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Abstract: Peatland is an important ecosystem in Indonesia. But in almost every dry season, drained peatlands have been
subject to detrimental wildfires. As a response, the government has explicitly prohibited the burning of land since 2016. To
clear the land of crop residues and conduct zero burning practices, one alternative method is to utilize the waste biomass to
support the cultivation of earthworms (vermiculture). This study examined the quality of liquid fertilizers and compost produced
from vermiculture using a completely randomized factorial design, consisting of two treatment factors. The first factor was
worm type, with two species used in this research named Lumbricus rubellus and Eudrilus eugeniae. The second factor was the
type of feed provided to the worms, comprising no feed (control), vegetable waste, and crop residue waste resulting from zero
burning land preparation. The type of feed significantly affected the pH value of the liquid fertilizer produced by the
vermiculture but did not significantly affect the nutrient contents (N, P, and K). The combination of the types of earthworms and
types of feed significantly affected the pH value of the vermicompost. The combination of worm types and feed types had a
significant effect on exchangeable Ca, but not on exchangeable Mg, Na, and K. In combination, green vegetable waste and
Lumbricus rubellus produced the greatest effect on soil CEC. However, for Base Saturation, the control (no food) and Eudrilus
eugeniae showed the highest value. Types of worms and types of feed had a significant effect on the exchangeable Mg, while the
other three parameters made no significant differences. Zero burning waste and Eudrilus eugeniae provide a better
exchangeable Ca and Mg. In contrast, no-feeding and Eudrilus eugeniae have a better effect on exchangeable Na and K. Types
of worms and types of feed did not significantly affect the weight of worm colonies, but the addition of feed increased the weight
of worms with the highest weight resulting from the use of zero burning waste feed. The results showed that crop residue wastes
were potentially good as a feed for earthworms.
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of liquid fertilizer and vermicompost.

1 Introduction

In Indonesia, peatland ecosystems are important at the global
scale as large carbon stores™! and at the local scale for
communities’ farming activities. Since 1997, peatland and forest
fires have been seen nearly every dry season, which is very

detrimental to the environment, to people’s health and the economy.

For local people dependent on smallholder farming, fire is one of
the cheaper ways of clearing and preparing their land. In addition
to clearing crop debris or scrub, peat burning can also help improve
the fertility of the land since the ash from fires provides a cheap
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Effects of zero burning waste on the quality

source of fertilizer to assist local people with their crop cultivation.
Until recently, burning was a regular agricultural practice, but
newly implemented legal sanctions have proscribed fire use. This
ban had a negative impact on farmer livelihoods and food security;
led to a decline in production since farmers were less capable to
cultivate crops, and eventually impacted the availability of local
food. The community economy in the peatland areas of Indonesia
is classified as weak, and the restricted availability of cheap
fertilizer deteriorated this problem.

One alternative to the use of fire is to utilize land preparation
waste as a feedstock for earthworm cultivation, which can both be a
source of protein for livestock or fish and be the organic fertilizer
for crop cultivation. By applying the concept of zero waste in the
agricultural system, crops can be cultivated organically by utilizing
the liquid fertilizer produced from earthworm cultivation along
with the vermicompost. The cultivation of land without burning
can also provide a solution for land clearing and preparation as well
as an important source of fertilizer for agricultural cultivation.

The use of earthworms in the decomposition of organic
materials is one approach to add value to waste disposal.
Earthworms can utilize wastes in the form of livestock manure and
plant material as a breeding medium and also as feed®.  The
earthworms can decompose such material three to five times faster
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than microbes®, thus shortening the production time of compost
fertilizer™. Red earthworms (Lumbricus rubellus), for example,
can degrade lignocellulose compounds, producing worm droppings
that become a food source for composting bacteria®. In addition,
several studies have shown that the use of vermicompost as
fertilizer can produce good results for plants and reduce the use of
inorganic fertilizers®®®. This can solve the problems of quality
deterioration of both soil and edible products in conventional
farming systems, which was characterized by high inputs of
chemical fertilizers and reductions in soil organic matter
content™®.  As a response, the use of organic farming as
nutrient inputs with organic amendments to the soil is increasing
and provides an alternative agricultural practice for sustaining
economically viable crop production with minimal environmental
pollution®.  Among the various organic soil amendments,
vermicompost is one option, which can play a role in improving
soil structure and providing key plant nutrients, especially N, P,
and K. In addition, the application of vermicompost
significantly increased marketable yield, important nutrient
metabolites, and antioxidant capacity of Chinese cabbage®™. A
further advantage of organic fertilizers is no residues in the crops
so that they are safe for human health™®!.

The products of vermicomposting systems are liquid organic
fertilizer and vermicompost. Liquid organic fertilizer is more
easily absorbed by plants by spraying, usually onto the leaves; it
can also be applied onto the soil around the plants™*®.  The growth
of earthworms is very dependent on the type of feed that they
receive, and their growth will be increased if the feed contains a lot
of organic matter™. The weight of earthworms is strongly
influenced by media conditions and the availability of nutrients®l,
The type of feed given to the worms will determine the amount and
quality of fertilizer that is produced!®. Reduced availability of
nutrients in the media will cause decreased metabolic activity,
resulting in decreased metabolic energy®®” and both the amount and
quality of the feed. In general, suitable feedstuffs can comprise a
wide range of organic wastes, such as vegetable waste, sawdust or
residual mushroom media, forage waste, livestock manure, the
midribs, leaves, stalks and humps of banana palms, rice straw
waste and tofu pulp?Y.

Given the potential role that vermicomposting could play in
zero burn agriculture on peatlands in Indonesia, the objective of
this study was to examine the effect of different earthworm types
and types of feed on the quality of liquid organic fertilizer and
compost produced from a vermicomposting system established in a
representative farm setting in Central Kalimantan, Indonesia.

2 Method

This research was conducted at the Experimental Site of the
Department of Agriculture, Faculty of Agriculture, Palangka Raya
University, Indonesia, while laboratory analysis was carried out at
the Analytical Laboratory, University of Palangka Raya. The
study used a factorial completely randomized design (CRD) which
consisted of two treatment factors.  The first factor was the type of
worm, namely Red Earthworn (Lumbricus rubellus) and African
Night Crawler (Eudrilus eugeniae). The second factor was the
type of worm feed which consisted of three types: No feed/control
(NF), green vegetable waste (GVW) and waste feed resulting from
zero burning land preparation system (ZBW). The ZBW material
comprised land clearance waste obtained from three (replicate)
peatland areas dominated by the trees Tumih (Combretocarpus
rotundatus) and Geronggang (Cratoxylon arborescens BI).

Research on the quality of the vermicomposting products, both
liquid fertilizer and wvermicompost, was carried out through
laboratory analysis to assess the macronutrient content.

The procedure of the research was as follows. Worm
growing media made from around 30 kg of cow dung with added
water (volume ratio of 2: 1) was prepared by stirring and allowed to
stand for one week to soften the media. The worm media was
placed in the upper basin of a vermicomposting container. The
basin had gauze at the bottom and the media was added to a
thickness of about 5 cm (weight of about 1.5 kg) on top of this
gauze. Worm feedstuffs obtained from either green vegetable
waste or zero burning waste were refined using a chopper. Each
of these ingredients was soaked in water for three days with a ratio
of 1:2 water to feed ingredients. After soaking, the feed
ingredients were drained and ready for use. To construct a
vermiculture container, two plastic boxes measuring 26 cmx
19 cm>9 cm were used. The first box served as a bottom box to
receive the worm liquid and a second box served as an upper box to
hold the worm media. For the upper box, a sufficient amount of
holes was made in the base so that the liquid worm fertilizer could
drip down into the bottom box. The surface of the upper box was
covered with gauze so that the worms could not descend into the
bottom box. Bamboo sticks were placed on each side as support
for the boxes.

The media in the boxes was seeded by adding worms (weight
50 g per box) evenly over the media surface. Each box was then
covered with a tarpaulin and then tied with a rope. The box was
kept in a cool place, avoid exposure to sunlight, ants, rats, and other
pests. Routine reversal of the media and watering with 250 mL of
water evenly across the surface were carried out once a week to
ensure aeration and moisture levels of the media. Worm feed was
provided once a week in the form of food that had been cut into
small pieces and soaked with water for three days. The feed was
applied by spreading evenly over the media. Harvesting of liquid
worm organic fertilizer and vermicompost was carried out after
35 days of the composting process. Samples of the liquid organic
fertilizer and vermicompost were then analyzed in the laboratory
for the following parameters:

1) The quality of liquid fertilizer was determined by analyzing
for NHj (titration), NO3z, NO, and Total-P (spectrophotometry), and
K (AAS); to determine the quality of the vermicompost, N
(Kjedhal), P (Bray I), and Bases Cation (N HH,OAc pH7) were
analyzed.

2) The temperature and pH value of the vermicompost were
measured using a pH meter.

3) In addition, the weight of the earthworm colony harvested at
the end of the composting period (35 d) was obtained. Worms
were separated from the media and weighed to determine the
change in weight of the colony after composting.

The data obtained were analyzed by analysis of variance
(ANOVA) using the F test level a=5%. If the differences were
considered significant, the honestly significant difference test at the
level of a=5% was followed to determine the difference between
treatments.

3 Results and discussion

3.1 Quality of liquid fertilizer

The results of the analysis of variance for the effect of worm
type and feed type on the quality of liquid fertilizer from
vermicomposting are presented in Figures 1 and 2. These results
indicated that the type of feed has a significant effect on the pH
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value of the liquid fertilizer, with feed derived from green
vegetable waste provided the highest pH value at an average of
8.17. In contrast, the type of worm does not significantly affect
the pH value of the liquid fertilizer. All of the liquid organic
fertilizers produced in the study have a pH value above neutral,
which is beneficial for agriculture in acidic peat soils (typically
around pH 4). These results are in line with those obtained by the
previous researcher??? who observed average value of pH 8 of
liquid fertilizer produced in the process of worm composting but
differ from those obtained in some other studies, e.g., pH 5.2 and
pH 6.28%4 The pH level needed by plants for good growth is
around neutral (pH 7), at which level there is maximum availability
of nutrients in the growing medium.  During the worm
composting process, organic acids are neutralized and the compost
will usually mature at a pH range between 6 and 8[%°!.

For N and P nutrient content in the liquid fertilizer, the
treatment effects are not significantly different. The content of
NHs, NO, NO;z; and Total-N ranged between 0-0.50 mg/L;
0.78-2.76 mg/L; 2.15-10.25 mg/L, and 3.77-11.91 mgl/L,
respectively (Figures 2a-2d), while the P content ranged from
2.65-4.53 mg/L (Figure 2e). Green vegetable waste feed provided
higher values for pH value, NHz, NO, and Total-K, while the
Lumbricus rubellus worm type provided higher pH value and
content of NO,, NO;, Total-N and Total-K. The combination
treatment between worm species and feed type together
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significantly affected the total K content of the liquid fertilizer
(Figure 2f), with the K content ranging between 1084.41-
2811.41 mg/L. The results obtained from this vermicomposting
process had lower N, P and K content of the liquid organic
fertilizer than those obtained by previous research(®, whose values
for N, P and K content ranged from 1.08%-1.34%; 0.22%-0.59%;
and 0.11%-0.17%, respectively. The nutrient content is very
likely to be dependent on the C/N ratio of the raw material.
3.2 Quality of vermicompost

The results of the analysis of variance for the effect of worm
type and feed type on the quality of vermicompost are presented in
Figures 1b-1d and Figure 3. These results indicated that the
combinations of types of earthworm and feed significantly affect
the pH value of the vermicompost (Figure 1b). The pH value of
compost produced from all treatments is above neutral with values
between 7.25 and 8.73. The combination of vegetable waste and
the worm Eudrilus eugeniae produced the highest vermicompost
pH value. Previous studies have shown that the pH value of
worm compost is above neutral®”, and the pH value dropped
slightly at the beginning of the composting process due to the
organic acids produced from bacterial activity™®!. The pH value
of the vermicompost may depend on the type of raw material used
in the feed®.  Previous studies of vermicomposts produced from
cattle manure have noted pH values of 6.05% or 6.71°], whereas the
pH of this cow manure vermicompost was 7.58.
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Figure 1  Analysis of variance of the effect of worms and feed on the (a) pH value of liquid fertilizer and (b) pH value of vermicompost,
(c) base saturation and (d) CEC of vermicompost
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Figure 2 Analysis of variance of the effect of worms and feed on NH3, NO,, NO3, Total-N, total-P and total-K content of liquid fertilizer
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Figure 3  Analysis of variance of the effect of worms and feed on C-organic, Total-N, P,Os, exchangeable cations of vermicompost
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From Figures 3a-3c, 1c and 1d, it appears that the treatment of
the feed originating from the zero burning waste resulted in
vermicompost that significantly different from the other two feeds
in terms of the C-organic content, but overall neither worm nor
feed type has a significant effect on N, P and K content, Base
Saturation or CEC. The combinations of types of worm treatment
and types of feed do not have a significant effect on the content of
exchangeable-Ca, Mg, Na and K (Figures 3d-3g). A single
combination of green vegetable waste plus Lumbricus rubellus
yield the highest effect on soil CEC, but for Base Saturation, the
combination of no-feed and Eudrilus eugeniae showed a higher
value. The CEC range of the vermicompost was 51.11-
93.36 me/100 g of soil; Base Saturation range was 15.75%-37.44%;
the C-organic content range was 19.68%-38.14%; Total-N range
was 0.95%-3.31% and P,0Os range was 1221.71-2344.04 ppm.
The animal manure was decomposed during the production of
vermicompost, and its physical and chemical properties were
changed with the degradable organic C being oxidized and
stabilizedY,

Of the three feed materials, the highest C-organic content was
found in the vermicompost produced from the zero burning waste.
This is likely because this feed material is quite diverse, comprising
stems, branches, and leaves, with high C-organic and high lignin
content in the fresh material. Despite this high content of woody
material, results from this study demonstrated that the zero burning
waste still has the potential to be a suitable feedstuff for
earthworms. In addition, there were similar values for the N, P
and K content of the vermicompost, whether it was derived from
vegetable feed or zero burning waste. The vermicomposting
process is a result of the combined action of the earthworms and
the microflora living in earthworm intestines and the growth
medium®?.  Earthworms accelerated composting by bioturbation
and aeration, provided a final product that is less rich in nitrogen
and organic matter but enhanced with available plant nutrients. In
addition to supplying nutrients, adding vermicompost to soil also
increased the soil organic matter (OM) content which can be an
added benefit for farmers wishing to maintain soil fertility®*. On
the basis of these results, the zero burning waste material can be
considered as a suitable feedstuff for vermiculture, with the
resultant vermicompost likely to be a suitable soil ameliorant for
use on low fertility peat soils.

For the effect of worm and feed type on the exchangeable-Ca,
Mg, Na and K in the vermicompost (Figures 3d-3g), it appears that
the combination of these two factors had an effect on
exchangeable-Mg, while the other three parameters were not
significantly different. ~Zero burning waste and Eudrilus eugeniae
worms gave a better content of exchangeable-Ca and Mg, while
the combination of no-feeding and Eudrilus eugeniae worms had a
better effect on exchangeable-Na and K. The content of
exchangeable-Ca in the vermicompost ranged between 8.44-
16.05 me/100 g soil, exchangeable-Mg ranged between 1.28-
1.44 me/100 g soil, exchangeable-Na ranged between 0.27-
251 me/100 g soil and exchangeable-K ranged from 1.47-
2.86 me/100 g soil.

In terms of the quality of vermicompost produced from zero
burning waste compared to other feedstuffs, it appears that it is not
significantly different from the other feeds, especially the green
vegetable waste, again showing the potential of this material for
use in worm cultivation.

3.3 Weight of worm colonies
The results presented in Figure 4 show that neither worm type

not type of feed affects the weight (biomass) of the worm colonies,
but the addition of feed (compared to no feed) does increase the
weight of worms, with the highest weight resulting from the use of
the zero burning waste feed. The combination of zero burning
waste and with Lumbricus rubellus gave the highest average colony
weight. The weight of the worm colony at the end of the
experiment ranged between 61.20-107.4 g, compared to a starting
weight of 50 g.
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Figure 4  Analysis of variance of the effect of worms and feed on
the weight of worm colonies (g)

The increase in the weight of earthworms in this study
indicated that the nutritional content of the media, especially the
zero burning waste, can meet the nutritional requirements of
Lumbricus rubellus and Eudrilus eugeniae earthworms. During
the composting process, microorganisms degraded the component
ingredients of the organic matter such as carbohydrates, proteins
and fats, and convert them into simpler forms such as glucose,
amino acids, and fatty acids®. Organic material in this simple
form can be easily digested and absorbed by earthworms and used
effectively for the formation of new body tissues, as indicated by
an increase in the body weight of the earthworms in this study.
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These results provided further confirmation that zero burning waste
media can be used as an alternative food for worm cultivation.

4 Conclusions and recommendations

1) The type of feed had a significant effect on the pH value of
the liquid fertilizer produced from the vermiculture; feed from
green vegetable waste gave the highest pH value while worm type
had no significant effect on pH value.

2) The type of worms and the type of feed have no significant
effect on the N and P content of the liquid fertilizer. A feed of
green vegetable waste compared to other feedstuffs produced
higher values for pH value, NH;, NO, and Total-K, while
Lumbricus rubellus worms produced higher values for pH, NO,,
NO;, Total-N and Total-K content compared with Eudrilus
eugeniae worms. The combination treatment between the type of
worm and the type of feed together had a significant effect on the
total K content of the liquid fertilizer.

3) The combination of the type of earthworms and type of feed
significantly affected the pH value of the vermicompost. The
combination of green vegetable waste and Eudrilus eugeniae worm
produced the highest vermicompost pH value. The treatment with
the feed derived from zero burning waste was significantly
different from the other two feeds in terms of producing
vermicompost with a higher C-organic content, but neither worm
nor feed type had a significant effect on the content of N, P and K,
Base Saturation and CEC. The combination of the two types of
worm treatment and the type of feed had a significant effect on the
content of exchangeable-Ca, but not on exchangeable-Mg, Na and
K. The combination of green vegetable waste and Lumbricus
rubellus worm gave the highest soil CEC, but for Base Saturation,
no-feeding with Eudrilus eugeniae produced a higher value.

4) The type of worm and type of feed significantly affected the
exchangeable-Mg content in the vermicompost, while the other
three parameters were not significantly different. The
combination of zero burning waste and Eudrilus eugeniae worms
gave a better content of exchangeable Ca and Mg, while no-feeding
and Eudrilus eugeniae worms provided higher values for
exchangeable Na and K.

5) Type of worm and type of feed did not significantly affect
the weight of the worm colonies, but the addition of feed increased
the weight of the worms with the highest weight resulting from the
use of zero burning feed. This waste in combination with the
Lumbricus rubellus worm gave the highest average weight of the
worm colony at the end of the experiment.

6) The results of this study indicated that the wastes generated
from zero burning land clearing practices in Central Kalimantan
can be used as a feedstuff for vermiculture and the resulting liquid
fertilizer and vermicompost are suitable for agricultural use.
Vermiculture could, therefore, play a role in supporting the
livelihoods of farmers who can no longer use fire to dispose of land
clearance debris and crop residues, while also provided a suitable
soil ameliorant for improving crop growth.
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