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Abstract: Rocket salad is an important vegetable for the ready-to-eat sector, normally cultivated
under greenhouse conditions, either in soil or soilless systems. In the latter case, as well as in
the nurseries, its cultivation is usually carried out by using peat as a growing medium—a non-
renewable substrate—for which it is urgent to find a replacement. Similarly to peat, compost
may be used as a growing medium; however, depending on its origin, the chemical and physical
characteristics may not bet suitable for plants’ cultivation. In this study, we propose the use of
agro-industrial compost as a substitute for peat for rocket salad cultivation. Plants grown in compost,
alone or in combination with the second cut of rocket salad, gave better results in several biometric
parameters, without negatively affecting yield and dry weight percentage. As a mechanistic approach
to further understand how compost can affect plants’ stress, the qualitative profile of phytochemicals
(glucosinolates and (poly)phenols)—recognized markers of biotic and abiotic plant stress—were
monitored and exhibited a decreasing trend in plants grown using compost relative to those cultivated
with peat. The analysis of vitamin C provided information on the achievement of an enhanced
concentration by the compost, especially in the second cut. It can be inferred from the results
obtained that the compost used as a growing medium may be used as a peat-free substrate for rocket
crop cultivation.

Keywords: peat; growing medium; vitamin C; glucosinolates; (poly)phenols

1. Introduction

Consumers are constantly searching for new vegetable products with a high content
of bioactive substances such as vitamins and phytochemicals that may enhance their
biological effects [1]. This trend has boosted the sustainable production of vegetables using
germplasm of cultivated species [2], but also leveraging the wild species to be cultivated [3]
that allows the consumption at different growth stages—namely sprouts, microgreens, and
baby leaves (BL)—and at the adult stage [3].

The BL sector, which legal definition is codified by Commission Regulation (EU)
N. 752/2014 [4], is commercially established and, in recent years—thanks to soil-less
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techniques and artificial lighting systems—there has been a chance for consumers to
produce the final product (the so-called ‘prosumers’) [5]. Indeed, the need for production
to move closer to cities will probably become increasingly important in the future, as about
two-thirds of the world’s population will live in urban areas [6].

Nevertheless, when a growing medium is used for vegetable production, either at
the nursery level or for the whole crop cycle (e.g., soil-less systems), sustainability cannot
be overlooked, particularly when peat is used. Indeed, peat consumption for vegetable
production accounts for roughly one-third of European horticultural peat utilization [7],
and the trend is expected to increase in the 2020–2050 period [8]. Even if other grow-
ing media are used or tested, alone or mixed, the peat remains the major component of
substrates in soil-less crop cultivation [7,9], thanks to its excellent physical and chemical
characteristics, which entails a slowdown in the search for alternative substrate sources for
peat’s replacement. Several growing media based on green waste material (green compost)
may be an alternative, but often their use in production—particularly seedlings—is not
appropriate due to their high pH and salt concentration [10]. Additionally, the diversity in
the properties of the growing media makes it often necessary to design a suitable mixture
design to have an appropriate replacer for peat [11].

Coir—another growing media that is also a renewable resource as it derives from
agricultural wastes—may have sustainability concerns, as it is a by-product from a tropical
crop, a geographical area far from the most important horticultural production zones [12].
Conversely, the compost may be locally obtained starting from local organic wastes, such
as household and restaurant waste, and pruning of municipal areas. Particularly for the
latter, urban gardening may be an impulse for a more thorough use of compost-based
growing media derived from waste biomass [13,14]. Some authors highlighted that such
organic material may improve the “3R” requirements (reduce, reuse, and recycle) [9].
Furthermore, the compost may contain useful compounds that may improve the quality of
vegetables [15–17]. However, the suitability of the different materials for the preparation
of composts has to be assessed [18]. More recently, agroindustry compost from organic
residues has been proposed as an alternative to peat, because it is less environmentally
impactful and has some peculiar characteristics—e.g., suppressiveness against plants’
pathogens and a source for biofertilization and bio-stimulation [19]—which provide an
improvement of crop production and quality [20].

Changes in the growing conditions can be associated with plant stress and thus cause
deleterious effects on plants’ performance and crops’ viability. In this regard, it is important
to monitor parameters that inform on the biotic or abiotic stress induced in plants by
crop management. Currently, the key role of phytochemicals (glucosinolates and phenolic
compounds) as indicators of plant stress is broadly accepted [21]. Therefore, identifying
managing options that help to reduce plants’ stress would be associated with the decrease
of the concentration of such molecules that constitutes an advantage from a productive
point of view [22]. Our hypothesis was that the cultivation of rocket salad in compost, with
a very similar fertigation scheduling to that in peat (comparable substrate moisture), may
improve the performance of rocket salad plants due to the chemical characteristics of the
compost while also reducing abiotic stress.

Starting from the above premises, the aims of this work were: (i) to test the feasibility
of an agro-industrial compost, as a replacement for peat as a growing medium, for the
cultivation of the rocket salad [Diplotaxis tenuifolia (L.) DC.] in a soil-less system; and (ii) to
test the influence of growing media (peat vs. compost) on the content of phytochemical
markers of rocket plant stress.

2. Materials and Methods
2.1. Plant Material and Growing Conditions

The experiment was realized in an unheated greenhouse of the “Estación Experimental
Agroalimentaria Tomás Ferro” (37.686376, −0.950268) of the “Universidad Politécnica de
Cartagena” (Murcia, Spain).
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Seeds of rocket [Diplotaxis tenuifolia (L.) DC.], cv. ‘Apollo’ (Tozer Iberica—Murcia,
Spain) were sown on 1 February 2022, in cell plastic trays, using commercial peat 315 (Blond/
black 60/40 Turbas y Coco Mar Menor S.L.) as substrate. On 3 March, the seedlings, at the
stage of fourth true leaf, were transplanted in metal gutters of pyramidal trunk cross-section,
whose dimensions were 1.0/0.15/0.12/0.11 m (length/upper width/lower width/height,
respectively), filled with peat (P) or agro-industrial compost (C). The peat was based on a
Sphagnum peatmoss F315 mixed with a 60:40—blond: black proportion by volume, supplied
by Turbas y Coco Mar Menor S.L. The raw materials for this compost, in dry weight, were
tomato and pepper juice waste (41%), leek waste (43%), and vineyard residues (16%). The
composting process was carried out at the University Miguel Hernandez (UMH) com-
posting site. The composting process was carried out using open-air piles (15 Tn) with a
bio-oxidative phase of 75 days and a maturation phase of 40 days. Once the composting
process was finished, the compost was milled and passed through a 2 cm sieve and stored
at 4 ◦C until use.

The characteristics of the growing media are reported in Table 1. The plantlets
were transplanted at 0.083 m in the row and 0.25 m between rows, for a final density
of 49 plants/m2.

Table 1. Main characteristics of growing media used.

Parameter 1 Peat Compost

Physical characteristics

Bulk density (g/cm3) 0.5 ± 0.1 0.2 ± 0.0
Total pore space (%) 75.1 ± 0.1 87.6 ± 0.1
Air capacity (AC—%) 20.6 ± 1.2 32.7 ± 0.3
Water holding capacity (WHC—%) 57.0 ± 6.0 44.3 ± 5.0

Physico-chemical and chemical characteristics

pH 5.3 ± 0.1 8.4 ± 0.1

EC (dS/m) 1.2 ± 0.1 1.6 ± 0.1

C/N 49.6 ± 0.1 9.7 ± 0.1

TOC (g/L) 233 ± 2.0 70 ± 1.0

Total N (g/L) 4.7 ± 2.6 7.2 ± 0.6

Organic N (g/L) 4.6 ± 0.6 7.0 ± 0.2

Nitric (mg/L) 4.5 ± 1.5 1.0 ± 0.4

Ammonium N (mg/L) 1.5 ± 0.1 0.4 ± 0.2

Total P (P2O5 g/L) 2.2 ± 0.1 15.3 ± 0.1

Available P (P2O5 g/L) 2.1 ± 0.1 6.2 ± 0.1

Total K (K2O g/L) 1.6 ± 0.2 2.0 ± 0.1

Available K (K2O g/L) 1.4 ± 0.1 0.8 ± 0.1

Ca (g/L) 9.0 ± 1.5 10.7 ± 0.2

Mg (g/L) 0.9 ± 0.3 0.16 ± 0.1

Fe (g/L) 0.6 ± 0.1 55.6 ± 0.1

B (mg/L) 0.2 ± 0.1 9.4 ± 0.1

Cu (mg/L) 2.8 ± 0.5 7.4 ± 0.2

Mn (mg/L) 35.5 ± 0.3 37.2 ± 1.4

Mo (mg/L) 0.8 ± 0.1 0.4 ± 0.1

Zn (mg/L) 7.2 ± 0.5 20.8 ± 0.5
1 Values are presented as mean ± standard deviation (n = 6). BD, bulk density; TPS, total pore space, AC, air
capacity; WHC, water holding capacity.
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The daily light integral was measured with a SQ-501 Quantum meter (Apogee Instru-
ments, Inc., North Logan, UT, USA).

During the first cut, light conditions were an average daily light integral (DLI) of
8.96 mol/m2/d; while the minimum, maximum, and average air temperatures were 9.3 ◦C,
36.1 ◦C, and 17.9 ◦C, respectively. During the second cut were a DLI of 15.6 mol/m2/d,
while the minimum, maximum, and average air temperatures were 6.1 ◦C, 36.9 ◦C, and
18.8 ◦C, respectively.

Irrigation was applied daily with an automated system using soil moisture sensors
(5TM; METER Group, Inc., Pullman, WA, USA). A percentage of the Water Holding
Capacity (WHC) was allowed to decrease approximately a 15% of the WHC. When the
sensors detected this decreasing (a determined point in the VWC), 3 min of watering events
were applied in each growing medium, ensuring to reach the field capacity in both cases
and a plus for a 15% of leaching fraction. Previously to the starting the irrigation, the
volumetric water content (VWC) of each growing medium was estimated by measuring
the voltage of the 5TM output, using a substrate-specific calibration equation according to
Valdés et al. [23].

From transplanting to first cut, the total amount of water applied was 2187 L and from
first cut to second cut was 2713 L for both growing media.

Fertigation started a week after transplantation by using a nutrient solution (NS) with
the following composition (values expressed as mM): 7.2 NO3

−, 4.8 NH4
+, 2 H2PO4

−,
2.5 SO4

2−, 6 K+, 1.9 Ca2+, and 1.5 Mg2+. The strength of the nutrient solution was 1
2 for the

first week. Afterwards, a full-strength concentration was used for the rest of the crop cycle.
Micronutrients and iron were provided as a commercial solution: Nutromix® (2 mg/L for
microelements—Biagro, Massalfassar, Valencia, Spain) and Sequestrene® G100 Syngenta
(7% soluble iron, 6% chelated iron, 1.5 mg/L—Basel, Switzerland). The values of EC of the
NS were 1.47 and 2.37 dS/m, in the first week and for the rest of the crop cycle, respectively;
while the pH value was adjusted to 6.1 throughout the crop cycle by adding sulphuric acid.

Two harvests were realized 27 (first cut) and 55 (second cut) days after transplantation
(DAT), respectively. A complete randomized block design—with three replicates per
substrate—was used, with a single gutter representing the experimental plot.

2.2. Growth Analysis

For every replication, 10 plants were collected by cutting them with sterile scissors to
perform the growth analysis.

At both harvest dates, the leaves were weighted to determine yield. Furthermore, they
were counted, and their area was determined by using a leaf area meter (LICOR-3100 C;
LICOR Biosciences Inc., Lincoln, NE, USA). The specific leaf area (SLA) was determined as
the ratio of leaf area per unit of dry leaf biomass.

A sample of the fresh matter was used for dry weight (DW) determination by drying
it in an oven at 60 ◦C until constant weight.

2.3. Phytochemical Analyses
2.3.1. Glucosinolates and (Poly)phenols Extraction

Sample extraction was carried out according to Baenas et al. [24] and Abellán et al. [25]
with minor modifications. Freeze-dried samples (100 mg) were extracted with 1.0 mL of
methanol/deionized water (70:30, v/v), at 70 ◦C for 30 min, being vortexed every 5 min in a
vortex stirrer. After that, samples were placed in an ice slurry to stop the reaction, for 5 min,
and then centrifuged at 10,000 rpm, for 15 min. Supernatants were collected and filtered
through 0.22 µm of pore-size PVDF membrane filters (Millipore, Billerica, MA, USA).

2.3.2. HPLC-DAD-ESI–MSn Qualitative and Quantitative Analysis of Glucosinolates and
Phenolic Compounds

Qualitative and quantitative analysis of glucosinolates (GSLs) was performed ac-
cording to Baenas et al. [24]. Briefly, for the identification of GSLs, MS fragmentation
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patterns (M-H, MS2, and MS3) in HPLC-DAD-ESI-MSn (Agilent Technologies HPLC 1200,
Waldbronn, Germany; coupled to an UltraHCT Bruker Ion Trap, Bremen, Germany) were
analyzed. For the quantitation of GSLs and phenolic compounds, chromatograms were
registered at 227 and 330 nm, respectively. Intact GSLs were identified according to the
UV spectra, retention time, and order of elution, together with their characteristic frag-
mentation patterns in comparison with available data to inform previous experiments
and literature. The GSLs were quantified using sinigrin and glucobrassicin (Phytoplan,
Germany) as external standards for aliphatic and indole glucosinolates, respectively. The
phenolic compounds were quantified using quercetin and chlorogenic acid as external
standards for flavonols and phenolic acid derivatives, respectively. Results were expressed
as µmol g1 DW.

2.3.3. Vitamin C and Antioxidants Content

Liquid chromatography by the Zapata and Dufour method [26], with minor modi-
fications, was used for measuring vitamin C. Ascorbic acid (AA) and its oxidized form,
dehydroascorbic acid (DHA) were quantified. For extraction, three grams of frozen rocket
samples were mashed by adding 6 mL of citric acid 0.1 M, 0.05% EDTA, and 4 nM NaF
in 5% methanolic. Before filtering the homogenate through a sterile gauze, the mixture
was homogenized for 30 seg at high speed (Ultraturrax T25 basic, IKA, Königswinter,
Germany) adjusting pH to 2.3–2.4 (6 N HCl). Once obtained the filtrate, it was centrifuged
5 min (13,500 rpm, 4 ◦C) (Sorvall RC-SB series centrifuge). Then, the samples were passed
through a SepPak C18 cartridge (Waters Assoc., Milford, MA, USA) for purification. Sam-
ples were filtered once again with a spin filter (0.45 µm). HPLC vials were filled with
750 µL of the filtrate and 250 µL of 1,2-phenylenediamine dihydrochloride (0.83 mg/mL)
in methanol/water (5: 95, v/v). Derivatization was attained by allowing the mixture to
react (37 min, room temperature). Then, 20 µL were injected on an HPLC (Shimadzu,
Kyoto, Japan) equipped with an SPDM-20A photodiode array detector and a Gemini NX
C18-110 column (250 mm × 4.6 mm, 5 µm particle size; Phenomenex, Torrance, CA, USA).
As mobile phase a 5 mM hexadecyl trimethyl ammonium bromide, 50 mM KH2PO4, and
5% methanol (pH 4.59) solution with an isocratic flow of 1.8 mL/min was used. Chro-
matograms were recorded for 14 min at 261 nm (AA, Rt = 6.4 min) and 348 nm (DHA,
Rt = 3.1 min). Commercial standards (Sigma, St. Louis, MO, USA). of AA and DHA were
used for the calibration curves needed for quantification. At least eight data points from
1.25 to 0.1 mM and 1.25 to 0.01 mM for AA and DHA, respectively, were considered. Results
were expressed as mg vitamin C/kg FW.

2.4. Statistical Analysis

Data are presented as the mean ± standard deviation (SD). Significant differences
between experimental conditions for the different determinations were identified by a
one-way analysis of variance (ANOVA) and the Tukey’s multiple-range test using the SPSS
21.0 software package (SPSS Inc., Chicago, IL, USA). Significant differences were set up at
p < 0.05.

3. Results and Discussion
3.1. Yield and Growth Parameters

The yield was influenced by the harvest date, as the second cut produced more than
twice relative to the first harvest (Table 2). Similar results were reported by other au-
thors [27,28], with the phenological phase may have played a major role in our experiment,
as the period for the first and second harvests was almost the same (27 and 28 days for the
first and second harvest, respectively). While for the first cut the plants were smaller and
needed a certain time to recover from the stress of transplantation, plants before the second
cut were already in a phase of intense vegetative growth. Furthermore, in the first part
of the cycle which coincided with the first month after transplantation, the weather was
unusually cold and rainy, which led to a slowdown in the growth of the crop.
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Table 2. Effects of substrate and harvest date on yield, leaf number, leaf area, water use efficiency
(WUE), dry matter percentage (%DW), and specific leaf area (SLA) of rocket crops.

Parameter Yield
(kg/m2)

Leaves
(Number/Plant)

Leaf Area
(cm2/Plant)

WUE
(kg/m3)

DW
(%)

SLA
(cm2/g DW)

Substrate (S)

Compost 1.34 ± 0.60 33 ± 5 427 ± 10 7.00 ± 2.46 6.60 ± 0.12 261.1 ± 80.88
Peat 1.17 ± 0.45 38 ± 2 367 ± 25 6.47 ± 1.84 6.40 ± 0.19 199.1 ± 9.80

Harvest (H)

1st 0.79 ± 0.11 18 ± 2 295 ± 19 4.88 ± 0.66 6.50 ± 0.23 266.70 ± 75.67
2nd 1.72 ± 0.23 53 ± 5 498 ± 16 8.58 ± 0.98 6.50 ± 0.15 193.50 ± 2.78

Significance

S n.s. n.s. *** n.s. n.s. **
H *** *** *** *** n.s. **

S x H n.s. ** *** n.s. n.s. **

Values are presented as mean ± standard deviation (n = 10). Significance of F: n.s.: not significant for p ≤ 0.05;
** and ***, significant at p ≤ 0.01 and p ≤ 0.001, respectively.

Leaf number and leaf area were both influenced by the interaction of substrate and
harvest date (Table 2; Figure 1A,B): while the second harvest did produce a higher number
of leaves than the first cut in both substrates, plants from peat showed a greater number of
leaves than compost only in the second cut (Figure 1A). Similarly, leaf area was higher in
the second harvest, but the differences between substrates were present only in the first
cut, as compost resulted in a greater area (48% more than peat—Figure 1B). The higher
leaf number and leaf area in the second harvest may be explained by the same pattern of
the yield: the plants had already a sharp vegetative growth, and the weather conditions
were more favourable in the period between the first and the second harvest, even if such
parameters were modulated by the substrate. Several authors reported an influence of
the substrate on leaf area and number, sometimes with contrasting results. For example,
Nerlich et al. [29] found quite different responses in leaf area and number with lettuce
cultivation when using organic or inorganic substrates, with sphagnum giving the best
results; while Oberpaur et al. [30], also working with lettuce, did not find any significant
differences between different substrates (peat, compost, and vermicompost), whether
fertigation was applied or not. Although, other authors [31] have found that compost
produces a higher leaf number when it was present at 70% in the substrate [32]. The greater
number of leaves in peat—in comparison with compost—in the second harvest (Figure 1A)
could be due to a better response of peat to the increased transpiration demand of the crop,
as peat is universally known for the optimal hydraulic characteristics for soilless systems.
On the other hand, the greater leaf area in compost with respect to peat in the first harvest
(Figure 1B) was probably due to a higher concentration of nutrients (especially N) in the
compost than in the peat (Table 1). It is well known that nitrogen is essential for leaf growth
because when the plants must cope with nitrogen limitation, such a shortage will result in
a reduction in leaf area [33].

The WUE was significantly higher in the second cut (+76%) compared to the first
harvest (Table 2). WUE may be expressed in several ways, but from an agronomic point
of view, it represents the unit of production for a unit of water, an important agriculture
resource, in particular in semiarid regions [34]. The WUE may be influenced by several
factors: its response at the leaf level is related to the gradients of CO2 and H2O and,
consequently, to the underlying physiological processes and then, at the canopy level,
to the transpiration rate [35]. In our experiment, the total water consumption was not
significantly different among the substrate hence the difference was ascribed to a different
yield among harvest dates (higher in the second harvest—Table 2), which was due to higher
transpiration in the timespan between the first and the second cut.
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Figure 1. Effect of harvest date and growing media on leaves number (A), leaf area (B), and specific
leaf area (C) of Diplotaxis tenuifolia. Different letters indicate significant differences at p ≤ 0.05
according to Tukey’s test. Vertical bars represent ± standard deviation of mean values (n = 10).
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Finally, SLA was influenced by the substrate, but such an effect was modulated by
the harvest date (Figure 1C). Indeed, in the first harvest, the SLA of the compost treatment
compost was 49% higher than that of peat (Figure 1C), while in the second cut the substrate
did not exert any influence. SLA is an important parameter, as it determines “how much
new leaf area to deploy for each unit of biomass produced” [36], thus influencing canopy
expansion and growth and, eventually, light interception and light use efficiency [37].
Therefore, the main difference in our experiment was due to the different leaf areas, as
the DW percentage was not significant (Table 2). The greater leaf area in the compost
treatment, but only in the first harvest, was most probably due to the higher concentration
of nitrogen in compost (Table 1), as the leaf area is known to increase with the nitrogen
concentration [38], thus leading to a greater leaf area, finally resulting in a higher SLA
(Figure 1C) that may result in a greater leaf thickness [39], a positive trait related to the
ability of plants to grow in dry environments with high irradiance [40].

3.2. Quantitative Phytochemical Profile of Rocket Salad
3.2.1. Glucosinolates and (Poly)phenolic Profile of Rocket Salad Leaf

A survey of the GSL tentatively annotated in the present work evidence that the rele-
vant GSL such as diglucothiobeinin, gluosativin, glucoerucin, and 4-methoxyglucobrassicin
were detected in the negative mode. This operating mode yielded abundant deprotonated
ions at MS2 and MS3 fragmentation levels that allowed their proper identification in close
comparison with information available in the literature jointly with the annotation of the
retention time and parent masses (Table 3).

Table 3. Identification of glucosinolates present in the rocket salad by HPLC-PDA-ESI-MSn.

Glucosinolate R-name Rt
(min) m/z [M-H] m/z MS2[M-H] m/z MS3[M-H]

Diglucothiobeinin 4-(β-D-
Glucopyranosuldisulfanyl)-butyl 17.4 600 420, 259, 241, 195 420: 259, 97

Glucosativin 4-Mercaptobutyl 17.7 406 259, 209, 195 259: 97
Glucoerucin 4-methylthiobutyl 19.3 420 339, 259, 241 340: 259, 97

4-Methoxyglucobrassicin 4-methoxy-3-indolylmethyl 23.5 477 285, 259, 227 N.d.

N.d., not detected., Rt, retention time.

The analysis of the parent ions representing GSL showed the presence of [M-H] ions
at m/z values of 600, 406, 420, and 477 arbitrary mass units (amu) that corresponded to
correspond to diglucothiobeinin, glucosativin, glucoerucin, and 4-methoxyglucobrassicin,
correspondingly [41].

When analyzing the mass spectra corresponding to the major negative fragment ions
from the GSL identified, along with diagnostic transitions summarized in Table 3, ions
with m/z 195, 259, 227, and 97 amu matched to the fragment ions obtained from the
glycone side chain, were recorded for almost all GSL identified, as their present a common
core structure [42]. The fragment identified at m/z 420 amu corresponded to the loss of
SC6H10O5-H2O. The fragments corresponding to the m/z 195 and 97 amu informed on
a thioglucose group (C6H11O5S–) and a hydrogen sulfate ion (HSO4

−), respectively [42].
Additional typical ions observed were m/z 259 and 227 amu.

According to previous research on the GSL profile of Diplotaxis tenuifolia, the accessions
of this species are featured by significant variability concerning the presence/absence or the
relative abundance of the different individual GSL, namely glucosativin, glucoerucin, and
methoxyglucobrassicin [43]. All GSL were found in plant material of Diplotaxis tenuifolia
grown in both compost and peat evidencing no critical influence of the substrate concerning
the organosulfur compounds burden in rocket salad.

Regarding (poly)phenols, three flavonols (quercetin-3,3′,4′-triglucosyl, quercetin-
3,4′-glucosyl-3′-(6-sinapoyl-glucosyl), and quercetin-3-(2-sinapoyl-glucosyl)-3′-(6-sinapoyl-
glucosyl)-4′glucosyl) and two caffeoyl derivatives were identified according to the retention
time and parent ions and fragmentation patterns recorded applying a negative mode ESI,
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in comparison with the information available in the literature (Table 4). All phenolics were
present in plants grown in compost and peat.

Table 4. Identification of phenolic compounds present in the rocket salad by HPLC-PDA-ESI-MSn.

Phenolic Compound Rt
(min) m/z [M-H] m/z MS2[M-H] m/z MS3[M-H]

Quercetin-3,3′,4′-triglucosyl 24.2 787 625, 463 625: 463, 301
Quercetin-3,4′-diglucosyl-3′-(6-sinapoyl-glucosyl) 29.5 993 831 831: 669, 463, 301

Caffeoyl sinapoyl derivative I 30.6 993 445, 341, 220 445: 223, 179
Quercetin-3-(2-sinapoyl-glucosyl)-3′-(6-sinapoyl-

glucosyl)-4′glucosyl 32.3 1199 1037, 831 831: 669, 463, 301

Caffeoyl sinapoyl derivative II 35.3 891 401, 357, 341 401: 223, 179

Rt, retention time.

The MSn study of the (poly)phenols found in rocket salad allowed us to identify the
presence of quercetin-3,3′,4′-triglucosyl that exhibited a deprotonated molecular ion at m/z
787 amu. This parent mass was complemented with the typical fragmentation pattern
attributed to flavonoids esterified with glucose moieties since showed two sequential losses
of 162 amu (corresponding to a glucose residue (C6H10O5)) [44,45].

Furthermore, it was recorded a base peak at m/z 993 amu annotated as quercetin-
3,4′-glucosyl-3′-(6-sinapoyl-glucosyl), that showed a sequential loss of a glucosyl residue
(C6H10O5) from the [M-H] ion to obtain a typical [M-H-C6H10O5] ion at m/z 831 amu,
followed by an additional loss of a glucosyl residue to obtain an MS3[M-H] ion at m/z
669 amu [43,44] (Table 4).

The third flavonol eluted at min 32.3 was identified as quercetin-3-(2-sinapoyl-glucosyl)-
3′-(6-sinapoyl-glucosyl)-4′glucosyl featured by a deprotonated ion at m/z 1199 amu. The
MS2 fragmentation of this flavonol showed the first loss of 162 amu corresponding to a
glucose residue to yield two major fragments at m/z 1037 and 831 amu ([M-H- C6H10O5]
and the deglycosylated form of quercetin-3,4′-glucosyl-3′-(6-sinapoyl-glucosyl), respec-
tively) [46] (Table 4).

In addition, two caffeoyl-sinapoyl derivatives were identified at min 30.6 and 35.3, fea-
tured by the base peak at m/z 993 and 891, respectively. Both of them yielded caffeoyl and
sinapoyl residues in the MS3 fragmentation (m/z 179 and 223 amu, correspondingly) [47].

The caffeoyl and sinapoyl derivatives have been broadly reported in cruciferous as
well as derivatives of quercetin esterified with glucose moieties, as well as acylated with
different hydroxycinnamic acids [22]. More specifically related to the Brassicaceae consid-
ered in the present work, Diplotaxis tenuifolia has been shown to contain and accumulate
(poly)glycosylated flavonols derived from quercetin to a higher extent than other rocket
salad species (e.g., Eruca species and varieties), which instead produce higher amounts of
kaempferol derivatives [41,48].

These chemical structures are of special relevance because to date, it has been demon-
strated that some glycosides are more bioavailable than other chemical forms of (poly)phenols
after dietary intake [49].

3.2.2. Glucosinolate Content

As reported for the yield of Diplotaxis tenuifolia, the phytochemical content was also
influenced by the harvest date, as the plant material harvested secondly contained sig-
nificantly lower concentrations of GSL relative to the first harvest, independently of
the substrate considered (Figure 2). In this concern, the GSL identified were found
in the following decreasing concentrations: glucoerucin (0.506 mg/g, on average) > 4-
methoxyglucobrassicin (0.327 mg/g, on average) > diglucothiobeinin and gluosativin
(0.224 mg/g, on average). The relative abundance of the different individual GSL iden-
tified in Diplotaxis tenuifolia has been reported as variable, in close connection with the
environmental conditions [41], which could be the cause of the differences found in this
work relative to previous characterizations of the GLS profile of rocket salad. Although
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these compounds are not present at high concentrations in the plant material, they can be
quite relevant for the sensory attributes and consumer’s liking [50].

Figure 2. Content (mg/g) of the glucosinolates diglucothiobeinin (A), glucosativin (B), glu-
coerucin (C), and 4-methoxyglucobrassicin (D) in Diplotaxis tenuifolia in two separate experiments.
Bars represent mean values ± SD (n = 10) for each compound. Bars with different lowercase letters
are significantly different at p < 0.05 according to the analysis of variance (ANOVA) and Tukey’s
multiple range test.

The amount of the diverse individual GSL allowed us to obtain total average GSL
concentrations of up to 2.585 mg/g and 1.945 mg/g for plants grown using peat and
compost as substrates, respectively. The concentration of total GSL obtained matched with
the lower range reported previously for diverse rocket salad (Eruca sativa L. and Diplotaxis
tenuifolia) accessions (0.5–11.6 mg/g) [41,51].

However, the lower concentration recorded in the present work should be interpreted
based on the broad variability between rocket salad species and accessions as referred as
described by Bell et al. [41], as well as by the composition of the substrate, the focus of the
present research. Indeed, in the last years, it has been proposed a high degree of genetic
and environmental variability in terms of biosynthesis and accumulation of individual GSL
in rocket salad, similar to that affecting other cruciferous species [49,52–54].

This fact constitutes an important challenge concerning further rocket-breeding pro-
grams focused on enhancing GSL/GHP profiles and sensory characteristics. This is of
special relevance because, to date, variability in the GSL accumulation of rocket salad has
not been completely documented, although different genetic features condition the capacity
of the plant to respond to the changing climatic conditions, the light intensity has been
pointed out as the ones with the broadest regulatory capacity concerning phytochemical
burden [50].

Concerning the modulatory effect of the substrate (compost and peat) on the content
of individual GSL, this was only significant in the plant material corresponding to the first
harvest (Figure 2) for two major GSL described in Diplotaxis tenuifolia, glucosativin (the
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most characteristic GSL in rocket salad [55], despite the wide variation between species and
accessions already reported in the literature) [43] and 4-methoxyglucobrassicin [55]. In both
cases, the rocket salad plants’ growth when using peat as a substrate (0.421 and 0.707 mg/g,
respectively) surpassed the concentration obtained in those grown with compost by 24.9%
and 35.5%, on average, correspondingly.

Given the recognized value of GSL as an indicator of plant stress [56], these differences
could be due to environmental stresses in plants grown using peat as a substrate relative to
those grown using compost. This would mean that using compost reduces the physiological
stress of rocket salad plants. The growing substrate cannot be considered the only source
of variability and thereby, the responsibility for variations in the burden of secondary
metabolites as a result of the stress response should be analyzed in the light of additional
environmental factors included in the experimental design (e.g., fertirrigation). As a result,
this allows the basic differences between how rocket salad responds to the modification of
the substrate as a central element for the appropriate plant development.

3.2.3. (Poly)phenolic Content

As referred to for GSL, the content of phenolics in Brassicaceae plants is modulated
by both genetic and environmental factors, existing differences between varieties and
tissues. Furthermore, as for GSL, these constitute secondary metabolites of response to
biotic and abiotic stress [21]. In the present work, the quantitative analysis of (poly)phenols
of Diplotaxis tenuifolia evidenced significantly higher values for individual phenolics in
the plant material obtained in the first harvest, relative to the second one, regardless of
the specific (poly)phenol or substrate considered (Figure 3). In this regard, the pheno-
lic compounds identified in this work were found in the following decreasing concen-
trations: quercetin-3,4′-diglucosyl-3′-(6-sinapoyl-glucosyl) (1.940 mg/g, on average) >
quercetin-3-(2-sinapoyl-glucosyl)-3′-(6-sinapoyl-glucosyl)-4′-glucosyl (1.259 mg/g, on av-
erage) > quercetin-3,3′,4′-triglucosyl (0.461 mg/g, on average) > caffeoyl-sinapoyl deriva-
tive II (0.149 mg/g, on average) > caffeoyl-sinapoyl derivative I (0.060 mg/g, on average)
(Figure 3).

These differences have been previously described by Bell et al. [41] that conducted
experiments under controlled environmental conditions, thereby speculating that these
differences could be due to a large extent to genetic diversity. However, in several studies,
the genetic homogeneity of the accessions characterized prompted setting the hypothesis
that the environmental conditions, including the substrate and cultivation methods are
closely related to the specific phenolic profile [57].

When analyzing the substrates’ effect on the concentration of individual phenolics,
unlike the trend recorded for GLS, in the first harvest material all phenolics exhibited
differences depending on the growing substrate considered, being obtained significantly
higher concentrations in the plant material of rocket salad plants growth in peat than those
cultured in compost for four out of the five phenolics present in concentrations higher
than the limit of quantification (quercetin-3,3′,4′-triglucosyl, quercetin-3,4′-diglucosyl-3′-(6-
sinapoyl-glucosyl) > quercetin-3-(2-sinapoyl-glucosyl)-3′-(6-sinapoyl-glucosyl)-4′-glucosyl,
and caffeoyl-sinapoyl derivative I (Figure 3). On average, peat allowed concentrations
1.35-folds higher than compost. Nonetheless, caffeoyl sinapoyl derivative II showed higher
concentrations in plants grown in compost (0.085 mg/g) relative to peat (0.035 mg/g)
(Figure 3).
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Figure 3. Content (mg/g) of the phenolic compounds quercetin-3,3′,4′-triglucosyl (A), quercetin-3,4′-
diglucosyl-3′-(6-sinapoyl-glucosyl) (B), caffeoyl-sinapoyl derivative I (C), quercetin-3-(2-sinapoyl-
glucosyl)-3′-(6-sinapoyl-glucosyl)-4′-glucosyl (D), and caffeoyl-sinapoyl derivative II (E) in Diplotaxis
tenuifolia. Bars represent mean values± SD (n = 10) for each compound. Bars with different lowercase
letters are significantly different at p < 0.05 according to the analysis of variance (ANOVA) and
Tukey’s multiple range test. <LOQ, lower than the limit of quantification.

Furthermore, the modification of the concentration of phenolic compounds in plants
growth in compost in comparison with peat again would indicate a reduction in the plant
stress [56], allowing a beneficial behavior of rocket salad plants to the assayed substrate.

3.3. Vitamin C Content

Vitamin C—or ascorbic acid—is one of a major antioxidants in plant cells, and it has
a fundamental role in protecting tissues from dangerous and irreversible oxidation that
may occur from reactive oxygen species (ROS), in both animal and plant cells [58], and
protecting humans against various diseases [59]. Vitamin C exists in two redox states, the
active form ascorbic acid [58] and its oxidized form, dehydroascorbic acid [60].

The concentration of vitamin C in our experiment was influenced by the substrate and
harvest date jointly (Figure 4). Such results agree with previous findings, in which vitamin C
concentration was increased by compost either alone or mixed with soil [61] in strawberries,
as well as in pepper when compost was used as organic fertilizer [62]. Furthermore, the
total vitamin C and its reduced (ascorbic) and oxidated forms (dehydroascorbic) were
higher in the second harvest when compost was the substrate than in the first (Figure 4).
In the first cut, the substrate did not produce any difference, except dehydroascorbic acid,
where compost again showed a higher value than peat (Figure 4), which is consistent with
the above-reported results. Furthermore, apart from compost influence, the higher content
of vitamin C and its forms in the second harvest is also related to higher light, as it is well
known that exposure to light increases vitamin C content [63].
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Figure 4. Content (mg/kg of FW) of the ascorbic acid, dehydroascorbic acid, and vitamin C of
Diplotaxis tenuifolia. Bars represent mean values ± SD (n = 10) for each compound. Bars with different
lowercase letters are significantly different at p < 0.05 according to the analysis of variance (ANOVA)
and Tukey’s multiple range test.

4. Conclusions

Peat is one of the most used growing media in plant nurseries and soilless cultivation.
However, it is not renewable, thus alternative substrates should be considered. Our
results demonstrate that the agro-industrial compost used in our study may be a potential
alternative to peat, since it improved almost all the biometric parameters, as well as the
content of vitamin C of the rocket salad leaves—particularly in the second cut—without
any negative effect on the production. Indeed, the reduction in the phytochemical burden
recorded indicate a reduction in the plant stress that fit well with the enhancement of the
productive parameters. According to these results, the use of the compost as growing media
besides provides a positive management alternative in terms of production and plant stress,
would cope with the circular economy, whose aims are to reduce wastes, thereby creating
further value from the use of agro-industrial residues.
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