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Abstract

Sidimpuan salak frond waste (SSFW) is an abundant source of organic material but has not been optimally utilized,
potentially causing environmental problems. Utilization of SSFW as compost raw material through the addition of
conventional bioactivators such as Trichoderma and Stardec is a strategic solution to improve decomposition efficiency
and final compost quality. This study has assessed the quality of compost from SSFW using conventional bioactivators,
namely Trichoderma and Stardec. This study has used a completely randomized design (CRD) with three replications
and three treatment levels (type of bioactivator: without bioactivator, Tricoderma sp., and Stardec). The potential of
conventional bioactivators is significant to the quality of compost from SSFW, namely, moisture, volatile matter, ash, pH,
electrical conductivity (EC), CEC, macro- and micro-nutrient composition, and changes in active groups such as phenol
and carboxyl. Tricoderma-based conventional bioactivator is significant to increase volatile matter (11%), pH (1.10),
EC (0.37 dS m™), and CEC [29.80 cmol(+) kg'] of compost from SSFW, compared to without an activator. The use of
conventional Trichoderma-based bioactivators in compost from SSFW is significant in improving compost quality,
especially through increasing volatile matter content, pH, EC, CEC, and changes in active groups that play an important
role in improving soil chemical properties.
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INTRODUCTION Salak fronds, as organic waste from salak
cultivation, are generally just thrown away or
Indonesia is a tropical country with high  burned, which can pollute the environment and
biodiversity, including in the horticultural sector,  increase carbon emissions. This waste contains
such as salak (Salacca spp.). In the South organic compounds that have the potential to be
Tapanuli region, especially Padangsidimpuan  used as a base for compost. Composting is an
City, Sidimpuan salak (Salacca sumatrana environmentally friendly and sustainable
Becc.) is a leading local commodity that has solution to manage this waste (Yasser et al.,
high economic and cultural value (Silitonga et ~ 2023; Manea et al., 2024), but its efficiency is
al., 2018; Nasution et al., 2019). However, its highly dependent on the bioactivator used in the
productivity has begun to decline due to soil decomposition process (Safitri et al., 2014;
quality degradation and less than optimal Wikurendra et al., 2022; Dusa et al., 2022;
utilization of agricultural waste, especially salak ~ Yanqoritha, 2023; Martinez-Gallardo et al.,
fronds, which are abundant and have not been 2023; Said et al., 2024).
utilized sustainably (Suksmawati et al., 2021).
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One of the main challenges in composting salak
fronds is the high lignocellulose content, which
causes the decomposition process to run slowly.
The weathering process occurs naturally and
lasts for + 1 year. This waste contains organic
compounds such as lignocellulose: 31.7%
cellulose, 33.9% hemicellulose, 17.4% lignin,
and 0.6% silica, and macro nutrients that can be
utilized as soil ameliorants (Devi et al., 2019).
To overcome this, a decomposing agent or
bioactivator is needed that can accelerate the
weathering process of complex organic matter.
Conventional bioactivators based on local
microorganisms are a promising alternative
because they can accelerate decomposition and
improve the final quality of compost. Although

bioactivators have been widely wused in
composting  various  agricultural  wastes,
specifically  evaluating the effect of

conventional bioactivators on the quality of
compost from Sidimpuan salak frond waste is
still very limited. This type of waste has unique
characteristics that differ from other agricultural
wastes, both in terms of structure and chemical
content.

Composting focused on locally specific wastes,
especially Sidimpuan salak fronds, has not been
widely conducted, especially in the context of
the use of conventional bioactivators and their
effect on compost quality parameters. The use of
bioactivators can affect the physicochemical
characteristics of compost, including an increase
in nitrogen, phosphorus, and potassium content,
as well as a decrease in the C/N ratio (Fabela &
Sasongko, 2023; Nurfadly et al., 2025).
However, the wvariability of bioactivator
effectiveness depends on the compost base
material and local environmental conditions.
This is of interest to the effectiveness of
conventional bioactivators on Sidimpuan salak
fronds. This study has examined the potential of
conventional bioactivators in improving the
quality of compost from Sidimpuan salak frond
waste.

MATERIALS AND METHODS

This research was conducted from April to July
2025 at the Soil Chemistry and Fertility
Laboratory, Faculty of Agriculture, and Central
Laboratory, Universitas Andalas, Padang.
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Experiment design

The experimental design that has been used in
this study is a complete randomized design
(CRD) with three replications and three
treatments (type of conventional bioactivators),
namely: without bioactivator, Trichoderma, and
Stardec.

Sidimpuan salak frond waste preparation
Sidimpuan salak frond waste (SSFW) was
obtained from a smallholder salak plantation in
Lembah Lubuk Raya, West Angkola, South
Tapanuli, North Sumatra, Indonesia, at
coordinates Lat 1.440161°; Long 99.221157°.
The processing process begins with shredding
the waste using a Chopper Hammer Mill
machine, then the shredded results are sieved
using a 2 mm sieve to obtain a uniform particle
size.

Composting Process

Composting of salak frond waste begins with the
preparation of raw materials and chopped salak
frond as the main composition mixed with the
type of conventional bioactivators used, namely
Trichoderma sp., and Stardec as a treatment of
25% of the total raw material or 125 g
bioactivator/500 g salak frond/100 mL sugar
cane water (molasses)/ pile in a closed box
reactor. Furthermore, the fermentation process
is carried out by paying attention to the moisture
level of the material must be maintained and also
periodically turning the pile every one week and
taking pH and temperature data until the
composting process is complete with a digital
pH meter [Sunlight (9 levels): Low-, Low,
Low+, Nor-, Nor, Nor+; Moisture (5 levels):
Dry+, Dry, Nor, Wet, Wet+; pH value (12
levels): 3.5-9.0 pH, and Temperature: -9-50°C
(16-122°F)] (Table 1 and Figure 1). The mature
compost is then sieved using a 2 mm sieve to get
a uniform size and analyzed in the laboratory.

Compost and statistical analysis

The analysis of ameliorant followed the
standards of the decision of the Minister of
Agriculture (MOA) No. 70/ MOA/ SR.140/ 10/
2011 on the minimum technical requirements of
soil conditioners, namely proximate analysis,
pH (H20, KCl 1M, and PZC), electrical
conductivity (EC), liming potential, CEC,
organic C, total N, and oxide composition with



a PANalytical Epsilon 3XL Benchtop X-ray
fluorescence (XRF) Spectrometer. Analysis of
functional groups with IRT Racer 100 Fourier
transform  infrared (FTIR) spectroscopy
Shimadzu A21706 (Singh et al., 2017).

The results of the ameliorant and soil analysis
were subjected to statistical analysis using
software (Microsoft Excel 2016 and SPSS 23).
The statistical analysis used was the analysis of
variance (ANOVA) and Duncan’s multiple

range test (DMRT). After detecting a significant
effect with ANOVA, DMRT was used as a post
hoc test to identify which specific group means
differ from each other. Significance levels were
determined as follows: if F count > F table at the
5% level, the results are significant and marked
with [*], and if F count > F table at the 1% level,
the results are very significant and marked with
[**]. The [*] and [**] annotations reflect the
significance levels of these differences.

Table 1. Fermentation characteristics of salak frond waste

Fermentation duration (Week):

Type of 1 2 3 4
conventional -
bioactivators Monitored parameters:
Sunlight, Moisture, pH value, and Temperature

Trichoderma s Low-; wet; Low-; wet; Low-; wet; Low-; wet;

ichodermasp. 55 and30°C 6.0, and 30°C 6.5, and 31°C_ 7.0, and 32°C
Stardec Low-; wet; Low-; wet; Low-; wet; Low-; wet;

5.0,and 29°C  5.5,and 30°C 6.0, and 30°C 6.5, and 31°C

Chopper Hammer Mill ® o
Machine

ype of Conventional Bioactivators:
richoderma sp., and Slardec

e Closed Box Reactor:
500g salak frond’ 125g bioactivator/
100 ml. molasscs/ pile

Figure 1. Fermentation process of salak frond waste

RESULTS AND DISCUSSIONS

Based on proximate, compost from Sidimpuan
salak frond waste (SSFW) fermented using
conventional  bioactivators  shows  quite
fluctuating variations and significant changes
(Figure 2). Moisture ranged from 14.15% to
82.31%. The SSFW without bioactivator
treatment has a moisture of 14.15%, while
composting with bioactivators Trichoderma sp.
and Startec produces very high moisture
content, which is 80.36% and 82.31%. The high
moisture indicates that the composting process
is not optimal or takes place under fermentation
conditions that are too wet, which has the
potential to cause anaerobic conditions and slow
down the decomposition of organic matter
(Ayilara et al., 2020). The high volatile matter
(VM), which is between 84.50% to 95.50%,
reflects the high volatile organic compounds that

19

have not been completely decomposed,
indicating that the composting process is still in
an active stage (Sayara et al., 2020). The ash
content showed a significant downward trend
from 17.81% (without bioactivator) to 5.65%
(Trichoderma sp.) and 4.22% (Startdec),
indicating an increased dominance of organic
matter in the final compost, although it may also
indicate that the decomposition process has not
reached the final stage (Prescott & Vesterdal,
2021). The uniformly low fixed carbon content
of about 0.62-0.63% indicates that the stability
of the compost is still low and the material is not
fully mature or stable (Mahapatra et al., 2022).
Overall, these data indicate that the type of
bioactivator has an effect on decomposition
dynamics, but the fermentation process requires
further optimization to produce mature and
stable compost.
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Figure 2. Proximate of compost quality from Sidimpuan
salak frond waste using conventional bioactivators

The compost quality of SSFW fermented using
conventional bioactivators exhibited distinct pH
characteristics when measured in water (pHmn20),
in IM KCI (pHkcr), and as point of zero charge
(PZC) (Figure 3). SSFW compost without
bioactivator showed a pHmo0 of 7.80, a pHkc1 of
7.30, and a PZC value of 6.80. A neutral to
slightly alkaline pH value indicates a relatively
stable environment, while a PZC lower than the
active and potential pH indicates that the
compost surface tends to be negatively charged.
This condition is favorable because a negatively
charged surface can increase the ability of
compost to adsorb important nutrient cations
such as NH4", K¥, and Ca*" (Mohamed et al.,
2025). The addition of Trichoderma sp.
bioactivator caused a significant increase in pH
H20 to 8.93 and, pH xa to 8.70, with the PZC
value increasing to 8.47. This increase reflects
that fermentation with 7Trichoderma sp. was able
to increase the basicity of the compost and bring
the actual pH closer to the PZC, which improves
the chemical stability of the compost surface. A
more alkaline environment can increase the
activity of decomposer microbes and accelerate
the humification process (Zhao et al., 2023).
This was also observed in the application of
Stardec bioactivator, where the pH n20 increased
to 8.90, the pH kcito 8.77, and PZC reached 8.63
- a slightly higher value than Trichoderma sp.
This suggests that Stardec can create a highly
conducive and chemically stable decomposition
environment for sustained nutrient release. The
increase in PZC values close to the active and
potential pH values in both treatments indicates
a tendency for the compost surface to become
more neutral, which can improve CEC and
increase the efficiency of nutrient absorption by
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plants (Sufardi et al., 2020). Overall, the use of
conventional bioactivators such as Trichoderma
sp. and Stardec not only increased the pH of the
compost but also improved the surface charge
characteristics, thus strengthening the function
of compost as a soil ameliorant and an effective

source of organic nutrients.
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Figure 3. The pH of compost quality from Sidimpuan
salak frond waste using conventional bioactivators

Electrical Conductivity (EC) of SSFW compost
fermented wusing conventional bioactivators
shows a significant increase (Figure 4). The
SSFW compost without bioactivators has an EC
value of 0.88 dS m!, which reflects the
relatively low dissolved salt (ionic) content.
After the addition of bioactivators, there was an
increase in EC with Trichoderma sp. to 1.25 dS
m™', and with Stardec to 1.05 dS m™'. This
increased EC value indicates that microbial
activity during the composting process has
resulted in the accumulation of water-soluble
inorganic ions, such as nitrate, ammonium,
phosphate, potassium, and others (Manea et al.,
2024).
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Figure 4. Electrical conductivity of compost quality from
Sidimpuan salak frond waste using conventional

bioactivators
The highest increase occurred in the
Trichoderma sp. treatment, which indicates a
higher  efficiency of organic  matter



decomposition and the release of more nutrients.
However, the EC values of all treatments were
still within safe limits (<4 dS m™") for application
to soil and crops, thus posing no salinity risk
(Ismayilov et al., 2021). Thus, the application of
conventional bioactivators such as Trichoderma
sp. and Stardec not only accelerates the
decomposition process but also increases the EC
value as an indicator of nutrient availability,
which has positive implications for the quality
of compost as a nutrient source in organic
farming systems. The cation exchange capacity
(CEC) of compost produced from SSFW varied
significantly based on the different bioactivators
used (Figure 5). Compost without the addition
of bioactivator (SSFW) has a CEC value of
26.60 cmol(+) kg!. The addition of
Trichoderma sp. as bioactivator significantly
increased the CEC to 56.40 cmol(+) kg!, almost
double that of the control. Meanwhile, the
addition of Stardec was also able to increase the

CEC to 49.07 cmol(+) kg™.
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Figure 5. The CEC of compost quality from Sidimpuan
salak frond waste using conventional bioactivators

The use of conventional bioactivators, both
Trichoderma sp. and Stardec, can accelerate the
decomposition process of organic matter in
compost, produce more stable humus, and
increase the ability of compost to hold and
exchange cations (Khoiriyah et al., 2025).
Trichoderma sp. showed the most effective in
improving compost quality, as seen from the
higher CEC compared to Stardec. Trichoderma
sp. is more optimal in improving compost
quality to support soil fertility (Asghar et al.,
2024). The levels of organic C, total N, and C/N
ratio in compost produced from SSFW
experienced significant changes due to
differences in conventional bioactivators
(Figure 6). Compost without bioactivator
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(control) has organic C content of 20.84% and
total N of 0.53%, with a C/N ratio of 39.41.
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Figure 6. The organic C, total N, and C/N ratio
of compost quality from Sidimpuan salak
frond waste using conventional bioactivators

This relatively high C/N ratio value indicates
that the decomposition process of organic matter
is not optimal; a high C/N ratio is an indication
of a large lignocellulose content and low
decomposing microbial activity (Yang et al.,
2021). The ideal C/N ratio for mature compost
is in the range of 10-20, which indicates a
balance between carbon as an energy source and
nitrogen as an important component for
microbial protein synthesis. Trichoderma sp.
bioactivator showed a significant decrease in
organic C levels to 4.51% and total N to 0.20%,
bringing the C/N ratio down to 23.55. The same
thing also happened with Stardec, where organic
C levels dropped to 3.98% and total N to 0.17%,
with a C/N ratio of 24.42 (Figure 6).

The decrease in organic C in each of the
different conventional bioactivators indicates
that microbial activity in the bioactivator
accelerates the degradation of complex organic
matter, such as cellulose, hemicellulose, and
lignin, into simpler and more stable compounds.
Microbial decomposers in  bioactivators,
including  Trichoderma  fungi,  produce
lignocellulolytic enzymes such as cellulase,
hemicellulase, and ligninase that are effective in
decomposing hard organic matter (Lima et al.,
2024). The decrease in total N in both treatments
(Trichoderma sp. 0.20% and Stardec 0.17%)
may be due to the loss of some nitrogen through
the ammonia volatilization process during
composting (Raza et al., 2021). However, lower
nitrogen values do not necessarily mean lower
compost quality, as C/N ratios close to < 25



indicate that nitrogen has been integrated in the
microbial biomass and humus. Stardec
bioactivator, as a commercial product
containing a mixture of bacteria, fungi, and
additional nutrients, also has a positive effect,
almost equivalent to Trichoderma sp. in
accelerating compost stabilization. The use of
bioactivators, both Trichoderma sp. and Stardec,
effectively accelerates the decomposition
process of salak frond waste organic matter. The
C/N ratio in both treatments, which is already in

the range of 23-24, indicates that the compost is
close to maturity. Compost with a C/N ratio of
<25 is stable enough to be used as organic
fertilizer, although for direct application to
agricultural land, a lower ratio (10-20) is
recommended (Azis et al., 2023). Thus,
Trichoderma sp. appears to be slightly more
effective than Stardec in reducing organic C and
C/N ratio, indicating a higher ability to
accelerate mineralization of organic matter.
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Figure 7. Characterization of functional groups by FTIR of compost quality from Sidimpuan salak frond waste
using selected conventional bioactivators from Trichoderma sp.

The FTIR analysis showed various important
changes in the major functional groups in SSFW
compost after application of the selected
bioactivator Trichoderma sp. (Figure 7). The
decrease in intensity in the -OH band (~3742-
3274 ¢cm’') was in line with the degradation
process of lignocellulose by cellulase and
ligninase enzymes (Kumar & Chandra, 2020).
The decrease in the -NH and -OH bands (~3345
cm’') associated with proteins and complex
carbohydrates, due to significant changes in the
amide-I/II bands during composting (Rueda et
al., 2023). The decrease in the 1630-1615 cm’!
region (C=C aromatics) evidences the depoly-
merization of lignin, which accelerates humi-
fication, due to the degradation of aromatics in
lignin reflected by the decrease in the
transmittance peak. The decrease in the C-O-C
band (~1046-1049 cm™) indicates the breaking
of polysaccharide bonds, due to the enzymatic
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activity of Trichoderma sp. on cellulose (Firda
et al., 2024). The 2189-2106 cm™ band, thought
to represent C=C or -C=N groups, also shifted,
indicating the transformation of complex
compounds into more stable humic structures
(Cui et al., 2025). The phenomenon of
conversion of complex aromatic compounds to
humic substances indicates the ligninolytic
activity of fungi on compost (Gao et al., 2025).
This combination of band changes reflects the
maturity of the compost, showing a reduction in
lignocellulose groups and an increase in humic
compounds. Changes in the FTIR spectra were
in line with the increase in germination index
and compost stability, indicating an effective
humification process (Xie et al., 2025).
Trichoderma sp. plays an active role in
accelerating the degradation of complex organic
matter and triggering the formation of humic
structures through enzymatic pathways.



The XRF showed a drastic increase in P2Os and
K20 in SSFW compost after Trichoderma sp.
bioactivator, from 0.52% to 45.23% and 0.53%
to 30.00%, respectively (Figure 8). Trichoderma
sp. are powerful mineral-degrading and

solubilizing microorganisms through the
secretion of phosphatase enzymes and organic
acids such as citrate, gluconate, and oxalate,
which dissolve inorganic P sources such as
tricalcium phosphate (Ma et al., 2025).
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Figure 8. Characterization of oxide composition by XRF of compost quality from Sidimpuan salak frond waste
using selected conventional bioactivators from Trichoderma sp.

Trichoderma harzianum can increase the acid-
soluble P content in vermicompost by up to 83%
through accelerated organic matter degradation
and enhanced humification (Zhai et al., 2025).
The synergistic effect between compost and
Trichoderma sp. has been shown to increase
phosphorus uptake (Zhang et al., 2025). The
increase in MgO, as well as micro-nutrients such
as MnO (0.47% to 2.07%), CuO (0.01% to
1.045%), and ZnO (0.02% to 2.004%), supports
several biogeochemical mechanisms: (1)
mineral dissolution through the production of
organic acids and siderophores (2) the ability of
Trichoderma to release Fe*', Cu®*, Zn*" ions
through chelation or redox and (3) the
production of phosphatases and other enzymes
that release bound nutrients (Zelaya-Molina et
al., 2025). This P, K, Mg, and micronutrient-rich
compost have the potential to increase crop
fertility and production when used as organic
fertilizer. Trichoderma sp. not only solubilizes
inorganic phosphate, but also improves N and P
uptake by plant roots. Meanwhile, the decrease
in CaO (12.97 to 2.90%), Fe, Si, and Al is likely
due to the transition of these elements from
crystalline oxide forms to complex forms, such
as dissolved or organic acid-bound forms in
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microbial biomass, in line with the redox and
chelation mechanisms by Trichoderma sp.

CONCLUSIONS

The potential of conventional bioactivators is
significant to the quality of compost from SSFW,
namely, moisture, volatile matter, ash, pH,
electrical conductivity (EC), CEC, macro- and
micro-nutrient composition, and changes in
active groups such as phenol and carboxyl.
Trichoderma-based conventional bioactivator is
significant to increase volatile matter (11%), pH
(1.10), EC (0.37 dS m), and CEC [29.80
cmol(+) kg'] of compost from SSFW, com-
pared to without an activator. The use of
conventional 7richoderma-based bioactivators
in compost from SSFW is significant in impro-
ving compost quality, especially through increa-
sing volatile matter content, pH, EC, CEC, and
changes in active groups that play an important
role in improving soil chemical properties.
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