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Abstract

:

The application of garden waste compost teas (CTs) in sustainable agriculture constitutes a biostimulant and environmentally friendly alternative. The purpose of this work was to study the physicochemical properties of three CTs prepared with different brewing processes (CT1, CT2, and CT3) immediately after extraction and six months later to determine whether those properties changed over time and evaluate the effect of CT application on tomato (Solanum lycopersicum L.) plant growth. The brewing process had a significant effect on the extracts’ chemical composition, while long-term storage did not lead to significant differences. The most energy-efficient CT was evaluated in a pot and in vitro assays by measuring plant growth parameters and root traits. CT1 directly supplied to the substrate increased the leaf number, plant height, and dry weight of tomato plants compared to the control and foliar treatments, whereas no significant differences were found among foliar treatments. In terms of the effects of CT application on root development, the results of the in vitro assays showed that CT supply enhanced the primary root length, lateral root number, and root fresh weight while decreasing shoot height and weight in 10-day-old tomato seedlings. From an agronomic standpoint, this study contributes new insights regarding the storage stability of CT and its impact on tomato plant growth.
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1. Introduction


Tomato (Solanum lycopersicum L.) is the second most important vegetable crop in the world after potato (Solanum tuberosum L.) and is cultivated for consumption as fresh and processed products. The world production and consumption of tomatoes have increased rapidly over the last 30 years. The current global production rate is around 186.82 million tons of fresh fruit produced on 5.05 million hectares in over 165 countries [1]. Conventional agriculture is typically characterized by the use of a significant amount of synthetic fertilizers, pesticides, and growth regulators, leading to a heavy reliance on non-renewable resources, reduced biodiversity, and chemical residues in food, among others [2]. Thus, the trend toward organic agriculture to avoid the issues caused by conventional agriculture has led to the necessity of finding new environmentally friendly compounds to promote plant growth. Following this line of thought, compost is an organic product that results from a controlled bio-oxidative process that requires proper conditions for obtaining a high-quality humified product, including adequate humidity, aeration, or heterogeneous organic materials [3]. The starting materials can be derived from a variety of sources, including green wastes and manures. Compared to organic compost, compost prepared from green waste seems to pose a lower risk of toxicity, since organic composts contain different compounds or microorganisms such as heavy metals, pollutants, viruses, or fecal coliforms [3,4,5]. Moreover, mature compost could be mixed with running water in 1:5 or 1:10 (v/v) ratios during a specific time varying between 2 and 15 days, resulting in an organic liquid product called compost tea (CT) [6,7]. CTs are mainly composed of soluble nutrients and beneficial compounds and microorganisms (filamentous fungi, oomycetes, actinomycetes, yeasts, and bacteria) that have a synergic effect on suppressing disease and promoting plant growth [8,9,10]. CTs can be used as biostimulant agents for promoting plant growth. However, several authors have described that the physicochemical and microbiological properties of the CTs depend on the characteristics of the starting compost, the compost-to-water ratio, temperature, and aeration [11,12,13].



The application of aerated CTs from organic compost restored soil health and increased plant growth and the yield of red leaf lettuce (Lactuca sativa L.), sweet corn (Zea mays L.), and soybean (Glycine max L.) [14,15]. Following this line of investigation, a positive effect of CT application was observed on pepper (Capsicum annuum L.), potato, and tomato production [7,16,17]. Furthermore, the application of CT increased the yield and improved the quality of the baby spinach (Spinacia oleracea L.) [18]. Nevertheless, in recent years, several researchers have focused their research on the influence of CT applications on root growth and development in different horticultural crops, since the root system plays a relevant role in plant anchorage, metabolites storage, and biosynthesis, as well as water and nutrient uptake. Reeve et al. [19] reported a synergistic effect when a CT was used in combination with an inorganic fertilizer, resulting in a higher wheat (Triticum aestivum L.) root (40–66%) biomass than that observed when the inorganic fertilizer was applied alone. Moreover, CTs stimulate root growth in sweet pepper and pak choi (Brasica rapa var. Chinensis) [12,20]. One of the previous studies focused on the effects and relationships of compost type, aeration, and brewing time on the properties of different CTs [12]. The authors studied aerated and non-aerated CTs prepared from banana (Musa sp.) leaf and lawn clipping composts and showed that the above-stated factors significantly affected the microbial and chemical properties of CTs. Furthermore, Kim et al. [14] also observed that the application of a mixture of an oriental medicinal herb compost and vermicompost tea significantly increased root growth in red leaf lettuce, sweet corn, and soybean. Finally, the total root length and fine roots were higher in lettuce plants, confirming the importance of having a healthy root system for plants to use the water and nutrients efficiently, increasing crop yield [21]. This beneficial effect of compost extracts could be due to the production of auxin or auxin-like components from humic substances, which would promote root growth. Altogether, these findings lead us to the hypothesis that the application of CT obtained from green waste mature compost would improve plant growth by enhancing root growth development. Hence, the main purpose of this work is to study the different physicochemical properties of garden-waste-based CTs in order to assess whether these properties are retained over time and investigate the influence of their application on the plant growth and root development of tomato plants by measuring growth parameters and root traits. These objectives can provide new insights into the questions proposed by Hu et al., namely how to enhance the efficiency, eco-friendliness, and sustainability of fertilization inputs and how to improve the utilization of agricultural waste [22].




2. Materials and Methods


2.1. Compost Tea Preparation, Analytical Characterization, and Selection


The compost was based on green and pruning residues (mainly composed of a mixture of grass cuttings and pruning debris, i.e., leaves and branches of mainly cypress (Cupressus sp.), willow (Salix sp.), and poplar trees (Populus alba L.), reaching a C/N ratio of 30), which were obtained from public gardens of the Province of Salamanca (Spain). The composting process was carried out in a garden center located in Salamanca (40°57′23″ N; 5°41′8″ W; 775 m above sea level) using aerated piles with a length of 15 m, a width of 2 m, and a height of 2 m. The piles were turned twice per week over eight weeks, and once a week during the whole bio-oxidative process. Pile moisture and temperature were controlled weekly, and the composting process lasted 180 days. The main physicochemical characteristics of the compost were as follows: 49% humidity; 1.74 dS/m electrical conductivity (EC); 7.5 pH; 47.5% organic matter (OM); 2% N; 4185 mg/kg P; 12054 mg/kg K; and 10.9% humic acids. Regarding micronutrients, the following contents were identified: 6549 ppm Fe; 57 ppm Zn; 100 ppm B; 286 ppm Mn; 14 ppm Pb; 73 ppm Ni; and Cu, Hg, and Cd were not detected. The whole composition of this compost was previously described by Morales-Corts et al. [23]. Thus, this compost revealed excellent physicochemical characteristics that allow for its use as a substrate, ensuring that the values do not exceed the indicated limits by legislation. Furthermore, the germination index values showed the absence of phytotoxicity [23].



At the composting plant, the compost was mixed with running water in a ratio of 1:5 (v/v) in 1000 L polyethylene non-degradable containers. Water had been previously aerated for 8 h to reduce chloride concentration. To determine the effect of the brewing period and the extraction temperature on the final composition of CT, three different CTs were prepared as follows:




	-

	
CT1: the brewing period lasted 5 days, with 5 h agitation per day; temperature: 20 °C;




	-

	
CT2: the brewing period lasted 15 days with 5 h agitation per day; temperature: 20 °C;




	-

	
CT3: the brewing period lasted 5 days, with 5 h agitation per day; temperature: 15 °C.









The three CTs were tested in order to study the effect of agitation time and temperature on CT characteristics. Thus, CT2 was prepared to study the effect of the brewing and agitation time on CT composition and CT3 was used to analyze the temperature effect.



In all cases, the mixture was aerated by applying circular stirring and making fine bubbles of air with a pump (750 W, 300 rpm). After natural decantation, the liquid was transferred to 2 L PET bottles (6 bottles for each CT) while being filtered through a double-layered cheesecloth. CT bottles were closed, and their contents were analyzed immediately (CT1, CT2, and CT3); six months after storage at room temperature (CT1-6, CT2-6, and CT3-6), the samples were again analyzed in order to investigate whether their characteristics had been retained over time.



The pH and EC were determined by using a CRISON pH meter (Hach, Ames, IA, USA) and a CRISON EC meter (dS/m) (Hach, Ames, IA, USA), respectively. Assimilable nutrient concentrations of NO3−, P2O5, K2O, S, Ca, and Mg were analyzed by using a HANNA HI 993310 photometer (HANNA instruments, Smithfield, RI, USA). Humic acids were determined using the alkali–acid fractionation method following the procedure indicated by Pant et al. [20].




2.2. Pot Assays


A growth test was carried out in 1.5 L pots with ten plants per treatment and replicate. Tomato seeds cv. Marglobe (commercial variety) were germinated in sterile substrates composed of vermiculite. Seedlings with one true leaf were transferred to pots containing blond peat as the substrate. The main characteristics of the substrate were pH 5.8; N 60 mg/L; P2O5 40 mg/L; K2O 50 mg/L; organic matter 85%; and EC 0.1 dS/m. The experiment was carried out in a greenhouse (temperature of 21 °C during the day and 13 °C at night, and 60% relative humidity) for twelve weeks during October, November, and December of 2017 and 2018.



Control plants were irrigated with 60 mL of running water per pot and week, which was previously aerated to reduce the chlorine content. Two doses of CT were used, 40 mL and 60 mL per pot and week. The total volume applied to the different treatments was the same, 60 mL per pot weekly, adding running water to reach this volume when necessary (Table 1). These volumes were applied in two different ways: foliar application (spraying with a COFAN manual device) and root application (directly on the substrate via drenching) in order to evaluate the effects of the manner of application and both dosages. For this assay, CT1 was used since the differences between CT1 and CT2 were not so significant, and the process implies high energy savings (from 5 to 15 days brewing with an agitation of 5 h per day). The employment of CT3 was also discarded in this assay due to the effect of temperature on nutrient extraction. The tested treatments, which were assessed immediately after transplantation, are shown in Table 1. The extract supplies were divided into three weekly applications using water or CT depending on the treatment. Plants were watered via subirrigation when needed, applying the same volume to all the pots via drenching. The application of subirrigation was only applied three times during the whole experiment ensuring that more than two days had passed after CT application to avoid dilution effect. No fertilizers, pesticides, or phytosanitary products were applied to the plants. The experiment was conducted in a completely randomized design. Ten plants per treatment in two independent replicates (season 2017 and 2018) were considered (n = 20).



To evaluate the effect of CT application, the following plant growth parameters were determined: the height of the plants (cm) with a meter stick; the number of leaves; chlorophyll content with a chlorophyll meter Minolta SPAD-502 (Spectrum Technologies, Aurora, IL, USA); the dry weight (DW) of the root system and aerial part (before weighting the plants, they were dried in a P-Selecta-210 (J.P. Selecta, Barcelona, Spain) oven at 65 °C for 48 h). Weights were determined by using a Sartorius BL150S precision balance (Sartorius, Göttingen, Germany).




2.3. Determination of Root Development


The results obtained in Section 2.2 led to an in vitro study of the shoot and root development induced by the application of CT in tomato seedlings. To this end, tomato cv. Marglobe seeds were sterilized following the protocol described by González-Hernández [24]. Briefly, the seeds were cleaned with sodium hypochlorite (75% v/v) containing 0.1% of Tween 20 (Sigma-Aldrich, San Luis, MO, USA) for 8 min and then washed with sterilized distilled water for 5 min four times. Then, they were transferred to agar plates (1.5% w/v), and they were kept in the dark for 72 h. The homogeneously germinated seeds were transferred to plates 15 cm in diameter containing two treatments: (1) a sterilized modified Hoagland solution medium composed of 400 ppm KNO3, 820 ppm Ca(NO3)2, 400 ppm MgSO4 7H2O, 2.68 ppm H3BO4, 0.07 mL/L H3PO4, 2.20 ppm ZnSO4 7H2O, 0.09 ppm MoO3, 0.11 ppm CuSO4 5H2O, 9.15 ppm MnSO4, 67 ppm Sequestrene, and agar (1.5% w/v) (control) or (2) six-month-old filtered compost tea (CT1-6). The filtration procedure was carried out with a 0.22 µm filter in order to remove the microorganisms. The final dilution of CT was 1:5 (CT:water, v:v). The pH of the different media was adjusted to compost tea pH. Seedlings were grown in the treatment plates for 7 days, and the plates were placed in a growth chamber at 26/18 °C temperature (day/night), 16/8 h photoperiod, and 60% relative humidity, maintaining the roots in the dark. After this time, the primary root (PR) length, lateral root (LR) number, and shoot height were determined through images obtained with ImageJ software (National Institutes of Health, Bethesda, MD, USA). Finally, fresh and dry weights (FW and DW) were measured with an analytical balance. These measurements were carried out in at least eight seedlings of each treatment of three independent replicates.




2.4. Statistical Analyses


Statistical analyses were carried out via one-way analysis of variance to analyze CT properties and plant parameters with Statgraphics Centurion XVIII software (Statistical Graphics Corp., Rockville, MD, USA). The results are presented as means with standard errors, and Tukey’s honest significant difference (HSD) post hoc test with a 95% confidence interval (p < 0.05) was performed to compare the individual means of the different treatments. Pairwise comparisons were performed between CT1-6 treatment and control plants grown under in vitro conditions using Student’s t-test (p < 0.05).





3. Results


3.1. Chemical Properties of Compost Teas


As shown in Table 2, the pH of the different CTs ranged between 7.11 and 7.33, indicating that they were neutral-basic in all cases. No significant differences in EC were observed between the different CTs (1.2–1.48). NO3− and K2O were the most important nutrients identified in garden-waste-based-CTs, ranging from 2741 for CT3 to 4700 ppm NO3− for CT1-6, and 2782 ppm K2O for CT3-6 and 4123 ppm in CT2. No differences in nutrient content, except for P2O5, were found between the CTs that underwent 5 days of brewing and those subjected to 15 days brewing. The total quantity of the extracted assimilable elements was superior for CT1 and CT2 prepared at 20 °C compared with CT3 produced at 15 °C, except for Ca. As regards K2O and Mg nutrients, significant differences were found between CT1 and CT2, compared with CT3. Differences in chemical composition 6 months later in relation to recent CTs were only found for NO3− in the case of CT1 and CT1-6, and for Ca in CT2 and CT2-6 as well as CT3 and CT3-6. Clear differences were observed for the extracted humic acids between the different extraction temperatures, which were markedly higher at 20 °C. Finally, it should be noted that micronutrients were not analyzed in these CTs since, in the previous analysis of compost and CT, phytotoxicity was not detected. Thus, the chemical sensitivity analysis ensured that Zn, Mn, Cu, Pb, Hg, Cr, Ni, and Cd levels were clearly below the allowable limits according to legislation [7,23].



Considering the nutritional values, humic content, and the obtaining time, which represent considerable energy savings, CT1 (based on the 5-day brewing period) was selected for subsequent experiments, and it was used in pot and in vitro assays.




3.2. Pot Experiment


The treatments with CT supplied directly to the substrate (RT1 and RT2) led to an increase in the number of leaves; plant height; and aerial, root, and total dry weights compared with the control RT0 and foliar treatments (FT0, FT1, and FT2) (Table 3 and Figure 1). The dosages of the different treatments are described in Table 1. Nevertheless, no significant differences were found among the different foliar treatments except for plant height, which was higher in FT1 than in FT2. The chlorophyll content was not significantly different among the treatments. The increase in the weekly quantity of the applied CT did not lead to improvements in any parameter, even causing a significant decrease in plant height with foliar treatment.




3.3. In Vitro CT Effect on Root and Shoot Development


To confirm the observed root and shoot development in response to CT1-6, different plates containing filtered CT1-6 were evaluated (Figure 2). CT supply decreased shoot height and fresh weight (Figure 2A,B) and increased PR length, LR number, and root FW (Figure 2C–E) in 10-day-old tomato seedlings compared to the Hoagland solution (HS).





4. Discussion


CTs are considered good alternatives in sustainable agriculture since they have been shown to influence plant growth and protection. The quality of composting products determines their use and is affected by the waste material and process parameters [25]. The concentration of extractable compounds in CT seems to depend on compost substrates, composting methods, and extraction techniques [13]. Thus, this work mainly involves the study of the physicochemical properties of different CTs in order to assess whether these properties are preserved over time. Then, the CT with the most optimal balance between energy savings and mineral content was chosen for the assessment of tomato growth using a pot experiment, which was supported with an in vitro experiment to confirm the better root development induced by CT application.



When applied to crops, CT provides nutrients, organic matter, and a wide range of microorganisms that influence plant growth, resistance, and soil health [7]. These positive effects on plants could be direct or indirect through chemical and/or biological mechanisms [26]. As mentioned above, this work is mainly focused on the direct mode, which involves increased nutrient supply and increased activity of microbial bioactive compounds, including humic acids. Thus, the physicochemical properties of the different CTs were first assessed. Extract analyses revealed a relevant concentration of nitrogen (N), which was higher 6 months later (CT1-6) compared with the analysis of CT immediately after brewing (CT1). This fact could be due to the conversion of NH4+ to NO3−. The content of K2O was also high, especially in the CTs brewed at 20 °C (CT1 and CT2). However, the other nutrients (P2O5, SO42−, Ca, and Mg) were maintained or slightly decreased, indicating that the storage time did not affect these CT properties much. The decrease in Ca in CT1-6, CT2-6, and CT3-6 can be due to the precipitation phenomena. Furthermore, the enhancement in the brewing time from 5 to 15 days resulted in a significant increase in P2O5 levels (CT1 versus CT2) due to further solubilization caused by a higher brewing time and agitation, while the other nutrients and humic acids were almost similar. Fluctuation in pH values was low, and the EC and nitrate content followed a similar trend, as previously shown by Kiss et al. [27]. Moreover, the EC slightly increased with the brewing time and after 6 months of CT preparation, but it was especially noted in CTs subjected to higher temperatures during the brewing time (CT1 and CT2). In accordance with these results, other authors found that an increase in extraction time leads to a higher EC value [14,25]. This effect could be explained by the increase in the total dissolved solids resulting from the increase in extraction time [27]. It should be noted that aeration and temperature, together with the stability of the composts from which CTs are produced, contribute to greater phytotoxicity [28]. Nevertheless, the CT of this study was prepared from gardening wastes, and the obtained compost was a stable product since no phytotoxicity was observed [23], and it presented stability over time despite microorganism enrichment.



CTs supplied as the sole nutrient source can provide the proper nutrients necessary for maintaining plant growth and development, which not only depends on the application rate and frequency, concentration, and crop species but also on the compost source, the brewing method, and the applied dilution [26]. Several works have studied CT application through either soil drenching or foliar application, showing its positive effect on plant growth and quality. Previous studies carried out by the authors revealed that an aerated CT induced a positive effect on the growth of different plant species when it was applied via soil drenching. For example, CT supply increased shoot and root DW, chlorophyll content, and stem diameter in tomato plants [7]; reduced the days to flowering after transplantation and enhanced the stem diameter and the mean of fruit weight of pepper [16]; boosted the yield, shoot number, tuber weight and tuber size and advanced potato sprouting [17]. In accordance with these results, Pant et al. [20] revealed that vermicompost tea induced pak choi growth and yield. In the present work, CTs directly supplied to the substrate increased the leaf number; plant height; and aerial, root, and total DW compared to the control, while foliar application did not yield any positive and/or negative growth effect. On the other hand, the effect of CTs applied as foliar spray and via drenching on kohlrabi and lettuce cultivation was also evaluated by Pane et al. [29], who showed that both treatments considerably improved crop yields. Moreover, Mahmoud et al. [30] indicated that nutrient availability was greater as a result of foliar application than drench application, leading to the hypothesis that CT increases the length of time that stomata stay open, thus reducing leaf loss. This was supported by Kaya et al. [31], indicating that CTs enhanced the cellular membrane’s permeability to nutrients. Here, it could be suggested that stomata blockage might occurred, thus inhibiting the uptake of nutrients via foliar application since no dilution of CT was carried out before application, and the volume was too high to be evaluated as a biostimulant. Therefore, this effect highlights the relevance of the dilution and applied volume of CT, especially in foliar application. However, this requires further experimentation.



Interestingly, applying CT directly to the substrate doubled the root’s and aerial part’s DW. This led to an in vitro study of the shoot and root development induced by the application of CT in tomato seedlings. The CT was filtered before application to remove microorganisms and determine whether growth promotion is mainly due to microorganisms since it is already known that CT contains different metabolites or different species of the genera Penicillium, Trichoderma, Bacillus, Aspergillus, Rhizobacteria, Enterobacter, or Pseudomonas spp., among others, which could stimulate plant growth [11,32,33,34]. CT supply led to an increase in PR length, LR number, and root FW, while it decreased shoot height and shoot FW in 10-day-old tomato seedlings. The promotion of root development has been previously linked to better nutrient uptake by CT-treated plants than by those treated with mineral fertilizers [16,35], which is mainly related to the water-extractable nutrients and other metabolites such as humic acids or other biostimulants. The high content of humic acids could explain why CT1-6 induced a higher rate of root development than the Hoagland solution. Keeling et al. [36] identified different low-molecular-weight organic compounds that could play a role in plant growth. Moreover, Spaccini et al. [37] found different bioactive compounds of microbial origin in aerated CTs. Several metabolites such as gibberellins, indoleacetic acid, and cytokinins, which are involved in plant growth, have been previously identified in CTs [7,38,39]. It is already known that the application of humic acids extracted from vermicompost induces the metabolic pathways related to plant stress response and cellular growth in sugarcane [40]. Humic acids induced phenolic and flavonoid accumulation, improving Cichorium intybus yield [41], which are present in plants and their derived products and provide antioxidant effects [42]. In addition, these compounds have been previously found to have an auxin-like activity, inducing nitrate metabolism and therefore improving plant growth [43,44,45,46]. Plant growth is enhanced using humic acids by reinforcing nutrient uptake and extending LR due to the induction of ATPase activity in the plasma membrane [47]. Humic-like substances from CTs enhanced growth and increased chlorophyll content in cucumber plants [48]. In addition, an increase in melon biomass was observed when treated with CTs carrying auxin- and cytokinin-like compounds [49]. Altogether, the findings indicate that there is a greater impact on roots, resulting in increased root hair proliferation and root initiation [50]. This suggests that during the first days, CT induced root development instead of aerial part growth, and this promoting effect is mainly due to the chemical properties of CT because no microorganisms were present in the media. In addition, Olaetxea et al. [51] indicated that the shoot-promoting effect of sedimentary humic acids is dependent on their ability to increase root hydraulic conductivity through signaling pathways related to abscisic acid (ABA). They also suggested that humic acids have a physical action in roots as well, resulting from the transient mild stress caused by humic acids. This mild stress could explain the detrimental effect observed in shoots in ten-day-old tomato plants grown under in vitro conditions. Further research into the biochemical properties of CTs is required to determine the most predominant compounds and elucidate how they mediate plant growth responses.



Compost tea constitutes an excellent alternative source of liquid organic fertilizers for horticultural and agricultural use, and it is an effective substitute for synthetic fertilizers. By using CTs more frequently, horticultural supply chains may become more productive and provide higher quality, since this leads to less agricultural waste, mineral fertilization, plant fungicide application, and soil fumigation, and the outcomes may be better integrated into industrial agricultural production systems [52,53]. In addition, on-farm composting meets the demands of the bioeconomy by improving agricultural waste or biomass unsuitable for energy generation and resolving the challenges associated with the disposal of agricultural waste [54,55].




5. Conclusions


In the current work, we examined the physicochemical characteristics of three garden-waste-based CTs prepared with different brewing times and temperatures and investigated how these properties were preserved over time. In terms of the sample with optimal balance between energy savings and mineral content, the CT prepared with a brewing period of 5 days, an agitation of 5 h per day, and a temperature of 20 °C was the most energy-saving alternative to be used in tomato growth in the pot experiment. CT directly supplied to the substrate increased the growth parameters of tomato plants compared to the control and foliar treatments, but no differences were found among the different foliar treatments. Moreover, CT supply enhanced root traits while decreasing shoot height and weight, which could be related to the transient mild stress caused by humic acids. Thus, we conclude that CTs are very stable over time, and their application reinforces tomato root growth at the initial developmental stages, thereby reducing the application of synthetic fertilizers.
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Figure 1. Plant development under the different root and foliar treatments. 
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Figure 2. Changes in root and shoot development with the addition of CT. The seedlings of tomato plants were grown with a tomato Hoagland solution (HS) or filtered compost tea (CT1-6). Shoot length (A), shoot FW (B), the primary root (PR) length (C), the lateral root (LR) number (D), and root FW (E) were measured. The presented data are the mean of at least three independent experiments ± standard error (SE). The asterisk indicates statistically significant differences among treatments as determined by Student’s t-test (p < 0.05). 
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Table 1. Description of the different treatments used in the pot assays.
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	Treatment
	Description





	FT0
	Foliar control (60 mL of running water per pot weekly)



	FT1
	Foliar application of 40 mL of CT1 + 20 mL of running water per pot weekly



	FT2
	Foliar application of 60 mL of CT1 per pot weekly



	RT0
	Root control (60 mL of running water per pot weekly)



	RT1
	Root application of 40 mL of CT1 + 20 mL of running water per pot weekly



	RT2
	Root application of 60 mL of CT1 per pot weekly










 





Table 2. Physicochemical composition of CTs.
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	pH
	EC

(dS m−1)
	NO3−

(ppm)
	P2O5

(ppm)
	K2O

(ppm)
	SO42−

(ppm)
	Ca

(ppm)
	Mg

(ppm)
	Humic Acids

(ppm)





	CT1
	7.32 ± 0.14 a
	1.22 ± 0.11 a
	3200 ± 185 b
	102 ± 65 b
	3840 ± 320 a
	28 ± 16 a
	79 ± 34 b
	150 ± 39 a
	190 ± 40 a



	CT1-6
	7.16 ± 0.15 a
	1.46 ± 0.05 a
	4700 ± 446 a
	105 ± 75 b
	4039 ± 285 a
	12 ± 10 a
	26 ± 18 bc
	138 ± 26 a
	179 ± 31 a



	CT2
	7.33 ± 0.18 a
	1.48 ± 0.16 a
	3300 ± 410 b
	368 ± 70 a
	4123 ± 301 a
	31 ± 14 a
	110 ± 34 b
	135 ± 31 a
	179 ± 25 a



	CT2-6
	7.12 ± 0.17 a
	1.43 ± 0.18 a
	3934 ± 386 ab
	315 ± 68 a
	4016 ± 360 a
	13 ± 12 a
	20 ± 14 c
	128 ± 25 a
	183 ± 27 a



	CT3
	7.16 ± 0.18 a
	1.2 ± 0.18 a
	2741 ± 725 b
	61.4 ± 20 b
	2851.2 ± 403 b
	20 ± 8 a
	280 ± 26 a
	20 ± 36 b
	100.3 ± 20 b



	CT3-6
	7.11 ± 0.13 a
	1.23 ± 0.10 a
	3050 ± 320 b
	56.2 ± 10 b
	2782.2 ± 103 b
	15 ± 10 a
	101 ± 38 b
	22 ± 18 b
	98.3 ± 12 b







The data are shown as means ± standard errors (SEs). Different letters indicate statistically significant differences among treatments as determined by Tukey’s test (p < 0.05).













 





Table 3. Growth parameters of tomato seedlings with CT supply via irrigation or foliar application.
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	Chlorophyll Content (SPA-502 Units)
	Number of Leaves
	Plant Height (cm)
	Aerial Dry Weight (g)
	Root Dry Weight (g)
	Total Dry Weight (g)





	RT0
	21.9 ± 2.1 a
	7.1 ± 1 b
	32.0 ± 3.6 c
	0.64 ± 0.2 b
	2.32 ± 0.4 c
	2.96 ± 0.7 c



	RT1
	21.2 ± 2.4 a
	11.3 ± 1 a
	51.1 ± 2.9 a
	1.27 ± 0.2 a