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ABSTRACT ARTICLE HISTORY
The aim of the study was to investigate the impact of phosphorus (P) dose Received 8 March 2021
application effects on bread wheat (Triticum aestivum) yield, mineral nutrients Accepted 1 February 2023
concentration and soil C (C) and nitrogen (N) concentration. From 1998to KEYWORDS
q 2 TR a
date, .the same soil plots (200 m~) have been fertilized regularly with the sam_e]z Phosphate fertilizer; root
P fertilizer doses, namely 0 (PO), 50 (P50), 100 (P100), 200 (P200) kg P,Os ha infection; soil organic
as triple superphosphate (TSP). For the current study, fertilization was done 1 carbon; wheat
week before seed planting in 2013. Wheat yield increased with increasing
P dose applications under long-term field conditions. Compared to the control
treatment, 50, 100 and 200 P,0s ha™' application significantly increased
wheat yield by 60%, 85% and 138%, respectively. Agronomic efficiency
decreased with P-level increases. Indigenous root infection results and num-
ber of spore count decreased due to increasing P fertilizer application. With
increasing fertilizer doses, soil organic C and N increased as well. It was
concluded that since plants grow better with high P doses application, it
may have a positive impact on organic matter (OM) remaining in the soil and
increased soil C and N concentration.

Introduction

P is one of the main elements affecting plant growth, and due to the limited amount of P resources on
Earth, it is expected that P deficiency and thus prices will increase in the future (Chen et al. 2019;
Richardson et al. 2011). P fertilizer use in crop production is the most effective way to provide
P demand (Eichler-Lobermann, Kohne, and Képpen 2007) of the wheat and maize crops, which are
widely cultivated in the Mediterranean region (Ortas and Bykova 2020; Ortas and Islam 2018). In the
Mediterranean climate zone, where the soils tend to have higher pH values and calcium carbonate
contents, due to which difficulties of nutrient uptake can occur. Therefore, especially mineral
P fertilizers are inevitably applied broadly in the region. Long-term P fertilizer application studies
have shown that P is accumulated in the soil and can be turned into an unavailable fixed form (Van der
Bom et al. 2019; Verloop et al. 2010). At the same time, P fertilization applied at high doses over a long
time leads to the accumulation of P in the soil and as a result, rhizosphere mechanisms such as
mycorrhizae are getting less active and disrupted finally, so that P uptake from the soil by plant roots
and mycorrhizae is negatively affected (Ortas 2003, 2019). In today’s world where fertilizer resources
are limited and expensive, it is of great importance to use fertilizers at optimum doses in order to
reduce the economic and environmental effects of chemical fertilizers. In addition, by knowing the
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P content and natural mycorrhizal potential in the soil, a significant saving will be achieved in the
amount of fertilizer to be applied to the less fertile soils.

It has been reported that the productivity of soils decreases significantly when the plant roots and
soil organisms that maintain symbiotic life with mycorrhiza (Lang et al. 2022) and N fixation become
inactive as a result of excessive chemical use (Carvalhais et al. 2011). Similarly, Gollner et al. (2011) and
(2019) indicated that in agricultural soils, the excessive use of P fertilizers negatively affected the
potential and efficiency of natural mycorrhizal spores.

Soil OM, especially organic C, has a great impact on soil fertility and quality (Fageria 2012; Yucel, Yucel,
and Ortas 2020). Organic C in soil is extremely important for sustainability of productivity in agro-
ecosystems. The effect of P fertilization on the amount of soil organic C and N over a long period of time
needs to be investigated. However, the effects of excessive P fertilizer use on soil C (Ortas and Bykova 2020)
and N are not fully understood. Ortas and Lal (2012) reported that increasing P application partially
increased the C and N content in the soil indirectly. Under the same soil conditions, still it is a research
question to understand the impact of P fertilization on organic C and N concentrations. The tested
hypothesis was that P fertilization increases wheat growth and consequently increased soil organic C and
N concentration.

The aim was to investigate the effects of long-term P fertilizer application on the wheat growth,
yield, nutrients availability and soil C and N dynamics.

Materials and methods

The research experiment was established in 1998 on the Arik soil series (typic Haploxererts) which is
located in the Cukurova University, Faculty of Agriculture Research and Application Farm in Adana,
Turkey. Different doses of P (i.e., control-0, P1-50, P2-100, and P3-200 kg P,O5 ha™!) in the form of
Triple Superphosphate (TSP) were applied. In addition, 160 kg N ha™" as Ammonium Sulfate (NH,),
SO,) and 50 kg Potassium (K,0) ha™' as Potassium Sulfate (K,SO,) were applied. The initial proper-
ties of the soils are given in Table 1.

Experimental design

The current experiment was conducted in 2013, Adana-99 wheat (Triticum aestivum) seeds were
planted in 2013 and harvested in 2014. The trial was carried out in three replications based on
randomized block design.

At harvest, plant shoot, root and seed dry weight were obtained per m”. Also, after harvest soil
samples were taken for mineral nutrient and mycorrhizae spore analyses.

Table 1. Soil properties of the experimental area.

Soil properties Unit 0-30 cm
Clay g kg™ 58011
Silt 270+27
Sand 150£36
Soil Organic Carbon % 0.90+0.06
Inorganic Carbon 3.36+0.31
Total Nitrogen 0.10+0.01
CEC Cmol* kg™ 38+1.00
pH H,0 7.60+0.50
Salinity % 0.04+0.02
p mg kg™ 14.43+1.32
K 1035.1£10.1
Mycorrhiza number 10 g™ soil 63.8+11.1

Three replications average + ds.
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Mycorrhizal colonization

After harvest, soil and plant sub samples were taken. Sub-root samples were collected for mycorrhizal
colonization. Root cleaning and staining was performed as indicated by Koske and Gemma (1989),
while % infection was determined according to the method specified by Giovannetti and Mosse
(1980), with 40-60x magnification under a microscope. The number of mycorrhiza spores was
determined according to the wet screening method of Gerdermann and Nicolson (1963).

Nutrient analysis

The N and C concentrations in soil were determined with the Fisher CN-2000 device, according to the
Dumas dry combustion method (Grant et al. 2001). Plant available P in soil samples was determined
according to Olsen et al. (1954), i.e., with 0.5 Normal (N) sodium bicarbonate (NaHCO3) extraction.
Diethylene triamine penta acetic acid (DTPA) extractable Iron (Fe), Manganese (Mn), Zinc (Zn) and
Copper (Cu) concentrations in the soil were determined by inductively coupled plasma (ICP) (Lindsay
and Norvell 1978).

For macro and micromineral element determinations in the plant, P concentration was analyzed
with a spectrophotometer (Murphy and Riley 1962) and K (Potassium), Zn, Fe, Mn, and Cu were
determined by ICP. The N and C contents in the plant tissue were determined according to the Dumas
dry burning method (Grant et al. 2001).

Agronomic efficiency

Nutrient use efficiencies were determined according to Fageria, Baligar, and Clark (2006). AE (kg
grain yield kg P,05) = (Gf - Gu/Na), AE is agronomic efficiency, Gf is the grain yield of the fertilized
plot (kg), Gu is the grain yield of the unfertilized plot (kg), and Na is the quantity of nutrient
applied (kg).

Statistical analysis

The SPSS 22.0 for Windows statistical package program was used to analyze the obtained data for
Anova.

Results and discussion
Wheat yield

With increasing P doses application, wheat yield increased significantly (P <.034). The yield values of
the wheat plant were determined, and in the control plots 1807 kg ha™" yield was obtained, while 2899,
3343 and 4306 kg ha™' yield were obtained under 50, 100 and 200 kg P,O5 ha™" application, respec-
tively (Figure 1). Since the experiment was set up in 1998, the impact of P fertilizer on yield is different.

Nutrient use efficiency

The agronomic efficiency (AE) was defined as the economic production obtained per unit of nutrient
applied by Fageria, Baligar, and Li (2008). The highest agronomic efficiency was determined in the P50
application made plots with 21.8 kg grain yield per kg™' P,O5 and the lowest efficiency, 12.5 kg grain
yield per kg™ P,0s, was obtained with P200 application (Figure 2). Increasing the P doses fertilizer
application significantly reduced the agronomic efficiency. Similarly, under the same field conditions
(Ortas and Islam 2018) it was shown that with increasing P fertilizer, P use efficiency decreased
significantly. This situation shows that the soils buffer the P applied after a certain amount (Rowell
1994) and in this case it does not have a positive reflection on the yield. The ability of plants to dissolve
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Figure 1. The effect of phosphorus fertilizer application over the years on the yield of wheat plant.

Agronomic efficiency (kg kg 1)

25 1
21.8
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Figure 2. Agronomic nutrient use efficiency of wheat plant (AE (kg grain yield kg™' P,05).

the nutrients in the rhizosphere, better transport, distribution, utilization within plants and balanced
resources depends on rhizosphere dynamics (Kuzyakov and Razavi 2019).

This situation asks for a suitable P management. Results of Chu et al. (2020) indicate that under
intensive farming systems, the inherent potential of the mycorrhiza pathway can be maximized by
managing soil plant P availability to achieve optimal P fertilization.

Mycorrhizal infection

The mycorrhizal root infection ration in root samples was determined, and it was found that due to
increasing P applications mycorrhizal root colonization was significantly decreased (P <.089)
(Figure 3). In general, under low P input production systems indigenous mycorrhizal colonization
increases (Lang et al. 2022) and increasing P application reduces the root infection of many plant
species (Smith and Read 2008), including wheat plant.

There is a clear difference between the treatments due to the fact that naturally existing mycorrhizal
fungi in the soil, which are affected by the application of P fertilizer. In particular, under field
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Figure 3. Effects of different doses of P application on % mycorrhizal root infection of plants.

conditions indigenous mycorrhiza formations are active at low P doses due to their contribution to
plant nutrient intake and plant growth.

Soil chemical characteristics

After harvest soil C, N, P and K concentrations were determined. Soil organic C concentration
increased with increasing P application rates. At 0-20 cm soil depth, 0.80% C, 1.29% C, 1.18%
C and 1.04% C were measured in PO, P50, P100 and P200 applied plots, respectively. In 20-40 cm
soil depth, it was determined as 0.54% C, 0.93% C, 0.87% C, and 0.90% C, respectively, as well. In long-
term experiments, it has been determined that organic and inorganic fertilizer applications applied to
the soil significantly increase the organic C concentration of soils (Ding et al. 2007; Ortas and Lal
2012). Due to plant root development and degradation in the soil, organic C and therefore OM content
increased with P doses increases. Similarly, in the present experiment increasing P-level application
increases soil organic C concentration (Ortas and Lal 2012). Increasing P application effects on soil
OM sequestration is very important, and for future C pool management P fertilization is becoming
important.

With the increasing P dose applications, the soil N concentration did not increase. For both soil
depths, N concentrations statistically were not significant (Table 2). Fertilizer application to soils

Table 2. The effect of P applications in different doses on P,0s, K;0, N%, C %, C/N ratio and organic matter content in soils.

Soil p P,0s K,0 C N C/N oM
Deep (cm) Doses ha™' % %
PO 35.2+3.22 990.7+138.2° 0.80+0.28° 0.18+0.01 434+15° 1.38+0.8°
0-20 P50 443+21.7° 995.0+68.7° 1.29+0.56° 0.17+0.00% 7.57+3.3? 2.25+1.0°
P100 56.4+19.4° 844,3+137.9° 1.18+0.32° 0.18+0.02° 6.53+1.2° 2.05+0.5°
P200 53.9+13.92 922.3+217.2° 1.04+0.18? 0.16:£0.042 6.88+1.8 1.82+0.3?
PO 32.9+7.7° 805.7+158.0° 0.54+0.05° 0.15+0.01° 3.58+0.3° 0.95+0.1°
20-40 P50 29.3+2.3° 762.0+84.9 0.93+0.04 0.16+0.01° 5.85+0.1° 1.62+0.12
P100 65.9+12.9° 698.3+88.9° 0.87+0.06° 0.15+0.01° 5.81+0.8° 1.52+0.1°
P200 41.8+6.1° 573.7+119.12 0.90+0.01 0.16::0.00? 561+0.1 1.57+0.0°
fd
0-20 3 P<0.697 P<0.681 P<0.428 P<0.649 P<0.341 P<0.429
20-40 3 P<0.002 P<0.159 P<0.366 P<0.001 P<0.001 P<0.001

Mean of three replicates and  is a standard error.
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Table 3. Effects of different doses of P applications on Fe, Mn, Cu and Zn contents in soils.

Soil P Fe Mn Cu Zn
Deep (cm) Doses mg kg”
PO 5.37+0.13° 7.96+1.55 2.42+0.02° 0.34+0.05°
0-20 P50 4.46+0.28% 6.40+0.21%° 2.17+0.08° 0.28+0.03°
P100 2.25+1.75° 2.60+2.90° 0.86+0.93°
1.3240.99°
P200 4.56+0.26™° 6.67+0.74%° 1.71£0.01%° 0.66+0.53
PO 5.33+0.80° 6.32+0.36° 2.18+0.18° 0.29+0.07*°
20-40 P50 4.20+0.50° 6.80+1.37° 2.14+0.27° 0.21+0.07%°
P100 3.49+1.15° 3.91+2.09% 0.91+0.71° 0.17+0.01°
P200 4.98+1.43 7.09+0.81° 1.55+0.14%° 0.41+0.15
fd
0-20 3 P<0.015 P<0.021 P<0.016 P<0.177
20-40 3 P<0.207 P<0.067 P<0.014 P<0.048

increases the N concentration of the soils as well as the organic C content of the soil (Coonan et al.
2019). Similarly, Ma et al. (2014) stated that there is a direct relationship between the P content in the
soil and the increase in total organic C and total N concentration in the soil.

The C/N ratio was within the expected limits, but in 0-20 cm depth in the control plot soils, the C/
N ratio demonstrated to be as low as 4.34, in 20-40 cm soil depth 3.58 and with P-level addition the
ratio increased by 50%.

Soil organic C value increased with increasing P dose, probably due to the root and rhizosphere
effects produced by the plant. Similarly, soil OM content increased with increasing P dose application.
Similarly, Masto et al. (2007) reported that P fertilization may increase soil organic C. Pulleman et al.
(2000) reported that plant variety and soil management increased organic C in long-term experiments.
Ortas and Lal (2012) in the same experimental area determined that rhizosphere dynamics have an
effect on soil C content. Possibly remaining or residue root material increased soil nutrition
concentration.

Research findings determined that the extractable soil P content generally increased depending on
the application P dose. At 0-20 cm soil depth with PO application 35.2 kg ha™' P,O5 was measured,
with P200 application 53.9 kg ha™' was measured (Table 2). At the 20-40 cm soil depth, with PO dose
application 32.9 kg ha™' P,O5 and in P200 dose application 841.8 kg ha™" P,05 were measured.

It is observed that there are no statistically significant differences in between the extractable
K contents in the soil due to the increasing P dose applications.

The Fe content in the soil has generally varied between 2.25 and 5.37 mg kg™, and the values are in
the critical range (Table 3). Zn values were generally measured below the critical value of 0.5 mg kg™".
However, in P100 dosing, a high value such as 1.32 mg kg~' was measured at a depth of 0-20 cm. Mn
and Cu concentrations in the soil were found to be in the range of the critical values. Increasing
P fertilizer applications did not cause a significant change in extractable microelement contents in
soils. Statistically, increasing P application has been found to increase the Fe, Mn and Cu content of
the soils (Table 3).

Mycorrhizal spore numbers

In general, with increasing P application, the total number of spores decreased (Table 4). Generally,
with increasing P-level mycorrhizae spores’ diversity and abundance were decreased (Liu et al. 2020;
Ortas 2003). At 0-20 cm soil depth, increasing P doses application significantly affects the indigenous
mycorrhiza spore numbers. In control plants 37.3 spores 10 g soil ' were determined, while 18 spores
10 g soil ' was determined in the P50 application and 17 spores 10 g soil ' in the P200 application
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Table 4. Effect of different doses of P applications on the number of spores

in soils.
Soil p Mycorrhizal Spore
Deep (cm) Doses 10g soil™"
PO 37.3+26.8°
0-20 cm P50 18.045.6°
P100 15.0+7.0°
P200 17.0£15.72
PO 24.0+3.0°°
20-40 cm P50 14.0+2.0°
P100 26.0+7.6®
P200 40.1+11.2%
fd
0-20 3 P<0.356
20-40 3 P<0.013

(Table 4). Similarly, in the control plots, 20-40 cm depth 24 spores and in P200 dose application 40.1
spores 10 g~' soil were determined.

Plant macro and micronutrients concentrations

Plant samples were analyzed for macro and micronutrients. In the control (P0 application), the C (%
C) concentration was 37.5% C, and in the P200 doses applied plots grown plant was 39% C (Table 5).
With increasing P dose application plant tissues N % concentration increased. In control plot grown
plant N concentration was 0.99% N, in P50 applied plots was 1.03% N, in P100 plots was 1.06% N and
in P200 applied plots 1.10% N. Also the C/N ratio was calculated and it was found that the measured
C/N ratio is ranged in between 34.9 and 38.0. The C/N ratio was measured in the range of 34.9-38.0.
As can be seen in Table 2, increasing P fertilizer application also increased soil C and N concentration
as well.

P concentration in plant tissue increased with increasing P doses application. In the control plant
tissue, %P concentration was below the critical level (Jones 1998) such as 0.10% P. The highest
P concentration was determined as 0.17% P in P200 application. The K concentration of plant tissues
increased with increasing P dose, however, the K concentration was above the optimum critical limit
value for K (1.2%K).

Table 5. Effects of different P dose applications on % C, N, P, K, Cu, Fe, Mn and Zn concentrations of plants.

C N P K C/N
P doses %
PO 37.5+0.8° 0.99+0.03? 0.10+0.02° 1.22+0.09% 38.0+0.5°
P50 37.7+1.2° 1.03+0.06° 0.10+0.01° 1.31+£0.03% 36.8+3.1°
P100 37.0+1.8° 1.06+0.05% 0.13+0.04%° 1.31+0.09% 34.9+2.1°
P200 39.0+2.4° 1.10+0.05% 0.17+0.02° 1.38+0.02° 35.4+2.8°

fd
P doseR<0.334+1 P<0.084 P<0.023 P<0.117 P<0.400
Cu Fe Mn Zn
mg kg™
PO 4.85+0.16% 75.54+1.40° 49.54+4.40° 18.30+2.75°¢
P50 4.51+0.16% 78.17+5.56° 49.28+3.63% 24.81+2.41°¢
P100 4.26+0.55° 80.43+3.34° 45.50+6.06° 29.37+1.28%
P200 4.23+0.26% 85.97+8.08° 49.28+5.94% 34.46+5.78°
fd

P doses P<0.148 P<0.170 P<0.779 P<0.003
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There was no statistical difference in Cu, Fe and Mn concentrations of the plant with increasing
P dose application. However, with increasing P doses application Zn concentration was significantly
increased (Table 5). In PO treatments Zn concentration was 18.30 mg Zn kg™' with increasing P50,
P100 and P200 doses the concentration was measured 24.81, 29.37 and 34.46 mg Zn kg, respectively.
Previously Ortas and Akpinar (2006) stated that the Zn uptake of the plant decreased with increasing
P fertilizer application. At the same time, the effectiveness of mycorrhizal colonization decreases due
to the increasing P concentration (Ryan et al. 2008) and the nutrient intake level of the plant decreases.

Conclusion and recommendations

Wheat yield significantly increased with increased P application rate. At 50 kg ha™' P,O5 maximum
agronomic efficacy was obtained, and a further P rate increase decreased agronomic efficacy.

High P fertilizer application was negatively correlated with soil mycorrhiza spore number and
mycorrhizal root colonization. Plant tissue P, Fe and Zn concentrations were all increased with
P fertilizer dose application. Also, with increasing P fertilizer application, plant tissue C and
N concentrations increased as well. Long-term P fertilizer application-induced soil P accumulation
and increased soil organic C concentration. The obtained results suggest that long-term application of
P fertilizers increased plant yield and increased soil and plant C and N concentration, which supports
our initial hypothesis.

The long-term experiment should be continued to understand the C accumulation under the
P doses application.
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