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Exogenous application of organic acids in maize seedlings

under salt stress
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The semi-arid region is characterized by higher
evapotranspiration than precipitation, which intensifies
the use of saline water in irrigation (Minhas et al., 2020).
Salt stress causes restrictions of osmotic and ionic order,
and the osmotic component is responsible for limiting
water absorption, causing reductions in the relative
water content, turgor pressure and cell water potential
(Wan et al., 2017). The ionic component causes toxicity
by specific ions, such as Na*, leading to restrictions on
nutrient absorption, protein synthesis, lipid metabolism
and photosynthesis (Volkov and Beilby, 2017).

Maize (Zea mays L.) is sensitive to salt stress, with salinity
threshold of 1.1 dS m inirrigation water and 1.7 dS m™' in
soil saturation extract (Ayers and Westcot, 1985). However,
there are differences in tolerance between genotypes,
between salinity levels and types of salts present in water
or soil (Zahra et al., 2018). Studies indicate that the use of
attenuating substances improves the response of plants to
salt stress, such as ascorbic acid (Alhasnawi et al., 2016),
salicylic acid (Batista et al., 2019), and gibberellic acid
(Saetal., 2020). These acids perform functions of chemical
messengers, responsible for tissue formation and growth,
intercellular communication mediators, assisting in the
translation of stress signal and homeostasis (Volkov and
Beilby, 2017).

Therefore, the objective of this study was to evaluate
the exogenous application of organic acids in maize
genotypes subjected to salt stress. For this, an experiment
was conducted in a greenhouse of the Federal Rural
University of the Semi-Arid Region (UFERSA), in Mossord,
RN, Brazil (5°11° S, 37°20’ W, and 18 m altitude). The climate
of the region is semi-arid and, during the experiment, the
maximum and minimum temperatures were 46 °C and
24 °C, respectively, with maximum relative humidity of
82% and minimum relative humidity of 22%.

The maize genotypes BRS 2022 and Potiguar were
subjected to low-salinity water (0.5 dS m™') (control),
high-salinity water (7.0 dS m) (salt stress), salt stress plus
gibberellic acid in post-emergence (50 pmol), salt stress
plus salicylic acid in post-emergence (50 pmol) and salt
stress plus ascorbic acid in post-emergence (50 pmol).

The seeds were sown in polyethylene trays of 200 cells,
filled with inert substrate based on coconut fiber. Daily
irrigation was performed by the floating-type seedling

irrigation system. High-salinity water was obtained by the
addition of NaCl, CaCl,.2 (H,0) and MgCl,.6 (H,0) salts in the
proportion of 7:2:1, respectively, and the low-salinity water
(local supply) was obtained according to Sa et al. (2020).

On the fourth day after sowing, the exogenous
application of organic acids (through the leaves) was
performed with a 50 ml sprayer bottle, using 30 mL
for 200 plants. On the seventh day after sowing, the
following parameters were determined: seedling length
(SL), expressed in cm seedling, seedling dry mass (DM),
expressed in mg seedling™!' and root/shoot dry mass ratio
(Root/Shoot).

The experimental design was completely randomized,
ina 2 x5 factorial scheme, with four replicates of 50 seeds.
The data obtained were subjected to analysis of variance, F
test. In cases of significance, Dunnett’s test was performed
to compare the exogenous application of organic acids and
Tukey test was applied to compare maize genotypes, with
5% significance level.

The interaction was significant (p < 0.05) between
the exogenous application of organic acids and maize
genotypes for the length, dry mass and root/shoot ratio
of maize seedlings (Figures 1 and 2).

For the genotypes BRS 2022 and Potiguar, seedling length
was reduced by 14.2 and 20.1% as water salinity increased
from 0.5 dS m™ to 7.0 dS m™, respectively (Figure 1A). In BRS
2022 maize under salt stress, the exogenous application
of ascorbic acid resulted in seedling length equal to that
of the control treatment (Figure 1 A). The genotype BRS
2022 obtained a higher seedling length than Potiguar
in all treatments, under salt stress except application of
gibberellic acid (Figure 1A).

The dry mass of the maize genotypes BRS 2022 and
Potiguar was reduced by 14.1 and 27.6% under high
salinity (7.0 dS m') compared to low salinity (0.5 dS m"),
respectively (Figure 1B). The exogenous application of
organic acids did not influence the dry mass accumulation
of maize (Figure 1B). The dry mass accumulation of the
genotype BRS 2022 was 29.8 and 54.0% higher than those
of Potiguar, under the conditions of low (0.5 dS m™') and
high (7.0 dS m™) salinity, respectively (Figure 1B).

Salt stress reduced the root/shoot ratio of the maize
genotypes BRS 2022 and Potiguar compared to the control
(Figures 2A-D). The Root/Shoot of BRS 2022, under salt

*e-mail: vanies_agronomia@hotmail.com
Received: April 6, 2021 - Accepted: July 8, 2021

This is an Open Access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted use,
BY distribution, and reproduction in any medium, provided the original work is properly cited.

Brazilian Journal of Biology, 2024, vol. 84, €250727 | https://doi.org/10.1590/1519-6984.250727 1/3


https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0002-3863-9606
https://orcid.org/0000-0001-6585-8161
https://orcid.org/0000-0003-0668-3327
https://orcid.org/0000-0003-4510-9205
https://orcid.org/0000-0002-5729-3268
https://orcid.org/0000-0002-5670-7529

Pereira, K.T.O. et al.

A = BRS 2022 = Potiguar

30 jAa .

i Ab -

-~ B Ba - Ab L
g - Ab Ab Bb
~ 20 4 ! Bb = Bb -
‘% o ® B S =
- 15 1

10

5 .
S0uML* 0 0 GA, SA A
Salmity 05dSm! 7.0dSm*

B = BRS 2022 = Potiguar
180 q aq
160 1 &
- = EUI Ap Ak
on 140 4 Ba = = = =
=l - = -
= 120 1 u
& Bb Bb =
g 100 5 _ Bb e _
59 : .
60 a
40 4
20
S0uML' 0 0 GA, SA AA
Salmity 05dSm’ 7.0dS m!

Figure 1. Length (A) and dry mass (B) of maize seedlings under salt stress and application of organic acids (GA, = gibberellic acid,
SA = salicylic acid and AA = ascorbic acid). Lowercase letters compare application of organic acids and uppercase letters compare genotypes.
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Figure 2. Root/shoot ratio of maize seedlings under salt stress and application of organic acids (GA, = gibberellic acid, SA = salicylic
acid and AA = ascorbic acid). BRS 2022 (A, G, E, G and I), Potiguar (B, D, F, H and ]). Control (A and B), salt stress (C and D), GA, (E and
F), SA (G and H) and AA (I and ]). Lowercase letters compare application of organic acids and uppercase letters compare genotypes.
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stress with application of 50 pmol of GA,, SA and AA
in post-emergence, was similar to that of the control
(Figures 2A, E, G and I). The Root/Shoot of Potiguar,
under salt stress with application of 50 pmol of SA in
post-emergence, was equivalent to that of the control
(Figures 2B and H), and with the application of 50 pmol of
GA, and AA in post-emergence the Root/Shoot was lower
than that of the control (Figures 2B, F and ]). The Root/
Shoot of BRS 2022 maize under salt stress with application
of 50 pmol of GA, and AA in post-emergence was higher
than that of Potiguar (Figures 2E, F, I and J).

Salt stress (7.0 dS m™') reduced the growth and biomass
accumulation of maize seedlings (Figure 2C and 2D).
Under this condition, the increase in osmotic pressure in
the cultivation medium limits plant growth, as verified
by Zahra et al. (2018) in two maize varieties subjected
to NaCl-induced salt stress. The water deficit caused by
excess salts hampered the absorption of water by the
roots, and consequently, the processes of cell division
and elongation were affected (Sa et al., 2020). Excess of
salts also causes nutritional imbalance and toxicity by
specific ions (Na* and CI-) (Volkov and Beilby, 2017). Salt
stress compromises the mobilization of seed reserves and,
consequently, reductions occur in respiratory activity,
water absorption and carbon absorption and fixation
(Batista et al., 2019; Silva et al., 2019).

Ascorbic acid promoted greater seedling length. This
antioxidant agent prevented the oxidation of membranes
and delayed cell death, increasing rice tolerance to salt
stress (Alhasnawi et al., 2016).

Ascorbic, gibberellic and salicylic acids improved
Root/Shoot in BRS 2022 maize, balancing the distribution
of reserves for shoot and root growth. In Potiguar, this
distribution for the growth of the respective parts was
improved with the use of SA in post-emergence. Gibberellic
and salicylic acids also perform oxidizing activity, besides
acting as growth regulators and stress signaling molecules,
improving homeostasis (Batista et al., 2019; Sa et al., 2020).

The highest losses of growth and biomass accumulation
occurred in the Potiguar genotype, which is more sensitive
to salinity than BRS 2022. Exogenous application of organic
acids in post-emergence was less effective for the Potiguar
genotype, except for the application of salicylic acid.
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