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Abstract Coffee processing units generate a huge
amount of solid waste such as coffee husk and coffee pulp.
Waste disposal is a major concern in coffee producing
countries. The easiest way is to keep it as landfill. But this
leads to leaching of phytotoxic chemicals like caffeine,
tannins, and polyphenols. These chemicals will
contaminate the soil, reduce the population of useful
microorganism and cause ecotoxicological problems.
Therefore, we prepared vermicompost using this waste.
The aim of the current study was to evaluate the efficiency
of the vermicompost on the growth of coffee seedlings.
The seedlings were grown on different concentrations of
vermicompost and their growth rates were measured at 3
months intervals continuously for a period of 2 years. The
phytotoxic chemicals present in the coffee waste were
decreased significantly after vermicomposting. We tested
different concentrations of vermicompost mixed with

conventional potting mixture and the seedlings were grown.

Seedlings grown on soil contaminated with raw coffee
waste were taken as control. One of the prominent growth
characteristics, the shoot length was taken as a criterion for
morphological studies. The result showed that 40% of the
vermicompost amendment gave significant growth in
seedlings compared to those grown in the presence of the
conventional potting mixture. Molecular studies including
transcriptome sequencing were done to check the genes

involved in the enhanced growth of the coffee seedling.
Seedlings, which are grown on conventional potting
mixture, were taken as a control and those grown at 40%
vermicompost were taken as a test. The
vermicompost-treated sample had a 20-fold increase in the
genetic level expression of several proteins, including
DNA replication licensing factors and minichromosome
maintenance proteins (MCM) according to the KEGG
(Kyoto Encyclopedia of Genes and Genomes) enrichment
pathway. MCM proteins are essential for DNA replication.
Seedlings grown in the presence of soil contaminated with
raw coffee waste exhibited senescence. So we concluded
that instead of keeping the coffee waste as landfills,
recycling it as vermicompost and amending it as potting
mixture for the growth of coffee seedlings is a novel idea.

Keywords Coffee Processing Waste, Vermicompost,
Chandragiri Seedling, Morphological Study, Molecular
Study

1. Introduction

Fertility of soil is not a static process. The macro and
micro nutrients of the soil will be continually removed
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from the soil of coffee estate in the form of coffee cherries
[1], [2]. Since the natural habitat of coffee regions was
heavy rain fall areas, the leaching of nutrients occurs
naturally [3]. Calcium and magnesium leaching out may
lead to acidity [4]. Coffee plants have a high requirement
of nitrogen, phosphorus and potassium [5]. There is a close
relationship between the nitrogen supply and numbers of
leaves [6]. For the best development of coffee seedlings,
enough levels of even micronutrients such iron, manganese,
zinc, molybdenum, copper, and boron were needed [7].

India produces high quality coffee and its export
generates crores of foreign money [8]. The coffee must
undergo either dry or wet processes before it can be
exported as green coffee [9]. Large amounts of solid waste,
including coffee husk and pulp, were produced throughout
the processing [10]. Instead of directly keeping these solid
wastes as landfills, vermicomposting is the best alternative
[11]. The concentration of phytotoxic chemicals in coffee
waste such as caffeine, polyphenol and tannins was reduced
significantly by vermicomposting [12]. Additionally,
vermicompost had much higher levels of O.C. (Organic
Carbon), macronutrients including nitrogen, phosphate,
potassium, calcium, magnesium, and sulphur than the
traditional potting mixture. Thus, vermicomposting is an
eco-friendly way of disposing of the waste resulting in
beneficial end product [13].

Vermicompost, in contrast to standard compost, is
produced when large densities of earthworm populations
are used to boost biooxydation of organic matter without
going through a thermopbhilic stage [14].

According to recent research, earthworm may eat a
variety of organic leftovers, including industrial waste,
animal waste, agricultural waste, and sewage sludge. When
earthworms eat organic waste, peat-like materials with
water-holding capacity, drainage, aeration, high porosity
are created [15].

Compared to conventional compost, which does not
reach the thermophilic stage, vermicompost often has a
significantly finer structure and a larger surface area [16].
This enhanced nutrient absorption and retention.
Vermicompost include bioactive components [17]. This
study sought to ascertain the effect of different
vermicompost concentrations on the growth of coffee
seedlings. Chandragiri, a new Coffea arabica cultivar
developed from across between Villasarchi and Hybrido
deTimor (HDT) was used for the study. They were released
for cultivation in India on 28th December 2007. Plants
were semi dwarf in phenotype with vigorous growth, thick
primaries and close internodes. The leaves are thick, wide,
with a deep green hue. The leaf rust disease is highly
resistant to this cultivar, which has a production capability
of 1500-1800 kg/ha. Additionally, coffee farmers prefer
this type the most [18].

2. Literature Survey

Gonzalez-Moreno et al [19] conducted a laboratory
vermicomposting investigation employing earthworm
Eisenia andrei and CS (coffee silver skin) and waste of
mature HM (horse manure) with SCG (Spent coffee
grounds) in various amounts. The 60-day study
concentrated on biological factors like mortality, growth
rate, total biomass gain, and cocoon generation. Through a
seed germination test utilizing hybrid wheat seedling, their
study looked into whether the obtained vermicompost
could be helpful and non-toxic. The results varied
according to the type of residue and the composition of the
mixture used. The best options were treatments with a
medium-low residue level, such as 25% or 50% for CS or
25% for SCG. Additionally, it was proven that none of the
therapies were harmful. SCG and CS could be
vermicomposted.

Hanc et al [20] focused mostly on the vermicomposting
of straw pellets with blends of discarded SCG (Spent
Coffee Grounds). They assessed the biological and
physico- chemical attributes. The treatment with the
highest amount of biomass and earthworms used 25% vol.
SCG with 75% vol. straw pellets. Earthworm biomass and
population were both 1.6 and 4.5 times greater in the top
youngest layer compared to the bottom oldest layer,
respectively. The weight of earthworms was directly
negatively associated with the stratums age. In comparison
to the more recent layers, the oldest treatment layer had
fewer fungi and included more of the six hydrolytic
enzymes. The first treatment layer also demonstrated the
required agrochemical characteristics. Earthworms may
significantly reduce the caffeine stimulant content, which
was once thought to be the most common pharmaceutically
active component.

Dadi et al [21] investigated the vermicomposting of
coffee pulp & husk with SSMSW (source-separated
municipal solid waste) in a variety of ratios (0, 33, 50, and
100%), and subsequently composted in triplicate over three
months in 24 vermicompost piles. Each compost variety
physicochemical quality was investigated. Furthermore,
utilizing cabbage seed, fresh head weight, growth & the
seed germination result of every created vermicompost
type are investigated. According to the findings, 2 coffee
by-products can be vermicomposted with the waste,
resulting in stable & mature vermicompost. In all field
studies, the addition of one-fourth of the local soil (wt/wt)
to the C8 compost type produces the highest fresh head
weight of cabbage. A 3:1 mixture of native soil and type C8
compost could also produce cabbage with an optimal fresh
head weight of 572 10 g/kg of compost. It might be because
C8 compost sample included significantly more total
nitrogen.
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Bomfim et al [22] demonstrated that SCG (Spent Coffee
Grounds) performs extraordinarily well as a soil
amendment and composting material since it is a nutrient-
rich, heavy metal-free organic waste. As a result, their
review provided information on the various SCG uses in
agriculture. The primary components of the SCG were first
identified using various characterization techniques. Then,
a review was given out demonstrating how SCG toxicity,
particularly at high concentrations, can be eliminated when
utilized alone in the soil. SCG has been proven to be an
effective alternative to conventional fertilizers for
enhancing plant growth as well as nutritional value without
harming the environment.

Cervera-Mata et al [23] did an in vitro study to
determine the effect of several bio amendments obtained
from spent coffee grounds (SCG) on lettuce biomass and
Zn, Cu, and Fe content. An agricultural soil was amended
with fresh SCG at 7.5% (w/w), vermicompost, compost,
biochars (at 270 and 400 °C; pyrolysis), SCG were washed
with ethanol and water, and hydrolyzed SCG (Cambic
Calcisol). The addition of NPK fertilizer was also
investigated for comparison with conventional agriculture.
Only vermicompost and biochar heated to 400°C can
circumvent the SCG growth restriction. However, these
treatments decreased the levels of Zn, Cu, and Fe in lettuce,
most likely as a result of the removal of naturally occurring
chelating components. With treatments that did not entirely
remove polyphenols, mineral content rose. Using NPK
fertilizer, higher biomass lettuces with  fewer
micronutrients were produced. The findings suggested that
vermicomposting and biocharization might be used to
eliminate the toxicity associated with the usage of SCG as
an organic amendment.

According to Mirén-Mérida et al [24], coffee wastes
have been utilized in applications such as animal feeding,
enzyme production, composting, biogas production, and
bioethanol production, whereas novel approaches
concentrate on wastewater treatment, substituting food
ingredients, and creating materials that mimic other
substances. The parchment (husk), pulp, and skin of coffee
are all rich in chemical constituents with vital biological
properties. Additionally, silver skin's antioxidants and fibre
enhance its use as an ingredient in bread, dairy, and
cosmetic products, whereas mucilage's polysaccharide
content enables its use in fermentative processes. Because
discarded coffee is also a viable resource for green energies
and sustainable alternatives, the entire coffee-making
process is a source of bioactive substances with multiple
functions. When the structural layers of the coffee bean
were discarded as trash, the possibility of reusing them was
investigated.

Putra et al [25] utilized three unique organic fertilizers:
bokashi, vermicompost, and coffee testa composted with
black soldier fly (Hermetia illucens) as a decomposer.
Compared to the control group, the use of organic fertilizer
improved growth metrics (plant height and leaf count),
harvest (fruit number and weight), and productivity
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efficiency (as measured by mass and energy balance). The
cucumber was planted with 4.5 kg of growth medium in a
polybag (3 kg soil and 1.5 kg organic fertilizer for
treatment groups and full soil for control). The
vermicompost group had the best growth metrics and
harvest, according to the data. Nevertheless, the control
group outperformed the other groups in terms of
production efficiency, suggesting there may be more
causes.

Dibaba et al [26] did a pot experiment at the Haru
Research Sub-Center nursery site in West Ethiopia to see
how coffee (Coffea arabica L.) seedlings responded to
lime, coffee husk compost, and combinations of the two.
The experiment was set up as a randomized complete block
designed with three sets of the same thing. Four different
amounts of lime (0, 2, 4, and 6 g/2.5 kg soil (pot)) and
coffee husk compost (0, 6.25, 12.5, and 18.75 g/2.5 kg soil
(pot)) were used in the treatments. The important aspects of
shoot and root growth were studied using the SAS
programme, and Duncan's Multiple Range Test was used
to compare treatment averages with a 0.05 probability. The
results showed that the rates of lime and coffee husk
compost had a significant (p 0.01) effect on the growth of
the coffee seedlings' shoots and roots. The best growth of
coffee seedlings was seen when 18.75 g/pot of coffee husk
compost was used, or when 4 g/pot of lime and 12.5 g/pot
of coffee husk compost were used together, with no
significant difference (plant height, stem girth, leaf number
and area, tap and lateral root length, lateral root number,
root volume, stem, leaf and root dry matter). Applying
18.75 g/pot of coffee husk compost or mixing 12.5 g/pot of
coffee husk compost with 4 g/pot of agricultural lime could
be a good way to control acid soil and grow healthy coffee
seedlings in Haru regions. More research should be done in
the field in different places and times of year to find out
how liming and coffee husk composts affect lowering the
acidity of the soil, improving the growth, yield, and quality
of coffee varieties, and figuring out their profitable levels
for managing soil fertility and growing Wollega coffee in
west Ethiopia.

3. Materials & Methods

3.1. Vermicompost Source

Vermicompost evaluated in this study was prepared
using coffee processing waste including coffee husk and
coffee pulp in our own farm located at 7th Hoskote (12°
2622.82N and 75° 5226.82E), Somvarpet Taluk, Coorg,
Karnataka. Coffee husk and coffee pulp used for this study
were pre-treated with cow dung for 15 days before
inoculating with Eudrilus eugeniae. After 90 days, the
vermicast was collected and sieved through 5 mm mesh.

3.2. Soil Polluted with Coffee Husk and Coffee Pulp

Soil polluted with untreated coffee husk and pulp was
collected from Chettalli 37.58" N and 75 20.29" E)
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3.3. Conventional Potting Mixture

The conventionally used potting mixture was taken from
Coffee Research Sub Station, Chettalli 37.58" N and 75
20.29" E)

3.4. Chandragiri Seedlings

The Chandragiri seedlings of uniform shoot length have
been collected from nursery of Coffee Research Sub
Station, Chettalli 37.58" N and 75 20.29" E)

3.5. Experimental Design

The experiment was carried out from 2018 to 2021 at the
Coffee Research Sub Station in Chettalli, Karnataka, in a
growth chamber with a temperature range of 18 to 22°C.
The coffee seedlings were cultivated in 4X 6HDPE grow
bags that had 80:20, 60:40, 40:60, 20:80 ratios of
conventional soil to vermicompost. The untreated coffee
waste was also used as a potting mixture and kept as
another treatment (T6)

The seedlings were irrigated sufficiently with water
thrice a week. The following treatments were maintained.

Treatment 1 (T1): Coffee seedling grown on conventional
potting mixture

Treatment 2 (T2): Coffee seedling grown on 20%
Vermicompost

Treatment 3 (T3): Coffee
vermicompost

Treatment 4 (T4): Coffee
vermicompost

Treatment 5 (T5): Coffee
vermicompost

Treatment 6 (T6): Coffee seedlings grown on soil
polluted with untreated coffee waste

Each treatment was presented in triplicate, each
replication was composed of 10 plants.

seedlings grown on 40%
seedling grown on 60%

seedling grown on 80%

3.6. Chemical Analysis

Quantification of chemicals such as chlorogenic acid,
caffeine and tannins was done. Chlorogenic acid
concentration was measured quantitatively using Folin-
Ciocalteu reagent (Sigma) [27], [28]. Quantitative
estimation of caffeine was made using the standard
protocol with appropriate modifications for soil sample
[29]. Using Folin-Denis reagent (Sigma) quantification of
tannins  was  done [30], [31]. UV-Visible
Spectrophotometer (Thermo scientific) was used for
determining the Optical Density (O.D). EC (Electrical
Conductivity) & pH of the soil samples are measured using
multi-parameter tester 35 series (Thermo fisher Scientific).
Total organic carbon (O.C) and total Kjeldhal nitrogen
were estimated by Walkey and Black rapid titration

method [32] and micro Kjeldhal method [33]. The levels of
accessible phosphorus and total potassium were
determined using the flame emission method and the Bray
and Krutz method [34]. Established methods were used to
compute exchangeable calcium and magnesium [35].
Heavy metals were also determined using standard
protocols [36]. All the determinations were carried out in
triplicates.

3.7. Molecular Study

Studies of differential gene expression and
transcriptome analysis were carried out on coffee seedlings.
Seedlings grown in conventional potting mixture were
used as a control group, and the seedlings grown in 40%
compost were used as a test group. An Invitrogen (TRIzol
reagent) was used for extracting total RNA from each
sample, Agilent Technologies, Palo Alto, CA, USA (Nano
Drop) & Agilent 2100 Bioanalyzer were used to quantify
and qualify the results. The libraries were made with RNA
that had an RNA Integrity Number (RIN) greater than 6.5.
The manufacturer's instructions were followed for next-
generation sequencing and library preparation.

The mRNA was broken up and primed with a reaction
buffer for making the first strand and random primers. To
make first-strand cDNA, ProtoScript 1l Reverse
Transcriptase was used. To make second-strand cDNA, an
enzyme cocktail was used. After a T-A ligation to add
adaptors to both ends, the double-stranded cDNA was
treated with End Prep Enzyme Mix to fix both ends and
add a dA tailing in one step. The size of the adaptor-linked
DNA was then chosen by using beads, giving 420 bp
fragments. The samples were then multiplied 13 times
using PCR and primers P5 and P7. Both primers had
sequences that could join with a flow cell to do bridge PCR,
and P7 had a six-base index that let it be used for
multiplexing.

The PCR products were cleaned with beads, their
amounts were measured with a Qubit 3.0 Fluorometer, and
a Qsepl100 was used to confirm the results. Then, according
to the manufacturer's instructions, libraries with different
indexes were loaded onto an Illumina Hi Seq device. The
HiSeq control programme took care of base calling and
image processing, and the paired-end (PE) sequencing
method was used to do the sequencing.

Using Cutadapt (V1.3), the Fastq pass filter data has
been cleaned up and made high-quality. This meant that
technical sequences such as adapters, PCR primers, or
pieces of them, as well as base quality less than 20, were
left out. So that mapping could be done better, reference
genome sequences were collected. The sequence of the
reference genome was then put into an index with Hisat2.
The clean data was then aligned to the reference genome
using the Hisat2 tool.

Using an existing ff annotation file, transcripts are
translated, and the file is then indexed in the right way for
expression analysis. Using the file as a reference gene,
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HTSeq looked at the expression levels of the gene and
isoforms from the clean pair-end data. The software
DESeq2 Bioconductor, which is based on the negative
binomial distribution, was used to look at differences in
gene expression [37]. Padj was set to 0.05 to find genes
whose expression was different. Prior distributions that are
driven by data are used to estimate dispersion and
logarithmic fold changes.

4. Analysis of Results and Discussions

The pH of the polluted soil (T6) was found to be acidic
(pH 4.76). The conventional potting mixture (T1) and the
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vermicompost amended potting mixture (T3) showed
comparatively less acidic pH of 5.04 and 6.56 respectively.
The electrical conductivity of polluted soil was more (2.87)
compared to 40% amended sample (1.12). The
contaminated soil had a substantial amount of O.C.
(7.50%), while the amounts of caffeine, chlorogenic acid,
and tannin were 1.26 mg/g, 0.658 mg/g, and 0.45 mg/g,
respectively. The 40% amended soil sample showed
significantly less concentration of phytotoxic chemicals
0.03mg/g, 0.05mg/g and 0.01mg/g, respectively. The
nitrogen, phosphorus and potassium content of T3 was
found to be 328.59kg/ha, 438.82kg/ha and 1920kg/ha,
respectively. (Table. 1)

Table 1. Physio-chemical analysis of T1, T3, T6

Parameters Treatment Treatment Treatment
1(T1) 3(T3) 6(T6)
pH 5.04 6.56 4.76
E.C(dS/m) 0.06 1.12 2.87
0.C (%) 0.24 3.34 7.50
Clay (%) 16.16 16.16 22.16
Silt (%) 2.00 2.00 4,00
Sand (%) 81.84 81.84 73.84
N (kg/ha) 169.59 328.59 328.59
P (kg/ha) 11.03 438.82 444,75
K(kg/ha) 294.56 1920.00 10640.00
Ca(mg/kg) 627.50 1610.00 702.50
Mg (mg/kg) 84.75 288.00 176.00
Fe(mg/kg) 19.33 161.16 111.80
B(mg/kg) 0.28 0.32 0.41
S (mg/kg) 4,00 32.57 291.25
Cu(mg/kg) 2.96 3.02 457
Zn(mg/kg) 1.52 75 3.00
Mn (mg/kg) 462 60.00 50.00
Ni(mg/kg) 0.19 0.33 0.21
Pb(mg/kg) 0.10 0.40 0.30
Cd(mg/kg) 0.06 0.31 0.11
Cr(mg/kg) 1.50 3.53 2.29
Caffeine(mg/g) 0.05 0.03 1.26
Chlorogenic
acid(mg/g) 0.024 0.050 0.658
Tannin (mg/g) 0.056 0.01 0.45
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4.1. Morphological Analysis

Figure 1 shows the morphological study result. The
shoot length of the seedlings in the conventional potting
mixture and 20% vermicompost treated samples (T2)
showed insignificant growth (P value 0.567) whereas, both
40% and 80% vermicompost amended seedlings showed
significant shoot length (P value 0.00). The seedlings
grown at 40% amendment of vermicompost showed
maximum growth (T3). (Table. 2) The seedlings grown at
untreated coffee waste showed decreased growth and
senescence (T6).

morphological study
24 223633743168
= 22 19.47 19.48
S 20
T 18 !
o 16
& T1 2 (20%) T3 (40%) T4 (60%) T5 (80%)
= (Control)
o
= TREATMENT
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Figure 1. Morphological study

Table 2. Treatments and shoot length of coffee seedlings

Treatments Shoot length (cm)
T1 (Control) 19.47

T2 (20%) 19.48

T3 (40%) 22.56

T4 (60%) 21.74

T5 (80%) 21.68

900-

Number o,

300-

Figure 2.

Table 3. Total number of genes that are up-regulated and down
-regulated
Sample-VS-Sample Ups Down
Control-VS-Test 1078 438

4.2. Molecular Analysis

The Kyoto Encyclopedia of Genes and Genomes has
been looked at. Enriched KEGG pathway revealed that
numerous genes involved in DNA replication were over
expressed. Genes that are up-regulated are depicted in red,
genes that are down-regulated in blue, and genes that are
up- or down- regulated in green.

The results of the enriched KEGG pathways showed that
1078 genes were up-regulated and 438 genes were down-
regulated between seedlings grown in conventional potting
mixture (T1) and those grown in soil with 40%
vermicompost added sample (T3). (Table 3)

The differential expression volcano plot (Figure 2(B)
and bar diagram are represented here (Figure 2(A). Figure
3 shows Gene Ontology (GO) Pathway and number of
genes. Several genes involved in DNA replication, such as
MCM 2-7 proteins coding genes are up regulated to more
than 8 to 25 times in the 40% vermicompost amended
potting mixture (T3). Several enzymes associated with
biosynthesis such as starch and sucrose metabolism,
cysteine and methionine metabolism, steroid biosynthetic
pathway, cutin, suberin and wax biosynthetic are found
over-expressed in T3. The fold change of a protein that
binds to the light harvesting complex 1 (chlorophyll (a/b))
was also shown to be significant.

Regulation

Down
up

(A) Genes up- or down regulated between groups in bar diagram
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5. Discussion

The results of this experiment showed that it is possible
to substitute coffee waste vermicompost (40%) for the
production of coffee seedlings. Vermicompost and
compost have been shown to enhance the plant growth in
several plants. The improvement in the vermicompost
physical, chemical, and biological qualities may be the
reason for the growth enhancement.

When plants were given 50% vermicompost, they grew
much faster than when they were given GA and IAA
(Indole Acetic Acid). Truong et al. [37] found that
vermicompost in the soil affects the growth, yield, and
quality of cherry tomatoes. The physio-chemical
characteristics of the medium were considerably enhanced
by vermicompost, and the E.C. and macronutrients were
boosted, which greatly increased the quantity and quality
of tomato fruit.

Similarly, in our experiment, the coffee waste
vermicompost also showed increased levels of both macro
and micro nutrients and improved microbial load of
beneficial microorganism. This may be the reason for the
improved growth of Chandragiri seedlings in our
experiment.

The enriched KEGG pathways results showed that about
1078 genes were found up- regulated in the seedlings
grown on 40% vermicompost (T3). It was discovered that
the MCM 2-7 proteins are up-regulated by between 8 and
25 times in the 40% vermicompost amended potting
mixture (T3).

6. Conclusion

Huge amount of coffee processing waste is generated
annually in the coffee producing countries. These solid
wastes will cause eco-toxicological problems if not
processed scientifically. The vermicomposting is an eco-
friendly way of recycling the waste with the lowest cost.
The phytonutrients available in the vermicompost have
been studied in detail. As a good biofertilizer, it can be
substituted with the conventional potting mixture for the
coffee seedlings. An amendment of 40% coffee waste
vermicompost showed significant growth. One of the
important proteins MCM 2-7, which has direct
involvement in DNA replication and transcription was
found to be up- regulated in the coffee seedlings.
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