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ABSTRACT 

The ability of organisms to detect and avoid contaminated soil indicates the stress potential of a particular soil and it is 
ecologically relevant due to the direct relationships with soil biodiversity and its quality as habitat for those organisms. 
Avoidance Behavioural assay was performed using artificial soil recommended by OECD and ISO using earthworms as 
test organisms and the EC50 value was determined for the commonly used NPK fertilizers. The range of concentrations of 
NPK fertilizers (Urea, Superphosphate and Potash combined in the ratio 4:2:1) was determined from pre-conducted 
acute toxicity tests and was chosen as 28.12: 14.06: 7.03 to 500:250:125mg/kg. The EC50 value with 95% confidence 
limit, LOEC and NOEC values were determined and were 38.2: 19.1: 9.5 [95% CL - 23.2: 11.6: 5.8 – 296.9: 148.4: 74.2], 
22.4: 11.2: 5.6 and 6.4: 3.2: 1.6 respectively. Net Response results of the avoidance behavioural tests indicated a varied 
distribution from 0 to 57.50% from lower concentration to higher concentration. The net response of the worms was 
significant at the highest concentration (i.e. at 500:250:125mg/kg of NPK combined). Free movement of worms covering 
the whole test area without showing a preference to a specific area was observed in the lowest concentration of potash 
(i.e. 31.25:15.62:7.81mg/kg). Thus from the experiment it is inferred that usage of the chemical fertilizers, NPK in low 
concentrations will not affect the survival of earthworm while the dosage of NPK is and above 125:62.5:31.25mg/kg, it is 
affecting the earthworms’ population and may result in lethal effects too. 
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INTRODUCTION 
In nature, the soil is one of the key elements that enable the life on earth. It plays a central role in all 
terrestrial ecosystems, functions as habitat for many organisms and as a filter and buffer, allowing clean 
groundwater storage. The main ecological soil functions are those related to organic matter breakdown 
and nutrient mineralization by soil invertebrates and microbes. The soil dwelling organisms play a crucial 
role in the ecosystem by mediating the geochemical cycling of elements and nutrient supplies to plants 
thus maintaining soil fertility through detrivore and microbivore feeding activities and through physical 
alteration of soil aggregates[1,2]. The maintenance of a well-developed soil community with a broad 
diversity of species may be considered as an important aspect of sustainable use of the soil and its 
resources. 
Among the soil organisms, Earthworms play a significant role in soil formation, aeration, and nutrient 
cycling [3,4] in almost all terrestrial ecosystems. Simply by crawling through soil, forming tunnels, and 
consuming detritus they help to aerate soils. Some species dwell in the surface litter layer, others deeper 
in the soil, and others move vertically among soil layers [5]. The latter group has pronounced effects on 
soil mixing. Earthworms improve water infiltration rates, neutralize soil pH and stimulate microbial 
population growth [6,7]. Clumping of particles occurs as soil passes through worm digestive tracts, 
increasing water infiltration rates. Larger particles produce larger spaces, thus allowing more water to 
infiltrate, and coincidentally, allowing more fertilizers and chemicals to pass into the water table. Because 
of these functions, earthworms are considered as “ecosystem engineers” [8]. 
The technological advances in agriculture have led to an increased production and emission of chemical 
substances, especially the chemical fertilizers which end up in the soil. The soil constituents, like the clay 
and organic matter, have a great capacity to retain chemicals. Therefore, the soil is a net sink for all kinds 
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of chemicals, and its concentrations are often considerably higher than in any other environmental 
compartment [9]. The impact of chemical fertilizers on soil fauna diversity and soil functions has become 
an issue of great concern in recent days. Chemical fertilizers are applied in the environment to fulfil a 
specific purpose, but at the same time may cause damage to the soil biota, decreasing its diversity, growth 
or reproduction, and consequently organic matter decomposition and soil fertility. Therefore, there is an 
increasing need for appropriate methods to assess the side effects of these chemicals on soil ecosystems. 
Soil toxicity and bioaccumulation tests can be important tools for decision makers, whether in approving 
registration requests or in assessing contaminated sites and remedial action plans. Soil toxicity test can 
also be used for long term monitoring programs or to assess the success of clean-up projects. Registration 
of chemicals usually includes assessment of the ecotoxicity of the active ingredient and its degradation 
products, its persistence in the environment and its mobility in water and soil [10]. As in the risk 
assessment of all chemicals, evaluation of ecotoxicity is mostly directed towards targets in the aquatic 
environment, such as fish, crustaceans and algae [11]. In the terrestrial environment, risk assessment is 
concerned with the possible effects on birds and small mammals [12, 13] and on arthropod species that 
are valued for their potential to suppress pests [14, 15]. For soil organisms, experimental procedures 
include tests for earthworm survival and reproduction, population development of Collembola, plant 
germination and microbial activity such as nitrification [16]. The results from these tests may be used for 
decision making in various chemical evaluation procedures, e.g., initial registration, labeling, post 
registration monitoring, integrated pest management (IPM), Growth promoting products and plant 
protecting products (PPP). 
The ability of organisms to detect and avoid contaminated soil indicates the stress potential of a 
particular soil [17, 18] and it is ecologically relevant due to the direct relationships with soil biodiversity 
and its quality as habitat for those organisms. Avoidance of contaminants has been studied for some time 
in aquatic toxicity [19, 20], but only in recent years have avoidance tests been developed for soils with 
different chemical substances [21, 17, 18, 22]. Most of these bioassays were performed using laboratory-
contaminated artificial or natural soils using collembolans, earthworms, and enchytraeids as test 
organisms. 
In this project, the avoidance behaviour of earthworm, Eisenia fetida was observed using the common 
NPK fertilizers, (Urea, Potash and Superphosphate) combined in 4:2:1 ratio as test chemical under 
temperate condition i.e. 20ºC. The OECD (Organization for Economic co-operation and Development) 
recommended artificial soil was utilized as substrate. 
 
MATERIAL AND METHODS 
Test Substrate 
The soil substrate (artificial soil) was prepared by mixing sand, kaolin clay and sphagnum peat (Fig. 1) in 
the proportion 70%: 20%: 10% and made upto 500mg (dry weight basis). The temperature of the soil 
was maintained at 20ºC as the sphagnum peat will start emitting the hydrogen ions making the substrate 
acidic if the temperature is raised. The pH was maintained at 6.8. The components of artificial soil, quartz 
sand, kaolin clay and Sphagnum peat were purchased from the local building contractor, Himedia 
chemical Laboratories, Bengalure and from a nursery, Coimbatore respectively. The sphagnum peat was 
shade dried, grounded and sieved through 2mm mesh and then used. The artificial soil prepared in shown 
in the Fig. 2. 

 
Figure 1: Raw sphagnum peat                             Figure 2: OECD soil 
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Test Chemical 
Since NPK fertilizers were familiar in almost all the countries, also, the toxic effects of the fertilizers on 
earthworms were not yet studied so far, they were chosen as the testing chemical. NPK fertilizers, the 
Urea, Potash and Superphosphate were purchased from the preliminary Agricultural Co-operative Bank, 
Annamalai nagar, India. The preparation of test solutions for each concentration was done by weighing 
and dissolving the amount of NPK fertilizers in 1 litre of deionized water. Prepared concentrations were 
mixed with the artificial soils prepared separately and the final soil moisture was adjusted to 35 ± 5% dw. 
Using a small mixer, the substrate was completely mixed with the chemical solution until the test 
substance was homogeneously distributed. The test solution was spiked in the soil only once, at the 
beginning of the experiment. As the LC50 value of combined NPK fertilizers was pre-determined by 
Abbiramy and Ronald Ross (2013) [23]. Thus  the test concentrations of NPK fertilizers were determined 
as 28.12:14.06:7.03, 56.25:28.12:14.06, 112.5:56.25:28.12, 225:112.5:56.25 and 450:225:112.5mg/kg. 
Test organism 
For this work, the required test organism, i.e. the earthworm Eisenia fetida was procured  
Avoidance tests 
The habitat function of soils is often assessed using different earthworm tests with either acute or chronic 
endpoints in order to obtain information on environmental effects. However, there is a high need for a 
short and easy-to-perform screening test. Since earthworms have many high chemoreceptors in their 
body wall (especially in the anterior segments of the body) they show sensitivity to chemicals in their 
environment [24]. This sensitivity, coupled with their locomotory abilities, enables them to avoid 
contaminated areas [17]. Therefore, the avoidance test, an alternative for the rapid toxicity assessment 
based on the behavioral responses of earthworms. [21, 25, 17, 18, 26].  
The principle of this test is that the earthworms in one test vial were simultaneously exposed to the soil 
sample to be evaluated and to a control soil. After a short test period, (48 hours) the location of the 
animals was determined. In the present study, avoidance tests were performed with Eisenia fetida using 
the NPK Fertilizers combined at different concentrations in OECD soil under temperate condition. Each 
treatment consists of 4 replicates. Glass vessels of 30 x 15cm area and 15 cm height was filled with soil up 
to a height of about 4 to 5cm (about 500g soil, dry weight). Using a piece of plastic fitted transversally in 
the vessel, one half of the vessel was filled with NPK-spiked soil, the other filled with control soil, without 
chemical. Then the plastic separator was removed and 10 adults of Eisenia fetida (weight: 250 - 400 mg) 
was placed on the separating line of each test vessel. The test vessels were exposed to the light in the 
laboratory until all earthworms had entered into the substrate. Then, the vessels were closed with 
transparent and perforated lids and were kept in the dark at 20 ± 2ºC for 48 h in order to avoid lateral 
effects of light in the vessels. The animals were not fed during the test. Soil moisture and pH was 
recorded. At the end of the test period, the control and the NPK-spiked soil sections were carefully 
separated and the number of earthworms was determined for both sections of the vessels. Individuals 
found between the sections (on the separating line) was counted according to the direction they were 
moving, i.e., considered in the section where the anterior part of body was. The dead earthworms were 
classified as escaped animals.  
Computation of avoidance response 
For each replicate, the net response (NR) (expressed as percentage) was calculated as following: 

NR = ((C -T) /10) x 100 
where: C = sum of earthworms observed in control soil 

T = sum of earthworms observed in treated soil 
10 = total number of earthworms per replicate 

A positive (+) net response indicates avoidance of, and a negative net response (-) indicates a non-
response (or attraction) to the chemical tested in given concentration. For the test results, the value of 
EC50 (including 95%-confidence limits) was calculated and graphics created showing the values of the 
mean net avoidance response. 
 
RESULT AND DISCUSSION 
The avoidance behaviour of earthworms regarding combined NPK was tested in the OECD artificial soil in 
the range of concentrations from 28.12:14.06:7.03 to 450:225:112.5mg/kg. The results were presented in 
Table 1. It indicates the significant reactions of earthworms to the higher concentrations of NPK in OECD 
soil. The earthworms clearly avoided the NPK concentrations in all the soils tested under temperate 
condition from the lower concentration onwards. Thus this test prove the fact that the combined NPK 
fertilizers affect the earthworm population even in a very low concentration i.e. even at sublethal 
concentrations. Though this is a lab-based result, this may also have influence when tested at field level. 
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Also the OECD soil contains sphagnum peat which can be used as a compon
temperate countries. This is because, sphagnum peat omits hydrogen ions when the temperature 
increases making the medium acidic. Even the lower concentrations of NPK Fertilizers affect the 
behaviour of earthworm under tempera
tropical condition (i.e. above 27ºC), the experiment may not be valid because of the decrease in pH. In low 
pH, the survival of earthworms is a question mark.

Table 1: Avoidance behaviour test with 

NPK 
Concentrations 

in mg/kg 

Frequency distribution of 
earthworms

(%)
Section A 
(Control) 

28.12:14.06:7.03 55.00 
56.25:28.12:14.06 70.00 
112.5:56.25:28.12 70.00 
225:112.5:56.25 92.50 
450:225:112.5 100 

n.s. = not significant  ** (P= 0.01)
 
The graphical representation of the mean net response of earthworms with standard error bars against 
the NPK concentrations in the OECD soil was presented in Fig. 5. No non
negative net response) of earthworms was observed in any 
concentrations. This may be due to the combined toxic effect of the NPK fertilizers. The EC
95% confidence limit and LOEC and NOEC values were given in Table 2.
 

Figure 3: Avoidance during the exposure of 
temperate condition (mean net response and standard error bars).

 
Though many experiments on the determination of EC
on fertilizers have been done. Though fertilizers are use
pesticides, the effect of fertilizers on earthworm was rarely studied. Thus this study has made a clear idea 
on the effect of fertilizers on earthworms which could be used as a primary source during the m
of environmental risk assessment of soil.

Table 2: Avoidance response of 
condition: EC50 and its 95%

 

EC

LOEC
NOEC

 
Based on the EC50 value, it is determined that the avoidance behaviour of earthworm starts from the 
127.6:63.8:31.9mg/kg concentration itself. No effect concentration was determined as 1.8: 0.9: 0.4mg/kg 
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Also the OECD soil contains sphagnum peat which can be used as a component only in tests conducted in 
temperate countries. This is because, sphagnum peat omits hydrogen ions when the temperature 
increases making the medium acidic. Even the lower concentrations of NPK Fertilizers affect the 
behaviour of earthworm under temperate condition. So if the experiment is ought to be conducted under 
tropical condition (i.e. above 27ºC), the experiment may not be valid because of the decrease in pH. In low 
pH, the survival of earthworms is a question mark. 

 
Table 1: Avoidance behaviour test with Eisenia fetida in NPK-dosed OECD soil under temperate

condition 
Frequency distribution of 

earthworms 
(%) 

Mean Net 
Response 

(%) 

Standard 
Error 

Significance
(t-test, 

P = 0.05) Section B  
(NPK-Spiked) 

45.00 10 5.7 n.s. 
30.00 40 13.5 n.s 
30.00 40 14.2 ** 
7.50 85 12.6 ** 

0 100 0.0 ** 

n.s. = not significant  ** (P= 0.01) 

The graphical representation of the mean net response of earthworms with standard error bars against 
the NPK concentrations in the OECD soil was presented in Fig. 5. No non-avoidance behaviour (i.e. 
negative net response) of earthworms was observed in any of the  
concentrations. This may be due to the combined toxic effect of the NPK fertilizers. The EC
95% confidence limit and LOEC and NOEC values were given in Table 2. 

 
Figure 3: Avoidance during the exposure of Eisenia fetida to NPK concentrations OECD soil under 

temperate condition (mean net response and standard error bars).

Though many experiments on the determination of EC50 value against pesticides exists [25, 27] no work 
on fertilizers have been done. Though fertilizers are used inevitably on agricultural fields by farmers than 
pesticides, the effect of fertilizers on earthworm was rarely studied. Thus this study has made a clear idea 
on the effect of fertilizers on earthworms which could be used as a primary source during the m
of environmental risk assessment of soil. 

 
Table 2: Avoidance response of Eisenia fetida in combined NPK-dosed soil under temperate 

and its 95%-confidence limits, LOEC and NOEC (values in mg/kg).
 Avoidance responses in OECD soil 

EC50 
127.6:63.8:31.9 [66.2: 33.1: 17.5-

374.9: 187.4: 93.7] 
LOEC 25.8: 12.9: 6.4 
NOEC 1.8: 0.9: 0.4 

value, it is determined that the avoidance behaviour of earthworm starts from the 
127.6:63.8:31.9mg/kg concentration itself. No effect concentration was determined as 1.8: 0.9: 0.4mg/kg 
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ent only in tests conducted in 
temperate countries. This is because, sphagnum peat omits hydrogen ions when the temperature 
increases making the medium acidic. Even the lower concentrations of NPK Fertilizers affect the 

te condition. So if the experiment is ought to be conducted under 
tropical condition (i.e. above 27ºC), the experiment may not be valid because of the decrease in pH. In low 

dosed OECD soil under temperate 

Significance 
 

 

pH at 
beginning 

pH at 
end 

6.7 6.8 
6.5 6.9 
6.8 6.7 
7.0 6.6 
6.4 6.6 

The graphical representation of the mean net response of earthworms with standard error bars against 
avoidance behaviour (i.e. 

concentrations. This may be due to the combined toxic effect of the NPK fertilizers. The EC50 value with 

concentrations OECD soil under 
temperate condition (mean net response and standard error bars). 

value against pesticides exists [25, 27] no work 
d inevitably on agricultural fields by farmers than 

pesticides, the effect of fertilizers on earthworm was rarely studied. Thus this study has made a clear idea 
on the effect of fertilizers on earthworms which could be used as a primary source during the monitoring 

dosed soil under temperate 
confidence limits, LOEC and NOEC (values in mg/kg). 
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and the lower concentration that affects the earthworm population were determined as 25.8: 12.9: 
6.4mg/kg. These results reveal the observations of the tests conducted in OECD soil under temperate 
condition, as the draft of OECD confess the condition. But when the need for the test under tropical 
condition required, these results may produce an erroneous suggestion. Thus tests under tropical 
condition must be conducted to confirm the impact assessment. No experiments were performed with 
fertilizers to compare the results and interpret.   
 
CONCLUSION 
The results from the experiment confirm the avoidance behaviour of earthworm population against the 
combined effect of NPK fertilizers. Thus usage of over dosage of NPK fertilizers in the agriculture fields 
must be avoided by the farmers. Many awareness programs on the restricted usage of NPK fertilizers that 
are artificially synthesized must be conducted by the government. Also the alternate and safe path of 
organic farming must be enhanced to sustain the soil fertility. 
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