju LVef Clayey Intercropped AW
FO05 Sidrolandia LVef Very clayey Sole AW
F06 Rio Brilhante LVe Very clayey Sole AW
Fo07 Rio Brilhante LVef Very clayey Intercropped AW
F08 Douradina LVef Very clayey Intercropped Aw
F09 Douradina LVef Very clayey Sole AW
F10 Dourados LVef Very clayey Intercropped Am
F11 Sidrolandia LVef Clayey Intercropped AW
F12 Chapadao do Sul Lvdf Very clayey Sole AW
F13 Chapadao do Sul LVef Very clayey Sole AW
F14 Chapadao do Sul LVj Clayey Sole AW
F15 Sao Gabriel do Oeste LVef Clayey Sole AW
F16 Séo Gabriel do Oeste LVef Clayey Sole AW
F17 Juti LVef Very clayey Intercropped Am
F18 Navirai Lvdf Average Intercropped Am
F19 Navirai Lvd Average Sole Am
F20 Navirai Lvdf Clayey Sole Am
F21 Ponta Pora LVef Clayey Intercropped Cwa

!: according to Koppen’s classification. LVd- Dystrophic Red Latosol; LVfd — Dystroferric Red Latosol; LVef — Eutrophic Red
Latosol; LVj — Perferric Red Latosol. AW-tropical climate with dry winter; Am- monsoon climate; Cwa- humid temperate climate with

dry winter and hot summer

Identification and quantification of nematodes
For the quantification and identification,
nematodes were separated from the soil particles
and organic matter and extracted by the Jenkins
method (JENKINS, 1964), which consists of sieving

and flotation in a centrifuge. Nematodes were killed
by gradual heating for five minutes in water, at 55°
C, and then fixed in 4% formalin 2. Nematodes
were quantified using Peters slide under an optical
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microscope and identified using an illustrated
taxonomic key.
Biomass carbon and microbial activity

Biomass carbon was determined by the
fumigation-extraction method, proposed by Vance
et al. (1987).

The microbial activity was determined in
50g-soil samples, weighed and placed in individual
flasks. Additionally, 10 mL of NaOH 1.0N was
poured in each flask to absorb the CO, released by
the microbial respiration. After the incubation
period, NaOH was titrated with 0.5N HCI, added
with 2mL of saturated BaCl, solution to precipitate
Na,CO;. The released CO, was calculated by the
difference between the volumes of HCl used to
titrate the NaOH sample in the flask with soil and
that of the blank test, transforming these values to
CO, mass per soil mass. The metabolic quotient
(qCO,), defined by the respiration x biomass-C
ratio, was determined according to Anderson and
Domsch (1990).

Soil chemical analysis

Samples were analyzed in the soils
laboratory of Embrapa Agropecuaria Oeste, based
on the methodology described by Silva (2009).

15000
J
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Statistical Analysis

The sampled crops were clustered based on
the evaluated variables, using the means Euclidean
distance and Ward’s clustering method (Ward,
1963). The interrelationship between the variables
was analyzed by the correlations, and its unfolding
in the cause and effect investigations was evaluated
by the path analysis. The analyses were performed
in the Genes (CRUZ, 2013) and Rbio (BHERING,
2017) software.

RESULTS AND DISCUSSION

Figure 2 shows the clustering of crops
sampled in the state of Mato Grosso do Sul
regarding the variables evaluated, based on the
mean Euclidian distance and Ward’s clustering
analysis. Two distinct groups were formed. The first
one consisted of crops F1, F5, F6, F7, F9, F10, F14,
F19, and F20, characterized by grain yield lower
than 7500 kg/ha, as shown in Table 1. The second
group consisted of crops F2, F3, F4, F8, Fl11, F12,
F13, F15, F16, F17, F18, and F21, characterized by
grain yield higher than 8000 kg ha™".

10000
1

Group|1l

Distance

5000
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Figure 2. Clustering of crops sampled using the mean Euclidian distance and Ward’s clustering analysis.

Higher grain yields may be related to some
particularities observed in group II (Table 3).
Results showed that 66.7% of the crops represented
areas of maize-brachiaria intercrop. Plant
intercropping can improve soil physical and
chemical attributes and soil conservation without
affecting the yield of the intercropped crop. It also
increases the yield of the subsequent crop
(CORREIA et al., 2013).

The significant number of Rotylenchulus sp.
nematodes reported in group II did not influence
maize yield. However, if the subsequent crop is the

nematode-susceptible soybean, grain yield will be
affected. Leandro and Asmus (2015) observed that
the rotation between soybean and maize could
reduce the population density of Rotylenchulus
reniformis. This fact was not observed in the
Brachiaria off-season crop, which may explain the
population verified in group II. According to Asmus
and Richetti (2015), the annual or biannual rotation
between soybean and maize or Brachiaria
ruziziensis may reduce the population density of the
reniform nematode. Moreover, the authors reported
that longer periods of maize or B. ruziziensis crops
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are more efficient in reducing the population of this
nematode. However, growing susceptible soybean
after the rotations reestablishes high nematode
population densities in the soil.

The higher occurrence of Pratylenchus sp.
in group I (Table 2) suggests that this nematode may
decrease grain yield. Pratylenchus brachyurus
causes primary symptoms (root lesions) in soybean,
cotton, maize, marandu grass, and mombaga grass
crops (MAINARDI; ASMUS, 2015), consequently
affecting the development of these crops.

Table 3 shows a higher amount of zinc in
Group II. Domingues et al. (2004) state that adding
zinc to maize crop increases grain yield, suggesting
that zinc may be responsible for the higher yield in
the crops of group II. The phosphorus content in the
soil was more expressive in group II (Table 3).
Prado et al. (2001) reported that the application of
phosphorus doses increases maize grain Yyield,
reinforcing the present results. The increase of the
organic matter content in the soil increased the
efficiency in the use and cycling of phosphorus by
the plants. This fact may be directly related to the
grain yield observed in this study since higher
contents of organic matter were found in the crops
of Group II (Table 3). Sousa et al. (1997) evaluated
the efficiency of P application in areas with annual
cultivation and pasture. The authors observed higher
efficiency of P application in sites with higher levels
of organic matter resulting from nine years of
pasture cultivation. This fact may also suggest that
the brachiaria-maize intercropping system is one of
the factors that contributed to the higher yield of the
areas of group Il since 66.7% of the crops are
cultivated in this system.

Besides the higher organic matter content,
crops of group II had 13% higher microbial biomass
carbon. Soil quality can be verified by the
interaction of the chemical, physical and biological
attributes, in which the organic matter has the
critical role of promoting agricultural sustainability
(CUNHA et al., 2015a).

The soil organic carbon and the microbial
biomass carbon are indicators of soil changes and
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quality since they are related to the ecological
functions of the environment and can evidence
changes in the soil use (JACKSON et al., 2003).
Feigl et al. (1998) state that, despite the influence of
the climate and the addition of residue, the
microbial biomass carbon is considered as a
possible soil quality indicator for it is related to the
active and biodegradable fraction of the OM,
resulting in the possibility of changes in slower-
cycling fractions. Figure 3 shows the correlations
between nematodes occurrence, soil chemical and
biological attributes, and grain yield, revealing a
positive linear association between soil the chemical
attributes (pH, Ca, K, Mn, Cu, SB, and CEC).
Except for iron, copper, manganese, and zinc,
whose availability decrease with the increase in pH,
all the other elements (nitrogen, phosphorus,
potassium, calcium, magnesium, sulfur,
molybdenum, and chlorine) are highly available due
to the rational use of liming in acid soils (LOPES,
1998).

The association between Zn, P, and maize
grain yield stand out for representing an
unconventional result. In the case of Zn, some
anions, such as P, may lead to the higher retention
of the former, making it less soluble. Muner et al.
(2011) state that P may alter the soil balance by at
least four processes: changes in pH, due to the
dissolution of the fertilizer in the soil solution;
changes in pH, due to reactions, both of the
phosphate and the accompanying cation with the
soil components; changes in the surface charge, due
to the phosphate adsorption by the colloids and the
direct precipitation of Zn with phosphate, forming
Zn; (POy),.

According to Oliveira (2004), the
correlations between the nutrient concentrations
found in the soil and those detected in the leaves are
not always close. This is because the soil analysis
uses extractive solutions (diluted acids, salts, hot
water, resin). Thus, the laboratory conditions do not
reflect those observed in the field. However, the
author believes that soil and leaf analyses are
complementary.
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Table 2. Mean of the evaluated variables in different crops in the state of do Mato Grosso do Sul (group I and II).

1849

Group Crop Rothy Praty pH1 pH2 Al Ca Mg H+Al K P SB CEC CECf{ V MO Cu Fe Mn Zn CMBS CCO, qCCO, GY
F1 16.67 2333 6.41 5.80 0.00 6.37 2.03 247 0.84 10.77 9.24 11.71 9.24 7894 29.73 12.07 14.67 172.37 3.57 261.20 16.96 28.04 6466.44
F5 0.00 333 5.88 520 0.00 490 1.67 4.82 047 580 7.04 11.86 7.04 5936 50.73 8.67 27.70 76.40 0.83 34727 23.65 38.59 7391.55
F6 3.33 10.00 6.55 5.97 0.00 5.07 2.70 2.61 0.69 1930 8.46 11.06 846 7644 39.80 8.17 45.70 120.07 2.40 297.53 21.38 30.43 6160.57
F7 16.67 9333 594 527 0.00 5.03 1.30 3.79 0.76 13.80 7.10 10.88 7.10 65.28 36.95 830 28.73 83.33 3.63 310.01 16.67 22.74 7302.73
I F9 123.33 0.00 6.41 5.80 0.00 5.03 337 335 024 14.10 8.64 1199 864 72.11 32.55 12.07 29.63 142.03 3.70 323.37 14.28 18.79 773894
F10  70.00 6.67 6.26 5.63 0.00 537 250 3.16 0.84 43.53 870 11.87 8.70 7330 39.84 7.63 1830 84.03 397 310.87 19.29 2582 6165091
F14  70.00 26.67 5.60 4.87 0.03 3.13 1.03 5.75 023 1420 440 10.15 443 4291 51.68 053 4097 13.10 3.50 257.21 20.84 3596 7192.94
F19 6.67 0.00 4.13 3.70 0.00 2.13 0.57 197 020 9.13 290 4.87 290 39.74 1591 040 720 46.57 2.70 178.84 11.46 21.04 4412.19
F20 0.00  6.67 6.58 6.00 0.00 4.53 230 2.59 0.62 60.70 7.46 10.04 7.46 74.08 37.94 0.80 18.83 57.57 4.80 336.17 19.64 25.07 6975.93
Mean 34.07 18.89 5.97 536 0.00 4.62 194 339 0.54 21.26 7.10 1049 7.11 64.68 3724 6.51 2575 88.39 323 291.39 1824 2739 664525
F2 0.00 6.67 629 5.67 0.00 593 230 338 1.16 6.83 940 1278 940 7351 4196 9.73 2040 14790 853 31728 1537 20.15 895251
F3 333 2000 632 570 0.00 897 240 346 121 4370 1258 16.03 1258 77.04 5241 7.33 3747 15333 16.10 318.73 13.66 18.24  10281.90
F4 0.00 2333 6.12 547 0.00 843 223 377 097 5870 11.64 1541 11.64 7354 5224 540 38.83 9573 12.67 251.17 1573 2727 8140.69
F8 20.00 333 6.66 6.10 000 7.77 2.07 221 1.07 5140 1090 13.11 1090 83.07 39.11 1020 21.70 22817 7.73 325.89 2094 28.19 9149.79
F11 56.67 1333 594 527 0.00 580 143 540 1.13 13390 836 13.76 836 60.68 4896 11.40 23.77 9240 26.27 47020 27.69 2542 12505.03
F12 240.00 20.00 5.71 5.00 0.00 3.13 1.03 455 030 3890 447 9.02 447 49.87 50.88 0.53 34.60 16.07 4.17 417.83 1998 2132  8793.60
I F13 46.67 0.00 583 513 0.07 347 137 499 0.17 11.60 5.01 9.99 5.07 50.19 53.08 0.57 3433 14.13 3.83 45772 22.16 2031  8335.65
F15 340.00 0.00 5.80 5.10 0.00 4.00 133 546 032 1870 5.66 11.11 5.66 51.08 5599 133 2640 20.57 5.03 308.15 1925 2984 8312.80
F16 16.67 0.00 649 590 0.00 463 143 2.65 036 2427 643 9.08 6.43 70.66 3849 0.87 24.67 2250 577 32431 1835 2445 10592.51
F17 0.00 10.00 5.74 5.03 0.07 3.83 153 553 093 973 629 1182 636 53.85 4248 983 27.77 13537 3.770 395.17 2432 2474 8568.80
F18 0.00 30.00 533 457 0.13 197 040 4.65 027 3120 264 729 2.77 3563 21.01 127 1713 7290 4.80 157.04 17.99 4988  8526.74
F21 0.00 20.00 5.74 5.03 023 260 0.77 434 029 2047 3.66 8.00 389 56.03 30.09 2.13 3477 1493 230 269.73 1280 21.87 8324.09
Mean  60.28 12.22 6.00 5.33 0.04 504 1.52 420 0.68 3745 7.25 1145 729 6126 4389 5.05 2849 8450 841 33444 19.02 2597 9207.01

pH1: Hydrogenionic potential in water; pH2: Hydrogenionic potential in calcium chloride; Al: Aluminum (cmol dm™) Ca: Calcium (cmol dm™); Mg: Magnesium (cmol dm.;) H + AL: Potential acidity
(cmol dm™); K: Potassium (cmol dm™); P: Phosphorus (mg dm™); SB: Sum of Bases; CEC: Cation exchange capacity; CECef: Effective cation exchange capacity; V: Base saturation in percentage; OM:
Organic matter (g kg™"); Cu: Copper (mg dm™); Fe: Iron (mg dm™) Mn: Manganese (mg dm™); Zn: Zinc (mg dm™); MBSC: Microbial biomass carbon (mg g '); CCO,: Basal respiration (mg c-co, g soil °

'day™); qCO2 - Metabolic quotient (mg C-Co,u Cmic'h™"); Rothy - Number of nematodes Rothylenculus ssp; Prathy - Number of nematodes Prathylencus ssp.; GY- Grain Yield (kg ha™")
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Figure 3. Correlations network of nematode occurrence, grain yield, and soil chemical and biological attributes
evaluated in different crops in Mato Grosso do Sul. Positive correlations are highlighted in green and
negative correlations are highlighted in red. The thickness of traces is proportional to the correlation
magnitude. pH1 - Hydrogenionic potential in water, pH2 - Hydrogenionic potential in calcium
chloride; Al - Aluminum; Ca - Calcium; Mg- Magnesium; H.A- Potential acidity; K- Potassium; P-
Phosphorus in mg dm™; SB- Sum of Bases; CEC - Cation exchange capacity; CECef - Effective
cation exchange capacity; V%- Saturation of bases; OM- Organic matter; Cu - Copper; Fe- Iron; Mn -
Manganese; Zn - Zinc; MBSC - Microbial biomass carbon; CCO - Basal respiration; CO2 -
mineralized carbon and microbial biomass carbon ratio; qCO2 - Metabolic quotient; Prt - nematode
Prathylencus ssp .; Roth - nematode Rothylenculus ssp .; YIELD - Yield in kg ha™

Despite its importance, the Pearson’s
correlation  coefficient may mislead results
interpretation regarding the ratio between two
variables. Therefore, it may not be a real measure of
cause and effect. A high or low correlation
coefficient between two variables may represent the
effect of a third variable or a group of variables on
the two variables and may not demonstrate the exact
relative importance of the direct and indirect effects
of these factors (CRUZ et al., 2012). Thus, the path
analysis was carried out to investigate the relation of
cause and effect. According to Teodoro et al.
(2014), this method provides detailed knowledge
about the influence of the variables involved and
justifies the existence of positive and negative
correlations, of high and low magnitude, between
the studied variables.

Path analysis was carried out to unfold the
correlations between soil chemical and biological
attributes with the occurrence of Prathylencus
(Table 4) and Rothylenculus (Table 5). Considering
the basic variables, soil magnesium content was the
variable that most influenced the occurrence of
Prathylencus (Table 3), in an inversely proportional
relation (-0.46). Therefore, the higher the content of

this nutrient, the lower was the occurrence of this
nematode. Franchini et al. (2014) found the same
result when studying the population density of
Pratylenchus brachyurus in function of the increase
of the Cat+Mg contents. Blanco (2008) analyzed the
relationship between nematodes and micro and
macronutrients and verified that P, Mg, Ca, and K
directly influence the population of Pratylenchus by
reducing their quantity. According to Santana-
Gomes et al. (2013), studies on the influence of
mineral nutrition on diseases caused by nematodes
are still scarce. The few existing studies do not
clarify the mechanisms by which nutrients reduce
the population of plant pathogens. However, in
plant-nematode interactions, the accumulation of
cellulose, lignin, and other elements originated from
plant nutrition confer resistance to the nematode in
the host plant (SANTANA-GOMES et al., 2013).
Concerning the occurrence of Rotylenchulus
(Table 5), the organic matter content (0.35) and the
H+Al content (potential acidity) (0.29) had the
highest positive effect, while the aluminum content
(-031 ) and potassium content (-0.30) showed
negative relation. Asmus and Ishimi (2007) verified
that soil macro and micronutrient content little
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influenced the population of Rotylenchulus
reniformis at the two depths studied. However, the
potassium content revealed a negative correlation
with the number of nematodes at the 0-20 cm depth.
Franchini et al. (2014) observed that the reduction
of the potential acidity (H+Al) resulted in an
exponential decrease in the population density of
Pratylenchus, confirming the effect of the potential
acidity on the phytopathogen nematode population.

Organic matter from non-nematode-host
crops, besides improving soil fertility and its
physical and chemical attributes, has a nematicidal
effect, i.e., it reduces the number of individuals and
delays the hatching of juveniles. However, its
efficiency may be decreased due to the changes in
soil fertility, moisture, organic matter content, and
the nematode population. The nematicidal effect is
related to the presence of substances released in the
decomposition, which depend on the C/N ratio.
Thus, the effect of the organic matter on the
management of  phytonematodes may be
unfavorable when the C/N ratio, the dry and green
matter production, and the soil pH alterations of the
cover plants are unknown.

Asmus and Ishimi (2007) state that soil
moisture little influences the population of
Rotylenchulus reniformis. When the area infestation
is high, two to four cycles of non-host crops are
required to reduce the nematode population. This
strategy minimizes the damage to the susceptible
crop of economic interest to be grown in the area
(CUNHA et al., 2015b).

A third path analysis was performed to
verify the effects of the occurrence of nematodes
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and the soil chemical and biological attributes on
maize grain yield (Table 6). Zinc (Zn) was the
variable that most influenced grain yield (0.49).
According to Gongalves Junior et al. (2006), Zn is
related to the enzymes responsible for plant growth.
The influence of Zn on grain yield is due to its
function, which is associated with the metabolism of
carbohydrates, proteins, phosphates, and the
formation of auxins, RNA and ribosomes.
Domingues et al. (2004) verified that the Zn
application increased maize grain yield and reported
that the plants’ response to the Zn application varied
based on the soil type and the geographic region.

Likewise, Jamami et al. (2006) state that, as
it occurs with boron, the availability of Zn in the
soil depends on the soil chemical and physical
attributes, as well as liming and P fertilization.
Domingues et al. (2004) found similar results in Zn
concentrations and the Zn shoot content, which
varied with the pH in the two studied soils. The
highest concentrations occurred in plants cultivated
in the more acid soil, without liming. According to
Nascimento et al. (2002), liming reduces the
exchangeable Zn contents and increases the
fractions organic matter, amorphous and crystalline
iron oxides, and manganese oxides. The factors
related to soil fertility, besides influencing maize
grain yield, also affect the nematode population in
the soil. The analysis of the correlations between
soil attributes and grain yield or the factor that
influences grain yield, such as phytoparasite
nematodes, is a useful tool to establish cause and
effect relations.
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Table 4. Path analysis of the soil chemical and biological attributes on the occurrence of Prathylencus in different crops in Mato Grosso do Sul.

KROLIKOWSKI, V. et al.
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Effect pH(H20) pH(CaCl) Al Ca Mg H+Al K P SB CEC CECf V OM Cu Fe Mn Zn MBSC CCO2 CO2MBSC qCO2
Direct on Prathy 0.13 0.00 -0.17 0.07 -046 020 030 0.06 -0.04 005 -0.05 003 -024 024 029 -0.14 -0.14 -0.10 -0.22 0.01 0.01
indirect via pH(H20) 0.13  -0.04 009 010 -0.04 006 0.03 010 009 0.0 011 004 006 004 006 002 005 0.03 -0.02 -0.02
indirect via pH(CaCl) 0.00 0.00 0.00 0.00 0.00 000 000 000 000 000 000 000 000 000 000 0.00 0.00 0.0 0.00 0.00
indirect via Al 0.05 0.06 0.09 009 -0.06 006 003 009 007 009 008 005 005 -0.02 005 004 004 0.3 0.04  -0.04
indirect via Ca 0.04 005  -003 - 005 -0.02 005 002 007 006 007 005 002 004 00l 005 004 00l 0.00 -0.02 -0.02
indirect via Mg -0.34 036 023 -031 - 0.9 -022 -0.04 -037 -031 -037 -0.38 -0.09 -0.28 -0.08 -0.28 -0.06 -0.09  0.02 0.15 0.15
indirect via H+Al -0.05 20.07 007 -0.07 -0.08 -- -0.04 001 -007 0.0l -0.07 -0.12 0.11 -0.03 0.07 -0.08 0.03 0.7 0.10 0.06 0.06
indirect via K 0.14 0.15 -0.10 024 0.4 -006 - 013 024 023 024 020 007 020 -001 022 018 006 0.04 0.06  -0.06
indirect via P 0.01 0.0l  -001 0.02 000 000 003 -- 002 002 002 00l 00l 00l 000 00l 005 002 0.02 0.00 0.00
indirect via SB -0.03 20.03 002 -0.04 -0.03 001 -0.03 -001 -- -0.04 -0.04 -0.04 -0.01 -0.03 -0.01 -0.03 -0.02 -0.01  0.00 0.01 0.01
indirect via CTC 0.03 0.03  -0.02 0.04 003 000 004 002 004 -—- 004 003 003 003 002 003 003 002 0.0l -0.01 -0.01
indirect via CTCef -0.03 0.03  0.02 -0.04 -0.04 002 -0.04 -001 -005 -004 -  -0.04 -0.02 -0.03 -0.01 -0.03 -0.02 -0.01  0.00 0.01 0.01
indirect via V 0.03 003  -0.01 003 003 -0.02 002 001 003 002 003 - 000 002 000 002 00l 00l 0.00 -0.01 -0.01
indirect via MO -0.08 20.07  0.07 -0.09 -0.05 -0.13 -0.05 -0.05 -0.08 -0.15 -0.08 -0.03 -- 0.00 -0.14 0.03 -0.08 -0.15 -0.12 0.03 0.03
indirect via Cu 0.11 0.12  -007 0.14 015 -0.04 016 003 016 015 0.16 015 000 -- -001 020 007 005 0.04 -0.03 -0.03
indirect via Fe 0.08 0.06 003 005 005 011 -00l -0.01 005 0.10 0.05 002 018 -002 - -0.05 00l 008 0.04 -0.02 -0.02
indirect via Mn -0.07 0.07 005 -0.10 -0.09 006 -0.11 -0.01 -0.11 -0.09 -0.I1 -0.10 0.02 -0.12 0.02 -- -0.04 0.00 0.00 0.01 0.01
indirect via Zn -0.02 0.02  0.03 -0.08 -0.02 -0.02 -0.09 -0.12 -0.07 -0.08 -0.07 -0.03 -0.05 -0.04 -0.01 -0.03 -- -0.05 -0.03 0.03 0.03
indirect via MBSC -0.03 20.03 002 -0.02 -0.02 -0.04 -0.02 -0.04 -0.02 -0.04 -0.02 -0.02 -0.06 -0.02 -0.03 0.00 -003 -—-  -0.06 0.04 0.04
indirect via CCO2 -0.05 0.03 004 001 001 -0.11 -0.03 -0.09 0.00 -0.05 0.00 0.02 -0.11 -0.04 -0.03 0.00 -0.05 -0.15 - -0.07 -0.07
indirect via CCO2/BMSC 0.0 0.00  0.00 000 000 000 000 000 000 000 000 000 000 000 000 000 000 -0.0 0.00 0.01
indirect via qCCO2 0.00 0.00  0.00 000 000 000 0.00 000 000 000 000 000 000 000 000 000 000 -0.0 0.00 0.01
Total (correlation) -0.06 0.10  0.09 0.03 -024 0.2 014 -003 -0.02 003 -0.02 -0.05 -0.09 0.08 0.6 -0.01 0.00 -0.18 -0.14 0.09 0.09

pH (H20) - Hydrogenionic potential in water, pH (CaCl) - Hydrogenionic potential in calcium chloride; Al - Aluminum; Ca - Calcium; Mg- Magnesium; H + Al - Potential Acidity; K- Potassium; P-
Phosphorus; SB- Sum of Bases; CEC - Cation exchange capacity; CECef - Effective cation exchange capacity; V% - Base saturation; OM- Organic matter; Cu - Copper; Fe- Iron; Mn - Manganese; Zn -

Zinc; CMBS - microbial biomass carbon; CCO2 - Basal respiration; CO2/MBSC qCO2 - Metabolic quotient; Prathy - Prathylencus ssp.
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Table 5. Path analysis of the soil chemical and biological attributes on the occurrence of Rothylencus in different crops in Mato Grosso do Sul.
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Effect pH(H20) pH(CaCl) Al Ca Mg H+tAl K P SB CEC CECef V OM Cu Fe Mn Zn MBSC CCO2 CO2MBSC qCO2
Direct on Rothy 0.11 006 -031 -0.10 0.04 029 -030 0.16 -0.10 0.02 -0.I1 -0.10 035 000 -0.12 006 -0.07 -0.02 -0.20 -0.07 -0.07
Indirect via pH(H20) 011  -0.03 007 0.09 -0.03 006 002 008 007 008 0.0 004 005 003 0.05 002 004 0.02 -0.02 -0.02
Indirect via pH(CaCl) 0.06 —  -0.02 004 005 -0.02 003 001 005 004 005 006 002 003 001 003 001 002 0.0l -0.01 -0.01
Indirect via Al 0.09 0.11 — 016 0.6 -0.11 011 005 017 013 0.6 014 010 0.10 -0.04 0.10 007 007 0.5 -0.06 -0.06
Indirect via Ca -0.07 0.07 005 - -0.07 003 -0.08 -0.04 -0.10 -0.09 -0.10 -0.09 -0.04 -0.06 -0.02 -0.07 -0.06 -0.02  0.00 0.03 0.03
Indirect via Mg 0.03 003  -0.02 003 -— -0.02 002 0.00 0.03 003 003 003 00l 003 001 002 001 0.0l 000 -0.01 -0.01
Indirect via H+Al -0.08 0.11 0.0 -009 -0.12 - -0.06 0.02 -0.10 002 -0.10 -0.17 0.15 -0.05 0.1 -0.12 0.04 0.0 0.14 0.08 0.08
Indirect via K 0.1449 015 010 -024 -0.14 0.06 - -0.13 -024 -023 -024 -020 -0.07 -020 0.01 -022 -0.18 -0.06 -0.05 0.06 0.06
Indirect via P 0.03  0.03184 -0.03 0.06 001 001 007 -- 005 006 005 003 004 002 -001 002 014 006 0.06 -0.01 -0.01
Indirect via SB -0.07 0.08 005 -0.10 -0.08 004 -0.08 -0.03 -- -0.09 -0.10 -0.09 -0.03 -0.07 -0.02 -0.07 -0.05 -0.02 0.00 0.03 0.03
Indirect via CEC 0.02 002 -0.01 002 002 000 002 00l 002 -- 002 002 002 002 001 001 001 00l 0.0l 0.00 0.00
Indirect via CECef -0.08 0.08 005 -0.10 -0.08 004 -0.09 -0.03 -0.I1 -0.10 - -0.09 -0.04 -0.07 -0.02 -0.08 -0.05 -0.02 0.00 0.03 0.03
Indirect via V -0.08 0.09 004 -008 -0.08 006 -0.06 -0.02 -0.09 -0.06 -0.09 - -0.01 -0.06 -0.01 -0.07 -0.02 -0.02 0.0l 0.04 0.04
Indirect via MO 0.12 0.0 -0.I1 0.3 0.07 019 008 008 0.2 021 012 004 - 000 021 -0.05 012 022 0.17 -0.04 -0.04
Indirect via Cu 0.00 0.00  0.00 000 000 000 000 0 000 000 000 000 000 -- 000 000 000 0.00 0.00 0.00 0.00
Indirect via Fe -0.03 0.03  -0.01 -0.02 -0.02 -0.05 0.0 0.0 -0.02 -0.04 -0.02 -0.01 -008 0.0l - 002 -0.01 -0.03 -0.02 0.01 0.01
Indirect via Mn 0.03 003  -0.02 004 004 -0.03 004 001 004 004 004 004 -001 005 -00 -—- 001 0.00 0.00 0.00 0.00
Indirect via Zn -0.01 0.0 002 -0.04 -0.01 -0.01 -0.04 -0.06 -0.03 -0.04 -0.03 -0.02 -0.02 -0.02 000 -0.02 - -0.02 -0.02 0.01 0.01
Indirect via MBSC -0.01 0.0 000 000 000 -0.01 000 -0.01 000 -0.01 000 -0 -0.01 000 -001 000 -001 -  -0.01 0.01 0.01
Indirect via CCO2 -0.04 0.03 003 00l 00l -0.10 -0.03 -0.08 0.0 -0.04 000 001 -0.1 -0.03 -003 0.00 -0.04 -0.13 - -0.06 -0.06
Indirect via CCO2/ MBSC ~ 0.01 001  -0.01 002 002 -0.02 001 000 002 00l 002 002 00l 00l 000 001 001 003 -0.02 -0.07
Indirectvia gqCCO2 0.01 001  -0.01 002 002 -0.02 001 000 002 00l 002 002 00l 00l 0 001 001 003 -0.02 -0.07
Total (correlagio) -0.08 0.11 020 -021 -0.08 037 -035 001 -021 -0.06 -022 -026 040 -024 0.1 -035 -0.06 024 0.10 -0.07 -0.07

pH (H20) - Hydrogenionic potential in water, pH (CaCl) - Hydrogenionic potential in calcium chloride; Al - Aluminum; Ca - Calcium; Mg- Magnesium; H + Al - Potential Acidity; K- Potassium; P-
Phosphorus; SB- Sum of Bases; CEC - Cation exchange capacity; CECef - Effective cation exchange capacity; V% - Base saturation; OM- Organic matter; Cu - Copper; Fe- Iron; Mn - Manganese; Zn -
Zinc; CMBS - microbial biomass carbon; CCO2 - Basal respiration; CO2/MBSC qCO2 - Metabolic quotient; Rothy - Rothylencus ssp.
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Table 6. Path analysis of nematode occurrence and soil chemical and biological attributes on maize grain yield evaluated in different crops in Mato Grosso do Sul.

Effect Rothy Prathy pH1 pH2 Al Ca Mg H+Al K P SB CEC CECef V OM Cu Fe Mn Zn MBSC CCO2 CO2/MBSC qCO2
Direct on Yield 0.03  -0.07 0.24 0.20 0.13 0.07 -031 0.17 -0.01 0.04 -0.03 0.04 -0.03 -0.06 0.01 -0.02 0.00 0.08 049 022 -0.08 0.00 0.00
Indirect via Rothy --- 0.00 0.00 0.00 -0.01 -0.01 0.00 0.01 -0.01 0.00 -0.01 0.00 -0.01 -0.01 0.01 -0.01 0.00 -0.01 0.00 0.01 0.00 0.00 0.00
Indirect via Prarhy 0.01 0.00 0.01 -0.01 0.00 0.02 -0.01 -0.01 0.00 0.00 0.00 0.00 0.00 0.01 -0.01 -0.01 0.00 0.00 0.01 0.01 -0.01 -0.01
Indirect via pH(H20) -0.02  -0.01 --- 0.24 -0.07 0.16 0.18 -0.06 0.12 0.05 0.17 0.15 0.17 020 0.08 0.11 0.07 0.11 004 0.08 0.05 -0.04 -0.04
Indirect via pH(CaCl) -0.02  -0.02 0.19 - -0.07 0.13 0.15 -0.07 0.10 0.04 0.15 0.12 0.15 0.18 0.05 0.09 0.04 0.10 0.03 0.06 0.03 -0.04 -0.04
Indirect via Al -0.03  0.01 -0.04 -0.04 ---  -0.06 -0.06 0.04 -0.04 -0.02 -0.07 -0.05 -0.06 -0.06 -0.04 -0.04 0.01 -0.04 -0.03 -0.03 -0.02 0.03 0.03
Indirect via Ca -0.02  0.00 0.05 0.05 -0.04 -- 0.05 -0.02 0.06 0.03 0.07 0.07 007 0.06 0.03 0.04 0.0l 0.05 0.04 0.0l 0.00 -0.02 -0.02
Indirect via Mg 0.02 0.07 -0.23 -0.24 0.16 -021 -- 0.13 -0.14 -0.02 -0.25 -020 -0.25 -0.25 -0.06 -0.19 -0.06 -0.19 -0.04 -0.06 0.01 0.10 0.10
Indirect via H+Al 0.06 0.02 -0.05 -0.06 0.06 -0.06 -0.07 -- -0.03 0.01 -0.06 001 -0.06 -0.10 0.09 -0.03 0.06 -0.07 0.02 0.06 0.08 0.05 0.05
Indirect via K 0.00  0.00 -0.01 -0.01 0.00 -0.01 -0.01 000 -- -0.01 -0.01 -0.01 -0.01 -0.01 0.00 -0.01 0.00 -0.01 -0.01 0.00 0.00 0.00 0.00
Indirect via P 0.00  0.00 0.01 0.01 -0.01 0.01 0.00 0.00 002 -- 0.01 0.01 001 0.01 001 0.01 0.00 0.00 003 0.01 0.01 0.00 0.00
Indireto via SB 0.01  0.00 -0.02 -0.03 0.02 -0.03 -0.03 0.01 -0.03 -0.01 -- -0.03 -0.03 -0.03 -0.01 -0.02 -0.01 -0.03 -0.02 -0.01 0.00 0.01 0.01
Indirect via CEC 0.00 0.00 0.03 0.03 -0.02 0.04 0.03 0.00 0.03 0.02 004 -- 0.04 0.03 0.03 0.03 0.02 0.03 0.03 0.02 0.0l -0.01 -0.01
Indirect via CECef 0.01  0.00 -0.02 -0.03 0.02 -0.03 -0.03 0.01 -0.03 -0.01 -0.03 -0.03 -- -0.03 -0.01 -0.02 -0.01 -0.03 -0.02 -0.01 0.00 0.01 0.01
Indirect via V 0.02  0.00 -0.05 -0.05 0.03 -0.05 -0.05 0.04 -0.04 -0.01 -0.05 -0.04 -005 -- -0.01 -0.04 0.00 -0.04 -0.01 -0.01 0.00 0.02 0.02
Indirect via OM 0.00  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 -- 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00
Indirect via Cu 0.00  0.00 -0.01 -0.01 0.01 -0.01 -0.01 0.00 -0.01 0.00 -0.01 -0.01 -0.01 -0.01 0.00 --- 0.00 -0.01 -0.01 0.00 0.00 0.00 0.00
Indirect via Fe 0.00  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00 000 --- 0.00 0.00 0.00 0.00 0.00 0.00
Indirect via Mn -0.03  0.00 0.04 0.04 -0.02 0.05 0.05 -0.03 0.06 0.01 0.06 0.05 0.06 0.05 -0.01 0.06 -001 -- 002 0.00 0.00 -0.01 -0.01
Indirect via Zn -0.03  0.00 0.08 0.08 -0.11 027 0.06 0.07 030 041 024 029 024 0.11 0.16 0.15 0.02 0.12 - 0.17  0.11 -0.09 -0.09
Indirect via MBSC 0.05 -0.04 0.08 0.07 -0.05 0.03 0.04 0.08 0.05 0.08 004 0.08 004 004 0.14 005 0.06 0.00 0.08 - 0.14 -0.09 -0.09
Indirect via CCO2 -0.01  0.01 -0.02 -0.01 0.01 0.00 0.00 -0.04 -0.01 -0.03 0.00 -0.02 0.00 0.01 -0.04 -0.01 -0.01 0.00 -0.02 -0.05 - -0.02 -0.02
Indirect via CCO2/MBSC  0.00  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 - 0.00
Indirect via qCCO2 0.00  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -
Total (correlagdo) 0.08 -0.05 0.32 0.27 0.06 0.31 -0.04 037 035 057 025 044 025 0.11 043 0.5 0.19 008 0.73 053 035 -0.10 -0.10

pH1 - Hydrogenionic potential in water, pH2 - Hydrogenionic potential in calcium chloride; Al - Aluminum; Ca - Calcium; Mg- Magnesium; H + Al - Potential Acidity; K- Potassium; P- Phosphorus; SB-
Sum of Bases; CEC - Cation exchange capacity; CECef - Effective cation exchange capacity; V% - Base saturation; OM- Organic matter; Cu - Copper; Fe- Iron; Mn - Manganese; Zn - Zinc; CMBS -
microbial biomass carbon; CCO2 - Basal Respiration; qCO2 - Metabolic quotient; Rothy - Rothylenculus ssp. ; Prathy - Prathylencus ssp .; YIELD- Yield in kg ha-1
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CONCLUSIONS

The organic matter and the microbial
biomass carbon positively influence the grain yield
of maize crops.
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The population of Rotylenchulus spp. in the
maize crops is related to the soil potential acidity
and organic matter.

The presence of zinc in the soil is a limiting
factor of grain yield.

Magnesium negatively influences the
population of Pratylenchulus spp. in maize crops.

RESUMO: Sistemas de cultivo ¢ uso do solo influenciam diretamente o rendimento das culturas,
interferindo nos atributos quimicos, fisicos e bioldgicos do solo. Este trabalho teve como objetivo avaliar a
correlagdo entre a produtividade de graos de milho, os atributos quimicos e bioldgicos do solo e a ocorréncia de
nematoides em milho cultivado no periodo de entressafra, no estado do Mato Grosso do Sul. Amostras de solo
de 21 safras de milho fora de temporada foram coletadas em 2015. As amostras foram usadas para identificar e
quantificar os nematoides, determinar a atividade microbiana e o carbono da biomassa, e para analises
quimicas. Os atributos foram agrupados com base nas variaveis avaliadas usando a distancia euclidiana média e
o método de agrupamento de Ward. A inter-relac@o entre as variaveis foi analisada por meio de correlagdes, e
seu desdobramento nas investigacdes de causa e efeito foi avaliado pela analise de trilha. A matéria organica e
o carbono da biomassa microbiana influenciam positivamente o rendimento de graos. O magnésio influencia
negativamente a populacdo de Pratylenchulus spp. nas culturas de milho. A acidez potencial ¢ a matéria
organica estdo relacionadas a presenca de Rotylenchulus spp.

PALAVRAS-CHAVE: Analise de trilha. Microbiologia do solo. Matéria organica do solo.

REFERENCES

ALMEIDA, R. E. M.; FAVARIN, J. L. Consoércio milho e braquiaria ¢ o balango do nitrogénio. Revista Visao
Agricola, Piracicaba, v. 9, p. 1-10, 2009.

ALMEIDA, V. P.; ALVES, M. C.; SILVA, E. C.; OLIVEIRA, S. A. Rotagdo de culturas e propriedades fisicas
e quimicas em Latossolo Vermelho de cerrado sob preparo convencional e semeadura direta em adogao.
Revista Brasileira Ciéncia do Solo, Vigosa, v. 32, p. 1227-1237, 2008.

ANDERSON, T. H.; DOMSCH, K. H. Application of eco-phisiological quotiens (¢qCO, and ¢D) on microbial
biomasses from soils of different croping histories. Soil Biology and Biochemistry, Amsterda, v. 22, p. 251-
255, 1990. https://doi.org/10.1016/0038-0717(90)90094-G

ASMUS, G. L.; RICHETTI, A. Milho e Brachiaria ruziziensis em Rotacdo com a Soja para Manejo do
Nematoide Reniforme. Boletim de Pesquisa e Desenvolvimento -Embrapa Agropecuaria Oeste. Dourados, MS
—2015.

ASMUS, G. L.; ISHIMI, C. M. Flutuac¢ao Populacional e Biologia de Rotylenchulus reniformis (Nemata:
Rotylenchulinae) em Algodoeiro sob Sistema Plantio Direto. Boletim de Pesquisa e Desenvolvimento -
Embrapa Agropecuaria Oeste. Dourados, MS — 2007.

BHERING, L. L. Rbio: a tool for biometric and statistical analysis using the R platform. Crop Breeding and
Applied Biotechnology, Vicosa, v. 17, p. 187-190, 2017. https://doi.org/10.1590/1984-70332017v17n2s29

BLANCO, E. A. Identificaciéon, cuantificacion y caracterizacion de densidades poblacionales de
nematodos asociados al cultivo del arroz (oryza sativa 1) en la regién huetar norte (canténes de los chiles y
san carlos) de costa rica. [Trabalho final de graduagdo em agronomia]. Instituto Tecnologico de Costa Rica
sede regional San Carlos -2008.

Biosci. J., Uberlandia, v. 36, n. 6, p. 1845-1857, Nov./Dec. 2020
http://dx.doi.org/10.14393/BJ-v361n6a2020-48143



1856
Correlations between. .. KROLIKOWSKI, V. et al.

CORREIA, N. M.; LEITE, M. B.; FUZITA, W. E. Consércio de milho com urochloa ruziziensis € os efeitos na
cultura da soja em rotagdo. Bioscience Journal, Uberlandia, v. 29, p. 65-76, 2013.

CRUZ, C. D. GENES: a software package for analysis in experimental statistics and quantitative genetics. Acta
Scientiarum Agronomy, Maringa, v. 35, p. 271-276, 2013 .http://dx.doi.org/10.4025/actasciagron.v35i3.21251.

CRUZ, C. D.; REGAZZI, A. J.; CARNEIRO, P. C. S. Modelos biométricos aplicados ao melhoramento
genético. Vigosa: Universidade Federal de Vigosa, 2012. 480p.

CUNHA, T.J. F.; MENDES, A. M. S.; GIONGO, V. Matéria orginica do solo. In: NUNES, R. R;
REZENDE, M. O. O. (Org.). Recurso solo: propriedades ¢ usos. Sdo Carlos: Cubo, 2015.

CUNHA, T. P. L.; MINGOTTE, F. L. C.; CHIAMOLERA, F. M.; CARMEIS FILHO, A. C. A.; SOARES P.
L. M.; LEMOS, L.B.; VENDRAMINI, A. R. Ocorréncia de nematoides e produtividade de feijoeiro e milho em
fungdo de sistemas de cultivo sob plantio direto. Nematropica, Florida, v. 45, p. 1-11, 2015.

DOMINGUES, M. R.; BUZETTI, S.; ALVES, M. C.; SASSAKI, N. Doses de enxofre e de zinco na cultura do
milho em dois sistemas de cultivo na recuperag¢do de uma pastagem degradada. Cientifica, Jaboticabal, v. 32, p.
147-151, 2004.

EMBRAPA. Centro Nacional de Pesquisa de Solos (Rio de Janeiro, RJ). Manual de métodos de analise do
solo. 2. Ed. Rio de Janeiro, 1997. p.212

FRANCHINI, J. C.; DEBIASI, H.; DIAS, W. P.; RAMOS JUNIOR, E. U.; BALBINOT JUNIOR, A. A.
Densidade populacional do nematoide das lesdes radiculares em soja e sua relagdo com a calagem. In: XXXIV
Reunido de Pesquisa de Soja, 2014, Londrina/PR. Resumos.... XXXIV Reunido de Pesquisa de Soja, 2014,
Londrina/PR.

FRANCHINL J. C.; MORAES, M. T. de; DEBIASI, H.; DIAS, W. P.; RIBAS, L. N.; SILVA, J. F. V.
Variabilidade espacial de atributos quimicos do solo e relagdo com os danos pelo nematoide das lesdes
radiculares em soja. In: XXXIII Congresso Brasileiro de Ciéncia do Solo, 2011, Uberlandia/MG. Resumos...
Sociedade Brasileira de Ciéncia do Solo, 2011.

FEIGL, B. J.; SPARLING, G. P.; ROSS, D. J.; CERRI, C. C. Soil microbial biomass in Amazonian soils:
evaluation of methods and estimates of pool sizes. Soil Biology and Biochemistry, Amsterda, v. 27, p. 1467-
1472, 1998. https://doi.org/10.1016/0038-0717(95)00063-K

GONCALVES JUNIOR., A. C.; PRESTES, A. L.; TRAUTMANN, R. R.; SANTOS, A. L.; ANDREOTTIL M.
Avaliacdo de extratores ¢ fitodisponibilidade de zinco para a cultura do milho num Latossolo Vermelho
eutroférrico. Acta Scientiarum Agronomy, Maringa, v. 28, p. 7-12, 2006.
https://doi.org/10.4025/actasciagron.v28il.1281

JACKSON, L. E.; CALDERON, F. J.; STEENWERTH, K. L.; SCOW, K. M.; ROLSTON, D. E. Responses of
soil microbial processes and community structure to tillage events and implications for soil quality. Geoderma,
Amsterda, v. 114, p. 305-317, 2003. https://doi.org/10.1016/S0016-7061(03)00046-6

JAMAMI, N.; BULL, T. L.; CORREA, J. C.; RODRIGUES, J. D. Resposta da cultura do milho (Zea mays L.)
a aplicagdo de boro e de zinco no solo. Acta Scientiarum Agronomy, Maringa, v. 28, p. 99-105, 2006.

JENKINS, W. R. A rapid centrifugal-flotation technique for separating nematodes from soil. Plant Disease,
Reporter, v. 48, p. 692-694, 1964.

LEANDRO, H. M.; ASMUS, G. L. Rotagdo e sucessdo de culturas para o manejo do nematoide reniforme em
area de produgdo de soja. Ciéncia Rural, Santa Maria, v. 45, p. 6-14, 2015.

Biosci. J., Uberlandia, v. 36, n. 6, p. 1845-1857, Nov./Dec. 2020
http://dx.doi.org/10.14393/BJ-v361n6a2020-48143



1857
Correlations between. .. KROLIKOWSKI, V. et al.

LOPES, A. S. Manual internacional de fertilidade do solo. 2° Ed. Revis. ¢ ampl. Piracicaba, POTAFOS,
1998.

LOSS, A.; PEREIRA, M. G.; PERIN, A.; BEUTLER, S.J.; ANJOS, L. H. C. Carbon, nitrogen and natural
abundance of 613C e 815N of lightfraction organic matter under no-tillage and crop-livestock integration
systems. Acta Scientiarum Agronomy, Maringa, v. 34 p. 465-472, 2012.

MAINARDI, J. T.; ASMUS, G. L. Danos e potencial reprodutivo de Pratylenchus brachyurus em cinco
espécies vegetais. Revista de Agricultura Neotropical, Cassilandia, v. 2, p. 38-47, 2015.

MUNER, L. H.; RUIZ, H. A.; VENEGAS, V. H. A;; NEVES, J. C. L,; FREIRE, J. F.; FREIRE, M. B. G. S.
Disponibilidade de zinco para milho em resposta a localizagdo de fésforo no solo. Revista Brasileira de
Engenharia Agricola e Ambiental, Campina Grande, v. 15, p. 29-36, 2011.

NASCIMENTO, C. W. A.; FONTES, R. L. F.; NEVES, J. C. L.; MELICIO, A. C. F. D. Fracionamento,
dessorgdo e extracdo quimica de zinco em latossolos. Revista Brasileira de Ciéncia do Solo, Vicosa, v. 26, p.
599-606, 2002. https://doi.org/10.1590/S0100-06832002000300003

OLIVEIRA, A. S. Analise foliar. In: Sousa DMG & Lobato E (Eds.) Cerrado - correcdo do solo e adubacao.
Brasilia: Embrapa Informagdo Tecnologica, p. 245-255, 2004.

PRADO, R. M.; FERNANDES, F. M.; ROQUE, C. G. Resposta da cultura do milho a modos de aplicagéo e
doses de fosforo, em adubagdo de manutengdo. Revista Brasileira de Ciéncia do Solo, Vicosa, v. 25, p. 83-90,
2001.

RIBEIRO, L. M.; SANTOS, A. L.; LEITE, E. M.; KROLIKOWSKI, V.; FACHINELLI, R.; CECCON, G.
Produtividade de milho safrinha solteiro e consorciado com braquiaria em lavouras de Mato Grosso do Sul. In:
SEMINARIO NACIONAL DE MILHO SAFRINHA, 13., 2015, Maringa. Anais... Maringa, UEM, 2015. p. 1-
5.

SANTANA-GOMES, S. M.; DIAS-ARIEIRA, C.R.; ROLDI, M.; DADAZIO, T. S.; MARINI, P. M.;
BARIZAO, D. A. O. Mineral nutrition in the control of nematodes. African Journal of Agricultural
Research, Cidad do Cabo, v. 8, p. 2413-2420, 2013.

SILVA, F. C. Manual de analises quimicas de solos, plantas e fertilizantes. Brasilia: Embrapa Informacdes
tecnologicas. 2. ed. p. 627, 2009.

SOUSA, D. M. G.; VILELA, L.; REIN, T. A.; LOBATO, E. Eficiéncia da adubac¢do fosfatada em dois sistemas
de cultivo em um latossolo de cerrado. In: Congresso Brasileiro de Ciéncia do Solo, 26, Rio de Janeiro, 1997.

TEODORO, P. E.; SILVA JUNIOR, C. A.; CORREA, C. C.; RIBEIRO, L. P.; OLIVEIRA, E. P.; LIMA, M.
F.; TORRES, F. E. Path analysis and correlation of two genetic classes of maize (Zea mays L.). Journal of
Agronomy, New York, v. 13, p. 23-28, 2014. https://doi.org/10.3923/ja.2014.23.28

VANCE, E. D.; BROOKES, P. C.; JENKINSON, D. S. An extraction method for measuring soil microbial
biomass C. Soil Biology and Biochemistry, Amsterda, v. 19, p. 703-707, 1987. https://doi.org/10.1016/0038-
0717(87)90052-6

VASCONCELLOS, C. A.; FIGUEIREDO, A. P. H. D.; FRANCA, G. E.; COELHO, A. M.; BRESSAN, W.
Manejo do solo ¢ a atividade microbiana em latossolo vermelho-escuro da regido de sete lagoas, MG. Pesquisa
Agropecuaria Brasileira, Brasilia, v. 33, p. 1897-1905, 1998.

VEZZANI, F. M. Qualidade do sistema solo na producio agricola. Tese (Doutorado) - Porto Alegre,
Universidade Federal do Rio Grande do Sul, 2001.

WARD, J. H. Hierarchical grouping to otimize an objective function. Journal American Association, New
York, v. 58, p. 236-244, 1963. https://doi.org/10.1080/01621459.1963.10500845

Biosci. J., Uberlandia, v. 36, n. 6, p. 1845-1857, Nov./Dec. 2020
http://dx.doi.org/10.14393/BJ-v361n6a2020-48143



