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Abstract Soil salinity is one of the most serious agricultural problems. This problem generates 
low soil productivity and soil ecosystem. Earthworms are one of the most important soil 
organisms in soil ecosystem (maintaining soil structure and the fertility of soil). Soil salinity has 
become one of the major determinants of crop productivity in Northeast Thailand. The aim of 
present study was size and composition of earthworm communities on related soil properties 
and rice growth under different soil salinity; 2 levels 1) low soil salinity (EC 2-4 dS/m) and 2) 
moderate soil salinity (EC 4-8 dS/m). Soil and earthworm cast were collected to analyze for soil 
chemical properties. The results showed that there was significant difference between density 
and size of different species of earthworms in different level of soil salinity. In rice ecosystem 
in moderate salt-affected area the earthworm species Drawida beddardi was the only one found 
at 95 days after rice sowing, while in low salt affected area the earthworm species, Glyphidrilus 
chiensis and Drawida beddardi were the most common species found at 45 days after rice 
sowing. Earthworms improve soil properties and rice growth rate. Oryza sativa L. (Khao Dawk 
Mali 105 and RD6) growth decreased with increasing levels of soil salinity. 
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INTRODUCTION 

Increasing soil salinity is a serious land degradation issue worldwide. Thailand salinization is amongst 
the major degradation processes endangering the potential use of Northeast Thailand soils. Despite of 
the naturally occurring salinization, deicers for removal from salt-bearing rocks (Land Development 
Department, 1991) in the Nakhon Ratchasima, Khon Kaen, Roi-Et and Mahasarakham provinces 
(Department of Mineral Resources, 1982). Salts have negative effects on ecosystem and environments 
have appeared increasingly. Sodium chloride (NaCl) from salt-bearing rocks is responsible for the 
increased salinity of soil surface and ground waters. Chloride accumulation can compromise soil 
structure and increase soil erosion, reduce soil fertility, and have an effect on soil chemistry. Salts 
negatively affect environmental ecosystems crop yield (Grewal, 2010; Li et al. 2010; Zhang et al. 
2010), soil microorganisms (Yuan et al., 2007; Ibekwe et al., 2010), plants (Gadallah and Ramadan, 
1997; Joutti et al., 2003; Ruhland and Krna, 2010), and soil organisms (Owojori et al., 2008). There 
has been a growing concern of the environmental effects resulting from deicing. 
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Earthworms are soil engineers, they have potential to improve soil properties, physical, chemical, 
and biological (Jouquet et al., 2009). Earthworm cast is usually chemical and physically protected and 
stabilizes aggregate and SOM in soil and (Bossuyt et al., 2005; Jouquet et al., 2008a; Chutima et al., 
2010). There is also the positive influence of earthworms on soil structure (Mackay and Kladivko, 
1985; Ketterings et al., 1997) and plant growth and yield (Scheu, 2003; Eisenhauer et al., 2009). 
Although, most of the published works which reported earthworm aerobic ecosystems, very few 
studies were carried out in partially or totally flooded environments, such as paddy fields. Flooding 
events are considered as adverse periods limiting the activity of macrofauna such as earthworms 
(Schütz et al., 2008; Chutima et al., 2010). 

OBJECTIVE 

The aim of this paper was to monitor the diversity and size of earthworm species in rice ecosystem and 
influences of earthworm on soil properties and rice growing in salt-affected area. 

METHODOLOGY 

Study Site 

Studied in paddy field salinity area Phai district, Khon Kaen province during rainy season 2014, were 
selected area from map of the distribution of saline soil Land Development Department 5 Khon Kaen, 
two levels salinity, 1) low soil salinity (EC 2-4 dS/m) and 2) moderate soil salinity (EC 2-4 dS/m). 
These are areas sowing jasmine rice 105 and sticky rice RD 6, samples of soil rice growing and 
earthworms in three replicates.  

Statistical Analyses 

The data collected were statistically analyzed using analysis of variance techniques. Statistical analysis 
was performed employing Statistics 8.0 (Analytical Software, 2003). Mean comparisons of different 
treatments were done by least significant difference (LSD) and standard error of the difference (SED). 

RESULTS AND DISCUSSION 

Distribution of Earthworm 

Distribution of earthworm population is highest on low salinity area (EC 2-4 dS/m-1) about 280 
(Juvenile and Adult) earthworm number per m2 (Table 1), found earthworm activities Glyphidrilus 
chiensis and Drawida beddardi species (Fig. 1) at 45 days after rice sowing. Moderate soil salinity (EC 
2-4 dS/m) D. beddardi is found only specie in this area about 20 (Adult) earthworms per m2, they had 
activity at 95 days after rice sowing. Chanaban et al. (2013) have discovered a new earthworm species 
in the genus Glyphidrilus in paddy fields Northeast of Thailand. Earthworm species is most commonly 
found in paddy soil. Ivask and et al. (2007) study of earthworm’s community in coastal areas and 
grasslands, flooded areas has lower earthworm’s species. Thibaud et al (2003) reported factors that 
have influence on earthworm diversity environmental conditions, physical and chemical properties of 
soil, topography, climate and humans (agriculture and pollution). 
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Table 1 Diversity of earthworms in rice ecosystem under different soil salinity levels in Banpai 
district, Khon Kaen province 

Rice ecosystem under different soil  
salinity levels Species 

Stage of earthworm 
Juvenile Adult 

)Number/ m2( 
Low soil salinity        
-  found earthworm activities at 45 days  

after rice sowing 
Glyphidrilus chiensis 196 ±13.2 28 ±3.1 
Drawida beddardi  48 ± 4.4  8 ±2.1 

Moderate soil salinity        
-  found earthworm activities at 95 days 

after rice sowing 
Glyphidrilus chiensis - - 
Drawida beddardi - 20 ±2.1 

Mean (n=3) 
 
 
 
 
 
 
 
 
 

Fig. 1 Earthworm species Glyphidrilus chiensis and Drawida beddardi  
in rice ecosystem under different soil salinity levels 

Earthworm Activities on Soil Properties 

The results of earthworm activities on soil chemical properties showed OM, pH, total N, available P 
and K in cast were increased. Earthworm activities have decreased soil EC (Table 2). Soil salinity 
reduces soil fertility, to have an effect on soil chemistry. Salts negatively affect environmental 
ecosystems crop yield (Grewal, 2010; Li et al. 2010; Zhang et al.  2010), soil microorganisms (Yuan et 
al., 2007; Ibekwe et al., 2010), plants (Gadallah and Ramadan, 1997; Joutti et al., 2003; Ruhland and 
Krna, 2010) and soil organisms (Owojori et al., 2008). Earthworms decompose organic matter and 
release plant nutrients into the soil such as ammonium nitrate, exchangeable potassium etc. and plant 
growth hormones and vitamins. 

Table 2 Earthworm cast properties in rice ecosystem under different soil salinity levels in 
Banpai district, Khon Kaen province 

Rice ecosystem under 
different  

soil salinity levels 

 OM pH EC Total N Avai P K 
 % (1:5) (dS/m) % ppm ppm 

low soil salinity 
)EC = 2-4 dS/m) 

soil 0.84 6.6 0.29 0.1 5.39 42.83 
cast 2.08 7.5 0.11 0.4 11.58 139.68 

moderate soil salinity 
 )EC = 4-8 dS/m) 

soil 0.78 6.4 0.65 0.1 2.62 31.17 
cast 1.88 7.1 0.46 0.4 5.12 100.37 

Mean (n=3) 

Earthworm activities on rice growth under different soil salinity levels 

Statistical analyses showed that the influence of earthworm activity with earthworm cast and salinity 
levels on rice number per m2 and height of rice (Table 3) Jouquet et al. (2008b) showed that casts 
produced by Glyphidrilus sp. can be considered as patches of nutrients in paddy fields in Northeast 

Glyphidrilus 
chiensis 

Drawida 
beddardi 
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Thailand. In Africa, Owa et al. (2003) also observed faster rice development and greater productivity 
when earthworm casts were associated to rice plants. 

Table 3 The growth of rice ((Oryza sativa L.) KhaoDawk Mali 105 and RD6) under different 
soil salinity levels 

Rice ecosystem under different soil salinity levels Number of plant 
(m2) 

Height of plant 
flowering stage (cm) 

Low soil salinity growing KhaoDawk Mali 105 35.32      92.13 abc 
Low soil salinity growing RD6 30.00 103.07 a 
Moderate soil salinity growing KhaoDawk Mali 105 19.00   81.63 c 
Moderate soil salinity growing RD6 24.64     97.20 ab 
F-test ns * 
C.V. (%) 48.11 8.11 
Remark: Mean (n = 3) in the same column followed by the same lower case letters are not significantly different  

at |p| ≤ 0.05 (LSD) 

CONCLUSION 

Within the rice ecosystem in low salt affected area (EC 2-4 dS/m), the earthworm species, Glyphidrilus 
chiensis and Drawida beddardi were the most common species found at 45 days after rice sowing (280 
earthworms per m2), while in moderate salt-affected area (EC 4-8 dS/m) the earthworm species G. 
chiensisis was the only specie found at 95 days after rice sowing (20 number of earthworm per m2). 
Oryza sativa L. (Khao Dawk Mali 105 and RD6) growth decreased with increasing levels of soil 
salinity. Soil salinity influences the distribution of earthworm and rice growth. In salt-affected area 
earthworms play a main role on maintaining soil fertility, soil chemical properties, soil microbial 
communities and soil physical properties. 
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