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ABSTRACT 
This study aims to synthesize slow released fertilizer in the form of Chitosan-
Silica micro nutrient composite (CSiMN) by utilizing mining waste as a source 
of micronutrients whose release can be controlled by the presence of silica ash 
supporting material in rice chitosan as chelating from agricultural and 
fishery  industrial wastes. The research method includes the synthesis of 
composite fertilizers in the ratio of chitosan: silica: tailings extract (TE) which 
is 1:1:2; 1:2:2; 1:3:2; 1:4:2 (v/w/v); swelling capacity test, and water retention 
capacity test from soil containing CSiMN composite fertilizer. The results 
showed that the CSiMN composite pellet in formula 1: 2: 2 was stable for 8 
days in incubation with 100 mL distilled water. The ability to absorb water 
(swelling ratio) of chitosan silica composites in all comparisons, increased 
until the 120th minute and tended to be constant after the 120th minute. 
Chitosan-silica-ET composite at a ratio of 1: 2: 2, is the composition with the 
highest swelling power. The water retention capacity of soils containing 
CSiMN composite fertilizers is higher than soils without composite fertilizers. 
Increased silica composition in CSiMN composites can improve the retention 
of water capacity in soil. The release profile Fe2+ is different from Mn2+. After 
an incubation time of 20 days, the release of Fe2+ has increased while the 
release of Mn2+ tends to be constant. 
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INTRODUCTION 
Chemical and physical properties of the soil in the study 
area, Wondama, is classified into the order Inceptisol, soil 
pH ranged from 4.7 to 5.0, classified as very acid to acidic 
with sandy clay soil, dusty clay, low C-organic , N-total low, 
P-available 8.5 to 25.5 ppm (low). The availability of 
micronutrients of manganese (Mn), iron (Fe), copper (Cu), 
zinc (Zn) in locations with high rainfall levels and soil 
characteristics with acidic pH and low organic matter, tend 
to be at critical limits for plant needs. High levels of rainfall 
cause micro-nutrient leaching from the soil1. Several 
methods have been used in order to prevent and overcome 
the occurrence of micronutrient deficiencies in plants such 
as direct fertilization at the roots of plants using inorganic 
salt fertilizers. However, the use of dissolved salts as 
micro-nutrient fertilizers causes serious environmental 
problems such as the use of fertilizer doses that far exceed 
the plant's absorption ability causing the accumulation of 
metal ions in the soil, water pollution and leaching of 
nutrients by rainwater. For this reason, we need a 
compound that is not soluble in water that functions as a 
micronutrient fertilizer that can be released slowly into 
the soil solution by hydrolysis or diffusion. Chitosan is very 
effective in chelating metal ions because the amine group 
in the chitosan ring can be used as a chelating side for the 
metal2,4-6. 
Chitosan in fact have excellent biodegradability and a 
swelling ability of lower rate when it generates hydrogel 
because of the slower relaxation rate of polymer chains7-9. 
As a result, blending chitosan with other hydrophilic 
polymers assist to increase the water absorbency at gel 
state. Silica from rice husk waste can be used as an 
environmentally friendly supporting material. In order to 
improve the efficiency of chemical fertilizers and reduce 
the loss of the nutrients they supply, many research has 
been focusing on the development of Slow-Release 
Fertilizers (SRF) in an attempt to minimize the difference 

between solubility and uptake10,11 Development of slow 
released fertilizer (SRF) synthesis method in the form of 
Chitosan-Silica micro nutrient composites by utilizing 
mining waste as a source of Fe and Mn micronutrients 
whose release can be controlled by the presence of silica 
ash and chitosan as supporting materials for chelating 
from agricultural industrial wastes and fisheries will be 
effectively and efficiently applied to crops especially those 
growing on agricultural land that lack micronutrients.  
 
MATERIALS AND METHODS 
1. Production of Chitosan-Silica Micronutrient 

Composite Fertilizer  
Samples were prepared by direct wet mixing method 
using an experimental set consisting of beaker, hot 
plate and magnetic stirrer. Chitosan was dissolved in 
2% acetic acid and stirred with magnetic stirrer until 
homogeneous then sodium silicate ash was added 
with rice husk stirred with magnetic stirrer for 1 hour. 
Then tailings extract was added with the ration of 
chitosan-silica-TE ratio 1:1:2;1:2:2;1:3:2;1:4:2 
(v/w/v)) into the beaker and stirred at 60 oC. Next, 
the mixture was poured into aluminum molds and 
allowed to harden for 12 hours at room temperature. 
Then removed from the mold and dried in an oven at 
60oC for 8 hours. Composite fertilizer testing was 
performed after one day conditioned at room 
temperature. 

2. Swelling Ability Testing for Chitosan-Silica 
Micronutrient Composite Fertilizer 

Chitosan-Silica Micronutrient Composite Fertilizer 
immersed in 100 mL aquades for 30; 60; 90; 120, 150 
and 180 minutes. At this time interval, fertilizer was 
filtered, and the sample weight was weighed. Swelling 
ability (% SR) of Chitosan-Silica Micronutrient 
Composite fertilizer was calculated using the 
following equation: 

mailto:b.mangallo@unipa.ac.id
mailto:b.mangallo@unipa.ac.id


Mangallo et al. /Slow Released Fertilizer of Fe2+ and Mn2+ from Composite Micronutrient Chitosan-Silica 

 

495                                                                       Systematic Reviews in Pharmacy                                      Vol 11, Issue 9, Sep-Oct 2020 

 

 
 

3. Water Retention Testing (%WR) 
Water retention testing of soil containing slow 
release fertilizer is carried out by mixing soil and 
CSiMN composite fertilizer samples (formula: 
1:1:2; 1:2:2; and 1:3:2;) in a cup A, and soils 
without fertilizer was placed in cup B. Each cup 
was weighed, and distilled water was added to 
each cup and the weight of each cup (W0) was 
measured again. The cups were placed at room 
temperature and weighed every day for 20 days 
(Wt). Water retention (% WR) was determined by 
the following equation: 
 

 
 

4. Testing of Fe2+ and Mn2+ release from soil 
containing composite fertilizer. 

A total of 1 gram of slow release fertilizer 
micronutrient-chitosan-silica composite was 
mixed evenly on 200 grams of soil. At 0 days, 5 
days, 10 days, 15 days, 20 days, and 30 days 
watered 100 mL water. Water that has been 
splashed was collected and tested for Fe, and Mn 
levels using AAS. 

 
RESULTS AND DISCUSSION 
The low release fertilizers development is according to the 
required in order to increase the performance of 
conventional fertilizers and reduce socio-environmental 
problems by minimizing pollution due to the excess 
nutrients used in agriculture practice12. The slow-release 
Chitosan-Silica Micronutrient composite can also increase 
absorption of micronutrients and prevent potential loss of 
micronutrients due to washing and volatilization.  
1. Screening of the formula of Chitosan-Silica 

Micronutrient Composite Fertilizer 

CSiMN composite fertilizers were synthesized in 
several ratios of chitosan:silica:tailings extract 
namely 1:1:2; 1:2:2; 1:3:2; 1:4:2 (v/w/v) then 
shaped in pellet form (Figure 1).  

 

 
 

Figure 1. Pellet of CSiMN Composite 
 

The CSiMN composite pellet stability test during the 
incubation period of 8 days in water is presented in table 
1.  
 

Table 1. The stability of CSiMN composite pellets 
 

No. Formula of 
chitosan:silica:tailings 

Texture Stability in 
water (day) 

1 1: 1: 2 Pelet 2 

2 1: 2: 2 Pelet >8 

3 1: 3: 2 Pelet >6 

4 1: 4: 2 Pellet >6 

 
The stability of CSiMN composite pellets in formula 1:2:2 
shows the stability of pellets for 8 days in incubation with 
100 mL distilled water. Increasing the amount of silica ash 
from rice husk tends to reduce the stability of pellets from 
8 days to 6 days. This is because an increase in the amount 
of silica ash from rice husk will form a composite texture 
of Chitosan-Silica Micronutrient that is not compact and 
tends to undergo mechanical decomposition. 
2. Swelling capacity testing of CSiMN composite 
fertilizer 

Swelling ability of CSiMN composites in several ratios of 
chitosan:silica:tailings extract, ie 1:1:2; 1:2:2; 1:3:2; and 
1:4:2 shown in Figure 2. 

 

 
Figure 2. Swelling ability of CSiMN composite 

 
Measurements were made for 3 (three) hours at 30-
minute intervals. Figure 2 shows that the swelling ability 
of chitosan silica composites in all chitosan:silica ratios 

increased until the 120th minute and tended to be 
constant after the 120th minute. The chitosan-silica 
composites at a ratio of 1:2:2, showed the composition 
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with the highest swelling ability. The addition of silica in 
chitosan-silica-tailing extract composites to reach 1:4, 
tends to reduce the swelling ability of chitosan-silica 
composites. The water absorption capacity of CSiMN 
Composite fertilizer is significant with the ability of the 
fertilizer as a slow release fertilizer. Mixing chitosan with 
silica can increase the absorption power of water from 
chitosan. This is possible because of the presence of silica 
as a supporting material, with the nature of the material 
which has a broad surface, is hygroscopic and has a high 
affinity for water molecules (Huang et al., 2009). In 

addition, thing that may also affects the swelling power of 
chitosan composites is its hydrophilic characteristics. 
Generally, membranes with chitosan with high properties 
of hydrophilicity. This is possible because active functional 
groups in chitosan such as the –OH- and -NH3+ groups can 
bind H2O molecules. Interaction between chitosan and 
silica occurs through electrostatic attraction and hydrogen 
bonds. Chitosan has a high affinity to the surface due to the 
interaction between part of protonated amino groups of 
polymer and dissociated hydroxyl groups of silica, which 
are formed in aqueous solution13-15 

 

 
Figure 3. The scheme of chitosan-silica composite interaction 

 
3. Water retention test of the soil (%WR) 

Groundwater retention is a condition that provides 
the volume of water that is retained in the pores of 
the soil system. The water retention properties of 
soil containing CSiMN composite fertilizer are 
presented in Figure 4. The water retention capacity 
of soil containing CSiMN composite fertilizer 
decreases with increasing incubation time. The 
volume of water retained in the soil pore without 
containing CSiMN Composite was 2.36% on the 17th 
day, while the soil containing CSiMN Composite in 
formulas A, B, C, and D; each containing a volume of 

water retained in the soil pore of 9.18%; 12.86% and 
15.74%. This shows that increasing silica levels in 
composite fertilizers can increase water retention in 
soils. This possibility due to the silica (SiO2) as a 
compound that has a high affinity for molecules of 
water, is hygroscopic and has a broad surface. All of 
those properties make it easy for composites to 
absorb water on the surface and increase the water 
resistance16. Hydrogel CSiMN composite to not only 
enhance the soil water retention capacity and 
porosity, but also to simultaneously improve the 
crop yield and productivity. 
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Figure 4. Water retention capacity from soil: (A) without composite fertilizers; and contain CSiMN composite 
fertilizers in composition (B) 1: 1: 2; (C) 1: 2: 2; (D) 1: 3: 2 (v/w/v) 

4. Testing of Fe2+ and Mn2+ release from soil containing CSiMN composite fertilizer 
The release of Fe2+ and Mn2+ from soil containing CSiMN composite fertilizers was observed in the period of 0 - 30 days 
(Figure 5). 

 
 

Figure 5. Percentage of release (a) Fe2+ (b) Mn2+ from soil containing CSiMN composite fertilizer 
 
Figure 5 shows that the release of Fe+2 is slower than the 
Mn+2 ion. The release of Fe2+ in the incubation period of 5-
20 days tends to be constant, until the 20th day, the release 
of Fe+2 for composites of formulas A, B, C, and D only 
reaches 7%; 10%; 2%; and 4%. After an incubation time of 
20 days, the release of Fe2+ has increased until the 30th day 
reaching 55%; 60%; 72%; and 91% for each of the 
composites of formulas A, B, C, and D. The profile of Mn2+ 
release is different from Fe2+, the release of Mn2+ in the 
incubation period of 5 - 20 days tends to increase and in 
the incubation period of 20-30 days tends to be constant. 
Until the 20th day, the release of Mn+2 for composites of 
formulas A, B, C and D each reached 87.67%; 78.96%; 
81.33%; and 84.52%. The difference in the release profile 
of Fe+2 and Mn+2 is influenced by the difference in the 
radius of the ion and the electronegativity of the Fe ion is 
smaller than the Mn ion. This affects the adsorption 
capacity of CSiMN composite fertilizer to Fe2+ greater than 
to Mn2+, so that the release of Mn2+ from SRF composite 
fertilizer is faster than the release of Fe2+. The same thing 
happened in the study of adsorption of Fe+2 and Mn+2 ions 
in several materials containing Si-OH, Al-OH and -COOH 
functional groups namely silica, gibbsite and humic acid, 
showing that the affinity of adsorption of  Fe+2 ions greater 
than Mn+2 ions 17-24. 
 
CONCLUSION 
The results showed that the CSiMN composite pellet in 
formula 1: 2: 2 was stable for 8 days in incubation with 
distilled water. Swelling ratio of CSiMN composites in all 
comparisons increased until the 120th minute and tended 
to be constant after the 120th minute. The water retention 
capacity of soils containing CSiMN composite fertilizers is 
higher than soils without composite fertilizers. Increased 
silica composition in CSiMN composites can improve the 
retention of capacity of at soil. The release profile Fe2+ is 
different from Mn2+. After an incubation time of 20 days, 
the release of Fe2+ has increased while the release of Mn2+ 
tends to be constant. 
 
FUNDING SOURCES 
Funding provided by Directorate-General of Research and 
Development Reinforcement, of Ministry of Research, 

Technology, and Higher Education, of Republic of 
Indonesia through research grant of PBK 2019. 
 
CONFLICT OF INTEREST 
The authors declare no commercial or financial conflict of 
interest. 
 
ETHICAL APPROVAL  
This article does not contain any studies with animals 
performed by any of the authors. 
 
REFERENCES 
1. Mangallo, B., Taberima, S., Musaad, I., 2018. 

Utilization of extract tailings and cow manure for 
increasing of soil quality and uptake of 
micronutrients of Xanthosoma sagittifolium (L.) 
schott on sub optimal land of Wondama. Indian 
Journal of Public Health Research and Development, 
9(8). 

2. Karthikeyan G, Anbalagan K, Muthulakshmi N, 2004. 
Adsorption Dynamics and equilibrium studies of Zn 
(II) onto chitosan. J. Chem. Sci., 116(2): 119–127.  

3. Mangallo, B. and Sjahrul, M., 2012. Beneficial Effects 
of Cysteine in Modification of Chitosan. Eur. Chem. 
Bull., 1(9), 350−355. 

4. Sugunan, A., Thanachayanont, C., Dutta, J., Hilborn, J. 
G., 2005. Heavy-metal ion sensors using chitosan-
capped gold nanoparticles. Science and Technology 
of Advanced Materials 6, 335–340 

5. Muhith A, Winarti E, Perdana SSI, Haryuni S, Rahayu 
KIN, Mallongi A. Internal Locus of Control as a 
Driving Factor of Early Detaction Behavior of 
Servical Cancer by Inspection Visual of Acetic Acid 
Method. Open Access Maced J Med Sci. 2020Apr 20; 
8(E):113-116. https:// 
doi.org/10.3889/oamjms.2020.4341 

6. Anwar Mallongi, Agus Bintara Birawida, Ratna Dwi 
PujiAstuti, Muh Saleh, Effect of lead and cadmium to 
blood pressure on communities along coastal areas 
of Makassar, Indonesia. Enfermería Clínica., Volume 
30, Supplement 4, June 2020, Pages 313-317  
 
 

https://www.sciencedirect.com/science/article/abs/pii/S1130862120302072#!
https://www.sciencedirect.com/science/article/abs/pii/S1130862120302072#!
https://www.sciencedirect.com/science/journal/11308621
https://www.sciencedirect.com/science/journal/11308621/30/supp/S4
https://www.sciencedirect.com/science/journal/11308621/30/supp/S4


Mangallo et al. /Slow Released Fertilizer of Fe2+ and Mn2+ from Composite Micronutrient Chitosan-Silica 

 

498                                                                       Systematic Reviews in Pharmacy                                      Vol 11, Issue 9, Sep-Oct 2020 

7. Kathuria N, Tripathi A, Kar KK, Kumar A, 2009. 
Synthesis and Characterization of Elastic and 
Macroporous Chitosan-Gelatin Cryogels for Tissue 
Engineering. Acta Biomaterialia 5:406-418. 

8. Majeti NV, Kuma R, 2000. A review of Chitin and 
Chitosan Applications. React Funct Polym 46:1-27 

9. Mi FW, Kuan CY, Shyu SS, Lee ST, Chang SF, 2000. The 
Study of Gelation Kinetics and Chain-Relaxation 
Properties of Glutaraldehyde-cross-linked chitosan 
gel and their effects on microspheres preparation 
and drug release. Carbohyd Polym 41:389-396. 

10. NotariodelPino JS, ArteagaPadrón IJ, González MM, 
Martín JE. GarcíaHernández. Phosphorus and 
potassium release fromphillipsite-based slow-
release fertilizers. J Control Release 1995; 34: 25-9. 

11. Jarosiewicz A, Tomaszewska M. Controlled-release 
NPK fertilizer encapsulated by polymeric 
membranes. J Agric Food Chem 2003; 51: 413-7.  

12. Rodrigues MA, Santosa H, Ruivoa S, Margarida 
Arrobasa M., 2010. Slow-release N fertilisers are not 
an alternative to urea for fertilisation of autumn-
grown tall cabbage. Eur. J. Agron. 32(2): 137–143. 

13. Budnyak, T.M., L.V. Pylypchuk, V.A. Tertykh, E.S. 
Yanovska, & D. Kolodynska. 2015. Synthesis and 
Adsorption Properties of Chitosan-Silica 
Nanocomposite Prepared by Sol-Gel Method. 
Nanoscale Research Letters, 10(87):1-10 

14. Syam A, et al. The effect of pumpkin seed flour 
(Cucurbita moschata Durch) on Zinc Serum Levels In 
Malnourished Wistar Rats. Enferm Clin. 2020.  

15. Hasmi, Mallongi, A. Health risk analysis of lead 
exposure from fish consumption among 
communities along Youtefa Gulf, Jayapura. Pakistan 
Journal of Nutrition 2016; Volume 15, Issue 10, 15 
September Pages 929-935 

16. Huang K S, Jeng-Shian, Cheng Fun-Eu Lin and Shyh-
Jer Lin, 2009. Preparation and properties of PAA-
chitosan/SiO2 hybrid materials. Kun Shan University 
Taiwan 120. 

17. Kołodyńska D, Gęca M, Pylypchuk IV, Hubicki Z 
(2016) Development of new effective sorbents based 
on nanomagnetite. Nanoscale Res Lett 152:1–11. 

18. Saeki and Kazutoshi, 2004. Adsorption of Fe2+ and 
Mn2+ on Silica, Gibbsite, and Humic Acids. Soil 
Science 169(12): 832-840. 

19. Agus Erwin Ashari, Irma Muslimin, Anwar Mallongi, 
The Strategy of Directly Observed Treatment 
Shortcourse (DOTS) Towards Compliance with 
Treatment of Tb Lung Patients in Tb Lung Mamuju 
District Hospital, Indonesia. Sys Rev Pharm 
2020;11(1):1185-1187.  

20. Gemy Nastity Handayany, Trimaya Cahya Mulat, Eka, 
Anwar Mallongi.  Resistance Test of Some Bacterial 
Synthetic Calcular Cycinaris Invitro Amoxicillin and 
Ciprofloxacin Antibiotics in TK II Pelamonia Hospital 
Makassar, Indonesia. Sys Rev Pharm 
2020;11(6):1181-1184 

21. Endah Yani, R.W., Mallongi, A., Andarini, S., 
Prijatmoko, D., Dewanti, I.R. The effect of zinc saliva 
on the toddlers' nutritional status. Journal of 
International Dental and Medical Research, 2016, 
Volume 9, Issue 1, Pages 29-32  
 
 
 
 
 

22. Mallongi, A., Daud, A., Ishak, H., La Ane, R., Birawida, 
A.B., Ibrahim, E., Selomo, M., Rahman, S.A.  Clean 
water treatment technology with an up-flow slow 
sand filtration system from a well water source in the 
tallo district of Makassar. Journal of Environmental 
Science and Technology, 2017; Volume 10, Issue 1, 
Pages 44-48 

23. Ulfa M, et al. Effect of education media on 
improvement visual acetate acid inspection at 
Sudiang community health center. Enferm Clin. 
2020.  
https://doi.org/10.1016/j.enfcli.2019.10.118 

24. Owildan Wisudawan B, et al. Bioaerosol pollution in 
intensive-care unit of Dr. Wahidin Sudirohusodo 
Hospital Makassar: Morning and midday assessment. 
Enferm Clin. 2020. 
https://doi.org/10.1016/j.enfcli.2020.02.009 

 

https://doi.org/10.1016/j.enfcli.2019.10.118

