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ABSTRACT

The use of salt stress attenuators is considered an important tool to minimize the deleterious effects of salts. However, its
application to chives (Allium schoenoprasum L.) has not been studied. This study aimed to evaluate the induction of salt
stress tolerance in chives plants in relation to growth and enzymatic reactions, when subjected to different salinity levels of
the nutrient solution, after acclimation of seeds with hydrogen peroxide (H>O») for 24 h. The experiment was conducted in
a greenhouse, where chives seeds were acclimated by H>O, at concentrations of 0.0, 0.15,0.30, 0.45 and 0.60 mmol. After
germination, the plants were cultivated in hydroponic system with electrical conductivities of 1.0,2.0,3.0,4.0and 5.0dS m™.
Plant height, length and number of leaves, H,O» content, malondialdehyde and catalase (CAT) activity were evaluated in
chives plants. The increase in the salinity of the nutrient solution up to 5 dS m™ reduced by 5.88%, 17% and 9.63% plant
height, leaf length and number of leaves, respectively. It was observed that the acclimation of chives seeds with H,O» at
0.45 mmol g fresh mass in plants that were cultivated in nutrient solution of 3.73 dS m led to maximum CAT activity,
minimizing the deleterious effects of nutrient solution salinity on plant growth.
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INTRODUCTION

Chives (Allium schoenoprasum L.) are a vegetable grown in different regions of the world, being very popular in Brazil,
used as a condiment in the preparation of varied dishes, such as soups, meats, fish and roasts (Simdes et al., 2016). Chives
have anticancer, antioxidant, anti-inflammatory and antithrombotic properties (Aslam et al., 2017).

In addition to the benefits for health, this vegetable contributes to the social development of small farmers, since its
cultivation uses family labor (Gama et al., 2016). However, its production in northeastern Brazil can be reduced due to
rainfall irregularity. Another limiting factor is that the water from the water bodies of the region contains high levels of
salts, which can reduce crop yield (Holanda et al., 2016).

The reduction in yield results, in particular, from the salts present in irrigation water, which cause limitations to
agricultural production due to the osmotic effects, oxidative stress and toxicity that in extreme cases lead to plant death
(Taiz et al., 2017). In addition, gas exchange is also affected due to the decrease in the osmotic potential of the nutrient
solution (Dias et al., 2016).

In view of the aspects addressed, it is necessary to search for technologies adapted to the local reality. In this context,
hydroponics presents itself as an alternative for the use of lower quality water, because hydroponic cultivation reduces
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the effects of salts on plants when compared to soil cultivation, due to the absence of matric potential and its state of
saturation, increasing the free energy of water and facilitating its absorption by the plant (Silva Junior et al., 2019).

Another technique that can minimize the deleterious effects of salts present in irrigation water or hydroponic solution is
the acclimation of seeds with hydrogen peroxide (H>O>) to induce tolerance to salt stress, because it can act as a signaling
molecule (Amooaghaie and Tabatabaie, 2017), triggering mechanisms that significantly increase the levels of enzymatic
and non-enzymatic antioxidants, which act against oxidative stresses (Javed et al., 2018).

Although H,O, may act as a stress signal, it is not yet possible to state what are the critical levels of reactive oxygen
species (ROS), mainly H,O», that lead to signaling or oxidative damage (Cerny et al., 2018).

Given the relevance of the theme, the objective of this study was to evaluate the induction of salt stress tolerance in
chives (Allium schoenoprasum L.) in relation to growth and enzymatic reactions, when subjected to different levels of
salinity in the nutrient solution, after acclimation of seeds with hydrogen peroxide for 24 h.

MATERIALS AND METHODS

The experiment was carried out in a greenhouse belonging to the Academic Unit of Agricultural Engineering of the
Federal University of Campina Grande (UFCG), located in Campina Grande (7°13°11” S, 35°53°31” W; 550 m a.s.l.),
Paraiba, Brazil.

Inside the greenhouse, a digital thermo-hygrometer was installed to record daily maximum, mean and minimum air
temperature (°C) and relative humidity (%) throughout the chives (Allium schoenoprasum L.) cultivation cycle. During
the experiment, mean values of air temperature and relative humidity were 24 °C and 72%, respectively.

The experimental design was randomized blocks, analyzed in a 5x5 factorial scheme, with 3 replicates, totaling 75
experimental units. The experimental unit consisted of three plants, spaced by 0.20 m within each hydroponic PVC
profile, distributed on five benches, totaling 225 plants.

The hydroponic system used was composed of 15 PVC tubes, nutrient film technique (NFT type), low-cost, modified
according to the methodology of Silva Junior et al. (2019), solution flows three times a day, at 4 h interval. During the
night, there was no circulation of the nutrient solution, since the coconut fiber used as a substrate provided retention
without impairing the development of plants, this procedure was used by Silva Junior et al. (2019).

Two plants were left as border, the first one and the last one inside the PVC pipe. The treatments were arranged in a
factorial scheme with split plots corresponding to five levels of salinity in the nutrient solution as the main plot (S1-S5:
1.0,2.0,3.0,4.0 and 5.0 dS m’, respectively, at 25 °C) and, as the subplots, five concentrations of hydrogen peroxide
(H202;0.0,0.15,0.30, 0.45 and 0.60 mmol) used as priming in chives seeds.

Seeds were soaked in 40 mL H,O; solution for 24 h. Seeds of chives ‘Todo Ano Evergreen - Nebuka’ were used
because it is one of the most cultivated in the Brazilian semi-arid region. After acclimation (priming), sowing was carried
out in germination trays filled with commercial substrate (processed barks, expanded vermiculite, processed turf and
granulated charcoal, Plantmax), which were irrigated twice a day and kept in a greenhouse.

When seedlings were 15 d old, they were transplanted into the hydroponic system, placed in 180 mL plastic cups,
perforated on the sides and bottom, filled with coconut fiber as a support substrate, and placed within the hydroponic
profiles, whose standard nutrient solution (0.9 dS m) for all salinity levels followed the recommendations of Furlani et
al. (1999) for leafy vegetables. For the solution to reach the salinity levels recommended in this study, NaCl was added,
following Equation 1, according to Richards (1954):

C =640 x ECs (1)
where C is concentration of the salt in the solution (mg L"), ECs is electrical conductivity of the solution (0.9 dS m™) and
640 is the correction factor of mS cm™ to mg L.

At 90 d after sowing, growth variables were evaluated: plant height (PH) measured with a graduated ruler (cm) from
the plant collar region to the apex of the main stem; number of leaves (NL) by direct counting; and leaf length (LL) with
a graduated ruler (cm).

For biochemical evaluation, lipid peroxidation was determined by quantifying thiobarbituric acid reactive species
(TBARS), as described by Cakmak and Horst (1991) with some adaptations, that is, about 100 mg fresh mass (FM)
were macerated with 2 mL 0.1% trichloroacetic acid (TCA). Aliquots were composed by the reaction of 0.5% (w/v)
thiobarbituric acid (TBA) and 10% (w/v) TCA and incubated at 90 °C for 40 min, with interruption of the reaction by rapid
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cooling in an ice bath. The extracts were centrifuged again, for bleaching and ensuring absence of interfering agents. The
absorbance of the sample was determined at 532 nm, in triplicate, and to obtain the values of net absorbance, the value
was subtracted from the nonspecific absorbance at 600 nm. Lipid peroxidation by malondialdehyde (MDA) quantification
was expressed in nmol MDA g' FM.

Catalase (CAT) activity was quantified according to Cakmak and Horst (1991) with adaptations. Aliquots of 0.15 mL
enzyme extract were added; CAT activity was determined by spectrophotometry through the reduction in the absorbance at
240 nm for 1 min, monitored by H>O» consumption, in triplicate. One unit of CAT activity was defined as the degradation
of 1 uM H»O; for 1 min.

The molar extinction coefficient (¢) used in the calculations for this enzyme was 39.4 mM™' cm’!, and expressed as
mmol H>O, min"' g' FM.

The content of H,O; in plant tissue was determined according to the methodology of Velikova et al. (2000). About
500 mg frozen fresh material were macerated in acidic solution composed of 2 mL TCA at 0.1% (w/v) and centrifuged
at 10000 rpm for 10 min at 4 °C, in test tubes containing potassium phosphate buffer at 10 mM (pH 7.0) and potassium
iodide. Subsequently, H>O, concentration was measured at 390 nm absorbance, in triplicate, and the H>O, content was
calculated by a standard curve of H,O, previously established, expressed in pmol g' FM.

Data that showed significant effects of treatments were described by linear and quadratic polynomial regression
(individual factors and interaction between factors) and by the response surface model (in the case of interaction
between factors).

The results of the interaction between factors were presented in the form of response surface (z = a + bx + cx? + dy
+ ey?) only for equations with graphical fits with regression coefficient (R?) greater than 0.60. For lower R? values in the
response surface model, the interactions were represented by linear and quadratic polynomial regression.

Statistical analyses (Shapiro-Wilk and F test) were performed using the statistical program Sisvar version 5.6 (Ferreira,
2014). Table Curve 3D software (Silva et al., 2019) was used to fit the response surface models.

RESULTS AND DISCUSSION

The summary of ANOVA for plant height (PH), number of leaves (NL) and leaf length (LL) of chives plants subjected to
different levels of salinity in the nutrient solution after acclimation of seeds with H>O» is shown in Table 1.

It can be observed that the different salinity levels of the nutrient solution significantly affected PH, NL and LL at 1%
probability level by the F test. Priming with H>O» did not significantly influence these variables. It was also verified that
the interaction between salinity levels (SL) and H>O, concentrations (HPC) (SL x HPC) had no effect on PH, NL and LL.
(Table 1).

The increase in nutrient solution salinity negatively affected PH, where the maximum (55.1 cm) was obtained with
1 dS m™. The maximum salinity studied (5 dS m™) caused a 5.88% reduction in PH compared to the lowest SL in the
nutrient solution, and the reduction per unit increase of salinity was 0.63% (Figure 1A). This reduction can possibly be

Table 1. Summary of ANOVA and means for plant height (PH), number of leaves (NL) and leaf length (LL) of chives
plants subjected to different levels of salinity in the nutrient solution after acclimation of seeds at different concentrations
of hydrogen peroxide (H,0,).

Mean squares

Sources of variation DF PH NL LL
cm cm
Salinity levels (SL) 4 89.07%* 2.02%* 213.31%*
H,0, concentrations (HPC) 4 16.34ns 0.35ns 13.66ns
Interaction SL x HPC 16 18.12ns 0.19ns 20.00ns
Block - 7.14 0.19 12.19
Residual - 15.93 0.28 16.64
Overall mean - 5391 4.90 35.40
CV, 1% - 5.54 9.35 9.97
CV, 2% - 7.40 10.84 11.52

*, **Significant at 5% and 1% probability level by F test, respectively; ns: nonsignificant.
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Figure 1. Means of plant height (A), number of leaves (B) and leaf length (C) of chives plants at 90 d after planting as a
function of the different salinity levels of the hydroponic solution.

A B . B s
_ 57 {1 PH=-0811"EC +55.94 PR e L I
856 R:=0.7 g, g
= 55 @, =
RV S, | NL =-0.1171EC3+0.5829EC+4.524
£ 53 o e £ R?=0.7903
= 2 e 2 2
RS e o £
~ 51 Zz 1
50 ; ; ; . 0 : : . ,
1 2 3 4 5 1 2 3 4 5
Salinity levels (dS m™) Salinity levels (dS m)
C 50
g 40 o ®
£ g
ﬁ 30 | @ ., ®
El
2 20 { LL=-1689°EC +40.279
S R?=0.65
S 10
0 ; : . .
1 2 3 4 5

Salinity levels (dS m™)

explained by the decrease in the plant’s energy consumption for the synthesis of osmotically active organic compounds
necessary for compartmentalization processes in the regulation of the transport of ions that influence plant growth and
development (Liu and Jiang, 2015).

Silva Junior et al. (2019), when studying chives grown in hydroponic system with different SL in the nutrient solution
(at different circulation frequencies), also observed reductions in PH, regardless of the frequencies of circulation of the
evaluated solution, corroborating the data obtained in this study.

Paulus et al. (2012), evaluating lettuce cultivation in nutrient film technique (NFT) hydroponic system with the use
of saline water to prepare the nutrient solution and replace the daily evapotranspired depth, observed that the increase in
water salinity linearly reduced lettuce growth. The reduction in PH can be attributed to stomatal closure, gas exchange
reduction, as a result of a decrease in the absorption of water and nutrients by plants, which results in a reduction in growth
(Taiz et al., 2017).

The mathematical model that best fitted to NL data was quadratic (Figure 1B), and the maximum was reached at 2.48
dS m™, corresponding to approximately five leaves. The reduction in this variable was equal to 9.62% between the nutrient
solution SL that led to maximum NL and the highest level studied.

This result is similar to those found by Silva et al. (2014), who studied the initial growth of A. fistulosum under different
levels of irrigation water salinity under soil conditions and obtained the highest NL using irrigation water with salinity of
2.1 dS m", with a production of seven leaves per plant. It can be noted that, although the experiments were conducted in
soil and hydroponic environments, SL that led to maximum NL were similar.

Oliveiraetal. (2013), studying the cultivation of arugula in a semi-hydroponic system with coconut fiber under different
SL in the nutrient solutions, verified a reduction in NL as salinity increased. The reduction in NL can be attributed to the
mechanisms of adaptation of the plant to salt stress, reducing the transpiring surface, aiming at reducing water loss and
maintaining high water potential in the plant (Nobre et al., 2014).

For leaf length (LL) at 90 d of cultivation (Figure 1C), the model that best fitted was linear. From nutrient solution
salinity of 1 dS m™', LL decreased by 4.12% per unit increase in salinity, and the difference between the highest and lowest
SL was 17%.

The reduction in plant development, that is, reduction in processes involving cell division in plants under salt stress, can
be attributed to changes in the allocation of photoassimilates (Taiz et al., 2017), due to the increase in energy consumption
processes, such as osmotic adjustment and active transport of ions resulting from excess salts in the plant, leading to
significant reductions in cell differentiation and affecting plant growth.
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The summary of ANOVA for H>O,, CAT and lipid peroxidation (LP) of chives plants under different SL of nutrient
solution after acclimation of seeds in H>O, for 24 h is shown in Table 2. There was a significant effect of SL of the nutrient
solution at 1% probability level by the F test for HPC in leaves, CAT and LP determined by MDA quantification (Table 2).

The H,O; concentrations used in seed acclimation caused significant effect at 1% probability level on CAT and LP.
There was also an effect of the interaction between SL of the nutrient solution and H,O, concentrations used in seed
acclimation at 1% probability level on HPC in leaves, CAT and LP quantified based on MDA concentration (Table 2).

The HPC in plant tissue (H2O; in the plant) as a function of the interaction between SL of nutrient solution and H>O»
concentrations applied to the soaking of chives seeds at 90 d after sowing was modeled by the response surface (R*=0.62)
(Figure 2). It can be verified that HPC in plant tissue increased progressively with the salinity of the nutrient solution.

It can also be noted that plants grown at 1 dS m™, whose seeds were acclimated by H,O» (0.60 mmol), showed higher
HPC in their tissue. On the other hand, plants that were subjected to the highest SL of nutrient solution, 5 dS m™', whose
seeds were not acclimated (0.0 mmol H,O») had lower production of H,O; in plant tissue (Figure 2).

Itis observed that, when chives were subjected to the highest SL in the nutrient solution (5 dS m™) after being acclimated
in H>0, (0.60 mmol), the HPC in their tissue was 0.0804 mmol g! FM (Figure 2), which is the highest HPC found among
the studied treatments.

These results differ from those found by Sun et al. (2016), who studied the mode of action of the exogenous application
of H,O» in cucumber crop subjected to environmental stress and observed that plants sprayed with H>O» obtained lower
HPC in their tissue compared to those that were not sprayed.

Table 2. Summary of the ANOVA and means for hydrogen peroxide (H,0>), catalase (CAT) and lipid peroxidation (LP)
in chives plants grown in different saline solutions in hydroponic system after 90 d of cultivation.

Mean squares

Sources of variation DF H>0» CAT LP
mmol g' FM mmol H,O; min"! g' FM mmol g' FM
Salinity levels (SL) 4 0.040312%* 0.001130%* 2.756767%*
H,0, concentrations (HPC) 4 0.001651ns 0.001231%* 15.618786%**
Interaction SL x HPC 16 0.007797%* 0.001265%* 5.324301%*
Block 2 0.001498ns 0.000034ns 0.003385ns
Residual - 0.000717 0.000135 0.134325
Overall mean - 0.1410872 0.0352533 5.5965591
CV, 1% - 18.98 3295 6.55
CV, 2% - 20.01 23.22 7.35

*, **Significant at 5% and 1% probability level by F test, respectively; ns: nonsignificant.

Figure 2. Hydrogen peroxide (H20:) content in chives leaves grown in nutrient solutions with different levels of salinity
(SL) in hydroponic system and different HO: concentrations (HPC) after 90 d of cultivation.

H,0, content = 0.2254 — 0.029%* SL + 0.0004 H,0,
R’=0.62
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H»0; in plant tissue, when at low concentrations, can perform functions as an enzymatic activator that will aid in the
acclimation to stress, functioning as a signaling molecule in plants under biotic and abiotic stresses, acting on stomatal
opening and closure, tolerance to oxygen deficiency, senescence, photosynthesis and cell cycle control (Cerny et al., 2018).

Thus, it can be noted that the accumulation of H>O» in plant tissue under salt stress conditions triggered the mechanisms
that significantly increase the contents of enzymatic and non-enzymatic antioxidants, which act against the stress caused
by nutrient solution salinity (Javed et al., 2018).

Thus, it can be inferred that, as there was accumulation of H,O, at all SL of nutrient solution, the use of H>O; in seed
acclimation may have induced tolerance in chives. As a result, no severe effects were observed on the characteristics
linked to plant growth.

Hajivar and Zare-Bavani (2019), evaluating the effects of H,O» and nitric oxide (NO) application to minimize damage
caused by salt stress (NaCl at 0, 2.5, 5.0 and 10.0 dS m™) in tomato, verified that the application of both HO, and NO
attenuated salt stress and increased photosynthetic activity, leading to an increase in plant growth under stress conditions.

Besides acting as a signaling molecule, changes in HPC in plant cells can be an indicator of the structural integrity of
the membrane in plants subjected to environmental stress (Shahid et al., 2018), because membranes are generally the first
target of abiotic stresses.

At high levels of reactive oxygen species (ROS) in cells, oxidative stress occurs, resulting in the production of lipid-
derived radicals (Rossatto et al., 2017). The main product derived from peroxidation is MDA, which causes membrane
deterioration during stress (Kumar et al., 2018).

For LP, it was observed that seeds that were not acclimated with H>O, (0.0 mmol) when subjected to 5 dS m™ in the
nutrient solution showed greater damage to the membrane with peroxidation on the order of 6.64 mmol MDA g' FM
(Figure 3). This is because, under stress conditions, there is an increase in the production of ROS, resulting in electrolyte
leakage, which results in membrane damage. Similar results were obtained by Khan et al. (2015), who observed that the
percentage of electrolyte leakage was higher as the SL in nutrient solutions increased compared to plants that were not
subjected to salt stress.

Gohari et al. (2019), evaluating the effects of the interaction between H,O, and sodium nitroprusside used as priming
to mitigate salt stress in basil (Ocimum basilicum), found that plant acclimation minimized cell damage, with significant
reductions in MDA content under saline conditions, which were higher when compared to plants that did not receive
priming. These authors observed the relationship between salinity and LP, and found that plants irrigated with the saline
nutrient solution of 5 dS m™ showed a significant increase in MDA content compared to the control.

Figure 3. Level of lipid peroxidation (LP) in the leaves of chives grown in nutrient solutions with different salinity levels
(SL) in hydroponic system and different hydrogen peroxide (H,O:) concentrations (HPC) after 90 d of cultivation.

LP=5.818 - 0.0239* HPC + 0.165* SL
R?=0.68
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Tayebi-Meigooni et al. (2019), working with Chinese kale (Brassica oleracea L. var. alboglabra (L.H. Bailey) Musil)
cultivated in hydroponic system with saline nutrient solutions at 0.0, 2.5,5.0,7.5 and 10 dS m™, verified that the increase
in salinity causes an increase in HPC and LP in plant tissue.

Other authors have also found that salt stress increases the contents of H,O, and MDA (Daneshmand et al., 2010). This
finding corroborates the data obtained in the present study, reaffirming that the increase in salinity of the nutrient solution
can cause salt stress in plants. However, when plants are acclimated in particular using H,O» as priming, they can trigger
reactions that promote tolerance to the stress caused by salts present in the cultivation system.

When determining CAT activity as a function of the different salinity levels of the nutrient solution associated with the
acclimation of seeds in H>O, (Figure 4), it was noted that the maximum production of the enzyme occurred at 3.75 dS m!
in the nutrient solution when seeds were acclimated with 0.45 mmol H,O», with the maximum production of the enzyme
obtained at 25.21 mmol H,O, min" g'' FM (Figure 4).

Similar results were found by El-Banna and Abdelaal (2018), studying the effects of durations of immersion in H>O,
(1 and 2 h) on the roots of strawberry grown in hydroponic units with saline nutrient solutions at 0.0, 3.4 and 6.8 dS m™'.
These authors observed that root immersion for 1 h resulted in increased growth rates and photosynthetic pigment content,
reduction in electrolyte leakage, and increased enzyme activity, including CAT, compared to plants immersed in distilled
water, mitigating the effects of salinity.

Tayebi-Meigooni et al. (2019), studying Chinese kale grown in a hydroponic system under different salinities of
nutrient solution, state that the increase in salt stress increased the activity of CAT. It was also reported by Freitas et al.
(2019), who evaluated lettuce (Lactuca sativa L.) cultivated in hydroponic system with saline nutrient solutions at 0 and
4.0 dS m NaCl with three levels of foliar fertilization (0.0, 1.5 and 3.0 g L") and observed that CAT activity increased as
salinity increased. It is still possible to state that this enzyme acts in mechanisms of the induction of salinity tolerance.

This enzyme is related to the activity of a complex antioxidant system whose function is to protect cells from damage
caused by ROS (Rossatto et al., 2017). Through the activity of CAT, there is a decrease in the concentration of H,O, and
mitigation of LP in plant cells (Chen et al., 2016). The ability of a plant to tolerate salinity may be related to the balance
between the production of ROS and the activation of its antioxidant defense system.

According to Gammoudi et al. (2020), acclimation with H,O, modulates the activities of the enzymatic system,
regulating the transcription levels of the corresponding genes, reducing oxidative stress damage and increasing salinity
tolerance.

Figure 4. Catalase enzyme (CAT) activity in the leaves of chives grown in nutrient solutions with different salinity levels
(SL) in hydroponic system and different hydrogen peroxide (H>0:) concentrations (HPC) after 90 d of cultivation.

CAT = 0.0116 + 0.0006*HPC + 0.012+SL - 0.00004022*SL? — 0.016** HPC*SL
R2=10.62

Catalase (CAT)
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CONCLUSIONS

The use of hydrogen peroxide as priming in chives seeds induced plant tolerance to salt stress, minimizing the deleterious
effects of nutrient solution salinity on growth. Acclimation of chives seeds with hydrogen peroxide at 0.45 mmol in plants
grown in nutrient solution with salinity of 3.73 dS m™ led to maximum activity of the catalase enzyme, reducing the
severity of the environmental stress.
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