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Abstract Slow release fertilizers (SRFs) are of vital
importance to improve agricultural efficiency. How-
ever, their use is still limited due to their relatively high
costs. Additionally, most of coating materials used to
produce SRFs are nonbiodegradable and toxic to the
soil. In this context, we utilized various biopolymers
such as tamarind, xanthan, and guar gums together
with diatomite to coat urea fertilizer granules. In this
study, tamarind—urea-diatomite (TUD), guar—urea-di-
atomite (GUD), and xanthan-urea-diatomite (XUD)
SRF granules were prepared in the presence of
epichlorohydrin as crosslinker. The nutrients slow
release behavior and the water retention capacity of
these SRFs in soil were determined. The water
absorbency of the product was 89% TUD, 93%
GUD, and 142% XUD of its own weight when it was
allowed to swell in tap water at room temperature for
2 h. Poly(methacrylic acid) was applied as the outer-
most layer of XUD to improve the nitrogen slow
release efficiency of XUD SRFs. The results showed
that the product had an excellent nutrients slow release
property of 79.5% and good water retention capacity
of 62.9% after 28 days. This suggested that XUDM
could effectively improve the utilization of fertilizer.
Furthermore, being biodegradable and low cost could

Jean Felix Mukerabigwi and Qing Wang contributed equally to
the work.

J. F. Mukerabigwi, Q. Wang, X. Ma, M. Liu,

S. Lei, H. Wei, X. Huang, Y. Cao (<)

Key Laboratory of Pesticide and Chemical Biology
(Ministry of Education), College of Chemistry,
Central China Normal University, Wuhan 430079,
People’s Republic of China

e-mail: caoyu@mail.ccnu.edu.cn

be beneficial in agricultural and horticultural applica-
tions.
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Introduction

Recently, much attention has been paid to fertilizers
with slow release and water retention due to their
essential roles in agriculture and horticulture applica-
tions.! Compared to the large amount of fertilizers
used throughout the world, the total use of slow release
fertilizers (SRFs) is still small. Basically, the growth of
plants and their quality mainly rely on the quantity of
fertilizer and water.” Regarding the main fertilizers
used in agriculture, the global consumption of nitrogen
(N), phosphorus (P), and potassium (K) in 2013 was
109.8, 42.2, and 29.4 Mt/year, respectively.3 Therefore,
nitrogen is still the most generally applied plant
nutrient. To date, urea is a widely used solid nitrogen
fertilizer for agricultural production due to its low cost.
However, when applied to crops, it is vulnerable to
losses from volatilization and leaching which reduce
plant nitrogen use efficiency and limit crop yields.
Briefly, urea when applied to soil can be rapidly
hydrolyzed to NH; and CO,, by soil urease, followed by
NO;~ formation through nitrification.*> This could
contribute toward environmental pollution in terms of
hazardous gaseous emissions and water eutrophica-
tion.® Thus, it is necessary to improve the utilization of
water resources and fertilizer nutrients. One possible
way to improve nitrogen use efficiency in particular
while reducing the environmental hazards is by using
SRFs. An ideal slow release fertilizer is defined as a
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conventional fertilizer coated with natural or semi-
natural, environmentally friendly macromolecule
material that retards the fertilizers release to such a
slow pace that a single application to the soil can meet
nutrient requirements for model crop grow.’

Recently, the use of SRFs is a new trend to save
fertilizer consumption and to minimize environmental
pollution.*? Consequently, the technology of coating
the urea fertilizer granules for managing the nutrients
release has greatly attracted the scientific community.'”
Initially, sulfur was the most frequently used as urea
coating material. So far, various synthetic polymers
such as polyethylene, polystyrene, and polyesters were
applied due to their apparent benefit over natural
polymers such as set-to-set consistency, foreseeable
physic-chemical properties, and tailor-made character.
However, the application of sulfur-coated urea may
increase the acidity of the soil, because both sulfur and
urea contribute to the increased acidity. Moreover,
some types of polymers used in the coating of the
conventional fertilizers are reported to have poor
biodegradability and their use may thus lead to
undesirable accumulation of plastic residues.'’ In
addition, due to their higher costs and process com-
plexity along with issues of environmental pollution
caused by those coating materials, research frontiers
shifted toward developing low cost, easily fabricable,
and environmentally friendly materials. More recently,
Wu et al.>!'? claimed that the use of low cost, naturally,
and abundantly available resource materials such as
polysaccharides and inorganic clay could be a promis-
ing approach in the production of coating materials for
conventional fertilizers. With this background, here we
synthesize low cost and environmentally friendly
coated urea fertilizer granules with a slow release of
nutrients and water retention properties, based on
various natural polysaccharides (tamarind gum, xan-
than gum, and guar gum) individually, together with
inorganic clay (diatomite).

Xanthan gum is a natural polysaccharide commonly
used as a food additive and rheology modifier,"* with
branched chains and acidic characteristics produced
predominantly by Xanthomonas campestris in aerobic
conditions from sugar cane, corn, or their derivatives.'*
It consists of D-glucosyl, b-mannosyl, and pD-glucuronyl
acid residues in a 2:2:1 molar ratio and variable
proportions of O-acetyl and pyruvyl residues. Trisac-
charide side chains are composed of mannose f-
(1 — 4) glucuronic acid f-(1 — 2) mannose at-
tached to alternate glucose residues in the backbone
by o-(1 — 3) linkages.'>'® Their anionic and hydro-
philic surface characteristics facilitate interactions with
cations'”"'® and other polysaccharides such as glucose,
mannose (CsH1205), potassium gluconate
(CeH11KO5), acetate (CH3CO,7), and Byruvate
(CH3COCOOH), inducing stronger gelation.’

Tamarind gum, a crude extract of tamarind seeds, is
rich in polysaccharide (~65-72%),® which contains
glucose, xylose, and galactose units, in a molecular
ratio of ~3:2:1, respectively.”' ™ Its structure is based
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on a f-(1 — 4)-p-glucan backbone, substituted at
position 6 of the glucopyranosyl units mainly by single
o-D-xylopyranosyl residues as well as by disaccharide
side chains composed of f-p-galactopyranosyl-
(1 — 2)-u-p-xylopyranosyl residues.”” In addition,
tamarind seed gum is a high molecular weight polysac-
charide (720-880 kDa),>'*****> which forms viscous
solutions when dissolved in water as many polysaccha-
ride gums extracted from plant materials. Presently, it
has the potential for commercial applications, for
example in the pharmaceutical industry for controlling
drug release.”®

Guar gum is a water soluble polysaccharide derived
from the seeds of Cyamopsis tetragonolobus, family of
Leguminosae. It consists of linear chains of f-
(1 — 4)-p-mannopyranosyl units with a-pD-galactopy-
ranosyl units attached by (1 — 6) linkages.”” Guar
and its derivatives have been used in many applications
like food, drug delivery, and health care products
because of their natural abundance and their low cost
and other desirable functionalities.”

Diatomaceous earth, also known as diatomite, is a
fossil material of sedimentary origin, formed over
centuries by siliceous skeleton (called ““frustule”) of
aquatic unicellular microalgae, the diatoms, deposited
on bottom of lakes or present in marine environments.*
The main constituent of diatomite is amorphous silica,
although it can contain impurities such as organic
components and metallic oxides (MgO, Al,O3, Fe,03)
coming from the environment.*® Different strategies,
including calcination processes and hot acid treatments,
have been developed to remove impurities from frus-
tules.’'? The silica surface of diatoms is covered by
reactive silanol (Si-OH) groups. Due to its hydrophilic
property, large availability in many areas of the world,
chemical stability, extremely low cost, and nontoxicity,
this fossil material is an ideal component for added
superabsorbent network to improve the swelling prop-
erties. Moreover, the porous structure of diatomite
allows a large amount of water to penetrate into the
polymer network and may be of benefit to water
absorbency of the corresponding superabsorbent.

The ultimate aim of this study was to develop
environmentally friendly and low cost urea coating
materials to synthesize coated urea fertilizer granule
with high absorption and water retention capacity as
well as enhanced slow release of crop nutrients when a
fertilizer is applied, based on the naturally and abun-
dantly available polysaccharides and inorganic clay.
Through this study, we determined properties such as
water absorption, water retention capacity, and nutri-
ent release behaviors of the urea fertilizer granules
coated with different most common hydrocolloids viz:
tamarind gum, guar gum, or xanthan gum together
with diatomite clay as the inorganic layer of the
granule composite. In this contribution, three different
types of coated urea fertilizer granules, i.e., tamarind—
urea-diatomite (TUD), guar-urea-diatomite (GUD),
and xanthan—urea-diatomite (XUD) were successfully
prepared. Each layer was coated onto the urea
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Fig. 1: Schematic diagram of granulation process (a) and the cross section schematic view of the prepared urea-coated

fertilizer granule (b)

fertilizer granule through the granulation method in
the presence of epichlorohydrin as crosslinker. The
schematic diagram of the granulation process and the
schematic view of the cross section for the prepared
urea fertilizer granule are depicted in Figs. 1a and 1b,
respectively. According to different properties deter-
mined, urea fertilizer granule coated with xanthan gum
and diatomite (XUD) exhibited beneficial water reten-
tion and water absorbency capacity as well as nutrients
slow release efficiency compared to TUD and GUD
SRFs. Therefore, it was selected to be further coated
with poly(methacrylic acid) (PMAA), as the outermost
layer to improve its properties. Finally, challenges in
theory and future prospectives are examined.

Materials and Methods
Materials

Tamarind gum, xanthan gum, and guar gum (Food
grade) were supplied by Anrui Biotechnology Co., Ltd
(Henan, China). Diatomite was purchased from
Guangsenyuan Diatomite Co., Ltd. Urea (AR) and
epichlorohydrin (AR) was kindly provided by Shang-
hai Chemical Reagent Co., Ltd (Shanghai, China).
Methacrylic acid (AR) was provided by Sinopharm
Chemical Reagent Co., Ltd (Shanghai, China). Or-
ganic solvents were used without further purification.
All other chemicals were commercially available ana-
lytical grade reagents unless otherwise stated.

Xanthan gum, tamarind gum, and guar gum
viscosity measurement

A 0.5% solution of each polysaccharide (xanthan gum,
tamarind gum, or guar gum) was heated at 80°C and
stirred gently for a certain time until the solution was
completely dissolved in distilled water. NDIJ-8S
(Shanghai Nirun Intelligent Technology Co., Ltd,
China) digital viscometer spindle rotating at 12 rpm
at 25°C was used and allowed to rotate for 1 min prior
to measurement.

Preparation of TUD, GUD, and XUD SRF
granules

Urea fertilizer core granules ranging from 1.8 to 2 mm
in diameter were sieved and used for further experi-
ments. During the sieving, we tried to remove granules
that had defects on the surface. TUD SRF granule as an
example has been prepared as follows: the sieved urea
fertilizer granule was placed into homemade pan
granulator (PZL-0.4 Pan Granulator, Central China
Normal University, China), the pan of 45 cm diameter
and 25 cm depth was positioned at an angle of 20° to the
horizontal. At this step, a small amount of distilled
water (1 wt% of the core weight) was sprayed onto the
urea fertilizer granule (the core) in the pan granulator
under rotation and then granulated for 10 min at
35 rpm. Then the tamarind powder as the inner coating
layer was fed to the surface of the core granule under
rotation. Still in the granulator rotating at the predicted
speed, epichlorohydrin (2-3 wt% of the granules total
weight) as crosslinker was sprayed at regular time
intervals of 20 min for 2 h. In the coating process, it was
assured that the used material equally covered the
whole granule’s surface with sufficient thickness. There-
after, the granule was taken out and dried at room
temperature (RT) for 8 h. Finally, the granule was
placed into the pan granulator rotating at 35 rpm and
diatomite powder as the outer coating was coated onto
the surface of the granule under rotation. During this
step, the predicted amount of crosslinker was sprayed
periodically. The process was finished until a compact
and homogeneous coating formed on the fertilizer
granule. The granulated product was fed into a dryer
at 50°C to remove excess water and to harden the
granule. The dried product was passed over a screen
where the particles smaller or larger than the desired
size were removed. The preparation process for GUD
and XUD SRF granules was the same as above.

Characterization of the prepared coated urea SRFs
The average diameter of coated fertilizer was deter-

mined using a micrometer for 10 granules. The
prepared granules were split into halves and the
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fractions obtained were put on slides and examined
through dissecting microscope.

Measurement of water absorbency of TUD,
GUD, and XUD SRFs

Prepared XUD, TUD, and GUD SRF granules were
separately immersed into different containers filled with
200 mL of tap water and allowed to swell at RT for 2 h.
The swollen XUD, TUD, and GUD SRF granules were
filtrated through a 100-mesh sieve for 5 min to remove
nonabsorbed water and weighed. The water absorbency
was calculated using the following equation:

m — my

W% = % 100 (1)

my

where m and m, denote the weight of swollen TUD,
GUD, or XUD and the weight of the dry TUD, GUD,
or XUD, respectively, and W% is the water absor-
bency percentage.

Slow release behavior of TUD, GUD, and XUD
SRFs in soil

The soil used in this study was taken from the campus of
Central China Normal University (CCNU) located in
central China. The soil was put into a desiccator at RT
for 2 weeks and then passed through a 26-mesh sieve.
Then 1 g of each prepared compound (TUD, GUD or
XUD) was well mixed with 200 g of desiccated soil and
kept in a 200 mL beaker, and then 25 wt% of deionized
water was added to each beaker. Thereafter, each
beaker was properly covered and incubated for different
periods at RT. Through the experiment, the soil mois-
ture was maintained at 25% of the total weight (soil and
granule) by weighing and adding distilled water if
necessary. For each granule, six beakers were prepared
in parallel to facilitate the determination of released
nitrogen at different settled incubation periods. After 1,
3, 5,7, 14, and 28 days incubation periods, the leftover
TUD, GUD, or XUD granule SRFs in the beakers were
removed and washed with distilled water, dried at RT
overnight, weighed, and then placed into a nitrification
tube. 10 mL of 98% concentrated H,SO,4 and 1 g of
mixed catalyst (copper sulfate pentahydrate: 1:20) were
added and the whole mixture was subjected to heating in
digestion chamber until the transparent residue contents
were obtained (at 400°C for 1.5 h). The solution was
cooled down and 5 mL of 50% (w/v) NaOH solution
were added to the mixture. Thereafter, 1-2 drops of
combined indicator (methyl red and methylene blue)
were added to the mixture and then titrated with 0.05 N
hydrochloric acid until the process reached its end point.
Also a blank was run through along with the sample.
After titration, the released nitrogen amount percentage
was calculated, as shown in equation 2:
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AV x C x 0.01401 y
m

wn% = |1— 100 2)

where AV represents the difference between hydrochlo-
ric acid volume used for the sample and blank solution
titration in mL; C represents the concentration of
hydrochloric acid in normality; 0.01401 value stands
for the molecular weight of nitrogen, m represents the
weight of the sample in g, and W% represents the
released nitrogen amount percentage.

Largest water-holding ratio of soil with TUD,
GUD, or XUD SRFs

The soil used in this study was taken from the campus
of CCNU located in central China. A 2 g sample
fertilizer was mixed with 200 g of dry soil and loaded
into a PVC pipe of 4.5 cm diameter and 20 cm length
and the bottom of the tube was sealed with a 200-mesh
nylon cloth and weighed (M;). Tap water was added
slowly to the tube from the top until the water seeped
out of the bottom. After there was no leaking water at
the bottom, the tube was weighed again (M,). The
largest water-holding ratio (M%) of the soil was
calculated using the following equation:

(My — Mh)

M =
%= 0, = M 5 200)

% 100 3)

Measurement of the water retention of TUD, GUD,
and XUD SRFs in soil

The soil used in this study was taken from the campus
of CCNU located in central China. 2 g of slow release
fertilizer was mixed with 200 g of dry soil (below 2 mm
in diameter) and kept in a plastic beaker and then
100 g of tap water was slowly added into the beaker
and weighed (m;). The beakers were maintained at RT
and weighed every 4 days to determine the weight of
the evaporated water (m;) over a period of 28 days. A
blank experiment was prepared as a reference. The
retained water ration (M%) was determined by using
the following equation:

100 x (mq — m;)

M% = 100 4)

Preparation of enhanced properties efficiency of
XUD SRFs

XUD SRF was coated with the outermost layer using a
PMAA wrap. The main purpose of this experiment was
to determine whether the addition of the PMAA
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outermost layer could enhance XUD urea-coated
fertilizer properties such as nutrients slow release
efficiency and water retention capacity.

The XUD granule slow release fertilizer used for
this experiment was prepared as previously described
in the “Preparation of TUD, GUD, and XUD SRF
granules” section. XUD SRF granule was put into the
granulator rotating at 35 rpm and 3.5% w/v of PMAA
solvent was poured to the XUD SRF granules under
rotation. Meanwhile, epichlorohydrin (2-3 wt% of the
granule weight) was sprayed at regular time intervals
of 20 min for 2 h as crosslinker. The obtained coated
granule was named Xanthan-Urea-Diatomite and
PMAA SRFs (XUDM SRFs). The granulated product
was dried to a constant mass at 50°C.

Results and discussion

Morphology and characteristics of the coated
fertilizers

Figures 2a and 2b show the morphology of the real
image of the uncoated urea fertilizer granule (the core)
and the final product (urea coated with inner layer
(xanthan, guar, or tamarind) and outer layer (di-
atomite)), respectively. The coating thickness of the
prepared coated urea fertilizer was 1.9 mm urea,
0.495 mm polysaccharide, and 0.798 mm diatomite,
and the granules selected for further analysis were
composed of 56% urea, 13% polysaccharide, and 21%
diatomite, calculated as the average for 10 coated urea
fertilizer granules. From Fig. 2e, the dissecting micro-
scope image at magnification of x10 showed the three-
layer structure of the prepared SRFs. The porous outer
layer was composed of diatomite which could absorb a
large amount of water. The middle layer was polysac-
charide (xanthan, guar, or tamarind) (Fig. 2d), which
could reduce the rate of water diffusion into the core
and the nutrient diffusion outside the core. This could
enhance the nutrient slow release efficiency of XUD,
TUD, or GUD. The inner core (Fig. 2c) was a water
soluble urea fertilizer granule. Thus, after the fertilizer
core was dissolved by water, it had to pass through the
two layers i.e., polysaccharide layer (inner layer) and
diatomite layer (outer layer).

Polysaccharides viscosity test result

The determined viscosity for tamarind gum, guar gum,
and xanthan gum was 185, 395, and 449 mPas,
respectively. It was observed that the viscosity of
xanthan gum was stronger than other polysaccharides
used in this study. The researchers reported that in
static conditions, a small amount of xanthan gum (in
most foods, 0.5%) induces a large increase in the
viscosity of a liquid. Moreover, unlike other gums,
xanthan gum shows high stability under a wide range of

temperatures and pH.” The high viscosity of coating
material can play a great role in polymer bonding
networks, and its strong adhesion in the matrix of the
coated granule could be more advantageous to the
hardness of the prepared SRFs. Hence, we used
biopolymers (tamarind, xanthan, or guar gum) as the
middle layer of the prepared three-layered SRFs in
order to obtain a product with enhanced mechanical
strength of the coating layers.

Water absorbency of TUD, GUD,
and XUD SRFs test results

Water absorption is one of key properties of a better
slow release fertilizer. TUD, GUD, and XUD granule
SRFs were immersed in a container filled with tap water
at RT for 2 h; the water absorption was found to be 89,
93, and 142%, respectively, as demonstrated in Fig. 3.
XUD indicated a higher water absorption than TUD,
and GUD granule SRFs. During this study, the coating
materials used to prepare XUD, TUD, and GUD
granule SRFs were the same except for the polysaccha-
ride layer (middle layer). It was noticed that the type of
polysaccharides used as coating materials (tamarind,
xanthan, or guar gum) had a different influence on the
water absorbency of the prepared granules. The highest
water absorbency of XUD SRFs could be explained as
follows: first, the presence of carboxyl groups on the side
chains renders xanthan gum molecules anionic.>* These
anionic chains on the xanthan gum molecules enhance
hydration and make xanthan gum more soluble in cold
water as well as hot water compared to other hydrocol-
loids such as guar gum, tamarind gum, etc. Second,
xanthan gum is a high molecular weight polysaccharide
with high viscosity even at low polymer concentrations.
Therefore, the high viscosity of xanthan could enhance
the interaction between the materials used to coat XUD
as it has been used as the middle layer. Hence, the high
hydrodynamic size, molecular weight, and water solu-
bility of xanthan gum as well as its anionic chains are
believed to be the most important determinants of the
highest water absorbency capacity of XUD compared to
TUD and GUD granule SRFs.

Water retention behavior of TUD, GUD,
and XUD SRFs in soil

The water retention capacity of swollen TUD, GUD,
and XUD SRFs in soil was determined and compared to
the water-holding capacity of the swollen soil without
the coated fertilizers. In Fig. 4, it is clear that the water
moisture was gradually decreasing over a period of
28 days at RT. The soil without coated fertilizers
showed the fastest water evaporation—where only
50% of water moisture was remaining at the 28th day.
With TUD and GUD SRFs, both types showed
approximately the same water retention ability in soil
after 28 days as their water-holding capacity was 62%
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Fig. 2: Images for uncoated (a) and coated urea fertilizer granule (b). Dissecting microscope images for (c) urea fertilizer
granule (the core), (d) cross section view of urea coated with polysaccharide, and (e) cross section view of urea coated with

middle layer (polysaccharide) and outer layer (diatomite)

and 61%, respectively. In addition, swollen TUD and
GUD SREFs in soil showed rapid water evaporation at
the beginning of the incubation time. However, from
the 16th day, a decelerated water evaporation rate was
noted. Swollen XUD granule SRFs in soil showed the
powerful water retention capacity compared to TUD as
well as the GUD granule SRFs. After 28 days, 71% of

1090

water still remained, which indicated that only 29% of
the water had evaporated. This shows that the water
evaporation rate for swollen XUD in soil was slightly
slower and the granule has an excellent property for
water retention in soil. In a relatively dry season, it can
keep a certain amount of water to be supplied for plant
growth.
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Fig. 4: TUD, GUD, and XUD SRFs water retention in soil
and water retention of soil without coated fertilizer at RT for
28 days. (Data were given as mean + SD (n = 3))

Largest water-holding ratio of soil with TUD,
GUD, or XUD SRFs test results

The largest water-holding ratio for soil without coated
fertilizer, soil with TUD, GUD, or XUD SRFs was
calculated by using equation 3. As shown in Fig. 5, we
found that the maximum water-holding ratio for soil
without coated fertilizer was 17.2% and the one for soil
with TUD, GUD, or XUD SRFs was 20.3%, 19.8%,
and 22 %, respectively, (the mass ration of SRFs to soil
was 1:100). It was found that the largest water-holding
ratio of soil with XUD, TUD, or GUD SRFs was
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Fig. 5: Largest water-holding ratio for soil without coated
fertilizers and soil with TUD, GUD, or XUD SRFs at RT. (Data
were given as mean + SD (n = 3))

respectively 4.8%, 3.1%, and 2.6% higher than the one
of soil without any coated fertilizer. This showed that
all prepared SRFs had better absorbency in soil.
However, XUD SRFs indicated excellent water absor-
bency in soil compared to TUD and GUD SRFs, which
could obviously improve the water-holding capacity of
soil. Moreover, this means that during rainy season and
irrigation, XUD SRFs have adequate capacity to store
a certain amount of water which could be used for crop
growth during dry seasons for a prolonged time.

Slow release behavior of TUD, GUD, and XUD
SRFs in soil test results

One of the key properties of a slow release fertilizer is
to provide the plant nutrients by releasing nitrogen in
delayed manner. As shown in Fig. 6, for the urea
fertilizer granule without any treatment nitrogen,
release reached 99% after 5 days and 2 days later, it
was found that all nutrients were completely released.
TUD SREFs nitrogen release reached 78 % after 24 h, at
the 14th day the nitrogen release was 96% and again it
was found to be 98% after 28 days. This indicated that
almost all nitrogen amounts appeared to be completely
released after 14 days. For GUD SRFs, the nitrogen
release was 74% after 24 h and it reached 98% after
28 days. XUD SRFs presented slightly lower nitrogen
release capacity compared to TUD and GUD SREFs as
68% of nitrogen was released after 24 h and after
28 days the nitrogen release reached 92%. This indi-
cates that the slowest nitrogen release ability of XUD
SRFs is slightly more beneficial than TUD and GUD
SRFs. This may be because xanthan gum showed a
higher adhesion behavior compared to tamarind gum
and guar gum, which places it more closely to the core
and outer layer with enhanced polymer bonding
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Fig. 6: Nitrogen release behavior for TUD, GUD, and XUD
SRFs and urea fertilizer granule without coating materials
in soil at RT for 28 days. (Data were given as mean + SD
(n=3))

network. Therefore, as XUD SRF showed the best
water retention and nitrogen slow release properties
compared to TUD and GUD SRFs, it was selected to
be further coated with an additional layer by over-
wrapping a poly(methacrylic acid) (PMAA) layer to
XUD granule SRFs as the outermost shell in order to
enhance its properties. The obtained product (urea
fertilizer granule coated with xanthan, diatomite, and
PMAA) was named XUDM SRF. The XUDM SRFs
results for water retention capacity and nutrients slow
release behavior in soil are presented and discussed in
the following sections, as well as shown in Figs. 7 and 8§,
respectively.

XUD SRFs enhanced properties by applying
PMAA as outermost layer

Water retention behavior of XUDM SRFs
in soil test results

The presence of water in soil is essential for vegetation
growth. Liquid water ensures the feeding of plants with
nutritional elements, which increases the growth qual-
ity of plants.*® In this study, the water retention
capacity of XUDM SRFs in soil was studied and
determined as shown in Fig. 7. However, in compar-
ison to the water retained by the XUD SRFs, it can be
found that XUDM SRFs in soil retained slightly less
water. This could be explained simply as follows: first,
in the mixtures, each granule is surrounded by soil
particles and subjected to a confining pressure by these
particles.*® Second, the presence of ions in soil solution
makes the osmotic pressure difference between the
polymeric network of XUDM and the external solu-
tion decrease, resulting in the water absorbency of the
XUDM. Meanwhile, the penetration of cations (such
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Fig. 7: Water retention capacity for XUDM SRFs in soil and
soil without coated fertilizers at RT for 28 days. (Data were
given as mean + SD (n = 3))

as Na*, K*, Ca**, and Mg®") into the polymer network
of XUDM makes the screening effect of them on the
anionic groups —COO™) in the polymeric network
more evident,’”*® which also decreases the water
absorbency of the XUDM SRFs.

In Fig. 7, we can find that the water retention ability
of XUDM SRFs in soil is 12.3% higher than that of soil
without any slow release fertilizer after 28 days. The
soil water loss reached 49.4%, while XUDM water loss
reached 37.1% over a period of 28 days at RT. It was
noted that soil with coated fertilizer mixtures retained
more water than the control soil without coated
fertilizer. This showed that XUDM slow release
fertilizer had a beneficial water retention capacity in
soil which could effectively store rain water or irriga-
tion water resources to be supplied to a plant over a
long period of time during dry seasons.

Slow release behavior results for XUDM SRFs
in soil test results

In Fig. 8, it was found that the XUD SRFs without the
outermost layer of PMAA nitrogen release reached
68% after the first day of incubation, and 92% after
28 days. On the other hand, it was reported that the
plant needs only a small quantity of food during its
early stage of growth.® To overcome this problem,
PMAA was used to coat XUD SRFs as the outermost
layer by readying XUDM SRFs. As shown in Fig. 8,
XUDM SREFs exhibited a significant improved nutri-
ents slow release efficiency compared to XUD SREFs,
where at the first day only 43% of the nitrogen was
released, and after 28 days the nitrogen release was
79.5%. This indicated that XUDM SRFs had enough
ability to supply the plant nutrients gradually for a
prolonged period of time. The possible way to explain
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Fig. 8: Nitrogen release behavior for XUDM, XUD, SRFs
and urea fertilizer granule without coating materials in soil
at RT for 28 days. (Data were given as mean + SD (n = 3))

the slow release behavior of XUDM SRFs in this
study, is that diatomite was used as a matrix which has
a special surface area with many porous areas through
the lattice. When the water diffused into fertilizer
cores, part of nutrients would be adsorbed by
diatomite, which consequently slowed the release rate
of nutrients. The silica surface of diatoms is covered by
negatively charged reactive silanol (Si-OH) groups.
The silanol group is an active one which tends to react
with many polar organic compounds and various
functional groups,” causing minerals to absorb cation
molecules (NH4" from urea) to balance the charge
deficit, which consequently slowed the release rate of
nitrogen.'" This suggested that the application of
PMAA as the outermost layer enhanced the nutrients
slow release efficiency of XUD SRFs, which could be
beneficial to the plant growth and yield.

Conclusion

In summary, the new low cost and environmentally
friendly SRFs were developed by coating urea fertilizer
granules with various different biodegradable polysac-
charides such as tamarind gum, guar gum, and xanthan
gum, together with diatomite in the presence of
epichlorohydrin as crosslinker. The synthesized granule
SRFs were composed of a three-layer structure. Their
core was water soluble urea fertilizer granule, the inner
layer was polysaccharide, and the outer layer was
diatomite. The water absorbency result of the product
was 89% TUD, 93% GUD, and 142% XUD of its own
weight when it was allowed to swell in tap water at RT
for 2 h. Considering all experimentally obtained results,
it was observed that XUD SRFs presented more
beneficial water retention capacity and nitrogen slow
release efficiency compared to TUD and GUD SRFs.
Therefore, XUD SRFs nitrogen slow release efficiency

was improved by coating PMAA as the outermost layer
to prepare XUDM SRFs. The results showed that the
addition of XUDM SRFs in soil can contribute to the
improved nitrogen use efficiency along with enhanced
yield. Another important attribute of XUDM SREF is
that it has a better water retention capacity in, 12.3%
higher than the one of the soil without any slow release
fertilizer after a period of 28 days, which could obvi-
ously improve the water retention capacity of the soil.
Therefore, this approach showed a promise in the
utilization of abundant, low cost, and natural resource
such as diatomite and polysaccharides in the production
of the coating material, which could significantly reduce
the production cost and make the technique quite
environmentally friendly.

However, the rigorous literature revealed that when
urea is applied to the soil, it undergoes a series of
chemical, physical, and biological transformations to
produce nutrients available to plants;**’ moreover, its
nutrients release is affected by several factors such as
temperature, soil pH, cation exchange capacity (CEC),
organic matter, dose coverage, and fertilization loca-
tion,*"**> which could result in the nutrients loss of
fertilizers. Thus, the authors would like to suggest
taking into consideration the above discussed factors,
while preparing coated urea SRFs for further studies,
in order to enhance its nutrients slow release efficiency
and water retention capacity.
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