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SUMMARY

Fertilization and/or the accumulation of organic matter from plant residues
can influence the composition of soil and litter community. The goal of this study
was to evaluate the effects of P and K fertilization on total faunal and nematode
faunal composition and richness in plant litter and soil for 360 days in an area
reforested with Acacia auriculiformis (A. Cunn), located in the municipality of
Conceicao de Macabu in the State of Rio de Janeiro. For each treatment (fertilized
and unfertilized plots), samples of litter and soil (to a depth of 5 cm) were collected
and transferred into a Berlese-Tiillgren funnels for the extraction of fauna.
Mesofauna and macrofauna were quantified, and the major taxa identified.
Nematodes were extracted by centrifugal flotation in sucrose solution and
identified according to feeding habits. Density (number of individuals m2) of total
fauna, microphages, social insects and saprophages varied significantly per
treatment and sampling time in both litter and soil. The total number of individuals
collected was 5,127, and the total number of nematodes 894. Phosphorus and
potassium fertilization resulted in an increase in total fauna density and richness
in the litter due to an increased abundance of social insects, saprophages and
herbivores. In the soil, fertilization increased the saprophage and predator
densities. Saprophages were the predominant taxa in the litter, while social insects
(Formicidae) prevailed in the soil. Litter nematode populations were favored by
mineral fertilization. Bacteriophages were the predominant nematode group in
both litter and soil.

Index terms: soil invertebrates, nematode, forest plantations, litter.
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RESUMO: INFLUENCIA DA ADUBACAO MINERAL NA FAUNA EDAFICA EM
PLANTIOS DE Acacia auriculiformis (A. CUNN)

A adubagdo ou o acimulo de matéria organica via residuos vegetais pode influenciar a
composi¢do da comunidade da fauna do solo e da serapilheira. O objetivo deste trabalho foi
avaliar os efeitos da adubagdo mineral com P e K sobre a composi¢do e a riqueza da fauna e
da nematofauna da serapilheira e do solo em uma drea reflorestada com Acacia auriculiformis
(A. Cunn), em um periodo de 360 dias, no municipio de Concei¢do de Macabu, RJ. Em cada
tratamento (parcela adubada e ndo adubada), coletaram-se amostras de serapilheira e de solo
(até a profundidade de 5 cm), que foram transferidas para funis de Berlese-Tiillgren para a
extragdo da fauna. Meso e macrofauna foram quantificadas e identificadas em nivel de grandes
grupos taxonémicos. Os nematoides foram extraidos pelo método de flutuagdo centrifuga em
solugdo de sacarose e identificados de acordo com seus hdbitos alimentares. A densidade (niimero
de individuos m2) da fauna total e a de micréfagos, insetos sociais e sapréfagos variaram
significativamente entre tratamentos e época de coleta, na serapilheira e no solo. O total de
individuos da fauna foi de 5.127 e de nematoides, 894. Na serapilheira, a adubagdo com Pe
K contribuiu para o aumento da densidade e riqueza da fauna total, especificamente de insetos
sociais, saprofagos e herbivoros. Jd no solo, a adubagdo promoveu o aumento da densidade de
saproéfagos e predadores. Os saprofagos predominaram na serapilheira e os insetos sociais
(Formicidae), no solo. Os nematoides da serapilheira foram favorecidos pela adubagdo mineral
e os bacteriofagos, o grupo de nematoides dominante tanto na serapilheira quanto no solo.

Termos de indexagdo: invertebrados do solo, nematoides, plantagées florestais, serapilheira.

INTRODUCTION

In the northern/morthwestern region of Rio de
Janeiro, an extensive history of agricultural and
livestock activities has resulted in a reduction in forest
cover and a high level of soil degradation. Currently,
80 % of the land use in the region corresponds to
pastures in degraded state (Gama-Rodrigues & May,
2001). To decrease the pressure of forest conversion
on remnant forest fragments and promote the
recovery of degraded soils, techniques that stimulate
natural mechanisms of soil restoration are needed
(Campello, 1998; Macedo et al., 2008).

The study site is part of a reforestation project that
began in December 1998. The project uses tree species,
including leguminous trees inoculated with N,-fixing
bacteria and mycorrhizal fungi, as a strategy for soil
recovery. The introduction of leguminous forest species
has been shown to have positive effects on some soil
quality parameters in reforestation projects in
degraded areas (Franco et al., 1992; Macedo et al.,
2008). In previous studies at the same site, introduced
leguminous forest species obtained promising results
in terms of soil fertility improvement (Gama-Rodrigues
et al., 2008) by contributing to the stability of soil
microbial biomass and activity (Zaia et al., 2008) and
by increasing C and N reserves available for
mineralization (Nunes, 2008). In addition, the
leguminous species appeared to increase the number
of individuals in different functional guilds in the
litter-soil system (Manhaes, 2008).

The soil fauna is an important component of forest
ecosystems because of its functional role in
accelerating the decomposition of organic matter and
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the transformation of nutrients (Yang & Chen, 2009).
Fertilization and/or the accumulation of organic
matter from plant residues can influence the
composition of the soil community (Brown et al., 2004;
Mocgo et al., 2005, 2009, 2010) by changing the
vegetation structure, which in turn results in changes
in litter quality and quantity (Wardle et al., 2006).

In forest and agroforestry systems, low rates of
soil inversion and constant organic matter input from
litterfall contribute to the formation of a diversity of
micro habitats that result in a high diversity and density
of organisms in the litter-soil system (Moco et al., 2005,
2010; McAdam et al., 2007; Wardle et al., 2006; Laossi
et al., 2008). Together with these characteristics, which
are inherent to forest systems, the enrichment of the
litter layer through fertilization may be an effective
method for increasing the activity of the faunal
community and optimizing the natural functions of forest
and agroforestry ecosystems. However, the effect of
mineral fertilization and its influence on edaphic fauna
1s still controversial. Alves et al. (2008) observed a greater
abundance of macrofauna in soils supplied with organic
or mineral fertilization, suggesting that the addition of
mineral fertilizer resulted in increased plant biomass
production and consequently in increased populations
of soil organisms, mostly earthworms. However, Sileshi
& Mafongoya (2006) observed lower faunal diversity in
mineral fertilization treatments. Increases in the quality
and quantity of plant residues deposited on the soil
have been considered to be beneficial for the abundance
and diversity of edaphic fauna (Baretta et al., 2003;
Yang et al., 2007; Almeida et al., 2007; Gatiboni et
al., 2009).

Furthermore, very few studies have tested
fertilization of litter as a management practice for
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promoting faunal density and diversity in litter-soil
systems. The goal of this study was to evaluate the
influence of mineral fertilization on the abundance
and diversity of soil organisms, focusing on
mesofaunal, macrofaunal and nematode communities
in litter and soil, in an area reforested with Acacia
auriculiformis in the municipality of Concei¢do de
Macabu in the State of Rio de Janeiro (Rd), Brazil.

MATERIAL AND METHODS

Study site

The study was conducted on the Fazenda Carrapeta
in Conceicao de Macabu, RJ (21° 37" S, 42° 05’ W).
The site has a predominantly undulating relief with
an average slope of approximately 35 cm m!. The soil
is a Yellow-Red Latosol (Hapludox) with a sandy clay
loam texture. The regional climate type, Am (Képpen
classification), is hot and humid. The mean
temperature is 26 °C, with a mean annual rainfall of
1,400 mm, a rainy season between October and March
and a dry season between June and September (Gama-
Rodrigues et al., 2008). During the study period, the
mean monthly rainfall in the region was 119.2 mm.

In December 1998, the Fazenda Carrapeta joined
the project “Cordao de Mata” with the goal of
recovering part of its area that had been degraded by
careless use of fire and overgrazing for 40 years. An
area on the farm was selected for restoration,
strategically located to improve the connectivity
between the areas of revegetation and remaining
forest fragments. This area was revegetated with pure
stands of various tree species, including leguminous
trees. The leguminous tree seedlings were inoculated
with selected strains of atmospheric N, fixing bacteria
and arbuscular mycorrhizal fungi. The seedlings were
planted in 0.20 X 0.20 X 0.20 m holes at a spacing of 3
x 2 m. At the time of planting, 150 g single
superphosphate, 50 g dolomitic limestone, and 50 g
potassium chloride were applied to the planting
furrows (Gama-Rodrigues et al., 2008).

Of all introduced tree species, a species of the genus
Acacia was selected for this study, due to its rapid
vegetative growth. The experimental area consisted of
a 1,500 m2 area with a 10-year-old Acacia auriculiformis
(A. Cunn.) monoculture stand (as described above). Two
treatments, with and without fertilization, were applied
on a 36 m? plot. In the fertilization treatment, 800 g
single superphosphate and 230 g potassium chloride
were broadcast over the litter layer.

Evaluation of edaphic fauna

Samples of the litter (all plant residues on the soil
surface) and soil (to a depth of 5 cm) were collected
from 0.25 X 0.25 m quadrats in each treatment
(fertilized and unfertilized plots) at 2-month intervals
between March-November 2007 and January-March

2008. Five samples per component (litter and soil) were
collected per treatment, i.e., a total of 20 samples per
sampling event.

The litter and soil samples were placed in a Berlese-
Tullgren funnel battery, which was completely sealed
immediately after the sample transfer. Incandescent
light bulbs (25 W) were fixed above the funnels and
remained lit for the entire period of extraction (15
days). The heat supplied by the lamps generated a
humidity gradient in the samples and caused the
organisms to migrate to the bottom of the funnel and
drop into an Erlenmeyer flask containing
approximately 150 mL of 3 % acetylsalicylic acid. The
content of each flask was analyzed separately in Petri
dishes under a binocular microscope (Moco et al.,
2005). The organisms of the meso- and macrofauna
were quantified and the major taxa identified.
Organisms of the phyla Mollusca and Annelida were
identified up to the class level. Arthropods from the
classes Arachnida, Crustacea and Insecta were
identified up to the order level. Arthropods of the order
Hymenoptera were separated in the family Formicidae
and all other Hymenoptera. Holometabola (insects with
complete metamorphosis from the immature to adult
stage) were separated into larvae and adults.
Organisms from the order Acarina were not recorded
due to the diversity of functional characteristics within
the order and to prevent an underestimation of the
remaining fauna groups caused by their large
population sizes. The recorded taxa were divided into
herbivores (feeding on live plant tissue), microphages
(regulators of microbial populations), predators
(feeding on other organisms), saprophages (feeding on
plant residues), social insects (characterized by their
social organization), and omnivores (more than one
feeding habit) (Swift et al., 1979; Brown et al., 2006).

The faunal density (number of individuals m2),
richness (number of taxonomic groups identified),
Shannon’s diversity and Pielou’s evenness indices were
calculated for each litter and soil sample in both
treatments (fertilized and unfertilized plots), as
described by Odum (1969).

Evaluation of nematodes

In September and November 2007 and January
and March 2008, five composite soil samples (each
mixed from five single samples) and 5 L samples were
collected from each treatment (fertilized and
unfertilized plots). Soil was collected using an auger
(down to a depth of 10 cm) and litter samples were
collected from a 0.25 X 0.25 m quadrat.

Nematodes were extracted by centrifugal flotation
1n a sucrose solution. Each sample was sieved through
a 20 mesh (841 pm) and then a 500 mesh (25 um).
The resulting liquid was collected in a 100 mL beaker,
a minimum of 40 mL of solution was added to achieve
the final suspension, and the solution was centrifuged
at 2,000 rpm for 5 min. The supernatant was collected,
added to the sucrose solution and centrifuged for 1
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min at 1,750 rpm. After washing to remove the sucrose
solution, 15 mL of the suspension was removed for
observation. Five aliquots were used for counting and
identification (Jenkins, 1964).

The nematodes were grouped according to the
feeding habit (Yeates et al., 1993) as follows:
bacteriophages (free-living nematodes that feed on
bacteria and contribute to organic matter
decomposition), mycophages (feeding on fungi and
contributing to organic matter decomposition),
phytoparasites (plant parasites) and predators (feeding
on other nematodes).

Chemical analysis of litter and soil

Chemical characterization of litter and soil samples
was performed for both treatments (fertilized and
unfertilized plots) at 2-month intervals over the 12-
month study period. The concentrations of K (flame
photometry), P - colorimetric determination using
ascorbic acid, modified by Braga & Defelipo (1974),
and Ca and Mg (atomic absorption spectrophotometry)
in the litter samples were determined based on nitric-
perchloric acid digestion. For both the litter and soil
samples, total N was determined by the Kjeldahl
method (Embrapa, 1997; Bataglia et al., 1983), and
organic C was determined by oxidation with
potassium dichromate in an acid medium (Anderson
& Ingram, 1996; Embrapa, 1997). Extractable P and
K (Mehlich-1) and exchangeable Ca, Mg and Al
(KC1 1 mol L1) (Defelipo & Ribeiro, 1981)
concentrations and pH in water were determined for
the soil samples. Total polyphenols in the litter were
determined by extraction according to Anderson &
Ingram (1996), and lignin and cellulose contents were
determined by the acid detergent fiber (ADF) method
(van Soest & Wine, 1968).

Statistical analysis

All data were tested for normality (Lilliefors test)
and homogeneity of variance (Bartlett test). For the
chemical analyses of litter and soil, an analysis of
variance (ANOVA) followed by a Duncan test was used
to test for significant differences between the means
(p=<0.05).

The data distributions of the faunal diversity
parameters (total density, total richness and density
of functional groups) and nematode abundance (trophic
groups) in litter and soil did not follow a normal
distribution. Therefore, non-parametric Wilcoxon and
Kruskall-Wallis tests were applied (p<0.05). Wilcoxon
tests were used for the analyses with two levels of
variation: treatment (fertilized and unfertilized plots)
and component (soil and litter). Kruskall-Wallis tests
were used for the analyses with more than two levels
of variation, i.e., the data from the different sampling
events. Differences in the Shannon’s diversity index
were analyzed using t-tests according to Hutcheson
(1970). Comparisons of the estimated results were
performed using Past software (Hammer et al., 2001).
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Statistical analyses were performed using the
SAEG application (Sistema de Analises Estatisticas
and Genéticas [Statistical and Genetic Analyses
System]) version 8.0 (Ribeiro Junior & De Melo, 2008).

RESULTS AND DISCUSSION

Litter and soil chemical analysis

In general, the application of mineral fertilizer
resulted in an increase in mean P and organic C
concentrations of soil and litter (Table 1). Mean K
concentrations in the litter also increased with
fertilization, whereas mean cellulose and lignin
content and soil pH decreased. The observed increase
in K was expected due to the high rate of K absorption
by acacia, which was expected to result in a higher K
content in the leaf litter. The observed decrease in
cellulose and lignin levels was likely due to an increase
in the rate of litter decomposition as a result of
nutritional enrichment of the litter through potassium
chloride and single superphosphate fertilization, which
added Ca and S to the litter in addition to P. The
decrease in pH was likely due to the increased
decomposition rate, which would promote soil
acidification through the production of organic acids
and the activity of soil biota.

The other nutrients analyzed in this study showed
little variation between treatments. The greatest
differences among sampling periods were observed for
soil and litter P concentrations, which increased in
May, July, September and November in both
treatments, but tended to stabilize in January 2008.

Edaphic fauna

In this study, 5,127 individuals of 24 different taxa
were identified in the litter + soil system. A larger
faunal community was observed in the litter (3,242
individuals). Total fauna density and density of
microphages, social insects and saprophages varied
significantly between treatments, among sampling
times and between components (litter and soil) (Table
2). Predator and herbivore abundance were affected
by fertilization treatment and component, but richness
and omnivore abundance only by component.

The mean total faunal density and richness (1,621
individuals m2 and 9.6 groups, respectively) were
higher in the litter than the soil (943 individuals m-2
and 6.3 groups, respectively), regardless of the
treatment (fertilized or unfertilized) (Table 3). Faunal
density and total richness in the litter increased with
fertilization. This result may have been related to the
higher organic C concentrations in the fertilized litter
(Table 3). In contrast, in the soil, faunal density and
total richness were higher in the unfertilized plot
(Table 3). The evasion of faunal organisms into the
soil of the unfertilized plots may have been caused by
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the relatively high cellulose and lignin levels in the
litter (Table 1), which may have made the litter
material more recalcitrant and less attractive to faunal
colonization than the soil. According to Swift et al.
(1979), the amount of recalcitrant compounds can
affect the palatability of litter for populations of
decomposer organisms, thereby negatively affecting
faunal density and diversity. In addition, lignin and
cellulose are known to be decomposed by specific groups

43

of organisms and may inhibit the population growth
of some faunal groups (Tian et al., 1993).

Collembola, which was the only taxon
classified as microphage, accounted for 9 % of the
total fauna (litter + soil). Social insects in the litter
+ soil were dominated by the family Formicidae
(94 %), which represented 37 % of all recorded
organisms (Table 4). Saprophages were the
functional group with the highest number of different

Table 1. Chemical analyses of fertilized and unfertilized litter and soil of an Acacia auriculiformis

plantation
March M Jul Septemb N |} J. March
Attribute Treatment are i wy eptember ovember anuary are Average
2007 2008
Litter
Organic C (gkg?) Fertilized 452 478 598 480 362 443 433 464 A
Unfertilized 439 "¢ 553 529 375 3565 477 404 396 B
Total N (gkg™) Fertilized 10.9 ab 12.7 a 12.9 a 11.4 ab 9.5 b 10.8 ab 11.6 a 114 A
Unfertilized 11.1 ab 11.5 a 12.9 a 13.3 a 11.1 ab 119 a 8.3b 11.4 A
P(gkeg?) Fertilized 0.45bc  0.61 abc 0.66 ab 0.66 ab 0.70 a 0.64 ab 0.41c 0.59 A
Unfertilized 0.34 b 0.39 a 0.44 a 0.40 a 0.46 a 0.43 a 0.32 a 0.40 B
K(gkg) Fertilized 0.05 be 0.06 b 0.10 a 0.10 a 0.06 be 0.05 be 0.04 ¢ 0.06 A
Unfertilized 0.02 b 0.04 b 0.07 a 0.07 a 0.04 b 0.03 b 0.03 b 0.04 B
Ca(gke? Fertilized 10.7 8¢ 10.1 11.0 10.2 8.6 18.6 10.8 114 A
Unfertilized 12.6 a 12.3 a 124 a 12.6 a 12.1 a 12.7 a 7.1b 10.7 A
Mg (gkg™) Fertilized 1.07 a 0.79 b 1.01 a 1.01 a 0.97 a 0.78a 092 a 0.94 A
Unfertilized 1.03 a 1.18 a 1.31 a 1.20 a 1.20 a 1.00 a 0.53 b 1.06 A
Polyphenol (g kg™) Fertilized 5.0 ab 5.0 ab 6.0 a 4.0 ab 2.0b 20b 2.0b 3.6 A
Unfertilized 40b 4.0b 9.0 a 8.0 a 4.0b 3.0b 1.0 b 4.9 A
Cellulose (g kg™t) Fertilized 145 ab 160 ab 156 ab 126 b 114 b 136 b 197 a 143 B
Unfertilized 273 a 176 be 204 b 207 b 221 b 208 b 128 ¢ 199 A
Lignin (gkg™?) Fertilized 583 a 538 ab 511 ab 577 ab 538 ab 538 ab 488 b 540 B
Unfertilized 526 b 608 b 594 b 546 b 576 b 600 b 746 a 600 A
Soil
pH Fertilized 4.41 ™ 4.54 4.45 4.54 4.46 4.54 4.47 4.49 B
Unfertilized 4.70 ™ 4.79 4.72 4.66 4.68 4.77 4.72 4.72 A
Organic C (gkg™) Fertilized 2.98 ¢ 3.42 3.08 3.12 a 3.18 a 2.82 a 2.98 a 3.08 A
Unfertilized 2.58 ™8 2.85 3.04 2.54 a 2.64 a 3.01 a 2.55 a 2.74 B
Total N (%) Fertilized 0.29 ab 0.32 ab 0.31 ab 0.35 a 0.28 ab 0.25 b 2.98 a 0.30 A
Unfertilized 0.27 ™ 0.28 0.27 0.26 0.29 0.29 2.55 0.28 A
P (mg dm™) Fertilized 3.74 d 12.5 b 8.4c¢ 15.6 a 8.7¢ 4.9d 3.5d 8.18 A
Unfertilized 3.99 ™ 3.8 4.0 4.0 3.7 4.2 2.8 3.79B
K (mg dm™) Fertilized 51c¢ 66 be 74 b 133 a 78 b 59 be 59 be 74 A
Unfertilized 51c¢ 63 bc 82 ab 98 a 82 ab 55 ¢ 51 a 70 A
Ca (cmol, dm™) Fertilized 2.90 " 3.6 3.4 3.0 2.6 2.5 2.7 2.95 A
Unfertilized 3.0 3.1 3.1 2.9 2.7 3.1 2.5 2.92 A
Mg (cmol, dm®) Fertilized 1.0™ 1.0 1.1 1.0 0.9 0.8 0.9 0.95 A
Unfertilized 1.0™ 0.9 1.0 0.9 0.9 0.9 0.8 0.92 A
Al (cmol, dm™) Fertilized 0.2 ab 0.1 a 0.2 ab 0.2 ab 0.2 ab 0.2 b 0.2 ab 0.22 A
Unfertilized 0.3 a 0.2 a 0.2 a 0.2 a 0.2 a 0.2 a 02D 0.16 B

Values followed by the same letter(s) (row), comparing sampling time, within each treatment or by the same capital letter(s)
(column), comparing treatments, are not significantly different according to the Duncan test (p=0.05); ns: not significant.
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taxonomic groups (10 groups in litter as well as soil)
(Table 4). Isopoda, Symphyla and Diptera (larvae)
predominated in the saprophage group in both litter
(89 %) and soil (93 %). The most abundant predators

Table 2. Wilcoxon® and Kruskal-Wallis®) tests
related to the effects of fertilization, sampling
time and sampled material on density, richness
of faunal groups and functional groups of soil
and litter fauna

Effect of
Fertilization San‘lpling Sampl.ed
time material
D.f. 1 6 1
Density 0.61* 19.52%* 3.72%
Richness 0.28" 9.68" 6.48"
Microbial grazer 1.49* 22.56%* 1.19*
Social insect 0.65% 16.07* 4.05%
Saprophagous 1.67* 19.76* 7.56%
Predador 0.53* 12.20™ 2.90*
Omnivor 0.30"™ 7.1478 0.83*
Herbivor 0.49* 3.50" 7.64%

D.f.: degree of freedom; * and ** significant at 5 and 1 %,

respectively; ns: not significant.

Liliana Parente Ribeiro et al.

in the litter were Araneae (63 %), and the most
abundant predators in the soil Chilopoda (56 %). The
most abundant group in the omnivore category was
Coleoptera (adults) in both litter (51 %) and soil (61 %),
and the most abundant herbivore was Thysanoptera
in both litter (50 %) and soil (31 %) (Table 4).

Social insects (Formicidae) were the dominant
functional group in the soil, accounting for 98 % of
the organisms. Formicidae is one of the most
important edaphic fauna taxa in tropical regions due
toits abundance and diversity (Pellens & Garay, 2000;
Silva & Silvestre, 2004; Moco et al., 2005). Formicidae
has been observed to be the most abundant group in
areas where leguminous trees are intercropped in
pastures (Dias et al., 2006). The most abundant
functional group in the litter was the saprophages
(58 %), mainly due to the high abundance of Isopoda
(78 %). Saprophages play a key role in litter
decomposition. In addition to releasing N in the
decomposition process, they may make other
nutrients available, such as K, Mg, and Ca (Kayang
et al., 1994; Forster et al., 2006).

The remaining functional groups in the litter can
be ranked by abundance as follows: social insects
(24 %) > microphages (9 %) > herbivores (4 %) >
omnivores (3 %) > predators (2 %). In the soil, the
order of abundance was: social insects (68 %) >

Table 3. Density and Richness of litter and soil fauna of an Acacia auriculiformis plantation, fertilized and

unfertilized
Time Litter Soil Average
Fertilized Unfertilized Fertilized Unfertilized
Density individual m? - X + SE)®
March 2007 1533 £ 401 1213 + 219 531 + 122 957 £ 215 1059 ab
May 2007 2576 + 906 1114 + 301 1066 + 150 672 + 200 1357 a
July 2007 1264 + 284 720 + 229 861 + 257 1043 + 478 972 ab
September 2007 2013 £ 471 2710 + 885 797 +£ 117 1754 + 695 1818 a
November 2007 3718 + 1365 2586 + 656 448 + 80 736 + 126 1872 a
January 2008 1117 + 535 742 + 306 643 + 113 448 + 109 734 b
March 2008 694 + 217 726 + 425 598 =193 2646 + 2124 1166 ab
Average 1845 A a 1402 B a 706 B b 1179 A b
Richness - Groups of fauna (X + SE)®
March 2007 9.6 £0.51 11.2 + 1.46 5.6+ 1.12 7.6+ 1.69 8.5™
May 2007 11.0 + 1.52 8.6 +1.21 8.2+ 1.32 7.4 +1.29 8.8
July 2007 8.4+0.51 7.2 +0.92 4.8+ 0.86 6.8+ 1.24 6.8
September 2007 11.4 £ 0.68 11.2 + 1.39 6.4+ 0.51 6.8+ 0.86 8.9
November 2007 10.0 £ 0.77 11.8 +0.77 5.6+ 0.51 6.4 + 0.40 8.4
January 2008 8.2+ 1.74 8.6 +0.87 6.6 + 0.68 5.8+ 1.16 7.3
March 2008 9.6 +1.17 7.6+2.18 4.8+ 0.49 6.4+ 0.75 7.1
Average 9.7A a 9.5Ba 6.0Bb 6.7ADb

@ Standard error of mean. Values followed by the same capital letter(s) within each material sampled (litter or soil) comparing
treatments (fertilized or unfertilized), are not significantly different according to the Wilcoxon test (p=0.05). Italic letters
comparing material sampled in each treatment are not significantly different according to the Wilcoxon test (p=0.05); Values
followed by the same letter(s) within column are not significantly different according to the Kruskal-Wallis test (p=0.05); ns: not

significant.
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saprophages (14 %) > microphages (10 %) > omnivores
(5 %) > predators (2 %) > herbivores (1 %) (Table 4).

In the litter, social insects, saprophages and
herbivores occurred at higher densities in the
fertilized plot, while predators occurred at a higher
density in the unfertilized plot (Table 4). The
variation in the response of these different functional
groups to fertilization was likely due to the feeding
habits of the organisms. For social insects,
saprophages and herbivores, the enrichment of the
litter due to fertilization (increased C, P and K
concentrations and decreased cellulose and lignin
content) favored rapid reproduction of these

organisms in the litter layer, which is a food source
for these faunal groups.

In the soil, saprophages occurred at a higher
density in the fertilized plot, while microphages, social
insects, predators, and herbivores occurred at higher
densities in the unfertilized plot (Table 4). Increased
concentrations of P and organic C in the soil due to
fertilization may have favored the microbial
colonization and decomposition of plant residues, thus
increasing food availability for saprophages, which feed
on decomposing organic matter.

The fertilization of pasture soils with P and K has
been observed to increase the biomass of Collembola

Table 4. Density of litter and of soil faunal groups under Acacia auriculiformis plantation, fertilized and

unfertilized
Litter Soil
Faunal group
Fertilized Unfertilized Fertilized Unfertilized
Individual m % Individual m % Individual m? % Individual m? %
Microbial grazers 141 a 7.6 153 a 10.9 69 b 9.8 114 a 9.7
Collembola 141 + 373 7.6 153 + 90 10.9 69 £ 36 9.8 114 + 54 9.7
Social insect 400 a 21.7 361 b 25.8 412 b 58.4 872 a 74.0
Formicidae 340 + 342 18.4 313 +£ 192 22.4 404 + 119 57.2 860 + 831 72.9
Formicidae (larvae) 3+8 0.2 0 0 0 0 0 0
Isoptera 57 + 98 3.1 49 + 102 3.5 8+ 10 1.2 12 + 20 1.0
Saprophagous 1150 a 62.4 735 b 52.5 149 a 21.1 120 b 10.2
Psocoptera 29 + 28 1.6 51+ 53 3.7 9+ 18 1.3 1+ 2 0.1
Isopoda 914 + 432 49.6 556 + 296 39.8 111 + 48 15.8 T4 + 47 6.2
Diplopoda 9+11 0.5 9+10 0.7 9+ 11 1.3 7+8 0.6
Blattodea 15+9 0.8 15 +9 1.0 0 0 3+3 0.2
Symphyla 101 + 107 5.5 41 £ 31 2.9 14 + 10 1.9 28 +18 2.4
Gastropoda 0 0 0 0 0 0 0 0
Oligochaeta 2+ 4 0.1 0 0 0 0 0 0
Diptera (larvae) 77+ 62 4.2 60 +41 4.3 4+6 0.5 T+7 0.6
Protura 0 0 0 0 0 0 0 0
Pauropoda 3+3 0.2 4+5 0.3 2+ 3 0.3 1+£2 0.1
Predators 39D 2.1 40 a 3.0 15b 2.2 21 a 1.7
Diplura 2+3 0.1 1+£2 0.1 05+1 0.1 0 0
Dermaptera 0 0 0 0 0 0 0 0
Araneae 27+ 14 1.5 23 + 19 1.7 6+5 0.8 10+ 6 0.8
Chilopoda 10+ 6 0.5 16 + 12 1.1 8+ 6 1.1 12+9 1.0
Pseudoescorpionida 0 0 0 0 1+£2 0.2 0 0
Herbivores 60 a 3.3 54 b 3.9 5b 0.7 8 a 0.7
Hemiptera 1+2 0.0 5+5 0.3 1+£2 0.2 0.5 +1 0.0
Thysanoptera 29 + 18 1.6 28 + 24 2.0 2+ 4 0.3 2+ 2 0.2
Orthoptera 20+ 15 1.1 18 +11 1.3 1+£2 0.1 1+2 0.1
Lepidoptera (larvae) 10+ 8 0.5 3+3 0.2 05+1 0.1 5+9 0.4
Omnivores 53 a 2.9 54 a 3.9 55 a 7.8 44 a 5.3
Diptera (adult) T+7 0.4 9+9 0.6 1+£2 0.1 1+3 0.1
Coleoptera (adult) 25+ 18 1.4 30+ 16 2.1 36 + 20 5 24 +10 2.1
Coleoptera (larvae) 21+ 13 1.1 14 +£10 1.0 19+11 2.7 18 £12 1.6
Hymenoptera 0 0 1+2 0.1 0 0 0 0
Total 1843 + 773 100.0 1399 + 575 100.0 706 + 169 100.0 1179 + 855 100.0
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and enchytraeids, as well as the diversity and evenness
of the faunal communities (van der Wal et al., 2009).
Another study showed that fertilization with N, P, K
and micronutrients in rainforests resulted in higher
litter accumulation and an increased relative
abundance of arthropods due to the increases in litter
(Yang et al., 2007).

The Shannon’s diversity index did not vary
significantly between treatments (fertilized and
unfertilized plots), when compared with Hutcheson t-
tests (Table 5). The Shannon’s index was higher for
litter than for soil, but only in the unfertilized plot
(H’=2.02 vs. 0.60; df = 1362.3; t = 30.62; p<0.0001).
The Pielou’s evenness index did not vary between
treatments (fertilized and unfertilized plot) or
components (litter and soil). For both indices, the
observed variation among sampling events was
random. Similar variation among sampling events
was observed for total density and richness (Table 3).

These results suggest that fertilization favored
certain groups of litter organisms and may have induced
the migration of other organisms from the soil into the
litter as a result of the improved nutritional quality of
the litter and increased soil acidity (Table 1) .

Nematode fauna

Fertilization treatment and sampling event both
had a significant effect on the abundance of
bacteriophage and predator nematodes in both litter
and soil and on phytoparasites in the litter. On the
soil phytoparasites and the litter as well as soil
microphages, the fertilization treatment had a
significant effect, but not the sampling time (Table 6).
Nematodes were significantly more abundant in the
litter of the fertilized plot than the unfertilized plot,
but there was no difference between treatments in
nematodes in the soil (Table 7). Similarly to the results
for the overall faunal community, no evident trend in
nematode abundance was observed when comparing
the different sampling events.

A total of 894 mostly litter-inhabiting nematodes
were identified in the experiment. Bacteriophages were
the dominant group in the litter (65 %), followed by
predators (21 %) > mycophages = phytoparasites
(7 %). Bacteriophages were also the dominant group
in the soil (66 %), followed by phytoparasites (15 %) >
predators (13 %) > microphages (6 %) (Table 7). These
results show the importance of bacteriophage and
predator colonization of the litter, which probably
occurred because of the low frequency of soil
management activities in the study area (Torres et
al., 2006). Bacteriophages are free-living organisms
that feed indiscriminately on beneficial, saprophytic
and pathogenic bacteria. Large populations of these
organisms can therefore indicate high bacterial
activity due to increased amounts of mineralizable
soil N (Mattos et al., 2006). The higher number of
phytoparasites observed in the soil in this study may
be associated with parasitism of plant roots.

The results of this study suggest that mineral
fertilization of plant litter with P and K is beneficial
for the faunal community in general. Future studies
that integrate soil faunal analyses with decomposition,
nutrient cycling rates and litter nutrient content in
stands of Acacia and other forest species can expand
the knowledge about the functioning of forest
ecosystems and agroforestry production systems.

CONCLUSIONS

1. Phosphorus and potassium mineral fertilization
of Acacia auriculiformis resulted in an increase in
the density and richness of faunal communities in
plant litter. More specifically, social insects,
saprophages (mainly Isopoda) and herbivores appeared
to benefit from fertilization. In the soil, fertilization
resulted in an increase in saprophage and predator
(mainly Chilopoda) density.

Table 5. Shannon(® and Pielou® index of faunal groups in litter and soil of an Acacia auriculiformis plantation,

fertilized and unfertilized

Attribute Treatment March May July September November January March Average
2007 2008
Shannon index®
Litter Fertilized 1.60 1.80 1.51 1.43 1.39 1.71 1.84 1.61
Unfertilized 1.73 1.85 1.63 1.95 1.54 1.82 2.02 1.79
Soil Fertilized 1.36 1.42 1.23 1.53 1.32 1.72 1.12 1.39
Unfertilized 1.22 1.13 1.22 0.97 1.45 1.70 0.60 1.18
Pielou index®
Litter Fertilized 0.59 0.62 0.53 0.60 0.55 0.68 0.79 0.62
Unfertilized 0.69 0.66 0.74 0.69 0.62 0.74 0.56 0.67
Soil Fertilized 0.59 0.68 0.70 0.73 0.70 0.69 0.74 0.69
Unfertilized 0.52 0.53 0.62 0.44 0.73 0.75 0.61 0.60

Values followed by the same letter(s) (row), comparing sampling time, within each treatment or by the same capital letter(s)
(column), comparing treatments are not significantly different according to the Duncan test (p=0.05); ns: not significant.
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Table 6. Wilcoxon(® and Kruskal-Wallis®) tests of the effects of fertilization and sampling time on litter and
soil nematode groups

D.f. Bacteriophage Mycophage Phytoparasite Predator
Litter Fertilization® 1 1,10* 0,20* 0,26* 0,49*
Sampling time® 6 12,73* 1,58 0,01* 15,21%*
Soil Fertilization® 1 0,81* 1,09* 1,03* 0,55*
Sampling time® 6 25,42% 0,90 ™ 2,48 ™ 20,27*

D.f.: degree of freedom.

Table 7. Number of nematode groups on fertilized and unfertilized litter and soil of an Acacia auriculiformis

plantation
Number of nematode group
Fertilized Unfertilized Average
Litter
November 2007 Bacteriophage 11+ 76 23 + 9a 17b
Mycophage 8+ ba 10 + 5a 9a
Phytoparasite 0+ 00b 4+ 2a 2 a
Predator 0+ 0a 0+ 0a 0b
January 2008 Bacteriophage 140 + 41a 99 + 52b 120 a
Mycophage 7+ 4a 2+2b 4a
Phytoparasite 21+ 1la 6+ 2b 13 a
Predator 35+ 9a 37 + 16a 38 a
March 2008 Bacteriophage 80 + 14a 52+ 10b 66 a
Mycophage 5+ 3b 13 + 6a 9a
Phytoparasite 5+ 4a 5+ 2a 5a
Predator 32+ 8a 25 + 8b 28 a
Average® 116 A 91 B
Soil
September 2007 Bacteriophage 10 + 3a 4+1b 7b
Mycophage 2+ 2a 1+1b la
Phytoparasite 7+ 4a 1+00b 4a
Predator 1+0a 1+1a 1b
November 2007 Bacteriophage 20 + 2a 25 + 6a 23 a
Mycophage 3+ 1la 1+00b 2a
Phytoparasite 6+ 3a 4+ 1b 5a
Predator 5+ la 5+ la 4 ab
January 2008 Bacteriophage 16 + 3a 17 + 3a 17b
Mycophage 2+ la 2+ la 2 a
Phytoparasite 6+ 2a 5+ 2a Ta
Predator 4+1la 3+ 1la 5a
March 2008 Bacteriophage 36 + 5b 54 + 19a 45a
Mycophage 3+ 2a 1+1b 2a
Phytoparasite 7+ 5a 6+ 2b Ta
Predator 8+ 3a 8+ 2a 8a
Average® 34A 36A

@ Values followed by the same capital letter(s) comparing treatments (fertilized or unfertilized), are not significantly different
according to the Wilcoxon test (p=0.05). Italic letter(s) within sampling time and nematode group comparing treatments (fertilized
or unfertilized) are not significantly different according to the Wilcoxon test (p=0.05). Values followed by the same letter(s) in a
(column), within sampling time comparing nematode groups, are not significantly different according to the Kruskal-Wallis test
(p=0.05).
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2. Of the different functional groups examined in
this study, saprophages (mainly Isopoda) were the
predominant group in plant litter, while social insects
(Formicidae) prevailed in the soil.

3. Nematodes in the litter were favored by
fertilization. Bacteriophages were the predominant
nematode group in both litter and soil.
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