
V o l u m e  8 5  |  I s s u e  5  |  O c t o b e r  2 0 2 0 321

Eur. J. Hortic. Sci. 85(5), 321–328 | ISSN 1611-4426 print, 1611-4434 online | https://doi.org/10.17660/eJHS.2020/85.5.3 | © ISHS 2020

Urban farming in indoor settings: Nitrate limits compliance 

check of leafy green vegetables under LED lighting

M. Gräf1, R. Stangl1, R. Hood-Nowotny2 and A. Kodym3

1
 University of Natural Resources and Life Sciences, Institute of Soil Bioengineering and Landscape Construction, Vienna, 

Austria
2

 University of Natural Resources and Life Sciences, Institute of Soil Research, Vienna, Austria
3

 University of Vienna, Department of Pharmacognosy, Vienna, Austria

 Original article – Thematic Issue

al., 2014). Professional closed plant production systems, so-

called plant factories, increasingly produce leafy vegetables 

with minimal use of light, energy, water, CO2 and inorganic 

fertilizers (Kozai, 2013). Manufacturers such as Ikea and re-

sellers like Amazon have launched a variety of products, in 

which suspended net-pots are placed in a nutrient solution in 

non-circulating hydroponic systems. These systems are easy 

to use and intended for non-professional end customers. The 

nutrient management in hydroponic systems is an import-

ant factor for controlling plant growth. Nutrient solutions 

are based on high nitrogen, phosphate and potassium up-

take. Nitrogen (N) is an important macronutrient that plays 

a key role in the growth and development of plants (Scheible 

et al., 2004; Yuan et al., 2012). The main form of N uptake 

is indispensable for the biosynthesis of proteins and nucleic 

acids (Durazzo et al., 2013). After absorption, nitrate is either 

stored in the vacuole or reduced to nitrite by nitrate reduc-

tase (NR). Nitrite enters the chloroplast and is then reduced 

to ammonia by nitrite reductase (NiR) (Crawford, 1995). The 

reduction of nitrate to ammonium and its integration into 

organic molecules is called nitrogen assimilation. The for-

mation of nitrate reductase is induced by the availability of 

nitrate and light, whereby phytochrome is the photoreceptor 
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What is already known on this subject?

• Nitrate values in leafy vegetables are subject to 

conditions are the two main factors driving those, 

both factors which can be regulated under controlled 

environment.

• The nitrate content of the species rocket, cabbage and 

pak choi was within the limits set by the European 

Commission, which were cultivated hydroponically in 

lower nitrate accumulation was found for all species 

under the RGB-LED compared to the RB-LED, but 

What is the expected impact on horticulture?

• In addition to red and blue light, the wavelength range 

between 500–600 nm should be considered when 

designing LEDs for the cultivation of leafy vegetables.

Introduction
According to the United Nations (2017) the global human 

population is growing by 1.1% per year, expected to swell to 

over 8.6 billion by 2030. In 2018, 55% of the world’s inhab-

itants were living in urban areas and by 2050, the number 

of urban inhabitants is expected to increase by 68% (Unit-

ed Nations, 2018). To face the challenges of this urbanite 

increase, cities need to be self-regulating and sustainable 

systems (Deelstra and Girardet, 2000). Urban farming as a 

form of decentralised food production can make valuable 

-

cial light has become very popular with city dwellers looking 

for healthy and local products. This technology, which was 

initially investigated by NASA in the early 1980s to produce 

food for space missions, is now readily available to the public 

(Kliss et al., 2000). Mainly due to the development of LEDs, 

these systems have become increasingly cost- and ener-



322 E u r o p e a n  J o u r n a l  o f  H o r t i c u l t u r a l  S c i e n c e

Gräf et al.  |  Nitrate limit value check in hydroponic leafy vegetable

(Bian et al., 2018). When the absorption of nitrate exceeds its 

assimilation, nitrate will accumulate in plants (Imsande and 

Touraine, 1994). This can lead to high absorption of nitrate in 

vegetable leaves (Di Lorenzo et al., 2013; Sago and Shigemu-

ra, 2018). Metabolites and reaction products of nitrate, such 

as nitrite, nitric oxide and N-nitroso compounds can lead to 

effects such as methaemoglobinaemia and carcinogenesis, 

if consumed excessively (Gangolli et al., 1994; Santamaria, 

-

ly exogenous through the consumption of vegetables (Euro-

pean Food Safety Authority, 2008). Therefore, the European 

Commission (2011) issued a regulation “EU NO1258/2011” 

to stipulate the maximum levels for nitrate in food. Compli-

ance with legal limits is essential for food safety, especially 

for leafy vegetables, which can accumulate high nitrate levels 

Nitrogenous fertilisers and light conditions are the two ma-

2013; Bian et al., 2015; Fu et al., 2017). A previous study with 

lettuce has shown that the nitrate content of leaves increas-

intensity and excessive nitrogen fertilisation, leading to an 

imbalance in absorption between uptake and reduction of ni-

trate ions, resulting in higher nitrate accumulation (Khan et 

-

ity and intensity; both play a key role in nitrate accumulation 

-

length emitted by the light source; it is well known that red 

(R) and blue (B) lights combined have the greatest impact on 

plant growth (Olle and Viršile, 2013; Loconsole et al., 2019). 

-2 s-1) in the spectral range 

of 400–700 nm, which is called the photosynthetic active ra-

diation (PAR), that strikes the plant (Xu, 2019). Green light 

(500–600 nm) had been thought to provide an near-ineffec-

tive range of wavelengths for the growth, development and 

-

ness and a lower absorption rate than red and blue light (Fol-

ta and Maruhnich, 2007; Johkan et al., 2012). However, there 

are studies showing effects of green light, for example that 

additional green light in the pre-harvest phase improves the 

biomass) (Saengtharatip et al., 2020). Most of the available 

LED light systems in vegetable cultivation combine only red 

and blue LEDs, but little is known of the combined effect of 

green, red and blue LEDs (Liu et al., 2016). However, there is 

a research gap to support the role of green light as an essen-

tial light source for plant growth and development; we there-

fore conducted this experiment, to test different spectral dis-

tributions on a range of commonly home grown plants. Since 

the plants in these indoor farming systems are cultivated 

comply with the prescribed nitrate limit values. Therefore, 

we have reproduced a setup used by non-professional users 

to achieve realistic results.

The European Commission (2011) has set the maximum 

nitrate concentration for rocket (Eruca ssp. and Diplotaxis 

spp.) higher than for other species, e.g., lettuce or spinach. 

Among leafy vegetables, rocket is considered to be an hy-

per-accumulator of nitrate, so in this study the species rocket 

(Eruca vesicaria ssp. sativa) was used for cultivation in addi-

tion to cabbage (Brassica oleracea var. capitata f. alba) and 

pak choi (Brassica rapa L. ssp. chinensis) (Bianco et al., 1998; 

Cavaiuolo and Ferrante, 2014; Bell and Wagstaff, 2019). To 

determine whether the nitrate contents were within the lim-

its set by the European Commission, we used a new simple 

method for measuring plant nitrate concentrations. We put 

forward the hypothesis that leafy vegetables such as rocket, 

light in a non-professional system, exceed the nitrate limits 

set by the European Commission. In addition to the nitrate 

content of the leaf mass, we also assessed the fresh weight, 

the nitrogen content, and the SPAD values of these three leafy 

vegetables, which were grown under two LEDs, red-blue 

(RB) and red-green-blue (RGB) at the same light intensity in 

a non-circulating hydroponic system.

Seeds of pak choi (Brassica rapa L. ssp. chinensis), cab-

bage (Brassica oleracea var. capitata f. alba) and rocket (Eruca 

vesicaria ssp. sativa) were sown onto rock wool pads and put 

into the germination container (Article number 203.187.24, 

IKEA, Leiden, Netherlands). Ten days after sowing, the 

seedlings with one set of fully expanded leaves were trans-

with pumice and placed randomly into growth containers 

(103.187.29, IKEA) (Figure 1). Then water and a hydroponic 

solution (203.176.49, IKEA) with the nutrient formula 5-3-8 

(N-P-K) and a pH of 5.5–6.5, which contained the following 

nutrients as shown in Table 1 was added. The water level was 

kept between the minimum and maximum marks on the con-

tainer according to the manufacturer’s instructions by regu-

solution per 1 L of water); this was generally similar across 

treatments. The pH of the nutrient solution was monitored 

prior to each fertilization event and ranged between 6.1 and 

7.1. Given the similar pH values across treatments, the near 

neutral status of the solution and in an attempt to follow 

“home-grower” practice, pH adjustment was not carried out.

Ten biological replicates were cultivated per light source 

and species, with three different species and two different 

light sources resulting in a total sample size of 60 (Fig-

ure 2). Those were cultured for a period of six weeks after 

transplantation. Two different LED modules, Växer-RGB 

(903.231.09, IKEA) and Aenano-RB (Wabe, Vienna, Austria) 

1.  Contents of the nutrient solution per irrigation 

process per liter.
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the two lamps above the plants to provide the same light 

a spectroradiometer ILT 550 (International Light Technolo-

gies, Peabody, USA). Peak wavelengths of both lamps of red 

and blue were 450 nm and 660 nm. In addition, the RGB-LED 

emitted at 490–570 nm and the RB-LED at 410 nm, which 

distinguished the two lamps (Figure 3). The RGB-LED emit-

ted 40, 25 and 35% of red, green, and blue, and the RB-LED 

65 and 35% red and blue, respectively. Air temperature, rel-

ative humidity and light intensities for all treatments were 
-2 s-1 at 

a photoperiod of 16 h.

Six weeks after transplantation, all plant organs above 

ground level were harvested and the fresh biomass of the 

leaves was measured. To measure chlorophyll concentra-

tions, the portable chlorophyll meter SPAD-502 (Konica 

Minolta Sensing, Osaka, Japan) was used, measuring on 

the third fully developed leaf from the top from each plant. 

 

(Uddling et al., 2007).

At the time of harvest, from each plant (in total 60), 

two samples were taken, measured and averaged. By using 

was punched out from the same leaf from which the chloro-

phyll measurements had been taken, and was weighed on a 

based on an adaptation of the spectrophotometric method 

described by Miranda (2001). A single leaf disc sample was 

with 1 mL of distilled water, and then frozen at -80°C. To the 

frozen samples, two stainless steel balls were added and ho-

-

ond. The samples were further diluted with 1 mL of distilled 

water and vortexed. Nitrate concentration of the prepared 

solution was determined, based on a colorimetric reaction 

where nitrate is converted into nitrite (NO2
-) in an acidic 

vanadium chloride (VCl3) medium. NO2
- concentration was 

then measured by direct coupling with the Griess reaction. 

Absorbance was measured at 540 nm on a micro-titre plate 

spectrophotometer (Hood-Nowotny et al., 2010; Miranda et 

al., 2001). Fifty mL of vanadium (III) chloride solution (8 g L-1 

VCL3 97% in 1 M HCl), 100 mL of Griess reagent I (= 200 mg L-1 

N-naphthylethylenediamine dihydrochloride) and 100 mL of 

Griess reagent II (10 g L-1 sulphanilamide in 3 M HCl) were 

3

60 minutes at 37°C. A full set of blanks and standards were 

run concurrently. Nitrate standards ranging from 1–10 µg 

  Schematic section of the tray in which the plants were cultivated.

  Illustration of the experimental setup, ten repli-

cates per plant species for each light treatment (RGB and RB) 

were placed randomly in the plant trays (n = 60), P = pak choi, 

C = cabbage, R = rocket.

Spectrum of the RGB-LED and the RB-LED project-

ed one above the other, with a spectroradiometer ILT 550 

from International Light Technologies.
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N mL-1 were prepared by serial dilution with distilled water 

of a commercially available stock standard (Sigma Aldrich). 

The absorbance of the samples and standards was measured 

on an EnSpire 2300 multilabel plate reader. The absorbance 

of distilled water (blank) was subtracted from all measure-

ments. Nitrate concentration was determined by plotting the 

absorption values against values of a known standard series. 

Standard plots were only accepted when r2 was > 0.98, but 

were typically 0.999. Sample dilutions were carried out to 

ensure, that the samples were within the bracketed range of 

the standards. All dilutions were accounted for and concen-

trations calculated back to the fresh weight of the punched 

sample and multiplied by the factor 1,000 to obtain values in 

mg NO3
- kg-1 (= ppm).

For nitrogen analysis, dried plant samples (60°C for 48 h) 

and accurately weighed (3–5 mg) into 5-mm tin cups. Sam-

ples were analysed using a Thermo Flash 2000 Organic Ele-

mental analyser. A full set of internal and external standards 

was run with the samples to calculate % N values.

Statistical analysis

Data were analysed with the Software R Studio (Version 

1.1.463, R Studio, Boston, USA) using 5% as the level of sig-

normal distribution and the Levene test was applied to proof 

homogeneity of variances. Then, a multifactorial analysis of 

variance followed by a Tukey HSD test was subjected. For the 

relationship between SPAD and nitrate concentration a stan-

dard regression analysis was carried out.

Results

For plant biomass the two-way ANOVA analysis revealed 

and rocket (Table 2). The average fresh weight (FW) per plant 

in the RGB light treatment was 15.1 g and 16.6 g under the 

RB-LED. The total fresh weight yield per tray with a surface 

of 0.165 m2 amounted to an average harvest of 227 g for the 

plants under the RGB-LED and 249 g in the RB treatments, 

of approximately 1.4 t ha-1. Highest yields were reached by 

cabbage with around 23 g per plant (Table 2). SPAD readings 

-

tween the light treatments, except for rocket. The SPAD value 

mean values of 30.7 than under the RB-LED (41.5) at a p-val-

ue of 0.009. The statistical model exposed an interaction be-

tween light and species, which means  that the effect of light 

was different depending on the species. Regression analysis 

showed no linear correlation between the SPAD value and 

the nitrate concentration for any species, although there was 

plant material, however predictive power of the SPAD read-

ing was low (R2< 0.5).

We observed slightly higher nitrate levels in all plants un-

der the RB than in the RGB-LED with differences of 234 mg 

NO3
- kg-1 in pak choi, 211 mg NO3

- kg-1 in cabbage and 944 mg 

NO3
- kg-1

the species. Nitrate content of rocket grown under the RB-

highest value of 3,949 mg NO3
- kg-1. Therefore the average 

amount of nitrate in the plants grown under the RGB-LED 

3
- kg-1 compared to 

2,963 mg NO3
- kg-1 in the plants under the RB-LED (Table 2). 

Bulk percentage N was not different between light sources 

or between species. As shown in Table 3, the nitrate levels 

of all plant species were found to be within the range set by 

the European Commission. Nitrate values of cabbage and 

pak choi were within the limit values of 4,000 mg NO3
- kg-1, 

nitrate levels of rocket were within the range of 6,000 mg 

NO3
- kg-1.

treatments on the fresh weight of the plants, only differences 

between the species. Although Johkan et al. (2012) and Kim 

et al. (2004a, b), reported that green light (500–600 nm) in 

addition to red and blue LEDs enhance plant growth, this was 

not supported by our results. Nevertheless, all plants com-

plied with the nitrate limits set by the European Commission. 

Guadagnin (2005) examined rocket plants that were culti-

vated organically, conventionally and hydroponically and 

found mean values of 4,073, 5,377 and 8,243 mg NO3
- kg-1. 

to different growing conditions, a factor which is eliminat-

ed under a controlled environment (European Food Safety 

Authority, 2008). Nitrate concentrations in leafy vegetables 

tend to be higher in hydroponic systems than those under 

conventional cultivation (in the ground with sunlight) (Gua-

  Fresh weight, SPAD value, nitrate content and % N of the three tested species in a non-circulating hydroponic system 

under two different light treatments. Table shows means ± SE, separation with letters by Tukey HSD test at P < 0.05.

 

n

-

RGB RB RGB RB RGB RB RGB RB

c

  Maximum measured nitrate values and the corre-

sponding legal limit values from the European Commission 

(2011).

 

n

 
-  
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RGB RB



V o l u m e  8 5  |  I s s u e  5  |  O c t o b e r  2 0 2 0 325

Gräf et al.  |  Nitrate limit value check in hydroponic leafy vegetable

dagnin et al., 2005; Chen et al., 2014; Yosoff et al., 2015; Oka 

et al., 2016). Kmecl (2017) tested cabbage grown outdoors in 

NO3
- kg-1 with maximum values of 1,964 mg NO3

- kg-1. This 

is largely consistent with our results and also shows similar 

The Joint Expert Committee of Food and Agriculture (JEC-

an acceptable daily intake (ADI) for nitrate of 3.7 mg kg-1 

259 mg nitrate per day for a 70-kg adult (World Health Orga-

nization, 2004). In accordance with the WHO (2004) health 

targets a consumption of 400 g day-1 of fruit or vegetables 

is recommended. Consuming 100 g of raw leafy vegetables 

grown under the current conditions with a mean nitrate con-

centration of 2,700 mg NO3
- kg-1 would lead to a daily intake 

of 270 mg NO3
-

(Santamaria, 2006). However, health targets should be possi-

ble to achieve without exceeding thresholds, by consuming a 

mixed diet. Moreover, measures could be taken to reduce the 

nitrate content in the run-up to the harvest, e.g., continuous 

not excessive supply of nutrients for optimum yield (Bian et 

al., 2016; Chowdhury and Das, 2015). As well as the use of 

optimal spectral distributions, to ensure maximum yield and 

low nitrate levels in the plant biomass. The distribution of 

-

mulation is far from being fully elucidated (Bian et al., 2015; 

Colla et al., 2018).

Rocket cultivated under the RGB treatment showed sig-

same light intensities. Lin et al. (2013) found that nitrate 

accumulation in lettuce plants was lower under RB with ad-

ditional 500–600 nm wide spectral energy than under RB 

genes for biosynthesis of NO3
- and NO2

- reductase (NR and 

NiR, respectively) in leaves is regulated by the phytochrome 

system at absorbance levels at 665 and 735 nm (Lillo and 

Appenroth, 2001). Bian et al. (2018) reported, that adding 

green light to red and blue light had positive effects on the ac-

tivity and expression of nitrate assimilation related genes NR 

and NiR. Similar results were obtained by Liu et al. (2016), 

pressure sodium lamps (HPS) reduced the nitrate content 

in lettuce by 62% compared to the mixture of RB-LED light. 

They believe that a broad spectral composition stimulates 

nitrate assimilation by contributing to protein synthesis and 

thus reducing nitrate accumulation in lettuce plants (Liu 

et al., 2016). This hypothesis is in line with a recent study 

which indicates that the variability of nitrate enrichment 

is not only due to differences in absorption, but also in the 

-

prisingly, no differences were found in the bulk percentage 

nitrogen in the leaf mass between the different light treat-

absorbed another form of nitrogen in addition to nitrate 

from the nutrient solution, namely ammonium, as otherwise 

there would also have to be a visible nitrogen difference in 

the leaf mass. One way to monitor the nutritional status of 

the plant non-destructively is to use a chlorophyll meter. 

describes the relationship between SPAD and the foliar nitro-

gen status (Fox and Walthall, 2008; Souza et al., 2019). SPAD 

readings and leaf nitrogen content lack a direct relationship 

which may be related to the nitrogen distribution between 

photosynthetic proteins (Makino and Osmond, 1991; Xiong 

et al., 2015). The pattern of leaf nitrogen allocation between 

soluble proteins, photosynthetic enzymes and the reaction 

center complexes of thylakoids varies with supply of nitro-

gen and light conditions (Mu et al., 2016). Snowden et al. 

(2016) found decreased chlorophyll concentrations with 

additional green light in tomato, cucumber, pepper and let-

tuce. We observed the same for the species rocket under the 

RGB treatment. A possible explanation for this might be that 

plants with restricted growth or a more compact form have 

a chlorophyll concentration, but to prove this, leaf area data 

-

dertaken to investigate the activity of the enzyme related to 

NR and NiR and the absorption of chemical nitrogen forms 

from the nutrient solution, as well as the relationships with 

the leaf chlorophyll content.

Conclusions
– The tested species pak choi, cabbage, and rocket, grown in 

a non-circulating hydroponic household system, meet the 

nitrate limits set by the European Commission, regardless 

of light treatment.

the species rocket under the RGB-LED compared to the 

RB-LED.

– We therefore recommend additional green light to red and 

blue when growing leafy greens in a non-professional en-
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differences (P < 0.05) in each parameter among treatments are indicated by different letters.




