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Abstract

:

This study aimed to explore the effects of different additives on tending shreds of Platycladus orientalis (L.) Franco. Two different additives (priming 0.2% and common compost 0.2%) combined with C, N, and P adjustment of raw material treatments were tested on the temperature, moisture, EC, pH, lignocellulose degradation rate, nutrient content, and toxicity of compost. Priming made the compost temperature rise rapidly, and the peak temperature of the composting group with priming reached 51 °C. At the end of composting, the moisture in each treatment from high to low was in the order: common compost > priming > C/N, C/P adjustment only > control group. The increase of EC in the treatments with additives was great, and the peak value of EC in the treatment of priming was 1.30 ms·cm−1, which was 3.9 times higher than that of the control group. At the end of composting, the decomposition rate of cellulose in priming compost was 1.7 times higher than that in the control group, and the hemicellulose decomposition rate in the common compost group was 3.2 times higher than that in the control group. By the end of composting, the pH value of the composts in additive treatments was above 7.0, and the pH value of the priming treatment was the highest (7.5). The highest content of organic matter was found in the priming treatment, which was 52%, 1.7 times higher than that in the control group. The total nutrient content (TN + K2O + P2O5) of additive treatments was higher than 5.0%, and the priming treatment was 2.7% higher than that of the control group. By the end of composting, the germination rate and germination index ranged from 88% to 91% and 60% to 81%. Except for the control group, the C/N ratio of other treatments decreased to below 25. Additives can accelerate the decomposition of raw materials, shorten the composting cycle, and improve the quality of composts, and the effect of adding priming is the most significant.
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1. Introduction


China’s forest resources have increased rapidly in recent years [1]. Platycladus orientalis (L.) Franco is the main afforestation tree species in the Beijing mountainous area because of its drought resistance and strong adaptability. At present, most Platycladus orientalis (L.) Franco Plantations are in the half-mature stage, with low quality and relatively fragile ecosystem functions [2], and tending can improve its productivity, stand structure, and soil fertility [3]. Platycladus orientalis (L.) Franco has the characteristics of bacteriostasis and corrosion resistance, and the proportion of branches, leaves, bark, and wood is about 16:17:8:40 [4]. After tending, it produces a large amount of residual organic waste, high quality, and a long natural decomposition cycle, which is easy to cause soil nutrient loss. Some researchers have produced 18–39 t·hm−2 shreds after 10% tending intensity of 40-year-old coniferous and broad-leaved mixed plantations in Xishan, Beijing [5]; 3–12 t·hm−2 shreds were obtained after 15% intensity tending of a Platycladus orientalis (L.) Franco plantation aged 15–30 years in Huairou and Fangshan District of Beijing. Feng and others found that tending can cause nutrient loss of 90–190 kg·hm−2 in the half-mature forest of Platycladus orientalis (L.) Franco, containing about 40% nitrogen, phosphorus, and potassium [4,6]. Composting the tending shreds of Platycladus orientalis (L.) Franco can effectively solve the problem of its large number, which is not easy to deal with, and natural stacking destroys the nutrient balance in the forest.



Composting refers to crushing organic raw materials, artificially controlling water, C/N ratio, ventilation, and other conditions, and using microbial fermentation to turn waste into stable, harmless, and nutritious organic fertilizer [7], which has been mature and applied in the fields of green waste, vegetable, and crop organic waste [8,9,10]. Different treatment combinations, such as rhamnolipid, mushroom residue, earthworm dung, and zeolite, have different effects on the quality of garden greening waste composting products [11,12]. Applying tomato straw compost could not only increase tomato yield, but also improve fruit quality [13]. Tea was studied based on coarse-grained compost, and it was found that compost products had a significant impact on crop growth and health [14]. In contrast, there are few studies on in-situ composting of Platycladus orientalis (L.) Franco, tending shreds into forest organic fertilizer.



Platycladus orientalis (L.) Franco is rich in nutrients and low in bulk density, which is suitable for use as raw material for forest fertilizer [15], but it has a high content of organic macromolecules, such as lignin, cellulose, and secondary metabolites, has a dense three-dimensional network aromatic ring structure and high crystallinity [16], and requires a large amount of cellulose, lignin, Trichoderma and other microbiota, and high vitality [17]. Therefore, the traditional composting method has some disadvantages, such as a long maturity cycle, low temperature in the maturity stage, unstable compost quality, and so on. With the help of exogenous additives, such as fermentation priming [18,19], the structure of composting flora can be improved [20], the activities of microorganisms can be strengthened, the accumulation and growth of microorganisms can be promoted in a short time [21,22,23,24], and the quality of composting can be improved. It was found that the decomposition rates of cellulose, hemicellulose, and lignin in the compost increased significantly after adding bacterial agents to the mixed compost of agricultural waste and pig manure [25]. At present, there is no relevant report on the application of Exogenous Additives in the composting utilization of Platycladus orientalis (L.) Franco in tending residue forests.



In this study, the composting process of Platycladus orientalis (L.) Franco tending residue was studied with fermentation priming and common compost as additives. The composting technology suitable for the forest environment was discussed, and the changes of dynamic indexes, nutrient content, and maturity of compost under different additives were compared.




2. Materials and Methods


2.1. Study Site


The study took place in the Beitaishang Forest Farm (116°70′ E, 40°39′ N) in Huairou District, Beijing. In 2014, the Huairou District Landscaping Bureau implemented tending measures, such as cutting and irrigation, planting, and thinning on 0.806 km2 of forest land in the forest farm, with tending intensity of 15–18% and tending residue of about 45 t.



The average altitude of the study area is 91 m a.s.l. (Above sea level), belonging to the warm temperate semi-humid continental monsoon climate, with an annual average temperature of 7–19 °C. It is hot and rainy in summer and cold and dry in winter and has a short spring and autumn. The annual frost-free period is 180–200 days, 80% of the annual precipitation is concentrated in June to August in summer, and the annual average precipitation is 600–700 mm. The main soil types are brown and cinnamon, mostly loamy and sandy, with a soil thickness of 30 cm. The experimental site is dominated by a half-mature Platycladus orientalis (L.) Franco plantation, accompanied by a few broad-leaved trees, such as Quercus variabilis Blume. The understory vegetation includes Cotinus coggygria Scop and Vitex negundo Linn. Var. heterophylla (Franch.) Rehd.).




2.2. Experimental Design


The tending shreds of Platycladus orientalis (L.) Franco collected in the forest were used as composting raw materials, and the tending raw materials were crushed to a particle size of about 6 cm (the crusher model is BC 600 XL, VERMEER, Iowa, the United States). The moisture content of the raw material was adjusted to 70%, and urea (Shanghai chaoxuan Chemical Technology Co., Ltd., Shanghai, China) and diamine (64% total nutrient, 18% N, 20% P, Shanghai chaoxuan Chemical Technology Co., Ltd., Shanghai, China) were added to adjust the C/N to 40 and C/P to 100 (Table 1). Fermentation priming (developed and provided by Beijing Goldenway Biotech Co., Ltd., Beijing, China, and its beneficial viable bacteria number is ≥20 million·g−1, contains lignin enzyme, hemicellulase, etc., organic matter is ≥75%, the pH value range is 5.5–7.5) and common compost (made by traditional composting with Vitex trifolia and cow dung as the main raw materials, with organic matter content of 45%, total nutrient content of 6.4% and pH of 7.4) were selected as exogenous additives with an additional amount of 0.2% × W reactor mass. A total of 4 randomized blocks were set, each repeated 3 times, respectively:




	(1)

	
T1: The compost material C/N, C/P were adjusted, and 0.2% priming was added;




	(2)

	
T2: The compost material C/N, C/P were adjusted, and 0.2% common compost was added;




	(3)

	
T3: Adjusted the raw materials C/N and C/P only, without any additives.




	(4)

	
T4 (CK, short for control check): The control check group was composted in situ after crushing the raw materials of tending materials without the regulation of C, N, and P.









After the preparation of composting raw materials, we started composting in early May, and the site was selected as the original place inside the forest. We used plastic film to seal the compost (Figure 1) to control the evaporation and heat dissipation of water and effectively retain the heat in the reactor. According to the settings of different treatment groups, raw materials and additives were mixed evenly and stacked into cuboids of about 5–7 m3; We placed the TDR detector (the TDR model is EM50 with ECH2O soil monitoring system, METER, Washington, the United States) detection line in each reactor and covered it with plastic agricultural film. The TDR tester was set to record data every 30 min and run for 24 h. When it was detected that the temperature of the pile had a peak value and continued to decline, it was turned over once and covered with agricultural film again until the end of composting.




2.3. Sample Collection and Index Determination


A total of 5 mixed fertilizer samples at the middle, upper, middle, lower, left, and right positions of each pile body were collected after composting (as shown in Figure 1). After the samples were air-dried, they were crushed and screened to 1 mm, 0.25 mm, and 0.149 mm.



Temperature, moisture content, electrical conductivity (EC), and degradation rate of wood fiber components were selected as the change indexes of the composting process. The temperature, moisture content, and conductivity were automatically monitored by the TDR detector placed in advance. After composting, the data of moisture content, conductivity, and temperature in the pile in the moisture detector were collected every 2 weeks until the end of composting in the 8th week. The lignocellulosic components in the composting stage were determined by the Van-Soest washing fiber analysis method; after the contents of cellulose, hemicellulose, and lignin were determined, respectively, the degradation rate of each component was calculated [26,27].


Hemicellulose (%) = neutral detergent fiber (%) − acid detergent fiber (%)



(1)






Cellulose (%) = acid detergent fiber (%) − residue after 72% sulfuric acid treatment (%)



(2)






Lignin (%) = residue treated with 72% sulfuric acid (%) − ash (%)



(3)







PH value, organic matter, total nitrogen (TN), phosphorus (P2O5), potassium (K2O), and total nutrients were selected as indicators of composting quality. Among them, pH value was determined by a pH meter (FE28, METTLER TOLEDO, Zurich, Switzerland), and organic matter was determined by Potassium Dichromate Capacity external heating method [28]. After the sample was digested with H2SO4-H2O2, TN was measured with a Kjeldahl nitrogen determinator (KDN04A, DECCA, Shenzhen, China) [28], P2O5 with a spectrophotometer (UV-5600, FUP, Shanghai, China) [28], and K2O with a flame photometer (TT5D, FUP, Shanghai, China) [28]. The total nutrient content was obtained by adding TN, P2O5, and K2O.



C/N, germination rate, and germination index (GI) were selected as indicators of the compost maturity stage. One hundred perennial ryegrass seeds (Beijing Academy of agricultural and Forestry Sciences, Beijing, China) were selected for the germination experiment [12,29]. They were cultured at room temperature for 96 h. The number of germinated seeds was counted, and the root length was measured. Each treatment was repeated 3 times. Distilled water was used as the blank control group. Finally, the germination rate and GI of seeds were calculated.



The chemical reagents involved in the experiment are all from Aladdin, which are chemically pure.


Germination rate (%) = number of germinated seeds/number of tested seeds × 100%



(4)






Germination Index (%) = (seed germination rate of compost extract) × Seed root length)/(seed germination rate of distilled water × Seed root length) × 100%



(5)








2.4. Data Collection


The data of composting process change indicators (temperature, moisture content, and EC) in the TDR moisture detector were exported. The decomposition rates of cellulose, hemicellulose, and lignin are calculated from Formulas (1)–(3) in Section 2.3; and the Germination Rate and Germination Index were calculated by Formulas (4) and (5) in Section 2.3.



Means and standard deviations of each compost were calculated in Excel 2016 (Office 2016, Microsoft, Redmond, the United States). Four one-way ANOVAs (in SPSS 20.0, Shanghai, China) were used to determine:




	(1)

	
The differences in moisture content, EC, and temperature in different treatment groups at each period of composting;




	(2)

	
The calculation and drawing of decomposition rates of lignin, cellulose, and hemicellulose in composting;




	(3)

	
Indexes, such as nutrient content and maturity of compost, and indexes, such as pH, organic matter, and total nutrient content of compost;




	(4)

	
Multiple comparisons were made at the level of 0.05 by Tukey’s test to obtain the significant differences of monitoring indicators and fertilizer nutrient content of different treatments in the composting process.











3. Results


3.1. Effect of Additives on the Composting Process of Platycladus orientalis (L.) Franco Tending Shreds


3.1.1. Temperature Variation


The composting process lasted for 8 weeks, and the average temperature of T1 and T2 was always higher than that of the other two treatments (Figure 2). The temperature of each treatment first increased with the increase of stacking time, reached its peak around the 6th week, and then decreased gradually. The average temperature variation range of T1 and T3 was relatively large, with a temperature difference of 4–6 °C; T1 had the highest peak temperature, more than 50 °C, followed by T2. The average temperature of T4 varied from 35.6 °C to 38.4 °C, with the smallest variation range and the lowest peak value. The difference between the peak temperature of T1 and that of T4 was 12.6 °C. In terms of significance, from the beginning of composting to the second week, there was a significant difference between the average temperature of T1 and T2 and the other two treatments (p < 0.05). At this time, T1 and T2 reached more than 45 °C. There was a significant difference between the four treatments from the peak temperature in the 6th week to the end of composting in the 8th week. In conclusion, when priming was used as an additive, the temperature changed most obviously in the composting process, and the peak average temperature was the highest, which could reach the high-temperature decomposition stage; the treatment with common compost had the second highest peak temperature.




3.1.2. Moisture Content


In the whole composting cycle, the average moisture content of T2 varied by 14%, and the peak reached 57%, with the largest variation and the highest peak. In contrast, T4 had the smallest change, only 4%, which was 1.2 times different from the peak moisture content of T2 (Figure 3). The average moisture content of T2 always maintained an upward trend. T1, T3, and T4 increased first and then stabilized, and the peak appeared in the sixth week. In terms of significance, from the beginning of composting to the second week, the average moisture content of T1, T2, and T3 gradually showed differences from T4 (p < 0.05). By the 8th week, there were significant differences among the four treatments. The average moisture content of T2 and T1 was more than 50%, and the order from high to low was T2 > T1 > T3 > T4. There was no significant difference between T1 and T3. On the whole, the addition of common compost had the greatest impact on the change of water content in the composting process and at the end of composting, followed by the addition of a detonating agent.




3.1.3. Electrical Conductivity (EC) Value


From the beginning of composting to the end of the 8th week, the average EC values of T1 and T2 were always greater than 1.00 MS·cm−1. In contrast, T1 changed the most and T3 changed the least (Figure 4). T2, T3, and T4 peaked around the 6th week, and the difference between T1 with the highest peak and T4 with the lowest peak was 3.9 times. In addition to the continuous growth of the T1 average EC value, the other three treatments increased first and then decreased with time. In terms of significance, the significance of the difference between the treatments changed from large to small and then to large with the composting time. From the second week of composting, the average EC values of T1 and T2 were significantly different from those of other treatments (p < 0.05), and the difference decreased in the middle stage of composting. By week 8, there was a significant difference in the average EC value between the four treatments. In the whole composting process, the difference between T3 and T4 was not significant. It could be seen that the use of a detonator had the greatest impact on the EC value in the composting process, and the EC value content was the highest at the end of composting; adding common compost followed.




3.1.4. Degradation Rate of Cellulose, Lignin, and Hemicellulose


From the beginning of composting to the end of the 8th week, the decomposition rate of lignocellulose in each group increased with the accumulation of composting time (Figure 5). The change of cellulose decomposition rate in each stage of composting was similar and showed a continuous growth state, from high to low, T1 > T2 > T3 > T4; at the end of composting, the decomposition rate (Figure 5a) of T1 cellulose was 1.7 times that of T4. The lignin decomposition rate (Figure 5b) of T2 was the highest in the early stage of composting, which was slightly lower than T1 after 6 weeks. Compared with T4, the lignin decomposition rate of T1 increased by 5.6%~12.5% in the whole cycle and reached 25.5% at the end of composting. The decomposition rates of T1 and T2 hemicellulose were always significantly higher than T3 and T4 and began to slow down at the 6th week. In the whole cycle, the hemicellulose decomposition rate (Figure 5c) of T2 increased by 18.6%, which was 1.9 times that of T3 and 3.2 times that of T4. It could be seen that the detonator had the most obvious effect on the decomposition rate of cellulose and lignin, and the addition of common compost had a significant effect on the decomposition rate of hemicellulose.





3.2. Effect of Additives on Composting Quality of Platycladus orientalis (L.) Franco Tending Shreds


3.2.1. pH Value and Organic Matter Content


At the end of the 8th week, the pH of T1 and T2 reached more than 7.0, and T1 was the highest, up to 7.5; in contrast, T4 was the lowest, only 5.9 (Figure 6a). There was no significant difference in pH between T1 and T2, but there was a significant difference between T3 and T4 (p < 0.05). The order of compost pH from high to low was T1 > T2 > T3 > T4. The average organic matter content of compost in each treatment was significantly different (Figure 6b). Among them, the average organic matter content of T1 was the highest, up to 52%; the organic matter content of T1 and T2 had a significant difference, and T2 and T3 were up to more than 40%; T4 had the lowest organic matter content, only 30%, which was 1.7 times higher than T1. On the whole, the addition of a detonating agent and common fertilizer had the most obvious effect on the regulation of compost pH and had a great impact on promoting the release of organic matter from the raw material of Oriental Arborvitae tending.




3.2.2. TN, K2O, P2O5, and Total Nutrients


The nutrient content of raw materials was the same, and there was a great difference in the nutrient content of each compost after 8 weeks (Figure 7). There was no significant difference in total nitrogen (TN) between T1, T2, and T3 and T4; the total nitrogen contents of T2 and T3 were close, and the highest T1 increased by 2.04% compared with the lowest T4. There was no significant difference in total potassium (K2O) content between T1 and T2, but there was a significant difference with the other two treatments; T1 with the highest content is close to twice that of T4 with the lowest content. The content of total phosphorus (P2O5) in each group was close, and the value was between 0.50%–0.60%; T3 was the highest on average, up to 0.71%. There was no significant difference among T1, T2, and T4. In terms of total nutrients (TN + K2O + P2O5), the contents of T1 and T2 were close, which met the requirements of organic fertilizer for total nutrients ≥5.0%, of which T1 was the highest, up to 5.8%. The difference between the lowest T4 and T1 was 1.8 times. There were significant differences among the average values of total nutrients in each treatment. In conclusion, the decomposition rate of raw materials and nutrient mineralization rate of Platycladus orientalis (L.) Franco tending added with a detonating agent and common compost was the highest, especially in terms of nitrogen, potassium, and total nutrient content.




3.2.3. Compost Maturity Test


By the end of the 8th week of fermentation, the C/N of T1, T2, and T3 had not decreased from 40 to below 30 except T4 (Table 2). Relatively speaking, the C/N of T3 is the most ideal, followed by T1. In the application of landscaping waste composting, if GI > 50%, it could be considered that the compost had no toxicity and met the requirements of maturity. This index also had a considerable reference value for forest tending compost. By the 8th week, the GI of each treatment reached more than 60%, reaching the harmless standard; T2 reached 81%, and the degree of maturity was the best. It could be seen that the compost of each treatment had reached the maturity level, but the use of additives effectively reduced the C/N of compost and promoted seed germination and root growth; among them, adding common compost had the best maturity, followed by adding the detonating agent.






4. Discussion


4.1. Effect of Additives on the Composting Process of Platycladus orientalis (L.) Franco Tending Shreds


Composting temperature is an important index of microbial activity. In this study, the use of additives (T1 and T2) significantly improved the microbial activity and released a large amount of heat in the composting process, while only adjusting raw material C/N and C/P (T3 and T4) had no obvious effect on the rise of composting temperature, which was consistent with the research results of Ajuna B [24]. Compared with the peak temperature of more than 60 °C in the composting process of other scholars [16,30,31,32], the peak temperature of composting in this study is slightly lower, and only the peak temperature of the detonator group can reach the high-temperature decomposition temperature of more than 50 °C. According to the research, when the heap temperature reaches above 45 °C, all 400 corn borers in the corn stubble can die within 1 h [33]. Therefore, in the practical application of composting of tending shreds of Platycladus orientalis (L.) Franco, the peak temperature of 45 °C and above is acceptable and operable at the present stage, and the compost at this temperature can be judged to have reached the stage of high-temperature maturity. Our study shows that detonating agents and common compost as additives can promote the reactor to reach sufficient temperature levels, provide a suitable environment for microbial quantity accumulation and vitality improvement, and ensure that the compost meets the non-toxic standard. Due to the particularity of Platycladus orientalis (L.) Franco, on the premise of reaching the harmless standard, the lower composting temperature is conducive to the long-term formation of humus and prolongs the timeliness of composting. Studies have shown that the combination of adjusting the C/N ratio and additives can prolong the fermentation time in the high-temperature stage of composting [34,35]. As an additive, the detonator has the most obvious effect of rapid temperature rise in a short time, promoting the transition from composting to humification, reaching the high-temperature decomposition stage, and has the strongest ability of insecticidal activity and sterilization.



This study shows that in the process of composting, the average moisture content of most treatments is the highest at the 6th week. It shows that when composting is carried out to the 6th week, the number of microorganisms in the reactor reaches the maximum and the activity is the most intense [32]. The water content of the treatment with common compost reaches the maximum at the end of composting, which may be because the particle size of common compost is large, which increases the space of compost to a certain extent, to enhance the water holding capacity of compost. The water in compost is the basis of microbial metabolism. It can not only dissolve organic matter but also volatilize and dissipate heat and adjust the reactor temperature [7]. The particle size of the raw materials of Platycladus orientalis (L.) Franco tending shreds is relatively large and the macromolecular content is large, which is not easy to decompose compared with the landscaping wastes. Based on the use of additives, this study uses the technical means of covering plastic film to control the volatilization and heat dissipation of water, accelerate the dissolution of organic matter in a short time, and increase the voids, which effectively improves the voids and water holding capacity of Platycladus orientalis (L.) Franco tending compost, to enhance the water retention. The research of some foreign scholars has confirmed the feasibility of this [36,37].



EC represents the content of soluble salt in compost, and a higher EC value in a certain range represents the more stable the compost product is [38,39]. The detonator can effectively promote the release of soluble salt, reduce the loss of nitrogen, retain more nutrients, and the compost quality is the most stable. The EC values of the other three treatments increased first and then decreased, which is consistent with the research results of Tian [40]. This may be because, in the early stage of composting, the raw materials of Platycladus orientalis (L.) Franco are decomposed into small molecules and ions, increasing the EC value, while in the later stage, the soluble salt and EC value are reduced through the volatilization of carbon dioxide, ammonia, and other gases and the formation of humus [41]. Compared with the research results of landscaping waste [11,38], the variation range of EC average value of compost in each treatment in this study is low, which is related to the high content of lignocellulose in the tending residue of Platycladus orientalis (L.) Franco, which inhibits the release of soluble salt to a certain extent. However, by comparing the EC values of composting with two different additives, it can be seen that the use of additives has a significant effect on promoting the release of soluble salt from raw materials, accelerating the decomposition of the tending shreds of Platycladus orientalis (L.) Franco and making up for the limitations of the characteristics of forestry tree species to a certain extent. There was no significant difference between the control group and the treatment only with the regulation of raw materials C, N, and P, indicating that the regulation of C/N and C/P had no absolute effect on the EC value of compost.



Studies have shown that [16,42,43] the addition of exogenous active microorganisms can accelerate the degradation of lignocellulose and degrade difficult macromolecules into small molecular organic matter. Platycladus orientalis (L.) Franco has a high content of organic macromolecules, such as lignin, cellulose, and secondary metabolites, a large amount of cellulose, lignin, Trichoderma, and other microbiota required for decomposition, and high activity requirements [8], while the specific surface area of branches and leaves is small, which can provide a limited attachment surface for microorganisms, thus affecting the quantity accumulation and activity of microorganisms. The degradation rate of lignocellulose in compost increased by 5.6–18.6% after using a detonating agent and common compost as additives. It can be seen that additives can accelerate the decomposition of Platycladus orientalis (L.) Franco raw materials, provide greater microbial attachment space, and significantly improve the degradation rate of lignin and cellulose, which is consistent with the research results of other scholars [24,26,31,44]. In this study, the effect of the detonator on the decomposition rate of cellulose and lignin was obvious, and the common compost had a significant effect on accelerating the decomposition rate of hemicellulose. This may be because hemicellulose is relatively unstable, the detonator can provide a relatively stable microbial environment, make the ability to compost to release lignin more lasting, and the decomposition of hemicellulose is slower.




4.2. Effect of Additives on Composting Quality of Platycladus orientalis (L.) Franco Tending Shreds


This study shows that the pH range of each group of compost increased by the end of composting, reaching the pH range standard with the highest microbial number and activity. This is because microbial metabolism can help produce actinomycetes and fungi conducive to lignin and cellulose decomposition in the early stage of composting [7,8], and help produce alkaline substances and organic acid degradation in the later stage, to improve the pH value [27,42]. The use of additives can help Platycladus orientalis (L.) Franco tending compost maintain a good microbial acid–base environment, while the treatment without additives is still in an acidic environment in the later stage of composting, affecting the composting quality, which is consistent with the research results of previous scholars [12,40]. The pH value range of the biological detonator added in this study is 5.5–7.5, and the pH range of compost in each treatment group is 5.9–7.5. According to the research results of some researchers, composting is consistent with the microbial activity range, which is more conducive to metabolism and degradation [45], so the detonator is very suitable for promoting the composting treatment of Platycladus orientalis (L.) Franco tending. At present, the standard range of pH of organic fertilizer is 5.5–8.5, and the standard range of pH of domestic waste and landscaping waste is 7.0–8.0. There is little research on composting of forest tending shreds, and the pH index can only be used as a necessary but not sufficient condition for composting maturity, so there is no written pH standard for composting Platycladus orientalis (L.) Franco tending shreds for reference. The results of this study can provide a practical production basis for the pH standard of composting application of Oriental Arborvitae tending shreds.



In this study, there is no significant difference in phosphorus between the treatment with additives and the control group, indicating that the use of additives has a certain inhibitory effect on phosphorus accumulation, which is consistent with the research results of Zhang et al. [46]. According to the research results of Babett, microbial agents can bring visible nitrogen content increases [47]. However, in this study, there was a significant difference in total nitrogen between each treatment and the control group, and there was no significant difference between the three treatments, which was similar to some research results [48,49]. The reason may be that microbial addition will stimulate the activity of nitrogen-containing compounds [50], and metabolism will produce a certain amount of ammonia, resulting in nitrogen loss [8]; however, at the same time, the use of foreign aid additives effectively enhances nitrification and inhibits denitrification to reduce nitrogen loss. Therefore, based on adjusting C/N and C/P, the use of additives has little effect on the increase of total nitrogen. In terms of total nutrients, the total nutrients treated with the detonating agent and common compost reached the organic fertilizer standard of more than 5.0%. A large number of microbiota in the detonator can effectively accelerate the mineralization rate of raw materials and greatly improve the effective nutrients and quality of compost. Compared with composting materials, the total nutrient content of the control group decreased slightly after composting. This is because in the process of composting in the forest, the bottom of the pile is in direct contact with the soil, and some nutrients will be immersed into the soil with water. Without the help of foreign microorganisms, the caresses of Platycladus orientalis (L.) Franco in the control group decompose slowly, and the loss of nutrients is faster than that of supplements.



Immature compost products contain phytotoxic substances, which inhibit plant growth. Therefore, by observing the germination of plant seeds in compost products, we can accurately judge whether they are rotten and contain toxic substances [12,29]. Generally, GI and C/N ratios are selected as the main indicators to judge the biological toxicity, nitrification, and mineralization of compost [51]. The results showed that the GI of each treatment was more than 60%, reaching the subsidiary standard. Without additives, the compost of Oriental Arborvitae tending can reach a harmless level, but additives, such as detonating agents and common compost, can significantly promote seed germination and plant root growth, consume carbon sources, and reduce nitrogen loss. Compared with the research results of other scholars with C/N < 20 [51,52], the C/N of each treatment at the end of composting in this study is slightly higher, which may be because the initial C/N adjustment of raw materials is not very low, and the space is limited. However, in the practical application of Platycladus orientalis (L.) Franco tending compost, a higher initial C/N in a reasonable range is more favorable. On the one hand, the content of lignocellulose in the tending residue of Platycladus orientalis (L.) Franco is high, and the low initial C/N is not conducive to the formation of slow-release compost in the later stage, which affects the long-term and lasting formation of humus after composting; on the other hand, the forest environment is complex and difficult to operate. Artificially adjusting the low initial C/N will consume a lot of human and material resources, which greatly reduces the cost performance of Platycladus orientalis (L.) Franco tending compost in the forest.





5. Conclusions


This study discussed the technical means suitable for composting and applied exogenous additives in the composting of Platycladus orientalis (L.) Franco tending shreds in a forest. The main advantages are reflected in two aspects: (1) The addition of detonator and common compost greatly increased the number and activity of microorganisms in the compost of Platycladus orientalis (L.) Franco tending shreds, so it effectively destroyed the structure of lignin, cellulose, and other non-decomposable substances of Platycladus orientalis (L.) Franco; (2) The use of exogenous additives provides a certain amount of nutrients for the raw materials of Platycladus orientalis (L.) Franco tending in the process of composting and promotes the metabolism of microorganisms and the rapid decomposition of organic materials. In general, based on adjusting the C/N and C/P of crushed raw materials, the purpose of high-temperature sterilization can be achieved by artificially adjusting the moisture content and covering with agricultural film to accelerate the temperature rise, shorten the natural decomposition cycle of several years to 2–3 months, and effectively speed up the composting process of Platycladus orientalis (L.) Franco tending products; the overall effect of adding a detonator is better than adding common compost.
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Figure 1. Sample collection. From left to right are photos of composting in Platycladus orientalis (L.) Franco, location of 5 sampling points of mixed samples, and collection of compost mixed samples by quartering method. 
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Figure 2. Change of temperature in different treatments. T1: adjust C/N, C/P + 0.2% priming; T2: adjust C/N, C/P + 0.2% common compost; T3: adjust C/N, C/P; T4 (CK): raw material grinding of tending material. Different letters indicate a significant difference at the 0.05 level. 
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Figure 3. Change of moisture in different treatments. T1: adjust C/N, C/P + 0.2% priming; T2: adjust C/N, C/P + 0.2% common compost; T3: adjust C/N, C/P; T4 (CK): raw material grinding of tending material. Different letters indicate a significant difference at the 0.05 level. 
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Figure 4. Change of EC in different treatments. T1: adjust C/N, C/P + 0.2% priming; T2: adjust C/N, C/P + 0.2% common compost; T3: adjust C/N, C/P; T4 (CK): raw material grinding of tending material. Different letters indicate a significant difference at the 0.05 level. 
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Figure 5. Change of degradation rate of cellulose (a), lignin (b), and hemicellulose (c) in compost with different treatments. T1: adjust C/N, C/P + 0.2% priming; T2: adjust C/N, C/P + 0.2% common compost; T3: adjust C/N, C/P; T4 (CK): raw material grinding of tending material. Different letters indicate a significant difference at the 0.05 level. 
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Figure 6. pH (a) and the mass fraction of organic matter (b) of different treatments. T1: adjust C/N, C/P + 0.2% priming; T2: adjust C/N, C/P + 0.2% common compost; T3: adjust C/N, C/P; T4 (CK): raw material grinding of tending material. Different letters indicate a significant difference at the 0.05 level. 
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Figure 7. Nutrient content of different treatments. T1: adjust C/N, C/P + 0.2% priming; T2: adjust C/N, C/P + 0.2% common compost; T3: adjust C/N, C/P; T4 (CK): raw material grinding of tending material. Different letters indicate a significant difference at the 0.05 level. 
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Table 1. Characteristic of Platycladus orientalis (L.) Franco tending shreds.
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	Tending Shreds
	Moisture (%)
	C/N
	C/P
	Total Nutrient

(TN * + K2O + P2O5, %)





	Before adjustment
	35
	80:1
	200:1
	3.3



	After adjustment
	70
	40:1
	100:1
	3.5







* TN stands for the abbreviation of Total Nitrogen.
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Table 2. Compost maturity tests of different treatments.
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	Treatments
	C/N
	Germination Percentage (%)
	Germination Index

(%)





	T1 *
	23 ± 0.16 b
	91 ± 3.06 a
	69 ± 1.93 c



	T2 *
	25 ± 0.21 b
	92 ± 4.16 a
	81 ± 2.33 a



	T3 *
	22 ± 0.68 b
	88 ± 0.58 a
	65 ± 6.82 c



	T4 *
	37 ± 1.82 a
	88 ± 4.73 a
	77 ± 7.93 b







* T1: adjust C/N, C/P + 0.2% priming; T2: adjust C/N, C/P + 0.2% common compost; T3: adjust C/N, C/P; T4 (CK): raw material grinding of tending material. Data are means ± standard error; different letters in the same item indicate significant difference at the 0.05 level.
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