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ABSTRACT 

A study was undertaken to investigate the role of the gastropod slug 

Laevicaulis alte in the enrichment of soil where it lives. The soil physical 

parameters (pH, EC, OC and Bulk density) and chemical parameters namely 

macronutrients (N, P, K, Ca, Mg and Organic matter) and micronutrients (Zn, 

Fe, Mn, Cu and B) increase significantly (p > 0.05) in the experimental  soil 

samples (slug introduced soil for  90 days), when compared to that  of the control 

soil sample (habitat soil). This study is focussed on the significance of these 

slugs in their ecosystems in promoting soil fertility and improvement of soil 

structure. 

KEYWORDS :  Laevicaulis alte, Soil nutrients, EC - Elecrical conductivity, 

OC - Organic Carbon, N - Nitrogen, P -  Phosphorus, K - Potassium, 

Ca - Calcium, Mg - Magnesium, Zn - Zinc, Fe - Iron,  
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INTRODUCTION 

Molluscs contribute the second largest invertebrate group on earth, next 

only to insects (Bouchet, 1992). The slug is a shelless molluscan gastropod and 

closely related to snails (Burch, 1960).  In the ecosystem, slugs break down the 
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decomposing materials faster and help in releasing nutrients back into the overall 

system quicker than natural cycling process (Nikel, 1998). Soil organisms play a 

key role in cycling nutrients, which in turn have impacts on soil fertility and soil 

physical properties (http://www.new.dip.vic.gov, 2011). 

Snails and slugs may represent up to 8% of the animal biomass of 

boreal forests (Hawkins et al., 1997).  Slugs are also known to be scavengers 

eating decaying vegetation, animal faeces and carrion (Feldman, 2009). They 

also play an important role in the food web of the environment in which they 

live. In short, they are among the best biodegraders in natural ecosystems 

(Barker, 1989). 

Keeping the above information in mind, an attempt was made to find 

out the role of the slug Laevicaulis alte which is distributed in almost all south-

east Asian countries, on the enrichment of soil fertility under simulated semi-

natural laboratory conditions in the terrarium for 90 days. 

MATERIALS AND METHODS 

Collection and Maintenance of Slugs 

Laevicaulis alte were collected from the natural habitat, found among 

decayed leaves, refuge plants and damp places in various localities of Tenkasi 

and Ilanji (Lat. 8° 56´ N and Long. 77° 16´ E; altitude 160m MSL), Tamilnadu, 

South India. A terrarium was set up with a rectangular glass tank filled from 

bottom to surface with graded layers of stones, pebbles, sand, black soil and 

decayed leaves. Fifty adult slugs (4.97 ± 0.066 gm) were brought to the 

laboratory and maintained in the terrarium, to find out their role in the cycling of 

soil nutrients in semi-natural conditions.  Water was sprinkled on the 

experimental soil every day to maintain optimum temperature (24.5°C) and 

humidity (80%) and to keep the slugs in active condition.  If the ambience 

becomes too warm (>34°C) or dry (<65%), theses slugs get retreated deep in to 

the soil and return to the surface when conditions improve. The following 
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physico-chemical parameters were estimated in the control soil sample (habitat 

soil) before the introduction of the slug L. alte into the terrarium and also in the 

experimental soil samples after a certain period of introduction of L. alte into the 

terrarium. 

 Estimation of Physico-Chemical Parameters 

Soil pH and Electrical Conductivity (EC) were estimated in a soil-

water suspension and readings were taken using digital pH meter (Model 361, 

Systronics) and digital EC meter (Model 304, Systronics) respectively, as in 

Trivedy et al. (1987). Organic Carbon (OC) was estimated by Walkley-Black 

titration method (Singh et al., 2007). Bulk density was determined by Clod 

excavation method (Blake and Hartage, 1986). Macronutrients (N, P, K, Ca, 

Mg and Organic matter) were estimated by standard methods as in Jackson 

(1973). Micronutrients (Zn, Fe, Cu and Mn) were estimated by DTPA 

extraction method (Lindsay and Norvell, 1978) and Boron was measured by 

colorimetric method (Hatcher and Wilcox, 1950). 

RESULTS AND DISCUSSIONS 

Soil pH 

The pH of the control soil sample (habitat soil) was 6.94 ± 0.087, and 

the experimental soil samples (slugs introduced) are 6.96 ± 0.060 on the 30th 

day, 7.06 ± 0.06 on the 60th day and 7.48 ± 0.096 on the 90th day. The 

experimental soil samples revealed incrased alkalinity when compared with 

control soil sample (Table 1; Fig.1).  This increase in pH might be due to the 

fragmentation of organic matter (Edward and Lofty, 1976) which helps in 

mineralization process (Sanborn, 2001; Wilson, 2007).  Generally snail density 

and species richness are positively related to soil calcium and pH (Kappes et al., 

2006; Hylander et al., 2005). 
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Electrical Conductivity 

Electrical conductivity of the soil is analysed to measure water holding 

capacity of the soil.  The value of the electrical conductivity of the control soil 

sample (the habitat soil) was 0.36 ± 0.01 Ds/m and that of the experimental soil 

samples (slugs introduced) were 0.32 ± 0.01 Ds/m on the 30th day, 0.36 ± 

0.01Ds/m on the 60th day and 0.40 ± 0.06  Ds/m on the 90th day (Table 1; Fig. 1). 

The electrical conductivity gives the total amounts of soluble salts present in the 

soil (Ireland, 1975). 

Organic Carbon 

Organic carbon is the basic component for the soil producers in the 

primary production. OC of our experimental soil samples (slug exposed soil) 

showed significant increase (p > 0.05) when compared to the control soil 

sample. The value of the control soil sample was 0.76 ± 0.12% and the 

experimental soil samples were 0.57 ± 0.05% on the 30th day, 0.93 ± 0.09% on 

the 60th day and 1.26 ± 0.07% on the 90th day (Table 1; Fig.1). It might be due 

to the influence of the activity of the slugs by feeding the decayed leaves and 

defaecating it out, and also the addition of larger biomass through leaf litter 

(Somasundaram et al., 2009) and litter decomposition (Sennings and Bankham, 

1979). 

Bulk Density 

Bulk density is an indicator of soil compactness (Ranganathan, 2006). 

Our investigation shows that the experimental soil samples (slug exposed soil) 

showed significant increase in bulk density (p > 0.05) when compared to the 

control soil sample (1.16 ± 0.008 gm/cc). The values of the experimental soil 

samples were 1.17 ± 0.009 gm/cc on the 30th day, 1.206 ± 0.015 gm/cc on the 

60th day and 1.24 ± 004 gm/cc on the 90th day (Table 1; Fig.1). Rossi (2003) 

reported a very strong relationship between soil bulk density and invertebrate 

community structure. 
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Table1. Physical Parameters of the Control and the Slug Introduced Soil 

Samples 

Parameters 

Control soil 

sample 

(Habitat soil 

Experimental soil sample (slug 

introduced) 

30th  day 60th day 90th day 

pH 
6.94±0.087 6.94±0.060 7.06±0.06000 

7.48±0.0

96 

ElectricalCondu

ctivity (Ds/m) 
0.36±0.01 0.32±0.01 0.36±0.01 

0.40±0.0

1 

Organic Carbon 

(%) 
0.76±0.12 0.57±0.05 0.93±0.09 

1.26±0.0

7 

Bulk Density 

(g/cc) 

1.1602±0.008

92 

1.1778±0.0

0938 

1.2064±0.015

70 

1.2428±0

.04246 

 

MACRONUTRIENTS 

Nitrogen, Phosphorus and Potassium 

Slugs play an important role in ecosystems by eating dead leaves, 

fungus and decaying vegetable material. Our study reveals that a significant 

increase (p > 0.05) in the nitrogen content of the experimental soil samples (slug 

exposed) from the 30th day (62.80 ± 1.16 ppm), the 60th day (69.40 ± 1.12 ppm), 

to the 90thday (75.20  ± 0.86 ppm) when compared to the control soil sample 

(65.80 ± 1.07 ppm) (Table 2 :Fig.2). Theenhaus and Schen (1996) investigated 

the effect of the slug Arion rufus, and suggested that the mucus and cast 

materials increase the nitrification process and accelerate the cycling of nitrogen 

and phosphorus in the soil. The phosphorus and potassium content of the 

experimental soil samples (slug exposed) showed significant increase (p > 0.05) 
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when compared to the control soil sample. This may be due to the breaking 

down of plant materials by these slugs and creating detritus which enhances the 

nutrients of the soil (Feldman, 2009). Barley (1961) also opined that phosphorus 

may play a minor role but directly involved in the metabolic reaction of the 

decomposition of plant material. Kale et al. (1982) suggested that because of the 

activity of terrestrial invertebrate organisms, surface soils were rich in total 

available nitrogen, phosphorus and potassium under forest cover, which 

decreased progressively with the depth. 

Calcium and Magnesium  

The calcium content of the experimental soil samples (slug introduced) 

showed significant increase from the 30th day (8.70 ± 0.21 ppm) the 60th day  

(9.52 ± 0.28 ppm) and to the 90th day (9.95 ± 0.24 ppm) when compared to the 

control soil sample (8.66 ± 0.05ppm)  (Table 2: Fig. 2). Generally snail density 

and species richness are often positively related to soil calcium content and pH 

(Hylander et al., 2005; Kappes et al., 2006). The mean values of magnesium 

showed significant increase (p > 0.05) in the experimental soil samples (slug 

introduced) when compared to the control soil sample. Soil organisms play a key 

role in cycling nutrients, which in turn have impacts on the soil fertility and 

physical properties (http:www.new.dpi.vic.gov, 2011). Generally snail 

abundance and species richness increases with the amount of soil nutrient 

content (Ca, K, N) and leaf litter (Gets and Uetz, 1994; Miller and Waite, 1999; 

Kappes et al., 2006). 

Organic Matter 

Soil organic matter influences the physical, chemical and 

microbiological properties of soil, as well as the availability of nutrients for 

microbial growth (Kogel-Knabner, 2000). Our study showed significant increase 

(p > 0.05) in the organic matter of the experimental soil samples (slug exposed).  

The value of the control soil sample was 0.37 ± 0.02 % and the experimental soil 
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samples (slug introduced) were 0.44±0.05% on the 30th day, 0.86 ± 0.16 % on 

the 60th day and 1.66 ± 0.19 % on the 90th day (Table 2; Fig. 2).  Snails and slugs 

may represent up to 8% of the animal biomass of boreal forests (Hawkins, et. al, 

1997). According to Baldock (2007) the organic molecules are synthesized by 

the soil decomposer community namely fauna and micro organisms. By 

processing decaying plant and faecal material it helps to recycle the organic 

matter and nutrient back into form that can be used by other organisms (Nikel, 

1998). Therefore, slugs play a key role in enriching and cycling of organic soil 

nutrients keeping a balanced food web in the ecosystem. 

Table2. Micronutrients of the Control and Experimental Soil Samples 

Macronutrients 

Control soil 

sample 

(Habitat 

soil) 

Experimental soil sample (Slug 

introduced soil) 

30th  day 60th day 90th day 

Nitrogen(ppm) 65.80±1.07 
62.80±1.1

6 
69.40±1.12 75.20±0.86 

Phosphorous(ppm) 54.00±2.30 
55.80±2.1

5 
61.60±1.21 66.60±0.93 

Potassium(ppm) 
184.20±12.

33 

182.80±8.

94 

207.40±15.

82 

219.20±19.

07 

Calcium(c.mol/kg) 8.66±0.05 8.70±0.21 9.52±0.28 9.95±0.24 

Magnesium(c.mol/

kg) 
0.53±0.01 0.65±0.05 1.07±0.09 1.69±0.18 

Organic matter ( 

%) 
0.37±0.02 0.44±0.05 0.86±0.16 1.66±0.19 
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Micronutrients 

Our study reveals a significant increase (p > 0.05) in the amount of 

micronutrients   (Zn, Fe, Mn, Cu and B) in the experimental soil samples (slug 

introduced soil) compared to the control soil sample (habitat soil) (Table 3; Fig. 

3). The Fe content of the control soil sample was 5.69 ± 0.12 ppm and that of the 

experimental soil samples were 6.42 ± 0.09 ppm on the 30th day, 6.92 ± 0.15 

ppm on the 60th day and 7.33 ± 0.06 ppm on the 90th day (Table 3; Fig. 3). Mn 

content of the control soil sample (habitat soil) was 8.16 ± 1.20 ppm and the 

experimental soil samples (slug introduced) were 8.54 ± 1.26 ppm on the 30th 

day, 17.05 ± 0.928ppm, on the 60th day and 31.57 ± 1.56 ppm on the 90th day. 

Similarly Cu and B content in the experimental soil samples in our study showed 

enormous increase (Table3; Fig. 3). Slugs and other soil fauna enrich and release 

soil micronutrients by fragmentation of litter, grazing of microflora and 

improvement of soil structure (Lee and Foster, 1991) 

Table3. Micronutrient Status of the Control and Experimental of 

Soil Samples 

Micronutrients 

Control soil 
sample 

(Habitat soil) 

Experimental soil  sample (Slug introduced soil) 

30th  day 60th day 90th day 

Zinc(ppm) 0.1260±0.00678 0.2340±0.02839 0.3260±0.04273 0.4380±0.05809 

Iron(ppm) 5.6980±0.18975 6.4180±0.09074 6.9200±0.15215 7.3340±0.06547 

Manganese(ppm) 8.1040±0.12011 8.5440±0.12624 17.0520±0.92807 31.5760±1.56453 

Copper (ppm) 1.6960±0.12987 1.9880±0.14337 2.2680±0.04091 2.4580±0.03397 

Boron (ppm) 0.6130±0.02517 0.6418±0.01205 0.6622±0.01067 0.6976±0.00895 
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CONCLUSIONS 

Soil fauna play important role on terrestrial ecosystems. Especially 

forest soil and litter are known to house many organisms in diverse communities 

(De Ruiter et al., 2002, Fitter et al., 2005). Therefore functional dissimilarity 

among soil fauna has very significant impact on litter decomposition and 

nutrient cycling (Heemsbergen et al., 2004; Bardgett et al., 2005). Soil 

macrofauna are the most conspicuous of the soil organisms and have direct 

effects on soil functional properties. The members of this group include ants, 

termites, millipedes, larval and adult insects, earthworms, snails and slugs. 

Considering that Laevicalis alte was the only animal in our terrarium apart from 

soil microbes, our results indicate that the slug Laevicalis alte definitely plays a 

key role in the enrichment of soil fertility. Therfore, slugs are important species 

on earth as excellent bioresource. They play significant role in their ecosystems 

and serve humans in many ways mainly as good bio-indicators of localized 

conditions. Slugs are known to be very important components for the 

maintenance of soil fertility and nutrient cycling similar to earth worm. 

Therefore slugs can be referred to as "indicators of soil health". 
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