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Original Research Abstract:

Purpose: This study aimed to evaluate vermicompost derived from various local organic wastes as a

Received: nursery material for cultivating cabbage and chili seedlings, converting organic waste into fertilizer through
9 ng 2023 vermicomposting.
Revised: Method: Local organic materials, including cow dung, spent mushroom waste, and coffee grounds were
18 August 2023 utilized as the main substrates for earthworm bedding. Three main substrates, one additive (white popinac
Accepted: leaves), and various combinations of these materials were processed, resulting in a total of 10 methods. After
23 December 2023 two months of composting, all vermicompost was analyzed for N, P, and K content before being used as
Published online: nursery material for seedling production of cabbage (Brassica oleracea) and chili (Capsicum annuum). A
15 January 2024 commercial nursery material was used as a control.

Results: The results revealed a significant difference between vermicompost with bedding derived from
© The Author(s) 2024 different organic materials and N P K content. After 4 weeks of plant germination, plant height, leaf width,

leaf length, and the number of leaves of cabbage showed the greatest in treatment with vermicompost 8
(cow dung: spent mushroom waste: white popinac leaves) followed by vermicompost 4 (cow dung: spent
mushroom), which showed comparable results to the commercial nursery material. A negative effect on chili
seedling growth was found in some treatments.

Conclusion: The study concluded that cow dung proved to be an excellent material for use as a bedding
substrate and earthworm feed. Vermicompost produced from a combination of cow dung and spent mushroom
waste, or supplemented with white popinac leaves, can effectively serve as a nursery material for cabbage
seedlings.
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1. Introduction cation enhanced soil N P K content and increased mustard
(Brassica rapa L.) yield. Vermicompost derived from cow
Recent research has shown that vermicompost, a nutrient-  dung had a positive impact on nutrient cycles, notably in-
rich organic material produced through the decomposition  creasing soil total nitrogen by 18% and soil organic carbon
of organic matter by earthworms, plays a vital role in en- by 31% (Raza et al., 2023). According to Shen et al. (2022),
hancing soil fertility and plant growth productivity (Pierre-  the application of vermicompost reduced the bulk density,
Louis et al., 2021; Rehman et al., 2023). It achieves this  electrical conductivity, and pH of salt-affected mudflat soil,
through several mechanisms: including enhancing soil or-  while increasing its organic carbon, nitrogen, and phospho-
ganic matter content, reducing soil bulk density, improving  rus contents. Through a meta-analysis, Ma et al. (2022) ob-
water and mineral nutrient availability, exhibiting hormone-  served that vermicompost significantly improved the water-
like effects, and reducing the effects of pests and pathogens.  holding porosity of the growing medium by 25.3%. There
Nurhidayati et al. (2018) reported that vermicompost appli-
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is evidence that plant growth was significantly enhanced in
plants treated with 50% vermicompost compared to those
treated with GA and IAA (Rekha et al., 2018). Plant hor-
mones, such as cytokinins, gibberellins, and auxins, can
be found in vermicompost (Ruangjanda et al., 2022). It is
reported that microbial inhibition during vermicomposting
results from the enzymatic actions of earthworms in their
intestines and the secretion of antibacterial agents (Swati
and Hait, 2018). The use of vermicompost to improve soil
quality, increase growth rates, and enhance crop yields has
been studied in various plant species, including marigold
(Gupta et al., 2014), maize, millet, and sorghum (Esteves et
al., 2020), cucumber (Wang et al., 2021), lettuce (Schroder
et al., 2021), Indian spinach (Das et al., 2022), lavender
(Sharafabad et al., 2022), as well as wheat and maize (Raza
et al., 2023).

Many organic wastes generated by human society are often
disposed of in landfills or possibly by incineration, creating
substantial economic and environmental problems. Organic
wastes, including agricultural residues, animal manure, and
industrial wastes, require sustainable waste management.
One useful method for biowaste recycling is vermicompost-
ing, where the action of earthworms degrades the organic
matter. A large variety of organic wastes can be used in
the vermicomposting process. Animal waste, especially
cattle manure, was often used as the main substrate for
earthworm culture (Singh et al., 2020b; Alipour et al., 2023;
Syarifinnur et al., 2022; Raza et al., 2023). Household
solid waste and market organic waste, consisting of vari-
ous fruits and vegetable residues, were good resources for
vermicompost preparation (Gupta et al., 2014; Joshi et al.,
2015; Liégui et al., 2021; Syarifinnur et al., 2022). Cof-
fee grounds and straw pellets were suitable substrates for
earthworm biomass formation (Hanc et al., 2021). The de-
composition of spent mushroom substrate-based bedding
material supplemented with cassava pulp and fruit peel
waste improved the growth of earthworms and the chemical
properties of fertilizers (Ruangjanda et al., 2022). Vermi-
compost with bedding derived from spent mushroom waste,
coconut husk, and sugarcane trash provides the best direct
and residual effect on the soil nutrient and crop yield (Nurhi-
dayati et al., 2018). Effective vermicompost was produced
from other organic residues that served as bedding mate-
rial, such as potato plant biomass (Das and Deka, 2021)
and dairy shed solids with horticultural factory wastes (Xue
et al., 2022). Thailand, a country grappling with a constant
influx of organic waste from agriculture, animal husbandry,
and industry, has been actively exploring vermicompost-
ing techniques as a sustainable waste management strat-
egy. A series of studies conducted by Klangkongsub and
Sohsalam (2013); Taeporamaysamai and Ratanatamskul
(2016); Boonna et al. (2020); Klomklang et al. (2021), and
Ruangjanda et al. (2022) have shed light on the significance
of vermicomposting in the context of Thailand’s organic
waste recycling efforts. Notably, the abundance of coffee
grounds, spent mushroom waste, and white popinac leaves
present an opportunity to harness these organic materials
for vermicompost production.

Furthermore, Thailand’s thriving cultivation of chili and
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cabbage, with 2021 production figures standing at around
19 and 256 kilotons respectively, necessitates a sustainable
approach to seedling production. Currently, many imported
seedling materials rely on peat moss, incurring significant
costs. Vermicompost, characterized by its peat-like texture,
high porosity, and water retention capacity, offers a com-
pelling alternative. Existing research, as demonstrated by
Vithirak and Iwai (2019); Flores-Sol6rzano et al. (2022),
and Kauser and Khwairakpam (2022), has illustrated the
positive impact of vermicompost on seed germination and
seedling growth.

In light of these considerations, this study centers on eval-
uating the effects of vermicomposts derived from various
locally sourced organic wastes, including cow dung, spent
mushroom waste, coffee grounds, and white popinac leaves,
either individually or in diverse combinations. The analysis
encompassed its macronutrient content and its influence on
the growth of cabbage and chili seedlings representing leafy
and fruit-bearing crops, respectively. The primary goal was
to determine the suitability of vermicompost as a nursery
material.

2. Material and methods

Source of organic material, earthworm, and plant seeds

Organic wastes served as bedding material, and worm feed
were cow dung, spent mushroom waste, coffee grounds,
and white popinac leaves. Cow dung was obtained from a
livestock farm near the research site at the Faculty of Agri-
cultural Technology of Lampang Rajabhat University in
Lampang Province, Thailand. The spent mushroom waste
and coffee grounds were kindly provided by Wiang Hong
farm and coffee shops around the research location, respec-
tively. White popinac leaves were collected from trees that
were widely distributed throughout the university. They
were air-dried before being used.

The earthworm species Eudrilus eugeniae, is preferred for
commercial production in tropical areas due to their rapid
growth and tolerance to high temperatures. They were pur-
chased from Kru Tai earthworm farm, Lampang. Seeds of
cabbage (Brassica oleracea) and chili (Capsicum annuum),
and commercial nursery material (peat moss and vermi-
culite) were purchased from an agricultural supplier store
in Lampang.

Vermicompost preparation

The vermicompost was produced from a mixture of different
bedding in a total of 10 methods (Table 1). These methods
included three individual main materials (cow dung, spent
mushroom waste, coffee grounds), mixtures of two main
materials, a mixture of all three main materials, and mix-
tures of two main materials with an additive (white popinac
leaves). Cow dung was soaked in the water for three days
or until it is cooled down before use. Each mixture of bed-
ding was put in a plastic bow (42 cm in diameter, 18 cm
in depth) with a total volume of approximately 0.02 cubic
meters. Three hundred grams of earthworms were placed
on each bedding, and the bedding was kept moist by daily
spraying with water. The bedding container was placed in a
shady area for 60 days, with ambient temperatures ranging
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Table 1. Combination of organic material in vermicomposting process.

Treatments Bedding materials Symbol
1 100% cow dung CD
2 100% spent mushroom waste SM
3 100% coffee grounds CG
4 1:1 (v/v) of cow dung and spent mushroom waste CD:SM
5 1:1 (v/v) of spent mushroom waste and coffee grounds SM:CG
6 1:1 (v/v) of cow dung and coffee grounds CD:CG
7 1:1:1 (v/v) of cow dung, spent mushroom waste, and coffee grounds CD:SM:CG
8 1:1:1 (v/v) of cow dung, spent mushroom waste and white popinac leaves CD:SM:WPL
9 1:1:1 (v/v) of spent mushroom waste, coffee grounds and white popinac leaves ~SM:CG:WPL
10 1:1:1 (v/v) of cow dung, coffee grounds, and white popinac leaves CD:CG:WPL
11 commercial nursery mix, 1:1 (v/v) of peat moss and vermiculite CNM

from 17 to 30 degrees Celsius. After two months, each
vermicompost was collected and analyzed for the amount of
nitrogen by the Kjedahl method (Csuros, 1997), phosphorus
by the Bray II method (Bray and Kurtz, 1945) and potas-
sium by atomic emission spectrophotometer (AOAC, 2000)
at Central Laboratory, Faculty of Agriculture, Chiang Mai
University, Thailand. The N P K of commercial nursery
material, a mixture of peat moss and vermiculite, was also
analyzed.

Seedling growth experiment

Each vermicompost produced from different bedding was
mixed thoroughly with fine coconut coir at the ratio of 1:1
(v/v) and then used as nursery planting material. They were
put in 104 cell seedling trays before the seeds of cabbage
and chili were planted in each hole. The experiment was
performed in three replicates, each with a total of 20 seeds.
The commercial nursery mix (CNM) was used as a con-
trol. The seedling trays were placed in the green house and
watered twice a day. Four weeks after seed germination,
seedlings from the tray were harvested. Plant height (cm),

leaf width (cm), leaf length (cm), and number of leaves
per plant were measured. The experiment was arranged in
a completely randomized design. Data were analyzed by
statistical analysis software, and ANOVA was performed
for testing. Duncan’s new multiple range test (DMRT) at a
95% confidence level was used for the mean comparison of
treatments at P<0.05.

3. Results and discussion

Chemical characteristics of vermicompost

Vermicompost from different organic waste used as earth-
worm feed had different amounts of macronutrients, N P
K (Table 2). The highest N nutrient was found in vermi-
compost 10 and 6, where cow dung and coffee grounds
were used as bedding substrates. In all treatments, the N
content was higher than that of the commercial nursery mix
(control). The concentrations of P and K were found to be
highest in vermicompost 1 (100% cow dung). In treatments
without cow dung, the P and K values were lower than those
in the commercial nursery mix. Cattle manure was often
used as a main substrate for earthworm growth and repro-

Table 2. Macronutrient concentration of vermicompost produced from different bedding mixes.

Treatments N (%) P (g/kg) K (g/kg)

1 (CD) 251+0.019  3.06+£0.09°  7.08+0.39%
2 (SM) 1.3340.01"  0.3320.00f28  2.40+0.038
3 (CG) 2.91+0.01°  0.44+0.03f  3.04+0.00f
4 (CD:SM) 1.9740.01¢  2.63+0.18>  5.22+0.11¢
5 (SM:CG) 2.42+40.001  0.17+0.008"  2.43+0.02¢
6 (CD:CG) 3.344+0.00°  2.44+0.09°  5.76+0.04°
7 (CD:SM:CG) 2.46+0.02°  1.31+0.09¢  3.66+0.02¢
8 (CD:SM:WPL)  1.95+0.018  1.62+0.18°  4.75+0.084
9 (SM:CG:WPL)  2.51+0.029  0.12+£0.00"  3.11+0.04f
10 (CD:CG:WPL)  3.50+£0.01*  1.5620.09°  5.5940.02b¢
11 (CNM) 0.53+0.01'  1.06+£0.09°  3.72+0.14¢
F-test

P-value 0.0000 0.0000 0.0000
C.V. (%) 0.65 6.95 4.20

Note: Values are mean (n=3) £ SE. Value with different lowercase letters in the same column indicate significant differences at P<0.05 (DMRT)
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duction because of its richness in nutrients (Gupta et al.,
2014; Nurhidayati et al., 2016; Nurhidayati et al., 2018;
Blouin et al., 2019; Singh et al., 2020b; Alipour et al., 2023;
Syarifinnur et al., 2022). Vermicompost 2 (100% spent
mushroom waste) had the lowest N and K concentration.
Moreover, the N P K values were low in most vermicom-
posts using bedding of spent mushroom waste as a substrate
component. Nurhidayati et al. (2018) reported that bedding
obtained from the spent mushroom waste provided a low
nutrient release because of its high lignin content. Lower P
and K nutrients were also found in coffee grounds derived
vermicompost without cow dung used (vermicompost 3, 5,
and 9). The macronutrient content of vermicompost was
higher when cow dung was added to the bedding material
mixture. Agricultural waste should be mixed with animal
manure to produce efficient vermicomposting (Singh et al.,
2020b). In this study, the nutrient concentration of vermi-
compost produced by E. eugenia species appears to be
lower than that Ruangjanda et al. (2022) had previously
reported. A significant difference was observed between
vermicomposts obtained from different organic materials
with different macronutrient content. The nutrient quality
of vermicompost varies and depends on the material used
as worm feed (Ansari et al., 2020). The average nutrient
contents in vermicompost have been reported with varia-
tions. For example, Pierre-Louis et al. (2021) reported N
content in the range of 1.3-1.84%, P content between 0.92-
1.3%, and K content between 0.21-1.2%. On the other hand,
Rehman et al. (2023) found N content between 1.5-2%, P
content between 1.8-2.2%, and K content between 1-1.5%.
The variability in cast fertility may depend on the inter-
action between earthworm species traits and specific soil
properties (Elissen et al., 2023). There was no significant
difference in pH between treatments, which consistently
measured between 6.8 and 7.2.

Effect of vermicompost on seedling growth
-Cabbage seedling growth

Four weeks after the seed germination, plant height, leaf
width, leaf length, and leaf number per plant showed a
highly significant difference between treatments at P<0.05
(Table 3). The plant height of cabbage seedlings was the
highest when grown in vermicompost 8. It was not sig-
nificantly different with the commercial nursery mix (11)
and vermicompost 4 treatment. The highest leaf width, leaf
length, and leaf number per plant were observed in treat-
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ment with vermicomposts 8, 4, 10, 1, 6, and 11. Applying
vermicompost produced from spent mushroom waste and
coffee grounds or both without cow dung (vermicomposts
2, 3, 5, and 9) caused a negative effect on the growth of
cabbage seedlings (Fig. 1). This might be related to the
low P and K nutrient content. The result demonstrated that
vermicomposts 8 and 4 were as highly effective as a nursery
material for cabbage seedling production as a commercial
nursery mix. Their beddings were prepared by using cow
dung and spent mushroom waste. Nurhidayati et al. (2016)
reported that plants growing with vermicompost produced
by using mushroom media waste as a main substrate in
a mixture with cow manure could increase the yield and
quality of cabbage.

-Chili seedling growth

Four weeks after the seed germination, plant height, leaf
width, leaf length, and leaf number of the plant showed a
highly significant difference between treatments at P<0.05
(Table 4). The plant height of chili seedlings in treatments
with vermicomposts 1, 4, 6, 8, and 10 was higher than that
of vermicomposts 2, 3, 5, 7, and 9. The highest plant height
was found in the control set (11). However, the leaf width
of seedlings grown in vermicomposts 1, 4, 6, 8, and 10 was
not significantly different from the control. Different bed-
ding of vermicompost affected leaf length and leaf number
of chilies. Chili seedlings in the control treatment had the
highest leaf length and leaf number per plant but were not
significantly different from the vermicomposts 1, 4, 8, and
10. The shortest leaf length and the smallest amount of leaf
number of chili seedlings were observed in treatments with
vermicomposts 2, 3, 5, 7, and 9 (Fig. 2), consistent with
the cabbage experiment. All vermicompost produced in the
present study were not appropriate to use as a nursery mate-
rial for chili seedling production compared with commercial
nursery mix. Rekha et al. (2018) revealed that the growth
of chili (C. annuum) was increased in cow dung-derived
vermicompost, inconsistent with this study.

Vermicompost derived from different bedding showed sig-
nificant differences in macronutrient content and growth of
cabbage and chili seedlings. Although the concentration of
macronutrients in commercial nursery material was lower
than that of vermicompost, seedling growth was not dif-
ferent. Macronutrients in vermicompost are sufficient for
the growth of both cabbage and chili seedlings. However,
chili seedlings showed less growth, possibly due to other
factors affecting plant growth. Vithirak and Iwai (2019)

Figure 1. Cabbage seedlings grown in different vermicompost after 4 weeks of seed germination.
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Table 3. Growth of cabbage seedlings after germination for 4 weeks in different vermicompost substrates.

Treatments Height (cm)  Leaf width (cm) Leaf length (cm)  Leaf no. per plant
1 (CD) 5.66+0.17%¢ 2.96+0.08% 3.53£0.10° 3.60+0.12°
2 (SM) 2.60+0.094 1.0340.05° 0.7340.05° 0.3540.00¢
3 (CG) 2.30+0.154 1.13+£0.01° 1.16£0.04° 2.26+0.18°
4 (CD:SM) 6.00-£0.5223b¢ 3.13+0.312 3.76+0.312 3.66+0.07%
5 (SM:CG) 2.4040.024 1.1040.02° 0.9340.04° 0.9340.37¢d
6 (CD:CG) 5.56+0.56"¢ 2.80+0.192 3.40+0.292 3.46+0.24%
7 (CD:SM:CG) 2.5340.064 1.2040.09° 1.36+0.08° 1.2040.12¢
8 (CD:SM:WPL) 7.334+0.472 3.26+0.322 4.0640.312 4.0040.002
9 (SM:CG:WPL) 2.4640.094 1.104+0.01° 0.86+0.03° 0.33+0.07¢
10 (CD:CG:WPL)  5.40+0.12¢ 3.00£0.06? 3.63+0.08? 3.60+0.232
11 (CNM) 7.06+0.452p 3.03£0.26° 4.004+0.212 3.66+0.072
F-test

P-value 0.0000 0.0000 0.0000 0.0000
C.V. (%) 12.08 13.67 12.37 12.16

Note: Values are mean (n=3) & SE. Values with different lowercase letters in the same column indicate significant differences at P<0.05 (DMRT)

Table 4. Growth of chili seedlings after germination for 4 weeks in different vermicompost substrates.

Treatments Height (cm) Leaf width (cm)  Leaf length (cm)  Leaf no. per plant
1 (CD) 8.22+0.43P 1.86+0.072 3.70+0.15% 5.33+£0.242
2 (SM) 3.40+0.06° 0.46£0.02° 1.43+0.09¢ 2.20+0.124
3 (CG) 3.360.04¢ 0.50+0.01° 1.360.04¢ 2.73+0.184
4 (CD:SM) 8.63+0.69P 2.03+0.162 3.9340.2220 4.26+0.07%°
5 (SM:CG) 3.3340.09¢ 0.5340.02° 1.3340.05¢ 2.33+0.07¢
6 (CD:CG) 8.23+0.08P 1.86+0.062 3.53+0.14P 4.66+0.242bc
7 (CD:SM:CG) 3.6340.07¢ 0.6340.02° 1.4040.02¢ 2.60+0.204
8 (CD:SM:WPL)  9.56+0.09" 2.00+0.022 3.9640.06%° 5.0040.1220
9 (SM:CG:WPL)  3.53+0.10° 0.5040.01° 1.3340.05¢ 2.2640.079
10 (CD:CG:WPL)  8.10£0.51° 1.86£0.062 3.631+0.13P 4.60+£0.202b¢
11 (CNM) 11.6020.60? 2.13+0.022 4.3040.232 5.3340.132
F-test

P-value 0.0000 0.0000 0.0000 0.0000
C.V. (%) 9.30 9.12 8.04 7.65

Note: Values are mean (n=3)+SE. Values with different lowercase letters in the same column indicate significant differences at P<0.05 (DMRT)

hadod

Figure 2. Chili seedlings grown in different vermicompost after 4 weeks of seed germination.

revealed that a high concentration of vermicompost could
decrease lettuce seed germination. The treatment with ap-
propriate amounts of vermicompost positively affects the
growth and flowering of marigold seedlings (Gupta et al.,
2014). Ma et al. (2022) reported that the optimum propor-

tion of vermicompost for plant growth in a growing medium
was 40—-60%. Thus, the appropriate concentration or quan-
tities of vermicompost to be applied in growing media for
each plant species should be investigated. In addition, an-
other factor that can increase crop yield might be related
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to the improvement of soil physical properties affected by
vermicompost application.

Plant growth stimulation may depend mainly on the bio-
logical characteristics of vermicompost, the plant species
used, and the cultivation conditions (Singh et al., 2020a).
Some waste materials may be unsuitable when used alone
as a bedding substrate in the vermicomposting process. Ver-
micompost with bedding derived from spent mushroom
waste or coffee grounds or its combination negatively af-
fects the growth of cabbage and chili seedlings. Yamane
et al. (2014) revealed that the soil incorporated with coffee
grounds showed negative responses to the growth of green
manure crops due to the coffee pulp of husk containing some
caffeine and tannins, making it toxic in nature. However,
coffee grounds and their mixtures with straw pellets could
be used to produce vermicompost, and caffeine was reduced
by the earthworm process (Hanc et al., 2021). The effect
of vermicompost using bedding of spent mushroom waste
on mustard yield reported by Nurhidayati et al. (2018) was
inconsistent with this study. Application of spent mushroom
waste-vermicompost in soil provided a high mustard yield
on the first cropping. Ruangjanda et al. (2022) investigated
the effect of other organic wastes on the vermicomposting
process of spent mushroom waste. The results demonstrated
that the treatments supplemented with cassava pulp and fruit
peel waste improved earthworm growth.

4. Conclusion

The vermicompost derived from cow dung, whether
used alone or in combination with other organic waste,
had substantial macronutrient concentration. Still, they
had different effects on the growth of cabbage and chili
seedlings. Spent mushroom waste and coffee grounds
were useful organic materials when used in a mixture with
cow dung as a bedding substrate in the vermicomposting
process. Two types of vermicompost, obtained from a
blend of cow dung and spent mushroom waste, along with
the addition of white popinac leaves, were effective nursery
material for cabbage seedling cultivation, but none of the
vermicompost was appropriate for chili seedlings. This
research indicated that vermicomposting, a low-cost and
effective technique, was a solution to reduce the amount of
organic waste going to landfills and generate a nutrient-rich
natural fertilizer from unused waste for efficient plant
production. Combination of local organic waste, applying
concentration, suitability for plant species, etc., should be
further studied and practiced.
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