
 

DIVERSITY AND FUNCTIONAL ROLE OF SOIL MACROFAUNA 

COMUNITIES IN BRAZILIAN NO-TILLAGE AGROECOSYSTEMS: 

A PRELIMINARY ANALYSIS 

 

 

George G. Brown1, Amarildo Pasini2, Norton Polo Benito2, Adriana Maria de 

Aquino3 and Maria Elizabeth Fernandes Correia3 

 

1. Embrapa Soybean/CNPq, C.P. 231, Londrina, PR, 86001-970, BRAZIL;   

e-mail: browng@cnpso.embrapa.br  

2. Laboratório de Entomologia, Departamento de Agronomia, Universidade 

Estadual de Londrina, C.P. 6001, Londrina, PR, 86051-970, BRAZIL 

3. Laboratório de Fauna do Solo, Embrapa Agrobiologia, Km. 47 Ant. Rod. Rio-

São Paulo, Seropédica, RJ, 23851-970, BRAZIL 

 

Paper based on an oral presentation at the “International Symposium on 

Managing Biodiversity in Agricultural Ecosystems” 

Montreal, Canada, 8-10 November, 2001 

                                                           
 

Agrobiology 

mailto:browng@cnpso.embrapa.br


 2 

1. AGRICULTURAL PRACTICES AND THE SOIL BIOTA 
 

From the moment a natural system is modified by human activities for agricultural 
purposes, major changes occur to the soil environment and to the flora and fauna populations 
and community present. The intensity of the change induced compared with the original 
ecosystem and the ability of the various organisms to adapt to these changes will determine 
the ultimate community present after the perturbation. This community will further be 
modified as the agricultural practices are altered to suit human needs and changing 
agricultural paradigms. Many studies have been performed on the effect of various 
agricultural practices on the soil fauna and the general trends of these effects are summarized 
in Table 1.  

Practices generally considered as beneficial mostly involve the management of organic 
matter, particularly the control of the quality or quantity of residues added or kept on the soil 
surface (litter), and the reduction or complete absence of soil disturbance (tillage) (Hendrix et 
al., 1990). Crop rotation and diversification also play an important role in increasing the 
diversity of food resources and environmental conditions for the soil biota. Other corrective 
practices such as fertilization and liming also are important and are generally considered to 
have positive effects on most organisms (although negative effects may occur under some 
conditions for some organisms).  

Practices generally considered as having negative effects on the soil fauna community 
include the use of pesticides, particularly insecticides, nematicides and fungicides (although 
some herbicides may also have negative effects), the use of frequent and/or deep tillage, the 
lack of adequate organic matter management and protection of the soil from physical 
degradation (erosion, compaction), contamination and pollution (Hendrix et al., 1990).  

Thus, the combination of the various practices adopted by a farmer at a particular site 
are important in determining the soil fauna community and provide an important entry point 
and opportunity for managing their populations, enhancing their beneficial activities and 
reducing their negative effects on soil fertility and agricultural production.  
 

 
Table 1. Summary of the effect (positive or negative) of common agricultural 

practices on the soil biota (compiled from various sources). 
 

Positive Negative 
 Organic matter (Mulch, manure, etc.)  Pesticides 
 Less physical disturbance (tillage)  Frequent and deep tillage 
 Green manures  Burning 
 Soil covers  No surface protection/Erosion 
 Crop rotations  Monoculture 
 Organic agriculture  Fumigation/solarization 
 Liming  Compaction 
 Fertilization  Pollution/Contamination 

 
 

2. SOIL MACROFAUNA: 
DEFINITIONS 

 
 There are several definitions available for the soil macrofauna. They include all 
invertebrates in a soil sample that:  

1. have body length >1cm (Dunger, 1964; Wallwork, 1970); 
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Table 2. Representatives of the soil+surface litter macrofauna. Photos by T. Myles, F. 

Colombini, J.R. Salvadori, D. Blevins, J. Kalisch, A.G. Moreno, M.E. Rice, R. Richards, 
J. Lochman, F. Froelich. 

 

• Termites  • Earthworms  

• Beetles    • Ants  

• Millipedes  
• Spiders  

• Scorpions  • Centipedes  

• Pseudo-scorpions  • Earwigs  

• Snails  & slugs  • Crickets  

• True Bugs (Hemiptera)  • Cicadas (Homoptera)  

• Cockroaches  • Isopods  

• Mermithid nematodes  • Pot-worms (Enchytraeids)  

• Moth larvae  • Fly larvae  
• Others (ant-lions, Diplura, wasps, flat-worms, harvestmen, silver-fishes, etc.) 

                
 

2. have body width >2mm (Swift et al., 1979); 
3. are visible to the naked eye (Kevan, 1968); 
4. have 90% or more of their specimens visible to the naked eye (Eggleton et al., 2000). 

Vertebrates found in the soil are considered megafauna by some authors, and are thus 
not included in the macrofauna. These latter organisms spend at least one important part of 
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their life cycle in the soil or on its immediate surface (including surface litter). Some of its 
main representatives are shown in Table 2. In total, more than 20 taxonomic groups are 
involved. This means that the diversity of these organisms found in the soil at a particular site 
and point in time can be very high, reaching up to >100 species in one hectare or land use 
type. Of these, the Coleopterans, or beetles, tend to be the most diverse. Unfortunately, this 
large diversity has hindered the adequate estimation of the macrofauna community’s species 
composition (diversity) and, up to the present moment, there has not been a complete 
estimation of the biodiversity of these organisms in a particular site in the tropics. This is 
exacerbated by the lack of taxonomic capacity in tropical countries and the absence of a large 
body of trained taxonomists worldwide for many of these organisms, especially some of the 
lesser-known groups. Therefore, most of the characterizations of the soil macrofauna 
communities at a particular site are restricted to identification of better-known groups such as 
earthworms, termites, ants and beetles and the complete presentation of the data are generally 
limited only to taxonomic group level (higher taxa), or morphospecies.  
 
 

3. MACROFAUNA AND SOIL FUNCTION 
 

The more than 20 taxonomic groups of macrofauna shown above can be grouped into 
a variety of different functional classes, depending on their activity in, and effects on the soil 
environment. One of the most important and widely used division is that of beneficial and 
adverse (or pest) soil organisms (Table 3). Pests include those that feed on plant parts, both 
above or below-ground, during a particular phase of their life-cycle, leading to potentially 
important decreases in plant production. The beneficials include saprophagous organisms that 
feed on dead organic materials (plant and animal matter), helping to increase their 
decomposition and mineralization rates, and consequent nutrient release for plant uptake. 
Many of the by-products of these organisms are used as food resources by other soil fauna. 
Also included are the soil-feeding (geophagous) bioturbators, important in opening channels 
within the soil and on its surface, affecting hydrological processes and gaseous exchanges, as 
well as modifying soil structure, aggregate formation and even soil formation rates. Finally, 
among the beneficials are also counted the predatory organisms that act at the top of the soil 
food chain, feeding on other soil and surface-dwelling or active organisms, controlling their 
populations and often helping to counteract pest out-breaks (thus acting as bio-control 
agents).  
 

 
Table 3. Two main types of classification of the soil+litter 

macrofauna, according to their function in the soil and crop system.  
 

Beneficials Adverse 
• Sapro-, Copro- and Necro-phages 

– Mineralizers 
– Decomposers 

• Geophages 
– Bioturbators 

• Predators 
– Biocontrol agents 

• Phytophages  
– Parasites 
– Pests 

 
The diverse range of organisms and functions the macrofauna community performs in 

the soil combines to produce a diversity in biogenic soil structures that help regulate soil 
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physical properties and processes and C and nutrient cycles, further providing a whole host of 
ecosystem services that help increase heterogeneity in soils and the soil ecosystem’s resilience 
and resistance to ecological disequilibria (e.g., pest outbreaks, degradation). Furthermore, 
several representatives of the soil fauna have also been proposed as bioindicators of soil 
health and sustainability (Pankhurst et al., 1997; Paoletti, 1999).  
 
 

4. THE SOIL SYSTEM UNDER NT MANAGEMENT 
 
 Soils under NT act as a corollary of soils under grassland, since the absence of tillage 
permits the accumulation of litter on the soil surface, providing greater protection to the soil 
surface from erosion, modifying the soil surface and topsoil environmental characteristics and 
thus creating a more favorable microhabitat for soil organisms (Hendrix et al., 1986). These 
tend to proliferate and remain active for a greater period of time than in tilled soils. Thus, 
biological regulation processes (Lavelle et al., 1992), such as bioturbation by geophagous 
organisms, biological control by predatory fauna, and enhanced microfloral and fauna 
contribution to decomposition tend to occur under NT systems compared with CT (Figure 1).  
 
 
Figure 1. Major physical and biological differences of the soil system under CT and NT 

Diagram modified from House and Parmelee (1985). 
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5. BRAZILIAN NT PRODUCTION SYSTEMS 
 

The history of no-tillage (NT) in Brazil is relatively recent. The first experiments with 
NT began in the early 1970’s and many years passed until it became widely accepted by 
farmers in the country. The first farmers to adopt NT were located near Londrina, in the N 
part of the state of Paraná (S Brazil); these were then closely followed by others, mostly in the 
E part of the state (Derpsch, 1999). In 2002, 30 years later, the area under NT surpassed 14 
million hectares in the country (about 60% of Brazil’s cultivated area) and 4 million in the 
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state of Paraná (20% of the state’s surface area), and the trend is for continued increase. Most 
of the NT area is still in the S part of the country, although much of the W part and the 
Cerrados region have now begun to widely adopt NT practices as well (Figure 2).  

Of the various crops grown under NT management in Brazil, soybean figures as one of 
the most important. About 6 million hectares are presently grown with soybean in Brazil, of 
which 65-80% are grown using NT practices. Soybean is Brazil’s main export crop and last 
year Brazil had a record soybean production of 37 million tons at mean yields of around 2.7 
tons ha-1 (ABS, 2001).  

 
 

Figure 2. Expansion of the surface area (in millions of hectares) in Brazil under NT 
management, beginning in 1972 (cerrados in purple color and all of Brazil in orange).  

 
 

 
 

 
NT production in S Brazil generally involves four main crops: soybean, maize, wheat 

and oats. In general, two crops are obtained per year, and in the summer these tend to be 
maize or soybean and in the winter, wheat or oats (Figure 3). The inclusion of other crops into 
the traditional double-crop scenario depends on the farmers’ openness to more complex 
rotations and the opportunity costs he is willing to cope with. There is still a long way to go in 
helping farmers to value more complex rotations including other legumes that provide N and 
OM for soil protection and sustenance of soil fertility and biological processes.  
 
 

6. BENEFITS AND DISADVANTAGES OF NT SYSTEMS 
 
A wide range of benefits have been derived from the extended adoption of NT systems 

in S Brazil . Some of these include greater erosion control (up to 90% lower), 60-70% 
reduction in fossil fuel usage, increase in soil organic matter and C sequestration, 
conservation of biological diversity and greater crop yields (after transition period) (Landers 
et al., 2001). Many farmers have encountered overall higher revenues and lower associated 
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risks, once the transition period has passed. In terms of the overall society, benefits have been 
seen in the reduction of emigration from farms, reduced siltation of rivers and improvements 
in water quality.  

Nonetheless, there are several disadvantages which often discourage farmers from 
adopting NT practices. These include the high start-up costs associated with transferring to 
other equipment and different management practices, the lower yields often observed in the 
transition period, the greater herbicide usage to control weeds and to kill the vegetation at 
planting time, and the frequently observed pest outbreaks, especially soil-associated pest 
populations which often increase with the absence of tillage.  
 
 

Figure 3. A typical 3 year rotation sequence of double crops, grown in S Brazilian NT 
systems. Diagram by J.C. Sá. 
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7. SOIL MACROFAUNA COMMUNITIES IN BRAZILIAN NT SYSTEMS: 
RESEARCH AIMS AND HYPOTHESES 

 
 Although work in other countries has established the beneficial role of adopting NT 
practices on soil fauna populations and activity, very little work has been done on this subject 
in Brazil. Most of the work has concentrated on selected soil organisms, particularly scarab 
beetle larvae and their role as pest or beneficial organisms in Brazilian NT systems (e.g., 
Gassen, 2000; Oliveira et al., 1997; Silva, 1995). Knowledge on the whole soil macrofauna 
communities (Table 2) is sparse and the results of preliminary work begun only a few years 
ago (1998) are just beginning to be published by the authors of the present paper.  
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 The aim of these studies was to assess the soil macrofauna communities in different 
NT systems, focusing on the community composition and the abundance, biomass, diversity 
and equitability of the community according to various tillage and rotation practices. This 
would then help identify the key organisms present, deserving further and more detailed 
attention, to test for their functional significance in the agroecosystem (e.g., pest or ecosystem 
engineering effects, sensu Lavelle et al., 1997).  
 The hypotheses to test in these studies were: 

1. The soil macrofauna includes organisms that are sensitive bioindicators of soil quality, 
land use and agricultural sustainability; 

2. Changing from CT to NT increases the populations and diversity of soil macrofauna; 
3. The age of NT systems and the presence or absence of crop rotations are determining 

factors in the soil macrofauna community; 
4. Different communities exert different effects on soil function in each crop system.  

 
 

8. SOIL MACROFAUNA COMMUNITIES IN BRAZILIAN NT SYSTEMS: 
RESEARCH METHODOLOGY 

 
 Since 1998, soil macrofauna have been sampled in at least 10 sites with NT 
management in Brazil, of which 5 were taken near Londrina, N Paraná. The methodological 
framework used to evaluate the soil macrofauna communities at these sites generally included 
systems under CT, NT and a native forest or natural grassland, close to the agricultural sites 
(Figure 4). The present paper concerns only samples taken from of one of 3 experiments 
sampled at the Embrapa Soybean Research Station, including various tillage and rotation 
systems, with different ages of NT management. The treatments and management practices 
sampled were CT, NT and NT2 with sub-soiler every 3 years (Table 4). All treatments were 
in soybean (pod setting stage) and were sampled during the rainy season (Feb-Mar), 2001.  
 

 
Figure 4. Methodological framework used to evaluate differences in the soil 

macrofauna communities under different tillage systems in S Brazil. Photo by 
G. Brown.  
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Figure 5. Schematic diagram of the sampling methodology used to collect soil+litter 
macrofauna, based on the Tropical Soil Biology and Fertility Programme (TSBF) 

Handbook of Methods (Anderson and Ingram, 1993). Drawing by G. Brown. 
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Table 4. Agricultural management systems and treatments sampled (for the data 

presented in this paper) at the Embrapa Soybean Research Station near Londrina, 
Paraná. All treatments were in soybean at sampling (Feb-Mar, 2001).  

 
Rotational cropping-ROT 

(lupin/maize-oats/soybean-wheat/soybean-
wheat/soybean) 

Sequential cropping-SEQ 
(Continuous soybean/wheat double crop) 

Conventional Tillage (CT) 
No Tillage (NT) 

No Tillage + Subsoiler (NT2) 

Conventional Tillage (CT) 
No Tillage (NT) 

No Tillage + Subsoiler (NT2) 
 
 Soil macrofauna may be sampled using various methods. For the studies performed in 
Brazilian NT systems, soil and litter macrofauna were sampled using the standard method of 
the Tropical Soil Biology and Fertility Programme (TSBF) Handbook of methods (Anderson 
and Ingram, 1993; Figure 5), in which the various groups representing the soil macrofauna 
(Table 2) are hand-sorted from 25 x 25 cm square soil monoliths (Figure 6), divided into 
several layers of 10 cm down to a total depth of 30-40 cm. This method has been employed 
worldwide by a large number of researchers of the Macrofauna Network (Lavelle and 
Fragoso, 2000) and, despite its limitations (smaller, more rapid or more difficult to see 
organisms are frequently missed in handsorting, much labor is required, and social insects are 
often underestimated), has been shown to be fairly robust, rapid, easy to employ and to teach 
to colleagues, students and field workers, not requiring sophisticated materials. Therefore, it 
can be applied to a large range of land uses, soil types and environmental situations to provide 
useful results in a fairly short period of time, compared with more detailed sample 
methodologies.  
 
 

Figure 6. Various steps in the process of sampling soil+litter macrofauna using the 
TSBF method. Left-hand box: soil monolith ready to remove layers in NT winter wheat. 

Right-hand box: separation of the surface litter and fauna after wheat (top left); 
isolation of the soil monolith in soybean (top right); monolith in CT soybean (bottom 

left); removing top 10cm soil layer in wheat (bottom right). Photos by G. Brown.  
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9. RESULTS OF CASE STUDY: 
EMBRAPA SOYBEAN RESEARCH STATION, LONDRINA, N PARANÁ 

 
 The Embrapa Soybean Research Station is Located N of Londrina, just above the 
tropic of Capricorn (23º 20’S, 51º 11’W), at an approximate altitude of 590m, and with annual 
precipitation of about 1750mm (Figure 7). The climate is subtropical humid mesothermic, 
with hot summers and infrequent frosts (Cfa, Köppen). The soils are predominantly dusky red 
Latosols, with very high clay content (>60%). Soil pH is acid, with high base saturation and C 
contents range between 1.6 and 1.9% (Derpsch et al., 1991). The region was converted from 
native Atlantic Forest to agricultural uses around 1940.  
 
 
Figure 7. Location of Embrapa Soybean Agricultural Research Station, N of Londrina, 

Paraná. 
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Brazil
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MAT: 21º C (max. 27.5º, min. 15.4º)  

 
 
 The experiment evaluated at Embrapa Soybean was established in 1988 and consisted 
in two main cropping systems (rotational-ROT and sequential-SEQ) and 6 different tillage 
management practices, of which only 3 were sampled (CT, NT and NT2; details in Table 4). 
The experiment followed a randomized block design set-up in the field, with 4 replications 
per treatment and plot size of 7.5 x 30m. Because plots could not be overly disturbed, only 
one macrofauna sample was taken in each plot (thus n = 4). Samples were taken in the mid-
late rainy season at soybean pod setting (Feb-Mar 2001). Continuous NT and CT plots were 
thus under NT and CT (disk-plow) management for 13 years, while the other NT plots had 
been sub-soiled 3 years earlier (NT2).  
 In the CT system, enchytraeids (pot worms) dominated the soil animal community, 
reaching >1000 individuals m-2 in the rotation treatment (CT-ROT). Under CT with 
sequential cropping (CT-SEQ), the adult beetle population was significantly higher than in the 
other treatments. On the other hand, almost no earthworms were found under CT, while under 
NT they were found in a large number, close to 100 individuals m-2 when rotations were 
included (Table 5). Furthermore, under CT no spiders and termites (Table 5), lepidoptera 
larvae, mollusks and pseudo-scorpions were collected in the samples (data not shown).  
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Table 5. Results of the analysis of variance of the density (Nº of individuals m-2) of some of the main groups of 

macrofauna under various types of tillage and crop management at the Embrapa Soybean Research Station (N of 
Londrina, Paraná). For definition of abbreviations, see Table 4. 

 
  Treatment Earthworms Enchytraeids Millipedes Termites Beetle adults Spiders Total Nº 
  NT-ROT 104a      124b 12b 1040a 56b 16a 2008ab
  NT-SEQ 80a       36b 32b 484ab 72b 4ab 2228ab
  NT2-ROT 80a       140b 72a 20b 92b 12ab 1072b
  NT2-SEQ 64ab       16b 44ab 4b 52b 16a 860b
  CT-ROT 0b       1416a 8b 0b 88b 0b 2544a
  CT-SEQ 4b       464b 12b 0b 192a 0b 1256ab
Means followed by the different letters within same column are significantly (p<0.05) different, by the Tukey test with 
unequal numbers of n.  

 
 

Table 6. Diversity indices of the macrofauna (based on the density values of each taxonomic group) under 
various types of tillage and crop management at the Embrapa Soybean Research Station, N of Londrina, 

Paraná. For definition of abbreviations, see Table 4. 
 

   Parameter or 
   Index NT-ROT      NT-SEQ NT2-ROT NT2-SEQ CT-ROT CT-SEQ

  Total Taxonomic Diversity  
  (Nº groups) 16      16 18 18 12 13

  Shannon Index 1.6      1.9 2.0 2.0 1.1 1.4
  Simpson Index 0.3      0.2 0.2 0.2 0.4 0.3
  Equitability 0.6      0.7 0.7 0.7 0.5 0.5
  Equitability (Hill) 1.5      1.3 1.4 1.5 1.2 1.4
  N1 (Hill) 4.8      6.8 7.6 7.3 3.1 3.9
  N2 (Hill) 3.1      5.4 5.3 4.8 2.5 2.9
  Diversity of groups sample-1 9.8      10.3 10.5 9.8 6.5 6.8
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Ant densities, not adequately assessed using the TSBF method, were highly variable 
(Figure 8) and not significantly different between treatments. Soil-dwelling (humivorous) 
termites were abundant under NT and represented the highest proportion of the individuals 
under rotational management (NT-ROT), but they were nearly absent with subsoiling every 3 
years (NT2), highlighting their sensitivity to soil disturbance. Although not significantly 
different, there was a clear trend for higher myriapod (centipede+millepede) abundance in the 
NT treatments (Figure 8), and for higher millipede numbers in the subsoiled NT2 treatments 
(Table 5). Total macrofauna abundance ranged from 860 to >2500 individuals m-2 (Table 5) 
and there was a clear trend for overall lower numbers in the subsoiled treatment (NT2).  

Total macrofauna group diversity (Nº taxonomic groups encountered in all samples) 
was significantly higher under NT vs. CT management: a mean of 16-18 groups was found 
under NT while only 12-13 groups were observed under CT. Similarly, the number of groups 
found in each sample (a measure of the spatial distribution=evenness of the diversity) was 
also significantly higher under NT (irrespective of subsoiling), with 9.8-10.5 groups sample-1, 
compared with <7 groups sample-1 under CT. The Shannon and Simpson diversity indices 
confirmed the higher diversity in NT systems, and Hill’s N1 (number of abundant groups) and 
N2 (number of very abundant groups) numbers also revealed the importance of NT as 
reservoir of greater proportional abundance of some fauna groups compared with CT systems. 
 
 

Figure 8. Abundance (Nº of individuals m-2) of the principle groups of the soil+litter 
macrofauna under various types of tillage and crop management systems at the Embrapa 
Soybean Research Station, N of Londrina, Paraná. R = rotational cropping, S = sequential 

cropping. For other abbreviations, see Table 4. 
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 Other work on soil macrofauna communities in NT systems, performed by the authors 
and various colleagues at Embrapa Agrobiology, Embrapa Wheat and Embrapa Western 
Agriculture (Azevedo et al., 2000; Aquino et al., 2000), as well as in two student’s theses 
(Benito, 2002; Minette, 2000) have all shown trends similar to those reported here for 
Embrapa Soybean. At most sites, enchytraeids were abundant in CT systems and earthworms 
mostly absent in CT. Millipedes and predators also tended to be much more abundant under 
NT. Furthermore, the total diversity of macrofauna, as well as its distribution, tended to be 
higher and more homogeneous in NT. A compilation of these studies into a book is being 
planned for next year (2003), once the ongoing projects on macrofauna communities in NT 
systems are completed.  

Nevertheless, the preliminary results of these studies seem to support the hypothesis 
(Nº 2; pg. 8) that NT systems enhance the diversity of soil macrofauna populations and their 
recovery after conventional tillage. The role of crop rotations and the age of NT systems were 
not clearly established in the results of the first sampling at Embrapa Soybean. However, 
some differences in soil macrofauna communities (abundance and group composition) under 
different crop rotations have been observed at another site in Rio Grande do Sul (Azevedo et 
al., 2000) and further sampling efforts should help clarify the effects of rotational 
management versus traditional double-cropping on the soil macrofauna communities. More 
research on the topic near Londrina should also help establish the long term effects of NT on 
these communities, by extensive sampling in similar NT systems of different ages.  

Several groups of soil macrofauna (e.g, earthworms, millipedes, isopods, centipedes, 
spiders, ants, termites and beetles) can serve as bioindicators of land use and have been 
frequently used for this purpose in the past (Pankhurst et al., 1997; Paoletti et al., 1999). As 
mentioned above, the present results have shown clearly how enchytraeids are associated 
more with CT systems while earthworms, termites, myriapods and various predators are more 
associated with NT systems, due to the lower resistance to soil disturbance of these 
organisms. One can thus hypothesize (Nº 4, pg. 8) that these different communities will exert 
different effects on the soil function under different management systems. The confirmation 
of this is a challenging task, and requires an inter-disciplinary research team to deal with the 
multiple factors and process to be studied.  

However, some simple measurements and studies that help confirm this hypothesis (at 
least for one particular organism such as an ecosystem engineer, e.g., earthworms and beetle 
larvae) can be performed without the aid of sophisticated equipment or a group of experts. 
These include the observation of populations of selected organisms under various crop and 
tillage management systems (basic population biology) and the role of their activities in 
particular soil processes. An example of one such study is given below.  
 
 

10. AN EXAMPLE OF MACROFAUNA AND SOIL FUNCTION: 
SCARAB BEETLE LARVAE (WHITE GRUBS) 

 
 In the recent and ancient past, when native forests and grasslands still covered most of 
the S part of Brazil, a large number of species of scarab beetles and their larvae (white grubs) 
inhabited the soils of these natural ecosystems (Morón, 2001; Morón and Rojas, 2001). 
However, when they were transformed to agricultural uses, some of these beetles disappeared, 
while others were able to adapt (to varying degrees) to the different agricultural practices 
implemented. Some species became so well adapted and, lacking the biological population 
controls of their natural enemies (eliminated or greatly reduced by agriculture), became 
important soil-dwelling pests. These include, for example, the root-feeding soybean grub, 
Phyllophaga cuyabana (Oliveira et al., 1997) and the wheat grub Phyllophaga triticophaga 
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(Salvadori, 2000), that have become important pest of soybean and wheat in the S and SE part 
of Brazil (Figure 9).  
 

 
Figure 9. The three main types of soil-dwelling Scarab beetle 

larvae (white- or grass-grubs) living in Brazilian NT 
agroecosystems. Photos by J.R. Salvadori, COAMO, D. 

Gassen.  
 
• Pests (Rhizophagous) 

– Phyllophaga     
• Beneficial (Saprophagous, coprophagous) 

– Cyclocephala 

– Bothynus     
• Intermediate (Useful/facultative pest) 

– Diloboderus     
 
 However, there are other beetle species whose larvae are not rhizophagous, but rather 
feed on the surface litter or surface-deposited animal excrements, thus acting as saprophagous 
or coprophagous (e.g., dung beetles) organisms. Examples of saprophagous beetles include 
those in the Cyclocephala, Diloboderus and Bothynus genera (Figure 9), that are often 
confused as pests by the farmers. In fact, larvae of the genera Diloboderus (e.g., D. abderus; 
Figure 9) may become pests if there is not enough surface litter present on the soil for them to 
feed on (Silva, 1995; Gassen, 2000). In this case, they begin to attack the crop roots and may 
cause significant damage, depending on their abundance, the stage (instar) of larvae and the 
age of the plant. Thus, this species can be classified in an intermediate category, as a 
facultative pest.  
 Large scarab beetles such as those of the Bothynus and Diloboderus genera (Figure 9), 
create large holes in the soil, down to a depth of over 1 m, in which they spend most of their 
lives, often up to more than 1 year (Gassen, 2000). The adult and reproductive stage is 
generally short, lasting only a few days or months. The males of some species hardly ever 
leave the soil, being wingless and easily subjected to predation. Up to >70 large holes, with 
diameters of around 18-20 mm can be observed in a square meter of soil under NT 
management. For D. abderus, presence of more than 5 individual larvae m-2 have been said to 
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cause significant crop damage (Silva, 1995), although threshold values of abundance depend 
greatly on the crop planted, the amount of surface residues available and the planting date 
(which modify its susceptibility to root grazing by the larvae).  

The holes are left open to the soil surface for an important part of the year, and can 
serve as preferential pathways for water infiltration into the soil, particularly during heavy 
rainfall events. They also serve to aerate the soil, down to depths not normally reached by 
natural soil physical processes (e.g., cracking), and they can also be important channels for 
root growth and penetration deeper into the soil. Finally, they are also home and/or refuge to a 
number of other soil, litter and surface-dwelling organisms such as collembola and mites 
(Silva et al., 1997), millipedes, other beetle larvae, snails and other organisms (Brown et al., 
personal observation), that take advantage either temporarily or permanently of these holes. 
The number of mycorrhizal spores and free-living nematodes were also shown to be 
significantly increased in the larval chambers of D. abderus, compared with the surrounding 
soil at the same depth (mean ~20cm) as the chambers (Silva et al., 1997).  

The amount of surface litter buried is important, and the deposition of excrements in 
the gallery, particularly the chamber in which ultimately the larva spends most of its time and 
later pupates in, is a significant factor in the enrichment of the soil relative to the depth at 
which the chamber is found. Several papers by D. Gassen and collaborators (summarized in 
Gassen, 2000) have shown the important role of these grubs in the creation of hot-spots of soil 
enrichment at a 20-30 cm depth, where soil nutrient contents are generally much lower than in 
the top 10 cm. They observed that the larval chambers had pH, K, Ca, Al and Mg contents 
similar to those of the surface soil, but higher available P and OM (Table 7). However, when 
compared with the soil surrounding the chambers, at the same depth, they noted a large 
reduction in Al toxicity (due to complexation with the OM in the chamber and excrements), 
and an enormous increase in the concentration of available nutrients (P, K, Ca and Mg) and 
OM (due to the collection of residues and their consumption by the larvae) in the chambers.  
 
 

Table 7. Percent increase in the soil pH, OM and concentration of various elements in 
the larval chambers of the scarabid beetle Diloboderus abderus, in relation to surface soil 
and soil from the same depth at which the chambers are located (means of data from 5 

sites in Rio Grande do Sul). Data from Gassen (2000) and Silva et al. (1997). 
 

pH Avail. P K OM Exch. Al Ca Mg Chambers 
compared with   (ppm) % (meq 100g-1)  
 ---------------------------------% increase------------------------------ 
Surface soil (0-5cm) -1.1 36.2 -2.8 27.7 10.8 11 2.1 
Soil at same depth 
of chambers 

 
7.8 

 
865 

 
277 

 
114 

 
-68.2 

 
106 

 
81.2 

 
Thus, considering the ability of these scarab beetles and their larvae to significantly 

alter the soil physical environment and several soil physical processes (e.g., infiltration, 
aeration), and the availability of resources to other organisms, both plants and animals, these 
organisms should be considered among the soil ecosystem engineers (sensu Jones et al., 1994; 
Lavelle et al., 1997).  

 
Scarab beetle larvae holes in various tillage and crop management systems at Embrapa 
Soybean.  

In the same experiment detailed above for the macrofauna (Table 4), the number, 
diameter and depth of scarab beetle holes were quantified and their volume estimated shortly 
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before soybean harvest (April, 2001). The holes were counted in 4 sub-plots of 2 m2 each, 
resulting in a sample area of 8 m2 per plot (n = 4 plots; thus 32 m2 overall sample area for 
each treatment shown in Table 4). The volume of the galleries (not counting that of the larval 
chamber) was estimated assuming that the holes had a straight tubular shape of equal 
circumference throughout.  

A total of 1249 holes were counted (the species has still not been identified) and it was 
observed that the number of holes was up to >10 times more abundant in NT compared with 
CT management (Table 8). Under NT a mean of 8.8-9.6 holes m-2 were observed, while in CT 
only 0.7-1.3 m-2 were counted. Consequently, the total volume of the holes opened by the 
beetles per surface area (m2), was almost 10 times greater in NT than CT. No differences were 
found as to the effect of the use of subsoiler (NT2) or of rotational vs. sequential crop 
management (Table 8).  
 
 

Table 8. Total number of scarab beetle holes (in 16 sub-plots of 2 m2 each, totaling 32 
m2) and Nº of holes m-2, and the means of their diameter, depth and individual and total 
volume m-2 according to various types of tillage and crop management. Source: Brown et 

al. (2001). For definition of abbreviations, see Table 4.  
 

  Treatment Total Nº 
holes 

Nº holes 
m-2 

Diameter 
(mm) 

Depth 
(cm) 

Volume 
(cm3) 

Total volume 
(cm3 m-2) 

  NT-ROT 283 8.8a 16.6ab 22.6ab 51.1b 450a 
  NT-SEQ 304 9.6a 17.3ab 21.2b 52.9b 503a 
  NT2-ROT 291 9.0a 16.3b 22.7ab 51.6b 470a 
  NT2-SEQ 306 9.5a 16.4b 22.2ab 49.4b 473a 
  CT-ROT 23 0.7b 18.4ab 28.7ab 73.6ab 53b 
  CT-SEQ 42 1.3b 18.8a 29.1a 81.1a 107b 
Means followed by the different letters within same column are significantly (p<0.05) 
different, by the Tukey test with unequal numbers of n.  
 

Most of the holes, both under NT and CT were between 15 and 20 mm in diameter. 
The mean diameter and depth of the holes, on the other hand, tended to be greater under CT, 
with the majority of the holes found at 30-40 cm under CT, while under NT they were 
concentrated at 10-20cm depth. Therefore, it appeared that under CT, mostly the larger 
individuals tended to nest in this system; i.e., those that could also dig deeper, beyond the 
disked layer. For this reason, the individual volume of the holes in CT were significantly 
greater than under NT management. Under NT, the individual volume of the holes was 
concentrated in the range of 0-50 cm3, while in the CT system, they were mostly in the 50-
100 cm3 range. Nonetheless, the largest and deepest holes were all found under NT, reaching 
down to 1.2 m in depth and up to 33.5 mm in diameter. Therefore, the holes with the largest 
individual volume were observed under NT (up to 577 cm3) and, due to their much larger 
abundance, the total volume of pores opened by the beetles in the NT system reached up to 
500 cm3 m-2. Thus, ecosystem engineering activities by large soil-digging beetles can 
contribute significantly to the soil aeration under NT management.  
 
 

11. CONCLUDING REMARKS 
 
 From the preceding studies, a preliminary evaluation of the effect of NT management 
on soil fauna in Brazilian agroecosystems can be proposed. By modifying the structure of the 
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soil ecosystem and the soil-litter interface, NT systems provide the ideal environment for the 
re-establishment of ecosystem engineers such as earthworms and scarab beetle larvae, of 
saprophagous and litter transforming organisms such as termites and millipedes and of 
predator populations (pseudoscorpions, centipedes, Diplura and spiders), thus enhancing the 
system’s natural biological control and regulation mechanisms. The greater species diversity, 
and the enhancement of populations and activity of some organisms increase the 
heterogeneity of biological activity under NT systems. This feature should enhance the soil 
system’s resilience and resistance to stressful environmental conditions.  

The combination of a diversity of biological activities and functions, natural and 
regulatory mechanisms in the soil, with the other benefits provided by NT management, form 
the basis for the widely-held notion that NT systems can be sustained over the long term (i.e., 
that they are sustainable). However, more detailed research will be necessary to confirm or 
refute this notion, as well as the hypotheses presented earlier (pg. 8). Further research on 
macrofauna and soil function in NT systems would be especially useful if it concentrated on 
providing more detailed taxonomic identification of the organisms involved (down to genera 
and/or species, when possible) and attempting to link this diversity, or the role of particular 
species, to soil function (e.g., water infiltration, soil aggregation, soil protection, 
decomposition, nutrient cycles, C sequestration, pest control). This should be the case 
particularly for the ecosystem engineers (especially earthworms and beetle larvae), litter 
transformers (e.g., millipedes, termites) and populations of predatory organisms (e.g., 
centipedes, diplura, pseudoscorpions, beetles), important in biological control. Finally, more 
attention should also be focused on adequately assessing the role of specific groups of soil 
macrofauna, its diversity and the multiple biological interactions in soil, on reducing the 
chemical (herbicides, insecticides, fertilizers) dependence of NT systems, thus enhancing the 
quality of the final products, and the long-term sustainability of this increasingly important 
and widespread land-use system.  
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