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Abstract

:

Increasing nitrogen fertilizer use efficiency has become an environmental and economic demand in order to minimize losses of nitrogen and maximize the output from nitrogen added. The application of organic amendments with N fertilizers could be proposed as an important economic and environmental practice for improving N fertilizer use. A two-year field experiment was carried out using the 15N tracer technique to study the impact of corn straw and woody peat application on uptake and utilization of N fertilizer by maize plant. Three treatments were set up: CK (15N labeled urea alone), CS (15N labeled urea + crushed corn straw) and WP (15N labeled urea+ crushed woody peat). The results showed that, as compared to CK, both straw and peat treatments led to (i) an increase in yield of maize, 15N urea utilization rate, and residual 15N urea remained in soil by 11.20% and 19.47%, 18.62% and 58.99%, 41.77% and 59.45%, respectively, but (ii) a decrease in the total loss rate by 6.21% and 16.83% (p < 0.05), respectively over the two seasons. Moreover, the significantly highest effect was recorded with woody peat application rather than that with corn straw. Our study suggests that corn straw and woody peat can be used as organic fertilizers to increase maize yields, promote nitrogen fertilizer balance sheet, reduce the leaching of N fertilizer into the subsurface soil layer, and facilitate the further absorption and utilization of soil residual nitrogen. Therefore, the application of humified organic material play a crucial role in N utilization efficiency enhancement.
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1. Introduction


Nitrogen fertilizer is widely used in agricultural production and of vital importance in increasing crop yield [1]. However, in recent years, excessive use of chemical fertilizers in farming has led to a decline in soil quality [2], thus resulting in a decline in nitrogen use efficiency and a waste of resources, as well as a series of environmental problems such as soil acidification, greenhouse gas emissions and water eutrophication [3,4,5]. Using organic fertilizer to improve the input of soil organic carbon [6] is a new way to improve nitrogen use efficiency by adjusting soil C/N ratio and promoting effective transformation of N fertilizer in soil organic N pool [7,8]. Therefore, it is of great significance to clarify the relationship between the application of organic fertilizer effect and the use of 15N fertilizer for scientific evaluation of its fertilizer effect in soil.



Corn straw is rich in carbon (C), nitrogen (N), phosphorus (P), potassium (K) and other elements [9,10], straw returning to field can improve soil fertility and increase crop yield [11,12]. Previous findings showed that straw returning can improve soil fertility and fertilizer supply, and increase the utilization rate of nitrogen fertilizer by crops [6,13,14]. Therefore, application of corn straw has become an important technical means to improve soil environment, crop yield and quality, nitrogen fertilizer use efficiency.



Woody peat is a substance formed naturally through complex biogeochemical processes over hundreds of millions of years. It possesses a stable structure and is rich in organic matter and nutrients, with large storage capacity and light weight [15,16,17,18]. Humic acid is the main component of humic matter in woody peat with a high humification degree [8]. Previous findings showed that humus acid synergistic fertilizers can promote crop growth, increase yield, improve fertilizer efficiency, and soil nutrient availability [19]. In recent years, woody peat has been widely used to rapidly improve soil fertility [20,21,22], therefore, it is a valuable resource with positive significance for agriculture, and environmental protection.



Application of corn straw (CS) and woody peat (WP) in soil can significantly improve nitrogen use efficiency. However, there is a lack of systematic analysis and comparison between straw and peat application on nitrogen use efficiency and soil nitrogen residues. The effects of maize straw and woody peat on the utilization and residue of nitrogen fertilizer in soil were studied by the temporal and spatial variation of urea-15N in two consecutive cropping seasons. This study aimed to investigate: (1) The effect of two year application of CS and WP on dry matter weight and yield of maize. (2) The effects of application of CS and WP on absorption, utilization and distribution of 15N urea, distribution and loss of 15N urea in soil during tow plantation seasons of maize. (3) The difference in 15N use efficiency and residual 15N remained in soil after CS and WP application was compared in two years of maize production. This study can provide basic understandings for clarifying the relationship between application of corn straw and peat and nitrogen use efficiency, provide theoretical and practical basis for application of corn straw and woody peat to improve crop growth, and increase nitrogen use efficiency.




2. Materials and Methods


2.1. Experimental Site


The study was carried out in the research experiments station of Jilin Agricultural University (43°48′43.57″ N, 125°23′38.50″ E), Jilin province, Changchun, China. The soil was classified as a black soil (i.e., Chernozem based on world reference base for soil resources, 2014). It belongs to the continental monsoon climate of the North Temperate Zone, with an average temperature of 23 °C, annual frost-free period of 140–150 days, annual rainfall of 500–600 mm, sunshine of 2600 h, annual accumulated temperature of 3200 °C, and altitude of 213 m. The soil properties were: pH 6.84, organic matter (OM) 26.43 g kg−1, total nitrogen (N) 1.16 g kg−1, available potassium (K) 98.93 mg kg−1, available phosphorus (P) 28.89 mg kg−1, and alkali-hydrolyzable nitrogen (NH4-N) 99.95 mg kg−1.




2.2. The Tested Materials


The corn straw was obtained from the experimental field of Jilin Agricultural University in October 2016, air dried, crushed, and then passed through a 5 mm mesh sieve before application. Woody peat was provided by the Ministry of Land and Resources, air dried, crushed and then passed through 5 mm sieve. The basic characteristics of the corn straw and the woody peat were: total N 11.91 and 7.03 g kg−1, OM 457.58 and 549.73 g kg−1, H 62.61 and 59.02 mg kg−1, C/N 44.82 and 91.56, and the H/C 1.84 and 1.29, respectively.




2.3. The Applied Fertilizer


Urea 15N, 5.15% abundance, 46.7% N was purchased from Shanghai Chemical Research Institute. Phosphate and potassium fertilizers were applied in form of P2O5, and K2O, respectively, and purchased from humus laboratory of Jilin Agricultural University.




2.4. Experiment Setup


The experiment was conducted in 22 April 2017. Three treatments were setup: CK (15N labeled urea alone), CS (15N labeled urea + crushed corn straw) and WP (15N labeled urea+ crushed woody peat), with three replicates for each treatment. After sorting out the soil, the PVC pipe with a diameter of 40 cm and a height of 65 cm was embedded in the soil depth of 0–60cm (Figure 1). The above part of the soil in the PVC pipe (0–20 cm) was taken out and evenly mixed with corn straw and woody peat (10,000 kg hm−2 for 0–20 cm soil layer) that had been sieved through 40 mesh sieve, and the evenly mixed soil-corn straw and soil-woody peat matrix were backfilled in the original state, respectively.



The corn variety of Xiangyu 998 was used with only one plant/tube (60,000 plants hm−2). N, P and K fertilizer were applied before sowing. Nitrogen fertilizer was 15N-labeled urea, and the N dosage was 225 kg hm−2. The application amount of phosphate fertilizer (P2O5) was 120 kg hm−2, and potassium fertilizer (K2O) was 60 kg hm−2. The fertilizers were mixed in the 0–10 cm soil layer, at the center of the PVC tube, and the radius was 10 cm.




2.5. The Sample Collection


	(1)

	
On 22 September 2017 and 22 September 2018, the above ground parts of corn were harvest, and the plants were divided into five parts: leaf, stem, bract, cob and grain. All the corns were placed in a 65 °C oven and dried to constant weight. The samples were crushed with a 24,000 rpm mill (FW100 tianjin Test Company), and the samples were screened through 100 mesh and sealed.




	(2)

	
After the corn harvest on 22 September 2017 and 22 September 2018, the plant residues were removed from the soil surface, then the soil was divided into 6 layers (0–10 cm, 10–20 cm, 20–30 cm, 30–40 cm, 40–50 cm, 50–60 cm) and sampled with a soil remover with a diameter of 1 cm. The collected soil samples were air-dried in a dust-free room, and then were ground in a mortar, screened through a 100-mesh sieve, and kept sealed.








2.6. Determination of 15N Abundance of Samples


The total N of maize organs samples was measured by elemental analyzer (vario ISOTOPE, Germany). In addition, Isoprime 100 mass spectrometer instrument (Elementaar Analyser Systeme. GmbH Inc., Hamburg, Germany) was employed to determine the 15N abandance.



Using a 100 mesh sieve, 1.0–1.5 mg of each maize part sample and 25–30 mg of soil samples was weighted to determine the total 15N abundance.




2.7. Calculation and Data Analysis


The utilization efficiency of 15N fertilizer by maize (15NUR%), and the residual 15N remained in soil were calculated according to [23].



The 15N utilization efficiency for corn plant was calculated as follows:


15NUR% = Npf/Nf × 100

Npf = NP × Npff

Npff% = Npp/Nppf × 100



(1)




where Npf is the amount of 15N absorbed by the plant (g PVC pipe−1), Nf is the amount of 15N fertilizer applied to the soil (g PVC pipe−1), NP is the amount of total nitrogen absorbed by plants (g pot−1), Npff% is the percentage of total plant nitrogen from fertilizer, Npp is the atomic percentage of 15N fertilizer in plants exceeds and Nppf is the atomic percentage of 15N-labled fertilizer.



The 15N remained rate for the soil (15NRR%) was calculated as follows:


15NUR% = Nsf/Nf × 100

Nsf = Ns × Nsff

Nsff% = Nss/Nssf × 100





(2)







Nsf is the amount of nitrogen in the soil from 15N fertilizer (g PVC pipe−1), Nf: the amount of 15N fertilizer application (g PVC pipe−1), Ns is the amount of total nitrogen of soil (g PVC pipe−1), Nsff% is the percentage of total soil nitrogen from fertilizer, Nss: the 15N atoms of total nitrogen in the soil exceed, and Nssf: the 15N-labeled fertilizer atomic excess.



The 15N loss rate (15NLR%) was calculated as follows:


15NLR% =100 − 15NUR − 15NUR



(3)







Microsoft Office Excel 2016 software was used for data analysis and processing. SPSS Statistics 17.0 was used for statistical analysis and difference significance test with Tukey’s test at p < 0.05.





3. Results


3.1. Effects of Corn Straw and Peat Application on Maize Yield


Effects of corn straw and peat application on corn yield are shown in Figure 2. The results showed that the grain yield recorded for all treatments was significantly highest over the two growing seasons (2017 and 2018), followed by stem leaf, and bract ones”. However, among all the treatments, WP recorded the highest total aboveground yield followed by CS and CK. The yield of maize grains treated with WP and CS increased compared with CK, by 20.07% and 9.96%, 18.88% and 12.41%, during 2017 and 2018, respectively.




3.2. Effects of Application of Corn Straw and Peat on Total Nitrogen in Maize Plant


The application of CS and WP increased the total nitrogen content of maize (p < 0.05), as shown in Table 1. The total nitrogen content in grains and leaves of all treatments in 2017 and 2018 was the highest, which was ranged between 40.05–44.86% and 22.97–29.99%, respectively, and represents 66.74 and 70.04% of the total nitrogen content in both season, respectively. However, among all the treatments, WP recorded the highest total aboveground yield followed by CS and CK. The yield of maize grains treated with WP and CS increased compared with CK, by 20.07% and 9.96%, 18.88% and 12.41%, during 2017 and 2018, respectively.
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Figure 2. Effect of application of corn straw (CS) and woody peat (WP) on maize yield compared with the control (CK). Note: CK represents 15N labeled urea applied alone; WP represents 0–20 cm soil layer, mixed with crushed woody peat +15N labeled urea; CS represents 0–20 cm soil layer mixed with crushed corn straw and 15N labeled urea. Different letters in the same column indicate significant difference at 0.05. 
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3.3. Proportion of 15N from Urea in Total Nitrogen of Maize Plant


In 2017 and 2018, the proportion of 15N from urea (Ndff%) in total nitrogen content of maize plant by applying corn straw and peat is shown in Table 2 (p < 0.05). All treatments showed that Ndff% followed the order of CK > CS > WP. In the aboveground parts of maize plant, the contribution of 15N fertilizer was up to 12.48–18.14% and 0.21–1.26% of the total absorbed nitrogen, while soil contributed by 81.86 to 87.52% from the total absorbed N. In 2018, for the aboveground parts, fertilizer contributed of the total absorbed nitrogen while soil contributed 98.74–99.79%.




3.4. Effects of Application of Corn Straw and Woody Peat on the Relative Distribution of 15N in Maize


The relative distribution (as a percentage) of recovered 15N urea in maize plant’s parts in the different treatments is shown in Figure 3. The distribution ratio of recovered 15N urea in maize among different organs of each treatment is as follows: corn grains > leaves > bracts > cobs > stems. Among different treatments, the distribution ratio of 15N in the leaves of WP treatment was higher than those in other treatments, while the grains of WP had the lowest distribution of 15N. The CS treatment had the highest proportion of 15N distribution in corn kernels and the lowest with CK.




3.5. Effects of Application of Corn Straw and Woody Peat on 15N Urea Utilization “By Maize


Application of straw and woody peat improved the utilization rate of 15N urea in maize (p < 0.05) Figure 4. The total 15N utilization rate for the different treatments throughout 2017 and 2018 was ranged from 18.90 to 30.05%. The WP treatment had the highest 15N utilization rate, while CK treatment was the lowest one. The proportion of 15N utilization rate by grains and leaves was ranged from 14.32–22.62% and 2.49–4.88%, respectively.



In 2017, compared with CK, the 15N utilization rate of maize grains and leaves treated with WP and CS increased from 11.39% and 2.31% to 16.00% and 2.57%, 12.80% and 4.25%, respectively, and the total utilization rate increased from 15.67% to 22.66% and 17.46%, respectively (p < 0.05). In 2018, compared with CK, the utilization rate of 15N in maize grains and leaves treated with WP and CS increased from 2.96% and 0.19% to 6.26% and 0.63%, 4.40% and 0.44%, respectively, and the total utilization rate increased from 3.23% to 7.39% and 4.95%, respectively (p < 0.05). The total utilization rate of 15N in 2017 and 2018 increased from 18.90% to 30.05% and 22.42%, respectively. Among different treatments, the total nitrogen content of maize organs follow the order of WP > CS > CK.




3.6. Effects of Corn Straw and Woody Peat Application on 15N Soil Residue


Application of corn straw and woody peat significantly increased the residual rate of 15N urea in the 0–30 cm soil layer (p < 0.05) (Figure 5), especially in the 0–20 cm soil layer. In 2017, 32.28%~51.41% of the applied 15N urea remained in the soil, which represents 67% of the residual total 15N in the top 20 cm of soil. In general, the residual 15N recovered in the surface 0–40 cm soil layer was significantly higher with WP than in CK and CS treatments. The residual 15N recovered in the 10–20 cm soil layer with WP and CS treatments was higher than CK by 58.11% and 58.88%, respectively (p < 0.05). In the 20~30 cm soil layer, WP was significantly (p < 0.05) higher than CK treatment by 146.09%, while CS was non-significantly lower than CK treatment by 5.41%. In 2018, the WP treatment also had the highest soil residue of 15N in 0–10, 10–20, 20–30, and 30–40 cm soil layers. In addition, the remained 15N in the soil layers in the studied treatments was ranged from 3.28 to 5.23% from the applied 15N-urea, and the 0–30 cm soil layer occupied more than 70% of the total 15N soil residue in 2018. In general, the 0–40 cm soil layer of WP and CS treatments had higher amount of soil residual 15N (163.73 and 118.26%) than CK (p < 0.05).




3.7. Effects of Straw and Peat Application on the Whereabouts of 15N


The fate of the nitrogen fertilizer mainly includes plant absorption, retention in soil, and loss through various mechanisms. In the first year (2017), the utilization rate of 15N urea with the application of CS, and WP was higher by 11.49 and 44.6%, respectively treatments in compared with the CK treatment. Meanwhile, the soil retention rate (%) of 15N urea was 32.39, 37.32, and 51.41% for CK, CS and WP treatments. In the next year (2018) and compared with the control treatment, the utilization rate of 15N urea with the application of CS, and WP was higher by 53 and 128.80%, respectively. The soil retention rate (%) of 15N urea in CS and WP treatments was higher (4.65 and 5.23%) than with CK treatment (3.23%). While, WP treatment had the highest one. During the whole time of the experiment, the total 15N loss of each treatment varies from 64.72 to 77.82%, with a following order of CK > CS > WP (Table 3). Therefore, the application of corn straw and peat increased 15N urea utilization rate, and the retention of 15N urea remained in soil by 18.62 and 59%, and 41.77 and 59.45%, respectively. While, the CS and WP reduced the loss of N fertilizer by 4.83 and 13.10%, respectively, higher than the control (CK). The application of woody peat showed more significant effects on the absorption and utilization of nitrogen fertilizer. Moreover it increase the retention of nitrogen fertilizer in the soil and reduce the loss more than the application of corn straw.
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Figure 5. Distribution of 15N residue rate in each soil layer under application of corn straw (CS) and woody peat (WP), and control (CK) treatments (in 2017–2018). Note: CK = 15N labeled urea alone; WP = mixing pulverized woody peat with 0–20 cm soil layer +15N labeled urea; CS = mixing pulverized corn stover with 0–20 cm soil layer +15N labeled urea. Different letters in the same column indicate significant difference at 0.05. 
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4. Discussion


4.1. Application of Straw and Peat Increased Corn Production


In this study, the dry matter production of maize with corn stalk and woody peat treatments was significantly higher than that with CK treatment (p < 0.05) (Figure 2), which is consistent with the findings of [12] and [20]. This may be attributed to the fact that the application of corn straw can improve the physical and chemical properties of soil, increase the contents of soil nutrients (N, P, K, Ca, Mg) and micronutrients (S, Cu, B, Zn, Mo, etc.), improve the availability of soil nutrients [24], and promote nutrient uptake [12,25]. Peat has a high content of humic acid [8], and its acidic functional groups such as carboxyl and phenolic hydroxyl groups can interact with amide groups of urea to form humic acid-urea complex [26], which can hamper the hydrolysis process of urea. Urea release and continuous nitrogen supply can be controlled [27,28]. Therefore, the presence of more carboxyl functional groups ensures the continuous supply of nitrogen, thus increasing the accumulation of maize biomass [29]. Application of corn straw or woody peat significantly increased leaves dry matter weight and grains yield (Figure 2). This indirectly indicates that straw and peat can promote the growth and development of maize leaves and improve the photocooperation to achieve the purpose of increasing yield. Whereas, application of woody peat showed significant higher yield as compared to the application of corn straw. Pamela [30] pointed out in their relevant review that numerous studies have shown that humic acid can promote the absorption of nitrogen by plants, as such, we speculated that the difference in the improvement effect of straw and peat on soil organic matter was the main reason for the difference in maize yield. Application of straw and woody peat significantly increased soil organic matter content [20,31], straw with a high C/N ratio can only be converted into humus under the action of microorganisms, while peat itself has a large amount of humus, which can rapidly improve soil humus composition after its application in soil [8,32]. This directly leads to increase the yield [20]. Other studies conducted on the effects of humic acid application in different soils, showed that excessive humic acid application inhibited the growth of maize seedlings [33], which may related to the molecular weight of humic acid application [34].




4.2. Application of Straw and Peat Promoted the Absorption of 15N Urea


The application of straw and peat promoted the absorption and utilization of 15N urea (Figure 4). Straw returning to the soil can promote urease activity, urea hydrolysis and NH4+ accumulation [7], thus it can increase soil nitrogen availability and nitrogen supply capacity [35,36]. Studies have shown that up to 75% of nitrogen in maize is absorbed by arbuscular mycorrhizal fungi [37]. Arbuscular mycorrhizal fungi not only directly participate in straw decomposition, but also absorb and transport part of small-molecule organic nitrogen or ammonium nitrogen to host plants for absorption and utilization [38]. In addition, the exocyst can extend to the area around the root, expanding the absorption range of nitrogen [39,40,41]. Peat can effectively regulate nitrogen conversion in soil [27]. Adding humic acid when urea is used can inhibit urease in a short time. Humic acid with large molecular weight can stabilize urease activity in a long time, thus stabilizing the conversion rate of urea into ammonia in a certain period of time, and providing ammonia that can be directly absorbed and utilized by plants in a lasting and effective way [42]. Adding humic acid to soil can improve the effectiveness of nitrogen fertilizer, but too much will have adverse effects. A study by [43] showed that application of humic acid at level of 60 mg kg−1 soil can promote the wheat growth and nitrogen absorption, while the addition amount of 90 mg kg−1 was not conducive to wheat growth and nitrogen absorption. This may be attributed to the fact that there are many functional groups such as carboxyl, phenolic hydroxyl, carbonyl and quinone in the higher level of humic acid, which may lead to complex reactions with urea and ammonium ions [26] and inhibit the action of urease, thus affecting the utilization of urea.



Soil nitrogen is the main source for plant growth. Even with the application of large amounts of chemical fertilizer, soil still contribute 50% to 70% of nitrogen absorbed by crops [44]. In the process of maize growth, regardless of the nitrogen brought in by precipitation and irrigation, there are two main sources of nitrogen absorbed by the plant: soil nitrogen and fertilizer nitrogen. According to the analysis of nitrogen sources absorbed by maize in this experiment (Table 2), it was found that the maize absorbed fertilizer nitrogen of WP, CS and CK accounted for 12.48 to 18.14, (2017) and 0.21% to 1.26% (2018) of their total nitrogen uptake, respectively, while the absorbed soil nitrogen accounted for more than 80% of the total nitrogen uptake. This result showed that the application of straw and peat promoted the absorption and utilization of soil nitrogen by maize. This may be related to the fact that humified material promotes organic nitrogen mineralization, but at the same time, the degree of soil humification directly affects the rate of nitrogen mineralization [45]. A research study has shown that the higher the aromatization degree of organic matter, the lower the ratio of mineralized nitrogen, and vice versa [46], so we speculated that straw and peat application reduced the aromatization degree of organic matter in soil. The research shows that the structure of a large number of lignin phenolic compounds in young humic acid is not conducive to nitrogen mineralization [47], while corn straw contains a large amount of lignin [48], which also explains the reason why woody peat is significantly higher than corn straw (p < 0.05). However, the mechanism of how humification of humic acid affects nitrogen mineralization remains unclear. Although the degree of humus aromatization in soil was not analyzed in this paper, the promoting effect of woody application on the absorption and utilization of soil nitrogen by maize was significant.




4.3. The Application of Straw and Peat Increased the Residue of 15N Urea in the Soil and Reduced the Loss


In this study, the residual nitrogen fertilizer was mainly concentrated in the active soil layer (0–30 cm), and the residual amount in the lower layers gradually decreased, but there were still residues of nitrogen fertilizer in the 40–60 cm soil layer (Figure 5). Therefore, it can be inferred that there may be residual fertilizer nitrogen in the soil layer below 60cm, and the actual residual nitrogen fertilizer may be slightly higher than the measured value. During the two years, the total amount of residual 15N in soil and in different soil layers followed the order of WP > CS > CK. This is consistent with the studies of [49] and [27]. We speculated that it might be caused by the different effect of straw and peat on soil humus. After application of urea to the soil, it transformed into ammonium and then nitrate via ammonification and nitrification processes. The humic acid molecules have more carboxyl groups, hydroxyl groups and other functional groups with high adsorption capacity. These properties lead to increase the adsorption of ammonium and nitrate nitrogen in soil [50,51]. Therefore, reducing the leaching of the soil nitrogen through the application of OM, increase the soil nitrogen residue and effectively reduces nitrogen migration to the deep soil. In addition, the accumulation of nitrogen fertilizer in the 0–30 cm soil layer is higher with less downward leaching, which can meet the characteristics of plant root and is more conducive to crop growth, which also explains the reason why corn straw and woody peat can promote maize growth and increase maize yield to a certain extent. Peat has a high humic acid content [8], which can rapidly increase the humic acid content after entering the soil [32], while straw needs to be gradually transformed into organic matter under the action of microorganisms [52], which takes a long time and consumes a lot of energy. Therefore, peat has a better fixation effect on 15N urea, and as such, the application of woody peat might bring more benefits for crop growth.



Steiner [53] reported that the combined application of corn stalk and nitrogen fertilizer could improve nitrogen retention and reduce nitrogen loss in nitrogen-applying soil. Humic acid can affect the release rate of ammonia by inhibiting soil urease activity, thus affecting the community structure of ammonia oxidizing microorganisms, inhibiting the increase in the number of ammonia oxidizing bacteria and ammonia oxidizing archaea caused by the addition of urea, reducing the competition between ammonia oxidizing bacteria and plants and reducing the loss of ammonia [27].





5. Conclusions


Application of fresh or humified organic materials could improve the efficiency of nitrogen fertilizer. From the obtained results, the growth of the aboveground organs, dry matter yield and the distribution proportion of 15N in organs were significantly increased during two years application of CS and WP. Compared to the control treatment (CK), the treatments of WP and CS were increased the yield of maize (19.40 and 11.20%), 15N urea utilization rate (58.99% and 18.62%), and residual 15N urea remained in soil (59.45% and 41.77%, respectively). In addition, there was a decrease in the total N loss rate by 19.83% in WP and 6.21% in CS treatment over the two seasons. So, application of woody peat is beneficial to increase the nitrogen use efficiency and the yield of maize compared to CS and CK. Therefore, the application of humified organic material play a crucial role in N utilization efficiency enhancement. More research is required to investigate the effect of the different levels of woody peat on utilization of 15N-urea by maize.
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Figure 1. Schematic diagram of the soil column used for maize cultivation and the experimental plot. A, a diagram showing how columns were filled with soil. 
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Figure 3. Relative distribution percentage of applied corn straw and peat recovery 15N urea. Note: CK represents 15N labeled urea alone; WP represents mixing pulverized woody peat with 0–20 cm soil layer +15N labeled urea; CS represents mixing pulverized corn straw with 0–20 cm soil layer +15N labeled urea. 
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Figure 4. The 15N urea utilization of each organ of maize under application of corn straw and peat Treatment (2017~2018). Note: CK represents 15N labeled urea alone; WP represents mixing pulverized woody peat with 0–20 cm soil layer +15N labeled urea; CS represents mixing pulverized corn straw with 0–20 cm soil layer +15N labeled urea. Different letters in the same column indicate significant difference at 0.05. 
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Table 1. Effect of application of corn straw and woody peat on the total nitrogen content in different organs (g/kg).
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Year

	
Treatment

	
Leaves

	
Stems

	
Bracts

	
Corncobs

	
Grains






	
2017

	
CK

	
5.42 ± 0.23 c

	
2.15 ± 0.16 b

	
3.07 ± 0.23 b

	
2.35 ± 0.24 b

	
10.30 ± 0.25 c




	
CS

	
6.55 ± 0.30 b

	
2.88 ± 0.27 a

	
3.51 ± 0.24 a,b

	
2.78 ± 0.40 a,b

	
12.79 ± 0.29 b




	
WP

	
10.32 ± 0.27 a

	
3.25 ± 0.20 a

	
3.64 ± 0.22 a

	
3.42 ± 0.35 a

	
13.78 ± 0.20 a




	
2018

	
CK

	
5.88 ± 0.22 c

	
2.37 ± 0.35 b

	
3.35 ± 0.27 a

	
2.21 ± 0.21 a

	
10.03 ± 0.90 c




	
CS

	
7.32 ± 0.56 b

	
2.63 ± 0.51 b

	
3.52 ± 0.22 a

	
2.34 ± 0.22 a

	
11.60 ± 0.35 b




	
WP

	
9.15 ± 0.41 a

	
3.74 ± 0.16 a

	
3.92 ± 0.06 a

	
2.80 ± 0.18 a

	
13.63 ± 0.19 a








Note: CK represents 15N labeled urea alone; WP represents mixing pulverized woody peat with 0~20 cm soil layer +15N labeled urea; CS represents mixing pulverized corn straw with 0~20 cm soil layer +15N labeled urea. Different letters in the same column indicate significant difference at 0.05.
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Table 2. Effect of application of corn straw and peat on nitrogen derived from fertilizer (%) in each organ of maize plant.
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Year

	
Treatment

	
Leaves

	
Stems

	
Bracts

	
Corncobs

	
Grains






	
2017

	
CK

	
18.14 ± 0.27 a

	
18.38 ± 0.26 a

	
17.51 ± 0.49 a

	
18.00 ± 0.21 a

	
17.81 ± 0.09 a




	
CS

	
16.07 ± 0.31 b

	
14.24 ± 0.54 b

	
13.59 ± 0.29 b

	
14.95 ± 0.24 b

	
15.99 ± 0.71 b




	
WP

	
16.69 ± 0.66 b

	
13.80 ± 3.25 b

	
12.48 ± 0.88 b

	
14.41 ± 1.06 b

	
15.65 ± 0.88 b




	
2018

	
CK

	
0.50 ± 0.05 a

	
0.49 ± 0.02 a

	
0.33 ± 0.02 a

	
0.23 ± 0.05 a

	
1.26 ± 0.03 a




	
CS

	
0.42 ± 0.02 b

	
0.40 ± 0.01 b

	
0.21 ± 0.04 b

	
0.21 ± 0.02 a

	
1.08 ± 0.09 b




	
WP

	
0.40 ± 0.02 b

	
0.34 ± 0.03 c

	
0.21 ± 0.01 b

	
0.16 ± 0.01 b

	
0.93 ± 0.02 c








Note: CK represents 15N labeled urea alone; WP represents mixing pulverized woody peat with 0~20 cm soil layer +15N labeled urea; CS represents mixing pulverized corn stover with 0~20 cm soil layer +15N labeled urea. Different letters in the same column indicate significant difference at 0.05.
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Table 3. Fate of 15N urea under application of corn straw and peat treatments.
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Treatments

	
2017 Year

	
2018 Year

	
Total Utilization%

	
Total Loss Rate %




	
Utilization %

	
Retention Rate %

	
Utilization%

	
Retention Rate%






	
CK

	
15.67 ± 0.74 c

	
32.29 ± 0.85 c

	
3.23 ± 0.07 c

	
3.28 ± 0.03 c

	
18.90 ± 1.68 c

	
77.82 ± 1.85 a




	
CS

	
17.47 ± 1.21 b

	
37.32 ± 0.45 b

	
4.95 ± 0.61 b

	
4.65 ± 0.12 b

	
22.42 ± 0.89 b

	
72.99 ± 1.71 b




	
WP

	
22.66 ± 1.22 a

	
51.41 ± 1.76 b

	
7.39 ± 1.15 a

	
5.23 ± 0.21 a

	
30.05 ± 0.28 a

	
64.72 ± 0.93 c








Note: CK represents 15N labeled urea alone;WP represents mixing pulverized woody peat with 0~20 cm soil layer+15N labeled urea;CS represents mixing pulverized corn stover with 0~20 cm soil layer+15N labeled urea. Different letters in the same column indicate significant difference at 0.05.
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