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ABSTRACT
Use of agrochemical is now considered to be a serious concern in many regions of the world. Among
agrochemical, fertilizer production had been increased at an annual rate of 3.1% throughout the world in last
decade. This must have an adverse effect on the soil ecosystem. Unfortunately, very few studies were conducted
on the impact of fertilizer on the soil health. No study was conducted for the acute toxicity of NPK, which have
been widely used in the agricultural field of India on earthworm Drawida willsi. Hence the present study was
undertaken to study the acute toxicity of NPK on soil ecosystem using earthworm D.willsi Michaelsen as a test
animal which constitutes the dominant earthworm in crop fields of India. For this, soil and earthworm were
collected from such agricultural field where there had no record of input of agrochemicals. Different
concentrations of NPK were prepared in dilution of water which was then added to the experimental sets. Then
ten number of earthworms of each age-sex group (juvenile, immature, adult) were gut evacuated and added to
five replicates (polythene packets) for each concentration of NPK fertilizer. For the control set, only water was
given and ten numbers of earthworms were added. The experiment was conducted at 20±2g% soil moisture and
25±2°C soil temperature. The Finney’s Probit method was followed to evaluate 96h LC50 values. Study found that
the juvenile, immature and adult worms of D. willsi survived in soil containing up to 250, 370 and 490 mg/kg of
NPK respectively. But 100% mortality of juveniles were recorded when worms were exposed to concentration of
490 mg/kg of NPK. However at a concentration of 640 mg/kg and 730 mg/kg, 96% of immature and 92% of
adult mortality was observed respectively. The 96 h LC50 values with their 95% confidence limits for juvenile,
immature and adult worms were 374.28 (374.27-374.29), 512.86 (512.85-512.87) and 616.60 (616.59-616.61) mg/kg
respectively. This clearly indicates that the recommended dose of NPK was safe since there was no mortality of
earthworm. However, this finding is not enough to draw a concrete conclusion about the toxicity of NPK since
there must be some sub-lethal effect which may cause an adverse effect on the growth, reproduction and
metabolism of earthworm. So, proper care should be taken on doses during use of NPK in the agricultural field.
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INTRODUCTION
India is the third largest fertilizer consumer in the
world, after China and the United States. India is so
far the main consumer of fertilizers in the South Asia
region. The intensity of fertilizer use in India
increased from 95 to 128 kg/ha during 2002–2006.12

During 2002–2007, India consumed 116 million MT
of nutrients, which represented 74% of regional
consumption (South Asia) and 12% of global
consumption. By macronutrient, India is the main

consumer of all three macronutrients, accounting for
72% of the total amount of nitrogen, 76% of
phosphate and 84% of potash consumed South Asia.
The total NPK consumption during 2006-07 was 21
million tonnes in India.16

The agrochemicals, pesticides and inorganic
fertilizers are used in a huge rate in the agricultural
field to augment the crop productivity. Soil is a
habitat supporting different life forms. It is also a
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reservoir of all the agrochemicals. When these
agrochemicals enter the soil, they may disturb the soil
ecosystems by impairing the physical, chemical and
biological components specially the non-target
beneficial microorganisms and earthworms.3,9

Earthworms constitute more than 80% of the
invertebrate biomass in most of the agro-ecosystems
of the world and plays important role in improving
the structure and fertility of the soil through their
feeding, casting and burrowing activities.8,13 Due to
their beneficial role in agroecosystem, earthworms
are used as indicator species for monitoring the
impact of pollutants, changes in soil structure and
agricultural practices.10,15

A number of studies were conducted on the acute
toxicity of NPK on the aquatic ecosystem. Most of
these studies were conducted on fish.4-7,14,18,20 Very
few studies were conducted on the toxicity of NPK
using earthworms Eisenia foetida as test animal by
Paper contact method.1,2 But no study was conducted
to test the toxicity of NPK on the soil ecosystem till
date using tropical earthworm Drawida willsi,
Michaelsen as a test animal which constitutes the
dominant earthworm in crop fields of India.
Therefore, earthworm Drawida willsi was undertaken
in the present experiment as the test animal to find
out the toxicity level of NPK on soil ecosystem.

MATERIALS AND METHODS
Soil and Earthworm: For the experiment,
earthworm (D.willsi) and soil were collected from an
upland non-irrigated paddy field which had no record
of input of agrochemicals.
The soil was of laterite type with sandy loam texture.
It had a pH of 6.8, organic matter (g%) 4.7, nitrogen
g (%) 0.22 and a C/N ratio of 12.27. Prior to use, the
soil was air dried and sieved. Then several
experiment sets were prepared each with 500 gm soil
in the polythene packet.
After collection, the earthworms were cultured for
one month at their native soil in the laboratory
condition at moisture (20±2g%) and temperature
(25±2ºC) with a diet of 10% organic matter (cow
dung + leaf litter).19 Then earthworms were removed
from culture pots and gut cleaned by immersing them
in glass petriplates having 30 ml of tap water in
25±2°c for 24h. Then they were categorized into
three age classes (juveniles: <2cm, immature:
≥2<4cm and adults : ≥4cm) on the basis of size and
presence or absence of genital papilla and clitellium.

Fertilizer: The recommended agricultural dose
(mg/kg) calculated for urea, superphosphate, potash
came to be 79.04, 39.52 and 39.52 respectively and
for NPK it came to be 160 (NPK in the ratio of
2:1:1).

Mixtures containing all the three principal nutrients
(N, P and K) are termed complete fertilizers.
According to EEC Guidelines, NPK fertilizers must
contain at least 3% N + 5% P2O5 +5% K2O and at
least 20% total nutrients. The most commonly used
grades are:

Nutrient Ratio 1:1:1
Nutrient Ratio 1:2:3 and 1:1.5:2
Nutrient Ratio 1:1:1.5-1.7
Nutrient Ratio 3:1:1 and 2:1:1

Preparation of NPK was made as follows : (i) 80
mg/kg N+40 mg/kg P+40 mg/kg K=160 mg/kg NPK,
(ii)90 mg/kg N+50 mg/kg P+50 mg/kg K =190mg/kg
NPK and so on. These were added to the soil surface
and then mixed thoroughly with enough water to
ensure a homogeneous mixture. The same procedure
with only water was applied to prepare the control
set.

Toxicity Test: Different concentrations of NPK in a
ratio of 2:1:1 were prepared in dilution of water.
These were added to the experiment sets and then
mixed thoroughly to ensure a homogeneous mixture
with soil. Then ten healthy gut evacuated earthworms
of each age group (juvenile, immature, adult) were
added to five replicates (polythene packets) for each
concentration of NPK fertilizer. The experiment was
maintained at 20±2g% soil moisture and 25±2°C soil
temperature. Earthworm deaths were recorded and
Finney’s probit method was followed to calculate 96h
LC50 values.

RESULT AND DISCUSSION
The experiment found a wide variation of toxicity on
juvenile, immature and adult earthworms due to
NPK. Details of the toxicity with respect to different
dose and replicates are given below.

Effect on juvenile earthworm
No mortality was reported when juvenile D. willsi
earthworms were exposed to 250 mg of NPK
fertilizers per kg of soil. But about 5% mortality was
recorded at the exposure of 280 mg/ kg of NPK in
soil. Gradually the mortality increased with the
increase of doses and 100% mortality was observed
at the dose of 490 mg/kg of NPK to soil.
There was a wide variation in toxicity of NPK on
juvenile earthworm with respect to dose conducted in
five replicates (Table-1). About 5% mortality of
earthworms were recorded when they were exposed
to 280 mg/kg of NPK in all the five replicates. The
mortality increased to 19% when they were exposed
to 310 mg/ kg of NPK to soil followed by 30% at 340
mg/kg, 42% at 370 mg/kg, 58% at 400 mg/kg, 76% at
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430 mg/kg, 92% at 460 mg/kg and all the juvenile
earthworms died at 490 mg/kg of NPK to soil.
The Finney’s Probit analysis indicates the 96h LC50

values with 95% confidence limit for juvenile
earthworm was of 374.28 with a range of 374.27 to
374.29 mg/kg of soil (Fig-1, Table-1).

Effect on immature earthworm
There was no mortality of immature earthworm when
exposed to NPK at the dose up to 370 mg/kg to the
soil. But mortality started when they were exposed at
400 mg/kg soil and 100% mortality was observed at
the dose of 670 mg/ kg soil.

Table 1
96 h toxicity test for D. willsi exposed to different concentrations of  NPK

Age-class Concentration
(mg a.i./kg dry soil)

Mortality Emperical
probit

Expected
probit

96 h LC50 with 95%
confidence limit

JU
V

E
N

IL
E

250 0 -- --

374.28
(374.27-374.29)

280 5 3.36 3.2

310 19 4.12 3.8

340 30 4.48 4.48

370 42 4.8 5.25

400 58 5.2 5.6

430 76 5.71 5.95

460 92 6.41 6.62

490 100 8.09 7

IM
M

A
T

U
R

E

370 0 -- --

512.86
(512.85-512.87)

400 2 2.95 3

430 10 3.72 3.72

460 22 4.23 4.23

490 44 4.85 4.6

520 56 5.15 5.1

550 68 5.47 5.47

580 78 5.77 5.8

610 84 5.99 6.25

640 96 6.75 6.6

670 100 8.09

A
D

U
L

T

490 0 -- --

616.6
(616.59-616.61)

520 8 3.59 3.7

550 24 4.29 4.15

580 36 4.64 4.55

610 48 4.95 4.95

640 56 5.15 5.3

670 72 5.58 5.65

700 80 5.84 5.95

730 92 6.41 6.3

760 100 8.09
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Fig 1
96 h toxicity test for juvenile D.willsi exposed to different concentrations of NPK

Fig 2
96 h toxicity test for immature D.willsi exposed to different concentrations of NPK
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Fig 3
96 h toxicity test for adult D.willsi exposed to different concentrations of NPK

Effect on adult earthworm
It was observed that all the adult earthworms
survived when exposed to NPK up to the dose of 490
mg/kg to soil. But mortality started at the exposure of
520 mg/ kg to soil. The mortality gradually increased
with the increase of doses and 100% mortality was
observed at the dose of 800 mg/kg of NPK to soil.
A distinct variation of adult earthworm mortality was
also recorded with respect to different doses of NPK
conducted in five replicates (Table-1). About 8%
mortality was recorded when they were exposed at
520 mg/kg followed by 24% at 550 mg/kg, 36% at
580 mg/kg, 48% at 610 mg/kg, 56% at 640 mg/kg,
72% at 670 mg/kg,  80% at 700 mg/kg,  92% at 730
mg/kg,  and 100% at 760mg/kg soil.
The Finney’s Probit analysis indicates the 96h LC50

values with 95% confidence limit for adult
earthworm was of 616.6 with a range of 616.59 to
616.61 (Fig-3, Table-1).

CONCLUSION
The present investigation found that the variation in
doses of NPK had upshot a discrepancy in the degree
of mortality in different age class of D. willsi. There
was 100% mortality at 490 mg NPK/ kg for juvenile,
670 mg NPK/kg of soil for immature and 760 mg
NPK/kg of soil for adult. The 96h LC50 value was
found to be 374.28 for juvenile, 512.86 for immature
and 616.6 for adult D. willsi. This clearly indicates

that the recommended dose for NPK (160 mg/kg) is
safe so far point of mortality is concern.
Although there was no report of mortality of
earthworm at the recommended dose, the use of NPK
fertilizer cannot be safe. This is because, the NPK
contains phosphates which undergoes
bioaccumulation and may cause severe toxicity. So it
must have some sub-lethal effects even at the
recommended agricultural doses.17Therefore, further
test on sub-lethal effect of NPK on parameters like
growth, reproduction, metabolism etc. are required to
draw a safe conclusion. However, it is interesting that
the ccomposite fertilizer (NPK) is still classified as
the non-hazardous material.11

Beside this, the phosphate contains of NPK also
accumulates in the water bodies through surface run
off resulting eutrophication. This may cause a
complete destruction of aquatic ecosystem due to
complete death of the biological system.
In conclusion, the present experiment suggests that
although the NPK is not very toxic to earthworm at
the recommended doses still it could have some sub-
lethal effect that would affect the agro-ecosystem.
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