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ABSTRACT

Peritika MZ, Sugiyarto, Sunarto. 2012. Diversity of soil macrofauna on different pattern of sloping land agroforestry in Wonogiri,
Central Java. Biodiversitas 13: 140-144. The purposes of this study were to determine the diversity level of soil macrofauna on different
patterns of sloping land agroforestry, in Wonogiri District, Central Java, and to find out the relationship between environmental factors
and the level of soil macrofauna diversity. The study was conducted by sampling at three different patterns of agroforestry, namely:
pattern of mixed agroforestry (PAC), pattern of teak agroforestry (PAJ), and the pattern of sengon agroforestry (PAS). The field
sampling used two methods, namely pit fall traps to obtain above ground macrofauna, and hand sorting methods to obtain underground
macrofauna, on land slope of 39%, 35%, and 27%. The data were collected to determine the diversity index of soil macrofauna; and the
environmental factors were also measured. The relationship between environmental factors and the diversity index of soil macrofauna
was presented in Pearson's correlation analysis. The results showed that the pattern of sloping land agroforestry in Wonogiri District,
Central Java had different diversity index of soil macrofauna. The average diversity index of surface macrofauna was the PAC (0.710),
PAS (0661), and PAJ (0.417). The average diversity index of underground macrofauna was the PAC (0.887), PAS (0.860), and PAJ
(0.843). The diversity index of soil macrofauna in various patterns of sloping land agroforestry showed that there was a correlation with
environmental factors.
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INTRODUCTION

Most areas in Indonesia are hilly or mountainous areas
that create the sloping lands (Setyawan et al. 2006).
Sloping lands are scattered in the tropics. Around 500
million people use them for farming (Craswell et al. 1997).
Wonogiri is one of the regions having many mountains and
hills with an area of 182,236.02 ha consisting of different
types of land, among others: alluvial, litosol, regosol,
andosol, grumusol, mediterranian and latosol. Wonogiri
has a harsh topography. Most of the land is rocky and dry
and is not good for agricultural purposes (BPS 2010).

One technology being assessed as appropriate with the
conditions of sloping lands is the application of
agroforestry, a land management system with the basis of
sustainability, which increases the overall land production,
simultaneously or sequentially combines the production of
agricultural crops (including tree plants) and forest plants
and/or animals on the same land unit, and implements new
ways of managing appropriate to the local population
culture (Kartasubrata 1991; Damanik 2003).

Agroforestry is appropriate for the management of
watershed area (flood and landslide control) with a variety
of considerations, namely the land rehabilitation which can
improve the physical fertility (improving land structure and
water content), chemical fertility (increasing levels of
organic matter and nutrient availability) and land biology
(increasing activity and diversity), land morphology (the

formation of solum); and it has an important role in
rehabilitating degraded land (Wongso 2008).

The largest land reforestation program in the developing
countries has been done in China under China's Sloping
Land Conversion Program (SLCP), having the goal of
converting 14.67 million hectares of cropland to forests by
2010 (4.4 million of which is on land with slopes greater
than 25°) and an additional goal of afforesting a roughly
equal area of wasteland by 2010 (Bennett 2008). This
program is proven to improve soil quality and increase
rural household incomes (Grosjean and Kontoleon 2009;
Xu et al. 2010).

Agroforestry as a system of land use is more acceptable
by the society because it is profitable for the socio-economic
development, and as a venue for farmers’ community
empowerment and conservation of natural resources and
rural areas environment management. This pattern is
considered very suitable to be developed in Solo’s
upstream of watershed area that has many aslant areas
(Soedjoko 2002). One of Solo’s upstream of watershed
area is located in Wonogiri, Central Java.

Soil macrofauna with size of more than 2 mm consists
of miliapoda, isopods, insects, mollusks and earthworms
(Maftu'ah et al. 2005). Soil macrofauna has an important role
in the decomposition of land organic matter in the supply
of nutrients. They will eat dead vegetable substances, then
the material will be extracted in the form of dirt
(Rahmawaty 2004).
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The relation between soil macrofauna diversity and
ecosystem function is very complex and mostly unknown.
The concern to conserve of soil macrofauna biodiversity is
very limited (Lavelle et al. 1994; Sugiyarto 2008).
Currently, there is no research about the diversity of soil
macrofauna found in various patterns of sloping land
agroforestry, in Wonogiri District, Central Java, Indonesia.
Given the importance of soil macrofauna role in the
ecosystem and relatively limited information about the
existence of soil macrofauna in various patterns of sloping
land agroforestry, it is necessary to make inventory about
the diversity of soil macrofauna on the area.

This research in soil macrofauna diversity on Sloping
land agroforestry in Wonogiri District, Central Java was
done by identifying and quantifying soil macrofauna
diversity in various patterns of Sloping land agroforestry
and explained the relationship between environmental
factors and levels of soil macrofauna diversity.

MATERIALS AND METHODS

Study area
The research was conducted in

sloping land area of Semagar Duwur
Village, Girimarto Subdistrict,
Wonogiri District, Central Java,
Indonesia.

Procedure
Sampling point determination

There were three observation
stations with the slope of 39%, 35%,
and 27%, respectively. Three patterns
of agroforestry were determined in
each station namely: mixed
agroforestry pattern (PAC), teak
agroforestry pattern (PAJ) and
sengon agroforestry pattern (PAS).
Then, with simple random sampling
method, sampling points were
randomly determined in each pattern.

Soil macrofauna sampling
The method of pit fall traps was

used to get surface macrofauna and
the method of hand sorting was used
to get underground macrofauna (Suin
1997; Maftu’ah et al. 2005).

Identification of soil macrofauna
Identification of soil macrofauna

was done with reference to some
books, including Borror et al. (1989),
and Suin (1997).

Measurement of environmental
factors

At each station, the biotic
environmental factors were recorded,

namely the amount of vegetation types. Then, at each
sampling point, several abiotic environmental factors were
measured, both the characters of physics and chemistry,
namely: (i) physical characteristics (intensity of sunlight,
air relative humidity, air temperature, soil temperature); (ii)
chemical characteristics (soil pH, soil organic matter).

Data collection techniques
The species of soil macrofauna were identified and

counted normally. Environmental factors variables were
taken using its own measuring instruments on sites directly
or in the laboratory indirectly.

Data analysis
The data were used for calculating the Diversity Index.

Then, Pearson correlation analysis is performed to
determine the relationship of diversity indices with
environmental factors.

Table 1. Environmental factors in a variety of agroforestry patterns on sloping land area
of Semagar Duwur Village, Girimarto Subdistrict, Wonogiri District, Central Java.

Biotic Abiotic
Physical properties Chemical properties

Site No. of
vegetation

types

Sunlight
intensity

(Lux)

Relative
air

humidity
(%)

Air
tempe-
rature

(C)

Soil
tempe-
rature

(C)

Soil
pH

Soil
organic
matter

(%)
PAC I 10 4,040 48.3 28.0 25.7 5.75 3.10
PAC II 12 8,783 62.3 27.3 27.3 5.19 4.24
PAC III 9 9,303 55.7 30.7 26.3 5.62 3.85

Average 10 7,375 55.4 28.7 26.4 5.52 3.73
PAJ I 7 33,310 51.0 33.3 29.0 5.24 3.49
PAJ II 2 16,490 58.3 29.0 29.3 5.36 5.39
PAJ III 9 20,053 54.0 31.7 27.7 5.81 3.07

Average 6 23,284 54.4 31.3 28.7 5.47 3.98
PAS I 7 27,136 46.0 33.0 29.3 5.55 3.46
PAS II 5 9,430 51.3 30.7 28.0 5.29 4.62
PAS III 3 7,752 59.3 28.7 28.0 6.12 2.70

Average 5 14,773 52.2 30.8 28.4 5.65 3.59
Note for Table 1, 2 and 3: I, II, III: The name of the station (Station I, II, III); PAC:
Patterns of Mixed Agroforestry, PAJ: Patterns of Teak Agroforestry, PAS: Patterns of
sengon agroforestry

Table 2. The number of individuals, the number of species and diversity index of soil
macrofauna at each research station

Surface macrofauna Underground macrofauna

Site No. of
individuals

Number
of

species

Diversity
index

Number of
individuals

Number
of

species

Diversity
index

PAC I 19 7 0.787 17 11 0.858
PAC II 65 8 0.684 44 22 0.903
PAC III 41 8 0.660 31 14 0.899
Average 42 8 0710 31 16 0887

PAJ I 13 5 0.710 29 9 0.792
PAJ II 24 5 0.524 15 8 0.818
PAJ III 1610 12 0.017 23 15 0.919
Average 549 7 0.417 22 11 0.843

PAS I 40 7 0.614 18 9 0.827
PAS II 11 5 0.711 24 13 0.892
PAS III 37 8 0.659 26 13 0.861
Average 29 7 0.661 23 12 0.860
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RESULTS AND DISCUSSION

Environmental factors intensely determined the
structure of soil animal communities. Since, one of soil
animals was soil macrofauna being part of the soil
ecosystem, therefore, in studying soil animal ecology,
physico-chemical soil factors were always measured (Suin
1997) (Table 1).

The intensity of sunlight received by the ecosystem was
an important determinant of primary productivity, which
henceforth would affect species diversity and nutrient
cycling (Mokany et al. 2008). Air humidity could be
affected by light intensity. Air humidity was higher when
light intensity was lower (Sulandjari et al. 2005).
Temperature was influenced by the radiation of sunlight
received by earth (Lakitan 2002). Sulandjari et al. (2005)
stated that the lower the light intensity the lower the
temperature. Fluctuation was also influenced by weather
conditions, topography and soil conditions (Suin 1997).
Soil pH value could be related with soil organic matter
content. Decomposition of organic matter tended to
increase the acidity of the soil due to the production of
organic acids (Killham 1994; Makalew 2001).

From Table 2, it can be concluded that the PAC had a
positive influence on the diversity index of soil
macrofauna, but the PAS and PAJ gave a different effect.
Different influences of PAS and PAJ to soil macrofauna
diversity index could be due to differences in affecting
environmental factors.

Supporting capacity of agroforestry patterns to the life
of surface macrofauna could directly be associated with a
number of vegetation types (Table 1).
PAC had highest number of
vegetation types, so it could be
concluded that the supporting
capacity of PAC to the life of surface
macrofauna was high. More diverse
species of plant provided more food
supply to the soil surface
macrofauna. On the other hand, PAJ
had the lowest number of vegetation
types, so the supporting capacity for
soil surface macrofauna life was also
low. From the observation can be
seen that the diversity index
macrofauna in the soil and the
number of species found greater
value when compared with the soil
surface macrofauna.

The study found surface
macrofauna with the amount of 27
species from a single phylum namely
Arthropods. This arthropod phylum
was consisting of two classes namely
Insecta and Arachnids. Insecta class
was found consisting of six order of
Hymenoptera, Coleoptera, Lepidoptera,
Hemiptera, Blatodea, and Orthoptera.
Arachnids class was found consisting
of only one order namely Araneae.

Underground macrofauna were found of 46 species which
were divided into two phyla, namely annelids and
arthropods. The phylum Annelida was only found in one
class namely Chaetopoda. The phylum Arthropods was
found consisting of five classes, namely, Insecta,
Diplopoda, arachnids, Chilopoda and Malacostraca.
Wallwork (1970) explained that the Phylum Arthropoda
was a group of soil animals, which generally showed the
highest dominance among the organisms making up the
community of soil animals. The species was 29 species of
46 species and were originated from the Insecta class. This
was in accordance with the revelation of Borror et al.
(1989) that the Insecta class was the dominant animal on
earth. Borror et al. (1989) stated that the ants were the most
common group and were widespread in terrestrial habitats.
Ants were groups of animal which species and populations
were abundant.

Dominant surface macrofauna which was found mostly
come from the family Formicidae (ants). Leptomyrmex
rufipes of the subfamily Dolichoderinae macrofauna was
the dominant surface macrofauna, and was the most
commonly found species. Dolichoderinae were predators of
soft beetles, such as aphids (Shattuck 1999). Solenopsis
invicta was a species of fire ants which were commonly
found as pests of plants. This species was easily spread in
suitable habitats (NPS 2010). Genus Ponera were
distributed along Indo-Australia (Taylor 1967; Csosz and
Seifert 2003).

The life activity of soil macrofauna could not be
separated from the influence of environmental factors. The
activity of soil organisms is generally influenced by various

Table 3. Dominant soil macrofauna in agroforestry of Wonogiri District, Central Java

Site Surface macrofauna Underground macrofauna

PAC I Ant A (Subfamily Dolichoderinae) Phyllophaga sp.
PAC II Leptomyrmex rufipes Camponotus nigriceps
PAC III Leptomyrmex rufipes Byturus sp.
PAJ I Solenopsis invicta Microtermes sp.
PAJ II Leptomyrmex rufipes Ponera sp.
PAJ III Leptomyrmex rufipes Oniscus sp.
PAS I Solenopsis Invicta Phyllophaga sp.
PAS II Ponera sp. and Allonemobius fasciatus Blatella sp.
PAS III Leptomyrmex rufipes Blatella sp.

Table 4. Correlation analysis between the level diversity of soil macrofauna and
environmental factors.

Pearson correlation value
Surface

macrofauna ID
Underground

macrofauna ID
Environmental factors

PAC PAJ PAS PAC PAJ PAS
The intensity of sunlight -0.996 0.551 -0.801 0.986 -0.493 -0.836
Air relative humidity -0.787 -0.159 0.359 0.916 0.092 0.415
Temperatures -0.480 0.115 -0.500 0.248 -0.048 -0.552
Soil temperature -0.667 0.905 -0.845 0.831 -0.932 -0.876
Soil pH 0.587 -0.588 -0.421 -0.770 0.641 -0.362
Soil organic matter -0.762 0.419 0.541 0.899 -0.479 0.488
No. of vegetation types -0.017 -0.516 -0.465 0.264 0.573 -0.518
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factors, including climate (rainfall, temperature etc.), soil
(acidity, moisture, temperature, nutrients etc.) and
vegetation (forests, grasslands, shrubs and other) (Hakim et
al. 1986).

The analysis showed that the Pearson correlation value
between soil macrofauna diversity indices with abiotic
environmental factors ranging from 0.017 to 0.996. Pearson
correlation values were positive and some were negative.
Correlation coefficient (r) could be translated in several
levels, namely: a) r = 0, no correlation; b) 0 <r ≤ 0.200, the
correlation is very low / very weak; c) 0.200 <r ≤ 0.400, the
correlation is low / weak but certain; d) 0.400 <r ≤ 0.700,
significant correlation; e) 0.700 <r ≤ 0.900, the correlation
is very high, robust; f) 0.900 <r ≤ 1, the correlation is very
high, very robust, reliable (Hasan 2001 ).

The increase of light intensity could decrease the soil
macrofauna diversity index and vice versa. The upswing of
light intensity might result in some underground
macrofauna to be dead due to the underground
environmental conditions that was too hot. The intensity of
sunlight was also affected by canopy closure. The thick
canopy allowing sunlight to reach the ground floor
reduced, and vice versa (Sanjaya 2009; Sitompul 2002).
Mokany et al. (2008) stated that the intensity of sunlight
affect species diversity. Suhardjono (1998) stated that
research in the Bogor Botanical Gardens show there is
more animal on the forest floor with less sunlight than the
one with much sunlight.

Air relative humidity will decrease the diversity of
surface macrofauna index. It agrees with the statement of
Purwanti (2003) that the increase in air humidity can
interfere the oxygen uptake (respiration) of surface
macrofauna. The disruption of the process led to the
decrease of soil macrofauna diversity. It might be because
of the unability of soil macrofauna to survive or to migrate
to another location.

The increase of relative air humidity will increase
diversity index of soil macrofauna and vice versa. It is in
accordance with the results of research conducted by
Sugiyarto (2000) regarding the diversity of soil macrofauna
at various age of sengon stands at Forest Police Resort
(RPH) Jatirejo, Kediri. It shows the same thing that there is
a positive correlation between the relative air humidity with
soil macrofauna. The correlation between two variables is
0.04 for surface macrofauna and 0.05 for underground
macrofauna.

An increase of air temperatures will reduce soil
macrofauna diversity index. Lakitan (2002) stated that air
temperature was affected by radiation of sunlight received
by the earth. The higher the light intensity is, the higher the
air temperature (Sulandjari et al. 2005). Temperature which
is too high would cause some physiological processes, such
as reproductive activity, metabolism, and respiration, to be
disrupted (Kevan 1962; Sugiyarto 2007). The disruption of
physiological processes of soil macrofauna will then affect
the diversity.

An increase in soil temperatures will lower soil
macrofauna diversity index and vice versa. Soil
temperatures which are too high would cause some
physiological processes such as reproductive activity,

metabolism, and respiration, to be disrupted (Kevan 1962;
Sugiyarto 2007). Disruption of physiological processes of
soil macrofauna would then affect diversity. It is in
accordance with the research of Handayani (2008)
regarding the inventory diversity of soil macrofauna in
carrot crop (Daucus carota L.) which was fertilized with
various organic and inorganic fertilizers. It showed soil
temperature having negative correlation with the diversity
of soil macrofauna particularly on Coleoptera order.

An increase in acidity would increase the diversity
index of soil macrofauna and vice versa. High number of
soil acidity means having a low pH (pH below 7). In
tropical environments where some soil has been sour for a
long period of time, soil fauna have evolved its tolerance to
low pH. Most of the macrofauna including diggers species
such as worms and termites tend to decline its abundance in
large amounts in acidic soil conditions, with most activities
are limited to layers of waste where the pH is significantly
higher and usually alkaline (DPI 2010).

An increase of soil organic matter would increase the
diversity index of soil macrofauna and vice versa. Soil
macrofauna improves decomposition of organic residues,
although its role depends on the nature of the material in it
(Karanja et al. 2006). The more the organic material
available the bigger the number of individuals of soil
macrofauna, because it is able to protect against
environmental stresses both the high temperature
environment and the possible presence of predators
(Sugiyarto 2007). TSK (2008) states that soil macrofauna
take nutrients from the soil organic matter, so the
availability of adequate soil organic matter will affect the
survival of soil macrofauna.

CONCLUSION

Based on research results, it can be concluded that
various patterns of sloping land agroforestry had a different
index of soil macrofauna diversity. There was a correlation
between index diversity of soil macrofauna with
environmental factors in various patterns of sloping land
agroforestry.
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