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ABSTRACT

Iron (Fe) deficiency, in comparison with magnesium 
(Mg) and manganese (Mn) deficiencies, is an important 
factor that causes leaf chlorosis when growing arugula 
hydroponically. In this study, an experimental design 
was applied, using randomized complete blocks with 
four groups of six plants each: three experimental 
groups (EG) and one control group (CG). Precautions 
were taken to ensure that intervening variables such as 
artificial oxygenation and time did not affect the outcome 
of the experiment. The results obtained show that Fe, 
Mg, and Mn deficiency in each treatment influences 
the appearance of leaf chlorosis. Likewise, it is evident 
that the shortage of oxygenation and the excess of 
macronutrients influence the chlorosis and necrosis of 
the arugulae, respectively.

Keywords: arugula; chlorosis; Fe; Mg; and Mn 
deficiency; hydroponic garden; treatment.

INTRODUCTION

This research aims to determine the impact of iron (Fe), magne-
sium (Mg) and manganese (Mn) on the color of arugula leaves 
grown in a hydroponic system with the purpose of avoiding the 
presence of chlorosis and maintaining its organoleptic charac-
teristics such as greenness, size and adequate weight. In these 
critical times due to population growth (which needs to satisfy a 
food demand with high quality crops that are beneficial to health), 
arugula is presented as a good alternative.

In view of this, Sturm and Wagner (2017) argue that high con-
sumption of vegetables belonging to the Brassicaceae family 
(such as arugula) is related to a lower incidence of chronic diseas-
es (including different types of cancer) due to the glucosinolates 
(GLS) —sulfur-containing secondary plant compounds that are 
almost exclusively present in Brassicaceae— and, in particular, 
to their bioactive degradation products, including isothiocyanates 
(ITCs), as they are beneficial to health and possess anticancer 
and anti-inflammatory properties. Marchioni et al. (2021) argue 
that adult arugulae are mainly composed of isothiocyanates, es-
pecially 4-(methylthio)butyl isothiocyanate and nitriles. 

However, the industrialization of food forces the acceleration 
of harvests. Thus, the disproportionate use of insecticides and 
chemical compounds to combat pests is observed, which affects 
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the soil and food and, consequently, causes dam-
age to people’s health.

Hydroponic systems are proposed as an alternative 
solution to this problem. According to Beltrano and 
Giménez (2015), they integrate techniques that al-
low plants to have nutrients, to be far from the soil 
and to maintain humidity and temperature condi-
tions that allow good growth.

Jordan et al. (2018) studied lettuces grown in aqua-
ponic and hydroponic systems, which obtained 
higher yields when using substrates composed of 
coconut husk fiber. 

Gruda (2019) adds that switching from a soil to a 
soilless growing system will make water use more 
efficient, especially in closed-loop systems with a 
recirculating water/nutrient solution that recovers 
drainage water for reuse. On the other hand, Cord-
eiro et al. (2019) highlight that, in hydroponics, to 
prepare the nutrient solution and ensure its success 
in arugula crops, high quality water must be used. 
The proper use of water and the absence of pes-
ticides in crops reduces harvesting time. To this, 
Sánchez-Del Castillo et al. (2021) add that properly 
managed hydroponic crops are ten times more pro-
ductive than open field crops.

Several institutions in the world dedicated to crop 
research use hydroponics. The Universidad Na-
cional Agraria La Molina (UNALM) uses this tech-

nique in its hydroponic garden with various agricul-
tural products. It is in this context that arugula or 
rocket (Eruca sativa), beneficial to the health of our 
society, was studied. It is necessary to control the 
chlorosis of this plant to obtain adequate greenery, 
size and weight at harvest (see Figure 1).

Chlorosis in arugula has several causes. The lack 
of iron, magnesium and manganese may cause 
arugula to have yellow, poor condition leaves (see 
Figure 2) with substandard weights and sizes. This 
causes losses to farmers growing this plant.

Rodríguez and Flórez (2004) maintain that the ma-
cronutrients and micronutrients absorbed by plants 
are of vital importance and there is a total of 17; 
these include oxygen, hydrogen and carbon (which 
come from water, carbon dioxide and air), as well 
as mineral nutrients. In addition, concentrations 
above 0.1% of macronutrients such as nitrogen, 
phosphorus, potassium, calcium, magnesium and 
sulfur were found in plant tissues in dry weight. The 
authors mentioned that micronutrients are needed 
in concentrations below 100 μg/g dry weight.

Silva et al. (2017) conducted a study on nutrient de-
ficiency in which they emphasized the description of 
macronutrient deficiency symptoms in peppers. The 
authors determined that the absence of macronu-
trients such as potassium and magnesium caused 
chlorosis and leaf necrosis.

Figure 1. Arugula leaves in a hydroponic garden.

Source: Prepared by the author.
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In experiments on iron deficiency chlorosis (IDC) 
for soybean in alkaline soils, Santos et al. (2021) 
concluded that the application of synthetic iron che-
lates is the most widely used in IDC amendment. To 
measure the effect of the iron chelate application for 
chlorosis treatment, SPAD values were measured 
at each consecutive phenological stage, from V1 to 
V5.

Several authors such as Aslani and Souri (2018), 
Ahmadi and Souri (2018), and Riaz and Guerinot 
(2021) have studied the importance of iron in plants. 
They concluded that iron is necessary for physiolog-
ical processes such as photosynthesis, chlorophyll 
synthesis, nitrogen fixation, respiration, enzyme ac-
tivation and electron transfer. That is, iron deficiency 
can disrupt these processes at different rates and 
levels.

In their research on arugula, Flores et al. (2014) de-
termined that the increase in population influenced 
the demand for quality natural foods with high nutri-
tional values. 

The scope of this research is exploratory since 
there are few studies on the deficiencies in arugula 

and their influence on the quality of this plant cul-
tivated in a hydroponic system. The purpose is to 
solve problems related to the chlorosis in the leaves 
of arugula cultivated in hydroponics. The investiga-
tion also aims to contribute to the academic debate 
to contribute to research on anticancer products. It 
has a social scope since a healthy diet that includes 
vegetables such as arugula (which contain carot-
enoids and have antioxidant nutritional properties) 
is a beneficial alternative for human health. Finally, 
it has an economic scope, since its low cost and 
the need for little space make arugula an alternative 
crop for low-income growers, but it is also possible 
to initiate investment projects in the agroindustrial 
business.

For this research, four objectives were established: 
1) to determine if the means of dS m of electrical 
conductivity are different in the four treatments, 2) 
to determine if the means of leaf size are different 
in the four treatments, 3) to determine if the means 
of plant fresh weight (in grams) are different in the 
four treatments and 4) to determine if the means of 
plant dry weight (in grams) are different in the four 
treatments.

Figure 2. Hydroponic arugulae with deficiencies.

Source: Prepared by the author.
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Hypotheses

The following hypothesis were proposed:

1. The dS m means of electrical conductivity are 
different in the four treatments.

2. The means of leaf size are different in the four 
treatments.

3. The means of plant fresh weight (in grams) are 
different in the four treatments.

4. The means of plant dry weight (in grams) are 
different in the four treatments.

METHODOLOGY

Temporal Scope 

For this research, arugula plants were grown in 
February 2019. The experiment was conducted in 
March of that year and lasted 30 days.

Spatial Scope

This experiment was conducted in a hydropon-
ic orchard of a national university in the district La 
Molina, Lima, which is geographically located at 
12°04’55” south latitude and 76°56’53” west lon-
gitude, and is at 243.7 masl, within the so-called 
subtropical desiccated desert (dd-S). The average 
annual temperature in this zone is 20 ºC, with an av-
erage relative humidity of 84% and annual rainfall of 
11.9 mm. The garden has adequate conditions in re-
gards to shade, relative humidity, and wind strength. 
The research line of this work is “hydroponic crops”.

Type and Design of Research

The research corresponds to the applied type and 
its level is relational, since it links the variables in 
a cause-effect manner. The design is experimental 
since the independent variable is manipulated in or-
der to observe its influence on the dependent varia-
ble. It has a quantitative approach since the results 
are quantities. Two of its agronomic variables were 
transversal and two longitudinal.

Population and Sample

For this experiment, the common arugula plant 
was used. The population consisted of 150 arugula 
seedlings from the UNALM hydroponic garden.

A sample of 24 arugulae was selected, considering 
six replicates for four treatments, although, in exper-
imental research, three to four replicates are usually 
used.

Material instruments

In the nursery bed phase, the following were used: 
a fruit box 60 cm long, 40 cm wide and 15 cm high; 
12 m3 of coarse sand; 10 m of black plastic; a 5 
cm long per 0.5 cm diameter microfilm, and a 1 cm2 
mesh. In the next phase, the following were used: 
a pH meter to measure the degree of acidity in a 
solution; a conductivity meter to measure EC; a 1 
L measuring cylinder; a fruit box 60 cm long, 40 cm 
wide and 15 cm high; a 1” thick sheet of styrofoam; 
30 plastic cups of 1 oz; 30 sponges of 1 cm2, and a 
1 L measuring jug.

In the second NFT transplant, 20 plastic tubes of 15 
m long and 3” in diameter, a 1” distribution piping 
system, a 1” stopcock, an iron sawhorse and six 5 
cm long per 0.5 cm diameter microfilm hoses were 
used.

In the experimental stage, a 1 L test tube, a hundred 
A4 sheets, a 30 cm ruler, two pens, 24 plastic pots 
with a capacity of 2 L each, 24 circular styrofoam 
lids of 5 cm diameter, 24 plastic keys, 24 water con-
ductors for fish tank motors of 10 cm length per 0.5 
cm diameter, 24 Kraft paper bags and 1.6 L of water 
for each pot were used. A 100-sheet notebook was 
also used as a diary and field notes.

Equipment

In the NFT stage, a polyethylene tank with a capac-
ity of 1000 L for an area of 100 m2 and an 80 L per 
minute 0.5 HP electric centrifugal pump was used. 
In the experiment stage, three fish tank motors, a 
digital scale, an electronic scale, a drying oven, a 
calculator, and a HP laptop computer were used.

Nutrient Solution

In the experimental stage, La Molina hydroponic 
nutrient solution was used, as proposed by Caso 
et al. (2010), whose components are concentrated 
solution A, composed of N, P, K and Ca, and con-
centrated solution B, composed of Mg, S, Fe, Mn, 
Cu, Zn, B, Mo and Cl. The nursery bed stage had a 
duration of 15 days and the dose used was 5 ml of 
solution A per 1 L of water and 2 ml of solution B per 
1 L of water. Following the nursery bed stage, a dos-
age of 3 ml of solution A per 1 L of water and 2 ml of 
solution B per 1 L of water was used for a duration 
of 6 days. The final transplant lasted 9 days and the 
doses used were 5 ml of solution A per 1 L of water 
and 2 ml of solution B per 1 L of water.

In the second stage of the experiment, a division of 
four groups was made with six pots of 1.6 L each. 
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The time duration was 30 days, and Fe, Mg and Mn 
control deficiencies were treated.

In the CG, 3 ml of solution A per 1 L of water was 
used, thus 4.8 ml per pot and 2 ml of solution B per 
1 L of water, corresponding to 3.2 ml per pot.

In the iron-deficient group, all nutrients except iron 
were used as follows: 3 ml of solution A per 1 L of 
water, which is a total of 4.8 ml per pot; 1 ml of mag-
nesium sulfate; 1 ml of manganese sulfate; and 1 ml 
of micronutrients.

In the magnesium-deficient group, all nutrients ex-
cept magnesium were used as follows: 3 ml of solu-
tion A per 1 L of water which is a total of 4.8 ml per 
pot; 1 ml of iron chelate; 1 ml of manganese sulfate; 
and 1 ml of micronutrients.

Finally, in the manganese-deficient group, all nutri-
ents except for manganese were used as follows: 3 
ml of solution A per 1 L of water which is a total of 
4.8 ml per pot; 1 ml of magnesium sulfate; 1 ml of 
iron chelate; and 1 ml of micronutrients.

Procedure 

Twenty-four plants were randomly selected and 
divided into four groups, with six plants per group 
(three experimental and one control), in a 1.6 m2 
plot area, with one row and one plant per experi-
mental unit. The total area of the experiment was 
2.5 m2.

Conditioning

The particulate substrate was moistened with the 
La Molina hydroponic nutrient solution, as was done 
by Caso et al. (2010), with 5 ml of solution A and 
2 ml of solution B per 1 L of water. Subsequently, 
the nursery bed stage was initiated where the sub-
strates were placed, with a volume of 12 m3, in a 
fruit box 60 cm long per 40 cm wide. Then, 8 furrows 
were drawn with distances of 5 cm and a depth of 
1 cm. On day 1, seeds were planted in each row, 
then covered with the substrates, and then irrigation 
using only water was started for 5 days. From day 6 
to day 10, irrigation was carried out with a 50% con-
centration of solution and, finally, from day 11 to 15, 
irrigation was carried out with a 100% concentration 
of nutrient solution.

The stage following the nursery bed stage lasted 
6 days and began with the transplanting of select-
ed plants, whose roots were carefully washed, with 
the necks of the seedlings covered with a piece of 
sponge, separately, to be fastened in the hole of the 
styrofoam, so that the roots were submerged with 

the nutrient solution for 15 days, as done by Caso 
et al. (2010). However, this length of time caused 
chemical burn of the seedlings due to lack of proper 
oxygenation, as they suffered water stress. It was 
decided to reduce the process to 5 days since the 
roots had developed and were ready to be trans-
ferred to the NFT system where oxygenation is me-
chanical. 

Caso et al. (2010) also proposed doses of 5 ml of 
solution A and 2 ml of solution B, but 2 ml of solution 
A was reduced because the chemical elements that 
compose it had a high concentration of salts that 
caused the seedlings to burn due to water stress.

It was found that arugula plants are sensitive when 
oxygen is scarce and, to solve this restriction, fish 
tank motors were placed in each pot. The exper-
imental stage lasted 30 days and 24 plants were 
selected and randomly distributed. Then, all the nu-
trient solutions of the control group and the three 
nutrient solutions with iron, magnesium and man-
ganese deficiencies were prepared. Finally, the 24 
pots divided into 4 groups were conditioned and 1.6 
L of solution was added to each pot with their re-
spective oxygen conduits attached to the fish tank 
motor.

Sixty days after planting began, the 24 plants were 
harvested. They were measured and weighed and 
then dried in an industrial oven. The day after the 
harvest, 24 samples of roots and 24 samples of 
leaves were placed in Kraft paper bags and placed 
in the industrial oven at a temperature of 95 °C. Fi-
nally, the 24 pairs were weighed.

RESULTS

The samples were evaluated considering electri-
cal conductivity (EEC), leaf size, fresh weight, and 
dry weight of the plant. Table 1 shows the results 
obtained.

Table 2 shows the values resulting from Tukey’s test 
for each experimental variable for paired compari-
sons of means.

Electrical Conductivity (EC)

The results obtained for this variable are shown in 
Table 1. The control group, which included Fe, Mg 
and Mn, had an average of 1.6 dS m (density of 
salts per meter).

The treatment corresponding to iron deficiency has 
the highest mean (1.5 dS m) with respect to the oth-
er deficiencies (magnesium and manganese). This 
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means that iron deficiency causes a high EC or salt 
concentration compared to magnesium deficiency 
(whose average is 1.13 dS m) and manganese de-
ficiency (whose average is 1.22 dS m).

The null hypothesis (H0) states that, the means of 
dS m of EC are the same in the four treatments. The 
statistical test used was Analysis of Variance (Ano-
va), the significance level was 0.05 and the p-value 
was 0.000, as shown in Table 1. Then, if p-value is 
less than 0.05, the H0 is rejected, at least one of the 
means of the treatments is different.

Table 2 shows Tukey’s test for paired comparisons 
of means. The results indicate that the means of the 
control and iron deficiency treatment samples are 
equal; the same is true for the means of the magne-
sium deficient and manganese deficient samples, 
which are also the same.

Control and iron deficiency treatments are more ef-
fective for CEE; control treatment is slightly more 
effective than iron deficiency treatment.

Leaf Size

Table 1 shows that, for this experimental variable, 
the mean of the leaf size for the control treatment 
was 25.5 cm, the largest. On the other hand, the 
size of the leaves corresponding to the iron defi-
ciency treatment had an expected value of 15 cm; 
however, the manganese deficiency treatment had 
the smallest size, reaching an average of 12.67 cm.

The null hypothesis (H0) states that the means of 
leaf size are the same in the four treatments.   The 
statistical test used was Analysis of Variance (Ano-
va), the significance level was 0.05 and the p-value 
was 0.000, as shown in Table 1. Then, if p-value 
is less than 0.05, H0 is rejected, at least one of the 
means of the treatments is different.

Table 2 shows the Tukey’s test for paired compari-
sons of leaf size means. It is observed that the con-
trol treatment mean is not equal to the means of Fe, 
Mg, and Mn deficiencies; however, it is observed 
that the means of iron, magnesium and manganese 

Table 1. Average Values for Each Experimental Variable and its P-Value.

Experimental variables Control 
Treatment

Iron Deficiency 
Treatment

Magnesium Deficiency 
Treatment 

Manganesium Deficiency 
Treatment p-value

EC in dS m 1.6 1.5 1.13 1.22 0.000

Leaf size in cm 25.5 15 13.33 12.67 0.000

Fresh weight in g 93.67 31.67 23.33 35.17 0.000

Dry weight in g 8.44 3.38 2.87 2.97 0.000

Source: Prepared by the author.

Table 2. Tukey’s Test for Each Experimental Variable.

Dependent Variable: EC Leaf Size Fresh Weight Dry Weight

Treatment Sig. Sig. Sig. Sig.

control def_Fe 0.377 0.001 0.001 0.001

def_Mg 0.000 0.000 0.000 0.000

def_Mn 0.000 0.000 0.001 0.000

def_Fe control 0.377 0.001 0.001 0.001

def_Mg 0.000 0.866 0.917 0.960

def_Mn 0.001 0.705 0.993 0.979

def_Mg control 0.000 0.000 0.000 0.000

def_Fe 0.000 0.866 0.917 0.960

def_Mn 0.531 0.990 0.798 1.000

def_Mn control 0.000 0.000 0.001 0.000

def_Fe 0.001 0.705 0.993 0.979

def_Mg 0.531 0.990 0.798 1.000

The mean difference is significant at the 0.05 level.

Source: Prepared by the author.
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deficiencies are equal with each other. Therefore, 
the control treatment is more effective than the other 
treatments.

Plant Fresh Weight (PFW)

Table 1 shows the weights obtained during har-
vest. The control treatment, which contains Fe, Mg, 
and Mn, has the highest average, 93.67 g, which 
means that the weight will be higher when there is 
no deficiency of iron, magnesium and manganese. 
The second best result was obtained in treatment 
3, which had manganese deficiency with 35.17 g, 
which means that this element is not influential in 
the final fresh weight of arugula. It is also observed 
in Table 1 that the treatment with magnesium defi-
ciency resulted in an average weight of 23.33 g, that 
is, the lowest average fresh weight, indicating that 
this element is the most important factor.

The null hypothesis (H0) states that the means of 
plant fresh weight (in g) are equal in the four treat-
ments. The statistical test used was Analysis of Var-
iance (Anova), the significance level was 0.05 and 
the p-value was 0.000, as shown in Table 1. Then, if 
p-value is less than 0.05, H0 is rejected, at least one 
of the means of the treatments is different.

Table 2 shows the Tukey’s test for paired compar-
isons of plant fresh weight means. It is observed 
that the control treatment mean is not equal to the 
means of Fe, Mg, and Mn deficiencies; however, it 
is observed that the means of iron, magnesium and 
manganese deficiencies are equal with each other. 
Therefore, the control treatment is more effective 
than the other treatments.

Plant Dry Weight (PDW)

After drying the plants, they were weighed. The av-
erage of the treatments expressed in g is shown in 
Table 1. It is observed that the control treatment, 
containing Fe, Mg, and Mn, presents the highest av-
erage, 8.44 g, that is to say, it is the most effective. It 
is followed by the treatment with iron deficiency with 
an average value of 3.38 g. On the other hand, the 
treatment with magnesium deficiency has the low-
est average with a weight of 2.87 g.

The null hypothesis (H0) states that the means of 
plant dry weight (in g) are equal in the four treat-
ments. The statistical test used was Analysis of Var-
iance (Anova), the significance level was 0.05 and 
the p-value was 0.000, as shown in Table 1. Then, if 
p-value is less than 0.05, H0 is rejected, at least one 
of the means of the treatments is different.

Table 2 shows the Tukey’s test for paired com-
parisons of plant dry weight means. It is observed 
that the control treatment mean is not equal to the 
means of Fe, Mg, and Mn deficiencies; however, it 
is observed that the means of iron, magnesium and 
manganese deficiencies are equal with each other. 
Therefore, the control treatment is more effective 
than the other treatments.

DISCUSSION

Electrical Conductivity (EC)

The results showed that the EC in the control treat-
ment reached an average of 1.6 dS m, which agrees 
with the findings of the following studies: 

Da Silva et al. (2011) conducted research on arugu-
la crops that were subjected to different salinity lev-
els in NFT hydroponic culture, where subway saline 
water and its desalination residues were used. Six 
salinity levels were used (water EC of 0.2; 1.2; 2.2; 
3.2; 4.2 and 5.2 dS m-1) with randomized treatments 
in a 6 x 2 factorial, with four replications. They also 
point out that, from transplanting, arugula plants 
were evaluated for visual detection of symptoms, 
with no toxicity or nutritional deficiencies resulting 
from imbalances caused by salts up to 12 days after 
transplanting. No symptoms were recorded in plants 
subjected to salinity of subway origin (saline water).

However, crops that were subjected to higher salini-
ty levels by NaCl showed symptoms of chlorosis, re-
gardless of the salt source, as they presented chlo-
rotic leaves and, eventually, marginal leaf burn. The 
symptoms produced by the saline water were less 
intense than the symptoms produced by the NaCl 
source. But, for both sources, no symptoms were 
detected in plants subjected to salinity of 1.2 dS m-1, 
whose appearance was similar to that of the con-
trol treatment plants (ECa = 0.2 dS m-1). Chlorosis 
was the most evident symptom in the plants, with a 
greater predominance on their edges, especially at 
the higher salinity levels (ECa = 4.2 and 5.2 dS m-1).

On the other hand, Carassay et al. (2018) support-
ed the possibility of achieving adequate yield and 
high quality in arugula by controlling salinity prob-
lems. An open field investigation was conducted in 
the Plant Physiology laboratory with three arugula 
varieties (Sais, Bonanza and Florensa) that were 
imported. Sodium chloride and bicarbonate or a 
mixture of these two elements were used. The vari-
ous types of arugula showed high quality in the sa-
linized lot (14.5 dS.m-1). High yields were within the 
range of 12,000 to 20,000 kg.ha-1. The first 20 cm of 



25

Design and Technology

Miguel Ángel BazÁn RaMíRez / alfRedo SaloMón RodRíguez delfín / WilfRedo BazÁn RaMíRez / nain Chavez CaBReRa 

Ind. data 25(2), 2022

the plot was classified as saline because it had an 
EC of 14.5 dS.m-1 and a slightly alkaline pH of 7.5.

Dos Santos et al. (2020), based on studies on aru-
gula yield, argue that the use of shading together 
with irrigation water salinity up to 1.4 dS m-1 does 
not affect the leaf area of arugula plants, so it is 
possible to grow without considerable losses when 
referring to the electrical conductivity of irrigation 
water.

In this research it was found that the control treat-
ment containing the iron, magnesium and manga-
nese components obtained the highest average 
of 1.6 dS m, a value within the range found by the 
aforementioned researchers. There is a risk of 
chemical burn of the leaves when the value of 2 dS 
m is exceeded.

Leaf Size

The results showed that the size of the arugula 
leaves in the control treatment reached an average 
of 25.5 cm in height, as observed in the following 
research findings:

Del Pino (2012) indicates that these plants can have 
a height equal to or greater than 25 cm. Da Silva 
et al. (2019) find that arugula production in Brazil, 
using seeds produced in the conventional system, 
obtain higher values in terms of plant height in both 
summer and autumn in the cultivars Ágatha (with 
30.3 cm and 30.4 cm), Astro (29.4 cm and 31.3 cm) 
and Giovana (30 cm and 31.1 cm).

The results also showed that the control treatment 
containing iron, magnesium and manganese com-
ponents obtained the best average of 25.5 cm, 
which is within the parameters of the previous find-
ings. The results also showed that, with manganese 
deficiencies, leaf size on average reached a growth 
of 12.67 cm, being of the lowest growth within the 
treatments.

Plant Fresh Weight (PFW)

The results also showed that the control treatment 
containing the Fe, Mg, and Mn components ob-
tained the best average regarding FPW, which was 
93.67 g. The findings of Jesus et al. (2015) in hy-
droponic arugula cultures under salt stress found 
that increased salinity reduced dry weight, with the 
mean values for long leaf cultures being 39.73 g and 
cultivated leaf 36.28 g; the former is observed to be 
superior, which coincides with higher dry biomass 
production in leaves and shows the effectiveness of 
the antioxidant defense system in maintaining gen-

otype growth in the face of increased salinity in the 
culture solution.

Schmidt et al. (2017) evaluated the impact of vari-
ous cultivation profile colors in NLT with respect to 
microclimate, growth and yield of four arugula culti-
vars, in two seasons, and obtained the highest av-
erage PFW with the Cultivar technique, which was 
2394.01 g/m2.

In their study on NO3
-/NH4

+ ratios in lettuce crops, 
Lara et al. (2019) obtained on average a PFW of 
268.87 g in a ratio of 80/20; a PFW of 255.38 g in a 
ratio of 65/35; and a FPW of 240.44 g in a ratio of 
50/50. The mixture of NO3

- and NH4
+ was adequate, 

the summer and autumn seasons did not affect let-
tuce growth and there were no significant differenc-
es between the two seasons.

For the Gionava cultivar PFW, Cordeiro et al. (2019) 
obtained the best performance of arugula crops with 
an organic system both in autumn, with an average 
value of 34.6 g, and in summer, with an average 
value of 44 g. Guardabaxo et al. (2020) found better 
developments in the cultivation of arugula with the 
use of salt concentrations between 67% and 100%. 
Thus, 617.9 g and 655.8 g were obtained for PFW, 
respectively, and did not differ among the different 
treatments.

Plant Dry Weight (PDW) 

The results also showed that the control treatment, 
containing Fe, Mg, and Mn, obtained the best av-
erage in terms of PDW, which was 8.44 g. In the 
findings of Jesus et al. (2015) on hydroponic arugu-
la cultivars under salt stress, it was observed that 
increased salinity reduced fresh weight, where the 
mean values for Longleaf were 14.33 g, and Culti-
vata, 11.12 g. Thus, the former had a higher result, 
which coincided with a higher production of fresh 
plant biomass in leaves, which demonstrates the ef-
fectiveness of the antioxidant defense system that 
maintains the growth of the genotype in the face of 
increased salinity in the culture solution.

In their study on NO3
-/NH4

+ ratios in lettuce crops, 
Lara et al. (2019) obtained on average a PDW of 
20.34 g in a ratio of 80/20; a PDW of 18.42 g in a 
ratio of 65/35; and a PDW of 17.40 g in a ratio of 
50/50. The mixture of NO3

- and NH4
+ was adequate, 

the summer and autumn seasons did not affect let-
tuce growth and there were no significant differenc-
es between the two seasons. Da Silva et al. (2019) 
studied arugula cultivars produced in a protected 
organic system in both summer and fall. Average 
dry weight yields were found to be higher in summer 
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with the cultivars Agatha (2.5 g) and Giovana (2.53 
g) while, in autumn, Giovana obtained the highest 
average with 2.22 g and Cultivated, 2.19 g.

Riaño et al. (2019) made nutrient modifications to 
a hydroponic solution used for baby spinach, in 
this case the solution “La Molina”, and obtained in 
one of their replicates the highest average of 1.69 
g. Guardabaxo et al. (2020) found that concentra-
tions of salts above 67 %, whose average weight 
was 32.32 g, did not produce significant increases 
in PSW.

CONCLUSIONS

The cultivation of arugula plants through the hy-
droponics system is a pesticide-free, water-based 
cultivation without the use of soil, which generates 
higher productivity. Arugula, due to its properties, is 
a beneficial plant for good health, as this vegetable 
is related to a lower incidence of chronic diseases 
(including different types of cancer) thanks to its glu-
cosinolates, which contain sulfur, and, in particular, 
to its bioactive degradation products (including iso-
thiocyanates).

The results of this research are intended to encour-
age investment projects in the agroindustrial sec-
tor, specifically in the cultivation and processing 
phases, whether as a fresh, dried or encapsulated 
product. Consequently, it is necessary to promote 
the benefits of arugula to society and encourage its 
consumption.

Another importance of this research is to provide 
the necessary care for the cultivation of this plant 
in the hydroponic system and thus determine which 
elements influence the maintenance of the benefi-
cial properties of arugula for humans. To avoid chlo-
rosis, the presence of iron is determinant, followed 
by magnesium and manganese to maintain the or-
ganoleptic qualities of arugula.

During the experiment there were intervening fac-
tors: 1) It was necessary to reduce the dose of ma-
cronutrients from 5 ml to 3 ml/L of water. In the case 
of the micronutrients Fe, Mg, and Mn, the dose of 2 
ml/L of water was maintained; 2) The EC was con-
trolled within the range of 1-2 dS m in order to avoid 
chlorosis due to chemical burn; 3) The duration of 
the post nursery bed stage was reduced from 15 to 
6 days to avoid chlorosis due to deficient oxygena-
tion in the roots; 4) In the experimental process, it 
was observed that the roots of the 24 experimental 
units required proper oxygenation, so artificial oxy-
genation was necessary through the use of fish tank 
motors.

Finally, in the experiment it was observed that the 
roots of arugula were U-shaped.
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