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ABSTRACT 

Because of the high pH of the soil in semiarid regions, phosphorus 

adsorption is unfavorable. So, considerable amounts of phosphorus 

fertilizers are used annually, where this fertilizer may affect the plant 

residues' decomposition. In order to examine the interaction effects of 

nitrogen and phosphorus on nitrogen mineralization in calcareous 

soil, a factorial experiment was performed in a completely 

randomized design with three replications. The first factor consisted 

of various C:N ratios (20, 40, and 60 or three levels of nitrogen N1:0, 

N2:11, and N3:43 kg N ha-1, respectively) and the second factor 

consisted of various C:P ratios (87, 174, and 260 or three levels of 

phosphorus P1:0, P2:12, and P3:45 kg P ha-1, respectively), under 

incubation conditions. The results indicated that the cumulative 
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mineral nitrogen content in all treatments, except for N1P2 and N1P3 

treatments, started from a positive amount and remained positive until 

the end of the incubation period. The highest amount of the cumulative 

mineral nitrogen among treatments was related to N3P1 treatment, 

while the lowest was associated with N2P3 treatment. Mineralization 

of nitrogen during 60 days of incubation was the dominant 

phenomenon, except for the N1P2 and N1P3 treatments which 

remained in the organic phase. The effect of phosphorus on the 

cumulative mineralization of nitrogen was significant. With 

increasing the amount of phosphorus, the total inorganic nitrogen 

diminished. Nitrogen release begins earlier with lower C:N ratios, 

and therefore the available nitrogen can be released more quickly to 

the plant. It is generally concluded that, in calcareous soil, the use of 

nitrogen fertilizer to adjust C:N ratio and to improve the 

mineralization of wheat residues will be a suitable option. 

Keywords: Plant residues, nitrogen mineralization, nitrogen mineralization rate, 

phosphorus 

 

Introduction   

Sustainable management of environmental resources requires a reduction in 

fields' reliance on out-field inputs and taking measures to use in-fields' inputs and reduce 

the waste of usable resources. In this regard, the plant residue is considered as one of the 

most important in-field inputs (Breg, 2000; Khan et al. 2014). Undesirable crop 

operations such as burning plant residues result in a significant reduction in the organic 
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matter content (Tejada and Gonzalez, 2003) causing 80% loss of nitrogen (Gangwar et 

al. 2006). Decomposition of the plant residues is one of the most important sources of 

nitrogen used by plants, which is the result of complex microbial processes. It is affected 

by many factors such as temperature, moisture, and quality of residues or their chemical 

composition, which is determined by the carbon to nitrogen ratio (C:N) as well as the 

concentration of simple and complex compounds (Duong, 2009; Anderson et al. 1979). 

Cabrera et al. (2005) reported that increasing the quality of the plant residues (increasing 

nitrogen, reducing lignin and cellulose as well as reducing carbon to nitrogen ratio), 

increased the rate of nitrogen decomposition and mineralization. Indeed, nitrogen content 

of the plant residues and carbon to nitrogen ratio have a significant effect on nitrogen 

mineralization of the plant residues (Gangwar et al. 2006). The process of mineralization 

of carbon and nitrogen due to their interrelationship is very important in maintaining soil 

quality and fertility and, consequently, sustainable ecosystems. Abbasi et al. (2015) found 

that the use of legume and non-legume residues greatly affects the mineralization process. 

For example, the composition of residues with a high C:N ratio and lignin content, such 

as maize roots, leads to nitrogen immobilization, while the use of residues with a low C:N 

ratio, such as soybean stems, leads to nitrogen mineralization. The plant residues with a 

low C:N ratio during the soil decomposition cause a net nitrogen mineralization 

(Mendham et al. 2004; Abiven et al. 2005). Raeisi (2006) reported that the amount of 

inorganic nitrogen in soil with different residues had a significant difference, where the 

amount of inorganic nitrogen in the control soil was higher than that in wheat residue, 

indicating nitrogen mineralization due to the high C:N ratio of wheat residue. Kara (2000) 

examined the effect of the quality of various plant residues on nitrogen mineralization  

and observed that the soil mineral nitrogen on the first day of the experiment was 
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immobilized due to higher biological activity, but, with incubation, the amount of 

inorganic nitrogen increased across all the treatments. 

Soil-living organisms require phosphorus in addition to carbon and nitrogen to 

perform their biological activities. Nitrogen and phosphorus are the key elements that 

often limit the production of crops in agricultural ecosystems. The presence of 

phosphorus in soil is necessary as one of the most important components in the microbial 

production structure. 

During the process of decomposition of the plant residues, organic phosphorus in 

the residues is mineralized by the phosphatase enzyme produced by the soil and plant 

microorganisms (Duong, 2009). When organic matter is added to the soil, the 

microorganisms can decompose it to obtain their required mineral nutrients (nitrogen, 

phosphorus, potassium, sulfur, and calcium). Therefore, the higher the concentration of 

these nutrients in the plant residues, the greater their decomposition rate will be (Kumar 

and Goh, 2000). Additionally, nitrogen and phosphorus cycles are strongly interrelated, 

such that phosphorus availability can affect nitrogen dynamics (de Groot et al., 2003). 

Unlike the known effects of available nitrogen on the soil nitrogen dynamics, the effects 

of phosphorus addition on the nitrogen cycle have remained unknown (Cheng et al. 2018). 

Cheshire and Chapman (1996) observed that an increase in the amount of nitrogen 

and phosphorus in Lolium temulentum residue resulted in enhanced decomposition rate 

of these residues. However, the effect of nitrogen on the decomposition rate of residues 

was significantly greater than the amount of phosphorus. In addition, Enriques et al. 

(1993) observed that the decomposition rate of plant residues with higher initial nitrogen 

and phosphorus contents was higher than that of residues with lower initial nitrogen and 
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phosphorus contents. Chen et al. (2016) observed that adding phosphorus can lead to 

improved decomposition of the plant residues through stimulating microbial activity.  

In the soil of agroecosystems of semi-arid regions, the high lime and alkaline pH 

of the soil fix phosphorus fertilizers in the soil. Further, the low organic matter content of 

these ecosystems intensifies phosphorus fixation. Hence, farmers annually use large 

amounts of phosphorus fertilizer to compensate for poor fertilizer efficiency, causing 

accumulation of phosphorus in the soil. The return of plant residues to the soil can 

somewhat solve the organic matter problem. Also, desirable decomposition of residues in 

the soil, in addition to motivating farmers to mix residues, can help improve soil organic 

matter. Since the amounts of nitrogen release by the plant residues as well as changes in 

soil mineral nitrogen largely depend on the type of residues added and the C:N ratio, the 

aim of this experiment was to examine the interaction effects of nitrogen and phosphorus 

fertilizer on nitrogen mineralization of the wheat residues in calcareous soil.  

 

Materials and methods 

In order to evaluate the effects of C:N and C:P ratios on the process of nitrogen 

mineralization, a factorial experiment was used as a completely randomized design. This 

experiment included two factors with three replications. The first factor consisted of 

different C:N ratios (20, 40, and 60), or three levels of nitrogen (0, 11, and 43 kg ha-1 or 

three levels of nitrogen N1:0, N2:11, and N3:43 kg N ha-1, respectively), while the second 

factor consisted of different C:P ratios (87, 174, and 260) or three levels of phosphorus 

(0, 12, and 45 kg ha-1 or three levels of phosphorus P1:0, P2:12, and P3:45 kg P ha-1, 

respectively). This experiment was performed under laboratory incubation conditions. 
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First, a maize-bean field was selected for sampling. Then, a surface layer (0-30 

cm depth) was sampled as a zigzag and a 10 kg soil sample was transferred to the 

laboratory which, after air drying, was passed through a 2 mm sieve. Next, the 

physiochemical properties of the soil samples including pH, organic carbon (wet 

oxidation method), total nitrogen (Kjeldahl), absorbable phosphorous (Olsen method), 

and soil texture (hydrometric method) were tested (Black, 1982; Black et al. 1965), as 

presented in Table 1. The plant residues consisted of a wheat shoot (Alvand cultivar) dried 

in an oven at 55-60 °C for 48 h, then completely milled and passed through a 1 mm sieve 

to increase the contact area with the soil. In order to measure the chemical properties of 

the residues (Table 2), dry matter was determined by drying in an oven at 70 °C, where 

organic matter was burned in a furnace and the total nitrogen was determined by Kjeldahl 

method (Chemists and Horwitz, 1990). The carbon content of the plant residues was 

calculated using the percentage of residue ash, with the amount of organic matter 

calculated for each sample. Given that 45-55% of the organic matter is carbon, the 

percentage of carbon residues can be obtained as follows: 

Organic carbon = organic matter % ˟ 50%     

A total of 110 g of air-dried soil equivalent to 100 g of oven-dried soil (105 °C) 

was poured into a 1-L plastic jar. Also, equivalent to 1 g (1% w/w) of powdered plant 

residues as well as various nitrogen and phosphorus treatments were added to the soil, 

where the jar content was completely mixed. The soil moisture was set at about 70% of 

the field capacity, and after closing the cans the samples were pre-incubated at 25 ± 1 °C 

for 24 h. Finally, the samples were pre-incubated at 25 ± 1 °C for 60 days. 

 

Measurement of nitrogen mineralization  
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Nitrogen mineralization is determined under different laboratory conditions. The 

simplest method under laboratory conditions is soil incubation followed by extraction 

with potassium chloride (Alef and Nanipieri, 1995). For this purpose, 6 g of wet soil 

(approximately equivalent to 5 g of oven-dried soil) of each sample was weighed. Then, 

25 ml of potassium chloride (1:5 ratio) 1 M was added for extraction and placed on the 

device for 1 h. After smoothing the extracts, ammonia and nitrate nitrogen levels were 

measured by a spectrophotometer (Biochrom libra S22) at 660 and 410 nm wavelengths, 

respectively, at a time interval of 20 days (Alef and Nanipieri, 1995). 

In order to evaluate the simple and interaction effects of nitrogen and phosphorus 

on the process of mineralization of nitrogen and rate of mineralization, the data were 

analyzed by SAS 9.2 software. The LSD test was utilized to compare the mean value of 

each treatment at 5% probability level. 

 

Results and discussion 

Nitrogen cumulative mineralization process 

Figure 1 demonstrates the effects of different levels of nitrogen and phosphorus 

treatments on the soil nitrogen mineralization during the 60 days of incubation. Figure 

1A displays all treatments, while Figure 1B illustrates that the cumulative mineralized 

nitrogen in the control treatment (without nitrogen and phosphorus fertilizers) has been 

removed from other treatments (Raiesi, 2006). The highest nitrogen content was found in 

the N3P1 treatment (43 kg ha-1 nitrogen), while the minimum was observed in the non-

addition of nitrogen treatment. The process of nitrogen release shows that during the 

whole incubation period, the total amount of nitrogen mineralized in the treatment of 43 

kg ha-1 nitrogen was higher than that in the other treatments. This suggests that nitrogen 
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release began with lower initial C:N ratio and the available nitrogen could be released 

more quickly to the plant. Therefore, if nitrogen release time is adapted from the residue 

and the plant needs nitrogen, the use of nitrogen fertilizer to adjust the C:N ratio of the 

residues such as wheat will be a more appropriate option. 

During the first 20 days (three weeks), the incubation period of nitrogen 

mineralization occurred in treatments that did not receive nitrogen fertilizer (Fig. 1A). 

Since wheat residue had low nitrogen levels, but high C:N ratio and lignin content 

(0.83%), it has low quality degradability. Hence, the soil microorganisms use nitrogen in 

the soil to meet their needs and convert it into organic nitrogen of the microbial biomass. 

After a short time, decomposition of the microbial biomass causes release of the organic 

nitrogen in their structures, where organic nitrogen turns into mineral nitrogen. This can 

justify the increased mineral nitrogen levels after 20 days (after the third week) after 

incubation. Mubarak et al. (2002) also found similar results and stated that inorganic 

nitrogen in tropical treated soil with maize residues followed a two-step pattern. 

Accordingly, the highest mineral nitrogen content was released in the next three weeks. 

In other treatments receiving nitrogen fertilizer, after a short time of incubation urea 

decomposes and its nitrogen is released in an inorganic form. Its resulting inorganic 

nitrogen compensates for the shortage of usable nitrogen by microorganisms consuming 

mineral nitrogen in the soil. Thus, a significant difference was observed between the 

treatments receiving and not receiving nitrogen. 

During the incubation period, the intensity of mineralization was not very high for 

40 to 60 days, as high nitrogen treatments may be subject to carbon limitation. Shafiei et 

al. (2016) indicated that the amount of residual carbon dropped with the elevation of 

nitrogen concentration. In this regard, the amount of carbon remaining at low, medium, 
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and high nitrogen concentrations of alfalfa residues was 81.8%, 79.2%, and 75.7%, 

respectively. Figure 1 reveals the effect of nitrogen and phosphorus on the mineralization 

process of the soil nitrogen with wheat residues. 

Figure 1B indicates that cumulative mineral nitrogen content across all treatments, 

except for the N1P2 and N1P3 treatments, starts from a positive amount and remains 

positive until the end of the incubation period. In Figure 1B, the highest amount of 

cumulative mineral nitrogen among treatments was related to the N3P1 treatment, while 

the lowest was related to the N1P2 treatment. The order of cumulative nitrogen 

mineralization at the end of the incubation period was as follows: 

 2P1>N3P1> N3P2>N1P2> N3P3>N2P2> N2P3> N1P3N 

Figure 1B shows that the nitrogen mineralization during the 60-day incubation 

was the dominant phenomenon, except for the N1P2 and N1P3 treatments in which the 

greatest non-moving occurred (-6.45 and -2.36 mg N kg-1soil). 

 

Cumulative nitrogen mineralization  

The results of the analysis of variance (Table 3) suggest that the effect of different 

levels of nitrogen and phosphorus on the cumulative mineralization of nitrogen is 

significant. The mean Nmin varied within the range of 175.9 and 100.1 mg nitrogen per 

kg of soil, for the N3P1 and N1P3 treatments, respectively (Table 2). In the mean 

comparison (Table 4), the treatments showed a significant difference with the control, 

and only the N1P3 treatment which is less than the N1P1 treatment has not been significant. 

Other treatments have greater nitrogen mineralization than the control soil (N1P1), which 

can be explained by the C:N ratio. 
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Immobilization of mineral nitrogen results from the activity of microbial biomass 

during decomposition of the residues. When the plant residue is added to the soil, the 

amount of soil microbial biomass grows, which is associated with the use of soil mineral 

nitrogen easily available to microorganisms. In residues with a lower C:N ratio, mineral 

nitrogen is degraded and added to the soil during the decomposition of residues. However, 

in the high C:N residues, mineral nitrogen released from the residues is consumed by the 

microorganisms whereby immobilization continues. Then, part of the microbial biomass 

is lost, causing the recirculation of nitrogen in the structure and increased mineral nitrogen 

in the soil. Hemwong et al. (2008) reported that the reduction of soil mineral nitrogen due 

to the mixing of residues for 14 days, which coincided with the increase in nitrogen in the 

soil microbial biomass, indicates that decomposition of the plant residues is limited due 

to the high C:N ratio in terms of nitrogen. Researchers found that the C:N ratio was related 

to the amount of nitrogen released, where the point between mineralization and non-

mineralization of nitrogen at C:N ratio was between 20 and 40 (Van Kessel et al. 2000; 

Seneviratne, 2000; Qian and Schoenau, 2002). The critical C:N ratio depends on the 

duration of the incubation. For example, Iritani and Arnold (1960) proposed C:N =20, 

Fox et al. (1990) proposed C:N =30 for 4-week incubation, and Vigil and Kissel (1991) 

suggested C:N = 40  for long-term incubation of 11 to 44 weeks. 

Palm et al. (2001) reported that when the plant residue was added to the soil with 

a C:N ratio of more than 25, inorganic nitrogen available to the soil became immobilized 

during the first few weeks of decomposition. Further, after studying the release of 

nitrogen in the soil treated with Cajanus cajan L., maize, and maize intercropped with 

Cajanus cajan L. residue, Sakala et al. (2000) indicated that in all four weeks, nitrogen 

immobilization occurred across all treatments. A 90-day incubation study was conducted 
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in a soil rich in fresh bamboo stems (Upadhyaya et al. 2004). It was found that fresh 

bamboo stems could not contribute to increasing soil mineral nitrogen, due to the supply 

of energy sources for soil microbes leading to microbial immobilization.  

It was reported that after depositing plant residues on the soil surface or 

incorporated into the soil, the soluble organic matter (such as sugars, amino acids, and 

protein) dissolve rapidly. At this stage, bacteria play an essential role. In the next stage, 

cellulose and hemicellulose are analyzed and although bacteria, actinomycetes and fungi 

are capable of decomposing hemicelluloses, bacteria cannot decompose cellulose 

completely, but fungi can decompose cellulose completely. In the last step, degradable 

organic materials such as lignin are analyzed, which is done only by fungi (Kogel-

Knabner 2002; Paul 2007). Since the main activity of the fungi is in acidic environments, 

as a result of hard troughs without decomposition, the degradation rate can be increased 

by adding nitrogen and improving the quality of the residues. 

While the correlation between addition of nitrogen and decay rate has been 

observed in numerous studies, the relationship between decomposition and external N 

availability is still unclear (Knorr et al. 2005; Aetrs et al. 2006). Several studies have reported 

significantly faster decomposition rates in response to increased external N availability 

(Song et al. 2011; Vivanco and Austin 2010). However, many others have reported either no 

significant change (Hobbie and Vitousek 2000) or a suppression of decay rates (Aerts and 

Caluwe 1997). The different responses to N additions among the studies can be explained 

in part by differences in litter chemistry, environmental conditions, and quality of the 

residues. In general, the addition of nitrogen by improving the quality of the residues and 

stimulating microbial activity accelerates the degradation of plant residues. The findings 
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of the present study indicated that adding nitrogen to soil could improve the quality of plant 

residues. 

The study of Khalil et al. (2005) was carried out on six soils, including calcareous, 

peat, saline, non-calcareous, terrace, and acid sulfate. The experiment comprised of four 

treatments in total: T0= no organic matter added (control), T1= wheat (Triticum aestivum 

L.) residue added, T2= mungbean (Vigna mungo L.) stover/residue added, and T3= 

chicken manure added. Net N mineralization during the 90-day incubation period varied 

significantly between the soils. It was highest in the acid sulfate soil (74.38 mg N kg-1 

soil), but still similar to the calcareous soil, which showed a faster oxidation of NH4. 

Bertrand et al. (2007) studied five agricultural soils included calcareous (74% 

CaCO3), loess (0.2% CaCO3), and an acidic soil which had received different rates of 

lime 20 years ago (0, 18 or 50 t ha-1). Results showed that in non-amended soils, the 

cumulative CO2 produced was significantly greater in the limed soil with a pH>7 than in 

the same soil with less or no lime added, whereas there was no difference in N 

mineralization or in O2 consumption kinetics. 

Comparison of the treatments suggested that elevation of the C:N ratio reduced 

amount of the pure cumulative mineral nitrogen at the end of the experiment as well as 

the rate of nitrogen mineralization (Table 4). 

The results of the analysis of variance (Table 3) reveal that the effect of 

phosphorus on the cumulative mineralization of nitrogen has been significant. With the 

elevation of phosphorus, the total inorganic nitrogen dropped. The reaction of phosphorus 

fertilizer in calcareous soil involves complex reactions, including absorption and 

sedimentation processes. Absorption can be the dominant process at low phosphorus 

levels, while sedimentation is the predominant process at large amounts of phosphorus 

contents (Delgado et al. 2002, 2000). Therefore, it seems that accumulation of phosphorus 
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in the soil due to low absorption capacity and hence fertilization is high every year, 

negatively affecting the process of mineralization of nitrogen. 

Phosphorus, as with iron, is often bounded to soil and unusable. In the soil with a 

high pH, calcium and magnesium ions, as well as the presence of carbonates of these 

metals in the soil, cause increased phosphorus sedimentation, and in turn diminished 

absorbability. 

However, in the cultivated soils, the addition of phosphorus has been associated 

with a reduction in root secretion and, consequently, a reduction in the population of the 

microorganisms in the root rhizosphere (Ghoularata et al. 2008). Under incubation 

conditions, it seems that the addition of phosphorus leads to diminished activity of 

alkaline and acidic phosphatase, thus reducing its re-absorption capacity. According to 

the previous studies, the inhibitory effect of phosphorus activity on acid phosphatase 

activity is greater by inhibiting the synthesis of the new acid phosphatase to prevent acidic 

activity of phosphatase (Spiers and McGill, 1979). On the other hand, phosphate ion can 

prevent alkaline and acidic phosphatase activity depending on its concentration and soil 

type with a different degree (Juma and Tabatabai, 1977). The amount of phosphorus 

added to the soil is strongly affected by the amount of phosphorus of the biomass and the 

C:P ratio of the biomass. This ratio of the biomass increased with increasing phosphorus 

availability.  The higher C:P in cereal residues could favor microbial immobilization, 

delay residue mineralization, and reduce P cycling rates (Maltais-Landry et al. 2014). The 

study by He and Dijkstra (2015) revealed that the addition of phosphorus led to reduced 

nitrogen of the microbial biomass and retrieval of N15. On the other hand, Shi et al. (2012) 

reported no significant changes in terms of the microbial biomass nitrogen after 17 years 

of adding phosphorus to the agricultural soil. Liu et al. (2012) also reported that the 
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addition of phosphorus to tropical forest soil resulted in increased microbial population, 

but this effect was transient and disappeared after 4 years of adding the phosphorus 

fertilizer. Therefore, the response of the nitrogen cycle to phosphorus fertilizer is complex 

which is contingent upon the soil type, time of adding phosphorous fertilizer, and other 

factors. 

 

Cumulative nitrogen mineralization rate (NMR) 

In order to obtain cumulative nitrogen mineralization rate, the magnitude of the 

cumulative nitrogen mineralization in the whole period was divided over 60 days of 

incubation and then statistical analysis was performed. The results of the analysis of 

variance of nitrogen and phosphorus as well as interaction effects on the rate of nitrogen 

mineralization are reported in Table 3. According to the results of nitrogen and 

phosphorus interaction effects on nitrogen mineralization (Table 4), among various 

nitrogen and phosphorus levels in the process of the nitrogen mineralization rate, the 

effect of nitrogen is higher than that of phosphorus. The mean NMR in the soil treated 

with different levels of nitrogen and phosphorus lies within the range of 1.66- 2.93 mg 

kg-1 nitrogen per day (Table 4). With adding nitrogen to the soil, the rate of nitrogen 

mineralization increased across all treatments, except for treatments to which no nitrogen 

fertilizer was added. This increase in the treatments of 11 and 43 kg ha-1 nitrogen was 

56.39, 46.89, 33.73, 70.34, 57.06, and 54.21, respectively. 

 

Changes in ammonium and nitrate nitrogen 

During the decomposition of the organic matter in the soil and the nitrification 

process, initially, ammonium ion, followed by nitrite ion and finally nitrate ions are 
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formed (Follett and Hatfield, 2001). With the elevation of nitrogen levels and reduction 

of phosphorus levels, the amount of cumulative ammonium increased (Fig. 2). Although 

cumulative ammonium variations during the incubation period were relatively small, the 

highest cumulative ammonium content was observed in the N3P1 treatment (35.44 mg kg-

1), while the lowest was observed in the N1P3 treatment (17.47 mg kg-1) during the 

incubation period (Fig. 2). This suggests that the addition of nitrogen through urea 

fertilizer leads to stimulation of microbial activity (Raiesi, 2004). As with ammonium, 

the amount of nitrate also increased during the incubation period across the treatments. 

The highest amount of the cumulative nitrate was related to the N3P1 treatment (140.44 

mg kg-1), while the minimum was related to the N1P3 treatment (91.03 mg kg-1) (Fig. 2). 

The results indicated that the main form of mineral nitrogen was NO3-. Concerning the 

C:N ratio, the preference for NH4+ and NO3- uptake depends on the nitrogen source and 

added carbon quality. For example, the preference for nitrate uptake in the upper C:N 

range occurs in compost-treated soil, while ammonia adsorption is easily seen within a 

narrow C:N range in the soil treated with urea (Binh and Shima, 2018). However, when 

both NH4
+ and NO3

- are present in the soil (when using urea), NH4
+ is a more appropriate 

form for microbial immobilization than NO3
-. The priority for immobilization of 

ammonium has been reported by Recous et al. (1990). One of the possible reasons is that 

the amount of carbon required for immobilization of a nitrogen unit to the nitrate form is 

greater than that of ammonium (Kia et al. 1969). 

 

Conclusions 

This study suggests that the use of carbon-organic sources such as wheat residues 

leads to reduced nitrogen mineralization. The addition of various levels of nitrogen and 
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phosphorus had a significant effect on the process of mineralization of nitrogen as well 

as the rate of mineralization of this element. The soils treated with higher levels of 

nitrogen and lower levels of phosphorus (lower N:P) indicated a greater nitrogen 

mineralization compared to the untreated soil (high N:P), where with the elevation of 

phosphorus, the total inorganic nitrogen dropped. High phosphorus stabilization at high 

pH of the soil causes the addition of a large amount of phosphate fertilizers to the soil 

each year by farmers to provide the plant with phosphorus. In this case, the nitrogen 

mineralization of plant residues will slow down and, as a result, the supply of nitrogen 

required by the plant decreases from mineralization. Therefore, in calcareous soils, in 

order to prevent nitrogen abduction, it is necessary to increase the amount of nitrogen 

fertilizer when mixing wheat residues. According to the results of the present study, it is 

suggested to study the relationship between different forms of soil phosphorus and 

nitrogen mineralization of the plant residues and the role of phosphorus and nitrogen in 

the nitrogen mineralization of plant residues in the cultivated rhizosphere in the further 

studies.  
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Figure captions 

Figure 1.  Effects of nitrogen and phosphorus on soil nitrogen mineralization of wheat residues. 

N1, N2, and N3 represent 0, 11, and 43 kg N /ha, respectively. P1, P2, and P3 represent 0, 12, and 

45 kg P /ha, respectively. 

Figure 2.  Effects of nitrogen and phosphorus on nitrate and cumulative ammonia during the 60 

days incubation. N1, N2, and N3 represent 0, 11, and 43 kg N / ha, respectively. P1, P2, and P3 

represent 0, 12, and 45 kg P /ha, respectively. 


