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Cation exchange capacity, 2021. The study was carried out in medium calcareous soil (14.8%) with three
Dairy cattle manure, replications randomized blocks experimental by composing organomineral
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fertilizer combinations. According to the results of the study, the highest change
in exchangeable Ca and K content in soils was obtained from organomineral
fertilizer applications by 11.2% and 29.7% respectively, and the highest change
in exchangeable Mg and Na content was obtained from dairy cattle manure
applications by 25.1% and 18.2%, respectively for M4P2 (40 t ha'! dairy cattle
manure + 20 kg P ha!). Among the fertilization systems, the highest increase in
total exchangeable cations was 13.1% and the increase in CEC was 21.3% in
organomineral fertilizer applications. The fastest decrease in the BSR was also
obtained from the organomineral fertilization system. As a result, it has been
determined that M4P2 application is the most economical and the most effective
combination in the cation exchange capacity among organomineral fertilizer
combinations.
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Footnote: This study was produced from a doctoral thesis.

1. Introduction

Chemical fertilizers are used intensively at every stage from the beginning of plant production
to fruit maturity. However, the problems it creates in the soil are worrisome for the future of sustainable
soil fertility (Daneshgar et al., 2018). As a result of the excessive use of fertilizers, the cation exchange
capacity (CEC) and the contents of exchangeable cations decrease, especially in soils that are very poor
in organic matter (OM) and constantly become barren (Smith et al., 2020). Due to this decrease, there
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are big problems in the rhizosphere region, and the plants grown cannot complete their development
because they cannot be fed adequately resulting in losses in yield and quality (Shen et al., 2011; Alamgir
et al., 2012). However, organic fertilizers are the only indispensable key to increasing the CEC of the
soil. Regardless of the origin of the organic fertilizer, organic fertilizers added to the soil increase the
level of exchangeable cations, and high cation exchange capacities are detected in the rhizosphere region
(Fernandez et al., 2016). In the transition to organic agriculture, organomineral fertilizers have created
an alternative in plant production. In the last decades, many studies have been reported that detect yield
and quality increases in plant production in many countries in the transition to organomineral fertilizers
(Naml1 et al., 2019; Toprak, 2019; Mounirou et al., 2020; Yossif and Gezgin, 2020). Organomineral
fertilizers are composed of both mineral fertilizers and organic fertilizers in certain proportions. With
the addition of organomineral fertilizers to the soil, both the mineral-rich chemical fertilizers easily
supply the nutrients needed by the plant, while the organic matter in the organomineral fertilizer causes
the rhizosphere to be improved and the nutrients offered by the chemical fertilizers to be benefited by
the plant much more easily (Siizer and Culhaci, 2017; Mounirou et al., 2020; Yossif and Gezgin, 2020).
Phosphorus fertilizers, on the other hand, are plant nutrients that are highly related to the yield elements
in the soil and ultimately to the plant’s nutrition (Bai et al., 2017). Even if it is used in high amounts,
the presence of high amounts of calcium in the soil transforms phosphorus into forms that plants cannot
use (Shen et al., 2011; Malhotra et al., 2018).

Besides, the study primarily determines the effect of the surface electrostatic bond, which is
formed by phosphorus mostly with carbon-bound cations in the soil, on the exchange capacity under
different fertilization systems. As it is known, in recent years, soil and water pollution have reached
dangerous levels due to the neglect of sustainable agriculture and soil management with the excessive
use of mineral fertilizers in conventional agriculture. Since the use of organomineral fertilizers in the
transition to organic agriculture reflects a positive perspective on both economic and environmental
sensitivity, their use should be encouraged. In the future, the effect of studies carried out under different
fertilization systems on soil properties should be considered comparatively. From this point of view, it
is hoped that the conscious and effective use of phosphorus in addition to organic fertilization within
the framework of different phosphorus fertilization systems will shed light on such fertilization
programs in the future in terms of sustainable agriculture. In addition, P fertilization, which can be
created with organic fertilizer combinations, can be a good alternative to mineral fertilization in the
future, especially against P eutrophication caused by excessive P fertilizer consumption. This study
targets to evaluate the effect of organomineral fertilization systems consisting of conventional
phosphorus fertilization, organic fertilization, phosphorus, and organic fertilizer combinations on the
exchangeable cations content and cation exchange capacity of the soil.

2. Materials and Methods

2.1. Test location and climatic properties

The experiment was established in the plant production areas with alluvial soil type and silty
clay soil texture in the Agricultural Production and Training Center (TAYEM) located at an altitude of
38 m in Soke district of Aydin province (37.705309 North, 27.379727 East) in southwestern Tiirkiye.
The experiment started in November 2019 and was completed in June 2021. Soke County has a warm
and temperate climate with much more precipitation in winter than in summer. According to K&ppen-
Geiger climate classification, it is defined with the definition of Csa (temperate winter, hot and dry
summer/Mediterranean climate) (MGM, 2016). According to the meteorological data, in the 2019-2020
wheat growing season, the annual average highest temperature was 20.4 °C, the annual average lowest
temperature was 10.9 °C, and the annual average precipitation was 666 mm. On the other hand, the
annual average highest temperature was 21.1 °C, the annual average lowest temperature was 10.9 °C,
and the annual average precipitation was 532.8 mm (Fig. 1).
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Figure 1. Meteorological data of the research area during the wheat growth periods.

2.2. Fertilizer resources

In the experiment, dairy manures taken from the dairy farm of TAYEM were used as an organic
fertilizer source. This organic fertilizer was taken from the dairy and separated for one year in a different
area and free of weed seeds. DAP (Diamonniumphosphate: 18% N and 46% P,Os) fertilizer was used
as a phosphorus source. In the study, organomineral fertilizers were created from different combinations
of these two fertilizers. Also, the wheat plant was grown for two years in the experimental area, and
Urea (46% N) 160 kg N ha" and Potassium Nitrate (13% N and 45% K,0) 75 kg K ha™' were applied
as nitrogen sources for optimum growth and support (Kara, 2014).

2.3. Study design and application of fertilizers

The research was set up in a randomized block design with three replications. Block sizes are 2
x 6 m. In the experiment, chemical phosphorus (conventional fertilization-CF) doses (P;: 10, P»: 20,
P;:30, and P4: 40 kg P ha™'), dairy manure (organic fertilization-OF) doses (DM;: 10, DM»: 20, DM;:
30, and DM4: 40 t ha™), four different organomineral fertilization systems (P-OMFS) consisting of these
two different fertilizer combinations were prepared and studied. These new organomineral fertilizers,
composed of combinations of phosphorus and dairy manures, were incubated for one month before
being applied to the soil. After all the fertilizers were laid in a layer on the soil 24 hours before wheat
planting, they were mixed with a soil rotavator to a depth of 0-30 cm.

2.4. Soil and organic manure sampling and analysis methods

Before and after the study, 75 soil samples were taken from each block from a depth of 0-30
cm. Soil samples were air-dried ground with a soil crushing machine, passed through a 2 mm sieve, and
prepared for physical and chemical analysis. Organic manure samples were randomly collected from 10
different places to represent the whole heap and samples were taken as 500 g by mixing. Then passed
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through a 0.5 mm sieve and prepared for analysis (Kacar and Katkat, 2009). The analysis results of the
soil and manure samples taken before the experiment are given in Table 1.

Cation Exchange Capacities (me 100 g'): The cation exchange capacities of the soils were
determined by the ICP OES spectrophotometer (Perkin Elmer 8000) in solutions extracted with
ammonium acetate (1 N, pH: 7.0) after sodium adsorption with sodium acetate (1 N, pH: 8.2) in the
samples (Rhoades, 1982a). Exchangeable Cations (me 100 g'): The exchangeable cations (Na and K,
Ca, Mg) of the soils were determined in the sieve after extraction with Ammonium Acetate (1 N, pH:
7.0) by ICP OES spectrophotometer (Perkin Elmer 8000) (Rhoades, 1982b).

The base saturation ratio was calculated as the ratio of the total exchangeable cations (Ca, Mg,
K, and Na) to the cation exchange capacity and is given in equation 1 below (Doetterl et al., 2018).

Base saturation rate: [Total cations / Cation exchange capacity] x 100 @)

The soils of the study area have silty-loam texture and slightly alkaline character; It has been
determined that soils without salinity problems contain insufficient organic matter and moderate lime.
It was determined that total nitrogen and available potassium were insufficient, available phosphorus
was sufficient, exchangeable calcium was moderate, and available magnesium was high in the soils.
However, according to the micro plant nutrients analysis in the soil, it was determined that all of them,
except for the available manganese, were in sufficient amounts in the soil (Kacar and Katkat, 2010).

Table 1. Some physical and chemical properties of experiment field soils and organic manure before

research
Properties Soil Analysis method Manure Analysis method
Texture class Silty-Loam Bouyoucos Hydrometer -
pH (1:2.5) 7.95 pH meter 6.92 pH meter
EC (dS m?) 0.32 EC meter 3.40 EC meter
OM (%) 1.81 Walkley-Black 67.9 AOAC
N (%) 0.06 Mikrokjheldahl 1.98 Mikrokjheldahl
P (%) 0.001 MBC 0.45 AOAC
K (%) 0.011 AA 2.16 AOAC
Ca (%) 0.216 AA 0.85 AOAC
Mg (%) 0.077 AA 0.12 AOAC
Fe (mg kg!) 10.9 DTPA 386.7 AOAC
Zn (mg kg) 1.75 DTPA 92.4 AOAC
Mn (mg kg!) 7.84 DTPA 142.0 AOAC
Cu (mg kg ) 2.86 DTPA 83.3 AOAC
B (mulg'l) 1.82 Azomethine-H 5.60 Azomethine-H

EC: Electrical conductivity, MBC: Molybdophosphoric blue color, AA: Ammonium acetate, DTPA: Diethylene triamine penta acetic acid,
AOAC: Association of Official Analytical Chemists.

2.5. Statistical analysis

Evaluation of all the findings obtained in the study was determined according to the randomized
blocks experiment design with the Jump statistical program (JMP) ver.7 (JMP, 2007). In the analysis of
variance, the significance of the differences between the means was determined by the Duncan’s
multiple range test in the same package programs. The variance analysis was created by determining the
least significant difference according to the importance levels of the factors p<0.05, p<0.01, and p<0.001
probability values.

3. Results and Discussions

3.1. Organic fertilization system

In the organic fertilization system, an increase was observed in exchangeable cations with the
increase in the amount of organic manure in the soil. As it is known, the increase in the content of
exchangeable cations is closely related to the increase in organic matter (OM) in the soil. Regardless of
its origin, OM added to the soil increases the amount of exchangeable cations in the soil (Fernandez et
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al., 2016). The exchangeable Ca contents of the soil increased also for two years. However, the effect
of applied organic manures on the exchangeable Ca content of the soil was not statistically significant
in the first year, but significant in the second year (p<0.05). With the addition of organic manure to the
soil, the exchangeable Ca content increased by 6.6% in the first year and by 9.6% in the second year
(Table 2). According to the data of both years, the highest exchangeable Ca content was obtained from
the M4 application (8.71 me 100 g"). The greater increase in the second year may be due to the
accumulation of OM in the soil and the mineralization of Ca. Ca bound in the soil is desorption by the
effect of OM and can pass into the soil solution (Shen et al., 2011).

Table 2. Exchangeable cations of the soil as affected by manure applications

Manure Ca (me 100 g 1) Mg (me 100 g) K (me 100 g') Na (me 100 g™)
doses 2019-20 2020-21 2019-20 2020-21 2019-20 2020-21 2019-20  2020-21
MO 8.14a  795c  130e(eh)  127c ()  0.58c(d) 0.65b(c) 0.042a  0.038a
M1 827a  8.08bc  1.46d(c) 134bc(de) 0.66b(c) 0.66b(c) 0.044a  0.039a
M2 826a  8.07bc  135c(de) 1.36b(d) 0.7la(bc) 0.66b(c) 0.046a  0.039a
M3 8.68a  8.52ab  1.50b(bc)  1.46a(c) 0.68b(bc) 0.70a(bc) 0.047a  0.043a
M4 867a  87la  168a(a) 153a(b) 079(a) 0.72a(b) 0.05la  0.043a
Means 8.41A 8.27A 1.46A 1.39B 0.69A 0.68A 0.046A  0.040B
F-values

M 2.74 ns 4.98%* 211.9%* 18.28%** 9.62%* 9.91** 1.07ns 0.65ns
Y 2.11ns 31.28%** 0.11 ns 7.51%*
MxY 0.11 ns 7.05%* 4.13* 0.20 ns

MO to M4: No manure, and 10, 20, 30,40 t ha™" dairy manure applications, respectively; Statistically significant at (*p < 0.05; **p < 0.01; ***p
<0.001; ns, not significant). Column means with the same letter are not significantly different by Duncan’s multiple range test (p <
0.05). Letters in parentheses indicate manure x year interaction. Capital letters indicate the results of the Duncan’s test between
years.

In the experiment, the exchangeable magnesium contents increased in both years with the effect
of organic manure. This increase was statistically significant in both years (p<0.01; p<0.001). While the
increase in the exchangeable Mg content in the soil was 29.2% in the first year, it was recorded as 20.5%
in the second year (Table 2). However, the manure x year interaction was found to be statistically
significant (p<0.01). In both years, the highest exchangeable Mg content in the soil was determined in
the M4 application in the first year of the experiment (1.68 me 100 g). The differences in exchangeable
Mg contents between years were also found to be statistically significant (p<0.001). In the preliminary
manure analysis, the Mg content in the organic fertilizer was already high. However, with the addition
of OM, it became inevitable to increase the exchangeable Mg content in the soil when combined with
the Mg existing in the soil (Angelova et al., 2013).

The exchangeable K contents in the soil increased with the increase of organic manure applied.
Statistically significant relationships were found between the organic manure applied and the
exchangeable K content of the soil (p<0.01). However, organic manure x year interaction was also found
to be statistically significant (p<0.05). According to the data obtained at the end of both years, the highest
exchangeable K content in the soil was obtained from M4 application in the first year (0.79 me 100 g’
". Besides, organic fertilizers increased the exchangeable K content of the soil by 36.2% in the first year
and by 10.8% in the second year (Table 2). The decrease in the rate in the second year compared to the
first year may be related to the saturation of the potential K content in the soil. The amount of K in
organic manures can increase the exchangeable K amount in the soil (Siregar et al., 2005; Shen et al.,
2011; Whittinghill and Hobbie, 2012).

However, it increased the exchangeable sodium content of the soil by being affected by the
existing salt ratio in the amount of organic manure applied. In addition, this increase was not statistically
significant (Table 2). The exchangeable Na content of the soil increased by 21.4% in the first year and
by 13.2% in the second year. However, the exchangeable Na content of the soil decreased in the second
year compared to the first year, and this was statistically significant (p<0.05). Depending on the types
of organic manures, the Na content may also vary due to the amount of salt in them. Organic manures
added to the soil can also increase the salt content of the soil (Demirtas et al., 2012; Erdal et al., 2018).

According to the results of the experiment, it was determined that the organic manure added to
the soil increased the cation exchange capacity (CEC) of the soil. However, organic manure's effect on
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the soil’s CEC was found to be statistically significant in both years (p<0.001). While the increase in
the first CEC was 19.6% in the experiment, it was recorded as 22.9% in the second year. In both years,
the highest CEC was obtained from the M4 application (12.8 and 12.9 me 100 g, respectively).
However, no statistically significant difference was found between the years (Table 3). The CEC of the
soil increased stably in both years. It is directly related to the amount of organic matter in the soil. Many
studies have also reported that the organic matter added to the soil increases the CEC (Francou et al.,
2005; Kasongo et al., 2011; Whittinghill and Hobbie, 2012; Gayathri et al., 2019).

Table 3. Cation exchange capacity and base saturation rate of the soil as affected by manure applications

Manure doses CEC (me 100 gV BSR (%)

2019-20 2020-21 2019-20 2020-21
Mo 10.7¢ 10.5d 94.4a 94.1a
M1 11.5b 11.2¢ 90.6bc 90.3b
M2 11.3bc 11.3¢ 91.7ab 89.9b
M3 12.4a 12.2b 88.2¢ 87.8¢
M4 12.8a 12.9a 87.5¢ 85.6d
Means 11.7A 11.6A 90.5A 89.6A
F-values
M 11.64%** 28.24%*%* 7.79%* 80.15%**
Y 0.76 ns 3.72 ns
MxY 0.20 ns 0.58 ns

CEC: Cation Exchange capacity, BSR: Base saturation rate; MO to M4: No manure, and 10, 20, 30,40 t ha" dairy manure applications,
respectively; Statistically significant at (*p < 0.05; **p < 0.01; ***p < 0.001; ns, not significant). Column means with the same
letter are not significantly different by Duncan’s multiple range test (p < 0.05). Capital letters indicate the results of the Duncan’s
test between years.

On the contrary, the base saturation ratio (BSR) decreased as the amount of organic manure
applied increased. Meanwhile, by 7.3% decrease was recorded in the first year of the study, and by 9.0%
decrease was detected in the second year (Table 3). The BSR is the ratio of the total exchangeable cations
in the soil to the cation exchange capacity, and this ratio increases with the increase in the amount of the
total exchangeable cations in the soil, on the contrary, it decreases with the increase of the cation
exchange capacity. This situation is closely related to the desorption of saturated cations and the
exchange capacity of the cations separated from the solid phase increases and is offered to the plant in
the forms that the plant can take, so the BSR in the soil decreases (Dengiz et al, 2007; Wuddivira and
Camps-Roach, 2007; Osman, 2013).

3.2. Conventional phosphorus fertilization system

In the conventional phosphorus fertilization system, increasing doses of mineral P were applied
and the effect on the content of exchangeable cations in the soil was not found statistically significant
(Table 4). Although an increase in the exchangeable Ca content was noted up to the P2 application,
decreases were detected at subsequent doses. Meanwhile, the effect of P doses on exchangeable Mg
content was statistically significant in the first year of the study, it was insignificant in the second year
(p<0.01).

Exchangeable Mg content increased by 6.2% in the first year and increased by 3.1% in the
second year. In addition, the difference in exchangeable Mg content between years was found to be
statistically significant (p<0.01). Compared to the first year, the exchangeable Mg content in the soil
decreased in the second year. The effect of mineral P doses on the exchangeable K contents of the soil
was not statistically significant for two years. However, the exchangeable K content of the soil increased
in the second year of the study and this was statistically significant (p<0.01). Moreover, the highest
exchangeable K content was recorded at the P2 dose (0.69 me 100 g™).
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Table 4. Exchangeable cations of the soil as affected by phosphorus applications

Phosphorus Ca (me 100 g ) Mg (me 100 g!) K (me 100 g'1) Na (me 100 g)
doses 2019-20  2020-21  2019-20  2020-21  2019-20 2020-21 2019-20 2020-21
PO 8.14a 7.95a 1.30a 1.27a 0.58a 0.65a 0.042a 0.038a
P1 8.45a 8.26a 1.34a 1.31a 0.64a 0.68a 0.042a 0.040a
P2 8.53a 8.37a 1.30a 1.30a 0.69a 0.69a 0.042a 0.041a
P3 8.42a 8.32a 1.33a 1.31a 0.59a 0.68a 0.042a 0.041a
P4 8.08a 8.23a 1.38a 1.30a 0.64a 0.67a 0.040a 0.041a
Means 8.32A 8.23A 1.33A 1.30B 0.63B 0.67A 0.042A 0.040A
F-values

P 1.89 ns 2.06 ns 2.84 ns 1.36 ns 2.03 ns 2.01 ns 0.11 ns 1.85 ns
Y 1.38 ns 13.39** 11.43%* 1.81 ns
PxY 0.67 ns 2.41 ns 1.26 ns 0.34 ns

PO to P4: No phosphorus, and 10, 20, 30,40 kg ha™! phosphorus fertilizer applications, respectively; Statistically significant at (*p < 0.05; **p
<0.01; ***p < 0.001; ns, not significant). Column means with the same letter are not significantly different by Duncan’s multiple
range test (p < 0.05). Capital letters indicate the results of the Duncan’s test between years.

Table 5. Cation exchange capacity and base saturation rate of the soil as affected by phosphorus

applications
Phosphorus CEC (me 100 g1) BSR (%)
doses 2019-20 2020-21 2019-20 2020-21
PO 10.7a 10.5a 94.4a 94.1a
P1 10.9a 10.9a 95.7a 94.4a
P2 11.2a 10.9a 94.7a 95.1a
P3 10.8a 10.9a 96.2a 94.9a
P4 10.6a 10.8a 96.2a 94.7a
Means 10.8A 10.8A 95.4A 94.6A
F-values
P 1.81 ns 1.93 ns 0.60 ns 0.23 ns
Y 0.001 ns 1.50 ns
PxY 0.86 ns 0.34 ns

CEC: Cation Exchange capacity, BSR: Base saturation rate; PO to P4: No phosphorus, and 10, 20, 30,40 kg ha™ phosphorus fertilizer
applications, respectively; Statistically significant at (*p < 0.05; **p < 0.01; ***p < 0.001; ns, not significant). Column means with
the same letter are not significantly different by Duncan’s multiple range test (p < 0.05). Capital letters indicate the results of the
Duncan’s test between years.

Also, the effect of mineral P doses on the exchangeable Na content of the soil was not
statistically significant. The CEC and BSR of soils were not affected by mineral P applications.
According to the results obtained, the effect of mineral P doses on the CEC and BSR were not
statistically significant during both study years (Table 5). The highest CEC was recorded at the P2 dose
(11.2 me 100 g™') in the first year of the study. Cations dissolved from carbonate minerals (Ca, Mg, Na,
and K) may tend to change by forming electrostatic bonds, especially with phosphorus at superficial
levels, and/or cause precipitation of phosphates (Zhang et al., 2021). This depends on the alkaline
potential of the soil. At high pHs, precipitation occurs by forming Ca and Mg-P phases. In some studies
conducted in recent years, it has come to the fore that phosphorus applied in soils rich in Ca and Mg at
high pH precipitates with electrostatic bonding rather than the change of these elements in the soil
(Naveed et al., 2020; Geng et al., 2022). Therefore, it is reported that the effect of the phosphorus-to-
cation exchange capacity is not alone but under some environmental factors (Zhu and Dittrich, 2016).

3.3. Organomineral phosphorus fertilization system

The effects of sixteen different organomineral fertilizer combinations comprised of dairy cattle
manure and mineral P doses on the content of exchangeable cations, cation exchange capacity, and base
saturation rate during the study period were examined. Its statistical evaluation is given in Tables 6 and
7. According to the results, although the effect of organomineral fertilizer combinations on the
exchangeable Ca content of the soil was not statistically significant in both years, it was determined that
the exchangeable Ca content of the soil increased. It was noted that organomineral fertilizers increased
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the exchangeable Ca content of the soil by 13.3% in the first year and by 12.3% in the second year.
Among the combinations, the highest exchangeable Ca content in the soil was determined in the first
year in M4P3, and in the second year in M4P2 application. However, it was determined that the increase
in the exchangeable Ca content increased with the increase in the organic fertilizer content of the
organomineral fertilizers. Mainly, the exchange of Ca, a base cation, is due to the electrostatic interaction
between the clay minerals and/or the negative charge on the organic matter, so the adsorption depends
on variables such as pH and ionic strength (Rytwo et al., 2002). Decreased pH and increasing OM
amount in the soil increased the exchange capacity of Ca and provided its adsorbent on the colloid
surface. The amount of exchangeable Ca increasing in line with the increasing organic matter content
supports the results obtained from the experiment, as in many studies (Gustafsson and Van Schaik, 2003;
Meier et al., 2004; Whittinghill and Hobbie, 2012). The effect of organomineral fertilizer combinations
on the exchangeable Mg content of the soil was found to be statistically significant (p<0.001). It was
determined that the exchangeable Mg content of the soil increased with the increase in the doses of
organomineral fertilizers (especially the organic fertilizer content). The highest exchangeable Mg
content was recorded in the combination of M4P3 in the first year and M4P1 in the second year (Table
6). However, it was determined that organomineral fertilizer combinations increased the exchangeable
Mg content of the soil by 26.2% in the first year and 25.2% in the second year. The study also obtained
statistically significant differences between the years (p<0.001).

According to the findings, the amount of organic matter increased in the soil increased the
exchangeable Mg amount of the soil in the same direction. This status can be explained due to the high
organic matter content and the high electrostatic charge absorbency of Mg on colloid surfaces (Angelova
et al., 2013). However, many studies have shown similarities with the findings in the experiment, in
which the change of Ca and Mg elements increases with the increase of OM in the soil and the decrease
in pH values in the soil (Dijkstra, 2003; Reich et al., 2005; Guckland et al., 2009; Whittinghill and
Hobbie, 2012). In addition, it was determined that as the applied P doses increased, the exchangeable
Mg capacity first increased and then decreased. P mineralization increased with the increase in OM in
the soil, and the retained Mg element in the soil was activated for cation exchange. Therefore, it has
been reported in some studies that phosphorus-bound Mg is stored in soil water in water-soluble forms
for the benefit of the plant (Neirynck et al., 2000; Reich et al., 2005; Shen et al., 2011; Melenya et al.,
2015).

Table 6. Exchangeable cations of the soil as affected by organomineral fertilizer applications

Organomineral Ca (me 100 g ™) Mg (me 100 g™') K (me 100 g) Na (me 100 g™!)
fertilizer doses 2019-20  2020-21 2019-20 2020-21 2019-20  2020-21  2019-20  2020-21
MOPO 8.14a 7.95a 1.30j 1.27j 0.58¢ 0.65f 0.042a 0.038a
MI1P1 8.44a 8.25a 1.41gh 1.36h1 0.69d 0.68ef 0.040a 0.040a
MI1P2 8.54a 8.35a 1.42gh 1.39g1 0.71d 0.71b-e 0.039a 0.041a
M1P3 8.40a 8.41a 1.38h1 1.351 0.73cd 0.69d-f 0.039a 0.040a
M1P4 8.40a 8.34a 1.33y5 1.341 0.69d 0.68ef 0.039a 0.039a
M2P1 9.05a 8.39a 1.45e-g 1.41f-h 0.75¢cd 0.69d-f 0.043a 0.042a
M2P2 8.63a 8.59a 1.42gh 1.39g1 0.73cd 0.73a-c 0.039a 0.042a
M2P3 8.62a 8.71a 1.43f-h 1.37h 0.75¢cd 0.71b-e 0.041a 0.043a
M2P4 8.15a 8.56a 1.38h1 1.351 0.75¢cd 0.70c-¢ 0.042a 0.042a
M3P1 9.08a 8.87a 1.51c-e 1.48de 0.82bc 0.73a-c 0.043a 0.043a
M3P2 9.08a 8.87a 1.53cd 1.50cd 0.77cd 0.73a-c 0.044a 0.043a
M3P3 8.97a 8.76a 1.48d-f 1.45ef 0.75¢cd 0.74ab 0.046a 0.042a
M3P4 8.51a 8.65a 1.46e-g 1.42e-g 0.73cd 0.74ab 0.041a 0.041a
M4P1 8.78a 8.78a 1.63a 1.59a 0.93a 0.74ab 0.048a 0.045a
M4P2 8.92a 8.93a 1.60ab 1.57ab 0.88ab 0.76a 0.045a 0.045a
M4P3 9.22a 8.80a 1.64a 1.53bc 0.77cd 0.76a 0.045a 0.044a
M4P4 8.67a 8.58a 1.56bc 1.52b-d 0.75¢cd 0.72a-d 0.044a 0.043a
Means 8.68A 8.58A 1.47A 1.43B 0.75A 0.72B 0.042A 0.042A
F-values

OMF 1.20 ns 1.77 ns 23.34%** 24.64%*** 5.19%** 3.67*** 1.01 ns 0.80 ns
Y 1.45ns 31.59%** 15.84%** 0.20 ns
OMF x Y 0.41 ns 0.72 ns 2.41 ns 0.38 ns

Phosphorus x manure interactions are organomineral fertilizer combinations (OMF). Statistically significant at (*p < 0.05; **p < 0.01; ***p <
0.001; ns, not significant). Column means with the same letter are not significantly different by Duncan’s multiple range test (p <
0.05). Capital letters indicate the results of the Duncan’s test between years.
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The effect of organomineral fertilizers applied during the study period on the exchangeable K
content of the soil was found to be statistically significant (p<0.001). Depending on the doses of
organomineral fertilizers, increases were recorded in the exchangeable K contents of the soils. In the
study, organomineral fertilizer combinations increased the exchangeable K content of the soil by 60.3%
in the first year and by 16.9% in the second year. This rapid increase in the first year compared to the
second year may be due to the insufficient K content in the soil and the strong effect of both the K
existing in the soil and the K present in the organic fertilizer together with the organomineral fertilizer
combinations. In the second year, the situation became more stable, the potential K content in the soil
became saturated and the rate of increase slowed down. Also, the highest exchangeable K content was
determined in the M4P1 application in the first year, and in the M4P2 and M4P3 applications in the
second year (Table 6). According to the findings obtained from the experiment, the increasing amount
of OM in the soil increased the exchangeable K contents. It is reported that with the increase of OM and
decrease in pH, the exchange of K, a base cation with high absorbance in soil, increases and it can be
found in forms that can be taken by the plant (Siregar et al., 2005; Whittinghill and Hobbie, 2012). Many
studies have stated that increasing OM in the soil increases the exchangeable K activation
(Khoshgoftarmanesh and Kalbasi, 2002; Verma et al., 2005; Yal¢in et al., 2018; Cimrin, 2020).

Table 7. Cation exchange capacity, and base saturation rate of the soil as affected by organomineral
fertilizer applications

Organomineral CEC (me 100 g) BSR (%)
fertilizer doses 2019-20 2020-21 2019-20 2020-21
MOPO 10.7¢ 10.5g 94.4a 94.1a
MI1P1 11.5¢c-¢ 11.3f 91.8a-c 91.4b-d
M1P2 11.5¢c-¢ 11.4e-f 93.0ab 92.0b
M1P3 11.4de 11.4e-f 92.3a-c 91.8bc
M1P4 11.3de 11.3f 92.3a-c 91.7bc
M2P1 12.6a-c 11.7d-f 89.9¢c-¢ 90.3de
M2P2 12.0b-d 11.9¢c-f 90.4b-d 90.7c-¢
M2P3 12.0b-d 12.0b-f 90.4b-d 90.3de
M2P4 11.4de 11.9¢c-f 90.4b-d 89.5¢ef
M3P1 13.0ab 12.6a-c 88.0d-f 88.0g
M3P2 12.8ab 12.6a-c 89.6c-¢ 88.6fg
M3P3 12.7ab 12.4a-d 88.5d-f 88.4fg
M3P4 12.1b-d 12.4a-d 88.5d-f 87.9¢g
M4P1 13.2ab 12.9a 86.1f 86.4h
M4P2 13.3a 13.1a 86.0f 86.4h
M4P3 13.4a 12.9a 87.2¢ef 86.0h
M4P4 12.7ab 12.7ab 86.6f 85.7h
Means 12.2A 12.1A 89.7A 89.4A
F-values

OMF 4.776%** 7.87%** 5.78%%* 34.00%**
Y 1.96 ns 1.73 ns
OMFxY 0.41 ns 0.23 ns

CEC: Cation Exchange capacity, BSR: Base saturation rate; Phosphorus x manure interactions are organomineral fertilizer combinations
(OMF). Statistically significant at (*p < 0.05; **p < 0.01; ***p <0.001; ns, not significant). Column means with the same letter are
not significantly different by Duncan’s multiple range test (p < 0.05). Capital letters indicate the results of the Duncan’s test between
years.

The effect of organomineral fertilizers applied during the study period on the exchangeable Na
content of the soil was not statistically significant. However, it was determined that the increasing
amount of organic fertilizer in organomineral fertilizer combinations increased the exchangeable Na
content of the soil (Table 6). In the study, the highest exchangeable Na content was recorded in the
MA4P1 combination in the first year, and in the M4P1 and M4P2 combination in the second year. It was
determined that the exchangeable Na content of the soils increased by 14.3% compared to the control in
the first year, and by 18.4 in the second year. According to the findings, organomineral fertilizer
combinations applied in both years increased the exchangeable Na content of the soils. Some studies
reported that fertilizers of animal origin contain salt in different amounts depending on the type and
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breed of animals (Demir et al., 2003; Demirtas et al., 2012; Erdal et al., 2018). The presence of organic
matter in the soil helps to disperse Na and can be mobilized in a soluble form, possibly in a colloidal
form (Leogrande and Vitti, 2019). It was determined that the application of organomineral fertilizers
increased the total exchangeable cation contents of the soil. Many researchers have reported that the
increase in the content of exchangeable cations depends on the amount of OM in the soil (Whittinghill
and Hobbie, 2011; Boethling, 2019; Timmer et al., 2020). The binding of cations to soil surface
components results from the electrostatic interaction of the negative charge on OM, and thus cation
adsorption is dependent on variables such as pH and ionic strength (Behera et al., 2010). The
electrostatic charge and high surface area allow clay-sized particles to dominate mineral-mineral,
mineral-organic, mineral-metal, and mineral-water interactions in soils (Kleber et al., 2021). However,
with the increase in phosphorus doses, low-level increases were recorded in the exchangeable cations
level. These increases are due to the increase in the saturation of colloid-bound Ca as the amount of
water-soluble P in the soil increases, and the increase in the binding strength of Ca and Mg-bound P to
the colloid as the soil pH decreases in lime soils (Manimel et al., 2013).
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Figure 2. Relationship between cation exchange capacity and soil organic matter and pH (A-C) and the
relationship between base saturation rate and soil organic matter and pH (B-D) affected by
organomineral fertilizers.

Organomineral fertilizers composed of mineral phosphorus and dairy cattle manure
combinations increased the cation exchange capacity of the soil for two years, and this was statistically
significant (p<0.001). Organomineral fertilizers increased the soil's cation exchange capacity by 25.2%
in the first year of the study and by 24.8% in the second year. The highest cation exchange capacity in
the soil was recorded in the M4P3 combination in the first year of the study, and in the M4P2
combination in the second year (Table 7). The difference between years was not statistically significant.
According to the findings, it was determined that organomineral fertilizer applications in the soil
increased the cation exchange capacity depending on the increasing amount of organic matter (Fig. 2A).
Organic matter gives significant strength to the soil in terms of increasing cation exchange. As a result
of the width of its surface area and its electrostatic state, it is the only substance that has the ability to
bind large amounts of cations and increase their exchange activation (Oorts et al., 2003). Many
researchers have reported that soils rich in organic matter have high cation exchange capacity (Francou
et al., 2005; Kasongo et al., 2011; Gayathri et al., 2019; Demirel and Senol, 2019; Liu et al., 2020). Base

307



YYU J AGR SCI 33 (2): 298-312
Toprak and Seferoglu / Phosphorus-Enriched Organomineral Fertilizers Affect the Cation Exchange Capacity of the Soil: A Comparative Evaluation

saturation capacity is an important soil chemical property with implications for both soil taxonomic
classification and soil fertility. Base saturation is defined as the sum of the four basic cations (Ca, Mg,
K, and Na) relative to the total soil cation exchange capacity at pH 7.0 or 8.2 (Foth and Ellis, 2018).
According to the results obtained from the experiment, it was determined that organomineral fertilizer
applications reduced the base saturation capacity of the soil. The lowest base saturation rate was
recorded in the M4P2 application in the first year and in the M4P4 application in the second year (Table
7). In the study, organomineral fertilizer combinations reduced the base saturation rate by 8.9% in both
years. The effect of organomineral fertilizers on the base saturation ratio was found to be statistically
significant (p<0.001). In many studies, it has been reported by researchers that the basic cations in the
soil have a high exchange capacity in soils where organic matter is rich and decrease with the increase
of organic matter (Fig. 2B) and decrease in pH values (Fig. 2C) in the soil and that basic cations pass
into the soil solution in forms that the plant can take (Wuddivira and Camps-Roach, 2007; Osman, 2013;
Blanco, 2017; Alkharabsheh et al., 2021).

Conclusion

According to the data obtained as a result of the study, the effects of organic fertilizer (dairy
cattle manure), mineral P doses, and P-enriched organic fertilizer combinations (organomineral
fertilizers) applied to the soil on the change of total cations, cation exchange capacity, and base
saturation ratios in a calcareous soil at different levels as compare were evaluated. These comparative
effects, by adding mineral fertilizers and organic fertilizers directly to the soil, or by the combination of
these two fertilizers, the effects of the cation exchange capacity in the soil have provided some new
ideas. In particular, mineral P doses had little or no effect on the cation exchange capacity in the soil.
However, as the doses of organic fertilizer applied with the doses of mineral P were increased, the level
of exchangeable cations and as a result, the CEC increased. Besides, cationic changes increased rapidly
in organomineral fertilizers prepared by increasing the amount of organic matter.

The exchangeable Ca, Mg, K, and Na contents in organomineral fertilizer combinations were
recorded as 8.67, 1.46, 0.74, and 0.042 me 100 g' on average, respectively. The cation exchange
capacity and base saturation ratio were found to be 12.24 me 100 g and 89.2% on average, respectively.
With organic fertilizer applications, the exchangeable and exchangeable Ca, Mg, K, and Na contents of
the soil were recorded as 8.41, 1.46, 0.70, and 0.044 me 100 g, respectively. The cation exchange
capacity and base saturation ratio were determined as 11.95 me 100 g and 88.9% on average. With the
addition of mineral P to the soil, the lowest cation changes, the content of total cations, and the highest
base saturation rate were achieved compared to the other two fertilization systems. However, the fastest
changes in the cation exchange capacity occurred with organomineral fertilizer applications. It was
determined that the soil’s exchangeable Ca, Mg, K, and Na contents increased by 11.2%, 22.8%, 29.7%,
and 15.9%, respectively. In addition, organomineral fertilizer applications increased the cation exchange
capacity by %21.3 and the base saturation rate decreased by 9.2%. As a result, it was concluded that
M4P2 application (40 t ha" dairy cattle manure + 20 kg P ha™) could be the most economical and the
most effective combination for CEC among organomineral fertilizer combinations.

References

Alamgir, M., McNeill, A., Tang, C., & Marschner, P. (2012). Changes in soil P pools during legume
residue decomposition. Soil Biology and Biochemistry, 49, 70-77. https://doi.org/10.1016/j.
s0ilbi0.2012.01.031

Alkharabsheh, H.M., Seleiman, M.F., Battaglia, M.L., Shami, A., Jalal, R.S., Alhammad, B. A., & Al-
Saif, A.M. (2021). Biochar and its broad impacts in soil quality and fertility, nutrient leaching
and crop productivity: A review. Agronomy, 11(5), 993. https://doi.org/10.3390/agronomy
11050993

Angelova, V.R., Akova, V.I., Artinova N.S., & Ivanov, K.I. (2013). The effect of organic amendments
on soil chemical characteristics. Bulgarian Journal of Agricultural Science, 19(5), 958-971.

Bai, J., Ye, X., Jia, J., Zhang, G., Zhao, Q., Cui, B., & Liu, X. (2017). Phosphorus sorption-desorption
and effects of temperature, pH and salinity on phosphorus sorption in marsh soils from coastal

308



YYU J AGR SCI 33 (2): 298-312
Toprak and Seferoglu / Phosphorus-Enriched Organomineral Fertilizers Affect the Cation Exchange Capacity of the Soil: A Comparative Evaluation

wetlands  with  different flooding conditions.  Chemosphere, 188, 677-688.
https://doi.org/10.1016/j.chemosphere.2017.08.117

Behera, S. K., Oh, S.Y., & Park, H.S. (2010). Sorption of triclosan onto activated carbon, kaolinite and
montmorillonite: effects of pH, ionic strength, and humic acid. Journal of Hazardous
Materials, 179(1-3), 684-691. https://doi.org/10.1016/j.jhazmat.2010.03.056

Blanco-Canqui, H. (2017). Biochar and soil physical properties. Soil Science Society of America
Journal, 81(4), 687-711. https://doi.org/10.2136/sssaj2017.01.0017

Boethling, R.S. (2019). Environmental aspects of cationic surfactants. In Catonic Surfactants (pp. 95-
136). CRC Press. ISBN: 9780429270376

Cimrin, K.M. (2020). Relationship between some soil characteristics and contribution on available
phosphorus of inorganic phosphorus fractions in calcareous soils. Mustafa Kemal University
Journal of Agricultural Sciences, 25(2), 138-144. https://doi.org/10.37908/mkutbd.702342

Daneshgar, S., Callegari, A., Capodaglio, A. G., & Vaccari, D. (2018). The potential phosphorus crisis:
resource conservation and possible escape technologies: a review. Resources, 7(2), 37.
https://doi.org/10.3390/resources7020037

Demir, H., Topuz, A., Golkcii, M., Polat, E., Ozdemir, F., & Sahin, H. (2003). The effect of different
organic fertilizer applications on the mineral content of tomatoes in ecological production.
Journal of Akdeniz University Faculty of Agriculture, 16(1), 19-25.

Demirel, B.C., & Senol, S. (2019). Detailed soil survey and site assessments of urban areas with rapid
growth potential: Case study of Mustafalar, Adana. Yiiziincii Yil University Journal of
Agricultural Sciences, 29(4), 711-721. https://doi.org/10.29133/yyutbd.622099

Demirtas, E.I., Asri, F., Ozkan, C.F., & Ar, N. (2012). The effects of organic and chemical fertilizer
applications on soil fertility and plant nutrition in greenhouse tomato cultivation. Western
Mediterranean Agricultural Research Institute Derim Journal, 29(1), 9-22.

Dengiz, O., Gol, C., & Chairman, O. (2007). Soil properties and mapping of Biiyiik¢cay Basin (Cankiri),
Artvin Coruh University Journal of Forestry Faculty, 8(1), 46-58.

Dijkstra, F.A. (2003). Calcium mineralization in the forest floor and surface soil beneath different tree
species in the northeastern US. Forest Ecology and Management, 175(1-3), 185-194.
https://doi.org/10.1016/S0378-1127(02)00128-7

Doetterl, S., Berhe, A.A., Arnold, C., Bodé, S., Fiener, P., Finke, P., & Boeckx, P. (2018). Links among
warming, carbon and microbial dynamics mediated by soil mineral weathering. Nature
Geoscience, 11(8), 589-593. https://doi.org/10.1038/s41561-018-0168-7

Erdal, 1. (2018). Research Studies Using Organomineral Fertilizers in Turkey and Obtained Results.
Organomineral Fertilizer Workshop. Papers. Sena Ofset Ambalaj Matbaacilik San. p: 156-165.
Istanbul. ISBN: 978-975-7169-89-5.

Fernandez, A.L., Sheaffer, C.C., Wyse, D.L., Staley, C., Gould, T.J., & Sadowsky, M.J. (2016).
Associations between soil bacterial community structure and nutrient cycling functions in long-
term organic farm soils following cover crop and organic fertilizer amendment. Science of the
Total Environment, 566, 949-959. https://doi.org/10.1016/j.scitotenv.2016.05.073

Foth, H. D., & Ellis, B. G. (2018). Soil Fertility. CRC Press. https://doi.org/10.1201/9780203739341

Francou, C., Poitrenaud, M., & Houot, S. (2005). Stabilization of organicmatter during composting.
Influence of process and feed stocks. Compost Science and Utilization, 13(1), 72-83.
https://doi.org/10.1080/1065657X.2005.10702220

Gayathri, B., Srinivasamurthy, C.A., Vasanthi, B.G., Naveen, D.V., Prakash, N.B., & Bhaskar, S.
(2019). Extraction and charactrisation of humic acid from different organic wastes and its
physicochemical properties. International Journal of Chemical Studies, 7(6), 769-775.
10.22271/chemi.2020.v8.11k.8359

Geng, Y., Pan, S., Zhang, L., Qiu, J., He, K., Gao, H., & Tian, D. (2022). Phosphorus biogeochemistry
regulated by carbonates in  soil. Environmental  Research, 214(2), 113894.
https://doi.org/10.1016/j.envres.2022.113894

Guckland, A., Jacob, M., Flessa, H., Thomas F.M., & Leuschner, C. (2009). Acidity, nutrient stocks,
and organic-matter content in soils of a temperate deciduous forest with different abundance of
European beech (Fagus sylvatica L.), Journal of Plant Nutrition and Soil Science, 172, 500—
511. https://doi.org/10.1002/jpIln.200800072

309



YYU J AGR SCI 33 (2): 298-312
Toprak and Seferoglu / Phosphorus-Enriched Organomineral Fertilizers Affect the Cation Exchange Capacity of the Soil: A Comparative Evaluation

Gustafsson, J.P., & Van Schaik, J.W.J. (2003). Cation binding in a mor layer: batch experiments and
modelling. Europian Journal of Soil Science, 54(2), 295-310. https://doi.org/10.1046/j.1365-
2389.2003.00526.x

JMP, (2007). IMP7 Statistic Program, SAS Statistics Institute 7.0 for Windows. Armonk, NY.

Kacar, B., & Katkat, A.V. (2009). Fertilizers and Fertilization Technique. Nobel Publication
Distribution. 559 p. Kizilay-Ankara.

Kacar, B., & Katkat, V. (2010). Plant Nutrition. 5th Edition, Nobel Yayin Dagitim Tic. Ltd. Sti, 678 p.
Kizilay-Ankara.

Kara, B. (2014). Potassium use efficiency of some bread wheat cultivars. Biological Diversity and
Conservation, 7(2), 105-109.

Kasongo, R.K., Verdoodt, A., Kanyankagote, P., Baert, G., & Ranst, E.V. (2011). Coffee waste as an
alternative fertilizer with soil improving properties for sandy soils in humid tropical
environments. Soil Use and Management, 27(1), 94-102. https://doi.org/10.1111/j.1475-
2743.2010.00315.x

Khoshgoftarmanesh, A.H., & Kalbasi, M. (2002). Effect of municipal waste leachate on soil properties
and growth and yield of rice. Communications in Soil Science and Plant Analysis, 33(13-14),
2011-2020. https://doi.org/10.1081/CSS-120005745

Kleber, M., Bourg, 1.C., Coward, E.K., Hansel, C.M., Myneni, S.C., & Nunan, N. (2021). Dynamic
interactions at the mineral-organic matter interface. Nature Reviews Earth &
Environment, 2(6), 402-421. https://doi.org/10.1038/s43017-021-00162-y

Leogrande, R., & Vitti, C. (2019). Use of organic amendments to reclaim saline and sodic soils: a review.
Arid Land Research and Management, 33(1), 1-21. https://doi.org/10.1080/15324982.
2018.1498038

Liu, J., Wang, Z., Hu, F., Xu, C., Ma, R., & Zhao, S. (2020). Soil organic matter and silt contents
determine soil particle surface electrochemical properties across a long-term natural restoration
grassland. Catena, 190, 104526. https://doi.org/10.1016/j.catena.2020.104526

Malhotra, H., Sharma, S., & Pandey, R. (2018). Phosphorus nutrition: Plant growth in response to
deficiency and excess. In Plant Nutrients and Abiotic Stress Tolerance (pp. 171-190). Springer,
Singapore. https://doi.org/10.1007/978-981-10-9044-8 7

Manimel, M.C., Michaelis, V.K., Kroeker, S., & Akinremi, 0.0. (2013). Exchangeable
calcium/magnesium ratio affects phosphorus behavior in calcareous soils. Soil Science Society
of America Journal, 77(6), 2004-2013. https://doi.org/10.2136/sss2j2012.0102

Meier, M, Chin, Y.P., & Maurice, P.A. (2004). Variations in the composition and adsorption behavior
of dissolved organic matter at a small, forested watershed. Biogeochemistry, 67(1), 39-56.
https://doi.org/10.1023/B:BI0G.0000015278.23470.17

Melenya, C., Logah, V., Aryee, D., Abubakari, A., Tuffour, H.O. & Yeboah, [.B. (2015). Sorption of
phosphorus in soils in the semi deciduous forest zone of Ghana. Applied Reseach Journal, 1(3),

169-175.
MGM, (2016). General Directorate of Meteorology, Turkish Climate According to Koppen Climate
Classification. https://www.mgm.gov.tr/FILES/iklim/iklim_siniflandirmalari/koppen.pdf

Access Date: 25.09.2021.

Mounirou, M., Kaya, E., Ouedraogo, A., Demir, K., Giines, A., & Inal, A. (2020). Effects of biochar
and organic fertilizer applications on the growth and chemical fertilizer use efficiency of onion
plant. Journal of Soil Science and Plant Nutrition , 8(1) 36-45. https://doi.org/10.33409/
tbbbd.757008

Namli, A., Ak¢a, M.O., & Akga, H. (2019). Effects of organic and organomineral fertilizers developed
from organic materials of Afsin-Elbistan basin lignite plant on wheat yield and yield
components and some soil properties, Journal of Soil Science and Plant Nutrition, 7(1), 10-20.
https://doi.org/10.33409/tbbbd.594998

Naveed, M., Duan, J., Uddin, S., Suleman, M., Hui, Y., & Li, H. (2020). Application of microbially
induced calcium carbonate precipitation with urea hydrolysis to improve the mechanical
properties of soil. Ecological FEngineering, 153, 105885. https://doi.org/10.1016/
j.ecoleng.2020.105885

Neirynck, J., Mirtcheva, S., Sioen, G., & Lust, N. (2000). Impact of Tiliaplatyphyllos Scop., Fraxinus
excelsior L., Acer pseudoplatanus L., Quercus robur L. and Fagus sylvatica L. on earthworm

310



YYU J AGR SCI 33 (2): 298-312
Toprak and Seferoglu / Phosphorus-Enriched Organomineral Fertilizers Affect the Cation Exchange Capacity of the Soil: A Comparative Evaluation

biomass and physico-chemical properties of a loamy soil. Forest Ecology and Management,
133(3), 275-286. https://doi.org/10.1016/S0378-1127(99)00240-6

Oorts, K., Vanlauwe, B., & Merckx, R. (2003). Cation exchange capacities of soil organic matter
fractions in a Ferric Lixisol with different organic matter inputs. Agriculture, Ecosystems and
Environment, 100(2-3), 161-171. https://doi.org/10.1016/S0167-8809(03)00190-7

Osman, K.T. (2013). Forest Soils. In: Soils Springer, Holland, Pp. 229-251. https://doi.org/10.1007/978-
94-007-5663-2_14

Reich, P.B., Oleksyn, J., Modrzynski, J., Mrozinski, P., Hobbie, S.E., Eissenstat, D.M., Chorover, J.,
Chadwick, O., Hale, C.M., & Tjoelker, M.G. (2005). Linking litter calcium, earthworm and soil
properties: A common garden test with 14 tree species. Ecology Letters, 8(8), 811—
818. https://doi.org/10.1111/5.1461-0248.2005.00779.x

Rhoades, J.D. (1982a). Cation Exchange Capacity. Methods of Soil Analysis Part 2. Chemical and
Microbiological Properties Second Edition. Agronomy. No: 9 Part 2. Edition 149-157.

Rhoades, J.D. (1982b). Exchangeable Cations. Methods of Soil Analysis Part 2. Chemical and
Microbiological Properties Second Edition. Agronomy. No: 9 Part 2. Edition 159-164.

Rytwo, G., Tropp, D., & Serban, C. (2002). Adsorption of diquat, paraquat and methyl green on
sepiolite: experimental results and model calculations. Applied Clay Science, 20(6), 273-282.
https://doi.org/10.1016/S0169-1317(01)00068-0

Shen, J., Yuan, L., Zhang, J., Li, H., Bai, Z., Chen, X., & Zhang, F. (2011). Phosphorus dynamics: From
soil to plant. Plant Physiology, 156(3), 997-1005. https://doi.org/10.1104/pp.111.175232

Siregar, A., Kleber, M., Mikutta, R., & Jahn, R. (2005). Sodium hypochlorite oxidation reduces soil
organic matter concentrations without affecting inorganic soil constituents. European Journal
of Soil Science, 56, 481-490. https://doi.org/10.1111/j.1365-2389.2004.00680.x

Smith, W.B., Wilson, M., & Pagliari, P. (2020). Organomineral fertilizers and their application to field
crops. Animal manure: Production, characteristics. Environmental Concerns, and Management,
67,229-243. https://doi.org/10.2134/asaspecpub67.c18

Stizer, S., & Culhaci, E. (2017). The effects of different organomineral and inorganic compound
fertilizers on winter bread wheat grain yield and some yield components. Journal of Soil Science
and Plant Nutrition, 5(2), 87-92.

Timmer, N., Gore, D., Sanders, D., Gouin, T., & Droge, S.T. (2020). Application of seven different clay
types in sorbent-modified biodegradability studies with cationic biocides. Chemosphere, 245,
125643. https://doi.org/10.1016/j.chemosphere.2019.125643

Toprak, S. (2019). The effect of iron-rich organomineral fertilizers on apple nutrition. International
Anatolian Journal of Agricultural Engineering Sciences, 1(3), 9-20.

Verma, V.K., Setia, R.K., Sharma, P.L., Charanjit, S., & Kumar, A. (2005). Pedospheric Variations in
distribution of DPTA — extractable micronutrients in soils developed on different physiographic
units in central parts of Punjab, India. International Journal of Agriculture and Biology, 7(2),
243 - 246.

Whittinghill, K.A., & Hobbie, S.E. (2012). Effects of pH and calcium on soil organic matter dynamics
in Alaskan tundra. Biogeochemistry, 111, 569-581. https://doi.org/10.1007/s10533-011-9688-6

Wuddivira, M.N., & Camps-Roach, G. (2007). Effects of organic matter and calcium on soil structural
stability, European Journal of Soil Science, 58, 722-727. https://doi.org/10.1111/1.1365-
2389.2006.00861.x

Yalgm, M., Cimrin, K.M., & Tutus, Y. (2018). Nutrient status of meadow-pasture soils in Hatay
province Kirikhan-Reyhanli Region and their relations with some soil properties.
Kahramanmaras Siit¢ii Imam University, Journal of Agriculture and Nature, 21(3), 385-396.
https://doi.org/10.18016/ksudobil.342009

Yossif, M.A., & Gezgin S. (2020). Effects of mono-ammonium phosphate and K-Humate applications
on grain yield and phosphorus uptake efficiency of bread wheat crop (Triticum aestivum L.).
International Journal of Plant and Soil Science, 32(12), 56-61.

Zhang, J., Tang, L., Geng, Y., Ma, J., Yang, H., Huo, Z., & Li, Z. (2021). Microbial regulation of
dissolution, adsorption and precipitation of phosphates influenced by various carbon
sources. Chemical Geology, 560, 120021. https://doi.org/10.1016/j.chemgeo.2020.120021

311



YYU J AGR SCI 33 (2): 298-312
Toprak and Seferoglu / Phosphorus-Enriched Organomineral Fertilizers Affect the Cation Exchange Capacity of the Soil: A Comparative Evaluation

Zhu, T., & Dittrich, M. (2016). Carbonate precipitation through microbial activities in natural
environment, and their potential in biotechnology: a review. Frontiers in Bioengineering and
Biotechnology, 4, 4. https://doi.org/10.3389/tbioe.2016.00004

312



