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Effects of long-term phosphorus fertilizer applications on soil 
carbon and CO2 flux
Ibrahim Ortas and Alexandra Bykova

Soil Science and Plant Nutrition Department, Cukurova University, Adana, Turkey

ABSTRACT
Long-term agricultural research with annual and perennial cropping systems 
provides significant insight into the carbon sequestration potential of agri
culture in the East Mediterranean region of Anatolia. This study explored the 
effect of different application rates of phosphorus (P) fertilizer on the storage 
and quality of soil organic carbon (SOC) and soil CO2 flux to assess the 
relationship between SOC and P application. The study was based on the 
hypothesis that long-term P fertilization can affect carbon sequestration in 
soil and impact soil CO2 flux. The objectives of the present study were to: (i) 
analyze the effect of long-term inorganic chemical P fertilization on SOC 
content and (ii) estimate the effect of long-term P fertilization on CO2 flux. 
Under crop rotation, corn (Zea mays L.) and wheat (Triticum aestivum L.) (CW 
system) were exposed to four fertilizer doses (0, 50, 100, and 200 kg ha−1), 
which were repeated annually over 20 years. During plant growth, bare soil 
and treated soil CO2 fluxes were determined several times. The results 
demonstrated that P fertilizer did not have a direct impact on the SOC of 
the summer-maize growing season and had a positive impact on SOC during 
the winter-wheat growing season. P fertilization levels have positive impact 
on atmospheric CO2 capture and increased SOC content.
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Introduction

Aspects of the possible negative impact of soil and crop management, such as fertilizer use, on soil 
carbon is becoming a critical topic in agricultural research. With environmental considerations and 
rising fertilizer costs, beneficially managing nutrient cycling for the sustainable intensification of 
production is a key factor for modern agroecosystems. Soil fertility is an indicator of the ability of 
the soil to sustain sufficient crop cultivation in the long term, and can be defined by soil physical, 
chemical, and biological activity based on the quality of soil organic matter (Ortaş 2017a, 2017b). Soil 
and crop management are major agents of regulating organic carbon sequestration in agricultural 
soils. Long-term CO2 sequestration requires stabilized SOC (Zimmermann, Dondini, and Jones 2013), 
where sequestered SOC should start from the atmospheric CO2 pool and be passed through plants into 
the soil humus as root exudates and plant residue (Olson 2013; Ortas and Lal 2012; Lal 2016) Inorganic 
fertilizers are commonly applied in agricultural practice to improve soil quality and crop productivity, 
and many studies have demonstrated that the balanced application of mineral fertilizers can enhance 
SOC (Liu et al. 2013; Powlson et al. 2012). However, some research has shown that chemical fertilizers 
could negatively affect SOC and decrease soil quality over time (Fisk, Santangelo, and Minick 2015; 
Poeplau et al. 2016). Mineral fertilizers, which represent a form of easily accessible nutrients, may 
affect SOM decomposition by altering microbial activities (Kumar et al. 2018; Kuzyakov 2010). The 
cause of the variation in the rate of soil carbon accumulation could be due to a contrast in climatic 
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conditions and local edaphic conditions, crop rotation systems, and crop yield, resulting in further 
variance in the amount of plant residues returned to the soil (Rengel 2007). Presently, theoretical and 
approachable practical land management practice to sequester soil carbon include the efficient use of 
organic amendments and bio fertilization, no tillage, set-aside, cover crop, improved rotations and 
perennial crops, deep rooting crops, and drip irrigation (Smith et al. 2001). For the agricultural sector, 
a possible way to manage carbon sequestration is soil management and through crop biomass (Lal 
2014). The balance of carbon added to systems via photosynthesis (CO2) and carbon loss during soil 
organic matter (SOM) mineralization, as well as soil C removed from cropland by erosion, is also 
affected by soil use and management (Bortolon et al. 2014). Since SOC is affected by several soil 
management systems, it is important to know the role of fertilizers such as phosphorus (P) on SOC 
sequestration, as P is the second largest globally used fertilizer after nitrogen. There is little work on the 
impact of P application on SOC storage and aggregation under long-term field experiments (Ortas and 
Lal 2012). P fertilization can affect the carbon storage capacity of soil and CO2 flux via several 
mechanisms: (a) increase metabolic processes and respiration, (b) reduce the abundance of arbuscular 
mycorrhizal fungi, and (c) decrease crop root growth (Ericsson 1995; Marschner, Kirkby, and Cakmak 
1996), which leads to lower root-derived carbon input (Mori et al. 2017) reported that P fertilization 
increases the dissolved organic carbon (DOC) content along with CO2 emissions and suggested that 
P addition changes soil microbial activity, but stimulating soil respiration by P addition does not 
obligatorily co-occur with increased carbon microbial biomass. Poeplau et al. (2016) reported 
a significant decrease in SOC stocks after long-term P + K but no N fertilization compared with 
unfertilized control soils in long-term experiments, although plant net primary production was 
positively affected by PK fertilization. Meanwhile, Hartman and Richardson (2013) hypothesized 
that N limits microbial biomass synthesis, while P limits microbiota metabolism. The long-term effect 
of phosphate fertilizer application on microbial activity was shown to have an inhibiting effect on 
substrate-induced respiration of streptomycin sulfate (fungal activity) and cycloheximide (bacterial 
activity) and microbial biomass carbon (Bolan, Currie, and Baskaran 1996). Most soils in the 
Mediterranean region are inherently low in P concentration and P fertilizer application may signifi
cantly improve the soil C in the cereal cropping system due to an evident increase in the plant root 
density (Ibrikci et al. 2005, 2009).

Therefore, it is very important to investigate the impact that P fertilizers have on soil carbon 
sequestration and carbon dioxide flux, related to soil properties under a wheat (Triticum aestivum 
L.) – maize (Zea mays L.) rotation cropping system in a Vertisol soil in semi-arid Mediterranean 
conditions.

The study is based on the hypothesis that long-term P fertilization can affect C sequestration in soil 
and have an impact on soil CO2 flux. The objectives of the present study were to: (i) analyze the effect 
of long-term inorganic chemical P fertilization on SOC content and (ii) estimate the effect of long- 
term P fertilization on CO2 flux in relation to SOC accumulation.

Materials and methods

The study was conducted at the Cukurova University, Research and Experimental Station of the Soil 
Science Plant Nutrition Research Center in the Mediterranean region of Adana-Turkey (37–
00.47.75 N, lat. 35–2131.92 E alt. long. 33 m.a.s.l.). The current Southern and Eastern 
Mediterranean soils are usually included in the Calcareous soils group with a substantial secondary 
accumulation of lime. By Soil Taxonomy USDA (2015), the research areas are classified as Xerolls with 
a xeric moisture regime. The initial physical, chemical, and biological characteristics of the soil are 
presented in Table 1.

The experiment was established in 1998 and continued through 2016–2017, with two consecutive 
crops: maize in summer and wheat in winter. The experiment was composed of 12 plots laid out in 
a randomized block design with three replicates and plot dimensions of 10 × 20 m. The four 
treatments were as follows: (i) P0 – control, (ii) P-50 kg P2O5 ha−1, (iii) P-100 kg P2O5 ha−1 and (iv) 
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P-200 kg P2O5 ha−1 as 3Ca(H2PO4)2xH2O. In addition, 160 kg N ha−1 as (NH4)2SO4 for wheat and 
200 kg N ha−1 as (NH4)2NO3 for maize were applied along with a uniform application of 50 kg K ha−1 

as K2SO4.
The soil samples were collected from the field and air dried (<40°C). The soil was sieved through 

a 2-mm mesh, ball-milled and again passed through a 0.25-mm mesh.
Soil P extraction was measured as plant available P2O5 using the Olsen method. SOC was analyzed 

by the dichromate wet oxidation method with an external source of heating according to the Tyurin 
method (Kononova 1966). The soil nitrogen concentration, as total Kjendal nitrogen content was 
analyzed, with an automatic nitrogen analyzer VELP (Scientifica, Italy) and Kjeldahl digestion and 
a steam distillation unit (Model UDK132, VELP Scientifica, Italy).

CO2 flux under field conditions was measured using automated soil CO2 flux chambers LI-COR 
model LI-8100A (8100–103, LI-COR, Lincoln, NE, USA).

Significant differences in soil C, N, and P concentration and CO2 flux in response to the effects of 
P fertilization were analyzed using the one-way analysis of variance procedure of SAS (SAS 9.01). For 
all statistical analyses, the least significant difference (LSD) test was set at p ≤ 0.05.

Results and discussion

Effect of long-term phosphorus application on soil chemical characteristics

Soil organic matter (SOM) is used as a central indicator of soil health (Weil 2004) and enables 
assessment of the soil’s ability to recover under an agricultural production process. Soil C cycling is 
related to the availability of main nutrients: nitrogen (N) and phosphorus (P). However, the role of soil 
P in affecting soil C turnover and sequestration is partly understood, and although most soil 
C accumulation models use C: N ratios, relying on the N application is prone to increase microbial 
activity.

The results of long-term P fertilization on soil characteristics are presented in Table 2. The SOC 
content after the wheat cultivation season demonstrated a significant positive impact of fertilization at 
a soil depth of 0–15 cm (Table 2). The control and 50 kg P2O5 ha−1 dosage exhibited 5.63 and 5.34 g 
SOC kg−1, respectively, and 100 and 200 kg P2O5 ha−1 showed significantly higher results (6.62 and 
6.68 g kg−1, respectively). However, at 15–30 cm depth, the results were found to be not statistically 
affected by increasing levels of P application.

During maize (summer) rotation, at 0–15 cm and 15–30 cm soil depths with increasing 
P fertilizer, the SOC content increased (Table 3). At 0–15 cm depth, it has been demonstrated 
that the average mean value was 4.89 g SOC kg−1, and at a 15–30 cm soil depth, the mean was 7.22 g 
SOC kg−1 (Table 3). In general, the depth of 15–30 cm has a higher SOC content than the 0–15 cm 
depth. Although, increasing the P fertilizer increased the SOC concentration, this effect is not 

Table 1. Soil initial physical, chemical, and biological characteristics.

Properties Unit Depth 0–30

Clay g kg−1 535 ± 15
Silt g kg−1 291 ± 35
Sand g kg−1 174 ± 44
Soil organic carbon % 0.89 ± 0.08
Inorganic carbon % 24.4 ± 0.43
Total nitrogen % 0.09 ± 0.01
CEC Cmol kg−1 35 ± 1.00
pH (1:2.5) H2O 7.57 ± 0.55
Salt % 0.03 ± 0.03
P mg kg−1 15.35 ± 1.64
K mg kg−1 1132.3 ± 15.3
No. mycorrhizal spores 10 g−1 soil 89.7 ± 24.03

Mean of three replicates ±S.D. 
CEC, cation exchange capacity.
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statistically significant. It appears that the standard deviation is high for P level treatments, especially 
for 15–30 cm soil depth. Moreover, total C and N, and the C:N ratio in the soil remained the same 
after 30 years of cultivation. C: N ratios appear to be a critical factor, and with increasing P fertilizer 
doses the C: N ratio decreases.

The comparatively low SOC results during the maize growing season may be due to 
increasing microbiota and enzyme activity with increasing temperature (up to T 36° C), 
with soil warming causing an increase in the decomposition of organic matter, enhancing 
microbial growth and enzyme synthesis (Davidson and Janssens 2006). (Benbi and Brar 
1994) suggested that wheat response to P fertilizer is related to the combined effect of 
available P and soil OC content and the efficacy of the fertilizer. In addition, Souza, 
Figueiredo, and Sousa (2016) indicated that 11 years of P fertilization did not change the 
total organic carbon but promoted the accumulation of permanganate oxidizable carbon. 
Zhang et al. (2010) measured SOC dynamics under the long-term fertilization of arable 
land with a double-cropping system of a corn-wheat rotation, and concluded that for arid 
and semi-arid areas, a balanced mineral application (e.g. NP and NPK) is not sufficient to 

Table 2. Soil characteristics response to the different phosphorus fertilization levels under wheat rotation (winter).

Soil characteristics

Depth P-level kg ha−1 SOC g kg−1 P mg kg−1 N g kg−1 C:N

0–15 cm 0 5.63 ± 0.32b 2.05 ± 1.2b 0.80 ± 0.08a 7.1
50 5.34 ± 0.41b 1.64 ± 0.41b 0.80 ± 0.03a 6.6

100 6.62 ± 0.14a 6.66 ± 0.4b 0.82 ± 0.04a 8.1
200 6.68 ± 0.64a 20.23 ± 4.7a 0.88 ± 0.02a 7.6

F 5.25 24.69 NS
Pr>f 0.027 0.0002
15–30 cm 0 6.12 ± 0.4a 2.23 ± 0.6b 0.74 ± 0.01b 8.1

50 5.84 ± 0.3a 1.32 ± 0.07b 0.72 ± 0.04b 7.5
100 5.9 ± 0.5a 8.43 ± 2.01b 0.81 ± 0.03b 7.2
200 5.96 ± 0.5a 17.11 ± 6a 0.89 ± 0.02a 6.7

F NS 10.46 7.89
Pr>f 0.003 0.009

Mean of three replicates ±S.D. NS – not significant at p < 0.05 by LSD test. 
Means in the same row followed by the same letter represent significant differences. 
(p < 0.05) among treatments. 0: Control; 50: 50 kg P2O5 ha-1; 100: 100 kg P2O5 ha-1; 200: 200 kg P2O5 ha−1.

Table 3. Soil characteristics response to the different phosphorus fertilization levels under maize rotation (summer).

depth P-level kg ha-1

Soil characteristics

SOC g kg−1 P mg kg−1 N g kg−1 C:N

0–15 cm 0 4.63 ± 0.2a 1.61 ± 0.03b 0.76 ± 0.02b 6.1
50 5.36 ± 1.06a 5.93 ± 1.01b 0.85 ± 0.03a 6.3

100 4.94 ± 0.6a 4.41 ± 2.7b 0.80 ± 0.02ab 6.2
200 4.65 ± 0.7a 15.86 ± 5.5a 0.83 ± 0.03ab 5.6

F NS 7.87 NS
Pr>f 0.009
15–30 cm 0 5.53 ± 1.2a 0.87 ± 0.53b 0.8 ± 0.012a 7.2

50 7.74 ± 4.05a 2.12 ± 0.09b 0.7 ± 0.04a 10.8
100 8.13 ± 3.7a 1.41 ± 0.46b 0.7 ± 0.08a 10.5
200 7.49 ± 2.08a 8.08 ± 5.7a 0.8 ± 0.1a 9.4

F NS NS NS
Pr>f

Mean of three replicates ±S.D. NS – not significant at p < 0.05 by LSD test. Means in the same row followed by the same letter 
represent significant differences (p < 0.05) among treatments. 0: Control; 50: 50 kg P2O5 ha-1; 100: 100 kg P2O5 ha-1; 200: 200 kg 
P2O5 ha−1.
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maintain the SOC level and leads to a decreasing trend in SOC which requires additional 
amendment.

Soil CO2 flux

Throughout 2017, the soil–atmosphere CO2 exchange was measured regularly using the static 
chamber method. Soil CO2 emission depends on several factors such as soil organic matter 
mineralization by soil microbes and root respiration. In general, soil air has a higher level of 
CO2 (1–10%) and lower oxygen (5–10%) compared with the atmosphere, due to soil organic 
matter decay, soil microbial activity, and root respiration (Montgomery et al. 2000). The rate of 
CO2 exchange from the soil to the atmosphere is regulated by the rate of CO2 production in the 
soil, the CO2 concentration gradient, and soil characteristics, such as pore size and temperature 
(Raich and Schlesinger 1992). In the present study, the effect of wheat-maize crop rotation with 
different dosages of P fertilization on soil CO2 flux was studied under field conditions, and the 
results are presented in Tables 4 and 5. Additional to all fertilizer treatments, bare soil flux 
(without crop-cover located near the experimental plot area) was also measured for comparative 
purpose.

During wheat rotation, all treatments including zero P application were also compared with 
bare soil without crop-cover (bare soil), laid near the experimental plot area. The impact of 
rising temperature on soil flux was noticeable only at the early spring phase, where a slight 

Table 4. Soil carbon dioxide flux response to different phosphorous fertilization levels under wheat rotation.

CO2 flux μmol m−2 s−1 under Wheat rotation 2017

p-level

Observation date

20 February 7 March 20 March 27 March 11 April 25 April 15 May Mean СO2 flux

0 2.78 ± 0.3 5.4 ± 0.19 5.06 ± 0.43 4.58 ± 0.46 4.59 ± 0.8 4.26 ± 0.26 4.4 ± 0.5 4.44 ± 0.53
50 2.84 ± 0.52 6.18 ± 0.8 4.97 ± 1.06 5.57 ± 0.55 3.88 ± 0.53 5.18 ± 0.72 4.55 ± 1.13 4.74 ± 0.84
100 3.18 ± 0.53 7.98 ± 0.75 5.19 ± 0.86 4.69 ± 0.98 3.86 ± 0.45 4.31 ± 0.56 5.38 ± 1.37 4.94 ± 1.06
200 3.02 ± 0.09 6.79 ± 2.04 4.6 ± 0.72 4.34 ± 1.37 3.68 ± 0.6 4.85 ± 0.9 3.9 ± 0.66 4.45 ± 0.82
Bare soil 2.1 ± 0.02 3.48 ± 0.6 2.77 ± 0.08 1.47 ± 0.18 2.1 ± 0.4 2.23 ± 0.34 2.03 ± 0.005 2.31 ± 0.46

NS NS NS NS NS NS NS
T° C 12.9° 26.27° 20.78° 23.26° 25.68° 27.89° 33.13°

Mean of three replicates per each plot ±S.D. NS – not significant at p < 0.05 by LSD test. 0: Control; 50: 50 kg P2O5 ha−1; 100: 100 kg P2 

O5 ha−1; 200: 200 kg P2O5 ha−1. In the present table “bare soil” is the flux obtained from bare soil laying between the experimental 
plots without cover crop. The f-ratio and the p-value is calculated only between the main treatments, excluding “bare soil” flux 
results.

Table 5. Soil carbon dioxide flux response to different phosphorous fertilization levels under maize rotation.

CO2 flux μmol m−2s−1 under maize rotation 2017

Observation date

P-level 1 August 15 August 25 August 11 September 25 September 10 October Mean СO2 flux

0 7.4 ± 1.1 6.7 ± 1.1 8.2 ± 0.9 7.7 ± 1.9 6.7 ± 0.7 5.2 ± 0.6 6.6 ± 0.5
50 8.8 ± 0.2 8.7 ± 0.5 10.0 ± 0.6 7.8 ± 2.1 6.4 ± 0.9 4.7 ± 0.3 7.3 ± 0.8
100 9.1 ± 0.9 7.3 ± 0.9 8.9 ± 0.8 6.1 ± 1.6 6 ± 0.3 4.4 ± 0.4 6.7 ± 1.1
200 7.9 ± 1.2 6.76 ± 0.3 8.6 ± 0.9 6.4 ± 0.9 5 ± 0.5 4.2 ± 0.6 6.1 ± 0.8
Bare soil 4.7 ± 0.4 3.82 ± 1.3 3.2 ± 0.05 6.5 ± 0.2 2.6 ± 0.2 3.1 ± 0.1 3.7 ± 0.4
p < .5 NS NS NS NS NS NS
T° C 36.4° 37.5° 34.3° 37.6° 27.2° 25.1°

Mean of three replicates per each plot ±S.D. NS – not significant at p < 0.05 by LSD test. 0: Control; 50: 50 kg P2O5 ha−1; 100: 100 kg P2 

O5 ha−1; 200: 200 kg P2O5 ha−1. In the present table “bare soil” is the flux obtained from bare soil laying between the experimental 
plots without cover crop. The f-ratio and the p-value is calculated only between the main treatments, excluding “bare soil” flux 
results.
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increase of flux appeared even on uncultivated bare soil. In all treatments, the soil flux under 
wheat rotation was noticeably higher compared with bare soil, excluding relatively low ambient 
temperature (12°C), the bare soil flux had an average of 1.8 CO2 flux μmol m−2 s−1 and all 
treatments showed similar results, with an average of 2.5–2.7 CO2 flux μmol m−2 s−1. With 
temperatures rising up to 20°C and plant maturity up to 4 months, all treatments displayed 
increasing soil flux.

A slight difference can be noticed at the early spring stage with increasing ambient temperature up 
to 26°C (Table 4), where the 100 kg P2O5 ha−1 treatment reached a maximum 7.98 CO2 flux μmol m−2 

s−1, the control reached 5.39 CO2 flux μmol m−2 s−1, bare soil exhibited only 3.48 CO2 flux μmol m−2 

s−1, whereas 50 and 200 kg P2O5 ha−1 showed close results at 6.18 and 6.79 μmol, respectively. This is 
in accordance with Mukhopadhyay and Maiti (2014) where, during a 24-h cycle, the diurnal variation 
of CO2 concentration showed the mean flux of mowed grassland was 6.88 μmol m−2 s−1 at a similar 
temperature of 29.38 ± 3.39°C.

Additionally, the cumulative CO2 flux was calculated as kg/ha/day by using the data of Table 4 and 
cumulative results are presented in Figure 1. The results show that bare soil had the lowest cumulative 
CO2 flux and the 100 kg P2O5 ha−1 application had the highest flux. During growing stages from 20/02/ 
2017 to 24/04/2017, in bare soil a flux of 17,764 kg CO2 ha−1 day−1 was measured, in control plots it 
was 34,437 kg CO2 ha−1 day−1, in the 50 kg P2O5 ha−1 application it was 36,085 kg CO2 ha−1 day−1, with 
the 100 kg P2O5 ha−1 application it was 38,362 kg CO2 ha−1 day−1 and with the 200 kg P2O5 ha−1 

application 35,138 kg CO2 ha−1 day−1 flux was measured.
During maize rotation, measurements of soil flux were conducted during August–October, with the 

highest day atmospheric temperature (mean 34.8°C). The average bare soil flux was 3.6 μmol m−2 s−1 

(Table 5). However, the flux of bare soil shows a maximum of 6.5 μmol m−2 s−1 on the hottest day of 
measurements (37.6°C), which is even higher than the flux of the treatment plots with crop cover and 
fertilization. All treatments showed no significant difference among the flux and measurement days 
and maintained a mean of 6.1 for the control, 6.8 for 50 kg P2O5 ha−1, 6.2 for 100 kg P2O5 ha−1 and 
5.7 μmol m−2 s−1 for 200 kg P2O5 ha−1. However, the flux on the hottest day was higher and reached 
8.9 μmol m−2 s−1. With decreasing ambient temperature and plants reaching maturity, the flux of all 
treatments began to decrease. It should be noted that 50 and 100 P2O5 kg ha−1 dosages demonstrated 
slightly higher fluxes, whereas the control and 200 P2O5 kg ha−1 showed lower results.

During the maize cultivation measurement, the CO2 flux was calculated and cumulative CO2 flux 
results are shown in Figure 2. During maize growing stages from 01/09/2017 to 25/10/2017, in bare 
soil, a flux of 22,752 kg CO2 ha−1 day−1 was measured, in the control plot the mean was 42,074 kg CO2 
ha−1 day−1, in the 50 kg P2O5 ha−1 application it was 47,272 kg CO2 ha−1 day−1, with the 100 kg P2O5 

Figure 1. Cumulative CO2 flux kg ha−1 day, wheat rotation. P0: Control; P50: 50 kg P2O5 ha−1; P100: 100 kg P2 O5 ha−1; P200: 200 kg P2 

O5 ha−1. On figure “bare soil” is the flux obtained from bare soil placed near the experimental plots without cover crop.
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ha−1 application it was 42,028 kg CO2 ha−1 day−1 and with the 200 kg P2O5 ha−1 application 38,676 kg 
CO2 ha−1 day−1 flux was measured.

Compared with wheat plant under maize cultivation, more CO2 flux was measured. Maize is 
a C4 plant and fixed more CO2 from the atmosphere and released more CO2 in the rhizosphere to 
soil. It appears more measurements are needed to generalize the effects of plant species on flux. 
Similar to wheat, bare soil measurement results were found to be the lowest, and P fertilizer 
addition increased CO2 flux. However, there were no significant differences among all P level 
applications.

Generally, the use of a higher dosage of P fertilizer (200 kg ha−1) did not demonstrate 
an effect on soil CO2 flux. Previously under long-term organic experiment with same soils 
and geographical region, CO2 flux was measured and found similar results. 
Motschenbacher et al. (2015) reported that differences of CO2 flux among tillage and/or 
crop rotations were mostly related to crop maturity and soil respiration reducing with 
plant age, a decreasing fine root biomass (Oertel et al. 2016). Dhadli, Brar, and Black 
(2015) showed that the seasonal rise and fall in CO2 fluxes were controlled by soil moisture 
and temperature both, and under optimum conditions, emissions were mostly related to 
the amount of nitrogen fertilization. Radicetti et al. (2019) reported that CO2 emissions 
from Mediterranean environment soil were similar among the agro-ecological service crops 
and decreased during the colder period, then gradually increased in warmer seasons. 
(Ahirwal and Maiti 2018) also indicated that changes in soil CO2 flux depend on plant 
and soil characteristics and environmental variables, where soil temperature positively 
influenced the soil CO2 flux, while soil moisture, relative humidity, and surface CO2 
concentration negatively influenced the soil CO2 flux. No significant effect of P on CO2 
was also found by Lange et al. (2015), (Wang et al. 2016) and (Wenlong et al. 2017). 
However, Song et al. (2011) reported that soil respiration showed a significant decline in 
the first year of P fertilizer application; moreover, P addition generally inhibited soil 
enzyme activity and reduced the soil microbial biomass.

The correlation analysis of measured soil parameters are presented in Tables 6 and 7 for both wheat 
and maize plants. During wheat cultivation, at 0–15 cm soil depth, the SOC was significantly 
correlated with soil %N concentration, the C:N ratio, and above- and below-ground biomass produc
tion (Table 6).

During maize cultivation, at a soil depth of 0–15 cm, there is a significant relationship between 
SOC, soil C:N ratio, and CO2 flux. In general, SOC is highly significantly related with the C:N ratio and 

Figure 2. Cumulative CO2 flux kg ha−1 day−1, maize rotation. P0: Control; P50: 50 kg P2 O5 ha−1; P100: 100 kg P2 O5 ha−1; P200: 200 kg 
P2 O5 ha−1. On figure “bare soil” is the flux obtained from bare soil placed near the experimental plots without cover crop.
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this relationship exists for all treatments. CO2 flux is also correlated with the C:N ratio (Table 7); 
however, this relationship was not determined in the 15–30 cm depth data.

Soil CO2 flux was not related to any parameters. It seems there is a significance of the effects of 
maize and wheat plants on soil carbon flux and SOC sequestration. Possibly, the differences in C4 and 
C3 plants might be related to the photosynthetic rates of the plants. It is possible, since during the 
summer maize was irrigated regularly, maize plant growth was stimulated by elevated “air-fertilizer” 
CO2, as a result of more carbohydrate production, more carbon drained to the rhizosphere and more 
SOC measured, resulting in a significant correlation.

Conclusion

The result of soil analysis after wheat rotation demonstrated a significant positive impact of fertilizer 
on SOC content. The SOC content results show that P fertilization solely did not have a negative or 
positive impact on soil carbon storage after the maize cultivation season. Despite this, fertilization 
generally increased root biomass production but did not impact soil carbon storage. With regard to gas 
exchange, soil CO2 fluxes were not significantly impacted by sole fertilization. All fertilizer treatments 
demonstrated similar results between each other. However, CO2 fluxes were found to be lesser in the 
winter season than in the summer season (maize plants).

All treatments demonstrated similar results and it was hypothesized that the main reason for slight 
flux changes between maize growing stages was atmospheric temperature fluctuation and plant 
maturity stage.

It can be concluded that:

Table 6. Correlation table, wheat season (0–15 cm and 15–30 cm soil depth).

Variables x1 x2 x3 x4 x5 x6 x7 x8 x9 x10

x1 1 0.787 0.999 0.488 −0.818 0.983 −0.030 0.975 −0.871 −0.818
x2 1 0.795 0.921 −0.290 0.887 −0.073 0.803 −0.747 −0.290
x3 1 0.498 −0.811 0.985 −0.061 0.982 −0.887 −0.811
x4 1 0.102 0.639 −0.027 0.513 −0.483 0.102
x5 1 −0.699 0.002 −0.770 0.667 1.000
x6 1 −0.058 0.972 −0.881 −0.699
x7 1 −0.246 0.513 0.002
x8 1 −0.958 −0.770
x9 1 0.667
x10 1

Values in bold are different from 0 with a significance level alpha = 0.05. 
Soil 0 − 15 cm: x1: P mg kg−1; x2: SOC g kg−1; x3: N%; x4: C/N; x5: Soil CO2 Flux. 
Soil 15–30 cm: x6: P mg kg−1; x7: SOC g kg−1; x8: N%; x9: C/N; x10: Soil CO2 Flux.

Table 7. Correlation table, maize season (0–15 cm and 15–30 cm soil depth).

Variables x1 x2 x3 x4 x5 x6 x7 x8 x9 x10

x1 1 0.982 0.981 0.832 −0.550 −0.004 0.983 −0.619 −0.979 −0.550
x2 1 0.958 0.909 −0.390 0.062 0.979 −0.571 −0.985 −0.390
x3 1 0.752 −0.608 −0.192 0.995 −0.758 −0.987 −0.608
x4 1 −0.005 0.414 0.808 −0.219 −0.834 −0.005
x5 1 0.499 −0.523 0.674 0.473 1.000
x6 1 −0.137 0.784 0.110 0.499
x7 1 −0.723 −0.998 −0.523
x8 1 0.703 0.674
x9 1 0.473
x10 1

Values in bold are different from 0 with a significance level alpha = 0.05. 
Soil 0 − 15 cm: x1: P mg kg−1; x2: SOC g kg−1; x3: N%; x4: C/N; x5: Soil CO2 Flux. 
Soil 15–30 cm: x6: P mg kg−1; x7: SOC g kg−1; x8: N%; x9: C/N; x10: Soil CO2 Flux.
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1. P fertilization has a positive impact on plant biomass of maize and wheat plants and, therefore 
compared with control treatments, P fertilization increased atmospheric CO2 capture.

2. P fertilization positively affected SOC content in the winter season for C3 wheat plant cultivation 
but demonstrated no impact in the summer season for C4 maize plant cultivation. This may be related 
to greater soil activity, temperature, soil water content, and carbon mineralization.

3. P fertilization in all dosages did not demonstrate a positive or negative impact on soil CO2 flux. 
However, planted plots compared with bare soil exhibited higher values of CO2 flux.
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