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Abstract

:

Turkey ranks third in the world in terms of tomato production, and approximately 12.5 million tons of tomatoes are produced annually. Especially in greenhouse cultivation, tomato wastes do not stay in the soil and are taken out of the greenhouse. Ten million tons of tomato waste is generated annually in Turkey. Compost is a very important organic material containing plant nutrients such as nitrogen, phosphorus, potassium, magnesium, and microelements. Tomato waste compost is a good organic fertilizer that increases both tomato yield and biological activities in soil. The aim of this study is to determine the effect of tomato compost (TC) on tomato yield and biological properties of soils. For this purpose, a pot experiment was established in the greenhouse and TC was applied in four different doses (TC1—1%, TC2—2%, TC3—4%, TC4—6%) to pots containing 3.5 kg of soil, these doses were also applied with chemical fertilizer (CF) (CF, TC1 + CF, TC + CF, TC3 + CF, TC4 + CF), and then tomato plants were grown. Each application was applied as three replications. Among the compost applications, the highest tomato yield was obtained with the TC4 (0.96 kg/pot, 14.4 t/ha) application: 15.66% higher yield was obtained compared to chemical fertilizers. Among all treatments, TC1 + CF (1.07 kg/pot, 16.10 t/ha), which increased the tomato yield by 28.9%, had the highest yield. All applications have increased CO2 production in the soil; the highest CO2 production was determined in the last harvest period with TC3 + CF and TC4 + CF (0.27 mgCO2 1 gr−1 24 h−1). The maximum microbial biomass carbon content was determined in the first harvest period. Among the applications, the most microbial biomass carbon was determined after the TC4 + CF (114.42 mgMBC 100 gr−1) application. Catalase enzyme activity was obtained the most with TC4 + CF (601.56 mlO2 1 gr−1) application in first florescence. Dehydrogenase enzyme activity was obtained the most with TC3 (55.96 μg TPF g−1) application in end of harvest. After compost application, tomato yield increased and biological properties of soil improved.
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1. Introduction


It is estimated that millions of tons of organic waste will be collected worldwide in the future [1]. Among the vegetables produced in Turkey, tomato ranks first, with a production amount of approximately 12 million tons. In addition, nearly 5 million tons of total tomato production is produced in greenhouses [2]. Turkey ranks third in the world in terms of tomato production. Ten million tons of tomato waste is generated annually in Turkey [3]. Organic carbon content of dried tomato waste is 53%. Decomposition of tomato waste in soil is very difficult due to its high C:N ratio (39.1). For this reason, its use in agriculture can be achieved by composting. If the management of organic waste is not performed well, it can cause big problems. Composting has long been a common method for the management of organic waste. This method is a biological process that takes place under controlled conditions by means of microorganisms in aerobic conditions, and it is a method that allows organic waste to be used as soil conditioner or organic fertilizer [4,5].



In modern agriculture, the use of chemical fertilizers is quite high in order to obtain more agricultural products in the short term. However, the negative effects of chemical fertilizers on the environment bring different alternatives [6,7]. Organic wastes provide important improvements in the physical and biological properties of soils as well as the nutrients provided by chemical fertilizers [8,9]. There is a close relationship between soil organic matter and soil microorganisms. Organic matter added to the soil will create a food source for the heterotrophic microbial population. The presence of microorganisms in the soil and their activities are indicators of soil vitality. The activities of soil microorganisms play a very important role in the soil. The determination of the activities of these microorganisms gives a clue about the estimation of soil vitality [10,11]. It can be said that there are many ways to evaluate the biological activity and the determination of enzyme activity in the soil. It is widely used in the estimation of the biological activities in soils [12,13]. Determination of enzyme activity is a good indicator of soil quality as well as showing the biological activities of soils. [14]. Decomposition of soil organic matter not only adds plant nutrients to soil but also helps to improve soil structure. Organic wastes are not only a good nutrient provider for plants, but also a good soil conditioner. Soil organic matter in the soil is broken down both mechanically and biochemically. This is where the role of soil enzymes comes into play, and determination of enzyme activity leads to predictions about soil quality and vitality.



Composting can take place in both aerobic and anaerobic. Compost, which can be used agriculturally, and is obtained under aerobic conditions. While defining the composting of agricultural wastes and plant and animal wastes in the presence of sufficient oxygen and moisture, it is expressed as the conversion of smaller organic compounds under controlled conditions by microorganisms [15,16]. In order to have an ideal composting; moisture, pH, air, C:N ratio, temperature, and particle size are very important factors because the microorganisms that will perform the composting need these conditions in order to survive in the medium [17,18].



Especially in greenhouses, the amount of nutrients taken from the soil is higher, since agriculture is carried out for a longer period of time compared to field agriculture. For this reason, the use of fertilizer for the nutrients needed by the plant is more. One of the most important factors affecting fruit quality is organic compounds. The presence of organic matter and microorganisms in the soil increases soil productivity. Organic acids released as a result of microorganism activity increase fruit quality. For this reason, there is a close relationship between yield and soil biological properties. Compost obtained from the plant’s own waste contains both the essential nutrients for the plant and is a source of substrate for microorganisms.



There are many studies on the effect of compost on plant yield, but studies on the effects of tomato waste compost on tomato yield are limited. In field agriculture, post-harvest organic material remains in the field, but the waste produced in the greenhouse is thrown out of the greenhouse and is not used. For this reason, it is of great importance that the product’s own waste is composted and reused, especially in greenhouse agriculture.



The hypothesis of this study is that tomato waste can be composted microbiologically and the compost obtained from its own waste will increase the yield. In addition, it is thought that compost will improve the biological properties in soils and affect the yield positively.



The aim of this study is to determine the effect of tomato compost on tomato yield and its effect on some soil biological properties such as basal soil respiration (BSR), microbial biomass C (MBC), catalase (CA), and dehydrogenase activity (DHA).




2. Materials and Methods


2.1. Compost and Composting Process


In this study, compost is obtained from the wastes of tomato, which is one of the most consumed vegetables in the world. The tomatoes released after production and not used in any way were used in this study. Tomato wastes were collected from a greenhouse and placed in a heap for decomposition to compost. The heap used for decomposition was 150 cm long × 75 cm wide × 90 cm high. Mixed microorganism culture was inoculated on the heap in order to break down the tomato wastes [19]. For the nitrogen and energy needs of these microorganisms, a sum of urea and sugar was added to the heap mixed with water. In order to aerate the heap, the heap was mixed with a mechanical mixer every day, and the composting period ended on the 90th day.




2.2. Experimental Soil


The soil used in the greenhouse experiment was taken from the agricultural land (41°32′26.3″ N and 35°51′04.7″ E) in the Bafra district of Samsun.



Soil samples were then air-dried and passed through a 2 mm sieve, and soil texture was determined by the hydrometer method [20]. Soil reaction (pH) and electrical conductivity (EC) in a 1:1 soil–pure water suspension were determined by pH meter and EC meter, respectively [21], soil organic matter (SOM) by the modified Walkley–Black method [22], and total nitrogen (N) by the Kjeldahl method [23]. Available phosphorus (P) was determined spectrophotometrically from NaHCO3 extractions [24], and the exchangeable cations (Ca, Mg, K, and Na) were determined from 1 N NH4OAc extractions [25]. CaCO3 was determined by Scheibler calcimetric method [21]. Extractable microelement analysis with DTPA was determined by [26]. All of the experimental procedures were three replicates, and results were averaged.




2.3. Experimental Design


In the greenhouse experiment, tomato seedlings were used as a cultivar plant with “F1 tomato” seedlings.



This study was conducted as a pot trial in a greenhouse under controlled conditions. The greenhouse experiment consisted of a total of 90 pots (3 different periods (first florescence, first harvest, end of harvest), 10 treatments, 3 replications = 90 pots). Application subjects consisted of control (C), chemical fertilizer (CF) (optimum dose), 1%—2.56 tons/da compost (TC1), 2%—5.12 tons/da compost (TC2), 4%—10.24 tons/da compost (TC3), 6%—15.36 tons/da compost (TC4), 1% compost + chemical fertilizer (TC1 + CF), 2% compost + chemical fertilizer (TC2 + CF), 4% compost + chemical fertilizer (TC3 + CF), and 6% compost + chemical fertilizer (TC4 + CF).



Each flowerpot was filled with 3.5 kg of soil, and the seedlings were planted by bringing the moisture content of the soil to the level of the field capacity. The greenhouse experiment lasted for 125 days. During the experiment, each pot was weighed and the lost moisture was added. Analyses were made on soil samples taken from pots in 3 different vegetation periods of tomatoes: first florescence (47th day), first harvest (101st day), and end of harvest (125th day). Chemical fertilizer application was applied by determining the optimum fertilizer doses (for each pot; 3.36 gr ammonium sulphate, 2.07 gr TSP, and 1.24 gr K2SO4 fertilizer were applied) required for the tomato plant according to the soil analysis results of the trial soil.




2.4. Soil Biological Analyses


Microbial biomass carbon was determined by the substrate-induced respiration method by [27]. A moist sample equivalent to 10 g oven-dried soil was amended with a powder mixture containing 40 mg glucose. The CO2 production rate was measured hourly using the method described by [28]. The pattern of respiratory response was recorded for 4 h. MBC was calculated from the maximum initial respiratory response in terms of mg C g−1 soil as 40.04 mg CO2 g−1 + 3.75. Data are expressed as mg CO2-C g−1 dry soil.



Basal respiration at field capacity (CO2 production at 22 °C without the addition of glucose) was measured, as reported by [28]; by alkali (Ba(OH)2.8H2O + BaCI2) absorption of the CO2 produced during the 24 h incubation period, followed by titration of the residual OH− with standardized hydrochloric acid, after adding three drops of phenolphthalein as an indicator. Data are expressed as mg CO2 g−1 dry soil.



Soil dehydrogenase enzyme activity (DHA) was determined according to [29]. Moist soil (10 g) was treated with 10 mL of 0.8% TTC (2,3,5-triphenyltetrazolium chloride) in Tris buffer (pH 7.6) for 24 h in darkness at 30 °C. The triphenylformazan (TPF) formed was extracted with a 50 mL extraction solution (90% (v/v) acetone + 10% (v/v) CCI4) by vigorous shaking for 1 min and then filtering through a Whatman 42 filter paper. Triphenylformazan was measured spectrophotometrically at 485 nm, using the extracting solution as a blank. Triplicate tubes were set up for each soil sample along with an autoclaved control of each sample. Data are expressed as μg TPF g–1 dry soil 24 h−1 25 °C.



Catalase enzyme activity (CA) was measured by the Beck method [30]. Ten milliliters of phosphate buffer (pH 7.0) and 5 mL of a 3% H2O2 substrate solution were added to 5 g of soil. The volume (mL) of O2 released within 3 min at 20 °C was determined. Three replicates of each sample and controls were tested in the same way, but with the addition of 2 mL of 6.5% (w/v) NaN3. Results were expressed as ml O2 5 g–1 dry soil 3 min−1.




2.5. Statistical Analyses


Variance analyses and Duncan tests of the findings were performed in the SPSS package program.





3. Results and Discussions


3.1. Compost


Some properties of tomato compost are given in Table 1.




3.2. Soil


The experiment soil is clay loam texture, slightly alkaline (7.40–7.90), slightly saline (0.98–1.71 dS/m), low organic matter (<2.10), medium lime content (5–15), sufficient total N content, low available P content (3–6), sufficient in potassium, not containing sodicism hazard, and sufficient in terms of microelements (Table 2).




3.3. Effect of Compost on Tomato Yield


According to the results obtained from the harvested tomatoes, all applications showed a positive effect on tomato yield compared to control (no fertilizer application) (Table 3). It was determined that whether compost alone was applied in different doses or combined with chemical fertilizers positively affected the yield of tomatoes compared to the control.



Among compost applications, the highest yield was obtained with TC4 application. Among all the applications in the experiment, the best yield was obtained from the TC1 + CF application. Compost applications had greater yields than the control, but low-dose treatments (TC1 and TC2) were lower than CF. Low doses of compost are less effective than chemical fertilizers; nutrients are released more slowly compared to chemical fertilizers and are taken up late by the plant. When compost and chemicals are applied together, there is a significant increase in tomato yield. Ref. [31] indicated limited effects of organic fertilizers on plant growth and yield as compared to chemical fertilizers. Ref. [32] reported in their study that different organic fertilizers increase tomato yield, but lower yields are obtained compared to chemical fertilizers. Ref. [33] reported that there were significant increases in tomato yield with biochar and nitrogen applications. Ref. [34] investigated the effect of food waste compost on tomato yield compared to chemical fertilizers and some organic waste; it has been reported that food waste compost increases tomato yield compared to chemical fertilizers and other organic wastes. Ref. [35] reported that compost application increased tomato yield in their study investigating the effects of municipal solid waste compost application on tomato yield. Ref. [36] applied different doses of mushroom compost with and without N–P–K fertilizer and investigated the effects of applied compost on cabbage, pumpkin, and tomato yield. At the end of the study, they reported that while high doses of compost applied without N–P–K fertilizer gave the best results in cabbage and pumpkin yield, the best result in tomato yield was obtained by applying compost and N–P–K fertilizer together.




3.4. Basal Soil Respiration (CO2)


Soil respiration is defined as the rate of respiration in the soil, together with the measurement of the CO2 produced as a result of the mineralization of organic matter in the soil [37,38,39]. Soil respiration is affected by many soil properties such as clay, pH, organic carbon, and nitrogen [40,41,42,43,44,45]. Soil respiration is closely related to soil fertility and is frequently used in the evaluation of soil quality [46,47].



The effect of vegetation period of tomato plant on CO2 production values of soil after compost application was found to be significant (p < 0.05) (Table 4). According to the results of soil respiration analysis on the soil samples taken during the first flowering period, the effect of the CF application on the change in the CO2 production values of the soils was not found to be statistically significant. In other applications, it was determined that the CO2 production values of the soils increased compared to the control. Among these applications, the highest increase was obtained after TC3 application.



According to the analysis results of the first harvest period, CF and TC1 + CF applications on the change in the CO2 production values of the soils were not found to be statistically significant, but other applications increased soil CO2 production. Among all of them, the highest increment occurred after TC2 application.



According to the analysis results in the last harvest period, many applications showed similar results to the control at the end of this period, but it was found that the highest increase was found in the CO2 production values of the soils after the applications of TC3 + CF and TC4 + CF. Ref. [48] applied vermicomposting of treated sludge, hazelnut sludge, and barn manure with Eisenia fetida type of worms and the non-vermicompost of these wastes to soils, and investigated the changes in soil respiration (microbial respiration) in soil samples. The researchers reported that after the applications, CO2 production in the soil increased depending on the applications, the changes in CO2 production in the soil as a result of applying the organic material to the soil by vermicomposting or without vermicomposting were insignificant, and the changes in the ratio of organic materials included in the composition of the mixtures were significant (p < 0.001).



It was determined that most CO2 production in the soil was realized in the last harvest period. The reason for this may be due to the increased microorganism population as a result of the CO2 released as mineralized in the last harvest period of the organic matter, which increased in the first harvest period due to the TC applied to the soil, and the substrate for the soil microorganisms. It is a good substrate source for microorganisms due to the narrow C:N ratio of the applied TC and the high amount of N, P, macro, and micro elements in its structure. In addition, since it is nutritious for plants, the plant root system also develops and they synthesize organic products for microorganisms. Many studies show that [49,50,51,52,53] organic origin materials applied to soils increase the amount of CO2 production, and this increase is more C:N. It is realized through organic materials with a narrow ratio and rich in nutrients. Ref. [54] reported that organic material in soils increases soil respiration. It has also been stated in previous studies that the organic carbon added to the soil is used by the microorganisms, and the CO2 output is released [55,56,57].




3.5. Microbial Biomass Carbon (MBC)


According to the results of MBC analysis performed at the end of the first flowering period, it was determined that there was an increase in the MBC values of the soils at the end of all the applications (Table 5). Although most of the results obtained after the applications are similar to each other, it was determined that the highest increase was after TC2 + CF application.



According to the results of the analysis performed at the end of the first harvest period, it was determined that there was an increase in the microbial biomass carbon content of the soils at the end of all applications made, according to the control soil. At the end of this period, some applications were statistically similar, but the highest increase was found after TC4 + CF application.



According to the results of the analysis performed in the last harvest period, CF and TC1 + CF applications showed similar results with control, other applications except these two applications increased the biomass carbon content of the soils, while TC4, TC3 + CF and TC4 + CF applications showed the highest microbial biomass carbon values.



It has been determined that the most microbial biomass in the soil is in the first harvest period. The main reason for this situation is the highest organic matter level in the soil in this period. In order to be able to comment on the status of microorganisms in the soil, it is necessary to know the cell weights and the microbial biomass, rather than the numerical distribution of the microorganisms in that soil. For example, bacteria found in large numbers in the soil weigh less than fungi, which are much less numerous than bacteria in the same soil [58]. Therefore, microbial biomass is one of the most used parameters in determining the total microbial activity in the soil. Organic matter applied to the soil causes an increase by directly affecting the population of heterotroph microorganisms in the soil. Since all of the fungi and some of the bacteria in the soil feed on heterotrophs, the TC applied to the soil directly increases the number of these microorganisms, while it may affect the number of autotroph microorganisms indirectly. Autotrophic microorganisms can be affected by TC application by improving the air–water balance in the soil and by the cell metabolites of heterotroph microorganisms.



In similar studies, it has been stated that organic materials increase microbial biomass. Ref. [59] reported that compost or farm manure applied to soils significantly increased the microbial biomass carbon content of soils compared to control and chemical fertilizers. Many researchers have reported that there is a significant increase in the biological characteristics of soils after organic material applications, such as microbial activity, microbial diversity, and microorganism population [60,61,62,63]. Organic materials added to soils not only change soil organic carbon, but also increase microbial population and activities [64,65].




3.6. Cmic:Corg


According to the results of the analysis carried out in the first vegetation period, the applications carried out did not show any statistical effect on the Cmic: Corg ratio of the soils during this period (Table 6). CF, TC1, TC3, TC2 + CF, and TC3 + CF applications caused this ratio to increase. By the increase of this ratio, it can be understood that the microbial biomass carbon in the total organic carbon in the soil increased.



According to the analysis results in the 2nd vegetation period, the results obtained after TC3 application among the applications were found to be statistically insignificant compared to the control, other applications increased the Cmic:Corg ratio value of the soils.



According to the data obtained in the third vegetation period of the tomato plant, it was determined that CF application caused this rate to decrease. TC1, TC2 and TC1 + CF applications showed similar results to the control, while other applications increased this ratio.



Studies have also stated that the addition of organic matter increases the Comic:Corg ratio. Similarly, [66] investigated the effect of different practices on the relationship between structural change in soil organic matter and soil metabolism. At the end of the study, they stated that Cmic:Corg ratio increased after mineral fertilizer, farm manure and vermicompost applications. Ref. [67] Stated that microbial carbon in total organic carbon decreased with mineral fertilization.



The ratio of microbial C to soil organic C (Cmic:Corg) reflects the ratio of microbial biomass in soil organic carbon [68]. Total organic carbon in soil contains 1–5% microbial biomass carbon [69].




3.7. Catalase Activity (CA)


According to the analysis results in the first flowering period, CF and 1% TC applications did not show similar results with the control in this period and did not show any effect on the catalase enzyme activity in the soils. Other applications have increased the catalase enzyme activity of the soils. Among these results, the highest increase occurred after TC4 + CF application (Table 7).



According to the analysis results in the first harvest period, TC1 application showed similar results to the control, and at the end of this period, it did not show any effect on the catalase enzyme activity of the soils. Other applications made caused higher catalase enzyme activity of soils. The highest catalase enzyme activity was detected after TC4 + CF application.



When it comes to the last harvest period, it is understood that some applications do not have any effect on the catalase enzyme activity of the soils. When looking at the results of the remaining applications, it is understood that the catalase enzyme activity of the soils increased. The highest increase was detected after TC4 + CF application.



It was determined that the most catalase enzyme activity was in the first flowering and first harvest periods. The reason is that the TC applied to the soil has not completely broken down yet and therefore the soil may have a looser structure, which may increase the aerobic microorganism population by increasing the air flow and aeration in the soil. The organic material applied to the soil increases the catalase enzyme activity both because it is a substrate for microorganisms and increases aeration (Table 5).



The sources of enzymes in the soil are plants and macro and microorganisms [70]. Therefore, soil enzymes are big indicators in determining the microbial population and microorganism activities in the soil [71]. Organic matter applications, needs of microorganisms, are a simple and effective method for increasing the activities of soil enzymes. Refs. [72,73] investigated the effect of green compost on the biochemical properties of soils. At the end of the research, they found significant differences in the catalase enzyme activity in the soil where compost was applied as a regulator. It increased the catalase enzyme activity up to 10 times in the soil compared to the green compost control applied to the soil at a rate of 50%. Ref. [74] applied farm manure, sand, desulfurized gypsum, and these three applications in a mixed manner to determine the responses of soil microorganisms and soil enzyme activities to different applications. At the end of the study, the catalase enzyme activity of the soils varied among the applications, and they reported that the catalase enzyme activities in the soil after the application of sand did not differ compared to the control, while it increased 1130.78% after gypsum application, 1096.15% after farm manure application, and 600% after mixed application.




3.8. Dehydrogenase Activity (DHA)


According to the analysis results made during the first flowering period, TC4 + CF application did not show any effect on the dehydrogenase enzyme activity of the soils during this period, while it was found to be lower than the control at the end of the other applications (Table 8).



According to the results of the analysis made during the first harvest period, some applications during this period did not show any effect on the dehydrogenase enzyme activity of the soils, while some applications caused more dehydrogenase enzyme activity in the soils. Among all applications, TC2 application has been determined to be the application with the highest value.



According to the analysis results made in the last harvest period, it was determined that while CF application caused a decrease in the dehydrogenase enzyme activity of the soils in this period, other applications caused an increase in the dehydrogenase enzyme activity of the soils, and the highest increase occurred after TC3 application (Table 6).



There are many enzymes in the soil that fall into the group of oxidoreductases, hydrolases, isomerases, liases, and ligases. Each fulfills key biochemical functions in the product and energy conversion process [75]. Soil dehydrogenase enzyme (EC 1.1.1.) is one of the most basic enzymes in the oxidoreductase class [75]. The dehydrogenase enzyme plays an important role in the early stages of oxidation of the organic components of the soil by transferring hydrogen and electrons from substrates to receptors [76]. Dehydrogenase activity reflects the total oxidative activity range of the soil microflora [77] and is a good indicator of the overall microbial activity of soils [78].



Dehydrogenase enzyme activity in the soil was determined mostly in the last harvest period. DHA in the soil is closely related to soil organic matter. For this reason, the fact that there is no increase in DHA during the first flowering period may be due to the fact that the applied TC has not yet broken down.



Similarly, [13] reported that the increased organic matter in the surface soil increased the dehydrogenase enzyme activity in the soil. Ref. [79] reported that dehydrogenase activity was accompanied by an increase in the number of microbial groups and improvement in other living conditions such as ventilation and humidity. In [80], they reported that organic wastes applied to eroded soils increased the dehydrogenase enzyme activity in the soil. In [81], they determined that dehydrogenase enzyme activity increased with compost application. Ref. [82] found that dehydrogenase activity was lower after only chemical fertilizer application, compared to biochar application. Ref. [83] reported that soil enzymes improved significantly with the addition of biochar and N.




3.9. Relationships between Tomato Yield and Soil Biological Properties


According to the data, important relationships were determined between the total tomato yield obtained at the end of the greenhouse experiment and the biological properties of the soil. In the first harvest period, significant correlations were determined between the total tomato yield and the catalase enzyme activity in the soil at the p < 0.05 level positive direction and with the microbial biomass at the p < 0.01 level positive direction. At the end of the harvest period, significant correlations were determined between total tomato yield and soil respiration at the p < 0.05 level positive direction, and also at the p < 0.01 level positive direction with other biological properties (Table 9).





4. Practical Implications of This Study and Conclusions


According to the results of this study, vegetable wastes can be composted without animal waste such as barn manure. For the highest yield, no more chemical fertilizers are needed and fertilization alone is not sufficient for higher yields. It has been determined that there is a significant relationship between the yield and the biological activity of the soil. The dose of compost should be determined very well. The compost dose is different for the yield obtained only with compost and the yield obtained with compost and chemical fertilizers.



Conclusions


Millions of tons of biomass are released as a result of agricultural activities. In most agricultural areas, these released materials are either buried in the ground or burned uncontrollably. Thus, it both causes significant damage to the environment and also destroys the potential organic fertilizer raw material. In the traditional composting method, barn manure is needed for composting plant materials. When barn manure is not available, vegetable wastes pose a problem for the environment. For this reason, microbiological composting of plant materials without barn manure, as we have stated, will both eliminate the negative impact of the waste material on the environment and provide a good soil conditioner and organic fertilizer. Reducing the use of chemical fertilizers in sustainable farming systems is clear.



The activities of soil microorganisms are of great importance in order to ensure the nutrient cycle in the soil, to maintain soil productivity and soil fertility. For this reason, the presence of organic carbon in the soil, required by microorganisms, is absolutely necessary in order to keep the microorganism population and activities in the soil dynamic. This study showed that the use of compost is very important for soil vitality and the activity of soil enzymes.



Recycling is one of the most basic solutions to climate change and environmental problems, which are a major threat worldwide today. It is possible to reuse the materials released after production in agriculture, especially by composting. The use of compost causes an increase in the activities of microorganisms in the soil, the population of microorganisms, and the activities of soil enzymes; thus, besides increasing the yield, it also contributes to sustainable agriculture and prevention of environmental problems.



Since the traditional method of composting vegetable waste requires a large amount of barn manure, it can be easily achieved by using a mixed culture of microorganisms. Thus, pathogens and weed seeds in barn manure will be avoided. It is possible to obtain organic fertilizer only with the plant’s own wastes, without the need for any source for organic fertilization in plant production.



Tomatoes need many more nutrients in greenhouse cultivation compared to open-field cultivation. In order to reduce the harmful effects of chemical fertilizer application, its application with organic fertilizer will both increase the yield and increase the microorganism population in the soil. In tomato production, if organic farming is carried out with no chemical fertilizers, high doses of tomato waste compost should be the most appropriate application. We recommend that tomato producers use low-dose tomato compost in addition to chemical fertilization to achieve higher yields, thus both increasing the biological activity of the soil and the yield.



The characteristics of the compost obtained from the waste of each plant and its effect on yield may be different, so similar studies should be carried out on other plant wastes. In addition to the effect of the compost to be used on yield, it is recommended to investigate the effect on the biological properties of the soil, because the relationships between soil biological properties and yield have been revealed. The findings were obtained under greenhouse conditions. For this reason, similar studies should be carried out in the open field to determine the effects in the open field. Compost to be applied in high doses may not be practical and requires a lot of labor force in the open field, so lower doses may be preferred in open-field studies.
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Table 1. Some properties of compost.






Table 1. Some properties of compost.














	O.C. (%)
	Total N (%)
	C:N
	pH
	EC (dS/m)
	Total P (%)
	





	43
	3.4
	12.7
	7.50
	4.33
	1.42
	



	Total K

(%)
	Total Ca (%)
	Total Mg (%)
	Total Fe

(mg kg−1)
	Total Zn (mg kg−1)
	Total Cu (mg kg−1)
	Total Mn (%)



	1.02
	1.71
	0.53
	0.92
	0.01
	0.003
	0.05
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Table 2. Some properties of experiment soil.






Table 2. Some properties of experiment soil.





	pH
	EC (dS m−1)
	Clay (%)
	Silt (%)
	Sand (%)
	O.M. (%)





	7.55
	1.02
	29.94
	43.50
	26.56
	1.64



	CaCO3 (%)
	Total N (%)
	Available P (mg kg−1)
	Exchangeable K (meq 100 gr−1)
	Exchangeable Ca (meq 100 gr−1)
	Exchangeable Mg (meq 100 gr−1)



	11.19
	0.13
	6.29
	0.568
	31.84
	8.88



	Exchangeable Na (meq 100 gr−1)
	Available Fe (mg kg−1)
	Available Zn (mg kg−1)
	Available Mn (mg kg−1)
	Available Cu (mg kg−1)
	C:N



	0.254
	6.96
	1.33
	3.11
	2.17
	7.32










[image: Table] 





Table 3. Effect of tomato compost on total tomato yield.






Table 3. Effect of tomato compost on total tomato yield.





	Applications
	Tomato Yield (kg/pot)
	Tomato Yield (t/ha) *
	Yield Increase (%) (Compared to CF)





	C
	0.10 ± 0.01 e
	1.5
	-



	CF
	0.83 ± 0.07 bc
	12.45
	-



	TC1
	0.41 ± 0.04 d
	6.15
	−50.60



	TC2
	0.68 ± 0.10 c
	10.20
	−18.07



	TC3
	0.85 ± 0.03 bc
	12.75
	2.41



	TC4
	0.96 ± 0.09 ab
	14.40
	15.66



	TC1 + CF
	1.07 ± 0.08 a
	16.05
	28.92



	TC2 + CF
	0.86 ± 0.08 bc
	12.90
	3.61



	TC3 + CF
	0.98 ± 0.03 ab
	14.70
	18.07



	TC4 + CF
	0.89 ± 0.05 abc
	13.35
	7.23







The numbers are the average of 3 parallels and given with standard deviations (F value: 20.525) (p < 0.05). Miniscule differences between apps. * 1500 tomato seedlings are assumed in 1 decare.
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Table 4. CO2 production values.






Table 4. CO2 production values.





	
Applications

	
CO2 Production (mgCO2 gr−1 24 h−1)




	
First Florescence

	
First Harvest

	
End of Harvest






	
C

	
0.12 ± 0.00 B-b

	
0.12 ± 0.01 B-b

	
0.18 ± 0.00 A-b




	
CF

	
0.12 ± 0.00 B-b

	
0.12 ± 0.00 B-b

	
0.18 ± 0.01 A-b




	
TC1

	
0.14 ± 0.00 B-ab

	
0.13 ± 0.01 B-ab

	
0.20 ± 0.02 A-b




	
TC2

	
0.14 ± 0.01 A-ab

	
0.26 ± 0.12 A-a

	
0.19 ± 0.01 A-b




	
TC3

	
0.23 ± 0.09 A-a

	
0.16 ± 0.01 A-ab

	
0.21 ± 0.00 A-b




	
TC4

	
0.15 ± 0.01 C-ab

	
0.18 ± 0.01 B-ab

	
0.22 ± 0.01 A-ab




	
TC1 + CF

	
0.15 ± 0.01 B-ab

	
0.13 ± 0.00 B-b

	
0.21 ± 0.02 A-b




	
TC2 + CF

	
0.14 ± 0.00 B-ab

	
0.16 ± 0.00 B-ab

	
0.23 ± 0.02 A-ab




	
TC3 + CF

	
0.15 ± 0.01 B-ab

	
0.16 ± 0.01 B-ab

	
0.27 ± 0.03 A-a




	
TC4 + CF

	
0.15 ± 0.01 B-ab

	
0.17 ± 0.01 B-ab

	
0.27 ± 0.03 A-a








The numbers are the average of 3 parallels and given with standard deviations. Majuscule is between vegetation periods. Miniscule refers to the applications within each period (p < 0.05). F value; p: 108,420 *, A: 5532 *, p × A: 2913 * (p: period, A: application).
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Table 5. MBC production values.






Table 5. MBC production values.





	
Applications

	
Microbial Biomass Carbon (mgMBC 100 gr−1)




	
First Florescence

	
First Harvest

	
End of Harvest






	
C

	
48.30 ± 4.32 A-d

	
36.00 ± 10.17 A-d

	
40.91 ± 5.68 A-d




	
CF

	
59.24 ± 3.45 B-bcd

	
69.62 ± 0.44 A-bc

	
42.09 ± 2.14 C-d




	
TC1

	
65.16 ± 3.38 A-abc

	
46.08 ± 8.54 A-cd

	
48.71 ± 4.49 A-cd




	
TC2

	
67.88 ± 5.76 A-abc

	
70.67 ± 20.24 A-bc

	
56.14 ± 4.00 A-cd




	
TC3

	
66.56 ± 2.98 A-abc

	
77.93 ± 13.71 A-bc

	
74.01 ± 0.98 A-ab




	
TC4

	
67.85 ± 7.02 A-abc

	
98.39 ± 5.69 A-ab

	
90.29 ± 10.15 A-a




	
TC1 + CF

	
55.66 ± 3.51 B-cd

	
85.81 ± 11.81 A-ab

	
44.74 ± 1.09 B-d




	
TC2 + CF

	
76.09 ± 5.91 A-a

	
82.64 ± 3.28 A-ab

	
64.23 ± 7.15 A-bc




	
TC3 + CF

	
71.07 ± 2.88 B-ab

	
93.50 ± 6.24 A-ab

	
90.82 ± 5.29 A-a




	
TC4 + CF

	
68.37 ± 3.72 C-abc

	
114.42 ± 2.67 A-a

	
85.36 ± 4.79 B-a








The numbers are the average of 3 parallels and given with standard deviations. Majuscule is between vegetation periods. Miniscule refers to the applications within each period (p < 0.05). F value; p: 12,001 *, A: 14,727 *, p × A: 2960 * (p: period, A: application).
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Table 6. Cmic:Corg ratio values.






Table 6. Cmic:Corg ratio values.





	
Applications

	
Cmic: Corg




	
First Florescence

	
First Harvest

	
End of Harvest






	
C

	
0.06 ± 0.01 A-b

	
0.03 ± 0.01 A-c

	
0.05 ± 0.01 A-bc




	
CF

	
0.07 ± 0.01 A-ab

	
0.07 ± 0.00 A-ab

	
0.05 ± 0.00 A-c




	
TC1

	
0.09 ± 0.01 A-a

	
0.05 ± 0.01 B-bc

	
0.06 ± 0.00 B-bc




	
TC2

	
0.07 ± 0.00 A-b

	
0.04 ± 0.01 B-c

	
0.06 ± 0.00 A-bc




	
TC3

	
0.07 ± 0.00 A-ab

	
0.06 ± 0.01 A-abc

	
0.07 ± 0.00 A-ab




	
TC4

	
0.07 ± 0.00 A-b

	
0.06 ± 0.00 A-ab

	
0.09 ± 0.01 A-a




	
TC1 + CF

	
0.06 ± 0.01 A-b

	
0.08 ± 0.01 A-a

	
0.06 ± 0.00 A-bc




	
TC2 + CF

	
0.07 ± 0.00 A-ab

	
0.07 ± 0.00 A-ab

	
0.08 ± 0.01 A-ab




	
TC3 + CF

	
0.06 ± 0.01 A-ab

	
0.07 ± 0.01 A-ab

	
0.09 ± 0.01 A-a




	
TC4 + CF

	
0.06 ± 0.00 B-b

	
0.07 ± 0.00 A-ab

	
0.07 ± 0.01 A-ab








The numbers are the average of 3 parallels and given with standard deviations. Majuscule is between vegetation periods. Miniscule refers to the applications within each period (p < 0.05). F value; p: 2995 *, A: 4004 *, p × A: 3443 * (p: period, A: application).
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Table 7. Catalase enzyme activity values.
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Applications

	
Catalase Enzyme Activity (mL O2 gr−1)




	
First Florescence

	
First Harvest

	
End of Harvest






	
C

	
161.43 ± 10.38 A-e

	
152.89 ± 5.28 A-d

	
153.86 ± 3.33 A-d




	
CF

	
158.49 ± 7.22 A-e

	
183.22 ± 7.74 A-cd

	
165.44 ± 4.97 A-d




	
TC1

	
164.48 ± 17.98 A-e

	
176.39 ± 0.42 A-d

	
182.49 ± 5.78 A-d




	
TC2

	
214.08 ± 30.87 A-de

	
326.56 ± 114.19 A-bcd

	
191.17 ± 3.45 A-d




	
TC3

	
346.62 ± 22.23 A-c

	
222.01 ± 116.61 A-cd

	
300.94 ± 12.97 A-c




	
TC4

	
473.34 ± 9.08 A-b

	
382.67 ± 60.11 A-abc

	
351.68 ± 18.29 A-b




	
TC1 + CF

	
221.88 ± 3.24 B-de

	
233.85 ± 2.90 A-bcd

	
180.09 ± 4.00 C-d




	
TC2 + CF

	
242.07 ± 37.01 A-d

	
262.88 ± 27.19 A-bcd

	
273.90 ± 13.78 A-c




	
TC3 + CF

	
455.30 ± 24.10 A-b

	
424.86 ± 50.24 AB-ab

	
304.45 ± 23.52 B-c




	
TC4 + CF

	
601.56 ± 13.97 A-a

	
566.23 ± 54.52 A-a

	
390.17 ± 11.24 B-a








The numbers are the average of 3 parallels and given with standard deviations. Majuscule is between vegetation periods. Miniscule refers to the applications within each period (p < 0.05). F value; p: 5921 *, A: 30,956 *, p × A: 2005 * (p: period, A: application).
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Table 8. Dehydrogenase enzyme activity values.
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Applications

	
Dehydrogenase Enzyme Activity (µg TPF g−1 24 h−1 25 °C)




	
First Florescence

	
First Harvest

	
End of Harvest






	
C

	
31.56 ± 2.27 A-a

	
10.67 ± 2.18 B-b

	
34.61 ± 5.80 A-bcd




	
CF

	
20.36 ± 2.14 A-ab

	
32.18 ± 6.91 A-ab

	
25.14 ± 2.64 A-d




	
TC1

	
20.59 ± 1.70 B-ab

	
23.87 ± 0.95 B-ab

	
34.27 ± 2.96 A-bcd




	
TC2

	
22.83 ± 2.90 A-ab

	
46.17 ± 21.59 A-a

	
36.93 ± 4.17 A-bcd




	
TC3

	
26.16 ± 3.217 A-ab

	
35.92 ± 4.62 A-ab

	
55.96 ± 11.99 A-a




	
TC4

	
25.41 ± 3.43 B-ab

	
17.99 ± 2.54 B-b

	
51.58 ± 2.58 A-ab




	
TC1 + CF

	
21.60 ± 4.12 A-ab

	
15.82 ± 4.97 A-b

	
31.55 ± 1.71 A-cd




	
TC2 + CF

	
16.34 ± 1.71 B-b

	
18.76 ± 4.89 B-b

	
40.47 ± 7.86 B-abcd




	
TC3 + CF

	
27.16 ± 7.589 B-ab

	
14.68 ± 1.20 B-b

	
46.29 ± 2.01 A-abc




	
TC4 + CF

	
30.55 ± 0.91 A-a

	
22.97 ± 5.44 A-ab

	
31.42 ± 2.72 A-cd








The numbers are the average of 3 parallels and given with standard deviations. Majuscule is between vegetation periods. Miniscule refers to the applications within each period (p < 0.05). F value; p: 21,063 *, A: 2233 *, p × A: 2303 * (p: period, A: application).
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Table 9. Correlation relationships between biological properties and tomato yield.






Table 9. Correlation relationships between biological properties and tomato yield.





	
n = 30

	
First Harvest

	
End of Harvest






	
Tomato Yield

	
CO2

	
MBC

	
KA

	
DHA

	
CO2

	
MBC

	
KA

	
DHA




	
−0.028

	
0.643 **

	
0.376 *

	
−0.051

	
0.418 *

	
0.482 **

	
0.482 **

	
0.482 **








* p < 0.05, ** p < 0.01.
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