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ARTICLE INFO ABSTRACT
Received: December 25, 2022 Two sites were chosen in northern Iraq, the first was from Baweza(Aridisols) village
Accepted: January 26, 2023 in the city of Mosul famous for its cultivation of wheat, and the other was from
Volume: 3 Zawita (Mollisols) forests in Dohuk governorate that were exposed to fires, Samples
Issue: 1 of surface soils were collected with a depth of (0.30) m to study the effect of Burning
KEYWORDS on some physical ,chemical properties and potassium status. The results indicated that
burning caused an increase in the bulk density from (1.64tol.69)and (1.45t01.54)
Burn soil, Calcareous soil, Mg.m-3 and decrease in the total porosity from (38 to36 and (45-42)% in Ba’wiza and
Freundlech, Langmier, Zawita soils respectively, the soil particlessize distribution were changed from (355-
potassium 160),(395-520), (250-320)and (310-360, (400-350) (190-390) gm.Kg for clay silt and

sand separates for Ba’wiza and Zawita soils. pH (7.1 - 7.9) and (7.0 - 7.4) electrical
conductivity (0.40-0.90) and (0.40-0.80) dS.m-1 CEC from (33.75-25), and (43.75-
33.75) C.molc.Kg-1 for Ba’wiza and Zawita soils respectively., a slight increase in of
the organic matter content in Ba’wiza soil from (21.32- 29.2) and a sharp decrease
(22.33-11.69) gm.Kg-1 in the Zawita soil, a clear increasing in of calcium carbonate
content (160.36-261.82) and (28.63-141.54) gm.Kg-1.

1. Introduction

Burning is one of the wrong practices followed on the local and global scales, as fire is an important physical factor that affects
many environmental processes and is used in agricultural operations as one of the practices of soil management (Santin, 2016),
and although it is banned in many countries, burning the remains of Cropping is a common activity for some farmers during the
annual preparation of the land for cultivation and the eradication of weeds and harmful bush seeds and pathogens in the world
in general and in northern Iraq (Ninawa Governorate) in particular. Controlled fire is defined as the burning of plant residues in
low quantities to achieve completely different objectives due to specific weather conditions, quantity of plant residues, and
topographical conditions (Fernandes et al., 2013 ; Pereira, 2014). It is seen as an essential and integrated vegetation
management option to mitigate wildfire activity, thereby reducing carbon emissions from uncontrolled natural fires (Bennet et
al., 2014).

As fires affect the physical, chemical, and biological properties and the accumulation of dry matter. It also controls
the main processes and properties of the ecosystem, such as the cycle of nutrients. The burning of plant residues increases the
surface temperature of the soil up to 500°C. The heat generated during combustion can change the physical, chemical,
biological and mineral properties of the soil (Thomaz et al., 2014).

Artificial fire depends on the amount of plant residues available for combustion, while the effect of the intensity of
combustion on soil properties is determined by the temperature gradient that occurs in it. To 300° C, it tends to decrease in the
capacity of positive ion exchange (CEC) and increase in soil salinity and calcium carbonate content (Inbar et al., 2014) (Najafi-
Ghiri, 2020). In this regard, it was confirmed by (Alcaiiz et al., 2018) and (Akhzari, 2022) Specific fires affect soil properties
but vary greatly depending on the initial properties of the soil, vegetation cover or the type of fire. It can also be noted that the
physical and biological properties the accessibility of the soil is more strongly affected by the described fires than its chemical
properties.

Finally, we conclude that the described fires clearly constitute a disturbance to the environment (positive, neutral or
negative depending on the characteristic of the studied soil). Since most of the agricultural fields spread in Nineveh
Governorate and nearby areas are famous for the cultivation of wheat and barley crops, the practice of burning became
common in these fields, especially after Harvest Potassium is one of the major important elements in plant nutrition, and its
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readiness and liberation from the soil is an important matter in agricultural strategies (Wakeel, 2022) (Nguyen et al., 2020) and
due to the lack of in-depth studies of the impact of fires on soil, so we believe that our current study is the first in Iraq Which
aims to study the effect of burning on the physical and chemical properties of soil, including potassium and its adsorption
formulas for burnt soils.

3. Methodology (New Times Roman (Body), Font Size 10)

Two sites were chosen in northern Iraq, the first from the village of Ba'wiza in the city of Mosul in northern Iraq,
famous for its cultivation of wheat, and the other from Zawita forests in the province of Dohuk, whose location and nature of
agricultural exploitation are proven in Table (1), whose fires are shown in the picture (1).

Table 1 Geographical data and morphological description of the locations of the study soil samples

q q q q Agricultural

Siteand rating Geographical location (GPS) gk

1- Mosul (Aridsol) 36°25'59.52"N43°08'21.55"E Cereal Crops
2- Dhouk (Mollisols) 36°54'46.3"N 43°08'14.2"E Forests

Figure 1 the areas that were burned in the two study sites

The physical and chemical analyzes below were carried out according to the methods mentioned in Spark, (2017) on
soil samples obtained from burning and non burning , as follows: Particles size distribution of soil separations was used by the
hydrometer method according to (Gee, 2002). The bulk density was estimated by the paraffin wax method.

Soil chemical properties
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Electrical conductivityand pHwere measured inl:1 extract. Calcium and magnesium ions were estimated with EDTA
(0.01N), while sodium and potassium were determined by a flame photometer. The CEC is extracted in 250 ml using 1 M
NH4Cl with the process repeated twice and all the extracts are collected and analyzed as exchangeable ions (Na *! K
*IMg*?Ca*?) for replaceable ions (Rayment and Lyons, 2011), While calcium carbonate CaCO3 was estimated by a calcimeter
method .The soil organic matter was estimated by wet oxidation method using potassium dichromate as an oxidant with
concentrated sulfuric acid and then treated with ammonium ferrous sulfate in the presence of ferroin indicator.

Forms of potassium

1-Soluble potassium (Soluble-K):- The soluble K was determined from the soil saturation extract by using (Flame photometer)
as mentioned before.

2-Exchangeable potassium:- Exchangeable potassium was extracted from the soil by three different methods including 1M
ammonium acetate solution (NH40OAc pH 8.1) as mentioned before, 1M (NH4Cl), as the extraction solution according to
Suarez (1996), and 1M CaCl; solution as described by Pratt (1982).

3-Non-Exchangeable potassium (non-exchangeable-K):- Non-exchangeable K was extracted from the soil by using 1M boiling
HNO3; according to Page et al. (1982), the non-exchangeable K was calculated from the difference between the amount of K
which was extracted by boiling HNO3 and the amount which was extracted by 1M CaCl2.

4- Total potassium (T.K):- The total K was determined from the soil sample by digestion the soil with concentrated HNO3 and
60% perchloric acid and digests the mixture until dense white fumes of acid appear.

5- Mineral potassium (Min-K):- The mineral K was calculated according to the suggested mathematical formula by (Martin
and Sparks, 1983) as follows:

Min-K= T.K-(CaCI2-K+HNO3-K)......oiitiiitiiiiiii e, (1).
Where:

Min-K= mineral potassium. T.K= total potassium. CaCl,-K= extracted potassium by 1M CaCl2. HNO3-K= extracted
potassium by 1M boiling nitric acid.

6-Potassium adsorption:- Potassium adsorption was studied according to 6-2- Thermodynamic approaches.
Effect of added K on K adsorption

Potassium adsorption study was performed according to procedure described by Beckett (1964 a, b). (2.5.00 gm) duplicate
samples of the soils were equilibrated in 100 ml polypropylene tubes containing 50 ml of solution containing from( 0, 0.25,
0.5, 1,2, 4 and 8 mmol K+ L -1 as KCl in 0.01M CaCl.. suspensions were shaken for one hour at 298Ko (Isotherm reaction)
and let to equilibrate for 48 hours and then centrifuged. The supernatant were analyzed for K .

The adsorbed quantity is calculated according to the following equation:

Kiad = (Kin = Kifin) X V/S oo 2).
Where:

K.ad : Adsorbed potassium (mmol.Kg™).

Kin : Added primary potassium (mmol.L™).

Kiin : Final potassium in equilibrium solution (mmol.L").

V : equilibrium volume liter .

X : Soil mass kg.

The criteria for potassium ion exchange) are calculated as follows:

The Langmuirand Frendlich equations

/X =T/KDBCH 17D 3).
Log X=Log K+DLogC. ..ot 4).
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Amount of adsorbed potassium (mmole.kg™).

and C: the ion concentration in the equilibrium solution (mmole.L").

K: a constant representing the binding energy (mmole.L™).

a,b : constants.

Then the statistical analysis of the correlation coefficient is performed according to the Exel (2010) program.

The adsorption criteria (adsorption capacity and binding energy) are determined by adopting the linear formula of the above
equations.

4. Results and Discussion

Burned soil properties
Effect of burning on physical properties

Table (2) shows some of the studied physical properties of the studied soils, as we note from the results that the
burning processes led to a change in the values of the bulk density in the soil of Ba’wiza, which is famous for the cultivation of
wheat and barley crops, as it ranged from (1.64) to (1.69) Mgm™* Which led to a decrease in the porosity values from (38)% to
(36)%, while the forest fire in Zawitah led to a change in the value of the bulk density from (1.45) to (1.54) Mgm™3.

Which was reflected on the values of the total porosity as it changed from (45%) to (42) and the reason for this is due
to the fact that the fires that occur in wheat fields are less severe than forest fires, because crop residues of low quantities do
not affect the change in bulk density compared to forest trees It was noted by Shakesby et al., (2006) that after a low density
fire, the bulk density of the soil increased significantly with a corresponding decrease in the porosity as it was concluded that
the destruction of the soil aggregates contributed to the increase in the bulk density.

Hence it appears that many factors determine the bulk density of soil (including, fire density and intensity, soil texture,
and moisture) and these factors need to be carefully monitored if we hope to gain greater knowledge of this soil property
(Lopes et al., 2020).

As shown in the table. (2) that the burning operations led to a change in the soil separations in Baouizah, as it changed
from (355) to (160) for separated clay ,(395) to (520) for silt, and (250) to (320)gmkg™ for sand fraction, while The forest fire
in Zawita led to a change in the joints from (310) to (360) for clay separated, from (400) to (350) for silt separated, and from
(290) to (390) kg.Kg™! for sand separated, and this is consistent with what was found.

Both (Afif and Oliveira, 2006) and Granged et al., 2011) showed significant changes in the sandy clay soil in Spain
and Australia after a specific fire, as the sand content increased due to the formation of unstable soil aggregates, but they
noticed after seven days that the sand content had increased It returned to its pre-burning levels, so these ephemeral changes
resulted in a 39% reduction in clay content in the clayey soils.

Rough due to the accumulation of fine particles in larger particles of silt. In contrast, Pierson et al. (2008) showed a
slight decrease in clay content and greater values of sand content in coarse soils found in the western United States after a
wildfire.

Table2 Some physical properties of the two study soils before and after burning

Land use , soil classification

Mollsols Aridsol

43°08'14.2"E 36°54'46.3''N 43°08'21.55"E 36°25'59.52"'N
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Burned un Burned Burned un Burned
Bulk desity Mg m
1.54 1.45 1.69 1.64
%Porosity
42 45 36 38
Soil Separates gm.Kg™!
Clay 260 310 160 355
Silt 350 400 520 390
Sand 390 290 320 250
Texture
Loam Clay loam Silt loam Clay loam

Effect of burning on chemical properties

Table (3) shows the effects of burning heat and its interactions on some soil properties and the dynamics of potassium.
The pH of the soil increase from (7.1) to (7.9) (slightly basic) due to its calcifying nature, as the increase in the pH value was
slight (Fernandez et al., 2019). Because the selected soil contains a low content of organic matter (few cations are released after
combustion). ) and a large carbonate content that may prevent any change in soil pH. The electrical conductivity of the studied
soil was affected by heating. All soils were non-saline. The heating temperature and the burning reaction significantly affected
the soil EC, as the soil EC values increased from (0.6) to (0.9) dSm. Which indicates that our results agree with what was
obtained (Hueso et al., 2018). Also, the CEC value of the soil significantly decreased after heating from (33.75) to (25)
CmolcKg ! because it was affected by the heating temperature. Changes in soil CEC after heating may be due to combustion
of organic matter, breakdown of minerals and conversion of smectite to ilite (with a value lower than CEC) after stabilization
of K ions (released by organic matter and K-bearing mineral decomposition) within the interlayer space (Ulery et al., 2017) . It
agrees with what the researcher pointed out about an 80% decrease in CEC in soil after burning and concluded that this is due
to the combustion of organic matter and changes in soil minerals, but the role of organic matter combustion is more important.
In fact, soil humus can be converted to coal (black carbon) with lower CEC after heating at low temperature (250-500°C) (Bodi
et al., 2014). Inbar et al. (2014) reported a 50% loss. of CEC for soil due to soil heating to 250°C.

Table3 Some chemical properties of the two study soils before and after burning

Mollisol

Property
Burned un Burned Burned un Burned

EC dS.m 0.80 0.40 0.90 0.40
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pH 7.40 7.00 7.90 7.10

O.M gmKg' 11.69 22.33 29.23 21.23
CaCO; gm.Kg! 141.54 28.63 261.82 160.36
CECC.mol. Kg 33.75 43.75 25.00 33.75

potassium forms

The results shown in Table (4) refer to the amounts of water soluble potassium in the study soil solution, which
amounted to (0.018), which increased to 0.100 Cmolc.Kg™! after adding charcoal with an increase of (4.55)%. These two values
express the Potassium is soluble in the soil solution and is not adsorbed on the surface of the colloids, which is subject to
leaching and is strongly affected in the root zone (Calvaruso et al., 2014 and according to the International Potash Institute IPI,
2016). The values we obtained in the study soil are below The critical limit of potassium amounting to (0.05) Cmolc.Kg-1,
which is sufficient to meet the needs of the plant. As Table (4) shows, the exchangeable potassium amounts, which amounted
to (0.20) Cmolc.Kg™!, extracted with a solution of 1 molar calcium chloride CaCl,, while it reached after adding burning 0.72
Cmolc.Kg'!, while the exchanged potassium was extracted with 1 molar of ammonium chloride NH4Cl, which amounted to
(1.53) before burning and 5.11 Cmolc.Kg™! after burning and with reference to the assessment of the International Potash
Institute (2016) ), which determined the critical limit for potassium The soil under study is above the critical limit, which
indicates the need to monitor the potassium status in these soils to obtain an optimal production. Table (4) also shows the
quantities of nonexchangeable potassium, which amounted to ( 2.55) Cmolc.Kg™! for Baoza site before burning and it increased
to 8.43 Cmolc.Kg™! after burning. The values we obtained express the potassium present between the layers of minerals and
held by electrostatic forces - Van der Waals forces - resulting from the presence of negative charges of the inner layers of
minerals, as expressed by potassium located within the inner pathways of its exit from the mica minerals (Wedge zone
Joycyely) et al., (2018), which is attached to the core region of the mica core. There are non-exchanged potassium ions at
different dimensions from the exit holes at the mineral edges. And that its dimensions depend on the size of the metal particles,
the intensity of weathering, and the equilibrium state of potassium ions in this phase with potassium ions of the liquid soil
phase. It is classified as medium to difficult to prepare, and in the long term represents the reserve responsible for the
preparation of potassium for the soil solution. It is controlled by the stabilization and release interactions (Jalali et al., 2007),
which are typical for semi-humid soils. It has a high supply of non-exchanged potassium according to the critical limit of non-
exchanged potassium (1.00) Cmolc.Kg-1 proposed by Al-Zubaidi and Pagel, (1979). It has a high ability to release from the
non-exchangeable phase to the alternating and dissolved phases according to the critical limit of potassium release threshold
proposed by Datta and Sastery, (1988), which is (1.08) Cmolc.Kg-1.

Table4 The different Potassium formulas before and after burning

Potassium form Mollisol Aridisol
Cmolckg Burned un Burned Burned un Burned
Soluble 0.025 0.022 0.100 0.018
Exchangeable-CaCl 0.410 0.026 0.720 0.200
Exchangeable-NH,4Cl 3.060 2.550 5.110 1.530
Non- Exchangeable 4.090 3.060 8.430 2.550
Mineral 5.630 3.580 0.770 5.360
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Total 7.720 6.640 9.200 7910

Table (4) shows the amounts of mineral potassium in the soil-solid phase (5.36 Cmolc.Kg™') for Ba'wiza site unburned
and 0.77 Cmolc.Kg! in burned soil. The high values of potassium for the form The three mentioned above are due to the role
of burning and its decomposition by high heating, which work on weathering and destroying potassium-bearing minerals,
including mica, and thus facilitating the process of its release into the liquid phase of the soil (Christophe et al., 2014), our
results obtained in soils are in agreement with the findings of( James et al. 2018) (Najafi et al., 2021) This increase in different
potassium forms is due to the partial destruction of potassium-bearing minerals such as mica and feldspar, then releasing
potassium ions to soil solution. Due to the balance between the different forms of potassium, its dissolved ions may be diffused
to exchange over the sites and its stabilization may occur in the interlayer space of the clay and increase both its exchaneable
and non-exchaneable forms on the clay surfaces as shown in Table (4) As it is noted from Figure (1) that the burned soil led to
the movement of the solubility-controlled phase (Ilite mineral) away from its original position, making it more ready for the
plant.
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Figure 2 The graph for determining the minerals controlling the solubility of potassium for the study soil.

Ion exchange equations:Langmuir equation

The results shown in Table (5) indicated the validity of the linear formula for each of the one-surface Langmuir and Frendelch
equations in the mathematical description of potassium exchange and adsorption. Franklech from the lowest value (0.961) to
the highest value (0.996), which gives a clear indication of the validity of the two equations in the mathematical description
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due to the high values of the coefficient of determination. and that the superiority of the two equations in the mathematical
description of the adsorption

process in the study soils leads us to conclude the high validity of these equations with the possibility of their
application in other soils. And to reveal the course of the potassium adsorption process. Which showed that there is one surface
for the adsorption process, and then the value of the obtained binding energy, as well as the maximum adsorption capacity, will
give a realistic evidence for the nature of the real interaction between the added ion and the adsorption surface (Das and
Mondal, 2011) that the thermally symmetric Langmuir adsorption assumes that the adsorption sites have an equal slope
(aiffinity). ) for adsorption on the surface, but adsorption on the surface does not affect the rest of the adsorbed molecules in the
corresponding sites (Dada et al., 2012)( Joycyely et al., 2018).

The maximum adsorption capacity and binding energy

The results shown in Table (5) showed that the greatest coverage of potassium ions as an adsorption monolayer
appeared in the unburned soils, as it reached (8.53) and (2.28) mgKg™! for the sites of Baweza and Zawiya, respectively, before
burning, and that the burning operations that affected the two sites led to This constant was reduced, which amounted to (2.97)
and (0.59) mg kg for Baweza and Zawiya sites, respectively, after burning, which indicates that the adsorption capacity
decreased sharply in both sites after burning, and this may be due to the loss of organic matter as one of the effective surfaces
for adsorption. In addition to the modifications that may occur on the surface of the clay, as it is the party responsible for
adsorption in the soil, and this is consistent with what was included in (Najafi-Ghiri and Boostani, 2020). Which showed that
heating the soil to (225) and (350) degrees Celsius had A significant role in reducing the potassium adsorption capacity of
limestone soils in Iran, as heating the soil to a high temperature leads to the breakdown of some clay minerals such as smectites
and reduces the diffusion of K in the interlayer area and adsorption (Ulery et al., 2017). However, this process may lead to a
partial breakdown of smectite, but complete dehydration of the expanded minerals may occur at temperatures above 500 °C
(Sarikaya et al., 2000). On the other hand, heating to high temperatures may cause dehydration of some cations such as Ca, Mg
and Na. These cations may enter the interlayer space and limit K fixation in metals (Morodome and Kawamura, 2011)
(Bangroo et al., 2021). Smectites may also fix K ions that are released after combustion of organic matter and their ability to
adsorption of K may be limited by the conversion to Illite. Roberson and Lahann , (1981) indicated that some parts of smectite
may turn into ilite after several hours of heating in the presence of potassium ions. This conversion reduces the K adsorption
capacity of the soil. Li diffusion into the smectite octahedral plate and heating to 300 °C may reduce the expansive nature of
smectite and fixate the potassium (Komadel et al., 2003)

The maximum regulatory capacity (MBC)

This value is expressed mathematically by the product of multiplying the maximum surface adsorption capacity (Xm)
by the binding energy (K) of Langmuir equation, which is a characteristic of ion adsorption in the soil as it reflects the strength
of the capacity factor of the adsorbed ion on the total surfaces of the soil. Table (5) shows the values of the regulatory capacity
The maximum levels of potassium ranged from (13.76 and (5.61) in Ba’wiza and Zaweta soils, respectively, unburning, and
decreased to (3.06) and (0.78) in Ba’wiza and Zawiya soils, respectively, after burning. The dominant clay mineral and its
transformation into another formula significantly reduced the ability of the regulatory soil to cope with changes in potassium as
a result of its addition to the soil. Li et al., (2013) see that the values of (MBC) are an important criterion in the characterization
of adsorption and that the high values of them (un burning) explain The ionic type of the adsorbed potassium is characterized
by a low binding energy and thus ease of movement and migration towards the depths of the soil, and then makes these soils
with a high capacity and organizing capacity to counteract the potassium leaching, unlike what happens to the soil after
burning, which makes the potassium more adsorbed and more difficult to be released. from the soil before burning.

Mollisol Aridisol
Burned un Burned Burned un Burned
Equation y=1.2831x -1.6953 y=0.1702x -0.4381 y =0.3269x -0.3366 y=0.0727x -0.1172
R? 0.945 0.988 0.995 0.997
Kp 3.06 2.55 5.11 1.53
XM 4.09 3.06 8.43 2.55
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MBC 5.36 3.58 0.77 5.36

RL 7.72 6.46 9.20 7.91

Figure 3 The linear form of Langmuir equation for studied soils

Frendlich equation (linear adsorption model)

This model expresses the linear form of Frendlech's equation on the basis that n = 1, where Kd expresses the
percentage of the potassium adsorbed concentration on the soil particles relative to its concentration in the soil solution at
equilibrium called the distribution coefficient (or Distribution Coefficient Partition) (Kd) and this value It reflects the ability of
the soil to retain potassium, which is related to its movement in the soil solution (Kabata and Pendias, 2011) (Alloway, 2013).

Which ranged from 33.58in unburned Ba’wiza sit redused to 13.10L.Kg™ in burned Ba’wiza sitand were ranged
from34.40.in unburned Zaweta sit redused to 15.75L.Kg™! in burned Zaweta sit as shown in Table (6). It is also noted that the
burning process led to an increase in the diffusivity of potassium. And release it to the soil compared to the two soils that have
not been burned, according to sparks, 2003) that adding potassium to the soil encourages the release and release of original
potassium from the soil.

Mollisol Aridisol
Burned un Burned Burned un Burned
Equation y=0.3313x-1.2754 y=0.4865x-2.2759 y=0.1651x-0.6956 y=0.3365x-1.8876
R? 0.97 0.99 0.96 0.95
K 1.2754 2.2759 0.6956 1.8876
Kd 15.75 34.40 13.10 33.58
I/n 0.3313 0.4865 0.1651 0.3365

Figure 4 Linear forms of Frendlich's equation for the two study soils unburnedand burned soil

As for Figure (2 a,b), it represents the path of the diffusion process for the adsorption and release reactions, if the
diffusion efficiency decreases with the increase in the amount of the added ion. Due to the complexity in the components of the
soil and the competition between different ions, the diffusion coefficient (Kd) cannot be estimated as a slope of the straight line
(Gao et al., 1997) because adsorption or What the soil retains of ions is usually at low concentrations. The high values of the
diffusion coefficient (Kd) are related to the high ability of the sites to adsorb potassium, as they have a high binding energy,
and the adsorption becomes non-specific at high concentrations, as the adsorption sites become occupied by the adsorbed ion
(Mouhamed et al., 2016) (Kassa et al., 2019).
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R2=0.7714
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Figure 5 (a): Added potassium (mmol.L-1)
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Figure 6 (2 - b) Added potassium (mmol.L-1).

Figure (2): The statistical relationship between the rate of diffusion coefficient and the initial concentration of
potassium added to the two study burnedand unburned soils.

The difference in the tendency of the element to bind to the soil components is attributed to the hydrolysis constant of
the element (PKH), electronegativity, acidity, charge density and solubility (Ksp) of the sediment (Sparks, 2003). It is clear
from the high values of Kd values the role of mineral and organic colloids in soils, especially crystallized and amorphous iron
oxides and calcium carbonate, which may cause ion adsorption and stabilization within those colloids.
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