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Toxic effect of insecticides on earthworms reducing soil fertility in Pakistan.
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Abstract- This research has been attempted to test
acute toxicity of five commonly used insecticides in
Pakistan. Two different methods, contact filter paper
and artificial soil assessment were used for measuring
toxicity effect on earthworm. Different concentrations
of insecticides for 48 hours were used in contact filter
paper test and found Sulfosulfuron super toxic to
earthworms. In artificial soil test different
concentrations of five insecticides were used for seven
and fourteen days. Neonicotinoids however was found
to be more toxic to earthworms after seven and even
14 days treatment. This research is limited to

earthworms only, how much other beneficial
organisms and nutrients are affected is not known. In
order to save earthworms from such acute toxicity

these insecticides should be emended.

Index Terms: Earthworm,Insecticide, Neonicotinoids,

Sulfosulfuron, Toxicity.

|. INTRODUCTION
Annelida is large phylum containing earthworms,

ragworms, leech etc. There are more than 5000
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species of earthworms (Abdollahi et al., 2004; Baker
et al., 2006). They are present in moist and dark
places of mud; they live near the surface of soil
(Heimbach, 1984). They indicate soil health and also
amend it by horizontal and vertical movements
through the soil. Due to these movements they carry
the nutrients from bottom to top and organic matter
from top to bottom during this process channels are
made which help in gaseous exchange in tunnels.
They are known as soil engineers and are studied most
in scientific field (Baker et al., 2006).

Earthworms are assailable to many toxic chemicals
and act as model organisms in order to study effect of
insecticides. These are an indispensable component of
soil biomass and act as an important indicator of total
soil metabolism as well as soil pollution and toxicity
(Izadi et al., 2012). In fact, several earthworm species
have been used as bio-indicators and hence these are
used in the evaluation of chemical environmental
pollution (Frind et al.,, 2011). For environmental
toxicological analysis, inspecting quality of
environment and risk evaluation earthworms are best
indicators. However, while using different insecticides
the importance of earthworm has always been

neglected, their role in asseverating soil health and
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fertility is ignored (Lanno et al., 2004; Lo, 2010).
Earthworm’s activity could be halted if the issue of
toxicity of insecticides be ignored. This can also
diminish fertility of soil and vegetation (Nasr and
Badawy, 2015). Therefore, the present research has
been attempted to investigate the unfavorable effect of
five insecticides which are commonly used in

Pakistan, on earthworm.
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Il. MATERIALS AND METHODS
Earthworm Samples

Samples containing different earthworms were
collected. Various areas like Multan, Muzaffargarh
and The Women University Multan premises were
considered for collection of samples. Fine sand,
ground sphagnum peat and kaolinite clay were mixed
together to make artificial soil and after that the
mixture was reserved at 25-260C. For the adjustment
capability of maximum potential extent of water the
method of Wang et al (2012) was applied for wetness
of soil that was adjusted to 35% by adding sanitized

water.
Insecticides

Insecticides like Pyriproxyfen, Pelegan, Counter, Juel
and Uniform were selected on the basis of two
reasons, as they are the most common and widely
in Pakistan (Table 01).
formation was used alternatively than the active

used The commercial

ingredients.

Toxicity Test Methods

Contact Filter Paper Test:

Insecticides (with concentrations 0, 0.5, 1, 2, 5 and
10ul) were used with 2ml of acetone each for contact
filter paper test. The insecticides and acetone were
mixed in five different 9cm petri dishes and that
mixture was used to moist the filter papers. All petri
dishes were marked with different insecticides name.

When the solution evaporated, a single earthworm
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was kept in each petri dish after remoistening the filter
papers by using 2ml distilled water. Petri dishes were
then incubated at 20°C for 48hr considering a
maximum interval of time and then the earthworm

mortality was noted.

Class Insecticide Common
name Name in
Pakistan
Pyridine based | Pyriproxyfen | Pyriproxyfen
pesticide
Organophosphate | Triazophos Pelegan
Pyrethroid Deltamethrin | Counter
Neonicotinoid Nitenpyram Juel
Sulfonylurea Sulfosulfuron | Uniform

Artificial Soil Test:

35% of water content was found by dry weight of soil
after a soil toxicity test. The concentration range of
insecticide 2, 5 and 10l in 250g of artificial soil was
mixed in 10ml acetone and 10g of fine quartz sand for
every concentration that was examined. The sand is
left for minimum period of one hour to evaporate
acetone from it and then mix completely with
artificial soil. All arrangement was made in glass jars.
10 adult earthworms and artificial soil were placed in
500ml glass jar for 7-14 days. The jars were kept
within stable and permanent light source at 25-260C
and enclosed with fine net for exchange of air with
80-85% comparative moisture.
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TABLE 01: Five commonly used insecticides in
Pakistan.

Statistical Analysis

For statistical analysis of high toxicity of insecticides
in earthworms LC50 values of insecticides were
classified (Roberts and Wyman, 1984) into 5 groups
named relatively nontoxic having >1000ul cm-2
value, moderately toxic ranging 100-1000ug cm-2,
very toxic ranging 10-100ug cm-2, extremely toxic
ranging 1-10pg cm-2 and super toxic having <1.0pg
cm-2 value.

TABLE 02: Summarizing different parameters

showing acute toxicity of insecticides in earthworm

VOLUME 19 ISSUE 07 JULY 2023

Insecticide Slope | x2 LC50ug | Toxicity
(se) (d.f) | cm-2 grade
Nitenpyram | 5.75 1.22 0.2 Super
(Juel) (0.85 | (3 toxic
Deltamethrin | 4.00 1.37 | 10.53 Very toxic
(Counter) (0.55) | (3)
Triazophos 3.39 416 |14.19 Very toxic
(Pelegan) (0.41) | (3)
Pyriproxyfen | 3.50 255 |85 Extremely
(0.52) | (3) toxic
Sulfosulfuron | 6.55 1.06 |05 Super
(Uniform) (0.95) | (3) toxic
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through contact filter paper test.
1. Results
Contact Toxicity

Among all five insecticides, Sulfosulfuron and
Nitenpyram conferred to be the most prominent
toxicity followed by Pyriproxyfen, Deltamethrin and
Triazophos. According to the insecticides common
names in Pakistan their toxicity level can be described
as uniform, most toxic followed by Juel,
Pyriproxyfen, Counter and the least toxic Pelegan

(Table 02).

At 48hrs, Sulfosulfuron was 28.38 fold more toxic

than Triazophos. Nitenpyram was 3 folds less toxic

than Sulfosulfuron. Sulfosulfuron was super toxic to
earthworms.

Soil Toxicity Test

Direct proportion between concentration and mortality
rate was found through soil toxicity test of all
insecticides, increase in length of exposure caused an
increase in mortality rate. Nitenpyram was found to be
highly toxic after seven days. It was 344.59 folds
more toxic than Pyriproxyfen. Both Sulfosulfuron and
Triazophos were found to be equally toxic with a
minor difference and more toxic than Deltamethrin.
Average acute toxicity in descending order is

presented as:

Nitenpyram > Sulfosulfuron > Triazophos >

Deltamethrin > Pyriproxyfen
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At fourteen days interval, average acute toxicity of
insecticides in descending order was same as
exhibited at previous interval of seven days (Table

03).

On the base of on LC50 value, the toxicity of

insecticides was ordered in following manner:

Nitenpyram > Sulfosulfuron > Triazophos >

Deltamethrin > Pyriproxyfen.

The toxicity of Nitenpyram is 321.82 fold higher than
Deltamethrin at 14 day interval. In 14 day time period
(Table 04). Nitenpyram however demonstrate the
most toxicant properties as alike as the 7-day time

period.

TABLE 03. Summarizing different parameters
showing acute toxicity of insecticides (7-days
treatment) in earthworm through contact filter

VOLUME 19 ISSUE 07 JULY 2023

paper test.
Insecticide Slope (se) | x2 (d.f) LC50 ug
cm-2
Nitenpyram 9.62 2.72 (3) 4.44
(1.34)
Deltamethrin 8.90 0.17(3) 1353
(1.55)
Triazophos 8.89 1.76 (3) 374.19
(1.41)
Pyriproxyfen 7.45 1.45 (3) 1530
(1.31)
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8.55
(1.65)

Sulfosulfuron 1.26 (3) 361.07

TABLE 04. Summarizing different parameters
showing acute toxicity of insecticides (14-days

treatment) in earthworm through contact filter

paper test.
Insecticide Slope x2 (d.f) | LC50
pgem-2
Nitenpyram 9.15(1.20) | 1.60(3) | 3.94
Deltamethrin 10.60 1.97 (3) | 1268
(1.55)

Triazophos 7.61(1.21) | 1.12(3) | 344.09
Pyriproxyfen 8.85(1.41) | 1.25(3) | 1250
Sulfosulfuron 7.85(1.65) | 2.46 (3) | 255.37

IV. DISCUSSION

Insecticides are toxic chemicals that have the potential
to sternly damage beneficial non targeted soil fauna.
This could bring down the population of soil fauna
specially earthworms that are beneficial for soil
fertility. Earthworms are extremely assailable to the
adverse effects of insecticides (Nurhidayati et al.,
2012). This study involves toxic effect of commonly
used insecticides on earthworms in Pakistan.

In filter paper test, insecticides were ingested directly

as there was no food intake involved so it was

http://xisdxjxsu.asia

VOLUME 19 ISSUE 07 JULY 2023

ISSN: 1673-064X

considered as more toxic procedure. Although same
insecticides were found to be less toxic in soil method

except for Nitenpyram.

The contact filter paper test was first method for
analyzing the toxicity of insecticides to earthworm.
This test is fast, effective and relatively simple to
perform because the chemicals are absorbed via
epidermis but its drawback is that it is unable to find

the soil’s original form (Cang et al., 2017).

Nitenpyram’s toxicity was statistically greater than
other insecticides after 14 days (Nauen and Denholm,
2005; Wang et al., 2015). Some previous studies
reveal that juvenile earthworms are more sensitive to
insecticides as compare to the adults. The studies
demonstrate that the toxic effect of chemicals reduces
their sexual development along with their growth
(Shiping et al., 2008). Nitenpyram is being widely use
because of their highest quality insecticidal effect
(Narahashi, 2000).

On the base of LC50 values, all the insecticides were
low in toxicity except Nitenpyram which was found to
be highly toxic to earthworms and it was termed as
super toxic. Earthworms’ death rate was directly
proportional to the concentration of insecticide and
time of exposure of insecticide. Triazophos was found
to be less toxic. Nitenpyram was found to be more

toxic after 14 days interval.

In both tests, Deltamethrin was found to be much
toxic on the earthworm. In the contact filter paper test,
the LC50 value of Deltamethrin was 327.8ug cm-2
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48hrs. LC50 wvalue of

Deltamethrin in 7 days and 14 days were found to be

within However, the
92.8mgkg™ and 68.1mgkg™ respectively, in artificial
soil test (Velki and Hackenberger, 2013; Song et al.,
2015). This research revealed that Deltamethrin is
fatal for earthworms and under severe contact in 14
days treatment, Deltamethrin was toxic or even lethal
Is toxic in dose

to earthwormes. Deltamethrin

dependent manner.

Many insect pests are killed by Triazophos. In contact
and soil methods, Triazophos is found to be very toxic
against insects (Reddy and Rao, 2008; Wang et al.,
2012). In artificial soil, Pyriproxyfen acts as insect
growth regulator in the dose dependent manner so by
increasing concentration of this insecticide causes

decrease in number of earthworms.

V. CONCLUSION
This research reveals that in contact filter paper test

insecticides were proved to be more toxic on
earthworm as compared to artificial soil test. Different
insecticides showed varied amount of toxicity due to
their chemical nature. In contact filter paper test,
Sulfosulfuron was highly damaging. In artificial soil
test, Nitenpyram was found to be super toxic for
earthworms. There is still need to work more on
chemical nature of diverse group of insecticides and
their mode of action so that soil fauna could be saved,

which are beneficial for plant growth.

http://xisdxjxsu.asia

VOLUME 19 ISSUE 07 JULY 2023

ISSN: 1673-064X

ACKNOWLEDGMENT

Authors acknowledge The Department of Zoology in
The Women University, Mattital campus, Multan.

REFERENCES
1. Abdollahi, M., Ranjbar, ., Shadnia, S., Nikfar,

S., & Rezaie, A. (2004). Pesticides and

oxidative  stress: a review. Med Sci
Monit, 10(6), 141-147. URL:
https://www.researchgate.net/publication/85325
08

2. Baker, G. H., Brown, G., Butt, K., Curry, J.
(2006).

earthworms in agricultural and reclaimed

P. and Scullion, J. Introduced
land: their ecology and influences on soil
properties, plant production and other soil
biota. Biological Invasions, 8, 1301-1316.
DOI:  https://doi.org/10.1007/s10530-006-
9024-6

3. Heimbach, F. (1984). Correlations between

three methods for determining the toxicity
of chemicals to earthworms. Pesticide
science, 15(6), 605-611. DOI:
https://doi.org/10.1002/ps.2780150612

4. lzadi, H., Sarnevesht, M., Sadeghi, R.,
Mahdian, K. and Jalai, M. A. (2012). Toxic

effects of

pyriproxyfen,  neemarin,
acetamiprid and Ferula assafoetida essential
oil on the common pistachio psylla,
Agonoscena pistaciae. Archives of
Phytopathology and Plant

Protection, 45(18), 2236-2242. DOI:

873-881


https://www.researchgate.net/publication/8532508
https://www.researchgate.net/publication/8532508
https://doi.org/10.1007/s10530-006-9024-6
https://doi.org/10.1007/s10530-006-9024-6
https://doi.org/10.1002/ps.2780150612

http://xisdxjxsu.asia

Journal of Xi’an Shiyou University, Natural Science Edition

https://doi.org/10.1080/03235408.2012.724
973

Frind, H. C., Graefe, U. and Tischer, S.
(2011). Earthworms as bioindicators of soil

quality. Biology of earthworms, 261-278.
URL:
https://link.springer.com/chapter/10.1007/9
78-3-642-14636-7_16

Lanno, R., Wells, J., Conder, J., Bradham,
K. and Basta, N. (2004). The bioavailability
of chemicals in soil for

earthworms. Ecotoxicology and
environmental safety, 57(1), 39-47. DOI:
https://doi.org/10.1016/j.ecoenv.2003.08.01
4

Lo, C. C. (2010). Effect of pesticides on soil

microbial

community. Journal of
Environmental Science and Health Part
B, 45(5), 348-359. DOI:
https://doi.org/10.1080/0360123100379980
4

Nasr, H. M. and Badawy, M. E. (2015).

Biomarker response and biomass toxicity of

earthworms  Aporrectodea  caliginosa

exposed to IGRs pesticides. Journal of

Environmental & Analytical
Toxicology, 5(6), 1. DOl:
http://dx.doi.org/10.4172/2161-
0525.1000332

Wang, Y., Wu, S., Chen, L., Wu, C., Yu,
R., Wang, Q. and Zhao, X. (2012). Toxicity
assessment of 45 pesticides to the epigeic

10.

11.

12.

13.

VOLUME 19 ISSUE 07 JULY 2023

ISSN: 1673-064X
earthworm Eisenia
fetida. Chemosphere, 88(4), 484-491. DOI:
https://doi.org/10.1016/j.chemosphere.2012.
02.086

Roberts, B. L. and Wyman Dorough, H.

(1984). Relative toxicities of chemicals to
the earthworm Eisenia
foetida. Environmental ~ Toxicology and
Chemistry: An International Journal, 3(1),
67-78. DOLl:
https://doi.org/10.1002/etc.5620030109

Nurhidayati, N.,
Suprayogo, D. and Hairiah, K. (2012).

Earthworm population density in sugarcane

Arisoesilaningsih, E.,

cropping system applied with various
quality of organic matter. Journal of
Tropical Life Science, 2(3), 103-109. URL.:
https://doaj.org/article/d3dc3fcoff3f47caaf7
a96e44cde0871

Cang, T., Dai, D., Yang, G, Yu, Y., Lv, L,
Cai, L. and Wang, Y. (2017). Combined

toxicity  of

imidacloprid and three
insecticides to the earthworm, Eisenia fetida
(Annelida,
Science and Pollution Research, 24, 8722-
8730. DOI: https://doi.org/10.1007/s11356-
017-8627-z

Nauen, R.

Oligochaeta). Environmental

and Denholm, 1. (2005).
Resistance of insect pests to neonicotinoid
insecticides: current status and future
prospects. Archives of insect biochemistry

and physiology: Published in Collaboration

873-881


https://doi.org/10.1080/03235408.2012.724973
https://doi.org/10.1080/03235408.2012.724973
https://doi.org/10.1016/j.ecoenv.2003.08.014
https://doi.org/10.1016/j.ecoenv.2003.08.014
https://doi.org/10.1080/03601231003799804
https://doi.org/10.1080/03601231003799804
http://dx.doi.org/10.4172/2161-0525.1000332
http://dx.doi.org/10.4172/2161-0525.1000332
https://doi.org/10.1016/j.chemosphere.2012.02.086
https://doi.org/10.1016/j.chemosphere.2012.02.086
https://doi.org/10.1002/etc.5620030109
https://doi.org/10.1007/s11356-017-8627-z
https://doi.org/10.1007/s11356-017-8627-z

Journal of Xi’an Shiyou University, Natural Science Edition

14.

15.

16.

17.

http://xisdxjxsu.asia

with  the Entomological Society of
America, 58(4), 200-215. DOI:
https://doi.org/10.1002/arch.20043

Wang, J., Cao, X., Sun, J., Chai, L., Huang,
Y. and Tang, X. (2015). Transcriptional

responses of earthworm (Eisenia fetida)

exposed to  naphthenic  acids in
soil. Environmental Pollution, 204, 264-
270. DOI:
https://doi.org/10.1016/j.envpol.2015.05.00
6

Shiping, Z. H. O. U,, Changqun, D. U. A.
N., Xuehua, W. A. N. G., Michelle, W. H.
G., Zefen, Y. U. and Hui, F. U. (2008).

Assessing cypermethrin-contaminated soil

with  three different earthworm test
methods. Journal of Environmental
Sciences, 20(11), 1381-1385. DOI:
https://doi.org/10.1016/S1001-
0742(08)62236-6

Narahashi, T. (2000). Neuroreceptors and

ion channels as the basis for drug action:
past, present, and future. Journal of
Pharmacology and Experimental
Therapeutics, 294(1), 1-26. URL:
https://jpet.aspetjournals.org/content/jpet/29
4/1/1.full.pdf

Song, Y., Kai, J., Song, X., Zhang, W. and
Li, L. (2015). Long-term toxic effects of

deltamethrin and fenvalerante in
soil. Journal of hazardous materials, 289,
158-164. DOIl:

ISSN: 1673-064X
https://doi.org/10.1016/j.jhazmat.2015.02.0
57

18. Velki, M. and Hackenberger, B. K. (2013).

Biomarker responses in earthworm Eisenia

andrei exposed to pirimiphos-methyl and

deltamethrin  using  different  toxicity

tests. Chemosphere, 90(3), 1216-1226.
DOl:
https://doi.org/10.1016/j.chemosphere.2012.
09.051

19. Reddy, N. C. and Rao, J. V. (2008).
Biological response of earthworm, Eisenia
foetida (Savigny) to an organophosphorous
pesticide, profenofos. Ecotoxicology and
Environmental Safety, 71(2), 574-582. DOI:
https://doi.org/10.1016/j.ecoenv.2008.01.00
3

AUTHORS
1 Dr. Sumaira Kanwal
Associate professor (Ph.D.)

Department of Bioscience, COMSATS University,
Sahiwal campus, Islamabad, 57000, Punjab, Pakistan.

ORCID ID: https://orcid.org/0000-0003-1988-0821

2 Hina Mahreen

Ph.D. Scholar

Department of Zoology, The Women University,
Mattital campus, 66000 , Punjab Pakistan

ORCID ID: https://orcid.org/0000-0002-4483-5603

VOLUME 19 ISSUE 07 JULY 2023 873-881


https://doi.org/10.1002/arch.20043
https://doi.org/10.1016/j.envpol.2015.05.006
https://doi.org/10.1016/j.envpol.2015.05.006
https://doi.org/10.1016/S1001-0742(08)62236-6
https://doi.org/10.1016/S1001-0742(08)62236-6
https://doi.org/10.1016/j.chemosphere.2012.09.051
https://doi.org/10.1016/j.chemosphere.2012.09.051
https://doi.org/10.1016/j.ecoenv.2008.01.003
https://doi.org/10.1016/j.ecoenv.2008.01.003
https://orcid.org/0000-0003-1988-0821

Journal of Xi’an Shiyou University, Natural Science Edition

3 Shagufta Abbas
Ph.D. Scholar

Department of Zoology, The Women University,
Mattital campus, Multan, 66000, Punjab, Pakistan.

ORCID ID: https://orcid.org/0000-0002-8161--3671

4 Shaheen Kousar
Ph.D. Scholar

Department of Zoology, The Women University,
Mattital campus, Multan, 66000, Punjab, Pakistan.

ORCID ID: https://orcid.org/0000-0003-1867-3118

® Sidra Muhyuddin
Mphill

Department of Zoology, The Women University,
Mattital campus, Multan, 66000, Punjab, Pakistan.

ORCID ID https://orcid.org/0009-0006-8086-1688

http://xisdxjxsu.asia

VOLUME 19 ISSUE 07 JULY 2023

ISSN: 1673-064X

Correspondence Author Dr. Shazia Perveen*
Assistant Professor
Mobile number: 0316-6494379

Department of Zoology, The Women University,
Mattital campus, Multan, 66000, Punjab, Pakistan.

ORCID ID: https://orcid.org/0000-0002-9069-7985

873-881


https://orcid.org/0000-0002-8161--3671
https://orcid.org/0000-0003-1867-3118
https://orcid.org/0009-0006-8086-1688

