
INTRODUCTION

The rapid growth of human population demands for incre-
asing the agricultural resources throughout the world. The begin-
ning of Green revolution during 1970′s solved the problem of
hunger in many developing countries [1]. According to the
World Food Organization (FAO), usage of chemical fertilizers
is the most important factor in increasing global agricultural
production in past three decades [2]. The main reason to use
fertilizers is to give full fledged macro and micro nutrients for
plants, which usually soil lacks. Around 35 to 40% of crop produ-
ctivity depends mainly upon fertilizers. The elements N, P, K
are considered to be essential macronutrient fertilizers, as N
promotes leaf growth, forms proteins and chlorophyll, phosphorus
contributes to root, flower and fruit development, potassium
contributes to stem, root growth and also synthesis of protein
[1,2]. Total global macronutrient fertilizers (N+P2O5+K2O)
consumption was 175.7 million tons in 2011 and was projected
to increase to 263 million tons till 2050 [3]. It was estimated
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that nitrogen fertilizer has contributed roughly 40% increase
in percapita food production in the past 50 years indicating the
critical role of these macronutrient fertilizers in global food
production [4]. Generally nitrogen is supplied in the form of
urea to fulfill the macronutrient availability to plants. Due to
high solubility of nitrogen fertilizers and their potential vulner-
ability to leaching and denitrification [5] (especially in the form
of nitrates), it is estimated that 40- 70% is lost to environment
and cannot be absorbed by plants [6,7].

Next to nitrogen, phosphorus accounts for 80 to 90% of
world demand [8]. It is supplied in the form of mono ammo-
nium phosphate (MAP, NH3H2PO4), diammonium phosphate
(DAP, (NH3)2HPO4), triple super phosphate (TSP,  Ca(H2(PO4)2).
These Phosphorus fertilizers are highly soluble in water and
easily transported through surface runoff causing eutrophi-
cation. It is estimated that 80-90% of phosphorus applied, are
lost causing environmental pollution. In addition, heavy usage
of these fertilizers results in significant loss, where by these
fertilizers contaminate the surface and groundwater bodies
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disturbing aquatic ecosystem and human health [8]. Therefore,
it is of great concern to develop environmental friendly, high
productive macronutrient (N+P) nanofertilizers [9] in place
of the conventional urea and phosphorus fertilizers.

Application of nanotechnology in the field of agriculture
and food sectors is in the stage of emergence, when compared
to its usage in medicinal and material sciences [10-12]. Admini-
stration of macronutrients in the form of nanofertilizers, polymer
coated fertilizers, nano-coated fertilizers will reduce the rate
of dissolution of nutrients and allow slow, sustainable release
of fertilizers, and assumed to be more efficiently absorbed by
plant root system [5]. Phosphate in the form of phosphate rock
and apatite has less solubility but accessibility of phosphorus
from reaching the root zone and nurturing of the crop is hindered
due to its larger particle size [13]. To minimize this problem,
a new class of phosphorus fertilizer nano-hydroxyapatite was
synthesized and reported earlier to enhance the growth and
yield of soya beans through greenhouse study [14]. This nano-
hydroxyapatite has the property of low solubility and long-term
availability to plant system, which is due to increased surface
to volume ratio of nanoparticles. Thus nano-hydroxyapatite acts
as a good source of phosphorus in enhancing the agronomic
yield and also reduces the risk of eutrophication.

Few attempts were made earlier to reduce the leaching of
nitrogen into soil and to enhance the nutrient utilization effici-
ency by synthesis of urea hydroxyapatite nanohybrid. It was
reported that the synthesis of nanohybrid of urea hydroxy-
apatite at weight percentage ratio of 1:1 that was incorporated
into wooden chips and confirmed to achieve slow release of urea
[15]. Though nanohybrid of urea hydroxyapatite synthesized
by flash drying process, which is relatively cumbersome [16].

In the present study, a sincere attempt is made to synthesize
the nanohybrids of urea hydroxyapatite through a simple,
versatile and economical route of wet chemical co-precipitation
method. Chemical precipitation of nano-sized fertilizers from
salt solution is a simplest technique for rapid synthesis of large
amount of material in a controlled manner [17]. This synthesis
needs qualified and controlled parameters such as pH, compo-
sition of starting material, rate of addition, stirring speed, stirring
technique and aging to obtain nanohybrids of urea hydroxy-
apatite. Urea hydroxyapatite nanohybrids are generally employed
in agriculture because of high nutrient utilization efficiency,
slow release of nitrogen and source of phosphorous macronu-
trients. Apart from that it is also useful to minimize adverse
effects on environment.

Synthesized urea hydroxyapatite nanocomposites are
characterized by XRD, SEM, EDX, particle size analyzer (DLS),
FT-IR to confirm size of the crystallite, morphology, elemental
composition and the functional groups of the sample. Therefore,
the confirmed nanohybrid of urea hydroxyapatite are used to
study the germination, growth and yield of cluster beans plants
and to investigate the effect of bioavailability of nitrogen and phos-
phorus over conventional urea and diammonium phosphate (DAP).

EXPERIMENTAL

Synthesis of nanohybrid of urea hydroxyapatite: All the
glassware used for the synthesis of nanoparticles were washed

thoroughly with deionized water and dried in hot air oven
before their use. Nanohybrid of urea hydroxyapatite sample
was prepared by chemical coprecipitation method [16,18]. A
definite amount of phosphoric acid (A.R. grade 99%, Finar)
was dissolved in deionized water to form 0.6 M solution. A
definite amount of calcium hydroxide (A.R. grade 96%, Finar)
was also dissolved in deionized water to form 1M solution. To
Ca(OH)2 solution 150 g of urea (A.R. grade, Finar) was added.
Then the solution was kept for constant stirring (exothermic
reaction in nature). Now, 0.6 M H3PO4 solution was added drop-
wise to Ca(OH)2 solution with constant stirring. After the
completion of H3PO4 solution addition, the mixture was kept
for constant stirring for 6 h at ambient temperature, a white
curdy precipitate was obtained. It was kept for aging for 24 h.
Thus, obtained product was filtrated using vacuum suction
and washed several times to remove impurities. The product
was dried in hot air oven at 90 ºC for 3 h. Finally, obtained
product was grinded properly using agate motor pestle and
stored for further studies.

Soil sampling: To study the germination and growth of
cluster beans, soil sample (top soil of 8 inches depth) was colle-
cted from Vignana Bharathi Institute of Technology campus
and analyzed. The physico-chemical characteristic parameters
of soil [19] are shown in Table-1.

TABLE-1 
COMPOSITION OF MACRONUTRIENTS IN THE TEST SOIL 

Soil type pH N 
(Kg/Acre) 

P 
(Kg/Acre) 

K 
(Kg/Acre) 

Red loamy soil 6.98 190.66 62 50.84 

 
Seeds: Seeds of cluster beans were purchased from Indosun

Agri Genetics, Hyderabad, India. The seeds were treated with
5% sodium hypochlorite solution for 10 min [20]. Then, washed
with deionized water for 3-4 times to ensure surface sterility
before sowing them in the soil.

Preparation of fertilizing solution: All the fertilizing
solutions (urea hydroxyapatite (UHA), urea, diammonium phos-
phate) were prepared using deionized water with concentration
of 20 ppm and ultrasonicated (ultrasonic cleaner model: BTI-
48, 50 watts) for 30 min for uniform dispersion.

Pot studies: Germination and growth of cluster beans were
conducted in four different batches, where each batch has three
replicates (4×3=12 pots). Pots used for the study are of 12cm
height (medium size). Each batch was supplied with 4 different
solutions and the details are shown in Table-2.

TABLE-2 
TREATMENT OF FERTILIZING SOLUTIONS PER BATCH 

Batch Pot labelling Type of fertilizing solution applied 
1 Urea hydroxyapatite 20 ppm of nano UHA solution 
2 Conventional phosphorus 20 ppm of DAP solution 
3 Conventional urea 20 ppm of urea solution 
4 Control Only deionized water 

 
All the fertilizing solutions were used to assess the nitrogen

and phosphorous uptake and also yield of cluster bean pods.
Now six equal sized seeds of cluster beans per pot (6×12=72
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seeds) were selected and soaked overnight separately in above
prepared fertilizing solution. The soaked seeds are then sown
into respective pots labeled as urea hydroxyapatite, Conv.P,
Conv.Urea and control at a depth of 1.5 cm and covered with
thin layer of soil in the first week of February 2019. Fertilizing
solution was supplied for every 5 days to each batch. Besides,
deionized water was supplied when needed, to ensure that only
the nutrients present in soil and such supplied nutrients are
available for the plant growth and yield.

Plant growth: The shoot length of the plants was measured
for every 5 days. After 50 days, i.e. last week of March 2019
three plants per pot were removed to measure the root length.
Thus removed plants were washed with deionized water for
3-4 times to remove soil and air dried to find fresh plant weight.
After weighing the plants, they were dried at 70 ºC for 10 h to
calculate dry weight.

Plant yield: The left over plants in each pot were allowed
to grow further. The tiny cluster beans appeared in the second
week of April 2019 and were harvested after a week. The fresh
and dry weight of pods was calculated. The dry weight was
obtained after drying at 80 ºC for 2 days in hot air oven.

RESULTS AND DISCUSSION

PXRD analysis: The sample was characterized by using
xperto pro PHILIPS Powder X-ray Diffractometer with CuKα
radiation = 1.5418 Å and 2θ ranging from 10-70º at 40 kV, 30
mA. The PXRD (Fig. 1a) peaks of UHA sample at 2θ values
21.95º, 25.61º, 29.03º, 31.64º, 39.79º, 46.54º, 49.37º, 52.95º,
which have shown good concurrence with PXRD pattern of
urea (JCPDS-89-2835) and hydroxyapatite (JCPDS-09-0432)
[15].

Presence of XRD peak at 2θ value of 31.64º with plane
of 211 corresponds to hydroxyapatite. In addition, another major
peak at 21.95º with plane 110 indicates that the presence of
urea. Reduction in the intensity of 21.95º peak in urea hydroxy-
apatite shows that such formed compound is amorphous due
to the interaction between urea and hydroxyapatite. The average
crystallite size was determined by Debye-Scherrer equation
D=Kλ/(βcos θ) which was found to be 20 nm.

Morphology studies: The SEM micrograph of nanohybrids
of urea hydroxyapatite recorded from Zeiss EVO [18]. The nano-
particles have shown strong agglomeration due to presence of
hydroxyl group (Fig. 2). The particle size was found to be 1 µm
and observed to be dispersed randomly.

In
te

ns
ity

 (
a

.u
.)

0  10 20 30 40 50 60 70

2  (°)θ

(a)

(b)

(c)

Fig. 1. PXRD pattern of (a) urea hydroxyapatite nanoparticles, (b) urea,  and
(c) hydroxyapatite

The EDAX spectrum of nanohybrids of urea hydroxyapatite
(Fig. 3) also confirmed the co-existence of urea and hydroxy-
apatite. The spectrum (Table-3) showed good intensity peak
of N, C, O, Ca and P.

TABLE-3 
ELEMENTAL COMPOSITION OF UREA HYDROXYAPATITE 

Compound N (%) C (%) O (%) Ca (%) P (%) 

Nano UHA 38.51 21.31 24.63 4.1 11.44 

 
Particle size analyzer (DLS): Particle size of nanoferti-

lizer urea hydroxyapatite was also analyzed with the help of
Horiba SZ 100 particle size analyzer-Dynamic Light Scattering
(DLS). The mean particle size of urea hydroxyapatite which
was experimentally obtained to be 41.2 nm and interpreted to
show the most probable polydispersity (Fig. 4).

FTIR analysis: The FT-IR spectrum of urea hydroxy-
apatite was recorded using JASCO IR-5300 spectrometer in
the form of KBr pellets covering the wave number range 4000-
400 cm-1. The synthesized nano-urea hydroxyapatite was anal-
yzed and confirmed by FT-IR spectrum (Fig. 5a-b). The bands
obtained at 567 and 602.5 cm-1 correspond to the anti-symmetric

Fig. 2. SEM images of urea hydroxyapatite at (a) 2 µm, (b) 1 µm, (c) 20 µm
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Fig. 3. EDX images of urea hydroxyapatite
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Fig. 4. DLS image of urea hydroxyapatite

bending of phosphate moiety in urea hydroxyapatite [17].
Similarly, the bands appeared at 1038.15 and 960 cm-1 are
correlated to anti-symmetric and symmetric mode of stretching
vibrations of P-O of PO4

3-, respectively [21]. A broad band

centered at 3368.3 cm-1 is attributed to OH group indicating the
presence of water in the lattice of urea hydroxyapatite [22]. In
addition, the CO and CO-NH wagging of pure urea is appeared
at 793.12 cm-1, which was shifted to 785.41 cm-1 in urea hydroxy-
apatite. A band at 1003 cm-1 representing the N-C-N symmetric
stretching vibration in urea was shifted to 960.55 cm-1 in urea
hydroxyapatite. A noticeable peak at 1466 cm-1 indicating the
asymmetric stretching vibrations of N-C-N in urea which was
shifted to lower wave number of 1454 cm-1 in urea hydroxyapatite.
A band at 1151 cm-1 resembling to the rocking of NH2 in urea
was shifted to 1107 cm-1 in urea hydroxyapatite. The C=O stret-
ching frequency of pure urea at 1672 cm-1 was changed to
1621 cm-1 in urea hydroxyapatite confirmed presence of the
carbonyl group [23]. Thus FT-IR data reveals that urea was
adsorbed randomly with hydroxyapatite through various binding
sites.

Plant growth analysis: The synthesized nanofertilizer
was used as a good source of nitrogen and phosphorous for the
growth of cluster beans in present pot studies. The batch of
nano-urea hydroxyapatite has shown good results in comp-
arison with conventional urea, conventional phosphorus and
control. Average shoot length of all batches was calculated
for every 5 days. On 50th day after germination, urea hydroxy-
apatite treated plants have shown maximum shoot length of
15.5 cm when compared to plants treated with urea (11.4 cm)
and diammonium phosphate (14.1 cm) (Fig. 6). Though diamm-
onium phosphate treated plants have shown comparatively less
growth than urea treated plants in first 25 days later it shooted
up. The deionized water treated plants (control) have also
shown considerable growth due to available nutrients in soil.

After 50 days of time period some plants from each batch
were removed to calculate root length, plant fresh and dry mass.
The average root length (Fig. 7 ) was found to be 8.2, 6.2, 6.4
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Fig. 7. Plot of root length under different fertilising solutions and control

and 5.1 cm for urea hydroxyapatite, conventional urea, conven-
tional phosphorus and control, respectively. This indicates
relatively good growth in tap root system of urea hydroxyapatite
treated plants when compared to others.

The plant fresh weight (Fig. 8a) was found to be 1.71, 1.30,
1.35 and 0.26 g for urea hydroxyapatite, conventional urea,
conventional phosphorus and control, respectively. The dry
weight of plants (Fig. 8b) was also found to be greater for urea
hydroxyapatite treated plants than others.

The first harvest of cluster beans of all batches was recorded
and shown in Table-4.

TABLE-4 
REPRESENTING THE PLANT YIELD 

Batch 
Pods fresh  
weight (g) 

Pods dry  
weight (g) 

Urea hydroxyapatite 82 48 
Conventional phosphorus 64 39 
Conventional urea 61 37 
Control 50 26 

 
By all these observations and from Fig. 9a-f, it was clear

that urea hydroxyapatite treated plants have shown good nutrient
utilization with respect to good growth of tap root system,
shoot length, fresh weight, dry weight and yield. Thus, it was
found that nanofertilizer urea hydroxyapatite can act as a good
chemical fertilizer. Though cluster bean plant belongs to
leguminaceace family that can fix nitrogen symbiotically, the
results suggests the clear essentiality of N and P for their growth
and yield.

Microscopic analysis: The transverse section of urea
hydroxyapatite treated plant root (Fig. 10) when observed under
compound microscope, it is clearly shown the layers of root
cortex, endoderm, primary xylem and primary phloem (vascular
bundles). The experimental facts further reveal the biocompati-
bility of nanofertilizer urea hydroxyapatite on cluster bean plants.

Conclusion

A simple and novel chemical co-precipitation method was
reported for the successful synthesis of nano-urea hydroxyapatite,
slow release fertilizer composite. The XRD study confirmed
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Fig. 10. Transverse section of urea hydroxyapatite root under compound
microscope

the crystallite size as 20 nm. DLS also confirmed the particle
size of urea hydroxyapatite. The SEM images showed that the
particles are aggregated to form agglomerates. The EDX confir-
med the existence of C, N, O, Ca, P stating the successful
formation of urea hydroxyapatite. The pot studies of cluster
bean plants over a period of four months showed that the appli-
cation of urea hydroxyapatite, as a good nutrient source of
nitrogen and phosphorous which has enhanced the growth rate
(shoot and root length), plant biomass (fresh and dry weight)
and also plant yield over that of conventional urea and diamm-
onium phosphate. Microscopic studies of root of urea hydroxy-
apatite confirmed that there was no alteration in internal cell
structure of the root, which further confirmed no negative impact
on plant internal structure.
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