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Iron biofortification of broccoli microgreens 
under different radiation spectrum and 

composition of nutrient solution

INTRODUCTION

Leafy greens are one of the most consumed vegetables worldwide that are rich in
health-promoting fiber, vitamins, polyphenols, and minerals, which protect
against chronic and non-infectious metabolic disorders. Recently, leafy
vegetables consumed as immature greens (7-14 days) have gained popularity.
Iron (Fe) is an essential micronutrient for the chlorophyll biosynthesis, reactions
of photosynthesis, nitrogen fixation, and electron transfer in plants. In the human
body, Fe mainly exists in complex forms bound to hemoprotein as heme
compounds like hemoglobin or myoglobin, heme enzymes, or non-heme
compounds, e. g. ferritin. This study aimed to evaluate the influence of R and
B radiation on Fe biofortification of broccoli microgreens. We hypothesized
that different radiation spectrum from R and B LEDs will differently affect the
accumulation of Fe and plant growth parameters as well as reflectance indexes.
Due to this, we grew broccoli microgreens under R and B LEDs at two ratios and
mineral nutrient solution with three different Fe concentrations.
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MATERIALS AND METHODS

Experiments were performed in a closed controlled environment walk-in growth
chamber (4 × 6 m). 2.5 g of broccoli (cv. ‘Green’) seeds (CN Seeds, United Kingdom)
were sown on the surface of the hydroponic seed sprouting tray (32.5 × 25 × 4.5
cm) with perforated paper and deionized water (pH 5.5-5.6) and covered with a
plastic lid for four days. Seeds were germinated under an 18-hour with day/night
temperatures (±SD) of 21/17±2°C and relative air humidity of 60±5 %. After
germination, the deionized water was changed to a modified Hoagland nutrient
solution with the average concentration of nutrients [ppm] N, 120; P, 20; K, 128; Ca,
72; Mg, 40; S, 53; Mn, 0.08; Cu, 0.08; B, 0.16; and Zn, 0.8), and three different
concentration of Fe (2, 5, and 15 ppm applied as ethylenediamine di-2-
hydroxyphenyl acetate ferric (Fe-EDDHA). The pH was 5.5–6.5, and the electrical
conductivity (EC) was 1.3–1.7 mS cm–1 . These microgreens were grown under
different radiation treatments for another 6 days. Two hydroponic trays were used
under each radiation condition. Microgreens were cultivated under the controllable
lighting fixtures (HLRD, Hortiled, Lithuania), consisting of R (peak = 660 nm) and B
(peak = 447 nm) light-emitting diodes (LED). The treatments are presented in
Table 1. Fe contents in broccoli microgreens shoots and roots were determined
by the modified microwave-assisted digestion technique combined with ICP-
OES methods. The relative contents of leaf pigments chlorophyll, flavonols and
nitrogen balance index of broccoli microgreens were evaluated using Dualex 4
Scientific® (FORCE-A, Orsay, France) meter. The photochemical reflectance ,
normalized difference vegetation and plant senescence reflectance indexes were
measured using a leaf spectrometer (CID-710, Bio-Science, USA). The
bioaccumulation factor was calculated by dividing Fe content in microgreens
DW by Fe content in the nutrient solution. The translocation factor was
calculated by dividing Fe content in microgreens shoots from Fe content in roots.

Table 1. The treatments of radiation spectrum and Fe concentration in the
nutrient solutions used in the experiments.

Treatment
Red 660 LED Blue 447 LED

Fe ppmμmol m–2 s–1

9:1 × 2 ppm
180 (90 %) 20 (10 %)

2
9:1 × 5 ppm 5

9:1 × 15 ppm 15
1:3 × 2 ppm

50 (25 %) 150 (75 %)
2

1:3 × 5 ppm 5
1:3 × 15 ppm 15

RESULTS

Figure 1. Hypocotyl length (HL), leaf area (LA), fresh weight (FW), and dry weight (DW) of
broccoli microgreens grown under various two ratios of R and B LEDs (9:1 and 1:3) in
nutrient solution with different Fe concentrations (2, 5, and 15 ppm).

Figure 2. Iron (Fe) content in broccoli microgreens grown under various two ratios of R and B
LEDs (9:1 and 1:3) in nutrient solution with different Fe concentrations (2, 5, and 15 ppm).

Figure 3. Bioaccumulation factor (BF) and translocation factor (TF) of broccoli microgreens
grown under various two ratios of R and B LEDs (9:1 and 1:3) in nutrient solution with different
Fe concentrations (2, 5, and 15 ppm).

Figure 4. The chlorophyll (Chl), flavonol (Flav), nitrogen balance (NBI), normalized difference
vegetation index (NDVI), photochemical reflectance index (PRI), and plant senescence reflectance
(PSRI) indexes of broccoli microgreens grown under various two ratios of R and B LEDs (9:1 and 1:3) in
nutrient solution with different Fe concentration (2, 5, and 15 ppm).

CONCLUSIONS

The increasing Fe concentration in nutrient solution increased Fe content in
broccoli microgreens, but the higher content was accumulated in plants under low
R to B LEDs ratio (1:3). The Fe concentration did not influence broccoli fresh and
dry weights under both radiation treatments; however, for plant morphological
indices the low concentration of Fe and higher R to B ratio of LEDs was more

appropriate. The high Fe concentration increased Chl under low R to B LEDs ratio,
and NBI, regardless of radiation treatment.
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