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1 Introduction
Humans need at least 22 nutrients to maintain a proper 

and healthy metabolism (White & Broadley, 2005), with food 
being the main means of supplying these nutrients. Zinc is part 
of this group, being classified as a micronutrient with daily 
requirements of 11 mg for a male adult (National Institutes of 
Health, 2016). Zn performs several functions, being related 
to the functioning of the immune system, sensory function, 
neurobehavioral development, reproductive health, growth, 
and physical development (Hotz & Brown, 2004).

Despite their importance in human health, the main 
foods consumed in developing countries present low levels of 
micronutrients, making their consumption insufficient to provide 
the minimum daily requirements (White & Broadley, 2005).

It is estimated that one third of the world’s population 
is deficient in zinc, which is related to delayed physical and 
sexual development, skin diseases and anorexia, in addition 
the risk of infant mortality and reduced work capacity in adults 
(Muthayya et al., 2013). This situation is attributed to different 
factors, such as the limited capacity of mineral accumulation in 
the tissues of interest, as well as food production in soils with 
low nutrient contents (White & Broadley, 2009).

Therefore, to solve this problem, different strategies have been 
developed in the last years to enrich foods. Biofortification is one 
of them. This technique is defined as the process for producing 
crops with mineral and vitamin contents that allow to provide 
nutritional requirements in the human organism (White & 

Broadley, 2005). In this subject, agronomic biofortification is 
aimed at adding nutrients to the plant through soil, foliar or seed 
application of fertilizers. It is emphasized that it is a relatively 
inexpensive and efficient technique to increase the nutritional 
quality of foods (Saltzman et al., 2013).

The success of agronomic biofortification with zinc is 
intrinsically related to the way the micronutrient is applied. 
In some crops of vegetables and fruit trees, the efficiency of 
soil and foliar application of different Zn sources has been 
evaluated. In these studies, increases in micronutrient content 
and yield were found after foliar application (Mao et al., 2014; 
Hasani et al., 2012). However, there are still few studies related 
to agronomic biofortification in leafy vegetables.

In Brazil, in recent years, there has been a diversification in 
the consumption of vegetables as a consequence of increased 
income and greater concern for the quality of food (Souza, 2014). 
Currently, the most planted leafy vegetable is lettuce, however 
since the end of the 1990s, arugula (Eruca sativa L.) has gained 
market, with an increase in the quantities marketed, due to its 
nutritional qualities and the spicy taste of its leaves, which can be 
served as salads or as a meat accompaniment (Matsuzaki, 2013).

According to Saltzman et al. (2013), the success of biofortification 
programs depends on the choice of crops that are commonly 
consumed by the population. Due to the significant increase in 
the consumption of arugula by the Brazilian population, this 
crop presents potential for biofortification with zinc.
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Based on the above and due to the lack of research related 
to the yield and nutritional quality responses of arugula to zinc 
fertilization, the objective of this study was to evaluate the effect 
of doses and times of foliar zinc application on yield, physiology 
and mineral nutrition in biofortification of arugula, in a soil 
with high nutrient content.

2 Materials and methods
2.1 Location and characteristics of the experimental area

The experiment was realized at Unesp, Campus Jaboticabal, 
Sao Paulo (Brazil), located at 21°15’22” South and 48°18’58” West, 
at an altitude of 575 m.a.s.l, from January 26 to March 8, 2017. 
Mean values of temperature and rainfall during the experiment 
were obtained from the meteorological station of the FCAV 
(Figure 1).

The soil of the experimental area is a typical Red Latosol 
Dystrophic (Embrapa, 2013) of very clay texture, with 
615, 142 and 243 g kg-1 of clay, silt and sand, respectively. Previously 
to the experiment installation, soil samples were collected from 
the layer 0-0.2 m and the chemical characteristics observed were 
pH (CaCl2) = 5.3, Organic Matter = 27 g dm-3, Ca2+ = 42 mmolc dm-3, 
Mg2+ = 15 mmolc dm-3, K+ = 5.9 mmolc dm-3, Presin = 9 mg dm-3, 
S = 12 mg dm-3, B = 0.27 mg dm-3, Cu = 6.1 mg dm-3, Fe = 22 mg dm-3, 
Mn = 23.1 mg dm-3, Zn = 3.1 mg dm-3, cation exchangeable 
capacity (CEC) = 86.1 mmolc dm-3 and base saturation = 73%.

2.2 Treatments and experimental design

Sixteen treatments were evaluated, which corresponded to the 
combination of three doses of zinc (0.5; 1.0 and 1.5 kg ha-1, in foliar 
application), five application times (15 Days After Emergence - 
DAE, 20 DAE, 25 DAE, 15 and 20 DAE; and 15, 20 and 25 DAE), 
and a control, equivalent to the absence of Zn application. 
It is noteworthy that the evaluated doses of zinc were based on 
the results of Yuri et al. (2006) and Resende et al. (2008) with 
the lettuce crop. In the treatments with two and three times of 
application, Zn doses were divided proportionally to the number 
of applications, totalizing in the end the predicted amounts in 
each treatment.

The experimental design was a randomized complete 
block with four replicates. The experimental unit consisted 
of twelve lines of 1 m in length, separated from each other by 
0.25 m and 0.05 m between plants. For the evaluation of all the 
characteristics, the plants located in the eight central lines of 
each experimental unit were used. The plants of the two lateral 
lines of the plot and the first and last 0.1 m of the eight central 
lines were considered as an edge.

2.3 Installation and conduction of the experiment

Before planting, the soil was prepared with one plowing and 
two harrowing operations, and then the beds were prepared. 
Liming was not performed, as the soil base saturation was at 73%.

Based on the recommendation of Trani et al. (2014), at planting 
were applied 40 kg ha-1 N in the form of urea, 400 kg ha-1 P2O5 using 
single superphosphate as a source, and 2 kg ha-1 of B, as boric 
acid, sprayed in the soil. K was not applied, since the nutrient 
content in the soil was very high.

The sowing of ‘Broad Leaf ’ arugula was carried out on January 
26, 2017, directly in the soil, in furrows with 0.02 m depth. The 
emergence occurred on February 1, 2017 and when the seedlings 
presented three leaves, thinning was performed to establish 
the spacing between plants of 0.05 m. Sprinkler irrigation was 
realized. Cover fertilizations were performed with urea, applying 
120 kg ha-1 of N divided in equal amounts at 7, 14 and 21 DAE.

Zn doses were applied using foliar zinc sulphate application 
with an adhesive spreader.

The harvest of the experiment was carried out on March 
8, 2017, for a total of 36 days after emergence of the seedlings.

2.4 Characteristics evaluated

Quantification of chlorophylls and carotenoids: Chlorophyll 
a, b and carotenoids contents (mg g-1) were obtained from plant 
material stored in a freezer at -80 °C, from samples collected at 
36 DAE. Laboratory procedures were performed according to 
Lichtenthaler (1987) methodology.

Figure 1. Average temperature and rainfall during the period of the experiment.
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Gas exchange: Using a gas exchange analyzer (IRGA) at 
34 and 35 DAE, the following variables were measured: carbon 
assimilation rate (A) expressed in μmol m-2 s-1; transpiration (E) 
in mmol H2O m-2 s-1 and stomatal conductance (gs) expressed 
in mol H2O m-2 s-1. The evaluations were performed on leaves 
from the middle third of the plant, in two plants per plot, during 
10 to 12 hours.

Fresh mass of aerial part: At 36 DAE, 40 plants were 
collected from the central part of each plot, within the useful 
area, by cutting the stem close to the ground. The fresh mass 
was expressed in g plant-1.

Height: In the same plants collected for the determination 
of fresh mass of aerial part, the height was measured with a 
millimeter-graduated ruler and expressed in centimeters.

Number of leaves: The number of leaves per plant was 
counted in the same plants of item ‘height’.

Leaf area: For the determination of leaf area (cm2 plant-1), 
the Li-Cor 3100 leaf area meter was used.

Dry mass of aerial part: After measuring the leaf area, the 
samples were washed in water, in neutral detergent solution 
(3mL L-1), in 0.1M HCl solution, followed by washing with 
deionized water (Miyazawa  et  al. 2009). Subsequently, the 
samples were dried in an oven with forced air circulation until 
constant weight.

Macro and micronutrients content: The dry mass of aerial 
part was ground in a Wiley mill and prepared for the analysis 
of macro- (N and P) and micronutrients (Zn, Fe, Cu, and Mn), 
according to the methods described by Miyazawa et al. (2009).

2.5 Statistical analyses

The analysis of variance of the data of each characteristic 
was realized using the F test, according to the proposed design. 
When there was a significant effect of the treatments, a Dunnett 
test (p < 0.05) was performed to establish significant differences 
with the control, using the statistical software SPSS (version 13.0).

3 Results

3.1 Physiological characteristics

No effect of the evaluated treatments was observed in 
transpiration rate (E), stomatal conductance (gs), carbon assimilation 
(A), or in the contents of chlorophyll a, b and carotenoid, despite 
the high concentrations of Zn applied (Table 1).

3.2 Growth

The height (HEI), number of leaves (NL), leaf area (LA) 
and fresh mass of aerial part (FMS) were not influenced by 
the treatments (Table 2). However, in the dry mass of aerial 
part (DMS), a significant effect of zinc application was found, 
observing that the treatment corresponding to the dose of 
0.5 kg ha-1, applied at time 3, represented an increase of 26% for 
this variable in relation to the control treatment.

3.3 Nutritional status and biofortification

There was effect of the treatments on leaf N content (Table 3). 
It was observed that the application of 0.5 kg ha-1 at times 2 and 3, 
and application of 1 kg ha-1 at time 1, presented significant 
differences in relation to the control treatment, representing 

Table 1. Means (n=4) of transpiration (E), stomatal conductance (gs), photosynthetic rate (A), chlorophyll a (Clh a), chlorophyll b (Clh b) and 
carotenoids (Car) in arugula plants, submitted to different zinc doses at different times.

Doses Times
E gs A Clh a Clh b Car

mmol H2O m-2 s-1 mol H2O m-2 s-1 μmol m-2 s-1 -----------mg g-1-----------
Control 5.0 0.2 17.7 6.1 2.1 1.1

0.5 1 5.1 0.2 18.0 6.6 2.4 1.0
2 4.7 0.2 17.7 6.7 2.3 1.1
3 5.0 0.2 17.3 6.9 2.5 0.8
4 5.4 0.3 19.0 5.4 1.9 1.5
5 5.1 0.3 18.7 8.5 2.9 1.3

1 1 4.7 0.2 18.8 8.3 2.9 1.3
2 5.2 0.3 19.7 7.1 2.7 0.9
3 5.0 0.3 18.7 5.1 1.8 1.1
4 5.2 0.2 16.3 7.4 2.6 1.2
5 5.1 0.2 16.5 6.5 2.3 1.2

1.5 1 5.2 0.3 18.3 7.4 2.7 0.9
2 5.0 0.2 19.0 5.5 1.9 1.1
3 5.1 0.2 17.7 6.2 2.3 1.2
4 5.1 0.3 18.9 7.3 2.4 1.2
5 5.5 0.3 17.7 7.0 2.5 1.0

CV (%) 10.6 18.1 12.2 25.0 26.9 23.9
Significance ns ns ns ns ns ns

(ns) no significant difference; (+) significant at the 5% level of probability; (++) significant at the 1% level of probability, according to the F test. 1Times: 1) 15 days after emergence 
(DAE), 2) 20 DAE, 3) 25 DAE, 4) 15 and 20 DAE, 5) 15,20 and 25 DAE.
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increases in N contents of 18, 17, and 16%, respectively. 
The contents of P, Cu, Mn, and Fe were not influenced by the 
applied treatments (Table 3).

For the Zn contents found in the arugula leaf, there was effect 
of zinc application. It was observed that regardless of the dose 
used, when the application was performed at time 3, there were 

differences of these treatments in relation to the control (Table 3). 
The treatment with the highest leaf content of the micronutrient 
was the application of 1.5 kg ha-1 at time 3 (25 DAE), followed 
by the dose of 1 kg ha-1 applied at the same time, reaching levels 
of 246.5 and 209.4 mg kg-1 Zn, which were 279 and 222% higher 
than those obtained in plants not sprayed with zinc.

Table 2. Means (n=4) of height (HEI), number of leaves (NL), leaf area (LA), fresh mass of aerial part (FMS) and dry mass of aerial part (DMS) 
in arugula plants, submitted to different zinc doses at different times.

Doses Times
HEI NL LA FMS DMS
cm leaves plant-1 cm2 plant-1 ----g plant-1 ----

Control 29.9 10.1 589.6 54.9 3.9
0.5 1 30.5 10.6 566.5 58.1 4.2

2 30.8 10.7 581.0 60.5 4.5
3 31.1 10.8 576.4 62.9 4.9 *
4 30.0 10.2 540.8 55.5 3.7
5 31.9 11.0 572.5 61.1 4.4

1 1 31.2 11.2 542.6 59.6 4.4
2 30.0 10.0 554.8 51.3 3.8
3 29.8 10.2 550.3 54.7 4.0
4 32.0 11.2 609.9 62.4 4.6
5 30.1 10.2 568.3 56.7 4.1

1.5 1 30.8 11.0 583.7 56.7 3.9
2 31.1 10.3 572.0 62.4 4.1
3 29.8 10.6 519.0 54.8 3.8
4 31.6 10.8 577.3 58.8 4.1
5 31.5 10.3 591.1 60.18 4.3

CV (%) 5.9 11.6 11.1 12.3 10.6
Significance ns ns ns ns +

(ns) no significant; (+) significant at the 5% level of probability; (++) significant at the 1% level of probability, according to the F test. *Values are significantly different at p<0.05 compared 
to the control treatment. 1Times: 1) 15 days after emergence (DAE), 2) 20 DAE, 3) 25 DAE, 4) 15 and 20 DAE, 5) 15,20 and 25 DAE.

Table 3. Means (n=4) of N, P, Fe, Cu, Mn and Zn contents in leaves of arugula plants, submitted to different zinc doses at different times.

Doses Times
N P Cu Mn Fe Zn

-----g kg-1---- --------------------mg kg-1----------------------
Control 41.7 4.2 7.5 38.3 757.8 65.0

0.5 1 41.2 3.9 7.1 41.4 632.5 68.6
2 49.3* 4.1 7.4 40.2 668.0 77.4
3 48.7* 3.8 6.9 41.5 617.5 126.9*
4 46.2 3.7 6.6 36.1 584.0 65.4
5 44.8 3.7 6.9 37.2 575.1 87.8

1 1 48.6* 3.9 7.3 40.1 715.0 67.8
2 43.5 3.8 7.6 35.9 603.9 86.8
3 44.6 3.8 7.7 38.0 617.8 209.4*
4 45.3 3.7 7.3 35.2 639.2 80.1
5 44.7 4.0 6.7 35.7 604.1 101.1*

1.5 1 44.5 4.1 7.6 33.4 719.2 71.0
2 43.3 4.0 7.1 36.4 609.7 88.3
3 43.8 3.9 7.5 34.6 684.2 246.5*
4 43.0 3.9 7.4 37.8 659.78 83.9
5 44.1 4.2 8.0 35.4 546.0 153.5*

CV (%) 6.3 7.1 12.1 11.3 20.4 12.7
Significance + + ns ns Ns ns ++

(ns) no significant; (+) significant at the 5% level of probability; (++) significant at the 1% level of probability, according to the F test. *Values are significantly different at p<0.05 compared 
to the control treatment. 1Times: 1) 15 days after emergence (DAE), 2) 20 DAE, 3) 25 DAE, 4) 15 and 20 DAE, 5) 15,20 and 25 DAE.
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4 Discussion
Several studies report a decrease in chlorophyll content 

caused by zinc toxicity (Ebbs & Uchil, 2008). The lack of response 
to this characteristic can be explained by the zinc doses used, 
suggesting that the highest dose of the element (1.5 kg ha-1) was 
not enough to cause chlorophyll degradation, and the absence 
of the application was compensated by the high content of 
Zn in the soil. In addition, it appears that arugula tolerates 
high concentrations of zinc without decreasing the levels of 
photosynthetic pigments (Urlic et al., 2014).

The parameters related to gas exchange can be improved 
through soil and foliar applications of zinc, notwithstanding, 
high doses can generate physiological changes, such as low 
stomatal conductance rates and lower water contents, which 
favor low rates of carbon assimilation (Sagardoy et al., 2009). 
The absence of effect found in the present experiment for these 
parameters suggests a possible compartmentalization of zinc in 
leaf cells, avoiding damage to physiological processes, which was 
already verified by Ozdener & Aydin (2010) in ‘Istanbul’ arugula, 
with high concentrations of Zn. In fact, in environments with 
high concentrations of the nutrient, plants belonging to the 
family Brassicaceae, such as Brassica oleraceae, can increase the 
production of organic acids in the leaves, in order to complex 
the excess zinc, thus preventing damages in their physiology 
(Barrameda-Medina et al., 2014).

Regarding height, number of leaves, leaf area and fresh mass of 
aerial part of arugula, there were no effects of zinc doses, agreeing 
with other studies, in which no influence of the micronutrient 
was found on the growth of arugula (Ozdener & Aydin, 2010; 
Zhi et al., 2015). It is known that Zn is a nutrient strongly related 
to plant growth, since it is necessary for the synthesis of nucleic 
acids, proteins, and carbohydrates (Marschner, 2012). However, 
arugula plants not fertilized with Zn did not differ from the 
fertilized ones in relation to HEI, NL, LA and FMS, which can 
be attributed to soil zinc content (3.1 mg dm-3), considered to 
be very high by Raij et al. (1997), being sufficient to satisfy the 
nutritional requirement of the micronutrient in arugula. In plants 
of the same family, several authors verified a positive response 
to the application of Zn only when this micronutrient was in a 
low or medium concentration in the culture medium (Singh & 
Bhatt 2013; Lima et al., 2015).

With respect to the dry mass of aerial part, there was effect of 
the evaluated treatments. The application of 0.5 kg ha-1 Zn at time 3 
differed from the control. However, no differences were found 
between the treatments with higher doses of Zn and the plants 
without application, ratifying the results observed for the other 
growth characteristics, in which, even when applying 1.5 kg ha-1, 
there was no injury to arugula. These results confirm that species 
of the family Brassicaceae are little sensitive to high doses of Zn 
compared to other families (Barrameda-Medina et al., 2017).

In the present experiment, there was effect of the application 
of Zn on N foliar contents. Zinc is linked to N metabolism in the 
plant, since it is correlated with nitrate reductase (NR) activity, 
besides being a constituent of ribosomes and RNA polymerase 
(Marschner, 2012). Several studies have shown that due to the 
deficiency or toxicity of Zn, NR inhibition occurs, leading to 

a decrease in N content (Luna et  al., 2000); in addition to a 
decreased incorporation of N into amino acids and proteins 
(Sutter et al., 2002). Barrameda-Medina et al. (2016), studying 
biofortification with zinc in Lactuca sativa L. in hydroponics, 
found that the dose of Zn with which the highest activity of the 
NR enzyme was obtained corresponded to the same dose with 
the highest leaf N contents. The results obtained suggest that 
the doses of 0.5 kg ha-1 applied at times 2 and 3, and the dose of 
1 kg ha-1 at time 1, can improve N metabolism in arugula plants, 
increasing the nutrient content in leaves.

Several studies have evaluated the Zn-P interaction, obtaining 
contrasting results. Singh & Bhatt (2013), investigating the effect 
of foliar zinc applications on Lens culinaris, found a reduction 
in leaf P content, attributing, as a consequence, the antagonism 
between the two nutrients. Notwithstanding, Lu et al. (1998), 
evaluating doses of Zn in Brassica napus, did not observe effect 
of zinc on leaf phosphorus contents. The results confirm that 
the interaction between the two nutrients may be conditioned 
by the species (Fageria, 2002).

No effect of treatments was observed on leaf Cu content. 
Several authors have reported a low relationship between Cu 
contents and applied Zn doses (Fageria, 2002; Mao et al., 2014). 
Lima et al. (2015), working with carrots, okra and cabbage, and 
increasing doses of Zn applied to the soil, did not observe effect 
of Zn on leaf Cu contents. Regarding the Mn contents, no effect 
of the spraying with zinc was observed. Despite that the observed 
results diverges from several studies that found antagonism 
between the two nutrients (Imtiaz et al., 2003; Hasani et al., 
2012), the effect of zinc on Mn is not well understood and may 
vary between species (Lima et al., 2015).

The antagonism between Zn and Fe is also described in 
the literature as causing root chelation disorders, as well as 
competition in the entry of xylem cells (Zhao  et  al., 2012). 
However, the absence of Zn effect on leaf iron content, obtained 
in the present experiment, agrees with several studies done on 
Brassicaceae species. Wu et al. (2007), studying the tolerance of 
158 materials from Brassica rapa L. at high concentrations of Zn, 
reported a low correlation between leaf iron and zinc contents 
in plants moderately and highly tolerant to the micronutrient. 
Neriman et al. (2011), carrying out the nutritional characterization 
of 30 arugula samples from different locations, did not verify 
correlation between zinc and iron contents in the leaf. On the 
other hand, it is noted that with the highest dose of applied zinc, 
no Fe deficiency was observed, a factor that would also explain 
the lack of effect on chlorophyll a and b contents, since, according 
to Ebbs & Uchil (2008), iron deficiency due to high doses of Zn 
is one of the causes of the decrease in chlorophyll values.

There was an effect of zinc application on leaf Zn content. 
In the five treatments that presented significant differences in 
relation to the control, spraying was performed at time 3, at 
25 DAE, which, according to Chaves et al. (2010), in the ‘Broad 
Leaf ’ arugula, corresponds to the period in which there is 
greater accumulation of fresh mass and higher leaf area growth 
(21 to 35 DAE). Du  et  al. (2015), in early growth tomatoes, 
sprayed zinc during three weeks. The authors found that the 
content and the absorbed percentage of Zn of the total applied 
increased when applications were made in the third week, 
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coinciding with the highest value of fresh mass of aerial part 
between the periods. Kraemer et al. (2009) describe that foliar 
absorption of nutrients can be improved with increasing leaf 
surface, as the contact area increases, corroborating the results 
found in the present experiment.

The Zn contents in the present study are lower than those 
reported by Urlic et al. (2014), who worked with the arugula 
cultivar ‘Cultivada’ in hydroponics, and found leaf contents of 153.2; 
626.5; and 864.1 mg kg-1 with the doses of 1; 75; and 150 μM Zn, 
respectively, without observing reduction of dry mass. Ozdener 
& Aydin (2010), evaluating the concentrations of 0; 250; 500; 
1000; and 2000 μg g-1 Zn in the ‘Istanbul’ arugula, found leaf 
contents of 8; 24; 147; 157; and 251 mg kg-1 Zn, respectively, 
observing neither toxicity nor reductions in the dry and fresh 
mass of roots and aerial part.

According to White & Broadley (2005), the great majority of 
crops present reduced growth with foliar concentrations higher 
than 100 mg kg-1 Zn. In the case of leafy vegetables such as lettuce, 
leaf contents above 218 mg kg-1 Zn, may cause a decrease in the 
dry mass of roots and aerial part (Barrameda-Medina et al., 2014). 
The results found in the present study reinforce the hypothesis 
mentioned by Zhi et al. (2015) that the Eruca sativa is highly 
tolerant to Zn, being a leafy vegetable with high potential for 
studies of agronomic biofortification with zinc.

As stated by Barrameda-Medina et al. (2017), aerial part 
biomass can be used as an indicator to select the Zn dose in 
biofortification studies for a specific crop. It should be noted that 
the Zn doses evaluated at different times did not cause decreases 
in HEI, NL, LA, and FMS, although the soil presented a Zn 
content of 3.1 mg dm-3, considered by Raij et al. (1997) as very 
high. Thus, all doses of the micronutrient may be considered 
suitable for biofortification, and do not represent a limitation 
on the growth of ‘Broad Leaf ’ arugula.

Considering the demand of 11 mg per adult per day (National 
Institutes of Health, 2016), according to the results observed in 
Table 3, the highest leaf Zn content in the dry mass of arugula 
(246.5 mg kg-1) was obtained with the application of 1.5 kg ha-1 
of the nutrient at the third time, at 25 DAE. Assuming a value of 
5% dry mass in arugula (95% water), the highest leaf Zn content 
(246.5 mg kg-1 in the dry mass), obtained with the application 
of 1.5 kg ha-1 of the nutrient at the third time, at 25 DAE, is 
equivalent to 12.3 mg kg-1 fresh mass, whereas plants that did 
not receive leaf Zn presented 3.2 mg kg-1 Zn in the fresh mass 
of arugula. Therefore, it is verified that the agronomic practice 
of foliar fertilization allowed the enrichment of the vegetable 
in 279%, without affecting crop yield. Consequently, the person 
consuming 894 g of arugula in natura would meet his/her daily 
demand of Zn, while he/she would need 3,438 g of fresh arugula.

5 Conclusion
The foliar application of 1.5 kg ha-1 zinc at 25 days after 

emergence, allowed a 279% increase in micronutrient supply 
to humans, in comparison to the control. In addition, it was 
observed that micronutrient spraying did not cause limitations 
in the growth of ‘Broad Leaf ’ arugula and did not represent 
alteration in the evaluated physiological processes, even when 

applied in a soil with a high content of the nutrient. Concluding 
then that arugula is a specie with high potential for biofortification 
studies and that foliar applications of the nutrient are effective 
to increase Zn contents in the plant leaf.
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