Journal of Agricultural Science; Vol. 10, No. 11; 2018
ISSN 1916-9752 E-ISSN 1916-9760
Published by Canadian Center of Science and Education

Response of Arucula Cultivars to Saline Nutritive Solution Enriched
With Potassium Nitrate
Francisco de Assis de Oliveira1, José de Souza Leite Neto1, Mychelle Karla Teixeira de Oliveira1,
Luan Alves Lima1, Luan Vitor Nascimento1, Carla Jamile Xavier Cordeiro1, Francisco Adênio Teixeira Alves1,
Francisco Aparecido da Costa Miranda1 & Helena Maria de Morais Neta1
1

Universidade Federal Rural do Semi-Árido, Mossoró, RN, Brazil

Correspondence: Francisco de Assis de Oliveira, Universidade Federal Rural do Semi-Árido, Mossoró, RN,
Brazil. E-mail: thikaoamigao@ufersa.edu.br
Received: February 13, 2018
doi:10.5539/jas.v10n11p269

Accepted: April 26, 2018

Online Published: October 15, 2018

URL: https://doi.org/10.5539/jas.v10n11p269

Abstract
The quality of water used to prepare a nutritive solution is a fundamental factor for plants to express their
maximum yield potential, however, due to an emerging water scarcity, the use of saline water is turning into a
challenge for producers and scientists. The present study was developed to evaluate the effect of potassium
nitrate in two arucula cultivars fertigated with saline nutritive solutions in semi-hydroponic system. It was used a
randomized block design, in factorial scheme 2 × 4, with two arucula cultivars (Cultivada and Folha Larga) and
four nutritive solutions [S1-standard nutritive solution; S2-standard nutritive solution + NaCl (7.5 dS m-1); S3-S2
+ 50% of KNO3; S4-100% of KNO3], with three replicates, with each experimental unit represented by a gutter
of 1.5 m filled with coconut-fiber based substrate and 30 plants per replicate. Plants were collected 40 days after
planting and evaluated for following variables: height, amount of leaves, leaf area, above ground fresh matter,
above ground dry matter, leaf succulence, percentage of dry matter, and specific leaf area. Cultivada is more
productive than Folha Larga, but presented higher sensibility to salinity. Increase of salinity in the water for
preparation of nutritive solution negatively affects arucula cultivars’ development in semi-hydroponic system.
The use of potassium nitrate reduced the effects of salinity on the Folha Larga’s development, but did not inhibit
negative effects of salinity in any cultivar. Growth of arucula, Folha Larga, using saline water in
semi-hydroponic system is feasible with addition of 50% of KNO3.
Keywords: Eruca sativa Miller, soilless growth, hydroponic
1. Introduction
Arucula (Eruca sativa Miller) is a leafy vegetable from Brassicaceae botanic family widely grown throughout
the world, especially in Mediterranean countries, where it was originated (Morales & Janick, 2002; Koukousaras
et al., 2007). In Brazil is also known as mostarda persa, agrião mostarda or pinchão (Santos et al., 2012).
This leafy vegetable is consumed mainly in salads, characterizing itself for a strong bitter taste and its leaves rich
in vitamin A, E, and C (Favell, 1998; Amorim et al., 2007), and also carotenoids, flavonoids and glucosinolates
(Ku et al., 2016; Alruwaih & Yaylayan, 2017) which may help to prevent cancers and cardiovascular diseases
(Podsedek, 2007; Björkman et al., 2011).
This vegetable may be produced in open field, the traditional way, as well as in protected environment,
technique that is significantly growing in Brazil (Machado et al., 2011), mainly in NFT (Nutrient Film
Technique) hydroponic system (Luz et al., 2011; Silva et al., 2011; Jesus et al., 2015) or semi-hydroponic using
inert substrate (Santos et al., 2012; Oliveira et al., 2013; Souza Neta et al., 2013).
In soilless cultivation (hydroponic or semi-hydroponic) the adequate concentration of nutrients in solution is
fundamental to obtain high yields, especially nitrogen and potassium, the most absorbed nutrients in arucula crop
(Cavarianni et al., 2008; Grangeiro et al., 2011).
Nitrogen, when applied in adequate quantities stimulates vegetative growth and expands the active
photosynthetic area. Also it promotes growing of leaves with more attractive color and succulence, since it
contributes to plant physiologic metabolism and is directly related to protein formation, chlorophyll molecule
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constituent, participates in cell respiration, multiplication and division, helping crops to express its potential
yield (Nascimento et al., 2017).
Potassium plays role in plant cells and tissues on osmotic regulation, cations/anions balance, water-related plant
relations, opening and closing of stomata, cell elongation, stabilization of pH in cytoplasm neutralizing organic
and inorganic anions, enzymatic activation of most enzymes, protein synthesis, photosynthesis, phloem sugar
transport, and seismonastic movements in plant (Kerbauy, 2004). Besides that, potassium acts in membrane
potential balance and cell turgor, activating enzymes and regulating osmotic pressure. Increase in this nutrient
concentration may modify Na+/K+ ratio and, consequently, plant tolerance to salinity (Maathuis & Sanders, 1996;
Taiz & Zaiger, 2013; Ahmad & Maathuis, 2014).
Another major factor for soilless cultivation is the quality of water used to prepare nutritive solutions, mainly
because of the concentration of dissolved salts, specially sodium chloride, as high concentration of Na+ and Clions could make difficult the absorption of essential cations and anions, such as K+ and NO3- (Paulus et al., 2012;
Pérez-López et al., 2015; Cova et al., 2017).
In addition to reducing K+ and Ca2+ absorption, high Na+ concentration in vegetal tissue reduces photosynthetic
capacity due to reduction of stomatal conductance. On the other side, high concentration of Cl- reduces the
photosynthetic capacity due to chlorophyll degradation and in real quantum yield of electron transport
(Tavakkoli et al., 2011).
Many studies were already made to evaluate the effect of salinity on arucula crop on NFT hydroponic system
(Silva et al., 2011; Santos et al., 2012) or grown in substrate (Oliveira et al., 2013; Souza Neta et al., 2013), and
the results showed that the use of saline water on nutritive solution preparation promotes significant reduction on
crop yield, even though it may occur great variation on crop response according to the adopted system and
cultivar.
This way, due to an emerging water scarcity, it comes the necessity to develop studies that make possible the use
of saline water without affecting production and quality of plants. Facing what was exposed, this study aimed to
evaluate the effect of potassium nitrate in two cultivars of arucula fertigated with saline nutritive solutions in
semi-hydroponic system.
2. Material and Methods
The experiment was carried out from May to June 2017 in greenhouse from Departamento de Ciências
Ambientais e Tecnológicas (DCAT) at Universidade Federal Rural do Semi-Árido (UFERSA), in Mossoró-RN,
Brazil (5º12′04″ S, 37º19′39″ W and 18 m of altitude).
Climate in Mossoró, according to Köppen classification, is BSwh’, or tropical semi-arid very hot and a rainy
season during summer-winter, with average temperature of 27.4 ºC. Irregular precipitation with annual average
of 673.9 mm and air relative humidity of 68.9% (Carmo Filho & Oliveira, 1995).
Experimental design used was a randomized block, in factorial scheme 2 × 4, with three replicates, with a total
of 24 experimental units, each unit represented by a gutter of 1.5 m with 30 plants. The first treatment factor was
formed by two arucula cultivars (Cultivada and Folha Larga), while the second was four different nutritive
solutions [S1-Standard nutritive solution; S2-Standard nutritive solution + NaCl (7.5 dS m-1); S3-S2 + 50% of
KNO3; S4-100% of KNO3].
To conduct the experiments a structure was built formed by 30 PVC gutters, with two used as borders in each
block. Gutters were 1.5 m in length, 0.1 m in width, and 0.1 m in depth, disposed on top of asbestos roofing tiles
suspended by wooden racks at 0.65 m over the ground.
Initially, gutters were filled uniformly with substrate (coconut-fiber), humidified with water from UFERSA water
system. In each experimental plot (gutter) fifteen planting-holes were opened and planted, with five seeds per
hole. Thinning to one plant per hole was done five days after planting, using more vigorous plants as criteria to
decide which one to keep.
In the period between planting and thinning the irrigation was made manually with watering can, twice a day
with water from the universities’ system. After thinning, fertigation was initiated with nutritive solutions for each
treatment through the irrigation system.
An independent system for each nutritive solution was built, with following items: 1 PVC reservoir (60 L),
lateral tubes of 16 mm, and emitter of 8 mm of intern diameter and 10 cm of length. Nutritive solution
application was made via an electric pump (Metalcorte/Eberle, auto ventilated, model EBD 250076), activated
by a single-phased motor (210 V, 6 Hz).
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Irrigation was controlled by a digital timer with capacity to hold eight daily on/off programs. After thinning until
20 days six irrigation of ten minutes each was made, between 7 am and 5 pm. At the 21st day of nutritive solution
application time of duration of each event increased to 20 minutes, since time and frequency helped drainage and
storage of water in the substrate.
Nutritive solutions were prepared using water from a deep water well at the university, with the following
physicochemical characteristics: pH = 8.97; ECw = 0.62 dS m-1; K+ = 2.07 mmolc L-1; Na+ = 0.91 mmolc L-1;
Ca2+ = 2.87 mmolc L-1; Mg2+ = 0.51 mmolc L-1; Cl- = 3.91 mmolc L-1; CO3-2 = 0.23 mmolc L-1; HCO3- = 1.78
mmolc L-1; SAR = 0.91 mmolc L-1; SAR = 0.70 (mmolc L-1)0,5.
Preparation and composition of nutritive solution was based on a recommendation proposed by Furlani et al
(1999) for leafy vegetables hydroponic cultivation. After preparation, pH correction was made, maintaining it in
between 5.5 and 6.5 using NaOH (1M) and HCl 10% solutions. Fertilizer, quantities and their respective
electrical conductivity used for nutritive solution preparation are shown in Table 1.
Table 1. Quantity of fertilizers, sodium chloride, and electrical conductivity of nutritive solutions
Fertilizers

Nutritive solutions (g 1.000 L-1)
S2
S3
150
150
750
750
500
750
400
400
30
30
1900
1900
7.3*
7.5

S1
150
750
500
400
30
0
2.1

Monoammonium phosphate
Calcium nitrate
Potassium nitrate
Magnesium sulfate
Rexolin®
NaCl
CE (dS m-1)*

S4
150
750
1000
400
30
1900
7.9

Note. Rexolin®: Chelated micronutrients; S1: standard nutritive solution; S2: standard nutritive solution + NaCl
(7.5 dS m-1); S3: S2 + 50% of KNO3; S4: S2 + 100% of KNO3. * electrical conductivity after preparation of
nutritive solutions. Rexolin®: micronutrients (11.6% of potassium oxide (K2O), 1.28% of sulfur (S), 0.86% of
magnesium (Mg), 2.1% of boron (B), 2.66% of iron (Fe), 0.36% of copper (Cu), 2.48% of manganese (Mn),
0.036% of molybdenum (Mo), and 3.38% of zinc (Zn).
Harvest was conducted at 40 days after planting, collecting 20 plants per plot. Plants were taken to Laboratório
de Irrigação e Salinidade (lab) at UFERSA and evaluated for following variables:
Height—determined at harvest, using graduated rule (cm), taking measurement between soil surface and the top
of largest leaf.
Amount of leaves—measured after harvest, taking into consideration only those that had more than 70% of green
color and larger than 3 cm.
Leaf area—measured by disc method using a volumetric ring with intern diameter of 2.5 mm (4.9 cm²),
collecting randomly 20 leaf discs per plot. For this, discs and the rest of the leaf were separately stored in paper
bags and dry out in forced air drying oven at a temperature of 65 ºC until reach a steady weight. Plant leaf area
was calculated, using average values of discs, disc dry matter and leaf dry matter, as in Equation 1.
LA =

DA

DDM

LDM

20

(1)

Where, LA: leaf area, cm²; DA: disc area, cm²; LDM: leaf dry matter, g; DDM: disc dry matter, g; 20: amount of
leaves collected per plot.
Fresh matter—measured in lab, immediately after harvest, using a digital analytical scale (0.01 g).
Dry matter—measured also in analytical scale, after drying in forced air drying oven at temperature of 65 ºC and
steady weight.
Specific leaf area—determined by the ratio between leaf area and leaf dry matter, as in Equation 2.
SLA =
2

-1

LA

(2)

LDM
2

Where, SLA: specific leaf area, cm g LDM; LA: leaf area, cm ; LDM: leaf dry matter, g.
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Percentage of dry matter-measured by the ratio between dry matter and plant total fresh matter, expressing
results in percentage as in Equation 3.
PDM =

TDM
TFM

× 100

(3)

Where, PDM: percentage of dry matter, %; TDM: total dry matter, g; TFM: total fresh matter, g.
Leaf succulence was determined using the ratio between leaf water content and leaf area, as in Equation 4.
LS =

LFM – LDM

(4)

LA

Where, LS: leaf succulence, g H2O cm2; LFM: leaf fresh matter, g; LDM: leaf dry matter, g; LA: leaf area, cm2
planta-1.
For statistical analysis, obtained data were submitted to variance analysis through F test, unfolding factors
according to the significance of interaction. Variables that presented significant response were analyzed with
each other by Tukey test at 5% of probability, using SISVAR 5.6 statistical software (Ferreira, 2014).
3. Results and Discusion
From statistical analysis of the data it was possible to verify that there was significant effect of significant
interaction between both factors nutrient solution and cultivar for amount of leaf (AL), leaf area (LA), fresh
matter (TFM), dry matter (LDM), specific leaf area (SLA), and percentage of dry matter (PDM) at a level of 5%
of probability.
Cultivars did not differ significantly for height and leaf succulence, with average values of 23.1 cm and 0.042 g
H2O cm², respectively (Table 2). Plant height, in both cultivars, was reduced when used saline nutritive solution
(S2), with average reduction of 24.29% in comparison to average plant height from standard solution. In addition,
it is verified that the enrichment of nutritive solution with KNO3 was not efficient to inhibit salinity effect (Table
2).
Table 2. Average values for plant height and foliar succulence in arucula cultivars grown in coconut-fiber
substrate and fertigated with saline nutritive solutions enriched with potassium nitrate
Nutritive solution
S1: Standard nutritive solution (SNS)
S2: SNS + NaCl (7.5 dS m-1)
S3: SNS + NaCl (7.5 dS m-1) + 50% of KNO3
S4: SNS + NaCl (7.5 dS m-1) + 100% of KNO3
Cultivars
Cultivada
Folha Larga

Height (cm)
28.80 a*
21.80 b
22.19 b
19.61 b

Foliar succulence (g H2O cm2)
0.0425 a
0.0425 a
0.0435 a
0.0375 b

22.49 a
23.70 a

0.043 a
0.040 a

Note. *Average followed by same letter within columns did not differ from each other by Tukey test (p < 0.05).
Even with the reduction in plant heights when increasing salinity, both cultivars got to commercial size, between
15 and 20 cm (Minami & Tessariolo Neto, 1998).
Overall, one of the main effects of salinity is the reduction on plant growth due to a reduction in cell elongation
(Shannon & Grieve, 1998; Munns & Tester, 2008). This way, as reported in this study, lack of salinity on
nutritive solution (S1) resulted in higher plants (Table 2), and solutions where was used saline water there was a
possible ions unbalance (Tester & Davenport, 2003), even with addition of potassium nitrate.
Reduction in plant height on arucula crop was also observed by other authors (Silva et al., 2011; Souza Neta et
al., 2013; Oliveira et al., 2013), in accordance with results found on effect of salinity.
Table 2 also notes that leaf succulence was not affected by the use of saline nutritive solution (S2), however, it
was reduced in 11.76% when used saline nutritive solution enriched with 100% of KNO3.
For amount of leaves, it was verified that cultivars differ from each other only when plants where fertigated with
saline nutritive solutions enriched with KNO3 (S3 and S4), where Folha Larga was 14.11 and 14.17% superior to
Cultivada, respectively (Figure 1A).
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Folha Larga

12

Amount of leaves

10

9.37
Aa

8.57
Aa

8

8.77
Aa

7.74
Aa

7.73
Bb

9.00
Aa

7.87
Bb

9.23
Aa

6
4
2
0
SNS

SNS + NaCl

SNS + NaCl +
100%KNO3

SNS + NaCl +
50%KNO3

Nutritive solutions

B.

Leaf area (cm 2 plant -1 )

1000

Cultivada

925.09
Aa

Folha Larga

800
600

563.74
Ba

400

453.59
354.27 Aab
Bb

281.74
Bb

408.96
Ab

295.71
Bb

405.13
Ab

200
0
SNS

SNS + NaCl

SNS + Na Cl +
100%KNO3

SNS + NaCl +
50%KNO3

Nutritive solutions

Figure 1. Amount of leaves (A) and leaf area (B) in arucula cultivars fertigated with saline nutritive solution and
potassium nitrate [Averages followed by same letter, upper case (cultivars) and lower case (nutritive solutions)
did not differ from each other by Tukey test at 5% of probability]
There was no significant effect of nutritive solutions observed on amount of leaves of Folha Larga cultivar, with
average value of 8.63 leaves per plant. On the other side, the amount of leaves in Cultivada was reduced when
used saline nutritive solution enriched with KNO3, showing reduction of 17.50 and 16.22% for S3 and S4,
respectively (Figure 1A).
Amount of leaves is considered to be dependent of genetic material and variations may occur upon plant
development (Costa et al., 2011). In this present work, AL could not be used as criteria for identification of
tolerance to salinity, since cultivars used reduction of leaf area as strategic mechanism to saline stress, as
observed in Figure 1A.
As for leaf area, it was observed significant difference between cultivars in all solutions studied, where Cultivada
was 63.09% superior to Folha Larga; in contrast, Folha Larga was greater for other nutritive solutions, being
superior in 28.05, 45.15, and 37.0% in solutions S2, S3 and S4, respectively (Figure 2B).
Evaluating leaf area on nutritive solution in each cultivar it was verified a reduction on leaf expansion for
Cultivada when fertigated with saline nutritive solution, aside from potassium nitrate addition, with reductions of
61.7, 69.54, and 68.03% on S2, S3, and S4 solutions, respectively, compared to plants irrigated with standard
nutritive solution (S1). Similar results were observed for Folha Larga where saline nutritive solutions promoted
loss of 19.54, 34.13, and 38.79% in S2, S3, and S4 solution, respectively (Figure 2B). Also, it was seen that
addition of KNO3 did not decrease losses of leaf area due to saline stress.
Analyzing both cultivars together, it can be seen that Cultivada presented higher sensibility to salinity for leaf
blade expansion, even though it presents greater leaf area in absence of saline stress. The lowest effect of salinity
on leaf area in Folha Larga may be due to lack of consequences from saline stress on the amount of leaves in this

273

jas.ccsenet.org

Journal of Agricultural Science

Vol. 10, No. 11; 2018

cultivar. This behavior demonstrates that salinity effect was more severe in leaf blade expansion than in growing
of new leaves (Oliveira et al., 2016).
Adverse effects of salinity in leaf area in arucula crop were reported by other authors (Souza Neta et al., 2013;
Oliveira et al., 2013) and in other crops, such as lettuce (Dias et al., 2011), bell pepper (Nunes et al., 2013), and
basil (Maia et al., 2017).
The lowest values of leaf area for plants under saline stress reflect the effect of the osmotic potential from soil
solution, inhibiting plant water absorption (Tester & Davenport, 2003). Decrease in leaf area is related to an
unbalance in oxidation-reduction process (PP 155) due to CO2 restrict fixation, which reduces liquid assimilation
rate and increases production of reactive oxygen species (ROS) via Mehler reaction (Miller et al., 2009; Parihar
et al., 2015). This reduction may be related to a necessary energy translocation to activation and maintenance of
metabolic activity associated to salinity tolerance, such as the integrity of membrane, organic solutes synthesis,
ejection of ions, transport regulation, and distribution of ions in several organs and inside cells (Munns & Tester,
2008).
There was significant difference for above ground fresh matter between cultivars only in standard nutritive
solution (S1), where Cultivada was superior to Folha Larga in 26.35% (Figure 2A).
A.

Cultivada

60

Fresh matter (g plant -1 )

50

Folha Larga

49.58
Aa
39.24
Ba

40
30

12.24
Ab

20

14.12
Ab

14.77 16.17
Ab
Ab

16.19
13.22 Ab
Ab

SNS + NaCl +
100%KNO3

SNS + NaCl +
50%KNO3

10
0
SNS

SNS + NaCl

Nutritive solutions

B.

Cultivada

Folha Larga

Dry matter (g plant -1 )

5
4

3.50
Aa
2.46
Ab

3

1.37
Ab

2

1.36
Ab

1

1.75
Ab
1.02
Bb

0.98
Ab

1.39
Ab

0
SNS

SNS + NaCl

SNS + NaCl +
100%KNO3

SNS + NaCl +
50%KNO3

Nutritive solutions

Figure 2. Above ground fresh matter (A) and above ground dry matter (B) in arucula cultivars fertigated with
nutritive solution and potassium nitrate [Averages followed by same letter, upper case (cultivars) and lower case
(nutritive solutions) did not differ from each other by Tukey test at 5% of probability]
Analyzing the effect of nutritive solution on above ground fresh matter in each cultivar, it is verified that the use
of saline nutritive solution (S2) promoted reduction in 71.28% and 64.02% for Cultivada and Folha Larga,
respectively. Moreover, it may be observed that enrichment of nutritive solution with KNO3 was not efficient in
reducing harmful effect of salinity on this variable (Figure 2A).
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The negative response of plants to above ground fresh matter with increase in salinity is due, especially, to
decrease in stomata aperture as consequence of osmotic effect outside roots (Munns & Tester, 2008). This way,
plants metabolic activity is reduced and turns photosynthetic activity (Prado, 2008) and fresh matter production
limited.
Negative effect of salinity on fresh matter of arucula was also reported in studies performed in substrates by
other authors (Santos et al., 2012; Oliveira et al., 2013; Souza Neta et al., 2013), and in NFT system (Jesus et al.,
2011; Silva et al., 2011, 2013).
About above ground dry matter, there was difference between cultivars for S1 and S3, with Cultivada being
42.28% superior compared to Folha Larga, in standard nutritive solution. On the other side, over saline
conditions and with addition of 50% of KNO3 (S3), Folha Larga was 71.57% superior, indicating positive effect
of potassium nitrate as a strategy for cultivation in saline stress for this cultivar (Figure 2B).
These results emphasize that dry matter is highly influenced by salinity. However, with increment of extra
nutrients on nutritive solution (KNO3, in the present study) may reduce harmful effects of saline stress,
modifying response of cultivars to salinity.
On the effect of nutritive solution on above ground dry matter, it is verified that both cultivar presented reduction
in this variable on saline conditions, with 60.86 and 44.71% of reduction in Cultivada and Folha Larga,
respectively. It was also verified that the enrichment of saline nutritive solution with 50% of KNO3 (S3)
promoted an increase of 28.67% in above ground dry matter for Folha Larga cultivar, compared to standard
solution (S1) (Figure 2B).
Loss of dry matter was also observed by other authors in arucula crop cultivated in semi-hydroponic system
(Santos et al., 2012; Oliveira et al., 2013; Souza Neta et al., 2013).
A.

Cultivada

16

12.81
Aa

Percentage of dry matter

14

Folha Larga

12.49
Aa

12
10
8

7.75
Ac

14.19
Aa
10.42
Bb

10.75
Ab

11.24
Ab

7.69
Ac

6
4
2
0
SNS

B.

SNS + NaCl

SNS + NaCl +
100%KNO3
Nutritive solutions

Cultivada

Specific leaf area (cm2 g-1 LDM)

300
250
200

238.85
Aa

Folha Larga

250.33
Aa
195.60 196.49
Bb
Bb

SNS + NaCl +
50%KNO3

189.54 182.45
Ab
Ab

212.56
Aab

224.19
Aab

150
100
50
0
SNS

SNS + NaCl

SNS + NaCl +
100%KNO3
Nutritive solutions

SNS + NaCl +
50%KNO3

Figure 3. Percentage of dry matter (A) e specific foliar area (B) in arucula cultivars fertigated with saline
nutritive solution and potassium nitrate [Averages followed by same letter, upper case (cultivars) and lower case
(nutritive solutions) did not differ from each other by Tukey test at 5% of probability]
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Decrease in dry matter production is strongly linked to the osmotic effect of salinity, what may cause buildup of
solutes inside cell and limit photosynthetic activity and, consequently, plants production of dry matter (Parida &
Das, 2005). Moreover, another important point is the ionic unbalance caused by excessive Na+ and Cl- ions due
to inadequate management of nutrients (Tester & Davenport, 2003). This effect was verified by Schiattone et al.
(2017) studying wild arucula (brassicaceae) and salinity in hydroponic system in Greece.
Cultivars significantly differ for percentage of dry matter only when plants were fertigated with nutrient solution
and enriched with 50% of KNO3 (S3), where Folha Larga was 36.08% superior (Figure 3A).
The use of saline water in nutritive solution preparation resulted in increase of percentage dry matter in cultivars,
promoting and increase of 65.29 and 62.42% in Cultivada and Folha Larga, respectively. However, for Cultivada
there was a reduction of salinity effect on this variable when added KNO3 in saline nutritive solution, in a way
that solution S3 and S4 showed reduction of 18.66 and 16.08%, respectively, when compared to percentage of
dry matter of solution S2 (Figure 3A).
On the other side, the use of saline solution (S2) enriched with 50% of KNO3 (S3) promoted increases of 62.42
and 84.39%, respectively, in above ground dry matter content compared to solution S2. However, the enrichment
with 100% of KNO3 reduced values in this variable (Figure 3A).
Percentage of dry matter reflects how much of total mass was transformed in dry matter. This way, the lower the
ratio the more plant can absorb water in its tissue related to dry matter. While the greater this value, more
efficient plant in producing matter. In proportional terms, with increase in salinity of nutritive solutions plants
were more efficient in dry matter production, evidencing lower water content compared to standard solution.
This occurs because in saline environment plants tend to lose water due to osmotic pressure. In addition, salts
may build up in apoplast and dehydrate cells (Munns & Tester, 2008).
Increase in dry matter content of arucula may be a benefic alteration caused by salinity, specially related to
storage, what was also observed by Barbieri et al. (2011), reporting increase in percentage of dry matter, visual
appearance, carotenoids, and phenols when used saline nutritive solution (5 dS m-1). According to Hamilton and
Fonseca (2010), the increase of nutritive solution up to 7.5 dS m-1 helped to increase ascorbic acid build up and
phenols in arucula.
Cultivars statistically differ in specific leaf area for solutions S1 and S2. Cultivada cultivar was 22.11% superior
compared to Folha Larga in S1, but was 21.51% inferior in S2, with no significant difference between cultivars
in the others nutritive solutions (Figure 3B).
For the effect of nutritive solution on specific leaf area in each cultivar, it was verified that Cultivada showed
decrease in 17.73% (S2), 20.64% (S3), and 11.16% (S4) when salinity was increased, even though it did not
statistically differ from standard nutritive solution. For Folha Larga cultivar, the NaCl addition promoted an
increase of 27.98% in specific foliar area, but reduced with its enrichment with KNO3 in 100% (Figure 3B).
Results allowed inferring that the effect of specific leaf area reduction was not observed when used potassium
nitrate, but KNO3 was less efficient in reducing harmful effects of salinity with increase in leaf blade. However,
even though nutritive solution S2 showed results statistically similar to S4, when used only saline nutritive
solution (S2) the effects of salinity were greater in dry matter of leaf blade. What may indicate some tolerance of
this cultivar to salinity (Figure 3B).
Thus, effects of salinity were more expressive in leaf dry matter for Folha Larga, and in leaf blade expansion for
Cultivada, indicating that the second one is more sensible to salinity, since, according to Parida and Das (2005),
decrease in leaf expansion is one of the main characteristics of salinity effects.
Specific leaf area is an indicator of leaf thickness. An important variable on crop growth evaluation, comparing
dry matter production to expansion of leaf area, and, consequently, with the interception of light and
photosynthesis (Gary et al., 1993). Therefore, reduction in SLA is an indicative that the effect of salinity was
more expressive on leaf expansion than on phytomass, increasing leaf thickness (Oliveira et al., 2016).
Similar results from this study ware also reported in wild species of arucula (Diplotaxis tenuifolia and D. muralis)
and in other species from Brassicasseae botanic family, characterizing as an adaptation strategy to salinity (Vos
et al., 2013; Bonasia et al., 2017; Schiattone et al., 2017), resulting in an efficient storage and intern water
conservation (Munns & Tester, 2008).
4. Conclusion
Cultivada cultivar is more productive than Folha Larga, but presented higher sensibility to salinity.
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Increase of salinity in water for preparation of nutritive solution negatively affects arucula cultivars’
development in semi-hydroponic system.
The use of potassium nitrate reduced the effects of salinity on the Folha Larga’s development, but did not inhibit
negative effects of salinity in any cultivar.
Growth of arucula, Folha Larga cultivar, using saline water in semi-hydroponic system is feasible with addition
of 50% of KNO3.
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