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INTRODUCTION

Salinity is a major problem threatening agricultural production 
worldwide. About 800 million ha including 32 million ha of 
agricultural lands were affected by intense salt degradation 
processes (FAO, 2015; Alzahib et al., 2021). Climate 
change intensifies this process through interference in the 
biogeochemical cycle of water, soil (soil microorganisms and 
soil organic carbon), greenhouse gas (GHG) emissions, land 
desertification, and loss of biodiversity (Haj-Amor et al., 2022). 
Anthropogenic actions disrupt groundwater basins, which may 
hinder overall food security and environmental sustainability 
(Mukhopadhyay et al., 2021).

In many cases, the underserved population makes use of 
low quality water in irrigation together with agriculture 
intensification, can cause crop yields reduction up to 58%. 
A  profound change in soil biodiversity, therefore may occur 

due to severe soil salinity when reaching a critical state of 
desertification (Shrivastava & Kumar, 2015; Machado & 
Serralheiro, 2017).

In the 2017 growing season, about 40,000 tons of rocket plants 
were produced in Brazil (IBGE, 2017). Species within the 
family Brassicaceae, including rocket plants, are thought to 
be poorly tolerant to saline environments. Nevertheless, there 
are limited studies investigated rocket plant management 
under abiotic stresses, cultivation with low quality water 
and resistance to such stresses (Moura et al., 2008; Pavão 
et al., 2019).

The increasing water demand in agriculture resulted in using 
of low quality water, including saline water (Schiattone et al., 
2017; de Oliveira et al., 2021); one of the abiotic stresses that 
can hamper plant growth and agricultural productivity (Cheng 
et al., 2021; Lili et al., 2021).
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Leaching fraction was used to control salt accumulation in 
cropping environments through the application of irrigation 
water depth greater than that required by the crop to penetrate 
below the root zone and carry away part of the accumulated 
salts (Medeiros et al., 2010).

Many studies on leaching fractions coupled with water salinity 
levels in vegetable crops were performed (dos Santos et al., 2016; 
Santos et al., 2018a; Damasceno et al., 2022), but they are still 
infrequent. Therefore, the aim of this research was to investigate 
growth and gas exchange in rocket plants subjected to different 
salinity levels in irrigation water and leaching fractions.

MATERIALS AND METHODS

The study was carried out in Arapiraca, Alagoas State, Brazil 
(09°42’02 “S, 36°41’12 “W, 325 m above sea level). According to 
the Köppen classification, the climate of this region is tropical 
“As”, with a hot and dry period (spring-summer) and a cold and 
rainy period (autumn-winter). The experiment was performed 
during the period from July to August 2016 under greenhouse 
conditions.

The temperature inside the greenhouse ranged 25.4 ºC 
(6:50 am) to 30.1 ºC (at 4:00 pm) at medium relative humidity: 
75%. Medium internal carbon dioxide (CO2) concentration 
303 ppm and global radiation ranged 5 to 28 MJ m-2 day-1 and 
photosynthesis active radiation ranged 558 to 678 µmol m-2 s-1. 
The cover of the greenhouse was 120 micron diffuser film and 
the side screens 50 mesh.

Ultisol - Argisol Red Yellow Dystrophic (Santos et al., 2018b), 
non-saline and no sodic soil type was used. The Chemical and 
physical properties of soil 0-0.1 m layer are listed in Table 1.

The experiment was arranged in a completely randomized 
block design, in a 4x3 factorial scheme with four replications. 
The treatments were composed of four levels of electrical 
conductivity of irrigation water (ECw): 0.1, 1.6, 3.1 and 4.6 dS m-1 
at 25 ºC and three leaching fractions (LF%): LF0, LF10 and LF20, 
with a total of 48 experimental units. The plot consisted of two 
polyethylene pots, with one plant in each.

Polyethylene pots with a capacity of 5 liters were filled with 
2 cm of gravel and 4 kg of soil. The rocket variety used was the 
‘Cultivated’, commercialized by the company Isla.

The irrigation water was prepared based on the relationship 
between the electrical conductivity of the irrigation water 
and concentration of sodium chloride (mg L-1 = 640 x EC), 
according to Rhoades and Loveday (1990). The desired 
conductivity was multiplied by 640 to obtain the amount of 
sodium chloride (NaCl- mg L-1) required for each salt level. For 
the saline level S1, the concentration of salts in the local water 
supply, with an electrical conductivity of 0.10 dS m-1 was applied

The irrigation was applied daily according to the water 
consumption of the plants as the previous irrigation. The vases 
perforated in the lower part were inserted with a drain with a 
diameter of 14 mm, externally connected to a 2 liter collector 
to obtain the water consumption of the plants and control 
leaching. The resultant volume was divided by the factors 0.90 
and 0.80 (Equation 1), which restored soil moisture to field 
capacity, obtaining leaching fractions (FL) of 10 and 20%. For 
plants subjected to treatment FL1  -  0% leaching, the water 
consumption of treatment S1  (0.10 dS m-1) combined with 
FL3 - 20% leaching was used in irrigation. The irrigation volumes 
were calculated according to Equation 1.

 − =   −  1
VA VD

VI
FL

� (1)

on what, VI is the volume of water to be applied in irrigation (mL); 
VA is the applied volume (mL), VD is the drained volume (mL) 
and FL is 0.1 and 0.2 for FL10 and FL20, respectively.

Growth, yield, and physiological variables were assessed. The 
growth and production parameters were obtained at 30 days 
after application treatment (DAAT)including, plant height (PA), 
number of leaves (NL), leaf area (LA), shoot fresh mass (SFM), 
shoot dry mass (SDM), root dry mass (RDM), total dry mass 
(TDM), and root to shoot ratio (R/S). The root/shoot ratio was 
obtained from shoot and root phytomass data. The phytomass 
of the plant was obtained by drying the material at 60 °C, 
until constant weight, in an oven with forced air circulation. 
The physiological variables were measured 15 and 30  days 
after the application of treatments (DAAT), with infrared gas 
analyzer - IRGA (LI 6400, LICOR, Lincoln, USA), between 8:00 
and 10:00 am, in fully expanded and non-senescent leaves. The 
photosynthetic rate (A - µmol CO2 m

-2 s-1), stomatal conductance 
(gs - mol H2O m-2 s-1) and transpiration rate (E - mmol H2O m-2 s-1) 
were assessed. Photosynthetic pigment contents (chlorophylls and 
carotenoids) were determined 30 days after application treatment 
(DAAT) according to Arnon (1949). The absorbance was read 
in a spectrophotometer (BEL Engineering, model UV-M51), at 
wavelengths of 470, 647, 663 and 710 nm. The calculation of 
chlorophyll a (CA), chlorophyll b (CB), total chlorophyll (CT) and 
carotenoids (CR) concentration was performed according to the 
equations established by Lichtenthaler (1987).

Statistical analyses were performed using analysis of variance, 
F test (P <.05), Tukey’s test (P <.05) for the leaching fraction 
and by regression analysis for the salt levels and the interaction 
between the factors. The significance of regression coefficients 
was verified by the t-test (P <.05). All statistical analysis were 
performed using the statistical software Sisvar (Ferreira, 2014).

Table 1: Chemical and physical properties of soil used in the 
experiment
pH OM P K+ Na+ Ca2+ Mg2+ Al3+ H+

(H2O) g kg-3 mg dm-3 ----------------------(cmolc dm-3) -------------------
5.4 11.7 9.10 0.45 0.09 1.19 2.21 0.0 1.07
BD FC PWP Sand Silt Clay
kg dm-3 --------------------------------------%-------------------------------------
1.40 7.8 4.05 83.48 5.04 11.48

OM = organic matter, BD = bulk density, FC = field capacity, 
PWP = permanent wilting point
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RESULTS AND DISCUSSION

The interaction between irrigation water salinity and leaching 
fraction was significant (p < .05) at 30 days after application 
of treatments (DAAT), for all growth and production variables, 
for photosynthesis at 15 days and stomatal conductance at 15 
and 30 DAAT. As for the isolated factors, the salinity levels 
of the irrigation water these influenced the transpiration 
rate at 15 and 30 DAAT, and chlorophylls a and b, total 
chlorophyll and carotenoids only at 30 DAAT. Photosynthesis 
was influenced by salinity and leaching fraction at 30 DAAT 
(Table 2).

The variable height of rocket plants adjusted the quadratic model 
in relation to the leaching fractions FL0 and FL10 and linear for 
FL20 (Figure 1a). The 21.2 and 22.3 cm maximum height under 
FL0 and FL10 were scored at salinity levels of 1.54 and 0.88 dS m-1, 
respectively. While the highest salinity level (S4: 4.60 dS m-1) 
scored, 17.7 and 18.8 cm, the lowest plant heights respectively. 
As for FL20, the maximum plant height was 21.2 cm under the 
highest S4 level, scoring 7% increment compared to the lowest 
height, 19.8 cm, obtained in plots irrigated with S1: 0.10 dS m-1. 
Petretto et al. (2019) observed greater height of plants cultivated 
with non-saline water, 25.9 cm, and the lowest height was seen 
in plants under the highest water salinity level, 8.0 cm. These 

Table 2: Summary of analysis of variance for plant height (HP), number of leaves (NL), leaf area (LA), shoot fresh mass (SFM), 
shoot dry mass (SDM), root dry mass (RDM), total dry mass (TDM) root shoot interaction (R/S), chlorophyll a (CA), chlorophyll 
b (CB), total chlorophyll (CT) and carotenoid (CR) - 30 DAAT; photosynthetic rate (A), transpiration (E), stomatal conductance 
(gs) - 15 and 30 DAAT of rocket plants as a function of levels of electrical conductivity of irrigation water and leaching fractions 
Source of variation DF Mean Square (30 DAAT)

PH NL LA SFM

Salinity Level (SL) 3 10.54** 62,25** 479668.85** 288.64**
Linear Regression 1 17.01** 176.81** 1216238.43** 146.40**
Quadratic Regression 1 12.91** 0.33NS 186875.52** 638.38**
Regression Deviation 1 1.71NS 9.60** 35892.60NS 81.14*
Leaching Fraction (LF) 2 5.47** 21.39** 17773.00NS 60.82*
SL x FL 6 5.42** 7.47** 73092.50** 125.35**
Block 3 0.24NS 1.25NS 45612.18NS 6.44 NS

Residue 33 0.84 0.90 18889.62 15.33
CV (%) 4.50 4.92 10.45 9.09

SDM RDM TDM R/S

Salinity Level (SL) 3 13.16 ** 0.18** 16.33** 0.00**
Linear Regression 1 33.70 ** 0.40** 41.51** 0.00NS

Quadratic Regression 1 0.70 NS 0.07** 1.24* 0.00**
Regression Deviation 1 5.08 ** 0.05** 6.22** 0.00NS

Leaching Fraction (LF) 2 1.35 ** 0.08** 2.04** 0.00**
S x FL 6 2.65 ** 0.02** 2.83** 0.00**
Bloc 3 0.51 NS 0.00NS 0.62 NS 0.00NS

Resídue 33 0.25 0.00 0.29 0.00
C.V. (%) 9.24 6.76 8.92 5.52

CA CB CT CR

Salinity Level (SL) 3 8.26** 1.56** 16.85** 0.65**
Linear Regression 1 20.97** 4.57** 45.16** 1.83**
Quadratic Regression 1 1.61 NS 0.04NS 2.17NS 0.05NS

Regression 1 2.19 NS 0.09NS 3.22NS 0.09NS

Leaching Fraction (LF) 2 0.23 NS 0.23NS 0.85NS 0.06NS

S x FL 6 1.64 NS 0.03NS 1.60NS 0.08NS

Block 3 0.25 NS 0.05 NS 0.37NS 0.04NS

Residue 33 0.86 0.09 1.24 0.06
C.V. (%) 18.97 18.65 17.02 17.14

Source of Variation DF Mean Square (15 and 30 DAAT)

A E gs
15 Days 30 Days 15 Days 30 Days 15 Days 30 Days

Salinity Level (SL) 3 70.79** 370.08** 7.14** 17.37** 0.02** 0.05**
Linear Regression 1 172.53** 959.98** 20.90** 44.50** 0.08** 0.14**
Quadratic Regression 1 39.43** 146.92** 0.02NS 7.44** 0.00NS 0.00**
Regression 1 0.42NS 3.34NS 0.51NS 0.18NS 0.00NS 0.00**
Leaching Fraction (LF) 2 1.63NS 12.64** 0.94NS 0.61NS 0.00NS 0.00NS

S x FL 6 11.28* 1.78NS 0.28NS 0.95NS 0.00* 0.00*
Block 3 20.70NS 1.76NS 5.61NS 0.52NS 0.00NS 0.00NS

Residue 33 4.29 2.30 0.64 0.55 0.00 0.00
C.V. (%) 10.43 12.69 16.29 22.35 9.80 15.32

DF - degree of freedom; ** - Significant by teste F at .01; * - Significant by teste F at .05; NS - Not significant by teste F at .05; CV - coefficient of 
variation
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values confirm the results obtained in this research for plant 
height. The researchers also stated that the reduction in height 
of rocket plants might occur, mainly, due to osmotic stress and 
ionic toxicity caused salt accumulation.

For the number of leaves, the highest value (23.4) observed 
under the leaching fraction FL0 was in plants irrigated with S1. 
While plants irrigated with S4 produced 16.3 leaves, scoring 30% 
lower than S1. In general, the behavior of rocket plants regarding 
the number of leaves was decreasing. However, under FL20 the 
maximum leaf number was 23.6 at a salinity level of 0.82 dS 
m-1, an increase of 45% over the lowest leaf number of 16.3 at 

S4. FL10 did not attenuate the effects of salts on leaf number 
and FL0 and finally in FL0 the plants did not show similar 
behavior to the other treatments (Figure 1b). Researchers state 
that increasing irrigation water salinity reduces the number of 
leaves in rocket plants (Schiattone et al., 2017; Júnior et al., 
2018), as seen in this research. The initial symptoms of salinity 
on rocket plants growth occurred through reduction in number 
and leaf area and number (Schiattone et al., 2017). This was 
confirmed in this research, plants submitted to the highest level 
of water salinity, S4, regardless of the leaching fraction, showed 
lower number of leaves, while plants under the S1 level produced 
higher leaf number.

Figure 1: a) Plant height, b) number of leaves, c) leaf area, d) shoot fresh mass, e) shoot dry mass, f) total dry mass, g) root dry mass and h) root/
shoot ratio of rocket plants treated with different salinity levels of irrigation water expressed in electrical conductivity (ECw) and leaching fractions, 
at 30 days after treatment application (DAAT)

d

h

c

g

b

f

a

e



J Aridland Agric  •  2023  •  Vol 9		  67 

Silva et al.

As for leaf area (LA), the FL0 and FL20 fractions reached 
maximum values of 1,462 and 1,493 cm², respectively, with 
saline water of electrical conductivity of 1.50. The lowest LA 
values obtained under these leaching fractions were observed 
in plants irrigated with the S4 level, being 993 and 982 cm², 
respectively. These values are 32 and 34% lower compared to 
the highest values obtained. Under FL10, the highest LA value 
obtained was 1,606 cm², under level S1. While plants irrigated 
with the highest saline level, S4, produced the lowest LA, 1098 
cm², being 32% lower compared to the highest value observed 
(Figure 1c). This confirms Schiattone et al. (2017), cited in 
the previous paragraph, in which the researchers emphasize 
the reduction of leaf area and the number of leaves as primary 
symptoms of stress in rocket plants when cultivated at salinity 
levels in water above the tolerable by the crop and that this is 
an escape mechanism modulated by the plant. It is notable 
that nevertheless of the leaching fractions, the highest values 
in leaf area remained close, indicating little interference of this 
factor in the LA of rocket plants under the conditions studied.

Concerning shoot mass, the maximum fresh mass among the 
leaching fractions studied was produced by plants under FL20, 
52.7 g, and salinity level of 2.30 dS m-1. Whereas the maximum 
dry mass was 7.2 g, under salinity level S1 (Figure 1d & e). The 
maximum root dry mass among the leaching fractions was 
0.8 g, produced by plants irrigated with S1: 0.10 dS m-1 and FL10 
(Figure 1f). As for total dry mass, the highest value observed was 
7.9 g, in plants irrigated with level S1 and FL10, and the lowest 
value was 4.1 g, under level S4and FL20. It represents a decrease 
in the total dry mass of rocket plants of 48% (Figure 1g). The 
highest values of root to shoot ratio varied from 0.12 to 0.13 at 
salinity levels from 0.10 to 2.71 dS m-1 and leaching fractions 
from FL0 to FL20, respectively (Figure 1h). In general, increasing 
salinity in irrigation water tends to reduce mass accumulation 
in plants of the Brassicaceae family, such as rocket plants, 
as can be observed in other research (Shabani et al., 2013; 
Júnior et al., 2018), which ratifies the results obtained in this 
research. Shabani et al. (2013) state that the reduction in plant 
progress in response to salt stress, such as smaller leaf area, 
causes a reduction in dry mass accumulation in plants, which 
reduces agricultural productivity. This confirms the results 
obtained in this research paper, where rocket plants reduced 
mass accumulation under the highest level of water salinity 
administered in this research.

The net photosynthetic rate (A) at 15 DAAT adjusted to the 
quadratic model of FL0 and FL10, showed similar compared to 
linear relatedness of FL20 (Figure 2a). FL20 scored 21.7 μmol 
CO2 m

-2 s-1maximum photosynthetic rate, at 1.54 dS m-1 salinity 
level. In this fraction, the lowest A value was 16.7 μmol CO2 
m-2 s-1, at water salinity level S4, indicating 23% A reduction 
compared to the maximum value obtained. Under FL10 and 
FL20 the maximum value of A was, 22.0 and 23.3 μmol CO2 m

-2 
s-1, with salinity level of 1.52 dS m-1 and S1, respectively. While, 
under S4 there are reductions of 30 and 27% in the value of A, 
in comparison with FL10 and FL20, respectively.

The high levels of sodium and chloride in the soil impair the 
photosynthetic capacity of rocket plants through hampering 

important metabolic processes, including the activity of 
enzymes that participate in CO2 reduction (Hniličková et al., 
2017). Moreover, high levels of salts in the growing environment 
generate negative osmotic effects on the plant at physiological 
and biochemical levels. Such osmotic effects induce water stress 

Figure 2: a) photosynthesis and (b and c) stomatal conductance, 15 
and 30 days after the application of treatments (DAAT), in rocket plants 
as a function of salinity levels of irrigation water expressed in electrical 
conductivity (ECw) and leaching fractions

c

b

a
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causing reduced stomatal conductance and increased water 
use efficiency. They also affect CO2 assimilation and cause a 
reduction in photosynthetic rate and, consequently, of photo-
assimilates. Similarly, data obtained showed the lower salinity 
level of irrigation water combined with the higher leaching 
fraction caused higher photosynthetic rates in rocket plants. 
Whereas rocket plants treated with higher salinity levels and 
lower leaching fraction exhibited the lowest rates.

Stomatal conductance (gs) scored 0.33 μmol H2O m-2 s-1highest 
value, 15 DAAT at FL0 and FL10, in plants irrigated with S1. 
While the lowest values were 0.22 and 0.24 μmol H2O m-2 s-1, 
in plants irrigated with S4, respectively, indicating 33 and 27% 
gs reduction when increasing water salinity from 0.10 to 
4.60 dS m-1. In this same evaluation period, rocket plants 
under FL20 obtained maximum gs of 0.33 μmol H2O m-2 s-1, 
with irrigation water salinity level of 0.80 dS m-1. The lowest gs 
value in these plants was 0.19 μmol H2O m-2 s-1, with salinity 
level S4, a value 42% lower when compared to the maximum 
value obtained under FL20 (Figure 2b).

In the gs evaluation performed at 30 DAAT, a quadratic 
adjustment was observed for the FL0 and FL20 fractions. Plants 
irrigated with water salinity level S1: 0.10 dS m-1 were those ones 
that presented the highest gs under the two leaching fractions, 
0.19 and 0.24 μmol H2O m-2 s-1, respectively. The lowest values 
in this evaluation, for both fractions, were observed in plants 
irrigated with S4: 4.60 dS m-1, 0.06 and 0.05 μmol H2O m-2 s-1, 
respectively. Such gs values represent a reduction of 68 and 79% 
when compared to the highest values observed. FL10 fitted the 
linear model, the highest gs in plants receiving this fraction 
was 0.18 μmol H2O m-2 s-1, under S1, whereas the lowest value 
verified was 0.05 μmol H2O m-2 s-1, under S4, which indicates 
72% decrease in stomatal conductance of rocket plants with 
increasing water salinity (Figure 2c).

Stomatal conductance (gs) scored 0.33 μmol H2O m-2 s-1, 
highest value, 15 DAAT at FL0 and FL10, in plants irrigated 
with S1. rocket plants under FL20 obtained maximum gs of 
0.33 μmol H2O m-2 s-1, however with irrigation water salinity 
level of 0.80 dS m-1. At 30 DAAT, under FL0 and FL20 fractions, 
plants irrigated with water salinity level S1 were those ones 
that presented the highest gs under the two leaching fractions, 
0.19 and 0.24 μmol H2O m-2 s-1, respectively. FL10 adjusted the 
linear model, the highest gs in plants receiving this fraction was 
0.18 μmol H2O m-2 s-1, under S1. While, in general, the lowest 
values 15 and 30 DAAT were observed in plants irrigated with 
S4 (Figure 2b & c).

Similarly, it was reported stomatal conductance decreased 
in rocket and other agricultural crops under water salinity 
levels (Ivanova et al., 2015; Hniličková et al., 2017). Salinity in 
irrigation water reduced the stomatal conductance of rocket 
plants through inducing stomatal closure, resulted in lower 
internal CO2 concentration, transpiration, and photosynthetic 
rate of the plant (Sharma et al., 1996; Zelm et al., 2020). 
Schiattone et al. (2017) stated the adequate leaching fractions 
mitigated the effect of salts on the root system of the crop and 
maintained the soil closed to field capacity. Thus, the lower 

water salinity level and the higher leaching fraction rocket plants 
exhibited higher gs, that favored higher photosynthetic rates.

Accordingly, the first step of plant defense modulation against 
excess salt in the environment is to block the transport of Na+ 
to the aerial part, through apoplastic barriers, including Caspary 
striations (Krishnamurthy et al., 2011). Secondly, is to dilute 
Na+ in the cytoplasm by compartmentalizing salts in the vacuole 
(Blumwald, 2000). The final step is to exclude Na+ using an 
antiporter at the plasma membrane (Byrt et al., 2014)

In the separated analysis of the factors, 30 DAAT, the net 
photosynthetic rate (A) of rocket plants was higher under FL0, 
13.0 μmol CO2 m

-2 s-1 (Figure 3a). As for the salinity levels tested 
in this research, it was observed in plants irrigated with S1 the 
highest A, 19.7 μmol CO2 m

-2 s-1 (Figure 3b). Guimarães et al. 
(2019) indicated, plants under salt stress tend to acclimate 
to the unfavorable conditions caused by salt accumulation, 
through decrease the transpiration rate as a result of water stress 
caused by the osmotic effect and, consequently, reduce the 
photosynthetic rate. Similarly, the rocket plants treated with the 
highest salinity level, S4: 4.60 dS m-1, scored lower photosynthesis 
and transpiration rates (Figure 3).

The transpiration rate (E), at 15 DAAT, was higher in rocket 
plants irrigated with S1, 5.8 mmol H2O m-2 s-1, a value that 
represents an increase of 45% in E in comparison with the 
rate observed in plots irrigated with S4, 4.0 mmol H2O m-2 s-1 
(Figure 3c). In the evaluation performed at 30 DAAT, there 
was a 14% reduction in E in plants irrigated with S1, compared 
with the previous evaluation, at a rate of 5.0 mmol H2O m-2 s-1.

The lowest E value was observed in plants irrigated with S4, 2.6 
mmol H2O m-2 s-1, a value 35% lower compared to that obtained 
in the first evaluation (Figure  3d). Guimarães et al. (2019) 
reported that high salinity levels in irrigation water generated 
water stress in the plant and under water deficit conditions. Silva 
et al. (2021) reported that there was a reduction in transpiration 
rate as one of the primary responses to water deficiency. 
Similarly, data obtained from rocket plants treated with water 
salinity levels, showed when water salinity level increased, there 
was a a decrease in the transpiration rate of the crop so that to 
optimize water deficiency.

Chen et al. (2018), indicated plants are able to adjust their 
water equilibrium in response to salt stress. Plants adapt to 
osmotic stress principally by controlling transpiration and 
accumulating osmotic adjustment substances such as proline. 
The accumulation of these substances reduces the water 
potential and maintains the water absorption capacity under 
salt stress.

Regarding photosynthetic pigments, the lowest values of 
chlorophyll a (CA) and b (CB), at 30 DAAT, were verified in 
plants irrigated with water from level S1 - 0.10 dS m-1, obtaining 
the values 4.0 and 1.2 g kg-1 MS, respectively. Hence, lower value 
of total chlorophyll (TC), 5.2 g kg-1 DM, was observed in S1. 
Among the water salinity levels studied, the highest values of 
CA and CB were 5.8 and 2.1 g kg-1 DM, respectively, shown in 
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plants irrigated with S4 - 4.60 dS m-1. Hence, in S4 the highest 
value of TC, 7.8 g kg-1 DM, indicating an increase in TC of 50% 
in comparison with S1 (Figure 3e, f & g).

Similarly, the lowest carotenoid value was reported in 
plants irrigated with S1, scoring 1.2  g kg-1 DM, while the 
highest 1.7  g kg-1 DM value, was scored in plants under S4 
irrigation, showing 29% increase (Figure  3h). The increase 
in photosynthetic pigments at high water salinity levels may 
be related to the increase in the number of chloroplasts, 

suggesting the activation of a protective mechanism for the 
photosynthetic system in the plant (García-Valenzuela et al., 
2005). The increase in photosynthetic pigments tends to 
increase chlorophyll A in plants because of increasing salinity 
in the environment to maintain full growth and development 
and biomass accumulation (Graciano et al., 2011).

Thus, rocket plants cultivated with saline water irrigation 
might adopt a mechanism to tolerate salt accumulation in 
the cultural environment and overcome water deficiency. The 

Figure 3: Photosynthesis at 30 DAAT as a function of a) leaching fraction and b) photosynthesis at 30 DAAT and c, d) transpiration at 15 and 
30 DAAT and e) chlorophyll a, f) chlorophyll b, g) total chlorophyll and h) carotenoids at 30 DAAT in rocket plants treated with different salinity 
levels of irrigation water expressed in electrical conductivity (ECw)
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possible mechanisms adopted include reduction of stomatal 
conductance, transpiration, number of leaves and leaf area. 
Besides, the reduction in photosynthetic rate might result in 
a lower biomass production of the plant. This highlights the 
importance of adopting adequate management for irrigating 
rocket plants with saline water by using leaching fractions, which 
ensures greater agricultural productivity of the crop.

CONCLUSION

A leaching fraction of 10% combined with irrigation with water 
salinity levels ranging from 0.10 to 0.88 dS m-1 results in greater 
plant height, leaf area and dry mass of roots, shoot and total of 
rocket plants. The leaching fraction of 20% with irrigation water 
with salinity levels from 0.10 to 2.7 dS m-1 generates higher leaf 
number, aerial part fresh mass, root to aerial part ratio, stomatal 
conductance, at 15 and 30 days after application of treatments, 
respectively, and photosynthetic rate of rocket plants. Irrigation 
with the lowest water salinity level studied, 0.10 dS m-1, provides 
higher transpiration rate of rocket plants, at 15 and 30 days after 
application of the treatments. Irrigation with the highest water 
salinity level studied, 4.6 dS m-1 generates higher chlorophyll a, 
b and total (a + b) and carotenoids contents in rocket plants.
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