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Non-legume plant species effects on soil nematodes abundance in a Regosol*
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Abstract: The effects of a non-legume cover crop on total soil nematode abundance and soil groups of
nematodes were investigated in a long-term field study. We compared total abundance of soil nematode and the
abundance of both free-living soil nematode and root-feeding soil nematode under three different treatments
(Pennisetum glaucum (L.) R. Br., native weeds and Caatinga moist-forest enclaves treatments) in a long-term field
study cultivated on a Regosol. We found the highest abundance of free-living soil nematode in the Caatinga moist-
forest enclaves treatment, whereas the highest abundance of root-feeding nematode was found in the native weeds
treatment. We did not find any difference among P. glaucum and native weeds treatments for total abundance of
soil nematode. Our findings suggest that the introduction of P. glaucum in sandy soil of Brazilian semiarid can
increase the abundance of free-living nematode, but in other hand this cover crop did not reduce the abundance of
root-feeding nematode. Our results also highlight the importance of considering the identification of soil nematode
groups as indicator of soil quality and impacts of soil management.

Keywords: free-living nematode; long-term field experiment; Pennisetum glaucum (L.) R.Br.; root-feeding
nematode; sandy soil.

Efeito de plantas ndo-leguminosas sobre a abundancia de nematoides em
Regossolo

Resumo: o efeito do cultivo de espécies de plantas ndo-leguminosas sobre a abundancia total de nematoides
foi avaliado em um estudo de longa-duracdo em condi¢fes de campo. Objetivou-se comparar a abundancia total
de nematoides e a abundancia de grupos funcionais de nematoides no solo (vida livre e fitopatogénicos) submetidos
a trés tratamentos (Pennisetum glaucum (L.) R.Br., vegetacdo espontdnea e enclaves de floresta Umida na
Caatinga) em um experimento de campo de longa-duracdo cultivado em um Regossolo. A maior abundancia de
nematoides de vida livre foi observada nas parcelas localizadas nos enclaves de Floresta imida na Caatinga,
enguanto a maior abundancia de fitonematoides foi observada nas parcelas onde havia vegetacdo espontanea. Ndo
foi observado diferencas significativas entre os tratamentos P. glaucum e vegetacdo esponténea para a abundéncia
total de nematoides. Conclui-se que a introdugéo de P. glaucum como planta de cobertura em solos arenosos pode
aumentar a abundancia de nematoide de vida livre, no entanto a cultura ndo é eficaz em controlar a populagéo de
fitonematoides presentes no solo. Os resultados obtidos neste estudo também ressaltam a importancia de considerar
a identificacdo de grupos funcionais de nematoides como indicadores de qualidade do solo e impactos do manejo
do solo.

Palavras-chave: Experimento de campo de longa-duracéo; Nematoides de vida livre; Nematoides fitopatogénicos;
Pennisetum glaucum (L.) R. Br.; Solos arenosos.
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1 Introduction

The practice to use non-legume cover crops in
agricultural areas is the main activity to reduce
soil erosion and nutrient leaching in
agroecosystems (Droppelmann et al., 2017).
Understanding their characteristics to control
root-feeding nematodes and to promote free-
living nematodes in a disturbed soil is essential to
predict how this management practice can
significantly increase soil organism community
in Brazilian smallholder farming systems. Over
time, this farming system in sandy soils cause soil
quality decline and changes in soil organism
community, such as soil nematodes community
(Barel et al., 2017; Geisen et al., 2018; Hilton et
al., 2018). Thus, research addressing non-legume
cover crops as a management alternative to
control root-feeding nematodes are essential.

Our work addressed the following question: If
we reduce the abundance of host-plants by root-
feeding soil nematode using a non-legume plant
species as cover crop, we could decrease the
abundance of this functional group of soil
roundworms? Based on the work done by Geisen
et al. (2018) and Barel et al. (2017), we expected
to find a lower abundance of root-feeding
nematode in the pearl millet (the tested cover crop
in our study) rhizosphere than in the native weeds
rhizosphere, even the pearl millet being classified
as a host-plant of root-feeding soil nematode
accordingly to McSorley (1999), Bagayoko et al.
(2000), Timper and Hanna (2005), Inomoto et al.
(2007) and Dias-Arieira et al. (2009).

Some studies have showed that host-plant
diversity by soil nematodes can increase this soil-
borne pest group, which are feedback
mechanisms influencing subsequent plant growth
(Wardle et al., 2004; Wood et al., 2015; Van der
Putten et al., 2016). When we reduce the diversity
of these host-plants by soil nematodes and
introduce a cover crop to maintain the plant
residues production combined with crop rotation
in time, we can reduce the abundance of root-
feeding soil nematode and increase free-living
soil nematode in time (Tiemann et al., 2015).
Thus, smallholder farmers can employ positive
plant-soil-feedbacks without losing the farming
season by waiting soil nematode community
homeostasis. Dense-rooting and productive cover
crops (i.e., non-legume plant species) can
improve soil organic carbon (Souza et al. 2018).
Although growing plants stimulate plant-feeding

soil nematodes (Barel et al., 2017), careful
reduction of host-plants by root-feeding
nematodes can reduce specific nematode species
(Fourier et al., 2016).

Our aims with this study were: (i) to
investigate the effects of long-term cultivation of
a non-legume plant species (Pennisetum glacum
(L.) R.Br.) as a cover crop on the abundance of
soil nematodes in a Regosol; (ii) to determine
whether a local history of non-legume plant
species cultivation are associated with reduced
root-feeding soil nematodes; (iii) to compare the
abundance of soil nematodes in natural ecosystem
(i.e., Caatinga moist forest enclaves) and
agroecosystem (i.e., P. glaucum). To accomplish
these, we combined a field sampling of three
different soil rhizosphere types, i.e., non-legume
plant species and native weeds, characterized the
soil chemical properties (i.e., soil pH, soil organic
carbon, total nitrogen and available P) and
abundance of soil nematodes (i.e., free-living soil
nematode and root-feeding soil nematode).

2 Material and Methods

This study was conducted at the Agrarian
Science Centre, Federal University of Paraiba,
using a long-term field experiment at the “Cha-
de-Jardim” Experimental Station (06°58°12” S,
35°42°15” W, altitude 619 m) comprising an old
camp of sweet potato [Ipomoea batatas (L.) Lam]
that was abandoned during 2013 through high
abundance of root-knot nematodes. The climate is
Tropical wet and dry type (As’ accordingly
Koppen classification), with average annual
precipitation and temperature of 1,500 mm and
21°C, respectively. Data on historic of land use
and the climatic conditions of the study area has
been described in more detail by Souza et al.
(2018).

The soil at the experimental field was
classified as a Regosol (WRB, 2006). Soil
samples were collected at the dry period (April
2017). Thirty soil samples were collected from a
depth of 0-20 cm, air-dried and passed through a
2-mm sieve. Soil pH was measured in a
suspension of soil and distilled water (1:2.5 v:v,
soil: water suspension) (Black, 1965). Total
organic carbon was determined by rapid
dichromate oxidation method according to the
methodology described by Okalebo et al. (1993).
To quantify total nitrogen, soil samples were first
digested with sulphuric acid plus potassium
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sulphate and we then followed the protocol
described in Kjeldahl (Black, 1965). Available
phosphorus  (Olsen’s P) was determined
colorimetrically using a spectrophotometer at 882

nm by extraction with sodium bicarbonate for 30
min (Olsen et al, 1954). The chemical
characteristics of the soil site before the beginning
of the experiment are in given in Table 1.

Table 1 Soil chemical characteristics (0—20 cm) before to start the experiment (N = 30 £ SD)

Soil chemical characteristics P. glaucum Native weeds Caatinga moist-forest enclaves
Soil pH (1:2.5 Soil: H,0) 5.70 +0.05 5.38+0.02 5.50+0.11
Available P (mg dm) 36.00 £ 0.98 551+0.13 11.01+2.01
Total organic carbon (g kg?) 7.40£0.15 2.94 £0.09 6.96+1.16
Total nitrogen (g kg™?) 0.61+£0.01 0.21+£0.01 0.34+£0.11

We performed a field study in this area from
April to September 2017. Thus, we used an area
of 768 m* which was cultivated with cover crop
for 3 consecutive years before starting this
experiment. Three treatments were allocated in a
randomized block design that consisted of: (1)
cover crop — that consisted of pearl millet plants
(P. glaucum (L.) R.Br.); (2) negative control —
that consisted of native weeds; and (3) positive
control — that consisted of Caatinga moist-forest
enclaves. Each treatment plot (6 x 4 m) was
replicated in four blocks, and to our analysis we
extracted for each plot 20 rhizosphere samples.
To better simulate the smallholder farming
systems commonly used in Paraiba, Brazil, no
dolomitic limestone and any chemical or organic
compound were added to the treatments. This
farming system in our studied region is
characterized by no inputs of limestone, fertilizer,
herbicide or pesticide and by its low harvest yield
for annual crops such as P. glaucum. The cover
crop was sown at a seedling rate of 300 seed m
at a 3 cm depth and the plots were spaced 0.5 m
between them. The Caatinga moist-forest
enclaves plots were placed at 500 m adjacent to
our field experiment.

Soil nematodes were extracted by the wet
sieving technique (Gerdemann and Nicolson,
1963) followed by sucrose centrifugation
(Jenkins, 1964). For this, we used 100 g of
rhizosphere samples obtained from each of the
three treatments. Initially, the extracted
nematodes were examined in water under a
dissecting microscope and they were separated
based on their life cycle (free-living nematodes
and root-feeding nematode). In addition to soil
nematodes life cycle identification, we also
assessed soil nematode abundance by counting

the total number of soil nematodes of each soil
nematode group by recording the number of soil
nematodes in the samples.

The main differences between the studied
treatments (pearl millet plants, native weeds and
Caatinga moist-forest enclaves) on soil nematode
abundance were analysed by means of a one-way
ANOVA. Comparisons of means after one-way
ANOVA were performed using Tukey’s HSD
post-hoc comparison test (P < 0.05). Differences
in soil nematode groups were determined by non-
parametric t test followed by Monte Carlo test
(100 replicates). Data set no meeting assumptions
for ANOVA were transformed as required
(logarithmic). Results are presented here in their
original scale of measurement (mean and
standard deviation) (Zar, 1984). Univariate
analyses (t test, one-way ANOVA, and Tukey’s
test) were performed using R software.

3 Results and Discussion

For all studied treatments the soil nematode
group abundance was significantly different
between free-living nematode and root-feeding
nematode soil groups. The abundance of free-
living nematode group was higher in the Caatinga
moist-forest enclaves, and this do not differ to P.
glaucum plots. Whereas the highest root-feeding
nematode abundance was found in the native
weeds treatment (Table 2).

Our results provided evidence for changes in
both the abundance of root-feeding and free-
living soil nematodes caused by long-term
cultivation of non-legume plant species. In fact,
P. glaucum cultivation may influence both soil
nematode functional group abundance as
described by Bagayoko et al. (2000) and Barel et
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al. (2017). These results support our hypothesis
that a non-legume plant species (P. glaucum) as
cover crop may positively impact the abundance
of free-living soil nematode by reducing the
abundance of host-plants (e.g., native weeds) by
root-feeding soil nematode in a long-term field
study on a Regosol. It is not usual to report the
use of P. glaucum plants as a biocontrol to soil
nematodes (Inamoto et al., 2007; Zhang et al.,
2018a), but results herein showed that pearl millet
cultivation also may impact positively the
abundance of root-feeding soil nematode (Timper
and Hanna, 2005). Zhang and co-workers (2018b)
reported that native plants may affect soil food
webs through various resource inputs including
shoot litter, root litter and living root input, which
in turns impact soil nematode abundance.

Table 2 Abundance of soil nematode groups of the
studied treatments (mean + SD, N = 80)

Sites/Soil nematode Abundance
groups (nematodes per 100 g
of soil)

Free-living nematode

P. glaucum 17.00 £ 1.24 a*
Native weeds 3.13+£0.28b
Caatinga  moist-forest 21.00+£2.06 a
enclaves

Root-feeding nematode
P. glaucum 21.00+£1.04b
Native weeds 33.78+3.57 a
Caatinga  moist-forest 0.58+0.08 ¢
enclaves

Free-living nematode vs. 16.32**

Root-feeding nematode?

1Same letters represent no significant differences by Tukey’s
test (P < 0.05). 2Independent sample t test comparing free-
living nematode x root-feeding nematode soil groups.

For the total soil nematode abundance (Figure
1), we found the highest abundance of this soil
organism group in both the P. glaucum and native
weeds treatments, followed in a decrescent order
by Caatinga moist-forest enclaves (lower 41.53
%).

Our results on total soil nematode abundance
indicated that this component cannot be
considered as a bioindicator for soil quality or
even disturbance of soil nematode functional
groups. This finding suggests that total soil

nematode abundance experienced the same
effects of P. glaucum and native weeds. These
results do not agree with previous work done by
McSorley (1999), who concluded that pearl millet
plants were considered poor hosts compared with
other annual plant species. The living root-
derived resource of a specific host-plant can
greatly influence most soil biotic groups
(Eissfeller et al. 2013). Our study demonstrated
indirectly that the differences of living root input
among P. glaucum, native weeds and Caatinga
moist-forest enclaves affected total abundance of
soil nematode at both soil nematode functional
group (root-feeding soil nematode and free-living
soil nematode). Accordingly, Dias-Arieira
(2009), the living roots may affect the abundance
of soil nematode during growing seasons. Our
study found that the total abundance of soil
nematodes was 43.21% less in the Caatinga
moist-forest enclaves compared with P. glaucum
plots, which the rhizosphere soil samples were
collected during the flowering season of the
studied annual crop species.
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P. americanum Native weeds Caatinga moist-forest enclaves

Figure 1 Total soil nematode abundance of the studied
treatments (mean £ SD, N = 80). Different letters
indicate significant differences among the studied
treatments by Tukey’s test after performing one-way
ANOVA (P < 0.05).

4 Conclusion

The long-term use of a non-legume cover crop
did not decrease total abundance of soil
nematodes on a Regosol after 3 years of its
consecutive cultivation. We did not find any
difference between the abundance of free-living
soil nematode in the non-legume cover crop (e.g.
P. glaucum) and the Caatinga moist-forest
enclaves treatment. In most of the agricultural
systems, the root-feeding nematodes are the main
problem responsible for the crop yield decline.
The pearl millet as a host-plant by root-feeding
soil nematode, even this cover crop has improved
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the abundance of free-living nematode. Our
results also highlight the importance of
considering the identification of soil nematode
groups in a sandy soil as indicator of soil quality
and impacts of soil management.
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