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Yield and quality of basil, Swiss chard, and rocket microgreens
grown in a hydroponic system
Roberta Bulgaria, Ada Baldib, Antonio Ferrante a and Anna Lenzi b

aDepartment of Agricultural and Environmental Sciences – Production, Landscape, Agroenergy, University of
Milan, Milano, Italy; bDepartment of Agrifood Production and Environmental Sciences, University of Florence,
Firenze, Italy

ABSTRACT
Microgreens are gaining interest for claimed high nutraceutical
properties, but data on their chemical composition are so far
limited. Although often grown hydroponically, their mineral
requirements are still unknown. This study aimed to provide an
insight into yield, mineral uptake, and quality of basil, Swiss chard,
and rocket microgreens grown in a hydroponic system. With
reference to data reported in literature for the same species
hydroponically grown but harvested at adult stage, these
microgreens yielded about half, with lower dry matter percentage,
but higher shoot/root ratio. They showed high concentrations of
some minerals, but their nutrient uptake was limited due to low
yield. Nitrates content was lower if compared with that usually
measured in baby leaf or adult vegetables of the same species, as
well as the concentration of chlorophylls, carotenoids, phenols,
and sugars. Therefore, microgreens seem to be interesting and
innovative low-nitrate-salad crops requiring low fertiliser inputs.
Nevertheless, an improvement in yield as well as in the content of
nutraceutical compounds would be desirable.
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Introduction

Microgreens are a category of salad crops that have gained popularity as a new culinary
trend over the past few years. They are seedlings of vegetables and herbs consumed
with tender cotyledons and the first pairs of leaves more or less developed. At harvest,
plant height is from 2.5 to 8 cm depending on the species (Xiao et al. 2012). It is
known that they are mainly produced hydroponically or semi-hydroponically with very
short growing cycles (usually 10–20 days following plantlets emergence [Lee et al.
2004]), but cultural practices, included fertilisation, have not been standardised yet, and
mineral requirements are even not known. A low yield is usually indicated as a limiting
factor for these crops (Murphy et al. 2010; Kou et al. 2014; Sun et al. 2015), and no
formal guidelines for produce quality exist (Murphy & Pill 2010).

Initially, microgreens were appreciated especially for the large variety of tastes, the
range of colours, and the different texture, then also for their potential health benefits,
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since claimed to be nutritionally beneficial and often associated with the terms ‘nutraceu-
tical’ and ‘functional food’ (Janovská et al. 2010; Samuolienė et al. 2013).

In fact, although data on the chemical composition of microgreens are so far limited
(Di Gioia & Santamaria 2015), according to some studies the variety or the amount of
bioactive compounds in microgreens is higher than that of the adult plants of the same
species. In 25 commercially available microgreens varieties Xiao et al. (2012) found
considerably higher concentrations of vitamins and carotenoids than those typical of
the respective species. In five Brassica species, microgreens showed more complex
polyphenol profiles compared to their mature plant counterparts (Sun et al. 2013).
On the other hand, a lower content of fibre, proteins, and microelements were
detected in Brassica rapa as microgreens than at the mature stage (Di Gioia & Santa-
maria 2015).

This study aimed to provide an insight into yield, mineral uptake, and quality of basil,
Swiss chard, and rocket microgreens grown in a hydroponic system.

Materials and methods

Plant material and growing system

Basil (Ocimum basilicum L.), Swiss chard (Beta vulgaris L. subsp. vulgaris) and rocket
(Eruca vesicaria (L.) Cav. subsp. sativa (Mill.) Thell.) were grown in a floating hydroponic
system. Seeds were sown in polystyrene cell trays (27.0 × 53.5 cm2, 392 cells) filled with
vermiculite (Asfaltex S.A., Sant Cugat del Vallés, Barcelona, Spain).

The sowing was carried out on 9 September 2014, with a density of 48.5, 242 and 45 g
m−2 for basil, Swiss chard and rocket, respectively. Seed amount was calculated consider-
ing 1000 seed weight and germination percentage in order to achieve a crop density of
approximately 21,700 plants m−2 (about eight plants per cell). Seed germination occurred
in a climatic chamber in the dark at 24°C. Rocket seeds germinated after two days from
sowing, while three days were necessary for basil and Swiss chard germination. After ger-
mination, trays were transferred in polyethylene (PE) tanks (30 × 60 × 6.5 cm3) containing
each 5 L of half-strength Hoagland’s nutrient solution (macroelements expressed in mM:
N 7.5, P 0.5, K 3.0, Ca 2.5, Mg 1.0; microelements expressed in µM: Fe 25.0, B 23.1, Mn 4.6,
Zn 0.39, Cu 0.16, Mo 0.06; initial pH: 5.56; initial electric conductivity: 1.12 mS cm−1),
prepared with distilled water (three tanks per species). Tanks were placed outdoor on a
bench equipped with a transparent PE roof. Minimum and maximum temperatures
during the growing cycle were 9.7°C and 43.1°C, respectively. During cultivation, every
time the solution level turned down below 4 cm height, a known volume of fresh nutrient
solution was added in the tanks until the initial volume was restored.

Harvesting and measurements

Microgreens were harvested at the first true leaf stage, with green and swollen cotyledons.
Shoot and root fresh weight (FW) and dry weight (DW) were measured before and after
oven desiccation at 80°C for 48 h or until a constant weight. Leaf area was determined by a
planimeter LI-3000 (LI-COR, Lincoln, NE, USA) on 10 plants per tank. Shoots and roots
were analysed for mineral content (N, P, K, Ca, Fe, and Mn). Besides, chlorophylls,
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carotenoids, phenols, anthocyanins, sucrose, total and reducing sugars, and nitrates were
measured in the edible part (shoots).

The volume of the nutrient solution consumed by the crops was calculated subtracting
the volume residual in the tanks at harvest from the overall supplied volume.

Mineral content and uptake

Shoot and root dry matter were ground and digested with nitric acid, and P, K, Ca, Fe, and
Mn were measured using inductively coupled plasma mass spectrometry following the
procedures described in Nocito et al. (2011). Mineral uptake by the crops was then calcu-
lated multiplying the element concentration by shoot and root dry matter production.

Nitrogen and nitrates content

Total N was determined with the Dumas method performed by using an elemental ana-
lyser (ThermoQuest NA 1500 N; Thermo Electron, Milan, Italy).

Nitrates content was measured with the salicylsulphuric acid method (Cataldo et al.
1975). One g fresh samples were ground in 3 mL of distilled water. The extract was cen-
trifuged at 4000 rpm for 15 min and the supernatant was recovered and used for the col-
orimetric determination. Twenty microlitres of sample was added to 80 μL of 5% salicylic
acid in sulphuric acid and to 3 mL of NaOH 1.5 N. The samples were cooled at room
temperature and the spectrophotometer readings were performed at 410 nm. Nitrates
content was calculated referring to a KNO3 standard calibration curve.

Chlorophylls, carotenoids, phenols, and anthocyanins content

Chlorophylls and carotenoids were extracted from fresh leaf tissues using methanol 99.9%
as solvent. Samples were kept in a dark room at 4°C for 24 h. Quantitative determination
of chlorophylls was carried out immediately after extraction. Absorbance readings were
measured at 665.2 and 652.4 nm for chlorophyll pigments and 470 nm for total caroten-
oids. Chlorophylls and carotenoids concentrations were calculated by Lichtenthaler’s
formula (Lichtenthaler 1987).

Phenols were spectrophotometrically determined in fresh shoot samples (about 1 g)
following two different approaches: the direct measure of the methanolic extract absor-
bance at 320 nm (phenolic index) and the Folin–Ciocalteu method (Kang & Saltveit
2003). Phenolic index was expressed as ABS320nm g−1 FW, while the Folin–Ciocalteu
method expresses total phenols as μg g−1 FW gallic acid equivalent (GAE).

For anthocyanins determination, samples of frozen shoot tissue (about 1 g) were
ground in pre-chilled mortar and extracted into methanolic HCl (1%). Samples were
then incubated overnight at 4°C in the dark. The concentration of cyanidin-3-glucoside
equivalents was determined spectrophotometrically at 535 nm (Klein & Hagen 1961).

Sucrose, reducing sugars, and total sugars content

For the determination of sucrose, reducing sugars, and total sugars, 1–2 g of fresh samples
were ground in 3 mL of distilled water. Homogenate was centrifuged at 4000 rpm for 15
min. For sucrose determination, 0.2 mL of extract was added to 0.2 mL NaOH 2N and
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incubated at 100°C for 10 min; then 1.5 mL of hot resorcinol solution was added and the
sample was incubated at 80°C for 10 min. The resorcinol solution was prepared by adding
35 mg of resorcinol and 90 mg of thiourea in 250 mL HCl 30%, mixed with 25 mL of
acetic acid and 10 mL of distilled water. Samples were cooled at room temperature and
spectrophotometer readings were performed at 500 nm (Rorem et al. 1960). A calibration
curve was built with sucrose standards at 0, 0.5, 1, 1.5, and 2 mM.

The analysis of reducing sugars was performed using 0.2 mL of crude extract that was
added to 0.2 mL of a solution containing 62.6 mM dinitrosalicylic acid and 1.52 M potass-
ium sodium tartrate. The reaction mixture was heated at 100°C for 5 min, then 1.5 mL of
distilled water was added and absorbance readings were performed at 530 nm (Miller
1959). The reducing sugars were expressed as glucose equivalent using a glucose standard
curve (0, 1, 2, 3, and 4 mM). Total sugars were calculated by anthrone method: 0.2 g of
anthrone was melted in 100 mL of H2SO4 and shaken for 30–40 min. One millilitre of
extract was added to 5 mL of anthrone solution, cooled in ice for 5 min and mixed
thoroughly. Samples were incubated at 95°C for 5 min and then cooled on ice. Absorbance
readings were performed at 620 nm and a calibration curve was built with glucose stan-
dards at 0, 1, 2, 3 and 4 mM (Yemm & Willis 1954).

Statistical analysis

Data were subjected to ANOVA and significant differences among means (n = 3) were
determined using Bonferroni’s post-hoc test at P < .05.

Results

Consumption of nutrient solution, yield, and growth parameters

Swiss chard and rocket reached the growth stage suitable for harvest 17 days after sowing,
while basil had a crop cycle of 27 days. The three crops consumed 35 L m−2 of nutrient
solution on average, without significant difference among them (data not shown).

The highest yield (shoot FW) was obtained in Swiss chard and the lowest in basil
(Figure 1(a)). Basil produced the lowest amount of shoot also on a DW basis, while no
difference in shoot DW was observed between Swiss chard and rocket (Figure 1(b)).
Swiss chard shoots had the lowest DW percentage and basil shoots had the highest
(Figure 1(c)). Basil showed the less developed roots, considering both FW and DW;
between Swiss chard and rocket, root FW and DW were higher in the latter (Figure 1
(d–e)). Leaf area was significantly higher in Swiss chard than in the other two species,
and basil plants showed a leaf area higher than rocket (Figure 1(f)).

The three crops showed significant differences in the distribution of the dry matter
between shoots and roots, although in all of them roots constituted less than 3% of the
total biomass (data not shown). Root to shoot ratio was 0.004, 0.019, and 0.028 in basil,
Swiss chard, and rocket, respectively.

Mineral content in the edible part

The analysis of the mineral content in the edible part (shoots) of microgreens revealed sig-
nificant differences among the species only for some elements (Figure 2). Concentration of
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nitrogen and phosphorus ranged, on average, from 56 to 66 g kg−1 DW and from 8.4 to
8.9 g kg−1 DW, respectively, without differences among the three crops (Figure 2(a)). In
Swiss chard shoots, potassium concentration was higher (92 g kg−1 DW) than in basil

Figure 1. Yield, root FW, shoot and root DW, shoot DW percentage, and leaf area of basil, Swiss chard
and rocket microgreens grown in a hydroponic system.
Notes: Values are means with standard errors. Data were subjected to ANOVA. Different letters indicate statistical differ-
ences at P < .05 (Bonferroni’s post-hoc test).

Figure 2.Mineral content (N, P, K, Ca, Fe, Mn) in the edible part (shoots) of basil, Swiss chard and rocket
microgreens grown in a hydroponic system.
Notes: Values are means with standard errors. Data were subjected to ANOVA. Different letters indicate statistical differ-
ences at P < .05 (Bonferroni’s post-hoc test).
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and rocket (Figure 2(a)). The three species showed different calcium concentration, with
the highest value in rocket (18 g kg−1 DW) and the lowest in Swiss chard (4.75 g kg−1 DW)
(Figure 2(a)). Swiss chard and rocket did not differ in iron concentration, while, in basil,
accumulation of this element was significantly higher (Figure 2(b)). Finally, manganese
concentration showed no difference among the three species and ranged, on average,
from 0.13 to 0.24 g kg−1 DW (Figure 2(b)).

Total mineral uptake

The studied crops showed significant differences in total (shoot + root) mineral uptake for
most elements (Table 1). Nitrogen uptake was lower in basil than in rocket. Basil showed
also lower phosphorus and potassium requirements than the other two species that dif-
fered in potassium but not in phosphorus uptake. Potassium uptake in Swiss chard was
higher than in rocket. The highest calcium uptake was observed in rocket and the
lowest in Swiss chard. Swiss chard showed also a lower iron uptake than both basil and
rocket. Manganese uptake was 13.1 mg m−2 as the average of the three crops without sig-
nificant differences among them.

Nitrates, chlorophylls, carotenoids, phenols, and anthocyanins content

Significant differences in the content of nitrates were observed among the three crops.
Rocket showed the highest value (2679 mg kg−1 FW) and Swiss chard the lowest
(1061 mg kg−1 FW). Basil nitrates content was 1827 mg kg−1 FW.

A higher content of chlorophylls was observed in rocket than in both basil and Swiss
chard, which did not show different values in total chlorophylls (Table 2). Similar concen-
trations of total carotenoids were found in the three species (Table 2). Phenolic index and
anthocyanins content did not show differences among the species while the concentration
of total phenols measured using the Folin–Ciocalteu method was lower in Swiss chard
than in basil and rocket (Table 2).

Sucrose, reducing sugars, and total sugars

The highest contents of sugars were found in rocket shoots compared to basil and Swiss
chard (Figure 3). In particular, sucrose content in rocket (0.137 mg g−1 FW) was signifi-
cantly higher than in basil, while Swiss chard had an intermediate content, 0.091 mg g−1

FW (Figure 3(a)). Reducing sugars ranged from 0.40 to 1.42 mg g−1 FW and differed

Table 1. Total mineral uptake (shoots + roots) by basil, Swiss chard and rocket microgreens grown in a
hydroponic system. Values are means ± standard errors.

N P K Ca Fe Mn

(g m−2) (mg m−2)

Crop
Basil 3.28 ± 0.050b 0.48 ± 0.026b 3.24 ± 0.368c 0.88 ± 0.060b 242.8 ± 23.99a 13.93 ± 1.186a
Swiss chard 4.44 ± 0.263ab 0.71 ± 0.018a 7.45 ± 0.200a 0.39 ± 0.016c 73.2 ± 13.34b 11.42 ± 0.421a
Rocket 5.07 ± 0.141a 0.72 ± 0.026a 5.60 ± 0.231b 1.42 ± 0.080a 180.5 ± 30.86a 13.92 ± 0.184a

Note: Data were subjected to ANOVA. Different letters in the same column indicate significant difference at P < .05 (Bon-
ferroni’s post-hoc test).
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among the three species. The highest content was observed in rocket and the lowest in
basil (Figure 3(b)). The total sugars were similar in basil and Swiss chard, while twice
the concentration was found in rocket with an average of 4.22 mg g−1 FW (Figure 3(c)).

Discussion

Only few reports are available on the production of microgreens, and the achieved yield
may vary somewhat among the different species and even within the same species
(Murphy & Pill 2010; Gumble et al. 2015). High quantities of seed are used (approximately
from 10,000 to 40,000 seeds m−2; Di Gioia & Santamaria 2015) to compensate the limited
biomass of the single plants, which is due to the early harvesting stage. Nevertheless, a
low yield remains a limiting factor for microgreen industry (Kou et al. 2014; Sun et al.
2015).

The yield we observed in basil, Swiss chard, and rocket was within the range previously
reported for these microgreens (Lee et al. 2004; Murphy et al. 2010; Murphy & Pill 2010;
Pill et al. 2011; Gumble et al. 2015), but it was only half the production obtained in a
hydroponic system from the same species harvested to a full vegetative growth stage
(D’Anna et al. 2003; Raimondi et al. 2006).

Our data on DW percentage were in agreement with Xiao et al. (2012), who assessed
this parameter in 25 commercially available microgreens demonstrating that these
produce typically show high water content. According to root and shoot DWwe observed,
microgreens accumulated a higher portion of plant total dry matter in shoot compared to
vegetables grown hydroponically to an adult stage, that usually show root to shoot ratios of
about 0.15–0.20 (Fallovo et al. 2009; Bernstein et al. 2010).

Due to the early harvest, it is obvious that plants at microgreen stage show a limited leaf
area. In our study, basil microgreens showed a leaf area higher than rocket but lower than
Swiss chard. Similar results were obtained by Brazaitytė et al. (2015).

Data on the chemical composition of microgreens are so far limited, and the mineral
requirements of these produce are still unknown. Conversely, it would be useful to
know the nutrient uptake by microgreens in order to manage their fertilisation. Besides,
since mineral elements are important for human nutrition, the mineral composition of
microgreens provides information on the contribution of these innovative produce to
the human diet. After having observed in preliminary experiments that the use of nutrient

Table 2. Chlorophylls (Chl a, Chl b and total), total carotenoids, total phenols, and anthocyanins in basil,
Swiss chard and rocket microgreens grown in a hydroponic system.

Chl a Chl b Chl a + b Carotenoids
Phenolic
index Phenols

Anthocyanins
(cyanidin-3-
glucoside
equivalent)

(mg g−1 FW)
(ABS320nm

g−1)
(GAE μg g−1

FW) (μg g−1 FW)

Crop
Basil 0.610 ± 0.014b 0.205 ± 0.003b 0.815 ± 0.018b 0.126 ± 0.001a 4.14 ± 0.100a 298 ± 28.4a 14.41 ± 0.28a
Swiss
chard

0.510 ± 0.017c 0.191 ± 0.021c 0.771 ± 0.037b 0.122 ± 0.005a 3.81 ± 0.729a 164 ± 40.4b 11.78 ± 0.63a

Rocket 0.747 ± 0.024a 0.260 ± 0.012a 1.007 ± 0.036a 0.171 ± 0.004a 4.54 ± 0.203a 328 ± 32.2a 8.83 ± 0.06a

Notes: Data were subjected to ANOVA. Different letters in the same column indicate significant difference at P < .05 (Bon-
ferroni’s post-hoc test). Values are means ± standard errors.
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solutions accelerates microgreens growing rate compared to water, in this paper we report
data on the element uptake by the studied species as well as on the mineral concentration
in the edible part. Comparing the latter with the elemental composition of the correspond-
ing conventional vegetables reported in USDA (United States Department of Agriculture)
Nutrition National Database (http://ndb.nal.usda.gov/ndb/search) as well as in published
literature (Zheljazkov & Warman 2003; Cavarianni et al. 2008), our results seem to indi-
cate that, on a DW basis, microgreens are slightly poorer in calcium, but richer in phos-
phorus, potassium, and especially iron. On the contrary, Di Gioia and Santamaria (2015)
found a lower iron content in Brassica rapa microgreens than in conventional vegetable.

The chlorophyll content of vegetables is important not only for reasons of health
benefits, but also for the visual appearance of the produce. Considering that microgreens

Figure 3. Sucrose, reducing sugars, and total sugars in the edible part (shoots) of basil, Swiss chard and
rocket microgreens grown in a hydroponic system.
Notes: Values are means with standard errors. Data were subjected to ANOVA. Different letters indicate statistical differ-
ences at P < .05 (Bonferroni’s post-hoc test).
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are mainly composed by cotyledons and only partially developed true leaves, it is not sur-
prising that we found lower concentrations of chlorophylls, carotenoids, phenols, and
anthocyanins as compared with those observed in baby leaf or adult vegetables of the
same species (Ferrante et al. 2004, 2008; Spinardi & Ferrante 2012). However, carotenoids
content was comparable to that observed by Xiao et al. (2012) in microgreens.

Among the quality components of vegetables, nitrates content is very important due to
possible negative effects on human health (Santamaria 2006). According to EU Regulation
n. 1258/2011, some vegetables, to be commercialised in EU countries, must not exceed
maximum acceptable nitrates levels. For rocket, these levels are 6000 mg kg−1 FW in
the spring-summer season and 7000 mg kg−1 FW in autumn-winter. In this species,
leaf nitrates usually ranges from 4000 to 7000 mg kg−1 FW (Santamaria et al. 2002). In
Swiss chard and basil, nitrates contents ranging from 3800 to 4500 mg kg−1 FW and
from 2000 to 4000 mg kg−1 FW have been observed, respectively (Santamaria et al.
1999; Pardossi et al. 2015). We found lower nitrates concentration in microgreens than
that normally detected in baby leaf or adult vegetables, especially for Swiss chard and
rocket. These species, at the microgreen stage, showed concentrations reduced to one
third or even less. Similar results were obtained also in lettuce (Pinto et al. 2015).

Sugars are an important source of energy for maintaining the cell metabolism. After harvest
they are essential for keeping cells alive and ensure a long shelf life of the produce. In basil,
Swiss chard, and rocket microgreens, we measured sugar contents about 2–10 fold lower com-
pared with baby leaf and adult vegetable leaves (Cavaiuolo et al. 2015). Such low sugar con-
centrations, observed also by Xiao et al. (2015), can in part explain the short shelf life of
microgreens that is limited to 1–2 days (Chandra et al. 2012; Xiao et al. 2014).

Conclusions

Based on the results obtained in basil, Swiss chard and rocket, microgreens prove to be
interesting and innovative salad crops requiring low fertiliser inputs, nevertheless their
yield and quality should be improved. In fact, although they provide vegetable food
with low nitrates content, they also contain low amounts of many important nutraceutical
components, as well as of sugars, that are important for produce shelf life. Therefore,
further studies are necessary to understand the effect of growing conditions on the achiev-
able yield and the accumulation of bioactive compounds in microgreens in order to opti-
mise their cultivation technique.
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