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The effects of covering technology and the combined membrane covering 
with biochar on nutritional elements content during the aerobic composting 
process of agricultural waste were studied. The results showed that the 
concentration effect of organic matter degradation during composting 
increased the nitrogen, phosphorus, and potassium contents in all 
treatment groups. The proportion of available phosphorus and available 
potassium also increased to varying degrees. Compared with composting 
without an expanded poly(tetrafluoroethylene) (PTFE) covering with 0.2 to 
0.4 µm pores, the covered composting increased the total nitrogen, total 
phosphorus, total potassium, available phosphorus, and available 
potassium contents by 13.1%, 12.6%, 7.4%, 21.5%, and 16.6%, 
respectively, while the addition of biochar to polymer membrane-covered 
composting increased the total nitrogen, total phosphorus, total 
potassium, available phosphorus, and available potassium contents by 
19.7%, 13.7%, 8.3%, 18.0%, and 20.2%, respectively. This study indicated 
that membrane covering technology can effectively increase the nutrient 
element contents in compost products and the availability of phosphorus 
and potassium and that the addition of biochar enhances these effects. 
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INTRODUCTION 
 

Nitrogen, phosphorus, and potassium are essential components that underpin soil 

productivity (Islam et al. 2023). Increasing the soil nutrient reservoir capacity is an 

important aspect of soil fertility improvement (Palacino et al. 2024). Recycling and reuse 

of nutrients in agricultural ecosystems is a traditional practice in China’s agricultural 

fertilization process, playing a crucial part in preserving soil nutrients and improving soil 

fertility (Yang et al. 2022). Maintaining the recycling and reuse of nutrients based on 

appropriate fertilization strategies not only can meet the nutrient demands of high-yield 

crops and balance the soil nutrient needs, but it also can reduce the excess nutrients entering 

the environment, thereby mitigating the environmental risks caused by irrational 

fertilization (Kwadjo et al. 2018; Xing et al. 2022). This is of great significance for 

maintaining basic soil fertility, improving cultivated land quality, and promoting green and 

sustainable agricultural development (Reddy et al. 2024). 
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Agricultural waste consists of organic materials discarded during the agricultural 

production process. It typically contains a high concentration of nitrogen, phosphorus, and 

potassium, which are essential components that the soil critically requires (Ren et al. 2022). 

Mo et al. (2009) analyzed the nutritional components of tomato, cucumber, chili, and 

headed cabbage wastes and demonstrated that the nitrogen, phosphorus, and potassium 

contents of the wastes ranged from 3.2% to 8.6%, the organic matter content ranged from 

42.8% to 67.4%, and the trace element contents, including calcium, iron, and zinc, ranged 

from 1.62% to 8.71%. Cai (2015) researched vegetables in the Yuzhong area of Gansu and 

found that the nitrogen, phosphorus, and potassium contents in greenhouse-cultivated 

Solanaceae plants were higher than those in land-cultivated plants. Additionally, the 

nitrogen and potassium contents were higher than the phosphorus content. The total carbon 

and lignin contents were the highest in open-field eggplants, and the highest cellulose 

content (54 %) was found in greenhouse chili peppers. 

Rational and efficient resource utilization of agricultural waste has significant 

ecological and social benefits (Cao et al. 2024a). Composting and returning to the field are 

the most widely used methods for resource utilization of agricultural waste (Wei et al. 

2021). Chinese farmers have used compost for thousands of years (Li et al. 2023). Different 

from the relatively stable phosphorus and potassium elements, during the composting 

process, nitrogen can be excreted by its transformation into gases such as ammonia and 

nitrous oxide. This can lead to the loss of nutrient elements in the compost and 

simultaneously cause odor pollution. Recently, with advancements in technology, the 

polymer membrane-covered composting method has been widely researched and applied 

because of its economic efficiency and effective deodorization capabilities (Ma et al. 2017; 

Li et al. 2021a; Cui et al. 2024; Lin et al. 2024). The main functional structure of the 

polymer film is expanded polytetrafluoroethylene (e-PTFE), which has uniformly 

distributed pores that generally have an aperture of 0.2 to 0.4 micrometers. Such tiny pores 

can effectively reduce the emission of ammonia and other malodorous gases during the 

composting process. Qin et al. (2022) found that at a sludge, garden waste, and corn straw 

ratio of 7:3:1 and an aeration rate of 0.125 m³/min·m³, the polymer film composting method 

achieved the best maturity and nitrogen fixation effect. Sun et al. (2014) explored the 

application of membrane-covering technology in the sludge composting process on the 

Qinghai-Tibet Plateau and found that membrane-covering technology could reduce the 

emission of nitrous oxide and ammonia during composting. Gonzalez et al. (2016) 

analyzed physicochemical properties and microorganisms during the sludge composting 

process under membrane-covering conditions and discovered that the membrane could 

reduce the odor emission rate approximately 90% during composting. Cao et al. (2022, 

2024b) found that membrane-covered composting had a better effect on reducing ammonia 

emissions than traditional methods, such as adding superphosphate or biochar.  

Research on polymer membrane-covered composting technology has mainly 

focused on improving composting efficiency and reducing ammonia emissions. However, 

the impact of membrane-covered composting technology on nutrient elements, such as 

nitrogen, phosphorus, and potassium, in compost materials has rarely been reported. In this 

study, the authors aimed to investigate the impact of polymer membrane-covered 

composting and the simultaneous addition of biochar on nitrogen, phosphorus, and 

potassium contents during the aerobic composting of agricultural waste to provide 

technical support for promoting nutrient recycling in the utilization of agricultural waste 

for fertilization purposes and reducing the application of chemical fertilizers in agricultural 

production. 
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EXPERIMENTAL 
 

Materials 
The tomato straw and mushroom residue used in this study were sourced from a 

large vegetable cultivation garden in Nanjing, China. The tomato straw was cut to less than 

3 cm. Biochar was purchased from Nanjing Qinfeng Straw Technology Co., Ltd., and rice 

straw was used as the raw material. The cation exchange capacity and specific surface area 

of the biochar were 9.4 cmol/kg-1 and 53.5 m2/g-1, respectively. The nutrient element 

contents and basic physicochemical properties of the composting materials are shown in 

Table 1. 

 

Table 1. Physicochemical Properties of Composting Materials 

 
Experimental Design  

The composting apparatus used in this study, as shown in Fig. 1, primarily consisted 

of a 500-L fermentation container, container control system, and an aeration system. Air 

was pumped into the bottom of the material through a pipeline at a fixed flow rate of 0.1 

m3·min-1·m-3 (Cao et al. 2022).  

 

 
Fig. 1. Structure diagram of aerobic composting device 

Parameters TC (%) TN (%) C/N MC (%) TK (%) TP (%) 

Tomato stalks 46.31 ± 1.76 1.40 ± 0.05 33.08 ± 1.03 20.7 ± 1.22 2.37 ± 0.09 1.25 ± 0.06 

Mushroom residue 20.42 ± 1.23 1.07 ± 0.02 19.08 ± 0.56 49.4 ± 0.39 1.62 ± 0.06 0.43 ± 0.04 

Biochar 46.84 ± 0.75 0.59 ± 0.06 79.39 ± 0.25 2.7 ± 0.09 0.53 ± 0.04 0.51 ± 0.02 

Mixture 38.17 ± 0.45 1.30 ± 0.04 29.36 ± 0.25 62.8 ± 1.98 2.13 ± 0.09 0.99 ± 0.07 

TC, total carbon; TN, total nitrogen; C/N. carbon/nitrogen ratio; MC, matter content; TP, total 
phosphorus; TK, total potassium 
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Well-mixed materials of the same weight were placed into three fermentation units 

and labeled as CK, T1, and T2. In the T2 group, an additional 10% biochar was added to 

the composting material. The upper part of the fermentation container of the CK group was 

left uncovered, whereas the top parts of the fermentation containers in the T1 and T2 groups 

were covered with a polymer membrane composed of expanded polytetrafluoroethylene 

(e-PTFE) porous membrane material. 

 
Sample Collection and Analysis 

The composting experiment lasted 36 days. Samples were taken from different 

parts of the compost pile using the 3-point method on days 0, 6, 12, 18, 24, 30, and 36 of 

the experiment. After evenly mixing the samples, three separate samples were taken and 

immediately tested for nutritional elements such as nitrogen, phosphorus, and potassium. 

Total carbon (TC) and total nitrogen (TN) were determined using an elemental analyzer 

(Vario MACRO cube, Germany). For the determination of ammonium nitrogen and nitrate 

nitrogen, a 2 M potassium chloride solution was used for extraction for 60 min with a solid-

to-liquid ratio of 1:10 (m/V, based on dry weight). After the mixture was allowed to stand 

for 30 min, it was centrifuged and filtered. The filtrate was analyzed using a flow analyzer 

(iFIA7; Beijing Titian Instrument Co., Ltd, Beijing, China). Total potassium (TK) and total 

phosphorus (TP) content were measured using flame photometry (HD-20; Shandong Horde 

Electronic Technology Co., Ltd, Shandong, China) and the alkali fusion-molybdenum 

antimony anti-spectrophotometric method (HD-UV60; Shandong Horde Electronic 

Technology Co., Ltd, Shandong, China), respectively. Available phosphorus content (AP) 

was determined using the sodium bicarbonate extraction-molybdenum-antimony anti-

colorimetric method (Liu et al. 2014). Available potassium (AK) was measured using an 

ammonium acetate extraction-flame photometer (HD-20; Shandong Horde Electronic 

Technology Co., Ltd, Shandong, China). Organic matter content was measured using the 

potassium dichromate volumetric method (NY/T 525 (2021)). All test samples were set in 

three parallels. The compost pile temperature was measured automatically using a 

continuous temperature-monitoring probe built into the fermentation device. The average 

value was taken as the daily compost temperature, and the ambient temperature was 

measured simultaneously. 

 

Data and Statistical Analyses 
The test data were processed using Excel 2016 (Microsoft Corp., Redmond, WA, 

USA) and statistically analyzed using SPSS 22.0 (IBM Corp., Armonk, NY, USA). Graphs 

were created using Origin 9.1 (OriginLab Corp., Northampton, MA, USA). Data Analysis 

of Variance (ANOVA) was conducted using Statistical Analysis System (SAS) version 9.4 

(SAS Institute Inc., Cary, NC, USA). The mean comparison was conducted using Tukey’s 

test at a significance level of 0.05. 

 

 

RESULTS AND DISCUSSION 
 
Temperature Changes 

Temperature is one of the most important factors affecting microbial activity and 

the aerobic composting process of organic solid waste and reflects microbial activity in the 

composting system. The temperature changes of the materials in the three experimental 
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groups are shown in Fig. 2, all exhibiting a sharp rise, followed by a brief period of stability 

and gradual decline. 

 
Fig. 2. Temperature profiles of the three groups. Run CK: control; Run T1, membrane covering; 
Run T2, membrane covering + biochar addition 
 

The temperature in the CK, T1, and T2 groups peaked at 63.8, 67.7, and 73.6 °C on 

the 6th, 4th, and 3rd days, respectively, after the start of the experiment. Throughout the 

composting cycle, the high-temperature periods (≥ 55 °C) lasted for 5, 8, and 9 days, 

respectively. The changes in temperature during aerobic composting mainly depend on 

material conditions, microbial growth and metabolism, and insulation effects. Compared 

with the CK group, the T1 group covered with a polymer film exhibited higher compost 

temperatures (p＜0.05) and longer high-temperature periods (p＜0.05). This was attributed 

mainly to the good insulation effects of the polymer film, creating a relatively closed and 

stable composting environment and enhancing microbial activity. This result is consistent 

with those of Cao et al. (2022). Regarding temperature increase and performance 

maintenance, the T2 group, in which both membrane covering and biochar addition were 

applied, showed the best results. This is consistent with the porous structure of the biochar, 

which provided an excellent area for microbial growth and metabolism. The biochar also 

made the whole bed more evenly permeable, allowing the pumped air to be distributed 

better throughout the compost pile, accelerating the degradation of organic matter, and 

increasing the compost temperature. Continuous high temperatures can more effectively 

kill harmful microorganisms in the material, and the composting inoculants contain heat-

resistant strains; therefore, it will not restrict the progress of the composting reaction. Wang 

et al. (2024) reported similar findings when biochar was added to an animal manure 

composting process. 

 

Changes in the Organic Matter Content 
Composting is a process in which unstable organic matter in a mixture undergoes 

microbial degradation, transformation, and humic acid synthesis. Therefore, changes in the 
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organic matter content of the mixture reflect, to a great extent, the microbial metabolic 

processes, and the progress of the composting reaction. The changes in the organic matter 

content in the three experimental groups are shown in Fig. 3. 

 
Fig. 3. Organic matter content variation profiles of the three experimental groups 
 

As the composting reaction continued, the organic matter content in each 

composting group exhibited a gradually declining trend, with higher and lower declining 

rates in the early and later stages, respectively. At the end of the experiment, the organic 

matter content of the materials in the CK, T1, and T2 experimental groups decreased from 

the initial composting levels of 59.3%, 59.3%, and 57.8% to 45.5%, 41.2%, and 42.2%, 

respectively, with reductions of 23.2%, 30.5%, and 27.0%, respectively. The degradation 

percentages (T1 > T2 > CK) indicated that the polymer membrane-covered technology 

effectively increased the degradation rate of organic matter during the composting process. 

This was mainly because the membrane covering formed a relatively enclosed micro-

positive-pressure composting environment, which was beneficial for microbial growth and 

metabolism (Li et al. 2023). This corresponds to the higher material temperature in the T1 

group. The micro-positive pressure composting environment promoted oxygen distribution 

within the material, resulting in better decomposition effects. The extent of organic matter 

degradation in the T2 treatment material, which had biochar added, was lower than that in 

T1, primarily because the organic matter in biochar was more difficult to degrade (Wang 

et al. 2020).  

 

Changes in the Total Nitrogen Content 
Nitrogen is an essential nutrient for plant growth and a component of proteins, 

nucleic acids, and chlorophyll in plants. Nitrogen has a significant impact on plant growth 

and development. The nitrogen transformation process in aerobic composting mainly 

includes the mineralization of organic nitrogen, nitrification and denitrification, ammonia 

adsorption and volatilization, and the synthesis of organic nitrogen. The changes in the TN 

content of the materials in the three experimental groups are illustrated in Fig. 4. 
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Fig. 4. Total nitrogen content variation profiles of the three experimental groups 

 
The TN content in the CK group first decreased and then gradually increased. This 

was mainly due to the rapid decomposition of organic materials during the early stages of 

composting, during which significant quantities of organic nitrogen were transformed into 

ammonium nitrogen and diffused outward as ammonia gas (Zhou et al. 2024). However, 

Liu et al. (2024) found that during the composting of pig manure, the nitrogen content in 

the material maintained a continuous upward trend without showing a downward trend. 

This may mainly be due to the high nitrogen content in the pig manure. The carbon-to-

nitrogen ratio of its raw material was 20:1, which was much lower than the 29:1 in this 

study. The TN contents in the T1 and T2 groups gradually increased, which was mainly 

because the polymer membrane formed a water film on its inner wall during the 

composting process, absorbing a large amount of ammonia gas and reducing the nitrogen 

loss caused by ammonia emissions (Cao et al. 2022). At the same time, during the 

composting process, the organic components were continuously mineralized, causing the 

total dry matter of the compost to continuously decrease at a rate greater than the decrease 

in nitrogen content caused by ammonia volatilization, resulting in a “concentration effect” 

in the TN content of the compost pile (Li et al. 2021b). In other words, the mineralized 

nitrogen accumulated and was enriched due to progressive degradation and volatilization 

of other organic compounds. The addition of biochar in the T2 group further increased the 

adsorption of ammonia gas, leading to even lower ammonia emissions and a higher TN 

content in the compost pile (Huang et al. 2024). At the end of the experiment, the TN 

content in the CK, T1, and T2 experimental groups increased by 40.8%, 59.2%, and 78.0%, 

respectively, indicating that aerobic composting enhanced the TN content in the materials. 

Furthermore, the use of membrane-covering technology and the addition of biochar are 

conducive to reducing nitrogen loss during the composting process. 

 

Changes in the Ammonium Nitrogen Content 
Ammonium nitrogen in composting materials primarily originates from the 

microbial decomposition and utilization of organic nitrogen in the compost. Ammonium-

nitrogen can be directly used by microorganisms to synthesize components of their life 
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forms and is also a major component of nitrogen loss in compost. The changes in 

ammonium-nitrogen content in the three experimental groups are shown in Fig. 5. 

 
Fig. 5. Ammonium nitrogen content variation profiles of the three experimental groups 

 
After the experiment began, the ammonium-nitrogen content increased rapidly. The 

ammonium nitrogen content in the CK, T1, and T2 groups peaked at 1562 mg/kg on the 

12th day, 2365 mg/kg on the 18th day, and 2531 mg/kg on the 18th day, respectively. In the 

early stages of composting, the nitrogen-containing substances in the material were rapidly 

decomposed and transformed into ammonium-nitrogen by microorganisms, causing a rapid 

increase in water-soluble ammonium-nitrogen content. Subsequently, as the compost pile’s 

temperature slowly fell, the activity of nitrifying bacteria intensified, nitrification 

intensified, and the proportion of ammonium-nitrogen converted into nitrate nitrogen 

continued to increase (Gao et al. 2018). Additionally, some ammonium-nitrogen contents 

were assimilated as a nitrogen source required for microbial growth, leading to a 

continuous decline in the concentration of ammonium-nitrogen in the compost pile. At the 

end of the experiment, the ammonium-nitrogen contents in the materials of the three 

experimental groups were 309 mg/kg, 386, and 536 mg/kg, respectively. Compared with 

the CK group, Membrane-covered composting had little effect on the ammonium-nitrogen 

content of the compost product. However, the addition of biochar to the membrane 

significantly increased the ammonium-nitrogen content of the product to a greater extent 

(p＜0.05). This was attributed mainly to the vast specific surface area of biochar, which 

gave it a strong adsorption capacity for ammonium-nitrogen (Huang et al. 2024). 

 

Changes in the Nitrate Nitrogen Content 
The nitrate nitrogen in compost materials mainly originates from the transformation 

of ammonium nitrogen by nitrifying bacteria. The main factor influencing nitrification in 

the aerobic composting process is the compost temperature, with the most suitable 

temperature generally ranging between 20 and 40 °C. High and low temperatures inhibit 

nitrification. Compared with ammonium nitrogen, the nitrate-nitrogen content in the 

materials of the three groups was lower during the initial stage of composting. During this 
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period, the activity of the ammonifying bacteria was high, and nitrogen was primarily 

metabolized to ammonia gas, forming ammonium-nitrogen. Moreover, the compost 

temperature was high during the same period, which suppressed the nitrification activity 

of nitrifying bacteria. As the compost pile temperature gradually decreased, the activity of 

nitrifying bacteria within the pile increased, and the concentration of ammonium nitrogen, 

which is the raw material required for nitrification, increased significantly. 

 
Fig. 6. Nitrate nitrogen content variation profiles of the three experimental groups 

 
During nitrification, a significant quantity of ammonium nitrogen is transformed 

into nitrate nitrogen, which accumulates within the pile (Gao et al. 2018). Nitrate nitrogen 

increased rapidly on the 12th day after composting. Thirty days after the start of the 

experiment, as ammonium-nitrogen had been largely consumed, the nitrification process 

weakened, and nitrate-nitrogen content in the compost pile gradually stabilized. At the end 

of composting, the nitrate nitrogen content was the lowest in the CK group (839 mg/kg), 

followed by the T1 (1136 mg/kg) and T2 groups (1282 mg/kg). The ammonium-nitrogen 

content in the T1 and T2 groups increased 35.4% and 52.8% respectively, compared with 

that in the CK group, both of which were generally higher than the CK group (p＜0.05). 

However, no significant difference was observed between the T1 and T2 groups, indicating 

that biochar did not effectively increase the nitrate nitrogen content in the compost 

products. This was mainly attributed to the effect of the membrane covering and the 

addition of biochar in reducing ammonia emissions (Ma et al. 2017; Cao et al. 2022), which 

increased the ammonium nitrogen content required for nitrification in the compost pile. 

 

Changes in the Total Phosphorus Content 
Phosphorus is the third most abundant element in plants after nitrogen and 

potassium and is usually found in higher concentrations in seeds. It is a component of many 

important plant compounds, including nucleic acids, proteins, and enzymes. It plays a 

significant role in plant nutrition. During aerobic composting, phosphorus is more stable 

than nitrogen. Although different forms of phosphorus can be converted into each other, 

they do not volatilize or get lost; therefore, the absolute TP content remains almost 
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unchanged (Yun et al. 2023). However, due to the decomposition and transformation of a 

large amount of organic matter during the composting process, as well as the volatilization 

of carbon dioxide and ammonia, the total dry matter in the compost pile continuously 

decreases, resulting in an increase in the TP content due to the concentration effect (Wang 

et al. 2019). The changes in the TP content of the materials in the three experimental groups 

are shown in Fig. 7. 

 
Fig. 7. Total phosphorus content variation profiles of the three experimental groups 

 
The TP content of the materials in the CK, T1, and T2 groups increased from 9.92, 

9.92, and 9.65 g/kg at the beginning of composting to 12.8, 14.4, and 14.6 g/kg at the end 

of composting, respectively, with increases of 29.1, 45.4, and 52.0%, respectively. 

Statistics analysis showed that compared to the CK group, both the T1 and T2 groups were 

generally improved (p＜0.05). This indicates that the membrane covering technology 

could effectively enhance the degradation rate of materials in the composting process, and 

simultaneously adding biochar to the covered membrane further promoted material 

degradation. That was mainly because the porous structure of biochar could provide a 

favorable living space for microorganisms, and its larger cation exchange capacity might 

also have some significance for the enhancement of microbial activity (Wang et al. 2024). 

This result is consistent with the degradation rate of organic matter in the material, as 

shown in Fig. 3.  

 

Changes in the Available Phosphorus Content 
The AP is the collective term for phosphorus that plants can absorb and utilize 

directly. In chemistry, AP is defined as phosphorus that can participate in isotope exchange 

and is easily extracted by certain chemical reagents or phosphates in solution. The changes 

in the AP content of the materials in the three experimental groups are shown in Fig. 8, all 

decreasing at first, then rapidly increasing, and finally stabilizing. This was mainly 

because, in the early stages of fermentation, the organic acid content in the material was 

relatively low, with limited ability to dissolve phosphorus. 

0 3 6 9 12 15 18 21 24 27 30 33 36

10

12

14

 CK

 T1

 T2

 

 
T

o
ta

l 
P

h
o

s
p

h
o

ru
s

 (
g

/k
g

) 

Composting Time (Days) 



 

PEER-REVIEWED ARTICLE bioresources.cnr.ncsu.edu 

 

 

Cao et al. (2025). “Membrane cover & composting,” BioResources 20(1), 25-41.  35 

 
Fig. 8. Available phosphorus content variation profiles of the three experimental groups 

 
The massive rate of microbial reproduction requires the consumption of AP in the 

material, which leads to a decrease in AP at the initial stage of composting (Yang et al. 

2012). As the experiment progressed, the number of microorganisms and their activity 

increased. A large amount of phosphorus is transformed into forms that are more easily 

absorbed by plants through the decomposition of organic matter. Moreover, due to the 

concentration effect produced by the extensive degradation of organic matter (Wang et al. 

2019), the AP content in the materials of the three experimental groups rapidly increased 

after the 6th day following the start of the experiment. At the end of the experiment, the AP 

content in the CK, T1, and T2 groups increased from 3.76, 3.76, and 3.51 g/kg at the 

beginning of composting to 6.23, 7.57, and 7.35 g/kg at the end of composting, 

respectively, with increases of 67.7, 101.3, and 109.4%, respectively. This indicated that 

the membrane-covering technology could effectively increase the AP content in compost 

products, and the addition of biochar while covering the membrane had an even better 

effect on increasing the available phosphorus content. This may be related to the 

enhancement of microbial activity during composting (Liu et al. 2014). However, Li et al. 

(2020) reported that the AP content could only be increased by 30% during composting 

process, which was much lower than the related results of this study. This might be due to 

the lower temperature of their composting pile, with the highest temperature reaching only 

55℃ (compared to the highest temperature of 73℃ in this study). High temperatures are 

beneficial for the dissolution of phosphates, thereby increasing the content of AP. 

 

Changes in the Total Potassium Content 
Potassium is a major plant nutrient and one of the primary elements that often limits 

crop yield because of insufficient supply in the soil. To date, no organic compounds 

containing potassium have been identified in the plant tissues. Potassium exists in an ionic 

form dissolved in the plant sap, and its main functions are related to plant metabolism. 

Similar to phosphorus, potassium does not leach during composting (Pan et al. 2023). 

Therefore, the increase in TK content in the material is also due to the concentration effect 

caused by the degradation of organic matter (Liu et al. 2015). The change in the TK content 

directly reflects the degradation rate of organic materials in the compost. At the end of the 
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experiment, the TK content in the CK, T1, and T2 groups increased from 21.3, 21.3, and 

21.0 g/kg at the beginning of composting to 26.0, 27.1, and 28.1 g/kg, respectively, with 

increases of 21.9, 30.9, and 33.9%, respectively. Similar to the impact on the phosphorus 

content in the products, both the T1 and T2 groups exhibited a favorable enhancement 

compared to the CK group (p＜ 0.05). This indicates that the membrane covering 

technology could effectively enhance the degradation rate of materials in the composting 

process, and simultaneously adding biochar to the covered membrane further promoted 

material degradation. This result is consistent with the TP content of the material, as shown 

in Fig. 7. 

 
Fig. 9. Total potassium content variation profiles of the three experimental groups 

 

Changes in the Available Potassium Content 
The AK refers to potassium that can be easily absorbed and utilized by crops, 

mainly water-soluble and exchangeable potassium. The changes in the AK content of the 

materials in the three experimental groups are shown in Fig. 10, all of which exhibited a 

steadily increasing trend. This was mainly due to microbial activity during the composting 

process, leading to the activation of the potassium retained in the organic materials and 

promoting the conversion of TK to AK, as well as the concentration effect caused by the 

reduction in the mass of compost materials (Liu et al. 2015). 

At the end of the experiment, the AK content of the materials in the CK, T1, and 

T2 increased from 7.12, 7.12, and 7.10 g/kg at the start of composting to 11.6, 13.5, and 

13.9 g/kg, respectively, with increases of 62.8, 89.9, and 96.2%, respectively. The ratio of 

AK to TK increased from 33.4% to 44.6%, 48.4%, and 49.5% in the CK, T1, and T2 

groups, respectively. Statistical analysis revealed a general difference among the three 

experimental groups (p＜0.05). Similar to its effect on the AP content in the compost pile, 

membrane-covering technology also was able to effectively increase the available 

potassium content in compost products. The addition of biochar to the membrane covering 

also increased the AK content. This was mainly because the favorable physicochemical 

properties of biochar promoted the growth and metabolism of microorganisms (Wang et 

al. 2024), thereby enhancing the activation and transformation of potassium elements. 
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Fig. 10. Available potassium content variation profiles of the three experimental groups 

 
 

CONCLUSIONS 
 
1. The membrane covering technology effectively increased the temperature and the 

duration of high temperatures (≥ 55 ℃) during the composting process, which was 

conducive to effectively killing harmful pathogenic bacteria in the compost pile and 

enhancing the biological safety of the compost product. After the membrane covering 

was applied, the degradation rate of organic matter increased, which increased the 

phosphorus and potassium contents of the compost product due to the concentration 

effect. 

2. Membrane-covering technology effectively increased the content of nutrient elements, 

predominantly nitrogen, phosphorus, and potassium, in the compost products and 

promoted a major increase in the availability of phosphorus and potassium. The 

addition of biochar with the membrane covering yielded better outcomes. Compared 

with that in the control (CK) group, the total nitrogen (TN), total phosphorus (TP), total 

potassium (TK), available phosphorus (AP), and available potassium (AK) contents 

increased 13.1%, 12.6%, 7.4%, 21.5%, and 16.6%, respectively, in the compost 

products in the T1 group that were covered with a polymer film, and by 19.7%, 13.7%, 

8.3%, 18.0%, and 20.2%, respectively in the T2 group, in which membrane coverage 

was combined with biochar. 

3. Benefiting from its large specific surface area and favorable pore structure, biochar 

provided an excellent growth and metabolic area for microorganisms. Biochar also 

made the whole bed more evenly permeable, allowing the pumped air to be distributed 

more effectively across the entire compost pile. These favorable conditions accelerated 

the degradation of organic matter and increased the content of nitrogen, phosphorus, 

and potassium in the compost product. 
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