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Abstract

Sugarcane plays an important socio-economic role in northeastern Brazil. However, the low yield in 
this region is associated with several factors (e.g. frequent occurrence of plant-parasitic nematodes). 
In order to observe the influence of soil organic matter on the nematodes, this study aimed to 
characterize the spatial nematode distribution in a sugarcane field. The study was carried out in Goiana 
– Pernambuco State (Brazil), fifty days after sugarcane cutting (10 days after vinasse application). The 
sampling scheme consisted of a regular 60 × 50-m grid, 10 m spaced, through 0 to 0.2 m depth. Spatial 
distribution was evaluated by semivariograms fit and performed by ordinary kriging interpolation 
for mapping. Exponential and spherical models promoted the best fit to semivariograms, resulting in 
ranges from 16 to 19 m. There was a strong negative correlation between soil organic matter and plant-
parasitic nematode population density. Free-living nematodes had a similar distribution pattern as soil 
organic matter content. These results indicated that soil organic matter had important effects on spatial 
distribution of both plant-parasitic and free-living nematodes.
Key words: Soil microfauna. Semivariogram. Spatial variability. Vinasse.

Resumo

A cana-de-açúcar desempenha importante papel socioeconômico para o Nordeste Brasileiro. Por outro 
lado, a baixa produtividade nesta região está associada a diversos fatores, dentre estes, a relevante 
presença de nematoides fitoparasitas. A fim de verificar a influência da matéria orgânica sobre os 
nematoides, o objetivo deste estudo foi caracterizar a distribuição espacial da matéria orgânica e da 
nematofauna em área cultivada com cana-de-açúcar fertirrigada com vinhaça. O estudo foi realizado 
no município de Goiana, Zona da Mata Norte de Pernambuco, 50 dias após corte da cana (10 dias 
após aplicação da vinhaça). Utilizou-se um sistema de amostragem em malha regular de 60 × 50 m, 
com espaçamento de 10 m, na profundidade de 0-0,2 m. A distribuição espacial foi avaliada por meio 
de ajustes de semivariogramas e realizada interpolação por krigagem ordinária para mapeamento. O 
modelo esférico e o exponencial proporcionaram melhor ajuste aos semivariogramas, com alcances 
de 16 a 19 m. A matéria orgânica correlacionou-se negativamente com a população dos nematoides 
fitoparasitas. O mapeamento permitiu observar padrões de distribuição espacial similares entre as 
comunidades de nematoides de vida livre e a matéria orgânica. Esses resultados indicam que a matéria 
orgânica tem um papel importante na distribuição espacial dos nematoides fitoparasitas e de vida livre.
Palavras-chave: Microfauna do solo. Semivariograma. Variabilidade espacial. Vinhaça.
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Introduction

Sugarcane cultivation plays a great economic role 
for Brazil, which holds the title of largest producer 
in the world. Cultivated areas are expanding and 
the harvested area for the sugar-alcohol activity is 
estimated at 9,004.5 thousand hectares, distributed 
in all Brazilian producing states. Currently, 
Pernambuco State is the second largest producer in 
the Northeast and the seventh in Brazil (CONAB, 
2014).

Several factors may affect sugarcane production, 
being the plant-parasitic nematodes important 
pathogens of this crop. Among nematode species 
that parasitize this crop are Meloidogyne javanica, 
M. incognita, and Pratylenchus zeae. These 
species cause yield losses from 20 to 40% in the 
first sugarcane cutting of susceptible varieties, 
also reducing the longevity of sugarcane ratoon 
(DINARDO-MIRANDA, 2006). Damages vary 
according to the population level of nematode 
species, soil type, and cultivated variety (CHAVES 
et al., 2009).

On the other hand, composition and structure 
of nematode communities may undergo direct or 
indirect effect from soil properties (CARDOSO 
et al., 2012). Specifically, changes in soil organic 
matter content directly influence the habitat 
(BIEDERMAN; BOUTTON; WHISENANT, 
2008), food chain (BERG; BENGTSSON, 
2007) and reproduction (FARAHAT et al., 2012) 
of nematodes, which determines their spatial 
distribution (CADET; SPAULL, 2003).

In this context, the use of residues from 
sugarcane processing, such as filter cake and 
bagasse, has obtained satisfactory results in 
suppressing plant-parasitic nematode populations 
(STIRLING et al., 2003; CHIRCHIR et al., 2008). 
Thus, the addition of organic matter is one of the 
foundations to obtain a biological equilibrium in 
the soil, favoring the microfauna and, consequently, 
increasing the dominance of free-living nematodes 
(PAPATHEODOROU; ARGYROPOULOU; 

STAMOU, 2004; BERRY; CADET; SPAULL, 
2005).

Nematode distribution in the field is aggregated 
(FERRIS; WILSON, 1987), which implies spatial 
dependence. Thus, in order to obtain information on 
the dynamics of nematode communities in the soil, 
adequate sampling and data analysis procedures are 
required (PINHEIRO et al., 2008). Geostatistical 
mapping allows visualizing the variability pattern 
of these organisms, constituting a useful tool for 
defining management strategies and recovery of 
infested areas (ORTIZ et al., 2010). However, studies 
on the spatial nematode distribution are incipient 
but relevant for the development of sampling 
plans aiming at the application in integrated pest 
management programs. Given the above, this study 
aimed to characterize the spatial nematofauna and 
soil organic matter distribution in a sugarcane field 
under fertigation with vinasse.

Materials and Methods

Area characterization

The study was carried out in an area intensely 
cultivated with sugarcane (variety RB863129), 
which had been managed under conventional 
planting for more than two decades. The area is 
located at the coordinates 7°33’38” S and 35°00’09” 
W and it is characterized by a sand-texture soil. 
Local climate, according to Köppen-Geiger Climate 
Classification (KOPPEN, 1948), is humid tropical 
type ‘As’, which is characterized by being warm 
and humid, with rainfall from autumn to winter 
(March to August), average annual temperatures 
varying around 24 °C, a very weak annual thermal 
amplitude (about 3 °C) and isohyets ranging from 
1,932.3 to 975.6 mm per year.

Soil sampling

Soil samples were collected 50 days after 
sugarcane cutting (10 days after vinasse application) 
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in a 60 × 50-m (3,000 m2) square grid, with points 
spaced at 10 m intervals, totalizing 42 points, and 
collected at 0–0.2 m depth. Non-deformed samples 
were taken by a modified sampler with stainless 
steel cylinders TORSOL®, with a diameter of 50 
mm, a height of 26.5 mm and a volume of 50 cm3.

Nematological analyses

Soil samples were homogenized and the 
nematodes extracted from 300-cm3 soil aliquots by 
using the centrifugal flotation technique in a sucrose 
solution (JENKINS, 1964). Suspensions remained 
under refrigeration (4–6 °C), and nematodes were 
counted on Peters’ slides under an optical microscope. 
Nematodes were classified as plant-parasitics 
(ectoparasites and endoparasites) and free-living. 
Ectoparasite nematodes remain outside the host 
and penetrate only the stylet (e.g. Helicotylenchus). 
Sedentary endoparasite nematodes fully penetrate 
the roots, causing the formation of nourishing cells 
and becoming obese (e.g. Meloidogyne). Non-
plant-parasitic nematodes were classified as free-
living nematodes. Identification was conducted at 
genus level for plant-parasitic nematodes and at 
family level for free-living nematodes, according to 
the keys of Mai et al. (1996) and Tarjan, Esser and 
Chang (1977). Among the plant-parasitic nematodes, 
the ectoparasites found were those from the genus 
Helicotylenchus, Xiphinema, Hemicycliophora, 
Trichodorus, and Criconemella; the found 
endoparasites belong to the genus Meloidogyne. 
Among the free-living nematodes, individuals of the 
families Dorylaimidae, Mononchidae, Rhabditidae, 
Cephalobidae, and Aphelenchidae were identified.

Soil organic matter quantification

Soil organic matter content was determined 
by the method described by EMBRAPA (2009), 
in which organic matter undergoes wet chemical 
oxidation with potassium dichromate in sulfuric 
acid. Unconsumed potassium dichromate is titrated 

with an ammoniacal ferrous sulfate solution and 
determined organic carbon content. Finally, soil 
organic matter content is determined by multiplying 
the resulting value by 1.724.

Data analysis

Descriptive statistical analysis was carried out 
by means of measures of central tendency and 
dispersion and adherence to normal distribution 
according to the Kolmogorov-Smirnov test, at 
levels of 1 and 5% significance. Discrepant data 
were eliminated based on the Hoaglin (1983) 
criterion, which considers as discrepant those data 
below the lower limit (Ll) or above the upper limit 
(Lu), respectively estimated by Ll = Ql − 1.5IQR 
and Lu = Qu + 1.5IQR, where Ql and Qu are the 
lower and upper quartiles, respectively, and IQR is 
the interquartile range.

In order to classify the analyzed attribute 
variability, Warrick and Nielsen (1980) criteria 
were adopted: CV < 12% (low), 12 ≤ CV ≤ 62% 
(medium) and CV > 62% (high). The degree 
of spatial dependence analysis was performed 
according to Cambardella et al. (1994), for whom 
the spatial dependence is considered as strong when 
semivariograms present a nugget effect to sill ratio 
smaller than or equal to 25%, moderate for values 
between 25% and 75%, and weak for values higher 
than 75%.

For the geostatistical analysis, the software GEO–
EAS (Geostatistical Environmental Assessment 
Software) (ENGLUND, SPARKS, 1991) was used 
adopting the classical semivariance estimator, in 
which γ is the semivariance value, estimated from 
the experimental data, and N(h) is the number of 
pair of observations Z(xi) and Z (xi + h), separated 
by distance h:

   
2N(h)
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h)Z(xiZ(xi)
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The theoretical semivariogram parameters 
were represented in graphs defined by means of 
range (a), sill (C) and nugget effect (C0), adjusted 
in order to minimize the mean squared errors. 
Model adjustments were chosen considering the 
semivariogram parameters, the coefficient of 
determination (R2) and auto-validation (‘Jack-
Knifing’). Each measured value was interpolated 
by the kriging method, successively eliminating 
the measured values, which were replaced by the 
estimates, then calculating the distribution of 
standard errors (OLIVER; WEBSTER, 2014).

With the adjustment of theoretical models 
and definition of semivariogram coefficients, 
the ordinary kriging was used to estimate values 
of attributes spatially distributed from adjacent 

values (OLIVER; WEBSTER, 2014). Surfer 
Software (GOLDEN SOFTWARE, 1995) was 
used to elaborate maps of spatial distribution of 
variables based on values estimated by kriging, 
previously carried out with the software GEO–EAS 
(ENGLUND; SPARKS, 1991).

Results and Discussion

Descriptive analysis for nematofauna and soil 
organic matter variables is described in Table 1. 
The Kolmogorov-Smirnov (KS) test at 1% and 5% 
probability indicated normality for all variables 
under study, which could also be observed in the 
joint analysis for values of means, medians, and 
kurtosis.

Table 1. Descriptive statistic for soil organic matter and plant-parasitic nematode in sugarcane field under fertigation 
with vinasse.

Ectoparasites● Endoparasites● Free living● OM
Mean 512.47 179.92 715.41 2.79

Median 459.00 180.00 568.00 2.89
Minimum 0.00 0,00 168.00 1.71
Maximum 1386.00 404.00 1761.00 3.97
Skewness 0.61 0.25 1.10 -0.12
Kurtosis -0.60 -0.81 0.74 -0.17
CV(%) 71.85 61.36 58.08 19.48

SD 368.21 110.41 415.48 0.54
KS * * * *

CV = coefficient of variation, SD = standard deviation, KS = Kolmogorov-Smirnov test, (*) normal distribution at 1 and 5 % 
significance, OM = organic matter (%). (●) individuals per 300 cm3 soil.

Regarding data variability, ectoparasite 
nematodes (CV = 71%) presented high variability 
and endoparasites (CV = 61%), free-living (CV = 
58%) and soil organic matter (CV = 19%) presented 
a medium variation. According to Campos et al. 
(2009), coefficients of variation allow comparing 
values between different soil attributes and average 
values can be considered as the first indicators of 
the existence of data heterogeneity.

Spatiotemporal distribution of nematode 
communities varies according to biology, 

feeding habit and availability of host plants. In 
agricultural areas, their distribution is generally 
considered as aggregate (FERRIS; WILSON, 
1987). However, sedentary endoparasite nematodes 
(e.g. Meloidogyne) deposit all their eggs at the 
same place, in a mass form, generating a highly 
aggregated spatial distribution pattern. On the other 
hand, ectoparasite nematodes (e.g. Helicotylenchus) 
deposit their eggs individually, resulting in a random 
distribution pattern (BENN; SCHOMAKER, 
2006). Thus, that is the reason why the ectoparasite 
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nematodes presented greater spatial variability than 
the sedentary endoparasite nematodes.

According to the experimental semivariogram 
parameters, all studied variables presented spatial 
dependence (Table 2 and Figure 1). The spherical 
model presented the best fit to the semivariograms 
of soil organic matter and endoparasite (genus 
Meloidogyne) and free-living (Dorylaimidae, 
Mononchidae, Rhabditidae, Cephalobidae, and 
Aphelenchidae) nematodes, considering the highest 
value of the coefficient of determination (R2). The 

exponential model better described ectoparasite 
nematodes (Helicotylenchus, Xiphinema, 
Hemicycliophora, Trichodorus, and Criconemella). 
Range values obtained for nematodes and soil 
organic matter were 10 and 19 m, respectively. 
According to Pinheiro et al. (2008), classical 
statistics can be applied from samples collected 
above these distances, i.e. the radius of spatial 
dependence and domain of geostatistics for these 
variables is in the values up to these respective 
distances.

Table 2. Experimental semivariogram parameters for soil nematode and organic matter.

Semivariogram parameters C0/(C0 + C1) Model Auto-validation R2

C0 C0 + C1 a (m) Mean SD
Ecto 98180.60 126361.20 10.26 0.78 Exponential 0.031 0.890 0.56
Endo 8584.40 13168.80 16.71 0.65 Spherical 0.043 0.958 0.32
FL 96606.60 173213.33 19.08 0.56 Spherical 0.029 0.910 0.85
OM 0.09 0.065 18.07 0.58 Spherical 0.034 0.884 0.57

C0 = nugget effect, C0 + C1 = sill, a (m) = range, C0/(C0 + C1) = indicator of the spatial structure degree. C0/C0 + C1 ≤ 0,25 = strong 
spatial dependence; 0,25 ≤ C0/C0 + C1 ≤ 0,75 = moderate spatial dependence; 0,75 < C0/C0 + C1 < 1,00 = weak spatial dependence; 
C0/C0 + C1 = 1,00 = no spatial dependence (pure nugget effect), Ecto = ectoparasites, Endo = endoparasites, FL = free living, OM 
= organic matter, SD = standard deviation.

Experimental semivariogram parameters 
estimated for spherical and exponential models (C0, 
C1, a) were endorsed by the Jack-Knifing test since 
mean values of reduced errors were close to 0 and 
standard deviation of reduced errors were close to 
1 (Table 2).

According to the C0/C0+C ratio, a moderate 
spatial dependence was observed for endoparasite 
nematodes, free-living and soil organic matter, 
with 65%, 56%, and 58%, respectively. A low 
spatial dependence was observed for ectoparasite 
nematodes, which obtained 78% randomness of 
samples (Table 2). The low spatial dependence of 
variables may be a result of soil management in the 

study area, which is characterized by the excessive 
traffic of heavy machinery, burning and use of 
residues, such as vinasse.

When analyzing the kriging maps, no visual 
correspondence was observed between soil 
organic matter and endoparasite and ectoparasite 
nematodes (Figures 2a, 2b, and 2d). However, a 
visual correspondence was observed for free-living 
nematodes (Figures 3c and 3d). Therefore, the areas 
with a lower abundance of plant-parasitic nematode 
population (endoparasites and ectoparasites) 
presented higher soil organic matter content. In 
contrast, free-living nematodes behaved inversely. 
Pearson correlations presented in Table 3 can 
confirm this result.
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Figure 1. Experimental semivariograms of (a) ectoparasites, (b) endoparasites, (c) free living nematodes and (d) soil 
organic matter.

 

 

 

 

 

Table 3. Pearson correlation coefficient of soil nematode abundance and organic matter.

OM Ectoparasites Endoparasites Free living
-0.675* -0.721* 0.688**

OM = organic matter. *Significant at 5 % probability; **Significant at 1% de probability.

Vinasse application in the study area may have 
influenced the results described because it is a 
residue rich in organic matter, which provides energy 
(carbon) to edaphic microfauna, thus promoting 
biomass increasing and its activity (MENG et al., 
2009). Vinasse also presents high levels of potassium 
and the presence of this ion in the soil can cause 
plant-parasitic nematode population reduction, as it 
interferes with the development of certain species 
of the genus Meloidogyne (CASTRO et al., 1990). 
This corroborates the study conducted by Pedrosa 
et al. (2005), who observed a reduction of juvenile 
hatching and a population density of M. incognita 
and M. javanica after vinasse application.

Therefore, the use of organic compounds from 
sugarcane processing, such as bagasse and filter 
cake, can suppress plant-parasitic nematodes 
(CHIRCHIR et al., 2008). However, soil biology 
can be altered according to quality and quantity of 

organic material added (STIRLING et al., 2003). In 
addition, this material may form organic substances, 
such as volatile fatty acids, which may present 
nematicidal action (NOVARETTI, 1983).

On the other hand, soil organic matter contents 
were positively correlated with free-living 
nematodes, probably due to favoring of microbial 
community (bacteria and fungi), which resulted 
in an increase in these nematode population 
(PAPATHEODOROU; ARGYROPOULOU; 
STAMOU, 2004; BERRY; CADET; SPAULL, 
2005). Therefore, soil organic matter affects the 
spatial soil nematofauna distribution (CADET; 
SPAULL, 2003), with a significant effect on the 
mycophagous nematode communities (PEN-
MOURATOV et al., 2010) and on the abundance of 
bacteriophage nematodes, when the organic material 
added presents high quality (e.g. rich in nutrients 
and low C:N ratio) (BERG; BENGTSSON, 2007).
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Figure 2. kriged maps representing the distribution and correlation of nematode and organic matter: (a) ectoparasites, 
(b) endoparasites, (c) free living and (d) soil organic matter (%). A = nematode abundance in 300 cm3 soil.

 

 

 

 

 

Conclusions

The mapping allowed observing similar spatial 
distribution patterns between free-living nematode 
communities and soil organic matter, indicating that 
organic compounds play an important role in the 
spatial distribution of these nematodes in the soil.

The highest soil organic matter contents were 
correlated with the lower abundance of plant-
parasitic nematodes, suggesting that organic 
compounds addition is an alternative for suppressing 
these nematodes.
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