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ABSTRACT

The inefficient use of nitrogen is due to the loss of nitrogen (N) in the soil caused by a range of mechanisms, including the
volatilization of ammonia, the leaching of nitrates, the runoff of soil, and autotrophic reactions. In this work, an effort was
made to keep nitrogen from being lost during the urea treatment by making use of frass produced by black soldier fly larvae
(BSFL) on decanter cake (DC) and palm kernel expeller (PKE). Thirty days of soil incubation was carried out to study the
effects of varying concentrations of BSFL on the amount of nitrogen retained from varying concentrations of urea. In the
incubation of the soil, the treatments were as follows: 300 g of soil only (T0), 300 g of soil + 4 g of urea (T1), 300 g of soil +
40 g of frass (T2), 300 g of soil + 30 g of frass+ 3 g of urea (T3), and 300 g of soil + 20 g of frass + 2 g of urea (T4). The
treatments were organized using a complete randomized design (CRD), and each replication was performed three times.
Incorporating BSFL frass into the soil increased pH, total carbon, organic matter, available nitrate and exchangeable
ammonium, and cation exchange capacity in the soil. This is due to BSFL frass being rich in base cations. Amending urea with
BSFL frass significantly increased soil cation exchange capacity (CEC) and pH because high pH contributes to a low
concentration of H* ions in the soil and increases the possibility of NH4" cations binding on the negative sites on the surface
of BSFL frass. In conclusion, pH was an important regulator of net nitrification during BSFL composting.
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1. INTRODUCTION fertilizers can quickly enhance crop yields, this practice can
also lead to soil hardening and a decline in soil organic
Malaysia is one of the world's top producers of palm oil, matter and pH, which can ultimately result in a loss of soil
with 24.49 million tonnes of palm oil and palm-based productivity.
products exported in the year 2023 alone [1]. The sector's
expansion leads to massive waste generation, including the The decomposition of organic waste by Hermetia illucens
palm oil mill effluent (POME), palm kernel cake (PKC), (black soldier fly, BSF) is a potential solution for managing
decanter cake (DC), empty fruit bunches (EFB), palm the overabundance of palm oil processing waste like DC
kernel shell (PKS), palm kernel expeller (PKE) and palm and PKE. At the same time, it contributes to the production
press fibre (PPF) [2]. Specifically, palm oil processing of frass as an organic fertilizer source. The life cycle of BSF
generated roughly 4-5 tonnes of decanter cake (DC) for may be broken down into four distinct stages: the egg,
every 100 tonnes of fresh palm fruit cluster processed [3]. larva, pupa, and adult stages [5], in which the BSF Larvae
The level of caution increases as the quantity of discarded (BSFL) plays an important role in converting these organic
DC builds up over time. wastes into frass. In the final step of the larval stage, the
prepupae then move to a dry and adequate pupation place,
At the same time, there is an increasing demand for organic where they transform into the pupa stage of the insect [6].
fertilizers. This is because of the harmful consequences
that nitrogen fertilizers like urea have on the environment The decomposition of organic material is possible by BSFL
through their contribution to pollution. According to a due to its appetite for organic wastes, including
study [4], improper usage of wurea could trigger decomposing fruits, vegetable waste, animal dung, and
nitrification, releasing free hydrogen ions (H*) in the soil municipal organic wastes [7]. Additionally, its larvae are
and forming soil acidity. In addition, the release of not considered pest flies and decompose organic waste
hydrogen ions into the soil is another consequence of plant from various sources. BSFL, contrary to many other pests
uptake of ammonium ions (NH4*). Even though synthetic that feed on trash, does not harbour bacteria or disease and
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can make Escherichia coli and Salmonella harmless [8].
BSFL has a protein content of 42.1-56.9% and a lipid
content of 19-37%, which makes the amino acid and fatty
acid profiles of BSFL appropriate for inclusion in the
poultry diet [9].

Even after the harvesting of BSFL, a significant quantity of
insect frass, often known as the excrement of the larvae,
will remain. The excrement is the waste resulting from the
growth of BSFL, which are often fed with dry grains of
distillers with soluble, and they contain roughly 20%
protein in addition to a wealth of other helpful nutrients.
The frass is a by-product of BSFL rearing, consisting of a
significant quantity of various nutrients. A study reported
that using frass as an organic fertilizer would benefit crop
growth [10]. The source, nutrient content, degree of
mineralization, and storage technique of frass significantly
impact its effectiveness as fertilizer [11].

Frass has many benefits in boosting soil fertility, and there
has been extensive research into the mineralization and
timing of N by frass generated from various organic
resources [12]. However, its optimized application in soils
and its effect on plants is not fully understood. Thus, this
study focuses on determining nitrogen availability during
the urea treatment using the frass produced by BSFL from
palm oil processing wastes, namely the DC and PKE. The
selected physicochemical properties of BSFL frass after
being fed on DC and PKE, the suitability of BSFL frass to be
used as organic fertilizer in conjunction with urea was
identified. The optimal amount of BSFL frass that could be
used to retain N from urea application was also studied.

2. MATERIAL AND METHODS
2.1. Preparation and Analysis of Soil Sample

The soil used in this study was Nyalau Series (Typic
Paleudults), located in a primary forest of Universiti Putra
Malaysia Bintulu Campus. The area has an elevation of 27.3
m, with an annual rainfall of 2993 mm, a mean temperature
of 27 °C, and a relative humidity of about 80%. The
sampling area was 50 m x 50 m where soil samples will be
randomly taken from this area. The soil samples were then
air-dried, ground, and sieved through a 2 mm sieve.

2.2. Initial Characterization of Soil and Frass from
Decanter Cake (DC) and Palm Kernel Expeller (PKE)

Table 1 summarizes the type of initial characterization
carried out on soil and frass from DC and PKE. Ammonium
and nitrate are two inorganic forms of nitrogen that require
attention. Important type of nitrogen needed in crop
growth and development include ammonium and nitrate,
booth of which are soluble in water. The acidic pH of the
soil was collected from the Typic Paleudults (Nyalau
Series). Minerals in Malaysia’s naturally acidic soil are
responsible for these properties [13].
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Table 1 Selected physical and chemical properties of Nyalau
Series (Typic Paleudults) and frass from decanter cake (DC) and
palm kernel expeller (PKE) used in the incubation study

Properties Soil Frass (DC + PKE)
pH (KCD 39 8.2
pH (dHz0) 476 8.5
Electric(ilSCC(;rrllg;lctivity nd 95.7
Moisture content n.d. 24.3
Organic Matter (%) 5.03 47.5
Total Carbon (%) 291 26.1
Exchangeat()(l;))ammonium 12 19
Available Nitrate 52 1.9
Total Nitrogen (%) 0.37 1.8
Total Phosphorus (%) 110.88 4.4
Total Potassium (%) 28.83 4.5

Note: All analyses are based on dry weight; n.d.: not determined.
2.3. Incubation Set-up

The recommendation rate of N required for lettuce (test
crop) was 60 kg N (130 kg ha'! urea) and scaled down to
per plant basis from the standard fertilizer
recommendation. The BSFL frass rate was 5 t ha'l, but it
was scaled down to a per-plant basis. From Table 3.1, TO
represented the contribution of initial N in the soil, T1
represented available N in the soil and urea, T2
represented available N in the soil with BSFL frass, T3, and
T4 represented the N in the soil with different rates of urea
and BSFL frass. However, the urea and BSFL frass amounts
in T3 and T4 were reduced by 50% and 25% based on
standard recommendations (Table 2). The soil, urea, and
frass were thoroughly mixed, after which the mixture was
incubated in transparent polypropylene containers with
perforated lids for good aeration. The samples were
incubated at room temperature (26 °C) for 30, 60, and 90
days. Three replicates of each treatment were arranged to
suit a completely randomized design (CRD) at the Soil
Science Laboratory, Universiti Putra Malaysia Bintulu
Sarawak Campus, Malaysia. The samples were moistened
to 60% moisture content based on the soil’s field capacity.
The soil moisture level was maintained using distilled
water when necessary.



Table 2 Selected treatments and components of the incubation
of Soil, Urea, and Frass

Treatments Components
TO Soil only
1 Soil + Urea (4g)
T2 Soil + Frass (40g)
T3 Soil + Frass (30g) + Urea (3g)
T4 Soil + Frass (20g) + Urea (2g)

2.4. Soil Chemical Analysis Before and After Incubation

The soil samples were characterized for physical and
chemical properties before and after the incubation study.
Soil pH in water and potassium chloride (KCI) and electrical
conductivity (EC) were measured in a 1:2.5 (soil: distilled
water/KCl) using a digital pH meter and an EC meter,
respectively [14]. Soil total carbon (TC) was determined
using the Thermo Scientific CHNS analyser and the Total
Organic Matter was calculated 1.72% of Total Carbon. The
soil CEC was determined using the leaching method [5]
followed by steam distillation [15]. Exchangeable cations
[Ca, Mg, Sodium (Na), and Fe] were extracted with 1 M
ammonium acetate (NH40Ac), pH 7 using the leaching
method [15]. Afterward, the cations were quantified using
Atomic Absorption Spectrophotometry (novAA 800,
analyticjena, Technology Quality Innovation, Germany).
Lastly, soil inorganic N (exchangeable NH4" and available

NO3") was determined following the method [16].
2.5. Statistical Analysis

Data were analyzed statistically using analysis of variance
(ANOVA) to detect treatment effects. The means of the
treatment were compared using Tukey’s HSD test atp <
0.05. Statistical Analysis System (SAS) Version 9.4 was used
for the statistical analysis. A normality test was performed
to ensure the data obtained fit the ANOVA assumption.

3. RESULTS AND DISCUSSIONS

The selected physical and chemical properties of soil are
summarised in Table 1. pH of the Typic Paleudults (Nyalau
Series) soil extracted in water were acidic and low in
electrical conductivity, field capacity, moisture content,
and bulk density (Table 1). The characteristics are typical
of Malaysian minerals acidic soil [17].

3.1. The Typic Paleudults (Nyalau Series) pH of
Potassium Chloride and Distilled Water at Thirty Days
of Incubation

Incubation from the soil affected the pH of KCl and distilled
water after 30 days of incubation. The treatment without
soil amendments and urea (T0) had significantly lower pH
compared with the treatments with soil amendment and
urea (T1, T2, T3 and T4). The soil pH levels in KCl of the soil
with 100% recommended rate of frass (T2), soil with 25%
recommended rate of frass and urea (T3), and soil with
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50% recommended rate of frass and urea (T4) were similar
and significantly higher than those TO and T1, without the
present of frass. Moreover, pH in KCl with 100%
recommended rate of urea (T1) was significantly higher
than T0, which is soil only. The soil pH in distilled water for
TO with soil only was significantly lower compared with the
treatments with soil amendment and urea (T1, T2, T3 and
T4).

The pH levels in KCl at times T2, T3, and T4 were
significantly greater than those measured at times TO and
T1 (Figure 1). Whereas in distilled water T1, T2, T3 and T4
were higher than T0. The pH of the soil is one of the most
important factors that can hinder mineralization. A higher
pH stimulates the process of disintegration. Mineralization
does, however, take place at all pH levels, and it is mediated
by bacteria that are capable of thriving in those situations
[18]. The application of urea to treatments (T1, T3, and T4)
that undergo hydrolysis releases more OH- ion to increase
soil pH [19], At the same time, applying frass with a pH of
6.9 performs as a liming agent, which also increases soil pH
[20]. The soil pH in urea microsites increased to a
maximum of 8 to 9 after the application of urea [21]. It has
been demonstrated that bringing the pH of a site up to that
of water causes an increase in the rate of decomposition,
which in turn causes an increase in the rate of N
mineralization [22].

It is believed that the application of organic amendment
derived from BSF can help minimize terrestrial
acidification by reducing levels of aluminium and iron,
hence preventing these elements from hydrolysing and
creating H* ions [23]. The application of BSF decreased the
amount of aluminium and iron that was active in the soil
solution [24]. This was caused by reactions that formed
organometal complexes with the hydroxyl and carboxyl
functional groups of humic acids. Frass contains humic
acid, which has a distinctive quality that enables it to
interact with metal ions, oxides, hydroxides, and minerals,
in addition to hazardous pollutants that have the ability to
lower pH levels [25].

This implies that the addition of frass to tropical soils with
acidic pH results in a decrease in the generation of H* ions.
According to the findings (Figure 1), shifts in soil pH are
influenced by the buffering capacity of the soil, and the pace
at which urea is broken down is affected by urease activity.
Both of these factors can be seen in the Figure 1.
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Figure 1 Soil pH of different treatments in potassium chloride
and distilled water as 300 g soil only (T0) 300 g soil + 4 g urea
(T1) 300 g soil + 40 g frass (T2), 300 g soil + 30 g frass (T3), and
300 g soil + 20 g frass (T4) during means of treatments using
Tukey’s test at p<0.05. The different cases of alphabets show
different comparisons. Bars represent the mean values +
standard error of replications.

3.2. The Typic Paleudults (Nyalau Series) of Total
Carbon and Organic Matter at Thirty Days of
Incubation

The effects of treatments on soil total carbon (TC) at 30
days of incubation (DAI) are presented in Figure 2. The soil
TC with 100% recommended rate of frass in T2 were
significantly higher than TO, T1, T3 and T4. Soil TC with
100% recommended rate of frass in T2, soil TC with 50%
recommended rate of frass and urea in T3, and soil TC with
25% recommended frass and urea in T4 was significantly
higher than those TO, T1, without the present of frass.
Besides, soil TOM with 100% recommended rate of frass in
T2 was significantly higher than those of TO, T1, T3 and T4.
Soil TOM with 100% recommended rate of frass in T3 and
soil TOM with 50% recommended frass and urea in T3
were significantly higher than those of TO, T1 and T4. Soil
TOM in T2, T3 and T4 with the present of frass and urea
were significantly higher than TO and T1, without the
present of frass.

Figure 2 shows that treatment T2 had the highest levels of
soil total carbon when compared to the other treatments
(TO, T1, T3 and T4), but treatment T2 and T3 had the
highest levels of soil total organic matter when compared
to the other treatments (TO, T1 and T4). The relevance of
soil total carbon (TC) in regulating crop yields has been
well established. Applied organic amendment, particularly
increases in soil total carbon (TC) [26]. The accumulation
of TC can be beneficial to crop productivity in several ways:
it can increase the size of the mineralizable N and P pool; it
can improve soil structural properties, such as lower soil
bulk density, improved aggregate stability, improved
aeration, and pore connectivity; and it can ameliorate
constraints, such as inappropriate soil pH and low cation
exchange capacity. All these factors contribute to increased
crop productivity [27]. Microbial decomposition of organic
nitrogen [28] requires a substrate, which organic matter
provides. Changes in the total amount of nitrogen in the soil
are related to the substrate supplied from organic
amendment for microbial development and their activity
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[29]. In addition, the microorganisms necessary for the
breakdown of organic nitrogen in soils are derived from the
organic matter contained in compost [30]. Urease activity
is strongly intertwined with the biological activity of soils,
which is directly proportional to the amount of organic
matter present in addition to a variety of other elements
that influence the development of microorganisms [31].
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Figure 2 Soil total carbon and total organic matter of different
treatments in 300 g soil only (T0) 300 g soil + 4 g urea (T1) 300
g soil + 40 g frass (T2), 300 g soil + 30 g frass (T3), and 300 g soil
+ 20 g frass (T4) during means of treatments using Tukey’s test

at p<0.05. The different cases of alphabets show different
comparisons. Bars represent the mean values + standard error
of replications.

3.3. The Typic Paleudults (Nyalau Series) of Available

Nitrate (NOs) and Exchangeable Ammonium (NH4") at
Thirty Days of Incubation

The effects of treatment on soil available nitrate (NO3’) and
exchangeable ammonium (NH4") at 30 days of incubation
(30 DAI) are presented in Figure 3. The soil available NO3
with 100% recommended rate of urea in T1 was
significantly higher than TO, T2, T3, and T4. Soil available
NO3” with 100% recommended rate of urea in T2, 50%
recommended rate of frass and urea in T3, and 25%
recommended rate of frass and urea in T4 were
significantly similar but lower than T1 with 100%
recommended of urea and higher than without frass and
urea in TO. Soil available NO3™ in T1, T2, T3, and T4 were
significantly higher than TO, which is soil only. Besides, soil
exchangeable NH4" with 100% recommended rate of urea
in T1 was significantly higher than those of TO, T2, T3 and

T4. Soil NH4" with 100% recommended rate of urea in T1,
100% recommended rate of frass in T2, 50%
recommended rate of frass and urea in T3 and 25%
recommended rate of frass and urea in T4 were

significantly higher than TO, which is soil only. Soil NH4"
with 100% recommended rate of frass in T2, 50%
recommended rate of frass and urea in T3 and 25%
recommended rate of frass and urea in T4, with the present
of frass were significantly similar but lower than 100%
recommended rate of urea in T1 and higher than soil only
in TO.



Exchangeable ammonium and nitrates play a significant
role in the global nitrogen cycle, particularly the nitrogen
released by organic fertilizers. When discussing the frass
generated by Black Soldier Fly (BSF), it is noteworthy to
mention that it possesses a substantial quantity of
ammonium and nitrate (Table 1). Nevertheless, for plants
to effectively utilize nitrogen, they must undergo a

preliminary conversion process, creating nitrate (NO3)
[32]. The conversion above is facilitated by two distinct
mechanisms, namely mineralization and nitrification. On
the one hand, soil microorganisms have a strong affinity
toward ammonium, thereby facilitating its sequestration
and reducing its accessibility to plants through a
phenomenon referred to as immobilization [33]. Achieving
the conversion of ammonium to nitrate in a manner that
optimizes its utilization by plants necessitates a delicate
equilibrium.

In treatment 1 (T1), the addition of urea (4g) to the soil
resulted in considerably elevated levels of soil accessible
NO3 and NH4" in comparison to the other treatments. This
statement aligns with the current state of literature
concerning the function of urea as a nitrogen-based
fertilizer, as discussed by [34]. The hydrolysis of urea in soil
is facilitated by microbial urease enzymes, resulting in the
liberation of ammonium (NH4") ions. These ammonium
ions are subsequently subjected to nitrification, a process

that converts into nitrate (NOs’) ions [35]. The observed
increase in NH4" levels after the hydrolysis of urea may
have played a role in the elevated levels of NO3™ seen in T1.

As anticipated, T1 exhibited increased amounts of NH4* as
a result of the hydrolysis of urea. The observed elevated

content of NH4" in T1 aligns with the prompt formation of
urea hydrolysis byproducts.

The treatments T2, T3, and T4, which incorporated the
application of Black Soldier Fly frass at quantities of 40g,
30g, and 20g, respectively, exhibited significantly higher
concentrations of NOs in comparison to the control

treatment (TO) (Figure 3). The elevation NO3
concentrations can be ascribed to multiple variables, one of
which is the presence of organic matter. The frass when
integrated into the soil, acts as a provider of organic matter
(Figure 2). The presence of organic matter has been found
to have a positive impact on the retention of nutrients and
the activity of microorganisms [36]. This, in turn, facilitates
the process of nitrification, which involves the conversion
of NH4" to NOs™ [37]. The presence of frass serves as a
substrate for soil microbes, hence facilitating the microbial
degradation of organic matter and boosting nitrification
processes. Treatments T2, T3, and T4 demonstrated
increased concentrations of NH4". The continuous supply of
NH4" to the soil can be ascribed to the emission of
ammonium during the decomposition of organic matter in
frass (Figure 2 and Figure 3).

The treatments T3 and T4, which involved the combination
of frass and urea (Table 2), showed a moderate amount of

both NO3™ and NH4" in comparison to T1 and the control
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treatment (TO) (Figure 3). The potential impact of the
interaction between frass and urea on soil nitrogen
dynamics is clear. The potential impact of frass on the rates
of urea hydrolysis and nitrification processes could lead to
variations in the levels of nitrogen forms and
concentrations [4].
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Figure 3. Soil available nitrate and exchangeable ammonium of
different treatments in 300 g soil only (T0) 300 g soil + 4 g urea
(T1) 300 g soil + 40 g frass (T2), 300 g soil + 30 g frass (T3), and
300 g soil + 20 g frass (T4) during means of treatments using
Tukey’s test at p<0.05. The different cases of alphabets show
different comparisons. Bars represent the mean values *
standard error of replications.

3.4. The Typic Paleudults (Nyalau Series) of Cation
Exchange Capacity (CEC) at Thirty Days of Incubation

The effects of treatments on cation exchange capacity
(CEC) at 30 days of incubation (30 DAI) are presented in
Figure 4. Soil CEC with 100% recommended rate of urea in
T1 was significantly higher than those of T0, T2, T3 and T4.
Soil CEC with 100% recommended rate of frass in T2 was
significantly higher than those TO, T3 and T4 and lower
than T1. Soil CEC with 50% recommended rate of frass and
urea in T3 and 25% recommended rate of frass and urea in
T4 were significantly similar but lower than 100%
recommended rate of urea in T1 and 100% recommended
rate of frass in T2 but higher than soil only in TO0. Soil CEC
with 100% recommended rate of urea in T1, 100%
recommended rate of frass in T2, 50% recommended rate
of frass and urea in T3 and 25% recommended rate of frass
and urea in T4 were significantly higher compared to soil
only in TO.

The cation exchange capacity (CEC) of soil increased with
the incorporation of urea in T2. The degree of
decomposition and the CEC of organic matter were
correlated as OM decomposed to some degree in the soil,
which would increase the CEC of organically dominated
soils and TC content [38]. This shows that adding urea and
frassin T1, T2, T3, and T4 could improve the CEC in the soil.
Therefore, applying organic matter improves the soil's CEC
through the presence of humic substances in the organic
materials [1]. Besides, the CEC is relatable with the soil pH
(Figure 1 and Figure 4) because the increasing of pH means
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that the concentration of H* cation which contributes to the
acidity in the soil has been reduced, thus increasing the CEC
of soil as most of the NH4* could be attached to the surface
of BSFL frass. TO has low CEC as there is no addition of urea
and BSFL frass.
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Figure 4. Soil cation exchange capacity (CEC) of different
treatments in 300 g soil only (T0) 300 g soil + 4 g urea (T1) 300
g soil + 40 g frass (T2), 300 g soil + 30 g frass (T3), and 300 g soil
+ 20 g frass (T4) during means of treatments using Tukey’s test
at p<0.05. The different cases of alphabets show different

comparisons. Bars represent the mean values * standard error
of replications.

4. CONCLUSION

The optimization application of 50% BSFL frass and 50%
urea in T3 indicates that BSFL decreased by 50% compared
to the existing suggestion. Additionally, the BSFL frass
considerably raised soil pH. BSFL frass also significantly
increase total carbon and total organic carbon. Soil CEC and
pH are relatable because high pH contributes to low
concentration of H* ion in the soil, thus increase the
possibility of NH4* cations to bind on the negative sites on
the surface of BSFL frass. The BSFL frass also improved soil
organic matter and soil total organic carbon because of the
inherent content of organic matter and carbon in the BSFL
frass. The higher soil total N, exchangeable NH4* and
available NOsz suggests that BSFL frass improve the
retention of N in the form of NH4* from urea, however, pot
and field trials are essential to understand more about the
ability of BSFL frass to retain N from urea and to provide
essential plant nutrients.

ACKNOWLEDGMENTS

The authors would like to thank Universiti Putra Malaysia
Kampus Bintulu for funding this work and Universiti
Malaysia Sarawak (UNIMAS) for funding the article
publication (Grant No.: F07/T0C/1512/2016).

144

REFERENCES

[1]

[4]

[5]

[9]

[10]

Ministry of Plantation and Commodities (2024).
Sawit: Higher export revenue from oil palm sector
this year. https://www.kpk.gov.my/kpk/en/palm-
oil-news/sawit-higher-export-revenue-from-oil-
palm-sector-this-year. Last accessed 18 Sept 2024.
Murthy, P. S, & Madhava Naidu, M. (2012).
Sustainable management of coffee industry by-
products and value addition - A review. Resources,
Conservation and Recycling, 66, 45-58.
https://doi.org/10.1016/j.resconrec.2012.06.005.
Embrandiri, A., Rupani, P. F,, Ismalil, S. A, Singh, R. P.,
Ibrahim, M. H., & b. Abd. Kadir, M. 0. (2016). The
effect of oil palm decanter cake on the accumulation
of nutrients and the stomatal opening of Solanum
melongena (brinjal) plants. International Journal of
Recycling of Organic Waste in Agriculture, 5(2), 141~
147. https://doi.org/10.1007/s40093-016-0124-8.
Watson, C., Preifding, T., & Wichern, F. (2021). Plant
Nitrogen Uptake From Insect Frass Is Affected by the
Nitrification Rate as Revealed by Urease and
Nitrification Inhibitors. Frontiers in Sustainable Food
Systems, 5, 1-12.
https://doi.org/10.3389/fsufs.2021.721840.
Visvini, L., Latifah, 0., Ahmed, O. H., & Kurk, W. J.
(2022). Frass Production From Black Soldier Fly
Larvae Reared On Palm Oil Wastes. IOP Conference
Series: Earth and Environmental Science, 995(1), 0-
6. https://doi.org/10.1088/1755-
1315/995/1/012012.

Smets, R, Verbinnen, B., Van De Voorde, 1., Aerts, G.,
Claes, ], & Van Der Borght, M. (2020). Sequential
Extraction and Characterisation of Lipids, Proteins,
and Chitin from Black Soldier Fly (Hermetia illucens)
Larvae, Prepupae, and Pupae. Waste and Biomass
Valorization, 11(12), 6455-6466.
https://doi.org/10.1007 /s12649-019-00924-2.
Wang, Y. S., & Shelomi, M. (2017). Review of black
soldier fly (Hermetia illucens) as animal feed and
human food. Foods, 6(10).
https://doi.org/10.3390/foods6100091.

Erickson, M. C., Islam, M., Sheppard, C., Liao, J., &
Doyle, M. P. (2004). Reduction of Escherichia coli
0157:H7 and Salmonella enterica serovar enteritidis
in chicken manure by larvae of the black soldier fly.
Journal of Food Protection, 67(4), 685-690.
https://doi.org/10.4315/0362-028X-67.4.685.

de Souza Vilela, ]., Alvarenga, T.I, Andrew, N.R,
McPhee, M., Kolakshyapati, M., Hopkins, D.L. and
Ruhnke, 1., 2021. Technological quality, amino acid
and fatty acid profile of broiler meat enhanced by
dietary  inclusion of Dblack soldier fly
larvae. Foods, 10(2), p.297.

Yildirim-Aksoy, M., Eljack, R., Schrimsher, C., & Beck,
B. H. (2020). Use of dietary frass from black soldier
fly larvae, Hermetia illucens, in hybrid tilapia (Nile x
Mozambique, Oreocromis niloticus x 0. mozambique)
diets improves growth and resistance to bacterial
diseases. Aquaculture Reports, 17(January), 100373.
https://doi.org/10.1016/j.aqrep.2020.100373.


https://doi.org/10.1016/j.resconrec.2012.06.005
https://doi.org/10.1007/s40093-016-0124-8

[11]

[14]

[18]

[19]

Amrul, N. F,, Ahmad, L. K,, Basri, N. E. A, Suja, F., Jalil,
N. A. A, & Azman, N. A. (2022). A Review of Organic
Waste Treatment Using Black Soldier Fly (Hermetia
illucens). Sustainability (Switzerland), 14(8), 1-15.
https://doi.org/10.3390/su14084565.

Gaskell, M., & Smith, R. (2007). Nitrogen sources for
organic vegetable crops. HortTechnology, 17(4),
431-441.

https://doi.org/10.21273 /horttech.17.4.431.
Zulfahmi, A. R, Wan Zuhairi, W. Y., Raihan, M. T.,
Sahibin, A. R.,, Wan Mohd Razij, I., Tukimat, L., Siti Nur
Syakireen, Z., & Noorulakma, A. (2012). Influence of
Amang (Tin Tailing) on Geotechnical Properties of
clay soil. Sains Malaysiana, 41(3), 303-312.

Peech, M. (2016). Hydrogen-ion activity. Methods of
Soil Analysis, Part 2: Chemical and Microbiological
Properties,914-926.

https://doi.org/10.2134 /agronmonogr9.2.c9.
Bremner, . M, & Keeney, D. R. (1965). Steam

distillation = methods for determination of
ammonium, nitrate and nitrite. Analytica Chimica
Acta, 32(0), 485-495,

https://doi.org/10.1016/S0003-2670(00)88973-4.
Keeney, D. R., & Nelson, D. W. (1982). 33 Nitrogen
inorganic forms-. Methods of Soil Analysis,

9(9), 643-698.

Sung, T. and Iba, J. (2010). Accuracy of the Saxton-
Rawls method for estimating the soil water
characteristics for mineral soils of Malaysia.
Pertanika Journal of Tropical Agricultural Science, 33
(2).297-302.

Giovanella, P., Vieira, G. A. L., Ramos Otero, 1. V., Pais
Pellizzer, E., de Jesus Fontes, B., & Sette, L. D. (2020).
Metal and organic pollutants bioremediation by
extremophile microorganisms. Journal of Hazardous
Materials, 382, 121024.
https://doi.org/10.1016/j.jhazmat.2019.121024.
Hamidi, N. H., Ahmed, O. H,, Omar, L., & Ch’'ng, H. Y.
(2021). Combined use of charcoal, sago bark ash, and
urea mitigate soil acidity and aluminium toxicity.
Agronomy, 11(9).
https://doi.org/10.3390/agronomy11091799.
McCauley, A., Jones, C., & Jacobsen, J. (2009). Soil pH
and Organic Matter. Nutrient Management Module,
8(8),1-12.
https://citeseerx.ist.psu.edu/viewdoc/download?d
0i=10.1.1.566.6336&rep=rep1&type=pdf.

Omar, L., Ahmed, O. H., Jalloh, M. B., & Majid, N. M. A.
(2021). Rice husk compost production and use in
mitigating ammonia volatilization from urea.
Sustainability (Switzerland), 13(4), 1-23.
https://doi.org/10.3390/su13041832.

Mansson, K. F.,, & Falkengren-Grerup, U. (2003). The
effect of nitrogen deposition on nitrification, carbon
and nitrogen mineralisation and litter C:N ratios in
oak (Quercus robur L.) forests. Forest Ecology and
Management, 179(1-3), 455-467.
https://doi.org/10.1016/S0378-1127(02)00535-2.

145

International Journal of Nanoelectronics and Materials (IJNeaM)

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

Volume 17, (Special Issue) December 2024 [139-146]

Shetty, R, Vidya, C. S. N., Prakash, N. B, Lux, A, &
Vaculik, M. (2021). Aluminum toxicity in plants and
its possible mitigation in acid soils by biochar: A
review. Science of the Total Environment, 765,
142744.
https://doi.org/10.1016/j.scitotenv.2020.142744.
Ifansyah, H., Yani, ]. A., 36 Banjarbaru, K., & Selatan,
K. (2013). Soil pH and Solubility of Aluminum, Iron,
and Phosphorus in Ultisols: the Roles of Humic Acid.
Journal of Tropical Soils, 18(3), 203-208.
https://doi.org/10.5400/jts.2013.18.3.203.
Palansooriya, K. N., Shaheen, S. M,, Chen, S. S, Tsang,
D.C.W., Hashimoto, Y., Hou, D., Bolan, N. S., Rinklebe,
], & Ok, Y. S. (2020). Soil amendments for
immobilization of potentially toxic elements in
contaminated soils: A critical review. Environment
International, 134(June 2019), 105046.
https://doi.org/10.1016/j.envint.2019.105046.

Ali, M., & Mindari, W. (2016). Effect of humic acid on
soil chemical and physical characteristics of
embankment. MATEC Web of Conferences, 58, 1-2.
https://doi.org/10.1051/matecconf/20165801028.
Gonzalez-Rosado, M., Parras-Alcantara, L., Aguilera-
Huertas, ]. and Lozano-Garcia, B., 2021. Soil
productivity degradation in a long-term eroded olive
orchard under semiarid mediterranean
conditions. Agronomy, 11(4), 812.

Kleber, M., Bourg, 1. C., Coward, E. K., Hansel, C. M.,
Myneni, S. C. B, & Nunan, N. (2021). Dynamic
interactions at the mineral-organic matter interface.
Nature Reviews Earth and Environment, 2(6), 402-
421. https://doi.org/10.1038/s43017-021-00162-
y.

Gomez, E., Ferreras, L., & Toresani, S. (2006). Soil
bacterial functional diversity as influenced by
organic amendment application. Bioresource
Technology, 97(13), 1484-1489.
https://doi.org/10.1016/j.biortech.2005.06.021.
Sanchez, O. ], Ospina, D. A., & Montoya, S. (2017).
Compost supplementation with nutrients and
microorganisms in composting process. Waste
Management, 69(26), 136-153.
https://doi.org/10.1016/j.wasman.2017.08.012.
Tang, C. S, Yin, L. yang, Jiang, N. jun, Zhu, C., Zeng, H.,
Li, H, & Shi, B. (2020). Factors affecting the
performance of microbial-induced carbonate
precipitation (MICP) treated soil: a review.
Environmental Earth Sciences, 79(5).
https://doi.org/10.1007 /s12665-020-8840-9.
Thakur, 1. S., & Medhi, K. (2019). Nitrification and
denitrification processes for mitigation of nitrous
oxide from waste water treatment plants for
biovalorization: Challenges and opportunities.
Bioresource Technology, 282(January), 502-513.
https://doi.org/10.1016/j.biortech.2019.03.069.
Hartmann, M., & Six, J. (2023). Soil structure and
microbiome functions in agroecosystems. Nature
Reviews Earth and Environment, 4(1), 4-18.
https://doi.org/10.1038/s43017-022-00366-w.
Yahya, N. and Yahya, N., 2018. Reactor design for
novel green urea synthesis. Green Urea: For Future
Sustainability, 61-98.


https://doi.org/10.5400/jts.2013.18.3.203
https://doi.org/10.1038/s43017-

Deborah Renting Jimmy, et al. / Nitrogen Availability Following Application of Urea and Decanter Cake/Palm Kernel...

[35] Klimczyk, M., Siczek, A., & Schimmelpfennig, L.
(2021). Improving the efficiency of urea-based
fertilization leading to reduction in ammonia
emission. Science of the Total Environment, 771,
145483.
https://doi.org/10.1016/j.scitotenv.2021.145483.

[36] Stefanowicz, A. M., Kapusta, P., Zubek, S., Stanek, M.,
& Woch, M. W. (2020). Soil organic matter prevails
over heavy metal pollution and vegetation as a factor
shaping soil microbial communities at historical Zn-
Pb mining sites. Chemosphere, 240(February), 1-7.
https://doi.org/10.1016/j.chemosphere.2019.1249
22.

[37] Liuy, X, Wu,Y,, Sun, R, Huy, S, Qiao, Z., Wang, S. and Mj,
X.,2020. NH4+-N/NO3--N ratio controlling nitrogen
transformation  accompanied with NO2--N
accumulation in the oxic-anoxic transition
zone. Environmental Research, 189, 109962.

[38] Ping, C. L, Michaelson, G. ]., Kane, E. S., Packee, E. C,,
Stiles, C. A,, Swanson, D. K,, & Zaman, N. D. (2010).
Carbon Stores and Biogeochemical Properties of
Soils under Black Spruce Forest, Alaska. Soil Science
Society of America Journal, 74(3), 969-978.
https://doi.org/10.2136/sssaj2009.0152.

146


https://doi.org/10.1016/j.chemosphere.2019.124922
https://doi.org/10.1016/j.chemosphere.2019.124922

