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Abstract

The present study was undertaken for 80 days, to evaluate the quality of vermicompost soil using Eudrilus eugeniae and
Eisenia fetida fed with two different feeds- Castor Leaves and Sweet Potato Leaves. The room temperature along with
other key parameters were closely monitored and regulated during the experiment period. The growth performance of
the earthworms and the physico-chemical properties of the vermicompost soils were observed, tabulated and a
comparative study was done, wherein Eisenia fetida fed with Sweet Potato Leaves had the highest weight gain (171.4%),
length increment (39.8%), number of adult earthworms (36%) and increased population (1373.3%). The results indicated
that Eisenia fetida produced better soil quality and also exhibited better growth rate. Interestingly, the two feeds used
in the study was found to have no significant impact on the soil quality. Physico-chemical analysis showed that pH was
more acidic in the vermicompost samples along with higher concentrations of N, P and K. EC and OC was also found to
be higher in these samples indicating the positive impact of earthworms on soil quality.
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Earthworms are terrestrial oligochaetes that belong to the
phylum Annelida and constitute one of the largest animal
biomasses in temperate ecosystem. They are considered
ecosystem engineers [1-2], and are seen as prospective partner
for man in ecosystem management [3], because of their ability
to deplete diverse range of organic matter. Earthworms are
found in damp, compost rich soil and typically absent or scarce
in soil that has high clay content, a very coarse texture and
acidic (pH < 4) [4] and are broadly classified into three groups
viz: Epigeic, Endogeic, and Anecic [5]. The various soil
physico-chemical properties like moisture, pH, Nitrogen (N),
Phosphorus (P), Potassium (K), Organic Carbon (OC) etc. are
influenced by earthworms due to participation in the association
of soil particles as well as the transfer of biomass. Earthworms
facilitate the putrefaction of organic matter by increasing the
microbial activity and their numbers in the soil [6] and serves
as ecological mediators [7].

Vermicomposting is a composting technique that uses
the collective action of micro-organisms and earthworms to
speed up the breakdown of biodegradable materials into
nutrient rich soil. While microbes are primarily responsible for
the metabolic degradation of organic materials, earthworms
play a critical role in the process of aerating, acclimating and
disintegrating the substrate, which significantly changes the
activity of the microbes [8]. Vermicompost is a blend of organic
matter, humus, live earthworms, cocoons, worm casts and other
living things [9]. This non-thermophilic process can convert
various organic materials such as kitchen wastes, agricultural
wastes, industrial wastes, etc. into valuable fertilizers.

A small percentage of over 4,400 species of earthworms
are suitable for vermicomposting. Vermicomposting requires
earthworm species with high rates of assimilation, digestion and
consumption of food, high growth rates, wide adaptability to
external factors with varying temperature conditions, tolerance
to diseases and have high reproduction rate [9]. While epigeic
earthworms are utilized for vermicomposting, some anecic
earthworms such as Lampito mauritii and Lumbricus terrestris
have also been found to decompose organic matters and the
combination of both the epigeic and anecic may be an
advantage for the rapid production of vermicompost [10]. It has
been found that during the initial phases of vermicomposting,
epigeic earthworms like Eisenia fetida and Eudrilus eugeniae
enriched their bacterial diversity [11-12] and are the most
favored for composting showing optimal growth at 25°C, and
the tolerance level ranging between 0-35°C for Eisenia fetida
and 9-35°C for Eudrilus eugeniae [13], indicating that Fisenia
fetida have wider temperature tolerance than Eudrilus
eugeniae. The decomposition rate relies on the type of feeds or
waste substances and the quality of vermicompost produced
depend on the substrates used, moisture, pH, temperature and
the earthworm species selected for the process. Vermicompost
is frequently used as a fertilizer addition because it gradually
releases main and minor nutrients while significantly lowering
the C/N ratio to meet plant needs. There is paucity of
information on vermicomposting abilities of earthworms in
Nagaland and therefore, the present study attempts to assess the
impact of different feeds on the two species separate feeds on
the quality of soil.
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MATERIALS AND METHODS

The present investigation was carried out in the Lower
Midland agro-climatic zone of Kohima district, Nagaland,
India, over a period of 80 days from 27 December 2024 to 17
March 2025. Kohima is situated at an elevation of
approximately 1,444 m above mean sea level and is
geographically located at 25°40'39" N latitude and 94°06'34" E
longitude. The region experiences a moderate subtropical
highland climate, which provides favorable environmental
conditions for vermicomposting activities. The experiment was
conducted to evaluate the influence of two organic substrates,
namely castor leaves (Ricinus communis L.) and sweet potato
leaves ([pomoea batatas L.), on vermicompost quality and the
performance of two earthworm species, Eudrilus eugeniae and
Eisenia fetida. Freshly collected castor and sweet potato leaves
were partially decomposed for 2—3 days to facilitate microbial
colonization and accelerate the decomposition process. The
leaves were subsequently chopped into fragments of
approximately 4-5 cm length to enhance the surface area
available for microbial and earthworm activity. Cow dung aged
5-6 days was utilized as a supplementary feed and inoculum
source due to its rich microbial population and balanced
nutrient composition.

Two epigeic earthworm species, Fudrilus eugeniae and
Eisenia fetida, widely recognized for their high efficiency in
organic waste conversion, were employed in the study. Prior to
their introduction into the experimental units, the number,
individual body weight, and body length of the earthworms
were recorded to assess growth and biomass gain during the
vermicomposting period. The experiment consisted of 14
plastic pots (27 cm diameter x 26 cm depth), arranged under
controlled conditions. Six pots were assigned to each
earthworm species, with three replicates receiving castor leaves
and three replicates receiving sweet potato leaves as substrates.
The remaining two pots, containing the respective substrates

Plate 1 Castor leaves

RESULTS AND DISCUSSION

The weight, length, number of earthworms and the adult
earthworms were measured, counted and recorded into the
(Table 1). The experiment revealed that Eisenia fetida fed with
sweet potato leaves (SPL) had the highest weight gain
(171.4%), length increment (39.8%), number of adult
earthworms (36%) and increased population (1373.3%).
Eudrilus eugeniae supplied with SPL had the lower weight gain

Plate 2 Sweet potato leaves

but without earthworms, served as controls. Each pot was
prepared with a basal layer of crushed stones and 25 g of twigs
to ensure proper drainage and aeration, followed by 2 kg of soil
to simulate a natural bedding environment and 1.5 kg of cow
dung as a pre-feeding material. Five adult earthworms were
introduced into each treatment pot. The pots were covered with
gunny bags to maintain darkness and moisture while allowing
adequate aeration. Throughout the experimental period,
temperature was maintained between 16 and 24°C, and
moisture levels were sustained through watering on alternate
days. To ensure continuous feed availability, an additional 200
g of the respective substrate was added whenever the initial
material was substantially decomposed. Irrigation was
discontinued three days prior to harvesting to facilitate
vermicompost collection and separation of earthworms.

Upon completion of the 80-day composting period,
vermicompost samples from each replicate were collected, air-
dried, gently crushed, sieved, labeled, and subjected to
physicochemical analysis using standard laboratory procedures.
Soil reaction (pH) and electrical conductivity (EC) were
determined in a 1:2.5 vermicompost-to-water suspension using
digital pH and conductivity meters, respectively. Total nitrogen
content was estimated by the Kjeldahl digestion method as
described by Jackson [14], available phosphorus was
determined using Olsen’s extractant method, and available
potassium was quantified using a flame photometer. Organic
carbon content was estimated following the Walkley and Black
wet oxidation method [15]. The selected parameters were used
as indicators of vermicompost maturity and nutrient enrichment
resulting from the interaction of substrate type and earthworm
species. Statistical analyses were performed using appropriate
and updated statistical software packages to evaluate the effects
of substrate type, earthworm species, and their interactions on
the physicochemical characteristics of the vermicompost.
Treatment means were compared using suitable tests of
significance at the prescribed probability level to determine
statistically meaningful differences among treatments.

Plate 3 Eudrilus eugeniae and Eisenia fetida

(52.2%) and lowest length increment (16.4%). Whereas
Eudrilus eugeniae provided with castor leaves (CL) had lower
population growth (6.67%) and lower number of adult
earthworms (Fig 1-3). The number of adult earthworms of E.
eugeniae fed with both the substrates decreased in number as
compared to the initial number of earthworms introduced which
may probably be due to the temperature variations. E. eugeniae
is known to thrive well in warmer temperatures [16]. Both
earthworms enhanced body weight growth may result in
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varying ambient state and the substrate’s nature [16]. The
expansion rate between the two species may be due to species

Table 1 Growth performance of Eudrilus eugeniae and Eisenia

unique growth or the feed quality and inclinations by the
individual earthworm’s species [10].

fetida feeding on castor leaves and sweet potato leaves during

the process of vermicomposting

Growth parameters Eudrilus eugeniae Eisenia fetida
P Castor Sweet potato Castor Sweet potato
Individual body weight
Initial (g) 1.779+0.11 1.9440.08 0.385+0.02 0.315+0.01
Final (g) 2.773+0.2 2.953+0.2 0.746+0.36 0.855+0.07
Weight gain (%) 55.9% 52.2% 93.8% 171.4%
Individual body length Individual body weight

Initial (cm) 14.346+0.49 15.84+0.51 5.24+0.18 5.2440.19
Final(cm) 18.22+0.8 18.438+0.7 7.15+0.3 7.33+0.3
Length increment (%) 27% 16.4% 36.45% 39.8%
Initial average number of EWs 15 15 15 15
Final average number of EWs 16+0.67 21+0.56 17944.25 22146.38
Average number of adult EWs 10+£0.33 12+0.58 33+1.15 36+2.51
Increased population (%) 6.67% 40% 1093.3% 1373.3%

Each value represents the mean (Mean % S.E) of three replicates

Table 2 Physico-chemical properties of vermicompost produced by Eudrilus eugeniae and FEisenia fetida

Parameters Control E. eugeniae E. fetida Control E. eugeniae E. fetida
(Castor) (Castor) (Castor) (Sweet potato)  (Sweet potato)  (Sweet potato)
pH 7.86 7.26 6.91 7.92 7.89 7.7
EC 0.69 1 1.16 0.69 0.78 0.93
Nitrogen (Kg/ha) 351.12 476.52 520.41 351.12 382.47 445.17
Phosphorus (Kg/ha) 362.17 420.11 476.97 387.08 412.69 392.57
Potassium (Kg/ha) 5283 654.65 629.85 619.4 833.2 982
Organic carbon (%) 2.25 2.63 2.64 2.31 2.06 2.46
200.00% Weight gain (%)  171.40% 50% Length increment (%)
5 39.80%
_ 150.00% S 40% 36.45%
) o
' 93.80% g 30% 27%
gn 100.00% =
oo o 0,
: 55.90% 52 20% 2 20% 16.40%
X 50.00% 5
x 10%
0.00% 0%
E.eugeniae E.eugeniae E.fetida (CL) E.fetida E.eugeniae E.eugeniae E.fetida (CL) E.fetida(SPL)
(ct) (SPL) (sPL) (ct) (SPL)
Samples Samples

Fig 1 Weight gain (%) in the earthworms

Comparative values of the physico-chemical properties
of soils (with and without worms) fed with castor leaves (CL)
and sweet potato leaves (SPL) are shown in (Table 2). When
provided with castor leaves, vermicompost with Eisenia fetida
was more acidic than the soil with Eudrilus eugeniae (Fig 4)
also the value of EC, N, P and OC present in the soil with
Eisenia fetida was found to be higher than both the other two
soil i.e. with Eudrilus eugeniae and Control sample (Fig 5-7, 9).
However, the value of K in the soil sample with Eudrilus
eugeniae was higher than the other two samples (Fig 8).

Fig 2 Body length increment (%) in the earthworms

Similarly, with the substrate sweet potato leaves (SPL),
soil with Eisenia fetida had lower pH value than FEudrilus
eugeniae and the Control sample (Fig 10). The value of EC, N,
K and OC present in the soil sample with Fisenia fetida is
higher than the other two samples (Figure 11-12, 14-15). The
soil sample with Fudrilus eugeniae had higher value of P than
the soil containing Eisenia fetida and the Control sample (Fig
13) however it has less OC than the Control sample (Fig 15).
The soil samples (with worms) fed with the CL shows higher
value of EC, N, P and OC (Fig 17-19, 21) while it exhibited
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lower pH (Fig 16) in comparison to the soil containing worms

fed with sweet potato leaves (SPL). Interestingly, the value of

K was found to be higher in the soil fed with SPL (Fig 20).
The pH of all the soil samples comprising the

i.e., without the earthworm and this is due to the development
of carbon dioxide and accumulation of organic acids [17-18].
These findings aligned with those made by Garg et al. [19];
Suthar [20], Khwairakpam and Bhargava [21] and Yadav and

earthworms were lower than the pH of the initial control sample Garg [22].
Increased population (%) Castor Leaves pH
0,
1600.00% 1373.30% 8 7.86
1400.00% 7.8
£ 1200.00% 1093.30% 7.6
£ 1000.00% S 74 7.26
Y
3 800.00% 5 72
< 600.00% s 7 6.91
X 400.00% 6.8
200.00%  ge79s  40% 66
0.00% 6.4
E.eugeniae  E.eugeniae E.fetida (CL) E.fetida(SPL) CONTROL E.eugeniae E.fetida
(ct) (SPL)
Samples Samples

Fig 3 Population density increase (%) in the earthworms

Fig 9 OC (%) value of soil fed with castor leaves

Fig 4 pH value of the soil fed with castor Leaves

15 Castor leaves electrical conductivity Castor leaves nitrogen (Kg/ha)
600 520.41
1.16 476.52
o 1 500
o1 400 351.12
° 0.69 Z oo
(]
3 v
>0.5 r—ju 200
= 100
0 0
CONTROL E.eugeniae E.fetida CONTROL E.eugeniae E.fetida
Samples Samples
Fig 5 EC value of soil fed with castor leaves Fig 6 Nitrogen value of soil fed with castor leaves
600 Castor leaves phosphorus (Kg/ha) Castor leaves potassium (Kg/ha)
800
476.97 654.65 2
500 420.11 600 5283 629.85
o 400 362.17 9 :
2300 S 400
3 g
£200 ©
>
>
200
100
0 0
CONTROL E.eugeniae E.fetida Control E.eugeniae E.fetida
Samples Samples
Fig 7 Phosphorus value of soil fed with castor leaves Fig 8 Potassium value of soil fed with castor leaves
Castor leaves OC (%) Sweet potato leaves pH
2.8 8
2.63 2.64 7-92 7.89
7.9
L 26 <
2 278
© 24 7.7
S 2.25 577
© ©
> 22 . 96 l
2 7.5
Control E'eugeniae E'fetida CONTROL E.eugeniae E.fetida
Samples Samples

Fig 10 pH value of soil fed with sweet potato leaves




Sweet potato leaves EC 0.93 Sweet potato leaves Nitrogen (Kg/ha)
1 .
500 445.17
0.78
2.47
0.8 0.69 400 351.12 38
O
W o0.6 z
% % 300
E :
0.2 100
0 0
Control E.eugeniae E.fetida Control E.eugeniae E.fetida
Samples Samples
Fig 11 EC value of soil fed with sweet potato leaves Fig 12 N value of soil fed with sweet potato leaves
Sweet potato leaves Phosphorus (Kg/ha) Sweet potato leaves Potassium (Kg/ha)
420 412.69 1200
: 982
410 1000 833.2
o ~ 800
[0}
T;; 390 387.08 g
> £ 400
380
200
370 0
Control E.eugeniae E fetida Control E.eugeniae E.fetida
Samples Samples
Fig 13 P value of soil fed with sweet potato leaves Fig 14 K value of soil fed with sweet potato leaves
Sweet potato leaves OC (%
- p (%) ;o2 PH o = Cas =SP
7.86
2.46 8 — — 7.7
O 2.4 2.31 T 75
o o
B 2.2 ks 6.91
E 2.06 g 7
S . > 65
Control E.eugeniae E.fetida CONTROL E.eugeniae E fetida
Samples Samples

Fig 15 OC (%) value of soil fed with sweet potato leaves

Fig 17 Comparison of EC values between castor and sweet potato
leaves

15 Electrical Conductivity 600 Nitrogen =Cas =SP
520.41
. 500 476.52
e 1 0.78 400 351.12 351.12
k] = = =
g 5 300
§ 0.5 ]
r_>u 200
Control E.eugeniae E.fetida 0
EC Control E.eugeniae E.fetida
Samples Samples

Fig 16 Comparison of pH values between castor and SPL

Fig 18 Comparison of Nitrogen values between castor and sweet
potato leaves

Similarly, the EC values of the vermicompost were

those of Yadav and Garg [22] and Rajendran and Thivyatharsan
higher than the control sample and were in accordance with

[23]. The mineralization and augmentation of soluble salts
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levels and the nutrients released by the plant substrate during
vermicomposting increases the EC [24].

Also, the NPK value in the vermicompost soil is higher
than the control sample and this finding is in consistent with
Khwairakpam and Bhargava [21] and Kumar ef al. [25]. The
rise in nitrogen’s concentration during vermicomposting is due
to mineralization of organic matter [26] and the rapid
conversion of ammonium ions into nitrates [27-28]. Because of
the improved rate of mineralization by higher microbial
metabolism, the value of P and K rises [29].

The OC in the soil containing Eudrilus eugeniae fed with
SPL was lower than the control sample adhering to Campitelli
and Cappi [30] and Suthar [20] on account of mineralization
and microbial respiration leading to the loss of carbon [31].
Contrastingly, the soil with Eudrilus eugeniae fed with CL,
Eisenia fetida with CL and FEisenia fetida with SPL have higher
OC than the Control sample which is in contrary to the

600 Phosphorus = Cas = SP
500 476.97
412.69 — |
387.08 420.11 392.57
400 362.17 ==
o
% 300
(4]
=
S 200
100

| — B——1

E.fetida

0 | —— B—|

Control E.eugeniae

Samples

Fig 19 Comparison of Phosphorus values between castor and
sweet potato leaves

3 Organic Carbon =Cas =SP
2.63 2.64
— 2.46
2.5
8 2
©
g 15
©
>
1
0.5
0 = B = | — B—|
Control E.eugeniae E.fetida
Samples

Fig 21 Comparison of OC values between castor and sweet
potato leave

CONCLUSION

The present study demonstrated the effectiveness of
castor leaves (Ricinus communis) and sweet potato leaves
(Ipomoea batatas) as substrates for vermicomposting using the
epigeic earthworm species Eudrilus eugeniae and Eisenia
fetida. Among the two earthworm species evaluated, E. fetida
exhibited superior growth and reproductive performance,

prevailing literatures therefore, further analysis is required to
determine the cause of anomaly.

Further, castor leaves (CL) and sweet potato leaves
(SPL) had no effect on the nutrient quality of the vermicompost
soil according to the ANOVA test; however, the rate of
deterioration rate is higher in SPL than the CL due to the
determinant of structural difference and higher water content,
rendering them to decay faster.

Since there is no impact on soil chemistry from either
feed, the epigenic earthworm Eisenia fetida shows impressive
growth and optimal nutrient uptake from the substrate. Hence,
it can be inferred that Eisenia fetida is a more competent
earthworm for vermicomposting. The growth in Eisenia fetida
is due to their remarkable temperature resilience [16] and have
greater reproductive potential than Eudrilus eugeniae [32-33].
However, this finding is in contrast to the findings of Rajendra
and Thivyatharsan [23], Shetty and Biradar [34].

1200

Potassium = Cas =SP
982
1000 —
833.2 =
800 = =
g 619.4  654.65 629.85
S 600
Q
=)
S 400
200
0 = e =
Control E.eugeniae E.fetida
Samples

Fig 20 Comparison of Potassium values between castor and
sweet potato leaves

particularly when fed with sweet potato leaves, recording the
highest increase in body weight, length, adult population, and
overall earthworm multiplication. In contrast, E. eugeniae
showed comparatively lower growth and reproduction,
especially under castor leaf feeding, which may be attributed to
its greater sensitivity to fluctuating temperatures.
Vermicomposting significantly improved the physicochemical
properties of the substrate, resulting in lower pH and higher
electrical conductivity, nutrient availability (N, P, and K), and
organic carbon content compared to the control. The reduction
in pH and enhancement of nutrient status indicate active
mineralization and microbial transformation processes during
vermicomposting. Although both castor and sweet potato
leaves produced nutrient-enriched vermicompost, statistical
analysis revealed no significant effect of substrate type on the
overall nutrient quality of the final product. Nevertheless, sweet
potato leaves decomposed more rapidly than castor leaves,
likely due to their softer structure and higher moisture content.
The consistently superior performance of E. fetida in terms of
growth, reproduction, and nutrient enrichment highlights its
greater adaptability and efficiency in organic waste conversion
under the prevailing environmental conditions. Therefore,
Eisenia fetida can be recommended as a more suitable
earthworm species for vermicomposting of castor and sweet
potato leaf residues in the Lower Midland region of Nagaland.
Further investigations under varying environmental conditions
and with a wider range of organic substrates are recommended
to validate and expand these findings.
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