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Abstract: The aim of this study is to determine the effects of feeding Eisenia fetida with oyster mushroom
waste (OMW) and brewed tea waste (BTW) on the growth it and some nutrients in fertilizer. For this purpose,
three different growing media including OMW (100%) (T1), OMW (50%) + (BTW) (50%) (T2), OMW
(25%) + BTW (75%) (T3) were used in the experiments. The research was carried out in plastic containers
with a width of 40 cm x 40 cm length x 20 cm in accordance with the randomized plot design in three
repetitions. The changes of some nutrients in solid and liquid vermicompost obtained from different quality
nutrient media were made by Anova and Variance analysis and multiple comparisons between the nutrient
media were made by Duncan test. As a result of the study, the number of worms in all growing media
decreased over time. The highest reduction was 31.10% in OMW (25%) + BTW (75%) in the nutrient
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Eisenia fetida'nin Istiridye Mantar1 Atig1 ve Demlenmis Cay Atig ile beslenmesinin
vermikomposttaki gelisimi ve bazi besin maddeleri iizerine etkilerinin belirlenmesi

Oz: Bu ¢alismanim amaci Istiridye mantari atig1 ve demlenmis cay ati3 ile beslemenin Eisenia fetida gelisimi
ve giibredeki bazi besin elementlerine etkisinin belirlenmesidir. Arastirma tesadiif parselleri deneme desenine
uygun olarak 40 cm boy x 25 cm en x 20 cm derinliginde plastik kaplarda ii¢ tekrarlamali olarak
yiiriitiilmiistiir. Bu amagla Istiridye mantar1 atig1 (%100) (T1), Istiridye mantar1 atig1 (%50) + demlenmis cay
at1g1 (%50) (T2), Istiridye mantart atig1 (%25) + demlenmis cay atig1 (%75) (T3) olmak iizere ii¢ farkl
yetistirme ortamu kullanilmistir. Besi ortamlarindaki solucan say1 ve agirligindaki degisimler 13 hafta
stiresince haftada birkez tespit edilmistir. Farkli kalitedeki besin ortamlarindan elde edilen kati ve sivi solucan
humusundaki bazi besin maddelerinin degisimleri Anova ve Varyans analizi ile, besin ortamlar1 arasinda
¢oklu karsilagtirmalar ise Duncan testi ile yapilmistir. Calisma sonucunda tiim yetistirme ortamlarinda
solucan sayilart zamanla azalmistir. En yiiksek azalma %31,10 ile Istiridye mantari (%25) + demlenmis gay
at1g1 (%75) besin ortaminda meydana gelmistir. Calisma sonucunda en yiiksek Ca, Na, K, Mg degerleri
islenmenmis istiridye mantar1 (kontrol) atiklarinda bulunurken, en yiiksek Fe Istiridye mantar atigindan (%100)
(T1) elde edilen kat1 solucan giibresinde, en yiiksek Zn miktarma Istiridye mantari (%50)+ denlenmis gay
Mihonaislik-Mi L . at1g1 (%50) karisimindan elde edilen kati solucan giibresinde rastlanmustir. Farkli besi ortamlarindan elde
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INTRODUCTION

The population worldwide has reached 7.99 (URL-
1) billion and continues to increase rapidly. The world
population will reach 8.5 billion in 2030, 9.7 billion in 2050,
and 10.4 billion in 2100 (URL-2). It is predicted that 68 %
of the world population will live in urban areas (URL-3).
Improved agricultural practices and rapid industrialization
and population growth have led to huge waste generation,
and the management of this waste is becoming a global
concern (Vyas et al., 2022). It is stated that 50-80% of the
wastes produced in many cities in developing countries can
be collected and 20-50% of their budgets are spent for the
collection of these wastes (Guerro et al., 2013; Worldbank,
2018). It is stated that in underdeveloped and low-income
countries, only 10% of the garbage produced in suburban
areas of most cities can be collected, and the cases of people
living in the vicinity of non-collected dumps, especially
diarrhea, skin diseases and acute respiratory infections
continue to increase (Prakash, 2017). In addition global
wastes cause pollution of soil and water resources; On the
other hand, it continues to negatively affect the sustainability
of different ecosystems and human life. Especially leaving
domestic wastes in the environment as garbage in this way
causes significant economic losses as well as environmental
problems. Recycling of domestic organic wastes around the
world with the vermicompost technique, the cost of garbage
collection in cities and rural areas can be reduced. On the
other hand, the wastes can be recycled to products with
economic and ecological value (solid and liquid
vermicompost, plant grower and developer, plant protector,
earthworm, flour, etc.) can be converted.

The hypothesis of this research (Ho):
Vermicompost technique has no effect on the recovery of
organic domestic waste. The objectives of this study were to
determine worm growth in Oyster mushroom waste (100%)
(i), in Qyster mushroom waste (50%) + brewed tea waste
(50%) (ii), and in Oyster mushroom waste (25%) + brewed
tea waste (75%) (iii) growing mediums and to determine
some nutrients in the vermicompost and vermiwash obtained
different waste materials. The aim of this study is to
determine the effects of feeding Eisenia fetida with oyster
mushroom waste and brewed tea waste on the growth of it
and some nutrients in fertilizer.

MATERIAL AND METHOD

Material: Pleurotus ostreatus mushroom wastes
used in the experiments were obtained from Agaran
Mushroom production company. Eisenia fetida (red
California worm) used in the experiments were provided by
Turan Yiiksek's worm research laboratory. The brewed tea
wastes were obtained from the RTEU Faculty of
Engineering and Architecture teahouse. Plastic feeding cups
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and shading cover used in the experiments were purchased
from the market.

Method

Preparation of the media: Oyster mushroom
wastes used in the experiments were physically shredded by
hand. The waste water accumulated in the tea wastes was
filtered and taken from the nutrient medium.

Trial Design: Three different growing media
including Oyster mushroom waste (OMW) (100%) (T1),
Oyster mushroom waste (50%) + (50%) brewed tea waste
(BTW) (T2), OMW (25%) + BTW (75%) (T3) were used in
the experiments. The research was carried out in plastic
containers with a width of 40 cm x 40 cm length x 20 cm in
accordance with the randomized plot design in three
repetitions. In accordance with the experimental design, the
feeding media with a weight of approximately 2 kg were
placed in the plastic containers and watered with tap water
until the moisture level in the medium reached 50%, and then
30 Eisenia fetida worms, whose weights were determined,
were placed in the containers. The number and weight of
worms in the medium were determined once a week for 13
weeks. At the end of 13 weeks, the digestibility and color
changes of the feeding materials where the worms were
placed were controlled and after the fertilizer formation was
completed, the solid and liquid fertilizers in the medium
were harvested.

Data analysis: The changes of some nutrients in
solid and liquid vermicompost obtained from different
quality nutrient media were made by Anova and Variance
analysis and multiple comparisons between the nutrient
media were made by Duncan test. The data obtained as a
result of the research were converted into tables and
graphics. SPSS-23 package program was used for statistical
analysis.

RESULTS

Changes in the number and weight of worms in
different growing mediums: Worm number and weights in
growing medias OMW (100%), OMW (50%) + BTW
(50%), and OMW (25%) + BTW (75%) decreased over time
(Fig.1, 2, 3).
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Figure 1. Change in the mean worm number in Oyster mushroom waste
(100%) over time.
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As a result of the research, OMW (100%), OMW
(50%) + BTW (50%), OMW (25%) + BTW (75%) mean
worm weights increased (Fig. 4, 5, 6). The highest increase
in worm weight was 44.26% in OMW (50%) + BTW (50%)
in growing medium, while the minimum worm weight gain
was 30.86% in OMW waste (25%) + BTW (75%) growing
medium.
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Figure 2. Change in the mean worm number in Oyster mushroom waste
(50%) and brewed tea waste (50%) over time.

35
30
25

20

15

y =-2,113In(x) + 27,36
R?=0,5736

Number of worms

10

0 2 4 6 8 10 12 14

Time (week)

Figure 3. Change in the mean worm number in Oyster mushroom waste
(25%) and brewed tea waste (75%) over time.
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Figure 4. Change in the mean worm weight in OMW (100%) over time.

Change of some nutrients in vermicompost and
vermiwash obtained from different feeding materials: As
a result of the study, the highest Ca, Na, K, Mg values were
found in untreated oyster mushroom (control) waste, while
the highest Fe value was found in solid vermicompost
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obtained from oyster mushrooms (100%) in T1. The highest
Zn value was determined in solid vermicompost obtained
from the mixture of OMW (50%) + BTW (50%) in treatment
T2. The highest Cu and Mn values were found in the solid
vermicompost obtained from the OMW (25%) +BTW (75%)
mixture in T3, and the changes were statistically significant
(Table 1).
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Figure 5. Change in the mean worm weight in OMW (50%) and BTW
(50%) over time.
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Figure 6. Change in the mean worm weight in OMW (25%) and BTW
(75%) over time.

The lowest Cu and Mn values were found in the
untreated oyster mushroom (control), while the lowest Ca
and Mg values were determined in solid vermicompost
obtained from oyster mushrooms (100%) (T1). The lowest
Zn value were found in the solid vermicompost obtained
from the mixture of OMW (control), while the lowest Fe, Na
and K values were found in the solid vermicompost obtained
from the mixture of OMW (25%) + BTW (75%) (T3) and
the changes were statistically significant (Table 1).

As a result of the research, the highest Ca, Mg, Na,
Cu, Zn, and K values in vermiwash obtained from different
nutrient media were found in liquid vermicompost produced
from OMW (100%) (T4). The highest Mn values were found
in T5, while the highest Fe was found in T6. It was
determined that the changes in Ca, Zn, Mn and Mg values in
liquid vermicompost obtained from different media was
statistically significant (p<0.000) (Table 2).
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Table 1. Changes of some nutrients in solid vermicompost obtained in different Feeding Materials.

Feeding Materials Par. N Mean Std.Dv F p
Control 4 9,68° 0,0608

OMW (100%) (T1) Fe 9 12,77° 0,2753 8,131 0,000
OMW (50%)+BTW (50%) (T2) 16 9,67° 2,490 e
OMW (25%) +BTW (%75) (T3) 12 9,22° 1,430

Control 4 0,484° 0,0061

OMW (100%) (T1) Zn 9 0,554* 0,0284 8,835 0,000
OMW (50%)+BTW (50%) (T2) 16 0,575% 0,0431 ok
OMW (25%) +BTW (%75) (T3) 12 0,545% 0,0191

Control 4 0,125° 0,0021

OMW (100%) (T1) Cu 9 0,129° 0,0022 19,69 0,000
OMW (50%)+BTW (50%) (T2) 16 0,186° 0,0401 e
OMW (25%) +BTW (%75) (T3 12 0,203 0,0099

Control 4 0,836° 0,0083

OMW (100%) (T1) Mn 9 0,879° 0,0127 24,167 0,000
OMW (50%)+BTW (50%) (T2) 16 13,18° 1,859 kel
OMW (25%) +BTW (%75) (T3 12 17,13 1,2418

Control 4 348,65 7,008

OMW (100%) (T1) Ca 9 144,44° 55,27 59,650 0,000
OMW (50%)+BTW (50%) (T2) 16 167,66° 12,76 ol
OMW (25%) +BTW (%75) (T3 12 155,12° 8,47

Control 4 27,70° 0,3296

OMW (100%) (T1) Na 9 15,40° 0,6121 270,69 0,000
OMW (50%)+BTW (50%) (T2) 16 13,29° 1,3386 Hk
OMW (25%) +BTW (%75) (T3 12 12,60° 0,6443

Control 4 98,38° 0,7417

OMW (100%) (T1) Mg 9 42,42° 2,1726 245,69 0,000
OMW (50%)+BTW (50%) (T2) 16 44,22 5,2860 Hk
OMW (25%) +BTW (%75) (T3 12 43,09° 2,8562

Control 4 366,17 0,6551

OMW (100%) (T1) K 9 153,87° 9,1827 286,347 0,000
OMW (50%)+BTW (50%) (T2) 16 155,73° 19,254 ok
OMW (25%) +BTW (%75) (T3 12 147,57° 8,9116

OMW: Oyster Mushrooms Waste; BTW: Brewed Tea Waste; T1: treatment 1; T2: Treatment 2; T3: Treatment 3; Par: Parameters,

Significance Level, ***: P <0.000

N: Number of Samples, Mean: Average, Std. Dv: Standard Deviation, p:

Table 2. Changes of some nutrients in vermiwash obtained in different growing medium.

Feeding Materials Par. N Mean Std.Dv F p
OMW (100%) (T4) 8 0,5082 0,2114 0,130
OMW (50%)+BTW (50%) (T5) Fe 12 0,2627 0,1555 2,191 N.S
OMW (25%)+BTW (75%) (T6) 12 0,7464 0,8897

OMW (100%) (T4) 8 0,0537¢ 0,0023 0,000
OMW (50%)+BTW (50%) (T5) Zn 12 0,0395" 0,0070 34,516 ol
OMW (25%)+BTW (75%) (T6) 12 0, 0358° 0,0029

OMW (100%) (T4) 8 0,0123° 0,0005 0,015
OMW (50%)+BTW (50%) (T5) Cu 12 0,0095" 0,0038 4,838 N.S
OMW (25%)+BTW (75%) (T6) 12 0,0083° 0,0026

OMW (100%) (T4) 8 0,0927° 0,0139 17,159 0,000
OMW (50%)+BTW (50%) (T5) Mn 12 1,3322* 0,7332 halaied
OMW (25%)+BTW (75%) (T6) 12 0,3975° 0,3738

OMW (100%) (T4) 8 31,45° 0,8631 17,851 0,000
OMW (50%)+BTW (50%) (T5) Ca 12 20,06° 4,5853 halaied
OMW (25%)+BTW (75%) (T6) 12 18,71° 6,6160

OMW (100%) (T4) 8 13,09 1,1479 0,346 0,710
OMW (50%)+BTW (50%) (T5) Na 12 12,56 1,5398 N.S
OMW (25%)+BTW (75%) (T6) 12 13,04 1,9538

OMW (100%) (T4) 8 17,87° 1,564 12,563 0,000
OMW (50%)+BTW (50%) (T5) Mg 12 14,13° 2,282 halaied
OMW (25%)+BTW (75%) (T6) 12 13,61° 1,869

OMW (100%) (T4) 8 102,61 12,31 1,391 0,265
OMW (50%)+BTW (50%) (T5) K 12 94,14 11,45 N.S.
OMW (25%)+BTW (75%) (T6) 12 91,97 17,83

OMW: Oyster Mushrooms Waste; BTW: Brewed Tea Waste; T1: treatment 1; T2: Treatment 2; T3: Treatment 3; Par: Parameters,

Significance Level, ***: P <0.000

DISCUSSION

It can be said that the physico-chemical properties
of the growing medium and other environmental factors are
effective in the Eisenia fetida population changes in the
different waste materials. The decrease rates in the number
of worms in the nutrient media over time are 8.9% in OMW
(100%) media, 12.33% in OMW (50%) + BTW (50%), and
in OMW (25%) + BTW (75%) was 31.10%. This shows
that the physico-chemical properties of the growing
medium are effective in the development of worms in the
waste materials. As a matter of fact, Yiiksek et al. (2019)
found in their study that the number of worms fed in the
brewed tea waste (100%) medium decreased by 16.30% ;
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N: Number of Samples, Mean: Average, Std. Dv: Standard Deviation, p:

while the number of worms in the brewed tea waste (50%)
+ food waste (50%) medium decreased by 33.73%. They
found that the number of worms increased by 6.25% in
brewed tea waste (50%) + cow manure (50%) mixtures. In
another study, Yiiksek (2019) showed that the number of
worms decreased by 49,5% in the hazelnut waste (50%) +
and tea fiber (50%) growing medium; while the number of
worms increased by 14.65% in the mixture of 20%
hazelnut husk + sawdust (15%) + newspaper paper (5%)
growing medium. Yiiksek and Cemberi (2022) found that
the number of worms in the municipal waste sludge
(100%) growing medium increased by 3.75%; while the
number of worms decreased by 46.63% in waste sludge
(50%) + clay soil (50%) growing media. It is stated that the
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physico-chemical properties of the growing medium, the
mixture ratios of the growing medium and environmental
conditions are very effective in the change of the worm
population (Homan et al., 2016; Yiiksek, 2019; Yiiksek et
al., 2019; Wu et al., 2020; Yiksek & Cemberci, 2022). It
is stated that the media used for feeding worms are not fully
composed and the excess mineral matter and nitrogen
content in their environment may adversely affect the
growth of worms (Yiiksek & Cemberci, 2022; Yiiksek &
Soyyigit, 2023). It is also stated that the amount of
ammonium released during the vermicomposting process
and temporary changes in environmental pH may be
effective in worm population change (Gunadi & Edwards,
2003). It is thought that the chemicals used to kill invasive
herbs in tea gardens where brewed tea wastes used in worm
feeding may adversely affect the development of worms
due to their toxic properties. It is stated that pesticide
application has a negative effect on the growth and
reproduction of worms (Yasmin & D'Souza, 2007; Jovana
et al., 2014; Miglan & Bisht, 2019; Ilikhan & Kog, 2020).
At the end of the vermicomposting process, the amounts of
Fe, Zn, Cu and Mn in the solid vermicompost obtained
from different nutrient media increased statistically
significantly, while the amounts of Ca, Na, Mg, K
decreased significantly. It can be concluded that during the
vermicomposting process, the micro and macro nutritional
elements in the media change depending on the amount of
micro and macro nutrients in the media used to feed
worms, whether the media are pure or mixed, and the
enzymatic activity created by these media in the worm
intestine. It is stated that some macro and micro nutrients
in the solid vermicompost obtained as a result of the
vermicomposting process in different nutrient media used
in worm feeding vary depending on the mixture and the
physico-chemical properties of the mixture (Garg et al.,
2006; Yiiksek, 2019; Yiiksek et al., 2017; Yiiksek et al.,
2019; Mohammed et al., 2022).

CONCLUSION AND RECOMMENDATIONS

The type of waste materials used in the
vermicomposting of domestic organic wastes, the waste
mixture ratio, the physico-chemical properties of the
wastes, whether pre-treatment is applied before
vermicomposting or not effective in changing the worm
population and the properties of the obtained
vermicompost. By popularizing the vermicomposting of
domestic organic waste at home or on the site, it can reduce
the collection and transportation costs of domestic waste.
On the other hand, it can provide great benefits to
environmental protection and sustainable environmental
management by transforming domestic wastes into
products with an economic value.
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