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Abstract

Research on hydrogels as soil conditioners has been developed based on hydrogels copolymerized 
with composite materials in the form of chitosan and TiO2 to overcome low physical properties and 
low swelling of polyacrylamide. The aims of the study are synthesis, characterization, application of 
hydrogels, and determination of the physical and chemical properties of soil and the growth of soy-
bean plants. Synthesis of chitosan-co-polyacrylamide-TiO2 crosslinked glutaraldehyde hydrogel was 
prepared by the chemical crosslinking method. The characterization of hydrogel was performed by 
using Fourier Transform Infra-Red (FTIR) and Scanning Electron Microscope (SEM). FTIR spectrum 
shows the functional groups of chitosan co-polyacrylamide-TiO2 crosslinked glutaraldehyde which 
includes OH functional groups (3408.22 cm–1), NH (1602.85 cm–1), C=O (1502 cm–1), CN (1600.92 cm–1), 
and Ti-O (619.15 cm–1). The SEM image shows the formation of pores and cavities in the hydrogel. 
The application of hydrogels in soybean plants shows differences in physical and chemical proper-
ties of soil and plant growth. The use of all variations of hydrogel had no signifi cant effect on soil 
physical properties including temperature, humidity, and bulk density. Meanwhile, hydrogels with 
TiO2 concentration of 60 ppm infl uence signifi cantly to the chemical properties of soil such as or-
ganic carbon, cation exchange capacity (CEC), and level of nitrogen, phosphorus, and potassium in 
the soil. The optimum number of leaves, plant height, total dry weight are 68 leave blades, 207 cm, 
and 20.6 g, respectively. This optimum condition was found in the use of KTiKPAG60 hydrogel. The 
results showed that chitosan-co-polyacrylamide-TiO2 crosslinked glutaraldehyde has the potential 
to be a soil conditioner.
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1. Introduction

The utilization of natural hydrogels in agriculture has been 
developed by various hydrogel ingredients and synthesized for 
utilizing as soil conditioners. Soil conditioner is important to 
solve the problem of dry land because of its ability to storing 
groundwater. In addition, the use of hydrogels in agriculture 
is also used to reduce the tendency of soil compaction, prevent 
erosion, and improve the efficiency of fertilizer used (Rajaku-
mar and Sankar, 2016).

Natural or synthetic material hydrogels have been widely 
used such as polyacrylamide (PAAM) with acrylamide mono-
mers. However, polyacrylamide polymers have several disad-
vantages such as their limitation of water absorption ability and 
is a homopolymer with relatively low physical properties cause 

the limitation of application development (Zhao et al., 2015). To 
improve the swelling properties and physical properties, poly-
acrylamide polymers is needed to modified through copolymeri-
zation process with chitosan. Meanwhile, chitosan is a polysac-
charide that has bioactive properties, non-toxic, biocompatible, 
biodegradable, and easily modified to its derivative material (Yu 
et al., 2017). 

Chitosan is a natural polymer derived from deacetylation 
of chitin composition that can be obtained from marine ani-
mals such as crab and shrimp shells. Chitosan is widely applied 
in various things such as cosmetic ingredients (Synowiecki 
and Al-Khateeb, 2003), antibacterial ingredients (Dutta et al., 
2012), metal adsorption (Al-Karawi et al., 2011), food packag-
ing (Gomes et al., 2017) and in agriculture as a soil conditioner 
(Abdel-Aziz et al., 2016). The role of chitosan in increasing agri-
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cultural yields has been shown to increase the growth of roots, 
leaves, and branches in some plants such as tomatoes, cucum-
bers, and carrots. Chitosan can play a role in increasing plant 
productivity both compilation is fully applied and when used 
as nitrogen, phosphorus, potassium fertilizer coatings (Abdel-
Aziz et al., 2016). In addition, chitosan also has the ability as 
an antimicrobial so it can protect plants from biotic stresses 
(Dutta et al., 2012). Meanwhile, chitosan has a disadvantage in 
its lower mechanics. It needs to add other materials to increase 
its mechanical strength by adding composite materials (Park et 
al., 2002). One inorganic material that can be used to increase 
mechanical strength titanium dioxide (TiO2) semiconductor. 

The application of TiO2 so far includes raw materials for 
the paint and plastic industries (Nayl et al., 2009), sensors (Nur-
din et al., 2018a), environmental cleaners with their ability to 
degrade organic pollutants (Nurdin et al., 2016; Maulidiyah et 
al., 2017; Nurdin et al., 2018b) and as fertilizer biological for 
plants (Khater, 2015). Several studies on the use of anatase TiO2 
nanoparticles to improve growth, yield, and ingredients chem-
icals in plants have been carried out. TiO2 has been shown 
to improve plant growth by increasing nitrogen metabolism 
which can further increase nitrate absorption. TiO2 also accel-
erates the conversion of inorganic nitrogen to organic nitrogen 
which ultimately increases the wet weight and dry weight of 
plants. 

TiO2 compounds are also able to increase photosynthetic 
efficiency in plants (Khater, 2015; Giorgetti et al., 2019). With 
the advantages possessed by chitosan and TiO2 in enhancing 
plant growth, in this study the binding of chitosan-TiO2 was 
carried out to become a chitosan-TiO2 composite material. The 
chitosan-TiO2 composite will then be copolymerized with poly-
acrylamide into chitosan-co-polyacrylamide-TiO2 composite 
hydrogel through the crosslinking method. Crosslinker agents 
that can be used can be derived from aldehydes (Maitra and 
Shukla, 2014), urea derivatives, and carboxylic acids (Ciolacu 
et al., 2012). Glutaraldehyde is a cross-linker that is widely ap-
plied in the preparation of hydrogels. The amine group from 
–NH2 found in chitosan-co-polyacrylamide-TiO2 will attack the 
carbonyl group, C=O in glutaraldehyde which will produce a 
new bond C=N. So far, the use of TiO2 in agriculture has been 
applied in the form of foliar spray and direct addition of TiO2 
nanoparticles into the soil with variations in concentrations of 
10, 20, 30, 40, 60, and 80 ppm for Triticumaestivum L (Rafique 
et al., 2018). 

However, the study on the addition of TiO2 in hydrogel 
composite for slow and simultaneous controlled releasing of 
fertilizer and other nutritions in the soil for soybean plant is 
not conducted yet. Therefore, research on the application of 
chitosan-co-polyacrylamide-TiO2 crosslinked glutaraldehyde 
hydrogel as a soil conditioner for soybean plants was conduct-
ed. During the growth period until the harvest period is ana-
lyzed the physical-chemical properties of soil include pH, tem-
perature, CEC (cation exchange capacity), organic carbon, bulk 
density of soil, and absorbed levels of nitrogen, phosphorus, 
potassium fertilizer. Meanwhile, in terms of soybean growth, 
it was observed plant height, total leaves, and total dry weight 
of soybean plants.

2. Materials and methods

2.1. Material

Chitosan used in this study was prepared by the deacetyla-
tion method of chitin derived from shrimp shells (Penaeus 
Monodon) with the method according to Sewvandi and Adikary 
(2012) with degree of deasetilation and molecular weight chi-
tosan (Mv) 83.8% and 2.27 × 105 Dalton, respectively. TiO2 pow-
der was prepared by sol gel method with controlled hydrolysis 
of titanium (IV) isopropoxide (TTIP) (Weldermarian and Weld-
erfael, 2015). The materials for making hydrogels include acry-
lamide, benzoyl peroxide, acetic acid 2%, and glutaraldehyde as 
cross linkers. 

2.2.  Synthesis of hydrogel chitosan-co-polyacrylamide-TiO2 

crosslinked glutaraldehyde 

Synthesis of hydrogel chitosan-co-polyacrylamide-TiO2 

crosslinked glutaraldehyde by chemical method using benzoyl 
peroxide as an initiator (Ritonga et al., 2019) with the addition 
of variations in the concentration of TiO2 10, 20, 30, 40, 60, and 
80 ppm in hydrogel suspension. The characterization of hydro-
gels was carried out by FTIR and SEM and the synthesis of hy-
drogel swelling results according to Formula 1.

2.3. Swelling test

To determine percentage of swelling, Hydrogel (g) was im-
mersed in 100 mL of distilled water. The mixture is then filtered 
using filter paper for 10 minutes. The amount of absorbed water 
is calculated as Formula 1 follows:

%Swelling = 
Gs – Gi 

Gi
 × 100% (1)

Where Gs is the weight swelling of the hydrogel and Gi is 
the initial weight of the polymer sample (Zhou et al., 1996).

2.4. Application of hydrogel

For application of hydrogel, Argomulyo varieties of soybean 
plants were obtained from the Seed Hall in Kendari City, South-
east Sulawesi, Indonesia. Planting is carried out in greenhouses, 
from the end of January to April 2019 when the summer ends 
and the entry of the rainy season. it is conducted in polybags 
(40 cm × 40 cm) with weight of soil per polybag approximatly 
±10 kg. Hydrogel 10 g was added to each polybag. Plant main-
tenance is carried out by watering 100 mL of water, meanwhile 
observations are carried out every 5 days.

2.5. Analysis of the physical, chemical properties of soil

Soil pH test was determined by the method of Ritonga et 
al. (2019). Determination of soil organic carbon content was de-
termined by the method of Pivato et al. (2016). Determination 
of land CEC was determined by the method of the Agricultural 
Research and Development Agency of the Ministry of Agricul-
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ture Ritonga et al. (2019). Determination of soil bulk density was 
determined by the method of Pivato et al. (2016).

2.6. Analysis of Soybean Plant Growth

Analysis of leaf number and plant height was determined 
manually. Analysis of plant dry weight was determined by Wood 
and Roper (2000).

2.7. Data Analysis Techniques

Measurement results of physical properties of soil (temper-
ature, humidity, bulk density), chemical properties of soil (pH, 
C-organic, CEC, nitrogen, phosphorus, potassium), total nitro-
gen levels (Kjeldalh method with H2SO4 ashing and absorbance 
measurements using UV-Vis spectrophotometer λ = 636 nm), 
total phosphorus and total potassium soil were prepared us-
ing 25% HCl extractor and measurement of total phosphorus 
absorbance using UV-Vis spectrophotometer λ = 710 nm while 
total phosphorus and potassium were prepared using 25% 
HCl extractor and measurement of total phosphorus absorb-
ance using UV-Vis spectrophotometer λ = 710 nm while potas-
sium total using atomic absorption spectroscopy method. Plant 
measurement data (total dry weight, plaint height, number of 
leaves) (before and after harvest) analyzed descriptively and 
inferentially.

Descriptive analysis aims to describe the average value 
and standard deviation of the physical chemical properties and 
growth of soybean plants after planting. Inferential analysis ex-
amines the effect of treatment (administration of hydrogels) on 
changes in physical and chemical properties of soil and their ef-
fects on plant growth. Inferential analysis using the analysis of 
variance (ANOVA) method and the Duncan test method. All ana-
lyzes, both description and inferential, were carried out using 
SPSS version 22 software.

3. Results and discussion

3.1.  Synthesis of hydrogel chitosan-co-polyacrylamide-TiO2 
crosslinked glutaraldehyde

Hydrogel synthesis carried out in this study was carried 
out by crosslinking copolymerization technique. Chitosan first 
interacts with the initiator of benzoyl peroxide before interact-
ing with a mixture of acrylamide and glutaraldehyde monomers 
as crosslinkers. During the synthesis process, nitrogen gas has 
flowed which functions to remove oxygen in the system when 
synthesizing. This is done because oxygen can inhibit the forma-
tion of copolymers through peroxide formation and vice versa 
encourage the formation of homopolymers (Ritonga et al., 2019). 
In addition, the temperature factor also affects the speed of com-
bining the polyacrylamide chain.

Stages of polymerization reactions consist of initiation, 
propagation, and termination reactions. The phase of the polym-
erization reaction begins with the initiation process by benzoyl 
peroxide radical initiator. At a temperature of 60–700C benzoyl 
peroxide undergoes homolytic breaking of bonds and produces 
benzyloxy free radicals. Benzoyloxy radicals will contain double 
bonds in the monomers, resulting in polyacrylamide monomer 
radicals being formed. The proposed reaction stage of initiation 
can be seen in Fig 1. At the propagation stage, the copolymeri-
zation reaction occurs between chitosan and acrylamide where 
the radical chain formed at the initiation stage will increase the 
length of the polymer chain. The propagation reaction stops 
when the monomer has reacted in Fig. 2. The termination stage 
is the final stage of the polymerization reaction. At the termina-
tion stage, two radical polymers will join or transfer of hydrogen 
from one end to the other (disproportionation). Termination oc-
curs by means of a combination of combining the radical struc-
ture of the end of the chain to produce grafted chitosan-co-poly-
acrylamide (Fig. 3).

Fig. 1. Proposed reaction phase initiation mechanism
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Fig. 3. Proposed mechanism of termination of chitosan-co-polyacrylamide

Fig. 2. Proposed chitosan copolymerization mechanism
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Furthermore, the suspension of chitosan-co-polyacryla-
mide was added by TiO2 by reflux for 1 hour at a temperature of 
60–700C and crosslinking of glutaraldehyde was added to form 
a hydrogel chitosan-co-polyacrylamide-TiO2 bound to glutaral-
dehyde. The aldehyde group in glutaraldehyde will bind to the 
amine group in chitosan that forms covalent bonds that will con-
nect one chitosan polymer to another. The addition of glutaral-
dehyde as a crosslinking agent can affect the physical properties 
of the hydrogel produced. TiO2 enters at the end of the chitosan 
chain in accordance with the proposed reaction from Pathania 
et al. (2016). The proposed structure of chitosan-co-polyacryla-
mide-TiO2 crosslinked glutaraldehyde can be seen in Fig. 4.

Fig. 4 is a proposed crosslinking mechanism of chitosan-co-
polyacrylamide-TiO2 crosslinked glutaraldehyde. The reaction 
showed that the –OH group of chitosan interacted with Ti from the 
surface of TiO2. TiO2 also experiences interaction with the surface 
of chitosan, because the presence of amino groups in chitosan can 
interact with Lewis TiO2 acid (El Kadib and Bousmina, 2012). TiO2 

which has bonded with chitosan will react with other TiO2 which 
is soluble in water. Based on this reaction, it can be seen that 
new bonds have been formed in the form of C=N and Ti-O bonds.

3.2.  Characterization of hydrogel Chitosan-co-
Polyacrylamide-TiO2 crosslinked glutaraldehyde

 3.2.1.  Analysis fungsional group using the Fourier 
Transform Infrared (FTIR)

Functional group analysis is one way to find out the chemi-
cal characteristics and success of the synthesis that has been 
carried out based on chitosan functional groups into hydrogel 
chitosan-co-polyacrylamide-TiO2 crosslinked glutaraldehyde 
using the Fourier Transform Infrared (FTIR) instrument. The 
infrared spectrums show any functional groups contained in 
a compound based on wave numbers and transmittance. FTIR 
spectrums analysis of hydrogel chitosan-co-polyacrylamide-TiO2 
crosslinked glutaraldehyde are shown in Fig. 5.

Fig. 4. Proposed interaction of chitosan co-polycrylamide-
TiO2 with glutaraldehyde

Fig. 5.  FTIR spectrum (a) KKPAG (b) KTiKPAG40 (c) 
KTiKPAG60 (d) KTiKPAG80
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Based on Fig. 5 the results of the infrared spectrum of hy-
drogels crosslinked glutaraldehyde with variations in TiO2 con-
centrations indicate specific changes that occur after the ad-
dition of TiO2 and glutaraldehyde, exhibited in wavenumbers 
1500–1700 cm–1 which is the absorption peak of C=N group of 
hydrogels crosslinked glutaraldehyde. This identified the carbo-
nyl group (C=O) of glutaraldehyde to react with NH2 from poly-
acrylamide. Based on the spectra obtained by absorption peaks 
at wavenumber 1400–1600 cm–1 showed specific absorption of 
C=N bonds which indicated that hydrogel chitosan-co-polyacry-
lamide-TiO2 crosslinked glutaraldehyde was successfully synthe-
sized. Whereas according to Haidar et al. (2015) state that the Ti-O 
group was identified between wavenumbers 400–700 cm–1. This 
was shown at the absorption peak of wavenumber 619.15 cm–1 
contained in the FTIR results of hydrogel chitosan-co-polyacry-
lamide-TiO2 bound to glutaraldehyde. Based on the results of the 
interpretation obtained from the FTIR spectrum, it showed that 
the hydrogen chitosan-co-polyacrylamide-TiO2 crosslinked glu-
taraldehyde has been successfully synthesized.

 3.2.2.  Morphological analysis using Scanning Electron 
Microscope (SEM)

Morphological characterization of hydrogels was carried 
out using a Scanning Electron Microscope (SEM) to determine 
the surface morphology of hydrogel chitosan-co-polyacryla-
mide-TiO2 crosslinked glutaraldehyde samples which were 
successfully synthesized with 2500x magnification. Hydrogels 
that have many cavities can allow more water absorption than 
other hydrogels. Gao et al. (2008) state that absorption capacity 
is influenced by two factors, namely bulk density and number 
of cavities. The more the number of cavities the greater the ab-
sorption capacity and the greater the bulk density the smaller 
the absorption capacity.

Fig. 6 (a) shows that on the surface of the hydrogel chi-
tosan-co-polyacrylamide-TiO2 crosslinked glutaraldehyde has a 
number of pores clearly visible on the surface of the hydrogel 
compared to Fig. 6 (b). Fig. 6b shows the SEM results of hydrogel 

chitosan-co-polyacrylamide-TiO2 crosslinked glutaraldehyde, 
along with increasing TiO2 concentrations, the pores on the sur-
face of the hydrogel are seen to be covered and cavities form. In 
hydrogel chitosan-co-polyacrylamide-TiO2 crosslinked glutaral-
dehyde with a concentration of 60 ppm (e) TiO2 showed that the 
cavities on the surface of the hydrogel were increasing when 
compared with Fig. 6(d). While in Fig. 6(f) which is the morphol-
ogy of hydrogel chitosan-co-polyacrylamide-TiO2 crosslinked 
glutaraldehyde with a concentration of TiO2 of 80 ppm it has 
a smooth surface shape and tends to have fewer cavities. This 
indicates that variations in the concentration of different TiO2 
result in a different surface structure.

 3.2.3.  Swelling test of hydrogel chitosan-co-
polyacrylamide-TiO2 crosslinked glutaraldehyde 

Degree of swelling is the ability of a material to expand 
larger than the initial weight. The swelling ratio is the ratio of 
the hydrogel weight ratio in the state of absorbing water (swell-
ing) to its dry weight. Elliott (2004) suggested that superabsorb-
ent polymers when putting into water or solvents would experi-
ence swelling resulting in interactions between polymers and 
water molecules. Water will be diffused by superabsorbent 
polymers because of the presence of hydrophilic groups namely 
NH2 groups on chitosan and OH- groups. After reaching the equi-
librium stage, absorbed water will be bound to the carboxylic 
group(-COOH) to form hydrogen bonds. In the end, the absorbed 
water will remain suspended in the superabsorbent polymer so 
that the polymer undergoes swelling (Bian et al., 2018).

The hydrogel is a hydrophilic framework that is cross-linked 
and has the capacity to swell by absorbing water but is insoluble 
due to crosslinking. The swelling ratio property was conducted 
to determine the ability to expand from a hydrogel to water ab-
sorb. The character of the swelling hydrogel is also influenced by 
the chemical structure of the polymer making up the hydrogel. 
Hydrogel chitosan-co-polyacrylamide-TiO2 crosslinked glutaral-
dehyde experienced swelling on each variation of TiO2 concen-
tration as showed Table 1.

Fig. 6. (a) Hydrogel chitosan-co-
polyacrylamide-TiO2 crosslinked 
glutaraldehyde with variations 
in TiO2 concentration of 10 ppm,
(b) 20 ppm, (c) 30 ppm, (d) 40 ppm,
(e) 60 ppm (f) 80 ppm at 2500x 
magnification
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From Table 1, showed a tendency to swelling different 
variations of TiO2 concentrations. The hydrogels without TiO2 
show the greatest swelling results (364.76%) when compared to 
hydrogels containing TiO2, the swelling of hydrogels with TiO2 
were 89.4%, 89.67%, 81.64%, 83.5%, 87.5%, 100%, and 66.45%, 
respectively. This is due to the hydrophilic group on the hydrogel 
containing TiO2 such as OH and NH2 groups have interacted with 
the TiO2 structure, thus blocking the diffusion of water in the 
hydrogel polymer network.

 3.2.4. Analysis of the properties of soil physics
Analysis of physical properties and chemical properties of 

soil greatly affects plant performance in growth. Soil chemistry 
includes analysis of organic carbon, nitrogen, phosphorus, po-

tassium, and CEC levels. Physical properties of soil include tem-
perature, humidity, pH, bulk density. The soil temperature in 
soybean plants influences the growth of Rhizobium, roots, and 
soybean plants, especially closely related to the germination 
process, height addition and stem segments, flowering, nutrient 
uptake, and filling of pods. The interaction between the temper-
ature-intensity of sunlight-soil moisture greatly affects the rate 
of growth of soybean plants. The effect of adding hydrogels to 
soil temperature and the effect of hydrogels on time (days) can 
be seen in Fig. 7a and 7b.

Based on temperature observations on all polybags, there 
were no significant differences in each measurement. The tem-
perature that is suitable for the growth of soybean plants ranges 
from 22–27°C while based on the results of the measurement of 

Table 1
The ratio of swelling to the composition of the hydrogel

Sample code Weight before soaking (g) Weight after soaking (g) Swelling (%)

KKPAG 3.02 14.03 364.76

KTiKPAG10 3.00 5.69 89.67

KTiKPAG20 3.05 5.54 81.64

KTiKPAG30 3.03 5.56 83.50

KTiKPAG40 3.04 5.70 87.50

KTiKPAG60 3.05 6.10 100.00

KTiKPAG80 3.04 5.06 66.45

Fig. 7. Effect of (a) hydrogel composition on soil temperature, (b) Effect of soil temperature on time (days)
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soil temperature ranges from 28–37°C. The highest temperature 
was observed in the 40th-day measurement. This happened be-
cause of the uncertainty in the weather conditions at the time of 
observation due to the changing seasons. The soil temperature 
from the analysis was quite different compared to the tempera-
ture suitable for soybean plants but still showed good perform-
ance during growth due to the adequacy of water from hydro-
gels added to the soil.

Soil moisture is the content of the amount of water in the 
soil in the area of   plant roots. Low humidity will limit the meta-
bolic process and reduce the rate of photosynthesis which re-
sults in the inhibition of fruit formation (Munyiri et al., 2010). 
Analysis of the effect of composition on moisture and moisture 
on time (days) in Fig. 8a and 8b.

Based on the measurements made, the plants in all poly-
bags have different but not significant humidity levels at each 
measurement. this can be seen in Fig. 8a and 8b. In the measure-
ment of the 10th day to the 50th day, the highest moisture level 
is seen in the composition of the KKPAG. This happens because 
the composition has a high swelling rate (Table 1).

When pH is close to neutral, the transfer of cations will be 
easier, so nutrients are available for plant growth (Rusan et al., 
2007). In general, nutrients will be easily absorbed by plants at 
pH 6.6–7.5, because at that pH most nutrients will dissolve easily 
in water (Motsara and Roy, 2008). Result Analysis of the hydrogel 
composition effect on pH and the effect of pH on time (days) can 
be seen in Fig 9a and 9b.

Based on the measurements of soil pH carried out, the addi-
tion of hydrogels to polybags affected the soil pH but, not signifi-

cantly in all polybags on the 5th to 75th day of measurement, the 
pH was in the range of 7, which indicates that the use of hydro-
gels on the soil at each the treatment does not have a significant 
effect on plants using hydrogels or plants without hydrogel use 
hydrogels.

Based on bulk density analysis shows a significant level of 
difference in each administration of hydrogel, when compared 
to control plants. However, the increase in each treatment giving 
hydrogel containing TiO2 is not too significantly different from 
each other. Soil samples for bulk density analysis are taken when 
the harvest period has finished and it is believed that hydrogel 
in the soil has been degraded so that the ability to swell hydrogel 
can no longer affect soil bulk density. Bulk density is theoretical-
ly influenced, among others, by soil texture, soil structure, and 
soil organic matter. These three factors are indirectly influenced 
by soil water content. In terms of soil texture, soil that is used 
as a fine-textured growing medium with a bulk density ranges 
from 0.91 to 1.18 g cm–3, whereas organic soils generally have 
bulk density between 1.1–6 g cm–3 (Rusdi et al., 2015).

Based on bulk density analysis did not show a level of dif-
ference from each others composition but we can state that soil 
used in this research is a fined texture soil that has a large sur-
face and contains many pores. This condition cause water and 
air circulate well in the soil.

 3.2.5. Analysis of the Chemical Properties of Soil
Statistical analysis of soil chemical properties including 

analysis of organic carbon, nitrogen, phosphorus, potassium, 
and soil CEC levels. Organic carbon is an indicator to determine 

Fig. 8. Effect of (a) hydrogel composition on soil moisture, (b) soil moisture on time (days)
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the content of organic matter contained in the soil. The con-
tent of soil organic matter in the form of organic carbon must 
be maintained so as not less than 2%. According to Griffin et al. 
(2003), the content of normal organic carbon according to soil 
nutrient criteria is 2.1–3.0%. Statistical analysis of organic car-
bon levels can be seen in Table 3.

Based on the statistical analysis the difference in organic 
carbon between plants without hydrogels is quite different sig-
nificantly from the whole plant given the addition of hydrogels, 
especially in the composition of KTiKPAG60 which tends to have 

very high organic carbon content and is significantly different 
from control plants, KKPAG, KTiKPAG10, KTiKPAG20, and KTiK-
PAG30.

Cation exchange capacity (CEC) is a chemical property 
that is closely related to soil fertility (Rashidi and Seilsepour, 
2008). The higher the CEC, the higher the fertility of the soil 
due to the level of organic carbon is also higher so that the po-
tential productivity of the plant increases as well as vice versa. 
Statistical analysis of cation exchange capacity can be seen in 
Table 3.

Fig. 9. Effect of (a) hydrogel composition on soil pH, (b) soil pH on time (days)

Table 2
Effect of composition of hydrogels on bulk density

Treatment Bulk Density g/cm3

Control 1.1433 a

KKPAG 1.1067 a

KTiKPAG10 1.1733 a

KTiKPAG20 1.0533 a

KTiKPAG30 1.1067 a

KTiKPAG40 1.0233 a

KTiKPAG60 1.0833 a

KTiKPAG80 1.1433 a

Table 3
Statistical analysis of chemical properties of soil

Treatment
C-organic 
(%)

CEC
(meq 100 g–1)

Total 
Nitrogen
(%)

Total 
Phosphorus
(ppm)

Total 
Potassium
(ppm)

Control 2.4 a 19.0 a 0.17 a 23.6 a 10.9 a

KKPAG 2.9 ab 21.1 b 0.18 a 24.4 a 11.3 a

KTiKPAG10 3.3 ab 23.1 c 0.19 ab 24.8 a 12.1 ab

KTiKPAG20 4.1 bc 24.7 d 0.20 ab 27.0 ab 13.1 ab

KTiKPAG30 4.7 cd 24.3 cd 0.22 abc 27.3 ab 13.6 ab

KTiKPAG40 5.6 de 24.8 d 0.23 bc 28.1 ab 16.3 ab

KTiKPAG60 6.2 e 26.2 e 0.25 c 32.3 b 17.7 b

KTiKPAG80 5.1 cde 24.2 cd 0.23 bc 28.5ac 13.9 ab

The mean values   followed by unequal letters in the same column differed signifi cantly at 
0.05 which was tested by the Duncan method.
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Based on the statistical analysis, differences in soil CEC be-
tween plants without hydrogels were quite significantly differ-
ent from the overall plants given the addition of hydrogels, es-
pecially in the composition of KTiKPAG60 which tended to have 
a very high CEC compared to other compositions.

Nutrients of nitrogen, phosphorus, and potassium are ma-
cronutrients that are needed for plant growth. Nitrogen is the 
main limiting factor because it is often deficient because it is 
easily soluble, easily washed, and evaporates. This element is 
also a constituent of plant proteins, chlorophyll, and nucleic ac-
ids so that it can spur the production of green plants and can 
increase the proliferation of soil microorganisms that play an 
important role in determining soil fertility (Lošák et al., 2018). 
Statistical analysis of nitrogen content differences in Table 3. 
Based on the statistical analysis of differences in nitrogen, phos-
phorus and potassium between plants without hydrogels, it is 
quite different significantly from the whole plant given the ad-
dition of hydrogels, especially in the composition KTiKPAG60 
which tends to have a higher content of nitrogen, phosphorus, 
and potassium in the soil if compared with the other composi-
tion of hydrogels. Decreased levels are precisely seen in the com-
position KTiKPAG80.

 3.2.6. Statistical Analysis of Soybean Plant Growth
The results of the analysis of soybean growth statistics in-

clude plant height, number of leaves, and total dry weight can 
be seen in Table 4. Based on the table, it shows that the growth 
performance of plants without hydrogels is quite significantly 
different from the whole plant given the addition of hydrogels. 
The plants with the addition KTiKPAG60 hydrogels showed 
a maximum increase in growth in leave number, plant height, 
and total dry weight of soybean plants.

4. Conclusions

Synthesis of chitosan-co-polyacrylamide-TiO2 crosslinked 
glutaraldehyde hydrogel was carried out by chemical crosslink-
ing method. Characterization of hydrogels using the Fourier 
Transform Infrared and Scanning Electron Microscope indi-
cated that hydrogel has been successfully synthesized. The SEM 

image shows the formation of pores and cavities in the hydrogel. 
The application of hydrogels in soybean plants shows differenc-
es in physical properties, soil chemistry, and plant growth. The 
use of all variations of hydrogel had no significant effect on soil 
physical properties including temperature, humidity, pH, and 
bulk density. Meanwhile, hydrogels with TiO2 concentration of 
60 ppm influence the soil chemical properties significantly such 
as organic carbon, cation exchange capacity (CEC), and level of 
absorbed nitrogen, phosphorus, and potassium fertilizer. The 
optimum number of leaves, plant height, and total dry weight 
are indicated by KTiKPAG60 hydrogel. The results showed that 
chitosan-co-polyacrylamide-TiO2 crosslinked glutaraldehyde has 
the potential to be a soil conditioner.
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