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ABSTRACT: In this work, we have proposed a new formulation of a
hybrid nanofertilizer (HNF) for slow and sustainable release of nutrients

into soil and water. Urea-modified hydroxyapatite was synthesized, which

is a rich source of nitrogen, calcium, and phosphate. Nanoparticles such  oue
as copper, iron, and zinc were incorporated into urea-modified
hydroxyapatite to increase the efficiency of the proposed fertilizer.
Different techniques including powder X-ray powder diffraction, Fourier-
transform infrared spectroscopy, and scanning electron microscopy were

used to get insight into the properties, morphology, and structure of the
as-prepared fertilizer. The developed HNF was used in a field experiment

on the ladies’ finger (Abelmoschus esculentus) plant. The slow release of

HNF was observed during leaching studies and confirmed the availability

of Ca®*, PO,>, NO>", NO*7, Cu*, Fe**, and Zn**. Furthermore, the
presence of Cu**, Fe’", and Zn®' nutrients in ladies’ finger was confirmed by the inductively coupled plasma-optical emission
spectrometry (ICP-OES) experiment. A considerable increase in the physicochemical properties such as swelling ratio and water
absorption and retention capacities of the proposed fertilizer was observed, which makes the fertilizer more attractive and beneficial
compared with the commercial fertilizer. The composition of the proposed HNF was functionally valuable for slow and sustainable
release of plant nutrients. The dose of prepared HNF applied was 50 mg/week, whereas the commercial fertilizer was applied at a
dose of S g/week to A. esculentus. The obtained results showed a significant increase of Cu**, Fe*", and Zn** nutrient uptake in A.
esculentus as a result of slow release from HNF.
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1. INTRODUCTION

A fertilizer is a key source of soil nutrients, which enhances the
plant growth and increases the productivity. Farmers have been
using commercial fertilizers extensively for the last 50 years,
which contain a balanced distribution of the three main
essential nutrients needed for optimum plant growth: nitrogen,
phosphorous, and potassium." The most commonly used
commercial fertilizers are single superphosphate (SSP), triple
superphosphate (TSP), urea, nitrogen—phosphorous—potassi-
um (NPK), monoammonium phosphate (MAP), and
diammonium phosphate (DAP), which supply the basic
plant nutrients such as nitrogen, potassium, and phosphorus.2
The application of these fertilizers results in huge economic
losses due to 40—70% of leaching-related problems, which
cause dramatic losses in the soil nutrients and decrease the
fertility of the soil.’ Furthermore, the use of large-scale
commercial fertilizers for a long period is not an appropriate
process to enhance the crop productivity because it causes
remarkable damage to the soil microbial flora, soil structure,
plants, and even to the ecosystem.” Excess use of fertilizers
causes environmental pollution as their residual and unused
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amounts become pollutants for air, water, and soil. On the
other hand, the application of fertilizers that show slow and
sustainable release of nutrients is thought to improve nutrient
utilization as reported in the literature.” Therefore, formulation
of a new fertilizer is needed to release nutrients slowly and
sustainably so that the soil and plants can take up nutrients
easily.

Nanotechnology is a promising strategy with enormous
potential to solve these agriculture-related problems like
decline in land quality, low crop productivity, nutrient
deficiency, leaching losses, etc.’ It has been reported that the
nanostructure of nanofertilizers provides a high surface area-to-
volume ratio that enables plants to take up nutrients slowly and
sustainably as needed.” ™' Besides, nanofertilizers have many
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benefits such as improving soil fertility, reducing nutrient loss,
increasing crop yield, lowering environmental pollution, and
giving a feasible environment for microorganisms.'' Many
researchers have formulated slow-release fertilizers by incor-
porating hydroxyapatite (HA) and urea to increase delivery of
nutrients to the plants.'”~"* In this background, we report here
a hybrid nanofertilizer (HNF) composition with some
extension, which is made by incorporating nanourea-modified
hydroxyapatite nanoparticles into copper, iron, and zinc
nanoparticles. A hydroxyapatite (Ca;o(PO,)s(OH),) nano-
particle is a continuous source of calcium and phosphate
micronutrients, and it is used in surface modification for the
formation of nanohybrids. According to the literature,
hydroxyapatite (HA) has many biomedical and agricultural
applications because of its excellent bioactivity and biocompat-
ibility.">~'® Urea is a water-soluble fertilizer that is extensively
used in agriculture as a source of nitrogen nutrients. In place of
urea alone, the combination of hydroxyapatite nanoparticles
with urea can perform dual roles, that is, the slow release of
phosphorus and nitrogen fertilizers. The literature revealed
that urea-modified hydroxyapatite nanoparticles with the
capability of slow and sustainable release increase the nitrogen
agronomic efficiency of plants and reduce the rate of
decomposition of urea in the soil.' Besides, there are different
types of micronutrients such as zinc, iron, and copper that are
essential for plant growth and each has its application in the
agricultural sector. In the agricultural and horticultural sectors,
the application of nanoparticles has a comprehensive role in
healthy plant growth. Among them, zinc is an essential
micronutrient that produces growth hormones and chlor-
oplast.”® Tron nanoparticles have a potential role in plants as a
fertilizer, as it can enhance photosynthesis efficiency and
nutrient absorption.”' > Copper nanoparticles play an
important role as an antibacterial and antimicrobial agent in
the formation of chlorophyll, enhancing porosity and taking
part in some enzyme processes.”

The present work aims to produce HNF for the slow and
sustainable release of micronutrients that can be made available
to soil and fruits. All experiments are performed on ladies’
finger plants for a comparative study of prepared fertilizers with
commercial fertilizers. It is shown that this proposed fertilizer
will eliminate the leaching problem of commercial fertilizers as
well as reduce the nutritional deficiencies of the plant and
provide nutrient-rich fruits, which will help in reducing the
nutritional deficiencies of human beings.

2. MATERIALS AND METHODS

2.1. Chemicals. All of the chemicals used in the study were
at their highest integrity. Calcium hydroxide (Ca(OH),) was
purchased from Xilong Scientific Co., Ltd., (China).
Orthophosphoric acid (H;PO,) and sodium hydroxide
(NaOH) were purchased from Sigma-Aldrich (China).
Trisodium citrate (Na;C¢H;O,) was obtained from Hangzhou
Dayangchem Co., Ltd. (China). Urea molecules (CO(NH,),)
and other chemicals including zinc chloride (ZnCl,), copper
chloride (CuCl,), and ferrous chloride (FeCl,) were purchased
from Zouping Zhijin New Material Technology Co., Ltd.
(China) and used without any further purification. During the
experimental period, ultrapure water (Evoqua Type-],
Germany; resistivity <18.2 M) was used for all of the
preparations and measurements.

2.2. Synthesis of Hydroxyapatite Nanoparticles.
Hydroxyapatite nanoparticles were synthesized using an
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aqueous solution of calcium hydroxide and orthophosphoric
acid. A suspension of Ca(OH), (19.29 g, 250 mL of distilled
water) was prepared and allowed to mix for 25 min. By
following the drop-cast method (10 mL/min), 250 mL of 0.6
M orthophosphoric acid solution was added from a buret to a
Ca(OH), suspension and allowed to stir under mechanical
agitation (1200 rpm) for 1 h.*® The chemical reaction that
takes place is as follows

6H,PO, + 10Ca(OH), — 10Ca(PO,)s(OH), + 18H,0

The resulting milky solution was refrigerated for 24 h to obtain
the precipitated hydroxyapatite nanoparticles.

2.3. Synthesis of Nanourea. Nanourea was prepared by
mixing urea molecules and trisodium citrate under optimum
conditions. First, 0.30 g of urea molecules was mixed with 0.86
g of trisodium citrate in a beaker. The mixture was then heated
gradually up to 90 °C for 1 h using a hot plate. Trisodium
citrate worked as a physiologically active substance or
nitrification inhibitor for nanourea production. After com-
pletion of the heating process, the color of the solution became
ash, indicating the presence of nanourea.'* Further, the
morphology of prepared nanourea was analyzed by scanning
electron microscopy (SEM).

2.4, Preparation of Nanourea-Modified Hydroxyapa-
tite Nanoparticles. The treated suspension of hydroxyapatite
nanoparticles (100 mL) was mixed with 0.05 g of synthesized
nanourea. The dispersion was prepared under ultrasound
sonication (30 kHz for 1 h). Moreover, the mixture was
allowed to settle, and the excess liquid was drained off. The
resulting mixture was further centrifuged and washed three
times with distilled water. Finally, nanourea-modified hydrox-
yapatite nanoparticles were dried at 100 °C for 2 h and finely
powdered with a hand mortar. The powder was characterized
using SEM, X-ray diffraction (XRD), and Fourier-transform
infrared spectroscopy (FTIR).

2.5. Synthesis of Cu, Fe, and Zn Nanoparticles. NaOH
(1.0 M) was dissolved in distilled water, and the solution was
stirred at 90 °C. A 0.5 M CuCl, solution was added dropwise
to the NaOH solution for 26 min. This time, the mixture was
stirred for 2 h at 90 °C and kept overnight to form a
precipitate. The suspension was then filtered and washed with
deionized water several times. After washing, the suspension
was dried at 70 °C to obtain Cu nanoparticles.”**’ Similarly,
Fe and Zn nanoparticles were synthesized by the chemical
precipitation method using FeCl, and ZnCl,, respectively.”®

2.6. Preparation of HNF. For the preparation of HNF, 3 g
of nanourea-modified hydroxyapatite nanoparticles was taken
in a beaker and Cu, Fe, and Zn nanoparticles (S g each) were
gently mixed together. The resulting HNF was stored in an
airtight container for further use.

2.7. Treatment of HNF on Abelmoschus esculentus
Plants. For the experiment, soil and various types of plants
were collected from a local tree nursery. A. esculentus was
treated to assure the acceptability of the prepared HNF.
Differential behavior was analyzed by applying 50 mg of
synthesized HNF, and S5 g of commercial fertilizer was
separately applied to A. esculentus plants.

2.8. Characterization of HNF. FTIR spectroscopy was
utilized to identify the presence a functional group in the HNF.
To investigate the structural behavior and the formation of the
HNF, an XRD study was performed. SEM images were taken
to observe the surface morphology and calculate the size of
different nanoparticles. The physical properties including pH
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Figure 1. XRD pattern (a) and FTIR spectra (b) of the nanourea-modified HA nanoparticles.

and total dissolved solids (TDS) were measured using a
conductivity meter (digital multiparameter tester kit, AI316-
PC60).

2.9. Swelling Ratio and Equilibrium Water Content
(EWC). The swelling ratio (SR) is expressed as the raised
weight of the sample due to water soaking. In this study, 0.30 g
of HNF was dipped in a beaker and treated with 60 mL of
distilled water. Then, the sample was swelled for 24 h at
ambient temperature and pressure. Finally, the treated wet
sample was filtered and the weight of the existing yields was
measured.””

The SR and equilibrium water content (EWC) of the
fertilizer can be determined by

GR=S5" M

W

(1)

—w
—— X 100%
w, 2)

w,
EWC = =

where w; is the wet weight of the HNF and wy is the dry weight
of the HNF.

2.10. Water Absorption Capacity (WAC) Analysis.
Water absorption capacity (WAC) is the percentage of water
that a plant can absorb the maximum amount of moisture for a
certain period. To calculate the water absorption capacity, 0.3
g of the sample (w,) and two weighed beakers (w,) were kept
in a desiccator in a wet environment for 5 days. After 5 days,
the sample (w;) with the beakers was reweighed and kept in a
desiccator, and WAC was then calculated. The water
absorption capacitg of the HNF was determined using the
following equation™

—w,
— X 100%
wi

w3
WAC = 3)
3

where w is the weight of HNF, w, is the weight of the beakers,
and wj is the weight of moist beakers with HNF after 5 days.

2.11. Water Retention Capacity Analysis. The water
retention capacity (WRC) measures how much water a soil
can hold for a while. First, the weight of a cup was measured
through which water can seep. For the blank soil test, 50 g of
soil and 0.5 g of HNF was mixed with distilled water in the
cup. WRC was calculated using eq 4.°' The procedure
continued for the next several days.

W,
WRC = —= X 100%
w;

(4)

where w; is the weight of HNF and soil after soaking with
water and w, is the weight of HNF and soil after soaking with
water after a 24 h interval.
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2.12. Slow-Release Studies. Slow-release studies were
performed for HNF to determine the leaching pattern of
nutrients. For slow-release studies of tap water, 50 mg of the
prepared HNF was mixed with 250 mL of normal tap water.
Then, 100 mL water sample was collected from the mixture at
the intervals of 1, 7, and 14 days, respectively. For soil tests, the
collected soil was sieved and mixed with 50 mg of the prepared
HNE. Further, 200 mL of tap water was added to the soil
mixed with HNF. Water was added in such a way that the soil
should be saturated with water. Then, the released water from
the soil was collected to be analyzed. The nutrient release
patterns of the sample were analyzed after 1, 7, and 14 days,
respectively. Then, the measured values were compared with
nutrient release patterns of the untreated soil.

2.13. A. esculentus Digestion. The real field experiments
were carried out in a farming field using the control (no
treatment) and the commercial fertilizer containing soluble
micronutrients for comparison. Experiments were carried out
at the Jashore district, Bangladesh, during the months of
August to November, 2019. The temperature was about 30 °C
in the day time, and the field trials were carried out following
the randomized complete block design with an area of 15 m”.
All of the trials were carried out in triplicate. The cultivated A.
esculentus was separated, washed with deionized water, and
dried under sunlight for a certain period. Then, the sample was
dried in a horizontal drying oven at 60 °C for 14 h and
weighed. After that, 1.5 g of the dried sample was added to 10
mL of nitric acid and heated at 95 °C. After heating, when the
sample became 2 mL, it was cooled and 2 mL of hydrogen
peroxide was added to the sample. The sample was diluted to a
50 mL solution, filtered, and stored in a refrigerator at 4 °C for
further analysis. Isotope quantification such as that of copper,
zing, iron, and other nutrients in A. esculentus was carried out
by inductively coupled plasma-optical emission spectrometry
(ICP-OES) measurements.

3. RESULTS AND DISCUSSION

3.1. Characterization of HNF. The powder X-ray
diffraction (XRD) pattern of the nanourea-modified HA
nanoparticles is shown in Figure la. XRD was performed to
determine the crystalline nature of the nanourea-modified HA
nanoparticles. From the XRD graph, the peaks observed at 20
values of 25.9, 32.04, 32.98, and 34° are corresponding to the
reflection plane structure of the crystalline HA nanoparticles.*”
The XRD pattern of pure urea showed lower-intensity peaks at
23, 25, 32, 36, and 37°. Due to the strong interactions of urea
with the HA nanoparticles, the intensity of the peak at the 26
value of 22.1° corresponds to the significant breakdown of the
crystalline structure of urea.”” The findings suggest that
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Figure 2. SEM micrographs of synthesized (a) nanourea and (b) nanourea-modified HA nanoparticles.

prominent bonding modes are metal—ligand interactions
between N atoms in urea and Ca atoms in HA nanoparticles.

FTIR absorption spectrum of the synthesized urea-modified
HA nanoparticles is shown in Figure 1b. The P—O stretching
of PO,*” ions in hydroxyapatite was represented as a sharp
intensity peak with the wavenumber value of 1050 cm™". After
the modification process, the N—H bending motion of urea
shifted from 1593 to 1614 cm™'. This shift indicates the
presence of free N—H bonds in the urea-modified HA
nanoparticles. The carbonyl stretching vibration is observed
at 1657 cm™" in urea-modified HA nanoparticles. This is
attributed to affecting the C=0O group assigned to the N—H
hydrogen bonding of HA. It is worth mentioning that the N—
C—N stretching vibration peak of urea shifted to a lower
intensity of 472 cm™' in the urea-modified HA nanoparticles.

SEM analysis was conducted to get insight into the
morphologies of the synthesized nanourea and nanourea-
modified HA nanoparticles, which are presented in Figure 2a,b.
According to the analysis, nanourea particles were of different
sizes and possessed a fiberlike structure (Figure 2a). The
average size of nanourea particles was calculated to be 39.76
nm. However, the average size of the urea-modified HA
nanoparticles was calculated to be 38.21 nm (Figure 2b).

3.2. Physical Parameter Test. 3.2.1. Swelling Ratio,
Water Absorption Capacity, and Equilibrium Water
Content. After analyzing the sample, the weight of the HNF
was observed to be increased. The SR and EWC of the HNF
were calculated to be 2.784 and 74%, respectively, by following
eqs 1 and 2 with respect to the used quantity of the prepared
sample. These values show that the water content and the
released nutrients remain constant and that the nutrients were
delivered slowly and efficiently. The water absorption capacity
of the HNF was calculated to be 80%, which is an excellent
capacity. This results in increasing the long-term water holding
capacity of the plant and crop nutrients, which is a beneficial
characteristic of the proposed fertilizer. HNF has high porosity
due to which it can hold water and nutrients for a longer
time.**

3.2.2. Water Retention Capacity. A comparative study on
WRC of the HNF-mixed soil and soil without HNF is
graphically illustrated in Figure 3. WRCs of the soil without
HNF were calculated to be 82, 69, and 51.3% on 5th, 10th, and
15th days, respectively. However, in the case of HNF, the
water retention capacities of the soil for the same reference
days were calculated to be 97, 75.6, and 57.8%, respectively.
This study shows that HNF has higher water accessibility and

100 1

-=-Soil
90 -4-Soil + HNF
T 801
°;‘ 70 -
60 A
50 :
5 10 15
No. of Days

Figure 3. WRC of soil without (blue line) and with (orange line)
HNF.

availability to the soil, which makes this fertilizer an effective
alternative for enhancing plant health.

3.2.3. pH, Conductivity, and Total Dissolved Solids (TDSs).
The pH level of the soil indicates its acidic level, which is
necessary to be considered because different plants require
different pH levels for proper growth. If the pH level of the
composite is not maintained, it can negatively affect the plant’s
growth. It was noted that the pH level decreased after
incorporating the nanoparticles into the urea-modified HA
nanoparticles. However, when water was treated with the
prepared HNF, the conductivity significantly increased. The
total dissolved solids (TDSs) in the tap water without and with
the addition of HNF were measured to be 400 and 800 mg/L,
respectively, and TDSs in the soil without and with the
addition of the HNF were 800 and 1200 mg/L, respectively.
The conductivity measurement was also carried out for water
and soil with and without HNF addition. The results are
summarized in Table 1.

3.3. Nutrient Release Studies. The release study is
related to analyses of nutrient release patterns of the
synthesized HNF. The studies were performed on both
normal tap water and soil water. After incorporating the
fertilizer, the nutrient release data were collected daily and
compared with tap water and fertilizer-free soil water. For
selecting a suitable fertilizer for plants, we found this analysis to
be an efficient approach. The results obtained by this
investigation show the exact release of specific nutrients
present in the HNF. Further, the concentration of the release
pattern was investigated by measuring the release percentage in
the following period.

Release studies were performed for 14 days in pre-analyzed
soil, which show that the release of Cu®* nutrients increases
with a sequential increase in time interval as can be seen in
Figure 4. Initially, the release percentage of both Fe?" and Zn?*
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Table 1. Physicochemical Properties of Soil and Water with and without HNF

soil with HNF water with HNF
parameter blank soil tap water 1 day 7 days 14 days 1 day 7 days 14 days
pH 8.0 7.8 7.9 7.8 7.7 7.6 7.6 7.5
conductivity (¢S/cm) 905 732 1050 1127 1187 960 1015 1090
TDS Ong/L) 800 400 1200 1400 1600 800 1000 1200
S 05, Cu2* s 18 Fe2+ < 0061 o
5] 04 B 14 g oo0s
8 o3 8 8
3 3 1 g 004
w 02 - -
c c c
3 o 3 o6 3 o003
£ £ £
< 0 ] < 0.2 < 0.02 + T T ]
1 7 14 1 7 14 1 7 14
No. of days No. of days No. of days
Figure 4. HNF release (percentage) pattern for nutrients (Cu®*, Fe?*, and Zn?*) in the soil for 14 day studies.
0.32 -
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Figure 5. HNF release (percentage) pattern for nutrients (Cu®*, Fe?*, and Zn>") in water for 14 days.
nutrients increases with time slightly, but after 7 days, it g™ ca I S
increases more rapidly. FRL Fl
In the case of tap water, the 14 day release studies show the 8 150 g ¢ S0l
. . . . s Soil 3
same result as in soil. The release of Cu>" nutrients increases 2 f °! 2 + Water
X . o 24 . 5 130 +Water £
gradually with time, but for Fe*" and Zn™* nutrients, the € 3
. . . 3 10 £ - o
percentage of release rapidly increases after 7 days as shown in e D g -
. 0 +
Figure 5. < o . ” p 7 1
The obtained result shows that the increase of nutrients such No. of days No.of days
as calcium, phosphate, nitrite, and nitrate for the initial day is , , .
. . NO2 -
quite normal due to the porous structure of nanourea-modified g © T a0 NO
. . . . . = 08 ~
hydroxyapatite nanoparticles and nutrient hloldmg. capacity. 3 A 3 .
The 7 day release pattern shows the continuity of increasing 3 °° -+ Soil g 205 ~+Soil
nutrients with time as can be seen in Figure 6. This gradually £ o + Water £ - Water
. . . . H € 105
increases the nutrients, which are greater than those in normal g o2 3
tap water and fertilizer-free soil water. The 14 day analysis < e I S S
showed the same trend of a continual supply of nutrients to 1 7 14 1 7 1
plants as observed in the previous studies. These studies ensure No. of days No. of days

the long-term accessibility of nutrients to the plants, which
enhances the healthy growth of plants that is lacking in the
traditional fertilizer. The HNF provides abundant nutrients
that help plants for early flowering and fruiting. Moreover, the
use of HNF is more beneficial than the use of the traditional
fertilizer.

3.4. Availability of Nutrients in Fruit. The nutritional
food quality in the grain is improved by micronutrients, which
are needed in small amounts. Micronutrients mainly include
copper, zinc, iron, cobalt, nickel, chlorine, boron, and
manganese. HNF possesses three key micronutrients, that is,
copper, iron, and zing, in a single compound, whereas the other
tertilizers provide individual micronutrients. This single
tertilizer provides a slow release of major micronutrients,
which is more beneficial to the plants. Here, slow-release
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Figure 6. Nanourea-modified hydroxyapatite nanoparticles’ release
(percentage) pattern for nutrients (Ca**, PO,*~, NO*~, NO*") in the
soil and water for 14 days.

applications of these micronutrients were performed on A.
esculentus. A great increase in total uptake of copper, iron, zinc,
and other nutrients was observed in the fruit by following the
application of HNF, as presented in Table 2.

The increased nutrient uptake efficiency of A. esculentus at a
dose of 50 mg/week of HNF is statistically significant. The
proposed nanofertilizer increases the uptake ratio of nutrients
in both soil and water (Figures 4 and S) for which a small
dosage of HNF was effective for the plant. It also saves
fertilizer resources and reduces the expenditure on fertilizers.
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Table 2. Nutrient Uptake by Plant A. esculentus in ppm

A. esculentus

parameters commercial fertilizer HNF
As —0.2789 —0.3688
Cu 0.0203 0.3269
Fe 1.1639 3.3319
Pb —0.0224 0.2331
Cd 0.0908 0.1671
Zn 0.0091 1.3335
Na 26.2776 15.5195
Mg 48.1892 44.5961
K 9.1269 14.8050
Ca 14.6292 14.9706
Ni 0.0340 0.1215
Se —0.0922 —0.1148

Nutrients appeared to have stabilized at this dosage. Increases
in Pb, Cd, K, Ca, Ni, and Se nutrient uptake were observed at
that dosage of the slow-release fertilizer.

The HNF fertilizer has a particle size less than the pore size
of leaves as well as roots of the A. esculentus plant, which can
rise percolation into the plant from the soil and enhance the
uptake efliciency of nutrients in the fruit. Plant fertilized with
HNEF presented the highest Cu, Fe, and Zn contents in fruits,
but a comparatively small amount of these contents was found
in the fruit fertilized with the commercial fertilizer, as
graphically presented in Figure 7. The percentages of Cu, Fe,
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Figure 7. Total uptake of Cu, Fe, and Zn nutrients by A. esculentus.

and Zn nutrients in the commercial fertilizer are 0.0203,
1.1639, and 0.0091, respectively, whereas in HNF, these values
are significantly increased to 0.3269, 3.3319, and 1.33,
respectively. Moreover, HNF helps to produce nutrient-rich
fruits that compensate for the deficiency of these nutrients in
the human body.

4. CONCLUSIONS

We have successfully synthesized HNF that is functionally
valuable for the slow and sustained release of urea and
nutrients into the soil. Our result suggests that HNF has
potential for a slow release of Ca®*, PO,*>~, NO*7, NO*", Cu™,
Fe?*, and Zn** nutrients. This nanofertilizer was applied on A.
esculentus and showed maximum nutrient use efficiency and
higher yields. It was noticed that HNF increases Cu®', Fe®”,
and Zn** nutrient uptake efficiency more than the commercial
tertilizer within a few days. The slow-release study of HNF was
conducted for up to 14 days. This work concluded that HNF
has great advantages as a fertilizer including the slow and

sustainable nutrient release, low dosing (50 mg/week), low
cost, nutrient-rich fruits, and negligible land contamination.
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