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Abstract

:

The organic wastes of plant origin and, in particular, those coming from sources related to tourism activities, such as those generated from golf courses and touristic coasts, constitute an increasing concern due to the rise in their production and their unsuitable management. Thus, this work aimed to assess the use of different composting strategies to manage these specific green wastes, such as grass clippings and pruning waste from a golf course and marine plant debris, mainly from posidonia (Posidonia oceanica L.). To this end, two composting scenarios were established: the first only considered green wastes in the composition of the composting mixtures, and the second used sewage sludge as a co-composting agent. The temperature of the piles was monitored, and physicochemical and chemical parameters were also studied throughout the process. The results obtained showed that composting is a feasible method to manage and recycle this type of green waste, obtaining end products with suitable physicochemical and chemical characteristics. However, proportions of sea plant wastes in the composting mixture higher than 30% can compromise the fertilizing value of the final compost. Moreover, the use of an additional co-composting agent (sewage sludge) improved the characteristics of the end products obtained, provided that this co-composting agent had suitable initial characteristics.
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1. Introduction


Different green waste streams are produced in urban and periurban environments as a result of maintenance activities of public green areas, such as parks, gardens, and avenues, and street trees, or in private areas of increasing use, such as golf courses. In particular, the importance of golf courses has grown in recent years, especially in established areas associated with tourism activities, such as coastal areas. As an example, in 2018, there were 38,864 golf courses in 209 of the 294 countries of the world, which represents a worldwide diffusion rate of 84% of this sport. Most global golf course supplies are located in the USA (43%) and Europe (23%) [1]. At golf facilities (with one or more golf courses), turfgrass maintenance is reliant on repeated mowing, which together with the maintenance activities of the surrounding green area of the facility, generates large amounts of green wastes, mainly grass clippings and pruning waste, the production and typology of which depend on the season [2]. In addition, in coastal areas, wastes from different seagrasses and seaweeds can represent an environmental problem [3]. In particular, in the Mediterranean Basin, wastes from the marine plant posidonia (Posidonia oceanica (L.) Delile), the principal endemic Mediterranean seagrass, can represent an important environmental, economic, social, and hygienic concern in the coastal areas where they are deposited [4]. Posidonia wastes are mainly composed of fibers (residues of rhizomes and leaves decomposed), leaf litter, and balls of fibrous material (aegagropili) [4]. Thus, the management of all these types of green wastes is usually difficult and expensive, mainly due to their collection and transportation [5,6,7]. Moreover, waste streams from golf courses, especially from coastal areas, are often managed using unsustainable environmental options that imply an important waste of resources, such as incineration or landfill depositing [6,8]. Thus, these management options present a significant loss of nutrients, organic matter, and energy and can also directly and indirectly impact the environment, such as the emission of greenhouse gases. Therefore, composting can constitute a more sustainable strategy for the management and recycling of these waste streams, since it is an environmentally friendly and economically feasible technology not only for the management of organic wastes but also to obtain a stabilized, mature, deodorized, and sanitized product, free of pathogens and weeds and rich in humic substances, that is easy to store and is marketable as an organic amendment or fertilizer [9,10]. However, one of the main constraints associated with the composting of these wastes is their periodic production and their qualitative heterogeneity that varies depending on the season [5], as well as high salinity in the case of posidonia wastes [4]. However, this type of organic waste usually presents the advantage of having low concentrations of micropollutants, which allow obtaining composts that verify the quality requirements for use even in more restrictive agricultural sectors, such as organic farming [9]. Different studies have been conducted concerning the composting of green wastes, such as yard trimmings [6], grass clippings, palm and different tree prunings [5,11], and posidonia wastes [4,8]. However, little is known about the composting process development and quality of composts obtained when traditional green wastes are mixed with marine plant wastes. Therefore, this work aims to study the feasibility of composting to manage and recycle sea plant wastes and green wastes from a golf facility, as well as to evaluate the quality of the end products obtained, considering two different composting scenarios: (i) Experiment 1: only using green wastes; (ii) Experiment 2: mixing green wastes and a source of nitrogen (sewage sludge).




2. Materials and Methods


2.1. Composting Experiments


In order to optimize the process development and the characteristics of the final composts obtained, two composting experiments were conducted: (i) Experiment 1: optimization of the composting process of green wastes from a golf facility with sea plant wastes; (ii) Experiment 2: optimization of the co-composting process of the previous green wastes with a source of microorganisms and nitrogen (sewage sludge). The initial wastes used in the different composting scenarios were sea plant wastes (SPW), pruning wastes with grass clippings (PGW), and sewage sludge. SPW mainly constituted leaf litter, fibers, and balls of fibrous material of two Mediterranean seagrasses, mainly from posidonia (Posidonia oceanica (L.)) and, in a lesser proportion, from Cymodocea nodosa, another marine phanerogam endemic of the Mediterranean Sea. SPW was collected from two different sites of the Alicante coast (Valencian Community, Spain) (SPW1 and SPW3 from the Torrevieja coast; SPW2 and SPW4 from the Orihuela coast), avoiding the extraction of inorganic materials together with the plant wastes. PGW came from a golf facility located at Monforte del Cid (Alicante, Spain), and it was composed of grass clippings and mulberry (Morus alba L.) pruning, generated from mowing of the golf courses and maintenance activities of the facility, respectively. Sewage sludge (SS) came from a municipal wastewater treatment plant located at Orihuela (Alicante, Spain) after wastewater treatment by an aerobic biological process, stabilization by anaerobic digestion, and later dehydration with band filters. The principal characteristics of the initial wastes used in the composting heaps are summarized in Table 1. All sea plant wastes showed an alkaline pH and, in general, high electrical conductivity values, low contents of organic matter, total nitrogen, and phosphorous, and high contents of potassium, characteristics also reported by Cocozza et al. [4]. The pruning wastes also showed similar physicochemical properties to sea plant wastes, but the contents of organic matter were higher in these wastes, also having greater concentrations of the main macronutrients (NPK). On the other hand, sewage sludge showed an acidic pH, lower salinity than most green wastes considered, and the highest concentrations of N and P, with values within the usual ranges for sewage sludge samples, as reported by Sáez et al. [12].



A total of five composting heaps (Table 2) were developed at the composting pilot plant (CompoLab) of the EPSO campus of the Miguel Hernández University, located in Orihuela (Alicante, Spain). All green wastes were homogenized and crushed to a <4 cm particle size before being used in the elaboration of the composting heaps. All composting mixtures were prepared as trapezoidal piles (5 m3 each) and mechanically turned every week to favor the homogenization and the aeration of the heaps. Throughout the composting process, the temperature was monitored using various probes connected to data loggers (HOBO-Data Logger©). The moisture of the composting mixtures was kept in values no lower than 40% by incorporating water in each whirl of the piles. The end of the bio-oxidative phase was reached when the temperature in the composting heaps was close to the ambient temperature and did not increase after a whirl. After that, the composting piles were left to mature for around a month. During the composting process, four samples (beginning of the process, thermophilic stage, end of bio-oxidative stage, and end of maturity) were collected in all mixtures, using the methodology described by Bustamante et al. [13]. Each integrated sample was subdivided into two fractions: the first was dried at 105 °C for 24 h for the moisture determination, whereas the second fraction was dried at 45 °C, ground to a <0.5 mm particle size with an agate ball mill (Fritsch Pulverisette 3 SPARTAN), and stored for subsequent analyses.




2.2. Analytical Methods


In all samples (initial wastes and composting samples), all determinations were carried out according to the methods detailed by Bustamante et al. [13]. Briefly, pH and electrical conductivity (EC) were determined in a 1:10 water/soluble extract ratio (w/v). Total organic matter (OM) was measured by mass loss on ignition for 24 h at 430 °C [14]. Total organic carbon (TOC) and total nitrogen (TN) were determined with an automatic elemental microanalyzer (EuroVector Elemental Analyser, Milano, Italy), whereas cation exchange capacity (CEC) was determined using BaCl2-triethanolamine [15]. After acid digestion (HNO3/HClO4, 1:4 v/v) of the sample, P was colorimetrically measured as molybdovanadate phosphoric acid, while Na and K were measured using flame photometry (Jenway PFP7 Flame Photometer). Potential compost phytotoxicity was assessed with the germination index (GI) [16]. All analyses were conducted in triplicate.




2.3. Statistical Analyses


The quadratic exothermic index (EXI2), determined as the quadratic sum of the daily difference between the temperature in the heap and that of the ambient during the bio-oxidative phase of composting [10], was used together with temperature to study the thermal profile of the composting heaps. Data were statistically analyzed using ANOVA followed by the Tukey B test (p < 0.05). Normality and homogeneity of the variances were analyzed with the Shapiro–Wilk and Levene tests, respectively, before ANOVA. The IBM SPSS Statistics v. 27.0 software package was used to conduct all statistical analyses.





3. Results and Discussion


3.1. Thermal Development in the Composting Scenarios


In both experiments, the temperature in the composting heaps quickly increased to thermophilic values (>40 °C), even reaching values higher than 60 °C in the first five days of the process (Figure 1). This thermal behavior has also been found in previous experiments in the composting of green wastes of different origins, especially yard trimmings [11,17,18] and agricultural wastes [19], as well as in studies of co-composting of green wastes with sewage sludge [10,20,21,22].



In all mixtures, the duration of the thermophilic stage with temperature values ≥ 55 °C exceeded the period of two weeks established to favor the removal of non-spore-forming pathogens, assuring the suitable sanitization of the biomasses [23,24]. However, the duration and development of the bio-oxidative stage of composting were different in the piles of Experiment 1 (Piles 1, 2, and 3, only containing green wastes) and Experiment 2 (Piles 4 and 5, composed of green wastes and sewage sludge). This fact was not only reflected in the temperature evolution (Figure 1), which had a more stable profile in Piles 4 and 5, without interruptions at different times, than in those of Experiment 1 (Piles 1, 2, and 3) but also in the values of the parameters associated with the thermal behavior of the mixtures (Table 3). The mixtures of Experiment 2 reached the maximum temperature values during the process (Table 3), and in general, the duration of the bio-oxidative phase of composting was higher in these piles than in those of Experiment 1. The incorporation of sewage sludge as a source of nitrogen and microorganisms could have enhanced the development of the process, as it has been reported in different studies of co-composting of green wastes with sludge [10,25]. However, Pile 2 was the exception, since this mixture had the most intensive and longest bio-oxidative phase, also reflected in the parameter EXI2 index, which showed the highest value, indicative of a more intensive process.




3.2. Composting Process: Evolution of Physicochemical and Chemical Parameters


The evolution of the physicochemical and chemical parameters in the composting heaps corresponding to Experiments 1 and 2 was clearly different (Table 4). In the piles only composed of green wastes (Piles 1, 2, and 3), pH values tended to increase slightly during the first phases of the process, probably due to organic acid decomposition or ammonia release [11], showing a decrease and/or stabilization in the maturity phase. This behavior has also been reported in previous works composting green wastes [11,17,19]. On the contrary, the piles of green wastes and sewage sludge (Piles 4 and 5) showed a slight decrease, as also observed by Vico et al. [10] in a study of co-composting of palm wastes with different types of sludge. The final pH values of Piles 4 and 5 were within the suitable range for the use of compost in agriculture (pH = 6.0–8.5) [26], whereas the piles without sewage sludge (Piles 1, 2, and 3) had final pH values slightly higher than this interval, with values ranging from 8.6 to 9. Concerning the electrical conductivity (EC), the piles of Experiment 1 (Piles 1, 2, and 3) had the highest initial EC values, especially the mixtures containing marine plant debris, due to the higher salinity levels of this type of waste [4]. In these piles, this parameter did not have a clear pattern, though the general trend showed a decrease in relation to the initial values. This behavior was also reported by Zhang and Sun [18] in a study of composting of green wastes. However, in the piles of Experiment 2 (Piles 4 and 5), this parameter clearly increased during the process, mainly due to the release of inorganic compounds after organic matter mineralization [27], showing higher EC values at the maturity stage than the piles composed only of green wastes.



Regarding the solid organic matter fraction, OM and TOC decreased in all mixtures, indicating organic matter mineralization during composting [11]. The greatest reduction was observed in Pile 3, which showed the most intense and longest bio-oxidative stage, coinciding with the highest value observed for the EXI2 index [10]. This composting mixture also showed the highest concentrations of both parameters at the initial phase of composting, probably due to the predominance of lignocellulosic wastes, resistant to biodegradation, which increased the length of the process [28]. In general, the patterns of TN in all heaps were opposite to those observed for TOC, increasing throughout the process, probably due to the concentration effect as a consequence of the mass reduction of the mixture [11]. The highest initial and final concentrations of TN were found in Piles 4 and 5, due to the presence of sewage sludge in these mixtures, and in Pile 3, probably due to the incorporation of marine plant debris in Piles 1 and 2, which produced a dilution effect as a consequence of the low NT contents usually found in this type of waste [3,4]. On the other hand, the TOC/TN ratio decreased in all mixtures during the process, observing a substantial decrease in the mixtures from Experiment 1 (Piles 1, 2, and 3), which also showed the highest initial TOC/TN, which is usually prevalent in composting mixtures only composed of green wastes [27]. This parameter is considered a maturity index, establishing limit values < 20 indicative of compost maturity [9]. However, as reported by Vico et al. [10] in a study of co-composting of palm wastes with sludge, initial values of TOC/TN lower, such as in Piles 4 and 5, or final values higher than this limit value, may indicate that this ratio is not suitable to be used as an absolute maturity index, though its evolution throughout composting can prove OM degradation.




3.3. Quality of the Final Composts


The main properties of the composts obtained in Experiments 1 and 2 are summarized in Table 5. The EC values in the final composts ranged from 3.18 dS m−1 (for Compost 1) to 4.10 dS m−1 (for Compost 5), these values being similar or even lower than those reported in previous works of co-composting of green wastes [10,28], verifying the threshold value of Composts 1 and 3 established for suitable seedling growth [29]. Concerning the TOC/TN ratio, all composts showed values lower than 20. This value is indicative of compost maturity [9], except for Compost 1, with a TOC/TN value slightly higher than this value, probably because this compost had the highest TOC/TN value at the beginning of the process (TOC/TN = 50.1). In the initial composting mixture, Composts 4 and 5 showed TOC/TN values < 20, but the previously commented decreasing trend of this parameter throughout the process shows the good development of the composting process also in these mixtures [10,21,30].



The composts obtained using marine plant debris and pruning waste (Composts 1 and 2) showed the lowest TN concentrations, these concentration being lower than those reported in previous experiments using green wastes [10,28] and similar to those reported in studies of composting using sea plant wastes [3,4]. Regarding the P and K concentrations, the values of P observed were lower in Composts 1 and 2, obtained from marine plant debris and pruning wastes, and similar to the rest of the composts, as well as those observed in other studies of composting using different green wastes mixed with sewage and agri-food sludge, such as date palm wastes [10], giant reed wastes [28], and agricultural pruning wastes [28]. Concerning the K concentrations, the composts obtained only using green wastes (Composts 1, 2, and 3) showed higher concentrations of this macroelement than the composts containing also sewage sludge in their composition, these concentrations being similar to those reported in previous studies of composting using high proportions of green wastes [10,28]. On the other hand, the concentrations of Na in the composts using marine plant debris were similar to the values reported in other experiments using these wastes [4] and higher than those observed in composting experiments using green wastes and sludge [21]. However, these values seemed not to have a negative influence on germination and seedling growth. This was observed in the values of the germination index (GI) (Table 5), which were higher in all composts than the threshold value of 50%, indicative of the absence of phytotoxicity and compost maturity [15]. Other maturity parameters, such as CEC and the CEC/TOC ratio [31,32], also indicated a suitable degree of maturity, since all composts verified the reference values established in the literature (CEC > 67 meq (100 g OM)−1 and CEC/Corg > 1.9 meq g−1, respectively) [9], except for Compost 1 for both parameters, probably because this compost also showed the lowest OM contents.





4. Conclusions


The results obtained show that the treatment of green wastes, together with sea plant wastes, constitutes a feasible and efficient method not only to manage these organic waste streams but also to add value to this type of waste, obtaining end products with good agricultural quality for use as organic fertilizers and/or organic amendments. However, the composting strategy based on the design of these mixtures must consider, on the one hand, a proportion in the composting mixture not higher than 30% (on a dry weight basis) of sea plant wastes to avoid a loss in the fertilizing value of the final compost. On the other hand, the incorporation of a ternary co-composting agent rich in organic matter and nutrients is necessary, such as sewage sludge, which enables not only the proper development of the process but also increases the organic matter and nutrient content in the final composts, improving their quality as organic fertilizers. However, further research concerning the potential limitations of sewage sludge as ternary co-composting agent in these mixtures due to the potential presence of microcontaminants, and regarding the potential use of alternative feedstocks (e.g., animal manures), should also be strongly strengthened to avoid potential negative side effects derived from compost use.
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Figure 1. (a) Temperature evolution of the composting piles from Experiment 1 (Piles 1, 2, and 3, only constituting green wastes); (b) temperature evolution of the composting piles from Experiment 2 (Piles 4 and 5, constituting green wastes and sewage sludge). 
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Table 1. Main characteristics (dry weight basis) of the initial materials used in the co-composting scenarios.
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	Parameter
	SPW1
	SPW2
	SPW3
	SPW4
	PGW
	SS





	Dry matter (%)
	22.3 ± 1.3
	38.2 ± 2.5
	49.4 ± 4.5
	30.3 ± 2.1
	79.3 ± 0.2
	18.9 ± 0.3



	BD (kg L−1)
	0.199 ± 0.020
	0.404 ± 0.038
	0.262 ± 0.001
	0.221 ± 0.018
	0.070 ± 0.001
	0.889 ± 0.028



	pH
	8.5 ± 0.0
	8.6 ± 0.0
	8.6 ± 0.1
	8.2 ± 0.1
	8.2 ± 0.0
	6.6 ± 0.1



	EC (dS m−1)
	10.3 ± 1.4
	7.21 ± 0.71
	2.37 ± 0.26
	3.16 ± 0.01
	3.30 ± 0.05
	2.89 ± 0.02



	OM (%)
	14.3 ± 1.6
	18.5 ± 0.6
	11.2 ± 1.0
	10.0 ± 1.1
	64.9 ± 0.6
	74.2 ± 0.0



	TN (%)
	0.33 ± 0.03
	0.31 ± 0.00
	0.30 ± 0.05
	0.20 ± 0.0
	1.69 ± 0.03
	6.28 ± 0.15



	TOC (%)
	10.9 ± 0.5
	11.3 ± 0.1
	11.0 ± 0.0
	10.7 ± 1.2
	35.4 ± 4.8
	41.3 ± 0.6



	TOC/TN ratio
	33.4 ± 5.0
	36.9 ± 0.4
	36.8 ± 6.0
	52.1 ± 3.1
	20.8 ± 2.5
	6.57 ± 0.26



	P (g kg−1)
	0.29 ± 0.00
	0.09 ± 0.00
	0.51 ± 0.14
	0.14 ± 0.0
	4.36 ± 0.07
	18.7 ± 0.6



	K (g kg−1)
	2.67 ± 0.22
	1.54 ± 0.13
	12.2 ± 0.4
	13.5 ± 0.0
	22.9 ± 1.4
	2.62 ± 0.06



	Na (g kg−1)
	21.0 ± 0.46
	23.8 ± 5.5
	6.36 ± 0.10
	10.8 ± 0.7
	14.2 ± 0.35
	3.01 ± 0.34







SPW: sea plant waste (SPW1 and SPW3 from the Torrevieja coast; SPW2 and SPW4 from the Orihuela coast); PGW: pruning waste with grass clippings; SS: sewage sludge. BD: bulk density; EC: electrical conductivity; OM: organic matter; TN: total nitrogen; TOC: total organic carbon. Data values reported as mean value ± standard error.
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Table 2. Proportions on a fresh weight basis (dry weight basis between brackets) of the raw materials used in the composting piles.
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	Composting Pile
	SPW1
	SPW2
	SPW3
	SPW4
	PGW
	SS





	1
	58.9 (28.8)
	
	
	
	41.1 (71.2)
	



	2
	
	75.1 (70.2)
	
	
	24.9 (29.8)
	



	3
	
	
	
	
	100 (100)
	



	4
	
	
	22.4 (50.4)
	
	5.6 (12.7)
	72.0 (36.9)



	5
	
	
	
	14.6 (17.6])
	6.2 (21.0)
	79.2 (61.4)







SPW: sea plant waste (SPW1 and SPW3 from the Torrevieja coast; SPW2 and SPW4 from the Orihuela coast); PGW: pruning waste with grass clippings; SS: sewage sludge.
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Table 3. Parameters associated with the exothermic profile of the co-composting processes.






Table 3. Parameters associated with the exothermic profile of the co-composting processes.













	
	EXI2 Index (°C2)
	Duration Bio-Oxidative Phase
	Days with Temperature > 50 °C
	Maximum Temperature Reached (°C)
	Ratio EXI2/Days in Bio-Oxidative Phase





	Pile 1
	211,169
	56
	29
	65.1
	3771



	Pile 2
	373,877
	75
	45
	63.6
	4985



	Pile 3
	259,973
	60
	26
	65.1
	4333



	Pile 4
	245,673
	65
	41
	69.6
	3780



	Pile 5
	268,368
	65
	38
	70.7
	4129







EXI2: quadratic exothermic index (quadratic sum of the daily difference between the average temperature of the pile and the ambient temperature). Experiment 1: Piles 1, 2, and 3, constituting only green wastes; Experiment 2: Piles 4 and 5, constituting green wastes and sewage sludge.
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Table 4. Physicochemical and chemical parameters in the initial and final composting samples (data expressed on a dry weight basis).
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Composting Phase

	
pH

	
EC

(dS/m)

	
OM

(%)

	
TOC

(%)

	
TN

(%)

	
TOC/TN






	
Pile 1: 58.9% SPW1 + 41.1% PGW




	
IS

	
8.4 ± 0.1

	
3.72 ± 0.63

	
28.1 ± 7.8

	
15.4 ± 3.8

	
0.31 ± 0.10

	
50.1 ± 3.5




	
TS

	
9.0 ± 0.1

	
3.59 ± 0.94

	
18.7 ± 1.7

	
11.4 ± 0.1

	
0.56 ± 0.19

	
21.5 ± 7.1




	
EBS

	
9.2 ± 0.0

	
2.29 ± 0.19

	
20.3 ± 5.9

	
13.0 ± 0.6

	
0.51 ± 0.14

	
25.5 ± 1.9




	
MS

	
9.0 ± 0.0

	
3.18 ± 0.32

	
18.5 ± 3.1

	
12.6 ± 0.4

	
0.60 ± 0.00

	
21.0 ± 0.6




	
LSD

	
0.1

	
0.92

	
8.1

	
3.9

	
0.26

	
11.4




	
Pile 2: 75.1% SPW2 + 24.9% PGW




	
IS

	
8.2 ± 0.0

	
3.61 ± 0.16

	
42.5 ± 5.0

	
19.7 ± 1.0

	
0.53 ± 0.08

	
37.3 ± 3.6




	
TS

	
9.0 ± 0.0

	
3.22 ± 0.27

	
32.9 ± 3.6

	
20.2 ± 4.5

	
0.68 ± 0.00

	
29.7 ± 6.8




	
EBS

	
9.2 ± 0.0

	
2.96 ± 0.36

	
25.7 ± 3.1

	
14.2 ± 7.3

	
0.54 ± 0.39

	
26.7 ± 0.4




	
MS

	
8.8 ± 0.2

	
3.65 ± 0.40

	
24.5 ± 1.8

	
17.0 ± 1.2

	
0.91 ± 0.00

	
18.7 ± 1.4




	
LSD

	
0.2

	
0.47

	
5.5

	
0.5

	
0.15

	
10.7




	
Pile 3: 100% PGW




	
IS

	
8.2 ± 0.0

	
3.30 ± 0.05

	
64.9 ± 0.6

	
35.4 ± 4.8

	
1.69 ± 0.03

	
20.8 ± 2.5




	
TS

	
8.9 ± 0.0

	
2.73 ± 0.01

	
53.5 ± 0.1

	
27.7 ± 1.5

	
1.89 ± 0.05

	
14.7 ± 1.2




	
EBS

	
8.6 ± 0.0

	
3.30 ± 0.05

	
54.1 ± 0.2

	
27.8 ± 0.2

	
1.73 ± 0.21

	
16.2 ± 2.0




	
MS

	
8.6 ± 0.3

	
3.27 ± 0.00

	
43.1 ± 1.4

	
25.7 ± 0.6

	
1.96 ± 0.16

	
13.1 ± 0.7




	
LSD

	
0.1

	
0.07

	
1.5

	
4.7

	
0.25

	
3.2




	
Pile 4: 22.4% SPW3 + 5.6% PGW + 72.0% SS




	
IS

	
7.6 ± 0.0

	
2.72 ± 0.10

	
32.7 ± 4.7

	
19.3 ± 1.0

	
1.29 ± 0.17

	
15.1 ± 2.8




	
TS

	
7.3 ± 0.0

	
3.90 ± 0.04

	
32.8 ± 2.0

	
19.3 ± 0.7

	
1.56 ± 0.06

	
12.3 ± 1.2




	
EBS

	
7.4 ± 0.0

	
3.72 ± 0.08

	
31.4 ± 3.6

	
18.0 ± 1.1

	
1.36 ± 0.10

	
13.2 ± 0.2




	
MS

	
7.3 ± 0.0

	
3.71 ± 0.02

	
25.3 ± 2.3

	
18.7 ± 0.9

	
1.56 ± 0.16

	
12.0 ± 0.6




	
LSD

	
0.1

	
0.12

	
5.5

	
0.1

	
0.36

	
2.8




	
Pile 5: 14.6% SPW4 + 6.2% PGW + 79.2% SS




	
IS

	
7.4 ± 0.1

	
2.84 ± 0.20

	
46.2 ± 3.5

	
25.7 ± 3.5

	
2.06 ± 0.47

	
12.6 ± 1.2




	
TS

	
7.1 ± 0.0

	
4.20 ± 0.02

	
42.3 ± 1.3

	
22.8 ± 0.8

	
2.13 ± 0.01

	
10.7 ± 0.4




	
EBS

	
7.4 ± 0.0

	
3.97 ± 0.02

	
37.1 ± 0.9

	
24.9 ± 2.6

	
2.10 ± 0.36

	
12.0 ± 0.8




	
MS

	
7.3 ± 0.0

	
4.10 ± 0.02

	
36.6 ± 3.1

	
22.3 ± 3.0

	
2.03 ± 0.31

	
11.0 ± 0.2




	
LSD

	
0.1

	
0.2

	
3.6

	
2.9

	
0.07

	
1.9








IS: beginning of the process; TS: thermophilic stage; EBS: end of bio-oxidative stage; MS: end of maturity. SPW: Sea plant waste (SPW1 and SPW3 from the Torrevieja coast; SPW2 and SPW4 from the Orihuela coast); PGW: pruning waste with grass clippings; SS: sewage sludge. EC: electrical conductivity; OM: total organic matter; TOC: total organic carbon; TN: total nitrogen. Data values reported as mean value ± standard error. LSD: least significant difference at p < 0.05.
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Table 5. Final agronomic characteristics (dry weight basis) of the mature composts.
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	Parameter
	Compost 1
	Compost 2
	Compost 3
	Compost 4
	Compost 5





	EC (dS m−1)
	3.18 ± 0.32
	3.65 ± 0.40
	3.27 ± 0.00
	3.72 ± 0.02
	4.10 ± 0.02



	TOC/TN ratio
	21.0 ± 0.6
	18.7 ± 1.4
	13.1 ± 0.7
	12.0 ± 0.6
	11.0 ± 0.2



	TN (g kg−1)
	6.00 ± 0.00
	9.10 ± 0.0
	19.6 ± 0.16
	15.6 ± 0.16
	20.3 ± 0.31



	P (g kg−1)
	1.15 ± 0.04
	2.36 ± 0.10
	4.94 ± 0.22
	6.23 ± 0.09
	8.02 ± 0.56



	K (g kg−1)
	7.49 ± 0.33
	10.8 ± 1.1
	19.6 ± 0.4
	4.12 ± 0.18
	5.42 ± 0.23



	Na (g kg−1)
	6.76 ± 0.50
	7.89 ± 0.77
	16.9 ± 0.75
	4.62 ± 0.39
	4.62 ± 0.19



	CEC (meq 100 g−1 OM)
	49.8 ± 5.3
	170 ± 5
	171 ± 14
	142 ± 12
	125 ± 5



	CEC/TOC (meq g−1)
	0.54 ± 0.06
	2.45 ± 0.08
	2.35 ± 0.19
	1.92 ± 0.16
	2.05 ± 0.08



	GI (%)
	127 ± 4
	63.5 ± 6.4
	64.1 ± 3.0
	98.1 ± 7.1
	59.8 ± 1.1







Composts 1, 2, and 3, constituting only green wastes; Composts 4 and 5, constituting green wastes and sewage sludge. EC: electrical conductivity; TOC: total organic carbon; TN: total nitrogen; CEC: cation exchange capacity; GI: germination index. Data values reported as mean value ± standard error.
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