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ABSTRACT 
 

The nutrient release from conventional chemical fertilizers to the soil are lost continuously through 
leaching, runoff, volatilisation, denitrification etc and also most of the time they do not satisfy the 
plant requirements without the continuous application. These issues have caused economic loss as 
well as environmental pollution due to hazardous emissions and water eutrophication. Controlled 
release of nutrients through the application of slow/controlled release fertilizers and nanofertilizers 
are possible solutions, which provides their nutrients according to the requirement of crops. Release 
of nutrients from controlled release fertilizers are delayed by means of coating the soluble fertilizer 
core with porous semipermeable membrane. A variety of coating materials are developed for the 
preparation of controlled release fertilizers. The longevity of controlled release fertilizers (CRFs) 
depends upon the thickness of coating, temperature and moisture content. Nano technology is an 
emerging field, which also produce nanofertilizers based on CRFs are used for the increment of 
active fertilizer material in the field, as they present large surface area for the release of required 
nutrients to the plant in a controlled manner. Controlled release of nutrients has profound influence 
on soil properties and yield parameters of crops. The use of controlled release fertilizers (CRFs) 
starts to evolve as a promising direction offering an excellent means to improve management of 
nutrient application and by this reducing significantly environmental threats while maintaining high 
crop yields of good quality. Controlled release fertilizers allow the release of nutrients to be better 
matched with the life cycle of the plant.  
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1. INTRODUCTION 
 

Current agricultural practices cannot meet the 
increasing demand for food without the extensive 
application of fertilizers. It is expected that in the 
next 40 years the demand for food will increase 
by over 60% as the global population will rise to 
9.3 billion in 2050 [1]. Through the introduction of 
high yielding varieties of crops as well as 
chemical fertilizers green revolution increased 
the yield per unit area, but the conventional 
chemical fertilizers are limited by their low 
nutrient use efficiency. NUEs (Nutrient use 
efficiency) of major macronutrients such as N, P, 
K are quite low with current levels being 30-35%, 
18-20% and 35-40% respectively, which means 
more than half of the applied fertilizers are lost 
[2]. Conventional fertilizers are instantly available 
once they are applied to the field and lost 
through ammonia volatilization, denitrification, 
leaching or runoff after being applied to the soil. 
The enormous utilization and runoff of fertilizers 
distort the nutrient and food chain balance in 
ecosystems, causing a variety of environmental 
problems, including eutrophication of water [3]. 
Controlled release of nutrients may be a solution 
for these problems and they release nutrients 
better matched with the life cycle of the plant [4]. 
Controlled release is the gradual release of 
nutrients from fertilizers to meet the plant 
demand which in turn reduces the loss of 
nutrients to the environment. Controlled release 
of nutrients can be achieved through the 
application of slow or controlled release fertilizers 
and nano-fertilizers. Controlled or slow-release 
fertilizers are fertilizer granules which releases 
the fertilizer nutrient in a slower manner to meet 
the crop demand [5]. Controlled release fertilizers 
and slow release fertilizers are employed as 
synonyms, but there are some differences. 
According to [6] in controlled release fertilizers 
the rate, pattern and duration of release are well 
known and controllable during their preparation. 
Slow-release fertilizers release the nutrients in a 
slower manner than the usual with the help of 
some transport barrier which slower the release 
pattern without a coating and the rate pattern and 
duration of release are not well controlled [7]. 
Nano technology is an emerging field which have 
wide range of application in different fields and 
includes the synthesis of materials in nano range 
(1-100 nm) with unique physical and chemical 
properties. Nano fertilizer or nano enabled 
fertilizers are fertilizer product developed through 
a nanoscale process [8] and this provide nano 

structures which act as a carrier as well as 
vectors for controlled release. Nano fertilizers 
combined with nanosensors helps in the 
synchronization of nutrients release according to 
the crop demand from nanofertilizers. Fertilizer 
use efficiency can be increased and it decreases 
the environmental impact of excess nutrients [9]. 
The major issues that challenging the agricultural 
sector is the optimized production of agricultural 
products from the limited facilities without 
causing much environmental issues. In this 
review article we will be discussing about the 
controlled release of nutrients on soil productivity 
which can improves the nutrients use             
efficiency as well as decreases environmental    
degradation.  
 

2. CLASSIFICATION OF CONTROLLED 
RELEASE FERTILIZERS 

 

According to [10], CRFs may be classified as 
follows: 
 

2.1 Organic-N-low-solubility Compounds 
 

This includes natural organic compounds like 
animal manure, sewage sludge and synthetic 
nitrogen organic compounds. Synthetic nitrogen 
organic compounds are again divided                      
into biologically decomposing compounds                     
(Urea formaldehyde) and chemically                     
decomposing compounds (isobutyledene- 
diurea). 
 

2.2 Fertilizers in Which a Physical Barrier 
Controls the Release  

 

Coated fertilizers and matrix-based fertilizers are 
the best-known examples. Coated fertilizers are 
further divided into fertilizers coated with organic 
polymers (thermoplastic or resins) and fertilizers 
coated with inorganic materials (Sulphur or 
mineral-based coatings). In matrix based 
fertilizers, the raw materials used for the 
preparation of matrices can be subdivided into 
hydrophobic materials such as polyolefines, 
rubber etc. and gel-forming polymers like 
hydrogels. The matrix based fertilizers are                 
less common in practice than the coated 
fertilizers. 
 

2.3 Inorganic Low-solubility Compounds 
 

Fertilizers such as metal ammonium phosphates 
(eg. MgNH4PO4) and partially acidulated 
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phosphates rocks (PAPR), are typical examples 
of this class.  
 

3. PREPARATION OF CONTROL 
RELEASE FERTILIZERS 

 

The release of nutrients from fertilizers can be 
controlled or slowed down through different 
methods and the resulting products are slow or 
controlled release fertilizers. The important 
technologies employed for the production of S-
CRFs are (a). matrix method (b). core shell 
method. In matrix method of preparation, the 
entrapped agents are uniformly dispersed in the 
mixture so that diffusion and outward flow of 
fertilizers are impeded by the tortuosity of the 
matrix, shows continuously declining release 
rates as the surface layers become depleted. 
Matrix based fertilizers are available in the forms 
such as spikes, capsules and tablets. In core 
shell method the core of soluble fertilizer is 
coated with water insoluble, semi-permeable or 
permeable porous materials (Fig. 1). Coating 
controls the penetration of water into the soluble 
fertilizer and thus decreases the rate of 
dissolution of nutrients and ideally synchronize 
nutrient release with plant needs. Spray coating, 
spray drying, pan coating, and rotary disk 
atomization are the typical physical methods for 
encapsulating fertilizers. Rotary drum, pan or 
ribbon or paddle mixer, and fluidized bed are the 
special equipments used for these methods             
[11]. 
 

 
 

Fig. 1. Preparation of coated fertilizers and 
release of nutrients [12,13] 

 

4. MECHANISM OF NUTRIENT RELEASE 
FROM CONTROLLED RELEASE 
FERTILIZER 

 
Release pattern of nutrients from CRFs depends 
upon the nature of coating materials, types of 
CRFs, agronomic conditions and much more. 
The nutrient concentration gradient between the 
soil and the core of coated fertilizers also 
governs the rate at which nutrient is released. 

According to several authors [14-16] coated 
fertilizers are expected to undergo a release 
mechanism called multi stage diffusion model 
(Fig. 2).  
 
Water penetrates through the coating and 
causes the partial dissolution of nutrients. An 
osmotic pressure develops within the granules 
and it undergo two process like catastrophic 
release and diffusion mechanism. When the 
osmotic pressure exceeds the membrane 
threshold resistance the coating bursts and the 
entire nutrients release spontaneously. This 
mechanism is called catastrophic release or 
failure mechanism. In another process if the 
membrane threshold resistance is higher than 
the osmotic pressure developed, the fertilizer 
release from the granules in a slow and control 
release manner under the influence of 
concentration or pressure gradient or the 
combination of both. This mechanism is the 
diffusion mechanism. 
 

 
 

Fig. 2. Fertilizer nutrient diffusion from 
coating to the soil [5] 

(a) Fertilizer core with polymer coating, (b) Water 
penetrates into the coating and core granule,  
(c) Fertilizer dissolution and osmotic pressure 
development, (d) Controlled release of nutrient 

through swollen coating membrane  
 

5. FERTILIZERS IN WHICH A PHYSICAL 
BARRIER CONTROLS THE RELEASE 

 

5.1 Coated Fertilizers  
 

An ideal fertilizer releases the nutrients according 
to the crop growth pattern and usually it forms a 
sigmoidal release pattern (Fig. 3). Coated 
fertilizers consist of a physical barrier or coating 
material which cover the soluble core fertilizers. 
Water penetrates through this coating and 
solubilize nutrients for their release. Coating of 
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fertilizer with hydratable, soluble or 
biodegradable polymers provides the controlled 
release of nutrients to the soil [17] and providing 
a thin layer of coating over the surface of fertilizer 
ensures high nutrient content per total weight 
[18].  
 

 
 

Fig. 3. The ideal fertilizer the nutrient release 
is synchronized with the crop nutrient 

requirements [19] 
 

5.2 Sulphur Coated Urea 
 

Being a secondary nutrient needed for plant 
growth and functioning and also due to good 
fungicidal properties sulphur has emerged as an 
active participant in the CRFs formulations. 
Cheap available material which can be used for 
ameliorating alkalinity due to its acidic nature and 
act as anti-caking agents for certain fertilizers 
[20]. Coating of urea granules with sulphur and a 
sealant results in the formation of a membrane 
that regulates the release of nitrogen. Sulphur 
coated urea fertilizer is a slow-release fertilizer 
that is made by coating urea with sulphur and 
wax that increases nitrogen efficiency, improves 
plant growth and reduces water pollution 
compared with water soluble fast release urea. It 
is prepared by spraying molten sulphur over 
granular urea to yield a product containing 
between 31 to 38% N. A wax sealant is then 
sprayed to seal cracks in the coating and thereby 
reduce leakage and microbial degradation of the 
S coating [21,22]. 
 

5.2.1 Mechanism of release  
 

The release of nutrients were regulated by the 
physical breakdown of coatings, microbial 
decomposition of the sulphur and hydrolytic 
cleavage of S-S linkages. When water 
penetrates through the coating, a part of the solid 
core dissolves and this induces internal pressure 
resulting the release of nutrients. Due to the 
crystalline nature of sulphur microscopic pores 
get developed, which enhances the brittleness 
[23]. Sulphur is larger in size because of this 
reason its coating shows a low level of adhesion 
to the surface of urea [24]. Therefore, sulphur 

coatings are not much efficient and need to be 
combined with other coating materials.  

 
5.3 Polymer Coated Urea 
 
Fertilizers coated with hydrophobic materials 
provide reasonable/good control over the nutrient 
release rate. Fertilizers coating with hydratable, 
soluble, or biodegradable polymers is an 
effective way to control the release of nutrients to 
the soil [17]. Lignin, starch, chitin, cellulose and 
other polysaccharide are natural biodegradable 
polymers which can be modified and used as a 
coating material for granular soluble fertilizers 
[25]. Chitosan has been used as a coating 
material for fertilizer due to its swelling behaviour 
in water. Lan Wu, [26] prepared chitosan based 
double coated NPK fertilizer with water soluble 
NPK fertilizer as the core, chitosan as the inner 
coating and poly (acrylic acid-co-acrylamide) as 
the outer coating to combine the slow-release 
property and water holding capacity in the one 
coating system. Elemental analysis showed that 
the product contained 7.98% K2O, 8.14 % P2O5 
and 8.06 % nitrogen. This product releases 
nutrients in a controlled release manner and 
have high water retention capacity. Being 
degradable in soil and environment-friendly, 
could be especially useful in agricultural and 
horticultural applications.  In another experiment 
[27] prepared a chitosan coated DAP fertilizer 
through double coating approach. In this 
formulation DAP fertilizer was coated with 
chitosan clay complex as inner coating and 
paraffin wax as outer coating significantly reduce 
the dissolution of P when compared to the 
uncoated DAP. Biodegradation study of 
composite material in soil and the biochemical 
oxygen demand tests revealed that after the 
fertilization process the coating system proposed 
could be considered as a carbon source for 
microorganisms which confirms its sustainability. 
In an experiment [28] synthesized a novel coated 
controlled release rock phosphate formulation by 
using rock phosphate acidulated with H2SO4 
followed by coating with polyvinyl alcohol or 
liquid paraffin at 2%. Laboratory incubation 
experiments indicated that P release from coated 
fertilizer was lower throughout the incubation 
period than the uncoated commercial DAP. The 
release of P from different sources followed in 
the decreasing order of DAP > RP + H3PO4 > RP 
+ H2SO4. The diffusion of the elements from the 
interior of the fertilizer granule were controlled by 
the coating structure. experimentally confirmed 
that the use of polysulfone as a coating material 
for soluble fertilizer decreases the release rate of 
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components and the release rate of nutrients 
decreases with the decrease of the coating 
porosity [29]. After 5 h of test 100 % of NH4

+
 

were released from the coated fertilizer when it is 
coated with 38.5% porosity, prepared from 
13.5% polymer solution but only 19.0% of NH4

+
 

was released after 5 h for the coating with 11% 
porosity. Extracted lignin from kraft and sulfite 
black liquor has the potential to be developed as 
a coating material. Release of nitrogen from urea 
coated with acetylated sulfite lignin was more 
than that of kraft lignin and also the nitrogen 
release from sulphur coated urea in soil was 
more than urea coated with acetylated lignin [30]. 
In another experiment [31] reported that neem 
coated urea, slowly and steadily release nitrogen 
when compared to pongamia oil coated urea and 
castor oil coated urea.  
 

6. FERTILIZER MATRIX 
 

In fertilizer matrix, the entrapped agents are 
uniformly dispersed in the mixture so that 
diffusion and outward flow of fertilizers are 
impeded by the tortuosity of the matrix. Some 
materials that could be used as a matrix are 
asphalts, gels, oils, paraffins, polymers, resins or 
waxes. Unlike the coating systems where a 
constant release could be expected to be 
maintained, the matrix systems show 
continuously declining release rates as the 
surface layers become depleted. Matrix based 
fertilizers are available in the forms such as 
spikes, capsules and tablets [32]. Multi-nutrient 
fertilizer tablets prepared by using neem coated 
urea, factamphos, MOP, magnesium oxide, 
phosphogypsum, zinc sulphate and borax with 
the binding agent methyl cellulose release the 
nitrogen in a slow release manner and maximum 
content (685.74kg ha

-1
) was observed on the 60

th
 

day of incubation [33]. According to [34], 
fertilizer-manure blocks prepared by using 
coirpith, cowdung, vermicompost, ground nut 
cake, neem cake, zeolite and humic acid in 
different proportions showed a slow release 
pattern with respect to available nitrogen in soil 
as compared to sole fertilizers. 
 
Organic matrix produced by using dried cow 
dung, clay soil, neem leaves and rice bran in 
2:2:1:1 ratio showed longer retention of 
ammonium in the soil that synchronized with the 
nitrogen demand of the Brassica plants due to 
the slow release property of organic matrix based 
slow release granules [35]. One-time application 
of multi-nutrient fertilizer briquettes to maize crop 
yields significantly higher grain yield compared to 

the split-application of conventional granular 
fertilizer and application increased nutrient 
recovery efficiency. Leachate N concentrations 
from the multi-nutrient fertilizer briquettes were 
found to be less [36].  
 

6.1 Gel Based Materials 
 

Gel based materials are generally polyacrylic 
acid and its derivates and it work on the principle 
of absorption of soluble fertilizers within a matrix 
of polymer gel. Fertilizers of this type have an 
additional function as water absorbent. According 
to [37], reported that coated N fertilizer with poly 
(acrylic acid)/organo-attapulgite as outer coating, 
urea-formaldehyde as inner coating and urea 
granule as core have a high water absorption 
capacity. 
 

6.2 Hydrogels  
 

Hydrogels are three dimensional, cross linked 
hydrophilic polymers that can imbibe large 
amount of water or biological fluids. As a 
controlled release formulation, the functionalized 
polymers can be also used for enhancing the 
absorption of nutrients by plants [38]. The main 
characteristics of hydrogels are, they have high 
absorption capacity, good permeability, low 
solubility, low residual monomer, high durability 

and stability, pH‐neutrality, biodegradability and 
re‐wetting capability.  
 

6.3 Biodegradation of Hydrogel Forming CRF 
 

Biodegradation of hydrogel forming CRF involves 
the steps such as bio deterioration, bio 
fragmentation, assimilation and mineralization 
[39].  
 

Controlled-release fertilizer hydrogels, which 
were prepared from polyvinyl alcohol, chitosan 
and the blend of these two polymers, using 
glutaraldehyde as a cross linker increased the 
water retention of soil and chitosan hydrogel 
exhibited the highest the percent cumulative 
release of phosphorus in soil among the CRF 
prepared hydrogels [40]. 
 

7. ZEOLITE BASED MATERIALS AND 
OTHERS 

 

Zeolite is a natural super porous mineral which 
carries a negative charge balanced by freely 
moving cations with positive charges. It can act 
as an ideal trap for positive cations like nitrogen 
rich ammonium and potassium which are then 
released when demanded by plants. According 
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to [41], reported that urea loaded zeolite reduced 
the leaching losses of nitrogen and slows down 
denitrification process. According to [42], 
surfactant modified zeolite (SMZ) can act as a 
good sorbent for PO4

3-
, and a slow release of P 

was achievable. A comparative study of the 
release of P from fertilizer-loaded unmodified 
zeolite, SMZ and from solid KH2PO4 showed that 
P supply from fertilizer-loaded SMZ was 
available even after 1080 hr of continuous 
percolation, whereas P from KH2PO4 was 
exhausted within 264 hr.  
 
Biochar based control release nitrogen fertilizer 
(BCRNFs) was prepared through the 
incorporation of urea and bentonite into biochar 
through hydrothermal synthesis. The cumulative 
release amount of N was 54.6% within 98 days 
when incubated in soil, demonstrating favourable 
controlled-release properties of the BCRNF [43]. 
Double coated diammonium phosphates fertilizer 
with chitosan-clay composites as inner coating 
and paraffin wax as an outer coating significantly 
delayed dissolution of P compared to uncoated 
DAP. The biodegradation study of composite 
material in soil and the biochemical oxygen 
demand tests revealed that the coating system 
proposed could be considered as a carbon 
source for microorganisms after the fertilization 
process, which confirms its sustainability [27]. 
 
Paraffin wax is widely used as a coating material 
for fertilizers due to its hydrophobic properties, 
low cost, low melting point, biodegradability and 
low contamination to the soil [44]. 
Phosphogypsum is a by-product from the 
phosphoric acid process. Phospho gypsum 
contain CaSO4·2H2O and impurities such as 
P2O5, S

2−
, F

−
 and organic substances, which are 

nutrients required for plant growth [45]. Paraffin -
coated phosphogypsum-granulated urea 
released less than 35 % of urea over 28 days of 
submersion in water. The urea release was 
sustained much longer than that of paraffin-
coated urea which was only upto 7 days                
[46]. 
 

8. UREA SUPER GRANULES 
 

Urea can be prilled, granulated, flaked and 
crystallized. Presently only prilling and 
granulation is considered as important. The 
granulation involves spring molten urea through 
series of the fine nozzles in a fluidized bed 
granulator. Cooling the liquid urea slowly while 
rolling it in layers, creating a harder more evenly 
sized granule makes granules of urea [47]. 

9. STABILIZED NITROGEN PRODUCTS 

 
9.1 Nitrification Inhibitors 
 
In soils the nitrification process can be 
autotrophic or heterotrophic. Autotrophic 
nitrification which is dominant in soils, is carried 
out by chemolithotrophic bacteria such as 
Nitrosomonas. Nitrification occurs in several 
steps starting with the oxidation of NH3 to 
hydroxylamine and then to NO2

–
 by bacteria. 

Subsequently, NO2
 – 

oxidizing bacteria (such as 
Nitrobacter) oxidise nitrite to nitrate. Nitrification 
inhibitors are chemicals that slow down the 
process of nitrification. 
 

eg. Nitrapyrin (N-serve) and Dicyandiamide 
 

9.2 Urease Inhibitors 
 
When urea is applied to the soil urease enzyme 
converts urea to ammonia gas and it gets 
converted to NH4

+
, bound to soil particles if this 

conversion takes place below the soil surface. If 
the conversion is happening on the soil surface 
ammonia gas escape into the atmosphere 
through volatilization. The enzyme urease can 
reduced upto 14 days by the action of urease 
inhibitors.  
 

eg. NBTPT (N-[n-butyl] thiophosphoric triamide) 
 

10. EFFECT OF CONTROLLED /SLOW 
RELEASE FERTILIZERS ON SOIL 
PROPERTIES 

 

Bio fertilizer entrapped fertilizer matrix increased 
the activities of soil dehydrogenase (43.7 µg TPF 
g

-1
 24h

-1
) and alkaline phosphatase (22.5µg PNP 

g
-1

 h
-1

) by more than two folds over no fertilizer 
as well as conventional urea application. The 
entrapped bio fertilizer also increased fungal and 
bacterial population in the soil [48]. Layered 
double hydroxides released phosphate for an 
extended period indicating that a significant 
fraction of phosphate remains protected from 
interaction with soil [49].  
 

Controlled slow-release nitrogen and boron 
fertilizer prepared by using urea in alginate and 
attapulgite matrix granule (CSNBF) showed a 
slow-release property. Nitrogen in CSNBF 
released 45.1, 73.6, and 91.6 wt% within 1, 3, 
and 10 days respectively and boron in SNBF 
released 10.7, 60.1 and 95.4 wt% within 1, 3, 
and 10 days, respectively. The addition of 
CSNBF efficiently improved the water holding 
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capacity of soil [50]. According to [51], reported 
that coating thickness strongly regulates P 
diffusion. Castor polyurethane coating thickness 
from 9 % or greater drastically delayed P 
migration and 3% or less released P very similar 
to no coating. 
 

The release rate of potassium from polymer 
coated KCl (PCPC) was slow during the first 30 d 
after immersion in water, but it then accelerated 
(40d to 90d) followed by a slower release of 
potassium. Under field conditions, only 14.2% of 
potassium was released during the first 30 d, but 
it accelerated from 60 d to 120 d. By the harvest 
stage, 85.1% of the potassium had been 
released from the PCPC [52]. According to [53], 
suggested that polymer coated KCl can be used 
as a substitute for conventional K fertilizers for 
cotton production. Application of polymer coated 
KCl showed a steady potassium supply for cotton 
growth and the available potassium content of 
the polymer coated KCl treatment was higher 
compared to the KCl and K2SO4 treatments. At 
the full bolling stage, the available K content in 
the CRK treatments satisfied the potassium 
demands of cotton plants for reproductive and 
vegetative growth.  
 

11. EFFECT OF CONTROLLED /SLOW 
RELEASE FERTILIZERS ON CROP 
GROWTH AND DEVELOPMENT 

 

According to [52], reported that application of 
polymer coated KCl improved the nitrogen and 
potassium use efficiency in maize crop. 
According to [54], suggested that biochar mineral 
urea composite (Bio-MUC) released nitrogen 
slowly in the water but it promoted maize growth 
relative to conventional urea. Biochar from agro-
wastes could be used for blending urea as 
combined organo/mineral urea to replace 
conventional fertilizers. Bio-MUC significantly 
improved maize growth and increased nitrogen 
content in the maize plant. 
 

According to [55], observed that MAP granules 
coated at 1.8% by mass with a proprietary 
polymer greatly improved P uptake in barley. A 
thicker coating at 2.2% was less effective 
because the P release rate was too slow to meet 
crop demand. Half of the recommended doses of 
fertilizers entrapped in organic matrix have a 
highest shoot length and fresh shoot weight 
during the 60

th
, 90

th
 and 120

th
 days of wheat crop 

production [56]. According to [57], application of 
75 % fertilizer entrapped organic matrix in tomato 
had the highest apparent recovery efficiency of 
nitrogen (46.21 %), phosphorus (20.56 %) and 

potassium (43.71 %). Polymer coated urea 
releases nitrogen in a pattern which coincides 
with the demand of rice crop and improved rice 
yield (11.3 t ha

-1
), increased N uptake in straw 

(49 kg ha
-1

), grain (138 kg ha
-1

) and improved 
apparent nitrogen recovery (56.3%) [58]. 

 
12. EFFECT OF CONTROLLED RELEASE 

FERTILIZERS ON THE YIELD AND 
YIELD ATTRIBUTES OF CROP 

  
According to [35], reported that application of 
organic matrix based control release fertilizer 
improved the seed yield attributes of Brassica 
juncea. The maximum percentage increase of 
22.5% in number of seeds per siliqua was 
recorded in matrix-based fertilizer applied plants 
over the control. In case of 1000 seed weight and 
seed yield, the maximum percentage increase of 
49.7 and 28.4% was observed as compared to 
the control. To examine the effects of controlled-
release fertilizers on maize yield, maize was 
grown using common compound fertilizer (CCF), 
the same amount of resin-coated controlled 
release fertilizer (CRFIII), the same amount of 
sulphur-coated controlled release fertilizer 
(SCFIII) as CCF, 75% CRF (CRFII) and SCF 
(SCFII), 50% CRF (CRFI) and SCF (SCFI) and 
no fertilizer. The result was that treatments 
CRFIII, SCFIII, CRFII and SCFII produced grain 
yields that were 13.15%, 14.15%, 9.69% and 
10.04% higher than CCF [59]. Multinutrient 
fertilizer tablets prepared by using different 
fertilizer sources and binding agent release 
nitrogen in a slow-release manner, resulting in 
highest yield of tomato plants (502.02 g plant

-1
) 

with a benefit cost ratio of 1.17 [33].  

 
An experiment was conducted by [60] with the 
objective to compare the effects of the control 
release urea (CRU) at four rates (120, 180, 240 
and 360 kg N ha

−1
, CRU1, CRU2, CRU3 and 

CRU4, respectively) with a conventional urea 
fertilizer (360 kg N ha

−1
; U) and a control (no N 

fertilizer applied; CK) on yield, biomass, NUE of 
direct-seeded rice and soil nutrients. Successive  
release rates of N from CRU corresponded well 
to the N requirements of rice. The use of CRU3 
and CRU4 increased rice grain yields by 20.8 
and 28.7%, respectively, compared with U. The 
NUEs were improved by all CRU treatments 
compared to the U treatment. Concentrations of 
NO3

−
-N and NH4

+
-N in the soil were increased, 

especially during the later growth stages of the 
rice, and the leaching of N was reduced with 
CRU treatments. 
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According to [58], a single application of 
degradable polymer coated urea (165 kg N ha

−1
) 

can meet the nutrient demand of rice plant. A 
two-year field experiment was conducted to 
compare the effects of three different types of 
polymer-coated urea fertilizer on nitrogen losses 
through NH3 volatilization and surface runoff to 
the environment as compared to conventional 
urea of rice. Six treatments including control with 
0 kg N ha

−1
 (CK), basal application of urea (Ub), 

split application (Us) of urea (50% at 
transplanting, 25% at tillering, and 25% at 
panicle stages), CRU-1 (polyurethane-coated 
urea), CRU-2 (degradable polymer-coated urea) 
and CRU-3 (water-based polymer-coated urea) 
all applied at 165 kg N ha

−1
. Application of CRU 

increased N uptake in rice, reduce N losses 
through NH3 volatilization and surface runoff. 
 

13. NANO FERTILIZERS FOR 
CONTROLLED RELEASE 

 

Today nanotechnology is an important sector 
that provides a number of tools that plays unique 
role in agriculture. In modern agriculture 
sustainable production and efficiency can be 
unattainable without the use of agrochemicals 
together with pesticides, fertilizers etc.  
 

According to [61], nanofertilizers can be classified 
into 1) nanomaterials made of micronutrients; 2) 
nanomaterials made of macronutrients and 3) 
nanomaterials used as carriers for 
macronutrients. Nanomaterials used as carriers 
for macronutrients have 29 % more efficient than 
conventional analogues. Carrier based fertilizers 
are carrier or delivery platform can be a material 
that is safe to users, environmentally benign, and 
compatible with growth media, plants and other 
organisms. Besides this using nanocarriers is 
that the fertilizers can then be formulated or 
“tuned” to release nutrients in a controlled 
manner. Carrier materials for the nutrient delivery 
system includes nanoclays, hydroxyapatite 
nanoparticles, mesoporous silica, carbon-based 
nanomaterials, polymeric nanoparticles and other 
nanomaterials.  
 

Nanofertilizers can be classified into 
nanomaterials made of micronutrients, 
macronutrients and nanomaterials used as 
carriers for macronutrients. Nanomaterials used 
as carriers for macronutrients has the highest 
efficacy increase (29%) among the three 
categories. The advantage of using nanocarriers 
to deliver nutrients instead of using 
nanomaterials made of nutrients is that it is safe 
to users, environmentally benign and compatible 

with growth media, plants and other organisms. 
Nano carriers is that the fertilizers can then be 
formulated or “tuned” to release nutrients in a 
controlled manner  [61].  Controlled release 
fertilizers could prolong nutrient longevity in the 
agro-environment, effectively maintaining a 
continuous supply for crops over a longer growth 
period and enhancing nutrient use efficiency. 
This strategic approach also reduce application 
frequency and labour cost [62]. The carrier 
materials can be classified into nanoclays, 
hydroxyapatite nanoparticles, mesoporous silica, 
carbon-based nanomaterials, polymeric 
nanoparticles and other nanomaterials [9]. 

 
13.1 Nanoclays 
 
Among the six categories, nanoclays are the 
most frequently used and contain the widest 
range of materials. Nanoclays are defined as 
layered silicates with bi-dimensional platelets of 
nanoscale thickness (frequently w 1 nm) and a 
length of several micrometers [63]. Nanoclays 
can be separated into two types: anionic (eg. 
Layered double hydroxides) and cationic (eg. 
Montmorillonite, kaolinite, zeolite)  [64]. Nanoclays 
which can be used as nutrient carriers generally 
have two features viz., ability to protect nutrient 
molecules through physical barriers provided by 
their structural components and intercalation of 
nutrients into the layers of nanoclays through ion 
exchange or non-electrostatic interactions. 
Because of these two features nanoclays hold 
the potential to sustain nutrients for long periods 
of time [65].  

 
P release from LDH-P was much slower than 
that from a commercial fertilizer triple super 
phosphate which already has released all its P 
content, LDH-P has delivered only about 30%. 
Despite being a source with low P concentration, 
LDH-P provided to cultivated plants a higher 
production of dry matter, greater height, higher 
content of P accumulated and mainly a higher 
agronomic efficiency when compared to that of 
TSP. It also increased the soil pH value, which 
contributes to the decrease of P adsorption by 
the mineral phase of the soil, making this 
element more available to the plants [66]. 

  
13.2 Hydroxyapatite Nanoparticles 
 

Hydroxyapatite nanoparticles are a group of 
materials of interest for nano-enabled nutrient 
delivery. Due high surface area to volume ratio 
and holds potential to deliver both Ca and P. By 
loading urea into hydroxyapatite nanoparticle, the 
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urea was protected from overly fast release and 
decomposition [67]. 
 

13.3 Mesoporous Silica 
 

Ordered pore structures, very high specific 
surface areas and possible synthesis in a wide 
range of morphologies make mesoporous silica 
application in nutrient delivery system. According 
to [68], produced urea-loaded mesoporous silica 
nanoparticles and reported that mesoporous 
silica nanoparticles had high capacity to adsorb 
urea (up to 80% (w/w)) and yielded a slow 
release profile into both water and soil. 
 

13.4 Carbon-based Nanomaterials 
 

Carbon nano materials have not received much 
attention for fertilizer applications, although they 
have generated large interest for drug delivery 
[69]. Cu nanoparticles loaded carbon nanofibers 
yielded slower release of Cu in water than Cu-
loaded activated carbon microfibers. Similarly, a 
test on the seed germination of chickpea in water 
showed that the nanofiber formulation enhanced 
the plants’ water uptake capacity, germination 
rate, shoot and root length, chlorophyll and 
protein contents of Cicer arietinum seedlings 
[70]. 
 

13.5 Polymeric Nanoparticles  
 

Polymeric materials used as fertilizer carriers 
should be biodegradable and agriculturally 
benign. Chitosan, as a natural and biodegradable 
biopolymer, also exhibits sorbent and bactericidal 
properties, making it a promising material as an 
agrochemical carrier [71]. NPK loaded chitosan 
nanoparticles accelerated wheat growth and 
enhanced crop yield [72]. 
 

A novel coating material developed using bio-
based polyurethane (BPU) derived from liquefied 
wheat straw and modified using organosilicon 
and nano-silica created a superhydrophobic 
surface on CRFs and thus improved their 
controlled-release characteristics. The nutrient 
release characteristics of the resultant 
superhydrophobic controlled-released fertilizer 
were greatly enhanced compared with 
unmodified controlled release fertilizer [73]. 
According to [74], prepared chitosan based nano 
fertilizer for potassium release by polymerization 
of chitosan with methacrylic acid and later 
incorporated with potassium (CNK). The slow 
release property of K from the nanofertilizer was 
quantitatively proved, wherein quality of K 
leached out from soil applied with 100% KCl was 

2.5 times higher than that in case of 75% CNK 
treated soil. The measured EC and potassium 
content in the outer solution clearly demonstrated 
encapsulation as well as slow and sustained 
release of potassium ions from the CNK 
formulation. At any particular time, point, the EC 
and the potassium concentration were 
significantly lower than KCl. For the same 
amount of potassium contained in KCl and CNK 
treatments, the proportion of potassium released 
by CNK with respect to KCl (control) ranged from 
34 to 64% during 24 hr, connoting a sustained 
release property of CNK. 

 
13.6 Loading of Nutrients on 

Nanoparticles 
 
This can be done through the absorption on 
nanoparticles, attachment on nanoparticles 
mediated by ligands, encapsulation in 
nanoparticulate polymeric shell and synthesis of 
nanoparticles composed of the nutrient itself [75]. 
Use of nano fertilizer in soil leads to increased 
efficiency of the nutrients, reduce toxicity of the 
nutrients in the soil, reduce negative effects 
caused by excessive consumption of fertilizers 
and reduce the frequency of application of 
fertilizers [76]. According to [77], Zn loaded nano 
zeolite slowly release Zn when compared to 
ZnSO4 [78] reported that urea-hydroxyapatite 
nanohybrids released nitrogen 12 times slower 
compared to pure urea. Nano sized Mn 
carbonate hollow core shell loaded with ZnSO4 
released Zn to an extended period of 29 days 
relative to 17 days for conventional ZnSO4 [79]. 
Soil application of nano NPK in soil at a rate of 
50 kg ha

-1 
along with 12 t ha

-1
 FYM have the 

highest nutrient use efficiency (17.88 %) in okra 
and nano NPK at the rate of 12.5 t ha

-1
 with 12 t 

ha
-1

 FYM have the highest nutrient use efficiency 
(20.51 %) in amaranthus [80]. 

 
14. LIMITATIONS OF CONTROLLED 

RELEASE OF NUTRIENT 
FERTILIZERS 

 
The major limitations of controlled release 
fertilizers includes a lack of standardized 
methods for preparation and lack of correlation 
between data from laboratory testing and actual 
field application. Nutrient deficiencies may occur 
if nutrients are not released as predicted 
because of soil and climatic factors. Polymer 
coated fertilizers leave undesired synthetic 
residues and the cost of manufacturing is higher 
compared to conventional fertilizers. 
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15. CONCLUSION  
 

Conventional fertilizer application to soil causes 
the loss of fertilizers from field through leaching, 
run off, volatilization etc. For maintaining plant 
productivity continuous application of fertilizer is 
necessary and also it cause economic losses as 
well as environmental pollution. Controlled 
release of nutrients enables nutrients to be 
released over an extended period leading to an 
increased control over the rate and pattern of 
release. The slow rates of nutrient release can 
keep available nutrient concentrations in soil 
solution at a lower level, reducing runoff, 
leaching losses and synchronized with the plant 
requirements. CRFs application minimize the 
fertilizer-associated risks such as leaf burning, 
water contamination, eutrophication and thereby 
reducing pollution. It reduces frequency of 
fertilizer application, cost of cultivation and 
increases nutrient use efficiency, enhance 
agricultural production and help to achieve food 
security. The major limitations of controlled 
release fertilizers includes a lack of standardized 
methods for preparation and lack of correlation 
between data from laboratory testing and actual 
field application. Nutrient deficiencies may occur 
if nutrients are not released as predicted 
because of low temperatures, flooded or 
droughty soil or poor activity of soil microbes. 
Polymer coated fertilizers leave undesired 
synthetic residues and the cost of manufacturing 
is higher compared to conventional fertilizers. 
 

COMPETING INTERESTS 
 

Authors have declared that no competing 
interests exist. 
 

REFERENCES  
 

1. Lee R. The outlook for population growth. 
Sci. 2011;333:569– 573. 

2. Subramanian KS, Manikandan A, 
Thirunavukkarasu M, Rahale CS. Nano-
fertilizers for balanced crop nutrition. 
Nanotechnol Food Agric.2015;21(4):69-80. 

3. Coskun D, Britto DT, Shi W, Krozuncker 
HJ. Nitrogen transformation in modern 
agriculture and the role of biological 
nitrification inhibition. Nat Plants. 
2017;3:170-174. 

4. Malhi SS, Soon YK, Grant CA, Lemke R, 
Lupwayi N. Influence of controlled-release 
urea on seed yield and N concentration 
and N use efficiency of small grain crops 
grown on dark gray luvisols. Can J Soil 
Sci. 2010;90(2):363-372. 

5. Azeem B, KuShaari K, Man ZB, Basit A, 
Thanh TH. Review on materials and 
methods to produce controlled release 
coated urea fertilizer. J Contr Release. 
2014;181:11-21. 

6. Wani TA, Masoodi FA, Baba WN, Ahmad 
M, Rahmanian N, Jafari SM. 
Nanoencapsulation of agrochemicals, 
fertilizers and pesticides for improved plant 
production. Advances in 
Phytonanotechnology. 2019;279-298. 

7. Irfan SA, Razali R, KuShaari K, Mansor N, 
Azeem B, Ford Versypt AN. A review of 
mathematical modeling and simulation of 
controlled-release fertilizers. J Contr 
Release. 2018; 271:45-54. 

8. Giroto A, Guimaraes G, Foschini M, Ribero 
C. Role of slow-release nanocomposite 
fertilizers on nitrogen and phosphate 
availability in soil. Sci Rep. 2017;7: 32-46. 

9. Guo H, White JC, Wang Z, Xing B. Nano-
enabled fertilizers to control the release 
and use efficiency of nutrients. Curr 
Opinion Environ Sci Health. 2018;6:77-83. 

10. Shaviv, A. Advances in controlled-release 
fertilizers. Adv Agron. 2001;71:1-49. 

11. Ganetri I, Essamlali Y, Amadine O, 
Danoun K, Aboulhrouz S, Zahouily M. 
Controlling factors of slow or controlled-
release fertilizers. Controlled Release 
Fertilizers Sustain Agric. 2021;111-129. 

12. Guo M, Liu M, Liang R, Niu A. Granular 

urea‐formaldehyde slow‐release fertilizer 
with superabsorbent and moisture 
preservation. J Appl Polymer Sci. 
2006;99(6):3230-3235. 

13. Naz MY, Sulaiman SA. Slow release 
coating remedy for nitrogen loss from 
conventional urea: A review. J. Controlled 
Release. 2016;225:109-120. 

14. Trenkel ME. Slow and Controlled-Release 
and Stabilized Fertilizers, International 
Fertilizer Industry Association (IFA), Paris; 
2010. 

15. Versino F, Urriza M, Garcia MA. Eco-
compatible cassava starch films for 
fertilizer controlled-release. Int J Biol 
Macromol. 2019;134. 

16. Zhao GZ, Liu YQ, Tian Y, Sun YY, Cao Y. 
Preparation and  properties of 
macromelecular slow-release fertilizer 
containing nitrogen, phosphorus and 
potassium. J Polym Res. 2010;17(1):119-
125. 

17. Araujo BR, Romao LPC, Doumer ME, 
Mangrich AS. Evaluation of the interactions 
between chitosan and humics in media for 



 
 
 
 

Rehana et al.; CJAST, 41(20): 34-46, 2022; Article no.CJAST.67807 
 

 

 
44 

 

the controlled release of nitrogen fertilizer. 
J Environ Manag. 2017;190:122-131. 

18. Calabi-Floody M. Smart fertilizers as a 
strategy for sustainable agriculture. Adv 
Agron. 2018;47:119-157. 

19. Lammel J. Cost of the different options 
available to the farmers: Current situation 
and prospects. IFA International Workshop 
on Enhanced-Efficiency Fertilizers. 
Frankfurt. International Fertilizer Industry 
Association, Paris; 2005. 

20. Blouin GM, Rindt DW, Moore OE. Sulfur-
coated fertilizers for controlled release. 
Pilot-plant production. J Agric  Food Chem. 
1971;19(5):801-808. 

21. Oertli JJ. Controlled-release fertilizers. Fert 
Res. 1980;1:103–123. 

22. Shaviv A. Advances in controlled release 
of fertilizers. Adv Agron. 2000;71:1–49. 

23. Rindt DW, Blouin GM, Getsinger JG. Sulfur 
coating on nitrogen fertilizer to reduce 
dissolution rate. J Agric Food Chem. 
1968;16(5):773-778. 

24. Tsai BS. Continuous spouted bed process 
for sulphur-coating urea (Doctoral 
dissertation, University of British 
Columbia); 1986. 

25. Mujtaba M, Khawar KM, Camara MC, 
Carvalho LB, Fraceto LF, Morsi RE, 
Elsabee MZ, Kaya M, Labidi J, Ullah H, 
Wang D. Chitosan-based delivery systems 
for plants: A brief overview of recent 
advances and future directions. Int J Biol 
Macromol. 2020;154:683–697. 

26. Wu L, Liu M. Preparation and properties of 
chitosan-coated NPK compound fertilizer 
with controlled-release and water-
retention. Carbohydr Polym. 2008;72:240–
247. 

27. Assimi T, Lakbita O, Meziane A, Khouloud 
M, Dahchour A, Beniazza R, Boulif R, 
Raihane M, Lahcini M. Sustainable coating 
material based on chitosan-clay composite 
and paraffin wax for slow-release DAP 
fertilizer. Int J Biol Macromol. 2020;161: 
492-502. 

28. Sarkar A, Biswas DR, Datta SC, Roy T, 
Moharana PC, Biswas SS, Ghosh A. 
Polymer coated novel controlled release 
rock phosphate formulations for improving 
phosphorus use efficiency by wheat in an 
Inceptisol. Soil Tillage Res. 2018;180:48-
62. 

29. Tomaszewska M, Jarosiewicz A. Use of 
polysulfone in controlled-release NPK 
fertilizer formulations. J Agric Food Chem. 
2002;50(16):4634-4639. 

30. Behin J, Sadeghi N. Utilization of waste 
lignin to prepare controlled-slow release 
urea. Int J Recycling Org Waste Agric. 
2016;5(4):289-299. 

31. Shilpha SM, Soumya TM, Pradeep LS, 
Rajashekhar L. Study of nitrogen release 
pattern in different oil coated urea 
fertilizers in light textured soils. Int J Curr 
Microbiol Appl Sci. 2017;6(11):122-128. 

32. Sempeho SI, Kim HT, Mubofu E, Hilonga, 
A. Meticulous overview on the controlled 
release fertilizers. Adv. Chem.  
2014;20(14):1-16. 

33. Navya MP. Development of multinutrient 
fertilizer tablet and its evaluation in tomato 
M.Sc. (Ag) thesis, Kerala Agricultural 
University, Thrissur. 2019;1-152. 

34. Indhuja, M. Pilot testing of fertilizer-manure 
blocks in okra (Abelmoschus esculentus L. 
Moench.) M.Sc. (Ag) thesis, Kerala 
Agricultural University, Trissur. 2019;1-
162. 

35. Sharma VK, Singh RP. Organic matrix 
based slow release fertilizer enhances 
plant growth, nitrate assimilation and seed 
yield of Indian mustard (Brassica juncea 
L.). J Environ Biol. 2011;32(5):619-624. 

36. Gyamfi AR, Birikorang AS, Tindjina I, 
Manu Y, Singh U. Minimizing nutrient 
leaching from maize production systems in 
northern Ghana with one-time application 
of multi-nutrient fertilizer briquettes. Sci 
Total Environ. 2019;694:133-147. 

37. Liang R, Liu M. Preparation and properties 
of coated nitrogen fertilizer with slow 
release and water retention. Ind Eng Chem 
Res.  2006;45(25):86-98. 

38. Rajakumar R, Sankar JS. Hydrogel: Novel 
soil conditioner and safer delivery vehicle 
for fertilizers and agrochemicals–A review. 
Int J Appl Pure Sci Agric. 2016;2(1):164-
172. 

39. Mansor N, Majeed Z, Ramli NK, Man Z. A 
comprehensive review on biodegradable 
polymers and their blends used in 
controlled-release fertilizer processes.  
Rev Chem Eng. 2015;31(1):69-95. 

40. Jamnongkan T, Kaewpirom S. Controlled-
release fertilizer based on chitosan 
hydrogel: Phosphorus release kinetics. Sci 
J. Ubonratchathani Univ. 2010;1(1):43-50. 

41. Eberl DD. Controlled release fertilizers 
using zeolites. Curr Opinion Environ Sci 
Health 2002;6(3):7-16. 

42. Bansiwal AK, Rayalu SS, Labhasetwar NK, 
Juwarkar AA, Devotta S. Surfactant-
modified zeolite as a slow release fertilizer 



 
 
 
 

Rehana et al.; CJAST, 41(20): 34-46, 2022; Article no.CJAST.67807 
 

 

 
45 

 

for phosphorus. J Agric Food Chem. 
2006;54(13):4773-4779. 

43. Liu X, Liao J, Song H, Yang Y, Guan C, 
Zhang Z. A biochar-based route for 
environmentally friendly controlled release 
of nitrogen: Urea-loaded biochar and 
bentonite composite. Sci Rep. 2019;9(1):1-
12. 

44. Babadi FE, Yunus R, Rashid SA, Salleh 
MAM, Ali S. New coating formulation for 
the slow release of urea using a mixture of 
gypsum and dolomitic limestone. 
Particuology. 2015;23:62–67. 

45. Macias F, Perez LR, Canovas CR, Carrero 
S, Cruz HP. Environmental assessment 
and management of phosphogypsum 
according to European and United States 
of America Regulations. Proc Earth 
Planetary Sci. 2017;17:666–669. 

46. Yu X, Li B. Release mechanism of a novel 
slow-release nitrogen 
fertilizer. Particuology. 2019;45:124-130. 

47. Sarker MMR, Shaheb MR, Nazrul MI. Urea 
Super Granule: A good source of nitrogen 
on growth yield and profitability of cabbage 
in Sylhet. J Environ Sci Nat Resour. 
2012;5(1):295-299. 

48. Kumar M, Bauddh K, Sainger M, Sainger 
PA, Singh RP. Increase in growth, 
productivity and nutritional status of wheat 
(Triticum aestivum L.) and enrichment in 
soil microbial population applied with 
biofertilizers entrapped with organic 
matrix. J Plant Nutr. 2015;38(2):260-276. 

49. Bernardo MP, Guimaraaes GG, Majaron 
VF, Ribeiro C. Controlled release of 
phosphate from layered double hydroxide 
structures: dynamics in soil and application 
as smart fertilizer. Sustain Chem Eng. 
2018;6(4):152-164. 

50. Xie L, Liu M, Ni B, Zhang X, Wang, Y. 
Slow-release nitrogen and boron fertilizer 
from a functional superabsorbent 
formulation based on wheat straw and 
attapulgite. Chem Eng J. 2011;167(1):342-
348. 

51. Fernandes D, Bortoletto R, Guimaraes 
GGF, Polito WL, Ribeiro C. Role of 
polymeric coating on the phosphate 
availability as a fertilizer: Insight from 
phosphate release by castor polyurethane 
coatings. J Agric Food Chem. 
2017;65:580–589. 

52. Yang X, Geng J, Li C, Zhang M, Tian X. 
Cumulative release characteristics of 
controlled-release nitrogen and potassium 
fertilizers and their effects on soil fertility 

and cotton growth. Sci Rep. 2016;6(2):1-
11. 

53. Tian XF, Li CL, Zhang M, Lu YY, Guo YL, 
Liu LF. Effects of controlled‐release 
potassium fertilizer on available potassium, 
photosynthetic performance, and yield of 
cotton. J. Plant Nutr Soil 
Sci. 2017;180(5):505-515. 

54. Shi W, Ju Y, Bian R, Li L, Joseph S, 
Mitchell DR, Munroe P, Taherymoosavi S, 
Pan G. Biochar bound urea boosts plant 
growth and reduces nitrogen leaching. Sci 
Total Environ. 2020;701:1-9. 

55. Pauly DG, Nyborg M, Malhi SS. 
Controlled-release P fertilizer concept 
evaluation using growth and P uptake of 
barley form three soils in a greenhouse. 
Can J Soil Sci. 2002;82:201–210. 

56. Kumar S, Bauddh K, Barman SC, Singh 
RP. Evaluation of conventional and 
organic matrix entrapped urea and di-
ammonium phosphate for growth and 
productivity of Triticum aestivum L. and 
mobilization of NO3

−
, NO2

−
, NH4

+
 and 

PO4
−3

 from soil to plant leaves. Int J Agron 
Plant Prod. 2013;4(6):1357-1368. 

57. Raj AG. Matrix based slow release 
fertilizer for increasing nutrient use 
efficiency in the Onattukara sandy plains. 
M.Sc. (Ag) thesis, Kerala Agricultural 
University, Trissur. 2019;1-86. 

58. Li P, Lu J, Hou W, Pan Y, Wang Y, Khan 
MR, Ren T, Cong R, Li X. Reducing 
nitrogen losses through ammonia 
volatilization and surface runoff to improve 
apparent nitrogen recovery of double 
cropping of late rice using controlled 
release urea. Environ Sci Pollut 
Res. 2017;24(12):11722-11733. 

59. Zhao B, Dong S, Zhang J, Liu P. Effects of 
controlled-release fertilizer on nitrogen use 
efficiency in summer maize. PloS One. 
2013;8(8):1-8. 

60. Zhang S, Shen T, Yang Y, Li YC, Wan Y, 
Zhang M, Tang Y, Allen SC. Controlled-
release urea reduced nitrogen leaching 
and improved nitrogen use efficiency and 
yield of direct-seeded rice. J Environ 
Manag. 2018;220:191-197. 

61. Kah M, Kookana RS, Gogos A, Bucheli 
TD. A critical evaluation of nanopesticides 
and nanofertilizers against their 
conventional analogues. Nat Nanotechnol. 
2018;13(8):677-684. 

62. He X, Hwang HM. Nanotechnology in food 
science: Functionality, applicability, and 



 
 
 
 

Rehana et al.; CJAST, 41(20): 34-46, 2022; Article no.CJAST.67807 
 

 

 
46 

 

safety assessment. J Food Drug Anal. 
2016;24:671–681. 

63. Azeredo H, Mattoso L, Mchugh T. 
Nanocomposites in food packaging – A 
review. J Food Drug Anal. 2011;10:57–78. 

64. Roshanravan B, Soltani SM, Mahdavi F, 
Rashid SA, Yusop MK. Preparation of 
encapsulated urea-kaolinite controlled 
release fertiliser and their effect on rice 
productivity. Chem Speciation 
Bioavailabilty. 2015;26:249–256. 

65. Songkhum P, Wuttikhun T, Chanlek N, 
Khemthong P, Laohhasurayotin K. 
Controlled release studies of boron and 
zinc from layered double hydroxides as the 
micronutrient hosts for agricultural 
application. Appl Clay Sci. 2018;152:311-
322. 

66. Benicio LPF, Constantino VRL, Pinto FG, 
Verguutz L, Tronto J, da Costa LM. 
Layered double hydroxides: New 
technology in phosphate fertilizers based 
on nanostructured materials. Sustain 
Chem Eng. 2017;5(1):399-409. 

67. Kottegoda N, Madusanka N, Sandaruwan 
C. Two new plant nutrient nanocomposites 
based on urea coated hydroxyapatite: 
Efficacy and plant uptake. Indian J Agr Sci. 
2016;86:494-499. 

68. Wanyika H, Gatebe E, Kioni P, Tang Z, 
Gao Y. Mesoporous silica nanoparticles 
carrier for urea: Potential applications in 
agrochemical delivery systems. J Nanosci 
Nanotechnol. 2012;12:2221–2228. 

69. Mukherjee A, Majumdar S, Servin AD, 
Pagano L, Dhankher OP, White JC. 
Carbon nanomaterials in agriculture: A 
critical review. Front Plant Sci. 2016;7:1–
16. 

70. Ashfaq M, Verma N, Khan S. Carbon 
nanofibers as a micronutrient carrier in 
plants: Efficient translocation and 
controlled release of Cu 
nanoparticles. Environ Sci Nano. 
2017;4(1):138-148. 

71. Kashyap PL, Xiang X, Heiden P. Chitosan 
nanoparticle based delivery systems for 
sustainable agriculture. Int J Biol 
Macromol. 2015;77:36–51. 

72. Aziz HMM, Hasaneen MNA, Omer AM. 
Nano chitosan NPK fertilizer enhances the 
growth and productivity of wheat plants 
grown in sandy soil. Spanish J Agric Res. 
2016;14:1–9. 

73. Zhang S, Yang Y, Gao B, Li YC, Liu Z. 
Super hydrophobic controlled-release 
fertilizers coated with bio-based polymers 
with organo-silicon and nano-silica 
modifications. J Mater Chem A. 
2017;5(37):199-221. 

74. Kubavat D, Trivedi K, Vaghela P, Prasad 
K, Vijay Anand GK, Trivedi H, Patidar R, 
Chaudhari J, Andhariya B, a Ghosh, A. 

Characterization of a chitosan‐based 
sustained release nanofertilizer formulation 
used as a soil conditioner while 
simultaneously improving biomass 
production of Zea mays L. Land 
Degradation Dev. 2020;20(4):1-13. 

75. Solanki P, Bhargava A, Chhipa H, Jain N, 
Panwar J. Nano-fertilizers and their smart 
delivery system. Nanotechnol Food Agric. 
2015;23(4):81-101. 

76. Naderi MR, Shahraki AD. Nanofertilizers 
and their roles in sustainable 
agriculture. Int J Agric Crop Sci. 
2013;5(19):222-238. 

77. Subramanian KS, Rahale CS. Ball milled 
nanosized zeolite loaded with zinc sulfate: 
A putative slow release Zn fertilizer. Int J 
Innovative Hortic. 2012;1(1):33-40. 

78. Yuvaraj M, Subramanian KS. Controlled-
release fertilizer of zinc encapsulated by a 
manganese hollow core shell. Soil Sci 
Plant Nutr. 2015;61(2):319-326. 

79. Kottegoda N, Sandaruwan C, 
Priyadarshana G, Siriwardhana A, 
Rathnayake UA, Arachchige DM, 
Kumarasinghe AR, Dahanayake D, 
Karunaratne V, Amaratunga GA. Urea-
hydroxyapatite nanohybrids for slow 
release of nitrogen. Am Chem Soc Nano. 
2017;11(2):121-130. 

80. Nibin PM. Organic nano NPK formulations 
for enhancing soil health and productivity. 
Ph.D. thesis, Kerala Agricultural University, 
Thrissur. 2019;1-272. 

_________________________________________________________________________________ 
© 2021 Rehana et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
 

 

Peer-review history: 
The peer review history for this paper can be accessed here: 

https://www.sdiarticle5.com/review-history/67807 

http://creativecommons.org/licenses/by/4.0

