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A pot culture experiment on vermicomposting of cassava and sweet potato wastes/byproducts was conducted for March–
May (season I) and June–August (season II) during 2010 at the Regional Centre of Central Tuber Crops Research Institute,
Bhubaneswar, Orissa. The study revealed that the vermicompost prepared from biomass and byproducts of tuber crops had
fairly higher levels of nitrogen (1.12–2.23%), phosphorus (0.26–0.88%), and potassium (0.33–1.29%) compared to initial status.
The vermicompost prepared from sweet potato dry leaves had the highest nitrogen (2.23% and 2.03%), phosphorus (0.88% and
0.69%), and potassium (1.29% and 0.84%) content during both the years of study. Cassava thippi (tuber residue) required 40–43
days for the complete conversion into vermicompost, whereas all other biomass and byproducts needed more time (43–65 days).
The rate of increase of earthworm weight and population was higher in vermicompost made from cassava and sweet potato thippi.
Microbial counts indicated that populations of bacteria and fungi were higher in season I, whereas actinomycetes were higher
in season II. The study indicated that all the biomass and byproducts of tuber crops can be eﬀectively converted into high-value
vermicompost.

1. Introduction
Vermicomposting has been reported to be a viable, costeﬀective, and rapid technique for the eﬃcient utilization
of crop residues and byproducts and organic wastes [1–
3]. It provides two useful products; the earthworm biomass
and the vermicompost [4]. Vermicomposting is a simple
biotechnological process of composting in which certain
species of earthworms are used to convert wastes into better
end product [5, 6]. Vermicomposting is a nonthermophilic
biodegradation of organic material through the joint action
of earthworms and microorganisms [3] Yadav and Garg [7]
reported that earthworms act as mechanical blenders, and, by
comminuting the organic matter, they modify its biological,
physical, and chemical status, gradually reducing its C : N
ratio, increasing the surface area exposed to microorganisms,
and making it much more favourable for microbial activity

and further decomposition. It diﬀers from composting in
several ways [8]. The vermicomposting process is faster
than composting, because the material passes through the
earthworm gut. The resulting earthworm castings (worm
manure) are rich in microbial activity and plant growth
regulators and fortified with pest repellence attributes as
well [6]. Earthworms consume various organic wastes and
reduce the volume by 40–60% [5]. The average body weight
of earthworms is 0.5–0.6 g, and they eat wastes equivalent
to their body weight. It produces cast equivalent to about
50% of the waste it consumes in a day. Vermicompost
contains a higher percentage of macro- and micronutrients
than ordinary compost [9]. It contains 9.8–13.4% organic
carbon, 0.51–1.61% nitrogen, 0.19–1.02% phosphorus, and
0.15–0.73% potassium. The nutrients present in the vermicompost are in water soluble forms which are immediately
available for plant use [3, 10].
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Vermicomposting reduces the C : N ratio and retains
more N than the traditional methods of preparing composts
[8]. The C : N ratio of unprocessed olive cake and vermicomposted olive cake was 42 and 29, respectively [5]. Vermicomposting organic materials directly aﬀect the growth
and development of earthworms [6, 11]. Nogales et al. [12]
reported that larger weights of newly hatched earthworms
were obtained in substrate containing dry oil cake. In another
study, maize straw was found to be the most suitable feed
material compared to soybean straw, wheat straw, chickpea
straw, and city refuse [13]. Zajonc and Sidor [14] studied
mixtures of cotton waste with cattle manure and found the
ratio of 1 : 5 to be the best.
Tropical root and tuber crops produce the highest dry
matter per unit area per unit time. Sweet potato and cassava
produce edible energy of 194 and 138 MJ/ha/day [15].
Further, they are more eﬃcient in conversion of biological
yield into economic yield [16, 17]. Cassava and sweet potato
are the most important root crops in the world [18]. The
starchy roots of these crops are consumed directly after
boiling or baking. The roots are also used as a major source of
raw material for starch industries in tropical and subtropical
countries. The byproduct (waste) of the starch industry
is called “thippi.” Cassava and sweet potato produce large
quantity of biomass yield [19]. The leaves and immature
stems/vines of these crops are good sources of organic matter
and nutrients. At present, the vegetative parts of these crops
are either ploughed back or burned. Byproducts of these root
crops can be eﬃciently used for enriching the soil fertility.
Earthworms are able to convert these byproducts (wastes)
into nutrient rich vermicompost. Keeping in view of the
above, the present investigation was carried out to explore
the possibilities of converting byproducts/wastes of cassava
and sweet potato into quality vermicompost. The study also
attempted to ascertain the variability in nutrient content,
microbial diversity, and duration of vermicomposting by
diﬀerent byproducts.

2. Materials and Methods
A pot culture experiment on vermicomposting of biomass
and byproducts of cassava and sweet potato was conducted
for March–May (season I) and June–August (season II)
during 2010 at the Regional Centre of Central Tuber Crops
Research Institute, Bhubaneswar, Orissa. The weather during
March–May was hot and dry. The maximum temperature
has reached 40◦ C during May. During June–August, the
weather was wet and humid. The experiment was conducted
in randomized block design (RBD) with three replications.
The seven treatments used in the experiment were garden
fresh residues (4 kg), cassava fresh leaves (4 kg), cassava dry
leaves (1 kg), cassava thippi (1 kg), sweet potato fresh leaves
(4 kg), sweet potato dry leaves (1 kg), and sweet potato thippi
(1 kg). The variation in quantity of substrate used was due
to level of moisture content. Fresh leaves contain 80% water,
and dry leaves/thippi contain 16–20% water. Four kg of fresh
cow dung was added uniformly in all the seven treatments.
Plastic pots of 60 cm diameter at the top and 45 cm at the
bottom and 60 cm height were used for the study. Small
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hole was made in the bottom of the pot to drain out excess
water. The pots were kept on a plastic tray. In each plastic
pot, the first layer from bottom (3 cm) was filled with smallsize stones for good aeration and easy drainage of water.
The second layer (3 cm) was filled with sand for proper
filtration and to work as a check gate for preventing the
earthworms to move to the bottom layer. The third layer
(3 cm) was filled with garden soil, which is for maintaining
the moisture level and to act as a bedding material for
the earthworms. The fourth layer (3 cm) was filled with
well-decomposed cow dung, and, above this layer, feeding
materials (crop residue and fresh cow dung) were placed
as per diﬀerent treatments. The crop residue was chopped
into small pieces before mixing with fresh cow dung. The
feeding material was subjected to aerobic composting and
was placed in the plastic pots after a week when the mixture
was partially decomposed. Moisture content of the compost
was maintained at 60–70%. The earthworm Eisenia foetida
obtained from the vermicomposting unit, Central Horticultural Experimentation Station, Bhubaneswar, Orissa,
was placed in the plastic pots at 20 worms per pot. The
experimental plastic pots were kept under shade and covered
with wet jute bags to avoid direct sunlight.
The vermicompost was harvested when all the crop
residues and byproducts and organic wastes were completely
turned into castings. The vermicompost and vermicompost
wash samples were collected in sterile containers before
harvesting the compost, and the enumeration of microbial
load was done by dilution plate technique using selective
media. The media used were Rose Bengal agar (fungi),
King’s B agar and nutrient agar (bacteria), and Ken Knights
and Munaier’s agar (actinomycetes). The number of colony
forming units (cfu) was expressed as cfu g−1 . The population
was analyzed for microbial diversity. The worm number and
weight were recorded at the time of harvest.
The weather during March–May 2010 was hot and dry,
whereas during June–August wet and humid (Table 1). The
pH, electrical conductivity (EC), organic carbon, nitrogen,
phosphorus, and potassium content of the feeding materials
were analyzed before subjecting to compost by following
standard procedure [20], and the results are presented in the
Table 2. The above chemical analyses were also carried on
the vermicompost prior to harvest. Natural log transformed
values of microbial populations were used for statistical
analysis. The data were analyzed using Genstat statistical
software. The treatment means were compared with the least
significant diﬀerence (LSD) at a 5% level of probability [21].

3. Results
3.1. Nutrient Content. The vermicomposts from various
feeding materials recorded more or less neutral pH ranging
from 6.32 to 6.86 (Table 3). The highest pH was found
in garden residue vermicompost during both the seasons.
The lowest pH was observed in sweet potato dry leaves
vermicompost. In general, pH of the vermicompost in season
I was higher than in season II. The electrical conductivity
of the vermicomposts was ranged from 2.82 dSm−1 to
5.38 dSm−1 (Table 3). The highest EC was noticed in cassava
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Table 1: Weather during vermicomposting.

Months
March
April
May
June
July
August

Maximum
37.3
39.1
37.0
35.5
33.0
33.3

Temperature (◦ C)
Minimum
24.3
26.7
26.7
26.9
26.2
26.4

Mean
30.8
32.9
31.8
31.2
29.6
29.8

Maximum
92
88
87
91
92
92

Relative humidity (%)
Minimum
48
48
61
70
75
75

Mean
70
68
74
81
84
84

Rainfall (mm)
5.4
0.0
203.8
196.1
209.2
253.5

Table 2: Initial chemical characteristics of vermicomposting materials.
pH
II∗∗
I∗
Cow dung
6.79 6.68
Garden residues
6.61 6.59
Cassava leaves
6.59 6.58
Cassava thippi
6.81 6.70
Sweet potato leaves 6.53 6.54
Sweet potato thippi 6.88 6.73
Feeding materials

∗

EC (dSm−1 )
I
II
1.12
1.23
1.22
1.33
1.14
1.24
3.94
3.52
1.29
1.52
2.24
2.32

Organic carbon (%)
I
II
19.75
20.22
23.57
23.59
26.66
25.84
18.95
19.43
25.96
26.79
19.47
18.45

Nitrogen (%)
I
II
0.46
0.47
1.10
1.01
1.12
1.11
0.83
0.77
2.06
1.98
0.92
0.84

Phosphorus (%)
I
II
0.12
0.16
0.18
0.18
0.23
0.24
0.12
0.11
0.35
0.31
0.15
0.12

Potassium (%)
I
II
0.43
0.40
0.43
0.32
0.32
0.30
0.23
0.22
0.52
0.41
0.34
0.29

Season I.
Season II.

∗∗

thippi vermicompost in both the seasons. The lowest EC
was observed in garden residue vermicompost. In all the
vermicomposts, higher EC was observed in season I than in
season II. Vermicomposting decreased the organic carbon
content (38.8–43.1%) in all the tuber crops byproducts.
Garden residues vermicompost had the lowest amount of
organic carbon compared to all other vermicomposts.
All the vermicomposts recorded higher levels of nutrients
than the original feeding materials (Table 3). However,
marked variation in nutrient content was noticed among the
vermicomposts. The sweet potato dry leaves vermicompost
had the highest nitrogen content in season I and II. It was
followed by cassava fresh leaves. The lowest nitrogen contents
of 1.25% in season I and 1.12% in season II were recorded
in cassava thippi as feeding material. The vermicompost
obtained from sweet potato dry leaves recorded the highest
phosphorus content which was followed by the vermicompost obtained from cassava fresh leaves during both the years,
whereas, the lowest phosphorus content in the vermicomposts was obtained from cassava thippi. The vermicompost
made from sweet potato dry leaves recorded the highest
potassium content. It was followed by cassava fresh leaves.
The lowest potassium content was recorded in cassava thippi
as feeding material during both seasons of study.

3.3. Earthworm Multiplication. The earthworm growth and
reproduction was significantly influenced by the type of feeding materials (Table 5). The rate of increase of earthworm
weight and population was higher in vermicompost made
from cassava and sweet potato thippi, which was followed
by sweet potato fresh leaves. The increase of the earthworm
weight in season I and II was 93.8 and 120.6%, respectively,
when cassava thippi was used as feeding material. In the
case of sweet potato thippi treatment, the increase of the
earthworm weight was 71.9 and 117.6% in season I and II,
respectively. The increase of the earthworm population in
cassava thippi was 275 and 380% in season I and season
II, respectively. Sweet potato fresh leaves as feeding material
recorded 56.3 and 67.6% increase in body weight and 190
and 265% increase in population of the earthworm in season
I and II, respectively. The rate of increase in weight and
population of the earthworm was found to be lowest in
vermicompost made from cassava fresh leaves. An increase
in weight of 3.1 and 23.5% and in of population of 35 and
80% in season I and II, respectively, was recorded for this
treatment.

3.2. Duration of Vermicomposting. The number of days required for vermicomposting varied with the type of materials
used (Table 4). Cassava thippi took 43 days and 40 days in
season I and season II, respectively, for the complete conversion into vermicompost whereas sweet potato thippi took
45 days and 43 days in season I and season II, respectively.
Other feeding materials took longer for complete conversion

3.4. Microbial Diversity. Microbial counts were aﬀected by
the nature of the feeding materials (Table 6). Populations of
bacteria and fungi in season I were significantly higher than
season II. However, actinomycete population was higher in
season II. Even though, in season I, bacterial populations
were highest in the garden residues and cassava dry leaves,
populations in sweet potato fresh leaves and cassava thippi

into vermicompost. Season II required relatively fewer days
for complete vermicomposting than season I.
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Table 3: Chemical characteristics of vermicompost.

Vermicompost

I∗
Garden residues
6.66
Cassava fresh leaves
6.61
Cassava dry leaves
6.57
Cassava thippi
6.65
Sweet potato fresh leaves 6.61
Sweet potato dry leaves 6.32
Sweet potato thippi
6.69
0.08
LSD (P = 0.05)
∗

pH
II∗∗
6.65
6.58
6.54
6.62
6.59
6.34
6.62
0.10

EC (dSm−1 )
I
II
3.02
2.82
4.93
4.81
3.91
3.82
5.38
5.06
3.57
3.43
4.80
4.76
3.64
3.50
0.12
0.15

Organic carbon (%)
I
II
12.19
11.96
15.05
15.62
15.18
15.82
13.01
13.29
17.42
18.29
13.64
14.21
12.19
11.96
1.32
1.22

Nitrogen (%)
I
II
1.32
1.22
1.98
1.66
1.52
1.59
1.25
1.12
1.82
1.57
2.23
2.03
1.46
1.21
0.08
0.08

Phosphorus (%)
I
II
0.39
0.26
0.64
0.59
0.55
0.54
0.45
0.34
0.61
0.58
0.88
0.69
0.49
0.38
0.01
0.02

Potassium (%)
I
II
0.55
0.33
0.67
0.63
0.52
0.60
0.46
0.49
0.59
0.55
1.29
0.84
0.53
0.42
0.01
0.18

Season I.
Season II.

∗∗

Table 4: Time taken for complete conversion of composting materials into fully matured vermicompost.
Vermicompost
Garden residues
Cassava fresh leaves
Cassava dry leaves
Cassava thippi
Sweet potato fresh leaves
Sweet potato dry leaves
Sweet potato thippi
LSD (P = 0.05)

Season I
49
65
60
43
62
59
45
7

Time (days)
Season II
48
60
58
40
58
54
43
5

remained constant during both the seasons. The highest
bacterial population was found in garden residue, and it
was at par with cassava dry leaves. The maximum fungal
populations were observed with cassava dry leaves and
cassava thippi, whereas the highest actinomycete population
was observed in cassava fresh leaves.

4. Discussion
The vermicomposts from various feeding materials had more
or less neutral pH, and it was less than the initial value
(Tables 2 and 3). The lower pH recorded in the final products
might have been due to the production of CO2 , ammonia,
NO3 − , and organic acids by microbial metabolism during
decomposition of diﬀerent substrates in the feed mixtures
[2, 3, 22]. However, the observed diﬀerence in reduction
of pH among vermibeds could be attributed to the nature
of organic waste, which aﬀects the mineralization process
and species of intermediate compounds in vermireactors.
Increase in electrical conductivity of the vermicompost
irrespective of kind of feed substrate was noticed (Tables
2 and 3). This may be attributed due to freely available
ions and minerals that are generated during ingestion and
excretion by the earthworms. Vermicomposting decreased
the organic carbon content in the tuber crops byproducts.
The maximum reduction in organic carbon (38.8–43.1%)

was obtained in cassava dry leaves vermicompost in comparison to other wastes/byproducts. Elvira et al. [23], Kaushik
and Garg [24], Garg et al. [2], and Sen and Chandra [4]
also observed a 20–52% loss of carbon as CO2 during
vermicomposting.
All the vermicomposts of diﬀerent agroindustrial wastes
recorded higher levels of nutrients (nitrogen, phosphorus,
and potassium) than the original feeding materials. Gunadi
and Edwards [25] also demonstrated that nutrient content in
the end product of vermicomposting was high. The increase
of nitrogen content of the compost was probably due to
mineralization of organic matter (Tables 2 and 3). Loss
of organic carbon might be also responsible for nitrogen
enhancement. Decrease in pH may be an important factor in
nitrogen retention as this element is lost as volatile ammonia
at higher pH (Tables 2 and 3). Increase in nitrogen content
in the final product in the form of mucus, nitrogenous
excretory substances, growth stimulating hormones, and
enzymes from earthworms has also been reported [26].
Earthworms also have a great impact on nitrogen transformations in manure by enhancing nitrogen mineralization
so that mineral nitrogen may be retained in the nitrate
form [27]. However, in general, final nitrogen content of the
vermicompost is dependent on the initial nitrogen present
in the byproducts [2]. Total phosphorus content in all the
vermicomposts was higher than the initial feed substrate
(Tables 2 and 3). Garg et al. [2] observed that plant litter
was found to contain more available P after ingestion by
earthworms, which may be due to the physical breakdown
of the plant material by worms. Increase in phosphorus
in vermicompost is probably due to mineralization and
mobilization of phosphorus as a result of bacterial and
faecal phosphatase activity of earthworms [2]. Potassium was
also higher in the final vermicompost than in the initial
feed substrates. It indicated that the microbial flora also
influences the level of available potassium. Acid production
by the microorganisms seems to be a prime mechanism for
solubilizing the insoluble potassium.
The number of days required for vermicomposting varied with the type of substrate used and season of vermicomposting (Table 4). Fresh leaves of cassava and sweet potato
needed more time to decompose compared to dried leaves
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Table 5: Earthworm growth and development in various vermicompost.
Season I

Vermicompost

20
20
20
20

Initial
Average weight
(g)
3.2
3.2
3.2
3.2

52
27
45
75

Final
Average weight
(g)
3.7
3.3
3.4
6.2

20

3.2

58

5.0

20

20

3.2

43

4.7

20
—

3.2
—

78
6

5.5
0.2

Number
Garden residues
Cassava fresh leaves
Cassava dry leaves
Cassava thippi
Sweet potato fresh
leaves
Sweet potato dry
leaves
Sweet potato thippi
LSD (P = 0.05)

Season II

Number

Initial
Average weight
Number
(g)
20
3.4
20
3.4
20
3.4
20
3.4

63
36
61
96

Final
Average weight
(g)
6.1
4.2
5.2
7.5

3.4

73

5.7

20

3.4

52

5.6

20
—

3.4
—

92
9

7.4
0.4

Number

Table 6: Microbial population in various vermicompost.
Vermicompost
Garden residues
Cassava fresh leaves
Cassava dry leaves
Cassava thippi
Sweet potato fresh leaves
Sweet potato dry leaves
Sweet potato thippi
LSD (P = 0.05)

Bacteria ×106
Season I
Season II
172.6 (18.96)
52.0 (17.76)
20.3 (16.77)
17.3 (16.66)
172.0 (18.94)
33.0 (17.30)
41.3 (17.51)
45.0 (17.57)
71.0 (18.07)
78.6 (18.17)
11.6 (16.25)
47.3 (17.67)
130.6 (18.67)
35.0 (17.36)
0.43
0.25

and thippi. Wet and humid conditions favoured early maturation of compost in season II. An increase in earthworm
population was found in all the feeding substrates, with varying rates (Table 5). Garg and Kaushik [9] also found similar
results when they used textile mill sludge as feeding substrate
along with poultry droppings. The increase in the earthworm
population might be attributed to the decrease in C : N
ratio [28]. The rate of increase in weight and population
of the earthworms was found to be lowest in vermicompost
made from cassava fresh leaves. This may be due to the
cyanogenic glucosides in fresh cassava leaves which were not
fully eliminated during partial decomposition and that might
have influenced the growth and reproduction of earthworms.
Furthermore, the earthworms might not have received suﬃcient microbes for feeding. Quality of substrate (palatability
and nutrient status) influences the fecundity of earthworms
[3, 6]. In season II, the earthworm weight and population
were higher than in season I. This was due to the influence of
ambient temperature and relative humidity (Table 1).
Dominguez [29] reported that vermicomposting is a
combined operation of earthworm and microorganisms. The
nature of the feeding substrate and season influenced the
populations of microorganisms (Table 6). Suthar and Singh
[30] reported that release of intermediate compounds during

Fungi ×104
Season I
Season II
23.0 (16.93)
12.6 (16.28)
22.0 (16.90)
7.0 (15.75)
35.3 (17.37)
11.3 (16.21)
26.3 (17.06)
19.0 (16.75)
13.0 (16.37)
23.3 (16.94)
19.3 (16.70)
19.3 (16.77)
24.0 (16.95)
9.0 (16.00)
0.45
0.47

Actinomycetes ×104
Season I
Season II
27.6 (17.13)
92.0 (18.33)
67.3 (18.02)
123.0 (18.62)
38.0 (17.45)
155.0 (18.84)
30.6 (17.23)
76.3 (18.14)
80.0 (18.19)
48.3 (17.68)
77.3 (18.16)
71.6 (18.08)
58.3 (17.88)
99.6 (18.41)
0.10
0.19

composting influences worm growth and reproduction and
microflora composition. Hot and dry conditions during
March–May (Table 1) favoured multiplication of bacteria
and fungi in season I vermicomposts (Table 6). Further,
the growth and development of earthworms (which feeds
microbes) was reduced during the above period. Wet and
humid conditions between June and August (Table 1) might
have been responsible for higher earthworm and actinomycetes populations in season II vermicomposts (Table 6).
But there may be a microbial equilibrium existing among
various kinds of organisms which decides the ultimate
population. In general, cassava supports more microbial
population during vermicomposting. This might be due to
the lesser number of earthworms (Table 5), which feed on
microbes along with organic matter. Despite high variability
in populations shown by various substrates, the array of
organisms remained the same in all the substrates.

5. Conclusion
The biomass and byproducts of tuber crops were vermicomposted in 40–65 days. They were fairly rich in major nutrients
and better in nutritional composition compared to initial
levels. The nature of the feeding material determined the

6
nutrient content, microbial diversity, earthworm population,
and time required for complete vermicomposting. This study
indicated that all biomass and byproducts of tuber crops can
be eﬀectively converted into high-value vermicompost.
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