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Slow-release fertilizers (SRFs) can improve nutrient use
efficiency and reduce environmental impacts. In this study, an
environmentally friendly SRF was prepared using chitosan,
polyvinyl alcohol (PVA), urea, and calcium, aiming to enhance
urea absorption by plants. The membrane was fabricated using
the casting method, in which the polymer solution was poured
into Petri dishes and the solvent was evaporated to obtain a dry
SRF membrane. The results showed that increasing the PVA
content in the SRF matrix reduced the porosity from 9.3x10™*
to 5.4x107* and increased the swelling degree from 105% to
121%. Scanning electron microscopy revealed pores on the
membrane surface, allowing gradual urea release through
diffusion. The release kinetics of samples PO, P1, and P2
followed the Korsmeyer-Peppas model, while P3 followed
first-order kinetics. These findings indicate that the chitosan-
PVA membrane can serve as an effective slow-release urea
fertilizer, promoting plant growth while being environmentally
sustainable.
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Introduction

One of the inorganic fertilizers commonly
used in agriculture is urea fertilizer with a
nitrogen content of 46%, which plays a role in
the formation and growth of plant parts, such as
chlorophyll formation, and accelerates the
growth of leaves and roots to be suboptimal [1].
However, urea fertilizer has low fertilizer use
efficiency because the release of nitrogen into
the soil occurs rapidly, causing the nitrogen
content absorbed by plant roots to not be
maximized [2]. Nitrogen released by urea in the
form of nitrate can cause environmental
pollution, as nitrate can easily seep underground
and reach groundwater and surface water,
rendering the groundwater unsuitable for
consumption if the nitrate levels exceed the
permitted limits [3]. Water and soil pollution
caused by low urea efficiency can be overcome
by physically coating urea fertilizer granules
with organic/inorganic materials that have
hydrophobic properties that function as walls or
diffusion barriers [4], so that urea fertilizer can
be maximally absorbed and can supply nutrients
to plants slowly. Physically coating urea fertilizer
is known as Slow-Release Fertilizer (SRF). SRF

can release the elements in the fertilizer
gradually and can adjust to meet nutrient
demands during plant growth. The use of the SRF
method is designed to create a physical barrier
to nutrient transport with materials that can
prevent water from diffusing, thereby reducing
urea fertilizer emissions and increasing nutrient
utilization by plants [5]. SRF can be made from
biopolymers combined with other composite
materials, as biopolymers can serve as a barrier
matrix to prolong fertilizer release time [6].

One biopolymer that is widely used in various
fields is chitosan. Chitosan is versatile as a
functional material that can form composites
with other materials [7]. In addition, chitosan
also has hydrophobic properties and can form
films. These properties can serve as effective
walls or diffusion barriers, but chitosan has weak
mechanical properties, so it needs to be
combined with other materials that will provide
additional functional properties [8]. Based on
[9], with
montmorillonite release

research chitosan combined

can increase its
percentage when compared to chitosan alone.
However, montmorillonite, which is a clay

mineral, can undergo compaction under certain
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conditions, which can reduce its permeability.
Therefore, it is necessary to combine chitosan
with other materials. One material that can be
used is polyvinyl alcohol (PVA), as PVA has
superior hydrophilic properties due to the
presence of -OH groups, allowing PVA to
enhance water absorption [10]. According to
research [11], as the concentration of PVA
increases, the degree of swelling produced will
also increase because the hydrophilic groups of
PVA will form hydrogen bonds with other
polymer groups, enabling water molecules to
easily penetrate the pores. The combination of
chitosan and PVA is most recommended for
improving film-forming ability. When the two
polymers are mixed, hydrogen bonds will form
between their functional groups, namely -NH;
and -OH in both polymers, resulting in improved
mechanical properties of the matrix. According
to Vo et al. [12], the combination of chitosan and
PVA with a cross-linking agent will produce SRF
with a low urea release capacity. Therefore, the
addition of a cross-linking agent is not
recommended in the chitosan-PVA matrix. It is
necessary to add other materials that serve to
increase bond strength while still allowing for
controlled fertilizer. This material is abundant,
non-toxic, and has high stability, making it
suitable for environmental applications. The
material that can be used is CaCOz [13].
According to Stanley et al. [14], the addition of Ca
material in combination with PVA-alginate can
reduce
agglomerate, thereby acting as a barrier to
reduce the rate of water diffusion, matrix

its hydrophilicity because Ca will

dissolution, and urea release. This occurs
because CaCOz ionizes into Ca?* ions, which
subsequently form complexes with chitosan due
to the binding between chitosan and Ca2* ions
[15].

Based on the above background, it is

necessary to produce SRF fertilizer to increase

the nitrogen absorption capacity of urea
fertilizer.

Experimental

In this study, several materials were used,
such as distilled water, glacial acetic acid, 1%
(w/v) chitosan, polyvinyl alcohol, CaCOs3, urea,
para-dimethylaminobenzaldehyde (p-DAB), and
NaOH.

Methods
SRF manufacturing

Membrane-shaped fertilizer is made by
mixing PVA solution with chitosan solution in
ratios of 1:2, 1:1, and 2:1 (v/v) stirred using a
magnetic stirrer at a temperature of 60 °C at a
speed of 300 rpm for 24 h. The homogeneous
mixture was then sonicated for 20 min at 60 °C.
After that, 0.01 g of CaCO3 and 0.2 g of urea were
added to the solution and stirred for 2 h until
homogeneous. The homogeneous mixture was
then sonicated for 15 min at 30 °C. Next, 10 mL
of the resultant solution was taken, then poured
into a Petri dish, and dried at 65 °C until dry.

The dried and formed membrane was then
soaked in a 1 M NaOH solution until the
membrane could be removed from the Petri dish.
The membrane was then rinsed with distilled
water until the pH was neutral [16]. The formula
for each urea SRF membrane is in Table 1.

SRF characterization
Swelling test

The swelling test in this study was conducted
by weighing the dry weight of the membrane
using an analytical balance, which was then
immersed in 10 mL of distilled water for 6 h at
room temperature. The immersed membrane
was then dried with tissue and weighed as wet
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Table 1. Membrane formula
N Membrane Composition
o formula Chitosan 1% PVA 1% Urea (ppm) CaCO0s(g)
1 PO 100 mL 0 mL 2000 0.01
2 P1 66.7 mL 33.3 mL 2000 0.01
3 P2 50 mL 50 mL 2000 0.01
4 P3 33.3 mL 66.7 mL 2000 0.01

weight. The following is Equation 1 for the
degree of swelling, where WA is the degree of
swelling, Ws is the wet weight, and Wd is the dry
weight [17]:

_Ws

WA=_= x 100% (1)
Porosity test

Porosity testing is carried out by weighing the
dry weight of the membrane, then soaking the
membrane in 10 mL of water for 6 h. The soaked
membrane is weighed as wet weight, then dried
using an oven at 100 °C until the membrane is
dry and weighed as dry weight after being in the
oven. The porosity of the membrane can be
calculated using Equation 2, where is the
percentage porosity, is the wet weight, is the dry
weight, pis the specific gravity of water, a is the
surface area, and | is the thickness [18]:

_ ws-wd
p xXaxl

(2)
Surface morphology test

Surface morphology testing in this study used
SEM instruments.

Functional group test

Functional group testing was performed
using FTIR instruments.

Nitrogen release test

This was done by weighing membranes of
equal weight, which were then immersed in 100
mL of aquadess. The results of the immersion
were tested using a UV-Vis spectrophotometer
to determine the urea content. The immersion
was tested on days 2, 4, 6, 8, 10, 12, 14, 16, 18,
20,22, 24, 26, 28, 30, 32, 34, 36, 38, and 40 using
DMAB reagent [19]. The data will be analyzed
using Equations 3-6, zero-order, first-order,
Higuchi, and Korsmeyer-Peppas kinetic models:

Zero Order Qt=Ko t (3)
, Qt _ Kit

First Order log 0 - 2303 (4)

Korsmeyer-Peppas Qt = Kip t? (5)

Higuchi Qt = Ky t1/2 (6)

Plant testing

This was done by measuring the weight of the
membrane before it was placed in the soil, then
preparing the planting medium with the same
amount in each pot. The plants planted must be
of the same height and number of leaves.
Planting was carried out with the roots of the
plants touching the membrane. After that, the
plants were observed for leaf length, number of
leaves, and stem length. These observations
were carried out once a day. Data collection on
the plants was observed for 14 days [20].
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Results and Discussion

SRF urea synthesis was carried out to obtain
SRF urea in membrane form. The stages of SRF
urea fertilizer synthesis began with the
dissolution of chitosan using acetic acid and
distilled water to dissolve PVA. The resulting
chitosan and PVA solution was then mixed to
produce an SRF membrane. The resulting
mixture of chitosan and PVA solutions were then
mixed with CaCO3 and urea to form SRF
membranes with varying volume ratios between
PVA and chitosan, resulting in variations of PVA
0 (P0), PVA 1:2 (P1), PVA 1:1 (P2), and PVA 2:1
(P3).

From Figure 1, it can be seen that the SRF urea
fertilizer produced has differences in its
membrane layers. Fertilizers with variations PO
and P1 produce fertilizers that have thicker
layers than P2 and P3. It can be noted that PO and
P1 are less transparent compared to P2 and P3,
which have clearer membrane layers. The thin
membrane layer of the P3 variation makes the
membrane difficult to separate from the Petri
dish, necessitating a longer immersion time in
NaOH. Despite having a thin layer, the resulting
membrane is not easily broken or torn. The SRF
urea fertilizer produced is relatively elastic and
not easily damaged.

105.281 105.745

Swelling (%)

Figure 1. Membrane type

Swelling analysis

The water absorption (swelling)
characteristics of the membrane
characterized to determine the water absorption
strength of each SRF membrane variation. The
measurement results showed the degree of
membrane swelling for each variation presented
in Figure 2. The results of the swelling degree
indicate that as the concentration of PVA
increases, the swelling degree also increases.
The results show that variation P3 has the
highest swelling degree, namely 121.501%.
Swelling or absorption  testing
demonstrates that the more PVA contained in
the SRF membrane composition, the higher the
degree of swelling.

were

water

121.501

112.475

PO Pl

P2 P3

Membrane Type

Figure 2. Swelling test diagram
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This is PVA has hydrophilic
properties from its -OH groups that are able to
through hydrogen
interactions [21]. This makes the membrane
capable of the
surrounding environment.

because

hold water molecules

absorbing water from

Porosity analysis

Membrane thickness characterization was
performed to the
thickness variation.

determine membrane
each SRF The
measurement results showed the membrane
thickness for each variation presented in Figure
3. Based on the porosity percentage data, the
variation with the smallest porosity percentage
is P3. This variation has the smallest PVA
concentration among variations P1 and P2.
However, variation PO, or without PVA, has the
largest porosity of 0.00093%. The porosity
percentage results show that the higher the PVA
composition, the the  porosity
percentage of the membrane. This may be due to
the addition of PVA in the modified chitosan SRF

for

smaller

matrix, filling the pores in the membrane,
thereby reducing the size and number of pores
and decreasing. PVA can fill the pores in the
membrane because the hydrophilic nature of
PVA gives it the ability to gel, forming a gel
network when it dries, making the SRF more
compact, and PVA can fill the pores in the
membrane. The hydrogen bond interaction
between urea, chitosan, and PVA produces a
denser surface structure with low porosity [12].
The decrease in porosity will affect inhibiting
urea release, so even though this SRF membrane
has a fairly high degree of swelling, urea release
will remain controlled due to its decreased
porosity value.

Surface morphology analysis

Surface morphology was characterized using
SEM to visually determine the
morphology of the membrane (Figure 4). The
SEM results supported the porosity data because
pores formed in the membrane could be
observed on the membrane surface.

surface

0.00093
> 0.00066
G 0.00060
o 0.00054
o
o
S
T T T T T T
PO P1 P2 P3
Membrane Type

Figure 3. Porosity test diagram
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(b)

Figure 4. Membrane morphology (a) surface and (b) cross-section

This test was conducted at a magnification of
2,000 times. The SEM test results showed that
the surface morphology of the membrane
exhibited a fairly diverse pore shape with an
uneven membrane surface. Thus, it can be
concluded that the synthesized SRF urea
fertilizer can form pores and can be used as a
slow-release urea fertilizer.

Functional group analysis

Functional group testing aims to identify
changes in chemical structure that occur as a
result of the synthesis process. The resulting IR
spectra will be presented in the form of an
overlay of chitosan, PVA, urea, CaCOs, and SRF
membrane to identify the functional group
characteristics of each material and the changes
that occur during the synthesis process. The IR
overlay results are shown in Figure 5.

Figure 5 shows the IR overlay results of
chitosan, PVA, urea, CaCO3, and SRF membranes.
From Figure 5, the functional groups that appear
in the SRF membrane can be identified, namely -
OH, N-H, C-H, C-OH, and C=0 groups. Table 2
presents the wave number data obtained from
FTIR analysis of the SRF membrane. Based on

the results of functional group identification of
the SRF membrane, there was a shift in the
absorption bands of the -OH, N-H, C-OH, and C=0
groups. The shift in the absorption band at 3,296
cml, which indicates the presence of strain
vibrations from the hydroxyl (-OH) and amine
(N-H) groups, shows the presence of hydrogen
interactions between the H atom of chitosan and
the O atom of PVA [22]. The absorption band of
native chitosan is at 3,410 cm-1, and that of PVA
is at 3,300 cm-l. This indicates a shift in the
absorption bands of the -OH and N-H groups
resulting from the overlap between chitosan and
PVA, producing a broader peak. Furthermore, an
absorption band at 2,920 cm! was found,
indicating the presence of C-H groups, which
suggests the presence of hydrocarbon chains
from the polymer matrix, consistent with the
absorption band of PVA without any shift. The
absorption band at 1,644 cm'! indicates the
presence of C=0 group vibrations originating
from the urea functional group. The absorption
bands indicating the presence of CaCOz are 1,377
cm! and 851 cml. These absorption bands
indicate the presence of vibrations from the C-
OH group in the coordinate mode and C=0
possessed by CaCOs3 [23].
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Figure 5. Overlay FTIR spectra((a) Chitosan, (b) PVA, (c) Urea, (d) CaCOs3, and (e) SRF)

Table 2. Functional group

No. Functional group
-OH, dan N-H
C-H
C-OH
C=0
C=0

v W e

Wave number (cm1)
3296
2920
1377
1644
851

Nitrogen release analysis

Data analysis of nitrogen release from SRF on
various kinetic equations is shown in Figure 6.
From the R? values obtained, the results show
that the highest regression values are found in
the Korsmeyer-Peppas release mechanism in
variations PO, P1, and P2 with R2 values of 0.978,
0.978, and 0.996, respectively. Therefore, it can
be said that the urea release mechanism follows
Korsmeyer-Peppas with non-Fickian diffusion
because it has a value of 0.45<n<0.89, indicating

that urea release does not follow the normal
diffusion law due to obstacles in the diffusion
process [24]. In the P3 variation, urea release
follows a first-order mechanism, which can be
interpreted as urea release in P3. The longer the
urea is released, the less it is released in
with  the urea
concentration. This occurs because P3 has low
porosity, making it more difficult for water to
enter the SRF, resulting in a reduced rate of
dissolution and diffusion of the released urea
(Table 3).

accordance remaining
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Figure 6. Kinetic models ((a) Zero order, (b) First order, (c) Korsmeyer-Peppas, and (d) Higuchi)

Table 3. Kinetics fitting parameter of each mathematical model for urea release of membranes

50 |—=— PO
—»— P1
s P2
04 | » P3
& 30 1
3
-2 20
10
04
0 510 15 20 25 30 3 40 45
Time (Day)
(a)
S04 [=—Po
—e—P1
- [+ P2
—r—P3
8 30 -
E
a2 20 1
10
u -
1 2 3 H 5 6 7
Square Root Time (Day)
(c)
Membrane e Parameter
yp Zero order
R2 0.9681
PO 5.7687
n -
R2 0.9725
P1 k 4.7521
n -
R2 0.9632
P2 k 7.0175
n -
R2 0.9891
P3 k 2.9907

Kinetic model

First order Higuchi Korsmeyer-

Peppas

0.9379 0.9432 0.9787
2.3601 -10.522 4.279
- - 0.6519
0.8978 0.95 0.978
2.1945 -11.02 3.2056
- - 0.7199
0.8893 0.9299 0.9961
2.1691 -8.0012 3.3471
- - 0.6692
0.993 0.9792 0.8936
2.0741 -12.432 1.819
- - 0.872
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Plant testing analysis

Plant testing was conducted over a 14-day
growing period (Figures 7-9). Measurements
were taken of stem length and number of leaves
for each variety, with overall length measured on
day 14. The soil used in this test weighed 250 g
per pot. The seeds purchased from Superindo
were of good quality. From the results of testing
the plants for 14 days, data on stem length (cm)
were obtained. From the stem diagram, it can be
seen that the plant with the longest stem is

variety P3. This can be attributed to the fact that
it released the least amount of urea, so that the
nitrogen in the wurea released was more
controlled, resulting in lush plants. According to
the report [25], modified chitosan membranes
with Ca can increase plant growth by enhancing
the release capacity of the membrane. A
statistical test was also conducted to determine
whether there were significant differences
between the varieties. The result was a sig. value
<0.05, which means that there were significant
differences in stem length between each variety.

Figure 7. Plants testing

PO
P1
P2
P3|

Stem Lenght (cm)

0O 1 2 3 4 5 6

7 8 9 10 11 12 13 14

Day

Figure 8. Stem length diagram



S.E. Cahyaningrum et al.

739

PO -
P1
P2
P3

Total Leaves

0O 1 2 3 4 5 6
Day

7 8 9 10 11 12 13 14

Figure 9. Total leaves diagram

Conclusion

Based on the 14-day observation, all plant
samples developed a relatively similar number
of leaves, with P2 and P3 showing slightly higher
leaf counts than the others. Statistical analysis
revealed a significant difference in stem length
among the treatments (sig. <0.05), indicating
that the variations in fertilizer composition had
a measurable effect on plant growth. This
suggests that the chitosan-PVA-based slow
release urea fertilizer can influence vegetative
growth, with certain formulations promoting
better development.

Acknowledgements

This research was funded by Non APBN
Universitas Negeri Surabaya 2024 scheme Riset
Kolaborasi Indonesia PTNBH in accordance with
Research Contract Number: B/ 43853
/UN38.111.1/LK.04.00/2024.

Conflict of Interest

The authors state that there is no conflict of
interest to disclose.

Authors’ Contributions

All authors contributed to data analysis, drafting,
and revising of the manuscript and agreed to be
responsible for all aspects of this work.

ORCID

Sari Edi Cahyaningrum
https://orcid.org/0000-0001-6353-5342
Fitriari Izzatunnisa Muhaimin
https://orcid.org/0000-0002-7466-0947
Retno Ariadi Lusiana
https://orcid.org/0000-0003-1184-9125
Taufik Abdillah Natsir
https://orcid.org/0000-0002-9915-7600
Betari Marena
https://orcid.org/0009-0008-6742-6256
Amalia Putri Purnamasari
https://orcid.org/0000-0001-6810-5085

References

[1] Muhammad, I, Yang, L., Ahmad, S., Faroog, S., Al-
Ghamdi, A.A., Khan, A., Zeeshan, M., Elshikh, M.S,,
Abbasi, A.M., Zhou, X.-B. Nitrogen fertilizer modulates
plant growth, chlorophyll pigments and enzymatic


https://orcid.org/0000-0001-6353-5342
https://orcid.org/0000-0002-7466-0947
https://orcid.org/0000-0003-1184-9125
https://orcid.org/0000-0002-9915-7600
https://orcid.org/0009-0008-6742-6256
https://orcid.org/0000-0001-6810-5085
https://www.mdpi.com/2073-4395/12/4/845
https://www.mdpi.com/2073-4395/12/4/845

Modified Chitosan-Polyvinyl Alcohol ...

740

activities under different irrigation regimes.
Agronomy, 2022, 12(4), 845.
[2] Swify, S., Mazeika, R. Baltrusaitis, ],

Drapanauskaité, D., Barcauskaité, K. Modified urea
fertilizers and their effects on improving nitrogen use
efficiency (nue). Sustainability, 2023, 16(1), 188.

[3] Craswell, E. Fertilizers and nitrate pollution of
surface and ground water: An increasingly pervasive
global problem. SN Applied Sciences, 2021, 3(4), 518.
[4] Vejan, P, Khadiran, T., Abdullah, R.,, Ahmad, N.
Controlled release fertilizer: A review on
developments, applications and potential in
agriculture. Journal of controlled Release, 2021, 339,
321-334.

[5] Ransom, CJ., Jolley, V.D., Blair, T.A., Sutton, L.E.,
Hopkins, B.G. Nitrogen release rates from slow-and
controlled-release fertilizers influenced by placement
and temperature. Plos One, 2020, 15(6), e0234544.
[6] Firmanda, A., Fahma, F.,, Syamsu, K., Mahardika, M.,
Suryanegara, L. Munif, A, Gozan, M., Wood, K,
Hidayat, R,  VYulia, D. Biopolymer-based
slow/controlled-release fertilizer (srf/crf): Nutrient
release mechanism and agricultural sustainability.
Journal of Environmental Chemical Engineering, 2024,
12(2),112177.

[71 Vedula, S.S., Yadav, G.D. Chitosan-based
membranes preparation and applications: Challenges
and opportunities. Journal of the Indian Chemical
Society, 2021, 98(2),100017.

[8] Ahmed, E.M,, Isawi, H., Morsy, M., Hemida, M.H,,
Moustafa, H. Effective nanomembranes from
chitosan/pva blend decorated graphene oxide with
gum rosin and silver nanoparticles for removal of
heavy metals and microbes from water resources.
Surfaces and Interfaces, 2023, 39, 102980.

[9] Dou, Z., Bini Farias, M.V., Chen, W,, He, D,, Hy, Y,
Xie, X. Highly degradable chitosan-montmorillonite
(MMT) nano-composite hydrogel for controlled
fertilizer release. Frontiers of Environmental Science &
Engineering, 2023, 17(5), 53.

[10] Mu, Z., Zhang, W., Chai, D.-f,, Lv, Q., Tan, X., Yuan,
R, Dong, G. Preparation and characterization of slow-
release urea fertilizer encapsulated by a blend of
starch derivative and polyvinyl alcohol with desirable
biodegradability and availability. International
Journal of Biological Macromolecules, 2024, 271,
132693.

[11] Huy, X,, Sun, C,, Peng, B., Chen, S, Xiong, L., Cao, H.,
Sun, Z., Qian, W., Cheng, X., Yu, Z. Swelling property of
pva hydrogels with different concentration and
specifications and its influencing factors.
International Journal of Clinical and Experimental
Medicine, 2016, 9, 708-716.

[12] Vo, P.T.,, Nguyen, H.T., Trinh, H.T., Nguyen, V.M,,
Le, A.-T., Tran, H.Q., Nguyen, T.T.T. The nitrogen slow-

release fertilizer based on wurea incorporating
chitosan and poly (vinyl alcohol) blend.
Environmental Technology & Innovation, 2021, 22,
101528.

[13] Yukhajon, P., Somboon, T., Sansuk, S. Fabrication
of porous phosphate/carbonate composites: Smart
fertilizer with bimodal controlled-release kinetics
and glyphosate adsorption ability. ACS Omega, 2022,
7(18),15625-15636.

[14] Stanley, N. Mahanty, B. Preparation and
characterization of biogenic CaCOs-reinforced
polyvinyl alcohol-alginate hydrogel as controlled-
release urea formulation. Polymer Bulletin, 2020,
77(2), 529-540.

[15] Baykara, H., Riofrio, A., Garcia-Troncoso, N,
Cornejo, M., Tello-Ayala, K., Flores Rada, ], Caceres, ].
Chitosan-cement composite mortars: Exploring
interactions, structural evolution, environmental
footprint and mechanical performance. ACS Omega,
2024, 9(23), 24978-24986.

[16] Cahyaningrum, S.E. Lusiana, R.A., Natsir, T.A,
Muhaimin, F.I, Wardana, A.P., Purnamasari, A.P.,
Misran, M.B. Synthesis and characterization of
chitosan-modified membrane for urea slow-release
fertilizers. Heliyon, 2024, 10(15).

[17] Farid, E., Kamoun, E.A., Taha, T.H., El-Dissouky,
A, Khalil, T.E. PVA/CMC/attapulgite clay composite
hydrogel membranes for biomedical applications:
Factors affecting hydrogel membranes crosslinking
and bio-evaluation tests. Journal of Polymers and the
Environment, 2022,30(11), 4675-4689.

[18] Koromilas, N.D., Anastasopoulos, C., Oikonomou,
E.K, Kallitsis, ].K. Preparation of porous polymeric
membranes based on a pyridine containing aromatic
polyether sulfone. Polymers, 2019, 11(1), 59.

[19] Phonchai, A., Rattana, S., Thongprajukaew, K. A
portable sol-gel urea colorimetric method for the
determination of urea in feedstuffs. Food Chemistry,
2020, 319, 126545.

[20] Feigl, G., Kumar, D., Lehotai, N., Pet6, A., Molnar,
A, Racz, E., Ordég, A., Erdei, L., Kolbert, Z., Laskay, G.
Comparing the effects of excess copper in the leaves
of brassica juncea (l. Czern) and brassica napus (1.)
seedlings: Growth inhibition, oxidative stress and
photosynthetic damage. Acta Biologica Hungarica,
2015, 66(2), 205-221.

[21] Bashir, S., Hina, M., Igbal, J., Rajpar, A., Mujtaba,
M., Alghamdi, N., Wageh, S., Ramesh, K., Ramesh, S.
Fundamental concepts of hydrogels: Synthesis,
properties, and their applications. Polymers, 2020,
12(11), 2702.

[22] Shagholani, H., Ghoreishi, S.M., Mousazadeh, M.
Improvement of interaction between pva and
chitosan via magnetite nanoparticles for drug


https://www.mdpi.com/2073-4395/12/4/845
https://www.mdpi.com/2071-1050/16/1/188
https://www.mdpi.com/2071-1050/16/1/188
https://www.mdpi.com/2071-1050/16/1/188
https://link.springer.com/article/10.1007/S42452-021-04521-8
https://link.springer.com/article/10.1007/S42452-021-04521-8
https://link.springer.com/article/10.1007/S42452-021-04521-8
https://www.sciencedirect.com/science/article/pii/S0168365921005320
https://www.sciencedirect.com/science/article/pii/S0168365921005320
https://www.sciencedirect.com/science/article/pii/S0168365921005320
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0234544
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0234544
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0234544
https://www.sciencedirect.com/science/article/pii/S2213343724003075
https://www.sciencedirect.com/science/article/pii/S2213343724003075
https://www.sciencedirect.com/science/article/pii/S2213343724003075
https://www.sciencedirect.com/science/article/pii/S0019452221000170
https://www.sciencedirect.com/science/article/pii/S0019452221000170
https://www.sciencedirect.com/science/article/pii/S0019452221000170
https://www.sciencedirect.com/science/article/pii/S2468023023003504
https://www.sciencedirect.com/science/article/pii/S2468023023003504
https://www.sciencedirect.com/science/article/pii/S2468023023003504
https://www.sciencedirect.com/science/article/pii/S2468023023003504
https://link.springer.com/article/10.1007/s11783-023-1653-9
https://link.springer.com/article/10.1007/s11783-023-1653-9
https://link.springer.com/article/10.1007/s11783-023-1653-9
https://www.sciencedirect.com/science/article/pii/S0141813024034986
https://www.sciencedirect.com/science/article/pii/S0141813024034986
https://www.sciencedirect.com/science/article/pii/S0141813024034986
https://www.sciencedirect.com/science/article/pii/S0141813024034986
https://e-century.us/files/ijcem/9/2/ijcem0010778.pdf
https://e-century.us/files/ijcem/9/2/ijcem0010778.pdf
https://e-century.us/files/ijcem/9/2/ijcem0010778.pdf
https://www.sciencedirect.com/science/article/pii/S2352186421001760
https://www.sciencedirect.com/science/article/pii/S2352186421001760
https://www.sciencedirect.com/science/article/pii/S2352186421001760
https://pubs.acs.org/doi/abs/10.1021/acsomega.2c00425
https://pubs.acs.org/doi/abs/10.1021/acsomega.2c00425
https://pubs.acs.org/doi/abs/10.1021/acsomega.2c00425
https://pubs.acs.org/doi/abs/10.1021/acsomega.2c00425
https://link.springer.com/article/10.1007/s00289-019-02763-6
https://link.springer.com/article/10.1007/s00289-019-02763-6
https://link.springer.com/article/10.1007/s00289-019-02763-6
https://link.springer.com/article/10.1007/s00289-019-02763-6
https://pubs.acs.org/doi/abs/10.1021/acsomega.4c02040
https://pubs.acs.org/doi/abs/10.1021/acsomega.4c02040
https://pubs.acs.org/doi/abs/10.1021/acsomega.4c02040
https://www.cell.com/heliyon/fulltext/S2405-8440(24)11012-2
https://www.cell.com/heliyon/fulltext/S2405-8440(24)11012-2
https://www.cell.com/heliyon/fulltext/S2405-8440(24)11012-2
https://link.springer.com/article/10.1007/s10924-022-02538-7
https://link.springer.com/article/10.1007/s10924-022-02538-7
https://link.springer.com/article/10.1007/s10924-022-02538-7
https://link.springer.com/article/10.1007/s10924-022-02538-7
https://www.mdpi.com/2073-4360/11/1/59
https://www.mdpi.com/2073-4360/11/1/59
https://www.mdpi.com/2073-4360/11/1/59
https://www.sciencedirect.com/science/article/abs/pii/S0308814620304076
https://www.sciencedirect.com/science/article/abs/pii/S0308814620304076
https://www.sciencedirect.com/science/article/abs/pii/S0308814620304076
https://akjournals.com/view/journals/018/66/2/article-p205.xml
https://akjournals.com/view/journals/018/66/2/article-p205.xml
https://akjournals.com/view/journals/018/66/2/article-p205.xml
https://akjournals.com/view/journals/018/66/2/article-p205.xml
https://www.mdpi.com/2073-4360/12/11/2702
https://www.mdpi.com/2073-4360/12/11/2702
https://www.sciencedirect.com/science/article/abs/pii/S0141813015001282
https://www.sciencedirect.com/science/article/abs/pii/S0141813015001282

S.E. Cahyaningrum et al.

741

delivery application. International Journal of
Biological Macromolecules, 2015, 78, 130-136.

[23] Matei, C., Berger, D., Dumbrava, A., Radu, M.D,,
Gheorghe, E. Calcium carbonate as silver carrier in
composite materials obtained in green seaweed
extract with topical applications. Journal of Sol-Gel
Science and Technology, 2020, 93(2), 315-323.

[24] Kaavessina, M., Distantina, S., Shohih, E.N. A slow-
release fertilizer of urea prepared via melt blending

with degradable poly (lactic acid): Formulation and
release mechanisms. Polymers, 2021, 13(11), 1856.
[25] Lusiana, R.A., Mariyono, P.W. Muhtar, H,
Cahyaningrum, S.E., Natsir, T.A, Efiyanti, L.
Environmentally friendly slow-release urea fertilizer
based on modified chitosan membrane.
Environmental  Nanotechnology, Monitoring &
Management, 2024, 22, 100996.

HOW TO CITE THIS MANUSCRIPT

Journal of Green Chemistry, 10 (4) 2026, 729-741.

S.E. Cahyaningrum, F.I. Muhaimin, R.A. Lusiana, T.A. Natsir, B. Marena, A.P. Purnamasari. Modified
Chitosan-Polyvinyl Alcohol Membrane as Environmentally Friendly Slow-Release Urea Fertilizer. Asian

DOI: https://doi.org/10.48309/ajgc.2026.571976.1920
URL: https://www.ajgreenchem.com/article_240107.html



https://www.sciencedirect.com/science/article/abs/pii/S0141813015001282
https://link.springer.com/article/10.1007/s10971-019-05145-6
https://link.springer.com/article/10.1007/s10971-019-05145-6
https://link.springer.com/article/10.1007/s10971-019-05145-6
https://www.mdpi.com/2073-4360/13/11/1856
https://www.mdpi.com/2073-4360/13/11/1856
https://www.mdpi.com/2073-4360/13/11/1856
https://www.mdpi.com/2073-4360/13/11/1856
https://www.sciencedirect.com/science/article/abs/pii/S2215153224000849
https://www.sciencedirect.com/science/article/abs/pii/S2215153224000849
https://doi.org/10.48309/ajgc.2026.571976.1920
https://www.ajgreenchem.com/article_240107.html

	Modified Chitosan–Polyvinyl Alcohol Membrane as Environmentally Friendly Slow-Release Urea Fertilizer
	A B S T R A C T
	Graphical Abstract
	Introduction
	Experimental
	Methods
	SRF manufacturing
	SRF characterization
	Swelling test
	Porosity test
	Surface morphology test
	Functional group test
	Nitrogen release test
	Plant testing

	Results and Discussion
	Swelling analysis
	Porosity analysis
	Surface morphology analysis
	Functional group analysis
	Nitrogen release analysis
	Plant testing analysis

	Conclusion
	Acknowledgements
	Conflict of Interest
	Authors’ Contributions
	ORCID
	References

