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Abstract—Food security consists of four main pillars 

such as food availability, food access, food utilization, 

and food stability. Increased food production is the most 

important factor because it is sufficient to meet 

everyone's food needs. Food availability is associated 

with the modification and efficiency of fertilizer use that 

is the focus of this article. The efficient use of fertilizers 

has an impact on increasing crop production. 

Conventional fertilizers are easily dissolved in water and 

are only absorbed by 18-20%; the rest is transported by 

water flow or settles in the soil causing water pollution 

and disturbance to soil structure. Low absorption 

efficiency causes a decrease in crop production and can 

be a problem for food security. Low absorption 

efficiency causes a decrease in crop production and can 

be a problem for food security. The solution is to create 

a controlled fertilizer release technology (CRF). 

Nutrients are released from the CRF can be optimally 

absorbed by plants, thereby increasing productivity and 

reducing the risk of environmental pollution. CRF 

technology can save energy, time and operating costs. 

This review article is a technology of controlled release 

fertilizer (CRF) that supports food security. 

Keywords—controlled release, encapsulation, food security, 

fertilizer, slow release 

I. INTRODUCTION  

Food security is a condition for the fulfillment of food 
from the Country to individuals, which is reflected in the 
availability of sufficient food, both in quantity and quality, 
safe, diverse, nutritious, equitable, affordable, not contrary to 
religion, culture and society, to be able to live healthy, 
actively and productively sustainably [1]. an increasing 
population must be accompanied by an increase in food 
sources. Food security is one of the most important problems 
throughout the world and even in Indonesia. a country's 
productivity is related to sufficient food needs for its citizens.  

Food security index (Indeks Ketahanan Pangan/IKP) is 
an indicator to determine the food security situation. the 
global food security index for Indonesia had a score of 46.8 
in 2012 and increased in 2018 with a score of 54.7 (the 
highest score is 100) [2]. Food security is related to food 
availability, which is one of the four pillars of food security. 
Food availability can be achieved if crop production 

increases significantly. Crop productivity is influenced by 
climate (weather) and also the absorption efficiency of 
nutrients by roots and then circulated to all parts of the plant. 

Fertilizers with the composition of N, P, and K are 
essential nutrients for plant growth [3]. Nutrient use 
efficiency (NUE) can be increased due to nutrient balance in 
the soil and can be achieved by adding fertilizer. However, 
the use of conventional fertilizers can result in environmental 
pollution and damage the soil structure caused by an 
abundance of fertilizer that is not absorbed by plants because 
of its high solubility to water. This factor makes 
conventional fertilizers have a low nutrient use efficiency 
(NUE) [3]. One solution to improve the efficiency of nutrient 
absorption by plants so can increase crop productivity is by 
fertilizer technology with controlled release. Controlled 
release fertilizer technology has been developed by 
researchers to increase crop production in support of food 
security. This article reviews the function of controlled 
release fertilizer for food security because it can increase 
food availability. 

A. Food security in Indonesia and Banten 

Indonesia's population continues to increase and can 
reach 261 million in 2019 [4]. An increase in population has 
an impact on increasing food demand and availability. 
abundant natural resources can provide enormous benefits in 
ensuring food availability. Information about food security 
listed in UU No.18 / 2012 for food and PP No. 17/2015 for 
food security and nutrition. 

The law contains information on food security that is 
more accurate, comprehensive and well-organized to support 
efforts to prevent and manage food and nutrition insecurity. 
For this reason, the Indonesian government has created a 
road map for food security and food insecurity. Increased 
food demand and population, as well as slowed economic 
growth, food and nutrition security will continue to be a 
major concern [5] 

Food security is defined as the ease for everyone to have 
physical and economic access to get sufficient, safe and 
nutritious food in order to have an active and healthy life. 
Food insecurity occurs if everyone does not have access to 
adequate, nutritious and safe food. food insecurity occurs due 
to unavailability of food, deficient purchasing power, or 
improper use at the household level [6]. 

Advances in Biological Sciences Research, volume 9

Joint proceedings of the 2nd and the 3rd International Conference on Food

Security Innovation (ICFSI 2018-2019)

Copyright © 2021 The Authors. Published by Atlantis Press B.V.
 This is an open access article distributed under the CC BY-NC 4.0 license -http://creativecommons.org/licenses/by-nc/4.0/. 284

mailto:rsdlestari@untirta.ac.id


In 2017, the global food security index for Indonesia was 
ranked 69th out of 113 countries. this ranking increased 
compared to 2016 which was rated 71. The parameters 
measured were availability, affordability, safety, and quality 
of food (EIU 2017). Global Hunger Index (GHI) compiled 
by the International Food Policy Research Institute (IFPRI) 
with four aspects to assess a country's food security such as 
the proportion of undernourishment, toddler wasting, toddler 
stunting, and infant mortality. The GHI index shows that 
Indonesia is ranked 72nd out of 119 countries. Another food 
security index is the Ice Bowl Index (RBI) to assess a 
country's capacity to overcome food security challenges and 
Indonesia is ranked 10th out of 15 countries in Asia Pacific 
[5]. 

The concept of food security and insecurity is based on 
three pillars such as food availability, food access, and food 
utilization. The explanation of the three pillars according to 
the food security agency (Badan Ketahanan Pangan) from 
the Ministry of Agriculture is as follows: 

a) Food availability : Conditions for the availability of 

food from domestic production, food reserves, and food 

supplies from imports and food aid. 
b) Access to food : The ability to obtain sufficient 

nutritious food through various sources such as own supply, 

purchases, loans and food aid. 
c) Food Utilization : Food utilization refers to the use 

of food and the ability of individuals to absorb and 

metabolize nutrients. Food utilization includes how to store, 

process and prepare food, water safety for drinking and 

cooking, hygiene conditions in eating habits (especially for 

individuals with special food needs), food distribution in the 

household according to individual needs (growth, pregnancy 

and breastfeeding) ), and the health status of each household 

member. 

 
Source: [5] 

 

Fig. 1. Scheme of food security 

Figure 1 explains that the performance of each pillar is 
reflected in terms of food supply stability, community access 
to food, and food utilization. If one of these pillars does not 
function, the consequences will have a negative impact on 
nutrition and health. Factors related to food and general care 
practices have contributed to the condition of public health. 

The level of food security in Indonesia is assessed in the 
form of a food security index (Indeks Ketahanan 
Pangan/IKP) compiled by the Food Security Agency (Badan 
Ketahanan Pangan), the ministry of agriculture. Data 
obtained from the city / district level. The compilation 
indicator is derived from three pilllars of food security. IKP 
assessment results from Banten province are listed in Table 
1. 

 

TABLE I.  FOOD SECURITY INDEX IN BANTEN FOR 2017 

Districts/City Dimensions of food security 

 
Food 

availability 

Food 

access 

Food 

utilization 
IKP 

1. Pandeglang 83.73 76.39 68.61 76.24 

2. Lebak 85.26 77.03 64.05 75.43 

3. Tangerang 87.88 83.24 73.45 81.58 

4. Serang 89.28 81.15 66.75 79.08 

5. Tangerang City 89.92 84.7 77.38 84.00 

6. Cilegon City 87.91 81.68 74.44 81.34 

7. Serang City 86.67 78.1 70.88 78.54 

8. South Tangerang 

City 

96.22 86.54 75.41 86.05 

Banten 88.81 82.09 72.14 81.03 
Source: [7] 

Table I. showed that the index of food security (Indeks 
Ketahanan Pangan/IKP) in Banten province was 81.03. The 
value of food security index for the high category comes 
from South Tangerang city, Tangerang district, and Cilegon 
city, while the medium category is from Serang Regency, 
Serang City, Pandeglang Regency, and Lebak Regency. As 
for the national scale, the index of food security in cities and 
districts in Banten is far below other regions in Indonesia. 
For example, for the area of Tangerang Regency it is ranked 
250, Serang Regency is in position 15 (Food Security 
Agency (Badan Ketahanan Pangan), Ministry of Agriculture, 
2018). 

The three pillars of food security are the most important 
factors in overcoming food insecurity. Food availability is 
the most important pillar because it is to fulfill food supply 
needs. Increased food productivity can overcome the crisis of 
food availability. One effort that needs to be done is the 
efficient use of fertilizer consumption. fertilizer consumption 
for plant nutrients can reach 30 to 50% for main grain crops 
[6]. Without additional plant nutrients from fertilizers can 
only produce half of total production. Inorganic fertilizers 
have a big role in increasing the nutrient content in the soil. 

Absorption of nutrients such as nitrogen (N), phosphorus 
(P), and Potassium (K) for conventional fertilizers is only 
around 18-40% while the rest are in the environment and can 
become waste which can also damage the soil structure. 
solubility and low absorption of conventional fertilizers 
require the addition of fertilizers repeatedly and can certainly 
increase operating costs during the process of planting to 
harvest. Technological innovation continues to be developed 
to improve the efficiency of nutrient absorption by plants and 
one of the special concerns is slow / controlled release 
fertilizer. this type of fertilizer is modified by coating the 
fertilizer by organic polymers (thermo- plastic and resin) and 
inorganic layers (based on sulfur and minerals) [8]. Increased 
efficiency in the use of nutrients from slow / controlled 
release fertilizers is expected to increase crop production to 
overcome food insecurity. 
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B. Slow/controlled release fertilizer 

Slow/controlled release of fertilizer is fertilizer that 
releases nutrients to the soil for a certain time and is longer 
than traditional fertilizers so that it can provide nutrients to 
be absorbed by substantially extended plants. [9][10]. This 
fertilizer is different from conventional fertilizer, the 
slow/controlled release fertilizer releases nutrients gradually 
and controlled by a certain amount. [10][11][12]. 

controlled release fertilizers are fertilizers that are 
packaged with a layer of polymer, biopolymer, or sulfur 
material [10]. This layer (membrane) serves to retain 
moisture and regulate diffusion release of fertilizers. The 
amount of nutrients released depends on the wall thickness of 
the microcapsule (fertilizer coating) [13]. The process of 
coating fertilizer or the formation of microcapsules is carried 
out by the encapsulation process [14]. 

The basic principle of slow release fertilizer is to release 
fertilizer gradually to maximize the absorption of nutrients 
by plants and minimize losses due to leaching, evaporation, 
and excessive grass growth. Slow release fertilizer is usually 
made by mixing fertilizer with fibrous organic material and 
binders [14]. Figure 2 shows that the illustration of the 
fertilizer release process, in which the media (usually water) 
diffuses through the membrane layer (microcapsule wall) 
dissolves fertilizer and exits back through the microcapsule 
wall. 

 

Source:[15]     

Fig. 2. Mechanism of fertilizer release from microcapsules. 

The diffusion rate is determined by soil temperature. The 
rate of release increases when the temperature rises, and also 
the rate of plant absorption. Other factors, such as soil type, 
humidity, pH, and microbial activity do not affect the rate of 
release [16] 

The main problem in the production of polymer-coated 
fertilizers (fertilizer encapsulation) is the choice of coating 
material and the process used to implement it [17]. The 
release of nutrients through the polymer membrane is not 
significantly affected by soil properties, such as pH, salinity, 
texture, microbial activity, redox potential, ionic strength of 
the soil solution, but rather by the permeability of 
temperature and humidity of the polymer layer. Thus, it is 
possible to predict the release of nutrients from polymer-
coated fertilizers for a certain period of time. 

Many studies have been developed with the aim of 
increasing the efficiency of nutrient use through the generate 
of controlled release and slow release fertilizers. According 
to [14], the type of slow/controlled release of fertilizer are as 
follows: 

 Sulfur coated urea (SCU) 

 Sulfur compound fertilizers 

 Resin coating fertilizer 

 Urea formaldehyde 

 Urea and nitrification inhibitors 

 Melt tower granulation compound fertilizer 

 Compound fertilizer granulation spraying urea melt 

 Chemically modified biomass urea coating for 
controlled release 

 Bulk mixed fertilizer 
 

C. Preparation method for fertilizer encapsulation 

In general, the process of forming a slow/controlled 
release fertilizer is divided into two processes, namely using 
a polymer wall material and a composite method. The 
method of forming a slow/controlled release fertilizer with a 
polymer or biopolymer as a wall material can be carried out 
by spray drying, in situ polymerization, emulsion 
crosslinking, and mixing. As for the composite method, this 
process is carried out by adding other components such as 
minerals to the polymer. 

The function of the composite method is to increase 
physical strength and retain nutritional capacity. For 
example, fertilizer encapsulation using the in-situ 
polymerization method is carried out by Rochmadi et al [18]. 
As the reaction time increases the microcapsule wall 
becomes hardened and forms a fertilizer microcapsule. 
Encapsulation with the composite process has also been 
carried out, as by Sarkar, et al [19]. The process is urea 
fertilizer soaked in a gel made from nanoclay-polymer 
composites (NCPCs). The method of forming NCPCs is 
done by adding acrylic acid, acrylamide, and clay. Hereafter, 
the N, N'-methylene bisacrylamide crosslinker is added and 
followed by the addition of a radical initiator so that a 
polymerization reaction occurs and a microcapsule is formed 

D. Slow/controlled release fertilizer can increase crop 

productivity 

Fertilizer consumption in Indonesia continues to increase 
every year, data from PT. Pupuk Indonesia recorded fertilizer 
sales of 8.956 million tons and an increase of 7% in the third 
quarter of 2018 from last year. Consumption continues to 
increase making fertilizer production until the third quarter 
of 2018 also increased by 12% to 5.64 million tolls for all 
fertilizers. This increase in production aims to prioritize the 
need for fertilizer for food in securing the needs of farmers. 
[20]. 

The high consumption of fertilizer is not matched by its 
efficiency, conventional fertilizer has low nutrient use 
efficiency (NUE) from the ability of plants to obtain 
nutrients, transport it in the roots, and move to other parts of 
the plant. More than 50% of the nutrients from conventional 
fertilizers are not absorbed by plants, which can cause 
environmental pollution [6]. Controlled nutritional supply 
can reduce adverse effects on the environment; otherwise it 
can increase nutrient use efficiency (NUE), if the release 
pattern is in line with plant demand. 

Increased crop production by increasing nutrient use 
efficiency (NUE) has been widely studied and the results are 
quite convincing that slow-controlled release fertilizer can 
increase NUE. The problem that may have to be overcome is 
the high production costs. This is due to the use of more raw 
materials. However, the period of adding new fertilizers is 
much reduced compared to using conventional fertilizers. 
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The comparison of total operating costs when using 
slow/controlled release fertilizers is lower than using 
conventional fertilizers. 

The development of slow/controlled release fertilizers 
must continue to be developed to reduce the high production 
costs. In addition, the use of slow/controlled release 
fertilizers can reduce the risk of pollution to the environment. 

II. CONCLUSION 

Food insecurity can be overcome with three main pillars 
of food security, namely the availability of abundant food, 
easy access to food, and appropriate use of food. One of the 
most important factors of food security is the availability of 
food that is related to crop productivity. The efficiency of 
nutrient absorption is very influential on increasing crop 
yields. Conventional fertilizers have low nutrient use 
efficiency (NUE) because they dissolve easily in water and 
release nutrients in large quantities and are not proportional 
to the amount of nutrients absorbed by plant roots. The 
remaining nutrients that are not absorbed will seep into the 
soil and be carried away by water. The addition of fertilizer 
repeatedly causes minerals/nutrients in the soil and water to 
be abundant so that it can cause damage to the soil structure 
and pollute the water. One of the solutions to increase crop 
production is to develop smart fertilizers, namely 
slow/controlled release fertilizer. 
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