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The Management of Organic Wastes Produced
Vermicompost Using Earthworm Eudrilus eugeniae and
Effects of Vermicompost on Growth of Helianthus annuus

Pitchya Tangsombatvichit, Sakuntep Chupong, Daojarus Ketrot and Kitti Boonlerthirun

Abstract—Vermicomposting is a tool for environmentally
sound organic waste management. This biological organic waste
decomposition process yields vermicompost, a biofertilizer. The
use of earthworms in vermicompost processes is a good method
for organic wastes reduction. Thus, the aim of this study was to
investigate organic wastes (cow manure, sawdust, rice straws,
eggshells, paper wastes, and mushroom spawns) mixed with fruit
pomaces from fermented milk industry or fruit peels from fresh
markets in vermicomposting. The thermo-tolerant earthworms,
Eudrilus eugeniae, were used in this study. This is the first time,
we used fruit pomaces from fermented milk industry for
vermicomposting production. After the vermicompost process,
the physio-chemical characteristics of vermicompost fertilizers
from organic wastes mixed with fruit pomaces or fruit peels
exhibited higher values of organic fertilizer quality including
moisture, pH, electrical conductivity, germination index, total
nitrogen, total potassium and total phosphorus than standard
organic fertilizer. The vermicomposts supported sunflower plant
growth better than commercial organic fertilizer or no added
fertilizer. Therefore, organic wastes vermicompost can promote
sustainable agriculture and a good method of waste management
as biofertilizer.
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l. INTRODUCTION

At present, high organic solid wastes accumulation from
households, markets and food industries has become a serious
problem due to increasing population and industrialization.
Some developing countries reduce organic waste
decomposition in open dumping, which causes landfill gas
pollution. The main greenhouse gases are methane and carbon
dioxide. Also, the elimination of organic wastes causes water
pollution or soil contamination. Industrial wastes remain
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highly untreated and cause environmental problems and
pollution, so they have become an important topic for
environmental protection. Thailand is an agricultural country
with many agricultural wastes. The components of organic
wastes are more than 40% [1]. Composting is one method for
organic waste reduction. The final product is organic fertilizer
for plant growth. Vermicomposting converts organic matter or
industrial wastes by earthworms into vermicompost [2]. The
organic matter nutrients are composed of more bioavailable
forms. Vermicompost is also believed to contain plant nutrient
elements, enzymes, hormones and stimulated microbial
activities, which high essential elements of plant growth and
reduce plant pathogens [3], [4]. The earthworm, Eudrilus
eugeniae, is common in Thailand and is often referred to as an
African night crawler because they originated from West
Africa [5]. They live on the surface of moist soil (epigenic),
especially cow dung and are also found in other organic matter.
These large reddish-brown earthworms have a high
reproductive rate, grow extremely rapidly and under optimum
conditions and can also be used as animal feed for protein [5],
[6]. In Thailand, tomato wastes, grasses or tomato wastes and
grasses mixed with Eudrilus eugeniae have been used for
vermicomposting. Higher N, P and K levels were observed than
the control (no added Eudrilus eugeniae) and higher plant
macronutrient levels were also observed than standard organic
fertilizers [7]. In Vietnam, vermicomposting of water hyacinth
mixed with pig manure was done by composting Vietnam’s
tropical earthworm Perionyx excauvatus. 25% of water
hyacinth mixed with 75% of pig manure enhanced seed
germination of Oryza sp. and increased N, P, K, Ca and Mg
levels for plant growth [8].

In this experiment, we utilized vermicomposting technology
for organic wastes reduction. The organic wastes such as cow
dung, sawdust, rice straws, eggshells, paper wastes, mushroom
spawns, fruit pomaces and fruit peels were converted to
bioavailable forms in vermicompost production using Eudrilus
eugeniae. After vermicomposting, the organic fertilizer was
investigated using standard methods including percentage of
moisture content, pH value, electrical conductivity (EC),
germination index (GlI), organic matter (OM), total nitrogen
(N), total phosphorus (P) and total potassium (K). For each
vermicomposting fertilizer, we tested sunflower Helianthus
annuus growth rate compared with a commercial organic
fertilizer and no fertilizer.
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Il. MATERIALS AND METHODS

A. Bedding wastes and Earthworm

Earthworms (Eudrilus eugeniae) were provided by farmers
in Ayutthaya province, Thailand (Fig. 1). The selected
earthworms were similar in both size and maturity. The
organic wastes in this experiment were fresh dairy cow dung
(from Animal Science Division, RMUTSB, Thailand),
sawdust, rice straws, eggshells (from a market in Ayutthaya
province, Thailand), paper wastes, mushroom spawns, fruit
pomaces (from fermented milk industry in Ayutthaya province,
Thailand) and fruit peels including watermelon, papaya,
mango and dragon fruit (from a market in Ayutthaya province,
Thailand).

Fig. 1 Eudrilus eugeniae earthworms from farmers in
Ayutthaya

B. Experimental design

Each vermicomposting experiment was performed in 24.8
cm x 33.3 ¢cm x 14.8 cm (width x length x depth) plastic boxes.
Ten small holes were drilled into the top and bottom of each
box for draining and humidity control. Each container
contained 2 kg of organic waste mixtures. After
pre-composting, 100 g of earthworms (Eudrilus eugeniae)
were cultured in each organic mixtures showed in Table 1. The
humidity in each box was controlled at 50% using water, and
avoiding sunlight and predators. All treatments were designed
by Completely Random Design (CRD) with 3 replicates. The
experiment was continued up to 6 weeks.

TABLE 1: THE BEDDING COMPOSITION OF DIFFERENT
VERMICOMPOSTING TREATMENTS ARE GIVEN BELOW:

Treatment Bedding composition ratio for vermicomposting

Treatment | cow manure: sawdust: rice straws: eggshells: paper wastes:
mushroom spawns: fruit pomaces (1: 1: 1: 1: 1: 1: 3)

Treatment Il cow manure: sawdust: rice straws: eggshells: paper wastes:

mushroom spawns: fruit peels (1: 1:1: 1: 1: 1: 3)

C. Physio-chemical analysis

After 6 weeks of vermicomposting, the earthworms were
removed from the samples. Each vermicomposting box was
homogenously mixed and then analyzed for moisture content
using the hot air oven-drying method [9]. The pH value was
determined using a pH meter. The electrical conductivity (EC)
was measured using an EC meter. The germination index (GI)
was observed with growth rate of mung bean seed with
vermicompost suspension and compared with distilled water
(control) for 72 hours [10]. The organic matter (OM) was
determined using the sulfuric acid and chromic acid titration
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method [11]. Total nitrogen (N) was analyzed by the Kjeldahl
method [12]. Total phosphorus (P) was analyzed by the
Spectrophotometric molybdovanadophosphate method [12].
Total potassium (K) was analyzed by the Flame photometric
method [12].

D. Vermicomposting quality test

The vermicompost quality was investigated with sunflower
growth rate (Helianthus annuus). The experiment has 4
conditions: (1) no fertilizer (2) commercial organic fertilizer as
the organic fertilizer qualify passed for standard organic
fertilizer (3) vermicompost treatment | (4) vermicompost
treatment Il. The sunflower seeds were grown in 12 inch pots
with soil. Each condition contained 50 grams per pot. All
treatments were designed by Completely Random Design
(CRD) with 3 replicates. Sunflower growth rate was measured
by sunflower height (30 and 55 days) and number of leaves (30
and 55 days).

E. Statistical analysis

The growth rates of sunflower data were analyzed
statistically by one-way ANOVA. Statistical analyses were
performed using SPSS 23.0 by SPSS Inc. The level of
significance was set to P < 0.05.

I1l. RESULTS AND DISCUSSION

Physio-chemical analysis of vermicomposting

After 6 weeks of vermicomposting, the moisture content, pH,
EC, GI, OM, total N, total P and total K of each vermicompost
were investigated. The results indicated that the percentage of
moisture of mixed organic wastes in treatment | and treatment
Il were 22.19 + 4.05 and 26.39 + 5.57, respectively (Table 2).
Each of moisture of vermicompost is lower standard organic
fertilizer, which was the standard organic fertilizer range
(Table 2) [13]. The average pH of treatment | and treatment 11
were 7.9 + 0.2 and 8.3 + 0.0, respectively. The pH range of the
conditions was 7.9-8.3, which was the standard organic
fertilizer range for plant nutrients released in soil [7], [13],
[14]. The result of the average EC of treatment | and treatment
Il were 1.80 + 0.06 dS/m and 1.85 + 0.04 dS/m, respectively
which was the standard organic fertilizer range [13].
According to, Reference [15] presented the vermicompost of
kitchen waste, agro-residues, or industrial wastes showed EC
value similar to our results. EC measurement explains the
salinity of the organic amendment. The ammonium and
precipitation of dissolved salt can be production in chemical
fertilizer but vermicomposts lead to less soluble salts and good
cation exchange capacity [16]. Data revealed that the Gl
percentage of treatment | and treatment Il were 97.42 + 2.82
and 99.21 + 5.33, respectively. The mung bean seed showed
high quality grows on vermicomposting in both conditions.
The high quality of seed growth may cause plant growth
hormones or plant nutrients are present in vermicompost
results (Table 2) [4]. For organic matter, the OM percentage of
treatment | and treatment Il were 23 + 1.1 and 31 + 1.1,
respectively. All results showed values in the standard organic
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fertilizer range in Table 2 [13].

TABLE 2 PHYSIO-CHEMICAL RESULTS OF THE FINAL MIXTURE
AFTER 6 WEEKS OF VERMICOMPOSTING FOR DIFFERENT
CONDITIONS (IN TRIPLICATE).

Physio-chemical Vermicompost ~ Vermicompost ~ Standard*
characteristics treatment | treatment |1

Moisture (%) 22.19+4.05 26.39+557 <30
Hydrogen ions (pH) 79+0.2 8.3+0.0 5.5-85
Electrical conductivity 1.80 +0.06 1.85+0.04 <10
(EC dS/m)

Germination Index 97.42 +2.82 99.21 +5.33 >80
(% GI)

Organic matter (% OM) 23+1.1 31+1.1 >20
Total Nitrogen (% N) 1.7+01 16+0.1 >1.0
Total Phosphorus (% P) 1.7+0.3 1.0+0.0 >05
Total Potassium (% K) 19+0.2 22+0.0 > 0.5

Mean + standard deviation, n=9
*Standard Organic Fertilizer [13]

Interestingly, the major elements of plant such as nitrogen,
phosphorus and potassium in treatment | and treatment 11 were
higher than standard the organic fertilizer (Table 2). As results
suggest, there was a similar trend in wastes mixtures in fruit
pomaces and fruit peels vermicompost. Levels of N, P and K
increased in vermicompost with fruit pomaces from fermented
milk industry and fruit peels from fresh market. Similarly, the
vermicomposts showed higher levels of N, P and K than the
control (no added Eudrilus eugeniae) and gave higher
macronutrients than the standard organic fertilizer [7], [15].
Vermicomposting of water hyacinth mixed with pig manure
was done by composting Vietnam’s tropical earthworm
Perionyx excauvatus. 25% of water hyacinth mixed with 75%
of pig manure enhanced seed germination of Oryza sp. and
increased N, P, K, Ca and Mg levels for plant growth [8]. The
compostable municipal waste solids spiked with cow dung was
done using Eisenia foetida, and organic carbon, C:N ratio, total
N, P, K and trace elements-Ca, Fe, Mn and Zn increased [17].

Vermicomposting quality test for economic plant

After 30 days of cultivation, the sunflower growth rate, in
terms of the number of leaves and plant height, in commercial
organic fertilizer, treatment | and treatment Il
vermicomposting was significantly higher than no fertilizer
(Table 3, 4). The quality of vermicompost treatment Il and
treatment | showed that sunflower grew better than commercial
organic fertilizer. According to earthworm’s gut was identified
microbial varieties enhance plant nutrient activated in soil
[18]. The stem color and flower of each sunflower was the same
in all conditions. However after 55 days of cultivation, the
sunflower growth rate in treatment Il (fruit peels)
vermicomposting was significantly higher than treatment |
(Table 3, 4). Causing the result showed the OM value of
vermicompost Il was higher than vermicompost | (Table 2).
Perhap the microbial numbers and their extracellular enzymes
were more abundant in vermicompost produced from fruit
peels, vegetable wastes and cow dung than the compost which
activated plant growth [19]. While, commercial organic
fertilizer, treatment | and treatment Il vermicomposting also
showed significantly higher growth rate than no fertilizer
(Table 3, 4). Also, interference from diseases were not found.
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Soil supplemented with vermicompost revealed better plant
growth compared with soil composed with inorganic fertilizers
[20]. The vermicompost fertilizer can be used with many plants
such as rice, legume, tomato, strawberry, Chinese cabbage and
zinnia [7], [21-24].

TABLE 3 AVERAGE NUMBER OF LEAVES OF SUNFLOWERS
(HELIANTHUS ANNUUS) AFTER DIFFERENT VERMICOMPOSTING
TREATMENTS AT 30 AND 55 DAYS OF CULTIVATION.

Number of leaves

Treatment (n=9)

30 days 55 days
No fertilizer 15.9 + 1.4° 258 +1.3°
Commercial organic fertilizer 186+1.1° 30.3+0.7°
Vermicompost Tm1 18.0+0.3" 31.1+15°
Vermicompost Tm2 20.3+22° 326+1.0°

TABLE 4 AVERAGE OF HEIGHT OF SUNFLOWERS (HELIANTHUS
ANNUUS) AFTER DIFFERENT VERMICOMPOSTING TREATMENTS AT
30 AND 55 DAYS OF CULTIVATION.

Height (cm.)
Treatment (n=9)
30 days 55 days
No fertilizer 56.7 + 7.6° 123.0 +6.8°
Commercial organic fertilizer 69.9 +1.4° 138.4 + 1.0°
Vermicompost Tm1 62.6 + 3.9° 135.8 + 7.0°
Vermicompost Tm2 71.3+5.6° 147.6 + 1.6°

IV. CONCLUSION

Our vermicompost analysis of organic and industrial wastes
mixed using earthworm Eudrilus eugeniae for produced
vermicomposting provides the better quality of vermicompost
compared with standard organic fertilizer. This is the first
time, we used fruit pomaces from fermented milk industry
produced vermicomposting. Here, we found that the our
vermicompost can utilize for sunflower Helianthus annuus
growth Thus, our perspective in this knowledge will be bring to
management of fruit pomaces and fruit peel wastes mixed for
potentially useful raw material in vermicompost production as
biofertilizer use for large scale of organic plants.
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