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Earthworm casting activities under five species of
bamboo plantations of West Tripura, India and their
physicochemical relationship with the surrounding
soil were studied for two successive years (2016 and
2017). Annual cast production in the bamboo plantations of West Tripura was 42,620 kg ha–1 year–1. Maximum casting activity occurs in summer followed by
monsoon which is statistically higher than (P < 0.05)
in winter. The amount of cast production and its
monthly variation strongly correlated (r = 0.60, P =
0.008) and coincided with the amount and pattern of
rainfall in West Tripura. The optimum temperature
range for maximum casting was between 26°C and
27°C. Amount of cast produced had strong positive
correlation with soil moisture (r = 0.56, P = 0.003) and
negative correlation with soil temperature (r = –0.55,
P = 0.004). Casts in general were significantly richer
(P < 0.05) in different physicochemical parameters
(moisture, pH, available N, P, K, etc.) than the surrounding soils.
Keywords: Bamboo plantations, cast morphometry,
earthworm castings, edaphic factors, physico-chemical
analysis.
BAMBOO plantations have gained considerable attention
in recent years on account of having much higher
carbon sequestration potential compared to other forest
species1–3. A large variety of wild weeds along with
persistent availability of bamboo leaf litter in the plantation floor is a characteristic feature of bamboo plantations. Chakraborty and Chaudhuri4 reported 16 species of
earthworms along with abundance of surface castings in
the bamboo plantations of West Tripura, India. This
indicates the substantial role of earthworm species in
maintaining the nutrient dynamics of these low-input agroecosystems.
Earthworms enhance the incorporation of plant residues into soil aggregates and make the soil porous
through their burrowing and casting activities that affect
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organic matter localization in the soil5,6. They convert
biodegradable materials and the soils they feed upon into
nutrient-rich vermicast. The casts egested by earthworms
are considered to be more stable than the parent soil
aggregates, and contain certain enzymes, hormones,
microorganisms, inorganic and organic materials acquired during the passage of soil through earthworm gut7.
As 99.9% of ingested material is egested as cast8, the latter is a good indicator of burrowing and soil turnover rate
occurring in the soil ecosystems. Earthworm activity
affects soil porosity and aggregate size distribution, stability, aeration and hydraulic conductivity9. Earthworms
influence plant growth by changing the spatio-temporal
availability of nutrients, mainly phosphorus, nitrogen and
carbon in their casts and burrow wall9. Recently, Don et
al.10 advocated the important role of anecic earthworms
in increasing carbon sequestration and thereby accumulation in their vertical burrows that serve as fast ways for
carbon transport in deep soil horizon. Chakraborty and
Chaudhuri4 reported high density and biomass of phytogeophagous or anecic earthworms that produced surface
casts under bamboo stands of Melocanna baccifera
(locally called ‘Muli’ bamboo) and Bambusa bambos
(‘Katabarak’ bamboo). Although casting activities of
earthworms have been reported from various pedoecosystems of North East India such as jhum11, rubber12, pineapple13 and tea plantations14, detailed reports on the
casting activities of earthworms are lacking from bamboo
plantations, which in fact act as a potential source of
carbon sink in NE India15. Thus, the main objective of
this study is to examine the casting activities of ten species of earthworms, viz. Drawida assamensis, Drawida
papillifer papillifer, Eutyphoeus assamensis, Eutyphoeus
comillahnus, Eutyphoeus scutarius, Eutyphoeus gammiei,
Kanchuria sp. 1, Metaphire houlleti, Metaphire posthuma
and Pontoscolex corethrurus in the soils of tropical bamboo ecosystems (Bambusa cacharensis, Bambusa polymorpha, Melocanna baccifera, Bambusa balcooa and
Bambusa bambos) of West Tripura, and determine their
correlation with various climatic and edaphic physicochemical parameters. Such a study would indicate the
role of earthworms in nutrient cycling under low-input
agro-ecosystems.
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Materials and methods
For studies on quantification of earthworm castings, cast
morphometry and their relationship with various physicochemical factors, two sites for each species of bamboo
plantation from various parts of West Tripura (total ten
sites, viz. Madhuban, Ballavpur, Mahesh Khola, Syma
Prashad, Brojendra Colony, Dyracherra, Madhya Dukli,
Gabtali, Bholagiri and Durgapur) were selected. These
study sites were 20–50 km apart from each other. The
study areas experience a subtropical humid climate with a
mean annual temperature of 25°C and annual rainfall
above 2000 mm, and four seasons, viz. summer (April–
June), monsoon (July–October), winter (November–
February) and spring (March).
The studied bamboo species are mostly native to NE
India (B. cacharensis, B. balcooa and B. bambos) or
neighbouring Bangladesh (M. baccifera and B. polymorpha). B. polymorpha and B. balcooa mostly grow well in
plain residential areas or river banks where they are used
as embankments to reduce soil erosion, whereas B. cacharensis, B. bambos and M. baccifera grow in undulating hills and hillocks of West Tripura. Species growing
near residential areas and river banks are subjected to
high anthropogenic interference and natural flooding during high rainfall periods, whereas species which grow on
the slopes of hilly areas are subjected to least anthropogenic influence. Bamboo plantation floor usually harbours a wide variety of weeds and shrubs, viz. Mallotus
philippensis (Euphorbiaceae), Eupatorium odoratum (Asteraceae), Grewia nervosa (Malvaceae), Olax acuminata
(Olacaceae), Streblus asper (Moreceae), Calamus rotang
(Arecaceae), Ziziphus rugosa (Rhamnaceae) and Chassalia curviflora (Rubiaceae).

For objective (ii), only fresh earthworm casts were collected randomly with immediate extraction of earthworms
exactly from the same point by digging and hand-sorting
method in order to get casts voided by the same individual.
Photographs of the casts and their morphometric measurements were taken. The length, diameter and fresh
weight of the worm which voided the cast was recorded.
The fresh casts and adjacent soils from which they were
collected were put in separate polythene bags and taken
to the laboratory for further analysis. Soil temperature at
each sampling point was recorded using a soil thermometer.

Physico-chemical analysis of casts and
surrounding soils
The physical parameters such as moisture and water holding capacity of the casts and their adjacent soils were
determined by gravimetric wet weight method and soil
core method16 respectively. For determination of chemical parameters, the respective casts and soil samples were
air-dried in laboratory, crushed and sieved to 2 mm particle size. pH and electrical conductivity (EC) of the
respective samples were determined using electronic pH
and electrical conductivity meter respectively. Total
organic carbon was determined by Walkley and Black
method17. Total nitrogen was determined by FOSS Kjeltec method (modified Kjeldahl method)18. Available
nitrogen was determined by alkaline potassium permanganate method19. Available phosphorus was extracted
using Brey and Kurtz method20, and spectrophotometric
estimation by drawing a standard curve. Available potassium and sodium were estimated by flame photometer
method using neutral normal ammonium acetate as the
extractant18.

Sampling of earthworm casts

Results and discussion

Sampling of earthworm casts was done with two major
objectives: (i) to study monthly variations in total cast
productions in the bamboo plantations, and (ii) for
species-specific morphometric studies on casts and their
correlation with various climatic, physico-chemical and
edaphic factors. Sampling was done on a monthly basis
for each plantation starting from January 2016 to December 2017, i.e. for a period of two years. Only those earthworm species whose surface casts were easily identifiable
were considered for the present study.
For objective (i), fresh earthworm casts irrespective of
species were collected from ten random quadrates of 1 m2
area from each of the two sites, of the five different
bamboo plantations (100 random samples for each
month). Annual cast production was obtained from total
monthly collection of average mass of casts (dry
weight g m–2 month–1) and converting the data in terms of
kg ha–1 yr–1.

Cast morphometry, cast production and its
relationship with various physico-chemical
parameters
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Among the ten studied earthworm species, six (D. assamensis, D. papillifer papillifer, E. comillahnus, Kanchuria sp. 1, M. houlleti and P. corethrurus) were common
to the soils of all five bamboo plantation species and others had restricted distribution (E. scutarius in B. cacharensis and B. balcooa plantations, E. assamensis in M.
baccifera plantations, E. gammiei in B. polymorpha plantations, and M. posthuma in B. balcooa plantations).
Table 1 provides the characteristics of the studied
earthworm species, their casts and adjacent soils found in
the bamboo plantations of West Tripura. The casts produced were of various shapes and sizes. Different species
of Eutyphoeus produced tower-like casts with thin
or thick convolutions. M. houlleti, D. assamensis and
CURRENT SCIENCE, VOL. 119, NO. 7, 10 OCTOBER 2020

RESEARCH ARTICLES

CURRENT SCIENCE, VOL. 119, NO. 7, 10 OCTOBER 2020

1171

RESEARCH ARTICLES
Table 2.

Relationship between different cast morphometric parameters, cast production and some physico-chemical parameters (n = 25)

Parameters
Dry cast weight (g) versus organic carbon (g)
Dry cast weight (g) versus fresh worm weight (g)
Cast diameter (cm) versus fresh worm weight (g)
Cast production (g/m2) versus rainfall (mm)
Dry weight of cast (g) versus soil moisture (g%)
Dry weight of cast (g) versus soil temperature (°C)

r-value

P-value

–0.27
0.57
0.48
0.60
0.56
–0.55

0.245
0.003
0.012
0.008
0.003
0.004

Equation
Cast produced = 16.8938 – 6.14295 × Organic carbon (g)
Cast produced = 27.7972 + 3.50904 × Worm weight (g)
Cast diameter = 2.11945 + 0.500935 × Worm weight (g)
Cast produced = 153.649 + 0.735266 × Rainfall amount (mm)
Cast produced = –15.7986 + 2.29542 × Soil moisture (g%)
Cast produced = 308.256 – 10.5417 × Soil temperature (°C)

r, Regression coefficient. Bold values represent statistically significant values at 5% level of significance.

D. papillifer papillifer had columnar casts with regular
arrangement of spherical or sub-spherical aggregates.
Casts of Kanchuria sp. 1 were large globoid mounds. P.
corethrurus casts were composite, irregular, paste-like
slurry, whereas M. posthuma casts comprised of mass of
individual pallets. As defecating casts of M. posthuma
were a collection of a large number of individual pellets,
this is known as a decompacting species and others (P.
corethrurus, M. houlleti, etc.) producing single, large
biogenic structure are called compacting species. Although shape and size of casts vary with species, this
cannot be taken as the sole criterion for the identification
of earthworm species21. A probable relationship between
casts of earthworms and their anal morphology was advocated by Singh22.
Table 2 shows the relationship between different cast
morphometric parameters, cast production and some physico-chemical parameters. Earthworms contribute to soil
aggregation mainly through the production of casts. In
fact, earthworm casts contain more water-soluble aggregates than the surrounding soil9. Cast production by
earthworms in the bamboo plantations is mainly contributed by exotic species P. corethrurus and M. houlleti
and native species D. assamensis and D. papillifer papillifer because of their dominance (relative abundance
12.5–40%). Earthworms under bamboo plantations belong to the geophagous or endogeic community4. Due to
low assimilation efficiency, these endogeic earthworms
ingest and void large amounts of inorganic soil particles
in the form of casts and thus play an important role with
respect to soil turnover in the bamboo plantations. There
was positive correlation between fresh earthworm weight
with cast diameter (r = 0.48, P = 0.012) and dry cast
weight (r = 0.57, P = 0.003). Usually size and weight of
casts vary with the size of the earthworms. Thus large
species such as E. gammiei produced large casts of 60–
90 mm height. M. houlleti produced 52–83 mm high
casts. In the rubber plantations of Tripura, the largest cast
was produced by large Octochaetid earthworm, E. gammiei12. The large tower-like cast (20–24 cm high and
4 cm diameter) of giant earthworm, Notosculex biramanicus from Burma weighted 1.6 kg after air-drying for four
months21. The smallest cast produced by M. posthuma
and P. corethrurus had the smallest body size and fresh
weight among the studied species. There was a strong
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negative correlation between weight (g) of casts produced
and soil temperature (r = –0.55, P = 0.004) within the
optimum range (Table 2). Fresh casts of most of the studied species were obtained at soil temperature range from
26.10°C to 27.48°C (Table 1). A strong positive correlation was observed between weight (g) of cast produced
and soil moisture (r = 0.56, P = 0.003). Very weak negative correlation (P > 0.05) existed between amount of
organic carbon in the soil and the amount of cast produced (Table 2).
Annual cast production in the bamboo plantations of
West Tripura was 42,620 kg ha–1 yr–1. This was higher
than that in tea plantations14 37,380 kg ha–1 yr–1, mixed
forest (21,300 kg ha–1 yr–1) and rubber plantations
(24,550 kg ha–1 yr–1) of Tripura12. In the tropics, even
larger amount of casts have been reported, ranging from
50,000 kg ha–1 in Ghana23, 507,000 kg ha–1 in the Ivory
Coast24 to 2,100,000 kg ha–1 in the Cameroons25. Darwin26 estimated that annual production of worm casts in
English pastures was 18,700–40,300 kg ha–1. Thus the
amount of soil turned over through casting activity differs
greatly with habitat and geographical region9. The actual
amount of soil turned over by the earthworms is perhaps
even greater, as many species void their casts underground.
Figure 1 shows monthly variation in overall cast production in bamboo plantations of West Tripura along
with rainfall pattern for the years 2016 and 2017. A
strong positive correlation exists between cast production
(g m–2), and both amount and pattern of rainfall (r = 0.60,
P = 0.008) (Table 2). Cast production was almost nil
from January to April, after which there was a rise from
May reaching a peak in August which coincides with
high rainfall (Figure 1). Hmar and Ramanujam27 recorded
cast production in Mizoram from June to September with
a peak in July. Bhadauria and Ramakrishnan 28 found
maximum cast production in the pine forests of Meghalaya during rainy season. As Tripura belongs to the highrainfall zone (rainfall > 2000 mm/yr), soil moisture is
retained for a considerable period of time leading to sustained casting activities till the end of the year.
The number of casts produced varies seasonally and is
a good index of earthworm activity29. Table 3 shows the
monthly variations in cast production for 2016 and 2017
during the activity periods of the earthworms in the
CURRENT SCIENCE, VOL. 119, NO. 7, 10 OCTOBER 2020
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Table 3.

Variation in earthworm cast production (g m–2) under different bamboo plantations during 2016–2017 in West Tripura
Monthly average cast production (n = 20)

Bamboo species

May

June

July

B. cacharensis
B. polymorpha
M. baccifera
B. balcooa
B. bambos

431.25acd
545.45a
289.51a
364.12
554.34dac

395.85acde
929.58b
212.12ac
ND
555.25dac

511.91c
538.31a
128.77bc
ND
809.89c

August
269.90ba
474.40ac
102.78bc
231.57
385.53deg

September

October

251.16ba
156.36ce
69.71bc
ND
673.99ac

259.38ba
79.17e
114.72bc
ND
270.24bef

November

December

Average cast
production

216.09eb
108.72ce
100.76bc
69.38
534.18dace

102.17b
127.33ce
309.18a
33.59
555.89acg

304.71ab
369.91ab
165.94a
174.66a
542.41b

Dissimilar alphabets as superscripts signify statistically significant differences as shown by Tukey’s post-hoc test. Results are at 5% level of significance. ND, not detected.

(542.41 g m–2 month–1) (65,089.20 kg ha–1 year–1) which
was statistically much higher (P < 0.05) than in M. baccifera (165.94 g m–2 month–1) (19,912.80 kg ha–1 yr–1) and
B. balcooa (174.66 g m–2 month–1) (20,959.20 kg ha–1 yr–1)
plantations, but was at par with B. cacharensis
(304.71 g m–2 month–1) (36,565.20 kg ha–1 yr–1) and B.
polymorpha (369.91 g m–2 month–1) (44,389.20 kg ha–1 yr–1)
plantations (Table 3). Differences in casting activities
among different bamboo plantations are probably related to
physico-chemical properties (moisture, temperature, texture) of soils, vegetation and earthworm assemblage30,31.
Thus variation in the amount of rainfall, soil moisture
and soil temperature seem to be the key factor which regulates cast production by earthworms in the bamboo
plantations of West Tripura.

Figure 1. Overall month-wise average cast production in bamboo
plantations of West Tripura, India along with rainfall pattern for 2016
and 2017.

plantations. Month-wise, there were some variations in
casting activities from one plantation to another. Peak
casting activities were observed in July for B. cacharensis and B. bambos plantations, whereas under B. polymorpha plantations, the highest casting activity was
observed in June (Table 3). Interestingly, M. baccifera
had the highest casting activities during May and December. The casting activities under B. balcooa were not determined every month because of severe anthropogenic
activities and flooding of the plantations by the adjacent
river water due to which discrete casts were not detected
in certain months of the year.
Among the different seasons, cast production under
different bamboo plantations varied significantly. Cast
production in summer in all the plantations (B. cacharensis 413.55, B. polymorpha 737.51, M. baccifera 250.81
and B. bambos 554.79 g m–2) was significantly higher
(P < 0.05) than that during winter (159.13, 118.02,
204.97 and 545.03 g m–2 respectively), but were at par
(P > 0.05) during the monsoon season (323.08, 312.06,
103.99 and 534.91 g m–2 respectively). The highest cast
production was found under B. bambos plantations
CURRENT SCIENCE, VOL. 119, NO. 7, 10 OCTOBER 2020

Comparison between physico-chemical parameters
of cast and adjacent soil
Physical properties of casts and their nutrient enrichment
compared to the surrounding soils differed among the
earthworm species probably due to differences in their
gut-associated and cast-associated processes. Comparison
of physical and chemical parameters with cast and
adjacent soil is shown in Tables 1 and 4 respectively. In
general, casts had much improved physico-chemical characteristics than their surrounding soils.

Moisture
Casts of seven out of ten studied earthworm species had
significantly higher moisture content than their adjacent
soils (Table 1). Highest amount of moisture was retained
in casts of E. assamensis (54.12%) followed by those of
E. gammiei (53.49%), whereas the least amount of moisture
was obtained in the casts of M. posthuma (20.13%).
Compared to the surrounding soils, casts of E. assamensis
retained a maximum of 35.15% more moisture, whereas
M. posthuma casts had only 2% more moisture than their
surrounding soils. Interestingly, casts of P. corethrurus
retained less moisture content than their surrounding soils,
although the differences were not statistically significant
(P < 0.05). Retention of less moisture by earthworm casts
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Table 4.
Earthworm
species

Chemical parameters of cast and adjacent soil (n = 3) of some earthworm species found in the bamboo plantations of West Tripura
D.
assamensis

D. p.
papillifer

Chemical parameters (mean ± SE)*
pH
Soil
4.86 ±
5.03 ±
0.01a
0.01a
Cast
5.29 ±
5.22 ±
0.05b
0.01b
EC (milli Mho/cm)
Soil
0.06 ±
0.05 ±
0.001a
0.001a
Cast
0.62 ±
0.11 ±
0.001b
0.001b
Organic carbon (g kg–1)
Soil
11.30 ±
14.20 ±
0.01a
0.02a
Cast
24.20 ±
24.70 ±
0.02b
0.01b
Total nitrogen (kg ha–1)
Soil
2507.80 ±
2821.41 ±
1.00a
0.99a
Cast
4391.89 ±
4391.40 ±
1.49b
1.00b
C/N ratio
Soil
10.27 ±
11.38 ±
0.09a
0.62a
Cast
12.76 ±
13.02 ±
0.13b
0.08a
–1
Available nitrogen (kg ha )
Soil
440.05 ±
375.76 ±
1.01a
0.55a
Cast
627.65 ±
751.63 ±
0.45b
1.01b
Available phosphorus (kg ha–1)
Soil
3.39 ±
2.37 ±
0.01a
0.01a
Cast
4.41 ±
1.34 ±
0.01b
0.01b
–1
Available potassium (kg ha )
Soil
218.30 ±
211.80 ±
0.10a
1.00a
Cast
332.25 ±
406.55 ±
1.51b
0.005b
Available sodium (kg ha–1)
Soil
119.82 ±
100.70 ±
0.02a
0.10a
Cast
114.22 ±
108.62 ±
0.02b
0.02b

E.
assamensis

E.
comillahnus

E.
scutarius

E.
gammiei

Kanchuria
sp. 1

M.
houlleti

M.
posthuma

P.
corethrurus

4.72 ±
0.01a
5.94 ±
0.02b

4.81 ±
0.01a
5.31 ±
0.02b

5.22 ±
0.01a
5.63 ±
0.01b

5.29 ±
0.01a
5.80 ±
0.01b

4.63 ±
0.03a
5.32 ±
0.01b

4.96 ±
0.01a
5.38 ±
0.02b

5.92 ±
0.01a
5.75 ±
0.01a

5.49 ±
0.01a
5.56 ±
0.01a

0.12 ±
0.002a
0.26 ±
0.002b

0.031 ±
0.001a
0.08 ±
0.002b

0.04 ±
0.001a
0.18 ±
0.001b

0.09 ±
0.001a
0.01 ±
0.001b

0.05 ±
0.002a
0.18 ±
0.002b

0.02 ±
0.002a
0.09 ±
0.002b

0.07 ±
0.001a
0.13 ±
0.001b

0.70 ±
0.001a
0.80 ±
0.002b

7.70 ±
0.01a
22.70 ±
0.01b

15.30 ±
0.03a
21.50 ±
0.01b

12.40 ±
0.01a
24.70 ±
0.01b

07.10 ±
0.01a
22.30 ±
0.01b

16.10 ±
0.01a
20.60 ±
0.02b

10.70 ±
0.01a
11.30 ±
0.01a

10.30 ±
0.01a
11.70 ±
0.02a

7.40 ±
0.04a
15.30 ±
0.03b

2195.71 ±
0.51a
4076.31 ±
0.48b

2509.00 ±
0.51a
3763.70 ±
0.50b

1882.12 ±
0.52a
4076.82 ±
0.02b

2195.21 ±
0.01a
3450.11 ±
0.51b

3138.00 ±
2.00a
4705.00 ±
1.00b

3449.61 ±
0.01a
2822.39 ±
0.01b

2192.71 ±
2.49a
2822.50 ±
0.10b

1882.61 ±
1.01a
3136.01 ±
0.01b

8.55 ±
0.11a
12.95 ±
0.31b

13.90 ±
0.27a
13.04 ±
0.46a

15.56 ±
0.19a
13.74 ±
0.08b

7.88 ±
0.11a
14.90 ±
0.10b

12.45 ±
0.88a
9.37 ±
0.33a

7.03 ±
0.02a
9.05 ±
0.44b

11.49 ±
0.16a
9.79 ±
0.21b

9.25a ±
0.50
11.85a ±
1.14

313.50 ±
0.10a
439.06 ±
0.02b

437.54 ±
1.49a
501.25 ±
0.50b

251.88 ±
1.00a
751.64 ±
0.99b

376.35 ±
0.05a
438.55 ±
0.49b

314.10 ±
0.5a
564.49 ±
0.01b

440.03 ±
0.99a
553.81 ±
1.88b

188.66 ±
0.50a
314.50 ±
0.9b

250.81 ±
0.01a
313.00 ±
0.60b

1.51 ±
0.01a
1.54 ±
0.01a

1.67 ±
0.01a
2.72 ±
0.01b

3.04 ±
0.01a
4.05 ±
0.01b

3.39 ±
0.01a
3.40 ±
0.05a

4.06 ±
0.01a
2.70 ±
0.05b

2.72 ±
0.01a
3.04 ±
0.01b

2.01 ±
0.01a
3.39 ±
0.05b

3.05 ±
0.01a
3.06 ±
0.01b

368.49 ±
0.01a
1692.31 ±
0.01b

236.31 ±
0.01a
385.79 ±
0.51b

167.00 ±
1.00a
349.94 ±
0.5b

459.70 ±
0.5a
484.93 ±
0.03b

220.62 ±
0.02a
325.89 ±
0.03b

191.51 ±
0.01a
360.62 ±
0.02b

179.65 ±
0.45a
296.70 ±
0.10b

167.60 ±
0.40a
210.54 ±
0.002b

169.11 ±
0.01a
403.22 ±
0.02b

118.74 ±
0.02a
103.02 ±
0.02b

97.42 ±
0.02a
117.70 ±
0.1b

81.73 ±
0.03a
118.71 ±
0.01b

119.82 ±
0.02a
98.57 ±
0.01b

ND

107.51 ±
0.01a
103.06 ±
0.02b

92.94 ±
0.02a
125.42 ±
0.02b

ND

*Two-sample t-test was performed between the cast and the adjacent soil sample for each species at 5% level of significance. Dissimilar alphabets
as superscripts represent statistically significant difference between the samples. EC, Electrical conductivity. ND, Not determined.

of small size (M. postuma and P. corethrurus) is perhaps
due to large exposed surface area of the casts compared
to their volume, which might have led to rapid drying of
the casts and consequently less moisture retention.

Water-holding capacity
Casts of all the earthworm species, except M. posthuma,
had higher water-holding capacity than the surrounding
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soils (P < 0.05). The highest water-holding capacity was
found in the casts of E. gammiei (40.78%), which
was about 9% higher than the surrounding soil (Table 1).
Water-holding capacity is perhaps not correlated with
cast size, since E. assamensis, E. comillahnus and Kanchuria sp. 1 despite having large-sized casts have less
water-holding capacity compared to the surrounding soil,
whereas species having smaller cast size, like D. assamensis and D. papillifer papillifer, have comparatively
CURRENT SCIENCE, VOL. 119, NO. 7, 10 OCTOBER 2020
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higher water-holding capacity. However, worms like E.
gammiei and E. scutarius having large cast size also had
higher water-holding capacity. Significant increase in
water-holding capacity of casts than the neighbouring soil
is probably due to abundance of micropores in the casts,
which clearly indicates that earthworms influence moisture-holding capacity of soils which is an important
factor for plant production9.

pH
Earthworm casts are usually more neutral than the soil in
which the worms live9. Significant increase (P < 0.05) in
pH of the casts of earthworm species (except M. posthuma) (Table 4) from the acidic soils of bamboo plantations
may result from excretion of ammonia into the intestine32
and/or production of calcium carbonate in calciferous
glands and its release into the intestine33. Hmar and
Ramanujam27 also recorded higher pH in the casts than
their surrounding soils in Mizoram. Contrary to these
observations, Singh et al.7 observed 3.7% decrease in pH
in the casts compared to surrounding alkaline soils in
Punjab, India. Thus, earthworm activity acts as a buffer to
maintain soil pH34.

Electrical conductivity
EC is a good indicator of the suitability of casts for agricultural purposes. Casts of all the studied species had
substantially higher EC than their surrounding soils
(Table 4). This is because casts are usually enriched with
different mineral salts and ions because of selective feeding by the earthworms, which increase their EC12. Higher
EC in the casts indicates an increase in the level of soluble
salts in them over the surrounding soils. Higher EC in the
casts has also been reported by Joshi and Kelkar35, and
Reddy et al.36. In contrast, Singh et al.7 reported significant decrease in EC from the soil to vermicast.

Organic carbon
Cast of all the studied species, except those of M. houlleti
and M. posthuma had significant increase (P < 0.05) in
the organic carbon content (Table 4). High organic carbon in the casts compared to the surrounding soils has
also been reported by earlier workers both in temperate37,38 and tropical39 regions. This may partly be due to
addition of intestinal mucus and also because earthworms
may select soil fractions enriched in organic compounds33,40. In fact, organic matter content provides stability to the casts9. The stabilization of earthworm casts
increases with ageing and drying of the casts. In addition
to organic matter humate synthesized in the earthworm
intestine, calcium from calciferous gland, polysaccharide
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gum secreted by some bacteria and fungi probably contribute to the stabilization of earthworm casts9. Highest
changes in organic carbon compared to the surrounding
soils were observed in the casts of E. gammiei (3.14
times), E. assamensis (2.94 times), D. assamensis (2.14
times) and P. corethrurus (2.06 times). Although in M.
houlleti and M. posthuma, organic carbon of the casts
marginally increased compared to non-ingested soil, the
change was not significant. This is probably due to greater
carbon assimilation efficiencies of these species compared to the others.

Total and available nitrogen
Casts of all the studied species had significantly higher
(P < 0.05) amount of both total and available nitrogen
compared to the adjacent soils, except in M. houlleti
where soil contained more total nitrogen than the casts
(Table 4). In general, casts of most species had more than
1.5 times total nitrogen compared to the adjacent soils.
Casts of M. houlleti, E. scutarius and D. papillifer papillifer had 3.14 times, 2.98 times and two times more
available N compared to their surrounding soils.
Available N% increased in the casts compared to that
in the soils. It was 29.88, 50.00, 28.59, 12.71, 66.48,
14.18, 44.35, 20.54, 40.01 and 19.86 in D. assamensis, D.
papillifer papillifer, E. assamensis, E. comillahnus, E.
scutarius, E. gammiei, Kanchuria sp. 1, M. houlleti, M.
posthuma and P. corethrurus respectively. E. scutarius,
D. papillifer papillifer and Kanchuria sp. 1 showed
greater increase in the available nitrogen (66.48%, 50%
and 44.35% respectively) compared to their surrounding
soils. This indicates that gut-associated processes in these
species convert some of the unavailable forms of nitrogen
from the total nitrogen pool into available nitrate nitrogen
in the casts. The range of available nitrogen in comparison of total nitrogen in the casts in different earthworm
species (D. assamensis 14.29%, D. papillifer papillifer
17.11%, E. assamensis 10.77%, E. comillahnus 13.31%,
E. scutarius 18.43%, E. gammiei 12.71%, Kanchuria sp. 1
11.99%, M. houlleti 19.62%, M. posthuma 11.14% and
P. corethrurus 9.98%) varies from about 10% to 20%. M.
houlleti, E. scutarius and D. papillifer papillifer had a
higher percentage of available nitrogen compared to the
other species, which may be due to their efficient gutassociated processes leading to effective unlocking of
unavailable nitrogen from the total nitrogen pool. This
increase in nitrogen in the casts might have occurred due
to mucus (mucoprotein), nitrogenous excretory substances, hormones and nitrogen-fixating enzymes (nitrogenase) associated with the worm gut-associated
processes41. Earlier Mba42 reported that activity of nitrogen-fixing enzymes increased tenfold in Eudrilus eugeniae casts during composting of ground Dallas grass
(Paspalum dilatatum).
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C : N ratio
Among the ten species, casts of four (D. assamensis, E.
assamensis, E. gammiei, M. houlleti) had increased C : N
ratio compared to their adjacent soils, whereas those of E.
scutarius and M. posthuma had lower C : N ratio than
their surrounding soils (Table 4). Four other species had
no significant difference compared to the adjacent soils.
Hulugalle and Ezumah43 observed that earthworm casts
of cassava-based cropping system in a tropical Alfisol
had higher C : N ratio than their surrounding soils. However, Mulongoy and Bedoret44 reported that casts of Alfisols had significantly lower C : N ratio than their adjacent
soils. Thus, differences in C : N ratio between casts and
soils as observed in this study may have occurred due to
differences in soil properties and vegetation in which
each species resides.

Available phosphorus
Out of the ten species, casts of six (D. assamensis, E.
comillahnus, E. scutarius, M. houlleti, M. posthuma and
P. corethrurus) had significantly higher (P < 0.05) phosphorus content than their surrounding soils, and in the
rest the differences were not significant (Table 4). Significant increase (P < 0.05) in available phosphorus in the
casts relative to their surrounding soils is in agreement
with the findings of other researchers7,12,45. The increase
in phosphate content has been attributed to the presence
of alkaline phosphatases in vermicast, as suggested by
Prakash and Karmegam46.

Available potassium and sodium
All the cast samples had significantly higher (P < 0.05)
levels of potassium compared to the adjacent soil samples
(Table 4). Casts of E. assamensis, E. scutarius and D.
papillifer papillifer especially had very high amounts of
potassium compared to their surrounding soils (78.22%,
52.27% and 47.90% increase respectively). These findings are in agreement with those of Chaudhuri et al.12,
who reported that significant increase in the concentration of available potassium in the casts of M. houlleti,
Kanchuria sp. 1 and E. gigas was probably due to their
selective feeding on foliar or other food materials
enriched with this cation.
There were significant differences in available sodium
(P < 0.05) between the cast samples and adjacent soil
samples which, however, had no consistent pattern (Table
4). Sodium content was higher than the surrounding soils
in the casts of D. papillifer papillifer, E. assamensis, E.
scutarius, E. gammiei and P. corethrurus. However, in
the casts of D. assamensis, E. comillahnus, Kanchuria sp.
1 and M. posthuma, it was lower than the surrounding
soils. The effect the earthworms on cations like Na+, K+,
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Ca++ and Mg++ had no consistent trend and was of lower
magnitude than those from field soils, suggesting that
elevated levels of cations often found in earthworm casts
from field soils are probably due to selective feeding on
materials rich in these cations by the earthworm species9.

Conclusion
Following feeding of soils, the earthworms produce egesta which are called casts. There are different forms of
casts which are often species specific. Casts of earthworm species, in general, are richer in organic C, N, P
and K than the surrounding soils. The present study
showed that the amount of cast production in bamboo
plantations strongly correlates and coincides with the
amount and pattern of rainfall. As earthworm casts are
water stable aggregates and are richer in plant nutrients, it
may be assumed that earthworms in bamboo plantations
have important role in soil carbon conservation and
nutrient turnover.
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