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Resumen 

Aunque el yodo no es considerado esencial en las plantas terrestres, su aplicación exógena se ha relacionado con la potenciación del 

metabolismo redox y una mayor tolerancia al estrés. La salinidad es un estrés recurrente que afecta la producción de una gran 

variedad de especies hortícolas como el tomate; el presente experimento se realizó bajo la hipótesis de que la aplicación de KIO3 100 

µM, puede funcionar como inductor de tolerancia al estrés salino. Los resultados desde la perspectiva univariante no fueron claron ni 

concluyentes. Sin embargo, desde la perspectiva multivariada, se encontró un aumento en la acumulación de yodo en el tejido foliar 

con los tratamientos KIO3 y KIO3 + NaCl, y correlación positiva con el potencial antioxidante. También se evidenció una correlación 

negativa con P, N y la altura. 

En las plántulas sometidas a estrés salino (NaCl y KIO3 + NaCl) se encontró correlación positiva con peso seco, peso fresco, número 

de hojas, ancho del tallo, así como con el Ca, Na y Cu, así como una correlación negativa con el contenido de Mg, K, Fe y Mn. Por 

tanto, la aplicación foliar de yodo ejerce efectos benéficos incrementando la tolerancia al estrés salino. 

Palabras clave: antioxidantes, elementos beneficiosos; cultivo; potencial redox. 

Abstract 

Although iodine is not considered essential in terrestrial plants, its exogenous application has been related to potentiation of redox 

metabolism and increased tolerance to stress. Salinity is recurrent stress, affecting the production of a great variety of horticultural 

species such as tomato plants; the present experiment was carried out under the hypothesis that application of 100 µM KIO3, can 

function as an inducer of tolerance to salinity stress. The results from the univariate perspective were not clear. However, from the 

multivariate perspective, it was found an increase in the accumulation of iodine in foliar tissue with the KIO3 and KIO3 + NaCl, and 

positive correlation with the antioxidant potential. A negative correlation with P, N, and height was also evidenced. 

In the seedlings that were subjected to salinity stress (NaCl and KIO3 + NaCl), a positive correlation was found with dry weight, fresh 

weight, number of leaves, stem width, as well as with Ca, Na and Cu, and a negative correlation with the content of Mg, K, Fe and 

Mn.  Therefore, the foliar iodine application exerts beneficial effects enhancing salinity stress tolerance. 

Keywords: antioxidants; beneficial elements; crop; redox potential. 
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INTRODUCTION 

To date, iodine is considered a nonessential nutrient for 

terrestrial plants because it is not directly required in their 

nutrition (Arnon & Satout, 1939). Nevertheless, the iodine 

content in plants increases when is applied exogenously as 

iodide, iodate, organic forms (CH3COOI, iodosalicylates, and 

others), either in nutrient solution or through foliar aspersion 

(Smoleń et al., 2019; Weng et al., 2008). Iodine uptake 

beneficially effects redox metabolism, probably acting as a 

moderate pro-oxidant, promoting non-enzymatic and enzymatic 

antioxidant synthesis, increasing tolerance to various adverse 

conditions (Gupta et al., 2015; Leyva et al., 2011; Medrano-

Macías et al., 2016). Additionally, it has been argued that iodine 

directly acts as an electron donor (an inorganic antioxidant), at 

least in the case of the superoxide radical (Küpper & Carrano, 

2019). Others have suggested that iodine was one of the first 

inorganic antioxidants used by photosynthetic organisms, that it 

is used in that capacity by marine algae during periods of 

oxidative stress, and that something similar could be occurring 

in terrestrial plants (La Barre et al., 2010; Venturi, 2011). 

However, iodine as a biostimulant, antioxidant metabolism 

promotor, and stress tolerance inducer is poorly documented. 

On the other hand, exogenous iodine applications for 

biofortification purposes have demonstrated that tomato plants 

grown in soil are capable of withstanding high iodine 

concentrations (up to 5000 µM) without severely affecting their 

growth and production (Kiferle et al., 2013). Tomato is an ideal 

candidate for biofortification, as it is one of the most widely 

consumed crops and, therefore, one of the most commercially 

important crops both in open field and greenhouse cultivation 

(SAGARPA, 2017). 

Salinity is the most common abiotic stress encountered during 

tomato production around the globe. High salt stress provokes 

osmotic imbalances, cell membrane disorganization, reactive 

oxygen species (ROS) overproduction, and photosynthesis 

inhibition, among other problematic effects (Parihar et al., 

2015). According to the FAO, there are approximately 110 

million hectares affected by high salinity, of which around 20–

30 million are considered severely damaged (FAO, 2009). The 

use of iodine as an inducer of salt stress tolerance could be a 

viable option for dealing with this type of global problem. The 

present study was carried out to explore that possibility, 

focusing on determining if the foliar application of KIO3 (100 

µM) on tomato seedlings modify their tolerance to the adverse 

effects generated by the presence of high salt stress during 

growth. 

MATERIALS AND METHODS  

The experimental work was carried out in a greenhouse (7 

m wide × 14 m long) with passive temperature control belonging 

to the Antonio Narro Agrarian Autonomous University 

(UAAAN) Department of Horticulture, located in the south of 

Saltillo, Coahuila, Mexico (25° 21’ 19” N, 101° 01’ 49” W) at 

1777 m.a.s.l. 

Plant material and sampling 

Tomato (Solanum lycopersicum L.) variety Rio Grande 

seeds were sown in 200-cavity polystyrene trays filled with peat 

moss-perlite mix (5:1) to a depth of 0.5 cm. The seedlings were 

transplanted 40 days after sowing (DAS)—when they had at 

least four leaves—to 10 L polyethylene pots filled with 1:1 peat 

moss-perlite mix. Fertilization was carried out with an automatic 

irrigation system dispensing nutrient solution (Steiner, 1961). 

The solution contained the following macroelement content: 

Ca(NO3).4H2O 2.25 mEq, KNO3 3 mEq, K2SO4 1.75 mEq, 

MgSO4
.7H2O 1 mEq, and KH2PO4 0.25 mEq. It also contained 

the following microelements: Fe 0.75 ppm, HBO3 0.125 ppm, 

MnSO4 0.175 ppm, ZnSO4 0.002 ppm, and CuSO4 0.005 ppm 

and electrical conductivity (EC) 2.0 mS cm-1 

The experimental design was completely randomized and 

consisted of four treatments with 20 replicates each one: control 

(1), KIO3 (2), NaCI (3), and KIO3 + NaCl (4). Each experimental 

unit was a single plant. Two weeks after transplanting, 100 µM 

iodine was sprayed on the plant foliage, ensuring that the adaxial 

and abaxial leaf sides were covered in solution yet not dripping. 

Salt stress was induced three weeks after transplanting by 

adding 100 mM NaCl to the irrigation solution (EC 7.5 mS cm-

1) (Zahedi et al., 2019). 

Plants were chosen for sampling at random, four weeks 

after transplanting, when they presented at least 7 leaves at the 

main stage 1 and sub-stage 17 of maturity, according to the 

BBCH maturity scale (Hack et al., 1992). Five plants per 

treatment were collected to evaluate growth parameters (height, 

stem diameter, leaf number, and plant fresh weight). For the 

evaluation of fresh weight, the plants were weighed on a digital 

balance (OHAUS), after all soil residue from the roots had been 

removed, and the results were recorded. Afterwards, the same 

plants were placed in a drying oven at 70 °C for 24 hours before 

being weighed again to record their dry weight. 

For the analysis of biochemical compounds, the leaves of 

five other plants per treatment were harvested. The harvested 

leaves were frozen and then lyophilized. The leaves from the 

five plants dried for the dry weight evaluation were 

subsequently used for the mineral analysis assays. 

Iodine content analysis 

Energy dispersive micro X-ray fluorescence (µ-EDXRF) 

was used to quantify the iodine in tomato´s seedlings leaves 

Assays were performed on an M4 Tornado micro-XRF 

spectrometer (Bruker). The x-ray generator was operated at 50 

kV and 100 µA with a 12.5A filter. The fluorescence radiation 

was detected using an XFlashTM silicon dispersion detector 

with a detection area of 30 mm2 and an energy resolution of 142 

eV. The results were expressed as mg I per kg dry weight (mg 

I/kg DW) (Shelor & Dasgupta, 2011). 
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Plant growth parameter evaluation 

Plant height was measured with a flexible tape from the 

plant´s base stem up to the apex. The plant stem diameter was 

measured at the base using digital Vernier calipers. All the 

foliole within each compound leaf were counted, and that 

number was recorded. 

Plant fresh weight (FW) was evaluated by removing 

growth media residue from the roots and then weighting the 

plants on a digital balance (OHAUS). Afterward, the same 

plants were placed in a drying oven at 70 °C for 24 hours. Once 

they reached a constant weight, that value was recorded as the 

plant dry weight (Cortés-Flores et al., 2016). 

Mineral content analysis 

A portion from the samples of dehydrated leaves (1 g) was 

measured out then placed in a glass beaker to which 30 mL of 

nitric acid was added. The samples were placed on a heating 

plate at 150 °C until the samples were clarified. The sample 

volume was adjusted to 100 mL with deionized water, then 

filtered on Whatman #1 paper (Helrich, 1990). 

The acid extraction samples were analyzed on an atomic 

absorption (AA) spectrophotometer (Varian Spectra FS-240). 

The content of K, Ca, Mg, Mn, Fe, Zn, and Cu were recorded. 

Nitrogen (N) content was determined according to the 

micro Kjeldahl technique (Muller, 1961). A sample of 

dehydrated tissue (50 mg) was weighed out, then added to a 

flask with 3 mL of digestion mixture. After digesting for 30 

minutes, the sample was transferred to a distillation tube, and 25 

mL of 50% sodium hydroxide was added. Boric acid (30 mL) 

and four drops of indicator solution were added to a beaker and 

mixed with the samples, resulting in light blue-green color. The 

samples titration was carried out, adding 0.025 N sulfuric acid 

drop-by-drop from a burette until a light rose color developed. 

The N content was determined from the volume of sulfuric acid 

spent. 

Phosphorus content was determined according to the 

aminonaphthlsulfonic acid (ANSA) technique. The acid 

digestion sample (1 mL) was placed in a test tube, along with 5 

mL of ammonium molybdate solution and 2 mL of ANSA. The 

test tubes were agitated then allowed to rest for 20 minutes. The 

treated samples absorbance was measured in a UV/Vis 

spectrophotometer (Thermo Genesys 102) at 650 nm (Peterson, 

1978). 

Antioxidant compound evaluation 

Determination of antioxidant capacity was performed on 

previously lyophilized leaves. A sample of lyophilized leaves 

(100 mg) was macerated, then placed in 2 mL Eppendorf tubes, 

to which 1.5 mL of phosphate buffer solution (pH 7.2) were 

added. The samples were agitated by vortexing for 20 sec, then 

sonicated for 10 min. The sonicated samples were centrifuged at 

12000 rpm, and then the supernatant was filtered through 

syringe filters (13 mm diameter, pore size 0.45 µm). After 

filtering, 50 µL of each sample was taken, placed in a microwell 

plate well, and had 50 µL of DPPH solution added. The 

microwell plate was left to rest for 15 minutes, then the 

absorbance at 530 nm was measured with a plate reader Biotek 

Elx 808, for the calibration Curve, Trolox was used (Tang et al., 

2010). 

Chlorophyll content in young, east-facing leaves was measured 

using the method described by (Munira et al., 2015). A sample 

of fresh vegetable material (1 g) was homogenized using a 

mortar and pestle. Acetone (90%; 5 mL) was added during 

homogenization. Magnesium carbonate (10 mg) was also added 

to the acetone extract. A portion of the acetone extract (2 mL) 

was transferred to an Eppendorf tube and centrifuged for 5 min. 

at 10,000 rpm and 2 °C. The supernatant was decanted, and its 

absorbance was measured at both 663 and 645 nm. Acetone 

(90%) was used as the blanking solution. Total chlorophyll 

content was expressed in µg g-1, and calculated using the 

following formulas: 

Chlorophyll a (µg g-1) = 25.38 × A663 + 3.64 × A645 

Chlorophyll b (µg g-1) = 30.38 × A645 – 6.58 × A663 

Total chlorophyll (µg g-1) = 18.8 × A663 + 34.02 × A645 

Statistical analysis 

Univariate Analysis. The obtained data were first subjected to 

analysis of variance (ANOVA). To determine the significance 

between means were used Fisher´s least significant difference 

(LSD), the level of significances was expressed for both 

analyses as *P≤0.05 and **P≤0.01. 

Multivariate Analysis. The statistical analysis was performed 

using principal components (PCA) obtained from the correlation 

matrix, thus reducing the dimensionality of the database, it was 

performed using the Infostat software package (2017 version). 

RESULTS 

Plant iodine content 

Table 1 shows the concentrations of accumulated iodine in 

tomato seedling leaves. The highest concentrations were found 

in the leaves of seedlings treated with KIO3. Those seedlings had 

an iodine concentration of 19.76 mg I kg-1 DW. Seedlings 

treated with KIO3 and then subjected to salt stress had iodine 

concentrations of 12.76 mg I kg-1 DW. The iodine concentration 

in control plants did not exceed the detection limit (0.1 ppm). 
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Table 1. Iodine accumulation in tomato seedling leaves. 

*Means with the same letter are not statistically different 

according to LSD analysis (p ≥ 0.05). Standard deviation is 

included. 

Tomato seedling growth 

The iodine application did not significantly affect the 

growth of tomato seedlings, including those seedlings that were 

also subjected to salt stress (Table 2). 

Table 2. Response of the growth in the different treatments 

Antioxidant capacity of tomato seedlings 

Table 3 contains the mean values of tomato seedling 

antioxidant capacity and chlorophyll content (a, b, and total) 

following each treatment. Based on the ANOVA and LSD 

statistical tests results, only chlorophyll b content demonstrated 

a significant increase in salt stress (KIO3 + NaCl and NaCl). 

Table 3. Response of tomato seedling biochemical variables in 

response to iodine and salt stress 

*Means with the same letter are not statistically different according to 

LSD analysis (p ≥ 0.05). Deviation standard is included. 

The Mineral content of tomato seedling 

The results from the macronutrient and micronutrient 

content analyses of tomato seedlings are shown in Table 4. 

Following statistical analysis of the results, there were no 

significant differences seen in N, P, Ca, and Mg content. Zn 

content was reduced after saline treatment but was not reduced 

when KIO3 and salt stress were applied. Sodium content was 

increased following all treatments involving salt stress. 

Iron content was reduced across all treatments (KIO3, 

KIO3+NaCl, and NaCl), while Cu content was increased in all 

the seedlings subjected to salt stress (KIO3 + NaCl and NaCl). 

There were no significant changes in Mn content across all 

treatments. 

Table 4. Response of mineral content in the different treatments 

Treatment 

Number 

Treatment Iodine concentration 

(mg kg-1 DW) 

1 Control 0.1c    ±0.001 

2 KIO3  19.76a ± 3.4 

3 NaCl 0.1c   ±0.001 

4 KIO3 + NaCl 12.76 b  ±5.3 
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        The univariate analysis did not indicate a strong impact in 

tomato seedlings by iodine or salt stress. However, to verify the 

hypothesis that iodine can function as an inducer of tolerance 

against salinity, an exploratory multivariate analysis by 

principal components (PC) was carried out. Through PC 

analysis it was possible to review whether the distribution of 

treatments and experimental variables on a Cartesian plane 

represented the data´s multidimensional distribution. 

After carrying out the analysis of all principal 

components, the dimensionality of 19 variables was reduced to 

two principal components (PC1 and PC2), which together 

explain 85.9% of the variance. PC1 alone captured 61.7% of the 

variance, and PC2 captured 24.3%. The magnitude and signs of 

the principal component coefficients are shown in Table 5. 

Based on those values, PC1 was interpreted as having a positive 

correlation with stem diameter, leaf number, plant fresh and dry 

weight, chlorophyll, calcium, copper, and sodium content. It 

also appeared to have a negatively correlated with plant height, 

nitrogen, potassium, magnesium, iron, zinc, and manganese 

content. On the other hand, PC2 had a positively correlated with 

iodine content and antioxidant potential and a negative 

relationship with phosphorous content. 

         A clear trend can be observed on the distribution of  

treatments within the biplot (Figure 1), right side is the seedling 

subjected to salt stress, with NaCl in the first quadrant (PC1 +, 

PC2 -) and KIO3 + NaCl in quadrant 2 (PC1 +, PC2 +). On the 

left are the seedlings without salt stress. Plants treated with KIO3

in quadrant 3 (PC1 -, PC2 +). The control plants can be seen in 

quadrant 4 (PC1 -, PC2 -). It can be seen how the controls are 

found towards the ends of PC1, while the seedlings treated with 

iodine can be found towards the center. Those plants that were 

treated with iodine and subjected to salt stress tend to separate 

from the NaCl treatment and cluster near the plants only treated 

with iodine. These results illustrate the mitigating impact of 

iodine application on salt stress. 

The coefficients and signs, shown in Table 5, were 

considered the positions in the biplot (Figure 1) when evaluating 

the relationships between the variables and experimental 

treatments. A positive correlation was found between the 

accumulation of iodine in leaves and antioxidant potential with 

the KIO3 and KIO3 + NaCl treatments. There was a negative 

correlation between seedling height, phosphorus content, and 

nitrogen content with those same treatments. 

For treatments involving exposure to salinity (NaCl and 

KIO3 + NaCl), a positive correlation was seen with stem 

diameter, leaf number, dry weight, fresh weight, chlorophyll 

content (a, b, and total), copper, calcium, and sodium content. 

Conversely, magnesium, potassium, zinc, iron, and manganese 

content a negatively correlated with those treatments. 

Thus, in this preliminary study, iodine´s application was 

generally observed to improve plant tolerance to the presence of 

salt stress. This was concluded from the treatment’s distribution 

tendencies following a multivariate analysis of all the 

experimental variables.  

Table 5. Correlation coefficients between evaluated variables 

and PC 

Variable PC 1 PC 2 

Height -0.87 0.48 

Stem 

diameter 

0.68 0.52 

Number of 

leaves 

0.86 -0.33 

Fresh weight     0.95 -0.05 

Dry weight    0.81 -0.02 

Antioxidant 

Potential     

-0.59 0.79 

Chlorophyll a 0.90 -0.42 

Chlorophyll a 0.85 -0.25 

Chlorophyll 

total 

0.90 -0.38 

N      -0.73 -0.48 

P        -0.35 -0.90 

K           -0.83 0.14 

Ca   0.72 0.34 

Mg -0.70 -0.65 

Fe        -0.89 -0.45 

Zn       -0.88 -0.31 

Mn            -0.81 -0.53 

Cu            0.85 -0.33 

Na         0.84 -0.14 

I -0.15 0.95 
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Figure 1. Biplot of principal components for growth, mineral 

elements, iodine, and biochemical variables of tomato seedlings 

treated with iodine in the presence and absence of salt stress. 

DISCUSSION 

The present study found an increase in foliar 

concentrations of iodine in tomato seedlings treated with the 

said element (KIO3 and KIO3 + NaCl) compared to the controls 

in both statistical analyses. This result is consistent with those 

previously reported. Foliar application of KI (22000 µM) 

resulted in alfalfa plants accumulating up to 2 mg iodine per 

kilogram of fresh weight (Altinok et al., 2003). This was also 

seen in other plant species, where the foliar application of 1.5 M 

KIO3 led to the accumulation of that element (0.5–1.5 mg I kg-1 

FW) in leaves (Lawson et al., 2016). Application of a 

micronutrient cocktail that included 2330 µM iodine resulted in 

variable iodine accumulation in wheat grains (0.36–0.633 mg I 

kg-1 grain), depending on location (Zou et al., 2019). 

In this study, the concentrations of iodine in tomato 

seedlings following foliar application of 100 µM iodine were 

19.7 mg I kg-1 DW in the absence of salt stress and 12.7 mg I kg-

1 DW with salt stress. The reported values varied greatly with 

those previously reported, though those differences could be due 

to the plant species. It has been demonstrated that the activity of 

iodine transfer factors is higher in leaf species than in grasses 

(Medrano-Macías et al., 2016). However, other factors such as 

the season during which the element is applied, the presence of 

surfactant, and the plant developmental stage, can also influence 

iodine transfer factors. 

The specific mechanisms through which iodine is absorbed 

via leaves are not fully elucidated, although it has been reported 

that plants can accumulate and metabolize this element in either 

its KI or KIO3 form (Golubkina et al., 2018), its absorption 

causes changes in the plant metabolism (Halka et al., 2019). An 

observation confirmed by the results obtained in the present 

work, where KIO3 application was positively correlated with 

improved antioxidant capacity, under both conditions. That 

change in antioxidant capacity indicates enhancement in the 

synthesis of low molecular weight, reducing molecules, mainly 

non-enzymatic antioxidants. Based on the chemical extraction 

method employed during analysis, those would be polar 

molecules such as reduced glutathione, ascorbic acid, and 

phenolic compounds (Kasote et al., 2015). The biosynthesis of 

such antioxidant molecules is generally increased when there is 

an overproduction of free radicals (Foyer & Noctor, 2013). 

Unfortunately, more detailed information of iodine´s effect 

on redox metabolism and stress tolerance is scarce within the 

literature, even more so for its effects following foliar 

application (Medrano-Macías et al., 2016). Increases in the 

antioxidant potential, ascorbic acid content, and total phenolic 

compounds in Brassica juncea L. plants were observed 

following foliar application of KI (6 mM) (Golubkina et al., 

2018). Similarly, applying 0.2% KI to radish plants increased 

their ascorbic acid content (Strzetelski et al., 2010). However, 

the authors of that study note that more research into the effects 

of iodine on antioxidant metabolism and its action mechanisms 

is required. 

On the other hand, experiments on the enrichment of the 

legume Pisum sativum L. managed to increase the 

concentrations of iodine in various plant tissues following foliar 

application of KI and KIO3 (1000 mg L-1). However there were 

no observed changes in the concentrations of anthocyanins or 

glutathione antioxidant (Jerše et al., 2018). The observed 

phenomena could be related to iodine´s oxidoreductive capacity, 

since it can behave either as an electron acceptor or donor 

(Küpper et al., 2008; Venturi et al., 2002). In this case, iodine is 

probably acting as a moderate pro-oxidant in that it did not have 

adverse effects on plant growth but did lead to an increase in the 

antioxidant potential of plants treated with KIO3. 

Plants subjected to salt stress, either with or without iodine 

treatment (NaCl and KIO3 + NaCl), demonstrated a growth 

increase compared to control plants. That improvement could be 

linked to the increase in chlorophyll content (a, b, and total). The 

preferential accumulation of iodine and chlorine in chloroplasts 

when those elements reach foliar tissue has been reported 

(Eichert & Fernández, 2011; H.-X. Weng et al., 2008). The 

effects on growth could also be coupled to the positive 

correlations with calcium and copper content. The mechanisms 

through which iodine absorption antagonizes or synergizes with 

other essential elements are not fully understood. The existing 

research has focused on the radicular uptake process, and what 

has been seen are significant changes in the redox metabolism 

of the surrounding environment, affecting the bioavailability of 

some essential elements, such as manganese, copper, and iron 

(Venturi, 2011). When iodine is present as KIO3, it is reduced 

by nitrate reductase, thus competing directly with the process of 

nitrate uptake (Kato et al., 2013). 

The uptake of minerals via aerial plant tissues occurs 

mainly through cuticle pores rather than stomata. Translocation 

of minerals from the aerial tissues down to the roots has been 

observed when the mineral root concentrations in question are 

lower than the aerial tissue concentrations (Clarkson & 

Scattergood, 1982). A similar translocation may be occurring 

from the tomato leaves to the roots, and that is where the 

aforementioned oxidoreductive changes are potentiating the 

absorption of calcium and copper. 

As for the negative correlation between salt stress and the 

content of Mg, K, Zn, Fe and Mn, that could be linked to the 
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osmotic and ionic imbalances caused by excess Cl- and Na+

(Acosta-Motos et al., 2017). However, it is worth mentioning 

that the negative relationship was not reflected in the 

physiological parameters evaluated. A similar finding was found 

by Smolen and Sady 2012 (Smoleń & Sady, 2012) in lettuce 

plants, where they argue that this phenomenon is likely due to a 

series of additional factors as the added salt dose, chemical 

composition, growth medium, and environmental factors.  

CONCLUSIONS 

It is concluded that the foliar iodine application provides the 

potential to achieve an increase in tolerance to salinity stress. 

Which gives the guideline to extrapolate the experiment to other 

horticultural species in different stages of maturity. 
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