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Abstract

:

Determining how intermittently applied heat treatment during the preparation of vermicompost changes the effectiveness of the fertilizer is a challenge. In this study, organic Aloe vera was grown using heat-treated cattle manure vermicompost (IVC) and unheated cattle manure vermicompost (VC). Additionally, these two vermicomposts were combined with vermiwash (LV) and applied to the soil. Thus, the cumulative effect of vermicompost on soil biological properties (number of bacteria, dehydrogenase, urease, alkaline phosphatase, β-glycosidase) and plant growth (plant height, number of leaves, leaf biomass yield, number of suckers, fresh gel weight) was investigated. According to the results obtained, it was understood that HVC-30+LV, HVC-60+LV, and VC-60+LV applications were more effective on soil biological properties. On the other hand, HVC-30+LV and HVC-60+LV applications were found to be effective on plant growth. In addition, increases of 140% in soil bacterial number, 170% in dehydrogenase activity, 125% in urease activity, 122% in alkaline phosphatase activity, 123% in β-glycosidase activity, 65% in plant height, and 45% in leaf biomass yield and wet gel weight were observed. Accordingly, it can be stated that heat-treated cattle manure vermicompost applied to the soil at a rate of 30 t ha−1 together with vermiwash is beneficial for improving the biological properties of calcareous soil and for organic Aloe vera cultivation.
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1. Introduction


The use of secondary metabolites from medicinal plants as a natural raw material source in the cosmetic and pharmaceutical industries is becoming increasingly common. One of the medicinal plants from which valuable phytochemicals are obtained is Aloe vera, a plant species in the Asphodelaceae (lily) family. It is known that the plant has much in common with cacti in terms of its affinity for dry climates, small spines on the edges of its leaves, and water storage properties of its leaves [1]. This plant, which thrives in hot and dry regions, is included in many products that serve both the beauty and health sectors due to the gel-like substance within its leaves [2,3,4,5,6].



Medicinal plants have significant commercial value in Turkey as well as in many countries with a Mediterranean climate. These plants are collected from nature, obtained through farming, and sold as raw materials to the relevant industry sectors. It is essential that the production of plants such as A. vera, whose phytochemicals are evaluated in the cosmetic and pharmaceutical industries, should be carried out within a specific plan. The industrial facilities that will process these plant materials want to source the raw material every year in the amounts they need [7]. Only in this way can standardized high-quality products can be produced. For this reason, growing these plants in controlled conditions away from toxic substances, such as pesticide residues, chemical accumulations, and heavy metals, is of great importance [8]. A. vera cultivation, which is common in countries such as Spain, India, the USA, South Africa, Brazil, and Mexico, is a newly developing sector in Turkey. The Aloe barbadensis Miller variety is mainly produced in greenhouse conditions in Turkey [9].



It was reported that ecological factors—such as slope exposure, altitude, and seasonal climate changes—and factors such as plant collection time, storage conditions, drying times, and drying temperatures are effective in obtaining optimum secondary metabolites from medicinal plants [10]. In A. vera cultivation, climate, soil characteristics, agronomic factors (plant sowing frequency, fertilization, irrigation, etc.), and harvest time are among the most important factors affecting plant biomass yield and fresh gel quality [11]. In addition, fertilization has an important place among the agronomic practices that most affect the yield and phytochemical quality in a vegetation period in the cultivation of these plants [12]. The use of organic fertilizers and/or soil conditioners rather than chemical fertilizers in A. vera cultivation is recommended because although chemical fertilizers promote the production of primary metabolites in the plant, they are known to have the effect of diluting secondary metabolites [13].



Biomass emerging from various organic wastes is transformed into a unique material called “vermicompost” via composting without a thermophilic phase using earthworms, which can be used as organic fertilizer for plant production or as a soil conditioner for the improvement of degraded soils [14]. The most important feature that distinguishes this material from other organic fertilizers is its high microbiological activity [15]. During vermicomposting, unique microorganisms in the worm gut enrich the vermicompost microbially by means of “coelomic fluid”. When this material is applied to the soil, the mentioned microorganisms colonize the fresh roots of the plant. They secrete enzymes, plant growth regulators, and antibiotics into the rhizosphere. Thus, they protect the roots against soil pathogens (fungi and nematodes, etc.) and they help the roots to develop and the plant to be nourished [16]. On the other hand, vermicompost is a porous material with low density, high water-holding and anion–cation exchange capacities. Due to these properties, it can retain nutrients, such as carbon, nitrogen, phosphate, calcium, iron, and zinc, by increasing the anionic and cationic activities in the soil [17]. Due to the chelating feature of coelomic liquid, the nutrients it contains are less affected by adverse soil conditions and are also rich in humic substances that increase capillary rooting [18]. For these reasons, vermicompost not only promises an effective/cheap method for waste management in agricultural production but also finds use as a soil conditioner and/or organic fertilizer. On the other hand, vermiwash is a liquid extract obtained from vermicomposting beds and used as liquid fertilizer, foliar spray, and disease control agent [19]. In this study, vermicomposts with different characteristics were applied to the soil alone and in combination with vermiwash under greenhouse conditions in a Mediterranean climate. Thus, the aim was to determine the cumulative effect of vermicompost on the biological properties of calcareous soil and the growth of A. vera.




2. Materials and Methods


2.1. Experimental Site


The study was carried out in a plastic greenhouse located in Alanya, Turkey (36°21′3″ N; 32°15′47″ E, altitude 185 m). The experiment covers September–August in two consecutive production seasons (2019–2020 and 2020–2021), and indoor climate data were recorded between these dates. The highest temperature in the greenhouse in the first year was 49.7 °C, the lowest temperature was 4.3 °C, and the average temperature was 27.0 °C. The highest relative humidity was 77%, the lowest relative humidity was 41%, and the average relative humidity was 61%. The average solar radiation was measured as 6.82 kWh/m2/day. In the second year, the highest temperature was 48.3 °C, the lowest temperature was 2.7 °C, and the average temperature was measured as 25.5 °C. The highest relative humidity was 79%, the lowest relative humidity was 48%, and the average relative humidity was 63.5%. The average solar radiation was measured as 7.02 kWh/m2/day.




2.2. Treatments and Experimental Design


Vermicomposts used as organic fertilizing material in the experiment were obtained from the Turkish company Ekosol INC.; heat-treated vermicompost (hereinafter referred to as HVC) and unheated vermicompost (hereafter VC) were used in the experiment. The heat treatment was carried out by the fertilizer company in a special oven at 70 °C. This process is routinely performed to protect the vermicompost from microbial contamination under factory conditions until it enters the bag. The experiment also aimed to support the HVC and VC throughout the plant cultivation seasons by applying vermiwash (LV) to the soil. The analysis results of the vermicomposts used in the study and the soil on which the experiment was established are shown in Table 1. The application rates of vermicompost to the soil were determined as recommended at 30–60 t ha−1 [20]. In addition, during the growing season, vermiwash was applied to some parcels of the soil via drip fertigation at the rate recommended by the fertilizer company. The study was carried out as a factorial according to the randomized plot design with three replications. Accordingly, vermicompost applications were as follows: Control (vermiwash–LV), HVC 10 t ha−1 (HVC-10), VC 10 t ha−1 (VC-10), HVC 30 t ha−1 (HVC-30), VC 30 t ha−1 (VC-30), HVC 60 t ha−1 (HVC-60), VC 60 t ha−1 (VC-60), HVC 10 t ha−1 + LV (HVC-10+LV), VC 10 t ha−1 + LV (VC-10+LV), HVC 30 t ha−1 + LV (HVC-30+LV), VC 30 t ha−1 + LV (VC-30+LV ), HVC 60 t ha−1 + LV (HVC-60+LV), VC 60 t ha−1 + LV (VC-60+LV).




2.3. Experimental Setup


In the experiment, the suckers of the Aloe barbadensis Miller plant, which were previously obtained, were used as seedling material. To create a seedling-growing medium, a mixture of peat, perlite, and vermiculite was prepared, and the resulting medium was moistened to around 80%. This prepared moist mixture was transferred to viols with 128 holes, and it was ensured that all holes were filled with the mixture. Then, A. vera suckers were placed in viols, one per hole, and watered abundantly. In the following days, the seedlings’ irrigation, fertilization, and other maintenance processes were carried out. In this context, it was ensured that the seedlings were ready in approximately 25 days.



Before the greenhouse experiment was established, soil cultivation and weeding were performed and seedlings were made ready for planting. Then, plots of 6 m2 (1 m width, 6 m length, and approximately 30 cm height) were created by the experiment plan. In order to minimize the interaction of the experiment subjects with each other, approximately 1.5 m gaps were left between the plots. Then, the vermicomposts (according to dry matter calculation) were weighed by adhering to the applications detailed above. Afterwards, the fertilizers were mixed homogeneously on the plots. For two-season cultivation, A. vera seedlings were planted with at least ten plants (60 cm on rows, 60 cm between rows) in each plot, and the experiment period was started by providing water through the drip irrigation system. Plant maintenance procedures (irrigation, disease, pest monitoring, etc.) were carried out from seedling planting to harvest during the vegetation period. In this period, weeds were removed from the plots. During the growing period, drip irrigation was applied to the plants equally in each plot. Since the plant is sensitive to root rot with excessive watering, water was given carefully. For this, irrigation was performed by monitoring the moisture status of the soil, plant appearance (withering signs on the leaves), and solar radiation data (once every 7–10 days in the cold period and once every 2–3 days in the hot period).




2.4. Harvesting


Plant leaves were harvested for the first time 90 days after planting, and a total of 4 harvests were performed per season. Harvest times were determined based on the number of plant leaves and leaf weight. In the harvests, five randomly selected plants were harvested from each replication plot. Harvesting was performed by cutting only the mature leaves that have completed their development 3–5 cm above the soil surface. In each harvest period, soil and plant samples were taken and measurements and analyses were made. After all harvests, sampling, and measurements were completed, the greenhouse experiment was terminated for both seasons. The foreign materials on the plant were removed by pre-cleaning the plant materials obtained during the harvest periods. Then, measurement, weighing, and calculations were performed on the plant samples, and the results were given as the average of the five plants sampled. Accordingly, parameters such as plant height, the number of leaves, leaf biomass yield, the number of suckers, and fresh gel weight were determined.




2.5. Preparation of Analysis


Analyses of the details of the vermicomposts used in the experiment were carried out. Moisture, amount of organic matter, and amount of organic carbon were determined according to the mass lost after burning in the muffle furnace (ILD-MFL) [21]. pH and EC values were determined by measurements made with a pH-EC meter (Consort C1010) in a 1:10 ratio of vermicompost–pure water suspension [22]. Total nitrogen (N) determination was made according to the modified Kjeldahl method (Gerhardt Vapodest 300) [23]. Before the experiment was established, analyses of the details of the soil sample taken from 0–30 cm depth were performed. The air-dried soil was sieved through a 2 mm sieve (10 mesh) and made ready for analysis. The texture of the soil was determined via the hydrometer method (Hamilton Beach-CS) [24]. The lime content of the soil was determined by the calcimeter method (Eijkelkamp C-08.53) [25]. The pH and EC values of the soil were determined with 1/2.5 soil: distilled water mixture (Consort C1010) [22]. The organic matter and organic carbon (C) content of the soil were determined by the wet oxidation method [26]. Total N analysis was performed for vermicompost as described above.



Biological analyses were performed on soil samples from 0–15 cm depth in each harvest period. Soil samples taken for the aforementioned analyses were brought to the laboratory quickly and kept at +4 °C to minimize moisture loss. The biological properties of the soils were determined in moist soil samples, but the results were given for dry soil. Accordingly, the total number of aerobic mesophilic heterotrophic bacteria was determined by the dilution plate method, which is a cultural counting method [27]. Dehydrogenase activity was determined at 546 nm according to the triphenyl tetrazolium chloride (TTC) method [28]. Urease activity was determined at 578 nm according to the ammonium colorimetric method [29]. Alkaline phosphatase activity was determined at 410 nm according to the p-nitrophenyl phosphate (PNP) method [30]. β-glucosidase activity was determined at 410 nm according to the p-nitrophenyl-β-D-glucoside (PNG) method [31]. Numerical data for all enzyme activities were obtained via spectrophotometer (Perkin Elmer Lambda 25 UV-VIS).




2.6. Statistical Analysis


Data obtained from measurements and analyses for soil and plant samples were taken into statistical evaluation using SPSS 21.0 package program. In this context, the importance of numerical data (at the level of 5%) was determined through repeated measurement analysis (rANOVA). Subsequently, the results found to be significant were graded using Duncan’s multiple comparison test. In addition, the relationships between soil biological properties and plant growth parameters were determined using the Pearson correlation test [32].





3. Results


3.1. Number of Bacteria


It was observed that the number of soil bacteria followed a fluctuating course in both growing seasons with vermicompost applications (Figure 1). On the other hand, it was determined that the number of soil bacteria was higher in the second season than in the first. Changes in the number of bacteria values between harvest periods in the first and second seasons were also statistically significant (both p < 0.01 levels).



According to the statistical analysis, the effects of the interaction between fertilizer applications and temporal changes on the number of bacteria in the soil in both seasons were found to be statistically significant at the p < 0.05 level (Table 2). In addition, it was determined that the effects of the treatments on the number of bacteria were statistically significant (p < 0.05, p < 0.01, respectively) in both growing seasons. It was determined that HVC-60+LV and VC-60+LV applications (for both seasons, 140% increases were recorded according to the lowest applications) produced the highest values.




3.2. Dehydrogenase


The changes in soil dehydrogenase activity with organic fertilization during the growing seasons are shown in Figure 2. In this context, it was observed that dehydrogenase activity was higher in the second season compared to the first season. According to the results obtained from the statistical analysis, it was determined that the interaction between fertilizer applications and the temporal change was insignificant in both seasons (Table 2). However, it was determined that the effect of fertilizer application was statistically significant and that HVC-30+LV (p < 0.05) in the first season (170% increase was recorded according to the lowest application) and VC-60+LV (p < 0.05) in the second season (59% increase was recorded according to the lowest application) were the applications that increased the dehydrogenase activity the most. In addition, it was determined that the change in enzyme activity between harvest periods in both seasons was statistically significant at the p < 0.01 level.




3.3. Urease


It was observed that urease activity tended to fluctuate in both seasons (Figure 3). In general, it was observed that urease activity was higher in the second season compared to the first season. Statistically, it was determined that the interaction between fertilizer applications and the temporal change in the urease activity of the soil was insignificant. However, the effect of the applications was significant at the level of p < 0.01 (VC-60+LV) in the first season (a 125% increase was recorded according to the lowest application) and at the level of p < 0.001 (HVC-30+LV) in the second season (61% increase was recorded according to the lowest application) (Table 2). In addition, it was determined that the changes in urease activity between sampling periods within the season were statistically significant (p < 0.05 in both seasons).




3.4. Alkaline Phosphatase


Soil alkaline phosphatase activity was higher in the second season compared to the first season (Figure 4). The effect of the interaction between fertilizer applications and temporal variation on alkaline phosphatase activity of the soil was found to be statistically significant at the p < 0.01 level only in the second season. In terms of the effect of the applications, it was determined that the changes in the second season were significant at the p < 0.05 level and that the HVC-30+LV and VC-60+LV applications were the applications that increased the alkaline phosphatase activity the most (Table 2). In addition, it was determined that the differences between the values obtained during the sampling periods in the second season (a 122% increase was recorded according to the lowest application) were statistically significant (at the levels of p < 0.05 and p < 0.01, respectively).




3.5. β-glycosidase


Similar to other enzyme activities, it was striking that the β-glycosidase activity of the soil was higher in the second season compared to the first season and fluctuated between sampling periods. (Figure 5). However, the effect of the interaction between fertilizer applications and temporal variation on β-glycosidase activity was statistically significant at the p < 0.01 level in both seasons. Considering the average values of the harvest periods of the applications, it was determined that VC-60+LV applications in the first season (a 123% increase was recorded according to the lowest application) and HVC-30+LV applications in the second season (a 97% increase was recorded according to the lowest application) increased the β-glycosidase activity of the soil more than other applications (Table 2). In addition, the effect of temporal change on the β-glycosidase activity of the soil was statistically significant at the level of p < 0.05 in the first season and at the level of p < 0.01 in the second season.




3.6. Soil Reaction (pH)


The effect of vermicompost applications on soil reaction (pH) was statistically insignificant in both growing seasons. However, a slight increase in soil pH was detected in the first season compared to the beginning. A decreasing trend was detected in the second season (over a 5% decrease was recorded between seasons) (Table 3). On the other hand, temporal changes in pH values were found to be statistically significant at p < 0.05 in both periods.




3.7. Soil Electrical Conductivity (EC)


When the effects of the applications on the electrical conductivity (EC) of the soil were examined, it was determined that the changes in the values obtained were statistically insignificant in both seasons (Table 3). However, in terms of temporal variation, the differences in EC values were found to be statistically significant at the level of p < 0.05 in the first season and at the level of p < 0.01 in the second season. Moreover, it was determined that there was a slight increase in the EC of the soil in the second season compared to the first season (over a 65% increase was recorded between seasons).




3.8. Soil Organic C


It was determined that the effect of vermicompost applications on the organic C content of the soil was statistically significant at the p < 0.001 level in the second season (Table 3). Accordingly, in the second season, the highest organic C values were obtained with HVC-30+LV and VC-60+LV applications (over a 20% increase was recorded according to the lowest application). In addition, it was determined that the temporal changes of organic C values were statistically significant at the p < 0.01 level in both seasons.




3.9. Plant Growth


The effects of vermicompost applications on plant height, number of leaves, leaf biomass yield, number of suckers, and fresh gel weight of A. vera plant due to temporal variation are given in Table 4. As observed in all parameters examined, it was determined that higher plant values were obtained in the second season in direct proportion to the soil parameters. According to the results of the statistical analysis, the effect of the interaction between the treatments and the temporal changes on the plant height was found to be significant at the p < 0.01 level in both seasons (Table 4). However, the effect of applications on plant height was found to be statistically significant at the p < 0.01 level only in the second season. At this point, the highest value was determined in HVC-30+LV and HVC-60+LV applications (a 65% increase was recorded according to the lowest application). It was determined that the effects of applications on leaf biomass yield and gel weight were similarly significant at the level of p < 0.01 in the second season. The highest values for leaf biomass yield and gel weight parameters were obtained in HVC-30+LV application in the second season (45% increases were recorded according to the lowest applications). On the other hand, the effects of applications on the number of leaves and number of suckers were found to be statistically insignificant in both seasons. However, the changes between the values obtained between the sampling periods, valid for both parameters, were found to be statistically significant at the p < 0.05 level in both seasons.



The correlations between the biological properties of the soil and the parameters related to the growth of A. vera were analyzed. According to this, positive correlations were found between soil urease activity and plant leaf biomass yield and soil urease activity and plant height (r = 0.531 and r = 0.456, respectively; p < 0.001). In addition, positive correlations were determined between the number of bacteria in the soil and the gel yield of the plant and between the soil’s β-glycosidase activity and the plant’s gel yield (r = 0.542 and r = 0.466, p < 0.001, respectively).





4. Discussion


Soil microorganisms play an active role in many chemical and physical changes that occur in the soil. They are essential elements of soil fertility, especially since they are involved in the cycle of nutrients such as carbon, nitrogen, phosphorus, and sulfur [33]. Organic matter is the leading food and energy source of these heterotrophic microorganisms, which play a critical role in nutrient cycles. Organic fertilization is known to increase the microbial number and activity in the soil [34]. Accordingly, the experiment soil is insufficient for optimal microbial diversity, number and activity since the fact that the humus is poor (1.23%). However, the vermicompost used is a good source of organic matter (HVC: 30%, VC: 35%) and the vermiwash has a high number of bacteria (4.9 × 107 cfu g−1 dw), the bacteria in the soil may have increased/been stimulated. The number of bacteria present in the soil is an indicator that can be used the state of soil fertility. Adding organic matter to the soil affects this parameter very positively. It is reported that the soil’s microbial number, biomass, and diversity increase with applying organic fertilizing materials such as vermicompost [35,36].



By measuring dehydrogenase activity, it is possible to obtain important data concerning agricultural soil quality. Enzyme activity is considered a pollution indicator since it is increased by the presence of toxic mineral nutrient enrichment in the soil [37]. It was reported that minerals (nitrate, nitrite, iron, zinc, manganese, and copper) whose concentrations increase rapidly in the soil solution and reach toxic levels for microorganisms inhibit dehydrogenase [28]. In the experiment, it was observed that vermicompost applications increased dehydrogenase activity similarly in both seasons. According to the results of the analysis, it can be seen that the experimental soil is insufficient in terms of many chemical and biological properties (Table 1). In this context, it is thought that the HVC (17%) and VC (20%) applied to the soil are good sources of carbon and that the high dehydrogenase activity of the LV (96 µg TPF g−1 dw h−1) combined with them are closely related to the result obtained.



Soil organic matter and nitrogen content are among the most critical factors affecting urease activity [38]. Organic fertilization is a primary agricultural practice that increases soil organic matter and nitrogen content. Since urease is an enzyme secreted out of the cell by microorganisms and hydrolyzes organic nitrogen, it is directly affected by increased organic matter in the soil [39]. The experimental soil’s organic matter content (1.23%) and total N (0.079%) content were relatively low. Accordingly, it may be reasonable to attribute the increase in urease activity to the nitrogen content of the fertilizers (VC: 1.2%, HVC: 1.5%, LV: 1%) used. It was reported that the increase in urease activity with the addition of organic fertilizer to the soil is mainly related to the fertilizer’s organic matter content and nitrogen content and that the nitrogen in the fertilizer acts as a substrate for the urease enzyme [40,41].



Phosphatase is an enzyme closely related to the soil’s organic-bound phosphorus content [42,43]. Although the amount of organic matter (1.23%) in the experimental soil is low, the amount of lime (16%) is high. The pH (7.3) is neutral–slightly alkaline; regular vermicompost applications have a positive effect on soil organic matter and are responsible for the increase in alkaline phosphatase activity that is thought to be. It was determined that vermicomposts used in this study were suitable materials in terms of organic matter content (HVC: 30%, VC: 30%) and that the alkaline phosphatase activity (283 µg PNP dw h−1) of vermiwash was high. In addition, it can be stated that the partial alkalinization that occurs depending on the pH (HVC: 7.4, VC: 7.6, LV: 8.5) of the fertilizers applied to the soil is indirectly responsible for the increase in enzyme activity. Similarly, it was reported that increased organic phosphorus content in calcareous soil with vermicompost application has a stimulating effect on microorganisms and, accordingly, increases alkaline phosphatase activity [44].



Similarly to other soil enzymes, the activity of the β-glycosidase enzyme is in close relationship with soil properties such as organic matter content, pH, temperature, humidity, microbial activity, and especially the composition of the organic matter source given to the soil [45]. Since β-glucosidase is an extracellular secretion synthesized by soil microorganisms to convert a complex organic compound such as cellulose into glucose, it is highly affected by organic matter added to the soil [46]. In the experiment, it was understood that the vermicomposts applied to carbon-poor soil (0.71%) were at reasonable levels in terms of carbon content (HVC: 17%, VC: 20%) and C:N ratios (HVC: 12:1, VC: 16:1). It is thought that β-glycosidase activity is increased because factors such as the amount of organic carbon and the C:N ratio are known to directly affect the stimulation of microorganisms and the determination of the microbial decomposition rate [47]. In addition, the high β-glycosidase activity (134 µg PNG dw h−1) of vermiwash applied to the soil can be considered a secondary factor affecting this situation’s emergence. On the other hand, it is thought that carbon sequestration in the soil increased with the regular application of vermicompost in both growing seasons. Therefore, there was a general increase in enzyme activity in the second season compared to the first. It was reported that in the case of regular application of organic fertilizers and/or soil conditioners to the soil, carbon sequestration increases in the medium and long term, and accordingly, soil fertility and quality are positively affected [48,49].



According to the widely known view, the respiration of microorganisms and, thus, the carbon dioxide concentration, increases in soil enriched with carbon with the application of organic fertilizers. Afterwards, the amount of carbonic acid increases depending on the amount of carbon dioxide that reacts with hydrogen in the soil solution, and thus, the soil pH decreases [50]. However, it is known that soil pH may increase contrary to expectations, depending on parameters such as the pH of the organic fertilizer added to the soil’s alkaline and whether the carbon content is high and in a composition resistant to decomposition. It was reported that some farm manures, such as cattle manure, increase soil pH in the short term, depending on the feed and litter (hay, etc.) fed to the animal [51].



Since farm manures are resistant to microbial decomposition, they do not cause rapid nutrient enrichment and salinity in the soil [52]. Although the soil EC value increased in the second season compared to the first, this increase did not create salinity in the soil to threaten plant growth (1437 µS cm−1). The most important factor affecting the decomposition rate of the vermicompost used in the experiment is the C:N ratio. Accordingly, rapid nutrient enrichment and salinization in the soil may have been suppressed due to the C:N ratios (HVC: 12:1, VC: 16:1) of vermicompost obtained from cattle manure not being suitable. In addition, the fact that these fertilizers probably contain carbon components (hemicellulose, cellulose, etc.) that are resistant to microbial decomposition is thought to be a factor that slows down the rate of decomposition and prevents the emergence of salinity in the soil. On the other hand, it can be stated that the increased nutritional need due to the development of the plant in the second season and the increase in the number of mineral nutrients that the plant exploits from the soil is also a suppressive factor on salinity.



When the growing seasons were compared, it was thought that the organic C values obtained in the second season were significantly higher than in the first season. When the cumulative effects of vermicompost applications were considered, this fertilizer supported carbon sequestration in the soil in regular use. It is known that farm manures and many other organic fertilizers have a long-term effect on the soil and increase carbon sequestration in the soil in regular use [53,54]. In this way, it is stated that the amount of stable organic matter in the soil increases, the stability of the aggregate increases, the structure improves, the microbial activity increases, the colloidal surface area increases, the amount of available water increases, and the nutrient availability increases so that soil degradation in agricultural areas can be minimized.



It is widely known that solid and liquid organic fertilizers can be used successfully in plant growth in organic agriculture. However, the performance of vermicompost in A. vera cultivation is much less known. The data obtained showed that the applications were not only effective on the biological and chemical properties of the soil but also had significant effects on the yield and quality of the plant. Two issues are noteworthy at this point. The first is that vermicompost applications combined with liquid form are more effective than applications in solid form alone. Despite the slow mineralization of vermicomposts, vermiwash enriched with mineral nutrients seems to have a faster effect on soil and plants. In this way, it is understood that the effectiveness of fertilizers supplemented with the liquid form on soil biological properties and plant growth increases more. On the other hand, the second noteworthy issue is that HVC provides better results on plant growth than VC. At this point, it is thought that the heat treatment application causes partial carbonization and increases the dry matter content of the fertilizer. Thus, the material becomes more chemically stable and is somewhat enriched with mineral nutrients.




5. Conclusions


Although it is more critical in the organic farming model, no matter which production model is applied in medicinal plant cultivation, production without artificial chemicals is required. Because the increased vegetative development of the plant with the intensive application of chemicals affects the secondary metabolites negatively, the market value of the plant decreases considerably. For this reason, the use of organic fertilizers in the cultivation of medicinal plants within the scope of organic agriculture comes to the fore. However, it is essential that the organic fertilizer is chosen to regulate its effects on the soil where the plant will be grown and that it supports plant growth at a sufficient level. In the study carried out with this approach, two vermicomposts of different characteristics (heat-treated and unheated) were applied to the soil in increasing proportions alone and combined with vermiwash to cultivate A. vera in two consecutive seasons. Thus, the cumulative effect of vermicompost on soil number of bacteria, dehydrogenase, urease, alkaline phosphatase, β-glycosidase and plant height, number of leaves, leaf biomass yield, number of suckers, and fresh gel weight was investigated. According to the results obtained, it was understood that HVC-30+LV, HVC-60+LV, and VC-60+LV applications were more effective on soil biological properties On the other hand, HVC-30+LV and HVC-60+LV applications effectively affect plant growth. In addition, it was determined that there was a 140% increase in soil bacterial number, 170% in dehydrogenase activity, 125% in urease activity, 122% in alkaline phosphatase activity, 123% in β-glycosidase activity, 65% in plant height, and 45% in leaf biomass yield and wet gel weight. Accordingly, it can be stated that heat-treated cattle manure vermicompost applied to the soil at a rate of 30 t ha−1 together with vermiwash is beneficial for improving the biological properties of calcareous soil and for organic Aloe vera cultivation. At this point, it is thought that there is a need for longer-term studies in which factors such as climate, soil, and cultivation model vary to increase the reliability of the results and to determine the effectiveness of vermicomposts with different properties in medicinal plant cultivation.
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Figure 1. The effects of applications on the number of bacteria in the soil ((A) first growth season, (B) second growth season). Error bars represent standard errors based on three replicates. 
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Figure 2. The effects of the applications on soil dehydrogenase activity ((A) first growth season, (B) second growth season). Error bars represent standard errors based on three replicates. 
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Figure 3. The effects of the applications on soil urease activity ((A) first growth season, (B) second growth season). Error bars represent standard errors based on three replicates. 
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Figure 4. The effects of the applications on the soil alkaline phosphatase activity ((A) first growth season, (B) second growth season). Error bars represent standard errors based on three replicates. 
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Figure 5. The effects of the applications on soil β-glycosidase activity ((A) first growth season, (B) second growth season). Error bars represent standard errors based on three replicates. 
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Table 1. Characteristics of experiment soil and organic fertilizers.
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	Parameter
	Soil
	Unheated Vermicompost

(VC)
	Heat-Treated Vermicompost (HVC)
	Vermiwash

(LV)





	pH
	7.3
	7.6
	7.4
	8.5



	EC (µS cm−1)
	218
	3800
	4500
	9000



	Lime (%)
	16
	-
	-
	-



	Sand (%)
	19.14
	-
	-
	-



	Clay (%)
	55.82
	-
	-
	-



	Loam (%)
	25.04
	-
	-
	-



	Moisture (%)
	-
	35
	20
	-



	Organic matter (%)
	1.23
	35
	30
	7



	Organic C (%)
	0.71
	20
	17
	4



	Total N (%)
	0.079
	1.2
	1.5
	1



	C:N ratio
	9:1
	16:1
	12:1
	4:1



	Urease

(µg NH4+-N dw h−1)
	39
	185
	167
	312



	Alkaline phosphatase

(µg PNP dw h−1)
	26
	173
	161
	283



	β-glycosidase

(µg PNG dw h−1)
	2
	69
	55
	134



	Dehydrogenase

(µg TPF dw h−1)
	0.5
	46
	38
	96



	Number of bacteria

(cfu g−1 dw)
	1.1 × 105
	2.7 × 105
	2.8 × 103
	4.9 × 107
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Table 2. Effects of applications on soil biological properties.
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Treatments

	
Number of Bacteria

(×106 cfu g−1 dw)

	
Dehydrogena se

(µg TPF g−1 dw h−1)

	
Urease

(µg NH4+-N g−1 dw h−1)

	
Alkaline Phosphatase

(µg PNP g−1 dw h−1)

	
β-glycosidase

(µg PNG g−1 dw h−1)




	
Growth Season




	
1th

	
2nd

	
1th

	
2nd

	
1th

	
2nd

	
1th

	
2nd

	
1th

	
2nd






	
LV

	
0.6 bc 1

	
1.6 b

	
0.76 cd

	
1.97 e

	
18.75 c

	
38.10 bc

	
17.30

	
27.27 d

	
6.44 d

	
13.58 e




	
HVC-10

	
0.5 c

	
1.3 c

	
0.74 cd

	
2.16 d

	
18.06 c

	
35.00 c

	
16.23

	
27.93 d

	
6.01 d

	
13.68 e




	
VC-10

	
0.5 c

	
1.4 bc

	
0.60 d

	
2.31 c

	
17.06 d

	
37.70 bc

	
17.50

	
25.70 d

	
7.15 c

	
13.52 e




	
HVC-30

	
0.6 bc

	
1.6 b

	
0.83 c

	
2.15 d

	
24.40 bc

	
39.76 bc

	
18.33

	
35.07 c

	
8.01 bc

	
17.25 c




	
VC-30

	
0.7 bc

	
1.6 b

	
1.05 b

	
2.40 bc

	
29.56 b

	
42.74 b

	
18.68

	
37.11 c

	
9.05 b

	
19.95 b




	
HVC-60

	
0.5 c

	
1.4 bc

	
0.98 bc

	
2.37 bc

	
30.16 b

	
41.47 b

	
19.17

	
38.65

	
10.15 ab

	
17.75 c




	
VC-60

	
0.7 bc

	
1.4 bc

	
0.90 bc

	
2.38 bc

	
26.59 bc

	
47.10 b

	
18.86

	
40.84 b

	
9.70 b

	
19.25 b




	
HVC-10+LV

	
0.5 c

	
1.7 b

	
1.07 b

	
2.29 c

	
26.59 bc

	
43.13 b

	
19.01

	
41.81 b

	
8.91 bc

	
21.05 b




	
VC-10+LV

	
0.5 c

	
1.4 bc

	
1.13 b

	
2.48 b

	
28.37 b

	
46.71 b

	
18.86

	
42.27 b

	
8.79 bc

	
21.97 b




	
HVC-30+LV

	
0.9 b

	
1.4 bc

	
1.62 a

	
2.23 cd

	
17.46 d

	
56.52 a

	
18.61

	
57.21 a

	
6.57 d

	
26.64 a




	
VC-30+LV

	
0.9 b

	
1.4 bc

	
0.90 bc

	
2.10 d

	
19.25 c

	
36.79 bc

	
18.33

	
35.79 c

	
6.42 d

	
15.26 d




	
HVC-60+LV

	
1.2 a

	
2.4 a

	
0.81 c

	
2.14 d

	
28.00 b

	
40.16 b

	
20.65

	
37.23 c

	
7.81 c

	
15.31 d




	
VC-60+LV

	
1.2 a

	
2.4 a

	
0.92 bc

	
3.15 a

	
38.53 a

	
45.12 b

	
19.80

	
56.60 a

	
13.46 a

	
15.54 d




	
rANOVA (LSD %5)




	
Harvest (H)

	
9.2 **2

	
8.21 **

	
7.63 **

	
9.75 **

	
1.38 *

	
2.46 *

	
1.98 *

	
7.28 **

	
1.89 *

	
9.27 **




	
Treatment (T)

	
1.2 *3

	
8.36 **

	
2.87 *

	
2.98 *

	
3.42 **

	
52.13 ***

	
Ns

	
2.66 *

	
8.63 **

	
2.67 *




	
H × T

	
1.3 *

	
2.35 *

	
Ns 4

	
Ns

	
Ns

	
Ns

	
Ns

	
9.12 **

	
7.25 **

	
9.54 **








1 Means in the same column followed by the same letter are not significantly different. 2 ** p < 0.01. 3 * p < 0.05. 4 Ns: Not significant.
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Table 3. The effects of the applications on the soil chemical properties.
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Treatments

	
pH

	
EC

(µS cm−1)

	
Organic C

(%)




	
Growth Season




	
1th

	
2nd

	
1th

	
2nd

	
1th

	
2nd






	
LV

	
7.49

	
7.22

	
1053

	
1437

	
1.00

	
1.12 d 1




	
HVC-10

	
7.46

	
7.23

	
869

	
1251

	
1.01

	
1.16 c




	
VC-10

	
7.48

	
7.19

	
923

	
1367

	
1.05

	
1.15 c




	
HVC-30

	
7.49

	
7.25

	
856

	
1359

	
1.04

	
1.24 b




	
VC-30

	
7.45

	
7.15

	
891

	
1276

	
1.09

	
1.26 b




	
HVC-60

	
7.43

	
7.17

	
927

	
1392

	
1.00

	
1.18 bc




	
VC-60

	
7.41

	
7.16

	
968

	
1265

	
1.06

	
1.19 bc




	
HVC-10+LV

	
7.51

	
7.24

	
1026

	
1230

	
1.04

	
1.20 bc




	
VC-10+LV

	
7.48

	
7.21

	
984

	
1328

	
1.06

	
1.26 b




	
HVC-30+LV

	
7.49

	
7.14

	
991

	
1364

	
1.01

	
1.35 a




	
VC-30+LV

	
7.47

	
7.18

	
1068

	
1408

	
1.03

	
1.22 b




	
HVC-60+LV

	
7.42

	
7.19

	
1092

	
1396

	
1.02

	
1.24 b




	
VC-60+LV

	
7.46

	
7.20

	
1027

	
1377

	
1.04

	
1.36 a




	
rANOVA (LSD %5)




	
Harvest (H)

	
2.63 *

	
3.02 *

	
2.62 *

	
8.93 **

	
7.62 **

	
9.24 **3




	
Treatment (T)

	
Ns 5

	
Ns

	
Ns

	
Ns

	
Ns

	
24.20 ***2




	
H × T

	
Ns

	
Ns

	
Ns

	
Ns

	
2.98 *

	
3.21 *4








1 Means in the same column followed by the same letter are not significantly different. 2 *** p < 0.001. 3 ** p < 0.01. 4 * p < 0.05. 5 Ns: Not significant.













[image: Table] 





Table 4. Effects of the applications on the A. vera growth.
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Treatments

	
Plant Height

(cm)

	
Number of Leaves

(cm)

	
Leaf Biomass Yield

(g)

	
Number of Suckers

(piece)

	
Fresh Gel Weight

(g)




	
Growth Season




	
1th

	
2nd

	
1th

	
2nd

	
1th

	
2nd

	
1th

	
2nd

	
1th

	
2nd






	
LV

	
34.2

	
41.2 c 1

	
13.9

	
19.8

	
453

	
523 d

	
3.92

	
4.99

	
385.05

	
444.55 d




	
HVC-10

	
36.1

	
44.3 c

	
14.2

	
20.2

	
450

	
586 c

	
4.10

	
5.10

	
382.5

	
498.1 c




	
VC-10

	
30.6

	
37.5 d

	
13.8

	
21.0

	
439

	
567 cd

	
3.85

	
5.03

	
373.15

	
481.95 cd




	
HVC-30

	
40.0

	
52.8 b

	
13.6

	
20.3

	
468

	
518 d

	
4.02

	
5.04

	
397.8

	
440.3 d




	
VC-30

	
33.2

	
44.2 c

	
14.5

	
21.1

	
460

	
585 c

	
4.06

	
5.00

	
391

	
497.25 c




	
HVC-60

	
34.1

	
46.6 c

	
14.7

	
19.9

	
448

	
596 c

	
3.98

	
5.11

	
380.8

	
506.6 c




	
VC-60

	
36.2

	
44.6 c

	
15.0

	
20.0

	
449

	
587 c

	
3.97

	
4.98

	
381.65

	
498.95 c




	
HVC-10+LV

	
38.1

	
52.2 b

	
14.2

	
20.5

	
452

	
717 ab

	
4.07

	
4.97

	
384.2

	
609.45 ab




	
VC-10+LV

	
39.1

	
51.3 b

	
13.9

	
20.8

	
448

	
698 b

	
3.99

	
5.02

	
380.8

	
593.3 b




	
HVC-30+LV

	
37.6

	
62.1 a

	
14.8

	
19.9

	
468

	
751 a

	
4.00

	
5.01

	
397.8

	
638.35 a




	
VC-30+LV

	
38.0

	
50.5 b

	
14.4

	
20.4

	
472

	
587 c

	
4.06

	
5.12

	
401.2

	
498.95 c




	
HVC-60+LV

	
39.9

	
60.2 a

	
14.5

	
20.9

	
459

	
568 cd

	
4.11

	
4.99

	
390.15

	
482.8 cd




	
VC-60+LV

	
34.9

	
49.5 b

	
14.9

	
21.0

	
498

	
617 bc

	
4.08

	
5.02

	
423.3

	
524.45 bc




	
rANOVA (LSD %5)




	
Harvest (H)

	
2.67 *

	
NS

	
1.12 *3

	
1.67 *

	
Ns

	
1.58 *

	
1.92 *

	
1.37 *

	
Ns

	
1.46 *




	
Treatment (T)

	
NS

	
5.65 **2

	
NS 4

	
NS

	
Ns

	
6.27 **

	
NS

	
NS

	
Ns

	
5.89 **




	
H × T

	
1.98 *

	
6.62 **

	
NS

	
NS

	
Ns

	
Ns

	
NS

	
NS

	
Ns

	
Ns








1 Means in the same column followed by the same letter are not significantly different. 2 ** p < 0.01. 3 * p < 0.05. 4 Ns: Not significant.
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