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Abstract: The consumption of leafy vegetables, such as microgreens, has increased. However, 

its cultivation still lacks management information. This study evaluated rocket microgreen 

cultivation under seeding densities and nutrient solution concentrations. The experiment was 

conducted in a randomized block design in split-plot, which consisted of five irrigation 

treatments in the main plots: supply water with electrical conductivity – EC of 0.3 dS m-1; 

nutrient solutions with EC of 0.6 and 1.2 dS m-1 at 50 and 100% concentrations of “Flex mudas 

1” and “Flex mudas 2” Plantpar® compounds; nutrient solutions with EC of 0.5 and 1.0 dS m-1 

at 25 and 50% concentrations, as recommended by Furlani. Densities of five or ten seeds per 

2×2×2 cm cell were used as a subplot. Microgreens were cultivated for 14 days, analyzing 

seedling height, seedling fresh matter (SFM), seedling dry matter (SDM), water use efficiency 

of SFM and SDM, seedling water content, seed mass to produce 1 kg of SFM, and sodium, 

potassium, and chloride contents in seedlings. The highest production and potassium 

accumulation in rocket microgreens occurred under higher solution EC levels (1.0 and 1.2 dS 

m-1) produced with different formulations. Microgreens showed higher yield with a density of 

10 seeds cell-1. 

 

Keywords: Functional food, soilless cultivation, natural resources, water use efficiency, yield. 

 

Introduction 

Technological advances increase the 

offer of industrialized food products. 

Hence, the risk of diseases associated with 

diet habits has also increased. In this sense, 

the diet habits of populations are frequently 
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changing toward consuming more natural 

products, such as fresh vegetables. 

The increasing population demand for 

agricultural foods has damaged natural 

resources, such as water and arable soils, 

and climate changes further aggravate this 
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scenario. Therefore, traditional cultivation 

systems require changes, such as migrating 

to production systems compatible with 

water and soil availability (Gonnella and 

Renna, 2021; Fussy and Papenbrock, 2022; 

Mir et al., 2022; Silva et al., 2024). 

Thus, hydroponics is a cultivation 

technique with potential application to 

small locations with little water availability 

(Silva et al., 2023; Silva et al., 2024). It 

consists of soilless cultivation using 

nutrient solutions, as plants may grow using 

different techniques directly in nutrient 

solutions or substrates as growth media. 

Soilless cultivation may be performed in 

different spaces (with natural and/or 

artificial lighting) from urban centers and/or 

surroundings, such as building interiors or 

roofs, office rooms, industrial factories, 

containers, warehouses, and underground 

locations (Sparks and Stwalley III, 2018; 

Velazquez-Gonzalez et al., 2022). In this 

case, commercial facilities near end 

consumers provide benefits such as product 

cost reduction (production site closer to 

consumers, consequently generating lower 

transportation and storage costs) and 

increase product shelf-life expectation, 

considering the high product waste during 

transportation due to the perishability of 

fresh produce (Parkes et al., 2022). 

Seed-producing companies often launch 

new vegetable materials that are 

increasingly precocious and have high 

nutrient contents. Thus, microgreens are an 

emerging class of functional fresh food with 

a high potential to improve the human diet 

by filling nutritional deficiencies due to 

their phytochemical content (Kyriacou et 

al., 2019; Petropoulos et al., 2021; Partap et 

al., 2023; Tilahun et al., 2023; Vrkić et al., 

2024). They are fresh vegetables consumed 

young (with fully developed cotyledon 

leaves), usually harvested up to two weeks 

after sowing (Xiao et al., 2015; Corrado et 

al., 2022; Bhaswant et al., 2023), increasing 

the number of production cycles throughout 

the year compared to adult plant cultivation 

(Thepsilvisut et al., 2023). 

Microgreens are sown with high density, 

varying according to species (Thuong and 

Gia, 2020; Li et al., 2021ab; Moraru et al., 

2022; Di Gioia et al., 2023). The present 

study used rocket (Eruca sativa Mill.), 

sown at densities of 55 g m-2 (Murphy and 

Pill, 2010), 45 g m-2 (Bulgari et al., 2017), 

100 g m-2 (Wieth et al., 2021), 202 g m-2 

(Bulgari et al., 2021), and 93 g m-2 (Kathi et 

al., 2022). Other studies did not inform the 

seeding densities (Kong et al., 2019a; Ying 

et al., 2020; Kong et al., 2023). 

Also, microgreens have been irrigated 

with nutrient solutions at different 

concentrations. Therefore, electrical 

conductivity (EC) levels vary. Wieth et al. 

(2021) cultivated rocket microgreens in 

different substrates and solution EC levels 

(ECsol of 1.2 and 2.0 dS m-1). The study 

presented varied data. For instance, 

vermiculite and organic Carolina Soil® 

(peat + vermiculite) substrates yielded 3.5-

fold more fresh biomass under ECsol of 2.0 

dS m-1, while ECsol of 1.2 dS m-1 were 2.7- 

and 1.8-fold higher, respectively, irrigated 

with only rainwater (ECw ~ 0 dS m-1). The 

phenolic foam substrate produced 2.4-fold 

more microgreens under ECsol of 1.2 and 

2.0 dS m-1 than under ECw. 

Therefore, this study evaluated rocket 

microgreen cultivation under seeding 

densities and nutrient solution 

formulations/concentrations. 

 

Materials and Methods 

Study site, experimental design, and 

growth conditions 

This study conducted one experiment 

with rocket microgreens grown in 

hydroponic nutrient solutions in a 

greenhouse (east-west orientation and 

uncontrolled conditions with natural 

sunlight: protected by black screens with 

50% shading, and the roof was covered with 

150-μm-thick polyethylene transparent 

film), in August 2023. The facilities are part 

of the experimental area of the Post 

Graduate Program in Agricultural 

Engineering of the Federal University of 

Recôncavo da Bahia (UFRB), Cruz das 
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Almas, Bahia (12° 40’ 19” S, 39° 06’ 23” 

W, at an elevation of 220 m above sea 

level), Brazil. 

The experiment was carried out in a 

randomized block design with four 

repetitions. An arrangement in split-plot 

was used, which consisted of five irrigation 

treatments in the main plots (each 

experimental unit comprised a Styrofoam 

tray with 18×24 cm): T1 – supply water 

with electrical conductivity (EC) of 0.3 dS 

m-1; T2 and T3 – nutrient solutions with EC 

of 0.6 and 1.2 dS m-1 at 50 and 100% 

concentrations of a commercial fertilize for 

seedlings “Flex mudas 1” and “Flex mudas 

2” (Plantpar® Indústria e Comércio de 

Fertilizantes Ltda., Umuarama, PR, Brazil); 

T4 and T5 – nutrient solutions with EC of 

0.5 and 1.0 dS m-1 at 25 and 50% 

concentrations, as Furlani et al. (1999) 

recommended for leafy vegetables. 

Densities of five or ten seeds per cell 2×2×2 

cm (corresponding to 0.01 and 0.02 g cell-1 

or 25 and 50 g m-2, respectively) were used 

as a subplot to the same tray using phenolic 

foam as a growth medium. Forty cells per 

tray were used (20 for each density, 

corresponding to a total area of 80 cm2). 

 

Rocket sowing and nutrient solutions 

preparation and management 

Surya rocket (Isla® Sementes Ltda., 

Porto Alegre, RS, Brazil) was sown on 

August 12, 2023. After seeding in phenolic 

foam, the seeds were covered by a layer of 

coconut substrate. Until germination on first 

three days, the cells in the trays underwent 

manual irrigation with deionized water. 

Then, irrigation followed the tested 

treatments (supply water or nutrient 

solutions with different EC levels) until 

harvesting. 

Supply water showed the following 

results, in mg L-1: K+ = 2.87, Na+ = 29.67, 

Ca2+ = 16.00; Mg2+ = 12.40, and Cl– = 

66.38. The nutrient solutions were prepared 

in deionized water. The following nutrient 

amounts were used: 510 mg L-1 “Flex 

mudas 1” (in mg L-1, 45.90 nitrogen, 35.70 

phosphorus, 188.70 potassium, 12.24 

sulfur, 6.63 magnesium, 0.714 iron, 0.255 

boron, 0.255 manganese, 0.153 copper, 

0.102 zinc, and 0.051 molybdenum) and 

510 mg L-1 “Flex mudas 2” (in mg L-1, 

56.10 nitrogen, 81.60 calcium, and 8.16 

magnesium) at 100% concentration, for T3; 

for T2, half-strength nutrient solution (at 

50% concentration) was used. The standard 

nutrient solution recommended by Furlani 

et al. (1999) as a reference for leafy 

vegetables was used for T4 and T5 at 25 and 

50% concentrations, respectively. For T5, 

the following nutrient amounts, in mg L-1, 

were used: 375 calcium nitrate, 250 

potassium nitrate, 75 monoammonium 

phosphate, and 200 magnesium sulfate. 

Consequently, T4 was half of these 

amounts. They were obtained separately 

from the Dripsol® fertilizer (SQM Vitas 

Brazil, Candeias, BA, Brazil). 

Micronutrients were provided using 6.25 or 

12.50 mg L-1 Micromix® (T4 and T5, 

respectively) and 4 or 8 mg L-1 GeoQuel® 

13% Fe-EDTA (T4 and T5, respectively) 

(Rigrantec Tecnologias para Sementes e 

Plantas Ltda., Porto Alegre, RS, Brazil). 

 

Evaluated traits 

Fifteen days after sowing, all seedlings 

were harvested from each tray (cutting 

around 2 mm above the phenolic foam 

level). The study determined seedling 

height (SH, in cm) and seedling fresh matter 

of 20 cells per density in the cultivation tray 

(SFM, in g 80 cm-2). Immediately after 

weighing the fresh seedlings, the material 

was placed in paper bags and dried in a 

Q314M forced-air oven (Quimis®, 

Diadema, SP, Brazil) at 65°C until reaching 

constant weight to quantify the seedlings 

dry matter (SDM, in g 80 cm-2). Next, SFM 

was calculated (g 4 cm-2) for 2×2×2 cm of a 

phenolic foam cell. The production from an 

area of 80 cm2 was the basis for 

extrapolating microgreen yield (g m-2), i.e., 

1 m2. 

Water content (WC) was calculated 

based on difference between the fresh (FM) 

and dry (DM) matter of microgreens 



 

Water Resources and Irrigation Management, Cruz das Almas, v.13, n.1-3, p.60-71, 2024. 

 

Silva et al. 63 

seedlings: WC (%) = [(FM − DM)/FM] × 

100. 

Seed mass (in g) was also calculated to 

produce 1 kg of SFM of microgreens. Water 

productivity was determined and expressed 

as water consumption (water or water plus 

nutrients) to produce 1 kg of SFM of 

microgreens. 

Sodium (Na+), potassium (K+), and 

chloride (Cl−) contents in the plant material 

were determined. For this, the dry plant 

material was crushed and 0.1 g was added 

to tube filled with 10 mL of deionized 

water. The tubes were heated to 100°C in a 

water bath for 1 h, with agitations every 15 

min. The supernatants were filtered in a 

quantitative filter paper for further analysis. 

Na+ and K+ contents were determined in a 

flame photometer model BFC – 300 

(Benfer, São Paulo, SP, Brazil). The Cl− 

content was determined in a UV VIS 

spectrophotometer model SP-2000UV (Bel 

Equipamentos Analíticos Ltda., Piracicaba, 

SP, Brazil), using a solution of mercury 

thiocyanate in absolute methanol plus iron 

nitrate at 20.2%. 

 

Statistical analysis 

The data were subjected to the normality 

test (Shapiro-Wilk) and subsequently 

subjected to analysis of variance by F-test 

(p ≤ 0.05). The means obtained as function 

of the electrical conductivity levels (water 

and nutrient solutions) in the main plots 

were separated using the Scott-Knott test (p 

≤ 0.05). The means obtained according to 

seed density were compared using Tukey’s 

test (p ≤ 0.05). In addition, the magnitude of 

the relationships among the traits analyzed 

was performed by Pearson’s linear 

correlation. 

 

Results and Discussion 

The interaction between electrical 

conductivity levels (water or nutrient 

solutions) and seeding densities was not 

significant (p > 0.05) in any evaluated trait 

(seedling height – SH, seedling fresh matter 

– SFM, seedling dry matter – SDM, 

seedling water content – SWC, water use 

efficiency of SFM and SDM – WUESFM and 

WUESDM, and seed mass – SM) of rocket 

microgreens (Table 1). As for isolated 

effects, EC levels significantly affected (p < 

0.01) all traits, and the seeding density 

function behaved equally, except for SH 

and SWC. 

As expected, the lowest means occurred 

in irrigation with only supply water 

(without nutrient addition), under EC of 0.3 

dS m-1 (Table 1), as seen in Figure 1. SFM 

responses (per cell, per 20 cells, and per m2) 

of rocket microgreens were similar 

regarding EC levels, with the highest means 

recorded under solution EC (ECsol) of 1.2 

dS m-1 (produced with the commercial 

formulation “Flex mudas 1” and “Flex 

mudas 2” Plantpar®). The means under 

these cultivation conditions (0.54 g cell-1, 

10.88 g 20 cells-1, and 1360.31 g m-2) were 

approximately 2.3-fold higher than those 

under irrigation with only water (ECw of 

0.3 dS m-1). 

The second-best treatment concerning 

SFM was with ECsol of 1.0 dS m-1, 

applying the formulation by Furlani et al. 

(1999) at a 50% concentration (Table 1). 

Therefore, the best rocket responses 

occurred under the highest ECsol levels 

with different nutrient sources. The ECsol 

of 1.0 dS m-1 yielded means (0.47 g cell-1, 

9.35 g 20 cells-1, and 1169.06 g m-2) around 

2.0-fold higher than those under ECw. The 

treatment with ECsol of 1.0 dS m-1 provided 

approximately 14% lower means than 

ECsol of 1.2 dS m-1. Regardless of solution 

compositions, the means were statistically 

equivalent under the lowest ECsol levels 

(0.5 and 0.6 dS m-1). In treatment with only 

water the SFM accumulation varied 

between 61 and 63% in comparison to 

lowest ECsol levels. 
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Table 1: Results of analysis of variance and means for seedlings height (SH), seedlings fresh 

matter (SFM), seedlings dry matter (SDM), seedlings water content (SWC), water use 

efficiency based on SFM (WUESFM) and SDM (WUESDM), and seed mass (SM) to produce 1 

kg of SFM of rocket microgreens grown at two seed density (SD) and different levels of 

electrical conductivity (EC) of water or nutrient solutions 

SV 
SH SFM SFM SFM SDM SDM 

cm g cell-1 g 20 cells-1 g m-2 g cell-1 g 20 cells-1 

EC       

0.3 dS m-1 3.91 ± 0.18c 0.23 ± 0.02d 4.64 ± 0.35d 580.00 ± 44.09d 0.025 ± 0.001c 0.488 ± 0.012c 

0.6 dS m-1 – Plantpar 5.23 ± 0.38b 0.35 ± 0.05c 7.02 ± 0.90c 877.81 ± 112.81c 0.029 ± 0.003c 0.558 ± 0.060b 

1.2 dS m-1 – Plantpar 6.93 ± 0.49a 0.54 ± 0.04a 10.88 ± 0.88a 1360.31 ± 110.53a 0.039 ± 0.003a 0.790 ± 0.067a 

0.5 dS m-1 – Furlani 5.44 ± 0.49b 0.40 ± 0.05c 7.94 ± 0.96c 992.50 ± 120.06c 0.033 ± 0.002b 0.590 ± 0.052b 

1.0 dS m-1 – Furlani 6.79 ± 0.61a 0.47 ± 0.03b 9.35 ± 0.58b 1169.06 ± 72.28b 0.034 ± 0.002b 0.641 ± 0.039b 

SD       

5 seeds 5.66 ± 0.19A 0.31 ± 0.03B 6.14 ± 0.53B 767.75 ± 66.38B 0.026 ± 0.002B 0.475 ± 0.037B 

10 seeds 5.66 ± 0.30A 0.49 ± 0.02A 9.79 ± 0.49A 1224.12 ± 61.39A 0.038 ± 0.001A 0.752 ± 0.015A 

EC ** ** ** ** ** ** 

SD ns ** ** ** ** ** 

EC × SD ns ns ns ns ns ns 

CVEC (%) 12.44 14.23 14.20 14.20 13.94 12.00 

CVSD (%) 13.55 17.52 17.63 17.63 15.48 14.22 

 SDM SWC WUESFM WUESDM SM  

 g m-2 % L kg-1 L kg-1 g  

EC       

0.3 dS m-1 60.79 ± 1.57c 89.50 ± 0.61c 74.13 ± 8.34a 705.55 ± 40.06a 63.26 ± 4.85a  

0.6 dS m-1 – Plantpar 69.51 ± 7.49b 91.99 ± 0.41b 54.39 ± 9.43b 673.66 ± 100.28a 43.09 ± 6.28b  

1.2 dS m-1 – Plantpar 98.68 ± 8.43a 92.72 ± 0.28a 36.94 ± 3.10c 508.81 ± 62.94b 27.80 ± 2.32c  

0.5 dS m-1 – Furlani 73.64 ± 6.44b 92.61 ± 0.35a 45.56 ± 7.00b 621.83 ± 85.19a 37.40 ± 4.75b  

1.0 dS m-1 – Furlani 80.05 ± 4.90b 93.11 ± 0.19a 37.64 ± 1.95c 543.40 ± 29.63b 31.43 ± 2.17c  

SD       

5 seeds 59.29 ± 4.59B 91.96 ± 0.29A 61.34 ± 6.44A 751.43 ± 71.02A 36.16 ± 3.50B  

10 seeds 93.78 ± 1.83A 92.01 ± 0.23A 38.12 ± 0.97B 469.87 ± 4.72B 45.02 ± 0.59A  

EC ** ** ** ** **  

SD ** ns ** ** **  

EC × SD ns ns ns ns ns  

CVEC (%) 12.11 0.64 18.30 15.62 15.84  

CVSD (%) 14.21 0.48 16.45 17.04 13.54  

SV – source of variation; CVEC and CVSD – coefficients of variation of the errors in main plots and subplots, respectively; 

values represent mean ± standard deviation (n = 4); lowercase letters compare the means of EC levels by Scott-Knott test (p ≤ 

0.05) and uppercase letters compare the means of SD by Tukey’s test (p ≤ 0.05); ** – significant at p ≤ 0.01 and ns – not 

significant by F-test. 

 

 

Figure 1: Visual aspect of rocket microgreens grown at two seed density and different levels of 

electrical conductivity (EC) of water or nutrient solutions. T1 – EC of water of 0.3 dS m-1; T2 

and T3 – nutrient solutions with EC of 0.6 and 1.2 dS m-1 at 50 and 100% concentrations of 

“Flex mudas 1” and “Flex mudas 2” Plantpar® compounds; T4 and T5 – nutrient solutions with 

EC of 0.5 and 1.0 dS m-1 at 25 and 50% concentrations, as recommended by Furlani et al. 

(1999). 
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Results obtained under cultivation with 

ECsol of 1.2 dS m-1 corroborate Wieth et al. 

(2021) when cultivating rocket microgreens 

with phenolic foam as a substrate. In the 

mentioned study, irrigation under higher 

ECsol of 2.0 dS m-1 did increase fresh 

biomass compared to 1.2 dS m-1. 

Microgreen productions were 2.4-fold 

higher under the respective ECsol levels 

than under ECw (rainwater, ~ 0 dS m-1). 

Another study with red cabbage 

microgreens by Wieth et al. (2019), under 

ECsol of 2.0 dS m-1, showed a fresh 

biomass gain of around 21% compared to 

1.2 dS m-1. These investigations had 

duration of ten days in a greenhouse (with 

natural lighting) in the summer and winter, 

respectively, in Brazil. 

Also in Brazil, Lerner et al. (2024) 

evaluated rocket microgreens under seeding 

densities (50, 100, 150, and 200 g m-2) and 

ECsol levels (0.15, 1.00, 2.00, and 3.00 dS 

m-1) in two cultivation cycles (winter and 

spring). The best rocket responses occurred 

under ECsol of 1.00 dS m-1 when grown at 

densities of 150 and 175 g m-2 for winter 

and spring, respectively. 

Although microgreen cultivation takes 

only a few days (between two and three 

weeks from sowing), these findings 

reinforce the relevance of using nutrient 

formulations at adequate levels according to 

the cultivated species (Palmitessa et al., 

2020; Petropoulos et al., 2021; Li et al., 

2023). Previous studies irrigated rocket 

under ECsol levels of 1.2 dS m-1 (Bulgari et 

al., 2017), 2.6 dS m-1 (Kong et al., 2019b), 

and 1.4 dS m-1 (Kong et al., 2023). El-

Nakhel et al. (2021) used an even lower 

ECsol (0.4 dS m-1, with Hoagland nutrient 

solution at a 25% concentration). At this 

level, the fresh biomass gain of rocket 

microgreens was approximately 85% 

relative to irrigation with only distilled 

water (without nutrients). The study was 

performed in Italy in a growth chamber 

under controlled conditions (light intensity 

of 300 μmol m-2 s-1 and temperatures of 

24/18°C during the day and night, 

respectively), using trays filled with a 

substrate (a mix of peat moss) for 16 days. 

Similarly, an experiment in Denmark 

with three other species of the Brassicaceae 

family (kohlrabi, mustard, and radish) 

harvested eight days after sowing showed 

fresh biomass gains according to the quality 

of light inside the growth chamber, ranging 

between 1.4- and 2.0-fold higher by 

irrigating with solutions (ECsol of 1.86 and 

1.81 dS m-1 at the first and second 

cultivation cycle, respectively) than using 

only water (ECw of 0.81 and 0.86 dS m-1, 

respectively) (Cowden et al., 2024). 

The highest SDM means occurred under 

the highest ECsol level (1.2 dS m-1) (Table 

1). The three other cultivation conditions 

with solutions (ECsol of 0.5, 0.6, and 1.0 dS 

m-1) showed statistically similar SDM 

means based on the experimental unit 

(production for 20 phenolic foam cells of 

2×2×2 cm, corresponding to an area of 80 

cm2) and extrapolating to 1 m2. These 

findings have reflected on SWC; for 

instance, regardless of the ECsol level using 

the formulation by Furlani et al. (1999), the 

values did not statistically differ from the 

highest ECsol level. 

The lowest WUE means obtained under 

ECsol levels of 1.0 and 1.2 dS m-1 

(statistically similar) agree with biomass 

accumulation (Table 1). That is because the 

expression of this variable represents the 

required amount of water volume to 

produce 1 kg of biomass. Under these 

conditions, this case produced around 37 

and 526 L kg-1 on average for WUE based 

on SFM and SDM, respectively. The 

WUESFM means obtained under ECsol of 

0.5 and 0.6 dS m-1 were statistically 

equivalent, similar to SFM. As expected 

from lower SFM productions, ECw 

recorded the highest water demand (74.13 

L) to produce 1 kg of fresh biomass. The 

WUESDM means were statistically similar at 

the lowest ECsol and ECw levels. 

As discussed, the fresh biomass 

production of three species of the 

Brassicaceae family (kohlrabi, mustard, 

and radish) (Cowden et al., 2024), 
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cultivated for eight days and irrigated with 

solutions, required lower water volumes 

(between 10.60 and 11.78 L kg-1, according 

to the quality of light inside the growth 

chamber) than using only water (between 

15.84 and 21.35 L kg-1). 

SFM followed this behavior, as the 

assessment of the required seed mass to 

produce 1 kg of fresh biomass under ECsol 

levels of 1.0 and 1.2 dS m-1 (statistically 

similar) recorded the lowest quantitative 

values - 29.62 g on average (Table 1). Based 

on these conditions, 1 kg of rocket 

microgreen seeds provides an estimated 

fresh biomass production of approximately 

33.8 kg. Similarly, 1 kg of seeds yields an 

estimated fresh biomass production of 

approximately 15.8 kg when cultivated with 

only irrigation water. That means 63.26 g of 

seeds were required to produce 1 kg of fresh 

biomass. 

As expected, a higher seeding density 

(10 seeds cell-1) increased SFM by 58.06, 

59.61, and 59.44% per cell, per 20 cells, and 

per m2, and SDM by 54.17, 58.23, and 

58.17%, respectively, compared to the 

lowest density (5 seeds cell-1). 

Consequently, higher densities required 

lower water volumes to produce 1 kg of 

biomass, by 38.12 and 469.87 L for SFM 

and SDM (Table 1). Lower densities needed 

61 and 60% more water to produce 1 kg of 

biomass. On average, SWC was 92%, 

regardless of density. 

The seeding density of microgreens 

depends on the plant species for cultivation 

(Arya et al., 2023; Rusu et al., 2023). 

Usually, sowing recommendations are 

printed on the packaging of purchased 

seeds. However, seed quantitative values 

often need adjustments to meet local 

specifications, such as lighting conditions 

(artificial or natural light), cultivation 

substrate, and growth medium humidity 

conditions (maintenance with nutrient 

solutions at different concentrations). 

Therefore, studies have been performed 

with radish (Thuong and Gia, 2020) under 

different seeding densities combined with 

substrates and with kohlrabi, mustard, and 

radish (Cowden et al., 2024) under light 

intensities and fertilization. 

The present study analyzed the seed 

mass required to produce 1 kg of fresh 

biomass with 10 seeds cell-1, demonstrating 

a higher seed requirement of approximately 

25% than cultivation with 5 seeds cell-1. 

These findings may demonstrate that the 

100% increase in seed amounts (from 5 to 

10 seeds cell-1) did not proportionally 

correspond to biomass accumulation, 

reaching approximately 60% for SFM. This 

behavior must be expected because, 

individually, the increased number of 

seedlings per unit area promotes a lower 

biomass accumulation; therefore, 

depending on the seeding density increase, 

it does not guarantee biomass gains per unit 

area. According to Cowden et al. (2024), 

50% increase in the number of kohlrabi, 

mustard, and radish seeds, represented 

approximately 37% higher fresh biomass 

production. 

These findings re-emphasize the 

relevance of studies on this topic because, at 

first, sowing at high densities demands 

more seeds, consequently increasing costs. 

Conversely, biomass production per area 

unit is higher, favored by the lower 

substrate use (the present study applied 

phenolic foam). Consequently, a smaller 

production area promotes smaller 

evapotranspiration losses (evaporation 

losses prevail before the seedlings fully 

cover the substrate), requiring a lower 

volume of water plus nutrients, for instance, 

to produce 1 kg of biomass, as described in 

this study. 

The interaction between EC levels 

(water or nutrient solutions) and seeding 

densities did not significantly influence (p > 

0.05) the potassium (K+), sodium (Na+), and 

chloride (Cl–) contents (Table 2). These 

elements experienced significant changes (p 

< 0.01) from the isolated effect of EC. 
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Table 2: Results of analysis of variance and means for potassium (K+), sodium (Na+), and 

chloride (Cl−) contents in rocket microgreens grown at two seed density (SD) and different 

levels of electrical conductivity (EC) of water or nutrient solutions 

SV 
K+ Na+ Cl− 

g kg-1 DM 

EC    

0.3 dS m-1 22.67 ± 1.93c 0.096 ± 0.011a 20.61 ± 1.52a 

0.6 dS m-1 – Plantpar 40.35 ± 3.75b 0.045 ± 0.001b 14.11 ± 1.68b 

1.2 dS m-1 – Plantpar 51.29 ± 8.55a 0.044 ± 0.000b 17.35 ± 2.30b 

0.5 dS m-1 – Furlani 40.27 ± 2.28b 0.045 ± 0.001b 14.71 ± 2.18b 

1.0 dS m-1 – Furlani 48.54 ± 4.32a 0.090 ± 0.001a 16.94 ± 1.64b 

SD    

5 seeds 42.15 ± 1.81A 0.066 ± 0.004A 17.41 ± 0.26A 

10 seeds 39.09 ± 3.59A 0.062 ± 0.001A 16.07 ± 0.99A 

EC ** ** ** 

SD ns ns ns 

EC × SD ns ns ns 

CVEC (%) 17.31 10.63 17.48 

CVSD (%) 17.63 11.59 21.97 

SV – source of variation; CVEC and CVSD – coefficients of variation of the errors in main plots and subplots, respectively; 

values represent mean ± standard deviation (n = 4); lowercase letters compare the means of EC levels by Scott-Knott test (p ≤ 

0.05) and uppercase letters compare the means of SD by Tukey’s test (p ≤ 0.05); ** – significant at p ≤ 0.01 and ns – not 

significant by F-test. 

 

Leafy vegetables comprise essential 

mineral sources for human health (Kathi et 

al., 2022; Uher et al., 2023; Tavan et al., 

2024). The present study recorded the 

highest K+ accumulation (on average 49.93 

g kg-1 DM) under the highest ECsol levels 

(1.0 and 1.2 dS m-1), approximately 24% 

higher than ECsol levels of 0.5 and 0.6 dS 

m-1 and 120% higher than ECw, reinforcing 

once more the relevance of using 

formulations with adequate nutrient levels 

for growing microgreens, consequently 

accumulating in their tissues. Tavan et al. 

(2024) applied a nutrient solution (NPK – 

23:3.95:14) with half the concentration 

(ECsol not informed) to wild cabbage 

microgreens, recording K+ contents 

between 24.7 and 32.0 g kg-1 DM without 

and with selenium applied to the solution at 

40 μM, respectively. The study used hemp-

felt mats as a cultivation substrate under 

controlled conditions (air temperature of 

22.5°C and relative humidity between 65 

and 70%). Other studies demonstrated K+ as 

the most concentrated macronutrient in 

different microgreen species (Pinto et al., 

2015; Xiao et al., 2016; Bulgari et al., 2017; 

Pannico et al., 2020). 

The amount of this nutrient in the supply 

water (ECw of 0.3 dS m-1) promoted higher 

Na+ accumulation in rocket microgreens 

with this treatment and under ECsol of 1.0 

dS m-1. This higher Na+ accumulation under 

the respective ECsol level may have been 

due to molybdenum use, provided as 

sodium molybdate. This also explains the 

Na+ accumulation in the other treatments, 

showing statistically similar means. The 

highest Cl− accumulation in rocket 

microgreen tissues also occurred under 

ECw. The other treatments showed 

statistically equivalent means. 

Table 3 demonstrates Pearson’s 

correlation matrix, describing the degree of 

correlation between the evaluated variables 

in rocket microgreens in 14 cultivation 

days. The correlation coefficients (r) were 

over 0.6, and SH growth positively and 

significantly correlated (p < 0.01) to SFM, 

SWC, and K+. Considering r values in the 

same magnitude, SH negatively correlated 

to WUESFM, SM, and Na+. SFM positively 

correlated to SDM (r = 0.948), SWC (r = 

0.623), and K+ (r = 0.589), but WUESFM (r 

= 0.897), WUESDM (r = 0.849), SM ((r = 

0.534), and Na+ (r = 0.644) showed negative 

correlations. SDM negatively correlated to 

WUESFM (r = 0.838), WUESDM (r = 0.920), 

and Na+ (r = 0.589). SWC recorded negative 

correlations to WUESFM (r = 0.697) and SM 

(r = 0.840) and a positive correlation to K+ 

(r = 0.794). WUESFM positively correlated 
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to WUESDM (r = 0.890) and SM (r = 0.540), 

and WUESDM behaved similarly regarding 

Na+ (r = 0.589). SM negatively correlated to 

K+ (r = 0.838) and positively to Na+ (r = 

0.582). K+ negatively correlated to Na+ (r = 

0.528). 

 

 

Table 3: Pearson’s correlation coefficients (r) for the studied parameters including seedlings 

height (SH), seedlings fresh matter (SFM), seedlings dry matter (SDM), seedlings water content 

(SWC), water use efficiency based on SFM (WUESFM) and SDM (WUESDM), seed mass (SM) 

to produce 1 kg of SFM, and contents of potassium (K+), sodium (Na+), and chloride (Cl−) of 

rocket microgreens 
Variables SH SFM SDM SWC WUESFM WUESDM SM K+ Na+ Cl− 

SH 1 0.611** 0.467** 0.700** –0.622** –0.403** –0.739** 0.702** –0.602** –0.252ns 

SFM  1 0.948** 0.623** –0.897** –0.849** –0.534** 0.589** –0.644** –0.317ns 

SDM   1 0.366* –0.838** –0.920** –0.308ns 0.374* –0.589** –0.272ns 

SWC    1 –0.697** –0.313ns –0.840** 0.794** –0.496** –0.447** 

WUESFM     1 0.890** 0.540** –0.516** 0.659** 0.355* 

WUESDM      1 0.228ns –0.234ns 0.589** 0.156ns 

SM       1 –0.838** 0.582** 0.393* 

K+        1 –0.528** –0.375* 

Na+         1 0.216ns 

Cl−          1 

* and ** – significant at p ≤ 0.05 and at p ≤ 0.01, respectively, and ns – not significant by t-test. 
 

Conclusions 

The present study on rocket microgreens 

cultivation evaluated the interaction 

between levels of electrical conductivity – 

EC (water or nutrient solutions) and 

seeding densities. The best responses of 

rocket microgreens occurred under higher 

solution EC levels (1.0 and 1.2 dS m-1) 

produced with different formulations. 

Microgreens showed higher yield with 

10 seeds cell-1, consequently consuming 

lower volume of water. 
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