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Cassava starch; results showed the specific diffraction peaks corresponding to V-type
Hydrogel; crystals of starch. The results from FTIR analysis indicated the new peaks
Absorbent: attributed to the stretching vibrations of bonding of aldehyde and carboxyl

N groups in the chemical structure of oxidized cassava starch. The surface
Slow-release fertilizer; morphological analysis of native cassava starch presented the smooth
Environmentally friendly materials. spherical shape. The dramatical change in morphology of hydrogel
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of a network of starch particles sticking together. The results from swelling
degree of hydrogel showed that the fast water absorption at the early stage
and reached the equilibrium stage in the long time of absorption. The
swelling of hydrogel in salt solutions was found to be reduced with the
increase of ion radius. Absorption and desorption results indicated that the
obtained hydrogel had ability to absorb and release slowly some types of
fertilizers such as: Urea, KNOs, (NH4)2SO.. This indicates that the obtained
cassava starch-based hydrogel can be used as an environmentally friendly
absorbent with slow release of fertilizers, having high potential for smart
agricultural application.
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1. Introduction

The application of fertilizers in agriculture is crucial for enhancing crop yields, yet it is associated
with significant environmental challenges, particularly with nitrogen-based fertilizers. The inefficiency
of conventional nitrogen fertilizers, stemming from processes like volatilization, leaching, and
denitrification, results in substantial wastage and environmental contamination. This over-application
leads to severe issues, including hazardous gas emissions, groundwater pollution, eutrophication, and
soil erosion. Over recent decades, extensive research has focused on the development of slow-release
and controlled-release fertilizers, such as those based on urea and nitrate. These innovations aim to
enhance fertilizer use efficiency while mitigating adverse environmental effects. Slow-release fertilizer
carriers are designed and fabricated to release fertilizers in a manner that aligns with the plant’s growth
cycle, thereby reducing the risks of over-fertilization and its associated environmental impacts.

Among the diverse solutions for controlled fertilizers delivery in agriculture, hydrogels stand out as
three-dimensional polymer networks capable of absorbing and retaining substantial amounts of water.
These hydrogels have been extensively researched for their potential as slow-release fertilizer carriers.
Notably, many hydrogels exhibit responsiveness to external stimuli, with their swelling properties being
influenced by environmental changes such as temperature and pH [1], [2]. However, the majority of
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these hydrogels are derived from synthetic polymers or petrochemical derivatives like acrylic acid or
acrylamide [3], which results in poor biodegradability and elevated production costs [4].

To address these issues, there has been a growing interest in hydrogels based on naturally
biodegradable polymers, particularly polysaccharides and proteins, for agricultural applications.
Polysaccharides, in particular, are advantageous due to their high levels of hydroxyl and carboxyl
groups, which can be chemically modified to create hydrogels with desirable absorption and swelling
characteristics [1], [5]. Examples of such polysaccharides include chitosan, starch, and cellulose. These
biopolymer-based hydrogels not only exhibit excellent biodegradability but also offer the potential for
sustainable and cost-effective production, making them highly suitable for agricultural use. Through
various chemical modifications, these natural polymers can form hydrogels that effectively release
fertilizers in response to the needs of the plants, thereby optimizing fertilizer use efficiency and
minimizing environmental impact.

Among naturally biodegradable polymers, starch has garnered significant attention for hydrogel
fabrication. As one of the most abundant polysaccharides in nature, starch is widely sourced from
cereals, roots, and tubers. Its biodegradability, renewability, and low cost make it an attractive polymer
for a range of applications, particularly in the food industry. Nevertheless, native starch has inherent
limitations, such as poor solubility, low mechanical strength, and instability under high temperatures
and pH conditions during processing. To overcome these shortcomings, various chemical modifications
have been explored to enhance the properties of starch-based hydrogels. These modifications primarily
involve reactions targeting the hydroxyl groups in the anhydroglucose units of the starch molecule [6],
[71, [8]. For example, the oxidation of starch can convert hydroxyl groups into carbonyl and carboxyl
groups in the chemical structure of starch molecule, improving its functionality and reactivity. Other
common modifications include esterification, etherification, and graft copolymerization, which aim to
improve the solubility, mechanical properties, and thermal stability of starch.

Moreover, the development of biocomposite hydrogels incorporating other biopolymers or
nanomaterials has further enhanced the performance of starch-based hydrogels. These biocomposites
can provide synergistic effects, such as improved mechanical strength, enhanced water retention, and
controlled release capabilities, making them highly suitable for agricultural applications like slow-
release fertilizers. By leveraging these advancements, starch-based hydrogels can offer sustainable and
efficient solutions for fertilizer delivery in agriculture, contributing to improved crop yields and reduced
environmental impact [6].

Several oxidizing agents are commonly used to modify starch for hydrogel fabrication, such as
sodium hypochlorite and hydrogen peroxide. However, sodium hypochlorite, widely employed in
industrial processes, typically requires metal catalysts, which not only generates metal waste but also
leads to the formation of toxic chlorine by-products. Hydrogen peroxide also necessitates metal catalysts
for effective oxidation, adding to the complexity and potential environmental hazards of the process [9].
In contrast, potassium permanganate (KMnQy) is an efficient oxidizing agent that can modify starch
without the need for metal catalysts. KMnQO4’s high oxidation potential facilitates the conversion of
hydroxyl groups in the chemical structure of starch to carbonyl and carboxyl groups, enhancing the
hydrophilicity and functional properties of the starch. This makes KMnQ, a preferable choice for eco-
friendly and efficient starch chemical modification, aligning with sustainable practices in smart
agriculture. By utilizing KMnQy, starch-based hydrogels can be synthesized with improved mechanical
strength, water absorption capacity, and controlled fertilizer release properties, thereby advancing the
development of sustainably smart agricultural solutions. In this study, we used the KMnO4/NaHSO4
oxidation system to oxidize cassava starch to fabricate hydrogels for slow-release fertilizer carrier
applications.

2. Materials and Methods
2.1. Materials

Cassava starch was purchased from Phuc Thang cassava starch production factory in Tay Ninh
province, Vietham. KMnO,, Sodium Hydrogen Sulfate (NaHSO.), Urea ((NH2)2CO) (NH4).SO4, CaCl,,
KNOs, NaCl, C;Hs0OH, para—dimethylaminobenzaldehyde (DMABA), acetic acid, and Lugol 2,5 % were
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purchased from Sigma Aldrich. Distilled water was supplied by the Material Technology Laboratory,
Ho Chi Minh City University of Technology and Education.

2.2. Hydrogel Preparation

Cassava starch-based hydrogel materials were fabricated by mixing 5 g of cassava starch with 50 mL
of distilled water into a three-neck round-bottom flask. Subsequently, the starch was gelatinized by
heating the mixture at 80°C for 15 minutes. Then, the temperature of reaction was decreased to 60°C
and 5 mL of distilled water was added into the reaction mixture. After that, 0.32 g of KMnOs, 0.78 g of
NaHSO., and 250 mL of distilled water were poured into the reactor to allow the oxidation reaction of
starch to occur. The improvement of interaction between starch and chemical reagents was carried out
by stirring the mixture vigorously for 4 hours at 60°C. The obtained cassava starch-based hydrogels
were precipitated with 500 mL of ethanol for the purification. The final product was cleaned by washing
several times with a 50% v/v EtOH/water mixture until a negative result was observed with Lugol's
solution. The hydrogel samples were then dried at 40°C until a constant weight was achieved.

GF,
ad S 2

Figure 1. Native cassava starch and fabricated hydrogel.
2.3. Characterization of Materials
2.3.1. UV-Vis Spectroscopy Analysis

UV-Vis analysis was used to measure the concentration of urea fertilizer released over time. The
measurements were conducted using the UV-Vis Shimadzu UV1800 system. The standard urea
solutions were prepared and mixed with para—dimethylaminobenzaldehyde (DMABA) and acetic acid
with various concentrations.

2.3.2. Chemical Structure

FTIR spectra of the cassava starch and hydrogels were recorded in the range of 4000-400 cm* with
a resolution of 4 cm™ and 64 scans using a Shimadzu IR Prestige-21 Fourier transform infrared
spectrometer. The samples for measurement were prepared by mixing with KBr.

2.3.3. X-Ray Diffraction (XRD) Analysis

The crystalline structure of cassava starch and obtained hydrogel materials were determined using
an EMPYREAN of PANalytical (Netherlands) X-ray diffraction instrument at the University of Finance
Marketing in Ho Chi Minh City, Vietnam. Diffraction patterns of samples were measured in the range
of 5° to 35° using CuK, radiation at 40 kV and 45 mA. The crystallinity values (Fc) of samples were
calculated from deconvolution of the X-ray patterns into crystalline diffraction and amorphous halo
[10]-[11].

2.3.4. Morphological Analysis

The surface morphologies of the cassava starch particles and hydrogel samples were examined using
a FESEM S-4800 HITACHI (Japan) scanning electron microscope with an accelerating voltage of 10
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kV. To ensure the electrical conductivity of the samples, all samples were coated with a layer of platinum
(Pt) before observation.

2.3.5. Thermal Stability

Thermogravimetric analysis of the cassava starch and hydrogel samples was conducted using a TGA
Q500 instrument in the temperature range from 50 to 800°C at a heating rate of 10°C/min. In order to
prevent oxidation, the measurement was carried out under a nitrogen atmosphere. The calibration for
temperature and weight was performed before measurement.

2.3.6. Gel Fraction Determination

The gel fraction (Fg) of cassava starch and hydrogels was determined by soaking the samples in
distilled water followed by filtration and dried to a constant weight. The gel fraction was calculated from
the dry weights of the samples before (W) and after (Wys) soaking [10]:

W,
f
Fy (%) = we X 100 (1)

2.3.7. Swelling Behavior of Hydrogels Under Different Conditions

Swelling behavior of hydrogels was measured by a gravimetric method. The dry hydrogel samples
were placed in a tea bag and immersed in different solutions with various concentrations for a specific
period to reach equilibrium. Subsequently, the swollen hydrogels in tea bag were weighed after
removing surface water. The water absorption (H) of the samples was calculated by the following
equation:

oy = W= Wo

where Ws and W, represent the weight of the swollen hydrogels and the dry samples, respectively [10].
2.3.8. Method for Determining Fertilizer Absorption and Desorption

The hydrogels fabricated from cassava starch were used as an absorbent for carrying fertilizers. In
this experiment, the hydrogel samples were fully immersed in fertilizer solutions (500 mL, 2000 ppm)
for 24 hours. Then, the samples were filtrated and dried. The fertilizer loading was determined by
weighing the hydrogel samples before and after immersion [12], [13], [14]. The fertilizer release
experiment was conducted by soaking the fertilizer loaded samples in distilled water. A specific volume
of solution was withdrawn from the mixture with a simultaneous addition of distilled water to ensure
the same total volume at predetermined intervals. The released fertilizer concentration was measured by
UV-Vis spectroscopy analysis. The percentage of fertilizer released was calculated as follows:

M
F(%) = ﬁf X 100 (3)
L

where M; represents the initial amount of fertilizer absorbed, and M represents the amount of fertilizer
released at a specific time t [15].

3. Results and Discussion
3.1. Morphologies of Native Cassava Starch and Hydrogels

The surface morphologies of native cassava starch and hydrogel were determined using the SEM
technique (Figure 2). As clearly observed from Figure 2a, the native cassava starch sample exhibits
spherical particles with flat surfaces. In comparison to the native starch sample, the hydrogel shows a
significant change in surface morphology, losing the original particle structure and forming
interconnected network structures of aggregated particles (Figure 2b) [10].
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During the gelatinization process, starch particles swollen and absorbed water, causing the disruption
of the original structure of starch particles under the oxidation of KMnQOa. The surface of the hydrogel
samples became rougher compared to the smooth surface observed in the native starch sample [10].

50 um , 2.0 um

S-4800 10.0kV 8.0mm x1.00k SE(M) 50.0um S-4800 10.0kV 8.1mm x20.0k SE(M) 2.00um

Figure 2. SEM images of (a) native cassava starch; (b) hydrogel.
3.2. Oxidation Process of Cassava Starch
Table 1. Gel fraction (Fg) and relative crystallinity (F¢) of cassava starch (S) and hydrogel (H)

Samples Fq(%) Fc(%0)
S 85.4 38.45
H 91.0 5.34

The hydrogel was fabricated through the oxidation of cassava starch by using the KMnO4/NaHSO4
system. As observed from Table 1, the gel fraction of hydrogel is higher than that of cassava starch.
Under oxidation process of cassava starch using KMnO4/NaHSO., the hydroxyl groups first were
oxidized to aldehyde groups and then to carboxyl groups. The oxidation of hydroxyl groups to carboxyl
groups facilitates the formation of the hydrogels. The oxidation process caused the cross-linking
reactions to occur. As a result, the hydrogel was obtained. It has been previously demonstrated [16] that
carboxyl groups can form hemiacetal cross-links, enhancing the starch integrity to achieve a similar state
as cross-linking with bifunctional agents.

Additionally, the KMnO4/NaHSO4 redox system generates free radicals, which may also contribute
to the formation of cross-links [17]. Furthermore, the high gel fraction values obtained in all hydrogel
samples (Table 1) seem to indicate that the depolymerization of starch molecules by breaking the aD-
(1—4) glycosidic bonds during oxidation is relatively low compared to other systems [18].

3.3. X-ray diffraction analysis

The obtained hydrogels were also characterized by wide-angle X-ray scattering. Figure 3 displays
the X-ray diffraction (XRD) patterns of native cassava starch and hydrogel. It is evident that the native
starch samples exhibit a typical semi-crystalline structure, where sharp diffraction peaks are attributed
to amylopectin, while broad peaks correspond to amylose [15], [16].

This semi-crystalline structure consists of granules with amorphous regions of amylose interspersed
between crystalline regions of amylopectin branches arranged in a double helix. For hydrogels, the
diffraction patterns reveal a new low-intensity peak (20 = 5.56°), indicating the coexistence of both A
and B polymorphs. According to previous studies, the relative crystallinity of cassava starch was
determined to be 37.10% [19], [20].

The oxidation process significantly reduced crystallinity, as evidenced by the decrease in intensity
and broadening of the diffraction peaks [21], [22]. This reduction in crystallinity is likely due to the
increase in carboxyl group content (a result of the oxidation process). Hydrogel is characterized by three
distinct diffraction peaks of type V crystals at 20 = 7.5°, 13.25°, and approximately 20° [19].
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Figure 3. XRD patterns of native cassava starch (S) and hydrogel (H).

Overall, the diffraction patterns of oxidized starch, aside from the mentioned peaks, display an
amorphous halo. This indicates that the oxidation reaction had a substantial impact on the crystalline
structure of the granules. In the XRD patterns of hydrogel, the disappearance of the main diffraction
peaks is clearly observed compared to native starch. H exhibits two very low-intensity peaks at 26 =
17.13° and 22.46°. Additionally, the XRD pattern of the H sample shows a small diffraction peak at 20
= 18.61-19.96°, while the remaining diffraction peaks disappeared [19].

3.4. FTIR spectroscopy analysis

The oxidation of starch samples was also studied using FTIR spectroscopy. Figure 4 shows the FTIR
spectra of native starch and hydrogel samples. Compared to the FTIR spectrum of native starch, the
FTIR spectrum of hydrogel shows the appearance of new peaks at 2854 cmcorresponding to the
stretching vibration of the (C-H) bond of the -C(O)H group and at 1735 cm™ attributed to the stretching
vibration of the (-C=0) bond of aldehyde and carboxyl groups [10].

2854
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Figure 4. FTIR spectra of native cassava starch (S) and hydrogel (H).
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Compared to native cassava starch, the characteristic absorption peak of hydrogel at 1645 cm™
significantly decreased in intensity. The peak at 2922 cm™ corresponds to the asymmetric stretching
vibration of the (-C-H) bond of the anhydroglucose units.

3.5. Thermogravimetric analysis (TGA)

100
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Figure 5. Plots: (a) TGA; (b) DTG of native cassava starch (S) and hydrogel (H).

The thermal stability of hydrogel and native cassava starch was evaluated using the
thermogravimetric analysis (TGA) method. Figure 5 shows the TGA and DTG plots of the native
cassava starch and hydrogel samples. As observed from Figure 5, the TGA plot of the native cassava
starch sample exhibits two stages of weight loss. The first weight loss (50-150°C) is attributed to the
evaporation of water and moisture, while the second stage (246-450°C) is due to starch decomposition
[23], [24], [25]. The decomposition temperatures, weight loss percentages related to the thermal

decomposition stages, and the percentage of remaining sample mass during the thermal decomposition
process are summarized in Table 2.

Compared to the native cassava starch sample, the hydrogel sample shows a significantly higher
initial thermal decomposition stage occurring at a much higher temperature range (100-245°C). This
could be explained by the formation of new carboxylic groups in the chemical structure of hydrogel,
which strongly absorbed water molecules [23].

The second thermal decomposition stage is the main decomposition stage, and this thermal
decomposition may be attributed to the degradation and breaking of starch chains. Table 2 also indicates
that hydrogel sample exhibits higher thermal stability compared to the native cassava starch sample. The
hydrogel sample shows higher initial decomposition temperatures and Tmax (temperature at the
maximum rate of weight loss) values compared to the native cassava starch sample [24].

Table 2. Temperature parameters of native cassava starch and hydrogel.

Sample Stage Range (°C) Weight loss (%) |  Tmax (°C) Residual mass (%0)
1 50 - 150 9.8
S 306 4.6
2 246 - 450 85.6
1 100 - 245 9.7
H 310 27.8
2 265 - 450 62.5

Previous studies on oxidized starch showed contrasting results, where the oxidation process often led
to lower thermal stability due to depolymerization processes of molecular chains leading to reduced
molecular weight [26], [27]. However, in the case of cassava starch oxidized by the KMnO4/NaHSO,
oxidation-reduction system, it resulted in minimal depolymerization. This could be evidenced by the

JTE, Volume 20, Issue 02, 05/2025 52


mailto:jte@hcmute.edu.vn

JTE JOURNAL OF TECHNICAL EDUCATION SCIENCE
Ho Chi Minh City University of Technology and Education

HCMUTE Website: https:/jte.edu.vn
ISSN: 2615-9740 Email: jte@hcmute.edu.vn

high gel fraction values obtained in hydrogel sample. Therefore, the higher thermal stability of hydrogel
sample compared to that of native cassava starch may be attributed to a higher content of carboxyl
groups and the formation of cross-links [28].

3.6. Swelling behavior of hydrogels in different media

The swelling behavior of hydrogel was studied in different media: distilled water, salt solutions.
Figure 6 displays the amount of water absorbed (H) at various times relative to the maximum water
absorption (H”) of the hydrogel sample.

It is noteworthy that the water uptake process occurred quite rapidly. At the onset of the swelling
process, the graph in Figure 6 illustrates the maximum water uptake, followed by a gradual decrease in
swelling to reach equilibrium over a longer period. This phenomenon is referred to as the overload effect
and can be explained by physical cross-links formed by the formation of hydroxyl bonds between the
carboxyl groups of the hydrogel sample [8], [29].

As can be seen from Table 3 that the hydrogel sample presents significantly higher swelling capacity
compared to hydrogel prepared from corn starch in the previous studies [30].

Furthermore, the influence of ion strength on the swelling capacity of hydrogel was investigated by
analyzing water uptake in salt solutions with different concentrations (NaCl, CaCl. at 0.009%, 0.09%,
and 0.9%). The swelling capacity of the hydrogel samples followed the trend: NaCl > CaCl.. As clearly
observed from Table 3, the water absorption is higher in solutions containing monovalent cations Na*.
This ability also depends on the ionic radius, decreasing as the radius increases due to the difficulty of
cation penetration into the hydrogel [31].

In the CaCl; solution medium, the swelling capacity of hydrogels decreased, possibly due to the
formation of complex between divalent Ca?* cations with the carboxyl groups of hydrogel sample. This
provided additional cross-links [14].

10} /\\ .
0sl . i S — /
ul /
iy

0.000.25 0.50 0.751.00 125 5 10 15 20 25 30 35
Time (h)
Figure 6. Swelling kinetics of hydrogel in water.

Table 3. Maximum water absorption at equilibrium (Hx) of hydrogel sample (H) in distilled water and salt
solutions with various concentrations.

H* (%) H-O NaCl CaClz
C (%) - 0.009 0.09 0.9 0.009 0.09 0.9
H 3370 3763 4003 4325 1906 2408 2865
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3.7. Fertilizer absorption of hydrogels
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Figure 7. Fertilizers absorption of hydrogel.

In order to evaluate the ability of prepared cassava starch-based hydrogel to absorb and release
fertilizers with controlled manner. The fertilizers absorption and release of hydrogels were investigated
using various fertilizers such as urea, KNO3z, and (NH,).SO4. For these experiments, 500 mg of obtained
hydrogel was added into urea solution with a concentration of 2000 ppm, KNOs solution with a
concentration of 10,000 ppm, and (NH4).SO4 solution with a concentration of 30,000 ppm.

Figure 7 shows the percentage of urea absorbed (FLurea), KNO3z (FLknos), and (NH4).SO4 (FL
(NH.4)2S04) onto hydrogel sample. According to previous studies on different types of oxidized starches,
oxidized cassava starch had the highest fertilizer loading capacity for all types of fertilizers [10]. This
may be due to the lower gel fraction (Fg) and relative crystallinity (Fc) values of oxidized cassava starch
compared to other types of oxidized starches, leading to a more flexible polymer network structure with
higher molecular chain flexibility. These characteristics make oxidized cassava starch more expandable
and enhance water and fertilizer absorption during the swelling process.

Oxidized cassava starch has the ability to absorb a large amount of fertilizer in decreasing order
depending on the type of fertilizers as follows: (NH4).SO4 > Urea > KNOs. Fertilizer absorption occurs
during the swelling process in distilled water, where partially ionized carboxyl groups promote network
expansion, allowing the absorption process to occur more easily.

As indicated in studies on swelling behavior in salt solutions, the ionic radius and charge of cations,
as well as the quantity of cations affect water uptake and subsequently absorption ability. In this case,
the radius of K* ions is close to that of NH4* ions, so it can be explained that the higher absorption of
(NH4),S04 may be due to the double amount of cations per molecule of (NH4).SO. compared to KNO3
[10]. Therefore, the prepared hydrogel from oxidized cassava starch absorb fertilizer in the following
order: (NH4)2SO4 > Urea > KNOs.

3.8. Ability to release fertilizer with controlled manner of hydrogel

Table 4. Results of urea concentration released determined by UV-Vis method.

Time (hour) 0.5 1 2 4 25 50 100
Urea

concentration 32.80 131.84 137.48 143.12 134.66 131.60 140.05
(Ppm)
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Figure 8. The urea release kinetics of hydrogel.

The ability to release urea fertilizer with controlled manner of obtained hydrogel was evaluated by
determining the released urea concentration using UV-Vis analysis. Figure 8 illustrates the release of
urea over time, where the release process exhibits a first-order release involving initially high release
rates followed by rapid decline [12], [32]. This phenomenon may be associated with the desorption
between water molecules and urea molecules due to the large available free volume inside the starch
structure, created by the separation between chains. This results in the reabsorption at the active sites
within the structure of polymer network [13]. The reduction in pore diameter or depth of inner cells and
surface due to the urea molecules accumulation impedes water penetration into the structure of hydrogel
[33]. This character slows down the release of fertilizer, helping control the fertilizer release rate of
hydrogel.

However, as observed from Figure 8, after reaching equilibrium, the release rate slightly increased
again due to the partial weakening of the structure of hydrogel as the soaking time was prolonged [34].
The high loaded urea content may also contribute to urea release as high urea loading accelerates water
movement towards the sample, which can help to expand the polymer chains [12]. Additionally,
incomplete urea release occurring with regard to hydrogel sample based on oxidized cassava starch is
observed. This is attributed to the formation of hydrogen bonds between hydrogel and —-NH; groups of
urea molecules. The urea release kinetic of hydrogel seen in Figure 8 consists of three stages. The first
stage is a slow-release stage, followed by a rapid-release stage where the maximum amount of fertilizer
was released. The constant release rate is observed in the third stage. These results are consistent with
other studies [30], [35].

4. Conclusions

The environmentally friendly cassava starch-based hydrogels were successfully fabricated through
the oxidation process of cassava starch using the KMnO.,NaHSO, redox system. The obtained results
demonstrate that the oxidation process only caused minimal depolymerization of starch molecules, and
all oxidized cassava starch samples yielded the high gel fraction values. The cross-linking degree and
relative crystallinity were affected by the oxidation process, strongly influencing on the swelling ability
of hydrogel in various media.

Oxidized cassava starch exhibited much higher swelling ability in different media compared to other
oxidized starches in previous studies. This is attributed to the lower crystallinity of oxidized cassava
starch compared to other starch samples studied previously. The influence of ion strength on the swelling
ability of oxidized cassava starch was investigated in salt solutions with different concentrations. The
results showed that oxidized cassava starch had good absorption ability for various fertilizers such as
urea, KNOs, (NH4).SO.. The obtained hydrogel presented the ability to release urea fertilizer with
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controlled manner. This suggests that the fabricated hydrogel based on oxidized cassava starch can be
applied as a slow-release fertilizer carrying material, having great application potential in smart
agriculture field.
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