
Short Term Experiments on Farm Survivility of Earthworms
in Tea Garden Due to Effect of Pesticides

Aliva Patnaik
Ecology Laboratory, Zoology Department, G. M. College (Autonomous), Sambalpur, Orissa, India

ABSTRACT

To find out the impact of pesticide spraying on the tea garden and farm survivility
experiments were carried out. It was observed that there was 82.19% reduction
in total earthworm density and about 67% reduction in biomass on application of
nickel.

INTRODUCTION

In tropical ecosystems invertebrates play major role in the soil process. The physical structure and
the nutrient dynamics are affected by the soil fauna such as litter feeding arthropods, termites, ants
and earthworms (Lavelle et al. 1992, Atiye et al. 2002). The reduction in the rich diverse community
of soil and litter dwelling species occurs due to agricultural practices (Dangerfield 1990). Degraded
soils also have reduced faunal complexities and biomass (Betsch et al. 1990). According to Swift
(1987) activities of the soil fauna could be better managed in order to have sustainable production
in the tropical agro-ecosystems.

According to the role of the organisms in ecosystems, the macrofauna has been divided into
three groups, (1) the epigeics, (2) anecics and (3) endogeics (Talashilkar et al. 1999, Bansal &
Kapoor 2003). Saprophagous arthropods and pigmented earthworms, chilopods, ants and some
coleopterans are epigeics, which live and feed on surface litter and transport it to different environ-
ments like subsoil or termite nest etc. Some earthworms and termites are included in this group. The
endogeic invertebrates like termites and unpigmented earthworms are geophagus. They produce
casts and faecal pallets which are major components of soil structure. They dig galleries and nests in
soil, thus they have tremendous effect on the soil physical organisation.

The role of macrofauna on soil can be divided into (1) role in soil organic matter dynamics, (2)
effect on physical properties and (3) effect on soil fertility. Soil fauna affect the SOM ( soil organic
matter) dynamics by their activity. The digestion and transit of the organic matter is brought about
by the soil organisms. The epigeics feed on the litter and wood and transform the litter through
fragmentation, comminution and chemical transformation (Lewis 1971, Benerjee 1980). The anecics
ingest the surface litter and transport them to underlying soil zones. For example, anecic termites
ingest above-ground production and incorporate it in their constructions. Certain earthworms, who
build vertical pores, also transport surface litter into subsoil. The endogeics are geophagus. They
help in immobilization of nutrients in the faecal matter produced by them. Part of the organic matter
is digested and assimilated by the fauna (Wood 1978 ) and undigested matter is transformed during
transit through the intestine (Martin 1991). Nitrogen is contributed by excretion of ammonia in
urine and subcutaneous mucus, and rapid turnover of nitrogen in earthworm biomass (Barios et al.
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1987). By all these means the nitrogen is mixed into soil (Lee 1985). Nutrients like phosphorus are
also made available by the activity of the endogeic earthworms (Fardeau 1981, Kale 2002). Faecal
pallets of termites also contain nitrogen which is due to the activity of symbiotic bacteria present in
termite guts.

Physical constitution of soil particles as expressed by spatial arrangement of solid particles and
associated voids is known as soil fabric (Brewer 1964). By digging, ingesting and transporting the
mineral and soil organic matter, the invertebrates affect the soil fabric and sometimes the effect is so
conspicuous that it is called biofabric instead of soil fabric (Johnson 1990). The high ingestion rate
leads to formation of galleries, chambers and burrows which enhance the infiltration process of the
soil. Ingestion rate enhancement and selection of fine particles help in formation of faecal pallets
which help in soil aggregation. Selection of fine particles leading to formation of mounds and nests
ultimately leads to soil formation. Bulk density and infiltration rates of earthworm worked out soils
are considerably higher than surrounding soils (Aina 1984, Lee 1985). The activity of soil fauna also
regulate soil erosion, and air and water movement in the soil. Activity of humus feeding termites
enhance permeability as well as stability of soil. Thus, they reduce soil erosion and enhance air and
water movement inside the soil.

The influence of soil fauna on the physical and chemical processes of soil ultimately has tremen-
dous impact on the soil fertility and the plant growth. The digestive activity and modification of
environment by soil fauna influences the soil fertility. In tropical cropping systems, soil from termarie
is utilized as fertilizer. Significant increase in growth of plants in presence of  earthworms has been
reported (Spain et al. 1992, Giri et al. 1995, Shobha 2005).

Soil faunal activity reacts to the changes induced by agricultural practices. Their activity is also
an indicator of soil and soil organic matter status. Nutrient content and physical parameters such as
bulk density, porosity and water availability are also influenced by soil fauna. The macrofauna also
regulates the activity of the microfauna, microflora and mesofauna.

To summarise the soil faunal activity influences the physical, chemical and biological proper-
ties of soils thereby having profound effect on the soil fertility. Development of specific techniques
to manipulate the activity of the macrofauna in soils will definitely lead to enhancement in soil
fertility and a sustainable agricultural system.

Earthworms are invertebrates belonging to the Order Oligochaeta, Class Chaetopoda and Phy-
lum Annelida. They are externally segmented with corresponding internal segmentation and usu-
ally have setae on all segments (Edwards & Lofty 1972). Earthworms are hermaphrodite and produce
cocoons, which hatch into immature worms. Immature worms are similar to adults but small in size
and non-development of genital organs.

Soils are open systems in which cyclic processes of energy and nutrient accumulation and
release maintain a dynamic equilibrium between plants and animals, thereby regulating soil fertil-
ity. Earthworms frequently play an important role in maintaining soil fertility.

MATERIALS AND METHODS

Short term farm survivility experiments in blocks in tea garden 10 plots of 10m × 10m area were
demarcated by stone pillars. Between two plots a transitional zone of 4 bushes was left. Leaving a
border of about 1 m in each plot, 10,000 earthworms were inoculated by digging small holes. After
15 days of inoculation, the spraying of the pesticide Liqnik (nickel chloride) at the rate of 3g/L/ha
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was started in 5 plots and rest 5 plots were taken as control receiving no application of Liqnik or any
other pesticide. After 2 months of inoculation of earthworms, sampling was done in the experimental
and control blocks to estimate the survivility of farm earthworms. During the period of two months
Liqnik had been sprayed 4 times.

After spraying the pesticide for 2 months in experimental plots, the sampling of earthworms was
carried out as per T.S.B.F. method by taking soil blocks of 25 × 25 × 30 cm. In all the field experi-
ments, the quantification of diversity and comparison of species diversity between different experi-
mental blocks have been made by calculating the diversity, dominance and evenness index.

The Shannon and Weaver diversity index is commonly used (Shannon & Weaver 1963). This
index is represented as ( .

(  = –Σp
i
  log

e
  p

i

Where, p
i
 = n

i
/N

Here n
i
 refers to number, biomass or energy flow for each species or component in a community

and N refers to the total number, biomass or energy flow in that community. Thus, the ratio n
i
/N

represents the probability function p, for each component.

For quantification of dominance of species, the commonly used index is Simpson’s index of
dominance designated as ‘D’ which can be represented as:
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The maximum value of Simpson’s dominance index is 1, which is obtained in presence of a
single species. This is complete dominance. But when numerous species are present, near zero
values are obtained (Simpson 1949).

To know the distribution pattern of a species in the community, Margalef’s evenness index ‘J’ is
calculated (Margalef 1975).
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species (Shannon & Weaver 1963).

In the present study different indices have been calculated taking number and biomass as impor-
tance values.

RESULTS

Tables 1 and 2 indicate the density and biomass of earthworms in experimental blocks in farm
survivility experiments in tea garden. Table 1 indicate that at 0-10 cm depth, while three species of
earthworms viz., Pontoscolex corethrurus, Megascolex sp. and Lenogaster pusillus were present in
control block, but only P. corethrurus was found in nickel applied block. The density of P. corethrurus
in control and nickel applied block was 92 nos/m2 and 13.33 nos/m2. About 80% reduction in P.
corethrurus density was observed in nickel applied blocks as compared to control block at 11-
20 cm depth. At 21-30 depth also about 50% reduction in the total earthworm density was observed
in the nickel applied blocks as compared to control block. In general, there was reduction of 82.19%
in the total earthworm density in soil at 0-30 cm depth on application of nickel. Significant reduc-
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tion of the total earthworm density at 0.05 level of significance was observed.

Biomass of P. corethrurus, Megascolex sp. and L. pusillus was found to be 0.84, 0.11, 0.007 g
live wt./m2 and 0.18, 0.0, 0.0 g live wt./m2 in the control and nickel applied blocks, respectively in 0-10
cm depth (Table 2). At 11-20 cm about 91.28% reduction in earthworm biomass was marked in the
nickel applied blocks as compared to control blocks. At 21-30 cm depth about 67% reduction in
earthworm biomass in nickel applied blocks was observed. The total earthworm biomass in control
and nickel applied blocks was found to be 3.16 and 0.35g live wt./m2, respectively. The reduction in
biomass due to application of nickel is significant at 0.05 level of significance.

Simpson Dominance Index in the nickel applied block was found to be 1 whereas in control
block it was 0.882. The diversity index in the control block was 0.274 and 0 in nickel applied block.
Margalef Evenness Index was zero in nickel applied block, but 0.178 in control block. These indices
were calculated by taking density as the importance value (Table 3).

Table 4 indicates the indices taking earthworm biomass as importance value. Complete domi-
nance of P. corethrurus was found in nickel applied blocks, but in control block Simpson Domi-
nance Index was found to be 0.715 in control block. Similarly Margalef Evenness Index was 0.307
in the control block and 0 in nickel applied blocks. Shannon diversity index was 0.471 in control
and 0 in the nickel applied blocks.

Table 1: Density of earthworms (nos/m2) in experimental blocks in farm survivility experiment in tea garden.

Depth Earthworm species Control block Nickel applied block
in cm in tea garden in tea garden

0-10 Pontoscolex corethrurus 92.00 13.33
Megascolex sp. 1.33 0.00
Lenogaster pusillus 5.33 0.00

11-20 Pontoscolex corethrurus 80.00 16.00
Megascolex sp. 5.33 0.00

21-30 Pontoscolex corethrurus 10.67 5.33
0-30 (Total depth) Pontoscolex corethrurus 182.00 34.67

Megascolex sp. 6.67 0.00
Lenogaster pusillus 5.33 0.00
Total Earthworms 194.70  34.67

Table 2: Biomass (g live wt./m2) of earthworm in experimental blocks in farm survivility experiment in tea garden.

Depth Earthworm Control block Nickel applied block
in cm in tea garden in tea garden

0-10 Pontoscolex corethrurus 0.84 0.18
Megascolex sp. 0.11 0.00
Lenogaster pusillus 0.007 0.00

11-20 Pontoscolex corethrurus 1.72 0.15
Megascolex sp. 0.40 0.00

21-30 Pontoscolex corethrurus 0.09 0.03
0-30 (Total depth) Pontoscolex corethrurus 2.49 0.35

Megascolex sp. 0.51 0.00
Lenogaster pusillus 0.007 0.00
Total Earthworms 3.16 0.35
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DISCUSSION

The present study indicates about 82 % decrease in earthworm density on application of nickel in
the tea garden soil. The diversity of earthworm community has also decreased. In the nickel applied
plots the complete dominance of the Pontonscolex corethrurus has been found. Reports reveal that
earthworm population tends to decrease in soil treated with heavy metals like arsenic, lead, copper
(fungicide) as compared to untreated soils (Polivka 1951, Escritt 1955, Raw & Lofty 1959). Herbi-
cides like TCA decreased the earthworm population (Fox 1964). Long term sublethal concentration
of metals reduces earthworm fecundity (Ireland 1983). Carbamates hamper the survivility, activity
and fecundity of the worm Pontonscotex corethrurus (Kale & Krishnamoorthy 1979). 15-50 %
reduction in the high dose carbaryl treated plots was also recorded. Parathion and Propoxur applica-
tion reduced the earthworm biomass and abundance. Parathion causes severe effects on field popu-
lation of earthworm (Lee 1985). Use of malathion in agriculture severely affect earthworm popula-
tion and activity (Senapati et al. 1992). Spraying of fungicides like benomyl, carbendazim and
copper oxychloride is very toxic to earthworms in long term use (Wright 1977).

Since, earthworms play an important role in physical, chemical and biological aspects of soil
fertility, their reduction, both in biomass and number, in the plots applied with nickel is a matter of
concern. In order to find out the cause of the reduction laboratory experiments should be conducted
for remediation of the biological status of the soil.
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