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Abstract: Compost tea is a liquid fraction extracted from composts, and it is of great interest in
sustainable agriculture because it reduces the unsustainable use of chemical-based pesticides and
fertilizers. In this study, during two spinach field cycles, we evaluated the potential beneficial effect
of the foliar application of a compost tea made from onion and vineyard composts either by itself
(CT) or implemented with the beneficial microorganism Trichoderma harzianum T78 (CT + Th) on the
“healthy quality” and yield of baby spinach. Results showed that both the CT and CT + Th treatments
produced a higher spinach yield than the control, but these treatments did not result in an increase in
soil dehydrogenase activity (DHA) or soil nutrient content. Furthermore, CT + Th treatment showed
the highest yield, phenolic content, antioxidant capacity and flavonoid levels. Nitrate levels were
below legal amounts, and they were significantly (p ≤ 0.05) lower in the CT and CT + Th treatments
than in the control. Data suggest that compost tea extracts from onion waste and vineyard compost
and/or enriched with T. harzianum can be used in a sustainable agriculture to increase yield and
quality of baby spinach.

Keywords: Trichoderma harzianum; soil-borne pathogens; antioxidant capacity; phenolic acid; nitrates;
spinach crops

1. Introduction

Spinach is one of the healthiest vegetables in the human diet due to its high concentration of
phytonutrients and health-promoting compounds [1]. It is a good source of vitamins and mineral
elements, such as calcium, iron, phosphorus, sodium and potassium [2]. Baby spinach is characterized
by its tiny and perfectly tender leaves, which are smaller (between 8 and 12 cm) and tenderer than the
larger, mature spinach leaves. The production cycles are very fast, and the spinach can be harvested
between 45–60 days after sowing in the Mediterranean region.

Composts teas (CTs) are oxygenated compost water extracts obtained through a suitable
liquid-phase blowing process. The application of CTs benefits plant yields, mainly by improving
the physiological status of the plant and/or enhancing protection from pathogens [3]. CTs have been
found to stimulate root and vegetative growth [4], showing behavior close to that of biostimulants [5].
This behavior is related to the, the microorganisms within the compost tea, which lead to pest
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suppression and enhancement of microbial communities improving nutrient uptake or production
of bioactive compounds [6]. The potential of CTs for supplementing or substituting other types of
fertilizers is also promising [7]. It is well documented, however, that effects of a given CT depend on the
source of the cultures and raw materials used for its production [6–8]. Composts from agro-industrial
waste are considered more advantageous than other kinds of organic wastes [9], because they present
a lower risk for pathogens, heavy metals and pharmaceuticals [8]. Furthermore, the efficiency of CTs
can be increased if they are supplemented with beneficial microorganisms like Trichoderma sp., which
can promote seedling establishment and enhance plant growth and plant defense reactions in some
vegetable crops [10–13].

The objective of this work was to assess the effects of a compost tea made from onion and vineyard
composts, both on its own (CT) and supplemented with the beneficial microorganism T. harzianum T78
(CT + Th) in comparison with untreated soil (control) on baby spinach yield in open field conditions in
two crop experiments. We also tested the effects of these treatments on nutraceutics concentration in
the spinach leaves, such as phenolic and flavonoid content and antioxidant capacity. We also studied
the leaf nitrate concentrations as a limiting parameter for marketing and anti-nutritional compound.
Finally, we determined the effect of these treatments on soil microbial activity, nutrient content and
soil-borne fungal pathogens after the crop was finished, in order to assess whether any residual effect
could affect soil quality at the end of the experiments.

2. Materials and Methods

2.1. Compost Tea Production

An onion waste (67.6%) and a vineyard residue (32.4%) compost was produced on a dry-weight
basis at the University Miguel Hernandez (UMH) composting site. The composting process (15 Tn) was
carried out using open-air piles (15 Tn) with a bio-oxidative phase of 75 days and a maturation phase
of 40 days. The piles were turned periodically to ensure aeration and to control the temperature. Once
the composting process was finished (120 days), the compost was milled and passed through a 2 cm
sieve and stored at 4 ◦C until use. The compost tea (CT) was prepared weekly by mixing compost with
distillate water in the ratio 1:100 w/v by a continuous forced air blowing system at 25 ± 2 ◦C for 24 h,
just before foliar application. The mix was filtered through cheesecloth and stored at 4 ◦C until use.
After that, the mixture was diluted (1:9; v/v) to obtain the CT used to spray the experimental spinach
fields as suggested by Pane et al. [14]. An aliquot of every CT used for spraying was sampled in each
experiment and freeze-dried for chemical analyses. The main compost and CT chemical characteristics
are shown in Table 1.
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Table 1. Main characteristics of compost and compost tea (CT) used in the experiments (EW: early winter; LW: late winter). Values are the mean ± SD (n = 8).

Parameters

pH EC (dS/m) Ct (%) Nt (%) C/N P (%) K (%) Ca (%) Na (%)

Compost 7.25 ± 0.20 7.52 ± 0.25 36.50 ± 1.00 2.00 ± 1.50 18 2.68 ± 0.30 1.58 ± 1.40 7.23 ± 2.00 1.07 ± 0.70

CT pH EC (dS/m) Ct (mg L−1) Nt (mg L−1) C/N P (mg L−1) K (mg L−1) Ca (mg L−1) Na (mg L−1)

EW 8.33 ± 0.05 0.45 ± 0.20 69.06 ± 1.25 18.1 ± 1.00 3.8 5.8 ± 0.40 99.8 ± 1.50 23.6 ± 2.80 8.02 ± 0.60

LW 8.93 ± 0.30 0.45 ± 0.24 57.85 ± 2.85 15.61 ± 3.30 3.7 6.02 ± 0.40 91.6 ± 8.30 26.1 ± 1.20 9.26 ± 0.60
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2.2. Plant Material, Experimental Set-Up and Design

The field experiments were conducted in the “Campo de Cartagena” (Cartagena, Murcia, Spain) in
two close plots with the following soil characteristics: TOC 36.54± 0.37 g kg−1; Total N 5.27 ± 0.12 g kg−1;
Total P 0.39 ± 0.03 g kg−1; Total K 7.97 ± 0.47 g kg−1. A cultivar of baby spinach (Spinacia oleracea),
“Maya” (Enza Zaden), was cultivated. The first experiment, “early winter”, was conducted from
7 December 2017 to 22 February 2018, with a duration of 77 days (11 weeks); the second experiment,
“late winter”, was conducted from 12 February 2018 to 2 April 2018, with a shorter cropping duration
of 49 days (7 weeks). The average temperature and radiation for the early winter was 11.35–10.66 ◦C
and 125.77–121.37 w/m2, respectively. The average temperature and radiation for the late winter was
13.88–12.98 ◦C and 201.44–152.49 w/m2, respectively (SIAM, IMIDA).

The experimental design was a randomized complete block design with three replicates per
treatment. Each replicate was carried out in 5 × 2 m plots randomly located. The spinach seeds
were sown at a ratio of 700–900 seeds per m−2 (according to the company protocol for this crop).
The treatments were sprayed over each spinach plot once a week, beginning one week after sowing
for a total of 8 times in the early winter and 6 times in the late winter, with the following equivalents:
(a) CT at 12 m3 per ha (CT); (b) CT at 12 m3 plus T. harzianum T78, (Trichosym Bio, Symborg S.L, Murcia,
Spain) to 5 × 108 cfu mL−1 per ha (CT + Th); and (c) the Control, which consisted of spraying the same
volume of distilled water at 12 m3 per ha (Control).

2.3. Harvesting

Harvest was carried out when the leaves reached the commercial value (8–12 cm in length).
The spinach harvested from each plot was weighed for yield (g m−2) determination. Furthermore,
20 spinach leaves for each replicate were used to measure (a) the foliar area by WinRhizo (Regents
Instruments Inc., Quebec City, Quebec, Canada) (cm2) and (b) the nitrate content, phenolic and
flavonoid content and antioxidant capacity. The nitrate content was analyzed by ion chromatography
on fresh samples water extracted (1:10) [15]. The total phenolic content was determined by the
Folin-Ciocalteu colorimetric method [16]. The total flavonoid content was determined as described
by Meda et al. [17]. The antioxidant capacity was evaluated in terms of the free radical scavenging
capacity [18].

2.4. Soil Chemical and Biochemical Parameters

The soil was sampled at both field experiments after spinach harvesting to a depth of 10.20 cm.
Five soil cores were taken in a W-pattern from each replicate and mixed thoroughly. The following
parameters were measured: total organic carbon (Total C) and nitrogen (Total N) using a LECO
TruSpec C/N (LECO Corporation, St Joseph, Michigan, USA), Elemental Analyzer; total P, Na, K and
Ca using inductively coupled plasma-mass spectrometry (ICP-MS; ICAP 6500 DUO, Thermo Fisher
Scientific, Hayward, California, USA); and dehydrogenase activity (DHA), using the reduction of
2-p-iodo-3-nitrophenyl-5-phenyl tetrazolium chloride to iodonitrophenyl formazan method [19].

2.5. Soil-Borne Pathogens

Total DNA was extracted from the soil samples (500 mg) using the DNeasy PowerSoil Kit (Qiagen,
Germantown, Maryland, USA) following the modification described by Taskin et al. [20].

Fungal pathogen detection and quantification was performed using the Vegalert qPCR quantitative
kit for cucurbits (Microgaia Biotech S.L, Murcia, Spain), following the PCR conditions described by
Santisima-Trinidad et al. [21]. Real-time PCR was performed using a 7500 Fast Real-Time PCR system
(Applied Biosystems).

T. harzianum T-78 quantification was estimated in soils by quantitative real-time PCR (qPCR) from
soil DNA [13], in a total volume of 15 µL, using a 7500 Fast Real-Time PCR system (Applied Biosystems,



Agronomy 2020, 10, 440 5 of 15

Foster City, California, USA) with the same PCR conditions used by Santisima-Trinidad et al. [21].
The quantification was performed in triplicate.

2.6. Statistical Analysis

The parameters adjusted to a normal distribution were subjected to multivariate analysis of
variance (MANOVA). Only if there was a significant difference between groups, post hoc tests (Tukey’s)
were performed.

3. Results

3.1. Effects of CT on Baby-Leaf Spinach Growth and Quality

The spinach yield was significantly higher in both CT treatments (CT and CT + Th) than in the
control in both experiments (early and late winter) (Figure 1a, Table 2). The CT + Th treatment showed
on average 51% more yield than the control and 15% more than CT. No significant differences were
observed between the experiments (Table 2). The foliar area in the CT was significantly higher than in
the control and CT + Th (Figure 1, Table 2). Furthermore, the foliar area in late winter was on average
66% lower than in early winter (Figure 1b).
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in both experiments. Bars are mean values n = 3. Error bars indicate standard deviation. Control:
sprayed distilled water (12 m3 per ha); CT: sprayed compost tea (12 m3 per ha); CT + Th: sprayed
compost tea (12 m3 per ha) and T. harzianum T-78 (5 × 108 cfu mL−1 per ha). EW: early winter and bars
without points; LW: late winter and bars with points. Different lowercase letters about bars indicate
differences between treatments (p ≤ 0.05) in EW and different uppercase letters about bars indicate
differences between treatments (p ≤ 0.05) in LW.

Table 2. Influence of different CT treatments on yield, foliar area, total phenolic, total flavonoids,
antioxidant capacity and nitrate content in both experiments (early winter and late winter).

F P

Treatment Yield (g m−2) 35.137 0.000
Foliar área (cm) 31.972 0.000

Total phenolic (mg GA Kg−1 FW) 6.761 0.009
Total flavonoids (mg Rutin kg−1 FW) 9.272 0.003

Antioxidant capacity (mg DPPH reduced kg−1 FW) 16.068 0.000
Nitrate (mg kg−1 FW) 68.236 0.000

Experiment Yield (g m−2) 3.676 0.076
Foliar area (cm) 392.073 0.000

Total phenolic (mg GA kg−1 FW) 69.912 0.000
Total flavonoids (mg Rutin kg−1 FW) 145.327 0.000

Antioxidant capacity (mg DPPH reduced kg−1 FW) 56.433 0.000
Nitrate (mg kg−1 FW) 2929.441 0.000

Interaction Yield (g m−2) 0.505 0.614
Foliar area (cm) 2.441 0.123

Total phenolic (mg GA kg−1 FW) 14.320 0.000
Total flavonoids (mg Rutin kg−1 FW) 6.436 0.010

Antioxidant capacity (mg DPPH reduced kg−1 FW) 13.463 0.001
Nitrate (mg kg−1 FW) 7.675 0.007

GA: gallic acid; FW: fresh weight; DPPH: 2,2-diphenyl-1-picrylhydrazyl free radical.

The quality of the baby-leaf spinach as measured by total flavonoids, total phenols and the
antioxidant capacity did show significant interaction between treatment and crop cycle (Table 2).
In terms of quality, on average, the CT + Th showed 13% higher total flavonoids and total phenolic
content, and 25% higher content of antioxidant capacity than the CT and control (Figure 2). Moreover,
flavonoids and antioxidant capacity values were respectively 74% higher in late winter than in early
winter, while for phenols were on average 77% higher. On the other hand, we also observed a
significant difference in the interaction between treatment and experiment for nitrate content (Table 2).
The spinach nitrate content showed lower values in the CT and CT + Th than in the control in early
winter, while in late winter it was only CT + Th. The spinach nitrate content was lower in early winter
than in late winter (Figure 3).
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antioxidant capacity (c) of baby spinach in both experiments. Bars are mean values n = 3. Error bars
indicate standard deviation. Control: sprayed distilled water (12 m3 per ha); CT: sprayed compost tea
(12 m3 per ha); CT + Th: sprayed compost tea (12 m3 per ha) and T. harzianum T-78 (5 × 108 cfu mL−1

per ha). EW: early winter and bars without points; LW: late winter and bars with points. Different
lowercase letters about bars indicate differences between treatments (p ≤ 0.05) in EW and different
uppercase letters about bars indicate differences between treatments (p ≤ 0.05) in LW.
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Figure 3. Effect of different compost tea (CT) treatments on nitrate content of baby spinach in both
experiments. Bars are mean values n = 3. Error bars indicate standard deviation. Control: sprayed
distilled water (12 m3 per ha); CT: sprayed compost tea (12 m3 per ha); CT + Th: sprayed compost tea
(12 m3 per ha) and T. harzianum T-78 (5 × 108 cfu mL−1 per ha). EW: early winter and bars without
points; LW: late winter and bars with points. Different lowercase letters about bars indicate differences
between treatments (p ≤ 0.05) in EW and different uppercase letters about bars indicate differences
between treatments (p ≤ 0.05) in LW.

CT treatments (CT and CT + Th) significantly increased the nutrient content of the spinach leaves
(P and Ca) compared to the control treatment in early winter (Table 3). Moreover, the nutrient content
of the baby spinach was significantly different according to the experiment.

Table 3. Influence of different compost tea (CT) treatments on baby spinach tissue nutrient content in
both experiments. Values are the mean + SD; n = 3). Control: sprayed distilled water (12 m3 per ha);
CT: sprayed compost tea (12 m3 per ha); CT + Th: sprayed compost tea (12 m3 per ha) and T. harzianum
T-78 (5 × 108 cfu mL−1 per ha). EW: early winter; LW: late winter. Different lowercase letters indicate
differences between treatments (p ≤ 0.05) in EW and different uppercase letters indicate differences
between treatments (p ≤ 0.05) in LW.

Treatment P (g kg−1) K (g kg−1) Ca (g kg−1)

EW LW EW LW EW LW

Control 1.49–10.19 b 0.41–10.04 A 6.22–10.19 a 7.70–10.45 A 0.78–10.06 b 0.90–10.06 A
CT 2.47–10.30 a 0.41–10.03 A 6.28–10.08 a 8.14–10.36 A 0.86–10.04 a 0.62–10.04 B

CT + Th 2.34–10.30 a 0.40–10.03 A 6.34–10.06 a 7.99–10.49 A 0.88–10.06 a 0.57–10.04 B

Parameters Multivariate Analysis of Variance

Treatment Experiment Interaction

F P F P F P

P (g kg−1) 7.388 0.005 208.560 0.000 7.583 0.004
K (g kg−1) 2.822 0.087 142.904 0.000 1.551 0.241
Ca (g kg−1) 2.847 0.086 131.732 0.000 1.908 0.179

3.2. Effects of CT on Soil Chemical Properties and Soil Microbial Activity

After harvesting, we analyzed the soil chemical parameters (Table 4). We only found significant
differences between treatments in the total organic C content, which was significantly higher in CT
and CT + Th than in the control (Table 4). We also observed significant differences between crop
cycles: total organic C was higher in early winter, while Total N, P and K were higher in late winter
(Table 3). Dehydrogenase activity (DHA) showed significant differences between both crop cycles,
but not between treatments (Figure 4).
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Table 4. Influence of different compost tea (CT) treatments on soil chemical properties and soil microbial activity in both experiments after harvesting. Values are the
mean + SD; n = 3). Control: sprayed distilled water (12 m3 per ha); CT: sprayed compost tea (12 m3 per ha); CT + Th: sprayed compost tea (12 m3 per ha) and T.
harzianum T-78 (5 × 108 cfu mL−1 per ha). EW: early winter; LW: late winter. Different lowercase letters indicate differences between treatments (p ≤ 0.05) in EW and
different uppercase letters indicate differences between treatments (p ≤ 0.05) in LW.

Treatment Total C (g kg−1) Total N (g kg−1) Total P (g kg−1) Total K (g kg−1)

EW LW EW LW EW LW EW LW

Control 29.35–11.07 a 29.35–11.07 a 29.35–11.07 a 29.35–11.07 a 29.35–11.07 a 29.35–11.07 a 29.35–11.07 a 29.35–11.07 a
CT 30.23–10.75 a 30.23–10.75 a 30.23–10.75 a 30.23–10.75 a 30.23–10.75 a 30.23–10.75 a 30.23–10.75 a 30.23–10.75 a

CT + Th 30.60–11.90 a 30.60–11.90 a 30.60–11.90 a 30.60–11.90 a 30.60–11.90 a 30.60–11.90 a 30.60–11.90 a 30.60–11.90 a

Treatment Cycle Interaction

F P F P F SP

Total C (g kg−1) 12.39 0.01 0.846 0.373 7.140 0.005
Total N (g kg−1) 1.122 0.353 19.873 0.001 1.366 0.287
Total P (g kg−1) 1,599 0.237 98.897 0.000 2.192 0.149
Total K (g kg−1) 1.272 0.311 6.229 0.026 3.012 0.082
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Figure 4. Effect of different compost tea (CT) treatments on soil dehydrogenase activity (DHA)
(mg INTF g−1 soil) Bars are mean values n = 3. Error bars indicate standard deviation. Control: sprayed
distilled water (12 m3 per ha); CT: sprayed compost tea (12 m3 per ha); CT + Th: sprayed compost tea
(12 m3 per ha) and T. harzianum T-78 (5 × 108 cfu mL−1 per ha). EW: early winter and bars without
points; LW: late winter and bars with points. (Treatment: F = 2.145; p = 0.160; Cycle: F = 5604.522;
p = 0.000; Interaction: F = 2.167; p = 0.157). Different lowercase letters indicate differences between
treatments (p ≤ 0.05) in EW and different uppercase letters indicate differences between treatments
(p ≤ 0.05) in LW.

3.3. Effects of CT on Soil-Borne Fungal Pathogen Abundance and Disease Incidence

Among the different fungal pathogens analyzed in soils by Vegalert qPCR, only Alternaria sp.,
Fusarium oxysporum, Fusarium solani and Stemphylium botryosum were detected in both experiments
(Table 5). Furthermore, significant differences were only observed between crop cycles: the abundance
of fungal pathogens was significantly higher in late winter than in early winter (Table 5). In spite of the
presence of the above-mentioned pathogens in the soils studied, the baby spinach did not show any
disease incidence.

Table 5. Influence of different compost tea (CT) treatments on abundance (log copies gen g−1 soil) of
fungal pathogen in soil after harvesting in both experiments. Values are the mean + SD; n = 3). Control:
sprayed distilled water (12 m3 per ha); CT: sprayed compost tea (12 m3 per ha); CT + Th: sprayed
compost tea (12 m3 per ha) and T. harzianum T-78 (5 × 108 cfu mL−1 per ha). EW: early winter; LW:
late winter.

Fungal Pathogens Treatment EW LW

Alternaria spp. Control 4.64–10.44 5.95–10.92
CT 4.88–10.35 5.79–10.20

CT + Th 5.17–10.09 6.19–10.19

F. oxysporum Control 4.32–10.39 5.62–10.07
CT 4.23–10.13 5.95–10.21

CT + Th 3.87–10.31 6.12–10.01

F. solani Control 4.99–10.05 6.47–10.07
CT 4.88–10.32 6.76–10.12

CT + Th 4.81–10.47 6.82–10.03

Stemphylium botryosum Control 4.00–10.15 4.74–10.21
CT 3.95–10.12 4.97–10.22

CT + Th 3.85–10.16 5.13–10.14
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Table 5. Cont.

Treatment Experiment Interaction

F P F P F P

Alternaria spp. 1.165 0.340 22.772 0.000 0.291 0.752
F. oxysporum 0.517 0.607 269.759 0.000 7.011 0.008

F. solani 0.383 0.689 317.683 0.000 2.748 0.098
Stemphylium botryosum 286.72 0.000 967.035 0.000 308.609 0.000

4. Discussion

The compost showed similar nutrient contents, pH and EC values to those of other agro-industrial
composts [22,23]. The germination index of the compost (88%) demonstrated no negative germination
effect [24] considering that compost reached the stable and mature stage validating its suitability for
using in compost tea preparation [25–27].

4.1. Effects of CT on Baby Spinach Growth and Quality

Applying CT produced a higher spinach yield and foliar area than the control treatment.
This improvement corroborates previous studies, such as those conducted by Hargreaves et al. [28],
Marin et al. [29] and Bernal-Vicente et al. [26]. This fact could be attributed to a combination of
factors, including beneficial plant microorganisms like biostimulants, biofertilisers, biopesticide
microorganisms and/or growth promoter compounds like phytohormones that can be found in
compost teas [30,31]. In our experiment, in general, no nutrient differences were observed in the
spinach tissue in the CT treatments, except in the case of Ca and P. The amount of nutrients applied
through the CT treatment should be minimal in comparison to the amount of nutrients applied via
chemical fertilizers in commercial crops. However, Micheal [32] pointed out that nutrients from
compost tea could be also responsible for yield increase, demonstrating that as soon as one hour after
application, some nutrients were in the plant rhizosphere available to be taken in. From our results, it
therefore seems more plausible that a kind of biostimulation could be responsible for the yield increase.
Furthermore, Morales-Corts et al. [7] indicated that CT from green waste materials usually shows the
presence of indole 3-acetic-acid (IAA) and salicylic acid-like compounds [33] that could positively
affect spinach growth.

The incorporation of T. harzianum into the compost tea (CT + Th) also increased the spinach
yield. It could be due to the secondary metabolites released by T. harzianum that might influence plant
growth, mainly through signaling hormone-like compounds, most notably auxins [33]. The positive
effect of T. on plant growth is equally remarkable and has been recognized as an ability independent to
its antifungal ability [34–36], because an increase in growth has been observed in the absence of any
detectable diseases and in sterile soil [37].

Bioactive compounds (flavonoids, phenolic acids, and tannins, among others) are extra nutritional
constituents that naturally occur in small quantities in plant and food products, and they are considered
human health-promoters [38,39]. The incorporation of T. harzianum into the compost tea (CT + Th)
also increased the antioxidant capacity and phenolic compounds by 42% and 29%, respectively,
compared to the control and CT treatments in the late winter but not in early winter, probably due
to the higher amount of T. harzianum in the soil. Hua-Bin et al. [40] found a strong correlation
between antioxidant activity and the total phenolic and flavonoid content in plants suggesting that
phenolic compounds could be the major contributor to antioxidant capacity, thus activating or priming
induced systemic resistance mechanisms [41] Similar results were observed by Yedidia et al. [42] in
cucumber plants treated with Trichoderma asperellum and by Pascale et al. [41] in grapes treated with
two Trichoderma strains.

Nitrate concentrations accumulated in the edible parts of the spinach leaves must be within the
legal EU limits (<3500 mg kg−1 FW) (Commission regulation No1258/2011). The nitrate values of both
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commercial trials in this study were under the maximum allowed. The most notable result in terms of
nitrate content in our assay is the fact that the spinach tissue in the CT treatment showed lower nitrate
levels than in the other treatments in early winter. The reduced nitrate level in different vegetables like
lettuce when is treated with compost and compost tea is something to take into account for human
health and has been previously investigated [39,43] The most plausible explanation for this decrease
is related to the potential inhibition of nitrifying bacteria due the potential organic mineralization
rate from the incorporated CT, which would produce nitrates reducing nitrification processes [44–46].
The obligate chemolitho autotrophs Nitrosomonas spp. and Nitrospira spp. are particularly inhibited by
the presence of organic compounds [47–50]. The increase in nitrates in the CT + Th treatment, on the
other hand, is probably due to the fact that T. harzianum can act as a root nitrate uptake helper [51,52].

It is notable that the nitrate accumulation in late winter showed values similar to those found
by Manojlovic et al. [53], in the range of 1000–2300 mg kg−1 FW, while the early winter values were
below 500 mg kg−1 FW, similar to the pattern observed by Kapoulas et al. [54]. This is because low
light conditions influence nitrate reductase activity and decrease the conversion of nitrate into amino
acids, leading to a higher concentration of nitrates [55].

4.2. Effects of CT on Soil Chemical Properties and Soil Microbial Activity

The application of different CTs did not increase the soil microbial activity, although we did
observe improvements in baby spinach yield and quality. It is possible that the CT dose was not enough
to enhance soil microbial activity after cropping [6,7] but it was sufficient to contribute supplementary
beneficial substances for plant growth that were produced by microorganisms during tea production
process or contained within the original material. We likely observed an increase in total carbon in
CT treatments due to the higher root exudates and plant remains directly related to the higher yield
observed [56,57].

The qPCR analysis indicated an abundance of different soil fungal pathogens (Alternaria sp.,
Fusarium oxysporum, Fusarium solani and Stemphylium botryosum) in all treatments after harvesting,
although no symptoms were observed in the spinach crop. It is possible that the amount and type of
pathogens in conjunction with the environmental factors were not enough to affect spinach crops [21],
or that the spinach plants are “asymptomatic hosts”.

5. Conclusions

Our results indicate that the foliar application of compost tea, from mature onion-vineyard
compost, increases the yield and improves the quality of the baby spinach, which is richer in phenolic
content, antioxidant capacity and flavonoids and has lower nitrate content. The efficiency of compost tea
is increased when it is supplemented with Trichoderma harzianum, a biological control agent. We believe
that this is the first work that shows the effectiveness of the application of this combination. However,
further studies are needed on the mechanisms by which these benefits are obtained, particularly those
relate to plant metabolomic and resistance induction. In addition, further research into this aspect
could help to develop sustainable agricultural techniques based on the reduced use of fertilizers and
pesticides. Overall, our findings suggest that the application of compost tea plus T. harzianum can be a
sustainable practice in intensive cropping systems to enhance crop productivity and quality.

Author Contributions: Conceptualization, M.R. and J.A.P.; data curation, M.H.-N., A.G. and P.L.-P.; formal
analysis, M.R., M.H.-N. and A.G.; funding acquisition, J.A.F. and J.A.P.; investigation, M.R., C.E.-G. and P.L.-P.;
project administration J.A.F. and J.A.P.; supervision, M.R.; visualization, C.E.-G.; writing—original draft, M.R.;
writing—review and editing, J.A.F., C.E.-G. and J.A.P. All authors have read and agreed to the published version
of the manuscript.

Funding: This research was funded by Ministry of Economy and Competitiveness: AGL-2014-52732-C2–1-R
and AGL-2014-52732-C2-2-R.

Acknowledgments: This work was supported by projects AGL-2014-52732-C2–1-R and AGL-2014-52732-C2-2-R
from the Ministry of Economy and Competitiveness of Spain.



Agronomy 2020, 10, 440 13 of 15

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Morelock, T.E.; Correll, J.C. Spinach, in Vegetables I: Asteraceae, Brassicaceae, Chenopodiaceae, and Cucurbitaceae;
Prohens, J., Nuez, F., Eds.; Springer: New York, NY, USA, 2008; pp. 189–218.

2. Avsar, B. Genetic Diversity of Turkish Spinach Cultivars (Spinacia oleracea L.). Master’s Thesis, Izmir Institute
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