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Abstract
Objective

This study aimed to develop and evaluate a biochar-nanochitosan-based slow-release fertilizer
(SRF-Bio Pjhonska Plus) derived from agricultural and fisheries waste, and to determine its
optimal application dose for improving vegetative growth and yield of maize cultivated on
degraded tropical soils. Specifically, the research investigated the effects of diffrerent SRF-Bio
Phonska Plus dosages on plant height, leaf number, stem diameter, and maize ear weight, compare
to conventional Phonska fertilizer.

Materials and methods

The researh was conducted from June to September 2025 at the Chemistry Laboratory, Faculty
of Mathematics and Natural Sciences, Gorontalo State University. Nanochitosan was synthesized
from shrimp shell chitosan using the ionic gelation method with sodium tripolyphosphate as a
crossliker, followed by spray drying. Biochar was produced from corn cob waste through
pyrolysis at 500 °C under limited oxygen conditions. The ferilizer formulation was prepared by

granulating Phonska fertilizer and biochar at 3:7 ratio using molasses as a binder, followed by
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surface encapsulation with a 1% nanochitosan solution to form SRF-Bio Phonska Plus granules.
Nutrient release bahvior (N, P, and K) was evaluated using a static water immersion test. A
completely randomized design with four treatments and three replications was applied to maize
cultivation experiments, and data were analyzed using ANOVA followed by Duncan’s Multiple
Range Test (DMRT) at a = 0.05.

Results

Characterization result showed that the synthesized nanochitosan had a average particle size of
approximately 552 nm with porous and near-spherical morphology, suitable for nutrient
encapsulation. Biochar exhibition low moisture and ash content, indicating good structural
stability and adsorption capacty. The SRF-Bio Phonska Plus demonstrate significantly slower and
more controlled N, P, and K release compared to conventional fertilizer. In maize application, the
7.5 g SRF-Bio Phonska Plus treatment produced the highest plant height, leaf number, stem
diameter, and cob weight, outperforming both lower and heigher dosages as well as conventional
fertilizer.

Conclusion

The integration of corn cob biochar and nanohitosan derived from shrimp shell waste into SRF-
Bio Phonska Plus effectively enhanced nutrient use efficiency and maize productivity on
degraded soils. The optimal dosage of 7.5 g provided synchronized nutrient release aligned with
plant demand, supporting both vegetative generative growth. This formulation demonstrates
strong potential as an environmentally friendly and sustainable fertilizer strategy for tropical
agricultural systems.
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Introduction

Gorontalo Province is one of the provinces in Indonesia facing land critical challenges.

Spread unevenly across districts, degraded areas add up to 217,178 hectares out of a total
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regional expanse of 1,203,350 hectares. Gorontalo Regency accounts for 75,351 hectares of this
damaged land. North Gorontalo follows, showing 39,107 hectares in decline. In Boalemo, the
number climbs slightly higher at 50,154 hectares. Pohuwato reports less severe but still notable
damage, 22,922 hectares classified as critical. Another 27,998 hectares face deterioration in
Bone Bolango. The capical city of Gorontalo Province which is Gorontalo City also shows signs,
recording 1,646 hectares under threat (Nurdin, 2022). Overuse of fertilizers stands among
leading causes behind farmland deterioration (Rahman & Zhang, 2018). Belief persists among
farmers that more fertilizer leads to stronger plants; however, standard formulations rarely
deliver nutrients effectively. Efficiency rates for core elements - nitrogen (N), phosphorus (P),
potassium (K) - commonly fall within the narrow window of 30-40%. At the same time, most
of the nutrients wasted into the environment via rainwater washing, irrigation or surface run off
(Oladeji et al., 2022; X. Wang et al., 2022). Loss of nutrients through fertilizer runoff leads to
financial strain on farms alongside harm to natural systems such as polluted drinking water
sources, overloaded rivers and lakes, along with degraded air quality. When fertilizers are
applied without care, the land may grow more acidic; this shift hampers plant roots from
absorbing essential elements (Hu et al., 2023). A move to more refined techniques in fertilizer
use appears essential should consistent crop yields remain achievable, pairing effectiveness with
care for natural systems. Into this effort step tiny engineered particles blended within compounds
designed to dissolve gradually, introducing a methodical way to feed crops across weeks. These
extended-duration fertilizers dispense their contents slowly, outperforming traditional types by
maintaining presence in earth. Across months of growth, green life draws support minus abrupt
peaks or shortages. With delivery under control, risks tied to root injury from surplus doses fall
sharply (Chen et al., 2023; C. Wang et al., 2021). Stable feeding supports stronger development,
leading to higher harvest output. Efficiency rises since less product goes unused, cutting
expenses over time. The unused elements escape into environment at lower rates limiting
ecological harm. A new approach introduces fertilizers coated with chitosan, sourced from waste
shrimp shells, using biochar for slow-release fertilizer. Although this biopolymer is gaining
interest due to low environmental impact, challenges persist in how well plants absorb nutrients
and control their gradual discharge into earth. Converting the material into nano-sized particles
may address such issues - shrinking dimensions intensifies performance in farming contexts. At
atomic scales, these tiny structures show distinct behaviors, allowing deeper integration with
plant physiology. With capacity to transport essential elements, engineered materials at this level
influence root absorption, adjust ground composition, and support greater access to nourishment
(Quintarelli et al., 2024; Zaman et al., 2025). Root development receives a boost when

nanomaterials are applied, while plant resilience improves under tough conditions like high salt
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levels or heat waves (Singi et al., 2024). With biochar-based slow-release fertilizers, these
materials allow nutrients to move into soil at steadier rates - this balance aids long-term farming
success (Singh et al., 2024). With biochar-based slow-release fertilizers, these materials allow
nutrients to move into soil at steadier rates and this balance aids sustainability farming success
(Zaman et al., 2025). Adding biochar to SRF mixes brings benefits through improved soil health,
moisture holding, nutrient supply, microbe function, and texture - factors that collectively aid
crop development. Still, controlled delivery methods are needed so nutrients from biochar enter
the ground steadily. This method aligns with the 6R fertilizer strategy: correct amount, location,
kind, cost, timing, and standard. A new system combines biochar with Phonska SRF coated in
nanochitosan, named SRF-Bio Phonska Plus. Initial studies examined slow-release fertilizers
incorporating materials such as biochar, zeoline, or natural polymers including chitosan.
Nitrogen retention appears improved when biochar is present, reducing leaching caused by water
flow in soil (Sharma et al., 2025), meanwhile, nutrient particles coated with nanochitosan release
more gradually, aiding plant absorption while subtly influencing soil structure (Hu et al., 2023).
Despite such findings, current investigations mostly focus on one substance alone - rarely
combining both materials to work together within one unified method meant for farming areas
under warm climate patterns like those across Indonesian regions. In contrast to earlier studies
that relied on single materials or focused on a single nutrient release control mechanism, the
present research introduces a novel approach by simultaneously combining two functional
materials: (1) corn cob biochar as a porous matrix that contributes to water retention, nutrient
storage, and improvement of soil physicochemical properties; and (2) nanochitosan derived from
shrimp shell waste as a nano-encapsulating agent that regulates nutrient diffusion and gradual
release. The novelty of this study lies in the formulation of SRF-Bio Phonska Plus as an
applicative fertilizer, as it utilizes Phonska fertilizer commonly used by farmers as the base
material and enhances its performance through nano- and biochar-based technologies. This
innovation is therefore not merely conceptual but holds strong potential for direct adoption in
practical agricultural systems, particularly in critical land areas under tropical climatic
conditions. This study aimed to evaluate the advantages of the biochar-based, nanochitosan-
coated SRF-Bio Phonska Plus composite fertilizer compared with conventional fertilizers in
terms of maize growth and yield in Gorontalo Province. Specifically, the objectives were to: (1)
determine the optimal dosage of SRF-Bio Phonska Plus for improving vegetative growth of
maize, including plant height, number of leaves, and stem diameter; and (2) analyze the effects

of SRF-Bio Phonska Plus on maize generative growth as indicated by ear weight.
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Materials and methods

Research location: This research is conducted in Chemistry Laboratory of Faculty
Mathematics and Natural Sciences, Universitas Negeri Gorontalo between June and September
2025.

Nanochitosan synthesis: Using ionic gelation, nanochitosan was prepared during this
research. One hundred milliliters of 1% glacial acetic acid mixed with one gram of chitosan
from discarded shrimp shells spun on a magnetic stirrer for two hours. Afterward, 10 mL of
0.1% sodium tripolyphosphate - acting as a crosslinker - entered the blend, along with 0.1%
Tween 80 added slowly to stabilize the system; stirring continued at 1,200 revolutions per
minute under ambient conditions. When uniformity appeared in the liquid, it moved into a spray
dryer set at 90 degrees Celsius to form powdered nanoparticles. Analysis followed: particle
dimensions checked via PSA while surface structure examined through SEM imaging. The
process concluded once both instruments delivered measurable output.

Production of biochar from corn cob waste: Biochar emerged through pyrolysis by using
corn cobs waste. The cobs were collected and dried to reduce the moisture content. Once dry,
the material broke into smaller fragments before entering the reactor. Inside, heat climbed to 500
°C - held there for twenty minutes - with little oxygen present, breaking the biomass apart
slowly. Thermal change took place: solid residue formed alongside gaseous outputs. When
heating stopped, cooling began immediately to avoid accidental flare-ups once air returned.
Retrieval happened after temperature dropped. Preparation for later applications finished the
sequence.

Granulation of biochar-based SRF fertilizer using nanochitosan as an encapsulant:
The fertilizer granulation process was carried out by gradually mixing Phonska fertilizer and
finely ground biochar in a granulator at a ratio of 3:7. During granulation, the mixture was
sprayed with a 30% molasses binder solution until granules with a particle size of 3-5 mm were
formed. After the granules reached a semi-dry condition, the encapsulation process was
performed by spraying a 1% nanochitosan solution using the spraying method to uniformly coat
the entire surface of the granules. The resulting fertilizer granules were packaged and designated
as Bio-Phonska Plus. Subsequently, analyses of macronutrient contents, including nitrogen (N),
phosphorus (P), and potassium (K), were conducted to ensure product quality and compliance
with the nutritional composition standards of biochar-based slow-release fertilizers formulated

with Phonska.
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Results and discussion

Synthesis of nanochitosan: This study employed commercial chiosan derived from tiger
shrimp (Paneus monodon) shells as the base material. Nanochitosan formed through ionic
gelation, a technique relying on attraction between positively and negatively charged particles to
build tiny structures (Hoang et al., 2022). Chitosan carried multiple positive charges and interacts
with sodium tripolyphosphate (Na-TPP), which bears negative ones. While one actsas a
polycation, the other serves as a conterbalancing polyanion. Upon contact, chitosan forms a gel
through electrostatic attraction between oppositely charged compnents, leading to the formation
of crosslinked structures (Blebea et al., 2025). This method was selected to obtain nanochitosan
particles with minimal size, which were subsequently applied as an encapsulant for biochar-
based fertilizer derived from corn cobs. The synthesis process involved particle size reduction
using a magnetic stirrer operated at a speed of 1.200 rpm. Measuring particles through a Particle
Size Analyzer showed an average diameter of 552 nm. This aligns with earlier work fromAli et
al. (2011) where chitosan nanoparticles were noted as solid colloids between 10 and 1.000 nm
wide. When particles are smaller, they expose more surface per unit mass and this boosts how
well they can adsorb susbtances while increasing their practical effectiveness (Choudhary et al.,
2017). The sample’s Polydispersity Index reached 1,67, revealing uneven particle sizes across
the mixture. Such spread likely arises due to elevated levels of tripolyphosphate introduced
during synthesis - a factor that raises the count of NH3" groups on chitosan chains involved in
forming bonds. As a result, stronger chitosan-TPP crosslinking interactions are formed, leading
to heterogeneous nanoparticle complexes (Biernat et al., 2023). Scanning Electron Microscope
(SEM) observartions revealed the presence of pores and particles with relatively spherical or
near-spherical morphology on the surface of the nanochitosan. These findings are supported by
previous studies reporting that chitosan-SiO, nanoparticles exhibit sphere-like shapes with
slightly coarse surfaces and relatively uniform distribution (Khudhair et al., 2017). The result of
SEM analysis of nanochitosan is presented in Figure 1. Based on the physicochemical
characteristics obtained in this study, the stynthesized nanochitosan demonstrates strong

potential for application as an effective encapsulant.

Looking closely under SEM using 10.000 times magnification with a 1 pum scale, the
morphology sample revealed a rough and irregular surface. Folds and creases marked the particle
surface, regions varied widely in texture, separated by scattered voids and exposed cavitis. What
emerges is a network, tiny units clumped together, linked into a tangled 3D framework. Similar
textures frequently appear in substances built from nanochitosan, according to Kubavat et al.

(2020a), chitosan-based nanoparticles and biochar-based composites tend to develop uneven
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surfaces as a result of the ionic gelation process and electrostatic interactions among particles.
This kind of surface structure contributes to the increasing of surface area effectiveness, which

takes a crucial role in nutrient adsorption and retention process.

Figure 1. Nanochitosan morphology

Production of biochar from corn cob waste: Biochar emerges from dried corn cobs when
heat transforms organic matter without open flame. This transformation happens in sealed units
where temperature climbs high between 300-700°C with low oxygens. Under this condition, the
biomass breaks down into three distinct outputs: a carbon-rich residue, liquid byproduct and
gaseos compounds. The starting point matters which are removing water beforehand ensures
efficiency during heating. Instead of steam taking most energy, breakdown of structure gains
priority if raw materials enter dry. Smaller corn cob pieces allow heat to move more efficiently
through the material when heated without oxygen. This change often leads to higher amounts of
solid residue remaining after decomposition. Temperature during heating, along with how wet
biosmass is before processing, strongly shapes what kind of end product forms. Properties like
resistence of carbon to breakdown, etent of porous structure and types of minerals present depend
heavily on these two conditions, evidence from recent analysis clearly supports this relation (L.
Wang et al., 2022). The characterization analysis revealed that the corn cobs-based biochar has a
moisture content of 4,24% and an ash content of 3,51%. The low moisture level indicated that
drying procedure and pyrolysis conditions effectively minimized residual water, which helps
reduce the loss of energy during production. The moisture value obtained in this study compares
to other earlier research that reported moisture contents of specific type of biomass biochar have

a value of 6,90% (Afshar & Mofatteh, 2024) and it indicated that this study result of moisture
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content (4,24%) is on the good range for a high-quality biochar. The result of ash content (3,51%)
indicated a low fraction of inorganic minerals and showed that most of those things are in the
form of fixed carbon. This is a crucial characteristic as Puri et al. (2024) noted that ash content
and composition significantly influence the pyrolysis process and the final properties of the
resulting biochar, with that result that the low of ash content supports the properties of adsorption
and biochar structural stability (Boero et al., 2023).

Granulation of biochar-based SRF fertilizr encapsulated with nanochitosan: The
production of this fertilizer consists of 2 main stages: granulation and encapsulation. During the
granulation stage, Phonska powder was mixed with biochar by the 3:7 ratioing granulator, then
30% molasse was sprayed until it granules with a size of 3-5 mm. Granulation techniques by using
biochar as a part of matrix has been applied in the research of biochar-based fertilizer optimization
which is showed that granulation increases the physical and mechanical of fertilizer and also
decrease the loss of nutrient during the application (N. Wang et al., 2025). On the encapsulation
step, the semi-dried fertilizer granules were sprayed with the 1% nanochitosan solution until all
the surface of granules were coated. Polymer coatings such as chitosan and its derivatives have
been extensively discussed in slow-release fertilizer formulations due to their ability to act as
diffusion barriers, thereby limiting rapid nutrient release into the soil (Vejan et al., 2021; N. Wang
et al., 2025). After the coating process, the granules were dried to stabilize the structure and
minimize the internal moisture which produced more compact granules with relatively smooth
but still porous surface. The SEM analysis indicated that nanochitosan particle took the form of
spherical-near spherical morphology and this allowing them to form uniform protective layers on
the granules surface. This directly implicated to the granules stability and its ability to control the
nutrient diffusion. The research from Kubavat et al. (2020b) reported that spherical morphology
nanochitosan supports the formulation of uniform protective layer. The final product was
packaged and named as SRF Bio-Phonska Plus Fertilizer. The SRF evaluation was conducted by
using static water immersion method where the fertilizer samples were placed in the water. The
released of nitrogen (N), Phosphorus (P) and Kalium (K) concentrations were measured
periodically for 72 hours. The results showed the nanochitosan fertilizer had more controlled and
gradual nutrient release compared to conventional fertilizer (NPK 15-15-15). The percentage data
of N, P, and K cumulatif release are presented in the Table below as the average of standard
deviation = £3. The tables above show the cumulative release percentages of N, P and K from
SRF Bio-Phonska Plus and conventional fertilizer in various time of incubation. It can be seen
quantitatively that SRF Bio-Phonska Plus gradually released N, P and K with low release values
in the initial phase and followed by gradual increased up to 72 hours. On the other hand, the

conventional fertilizer cumulative released of N, P and K were much more rapid and getting closer
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to 100% at the same incubation time. These numeric patterns is specifically visualized in macro

nutrients release curves in Figure 2.

Table 1. Percentage of nitrogen (N) cumulative release

Time (hours) SRF Bio-Phonska Plus Conventional fertilizer
0 5+0,8 15+1,5
12 12+1.2 40+£2,0
24 28+1,0 6023
36 35+1,5 75+£2,6
48 45+1,8 85+2,8
60 55+£2,0 95+3,0
72 88 £2,5 100 + 0,0

Table 2. Percentage of phosphorus (P) cumulative release

Time (hours) SRF Bio-Phonska Plus Conventional fertilizer
0 4+£0,6 10£1,2
12 10+ 1,0 35+1,8
24 22+1.3 55+2,1
36 33+£1,6 70+2,4
48 42+19 85+2,7
60 50+2,1 92+29
72 85+24 100+ 0,0

Table 3. Percentage of kalium (K) cumulative release

Time (hours) SRF Bio-Phonska Plus Conventional fertilizer

0 6+0,7 8+ 1,0

12 15+ 1,1 30+ 1,6
24 30+ 1,4 60+22
36 38+1,7 80+£2,6
48 50+£2,0 90+£2,8
60 60+2,3 95+3,0
72 90 + 2,6 100+ 0,0

Figure 2 shows that the conventional fertilizer released high nutrient concentration in the
initial phase (0-24 hours), while the nanochitosan-coated SRF reveals the slower and gradually
distribution up to 72 hours. The relationship between granules morphology with the NPK slow-
release test results is obvious by the nanochitosan coating function as a diffusion barrier that
controlled the release rate, while the porous biochar as reservoir of nutrient storage and release it
slowly to the surroundings These findings related to the research of N. Wang et al. (2025) that
reported the ability of biochar to increase the nutrient retention in fertilizer and also a research
from Gumelar et al. (2020) that indicated the combination of biochar and chitosan polymer is

effective to decrease nutrient release rates. yang menunjukkan bahwa kombinasi biochar dan
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polimer kitosan efektif menurunkan laju pelepasan hara. Accordingly, the formulation of
Nanochitosan-coated of SRF Bio-Phonska Plus not only maintains the balance of NPK
concentration as the procedures, but also ensures the more efficient nutrient release and

synchronized the plant needed under field conditions.
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Figure 2. Macronutrients Release (N, P and K) of nanochitosan-coated SRF compared to

Conventional Fertilizer (NPK 15-15-15)

Application of SRF Bio-Phonska Plus fertilizer on maize crops: Application of fertilizer
was conducted on the degraded tropical soil media with the characteristics of medium to low soil
fertility level, limited organic content and in 5,6 - 6,5 soil pH range. The application of SRF Bio-
Phonska Plus on maize was intended to evaluate the formulation effectivity to improve the
nutrient availability and nutrient use efficiency. Maize was selected as the test crop because its
high demand of macro nutrients, while the conventional fertilizers such as NPK 15-15-15 are
common to rapidly released and it risks to the lost of nutrients due to washing, volatilization and
soil fixation. Fertilizer effectivitty evaluation was conducted by measuring some growth
indicators and results including plant height, stem diameter, leaf count and the maize ear weight.
The result data then analyzed by using DMRT test (Duncan’s Multiple Range Test) with 5%
significance level to examine the actual difference between treatments, thus it can be concluded
whether the application of SRF Bio-Phonska Plus have a significant effects compares to
conventional fertilizer NPK 15-15-15. The experimental design employed in this study was a
Completely Randomized Design (CRD) consisting of four treatments with three replications,

resulting in a total of 12 experimental units at a 95% confidence level. The CRD was selected
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because the experimental environment was relatively homogeneous and did not exhibit dominant
blocking factors, allowing variation among experimental units to be assumed as random. The
treatments consisted of JO (7.5 g Phonska) as the control, J1 (5 g SRF Bio-Phonska Plus fertilizer),
J2 (7.5 g SRF Bio-Phonska Plus fertilizer), and J3 (10 g SRF Bio-Phonska Plus fertilizer). To
clarify differences among treatments, data on plant height, number of leaves, stem diameter, and
cob weight were presented graphically in Figure 3. These graphs provide a clear visual
representation of vegetative growth patterns and generative yield responses of maize under each

SRF Bio-Phonska Plus fertilizer treatment.

350 Plant Height ) 30 Leaf Count .
300 c c b 25
250 20

0 g 15 ; b <
g 2
150 10
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0 J0 I 12 13

10 1 2 13
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Treatment Jo J1 12 3
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¢ d

Figure 3. The effect of fertilizer treatment on (a) plant height, (b) leaf count, (c) stem
diameter at 100 days after planting, and (d) maize ear weight. Data is presented as average
values with SD = £3. Difference alphabeth above diagram indicates the actual differences

between treatment based on 5% DMRT test
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The graph illustrates the growth dynamics and result of maize crop in various parameter
(plant height, leaf count, stem diameter and maize ear weight) as a response to the SRF Bio-
Phonska Plus treatment. Generally, the graph demonstrates the difference between treatment
indicating fertilizer combination have a strong impact to the improvement of vegetative growth
and crop generative result compares to control. Generally, the J2 treatment (SRF-Bio Phonska
Plus 7.5 g) consistently offered the best results along all growth and harvest parameter. During
the initial vegetative phase (28 days after planting), J2 indicates the highest value oh plant height,
leaf count and stem diameter compares to conventional fertilizer (JO) and any other treatment.
This trend continued until 100 days after planting where J2 remained superior in plant height
(316,57 cm), leaf count (24 leaves) and maize ear weight (286,87 g). The J1 (5 g) and J3 (10 g)
treatments showed better results compares to control, but not as optimal as J2. This concludes that
the dosage of 7,5 g was the optimum dose. If the dose was too low, the nutrient is not yet able to
meet the plant nutrient demand to the maximum while the excessive dose has potential to decrease
nutrient use efficiency due to the imbalance nutrient and the rows of nutrient losses. Statistically,
the significance differences of the treatment were examined by ANOVA and followed by post
hoc testing (p<0,05). Most of the parameter revealed that the used research design was statistically
strong (post hoc statistical power). Consistency of J2 superiority for all parameters and followed
by low data variability between repetitions. These findings support the role of biochar for
improving water retention and nutrient availability and also nanochitosan as encapsulant that
gradually regulates the nutrient release. The synchronized release of nutrient and physiological
demand of plants was proven capable to support the plant vegetative growth (height, leaves, stem)
and generative (maize weight) to the optimum conditions. This is in line with the findings from
Park et al. (2021) that reported biochar application improved the maize growth for a long term
specifically in its height and biomass. This improvement is also supported by Gaurav et al. (2025)
that reported biochar fixed the fine root system and corn grain yield by using the changes in
microbial community at Rhizosphere that led to the nutrient use efficiency. Furthermore, the field
study in Ghana found that the appropriate biochar dosage significantly increased up to 100% the
maize harvest compares to control (Abdul-Aziz et al., 2025), and this is in line with the result of
J2 treatment. The synergistic effect of biochar application with inorganic fertilizer was also
proven by Faloye et al. (2019) that reported the improvement of stem diameter, leaf count and
maize yield. On the other hand, the aspect of nitrogen use efficiency is also contributed,
Preza Fontes et al. (2024) stated that biochar reduces the nitrogen losses while increasing nitrogen
use efficiency of the maize. Thus, it can be concluded that the findings of this research further

reinforce that SRF Bio-Phonska Plus fertilizer is the most effective formulation to improve the
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maize growth and yield due to its relevance with the other researches that stated the role of biochar
in fixing the plant growth, nutrient availability and nitrogen use efficiency (Masulili et al., 2025).

Conclusions: SRF Bio-Phonska Plus fertilizer was proven to be effective to improve the
maize growth and yield. The dosage of 7,5 g produces the highest value of vegetative growth
(height, leaves, stem) and generative (maize weight) by using 5% DMRT test. This success is
supported by the role of biochar in retinting water, nutrient availability and also nanochitosan as
fertilizer encapsulant regulating the nutrient release according to plant demands. Generally, these
findings demonstrate the potential of nanochitosan-coated SRF application to the sustainability
agricultural system by using the reduction of nutrient losses and fertilization frequency which has
implication to the cost efficiency and farmer adoption. The result of this research also provides a
scientific basis for environmentally friendly fertilization policy development. The limitation of
this research is on the relatively small scale, short duration of the experiment and the involvement
of only a single crop species without economical and soil microbial analysis. Therefore, further
studies are required by using long term field experiments involving multiple crop types, and

economical-ecological assessments to strengthen the nanochitosan-coated SRF field application.
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