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ABSTRACT

Seed priming with ultraviolet light is considered an effective seed treatment method that can promote
synchronized germination and development, contributing to better performance in mitigating the
negative effects caused by abiotic stress. The objective of this study was to analyze the effects of
conditioning maize seeds with UV-C light under salinity-induced stress. Seeds were exposed to two
doses of UV-C and sodium chloride. The seeds were sown on germitest paper, and the rolls were kept in
a germination chamber (25 £2 °C and 12 h photoperiod). Germination and seedling growth parameters
were evaluated. The high salt concentration resulted in a lower percentage of germination and initial
seedling growth. Pre-exposure of maize seeds to UV-C radiation proved to be effective in mitigating the
deleterious effects of excess salt on both seed germination (3.42 k] m?) and seedling growth (0.85 and
3.42 k] m2). Therefore, it can be concluded that the application of UV-C light to condition maize seeds
may be a promising strategy to mitigate the adverse effects of high salt concentrations.
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RESUMO

O priming de sementes em luz ultravioleta é considerado um método eficaz no tratamento de
sementes, podendo promover a germinacao e o desenvolvimento sincronizados, contribuindo para
um melhor desempenho na mitigacdo dos efeitos negativos causados por estresses abiodticos. Assim,
este estudo teve como propdsito analisar o impacto do condicionamento de sementes de milho com
luz ultravioleta-C sob estresse induzido por sal. As sementes foram expostas a duas doses de UV-C
e cloreto de sddio. A semeadura ocorreu em papel germitest e os rolos foram mantidos em camara
de germinagdo (25 +2 °C e fotoperiodo de 12 horas). Foram avaliados pardmetros de germinagdo e
crescimento das plantulas. A alta concentracdo salina resultou em menor percentagem de germinacao
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e crescimento inicial das plantulas. A pré-exposi¢dao das sementes de milho a radiacao UV-C mostrou-se
eficaz na atenuacao dos efeitos prejudiciais do excesso de sal, tanto na germinacdo das sementes (3,42
k] m2) quanto no crescimento das plantulas (0,85 e 3,42 k] m). Assim, pode-se concluir que a aplicacdo
de luz UV-C no condicionamento das sementes de milho pode ser uma estratégia promissora para
mitigar os efeitos adversos decorrentes de altas concentrac¢fes de sal.

Palavras-chave: Condicionamento; Germinacdo; Radia¢do; Salinidade; Ultravioleta; Zea mays

1 INTRODUCTION

There is a growing interest in studying the effects of ultraviolet (UV) radiation on
plants, considering the morphological, physiological, and biochemical effects that can
affect their development. Initially, UV radiation was applied to microorganisms because
of its germicidal power (Tran et al., 2022). However, recently, a new conditioning
technique using C-band ultraviolet radiation (UV-C) on dry seeds has been implemented
(Sadeghianfar et al., 2019; Alamer & Attia, 2022).

Due to its energy, UV-C exposure requires treatment times in the order of
minutes (Alamer & Attia, 2022). Several studies indicate that UV-C seed priming has
been adopted as an alternative to reduce the negative effects of high salt concentrations
and increase crop productivity (Ouhibi et al., 2014; Xu et al., 2019; Alamer & Attia, 2022;
Hossinifarahi et al., 2022; Atta et al., 2023; Fgaier et al., 2023; Stefanello et al., 2024).

Population growth requires increased cereal consumption and intensification
of productivity. Soil degradation because of abiotic pressures such as salinity leads to
poor agricultural production, exacerbating the problem (Islam et al., 2022). In addition,
the intensification of climate change, inadequate irrigation, heavy metal toxicity,
high concentrations of ions (Na* and Cl), lack of nutrients, and human intervention
have become major factors in the degradation of agricultural systems and decline in
productivity (Bailey-Serres et al., 2019; Sinha et al., 2021). The undesirable effects of
salt stress on plants result in low germination percentage, stunted growth, inhibition
of photosynthesis, oxidative stress, loss of electrolytes, and disorganization of cell

membranes (Ji et al., 2022; Hannachi et al., 2022).
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Maize plants undergo various physiological changes due to osmotic stress,
toxicity of certain ions, and nutrient imbalance caused by excess salt (Islam et al.,
2024). Maize (Zea mays L.) is an important species of the Poaceae family adapted to
diverse environments in tropical and temperate regions of the world (Richard et al.,
2021). Its grains are used for human and animal consumption and as a raw material
for industry. It is native to the Americas and is cultivated in Africa, Central America, and
other Asian countries. After rice and wheat, it is the most significant cereal in the world
in terms of area and total production (Kaul et al., 2019), contributing 52% to the global
human diet (FAO, 2019).

The species is salt intolerant (glycophyte), lacking the necessary biochemical
mechanisms to cope with salt stress and unable to regulate the entry of ions into the
xylem at salinity higher than 4 dS m™ at advanced stages of development (Munns &
Tester, 2008; Flowers & Colmer, 2015). As a result, the plant can experience a 50-80%
decrease in productivity at salinity between 4-8 dS m™ (Zorb et al., 2019).

Salt stress is a serious threat to agriculture because it significantly affects the
growth, physiological functions, and yield of maize by negatively affecting various
developmental stages, including seed germination, vegetative, and reproductive
stages (Islam et al., 2024). However, little information is available on the conditioning
of maize seeds with ultraviolet light under high salinity conditions, as most previous
research has only analyzed the isolated effects of specific factors. Therefore, based on
the hypothesis that exposure of seeds to UV-C radiation prior to germination could
increase seedling tolerance to excess salt, the aim of this study was to evaluate the

effect of conditioning maize seeds with UV-C light under salt-induced stress.

2 MATERIAL AND METHODS

For the physiological conditioning of the corn seeds, a box equipped with a 20

W UV-C lamp (Philips TUV 15WG15T8) was used, following the methodology adapted

Ci. e Nat., Santa Maria, v. 47, e89295, 2025



4 | Corn seed conditioning with ultraviolet light to mitigate salt stress

by Stefanello et al. (2023). The intensity of 2.5 W m~ was measured in the central area
with a radiometer (Lutron UV-C 254 model). The lamp was placed at a distance of
34 cm from the seeds. Exposure to UV-C light was at doses of 0.85 and 3.42 k] m?,
corresponding to 5.5 and 22.5 minutes, respectively. For comparison, unirradiated
maize seeds were used as a control.

After conditioningateach UV-Cdose, themaize seedswerespread ongermination
paper moistened with distilled water or saline solution (100 mM sodium chloride -
NaCl). Paper rolls containing four replicates of 50 seeds each were prepared and kept
in a germination chamber (25 + 2 °Cand 12 hours of light). The evaluations were carried
out on the 4th (first count) and 7th days (germination), according to the method, which
was adapted from Brasil (Ministério da Agricultura, Pecuaria e Abastecimento, 2009).

On the fourth day after sowing, the average seedling length (cm) was recorded
using ten normal seedlings from each replicate. The ten seedlings were then placed
in an oven at 60 £ 5 °C (for 48 hours) to dry the material, and the total dry mass was
determined on a precision balance (0.001 g). The results were expressed in milligrams
per seedling (Krzyzanowski et al., 2020).

The experimental design was completely randomized in a bi-factorial scheme,
with treatments consisting of different doses of UV-C and NaCl. The Shapiro-Wilk and
Bartlett tests were applied to verify the homogeneity of the variances and the normality
of the residuals, respectively. The data that were collected were subjected to analysis

of variance at the 5% probability level using Sisvar software version 5.6.

3 RESULTS AND DISCUSSION

The effects of salt stress and UV-C conditioning of corn seeds on germination
and initial growth are shown in Figures 1-3. Compared to the control, the high salt

concentration resulted in a reduction in the percentage of normal seedlings as
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assessed by the first count (83 to 59%, Figure 1A) and germination (87 to 70%, Figure
1B) tests. Application of UV-C (3.42 k] m?) to salt-stressed seeds had a positive effect on

germination compared to the control (non-irradiated seeds) (Figure 1B).

Figure 1 - Initial count (A) and germination (B) of maize seeds after conditioning in
UV-Clight in the absence of salt (0 mM NaCl) or high salt concentration (100 mM Nacl).
*Capital letters indicate significant differences between UV-C doses within each NacCl
concentration and lower case letters indicate significant differences between NaCl

concentrations within the same UV-C dose. Criterion for significance (p<0.05)
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Besides the effect on seed germination, the increase in salinity negatively
affected the growth of the seedlings, reducing their height from 17.47 cm to 7.10 cm
and their dry mass from 46.40 mg to 23.07 mg (Figures 2A, 2B, and 3). These effects
were alleviated in the growth of seedlings when they were simultaneously exposed to

UV-C (0.85 or 3.42 k] m?) and salt (Figure 2A).
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Figure 2 - Length (A) and dry mass (B) of maize seedlings after conditioning the seeds
in UV-C light in the absence of salt (0 mM NaCl) or high salt concentration (100 mM
NaCl). *Capital letters indicate significant differences between UV-C doses within each
NaCl concentration and lower case letters indicate significant differences between

NaCl concentrations within the same UV-C dose. Criterion for significance (p<0.05)
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Source: Authors (2024)

The results of this research show that salt-induced stress resulted in a decrease
in germination and initial growth of maize seedlings (Figures 1-3). Similar data were
recorded in maize seeds, where an increase in osmotic potential (more negative) resulted
in a lower germination rate (Amin et al., 2024) and reduced plant growth characteristics
such as shoot and root length, root fresh and dry mass, leaf area, and chlorophyll content
(Iftikhar et al., 2024). In addition, Khalid et al. (2023) reported that salt stress reduced the
ratio of root to shoot length compared to the control, while Tian et al. (2024) found that
germination rate, germination and salt tolerance index, seed vigor, radical length, and

leaf area decreased with increasing salt concentration (up to 180 mM L").
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Figure 3 - (A) Schematic representation of maize seedlings in control (0) and 100
mM NaCl treatments. (B) Maize seedlings under salt stress (100 mM NaCl) after seed

conditioning with UV-C light (0, 0.85, and 3.42 k] m?)

UV-C (kJ m>)

Absence 0.85 3.42

%

E 100 mM NaCl

Source: Authors (2024)

Similarly, salt concentrations of 100 and 150 mM reduced the germination of
maize seeds by 42.9% and 66.7%, respectively, compared to the control group (Barwal
etal., 2024). In purple maize seeds, it was observed that the germination rate decreased
with increasing salt concentration, with lower percentages recorded at 75 and 100
mM, in addition to a reduction in chlorophyll (total, a, and b) and total carotenoid
content (Alves et al., 2022). On the other hand, in popcorn, salt stress affected both
the physiological quality and the antioxidant activity of the seeds, as well as the
performance of the seedlings (Catao et al., 2020).

When corn seeds or roots were exposed to salt, there was a reduction in

seedling growth and root abnormalities, such as shortening, thickening, developmental
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changes, and necrosis. These results suggest that these changes may have occurred
because the roots are the first organs of the seedling to encounter sodium and chlorine
ions present in the substrate. As a result, there is a greater reduction in root growth
compared to other parts of the seedling, such as the aerial part (Chen et al., 2023). The
reduction in growth is related to the type of salt, the amount in the substrate, and the
plant tissues impacted by the salt (Munns & Tester, 2008).

Obviously, the mostimportant stagesin a plant's growth process are germination
and seedling development, which are influenced by both genetic and environmental
factors. In many environments, the availability of water is a determining factor for seed
germination and the success or failure of plant establishment (Abdellaoui et al., 2019).
Thus, the presence of water is essential for germination. When plants face salt stress,
the osmotic potential in plant cells becomes more negative due to the presence of a
high salt concentration in the substrate, creating an osmotic gradient that expels water
from the cells, reducing turgor pressure, and compromising root structure (Betzen et
al., 2019; Sofy et al., 2021). The result is a reduction in the germination percentage,
aerial and root growth, and seedling dry mass (Malik et al., 2022).

During the germination process, exposition to UV-C radiation (3.42 k] m2) under
salt stress has a beneficial effect on seeds (Figure 1B). In seedling growth, the protective
effect of UV-C was observed at the two doses studied (0.85 and 3.42 k] m=, Figure 2A).
It can therefore be concluded that the conditioning of the seeds conferred a greater
tolerance to salt stress.

Examining the same UV doses used in this study, Stefanello et al. (2024)
found that white oat seedlings grown from UV-C-irradiated seeds showed greater
tolerance to salt stress, with a more pronounced attenuating effect on germination
at 0.85 k] m=2. Similarly, tomato seeds initially conditioned with UV-C light showed a
reduction in the adverse effects of salt on physiological and biochemical analyses
and, consequently, an improvement in plant growth (Alamer & Attia, 2022). In other

studies, UV-C treatment of lettuce seeds (Ouhibi et al., 2014; Fgaier et al., 2023) and
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strawberry seeds (Xu et al., 2019) also resulted in greater resistance to salt, thus
providing more effective plant protection.

Some studies suggest that faster and more uniform germination can be achieved
by pre-treating seeds with low doses of UV-C light (Hossinifarahi et al., 2022; Atta et
al., 2023). This procedure is considered an effective technique for treating seeds,
as it improves their performance by addressing the negative effects of unfavorable
conditions such as salinity (Hussain et al., 2018). In addition, exposing seeds to UV-C
light during the early stages of germination can stimulate or induce acclimation
mechanisms to abiotic stress in plants (Alamer & Attia, 2022). Thus, exposure of seeds
to UV-C is an effective strategy to mitigate the deleterious effects of salt stress during
germination and leaf and root development (Alamer & Attia, 2022; Atta et al., 2023).

The mechanism by which UV light acts on the physiological control of plants
against salt-induced stress is influenced by several factors, such as the dose applied,
the arrangement of the seeds, the duration of exposure, the developmental stage
of the seedling, the power of the light source, the cultivar, and the intensity of the
radiation (Forges et al., 2018; Hernandez-Aguilar et al., 2021; Alamer & Attia, 2022).

This study provides valuable insights into the ability of maize seedlings to
tolerate UV-mediated salt stress. The results of this study corroborate other research
suggesting that pre-exposure of seeds to UV-C light helps to mitigate the adverse

effects of excess salt, particularly on the growth of maize seedlings.

4 CONCLUSIONS

Pre-exposure of maize seeds to UV-C radiation proved to be effective in
mitigating the deleterious effects of excess salt on both seed germination (3.42 kJ
m2) and seedling growth (0.85 and 3.42 k] m2). Therefore, it can be concluded that
the application of UV-C light to condition maize seeds may be a promising strategy to

mitigate the adverse effects of high salt concentrations.

Ci. e Nat., Santa Maria, v. 47, e89295, 2025



10 | Corn seed conditioning with ultraviolet light to mitigate salt stress

ACKNOWLEDGMENTS

The authors would like to acknowledge the Federal University of Santa Maria.
L.S. Dorneles and R.T. Puntel acknowledge support from CNPq grants 308277/2021-0
and 137228/2023-6, respectively.

REFERENCES

Abdellaoui, R., Boughalleb, F., Zayoud, D., Neffati, M., & Bakhshandeh, E. (2019). Quantification
of Retama raetam seed germination response to temperature and water potential
using hydrothermal time concept. Environmental and Experimental Botany, 157,211-216.
https://doi.org/10.1016/j.envexpbot.2018.10.014

Alamer, K. H., & Attia, H. (2022). UV-C seed priming improves tomato plant growth against salt
stress. Journal of Taibah University for Science, 16(1), 1181-1191. https://doi.org/10.1080
/16583655.2022.2153443

Alves, R. M., Silva, M. A. D., Silva, E. F., Herminio, P. J., & Guilhien, F. (2022). Oxidative damage
associated with salt stress during germination and initial development of purple
corn seedlings. Acta Scientiarum. Agronomy, 44(1), e55760. https://doi.org/10.4025/
actasciagron.v44i1.55760

Amin, F., Shah, F., Ullah, S., Shah, W., Ahmed, I., Ali, B., Khan, A. A., Malik, T., & Mustafa, A. E. M.
A.(2024). The germination response of Zea mays L. to osmotic potentials across optimal
temperatures via halo-thermal time model. Scientific Reports, 14(1), 3225. https://doi.
org/10.1038/s41598-024-53129-6

Atta, B. M., Saleem, M. F. S., Abro, S., Rizwan, M., Sarwar, G., & Farooq, A. (2023). Enhancement
of germination and yield of cotton through optical seed priming: Lab. and diverse
environment studies. PLoS One, 18(7), e0288255. https://doi.org/10.1371/journal.
pone.0288255

Bailey-Serres, J., Parker, J. E., Ainsworth, E. A., Oldroyd, G. E. D., & Schroeder, J. 1. (2019). Genetic
strategies for improving crop yields. Nature, 575, 109-118. https://doi.org/10.1038/
s41586-019-1679-0

Barwal, S. K., Shah, S. H., Pawar, A,, Siddiqui, M. H., Agnihotri, R. K., Vimala, Y., & Waniet, S. H.
(2024). Mechanistic insights of salicylic acid-mediated salt stress tolerance in Zea mays
L. seedlings. Heliyon, 10(14), e34486. https://doi.org/10.1016/j.heliyon.2024.e34486

Betzen, B. M., Smart, C. M., Maricle, K. L., & Maricle, B. R. (2019). Effects of increasing salinity
on photosynthesis and plant water potential in Kansas salt marsh species. Transactions
of the Kansas Academy of Science, 122(1-2), 49-58. https://doi.org/10.1660/062.122.0105

Ci. e Nat., Santa Maria, v. 47, e89295, 2025


https://doi.org/10.1016/j.envexpbot.2018.10.014
https://doi.org/10.1080/16583655.2022.2153443
https://doi.org/10.1080/16583655.2022.2153443
https://doi.org/10.4025/actasciagron.v44i1.55760
https://doi.org/10.4025/actasciagron.v44i1.55760
https://doi.org/10.1038/s41598-024-53129-6
https://doi.org/10.1038/s41598-024-53129-6
https://doi.org/10.1371/journal.pone.0288255
https://doi.org/10.1371/journal.pone.0288255
https://doi.org/10.1038/s41586-019-1679-0
https://doi.org/10.1038/s41586-019-1679-0
https://doi.org/10.1016/j.heliyon.2024.e34486
https://doi.org/10.1660/062.122.0105

Stefanello, R., Puntel, R. T., Garcia, W.]. da S., & Dorneles, L. S.| 11

Catao, H. C. R. M., Caixeta, F., Lopes, A. M., Nery-Silva, F. A., & Sa, A.Jr. (2020). Antioxidant activity
and physiological performance of popcorn seed after saline stress and analysis of
seedling images. Ciéncia e Agrotecnologia, 44, e005020. http://dx.doi.org/10.1590/1413-
7054202044005020

Chen, S., Zhao, C.-B., Ren, R.-M., & Jiang, J.-H. (2023). Salicylic acid had the potential to enhance
tolerance in horticultural crops against abiotic stress. Frontiers in Plant Science, 14,
1141918. https://10.3389/fpls.2023.1141918

Fgaier, S., Aarrouf, ., Lopez-Lauri, F., Lizzi, Y., Poiroux, F., & Urban, L. (2023). Effect of high
salinity and of priming of non-germinated seeds by UV-C light on photosynthesis
of lettuce plants grown in a controlled soilless system. Frontiers in Plant Science, 14,
1198685. https://10.3389/fpls.2023.1198685

Flowers, T.J., & Colmer, T. D. (2015). Plant salt tolerance: adaptations in halophytes. Annals of
Botany, 115(3), 327-331. https://doi.org/10.1093/aob/mcu267

Food and Agriculture Organization (2019). The state of food security and nutrition in the world
Food and Agriculture Organization of the United Nations. https://www.fao.org/3/
ca5162en/ca5162en.pdf

Forges, M., Vasquez, H., Charles, F., Sari, D. C., Urban, L., Lizzi, Y., Bardin, M., & Aarrouf, J. (2018).
Impact of UV-C radiation on the sensitivity of three strawberry plant cultivars (Fragaria
X ananassa) against Botrytis cinerea. Scientia Horticulturae, 240(20), 603-613. https://doi.
org/10.1016/j.scienta.2018.06.063

Hannachi, S., Steppe, K., Eloudi, M., Mechi, L., Bahrini, I., & Van Labeke, M.-C. (2022). Salt stress
induced changes in photosynthesis and metabolic profiles of one tolerant (‘Bonica’) and
one sensitive (‘Black beauty’) eggplant cultivars (Solanum melongena L.). Plants, 11(5),
590. https://doi.org/10.3390/plants11050590

Hernandez-Aguilar, C., Dominguez-Pacheco, A., Tenango, M. P., Valderrama-Bravo, C,,
Hernandez, M. S., Cruz-Orea, A., & Ordonez-Miranda, J. (2021). Characterization of bean
seeds, germination, and phenolic compounds of seedlings by UV-C radiation. Journal of
Plant Growth Regulation, 40, 642-655. https://doi.org/10.1007/s00344-020-10125-0

Hossinifarahi, M., Moazen, H. A., Amiri, A., Jowkar, M. M., & Mottaghipisheh, J. (2022). Evaluation
of seed priming and culture media to improve the germination performance and quality
of sweet pepper and eggplant seedlings. International Journal of Horticultural Science
and Technology, 9(4), 415-428. https://doi.org/10.22059/IJHST.2021.321024.453

Hussain, M., Farooq, M., Sattar, A., ljaz, M., Sher, A., & Ul-Allah, S. (2018). Mitigating the adverse
effects of drought stress through seed priming and seed quality on wheat (Triticum
aestivum L.) productivity. Pakistan Journal of Agricultural Sciences, 55(2), 313-319. https://
doi.org/10.21162/PAKJAS/18.5833

Ci. e Nat., Santa Maria, v. 47, e89295, 2025


http://dx.doi.org/10.1590/1413-7054202044005020
http://dx.doi.org/10.1590/1413-7054202044005020
https://10.3389/fpls.2023.1141918
https://10.3389/fpls.2023.1198685
https://doi.org/10.1093/aob/mcu267
https://www.fao.org/3/ca5162en/ca5162en.pdf
https://www.fao.org/3/ca5162en/ca5162en.pdf
https://doi.org/10.1016/j.scienta.2018.06.063
https://doi.org/10.1016/j.scienta.2018.06.063
https://doi.org/10.3390/plants11050590
https://doi.org/10.1007/s00344-020-10125-0
https://doi.org/10.22059/IJHST.2021.321024.453
https://doi.org/10.21162/PAKJAS/18.5833
https://doi.org/10.21162/PAKJAS/18.5833

12 | Corn seed conditioning with ultraviolet light to mitigate salt stress

Iftikhar, N., Perveen, S., Ali, B., Saleem, M. H., & Al-Sadoon, M. K. (2024). Physiological and
biochemical responses of maize (Zea mays L.) cultivars under salinity stress. Turkish
Journal of Agriculture and Forestry, 48(3), 332-343. https://doi.org/10.55730/1300-
011X.3185

Islam, M. S., Islam, M. R., Hasan, M. K., Hafeez, A. G., Chowdhury, M. K., Pramanik, M. H., Igbal,
M. A., Erman, M., Barutcular, C., Konuskan, 0., Dubey, A., Kumar, A., & El Sabagh, A.
(2024). Salinity stress in maize: consequences, tolerance mechanisms, and management
strategies. OBM Genetics, 8(2), 232. https://doi.org/10.21926/obm.genet.2402232

Islam, M. S., Muhyidiyn, I., Islam, M. R., Hasan, M. K., Hafeez, A. G., Hosen, M. M., Saneoka, H.,
Ueda, A, Liu, L., Naz, M., Barutgular, C., Lone,]., Raza, M. A.,, Chowdhury, M. K., & El Sabagh,
A. (2022). Soybean and sustainable agriculture for food security. Soybean-recent advances
in research and applications. IntechOpen. https://doi.org/10.5772/intechopen.104129

Ji, X.,, Tang, J., & Zhang, J. (2022). Effects of salt stress on the morphology growth physiological
parameters of Juglans microcarpa L. seedlings. Plants, 11(18), 2381. https://doi.
org/10.3390/plants11182381

Kaul, J., Jain, K., & Olakh, D. (2019). An overview on role of yellow maize in food, feed and
nutrition security. International Journal of Current Microbiology and Applied Sciences, 8(2),
3037-3048. https://doi.org/10.20546/ijcmas.2019.802.356

Khalid, N., Tarnawa, A., Balla, I, Omar, S., Abd Ghani, R., Jolankai, M., & Kende, Z. (2023).
Combination effect of temperature and salinity stress on germination of different maize
(Zeamays L.)varieties. Agriculture, 13,1932. https://doi.org/10.3390/agriculture13101932

Krzyzanowski, F. C., Franca, J. B. Neto, Gomes, F. G. Jr., & Nakagawa, N. (2020). Testes de vigor
baseados em desempenho de plantulas. In Krzyzanowski., F. C., Vieira, R. D., Franca-
Neto, J. B., & Marcos-Filho, ]J. (Org.), Vigor de sementes: conceitos e testes (pp. 79-127).
ABRATES.

Malik, J. A., Algarawi, A. A., Dar, B. A., Hashem, A., Alshahrani, T. S., Alzain, M. N., Habib, M.
M., Javed, M. M., & Abd_Allah, E. F. (2022). Arbuscular mycorrhizal fungi isolated from
highly saline “sabkha habitat” soil alleviated the NaCl-induced stress and improved
Lasiurus scindicus Henr. Growth. Agriculture, 12(3), 337. https://doi.org/10.3390/
agriculture12030337

Ministério da Agricultura, Pecuaria e Abastecimento. (2009). Regras para andlise de sementes.
Mapa/ACS. 399p.

Munns, R., & Tester, M. (2008). Mechanisms of salinity tolerance. Annual Review of Plant Biology,
59, 651-681. https://doi.org/10.1146/annurev.arplant.59.032607.092911

Ouhibi, C., Attia, H., Rebah, F., Msilini, N., Chebbi, M., Aarrouf, J., Urban, L., & Lachaal, M. (2014).
Salt stress mitigation by seed priming with UV-C in lettuce plants: growth, antioxidant
activity and phenolic compounds. Plant physiology & biochemistry, 83, 126-133. https://
doi.org/10.1016/j.plaphy.2014.07.019

Ci. e Nat., Santa Maria, v. 47, e89295, 2025


https://doi.org/10.55730/1300-011X.3185
https://doi.org/10.55730/1300-011X.3185
https://doi.org/10.21926/obm.genet.2402232
https://doi.org/10.5772/intechopen.104129
https://doi.org/10.3390/plants11182381
https://doi.org/10.3390/plants11182381
https://doi.org/10.20546/ijcmas.2019.802.356
https://doi.org/10.3390/agriculture13101932
https://doi.org/10.3390/agriculture12030337
https://doi.org/10.3390/agriculture12030337
https://doi.org/10.1146/annurev.arplant.59.032607.092911
https://doi.org/10.1016/j.plaphy.2014.07.019
https://doi.org/10.1016/j.plaphy.2014.07.019

Stefanello, R., Puntel, R. T., Garcia, W. ). da S., & Dorneles, L. S.| 13

Richard, K., Abdel-Rahman, E. M., Subramanian, S., Nyasani, J. O., Thiel, M., Jozani, H. J.,
Borgemeister, C., Mudereri, B.T.,&Landmann, T.(2021). Estimating maize lethal necrosis
(MLN) severity in Kenya using multispectral high-resolution data. Applied geomatics, 13,
389-400. https://doi.org/10.1007/s12518-021-00357-4

Sadeghianfar, P., Nazari, M., & Backes, G. (2019). Exposure to ultraviolet (UV-C) radiation
increases germination rate of maize (Zea maize L.) and sugar beet (Beta vulgaris) seeds.
Plants, 8(2), e49. https://doi.org/10.3390/plants8020049

Sinha, R., Fritschi, F. B., Zandalinas, S. I., & Mittler, R. (2021). The impact of stress combination
on reproductive processes in crops. Plant Science, 311,111007. https://doi.org/10.1016/j.
plantsci.2021.111007

Sofy, M., Mohamed, H., Dawood, M., Abu-Elsaoud, A., & Soliman, M. (2021). Integrated usage of
Trichoderma harzianum and biochar to ameliorate salt stress on spinach plants. Archives
of Agronomy and Soil Science, 68(14), 1-22. https://10.1080/03650340.2021.1949709

Stefanello, R., Puntel, R. T., Garcia, W. J. S., & Dorneles, L. S. (2024). Mitigating salt stress by
conditioning seeds with ultraviolet light (UV-C) in white oats (Avena sativa L.). Journal of
Toxicology & Environmental Health A, 87(13), 533-540. https://doi.org/10.1080/15287394
.2024.2345878

Stefanello, R., Barreto, R. A. M., Muller, G. L., Rodrigues, A. H. S., Garcia, W.].S., & Dorneles, L. S.
(2023). UV-B and UV-C radiation on the germination of soybean seeds. Revista Brasileira
de Ciéncias Agrarias, 18(2), e2964. https://doi.org/10.5039/agraria.v18i2a2964

Tian, H., Liu, H., Zhang, D., Hu, M., Zhang, F., Ding, S., & Yang, K. (2024). Screening of salt
tolerance of maize (Zea mays L.) lines using membership function value and GGE biplot
analysis. Peer/, 12, e16838. https://doi.org/10.7717/peerj.16838

Tran, H. D. M., Boivin, S., Kodamatani, H., Ikehata, K., & Fujioka, T. (2022). Potential of UV-B and
UV-Cirradiation in disinfecting microorganisms and removing N-nitrosodimethylamine
and 1,4-dioxane for potable water reuse: a review. Chemosphere, 286, 131682. https://
doi.org/10.1016/j.chemosphere.2021.131682

Xu, Y., Charles, M.-A,, Luo, Z., Mimee, B., Tong, Z., Véronneau, P., Roussel, D., & Rolland, D.
(2019). Ultraviolet-C priming of strawberry leaves against subsequent Mycosphaerella
fragariae infection involves the action of ROS, plant hormones and terpenes. Plant, Cell
& Environment, 42(3), 815-831. https://doi.org/10.1111/pce.13491

Z6rb, C., Geilfus, C. OM., & Dietz, K. 0J. (2019). Salinity and crop yield. Plant Biology, 21(S1), 31-38.
https://doi.org/10.1111/plb.12884

Ci. e Nat., Santa Maria, v. 47, e89295, 2025


https://doi.org/10.1007/s12518-021-00357-4
https://doi.org/10.3390/plants8020049
https://doi.org/10.1016/j.plantsci.2021.111007
https://doi.org/10.1016/j.plantsci.2021.111007
https://10.1080/03650340.2021.1949709
https://doi.org/10.1080/15287394.2024.2345878
https://doi.org/10.1080/15287394.2024.2345878
https://doi.org/10.5039/agraria.v18i2a2964
https://doi.org/10.7717/peerj.16838
https://doi.org/10.1016/j.chemosphere.2021.131682
https://doi.org/10.1016/j.chemosphere.2021.131682
https://doi.org/10.1111/pce.13491
https://doi.org/10.1111/plb.12884

14 | Corn seed conditioning with ultraviolet light to mitigate salt stress

Authorship contributions

1 - Raquel Stefanello

PhD in Agronomy from the Federal University of Santa Maria.
https://orcid.org/0000-0003-3079-2099 * raquelstefanello@yahoo.com.br

Contribution: Conceptualization, Methodology, Data curation, Formal analysis, Investigation,
Resources, Supervision, Project administration, Validation, Visualzation, Writing - original draft,
Writing - review & editing

2 - Raissa Taina Puntel

Professional Education at technical level in Agricultural Technician from the Federal University
of Santa Maria.

https://orcid.org/0009-0006-1056-8873 - raissa_puntel16@hotmail.com

Contribution: Investigation, Methodology, Writing - original draft, Writing - review & editing

3 - Wagner Jesus da Silva Garcia

PhD in Physics from the Federal University of Santa Maria.
https://orcid.org/0000-0003-4782-2741 « wagnerjgarcia@hotmail.com

Contribution: Conceptualization, Investigation, Visualization, Writing - original - draft, Writing
- review & editing

4 - Lucio Strazzabosco Dorneles

PhD in Physics from the Federal University of Santa Maria.
https://orcid.org/0000-0001-5833-1775 + lucio.dorneles@ufsm.br
Contribution: Writing - original - draft, Writing - review & editing

How to quote this article

Stefanello, R., Puntel, R. T., Garcia, W. J. da S., & Dorneles, L. S. (2025). Corn seed conditioning
with ultraviolet light to mitigate salt stress. Ciencia e Natura, 47, €89295. doi:
10.5902/2179460X89295.

Ci. e Nat., Santa Maria, v. 47, e89295, 2025



