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ABSTRACT

Aims: Synthesis and characterization of carbon-based nitrogen fertilizer and assess the nitrogen
releasing pattern of newly synthesized N fertilizer.

Study Design: The experiment was laid out in Completely Randomized Design (CRD) with seven
treatments in three replications.

Place and Duration of Study: The incubation study was conducted in the Soils and Environment
post-graduate laboratory at Agriculture College and Research Institute, Tamil Nadu Agricultural
University, Madurai, India from February 2022 to April 2022.

Methodology: Seven treatments were tested with various combinations of N fertilizers viz.,
Absolute control-No nitrogen (C), Soil test crop response-based N as urea (STCR- U), Soil test
crop response-based N as ammonium chloride (STCR-AC), Carbon-tailored N fertilizer from urea
(100% N) (CNF-U100), Carbon-tailored N fertilizer from urea (75% N) (CNF-U75), Carbon-tailored
N fertilizer from ammonium chloride (100% N) (CNF-AC100) and Carbon-tailored N fertilizer from
ammonium chloride (75% N) (CNF-AC75). The characterization of carbon-tailored N fertilizers and
their impact on soil available N were analyzed.

*Corresponding author: E-mail: roshanfirnass10@gmail.com;
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AC (110.0 mg kg'l) fertilizers.

Results: When compared to STCR urea and ammonium chloride, carbon-tailored N fertilizers
generated a greater result in terms of sustained release pattern of nitrogen over 10 weeks. Among
the N fertilizers, carbon-tailored N fertilizer from urea 75% N (CNF-U75) demonstrated the
sustained release of N (104.0 mg kg'l), when compared to the STCR-U (108.9 mg kg'l) and STCR-

Conclusion: A novel carbon-based N fertilizer was tailored by intercalating urea and ammonium
chloride with carbon material. The N releasing pattern of CNF-U75 implied that carbon-based N
fertilizer is a novel product for sustained N release with higher nitrogen utilization efficiency and
lower environmental risks. This study result could be used as a beneficial source of information on
the current needs and future perspectives of carbon-based N fertilizer (CNF) in precision farming.

Keywords: Carbon material; N fertilizer; carbon-tailored N fertilizers.

1. INTRODUCTION

Nitrogen (N) is often the limiting element for crop
growth [1]. However, excessive N fertilizer
applications can harm the soil and accelerate
nitrate leaching, ammonia volatilization, and
nitrous oxide emissions, resulting in low nitrogen
use efficiency, high economic costs, and
environmental pollution [2,3]. Agricultural N loss
threatens climate change, human health, the
ecosystem, and global sustainability [4].
Inorganic nitrogen (N) fertilizer is a major source
of pollution for water and the environment

[5].

Many researchers around the world have
realized the importance of this issue and studied
various agricultural measures, such as fertilizer
management practices [6], controlled-release
fertilizer [7], satisfactory tillage system [8],
controlled drainage technology, water-saving
irrigation [9], and soil amendments [10].
Sustainable agriculture requires improving crop
nitrogen use efficiency (NUE) without adding
additional fertilizer [11].

Only 50-60% of N is taken up by crops from the
direct use of conventional N fertilizers [12]. Due
to traditional fertilizer's high solubility, poor
thermal stability, and low molecular weight, most
nutrients are lost by surface run-off,
denitrification, leaching, and volatilization,
resulting in low fertilizer use efficiency [13].
Precise use of fertilizers with the sustained
release is essential for enhancing fertilizer use
efficiency [14].

In the last 10 years, a lot of research has been
done on sustained-release fertilizers, because
they may improve nutrient retention and fertilizer
effectiveness by limiting nutrient solubility and
releasing nutrients in a controlled way, even
while providing sufficient plant nutrition [15]. The

coating of nitrogenous fertilizers will delay the
uptake and usage of fertilizer by their targeted
plants; as a result, their targeted plant’'s uptake
and usage time are greater than that of typical
nitrogenous fertilizers [16].

The price, non-degradability, and non-
renewability of coating materials contribute to
environmental and economic implications [17].
Studies have concentrated on bio-based coating
materials for the controlled release of nitrogen
fertilizers to enhance N usage efficiency and
decrease environmental impact [18,19]. The
carbon material is prepared using biomass
conversion technology in a reduced oxygen
environment [20]. Carbon material may boost
nutrient retention, water retention and soil fertility,
thereby promoting plant growth and agricultural
yield [21,22].

According to [23], the carbon material is being
used in fertilizer to prevent nutrient leaching and
enhance nutrient use efficiency. [24] revealed
that a novel idea to improve the sustained
release nature of fertilizers is to use a carbon
material that has been doped with nutrients. The
carbon material, an eco-friendly soil amendment,
has dual features of agricultural market
importance and ecological benefits due to its
effects on enhancing soil characteristics [25,26],
nutrient absorption and crop productivity,
reducing N loss in cropland and greenhouse
gases.

To produce more eco-friendly slow-release
fertilizers, organic acids are being used. Surface
functional groups in the carbon material may
react with an organic acid and improve the
coating resistance. Studies on carbon-based N
fertilizers and their interacting effects on soil
nutrient content and nitrogen utilization efficiency
are scarce in India.

496



Kannan et al.; IJPSS, 34(22): 495-503, 2022; Article no.lJPSS.90474

In this context, we compared carbon-tailored N
fertilizer with conventional N fertilizer on nutrient
release. In this study, we synthesized and
characterized the  physicochemical and
morphological properties of carbon-tailored
nitrogen fertilizer (CNF). To assess the impacts
of CNFs on soil nitrogen, an incubation study
was conducted to evaluate the nitrogen release
pattern of CNFs.

2. MATERIALS AND METHODS
2.1 Study Area

The influence of CNFs on soil nitrogen
availability was evaluated using an incubation
experiment. The incubation study was conducted
in the Soils and Environment post-graduate
laboratory at Agriculture College and Research
Institute, Tamil Nadu Agricultural University,
Madurai, India. Materials and experimental
techniques adopted for conducting experiments
were described in detail.

and

2.2 Carbon Material Production

Neutralization

Prosopis (Prosopis juliflora) wood was used to
make carbon material. A woodcutter was used to
cut the raw material into 10-15 cm long
pieces. To remove moisture, the cut wood was
sun-dried for 10 days. It was then heated to
450°C in a pilot-scale slow pyrolysis system
designed by the Department of Soils and

Temperature sensors and an electronic control
system for N2 gas flow and oil collection are
included in the device [27].

A stainless-steel lid was used to encapsulate the
five kg of raw material. The pyrolysis temperature
was set at 450°C and the residence period was
set to 6 hours. To maintain an inert environment
during pyrolysis, nitrogen gas was supplied at a
constant pressure. After 6 hours, the unit was left
to cool for two hours, and fresh carbon material
was collected and stored in another container for
future processing. Then, the collected fresh
carbon material was crushed and sieved to
match the particle size of the soil.

The pH of the prepared carbon material is
alkaline (9.85). A direct blending of nitrogen
fertilizer with raw carbon material will cause the
ammonia in the fertilizer to volatilize. Raw carbon
material was neutralized with acetic acid before
nitrogen intercalation. Initially, we created 1, 2.5,
and 5% acetic acid by dissolving 10, 25, and 50
mL of acetic acid in distilled water and diluting it
to 1000 mL. The produced acetic acid was gently
poured into the new carbon material in a 0.5:1
ratio (500 mL of acetic acid in 1000 g of carbon
material) and well stirred. The pH was evaluated
after a week, and 5 percent acetic acid resulted
in a significant fall in raw carbon material pH to
7.2. Following positive results, the whole amount
of carbon material required for the study (3.5 kg)
was neutralized with 5% acetic acid. The
characteristic of raw carbon material was
depicted below (Table 1).

Environment and funded by DST SERB.
Table 1. Characteristics of carbon material

Sl. No. Characters Prosopis carbon material
1. Moisture (%) 1.49

2. Ash (ww™) 1.41

3. Bulk density (g cm™) 0.51

4. Particle density (g cm'3) 0.68

5. Pore space (%) 64

6. pH (1:10 solid water suspension) 9.85

7. EC (dS m'l) (1:10 solid water extract) 0.24

8. Cation exchange capacity (¢ mol (p*) kg"l) 18.7

9. Total carbon (g kg™ 529.60
10. Total Nitrogen (g kg™) 3.2

11. Total Phosphorous (g kg'l) 1.04
12. Total Potassium (g kg"l) 3.1

13. Calcium (g kg™) 12.5
14. Magnesium (g kg™ 0.43
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2.3 Preparation of Carbon-tailored N
Fertilizer and Characterization using
XRD and XPS Analysis

CNF was prepared using urea and ammonium
chloride as nitrogen sources. Depending on the
surface area, high porosity, and fertilizer quantity,
the carbon material, and fertilizer mixing ratio
was established at 1:2. Before the
commencement of the experiment, initial soil was
gathered from the experimental area and tested
for pH, EC, organic carbon, and accessible N, P,
and K. The crop N demand was calculated using
the standard Soil Test Crop Response (STCR)
equation. Based on the N content, the fertilizer N
needed was estimated and converted to urea
and ammonium chloride.

For the experimental soil, the STCR
recommendations were 193.9 kg of N, 11.21 kg

of P,Os, and 146.76 kg of K,O. The amount of
carbon material needed was calculated based on
the quantity of urea and ammonium chloride
necessary for the research. Starch was
combined with N fertilizer before being added to
carbon material as a binding agent. To control N
release, carbon-tailored N fertilizer was covered
with organic acid (biopolymer). Because of its
porous structure, carbon material holds N
fertilizer and slowly releases it when exposed to
water. Using the preceding method, we
developed a new carbon-based N fertilizer.
Below is a step-by-step tutorial and pictorial
illustration for producing CNF (Fig. 1).

The surface composition and crystalline structure
of raw carbon material, CNF from urea, and
ammonium chloride were analyzed using X-ray
photoelectron spectroscopy (XPS), and X-ray
diffraction (XRD), respectively.

Nitrogen fertilizer
(STCR basis)

Starch as a sticking agent
(20 g of starch to 1 kg of N fertilizer)

Mixing with neutralized carbon material (pH 7.2)
(500 g of carbon material to 1000 g of N fertilizer)

Layering with organic acid as a biopolymer coating

(50 mL of humic acid to 1000 g of carbon material mixed fertilizer)

Carbon-tailored N fertilizer

(Final product)

Carhon material

Starch
N fertilizer

Carhon-tailored N fertilizer

Nitrogen fertilizer .=

Small crack

Biopolymer coating layer

Soil

=@ Water

Fig. 1. Schematic diagram of controllable N releasing mechanism of a CNF
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2.4 Incubation Experiment

Soil samples were collected from the
experimental site, sieved using a 2 mm sieve,
and used to conduct an incubation experiment.
The experiment was conducted in a completely
randomized design (CRD) with three replications.
To evaluate the nitrogen releasing pattern of
newly designed CNFs, 500 g of soil was placed
in each plastic pot and nitrogen sources were
added based on the STCR approach in the form
of urea, ammonium chloride, carbon-tailored
urea and ammonium chloride. The experimental
setup was incubated for 10 weeks at field
capacity moisture level. Treatment C was kept as
an absolute control (no nitrogen). Soil samples
(30 g) were collected at weekly intervals and
shade dried. The standard methodology for soil
N analysis was adopted.

Statistical

2.5Data Treatment and

Analysis

The measured data was represented by three
replicated sample’s mean and standard
deviations. All of the data was processed using
Excel 2019. For statistical analysis, the program
SPSS 22.0 was used. The treatment differences
were evaluated using one-way ANOVA, with
significance set at p < 0.05.

3. RESULTS AND DISCUSSION

3.1 Characterization of CNF using XRD
and XPS

X-ray Diffraction patterns of raw carbon material,
CNF from urea, and ammonium chloride were
depicted in Fig. 2(a,b and c). The findings
showed that when urea and ammonium chloride
were loaded onto the extremely disordered
carbon material, its structural integrity altered to
crystalline peaks. The 20 data of 21, 28, 30, 40,
and 50 peaks verified N loading on the carbon
material.

The typical diffraction was observed in the XRD
patterns of raw carbon material, CNF from urea
and ammonium chloride at 26 = 21°, 28°, 30°,
34°, 40°, 48°, and 50°, showing that carbon
material was efficiently filled and loaded with
urea and ammonium chloride. The substrate's
state had shifted from amorphous to crystalline,
as verified by XRD [10].

The surface elemental composition and chemical
bonding of the CNF from urea and ammonium

chloride were characterized using XPS, and the
findings were compared to that of raw carbon
material. The XPS assay confirmed that carbon
material and CNF from urea and ammonium
chloride were mostly constituted of C, N, and O
which corresponded with the elemental analysis
findings.

The Cl1s spectra Fig. 3(a, d and g) showed three
peaks at 279, 283.1, and 298 eV (carbon
material), 279, 283.64, and 298 eV (CNF from
urea), and 279, 283.32, and 298 eV (CNF from
ammonium chloride), which were ascribed to C-
C, C=C, and COOR (R=H, N), respectively. The
N1s peaks (Fig. 3(b, e and h)) at 392, 397.79,
and 410 eV (carbon material), 392, 397.35, and
404.72 eV (CNF from urea), and 392, 398.83,
and 405.96 eV (CNF from ammonium chloride)
represent nitrogen in the form of N-C, N-H, and
amine Il C-NH ((C)s-N) groups. Peaks in the
Ols spectra Fig. 3(c, f and i) indicate the
presence of bentonite at 525, 530.16, and 545
eV (carbon material), 525, 530, and 545 eV (CNF
from urea), and 525, 530.06, and 545 eV (CNF
from ammonium chloride), related to C-OH,
COOR (esters, anhydrides), and C=0O groups.
Similar results for XRD and XPS were also found
by Liu [10].

3.2 Evaluation of CNF on
Releasing Pattern using
Experiment

Nitrogen
Incubation

An incubation experiment was conducted to
assess the nitrogen-releasing pattern of CNFs.
According to [28], the sustained release of
fertilizer formed from carbon material may delay
the nutrient release, enhance soil permeability,
lower soil bulk density, and store carbon in the
soil. The treatment CNF-U75 achieved a
sustained release of 104.0 mg kg* of soil
available N, which is comparable with CNF-AC75
(104.2 mg kg™), followed by CNF-U100 (106.4
mg kg™), which was on par with CNF-AC100
(106.7 mg kg'l) in the first week of the trial and
gradually increased over the next few weeks
when compared to the STCR N fertilizers
(Fig. 4). The least soil available N was recorded
in absolute control (no nitrogen).

The nutrient release rate of carbon-tailored N
fertilizer was influenced by the composition of the
coating material (organic acid). When compared
to STCR urea and ammonium chloride, carbon-
tailored N fertilizers generated a greater result in
terms of sustained release pattern of nitrogen
over 10 weeks. This is due to the sustained

499



Fig. 2. X-ray diffraction pattern
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Fig. 4. Nitrogen releasing pattern of carbon-tailored N fertilizer using incubation experiment

release characteristic of carbon material and the
biopolymer coating (organic acid) on N fertilizers.
Because of its high aromatic stability and porous
structure, carbon material can be used as a
coating material for the sustained release of
nutrients [29].

When compared to chemical urea, the carbon-
tailored urea composite was proven to be
capable of delayed N release and keeping a high
proportion of ammonium to nitrate over a longer
period [30]. Based on these data, it was
concluded that carbon material and organic acid
are critical elements in reducing N loss. When
compared to STCR-U and STCR-AC, carbon
material stores nitrogen in its large surface area
and pore volume, resulting in gradual nitrogen
release and reduced nitrogen losses regardless
of soil depth.

Furthermore, organic acid coating lowers
solubility, resulting in prolonged nitrogen release
and hence decreasing nitrogen loss under CNF.
The high porous structure and nutrient-holding
ability of carbon material facilitated the slow
release of N fertilizers into the soil profile at the
proper period. Based on the findings, it was
inferred that CNFs release nitrogen slowly and
reduce N loss compared to conventional
fertilizers. The graph (Fig. 4) shows the result of
the incubation experiment.

4. CONCLUSION

In this study, a sustained release N fertilizer was
prepared by intercalating nitrogen fertilizer into a

carbon material at the ratio of 2:1. Among the
fertilizers, CNF-U75 resulted sustained N release
than conventional N fertilizers. We conclude that
the carbon-tailored N fertilizer is a novel option
for the synthesis of controlled releasing N
fertilizers, which may pave way for creation of a
new generation of sustained release fertilizers.
Sustained release N fertilizer made on carbon
material is a potential product for soil health
sustainability, as well as a clean technology for
minimizing N loss and enhancing crop production
in susceptible regions.

ACKNOWLEDGEMENTS

The authors acknowledge the DST-SERB-Core
Grant [No: CRG/2019/006124] for the funding.
Authors thank the Tamil Nadu Agricultural
University, AC & RI, Madurai for providing

laboratory  facilites  for  conducting the
experiment. The authors also wish to
acknowledge CECRI-Central Instrumentation

Facility (CIF), for sample analysis.
COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. Abbruzzini TF, Davies CA, Toledo FH,
Cerri CEP. Dynamic biochar effects on
nitrogen use efficiency, crop yield and soil
nitrous oxide emissions during a tropical
wheat-growing season. J Environ Manage.
2019;252:109638.

501



10.

11.

Kannan et al.; IJPSS, 34(22): 495-503, 2022; Article no.lJPSS.90474

Djaman K, Mel VC, Diop L, Sow A, El-
Namaky R, Manneh B et al. Effects of
alternate wetting and drying irrigation
regime and nitrogen fertilizer on yield and
nitrogen use efficiency of irrigated rice in
the Sahel. Water. 2018;10(6):711.

Zhao S, Schmidt S, Qin W, Li J, Li G,
Zhang W. Towards the circular nitrogen
economy-A global meta-analysis of
composting technologies reveals much
potential for mitigating nitrogen losses. Sci
Total Environ. 2020;704:135401.

Zhang Y, Yu Q. Identification of current
research intensity and influence factors of
agricultural nitrogen loss from cropping
systems. J Cleaner Prod.
2020;276:123308.

Awopegba M, Oladele S, Awodun M.
Effect of mulch types on nutrient
composition, maize (Zea mays L.) yield
and soil properties of a tropical alfisol in
Southwestern Nigeria. Eurasian J Soil Sci.
2017;6(2):121-33.

Azad N, Behmanesh J, Rezaverdinejad V,
Abbasi F, Navabian M. An analysis of
optimal fertigation implications in different
soils on reducing environmental impacts of
agricultural nitrate leaching. Sci Rep.
2020;10(1):7797.

Xiao Y, Peng F, Zhang Y, Wang J, Zhuge
Y, Zhang S et al. Effect of bag-controlled
release fertilizer on nitrogen loss,
greenhouse gas emissions, and nitrogen
applied amount in peach production. J
Cleaner Prod. 2019;234:258-74.

Fiorini A, Maris SC, Abalos D, Amaducci S,
Tabaglio V. Combining no-till with rye
(Secale cereale L.) cover crop mitigates
nitrous oxide emissions without decreasing
yield. Soil Till Res. 2020;196:104442.

He Y, Jianyun Z, Shihong Y, Dalin H,
Junzeng X. Effect of controlled drainage on
nitrogen losses from controlled irrigation
paddy fields through subsurface drainage
and ammonia volatilization after
fertilization. Agric Water Manag.
2019;221:231-7.

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):9548.

Naz MY, Sulaiman SA. Slow-release
coating remedy for nitrogen loss from
conventional urea: a review. J Control
Release. 2016;225:109-20.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

502

Bi S, Barinelli V, Sobkowicz MJ.
Degradable controlled release fertilizer
composite  prepared via  extrusion:

fabrication, characterization, and release
mechanisms. Polymers. 2020;12(2):301.
Stanley N, Mahanty B. Preparation and

characterization of biogenic CaCO3-
reinforced polyvinyl alcohol-alginate
hydrogel as controlled-release urea

formulation. Polym Bull. 2020;77(2):529-
40.

Jia Q, Xu R, Chang S, Zhang C, Liu Y, Shi
W et al. Planting practices with nutrient
strategies to improves productivity of rain-
fed corn and resource use efficiency in
semi-arid regions. Agric Water Manag.
2020;228:105879.

Babadi FE 2015. Development of coating
technology using rotary pan for production
of slow-release urea. UPM.

Carvalho JLN, Cerri CEP, Karlen DL.
Sustainable sugarcane straw special issue:
considerations for Brazilian bioenergy
production. Bioenergy Res.
2019;12(4):746-8.

Moe K, Htwe AZ, Dien DC, Kajihara Y,
Yamakawa T. Effects of organic fertilizer
applied using the estimated mineralizable
nitrogen method on nitrogen uptake,
growth characteristics, yield, and vyield
components of Genkitsukushi rice (Oryza
sativa). J Plant Nutr. 2020;43(10):1400-17.
Russo TA, Tuly K, Palm C, Neill C.

Leaching losses from Kenyan maize
cropland receiving different rates of
nitrogen fertilizer. Nutr Cycl

Agroecosystems. 2017;108(2):195-209.
Bhuvaneshwari S, Hettiarachchi H,
Meegoda JN. Crop residue burning in
India: policy challenges and potential
solutions. Int J Environ Res Public Health.
2019;16(5):832.

El-Naggar A, Lee SS, Awad YM, Yang X,
Ryu C, Rizwan M et al. Influence of soail
properties and feedstocks on biochar
potential for carbon mineralization and
improvement of infertile soils. Geoderma.
2018;332:100-8.

Zhang P, Li Y, Cao Y, Han L.
Characteristics of tetracycline adsorption
by cow manure biochar prepared at
different pyrolysis temperatures. Bioresour
Technol. 2019;285:121348.

Wang Q, Awasthi MK, Ren X, Zhao J, Li R,
Wang Z et al. Comparison of biochar,
zeolite and their mixture amendment for
aiding organic matter transformation and



23.

24,

25,

26.

Kannan et al.; IJPSS, 34(22): 495-503, 2022; Article no.lJPSS.90474

nitrogen conservation during pig manure
composting. Bioresour Technol.
2017;245(A):300-8.

Shi W, Ju Y, Bian R, Li L, Joseph S,
Mitchell DRG et al. Biochar bound urea
boosts plant growth and reduces nitrogen
leaching. Sci Total Environ.
2020;701:134424.

An X, Wu Z, Yu J, Cravotto G, Liu X, Li Q
et al. Copyrolysis of biomass, bentonite,
and nutrients as a new strategy for the
synthesis of improved biochar-based slow-
release fertilizers. ACS Sustainable Chem
Eng. 2020;8(8):3181-90.

Saadat S, Raei E, Talebbeydokhti N.
Enhanced removal of phosphate from
aqueous  solutions  using  modified

sludge-derived biochar: comparative study
of various modifying cations and RSM-
based optimization of pyrolysis
parameters. J Environ Manage. 2018;225:
75-83.

Hossain MZ, Bahar MM, Sarkar B, Donne
SW, Ok YS, Palansooriya KN, et al.
Biochar and its importance on nutrient

27.

28.

29.

30.

dynamics in soll Biochar.
2020;2(4):379-420.

PK, MP, SM, CS, Bose J. Applying both
biochar and phosphobacteria enhances

Vigna mungo L. growth and yield in acid

and plant.

soils by increasing soil pH, moisture
content, microbial growth and P
availability.  Agric  Ecosyst  Environ.

2021;308:107258.

Li H, Dong X, da Silva EB, de Oliveira LM,
Chen Y, Ma LQ. Mechanisms of metal
sorption by biochars: biochar
characteristics and modifications.
Chemosphere. 2017;178:466-78.

Dong D, Wang C, Van Zwieten L, Wang H,
Jiang P, Zhou M et al. An effective biochar-
based slow-release fertilizer for reducing
nitrogen loss in paddy fields. J Soils
Sediments. 2020;20(8):3027-40.

Sun H, Lu H, Chu L, Shao H, Shi W.
Biochar applied with appropriate rates can
reduce N leaching, keep N retention and
not increase NH3 volatilization in a coastal
saline soil. Sci Total Environ.
2017;575:820-5.

© 2022 Kannan 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/90474

503


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

