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SOIL SCIENCE

Production and efficiency of organic compost generated by millipede activity

Producio e eficiéncia de composto orgianico gerado pela atividade de gongolos

Luiz Fernando de Sousa Antunes' Rafael Nogueira Scoriza™
Dione Galvao da Silva" Maria Elizabeth Fernandes Correia"

ABSTRACT

The putrefactive activity of organisms such as
diplopods in the edaphic macrof auna can be leveraged to promote
the transformation of agricultural and urban waste into a low-
cost substrate for the production of vegetable seedlings. This
research aimed to evaluate: (1) the quantity of Gervais millipedes
(Trigoniulus corallinus) needed to produce an acceptable
quantity of organic compost; (2) the main physical and chemical
characteristics of different compost types; and (3) compost
efficiency in the production of lettuce seedlings. The first experiment
lasted 90 days and was conducted using 6.5L of Gliricidia, 6.5L
of Flemingia, 13.5L of grass cuttings, 4.5L of cardboard, 4.5L of
coconut husk, and 4.5L of corncob. Treatments consisting of 0, 0.10,
0.30, 0.50, and 0.90L of millipedes were applied. This experiment
compared millicompost and vermicompost, using four repetitions.
After 23 days, the heights of grown lettuce plants and the weights
of the fresh and dry mass of above ground lettuce and of the roots
were assessed. A millipede volume of 0.1L proved to be sufficient
for the production of an acceptable volume of organic compost.
However, the addition of greater volumes leads to increased
calcium, magnesium, and phosphorous content. Millicompost has
similar physicochemical characteristics those of vermicompost,
and both are equally efficient as a substrate for the production of
lettuce seedlings.

Key words: Diplopoda, substrate, vegetables.
RESUMO

A atividade decompositora de organismos da
macrofauna eddfica, como os diplopodes, pode ser aproveitada
para promover a transformagdo de residuos agricolas e urbanos,
capaz de produzir um substrato de baixo custo para a produg¢do
de mudas de hortalicas. Este trabalho objetivou avaliar: (1) a
quantidade de gongolo Trigoniulus corallinus Gervais suficiente
para a produgdo de composto orgdnico; (2) suas principais

caracteristicas fisicas e quimicas; (3) sua eficiéncia, quando
utilizado para a produg¢do de mudas de alface. O primeiro
experimento durou 90 dias, utilizando 6,5 litros de gliricidea, 6,5
litros de flemingea, 13,5 litros de aparas de grama, 4,5 litros de
papeldo, 4,5 litros de casca de coco e 4,5 litros de sabugo de
milho. Os volumes de gongolos utilizados como tratamento foram
0, 0,10, 0,30, 0,50 e 0,90 litros. Apos 23 dias, foram avaliados
os pesos da massa fresca e seca da parte aérea e das raizes e
altura. O volume de 0,1 litros de gongolos mostrou-se suficiente
para a produgdo de um volume aceitavel de composto orgdnico.
Entretanto, a adi¢do de maiores volumes proporciona aumento
nos teores de cdlcio, magnésio e fosforo. O gongocomposto
apresenta  caracteristicas  fisico-quimica  semelhantes ao
vermicomposto, ambos igualmente eficientes quando utilizados
como substrato para a produgdo de mudas de alface.

Palavras-chave: diplopodes, substrato, hortaligas.

INTRODUCTION

Composting is a complex process by
which plant and animal waste are converted into
stable organic matter, facilitated by a variety of
macroorganisms from the saprophage fauna and by
microorganisms (AMBARISH & SRIDHAR, 2013).
It is means to mitigate the environmental impact
associated with the inadequate disposal of organic
waste, since compost has a beneficial effect on
crops when used as a fertilizer (KARTHIGEYAN &
ALAGESAN, 2011; DORES-SILVA et al., 2013).

Among the organisms capable of
promoting composting, diplopods stand out as one of
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the most active saprophages (THAKUR et al., 2011).
They perform important pedogenetic processes,
such as nutrient cycling, in the soil as well as being
involved in the fragmentation and transformation of
organic material (ANILKUMAR et al., 2012) and
the composting of plant waste (KANIA & KLAPEC,
2012). In the perspective of managing and using biota
from the soil, a species with potential for this purpose
is Trigoniulus corallinus. Known popularly as
millipedes, they are distributed across the tropics and
can be easily identified in agricultural environments
due to their distinctive red color. They belong to
the order Spirobolida and the family Pachybolidae;
theyare native to Southeast Asia (BIANCHI &
CORREIA, 2007; SHELLEY et al., 2000).

Millipedes transform plant material into
fecal pellets that affect important physiochemical
properties, specifically by decreasing the carbon/
nitrogen ratio and in the subsequent process of
decomposition (KARTHIGEYAN & ALAGESAN,
2011; THAKUR et al., 2011; ANILKUMAR et al.,
2012;). This is important for compost generation, as
it provides important nutritional components to the
microflora (KANIA & KLAPEC, 2012).

Farmers can produce and use compost
themselves by utilizing plant remains obtained from
their property or the surrounding region, which
are considered economically important sources
of nutrients (SILVEIRA al., 2002; MEDEIROS
et al., 2007; ARAUJO NETO et al., 2009) and
play a central role in sustainable agriculture
(KARTHIGEYAN & ALAGESAN, 2011). The
search for quality substrates is important owing to
the broad use of these substrates in the production of
vegetable seedlings (SILVEIRA et al., 2002) since
substrates have several advantages, such as the
optimization of labor, input, and fertilizers (LOPES
et al.,, 2007), obtaining high-quality seedlings
(BRITO et al., 2002) and ensuring the success of
other steps in the productive process. In addition,
the absence of soil in the substrate facilitates the
removal of the seedling with the clod and prevents
the occurrence of phytopathogens and seeds from
weeds (FILGUEIRA, 2000).

Lettuce is the most cultivated leafy
vegetable and an important part of the Brazilian diet
(LOPES et al., 2007; MEDEIROS et al., 2007), and it
is common to use organic substrates for the production
and development of its seedlings (GOMES et al.,
2008). This study aimed to assess (1) the amount
of Trigoniulus corallinus millipedes sufficient for
transforming waste into organic compost; (2) the
main physicochemical characteristics of compost;

and (3) compost efficiency when used as a substrate
for the production of lettuce seedlings.

MATERIALS AND METHODS

Adults T. corallines individuals were
manually collected between January and March 2013
from worm culture beds, compost heaps, and recently
cut grasses. They were maintained in colonies at the
experimental site at the Embrapa Agrobiologia located
in Seropédica - RJ, following the recommendations
of BIANCHI & CORREIA (2007).

The determination of the volume of
millipedes that was sufficient to carry out composting
was conducted using concrete tubes 0.5m high and
Im in diameter, internally coated with a layer of
galvanized steel and covered with a 2-mm screen
to prevent the diplopods from escaping. The plant
materials used in the composting, at a final volume
of 40L, consisted of 6.5L of Gliricidia branches
and leaves (Gliricidia sepium (Jacq.) Walp.), 6.5L
of Flemingia branches and leaves (Leucaena
leucocephala (Lam.) by Wit), 13.5L of cut grass
(Brachiaria decumbens Stapf), 4.5L of cardboard,
4.5L of coconut husk (Cocos nucifera L..) and 4.5L of
corncob (Zea mays L.). These materials were chopped
to 2-cm sized pieces by machine and homogenized.

The experiment was conducted with
five treatments: 0 (control), 0.1, 0.3, 0.5 and 0.9L
of diplopods. After 45 days, the material from each
tube was again homogenized. After 90 days, the
compost from each ring was sieved through a 2-mm
mesh screen to separate and measure the volumes
of fine and coarse material. This also facilitated the
assessment of the reduction in volume in comparison
to the initial volume. The volume of the millipedes
that survived at the end of the experiment was also
assessed. A sample of the fine material was used to
evaluate pH and electric conductivity and nitrogen,
calcium, potassium, magnesium, and phosphorous
content, according to EMBRAPA (2005).

All of the fine material produced, referred to
as millicompost, was mixed and homogenized for use in
the production of Regina 2000 (Lactuca sativa L) lettuce
seedlings. Seedlings produced using this treatment were
compared to seedlings produced in compost supplied
by the Embrapa Agrobiologia experimental field, which
contained 83% vermicompost, 15% fine plant charcoal
and 2% Caster oil plant paste. Both were physically
characterized in order to determine the apparent density,
particle density, water retention capacity, macroporosity,
microporosity, and total porosity, according to SILVA
(1998) and MAPA (2007).
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The delineation was entirely randomized
in four repetitions. Seeding was carried out in trays
using two pelleted seeds per cell. Thinning took place
after nine days, and left only one plant per cell. The
experiment was terminated after 23 days, and16 plants
were collected per tray from the fifth line in the larger
direction, discarding the first two cells from each end.
The assessment of the seedlings was based on the
determination of the fresh mass of the plant above the
ground and roots, the dry mass of the aboveground
plant and roots, the number of true leaves and the
height of the plants (from the root insertion point to
the peak of the foliage). To determine dry mass, the
aboveground plant and the roots were stored in paper
bags and kept in a forced air circulation greenhouse at
65°C until they reached a constant weight.

For the data analysis, the homogeneity of
the error variances was assessed using the Cochran
Test and normality using the Lilliefors Test. The
parametric data were subjected to variance analysis
using Tukey’s test (P<0.05).

RESULTS AND DISCUSSION

The activity of the Trigoniulus corallinus
individuals was efficient in promoting the digestion
and fragmentation of the plant materials. Compared
to the control, there was a significant increase
in the volume of fine material, which is compost
formed by fecal pellets (THAKUR et al., 2011) and
fragmented parts (<2mm).

The presence of millipedes also promoted
an approximate 60% reduction in the initial volume
compared to the control (Table 1). The insertion of
grass may have increased this process since it has
a low C/N ratio (29:1) and is an organic matter that

is more susceptible to microbiological degradation
(GODOY et al., 2009).

Contrary to what was expected, the
different volumes of millipedes assessed in this study
did not significantly reduce the initial volume and
fine material produced. This indicates that the activity
of individual organisms did not promote a synergistic
effect in the composting of the plant material, which
could be related to the low survival of the inserted
organisms, especially in treatments using larger
volumes of millipedes (Table 1). This low survival
was also observed (although it was not quantified) in
the colony in which the millipedes were maintained.
Thus, a volume of 0.1L was considered sufficient,
representing an average production of 41.4% (6.5L)
of the millicompost in this study; this production
efficiency is comparable to that of vermicompost, for
which the expected production is between 40%and
60% (GODOQY et al., 2009).

In the treatment without millipedes, the
volume of fine material generated is attributed to
decomposition promoted by opportunistic groups
from the macrofauna that were occasionally observed
in the compost, such as Isopoda and Blattodea. These
organisms could either have come from material
collected in the field, or they may have been present
in the concrete rings during the experiment.

Theaddition oflarger volumes of millipedes
resulted in changes in the chemical characteristics
of the compost and an increase in the content of
macronutrients such as calcium, magnesium, and
phosphorous (Table 1). The increased content of
these nutrients in the substrate produced by diplopods
was observed by KARTHIGEYAN & ALAGESAN
(2011) and AMBARISH & SRIDHAR (2013), who
also reported an increase in the levels of organic

Table 1 - Characteristics of the compost produced by different volumes of Trigoniulus corallinus after 90 days under greenhouse conditions.

oL 0.1L 03L 05L 09L
Liters of millipede:

Coarse material (%) 854a 58.6b 540b 582b 51.8b
Fine material (%) 14.6b 414a 46.0a 41.8a 482a
Volume reduction (%) 478 b 61.3a 61.8a 63.0a 59.0a
Survival (%) 270a 87b 4.8b 50b
Nitrogen (%) 22a 20a 22a 2.1a 2.1a
Calcium (g kg™) 12.7¢ 17.1 be 26.4 be 30.4b 51.1a
Potassium (g kg™) 12.1a 123a 11.3a 114a 102 a
Magnesium (g kg™) 40b 4.0b 460 4.7b 69a
Phosphorous (g kg™) 2.0d 23cd 33 bc 37b 6.0a

Similar letters on a line indicate that there was no statistical difference according to Tukey's test at 5%.
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carbon, nitrogen, carbohydrates, and lipids. In another
type of compost generated by earthworm activity, an
increase in the levels of total nitrogen and phosphorous
was also observed after composting plant waste with
manure, thus increasing the fertilizing capacity of the
final compost (DORES-SILVA et al., 2013).

One explanation forthe increase in the nutrient
content is that a larger volume of individuals represented
greater activity from the microorganisms present in the
intestine of the millipedes, thus mobilizing the nutrients
trapped in the plant material and eliminating a portion
in the feces. The pellets also contained a rich array of
microorganisms whose tissues have high nutritional
quality (SWIFT et al., 1979; ANILKUMAR etal., 2012;
AMBARISH & SRIDHAR, 2013). Another factor that
should be considered is the low survival of millipedes
(Table 1), and the incorporation of nutrients found in
their bodies to the compost. According to TEUBEN &
VERHOEF (1992), the diplopod biomass is a very rich
source of nutrients that has 5 times more potassium, 20
times more calcium, 3 times more magnesium, 17 times
more phosphorous and 4 times more nitrogen than the
original plant material.

The use of millicompost as a substrate
allows for the production of lettuce seedlings with
characteristics that are similar to those produced
using vermicompost, which is commonly used by
farmers (Table 2). However, lettuce production is
always coupled with animal manure, the supply of
which could be limited if there are no properties that
carry out livestock activities in the region.

The two types of compost were statistically
similar in terms of all measured characteristics (e.g.,
dry mass, height, and number of leaves). Lettuce
seedlings with characteristics similar to those of the
lettuce produced in this study (Table 2) were produced
by GOMES et al. (2008) in a substrate with a mixture
of earthworm humus (70%), rice husk (30%), and
phosphate, after 21 days, with fresh and dry mass from
the aerial part at 0.37g and 0.03g, respectively.

The efficiency of both composts was
compared by ANILKUMAR et al. (2012) for the
production of Caspicum annuum, and this comparison
confirmed that better results are obtained from millipede-
produced compost. The similarity in the production of
lettuce seedlings by both organic composts could be the
result of similarities of their main physical and chemical
characteristics (Table 2). The proportion of water
retention is related to the microporosity of the compost,
as suggested by PRIMO et al. (2011). According to
the authors, this is owing to a reduction in the size of
the particles in the raw material. The pH measured is
considered ideal for the successful development of

Table 2 - Characteristics of the lettuce seedlings, the clod, and the
physical and chemical analysis of the organic substrates
used for producing lettuce seedlings.

Millicompost ~ Vermicompost

Fresh mass of the
aboveground plant (g)

Fresh mass of the roots (g) 0.10a 0.11a
Dry mass of the

0.62a 0.57a

aboveground plant (g) 0.02a 0.02a
Dry mass of the roots (g) 0.004 a 0.003 a
Number of real leaves 6.8la 7.14a
é:ne)rage height of the plants 5482 5152
Apparent density (kg m”) 270 350
Particle density (kg m™) 750 1710
Total porosity (%) 64.5 79.3
Microporosity (%) 48.1 59.9
Macroporosity (%) 16.4 19.4
Water retention (%) 48 59.8
pH 5.8 6.5
ﬁ:lescgnlci;onductlwty 0.16 02
Available/total nitrogen (%) 4 5

Millicompost generated by the activity of Trigoniulus corallinus,
over 90 days, on agricultural and urban plant remains.
Vermicompost supplied by the Embrapa Agrobiologia
experimental field, containing 83% vermicompost, 15% fine plant
charcoal and 2% Caster oil plant paste.

lettuce seedlings, according to MENEZES JUNIOR
et al (2000), as it is near 6.0 in both composts. This
characteristic is a result of the use of organic matter
in composition of both types of compost, which also
contributes to permeability, aggregation of mineral
particles, and acid correction (MIRANDA et al., 1998).

There is a large difference in the density
of particles between composts—vermicompost has
a higher density, possibly caused by the presence of
earthworm coprolites (ARAUJO NETO et al., 2009).
This characteristic is less prevalent in millicompost.
This is of relevanceto the transport of the trays where
the seedlings are produced (MIRANDA et al., 1998).

Further studies should be conducted to
assess the quality of compost produced from other
raw materials, in addition to developing maintenance
techniques that permit greater survival and reproduction
of the composting organisms, thereby facilitating the
management of these organisms.

CONCLUSION

The Trigoniulus corallinus millipede
decomposes agricultural and urban plant waste.

Ciéncia Rural, v.46, n.5, mai, 2016.
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Nutritional enrichment with calcium, magnesium, and
phosphorus, and the physicochemical characteristics
of the compost generated by these organisms, make
them efficient as a substrate for the production of
lettuce seedlings.
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