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The growing reliance on nitrogen-based fertilizers to ful | global food demand
has prompted worries about nitrogen losses, notably ammonia volatilization,
which leads to environmental degradation and lowers fertilizer ef ciency. This
study aims to evaluate the ef cacy of a new Nutriseed Pack approach in
minimizing ammonia volatilization in different soil types. Fertilizer and manure
pellets were encapsulated and tested on sandy (loamy sand), red (sandy clay
loam), and hilly soils (sandy loam) for 48 days. The experiment was conducted
with following treatments viz., T1 — Fertilizer Pellet Pack (FPP) with nitrogen—
phosphorus—potassium fertilizer formulation NP(diammonium phosphate - DAP)
K; T2 —FPP with NP(single super phosphate - SSP)K; T3-FPP (porous) with NP
(DAP)K; T4 — FPP (porous) with NP(SSP)K; T5-Nutri Pellet Pack (NPP) with NP
(DAP)K;T6 - NPP with NP(SSP)K;T7 -NPP (porous) with NP(DAP)K;T8 —NPP
(porous)with NP(SSP)K; T9 - Surface application of Urea; T10-Surface
application of DAP. Ammonia volatilization was monitored at regular intervals,
and the amount, rate, cumulative and total per cent volatilization were calculated.
The cumulative ammonia volatilization varied signi cantly with soil type and
fertilizer application method. Surface-applied urea resulted in the highest
losses, reaching 77.9% in sandy soil, whereas surface-applied DAP exhibited
lower ammonia volatilization than surface-applied urea, with losses ranging
from 8.8 to 15.6%. Deep placement of Nutripellet Packs substantially reduced
ammonia losses, with NP(SSP)K formulations recording 2.2% volatilization across
soils. Porous encapsulation further enhanced nitrogen retention, particularly in
red and hilly soils when combined with manure pellets. These data indicate that
the Nutripellet Pack approach can increase nitrogen usage ef ciency, minimize
environmental impact, and improve fertilizer management practices.

KEYWORDS
ammonia volatilization, fertilizer encapsulation, nitrogen use ef ciency, Nutriseed
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Highlights

* Nutripellet pack - Surface-applied urea resulted in higher
ammonia volatilization compared to other fertilizer
treatments. This effect was more pronounced in sandy
soil due to its coarse texture and lower nutrient retention
capacity. whereas the porous NPP-NP(DAP)K treatment
(T7) exhibited higher volatilization than surface-applied
DAP under speci ¢ conditions

» Encapsulation of fertilizer - manure in polycoated paper -
this approach signi cantly reduced ammonia volatilization
losses compared with surface-applied fertilizers, thereby
indicating improved nitrogen retention under the
experimental conditions.

» Deep placement of Nutripellet Packs - using SSP and
manure in red or hill soils, demonstrated superior
ammonia mitigation, making the technique suitable for
sustainable agricultural practices.

1 Introduction

Nitrogen (N) fertilizers are essential for maintaining global
agricultural productivity and meeting the food demands of a
rapidly growing population. However, inef cient nitrogen
management in agricultural systems has resulted in substantial
nutrient losses, reducing fertilizer use ef ciency and causing
serious environmental problems. Among various nitrogen loss
pathways, ammonia (NH3) volatilization is one of the most
dominant, accounting for a signi cant proportion of applied
nitrogen loss in agroecosystems (1, 2). Atmospheric ammonia
contributes to the formation of secondary particulate matter, soil
acidi cation, eutrophication of surface and groundwater, and
indirect greenhouse gas emissions, thereby posing risks to
environmental quality and human health (3, 4). Global nitrogen
fertilizer demand is projected to increase by approximately 15-20%
between 2015 and 2025, driven by rising food demand and
intensi cation of agriculture. Recent global assessments
emphasize that reducing ammonia volatilization is critical for
improving nitrogen use ef ciency (NUE) and achieving
environmentally sustainable agricultural intensi cation (5-7).

Ammonia volatilization is in uenced by multiple interacting
factors, including fertilizer type and formulation, nutrient source,
soil texture, pH, moisture regime, organic matter content, and
fertilizer placement method (8-10). Surface application of
nitrogen fertilizers, particularly urea and diammonium phosphate
(DAP), often results in high ammonia losses, especially in coarse-
textured soils (11, 12). In contrast, subsurface or deep placement of
fertilizers has been shown to signi cantly reduce ammonia
volatilization by enhancing soil-fertilizer contact, improving
nitrogen retention, and increasing crop uptake (13, 14). In recent
years, controlled-release and encapsulated fertilizers have received
considerable attention due to their ability to regulate nutrient
release patterns and enhance NUE while minimizing nitrogen
losses (15-17). Furthermore, the integration of organic
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amendments such as manure, compost, and biochar has been
reported to reduce ammonia volatilization through microbial
immobilization, improved soil biochemical activity, and enhanced
nutrient synchronization (18-21).

Despite these advances, limited information is available on the
combined effects of fertilizer encapsulation, nutrient source (DAP
versus single super phosphate, SSP), manure integration, and soil
type on ammonia volatilization under controlled incubation
conditions. Comparative evaluations of fertilizer pellet packs and
Nutriseed or Nutripellet Packs with porous and non-porous
encapsulation across contrasting soil textures remain scarce.
Moreover, the interactive role of controlled nutrient release via
microporous encapsulation and soil-speci ¢ properties in
regulating ammonia volatilization dynamics has not been
suf ciently quanti ed (22-24). In addition, studies examining the
synergistic effects of deep fertilizer placement and bio-based or
enhanced-ef ciency fertilizer formulations on ammonia mitigation
across diverse soils are still limited (25, 26).

To address these knowledge gaps, the present study evaluated
the effectiveness of a novel Nutriseed Pack approach in reducing
ammonia volatilization across sandy, red, and hilly soils. Fertilizer
Pellet Packs and Nutripellet Packs formulated with different
phosphorus sources (DAP and SSP), with and without porous
encapsulation, were compared with conventional surface-applied
fertilizers. It was hypothesized that deep placement of Nutripellet
Packs—particularly SSP-based formulations combined with
manure and porous encapsulation—would signi cantly reduce
ammonia volatilization by enhancing nitrogen retention and
enabling controlled nutrient release. The outcomes of this study
aim to provide scienti ¢ evidence for improved fertilizer placement
and formulation strategies that enhance nitrogen use ef ciency
while minimizing environmental impacts under contrasting
soil conditions.

2 Materials and methods

2.1 Formulation and pelletization of
enriched manure and fertilizer

Nutripellet Pack consists of a top layer of enriched manure
pellet and a bottom layer of encapsulated fertilizer pellet.

2.1.1 Preparation of enriched manure pellet

Vermicompost (50 kg), the vermicompost used in the study
contained 1.2% N, 0.6% P,0s, 0.8% K0, and 18.4% organic carbon
was mixed with 2.5 kg super phosphate (2.5%), 0.25 kg furadan
(0.5%) and 0.25 kg micronutrient combination (0.5%) for this
purpose. The mixture was then incubated for 30 days at a 50%
moisture level. A pelleting machine was used to pelletize the
enriched manure. It was fed into the machine’s feed tray to
pelletize the manure. A rotating roller on a circular perforated die
was then used to crush the improved manure, which was
subsequently removed as a manure pellet about 30 mm long.
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2.1.2 Preparation of encapsulated fertilizer pellet

The fertilizer mixtures, consisting of urea (46% N), DAP/SSP,
and potash (60% K), were prepared according to various treatment
plans. The ten different treatments employed in this study are
given (Table 1).

A fertilizer pellet and a manure pellet containing bioinoculants
are both included in the Nutri Pellet Pack (NPP). In contrast, the
FPP contains urea, SSP or DAP, and muriate of potash. The
micropores show how many pores the needle assembly has made,
and the pressure is the weight of the substance positioned vertically
on top of the needle. After pelletization, each fertilizer pellet was put
into a little paper bag coated in polyester and sealed with a sealing
machine. As part of the therapies, tiny micropores were made on
the pouch’s surface to enable regulated nutrient delivery.

Once the bioinoculants, manure pellets, and fertilizer pellets
were prepared, they were wrapped ina 6 6 cm piece of newspaper
placed on a at surface. The rst polymer-encapsulated fertilizer
pellet was positioned in the center of the bottom edge of the paper.
The manure pellet was then placed on top of the fertilizer pellet,
followed by the bioinoculant. The bioinoculants used included
Trichoderma and Azophos (a combination of Phosphobacteria
and Azospirillum). The paper was then wrapped over the pellets
and rolled up on one end. White glue was applied to the paper roll’s
edge. After that, the rolls were placed in boxes and let to air dry. The
view of the Nutripellet pack is given in Figure 1A.

2.2 Experimental setup

2.2.1 Collection and characterization of soil
sample

A laboratory incubation study to quantify ammonia
volatilization over forty-eight days was conducted at the
Department of Soil Science and Agricultural Chemistry, Tamil
Nadu Agricultural University (TNAU), Coimbatore. Three soil
types- sandy soil (loamy sand), red soil (sandy clay loam,
Ferralsol), and hilly soil (sandy loam, Cambisol) were used in the
experiment. The experiment was conducted using a factorial

TABLE 1 Details of treatments.
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completely randomized design (CRD) with three replications for
each treatment. The characteristics of the soil samples are given
in Table 2.

The schematic experimental setup for ammonia volatilization is
shown in Figure 1B. A circular-shaped transparent plastic container
with bottom diameters of 7.2 cm, top diameters of 8.0 cm, and
heights of 10.0 cm (500 ml capacity) was employed. The top of the
container had screw holes for securing the lid tightly to keep air
from escaping. Each container holding 100 g of soil held a 100 ml
glass beaker wherein 2% boric acid (20 ml) with double indicator
was added. The remaining 100 g of soil was then equally distributed
throughout the pack, including on top, while an encapsulated
fertilizer pellet, either alone or in combination with a manure
pellet, was placed in the center of the container according to the
treatment (Figure 2). The encapsulated fertilizer pellet pack
supplied 4500 mg of nitrogen to the container. 180 g of soil was

rst added to the beaker for the surface broadcast application. The
remaining 20 g of soil was then applied on top of the fertilizers,
which had been uniformly spread around the surface. 500 mg of
nitrogen was added to the container by applying urea or DAP on
the surface. 40 ml of water was added to each treatment to maintain
a eld capacity moisture constant and ensure a 50% water holding
capacity (WHC) of the soil moisture. The beaker was slightly raised
and placed aside while the lid was taken off for the measurement.
Following that, 0.1 Normality H,SO,4 was used to titrate the beaker
containing boric acid. A distilled water bath was used to rinse the
beaker’s outside twice. After that, it was put inside a soil- lled
plastic container, and the top was screwed shut. Until
measurements were made, the entire setup was kept at room
temperature in the lab without any changes. The laboratory setup
and ammonia trapping method using boric acid in a closed
incubation system followed protocols previously described for
quantifying ammonia volatilization from fertilized soils (1, 8).

2.2.2 Calculation of ammonia volatilization
Ammonia volatilization was assessed every three days for a total

of 48 days following incubation. Using a 2% boric acid solution as
an absorbent and a double indicator, ammonia released from

Treatment no. Treatment (fertilizer application methods) . Detalls .
Weight on needle (gram) No. of micropores*

T: FPP with NP(DAP)K 0 Pressure 0 Micropore
T, FPP with NP(SSP)K 0 Pressure 0 Micropore
Ts FPP (porous) with NP(DAP)K 25 Pressure 25 Micropore
Ty FPP (porous) with NP(SSP)K 25 Pressure 25 Micropore
Ts NPP with NP(DAP)K 0 Pressure 0 Micropore
Te NPP with NP(SSP)K 0 Pressure 0 Micropore
T NPP (porous) with NP(DAP)K 25 Pressure 25 Micropore
Ts NPP (porous)with NP(SSP)K 25 Pressure 25 Micropore
To Surface application of Urea

Tiwo Surface application of DAP

*Micro pores were created using 1 mm needle at a density of 25 pores per 4 cm?, and Pressure refers to comparison at 25 kg cm.
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NUTRISEED PACK

Full view

Lid

Glass Beaker
Plastic Container
Boric acid

Soil

Bottom diameters of 7.2 ¢cm, top diameters of 8.0 cm
and heights of 10.0 cm (500 mL capacity)

FIGURE 1
(A) The view of nutripellet pack. (B) Schematic diagram of
experiment setup.

nitrogen fertilizer that was applied to the soil’s surface and deep
placement was collected in a closed container. The quantity of
ammonia trapped was periodically determined by titration against a
standard 0.02 N H,SO,4 The experiment was stopped when no
substantial colour change was seen in the absorbent solution (24).
The rate of ammonia volatilization was determined using the
techniques presented in the previous work (24) and is calculated
based on the following formula (2, 8).

Ammonia Volatilization Rate  AVR (mg day 1)

TV

:W x 0:0014 x 100

where TV is the titre value for the latest date of measurement,
DY is the latest date of measurement, and DX is the date of the
previous measurement. Furthermore, the cumulative ammonia
volatilized (%) is calculated as (Ammonia volatilized for given
period (g)/fertilizer N applied (g))*100.

2.3 Statistical analysis
The results were analysed using three replicates, and the mean

standard deviation was obtained. MS Excel 2010 was used to
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calculate the standard deviation. SPSS 24.0 was used for Factorial
CRD, and p < 0.05 indicates statistically signi cant differences. Data
were analyzed separately for each soil type to assess treatment
effects within sandy, red, and hilly soils. Soil type was not
considered as a factor in the statistical model. All soil samples’
data were then analyzed for principal component analysis (PCA).
Using the R program (Version 3.5.1), PCA was used to determine
the relationship between characteristics (Ammonia loss, organic
matter and soil) as well as the similarities and differences across
all treatments.

3 Results

Ammonia volatilization was monitored periodically during the
incubation period, and treatment-wise differences were evaluated
for volatilization rate (mg day™), cumulative amount (mg), and
cumulative percentage of ammonia loss. Data were analyzed
separately for each soil type to assess treatment effects within
sandy, red, and hilly soils. Comparisons among soil types were
descriptive and based on treatment-wise trends, as soil type was not
included as a factor in the statistical analysis. The results showed
that ammonia volatilization varied signi cantly between treatments
and incubation times for fertilizer combinations packed in
polycoated paper and fertilizers placed on the surface (p < 0.05).
Ammonia volatilization was also signi cantly impacted by the
length of incubation.

3.1 Amount of volatilized ammonia (mgQ)

The amount of ammonia volatilized in sand was found to
increase with incubation time, peaking on the eighteenth day and
then progressively declining until forty eight day (Figure 3A).
Among the treatments, the lowest ammonia volatilized was
recorded in the FPP containing NP(SSP)K (0.51 mg). Similarly,
modest levels of ammonia volatilization were demonstrated by
surface-applied DAP, the porous FPP in NP(SSP)K, the FPP
combined with NP(SSP)K, and the NPP including NP(DAP),
with values reaching 14.31 mg. The porous NPP in NP(SSP)K,
surface-applied urea, and the FPP with NP(DAP)K all showed a
moderate level of ammonia volatilization, with values reaching
54.65 mg. On the other hand, the porous FPP contains NP(DAP)
K (124.03 mg), and the porous NPP includes NP(DAP)K (136.81
mg) showed the maximum ammonia volatilization. Ammonia
volatilization in red soil increased on day six, decreased until day

fteen, uctuated erratically until day thirty-nine, and then declined
gradually after that (Figure 3B). The porous FPP with NP(DAP)K
had the maximum ammonia volatilization in this soil (98.79 mg),
followed by the porous NPP with NP(DAP)K (78.13 mg), and the
porous NPP with NP(SSP)K (6.37 mg). Ammonia volatilization in
hill soil peaked on eighteenth day at 62.06 mg, then progressively
dropped to 36.57 mg by twenty forth day, then varied until it
reached 38.00 mg by forty-eight day (Figure 3C). With values as low
as 1.37 mg, the NPP with NP(SSP)K, the FPP contains NP(SSP)K,
and the surface-applied DAP showed the least amount of ammonia

frontiersin.org


https://www.frontiersin.org/journals/soil-science
https://www.frontiersin.org

Muthukrishnan et al. 10.3389/fs0il.2026.1727800

TABLE 2 The initial characteristics of Red and Hilly soils.

Mechanical composition Sandy soil Red soil Hilly soil

Clay (%) 6.38 30.84 15.21
Silt (%) 8.39 28.98 1152
Fine sand (%) 48.74 12.98 49.62
Coarse sand (%) 36.49 27.20 23.65
Texture Loamy Sand Sandy clay loam Sandy loam

Physical properties

|

Bulk density (Mg m~) 158 1.35 1.26
Particle density (Mg m~) 2.62 178 153
Water holding capacity (%) 18.45 38.24 42.52
Pore space (%) 39.70 43.81 51.97
Hydraulic conductivity (cm day) 92.6 48.8 9.38
In ltration rate (cm hr) 184 7.80 121

|

Physicochemical properties

pH 7.84 7.62 6.20
EC (dS m™) 0.08 0.12 0.23
CEC (cmol (p*) kg™®) 6.8 17.7 18.2

Chemical properties

|

Organic carbon (%) 0.13 0.32 021
Available N (kg ha™) 128 153 262
Available P (kg ha®) 5.4 8.96 21.2
Available K (kg ha™) 198 627.1 380
Available Fe (ppm) 36 1.88 210
Available Mn (ppm) 2.8 1.95 148
Available Zn (ppm) 042 0.59 145
Available Cu (ppm) 0.21 0.17 4.76
Total N (%) 0.032 0.054 0.074
Total P (%) 0.11 0.19 032
Total K (%) 078 1.25 1.46

volatilization. Overall, sand had the most ammonia volatilized of
the three soil types studied (136.81 mg), followed by hill soil (120.4
mg) and red soil (98.79 mg).

3.2 Rate of ammonia volatilization (mg day™)

In sand, within the treatments, ammonia volatilization rate
ranged from 0.05 mg day™ in fertilizer pellet pack with NP(SSP)K
and fertilizer pellet pack (porous) with NP(SSP)K on the third day
to 47.48 mg day™* in Nutripellet pack (porous) with NP(DAP)K. An
average value of ammonia volatilization rate in sandy soil increased
with the number of incubation days, peaking on the thirty- rst day
and then uniformly decreasing until the forty-eighth day
(Figure 4A). The porous NPP with NP(DAP)K had the highest
ammonia volatilization rate of all the treatments analyzed (45.0 mg
day™), closely followed by the porous FPP containing NP(DAP)K
(40.0 mg day™'). The NPP containing NP(SSP)K, the FPP
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containing NP(SSP)K, and the NPP containing NP(DAP)K had
the lowest rates, measuring up to 0.95 mg day™. Similarly, the
ammonia volatilization rate in red soil increased dramatically
throughout the incubation period, from 0.58 mg day * on the
third day to 8.23 mg day * on the forty eight day (Figure 4B).
The FPP with NP(SSP)K and the NPP containing NP(SSP)K had
the lowest ammonia volatilization rates among the treatments. The
porous NPP includes NP(SSP)K, which came in second, with values
as high as 0.98 mg day™*. The porous FPP with NP(DAP)K had the
greatest rate (19.36 mg day™), followed by the porous NPP with NP
(DAP)K (14.17 mg day™).

With increasing incubation days with the treatments, the
average ammonia volatilization rate in hill soil also increased,
rising from 0.83 mg day * on the third day to 11.66 mg day * on
the forty eight day (Figure 4C). Out of all the treatments, the porous
FPP containing NP(DAP)K had the greatest ammonia volatilization
rate (27.01 mg daily), followed by the porous NPP with NP(DAP)K
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FIGURE 2

Measurement of ammonia volatilization from moist soil. (A) Experimental view. (B) Placing Boric acid container on moist soil. (C) Colour of boric acid

after ammonia absorption.

(25.55 mg day™). The FPP with NP(SSP)K showed low ammonia
volatilization rates, up to 0.68 mg day™*, which were similar to those
of the NPP with NP(SSP)K and surface-applied DAP. The
ammonia volatilization rates for the other treatments were
moderate, reaching up to 6.16 mg day™. Overall, among the three
soil types studied, sandy soil had the highest rate of ammonia
volatilization (33.92 mg day %), followed by hill soil (27.01mg
day 1) and red soil (19.36 mg day ).
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3.3 Cumulative ammonia volatilized (mg)

Among the soil types, red and hilly soils had the lowest
cumulative ammonia volatilization compared to sandy soil.
Longer incubation periods in red soil resulted in higher
cumulative ammonia volatilization, which ranged from 1.75 mg
on the third day to 394.9 mg on the forty eight day (Figure 5A).
Comparable to the NPP with NP(SSP)K (5.65 mg), the FPP with NP
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