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Abstract

:

The use and quality analysis of household compost have become very important issues in recent years due to the increasing interest in local food production and safe, self-produced food. The phenomenon was further exacerbated by the COVID-19 pandemic quarantine period, which gave new impetus to the growth of small home gardens. However, the knowledge associated with making high-quality compost is often lacking in home gardeners. Therefore, the objective of this research was to find answers to the following questions: can the quality of backyard compost be considered safe in terms of toxicity and nutrient content? Can weed seed dispersion affect the usability of backyard compost? In general, can the circulation of organic matter be increased with the spread of home composting? In this study, 16 different house composts were analysed for stability, weed seed contamination, toxic elements, and nutrient content using analysis of variance. The results of the research showed that the quality properties of the composts (including their weed seed dispersion effect) were greatly influenced by the different techniques and raw materials used. The toxicity levels, as well as the content of macro and microelements, were within the parameters of safe-quality compost. The specific macronutrient (Ca, Mg) and micronutrient (Fe, Mn) contents of the tested composts have a similar and, in some cases, more favorable nutrient supply capacity in crop production than the frequently-used cow manure-based composts. With a plan of basic education on composting, there is potential to encourage farmyard composting.
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1. Introduction


The growing popularity of the concept of circular economy gives favorable background support to environmentally friendly waste-management solutions. It is different from any of the policies of the European Union; therefore, it is worth treating as a special phenomenon. Its main goal is to manage waste through the circular design of material use, product use, and system applications [1]. However, positive tendencies can be observed in the sorting of biowaste due to the principles of circular economy and the assumptions of the zero waste program [2]. The majority of this biowaste is not collected selectively or utilized, but collected together with the municipal solid waste and placed in waste disposal sites or waste incinerators [3]. Thus, the nutrient contents of these biowastes, which could be used in agriculture, are lost and, in most cases, are replaced by fertilizers which can have negative long-term effects on the soil and the environment [4]. Furthermore, these solutions unnecessarily decrease the available waste disposal capacity and increase the environmental risks of waste incineration and waste disposal [5].



Composting is a safe method of waste management [6] and has the potential to improve soil structure, texture, and aeration, as well as improve the water retention capacity of the soil [7]. In addition, the Environmental Protection Agency (EPA) of the United States declared that composting reduces methane emissions in landfills, lowering their carbon footprint [8]. Therefore, composting is an environmentally friendly alternative applied to recycle organic waste and obtain products used as amendments in agriculture [9,10,11,12,13,14]. Organic fertilizers are originated from agricultural by-products (manures, liquid manures, straw, plant residues, etc.), residues and waste from the food industry (e.g., sewage, waste from slaughterhouses, etc.), and biologically degradable municipal waste [4,15,16,17]. By selective collection and composting of these biowastes, separated from the municipal solid wastes, it is possible to obtain valuable, secondary raw materials that can be utilized locally, in gardens, and are produced in an economically feasible way.



1.1. Backyard Composting Methods


Backyard composting cannot be considered as a uniform method since the ingredients of the compost, the applied technical solutions (composting drums or bins, composting tanks, nets, or prisms), and the treatment of the materials (grinding, turning, aeration) differ considerably [17,18]. It is important to emphasize that backyard composting is considered as a closed system as the used raw materials are created, processed, and utilized on-site by the compost maker themselves [19]. Hence, the available information regarding the quality of backyard composts is limited, occasional, and based on a small number of samples. However, there are numerous available studies regarding industrial composting [20,21,22,23]. In Hungary, there has not been any such comprehensive examination carried out related to backyard composts. The novelty of the current research is that we did not find any similar research in the literature, because the method of backyard composting differs from household to household and the technological descriptions cannot be followed in practice; conducting scientific research in the field is, therefore, a very difficult task. Consequently, there is limited information about the quality and physical, chemical, and biological parameters of backyard compost.




1.2. Determination of Compost Quality and ITS Measurement


According to Frickte [24], the quality of compost is mainly determined by the kind and composition of input materials, the degree of purity and quality of soil, and emissions in the specific area of collection. He also highlighted that compost quality is substantially influenced by the type of technology applied during the composting process. However, his findings related to the importance of treatments during the composting were not substantiated by Jakubus’s [25] examination. The determination and evaluation of compost quality can be carried out by examining physical (e.g., color, odor), chemical (e.g., C/N ratio, nitrification), and microbiological parameters (e.g., self-heating test, respiration), and parameters that influence its effect on the grown crops (e.g., germination test) [26]. Considering the abovementioned, in the case of the quality of backyard compost, these parameters are advisable to examine and are determinant during backyard compost use. The parameters are as follows: maturity and stability, which has a direct effect on plant development; macro and micronutrient contents, which contribute to the nutrient replenishment; toxic element contents, which determine the safe use of composts; and the weed seed content, which influences the long-term weeding effect of backyard composts and as such is a very practical quality parameter. Maturity can be characterized by physical, chemical, and biological stability [27]. Stability refers to the microbial activity in compost, and is evaluated by respirometric measurements or by analysis of the changes in chemical properties [28]. Furthermore, stability can be evaluated by using biological methods such as the germination index (GI) [29,30,31]. It should be noted that the principle of microbiological maturity tests depends on the assumptions that the maturity of composts is strongly related to stability, and that the microbial activity of composts determines their maturity [32,33]. The different maturity levels of composts depend on the alteration of the different components, the extent and quality of humification and mineralization processes, and the degree of decomposition of the original organic materials [34].The examination of the respiration of composts is an adequate method that can be applied as a test for microbiological compost maturity [26]. The respiration examination can measure either the carbon dioxide evolution or the consumed oxygen during the biological decomposition of the compost samples. Several studies considered oxygen consumption as a reliable variable for evaluating the development of composting due to its correlation with the metabolic potential of compost [6,35,36]. Additionally, oxygen is directly responsible for the oxidation of organic matter [8]. This can be measured through respirometry, a recognized method for measuring the oxygen consumption of microorganisms [37]. In the case of this technique, two methods can be differentiated, i.e., the static and the dynamic methods. The differentiation depends on the whether the measurements are carried out with or without a continuous oxygen supply [35,38,39]. The so-called AT4 value is an internationally accepted method to determine the maturity, stability, and usability of composts. It measures the total amount of oxygen that is consumed by the microorganisms during the biological decompositions of the biologically degradable organic matter contained in the samples within four days of examination (examined parameter: respiration activity, oxygen demand, unit: mg O2/g dry matter) [39,40,41].




1.3. Macro and Micro Nutrient Content of Compost


Jakubus [25] examined the chemical composition of different compost samples and found that the differences in the chemical composition of composts primarily resulted from the raw materials used in composting, and to a lesser extent from the processes and technology used. One of the important results of the abovementioned examination was that compost with low nutrient and organic matter content could be characterized by favorable stability and maturity parameters, as organic matter content decreases during composting. In addition, the author found that the composts based on yard trimmings and household wastes prepared in home composters, while highly-recommended for small-scale vegetable cultivation, had less desirable chemical composition compared with composts prepared with a share of sewage sludge, whilst the mixture of municipal sewage sludge and biowastes is recommended to build soil production capacity.




1.4. Toxicity Levels and Chemical Impact of Compost


Another important quality aspect of the compost is the chemical and environmental impact caused by the application. The pollution caused by potentially toxic elements (PTEs) (e.g., Sb, As, Cd, Cr, Cu, Pb, Hg, Ni, Se, Ag, Sn, Zn) have particularly relevant ecological and human health issues. Potentially toxic elements (PTEs) are a major concern from food safety, environmental, and ecological points of view [42]. There is a worldwide increase in heavy metal or potentially toxic element (PTE) contamination in agricultural soils caused mainly by human and industrial action, which leads to food contamination through crops [43]. Toxic elements, especially the heavy metals of the periodic table, are normal elements found in the environment, and trace amounts of them are always found in foodstuffs [44]; however, foods from contaminated areas may contain higher amounts. Toxic elements primarily enter foodstuffs through contact with the environment. Cadmium is one of the most mobile elements among all toxic heavy metals. Because of its high mobility, cadmium is readily taken up by plants from the soil and transferred to the aerial parts of the plant, where it can accumulate to a high level. Because of its high mobility in soil, the bioaccumulation of cadmium in plant-based food is usually high compared with the other trace elements [45,46]. Organic amendments can contain undesirable components, such as potentially toxic elements, that affect both humans and the environment. PTEs (and several chemical compounds) can also affect soil microbial communities and, in turn, soil functionality and fertility [47]. The soil, by itself, is not able to biodegrade the heavy metals, which have the tendency to persist and accumulate. It is therefore necessary for the assessment of the parameters of the quality of compost to consider both the aspects connected to agronomic efficiency and those of environmental compatibility [48].




1.5. Weed-Seed Dispersal Effect and Biological Quality


During quality analysis of compost, the weed seed dispersal effect is an important biological qualitative parameter to consider [49]. In the case of application in the field of a compost containing a significant amount of viable weed seeds and plant propagules, the emerging weeds can cause significant damage to the crop in terms of quality and yield. These disadvantageous effects can be reduced or even completely eliminated by properly performed composting. Studies addressing these issues showed that inappropriate composting practices, specifically related to short composting time and to a lesser extent to temperature, result in weed seeds not losing their viability by the end of the composting process [50]. The survival of weed seeds and viable plant propagules depends on different processes taking place during composting and the characteristics of resistance of each weed variety. The most important parameters to consider are the following: length of time at the appropriate temperature within the active phase of composting, and moisture content. Based on the experimental results, the different weed species lose their viability at different temperatures and periods of time [51]. The fate of weed seeds is influenced considerably by the moisture content as well: higher moisture content causes certain weed seeds to lose their viability at a higher rate [52,53]. According to the parameters mentioned above, certain weeds, such as Solanum nigrum L. [51], Sorghum halepense (L.) Pers., and Convolvulus arvensis L. are considered very resistant [54]. Strict regulations have been established in the compost-related national regulations and standards to ensure the appropriate sterility of the produced composts and to eliminate the viability of the weed seeds. The temperature that needs to be achieved in the active phase of the composting process and the related time period are also set strictly in these regulations. In addition, these regulations are not unified in Europe; they can differ in the expected highest temperature and the time interval as well. In Austria, for example, 55–65 °C has to be maintained for 14 days; in Germany or Denmark, at least 55 °C has to be maintained for 14 days. In France, at least 60 °C has to be maintained for 4 days [49]. However, the determination of the number of weed plants (on a weight or volume basis) that emerge from an appropriately prepared and properly produced compost sample is a common feature of the currently available standard methods for the examination of the weed seed dispersal effect of composts.



On the whole, it is important to examine the quality of the composts that are utilized in farming or household gardening to ensure quality, even if they are only used in small quantities.



This research analyzed the potential that backyard composting offers as an alternative to remove some of the pressure that biowaste has on traditional waste-management systems and its potential usability at a household level.



In order to determine the quality and potential utilization of backyard compost, this research intends to answer the following questions:



Is the quality of backyard compost, in terms of toxicity and nutrient content, considered safe to use at a household and farm level? Do the different treatments and ingredients (raw materials) applied in the composting process have a significant impact on the quality of the final product? Are the techniques and treatments used in individual backyard composting adequate enough for agricultural purposes, or should the raw materials be collected by an external organization and delivered to a common composting site for stricter control and unified quality? Could weed seed dispersion affect the usability of backyard compost? Do the values and species identified in the weed seed dispersion effect evaluation fall within the acceptable parameters at a household and farm level? Is backyard composting a feasible circular alternative to conventional waste management and environmental issues?



According to the objectives abovementioned, the research hypothesis is that, based on the complex qualitative analysis of backyard composting, it is highly recommended to use composting in backyard gardening because the quality level reaches the level defined by the related regulations and national norms.





2. Materials and Methods


2.1. The Examined Composts Materials


The samples of this research had two distinctive origins: backyard compost at a household level and at an ecological farm level. In higher proportion, we examined composts that were mainly produced in gardens of family houses by utilizing biowaste products as main ingredients. The ecological farms, from which three of the examined compost samples originated, are predominantly characterized by the production of vegetables, herbs, and fruits. The samples produced therein contained walnut leaves, bean stems, plant waste, and horse manure as main ingredients. The raw materials, the technology of composting, and the age of the produced composts varied considerably from one sample to another. It is necessary to highlight that all the factors mentioned above were decided by the compost makers themselves and were not subject to our interference. The composts included in the examinations were considered mature and ready for application by the compost producers in all cases. The most important characteristics of the samples used for this research are summarized in Table 1.




2.2. Methods


Compost samples were collected from home-mixed composts that were considered mature, stable, and ready for use by their producer. The representative samples, which consisted of the mixture of several subsamples, were taken from different parts of the compost piles and weighed 10–30 kg. The samples were stored in a refrigerator or in a deep freezer until the laboratory examinations started. During preparation, the samples were chopped into 10 mm in size with a shredder and were sent through a 10 mm sieve. The samples were prepared by sample quartering from the whole samples for the examinations. The experiments were carried out in the Waste Management Laboratory, Institute of Environmental Sciences at MATE, formerly Szent István University.



2.2.1. Stability Measurement


In order to measure the stability, the AT4 respiration activity of the examined compost samples was determined based on the method written in ÖNORM S 2027-4:2012 standard [55]. The moisture content of the examined samples was set by hand-squeeze test; thus, the moisture content was between 45% and 55%. The moisture content of the samples was determined according to the MSZE 21420-18:2005 standard [56]. The biological activity (stability) of the compost samples was determined by measuring the respiration activity and by determining the AT4 values of the samples in three replicates according to the applied standard. The AT4 respiration activity values were determined by OxiTop Control measuring system. We placed a 100 cm3 prepared, moistened sample in the vessels. During the determination of oxygen consumption, according to the description, the vessels were placed in a thermostat cabinet, and 20 °C was maintained during the experiment. During the measurements, the samples placed in aerobic conditions in the vessels started to biologically decompose depending on their biological activity (stability). During this decomposition process, the oxygen in the vessel was partly consumed and its quantity decreased. The carbon dioxide that was produced during the aerobic biological decomposition of the samples was absorbed in the air of the vessel by an absorber, which resulted in a decrease in air pressure in the vessel that was then in proportion with the oxygen consumption and the respiration activity. A measuring device (controller) was part of the measuring system, by which the basic parameters of the samples and the measurement itself could be set (e.g., volume of the sample, measuring time, air pressure, etc.) in the beginning of the measurements. The measured data could be stored and read in the measuring heads or downloaded to the computer. The AT4 respiration activity values were determined on the dry-matter basis of the samples (mg O2/g dry matter) using the primer measuring results downloaded from the measuring heads, applying the method written in the standard (average value and standard deviation of the three repetitions). During the examinations, the so-called lag-phase was not noticed in any of the examined samples [57].




2.2.2. Weed Seed Contamination Effects Determination


The weed seed dispersion effect of the samples was determined according to the method written in the MSZ-08-0012/4-79 standard (physical, chemical, and biological testing of peat and peat products, examination of weed expansion and germ killing effect) [58]. Based on that standard, we prepared a mixture of compost (with its original moisture content) and soil (Arenosol with 1.6–1.9% humus content, pH 6.5–7.5, CaCO3 content is maximum 1%) in a 1:3 ratio by weight. From this mixture, a similar number of samples (3-3 samples) were measured into plastic containers (15 cm in diameter). The height of the samples was approximately 20 mm in the containers. Based on the ratio of the weighted mixtures, the weight of the compost and the soil was determined in the plastic containers. In three containers, the same amount of soil (control samples) was measured in three containers in order to examine the weed seed dispersal effect of the soil itself. The mixtures were moistened and kept in a well-lit place at room temperature for 14 days. The evaporated water was replaced daily by measuring the weight loss of the samples. After 14 days, the number of emerged weeds was counted in all the different containers. Then, the number of weeds emerged in the soil samples was subtracted (control samples) from the number of weeds in the compost mixture. The result was determined to be 100 g of compost material. According to the standard, the number of couch grass (Agropyron repens (L.) P. B.) was determined separately, on the basis of 100 g of compost.




2.2.3. Toxic Elements and Nutrient Contents Analysis


The sampling, storing, preparation, grinding, and sample quartering of the composts were carried out by the previously described method. For the examination of the potentially toxic element (Cd, Cr, Cu, Hg, Ni, Pb, Zn) and macro and micronutrient content, 500 g of subsample was air dried in the laboratory. All unsuitable substances (glass, metal, plastic, gravel, etc.) were removed from the samples, and all the compost samples were then chopped into less than 0.25 mm in size by a shredder and homogenized. The samples for the examinations (0.25–0.5 g) were further prepared by sample quartering from the whole, homogenized, <0.25 mm sized samples for the examinations. The digestion of the samples was carried out by a CEM MARS 5 (CEM Microwave Corporation, Matthews, NC, USA) microwave digester by applying a mixture of 5 mL 65 m/m% HNO3 and 2 mL 30 m/m% H2O2. The examination of the samples was carried out by HORIBA JOBIN YVON ACTIVA-M ICP-OES (Horiba Jobin Yvon, Bernsheim, Germany). The moisture content of the samples was determined according to the MSZE 21420-18:2005 standard in a drying oven (Characterization of wastes. Part 18: Determination of humidity and dry matter content).




2.2.4. Statistical Factor Analysis


The effects of the different factors, such as methods (pile, closed bin, open composting), treatments (turning, moistening, adding earthworms), type of the samples (backyard, ecological), composting periods, and raw materials were subjected to evaluation with the assistance of one-way ANOVA. Each of the factors was tested independently using the F-test at the significance level α = 0.95. The dependent variables were the AT4 values and the effects of the similar factors were tested also on the weed seed content, potentially toxic elements, and macro and micro nutrient contents of the different samples. The null hypothesis that the average values of the examined parameter would be equal for each of the 16 composts was tested against the alternative hypothesis stating that not all averages are equal. Scheffe’s analysis was also performed, wherein it was possible to distinguish homogeneous groups among the 16 composts. The data were analysed using the SPSS 25 software.






3. Results


The age of the examined composts differed considerably; they were between 8 months and 4 years old. The reason why such aged composts were chosen is that backyard composting is a slower process than controlled large-scale composting. Fresh compost can be created in 3 months, but mature composting often takes 12 months (depending on the composting treatments such as turning, wetting, etc.) Compost makers judge the maturity of composts primarily on the basis of physical properties whilst biological properties are not typically taken into account [59]. Accordingly, compost samples were collected for analysis according to two aspects. The first is that the compost sample age exceeded 9 weeks, regardless of any treatments, as the experiment’s results suggested that this is the minimum time required for the compost to become stable and to provide a potential N source [60]. The other aspect is that the compost producer considered the compost samples mature and ready for application based on their own knowledge of composting.



Thus, the different composting periods can be the explanation for the producers having different experiences in practice; they had different knowledge regarding composting and the method thereof (the type of composting device where the process occurred, preparation and the treatment of the raw materials during composting) [17,59]. The composts that originated from ecological farms had shorter composting periods (0.8–1.5 years), which can be attributed to the expertise and proper knowledge of long-term farmers.



3.1. Compost Maturity


The results regarding the maturity of the examined composts, the determined AT4 respiration activity values, are shown in Figure 1, on which the determined respiration activity (AT4) is recorded.



Based on the determined respiration activity values (AT4), it can be stated that the biological stability of the examined backyard composts that can be determined based on the AT4 values differed considerably (1.6–25.2 mg O2/g dry matter). In one case (compost “M”), the determined respiration activity (AT4) was extremely high (25.2 mg O2/g d.m.) There were smaller differences and lower typical ranges experienced in respiration activity in the case of the composts which originated from the ecological farms (3.9–9.5 mg O2/g d.m.) This difference in the determined biological stability values between the backyard and the ecological composts can be attributed to the fact that the producers in the ecological farms are highly aware of the environmental effects of composting and have more scientific background in the topic. There is no unified regulation in Europe regarding the stability and maturity of the treated biowaste products. In Austria and Germany, in order to determine stability, the extent of respiration activity (AT4) is taken into consideration.



For accomplishing the proper stability, the respiration activity value (AT4) has to decrease below 5 mg O2/g d.m. The suggested limit value in the EU for the same parameter is 10 mg O2/g d.m. [23]. If we consider the Austrian and the German qualification aspects among all the examined composts, three backyard composts (E, F, and K composts) and only one ecological compost (P) met the requirements for the compost maturity. However, based on the suggested, more permissive unified EU limit value, most of the examined backyard composts (8 out of the examined 13 composts) and all of the examined ecological composts show appropriate maturity and stability values. Some backyard composts (A, B, C, J, and M), however, still did not meet the requirements even in the case of the less strict limit and showed inappropriate biological stability. In the case of these composts, the beneficial effects of composts on the soils and the soil-plant system notwithstanding, unfavorable effects can also occur due to their inappropriate biological stability. The results obtained regarding the low stability of backyard composts might reinforce the concern about its quality [17,23,59,60]. It has to be emphasized that several methods are used worldwide to determine the maturity, biological stability, and the respiration activity of composts. These are the following: the Solvita test, the self-heating test, static respirometry index (SRI), dynamic respiration index (DRI), and the specific oxygen uptake rate (SOUR). The comparability of the results obtained by these different methods has been examined by several authors; as a result, correlations are available to help in the comparison of the available results [23,38,61].




3.2. Weed Seed Dispersion


The experiment carried out on the weed seed dispersion effect of the compost samples is shown in Figure 1, wherein the number of weeds that emerged within 14 days from the compost samples is recorded (calculated to 100 g of compost). During the 14 days of examination, the following plants emerged from the samples that we could identify at a species level: Solanum lycopersicum L., Amaranthus retroflexus L., Stellaria media (L.) Vill., Trifolium sp., Capsella bursa-pastoris (L.) Medik. Regarding the permission of marketing of composts, the related examinations, and their evaluations, the Hungarian regulation (Licensing, storage, distribution, and utilization of crop increasing materials 36/2006. (V. 18.) FVM Regulation) states that the compost that is to be sold as a product cannot contain quarantine weed seeds or plant parts. These weeds are the following: Ambrosia artemisiifolia L., Solanum dulcamara L., Asclepias syriaca L., and Cuscuta sp.



Based on the results of our examinations, it can be concluded that there was not any weed species considered as quarantine weed in the case of the backyard nor of the ecological composts. However, based on the results, it can be observed that among all the examined composts, only the compost B did not contain viable weed seeds, based on the required test. Regarding the other examined composts, it can be stated that in some cases (e.g., backyard compost C), if they are applied to the field, they could cause serious weed problems due to the emerging weeds on the compost treated fields. In the European countries, there is not any unified regulation related to the weed seed dispersal effects of composts. For example, in Italy and France, there is not any regulation for this; in Belgium and Great Britain, however, the high-quality compost must be free of viable weed seeds. In the case of Germany and the Netherlands, the allowed limit of viable weed seeds is two, while in Austria this value reaches three viable weed seeds per one liter of compost sample in its original state [49]. During examinations in general, the compost samples are mixed with some other material, or medium, then the mixture is watered and stored in regulated climatic conditions with available light. After the examination period, the number of emerged weeds is determined. This is in contrast to the Austrian standard method wherein the samples need to be mixed with high-quality peat kept moist, and, after 15 days of examination, the number of emerged weeds determined per litre of compost [62]. However, the standard method that was applied regarding the setting of the mixture and the length of examination time can be considered unique. Based on the obtained results, and considering the smaller amount of compost weight (100 g) as a basis, it can be assumed that the quality of all the examined compost samples (except for compost B) does not reach the required limit of the above-mentioned countries. This means that the quality of these composts was objectionable in terms of weed seed dispersal effect. This also draws attention to the fact that, during inappropriate backyard composting, the weed seeds do not lose their germination ability at the end of the process [50].




3.3. Potentially Toxic Element Content


Based on the results of the examined parameters, the potentially toxic element content of the samples is shown on Table 2.



Based on the presented results, it can be stated that all the examined backyard and ecological composts met the Hungarian requirements for the potentially toxic elements. However, the copper concentration (98.16 mg × kg−1 d.m.) of backyard compost K was close to the limit value (100 mg × kg−1 d.m.) The reason for the relatively high copper content of backyard compost K can be partially explained by the applied raw materials and the applied dishwashing water, which was only used in this case, for moistening compost. Fernández-Delgado Juárez et al. (2015) also noticed high copper content in their research in the case of green waste composts [63]. It can be further stated that the backyard composts only partially met the requirements of the EU regarding the potentially toxic elements and the regulations for the backyard composts (e.g., Austria, hobby gardening, EU Ecolabel). Backyard compost K did not meet the requirements of some regulations (Germany, biowaste ordinance, Class I, limit value 70, measured value 98.16 mg × kg−1 d.m.) As explained earlier, the high copper content of compost K, similarly to the high cadmium content, can be explained by the applied dishwashing water. In the case of backyard compost F, the higher Cd content can be explained by the wood ash since it may have contained high amounts of Cd (2.3 mg × kg−1 d.m.) [63]. Based on the results, it can be emphasized that the potentially toxic element content of the examined composts, which originated from and was utilized in ecological farms, met the specific requirements (Austria, organic farming, EU Regulation on organic agriculture) for composts that can be utilized in ecological farms. All of the examined ecological composts resulted in lower potentially toxic element content and narrower concentration range compared with the backyard composts.




3.4. Macro and Micronutrient Content


Based on the results, the macronutrient and micronutrient content of the backyard and the ecological composts typically did not differ from each other, and were in the same range. It can be stated that all the examined backyard and ecological composts met the requirements valid in Hungary for the calcium content; however, only some of the backyard composts met the requirements for the magnesium content (composts B, C, D, H, and M). Therefore, the examined composts mixed into the topsoil in a suitable quantity would provide an appropriate amount of calcium and sufficient amount of magnesium for the produced crops. Based on the macro and micronutrient content of the examined composts, it can be stated that their calcium (1.32–5 and 1.8–3.9% d.m.) and magnesium content (0.3–0.7 and 0.3–0.4% d.m.) reached and exceeded the typical range for cow manures (calcium: 2.03–2.16; magnesium: 0.42–0.46% d.m.) that is often applied in hobby gardens and household farming, which is a common application area for backyard composts. Their iron (0.6–1.1 and 0.7% d.m.) and manganese (239–667 and 296–340 mg × kg−1 d.m.) content, however, exceeded the typical range for cow manures (iron: 0.22–0.51% d.m.; manganese: 117–161 mg × kg−1 d.m.) [64]. Based on these findings, it can be concluded that, according to the determined macronutrient (Ca, Mg) and micronutrient (Fe, Mn) content of the examined composts, they have similar and, in some cases, more favorable nutrient-supplying capacity in crop production than the frequently-used cow manures.




3.5. Results of Statistical Analysis


The possible effect of the most common treatments on the potential toxic elements and macro and micronutrient content was examined. The grouping of the samples according to the treatments was as follows:



1 = Monthly turning, MT (Samples A, B, H)



2 = Monthly turning, moistening, MTM (Samples C, D)



3 = No treatment, NT (Samples E, F, K, L)



4 = Addition of earthworms (not red worms), AE (Samples G, J, M)



5 = Periodic turning, addition of earthworms, PAE (Sample I)



6 = Periodic turning, moistening, PTM (Samples N, O, P)



The variance of homogeneity and significant differences in category means are present simultaneously only for Zn and Mg: zinc as a potential toxic element, and magnesium as a macronutrient. A post hoc test could not be performed because treatment 5 (periodic turning and addition of earthworms) had only one element. As there was no post hoc test, the visual representation of the means provides a basis for judging differences between groups.



It can be seen from Figure 2 that the largest difference is between treatments 3 and 6 in terms of Zn content.



In terms of the effect on Mg content, there was the largest difference between treatments 2 and 3 that can be seen in Figure 3.



In the cases wherein no treatment was applied, the Mg content was at the lowest level, while the zinc content, which is a potentially toxic element, was the highest. The latter was true even for lead, cadmium, and chromium. In the case of the untreated compost, however, the Ca content was at the lowest level. The effects of the raw materials on toxic element content and macro and microelement content were also examined. The ingredients of the raw materials of the examined composts were very diverse. In order to compare the samples, five categories were created, taking into account the chemical properties of the ingredients and their main components’ effect on the microbial activity. Components that have a differentiating effect on the quality parameters of the composts, such as the effect on the toxic element and macro- and micronutrient content, were selected. According to this, the following categories were created:



1 = GGW-garden green waste only (Samples A, B, J)



2 = M-Use of manure (Samples H, L, P)



3 = S-Use of soil and wood ash (Samples E, F)



4 = WL-Walnut leaves (Samples N, O)



5 = GGW and others (Samples C, D, G, I, K, M)



Category averages differed significantly for Cd, Cr, Ni, and Fe. The post hoc (Scheffe) test was feasible in this case and showed a significant difference between raw material categories 3 and 4 (Figure 4). Thus, cadmium levels were highest in terrestrial raw materials, while they were lowest in walnut leaves. The latter includes the fact that the walnut leaf was of organic origin.



The raw material had an effect on the level of the Cd (Figure 4). Category averages differed significantly for cadmium and iron when we analyzed the impact of the two main raw material categories, ecological and conventional. A post hoc test could not be performed here either, as the number of categories (organic and conventional raw material) was less than three. Overall, based on the impact assessments of the previous two raw materials, it can be stated that the use of organic raw materials (since walnut leaves were also organic) had a positive effect on the overall quality of the compost, including the cadmium level [65,66,67]. In addition to the abovementioned, the effects of composting time, method, treatment, and raw materials were also examined on other quality characteristics of compost, i.e., AT4 and weed content, but no significant correlation was found, probably due to the low number of items in the sample [68]. Nevertheless, the study is unique because there has never been such a detailed, multi-characteristic compost study in Hungary.




3.6. Practical Implication of the Study


The results of this complex study highlight the uncertainties regarding the quality of backyard compost. The unfavorable macro and micronutrient content and the possible weeding effect do not pose a risk if compost remains within the farm cycle; its use is highly recommended to support circular systems. It is only necessary to comply with the regulations if, in addition to its backyard-level use, the compost is sold. Furthermore, composting requires expertise and attention if nutrient replenishment is provided over a larger area (small scale farm level) with backyard compost. In this case, it is worth taking into account the recommendations supported by the literature (separate collection of weeds, regular turning and watering). Due to the essence of backyard composting, each compost producer uses their own raw materials, ensuring the closed backyard nutrient cycle and the regulation of external outputs. However, this implies the difficulties of preparing a comparative analysis and taking uniform samples. Apart from the raw materials of backyard composting, the applied composting processes, the frequency of the processes, and the quality of their execution are not regulated; these factors are greatly influenced by the expertise of the compost maker. Further analyses and additional samples from organic farms are also needed to draw deeper, statistically verifiable conclusions.





4. Discussion


4.1. Maturity and Stability


Based on the results of the examination, it can be stated that the composts produced in the backyard and organic farms are characterized by different quality in terms of maturity and stability values. It should be added that the collected samples were considered mature and ready to use by the compost makers themselves, regardless of the age of the compost (e.g., samples N and O were 8 months old whilst samples L and M were 4 years old). However, in most cases at a household level and small farms, the analysis of the maturity and readiness of the final product is performed by empirical tests based on the compost maker’s senses and experience, or lack thereof. Physical characteristics such as texture, smell, or color are the major indicators, rather than laboratory tests, rendering it a challenge to have consistent and accurate results at all times [69]. Consequently, if the compost does not achieve optimal levels of maturity and stability, it could slow down the plant growth process and therefore be considered of inferior quality compared with store-bought compost [70]. For this reason, education on basic practices and standards of compost making to enthusiast backyard gardeners and small-scale bio farmers is highly suggested to achieve desirable performance and usability of compost.




4.2. Toxicity and Macro and Micro Nutrients


The quality properties of the analyzed composts were greatly influenced by the different techniques and raw materials used. The levels of toxicity and the content of macro and micro nutrients identified in all the samples fell within the Hungarian parameters for quality and safe compost. Moreover, the determined macronutrient (Ca, Mg) and micronutrient (Fe, Mn) content of the examined composts have similar and, in some cases, more favorable nutrient-supplying capacity in crop production than the frequently used cow manure-based composts. Despite the positive results, it is important to highlight the higher levels of zinc that fell close to the limit of toxicity and the low presence of magnesium, the latter being an important component in a high-quality compost. This tendency was found in samples with no treatments such as turning and watering, which would have sped up the composting process. The statistical analysis of our examinations, in part, supports Jakubus’ results [25], according to which the initial raw materials of composts primarily determined their macro and microelement content and thus the quality of the finished compost. This is evidenced by the fact that in the case of untreated compost, wherein the initial raw materials included the slowly degradable sycamore and grape leaves, not enough magnesium was revealed even after 3–4 years without intervention. This can be explained in part by the low magnesium content of the initial raw materials, but also by the lack of composting treatments that slowed down the mineralization. Similarly, the higher zinc content in the non-treated composts can be explained by the initial raw materials (wood and ash, which can be even higher in the case of preservative-treated wood or surface-treated wood waste), which occurred mainly in compost samples with no treatments. Another important consideration is regarding the higher levels of cadmium content, mainly in samples that contained wood ash (samples E and F), dishwashing water (sample K), and/or kitchen waste as raw materials. This examination confirms what other authors have already described [65]: that the release of cadmium into soil and groundwater is largely attributed to anthropogenic activities, including the use of synthetic phosphorus fertilizers (which may be contaminated with cadmium depending on the location of extraction). Other potential sources of the cadmium pollution identified in the literature are drinking water and recycled wastewater [66,67]. Given the above, samples from organic farming resulted in zero cadmium content.




4.3. Seed Content


Regarding the weed-seed content and germination test, it can be stated that the weed-seeds species emerging from the compost samples analysed are not considered as quarantine weeds by Hungarian regulations in the case of the backyard or the ecological compost samples. It is highly advised, for backyard compost especially, to avoid the use of weeds as raw materials in the compost pile at a flowering or seed stage because the recognition of weeds and the identification of their lifeform (in order to apply e.g., pre-drying in the case of weeds with propagating roots) present a great challenge for inexperienced farmers/gardeners, as evidenced by sample B wherein no germinated weed seed was detected. In addition, knowledge regarding the raw compost materials and their behaviour during the composting process is essential since no weed was included in the raw materials. In both backyard farming and organic farming, the sorting of seeded weeds is a time-consuming activity during manual weeding. In the case of annual weeds, their prolonged seed maturation period must also be considered, as supported by other studies [70]. These findings are confirmed by the weed-test results performed in this study. However, with appropriate composting practices, excessive weed emergence can be avoided. Furthermore, knowledge of composting, especially regarding the proper preparation of weeds as ingredients, the recognition of the importance of the thermodynamics of the pile, and the role of turning the compost, is essential. It should be noted that weed germination was not prominent in the case of samples from organic farming. Interestingly, germinated weed was also observed in the case of compost which consisted of 100% walnut leaves; this can be explained by the method of collection of walnut leaves from the soil and by the random propagation of seeds due to wind.





5. Conclusions


Kitchen and backyard waste represent a high cost to municipal waste collection systems. The quality analysis of backyard compost and compost from ecological farms proves that using simple methods nets positive outcomes at a macro and micro level of nutrients and limits the toxicity of backyard composting. Although, in addition to the safe usage of compost, it would be worthwhile to examine the effect of compost in terms of crop yield and nutrient and soil organic matter balance at the small-farm level with a special regard to the whole nutrient cycle of organic farms wherein compost can be a valuable resource to organic fertilizers. At a household and community level, municipalities have the potential to encourage composting with a plan of basic education on composting. It is particularly important to note that for the sampled compost households, the composting process is not waste treatment, but rather the return of organic matter, providing nutrient cycling, and is therefore part of value creation. Households have also taken extra care throughout their consumption systems to ensure that contaminated or risky foods do not enter the kitchen or into the compost and retail gardens. Backyard and biofarm composts have acceptable quality and safety to be utilized by their own producers without the need of external or mechanized processes. In general, the circulation of organic matter can be increased with the spread of home composting. Measures dealing with the treatment of biowaste from mixed municipal waste can create major contributions to its dissemination in practice through concrete actions such as the introduction of a new collection system, further reduction of the amount of biodegradable waste sent to landfills, and the promotion of community based composting. It is no coincidence that the Food Systems Summit 2021 addresses food waste problems as a priority and influences the National Waste Management Plans for a Circular Economy, which clearly supports the promotion of home and community composting and translates policy measures into actions. However, local governments are also encouraged to create programs and foster circular investment to diversify the systems intended to reduce the ecological and economic impacts of conventional waste collection.
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Figure 1. The determined respiration activity (AT4) and the number of weeds that emerged within 14 days. 






Figure 1. The determined respiration activity (AT4) and the number of weeds that emerged within 14 days.



[image: Applsci 11 04392 g001]







[image: Applsci 11 04392 g002 550] 





Figure 2. Average comparison. Note: unit of measure is mg × kg-1 d.m. 
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Figure 3. Average comparison of Mg. Note: unit of measure is mg × kg−1 d.m. 
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Figure 4. Average comparison for Cd. 
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Table 1. The properties of the examined composts (BYC—backyard compost; ECOL—ecological farm).
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	Code
	Type
	Method of Composting
	Raw Materials
	Preparation
	Treatment
	Age





	A
	BYC
	Pile
	Garden green waste
	Grinding
	Monthly turning
	2 years



	B
	BYC
	Pile
	Garden green waste
	Grinding
	Monthly turning
	1 year



	C
	BYC
	Closed composting bin
	Garden green waste, kitchen waste
	Grinding
	Monthly turning, moistening
	2 years



	D
	BYC
	Open composting
	Garden green waste, kitchen waste
	Grinding
	Monthly turning, moistening
	1.5 years



	E
	BYC
	Open composting
	Garden green waste, wood ash, poultry manure, soil
	-
	-
	3 years



	F
	BYC
	Open composting
	Garden green waste, wood ash, soil
	-
	-
	3 years



	G
	BYC
	Open composting
	Garden green waste, kitchen waste
	Grinding
	Addition of earthworms
	3 years



	H
	BYC
	Pile
	Garden green waste, kitchen waste, rabbit manure
	Grinding
	Monthly turning
	2 years



	I
	BYC
	Open composting
	Garden green waste, kitchen waste, wood ash
	-
	Periodic turning, addition of earthworms
	2 years



	J
	BYC
	Open composting
	Garden green waste
	Grinding
	Addition of earthworms
	2 years



	K
	BYC
	Pile
	Garden green waste, grape leaves, dishwashing water
	Grinding
	-
	4 years



	L
	BYC
	Pile
	Garden green waste, sycamore leaves,

poultry manure
	Grinding
	-
	4 years



	M
	BYC
	Open composting
	Garden green waste, fruit waste
	-
	Addition of earthworms
	4 years



	N
	ECOL
	Open composting
	Walnut leaves, bean stem (50–50%)
	
	Periodic turning, moistening
	8 months



	O
	ECOL
	Open composting
	Walnut leaves
	
	Periodic turning, moistening
	8 months



	P
	ECOL
	Open composting
	Horse manure and other plant materials (80-20%)
	
	Periodic turning, moistening
	1.5 years
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Table 2. The determined potentially toxic element content of the examined composts.
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Sample

	
Cd

	
Cr

	
Cu

	
Hg

	
Ni

	
Pb

	
Zn




	
mg × kg−1 d.m.






	
A a

	
0.23 ± 0.03

	
10.68 ± 0.00

	
12.25 ± 0.11

	
nd

	
5.12 ± 0.06

	
3.49 ± 0.12

	
49.8 ± 0.3




	
B a

	
0.64 ± 0.03

	
17.42 ± 0.03

	
29.05 ± 0.28

	
nd

	
7.95 ± 0.29

	
15.21 ± 0.70

	
94.8 ± 0.1




	
C a

	
0.69 ± 0.05

	
16.51 ± 0.12

	
32.00 ± 0.12

	
nd

	
9.35 ± 0.24

	
11.80 ± 0.22

	
118.7 ± 0.1




	
D a

	
0.35 ± 0.01

	
12.28 ± 0.07

	
19.16 ± 0.60

	
nd

	
5.87 ± 0.27

	
5.30 ± 0.57

	
66.5 ± 0.3




	
E a

	
0.85 ± 0.01

	
22.87 ± 0.29

	
23.35 ± 0.27

	
nd

	
10.06 ± 0.18

	
18.68 ± 0.49

	
134.8 ± 0.9




	
F a

	
0.93 ± 0.05

	
30.02 ± 0.31

	
21.07 ± 0.39

	
nd

	
10.84 ± 0.1

	
14.17 ± 0.62

	
109.2 ± 0.2




	
G a

	
0.87 ± 0.01

	
20.59 ± 0.19

	
11.81 ± 0.29

	
nd

	
8.66 ± 0.21

	
15.55 ± 0.33

	
52.7 ± 0.0




	
H a

	
0.77 ± 0.03

	
11.14 ± 0.02

	
9.82 ± 0.08

	
nd

	
6.35 ± 0.63

	
6.56 ± 0.40

	
85.7 ± 0.7




	
I a

	
0.66 ± 0.04

	
17.87 ± 0.02

	
44.03 ± 0.52

	
nd

	
11.76 ± 0.15

	
9.21 ± 0.41

	
53.8 ± 0.3




	
J a

	
0.65 ± 0.01

	
15.11 ± 0.15

	
25.08 ± 0.47

	
nd

	
9.74 ± 0.01

	
8.53 ± 0.97

	
55.6 ± 0.3




	
K a

	
0.91 ± 0.06

	
29.19 ± 0.46

	
98.16 ± 2.87

	
nd

	
7.91 ± 0.20

	
13.70 ± 1.06

	
78.9 ± 0.4




	
L a

	
0.56 ± 0.03

	
10.45 ± 0.01

	
22.12 ± 0.16

	
nd

	
5.64 ± 0.44

	
12.12 ± 0.08

	
135.6 ± 0.1




	
M a

	
0.70 ± 0.11

	
17.04 ± 0.11

	
21.74 ± 0.49

	
nd

	
10.21 ± 0.14

	
10.14 ± 0.12

	
71.2 ± 0.3




	
N b

	
nd

	
11.1 ± 0.06

	
10.07 ± 0.39

	
nd

	
5.13 ± 0.15

	
5.6 ± 0.02

	
38.8 ± 0.5




	
O b

	
nd

	
13.46 ± 0.24

	
12.85 ± 0.44

	
nd

	
5.28 ± 0.14

	
6.02 ± 0.2

	
46.6 ± 0.7




	
P b

	
nd

	
13.42 ± 0.25

	
10.13 ± 0.53

	
nd

	
5.69 ± 0.13

	
5.39 ± 0.63

	
32.9 ± 0.7








a backyard compost; b composts from ecological farms; d.m.—dry matter; nd—not detectable.



















	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2021 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






media/file4.png
2 2
Uz Jo ueayy

&

o

treatment





nav.xhtml


  applsci-11-04392


  
    		
      applsci-11-04392
    


  




  





media/file2.png
(V)]
o

(1sodwod 3 goT/s9291d) spaam padiaw]

o wn o
o~ — — wn o

P

M N O

Compost samples

o wnn o wn o wn o
™M o~ o~ i —

(‘wrp 8/20 8w ) Ayanoy uonesidsay

B AT4 e=——Emerged weed





media/file5.jpg
B0 ueow

Treatment





media/file3.jpg
g g
uzjo ueopy

treatment





media/file1.jpg
(150dwi03 8 00T/52321d) spaom padiaw3

2 2 2 » o

25

Compost samples.

(wp8fow ) Aunnoy uonendsay

30

— T4 e Emerged weed





media/file7.jpg
1 2 3

[ro—





media/file0.png





media/file8.png
Mean of Cd

3

Raw material





media/file6.png
Mean of Mg

7000

6000

5000

4000

3000

Treatment





