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The physicochemical characteristics of fertilizers play a critical
role in determining nutrient availability, fertilizer efficiency, and soil
chemical reactions after application. This laboratory study aimed to
evaluate the chemical properties and nutrient composition of several
phosphate and organic fertilizers commonly used in agricultural
systems. Four fertilizer sources were investigated, including Jordanian
DAP, Saudi DAP, British DAP, and organic fertilizer. Laboratory
analyses included electrical conductivity (EC), pH, total solids (TS),
total dissolved solids (TDS), solubility percentage, calcium,
magnesium, chloride, nitrogen, phosphorus, and potassium
concentrations. The results revealed substantial variation among
fertilizer sources in ionic concentration, dissolution behavior, and
nutrient composition. Mineral fertilizers exhibited markedly higher EC
and TDS values compared with organic fertilizer, indicating greater
ionic strength and salinity potential. Organic fertilizer showed the
highest solubility percentage (93.88%) and the greatest concentrations
of nitrogen, phosphorus, and potassium. British DAP fertilizer recorded
the highest phosphorus concentration among mineral fertilizers.
Variations among fertilizers were attributed to differences in raw
material composition, manufacturing processes, and nutrient-bearing
compounds. The study confirmed that laboratory evaluation represents
an effective approach for predicting fertilizer quality, nutrient release
dynamics, and their potential impact on soil chemical behavior.

275



Iranian journal of food science and industry

Number 176, Volume 23, October2026

1- INTRODUCTION

Mineral and organic fertilizers are among the
most important factors responsible for
improving soil fertility and increasing the
availability of essential nutrients for plants.
They play a fundamental role in enhancing
agricultural  production  efficiency and
improving plant growth (Havlin et al., 2019).
However, fertilizer efficacy does not depend
solely on the concentrations of the nutrients
they contain, but is directly related to their
chemical and physical properties, as well as
their solubility, decomposition, and release in
aqueous environments (Marschner, 2021).
Laboratory evaluation of fertilizers is a crucial
tool for understanding their chemical behavior
before field application. It provides accurate
indicators of electrical conductivity, reactivity,
solubility, and soluble solids, in addition to
assessing the elemental content and nutrient
availability (Brady & Weil, 2017). These
properties also directly influence chemical
processes within the soil, such as adsorption,
precipitation, ion exchange, and the
biotransformation of nutrients (Sparks, 2020).
Diammonium phosphate (DAP) is one of the
most widely used fertilizers globally due to its
high nitrogen and phosphorus content, ease of
application, and high agricultural efficiency
(Fageria, 2016). However, variations in the
sources used to manufacture this fertilizer lead
to significant differences in its chemical
properties, resulting from variations in the type
of phosphate rock, raw materials used, and
manufacturing and purification techniques
(IFA, 2021).

Organic fertilizers are also characterized by
their ability to improve the chemical and
biological environment of the soil by increasing
organic matter, enhancing cation exchange
capacity, and reducing nutrient fixation within
the soil (Stevenson & Cole, 2015).
Furthermore, the decomposition of organic
matter produces organic and humic acids,
which contribute to increased solubility of some
nutrients and reduced precipitation (Tan, 2014).
The chemical properties of fertilizers directly
affect the availability of nutrients in the soil.
High electrical conductivity reflects increased
ionic strength of the solution and a higher
concentration of soluble salts, while pH
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influences nutrient solubility and chemical
equilibrium (Mengel & Kirkby, 2001).
Nitrogen,  phosphorus, and  potassium
concentrations are key indicators for evaluating
the fertilization value and agricultural
efficiency of different fertilizers (Jones, 2012).
Therefore, this study aims to conduct a
comprehensive laboratory evaluation of several
phosphate and organic fertilizers by examining
their chemical properties, solubility, and
elemental content to determine their potential
efficiency and chemical behavior under
laboratory conditions.

2-Materials and Methods

The study included four types of fertilizers:
Jordanian DAP, Saudi DAP, British DAP and
Organic fertilizer. The experiment units were

distributed according to a completely
randomized design CRD  with three
replications.

Laboratory Analyses

Laboratory analyses were conducted according
to standard methods adopted in soil science and
fertilizer laboratories (Page et al., 1982; Jones,
2012)l the measurements included: electrical
conductivity (EC) at extraction ratios of 1:1 and
1:10, pH, total solids (TS), total soluble solids
(TDS), calcium (Ca), magnesium (Mg),
chloride (Cl), solubility, nitrogen (N),
phosphorus (P), and potassium (K). The data
were statistically analyzed with the aid of
GenStat 12" software (Payne et al., 2009)
performing analysis of variance (ANOVA).
The significance of the differences among
treatments was tested at probability levels of
0.05, 0.01, and 0.001 (Hoshmand, 2018).

3-Results and Discussion
Electrical Conductivity (EC) and pH

The results showed a significant increase in the
electrical conductivity of mineral fertilizers
compared to the organic fertilizers. Saudi DAP
recorded the highest EC value at a 1:1
extraction of 784 dS m™, followed by
Jordanian DAP at 77.5 dS m™ and British DAP
at 75.4 dS m™. Organic fertilizers, on the other
hand, recorded the lowest EC value at 10.25 dS
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m™' (Figurel, A). The results also showed a
decrease in EC values at a 1:10 dilution,
reaching 48.5, 43.1, and 33.4 dS m! for Saudi,
Jordanian, and British DAP, respectively, while
it reached 4.86 dS m™ for organic fertilizer.
Whereas, pH values ranged from 6.46 to 7.45,
with organic fertilizer recording the lowest pH
at 6.46 and Saudi DAP recording the highest at
7.45 (Figurel, B).

The high EC value in DAP fertilizers reflects
the high concentration of soluble salts and
mobile free ions, particularly NH4*, H.PO4~, K¥,
Ca,*, and Mg>" ions, which lead to an increase
in the ionic strength of the solution (Sparks,
2020). These results also indicate a higher rate
of decomposition of mineral compounds and
the immediate release of nutrients after
dissolution. Electrical conductivity (EC) is one
of the most important chemical indicators used

w b O
o O O

=
~
n
e
kY
L
()
17

= N
(o) = ©

to evaluate fertilizer quality because it is
directly related to the fertilizer's potential
impact on soil salinity and the osmotic pressure
of the soil solution (Brady & Weil, 2017). A
high EC can lead to a decrease in the osmotic
potential of water, thus limiting the roots' ability
to absorb water, especially in arid and semi-arid
environments (Richards, 1954). The significant
decrease in EC of organic fertilizer is linked to
the complex nature of organic compounds,
which do not fully decompose or ionize in
aqueous environments, as well as the low
concentration of free mineral salts (Stevenson
& Cole, 2015). This indicates a difference in the
nature of ionic dissociation among fertilizers, as
some mineral compounds have a higher
capacity to maintain ionic equilibrium even at
dilution levels (Tan, 2014).
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Figure 1. Electrical conductivity (A) and pH (B) values of different types of commercial mineral

fertilizers compared to organic fertilizer

These results indicate that DAP fertilizers have
a neutral to slightly alkaline reaction due to
their content of ammonium compounds,
phosphates, and basic cations such as calcium
and magnesium (Mengel & Kirkby, 2001).
Furthermore, the presence of ammonia in the
chemical composition of DAP fertilizers
contributes to a relatively high pH as a result of
decomposition and chemical reactions. The
presence of ammonia in the chemical
composition of DAP fertilizers contributes to a
relatively high pH due to decomposition and
chemical reactions. The relatively low pH of
organic fertilizers is attributed to the presence
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of organic acids resulting from the
decomposition of organic compounds, such as
humic, fulvic, and carboxylic acids (Stevenson
& Cole, 2015). pH is one of the most important
factors controlling the solubility and chemical
balance of nutrients. High pH values increase
the precipitation of phosphorus with calcium,
while moderately acidic values increase
nutrient solubility and reduce nutrient fixation
(Marschner, 2021).Stability of pH values
within the range close to neutral indicates
fertilizer quality and chemical stability.
Extreme decreases or increases in pH can lead
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to the decomposition of some compounds or the
loss of nutrients during storage (IFA, 2021).

Total and Dissolved Solids (TS and TDS)

The Saudi DAP recorded the highest total solids
value (TS) at 36.1 g L', while organic fertilizer
recorded the lowest value at 10.2 g L' (Figure
2, A). TDS reached its highest value in Saudi
DAP at 19,430 ppm, compared to 19,229 and
15,550 ppm for Jordanian and British DAP,
respectively, while organic fertilizer recorded
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only 3,220 ppm (Figure 2, B). These results
indicate a high concentration of soluble mineral
compounds in DAP fertilizers, leading to
increased concentrations of free ions in the
solution (Richards, 1954). Furthermore, high
TDS is associated with increased osmotic
pressure and high ionic strength of the fertilizer
solution (Sparks, 2020). Conversely, the low
TS and TDS in organic fertilizer are linked to
the presence of a large proportion of non-
ionized or slow-dissolving organic compounds,
giving this type of fertilizer the characteristic of
gradual nutrient release (Tan, 2014).

Figure 2. Differences in total dissolved soils TS (A) and TDS (B) among different types of commercial

mineral fertilizers compared to organic fertilizer

Calcium, Magnesium, Chloride, and Solubility

Saudi DAP recorded the highest calcium
concentration at 1900 ppm, while British DAP
recorded the highest magnesium concentration
at 1212 ppm, and Jordanian DAP recorded the
highest chloride concentration at 2535 ppm
(Figure 3, A, B and C). The high calcium and
magnesium levels are attributed to the nature of
the phosphate rocks used in manufacturing, as
some phosphate ores contain high percentages
of carbonates and secondary minerals (IFA,
2021). The high chloride levels may indicate
the presence of salt impurities or the use of raw
materials with a high chloride content, which
can affect fertilizer quality, especially when
used with salt-sensitive crops (Havlin et al.,
2019). The results showed a clear variation in
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solubility percentages, with organic fertilizer
recording the highest percentage at 93.88%,
compared to 17.94%, 7.28%, and 6.68% for
Jordanian, British, and Saudi DAP, respectively
(Figure 3, D). Solubility is one of the most
important chemical indicators for evaluating
fertilizer efficiency, as it determines the rate at
which nutrients are released and translocated in
the soil solution (Marschner, 2021). High
solubility of organic fertilizers indicates the
ease with which their components decompose
and break down in the aqueous medium, while
low values for DAP fertilizers reflect the
presence of more stable or less decomposed
phosphate compounds (Tan, 2014).
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Solubility Rate (%)

Figure 3. Differences in fertilizer content of Calcium (A), Potassium (B), Chloride (C) and solubility
rate (D) among different types of commercial mineral fertilizers compared to organic fertilizer

Nitrogen, Phosphorus, and Potassium

Laboratory analysis revealed a clear variation in
nitrogen concentrations among the studied
fertilizers. Organic fertilizer recorded the
highest nitrogen concentration at 63.8 g kg™,
followed by British DAP at 36.1 g kg™, then
Jordanian DAP at 28.1 g kg™, while Saudi DAP
recorded the lowest concentration at 23.7 g kg™
(Figure 4, A). The study also showed
significant ~ differences in  phosphorus
concentrations among the fertilizers used
(Figure 4, B). Organic fertilizer recorded the
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highest concentration at 81.1 g kg™, followed
by British DAP at 53.6 g kg™, then Jordanian
DAP at 47.9 g kg™, while Saudi DAP recorded
the lowest value at 36 g kg™'. Laboratory
analysis results showed that organic fertilizer
had the highest potassium concentration of
130.7 g kg, followed by Jordanian DAP at a
concentration of 104.9 g kg™, then British DAP
at 104.1 g kg!, while Saudi DAP recorded the
lowest concentration of 78.6 g Kg™!' (Figure 4,
D).



Iranian journal of food science and industry

Number 176, Volume 23, October2026

Figure 4. Differences in nitrogen, phosphorus and potassium content values total dissolved among
different types of commercial mineral fertilizers compared to organic fertilizer

4-Discussion

These results indicate a clear variation in the
chemical composition and sources of raw
materials used in the manufacture of these
fertilizers, as well as differences in the
efficiency of manufacturing and industrial
processing operations. Nitrogen is considered
one of the most dynamic nutrients in soil and is
closely associated with the biological and
chemical processes that regulate plant growth
and productivity. Therefore, evaluating its
concentration in fertilizers represents an
important indicator of their potential fertilizing
efficiency (Luce et al., 2011).

Nitrogen in DAP fertilizers is predominantly
present in the ammoniacal form (NH4"), which
is highly soluble and readily released into the
soil solution, resulting in an immediate increase
in nitrogen availability following application.
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However, this form of nitrogen is more
susceptible to nitrification and biological
transformation processes in soil, which
subsequently lead to the formation of nitrate
(NOs"), a highly mobile form prone to leaching
losses (Gworek et al., 2021). The conversion of
ammonium to nitrate is considered one of the
most important processes affecting nitrogen use
efficiency and nitrogen losses from soil,
particularly under conditions favorable for
microbial activity.

The higher nitrogen content observed in the
British DAP fertilizer compared with the
Jordanian and Saudi DAP fertilizers may
indicate a higher proportion of active
ingredients or a lower content of non-nutritive
mineral impurities. It may also reflect greater
efficiency in manufacturing and chemical
crystallization processes. In contrast, the
relatively lower nitrogen content in the Saudi
DAP fertilizer may be associated with a higher
salt content or an increased proportion of non-
nitrogenous compounds incorporated into the
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final fertilizer composition (Becker, 1989;

Ryszko et al., 2023).

Conversely, the markedly higher nitrogen
content in the organic fertilizer is not only
attributable to its total nitrogen content but also
reflects the presence of complex organic
nitrogen compounds such as amino acids,
proteins, and humic substances. These
compounds are characterized by gradual
decomposition through microbial activity,
providing a sustainable and slow-release source
of nitrogen compared with highly soluble
mineral fertilizers. Moreover, organically
bound nitrogen  possesses  significant
environmental and chemical advantages, as it is
less susceptible to losses through leaching or
volatilization than mineral fertilizers, thereby
enhancing nitrogen use efficiency in soil and
ensuring a release pattern that is more closely
aligned with the physiological requirements of
plants (Gworek et al., 2021).

From a chemical perspective, the elevated
nitrogen concentration in organic fertilizer may
stimulate microbial activity in soil, particularly
among microorganisms responsible for organic
matter decomposition, leading to increased
mineralization rates and improved nutrient
cycling. In addition, the decomposition of
organic nitrogen compounds generates organic
acids and carbon dioxide, which may indirectly
enhance the solubility of other nutrients such as
phosphorus and micronutrients. Studies have
indicated that most soil nitrogen exists in
organic forms associated with soil organic
matter and that microbial mineralization
processes represent the primary pathway for
converting organic nitrogen into mineral forms
available for plant uptake (Walworth, 2013).

The results also suggest that variations in
nitrogen  concentrations among mineral
fertilizers reflect differences in the sources of
phosphate rocks used in production, as well as
differences in the efficiency of the reaction
between ammonia and phosphoric acid during
manufacturing. Industrial factors such as
temperature, moisture content, and raw material
purity influence the final composition of the
fertilizer and its capacity to retain nitrogen.
Furthermore, the quality of raw materials used
in phosphate fertilizer production is considered
one of the principal factors affecting the
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characteristics of the final product and its
nutrient concentration (Becker, 1989; Ryszko et
al., 2023; Jasinski, 2015).

Overall, the higher nitrogen content in both the
organic fertilizer and the British DAP fertilizer
provides an important agronomic advantage in
terms of supplying this essential nutrient.
However, their release patterns differ
substantially; mineral fertilizers are
characterized by rapid nutrient release and
immediate plant response, whereas organic
fertilizer is distinguished by gradual nutrient
release and long-term nutrient sustainability,
thereby improving nitrogen use efficiency and
reducing environmental losses over the long
term (Luce et al., 2011; Gworek et al., 2021).

Phosphorus is considered one of the most
chemically complex plant nutrients due to its
rapid susceptibility to fixation and precipitation
processes, particularly in calcareous soils rich
in calcium, where phosphate ions tend to form
sparingly soluble compounds such as dicalcium
and tricalcium phosphate, thereby reducing its
availability to plants (Johan et al., 2021).
Therefore, the evaluation of phosphorus content
in fertilizers is not based solely on the total
phosphorus concentration but also on the nature
of phosphate compounds, their solubility, and
their release efficiency in soil. The higher
phosphorus content observed in the British
DAP fertilizer compared with the other DAP
fertilizers indicates a higher proportion of
active phosphate material and may also reflect
the use of purer phosphate rocks with lower
levels of mineral impurities during
manufacturing. The quality of phosphate rocks
directly affects fertilizer quality, as impurities
such as calcium, magnesium, iron, and
aluminum in the raw material may influence
phosphoric acid production efficiency and the
quality of the resulting phosphate fertilizers
(Ryszko et al., 2023). In contrast, the relatively
lower phosphorus content in the Saudi DAP
fertilizer may be associated with a higher
content of salts or non-phosphate compounds,
or with differences in manufacturing conditions
that affect the conversion rate to the soluble
form. Conversely, the organic fertilizer is
characterized by its high phosphorus content,
reflecting the presence of organic residues rich
in decomposed phosphate compounds.
Moreover, phosphorus in organic fertilizers is
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often associated with organic and humic
compounds that contribute to reducing its rapid
fixation in soil. Organic acids released during
the decomposition of organic matter form
complexes with calcium, iron, and aluminum,
thereby limiting phosphorus precipitation and
maintaining it in a more plant-available form
(Jindo et al., 2023).

Generally, the high concentration of soluble
phosphorus in mineral fertilizers leads to a
rapid increase in phosphate ion concentration
within the soil solution. However, this increase
may be temporary due to the subsequent
exposure of phosphorus to adsorption and
precipitation processes. In contrast, organic
phosphorus is gradually released through
microbial activity, enhancing its long-term
availability in soil. Furthermore, variations in
phosphorus concentrations among different
DAP fertilizers may reflect differences in the
efficiency of the industrial reaction between
ammonia and phosphoric acid during fertilizer
production, as the precision of manufacturing
control and the purity of raw materials
influence the final phosphorus concentration
and its degree of solubility (Ryszko et al.,
2023). Overall, the higher phosphorus content
in the organic fertilizer and the British DAP
fertilizer indicates their high fertilizing value.
However, the mechanism of nutrient supply
differs between them; DAP provides
phosphorus in a rapidly soluble form, whereas
organic fertilizer supplies phosphorus gradually
and in a more chemically stable form.

Potassium is one of the essential nutrients
responsible for regulating osmotic balance,
activating enzymes, stimulating
photosynthesis, and facilitating carbohydrate
translocation within plants. Unlike nitrogen and
phosphorus, potassium generally does not form
part of complex organic compounds but exists
primarily as a free ionic form (K*), which
makes it more mobile and readily soluble
(Hasanuzzaman et al., 2018; Johnson et al.,
2022). The markedly high potassium content in
the organic fertilizer indicates that the organic
material contains substantial amounts of
potassium released from plant residues and
decomposed organic matter. Furthermore, the
association of a portion of potassium with
organic complexes and colloids may reduce its
loss compared with mineral fertilizers. In
contrast, the elevated potassium content in the
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Jordanian and British DAP fertilizers may
reflect the presence of potassium-rich additives
or impurities originating from the raw materials
used during production, as some phosphate
rocks may contain clay minerals or potassium
salts associated with the phosphate ore (Ryszko
et al., 2023).

From a chemical perspective, potassium is
characterized by its rapid dissolution and
movement within the soil solution compared
with phosphorus because it is not subject to
precipitation reactions to the same extent.
Nevertheless, a portion of potassium may
become fixed within the interlayer spaces of
certain clay minerals, such as illite and
vermiculite, thereby reducing its immediate
availability in some soil types (Portela et al.,
2019). Moreover, high potassium
concentrations in fertilizers contribute to an
increase in the ionic strength of the fertilizer
solution, which may partially explain the
elevated EC and TDS values observed in some
mineral fertilizers. The presence of potassium,
calcium, magnesium, and chloride in DAP
fertilizers, despite the fact that the theoretical
composition of the fertilizer is based primarily
on nitrogen and phosphorus, is considered a
natural phenomenon from both chemical and
industrial perspectives. This is related to the
nature and purity of the phosphate rocks used in
manufacturing, as well as to the processing,
purification, and granulation operations,
through which varying amounts of mineral
elements and impurities may be transferred
from the raw materials to the final product
(Ryszko et al., 2023).

Laboratory analysis revealed that the DAP
fertilizers under study contained varying
concentrations of  potassium, calcium,
magnesium, and chloride, although the
theoretical chemical composition of DAP
fertilizer is  primarily represented by
diammonium phosphate (NHa4)-HPO.,
commercially known as 18—46-0, which serves
as a major source of nitrogen and phosphorus
without the direct addition of potassium or
other secondary nutrients. However, the
presence of these elements in the current results
reflects the practical nature of commercially
manufactured fertilizers, which differ from the
pure chemical formulation produced under
laboratory conditions (Ryszko et al., 2023). The
primary reason for the presence of calcium,
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magnesium, chloride, and potassium in DAP
fertilizers is related to the nature of the
phosphate rocks used in the production of
phosphoric acid, which is the main raw material
for DAP fertilizer manufacturing. Phosphate
rocks naturally contain mineral impurities and
associated minerals such as calcite, dolomite,
feldspars, and soluble salts, which serve as
sources of secondary elements and
accompanying ions in the final fertilizer
product (Ryszko et al., 2023; Becker, 1989).
Furthermore, DAP production involves the
neutralization of phosphoric acid with ammonia
under specific industrial conditions. However,
phosphoric acid produced through the Wet
Process is not completely pure and contains
varying amounts of dissolved mineral elements
derived from phosphate ore, including calcium,
magnesium, iron, aluminum, and certain
soluble salts (Becker, 1989).

The elevated calcium content observed in some
DAP fertilizers may be attributed to the high
concentration of carbonate minerals in the

phosphate rocks, as many sedimentary
phosphate  deposits contain considerable
amounts of calcite and dolomite associated with
phosphate apatite minerals. During the

treatment of phosphate rock with sulfuric acid
for phosphoric acid production, portions of
calcium and magnesium may be transferred to
the final product in the form of dissolved salts
or impurities (Straaten, 2002). The presence of
magnesium is commonly associated with the
occurrence of dolomite, CaMg(CO3)2, or with
clay and magnesium-bearing minerals
accompanying phosphate rocks. In addition,
industrial additives or conditioning agents used
during granulation and drying processes may
contribute to magnesium levels. Some
manufacturers may also incorporate small
amounts of secondary nutrients to enhance the
agronomic value or marketability of compound
fertilizers (IFA, 2019).

In contrast, the presence of chloride may result
from naturally occurring soluble salts within
phosphate ores or from the use of industrial
water and  saline additives  during
manufacturing and granulation processes.
Fertilizers may also be exposed to limited salt
contamination during transportation and
storage or through the use of anti-caking agents
containing chloride compounds. Consequently,

283

elevated chloride concentrations may reflect the
nature of the raw materials or the efficiency of
purification processes and may directly
influence the electrical conductivity of the
fertilizer (IFA, 2019).

The occurrence of potassium in DAP fertilizers
can be explained by several chemical and
industrial mechanisms. Some phosphate rocks
contain silicate minerals or potassium feldspars
associated with phosphate ore, resulting in the
transfer of limited amounts of potassium to the
final fertilizer product. In addition, certain
manufacturing  facilities  utilize  shared
production lines for phosphate and potash

fertilizers, which may lead to trace
contamination of DAP with potassium
compounds. Potassium-containing materials

may also be added to improve the physical
properties of fertilizer granules or enhance the
fertilizing efficiency of certain compound
fertilizer products (Becker, 1989; Ryszko et al.,
2023).

From an agronomic perspective, the presence of
these secondary elements is not necessarily
undesirable and may increase the fertilizing
value of the product when present in moderate
concentrations. Calcium and magnesium are
important secondary plant nutrients, while
potassium plays a fundamental role in osmotic
regulation, enzyme activation, and
carbohydrate translocation within plants
(Hasanuzzaman et al., 2018; Johnson et al.,
2022). However, excessive levels of chloride or
soluble salts may increase electrical
conductivity and osmotic pressure, which can
adversely affect plant growth, particularly in
salt-sensitive crops and under arid soil
conditions. This may adversely affect the
growth of salt-sensitive plants, particularly in
arid soils or soils with limited leaching capacity
(Marschner, 2012).

The decomposition of organic matter leads to
the formation of humic and fulvic substances as
well as organic acids, which contribute to
increasing cation exchange capacity, improving
nutrient retention, and reducing nutrient losses
through leaching or fixation (Stevenson &
Cole, 1999; Lehmann & Kleber, 2015). In
addition, organic matter forms chelated
complexes with numerous nutrients, helping to
maintain their availability and reduce their
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precipitation, particularly phosphorus in
calcareous soils. Consequently, phosphorus in
organic fertilizers tends to be more stable and
less susceptible to fixation than phosphorus
supplied through highly soluble mineral
phosphate fertilizers (Jindo et al., 2023). The
high solubility and nutrient retention efficiency
of organic fertilizers can be attributed to the
combined effects of organic compounds and
microbial activity, both of which enhance
nutrient dynamics within the soil.

From an environmental perspective, organic
fertilizers are characterized by the gradual
release of nutrients, which reduces nitrogen
losses through leaching and volatilization while
improving nutrient use efficiency over the long
term (Diacono & Montemurro, 2010).
Furthermore, the lower EC values of organic
fertilizers decrease the likelihood of salt stress
in plants compared with DAP fertilizers, which
generally exhibit higher electrical conductivity.
Organic fertilizers also play a crucial role in
stimulating soil microorganisms and enhancing
biological processes within the soil, thereby
positively influencing mineralization rates and
promoting the gradual and balanced release of
nutrients (Lori et al., 2017). Moreover, organic
matter contributes to improving soil structure,
enhancing aggregate stability, increasing water-
holding capacity, and improving soil aeration,
characteristics that mineral fertilizers do not
directly provide (Lehmann & Kleber, 2015). In
contrast, DAP fertilizers are characterized by
their rapid supply of nitrogen and phosphorus
due to the fast dissolution and immediate
release of nutrients. However, this rapid
availability may be accompanied by increased
risks of nutrient loss or chemical fixation, in
addition to the potential for increased soil
salinity when used intensively (Havlin et al.,
2014).

4-Conclusion

This analytical study demonstrated substantial
differences in the physicochemical
characteristics and nutrient composition among
the investigated fertilizer sources. The results

confirmed that fertilizer origin  and
manufacturing processes significantly
influence nutrient concentrations, 1ionic

behavior, solubility, and chemical properties.
Mineral DAP fertilizers exhibited higher
electrical conductivity, total dissolved solids,
and salt concentrations, reflecting their rapid
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nutrient release and immediate availability after
dissolution. In contrast, the organic fertilizer
was characterized by lower salinity, higher
solubility and concentrations of nitrogen,
phosphorus, and potassium, indicating its
potential as a balanced and sustainable nutrient
source. Among the mineral fertilizers, British
DAP showed relatively higher nutrient
concentrations, particularly phosphorus and
nitrogen, whereas Saudi DAP exhibited the
highest electrical conductivity and dissolved
solids. The observed variations in calcium,
magnesium, chloride, and potassium contents
further emphasize the influence of phosphate
rock quality, raw material composition, and
industrial processing conditions on fertilizer
characteristics. Overall, the findings highlight
the importance of laboratory-based fertilizer
evaluation as an effective tool for assessing
fertilizer quality and predicting nutrient release
behavior and potential impacts on soil chemical
properties. The study suggests that integrating
chemical characterization with nutrient
composition assessment can provide valuable
information for selecting suitable fertilizer
sources and improving nutrient management
strategies in agricultural systems.

Conflict of Interest

The authors declare that they have no conflict of
interest.

Funding

This research received no external funding.

Data Availability

All data supporting the findings of this study are
available within the manuscript.

Ethical Approval
This study did not involve human participants or
animals. All experimental procedures were

conducted in accordance with institutional and
laboratory biosafety guidelines.

5-References
[1] Alloway, B. J. (2018). Plant Nutrition and
Soil Fertility Manual. CRC Press.

[2] Barber, S. A. (1995). Soil Nutrient
Bioavailability. Wiley
[3] Becker, P. (1989). Phosphates and

phosphoric acid: Raw materials, technology,
and economics of the wet process. Marcel
Dekker Inc.

Brady, N. C., & Weil, R. R. (2017). The
Nature and Properties of Soils. Pearson.

(4]



Dhyeaa Jameel Obayes & Ameer Khalil Yasser

Laboratory evaluation of the ...

[5] Diacono, M., & Montemurro, F. (2010).
Long-term effects of organic amendments on
soil fertility. A review. Agronomy for
Sustainable Development, 30(2), 401-422.
https://doi.org/10.1051/agro/2009040

[6] Epstein, E., & Bloom, A. (2005). Mineral
Nutrition of Plants. Sinauer Associates.

[7] Fageria, N. K. (2016). The Use of Nutrients
in Crop Plants. CRC Press.

[8] Gworek, B., Dmuchowski, W., Baczewska-
Dabrowska, A. H., & Bragoszewska, P. (2021).
Nitrogen transformations from nitrogen
fertilizers in soils in changing climatic
conditions. Soil Science Annual, 72(2),
132440.
https://doi.org/10.37501/so0ilsa/132440

[91 Gworek, B., Dmuchowski, W., Baczewska-
Dabrowska, A. H., & Bragoszewska, P. (2021).
Nitrogen transformations from nitrogen
fertilizers in soils in changing climatic
conditions. Soil Science Annual, 72(2),
132440.
https://doi.org/10.37501/soilsa/132440

[10] Hasanuzzaman, M., Bhuyan, M. H. M. B.,
Nahar, K., Hossain, M. S., Mahmud, J. A.,
Hossen, M. S., Masud, A. A. C., Moumita, &
Fujita, M. (2018). Potassium: A vital regulator
of plant responses and tolerance to abiotic
stresses. Agronomy, 8(3), 31.
https://doi.org/10.3390/agronomy8030031

[11] Havlin, J. L., Nelson, W. L., & Beaton, J.
D. (2019). Soil Fertility and Fertilizers.
Pearson Education.

[12] Hoshmand, R. 2018. Design of experiments
for agriculture and the natural sciences.
Chapman and Hall/CRC.
https://doi.org/10.1201/9781315276021

[13] International Fertilizer Association IFA.
(2021).  Fertilizer ~ Technical — Manual.
International Fertilizer Association.

[14] International Fertilizer Association (IFA).
(2019).  Fertilizer indicators handbook.
International Fertilizer Association.

[15] International Fertilizer Association (IFA).
(2019).  Fertilizer indicators handbook.
International Fertilizer Association.

[16] lJindo, K., Schut, A. G. T., & Langeveld, J.
W. A. (2023). Biotic and abiotic effects of soil
organic matter on the phytoavailable
phosphorus in soils: A review. Chemical and
Biological Technologies in Agriculture, 10, 29.
https://doi.org/10.1186/540538-023-00401-y

[17] Johan, P. D., Ahmed, O. H., Omar, L., &
Hasbullah, N. A. (2021). Phosphorus
transformation in soils following co-
application of charcoal and wood ash.
Agronomy, 11(10), 2010.
https://doi.org/10.3390/agronomy11102010

285

[18] Johnson, R., Vishwakarma, K., Hossen, M.
S., Kumar, V., Shackira, A. M., Puthur, J. T.,
Abdi, G., Sarraf, M., & Hasanuzzaman, M.
(2022). Potassium in plants: Growth
regulation, signaling, and environmental stress
tolerance. Plant Physiology and Biochemistry,
172, 56—69.
https://doi.org/10.1016/j.plaphy.2022.01.001

[19] Jones, J. B. (2012). Plant Nutrition and Soil
Fertility Manual. CRC Press.

[20] Lehmann, J., & Kleber, M. (2015). The
contentious nature of soil organic matter.
Nature, 528(7580), 60—68.
https://doi.org/10.1038/nature1 6069

[21] Lindsay, W. L. (2001). Chemical
Equilibria in Soils. Wiley.

[22] Lori, M., Symnaczik, S., Méder, P, De
Deyn, G., & Gattinger, A. (2017). Organic
farming enhances soil microbial abundance
and activity—A meta-analysis and meta-
regression. PLoS ONE, 12(7), ¢0180442.
https://doi.org/10.1371/journal.pone.0180442

[23] Luce, M. S., Ziadi, N., Grant, C. A,,
Tremblay, G. F., Zebarth, B. J., Whalen, J. K.,
& Claessens, A. (2011). Nitrogen dynamics
and indices to predict soil nitrogen supply in
humid  temperate  soils. Advances in
Agronomy, 112, 55-102.

[24] Marschner, P. (2021). Mineral Nutrition of
Higher Plants. Academic Press.

[25] Mengel, K., & Kirkby, E. A. (2001).
Principles of Plant Nutrition. Springer.

[26] Page, A. L., Miller, R. H., & Keeney, D. R.
(1982). Methods of Soil Analysis. ASA and
SSSA.

[27] Payne, R., Murray, D., Harding, S., Baird,
D., & Soutou, D. (2009). GenStat for Windows
12th Edition Introduction: VSN International,
5 The Waterhouse. Waterhouse Street, Hemel
Hempstead, Hertfordshire HP1 IES, UK.

[28] Portela, E., Abreu, M. M., & Fonseca, M.
(2019). Effect of soil mineralogy on potassium
fixation in soils developed on different parent
material. Geoderma, 343,226-234.

[29] Richards, L. A. (1954). Diagnosis and
Improvement of Saline and Alkali Soils.
USDA.

[30] Ryszko, U., Rusek, P., & Kotodynska, D.
(2023). Quality of phosphate rocks from
various deposits used in wet phosphoric acid
and P-fertilizer production. Materials, 16(2),
793. https://doi.org/10.3390/mal16020793

[31] Ryszko, U., Rusek, P., & Kotodynska, D.
(2023). Quality of phosphate rocks from
various deposits used in wet phosphoric acid
and P-fertilizer production. Materials, 16(2),
793. https://doi.org/10.3390/ma16020793



https://doi.org/10.1051/agro/2009040
https://doi.org/10.37501/soilsa/132440
https://doi.org/10.37501/soilsa/132440
https://doi.org/10.3390/agronomy8030031
https://doi.org/10.1201/9781315276021
https://doi.org/10.3390/agronomy11102010
https://doi.org/10.1038/nature16069
https://doi.org/10.3390/ma16020793
https://doi.org/10.3390/ma16020793

Iranian journal of food science and industry

Number 176, Volume 23, October2026

[32] Sparks, D. L. (2020). Environmental Soil
Chemistry. Academic Press.

[33] Stevenson, F. J., & Cole, M. A. (2015).
Cycles of Soil. Wiley.

[34] Tan, K. H. (2014). Humic Matter in Soil
and the Environment. CRC Press.

[35] Tisdale, S. L., Nelson, W. L., & Beaton, J.
D. (1993). Soil Fertility and Fertilizers.
Macmillan.

[36] Van Straaten, P. (2002). Rocks for crops:
Agrominerals  of  sub-Saharan  Africa.
University of Guelph.

[37] Walworth, J. (2013). Nitrogen in soil and
the environment. University of Arizona
Cooperative Extension, AZ1591.

[38] White, R. E. (2013). Principles and
Practice of Soil Science. Wiley.

286

[39] Wild, A. (2012). Russell’s Soil Conditions
and Plant Growth. Longman.



