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ABSTRACT

Phosphorus (P) fertilizers are produced from rock phosphate (apatite); however, they are low-mobility in soil for plant
nutrient absorption and uptake. In addition, the rock phosphate quantity is a limited source for future P fertilizer. At
the same time, high phosphorus fertilization will cause environmental pollution (such as eutrophication in rivers).
Also, a great proportion of applied P fertilizer remains in the soil, reducing the viable soil organisms. Therefore, the
effect of different doses of P on some properties of soil (physical, chemical, and biological) is not entirely understood
in the literature under long-term experiment conditions. Also, phosphorus fertilizer applications indirectly decrease
the plant growth and yield. Under long-term experimental conditions, this research aims to understand the effect of
increasing P doses on some physical, chemical and biological properties of the soil. The hypothesis to be tested is that
under long-term field experiment conditions, increasing doses of phosphorus fertilizer negatively affect the soil
properties. The field experiment was established in 1998 and has continued uninterruptedly to the present time under
maize and wheat rotations. Four doses of P fertilizers were applied; such as 0, 50, 100 and 200 kg P.Os ha* application
with three replications. P2105 Maize (Zea mays L.) species seeds were sown in June 2022 and harvested in November
2022. At harvest, the soil samples were taken at 0-15 cm and 15-30 cm depth in each plot. Soil pH, EC and available
P were analyzed as soil chemical properties. The number of mycorrhizal spores and Soil Organic Matter (by walkley-
black method) were determined as soil biological properties. Furthermore, soil bulk density (BD), water stable
aggregated (WSA) and mean weight diameter (MWD) were analyzed as soil physical properties.

Phosphorus application in increasing doses negatively affects the soil physical properties (such as WSA, MWD and
BD) under long-term field experiment condition. The research finding showed that depending on increasing P doses
application soil WSA and MWD were decreased but BD was increased. While depending on increasing P doses
application soil organic carbon is increased, however, the numerical value of mycorrhizal spores and root colonization
was decreased. The results are revealed that for sustainable and eco-friendly crop production, 50 and 100 kg P2Os ha
L p fertilizer can be used in maize production.

Keywords: Long-term field experiment, Soil organic carbon, Maize plant, Soil MWD, WSA, Phosphorus doses
fertilizer

INTRODUCTION

Fertilizer usage is expected to carry on to grow with the
growing food needs of the world population (Li et al.,
2020). Phosphorus fertilizers are manufactured from
rock phosphate (Green, 2015), and it has not a
sustainable source and it can be finished next 50-100
years (Schnug & De Kok, 2016). Phosphorus deficiency
is the restrictive factor for crop production on 40% of
the arable worlds’ land (Dey et al., 2021). Insufficient P
fertilization leads to crop loss, while excessive P
fertilization causes environmental problems such as
eutrophication (Frossard et al., 2016). In addition,
excessive P fertilization can also cause negative effects
on the environment such as P heavy metal pollution
(Kilgour et al., 2008) and salinity (Dey et al., 2021).

Therefore, optimum P fertilization plays a significant
role in protecting the environment as well as improving
soil quality and fertility.

Land use has affected soil quality like physical, chemical
and biological fertility (Bakhshandeh et al., 2019). Soil
realize a significant environmental and ecological
facility for food and survival life. In addition, soil health
management has key role aimed at conservation of
ecological production (Pahalvi et al., 2021). The main
role of the soil has into yield enough nourishment and
protected human health. Intensive input production such
as intensive fertilization, tillage and excessive irrigation
have an undesirable impact on soil health. One of them,
chemical fertilizer has the greatest important role to
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improve soil fertility and yield. There are three types of
available mineral(element) fertilizers like; N, P and K
fertilizer (Pahalvi et al., 2021). The most used fertilizer
after N fertilizers, which include so many potentially
harmful chemicals, is P fertilizers. For example, P
fertilizers mass-produced from apatite (rock sources)
have contaminated by some heavy metals (like Cd, As
and etc.) and radio-nuclides (De Kok & Schnug, 2008,
Taylor et al., 2016). In addition, it is known chemical
fertilizers increase soil salinity (Dey et al., 2021).
Amendment of soil through chemical (such as mineral
fertilizers and plant protection preparations) powerfully
impacts a variety of some soil properties such as soil
activities of enzymes, nutrient content, Organic Carbon,
pH, soil moisture and several others features (Prashar &
Shah, 2016). Too much use of mineral/chemical
fertilizers toughens the soil, lowers fertility of soil,
pollutes environment (such as; water, soil and air) and
depletes essential minerals and nutrients out of the soil,
thus causing an environmental hazard. The microbial
activity in the cropping system is weakened by the use of
chemical fertilizers. Continuous use of mineral fertilizers
may modification soil pH, rise the chances of pest
development, soil acidity and soil crusting, resulting in
reduced organic matter, humus load, beneficial
organisms, slower plant development, and even
greenhouse gas emissions. They definitely affect the
biodiversity of the soil, disrupting the well-being of the
soil since it has been there for a long time (Pahalvi et al.,
2021).

It is known that impact of manure and chemical
fertilizers on some quality parameters of soil (Ozlu &
Kumar, 2018). However, the impact of increasing P
fertilizers, under long-term conditions as field
experiment, on some physical, chemical, and biological
properties of soil is not clear in the literature. That’s why
the purpose of the study is to understand the effect of
increasing P concentrations on some physical, chemical
and biological properties of the soil under long-term
experimental conditions. The hypothesis to be tested is
that in the long-term field experimental conditions,
increasing concentrations of phosphorus fertilizer
negatively affect soil properties.

MATERIALS AND METHODS

The field experiment has been established since 1998 on
the soil Arik series, which is classified as typical
Haploxererts, under maize and wheat rotations. Some
physical and chemical properties of Arik soil series
shown in Table 1. Four doses of P fertilizers were
applied, such as 0, 50, 100, and 200 kg P2Os ha'?, (as PO,
P50, P100 and P200), with tree replications before each
term. P2105 Maize (Zea mays L.) species seeds were
sown in June 2022 and harvested in November 2022. At
harvest, the soil samples were taken at different depth as
surface soil (as 0-15 cm) and subsurface soil (as 15-30
cm) in to each plot.

Soil pH and EC have defined 1:2.5 ratio of distilled water
and available P were analyzed by Olsen (1954) method
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as soil chemical properties. The number of mycorrhizal
spores was determined by Gerdemann and Nicolson
(1963) and Soil Organic Matter (SOM) was analyzed via
Walkley and Black (1934) method as soil biological
properties. Furthermore, water stabile aggregate (WSA)
and mean weight diameter (MWD) were analyzed by
Kemper and Rosenau (1986) and soil bulk density (BD)
was defined by Blake and Hartge (1986) as soil physical
properties.

ANOVA statistical analysis was realized by JMP 8-pack
program and the Less Significant Different (LSD) test
was carried out. Moreover, the Origin 2022 application
was used for the correlation matrix of variates.

Table 1. Some physical and chemical properties of Arik
soil series (Turgut & Koca, 2019)

Soil Properties Results
pH (sat.) 7.63
EC (mmhos cm™)  0.06
Lime (%) 27.2
Organic Matter (%) 1.17

Sand 17
Texture (%) Silt 28

Clay 55
Texture Classification 1 C
P,0s (kg da) 7.11

RESULTS AND DISCUSSION

Soil Physical Properties

It is the physical properties of the soil that affect soil
erosion, seed germination and root growth processes.
Physical properties cause many chemical as well as
biological processes, which can promote controlled by
climate, land location, and land management (Jat et al.,
2018).

In this work, MWD, WSA, and BD were investigated as
physical soil properties. It was shown the impact of
increasing doses of P applications on MWD and WSA in
Figure 1 and Figure 2. They are shown that there was no
statistically difference in MWD 0-15 cm and WSA at
different soil depth (P >0.05). Nevertheless, it is shown
that statistically significant difference (P<0.05) on
MWD at 15-30 cm depth as seen in Figure 1 and Table
2. In addition, it was shown that there was a negative
correlation (from r = -0.43 to r = -0.83) between soil
aggregation and soil available P content at different
depths as seen in Figure 7. But on average, depend on
increasing P fertilizer application, MWD and WSA are
decrease. The P200 application reduced MWD by 26.4%
surface soil and by 33.7% at subsurface soil compared to
the PO application. Furthermore, P200 application
reduced WSA by 14.7% at 0-15 cm depth and by 14.6%
at 15-30 cm compared to the PO application. Intensive
and heavy cultivation (like tillage, fertilizers and
irrigation etc.) can disrupt soil aggregates, if those are
not protected by the soil organic matter (Ozlu & Kumar,
2018, Ellis, 1971). It can cause a decrease in the WSA
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and MWD of the soil with the additives it contains. For
example, Ozlu and Kumar (2018) reported that heavy
chemical fertilizer application had lower aggregation
(MWD and WSA) than control (without fertilizer) and
organic fertilizers. Isik et al. (2019) investigated the
impact of different organic and inorganic fertilizer
applications on soil aggregation under long-term
conditions. It seems that chemical fertilizers have the
lowest aggregation and it was supports our research
findings. Haynes and Naidu (1998) observed that
continual application of inorganic fertilizer can diminish
aggregate formation and stability by dispersing colloids
and secondary soil particles and these findings lend
credence to our investigation. Chemical fertilizers like
TSP, which comprise additives, contain elements
including Al, Ca, Fe, K, Na, Si, and high salinity
(Shahsavani et al., 2017). In particular, Na can limit soil
aggregation (Garcia-Orenes et al., 2005).
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Figure 1. Effect of increasing phosphorus doses
application on MWD in different depth.
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of increasing phosphorus doses on BD in Figure 3.
Increasing doses of P fertilization was not statistically
make a difference (P>0.05) in soil BD, but it did increase
the BD on average, under long term conditions.
Moreover, it is shown that there was a statistically
positive correlation (r = 0.83 and 0.58) between soil
available P and BD in Figure 7. It has means that
increasing doses of P fertilizers also increase soil BD.
Guo et al. (2016) research findings from their studies
conducted between 2009 and 2014 show that chemical
fertilizer applications increase BD compared to organic
fertilizer applications. Their study partially supports our
research findings. Moreover, Figure 3 shows that
subsurface soil had a higher BD than surface soil depth.
The decrease in BD over the years might be due to the
increase in plant biomass, root biomass, the cementing
effect of organic polysaccharides formed by the
decomposition of OM through microbial activity. Pant
and Ram (2018) reported that BD showed an increasing
trend with increasing soil depth under respective
treatments, and soil BD was lower in balanced and
optimal fertilization treatments.
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Figure 2. Effect of increasing phosphorus doses
application on WSA (%) in different depth.

BD can be defined as the relationship between mass and
volume of soil (de Oliveira et al., 2015) and it is usually
expressed in g/lcm?. Typical values of the dry or BD of
most soil differ between 1.1 and 1.6 g cm® (Rai et al.,
2017). Soil BD determines the soil’s porosity, available
water capacity, infiltration, nutrient availability, rooting
depth, root spread and microorganism activity (Indoria
et al., 2020). Therefore, BD has an important place
among soil physical properties. it was showed the effect

Figure 3. Effect of increasing phosphorus doses
application on BD in different depth.

Table 2. Level of significance for effects of increasing
phosphorus doses application on MWD, WSA, BD,
P,Os, pH, EC, Organic Matter (O.M) and number of
Mycorrhizal Spores (M. Spores) in different soil depth
(0-15cm and 15-30cm)

MWD MWD WSA WSA BD BD
0-15 15-30 0-15 15-30 0-15 15-30
NS * NS NS NS NS
P20s P20s pH pH EC EC
0-15 15-30 0-15 15-30 0-15 15-30
wx faiaie NS NS NS NS
o.M o.M g/lplores M. Spores

0-15 15-30 0-15 15-30

NS o NS NS

NS means not significant. *, ** and *** respectively show
significant level at P <0.05, P<0.01 and P <0.001.

Soil Chemical Properties

Soil chemical properties are essential to plant nutrition.
Soil chemical properties were pH, TC, TN, cation
exchangeable capacity (like Ca, Mg, K and Na),
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available P (Ahmadpour et al., 2015). One of them, P, is
a factor that negatively affects 40% of agricultural
production due to its deficiency (Balemi & Negisho,
2012). Inadequate P fertilization can lead to crop losses,
whereas too much P fertilization can causes
environmental problems such as eutrophication
(Frossard et al., 2016). For that reason, optimum P doses
fertilizers is vital for economic, sustainable and eco-
friendly plant production.

It is presented that the impact of increasing P doses on
soil available P at different depth as seen Figure 4.
Increasing doses of P fertilization made a statistically
significant difference (at surface soil P<0.01 and at
subsurface soil P<0.001) at both depths as seen in Table
2. It is expected that the soil available P concentration
will increase depending on the application of increasing
doses of P. There are so many studies about how the soil
P concentration will increase depending on increasing
doses of P (Akpinar & Ortas, 2023, Isik et al., 2020a,
Zhang et al, 2004). Additionally, available P
concentration in soil surface is greater than subsurface
soil. The higher P content of the surface soil than the
subsurface may be the result of stubble west (like root
etc.) or P fertilizer application close to the surface.
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Figure 4. Effect of increasing phosphorus doses
application on soil available P in different depth

Soil pH has an important impact on microbial activity
and the biogeochemical processes where they
participate. In general, the fungal community has an
ideal environment in acidic conditions, whereas the
bacterial community has decreased, thus the processes
accomplish by some microorganisms can be negatively
affected (de Melo et al., 2018). Furthermore, soil pH has
also effected the nutrition (like Zn, Fe, P and others)
uptake (Kacar & Katkat, 2015). It was seen that impact
of various phosphorus doses application on soil pH and
EC in Table 3. In Table 3, there was no statistical
significant different (P>0.05) as soil pH in different
depth. rSoil pH was not one of the easily changeable
properties of the soil (Ozbek et al., 1993). Also, there
was no statistical significant different (P>0.05) as soil
EC in different depth at Table 3. However, depend on
increasing dose P fertilizers also soil EC increase on
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average. Chemical fertilizer application can cause the
soil EC to increase (Citak & Sonmez, 2011).

Table 3. Effect of increasing phosphorus doses
application on soil pH and EC (uS cm™) in different
depth.

Applicati pH pH EC EC

ons 0-15cm 15-30cm  0-15cm  15-30 cm

PO 7.65+0.3 7.62+0.0 24448 187+12

P50 7.51+0.2 7.62+0.1 24343 197+1

P100 7.60+0.3 7.58+0.0 247435 201+28

P200 7.56+0.1 7.59+0.1 264418 2020
P>0.05 P>0.05 P>0.05 P>0.05

Soil Biological Properties

Mycorrhizae are a nearly worldwide terrestrial
mutualism between plant roots and certain fungi of soil,
the oldest fossil evidence about mycorrhiza nearly
400 My ago (Egerton-Warburton et al., 2005). Several
study reports revealed that mycorrhizal fungi may
increase water and nutrient absorption in addition to
increasing the bioavailability of phosphorus (P) to the
host plant and improving growth. For the purpose of
improved physical, chemical, and biological properties
of soils, plant and mycorrhizal interaction is an essential
association within rhizosphere (Johnson & Jansa, 2017).
It is shown that effect of increasing P doses on the
mycorrhizal number of spores in different depth in
Figure 5. There weren’t significant differences in the
impact of increasing quantities of P application on the
amount of spores. In addition, there was a negative
correlation (r = -0.61 and -0.33) between mycorrhizal
spores and soil available P concentration in different
depths as seen in Figure 7. Higher amount of P in the
plant tissue decreases the number of spores production
and secondary external hyphae (Grant et al., 2005).
Furthermore, soil pH can negatively affect the number of
spores (Qin et al., 2020). It is known that fungi (like
mycorrhiza) can usually live at low pH (Davison et al.,
2021).
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Figure 5. Effect of increasing phosphorus doses
application on mycorrhizal number of spores in different
depth
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organic fraction (Bernoux & Cerri, 2005). Soil OM has
a vital role for soil production, fertility and the carbon
cycle (Simpson & Simpson, 2017), and it also improves
infiltration, porosity, nutrition, and microbial activity
(Guizel et al., 2002, Ozbek et al., 1993). It was presented
that effect of increasing P doses application on soil
organic matter (%) in Figure 6. There was no statistical
difference at surface soil (P>0.05) nonetheless, there was
statistical significant different at subsurface soil
(P<0.01) as seen Table 2. Average OM increases with
increasing doses of P. The P200 dose has the highest OM
ratio (%) compared to PO. The P200 application
increased soil OM content by 11.7% at 0-15 cm depth
and by 11.9% at 15-30 cm depth compared to PO
application. In addition, it is shown that positive
correlation in the middle of available P and OM in
different depths (Figure 7). Stubble residues (He et al.,
2015), microbial activity and root secretions (like
alcohol, enzyme activity, and phenol compounds) may
have increased soil OM (Van Aken, 2011, Isik et al.,
2020b). In addition, there is a positive correlation among
soil P concentration and subsoil %OM in Figure 7.
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Figure 6. Effect of increasing phosphorus doses
application on soil organic matter in different depth
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Figure 7. Correlation matrix of soil variates.
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CONCLUSION

The physical qualities of the soil (such as MWD, WSA,
and BD) were negatively impacted by P fertilization at
escalating doses under long-term  experiment
circumstances initially. Mycorrhizal spore counts were
reduced and OM was enhanced as P fertilizer treatment
doses were raised. While soil pH and EC characteristics
remained mostly unchanged, soil P content increased as
P doses were raised. The health of the soil and
sustainable production are not improved by excessive
chemical P fertilization, which can also have a
destructive effect on the soil physical and partially
biological qualities.

CONFLICT OF INTEREST
The author here declares that there is no conflict of
interest in the publication of this article.

REFERENCES

Ahmadpour P, Ahmadpour F, Sadeghi S, Tayefeh FH,
Soleimani M, Abdu AB, 2015. Chapter 7 -
Evaluation of Four Plant Species for
Phytoremediation of Copper-Contaminated Soil.
In: Hakeem KR, Sabir M, Oztiirk M, Mermut AR,
eds. Soil Remediation and Plants. San Diego:
Academic Press, 147-205.

Akpinar C, Ortas I, 2023. Impact of Different Doses of
Phosphorus Fertilizer Application on Wheat
Yield, Soil-Plant Nutrient Uptake and Soil
Carbon and Nitrogen Dynamics. Communications
in Soil Science and Plant Analysis, 1-10.

Bakhshandeh E, Hossieni M, Zeraatpisheh M,
Francaviglia R, 2019. Land use change effects on
soil quality and biological fertility: A case study
in northern Iran. European Journal of Soil
Biology 95, 103119.

Balemi T, Negisho K, 2012. Management of soil
phosphorus and plant adaptation mechanisms to
phosphorus stress for sustainable crop production:
a review. Journal of Soil Science and Plant
Nutrition 12, 547-62.

Bernoux M, Cerri CEP, 2005. GEOCHEMISTRY | Sail,
Organic  Components. In:  Worsfold P,
Townshend A, Poole C, eds. Encyclopedia of
Analytical Science (Second Edition). Oxford:
Elsevier, 203-8.

Blake GR, Hartge K, 1986. Bulk density. Methods of Soil
Analysis: Part 1 Physical and Mineralogical
Methods 5, 363-75.

Citak S, Sonmez S, 2011. Effects of chemical fertilizer
and different organic manure application on soil
pH, EC and organic matter content. J. Food Agric.
Environ 9, 739-41.

Davison J, Moora M, Semchenko M, et al., 2021.
Temperature and pH define the realised niche
space of arbuscular mycorrhizal fungi. New
Phytologist 231, 763-76.

147



Isik et. al.

De Kok LJ, Schnug E, 2008. Loads and fate of fertilizer-
derived uranium. Backhuys Publishers.

De Melo WJ, De Melo GMP, De Melo VP, Donha RMA,
De Lima Dias Delarica D, 2018. Chapter 13 -
Nitrogen Dynamic in Agricultural Soils Amended
With Sewage Sludge. In: Mufioz MA, Zornoza R,
eds. Soil Management and Climate Change.
Academic Press, 189-205.

De Oliveira RA, Ramos MM, De Aquino LA, 2015.
Chapter 8 - Irrigation Management. In: Santos F,
Borém A, Caldas C, eds. Sugarcane. San Diego:
Academic Press, 161-83.

Dey G, Banerjee P, Sharma RK, et al., 2021.
Management of phosphorus in salinity-stressed
agriculture for sustainable crop production by
salt-tolerant phosphate-solubilizing bacteria—A
review. Agronomy 11, 1552,

Egerton-Warburton LM, Querejeta JI, Allen MF,

Finkelman SL, 2005. MYCORRHIZAL FUNGI.

In: Hillel D, ed. Encyclopedia of Soils in the

Environment. Oxford: Elsevier, 533-42.

MB, 1971. Dematiaceous hyphomycetes.

Dematiaceous hyphomycetes.

Frossard E, Blinemann EK, Gunst L, Oberson A, Scharer
M, Tamburini F, 2016. Fate of Fertilizer P in
Soils—The Organic Pathway. Phosphorus in
agriculture: 100% zero, 41-61.

Garcia-Orenes F, Guerrero C, Mataix-Solera J, Navarro-
Pedrefio J, Gémez |, Mataix-Beneyto J, 2005.
Factors controlling the aggregate stability and
bulk density in two different degraded soils
amended with biosolids. Soil and tillage research
82, 65-76.

Gerdemann J, Nicolson TH, 1963. Spores of mycorrhizal
Endogone species extracted from soil by wet
sieving and decanting. Transactions of the British
Mycological society 46, 235-44.

Grant C, Bittman S, Montreal M, Plenchette C, Morel C,
2005. Soil and fertilizer phosphorus: Effects on
plant P supply and mycorrhizal development.
Canadian Journal of Plant Science 85, 3-14.

Green BW, 2015. 2 - Fertilizers in aquaculture. In: Davis
DA, ed. Feed and Feeding Practices in
Aquaculture. Oxford: Woodhead Publishing, 27-
52.

Guo L, Wu G, LiY,etal., 2016. Effects of cattle manure
compost combined with chemical fertilizer on
topsoil organic matter, bulk density and
earthworm activity in a wheat-maize rotation
system in Eastern China. Soil and tillage research
156, 140-7.

Guzel N, Gulut K, Buyiik G, 2002. Toprak verimliligi ve
gubreler. Bitki Besin Elementleri Yonetimine
Giris. Cukurova Univ. Ziraat Fak. Genel Yayin
246.

Haynes RJ, Naidu R, 1998. Influence of lime, fertilizer
and manure applications on soil organic matter
content and soil physical conditions: a review.
Nutrient cycling in agroecosystems 51, 123-37.

Ellis

International Journal of Agricultural and Applied Sciences 4(1)

He Y, Zhang W, Xu M, et al., 2015. Long-term
combined chemical and manure fertilizations
increase soil organic carbon and total nitrogen in
aggregate fractions at three typical cropland soils
in China. Science of the Total Environment 532,
635-44.

Indoria AK, Sharma KL, Reddy KS, 2020. Chapter 18 -
Hydraulic properties of soil under warming
climate. In: Prasad MNV, Pietrzykowski M, eds.
Climate Change and Soil Interactions. Elsevier,
473-508.

Istk M, Aksahin V, Oztiirk F, Jan SU, Ortas 1, 2019.
Effect of Different Organic and Inorganic
Fertilizer on Soil Structure Stability, Under Long
Term Field Experiment.

Istk M, Oztiirk F, Aksahin V, Demirkol B, Ortas I,
2020a. Impact of long term phosphorus doses
application on soil carbon, nitrogen and
phosphorus concentration. Turkish Journal of
Agriculture-Food Science and Technology 8, 150-
4,

Jat ML, Bijay S, Stirling CM, et al., 2018. Chapter Four
- Soil Processes and Wheat Cropping Under
Emerging Climate Change Scenarios in South
Asia. In: Sparks DL, ed. Advances in Agronomy.
Academic Press, 111-71. (148.)

Johnson NC, Jansa J, 2017. Chapter 1 - Mycorrhizas: At
the Interface of Biological, Soil, and Earth
Sciences. In: Johnson NC, Gehring C, Jansa J,
eds. Mycorrhizal Mediation of Soil. Elsevier, 1-6.

Kacar B, Katkat A, 2015. Bitki besleme. Nobel
Yayincilik, Ankara, 678.

Kemper W, Rosenau R, 1986. Aggregate stability and
size distribution. Methods of Soil Analysis: Part 1
Physical and Mineralogical Methods 5, 425-42.

Kilgour DW, Moseley RB, Barnett MO, Savage KS,
Jardine PM, 2008. Potential negative
consequences of adding phosphorus-based
fertilizers to immobilize lead in soil. Journal of
environmental quality 37, 1733-40.

Li Y, Tremblay J, Bainard LD, Cade-Menun B, Hamel
C, 2020. Long-term effects of nitrogen and
phosphorus fertilization on soil microbial
community structure and function under
continuous wheat production. Environmental
Microbiology 22, 1066-88.

Olsen SR, 1954. Estimation of available phosphorus in
soils by extraction with sodium bicarbonate. US
Department of Agriculture.

OzIlu E, Kumar S, 2018. Response of soil organic carbon,
pH, electrical conductivity, and water stable
aggregates to long-term annual manure and
inorganic fertilizer. Soil Science Society of
America Journal 82, 1243-51.

Ozbek H, Kaya Z, G6k M, Kaptan H, 1993. Cukurova
Universitesi Ziraat Fakultesi Toprak Bilimi
Kitab.

Pahalvi HN, Rafiya L, Rashid S, Nisar B, Kamili AN,
2021. Chemical fertilizers and their impact on soil

148



Isik et. al.

health. Microbiota and Biofertilizers, Vol 2:
Ecofriendly Tools for Reclamation of Degraded
Soil Environs, 1-20.

Pant PK, Ram S, 2018. Long-term manuring and
fertilization effects on soil physical properties
after forty two cycles under rice-wheat system in
North Indian Mollisols. Int. J. Curr. Microbiol.
App. Sci 7, 232-40.

Prashar P, Shah S, 2016. Impact of fertilizers and
pesticides on soil microflora in agriculture.
Sustainable Agriculture Reviews: Volume 19,
331-61.

Qin M, Zhang Q, Pan J, et al., 2020. Effect of arbuscular
mycorrhizal fungi on soil enzyme activity is
coupled with increased plant biomass. European
Journal of Soil Science 71, 84-92.

Rai RK, Singh VP, Upadhyay A, 2017. Chapter 17 - Soil
Analysis. In: Rai RK, Singh VP, Upadhyay A,
eds. Planning and Evaluation of Irrigation
Projects. Academic Press, 505-23.

Shahsavani A, Yarahmadi M, Hadei M, Sowlat MH,
Naddafi K, 2017. Elemental and carbonaceous
characterization of TSP and PM 10 during Middle
Eastern dust (MED) storms in Ahvaz,
Southwestern Iran. Environmental monitoring
and assessment 189, 1-15.

International Journal of Agricultural and Applied Sciences 4(1)

Schnug E, De Kok LJ, 2016. Phosphorus in agriculture:
100% zero. Springer.

Simpson MJ, Simpson AJ, 2017. NMR of Soil Organic
Matter. In: Lindon JC, Tranter GE, Koppenaal
DW, eds. Encyclopedia of Spectroscopy and
Spectrometry (Third Edition). Oxford: Academic
Press, 170-4.

Taylor M, Kim N, Smidt G, et al., 2016. Trace element
contaminants and radioactivity from phosphate
fertiliser. Phosphorus in agriculture: 100% zero,
231-66.

Turgut MM, Koca YK, 2019. Farkli toprak isleme
yontemlerinin iki farkli toprak serisinde CO2
salimina etkileri. Toprak Bilimi ve Bitki Besleme
Dergisi 7, 51-6.

Van Aken B, 2011. Transgenic plants and associated
bacteria for phytoremediation of organic
pollutants.

Walkley A, Black 1A, 1934. An examination of the
Degtjareff method for determining soil organic
matter, and a proposed modification of the
chromic acid titration method. Soil Science 37,
29-38.

Zhang T, Mackenzie A, Liang B, Drury C, 2004. Soil test
phosphorus and phosphorus fractions with long-
term phosphorus addition and depletion. Soil
Science Society of America Journal 68, 519-28.

Citation: ISIK, M.; ALDOGAN, S.; SONMEZ, M.; ILHAN, S. and ORTAS, I. 2023. Effect of Increasing
Phosphorus Doses Application on Some Physical, Chemical and Biological Properties of Soil, Under
Long-Term Experiment Conditions. International Journal of Agricultural and Applied Sciences,
4(1):143-149. https://doi.org/10.52804/ijaas2023.4124

Copyright: © Isik et. al. 2023. Creative Commons Attribution 4.0 International License. IJAAS allows unrestricted
use, reproduction, and distribution of this article in any medium by providing adequate credit to the

author(s) and the source of publication.

149



https://doi.org/10.52804/ijaas2023.4124

