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Abstract: Three different  forms  of  casts  are  produced  by   earthworm   species   of   rubber  plantation.
These are tower-like casts (Metaphire houlleti, Eutyphoeus gammiei, Eutyphoeus gigas, Eutyphoeus scutarius,
Eutyphoeus  assamensis,  Eutyphoeus  callosus,  Eutyphoeus  comillahnus,  Eutyphoeus  turaensis,
Eutyphoeus  sp.),  composite  irregular  casts   (Pontoscolex   corethrurus,   Drawida   papillifer   papillifer)
and  large  globoid mounds (Kanchuria sp.1). Although the annual cast production in the rubber plantation
(24 tonnes ha ) was higher than that in the mixed forest (21.3 tonnes ha ), the difference was not significant1 1

(p>0.05). Cast production increased significantly (p<0.05) during monsoon in the mixed forest and during both
summer and monsoon in the rubber plantation compared to the winter season. Organic matter content, available
phosphorus and potassium, pH, electrical conductivity and water holding capacity of casts increased
significantly (p<0.01) compared to the non-ingested surrounding soil in majority of the earthworm species
studied. Cast production by earthworms showed significant (p<0.01) positive correlation with soil temperature,
soil moisture and rainfall and week correlation with both pH and organic matter content of the soil.

Key words: Earthworms  Casts  Rubber  plantation   Soil  physico-chemical  properties  Annual  cast
production  India

INTRODUCTION or in other soil spaces [9], surface castings alone often

Earthworms contribute to cycling and accumulation Rubber plantation is an example of low input
of  nutrients  by casting at the soil surface. Earthworm agricultural system and characterized by well canopy
cast consists of mixed inorganic and organic materials cover, deciduous litter fall with good earthworm density
from the soils that are voided after passing through the and diversity [11]. In India casting activities of
intestine. Surface casting is an essential function within earthworms  were  recorded  in  pasture  [10,  12,  13].
earthworm communities  which  maintain their living Inter-seasonal  variation  in  cast  production by
space. According to Spain et al. [1], Pashanasi et al. [2], Metaphire posthuma under laboratory conditions has
Asawalam and Hauser [3] and Bisht et al. [4] earthworm been discussed by Singh and Dev [14]. Earthworm surface
casts can positively affect plant growth in the tropics, castings activities on slash and burn cropped land and in
most likely due to higher concentration of plant available undisturbed young forest fallow in Southern Cameroon
nutrients in casts than the soil [5]. With decreasing were assessed by Birang et al. [15].
concentration of nutrients in the surrounding soil, The objectives of the present study were to study (i)
earthworm enriches the casts indicating the increasing morphometry and physico-chemical properties of surface
importance of earthworm surface casting with decreasing casts of some selected species of earthworms under
soil fertility [6, 7]. Thus a high surface casting activity of rubber plantations viz. Pontoscolex corethrurus (Muller),
earthworm is desirable in low input agricultural systems to Drawida papillifer papillifer Gates, Metaphire houlleti
concentrate nutrients at the soil surface. (Perrier), Kanchuria sp.1, Eutyphoeus assamensis

Total cast production is an indicator of burrowing Stephenson, Eutyphoeus callosus Gates, Eutyphoeus
and soil turnover, because 99.9% of ingested material is comillahnus Michaelsen, Eutyphoeus gammiei (Beddard),
egested as casts [8]. Although earthworms produce casts Eutyphoeus gigas Stephenson, Eutyphoeus scutarius
both at surface as well as beneath the soil in their burrows Michaelsen, Eutyphoeus turaensis Stephenson,

serve as a direct indicator of earthworm activity [10].
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Eutyphoeus sp., (ii) monthly and seasonal variation in sandy  loam  in  texture.  On  the  other  hand,  at  least
cast productions of earthworms in the rubber plantation fifty plant species were distributed scatteredly in the
and adjacent mixed forest and (iii) relationships between adjacent mixed forest. Some of them were: Abizia procera
earthworm cast production and environmental factors viz. (Roxb.) Benth., Aegle marmelos Corr., Anthocephalus
soil temperature, moisture, organic matter, pH and rainfall. chinensis  (Lamk.)  A.  Rich., Aquilaria malaccensis

Out of 12 species selected for morphometric studies Lamk., Azadirachta indica A. Juss., Caesalpinia
of earthworm casts, 8 species belonged to the genus pulcherrima (L.) Sw., Cassia fistula L., C. siamea Lamk.,
Eutyphoeus. This is due to the fact that Eutyphoeus is Cycas circinalis  L.,  Eucalyptus  citriodora   Hook,
endemic and the largest genus in terms of number of Ficus  benghalensis  L.,   Terminalia   arjuna  (Roxb.) etc.
species in the soils under rubber plantation [11]. The   soil    of the   mixed   forest   was   highly  acidic

MATERIALS AND METHODS

Study   Area,   Climate   and   Experimental   Site: The study sites were selected on the basis of presence of
study sites selected for studies on earthworms cast fresh earthworm casts. Sampling of earthworm casts was
(morphometry and physico-chemical characteristics) done for a year (March, 2008-February, 2009). For
comprised mature rubber plantations of seven morphometric studies earthworm casts were collected
subdivisions (Bishalgarh, Sadar, Belonia, Udaipur, randomly  from the sampling sites following removal of
Kamalpur, Kailasahar and Dharmanagar) of the state leaf litter. After collection of fresh casts gently,
Tripura  (area  of 10,491 sq. km., latitude 22°51'-24°32' N earthworms were extracted immediately from the same
and  90°10'-92°21'  E),  in  North-east  India. The study sampling  point  following digging (25cm×25cm×30cm)
areas experience a subtropical humid climate with a mean and  hand  sorting  method  in order to get casts voided
annual temperature of 25°C and annual rainfall of 2000 mm by the  same individual. In the study sites, photographs
and   four   seasons:   summer   (April-June),   monsoon of earthworm species and their intact casts were taken by
(July-October), winter (November-February) and spring digital camera (SONY, DSC-W35) and morphometric
(March). Soils of Tripura in general, are acidic indicating studies were done. The non-ingested surrounding soils of
being developed from non-calcareous parent material the casts were collected by scraping the walls of the
under high rainfall [16]. quadrat pits from 0-15 cm depth with a metal shovel for

The studied rubber plantations were developed from comparison of their nutrient values with those of casts.
afforestation of ‘wastelands’. The rubber trees were Then the casts and the surrounding soils were collected
spaced in rows at a distance of 4.5m from each other and separately in polythene bags and brought to the
were characterized by deciduous litter fall, good canopy laboratory,  air  dried  for  1 month  for  nutrient  analysis.
cover and horizontal distribution of roots in the topsoil. For  morphometric  studies,  30-40  casts   per  species
Flow of rubber latex starts at 7 years age of plantation, were considered. To study monthly variations in cast
becomes  maximum  at  20  years  and  typically  ceases  at production in the rubber plantation and its adjacent mixed
35 years of age of plantation. Soil of rubber plantation forest, sampling was done every last Saturday of a month
often suffers from organic carbon deficiencies for during the study period. For each study site, 20 samples
harvesting of latex [17]. Rubber plantations often face (at  least  10m  apart  from each other) per month were
anthropogenic interferences such as intermittent weeding, taken  after  throwing  a quadrate of size 1m×1m at
latex harvesting, collection of leaf litter for using as fuel random.  Annual  cast  production  was obtained from
by local tribal people etc. total  monthly  collection  of   average   mass   of  casts

Study on monthly variations in cast production (dry weight g. m  month ) and converting the data in
throughout a year was carried out in a rubber plantation terms of tonnes ha  year .
and its adjacent mixed forest in the Bishalgarh subdivision
under West district of the state Tripura. In the rubber Analysis of Casts and Surrounding Soil: Earthworm
plantation, a few other plant species including herbs and casts and surrounding soil samples were air dried, ground
shrubs viz. Chromolaena odorata (L.), Hyptis suaveolens with mortar and pastle and sieved with 1 mm and 2 mm
Pilot,  Lantana  camera  L.,  Lygodium  flexuosum  (L.) sieves in the laboratory. Sieved soils were subjected to
Sw, Mimosa pudica L. etc. were also found. The soil of analysis  of  different  physico-chemical properties e.g.,
rubber plantation was strongly acidic (pH 4.51±0.07) and pH (1: 2.5 dilution method), electrical conductivity

(pH 4.62±0.06) and sandy clay loam in texture.

Sampling of Earthworm Casts: Sampling plots in the

2 1

1 1
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(conductivity bridge), soil organic matter, available Cast Production in Rubber Plantation and Adjoining
potassium, available phosphorous and water holding Mixed   Forest:   Annual   cast   productions   in  the
capacity  following  standard  method  [8,  19]. All rubber   plantation   and   adjoining   mixed   forest  were
chemical  analyses  were  conducted  in quadruplicate. 2.46  Kg  m   (i.e.  24  tonnes  ha )  and  2.13  Kg m
Soil  temperature  was  recorded  in  situ at each sample (i.e. 21.3 tonnes ha ) respectively. Cast production
plot at a depth of 15 cm. Soil moisture was measured by increased significantly (p<0.05) during summer and
gravimetric wet weight method. monsoon in the rubber plantation and during monsoon

Statistical Analysis: Variations in the physico-chemical studied sites. In contrast to the mixed forest that showed
parameters of casts and surrounding soil were tested by single peak of cast production in July, rubber plantation
student’s t-test. Pearson’s correlation coefficient (r) was maintained an elevated level of cast production for a
used to evaluate the relationships between soil physico- prolonged period i.e. from May to October of 2008 (Fig 1).
chemical properties and cast production. Although  rubber  plantation  showed higher seasonal

RESULTS forest  (Summer: rubber plantation-224±13.95, mixed

Morphometry of Casts: Earthworm species of rubber mixed forest-257±29.38; Winter: rubber plantation-
plantations defecate different forms and sizes of casts 130±13.85, mixed forest-102±9.45), but the difference were
(Table 1). Columnar or tower-like casts with regular insignificant (p>0.05).
arrangement of spherical/subspherical aggregates are
found in M. houlleti. Surface casts of Eutyphoeus are Physical and Chemical Properties of Casts and Their
generally tower-like with tubular convolutions. Surrounding Soil: Organic matter content in the casts of
Convolutions  are  compact   and   thick   in   E.  gammiei, all the studied species (except M. houlleti) increased
E.  gigas,  E.  scutarius   and E.   callosus   and   thin  in significantly (p<0.05) compared to their surrounding soil
E. turaensis. Tower-like casts of fragile aggregates with or (Table 2). Available phosphorus increased significantly
without convolutions are produced by E. comillahnus (p<0.05) in the casts of 5 species of earthworms in the
and Eutyphoeus sp. Casts are large globoid mounds in following  order:  1.43  times  in Eutyphoeus sp, 2 times in
Kanchuria sp1. Composite irregular casts are released by E. gigas, 4 times in M. houlleti, 11 times in Kanchuria sp1
P. corethrurus and D. papillifer papillifer. Among the and   12   times   in   E.   comillahnus   compared  to  the
species studied the largest and the smallest casts were non-ingested soil. Available potassium also increased
produced by E. gammiei and D. papillifer papillifer significantly in the casts compared to their surrounding
respectively. There was a strong positive correlation soils in three (Kanchuria sp1, M. houlleti and E. gigas)
between the body weight of earthworm species and their out of eight species studied. The pH of casts increased
cast diameter (r=0.83, p=0.001). significantly  (p<0.05)  compared  to non-ingested soils in

2 1 2

1

only in the mixed forest compared to winter in those

cast production (g. m ) compared to adjoining mixed2

forest-174±21.84; Monsoon: rubber plantation-260±8.70,

Table 1: Size of the studied earthworm species and their casts

Earthworm species Size [length (mm)× diameter (mm)] Fresh body weight (mg) Size of casts [height (mm) × diameter (mm)]

P. corethrurus 60-120×4-6 350-800 10-15×10-15

D. p. papillifer 60-120×3-5 200-730 10-15×8-10

M. houlleti 92-200×4-7 1000-3130 35-70×15-35

Kanchuria sp1 175-280×2.5-5.5 1550-3450 20-45×30-45

E. assamensis 260-275×5-6 1210-3730 30-50×15-30

E. callosus 310-410×8-10 8200-15800 40-55×60-65

E. comillahnus 120-165×3-5 1000-2100 40-50×25-30

E. gammiei 300-400×7-10 8350-13200 140-160×40-50

E. gigas 145-210×7-9 2230-5200 50-70×40-50

E. scutarius 244-332×6-7 4750-8180 35-70×20-35

E. turaensis 135-190×2.5-3 400-1160 30-35×10-25

Eutyphoeus sp 80-195×3-4 500-1280 8-10×20-25
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Table 2: Comparison between nutrient values of different species of earthworm casts and their surrounding soils

Organic Available Available Electrical Water Holding
Earthworm species pH Matter (g%) Phosphorous (mg/100g) Potassium (mg/100g) Conductivity (µmHo) Capacity (%)

P. corethrurus C- 4.67 ±0.13 3.13 ±0.14 5.30 ±3.99 7.0 ±1.00 250 ±20.82 38.92 ±1.47a a a a a a

S- 4.45 ±0.04 1.48 ±0.13 4.63 ±2.91 7.0 ±0.50 179 ±6.94 34.13 ±0.93a b a a b b

Kanchuria sp 1 C- 4.61 ±0.05 2.41 ±0.17 11.30 ±0.78 9.9 ±0.46 218 ±6.00 38.06 ±0.19a a a a a a

S- 4.16 ±0.01 1.87 ±0.08 1.05 ±0.11 8.2 ±0.44 195 ±8.67 35.97 ±0.50b b b b a b

M. houlleti C- 4.53 ±0.04 2.16 ±0.08 10.48 ±0.33 8.9 ±0.23 307 ±13.02 38.54 ±0.41a a a a a a

S- 4.32 ±0.03 1.75 ±0.14 2.63 ±0.30 7.3 ±0.50 162 ±6.00 38.03 ±0.07b a b b b a

E. callosus C- 6.17 ±0.05 5.08 ±0.72 2.85 ±0.78 21.5 ±6.50 100 ±12.68 49.87 ±0.20a a a a a a

S- 5.19 ±0.05 2.55 ±0.27 1.19 ±0.74 12.5 ±0.50 79 ±2.73 41.03 ±0.45b b a a a b

E. comillahnus C- 4.44 ±0.01 2.37 ±0.07 3.53 ±0.30 7.5 ±0.87 230 ±5.77 36.00 ±0.88a a a a a a

S- 4.19 ±0.006 1.79 ±0.10 0.28 ±0.07 5.5 ±0.50 170 ±3.05 37.38 ±0.17b b b a b a

E. gammiei C- 7.17 ±0.04 4.70 ±0.11 15.42 ±0.67 27.0 ±4.50 577 ±16.67 63.49 ±0.52a a a a a a

S- 5.55 ±0.05 2.33 ±0.40 13.67 ±1.44 21.5 ±1.32 527 ±21.86 60.52 ±1.32b b a a a a

E. gigas C- 5.19 ±0.009 3.58 ±0.16 3.08 ±0.17 9.0 ±0.29 149 ±17.04 39.17 ±1.04a a a a a a

S- 4.20 ±0.01 1.78 ±0.09 1.52 ±0.11 6.8 ±0.43 173 ±14.33 36.08 ±1.53b b b b a a

Eutyphoeus sp C- 4.90 ±0.06 3.10 ±0.06 3.49 ±0.28 14.3 ±0.44 233 ±12.02 38.34 ±0.26a a a a a a

S- 4.76 ±0.05 1.79 ±0.11 2.44 ±0.15 14.8 ±0.39 111 ±10.17 40.73 ±0.24a b b a b b

C = Cast, S = Surrounding soil.
Same letter (a, a) correspond to no significant difference at 5% level of significance.

Fig. 1: Graphical  representation  of  monthly  variation in
earthworms cast production (g/m ) in mixed forest Fig. 3: Linear regression analysis between soil moisture2

(MF) and rubber plantation (RP) and earthworms cast production

Fig. 2: Linear regression analysis between soil Fig. 4: Linear regression analysis between rainfall and
temperature and earthworms cast production earthworms cast production production
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6  species  viz.  Kanchuria  sp1, M. houlleti, E. callosus, octochaetid earthworm, Eutyphoeus gammiei which was
E. comillahnus, E. gammiei and E. gigas. Increase in the also reported to be the largest species of Tripura [13]. The
electrical   conductivity   of   casts   compared   to  the biggest  recorded  tower-like casting (20-24 cm high and
non-ingested soil was significant (p<0.05) in P. 4 cm diameter) of giant earthworm, Notoscolex birmanicus
corethrurus, M. houlleti, E. comillahnus and Eutyphoeus from Burma weighed 1.6 Kg after drying for 4 months [20].
sp. Water holding capacity increased significantly In spite of the fact that plantation floor remains
(p<0.05)  in  the casts of P. corethrurus, Kanchuria sp1, covered with rubber leaf litter throughout a greater part of
E. callosus and Eutyphoeus sp (Table 2). the year, earthworms under rubber plantation belongs

Earthworm Cast Production Vs. Environmental Factors: Because of low assimilation efficiency these endogeic
Cast production by earthworms showed good positive species of earthworms ingest and void large amount of
correlation with soil temperature (r=0.76, p<0.01), soil inorganic soil particle in the form of casts and thus play
moisture (r=0.76,p<0.01), rainfall (r=0.84, p<0.01) (Fig.2-4) an important role in respect of soil turnover in the rubber
and  negative  correlation  with  organic  matter  content plantation. Annual cast production in the rubber
of  soil  (r=-0.35,  p=0.10).  In  the  acidic  soil  of  Tripura, plantation (24.55 tones ha  year ) and in the mixed
soil pH had the least relationship with cast production forest (21.30 tones ha  year ) of Tripura were much
(r=0.29, p=0.18). greater  than  that  of  0.47-12.7  tones  ha  year  in

DISCUSSION 5.0-27.0 tones ha  year  and 17.6-29.0 tones ha  year

In the subtropical humid climate of Tripura, a north- Nigeria respectively [23, 24]. However, the amounts of soil
eastern state of India, earthworms remain active for about actually turned over by earthworms may be even greater
six months (from May to October) with a peak of activity because a good number of species of earthworms void
during monsoon, as indicated by significant level of most of their casts underground [25]. In fact, cast
casting activities in both the rubber plantation and the production by earthworms in the rubber plantation was
mixed forest which however, declined during the winter mainly contributed by the exotic species, P. corethrurus
months. Comparatively sustained level of casting activity (endemic to northeastern South America) because of its
in the rubber plantation compared to the mixed forest is dominance in terms of its density and biomass (72% and
likely  due  to  well  canopy cover of the former that 61.5%  respectively  of  total  earthworm  community) in
creates a favourable environment for the shade-loving the soils under rubber plantations [11]. Higher cast
earthworms and  also a  high  relative  density  (>70%)  of production by earthworms in the rubber plantation
P. corethrurus, an exotic species with wide ecological compared with that in the mixed forest correspond to their
tolerance  and  remaining active almost throughout the higher density (115 ind. m ) in the rubber plantation than
year [11]. that (69 ind. m ) in the mixed forest (unpublished data).

The size and shape of casts vary with species but Thus cast deposition by earthworms at the soil surface is
this cannot be taken as a criterion for identification of a viable indicator of their population indices [12, 26].
earthworms [20]. A probable relationship between shape Nutrient enrichment and physical properties of casts
of casts and anal morphology of earthworms was compared to the surrounding soil differed among the
suggested by  Singh [21]. According to Brown et al. [5] species probably due to differences in their gut-
inner porosity of earthworm casts which is responsible for associated and cast-associated processes. Significant
retaining plant available water is variable, depending on increase in the organic matter content of casts of the
earthworm species producing them, particularly the studied species (except M. houlleti) was partly due to
earthworm’s anterior and posterior internal morphology addition of intestinal mucus and also because earthworms
and musculature. A strong positive correlation between may select soil fractions enriched in organic compounds
the body weight of different earthworm species and their [9]. Although in M. houlleti organic matter content of
cast diameter support Singh and Dev [22] who also casts  marginally  increased compared to non-ingested
reported a positive relationship between body weight of soil but the change was not significant probably due to
Indian earthworm, Eutyphoeus waltoni and the size of its greater carbon assimilation efficiencies of litter-feeding
casting. Among the studied species of earthworms of earthworm than the geophagous species [27]. Enrichment
rubber plantations, largest cast was produced by of earthworm  casts with organic carbon was also

mainly to geophagous i.e. endogeic communities [11].

1 1

1 1

1 1

arable  soils  of  India  [10] and well within the range of
1 1 1 1

in  the  tropical countries such as South Africa and

2
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reported earlier [4, 28]. Significant increase in available plantation and also narrow range of soil pH experienced
phosphorous in the casts of most of the studied species by them [11] in spite of neutrophilic nature of earthworm
of  rubber  plantation  relative  to  that of surrounding species in general [9]. Singh and Dev [34] observed much
soils agrees with the findings of Reddy et al. [28] and higher  rate of  cast  production  by   M.   posthuma   and
Bisht et al. [4] and is probably due to enhanced E. waltoni in acidic soil compared to alkaline soil under
phosphatase activities in the casts [29, 30]. Difference in laboratory condition. Negative relationship between cast
the  level of increase in available phosphorous in the production and soil organic matter was due to the fact
casts of studied species (from 2 times increase in E. gigas that most of the studied species inhabiting soils of rubber
to 12  times  increase  in E. comillahnus) compared to plantation were endogeic i.e. geophagous that showed
non-ingested soil was probably related to species specific preference to soils of rubber plantation with low organic
earthworms gut-associated process and microbial activity matter. Zhang et al. [17] reported low content of organic
[31]. Significant increase in concentration of available carbon in the soils of mature rubber plantation due to
potassium  in  the  casts of M. houlleti, Kanchuria sp1 synthesis of latex.
and E. gigas was probably due to their selective feeding
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