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Abstract

Background and Objective: Vermicomposting is a green technique used to produce organic compost from organic waste with the aid
of specific earthworm species. The resulting compost is rich in nutrients that can improve plant health and fertility. This study was
conducted to produce organic compost using a developed vermicomposting technique. And that is to enhance and increase the
exchangeable nutritional contentin the soil for utilization in sustainable agriculture. Materials and Methods: The experiment was carried
outwith Eisenia fetida wormsin a treatment technique using sugarcane straw, remnants of garden tree leaves, kitchen wastes and cow
manure. The physiochemical parameters, namely temperature, moisture, acidity, electrical conductivity and 10 different nutrients, were
assessed in vermicompost samples and garden soil sample (without earthworms). Results: The results revealed higher N, Cand P content
in the vermicompost than in the garden soil sample. Conclusion: This study confirms that vermicompost has a high nutrient value and
can be considered a promising method for safely disposing organic waste, improving crop production and achieving long-term food
security.
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INTRODUCTION

Extensive use of chemical fertilizers and pesticides in
agriculture negatively impacts the soil and plants as chemical
and pesticide residues are present in nutritional products and
they accumulate in the food web and environment. Therefore,
developing innovative agricultural practices that employ
organic composts and environmentally friendly products will
navigate the agricultural sector toward a greener future and
production of wholesome and nontoxic food products at
affordable prices year-round. In addition, innovative
agriculture is required to meet the demands of governments
and companies’.

Vermicomposting is a green technique that produces
vermicompost from different types of organic wastes using
specific earthworm species. It helps farmers to reduce their
use of chemical fertilizers and the overall production costs.
Vermicompost is considered an alternative to chemical
additives in agricultural crop production that reduces
economic costs, while producing healthier organic products
for consumers and enriching the environment?. Therefore,
organic agriculture is rapidly becoming a common theme
among scientists and the agricultural society.

Vermicompost plays a vital role in non-artificial systems
such as organic agriculture, sustainable agriculture, or
environmentally friendly agriculture, owing to its potential to
improve the nutritional value of crops and enhance soil
fertility®. Vermicompost is an essential element in organic
agricultural systems, as it contains beneficial and useful
properties for plants. It enhances the physical, chemical and
biological properties of the soil and increases its organic
content®. LIéo et a/b verified that vermicomposting is the best
option for treating an organic fraction of municipal solid
waste, compared with traditional composting procedures, it
released lower amounts of pollutant gases (such as CH,, NHs,
etc.).

Earthworms are considered one of the primary tools
for treating solid organic wastes, which consist of
domestic, agricultural and animal-based wastes.
Approximately 15 million t of agricultural waste is produced
yearly in Saudi Arabia’ and food wastes hold the highest
percentage of economic losses owing to excessive
squandering, infection via pests, or deposition in municipal
waste dumpsters, which causes pungent odors due to high
biological decomposition®. Eisenia fetida is one of the
earthworm species that works efficiently in breaking down
and decaying natural remains and turning these scraps into
high-quality organic compost. It is capable of eating as
much as half of its weight daily. The behavioral activity of
earthworms (feeding, burrowing and casting) enhances the
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physical, chemical and biological properties of organic matter
and soil, thereby augmenting the growth of agricultural crops
naturally and safely®.

During the process of vermicomposting, vermiworms are
used to transform organic wastes into a high-quality product
from degraded organic matter and the dead bodies of
vermiworms'®'!, This technique of vermicomposting helps to
transform various organic wastes (agricultural waste, animal
manure and domestic wastes) into a nutrient-rich compost for
the soil and plants'. In addition, because of the humic acids
in vermicompost, significant amounts of nutrients such as N,
P, K, Ca and Mg accumulate in the shoots, roots and leaves of
plants™,

Vermicompost is a brownish black substance with high
porosity, aeration and water retention capacity'. It is rich in
micronutrients and soil beneficial microbes (nitrogen-fixing
and phosphate-solubilizing bacteria and actinomycetes)
and it is a sustainable alternative to chemical composts,
as well as an excellent growth enhancer and plant crop
protector>’>. This study was conducted to (1) apply a
developed vermicomposting technique to produce
vermicompost from locally available organic waste products
with the help of Eisenia fetida (vermiworms)and (2) enhance
the nutrient content of the vermicompost produced for use in
sustainable agriculture.

MATERIALS AND METHODS

Vermicomposting station setup

Study area: This study was conducted at a vermicomposting
station at the Southeast of Jeddah, Kingdom of Saudi Arabia.
The total duration of the research conducted was from
December, 10th 2018 till March, 25th 2019. Physical and
chemical analysis was conducted at the laboratory of the
University (in 2-3 weeks).

The vermiworms (£/senia fetida) (Fig. 1) were obtained
from the Egyptian Center of Agriculture and Research for the
purpose of producing vermicompost using sugarcane straw,
remnants of garden tree leaves, cow manure (an organic
fertilizer obtained from Proteina Farms, Riyadh, Saudi Arabia)
and kitchen wastes (excluding acidic or spicy fruits and
vegetables, egg shells, meat, chicken, fish and dairy products).
The vermicompost station was constructed with dimensions
3X15X15 m (widthXlength X height). Shade was created
overhead using plantation fabric'®. The vermicompost was
prepared in three red brick tanks with dimensions
70X300X 120 cm (width Xlength X height). All dry matter
used in the experiment was minced thoroughly using a
GR-650R1 Multi-Purpose Shredder (Kainitz Corporation, Bowa,
Manila, Philippines).
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Fig. 1: A photograph of Eisenia fetida, a vermiworm species
used in vermicomposting, captured by the author in
2019

The Tst layer was composed of a 5 cm thick layer of
broken bricks mixed with sand to prevent the earthworms
from moving into the soil. The 2nd layer consisted of a
10 cm layer of muddy soil. The 3rd, 4th, 5th and 6th layers
were each 10 cm thick and composed of sugarcane straw,
tree leaves, sugarcane straw and tree leaves, respectively.
The 7th layer was made of 15 ¢cm of cow manure and the
8th layer of 5 cm of palm tree waste. Moisture was
maintained in each layer at 70% by sprinkling water. The
9th layer was composed of 1000 worms of £isenia fetida
(Fig. 1) that were then left for 4 weeks, while sprinkling
them with water in the morning when needed to maintain
moisture.

After 4 weeks, the bedding was mixed by hand and meals
of kitchen waste were added every 2 weeks or as needed. The
level of pH was measured weekly and adjusted to neutral by
adding agricultural lime whenever needed. The temperature
was also measured weekly during the decomposition process
(Fig. 2). After 2 months, watering was terminated and the
bedding was collected into a pyramid-like pile on a concrete
floor and left for 15 days to allow the worms to descend to the
bottom of the pile to facilitate collection of the product. The
vermicompost was then sieved through metal sieves of
different sizes (3 and 4 mm mesh sizes) to separate the worms
and cocoons from the vermicompost (Fig. 3).
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Fig. 2: Vermicomposting tank used in the experiment
conducted in Jeddah, Saudi Arabia

Physical and chemical analysis: Three samples were taken
from each of the three experimental vermicompost tank
replicas along with samples from a separate garden soil tank.
Subsequently, the physical and chemical parameters were
analyzed to assess the nutrient quality in the vermicompost
and garden soil.

Moisture content and pH were measured using a
tensiometer (BO7R4RPS54; Atree). To determine electrical
conductivity, 1 g of each sample was dissolved in 100 mL of
double distilled water (Milli-Q) and analyzed using a
multiparameter meter (InoLab-IDS Multi 9430; WTW,
Weilheim, Germany). One gram of each sample was extracted
and oven-dried at 120°C for 24 h until they turned to powder.
The samples were transferred into Pyrex flasks and 10 mL of
aqua-regia (HNO,/HCI) was added to each flask and heated at
100°C. This process was repeated thrice until the residue
dissolved completely and total digestion was achieved.

The solution was then filtered through Whatman filter
paper No. 42, transferred into a 100 mL volumetric flask and
diluted with Milli-Q water. Blank samples were prepared using
the same technique but without the sample. Digestion and
quantification of the metal content (Mg, Cu, Zn, Fe,Caand Mn
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Fig. 3: Final vermicompost harvested after 2 months of the
vermicomposting experiment

fromthree samples) was performed in triplicate by inductively
coupled plasma optical emission spectrometry using an
inductively coupled plasma spectrometer (ICPE-9000;
Shimadzu Scientific Instruments [Oceania], Kyoto, Japan).
Before analyzing the samples, the instrument was calibrated
with a standard blank and the multi-element calibration
standard. The analysis was conducted after the best linear
regression correlation coefficient (r2>0.9998) was obtained
from the calibration plot.

To analyze the total nitrogen, 13 mL of H,SO, and one
Kjeltabs Cu-3.5 catalyst tablet (3.5 g K,SO,+0.4 g CuSO,X
5 H,0) were added to 1 g of each sample and then digested
at 420°C for 30 min. After digestion, the samples were left to
cool at 30°C. The tray with samples was then loaded into
the automatic sample analyzer (ASC-6100 Auto Sampler;
Shimadzu Corporation, Japan) and their total organic
carbon (TOC) was measured using a TOC-VCPH total carbon
analyzer attached to the ASI-V autosampler supplied by
Shimadzu Corporation, Japan. An experimental blank was
prepared using the same technique, but the samples were
replaced with distilled water. Titration was automatically
performed by the instrument and the values displayed on the
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screen were recorded. Total phosphorus (TP) was analyzed
using the colorimetric method with molybdenum in H,SO,,
while total potassium was analyzed using the method
described by Tandon's.

Statistical analysis: Data were calculated by Independent T
student test using SPSS program version 13. The results were
expressed as Mean=£SE.

RESULTS AND DISCUSSION

Organic waste management is considered a basic
component in developing sustainable agriculture as it assists
with maintaining the natural balance of N, P, K, Mg, Fe and
other nutrients in the soil. In addition, vermicompost is an
essential part of the comprehensive system of waste
management because it recycles waste using eco-friendly
agricultural techniques and is an alternative to chemical
fertilizers. Treating organic waste requires low-cost
technology' and vermicompost provides the soil with macro
and micronutrients needed for optimum plant growth'®, The
vermicompost harvested after 60 days of composting was
blackish-brown in color (Fig. 3) and with a mull-like soil odor,
similar to that described by Dominguez and Edwards'™.
Microorganisms generate heat during organic matter
decomposition. A temperature between 20 and 35°C is
considered sufficient to facilitate the production of
vermicompost in a tank. An increase in temperature of more
than 35°C may activate many essential microorganisms and
further degradation, which will occur when enough oxygen is
provided. The mean temperature in the vermicompost
tank was 25°C and mean pH was 7.2, which fell within the
normal range according to the standard values (Table 1). A
study® has found that most vermiworm species prefer a
neutral pH of 7.0. The average moisture content in the tank
was 60-80%, which was slightly lower than that reported by
Dominguez and Edwards™. The electrical conductivity of the
samples from the vermicompost tank and garden soil was
0.283 and 0.0942 mS cm~, respectively (Table 1), indicating
that the vermicompost contained more soluble salts
compared with the garden soil. The physical and chemical
analysis revealed that the nutrient values varied widely
between the vermicompost and garden soil.

Nitrogen (N): The total nitrogen content showed significant
increase in the vermicompost (0.600% or 6 mg g~' or
6000 ppm) than in the garden soil (0.102%) at p<0.05
(Table 2). Similar results were shown in previous studies on
vermicompost (Table 3), where N content in vermicompost
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Table 1: Physical properties of soil samples and vermicompost samples
harvested after 2 months of vermicomposting

Mean=SD of Mean=SD of
Physical parameters vermicompost samples  soil samples
Electrical conductivity, EC (mS cm™) 0.283%+0.050 0.0942+0.047
pH 7.2%+0.2 ND
Temperature (°C) 25.0t2.64 ND
Moisture (%) 80.0%+3 ND

Table 2: Elements in soil sample (%) compared with vermicompost harvested
after 2 months of preparation

Mean=£SD of Mean=£SD of
Chemical parameters vermicompost samples (%) soil samples (%)
Nitrogen 0.600+0.114 0.102%0.005
Total organic carbon 4.408+0.379 0.142%+0.116
Phosphorous 2.008+0.004 1.122+0.057
Potassium 1.488£0.089 3.396+0.168
Magnesium 1.764£0.192 13.007£0.265
Copper 0.042%0.005 0.074%+0.016
Zinc 0.076+0.013 0.275+0.017
Iron 2.35%0.571 28.90+3.265
Calcium 9.2610.650 28.90%+1.309
Manganese 0.022£0.005 0.018%0.002

All data were expressed as Mean=SE of 3 samples, *Significance differences
between groups at p<0.05

ranged from 0.51-1.61%2"%". Broz et a/?® mentioned that the
microbial content of organic compost and vermicompost is
responsible for changing the dynamics of N in the soil.
Suthar® suggested that earthwormsincrease the levels of N in
the vermicompost through their excretory products, mucus
and body fluids and through the decaying tissues of dead
worms in the vermicomposting system. The N levels in the
vermicompost could be related to the quality of the substrate
used to feed the worms*® or due to the mineralization of
organic matter®',

Total organic carbon (TOC): The chemical and physical
properties of the substrate are important for assessing the
quality of the nutrients in the final product. Carbon is a major
component of the organic molecules in the vermicompost; it
is a source of energy and thus a building block for all
organisms*1%32 |n the present study, the mean TOC content
in the vermicompost was 4.408% (or 44.08 mg g~' or
44080 ppm), which was significantly higher than that in the
garden soil (mean 0.142%) (Table 2). When compared with
previous studies on vermicompost (Table 3), TOC was lowerin
the present study than in the study by Manyuchi et a/#
(5.21-5.25%), Maheswari and Priya?' (9.8-13.4%), Jaybhaye and
Bhalerao?* (17.38%) and Ramnarain et a/? (18.53%). The
reduced TOC concentration found in the present study may be
due to insufficient tree leaves and straw supplied to the
worms.
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Phosphorous (P): The TP content in the vermicompost
(2.008% or 20.08 mg g~ or 20080 ppm) recorded significant
increase than that in the garden soil (1.122%) (Table 2). It
was also greater compared with the values recorded by
Oluseyi et al?® (1.78%), Maheswari and Priya?' (0.19-1.02%),
Ramnarain et a/?> (0.58%), Jaybhaye and Bhalerao*
(0.30%), Manyuchi et a/* (796.3-838.1 ppm) and Singh?
(0.137 mg g™') (Table 3), which may be contributed to the
differences in the waste material used to feed the worms
or the different vermicomposting protocols such as
decomposition time. Marlin and Rajeshkumar33 also recorded
a high percentage of TP (2.68-3.61%) in vermicompost
obtained from different waste products, such as sawdust, city
waste, sugarcane, weeds, pressed mud and slaughterhouse
waste. The release of P during vermicomposting is attributed
partly to the activity of phosphatases in the earthworm gut
and partly to the P-solubilizing microorganisms presentin the
worm casts, which convert Pinto aform more readily available
to the plants3034,

Potassium (K): The mean concentration of total K in the
vermicompost showed significant decrease (1.448% or
14.48 mg g~' or 14480 ppm) as compared with soil sample
(3.396%) at p<0.05 as shown in Table 2. This value was similar
to the K values of 0.54-1.72% reported in earlier studies®*,
but much higher than those reported by Maheswari and
Priya?' (0.15-0.73%), Ramnarain et a/? (0.56%), Jaybhaye and
Bhalerao?*(0.56%), Manyuchi eta/ %> (1915.8-2384.7 ppm) and
Singh? (0.176 mg g~") (Table 3). Oluseyi et a/* recorded a
higher percent of potassium (6.27%) than the current study.
Vermicompost contains high concentrations of exchangeable
K due to the enhanced microbial activity during
decomposition, which also enhances the rate of
mineralization?. Rautela et a/*? found that agricultural waste
such as sugarcane straw is rich in K, which can reduce the
absorption of basic nutritional elements Mg, Ca, N and others.
Because this may lead to a reduction in soil nutrients and
visibly impact the plants’ physiology, the amount of Kused in
agriculture is usually low.

Magnesium (Mg): Demonstrated results in Table 2 showed
significant decrease in the Mg content in the vermicompost
(1.764% or 17.64 mg g~' or 17640 ppm) than in soil sample
(13.007%). The results obtained in the present study was
higher than in the studies by Maheswari and Priya?'
(0.093-0.568%), Singh?(4.900 mg g '), Oluseyi et a/?6(0.35%),
Punjab State council for science and technology? (0.2%),
Manyuchi et a/® (543.7-546.8 ppm) and Ramnarain et a/?
(544 ppm) (Table 3).



Table 3: Comparison of chemical properties between vermicomposts reported in other studies and the vermicompost harvested in the present study

Percentage

Punjab state

Maheswari and

Priya?'

Jaybhaye and
Bhalerao?

council for science
and technology?’

1.6%
ND
ND
ND
0.2%

Current study

Ramnarain et a/?

1.36%

Manyuchi et a/?

Oluseyi et al*®

Singh?

Chemical parameters

0.600
4.408

0.51-1.61

4454.8-5331.7 ppm
521-5.25%

0.75%0.05%

1.29+0.31%

ND

9.500mg g™’
ND

Nitrogen

9.8-13.4

18.53%
0.58%
0.56%

17.38%+0.68%

0.30%£0.11%

Total organic carbon

Phosphorous
Potassium

2.008
1.448
1.764
0.042
0.076
2.35

9.26

0.19-1.02
0.15-0.73

796.3-838.1 ppm

1.78+0.15%
6.27£0.71%

0.137mgg~’
0.176 mgg~'
4900 mg g™’
ND
ND

1915.8-2384.7 ppm
543.7-546.8 ppm
ND

ND
ND

0.56%0.03%

ND
ND

0.093-0.568

544 ppm
26.9 ppm
611 ppm
1.56%
ND

ND

0.35£0.03%

Magnesium
Copper
Zinc

Iron

0.0026-0.0048

0.0042-0.110

59.83£7.27 ppm

5.0 ppm

138.33%30.73 ppm

24.5 ppm
175.0 ppm

0.5%
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0.2050-1.3313
1.18-7.61

ND
ND
ND

633.40150.80 ppm

3.65+0.66%

19.730mg g™’

1897.9-1904.6 ppm

ND

0276 mgg~'

Calcium

0.022

0.0105-0.2038

800.00+33.167 ppm

96.5 ppm

0016 mgg~'

Manganese
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Copper (Cu): Cu content (0.042% or 0.42 mg g~ or 420 ppm)
in the vermicompost was lower compared with that in the
garden soil (0.074% or 740 ppm) (Table 2), but higher than it
was recorded by Oluseyi et a/? (59.83 ppm), Maheswari and
Priya?' (0.0026-0.0048%), Ramnarain et a/* (26.9 ppm) and
Punjab State council for science and technology? (5.0 ppm)
(Table 3).

Zinc (Zn): The percentage of Zn (0.076% or 0.76 mg g~' or
760 ppm) in the vermicompost was relatively similar to that
reported by Maheswari and Priya?' (0.0042-0.110%),
Ramnarain et a/?* (611 ppm) and higher in comparison with
Punjab State council for science and technology? (24.5 ppm)
and Oluseyi et a/*(138.33 ppm) (Table 3). The percentage of
Zn in the garden soil was noticeably higher (0.275% or
2750 ppm) than it was in the vermicompost (Table 2).

Iron (Fe): The Fe content in the vermicompost (2.35% or
23.5 mg g7' or 23500 ppm) was slightly higher than the
content reported by Singh?, Ramnarain et al%,
Maheswari and Priya?', Oluseyi et a/? and Punjab State
council for science and technology? (19.730 mg g~', 1.56%,
0.2050-1.3313%, 633.40 and 175.0 ppm, respectively) in their
vermicomposting study (Table 3). The content of Iron in the
garden soil (28.9% or 289000 ppm) was considerably higher
than that of vermicompost in the current study (Table 2).

Calcium (Ca): During vermicomposting, the vermiworms
transform the nutrients in vermicompost into forms suitable
for plant absorption, such as phosphates, exchangeable Ca
and soluble K®. The Ca content (9.26% or 92.6 mg g~' or
92600 ppm) in vermicompost was higher compared with the
concentrations reported in the study by Maheswari and
Priya?', Oluseyi et a/?, Punjab State council for science and
technology?, Manyuchi et a/. 2 and Singh® (1.18-7.61, 3.65
and 0.5%, 1897.9 ppm and 0.276 mg g, respectively)
(Table 3) and significantly lower than that in the garden soil
(28.90%) (Table 2).

Manganese (Mn): The Mn content in the vermicompost
(0.022% or 0.22 mg g~ or 220 ppm) and garden soil (0.018%)
showed no significant difference (Table 2), these values were
relatively similar to those reported by Maheswari and Priya?!,
which were in the range of 0.0105-0.2038%, Punjab State
council for science and technology? (96.5 ppm) and Singh?
(0016 mg g7") and significantly lower than that in
Oluseyi et a/? (800.00 ppm) (Table 3).
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According to Edwards et a/'*, vermicompost produced
using the correct technique usually contains adequate
amounts of micronutrients and macronutrients (owing to
the high levels of total and available N, P and K in
vermicompost), microbial and enzyme activities and growth
regulators*#. Globally, different organic wastes have been
successfully used to produce vermicompost such as leaf
litter*, rice straw*, municipal solid waste*, paper waste* and
silkworm litter°.

In this study, higher concentrations of C, N and P were
found in the vermicompost than in the garden soil, whereas
the concentrations of K, Mg, Cu, Zn, Fe, Ca and Mn were lower
in the vermicompost than in the garden soil. Earthworms
consume organic matter in the soil and transform it into
compost overa short period, thereby increasing the fertility of
the soil. An important feature of vermicompost is that it
changes many of the nutrientsinto forms that are more readily
available to the plants'. Vermiworms can also change the
structure of the soil and improve the degradation rate®>3,
They are a beneficial soil additive that uses minimal space. The
advantage of the vermicomposting process is that it can be
maintained at various scales (small and large) and almost
anywhere?. There is no doubt that vermicomposting is an
effective technique in managing organic wastes. Therefore,
the big challenge today is entering it as a product into the
international markets and it requires the setting of
environmental and agricultural policies seriously and
attentively.

CONCLUSION

Composting with vermicompost is considered a
promising method for disposing of organic waste products.
The resulting vermicompost contains more exchangeable
plant nutrients than other types of compost.
Vermicomposting helps in the management of food,
agricultural and animal wastes, which are transformed into
agricultural compost that is then applied to enhance the
production of nontoxic and nutritional crops. Thus, this
technique is an excellent approach to reduce environmental
burden of these wastes. It is also important to increase the
awareness of farmers about the significance of
vermicomposting and encourage more research on the
vermicompost methodology as an alternative approach for
using renewable and organic resources in sustainable
agriculture that will improve plant growth and provide
long-term food safety.
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SIGNIFICANCE STATEMENT

Disposing waste is one of the most concerning modern
issues in most countries. Vermicomposting production is an
alternative and a promising method to eliminate the
environmental threats that impact human'’s health and the
environment. The vermicompost is a safe source of organic
compost through decreasing wastes by recycling. This study
revealed a developed technique that helped enhance the
quality of producing a nutrient rich vermicompost from
different organic wastes.
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