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STUDIES REGARDING THE EFFECTS OF SALICYLIC ACID ON
MAIZE (ZEA MAYS L.) SEEDLING UNDER SALT STRESS
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ABSTRACT. Abiotic stresses such as heavy metals, salinity, drought, temperature, UV-radiation, ozone,
cause drastic yield reduction in most crops. Plants have complex and dynamic systems of response to
stress. Salt stress affects around 20% of the world’s cultivated areas. Salicylic acid (SA) plays an important
role in response to biotic and abiotic stress. Pre-treatment of maize seeds with SA may cause a low level of
oxidative stress, improving the antioxidative capacity of the plants. Salicylic acid can increase the plant
tolerance to salt stress induced in our experiment by 150 mM NaCl treatments. In our experiment we
determined the effect of pretreatment of maize seeds with 0.5 mM concentration of salicylic acid (SA)
solution on growth, peroxidase activity, assimilatory pigments and protein content of the 3thd leaves of maize
seedlings under salt stress. The results obtained showed that exogenous application of SA induced an
increase in growth parameters of maize seedlings and the peroxidase activity in the roots of maize seedlings
was lower than in untreated plants. The treatment with SA ameliorates the total clorophyllian pigment content
and the content of total soluble protein in maize seedling leaves under salt stress.
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INTRODUCTION

Salicylic acid play an important role in the plant
response to adverse environmental conditions such as
low temperature stress (Janda et al., 1999; Tasgin et al,
2003), salt and osmotic stress (Senaratna et al., 2000,
Borsani et al., 2001). Abiotic stresses such as, heavy
metals, drought, temperature, UV-radiation, ozone,
cause drastic yield reduction in most plants crops
(Nafees and Sarvajeet, 2007).

Salicylic acid belongs to a diverse group of plant
phenolics, is a natural signaling molecule involved in
the regulation of different physiological and
biochemical ~ processes, including  membrane
permeability (Barkosky and Einhellig, 1993), ion
uptake, enzymes activities, photosynthesis (Hayat et al,
2005), growth and development of plants (Hayat and
Ahmad, 2007), and may function as a plant growth
regulator (Arberg, 1981). Quiroz-Figueroa et al., in
2001 suggested that it is possible as these phenolic
compounds act as a signal, which induce the
differentiation processes. An explanation is the
possibility that, due to the chelating properties of these
compounds, some inhibitors present in the
embryogenic cultures are inactivated.

The application of salicylic acid, acetylsalicylic
acid or other analogues of salicylic acid, to leaves of
corn and soybean accelerated their leaf area and dry
mass production, but plant height and root length
remained unaffected. However the leaves of corn and
soybean treated with acetylsalicylic acid or gentisic
acid exhibited no change in their chlorophyll contents
(Khan et al., 2003).

Salicylic acid activated the synthesis of carotenoids,
xanthophylls and the rate of de-epoxidation but
decreased the level of chlorophyll pigments, both in

wheat and moong plants also the ratio of chlorophyll
a/b, in wheat plantlets (Moharekar et al., 2003).

The soaking of wheat (Triticum aestivum L.) seeds
in 0.05mM SA also reduced the damaging effects of
salinity on seedlings growth and accelerated the growth
processes (Shakirova et al., 2003).

Salicylic acid pre-treatment also  provided
protection against salinity in tomato plants, probably
due to the increased activation of aldose reductase and
APXx enzymes and the accumulation of osmolytes, such
as sugar, sugar alcohol or proline (Tari et al., 2002;
Tari et al., 2004; Szepesi et al., 2005).

Deef, 2007, demonstrated that the application of
exogenous SA enhanced the drought and salt stress
resistance of plants. During the germination period a
considerable increase was observed in proline levels
(up to 185% in T. aestivum and about 128% in H.
vulgare) in the seedlings subjected to saline stress.

Purcarea and Cachita (2008 a, b) studying the
influence of SA and acetylsalycilic acid (ASA) on the
growth of sunflower (Helianthus sp.), seedling roots,
on their total absorbtion capacity and on content of
assimilatory pigments, in their primary leaves,
observed that on the 6-th day of germination the diluted
ASA solutions, with concentrations of 0.01, 0.1 and
0.5 mM had greater effects on the growth and
determined the highest increase of the total absorption
capacity of sunflower root system, with 159.6%
compared to the control group being recorded in case
of the treatment with 0.1 mM ASA solution. The
diluted ASA solution, with 0.01 mM the 0.1 mM
concentration, determined an increase in the total
chlorophyllian and carotenoid pigments content in the
primary leaves of sunflower plantlets especially for
001 mM the 0.1 mM concentration. Higher
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concentrations than 0.5 mM decreased the same
parameter, the greatest inhibitions being obtained for
the SA or ASA solutions of a 5.0 mM concentration.

The aim of this study was to determine the effect of
pretreatement of maize caryiopsis with 0.5 mM
concentration SA solution on growth, peroxidase
activity, assimilatory pigments and total soluble protein
content of the 3thd leaves of maize seedlings stressed
by NaCl solution.

For the future we will continue to study the role of
SA and its derivatives, like ASA in the response of the
plants to other abiotic stress factors or on other
agricultural plant.

MATERIALS AND METHODS
Sample preparation
Surface sterilized maize seeds (Zea mays L) were
soaked for 24 h in water or in 0.5 mM SA.
The germination was made in plastic recipients, on
a filter paper, moistened with 20 ml treatment solution:
- Control group (C) — 24 h soaked in water and
germination in water.
- Sample 1 (Sy) — 24 h soaked in water and
germination in 150 mM NaCl solution;
- Sample 2 (S;) — 24 h soaked in salicylic acid
and germination in 150 mM NaCl solution.
Each recipient contained 20 seeds. The germination
was made at room temperature. Every day, the quantity
of solutions from the recipients was brought to the
level of 20 ml. The germination temperature was
around 20-23°C.

Plant growth measurement

For the biometrical determination, in the 3, 5and 7
days of germination we measured the length of the
roots and shoots of 10 maize seedlings. In addition the
plant growth was estimated by measuring of root and
shoot weight, after drying the plants material at 70°C
for 72 h.

Preparation of protein and enzyme extract

0.5g fresh sample (roots — for peroxidase and leaves
for protein) were collected from each variant in the 6"
day of germination, and were blended with 8 mi
phosphate buffer solution, pH 7.0, diluted 1:9 with
distilled water, cooled &C.4The samples were
centrifuged at 15,000 g, for 20 minutes ‘af,4and
supernatant was separated. The extract is kept in the
refrigerator, for 2 hours for stabilizing and expressing
enzyme activity.

Peroxidase activity determination

Peroxidase activity (POX) was determined at 483
nm wavelength, with  Shimadzu-UV-mini-1240
spectrophotometer, using phosphate buffer of 7.0 pH,
hydrogen peroxide as substrate and p-phenilendiamine
as chromogen (Hans-Luck, 1970). The extension for
each sample was noted after 30 seconds of reaction
period.

U

Determination of total soluble protein

The protein concentration from the 3" leaves of
maize seedlings was determined as described by
Bradford (1976), using bovine albumin serum (BSA)
as standard. The extract obtained from fresh leaves
were used for spectrophotometric determination of
protein at A=540 nm (Shimadzu UV-Visible mini-
1240).

Assimilatory pigments

After 7 days of germination we planted the
seedlings in sand, leaving them there for an additional
7 days, and sprayed their primary leaves each day with
1 ml of water.

On the 14" day we determined the content of
chlorophyllian pigments of the sunflower plantlets
primary leaves, using N,N-dimethylformamide 99.9%,
(Moran and Porath, 1980) for the extraction. The
extraction of assimilatory pigments in higher plant
tissue using N,N-dimethylformamide (DMF), expedites
the process and enables the determination of small
samples with low pigment level (Moran, 1982). There
is a vast array of solvents used for the extraction and
determination of the chlorophyllian pigments, but most
of them necessitate grinding and centrifuging of
material with or without heating. The use of DMF
renders the process simpler and faster, since the
pigments can be extracted from intact tissue. For
extraction, 50 mg fresh weight of primary leaves, were
collected separately from each sample, and were
blended with 5ml DMF and then cooled at°€ for 72
hours. The supernatant was separated and the content
of the pigment was determined using a UV-visible
mini-1240 Shimadzu spectrophotometer, at 664nm
wave length for chlorophyll a, 647 nm for chlorophyll
b and 480 nm for carotenoids.

The data obtained after the spectrophotometrycal
determination, was mathematically processed using
formulae proposed by Moran and Porath (1980).

Chlorophyll a (mg/g sp) = (11.65 aggs — 2.69 ag47) *
Visp
Chlorophyll b (mg/g sp) = (20.81 ags7 — 4.53 aggs) ©
Visp
Carotenoids (mg/g sp) = (1000 Asg — 1.28 chloroph.a —
56.7 chloroph.b)/ 245 « V/sp

The results obtained for all parameters are averages
of 3 determinations and were statistically processed by
the “t- test” using Prisma 5 for Windows. The values of
the probabilities were determined from tables using the
values of the “t” distribution and the freedom degrees
based on which the variance of the empiric series was
calculated.

RESULTS AND DISCUSSIONS

Plant growth

Studying the length of the maize seedlings obtained
from the germination of the maize seeds under
laboratory conditions, after 3; 5 and 7 days of
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germination, we observed that the salt treatments
significantly reduces growth in length (between 15.2
and 17%, in comparison with the control group), and
the dry weight content of the maize plantlets was very
significantly reduced, between 17.3 and 22.3%, as
compared with the control group). In case of the seeds
pre-treated with 0.5 mM SA solution, the negative
effect of salt stress was reduced therefore the growth in

Studies regarding the effects of salicylic acid on
maize (Zea mays L.) seedling under salt stress

length was insignificantly reduced in comparison with
the control group (1.82% and 3.6%, as compared with
the control group). Dry weight was significantly
reduced (between 2.35 and 5.21%) (Table 1 and figure
1). We can observe that treatment with 0.5 mM SA
solution ameliorate growth parameters of maize
seedlings.

Table 1

Effect of Salicylic acid pretreatment on the length (mm) and on dry weight (DW %) of maize (Zea mays L.)
seedling (root and shoot)

Day of germination Parameters C (Control group) S; (salt) S, (SA + salt)
3 Seedling length (mm) 55.3+ 1.3 46.3+ 1.1 *** 53.3+1.9ns
DW % 8.5+ 0.1 6.6 £ 0.2 *** 83+02*
5 Seedling length (mm) 147.7+£2.2 123.2+ 1.7 *** 1442 +2.1ns
DW % 11.5+£0.2 9.4 £0.1 *** 12.1+£0.2*
7 Seedling length (mm) 181.5+2.1 153.9 £ 1.6 *** 178.2+1.5ns
DW % 12.7 £0.1 10.5+ 0.1 *** 13.1+0.3*

p>0,05=non-significant; p<0,05 * significant; p<0,01=** distinctly significant; p<0,001=*** very significant in comparison

with control group

> o
> a >
P q % (b"]/» k

PN N
o un
A
)

% Difference
B
o

Salt and SA
treatement

Salt
treatement

Salt
treatement

Salt and SA
treatement

Seedling length

day of germination ‘I:I 3 day B 5day O 7 day ‘

25 | 23.3 23.9

15 4
11.1 11.9

% Difference

54 25

3 5 7

‘ O S1 Salt treatement B S2 Salt and SA treatement ‘

Fig. 1 Percentage differences which reflect the effect of SA
pretreatment on the length (mm) and on dry weight (DW %)
of maize (Zea mays L.) seedling (root and shoot) under salt
stress condition, treated or untreated with SA as compared
with the control group

Peroxidase activity determination

In the case of samples treated with a 150 mM NacCl
solution, there was a very significant increase of the
peroxidase activity (between 11.95 and 23.91%, in
comparison with the control group), in the roots of
maize plantlets.

Pre-soaking the seeds for 24 h in a 0.5 mM SA
solution significantly reduced the increase of the
peroxidase activity in the 3rd, 5th and 7th days of
germination (between 2.5 and 11.1%, in comparison
with the control group) (Table 2, fig 2).

Salicylic acid pre-treatment ameliorate the
peroxidase activity under salt stress.

Total soluble protein content

The standard curve of bovine albumin serum (BSA)
stock solution (100mg/ml), is shown in fig. 3A.

In all the samples the content of soluble protein was
increased. In case of salt treatment the increase of total

Fig. 2 Percentage differences which reflect the effect of
SA pretreatment on the peroxidase activity in the roots of
maize seedlings under salt stress condition, treated or
untreated with SA, as compared with the control group

soluble protein was non-significant. The highest value
has obtained in the case of salt treatment after pre-
treatment with salicylic acid (fig.2B). The treatment
with SA solution improved the total amino acids
profile (essential and non-essential) in corn leaves
Hussein et al., (2007), and in that way increased the
total soluble protein content also. Amino acids like
glycin, betaine or proline have a protective role against
stress condition.

Assimilatory pigments content

Studying the content of chlorophyllian pigment
(chlorophyll a and b) and carotenoids on the 3rd leaves
of the maize seedlings obtained from each
experimental variant, we observed that the aplication of
exogenous 0.5 mM SA solution ameliorate the effect of
salt stress. The results obtained were presented in table
3 and fig. 4.
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Table 2

Effect of Salicylic acid pretreatment on the peroxidase activity in maize (Zea mays L.) seedling roots

Day of germination Extinction of enzymes extract
C (Control group) S; (salt) S, (SA + salt)
3 0.938 £ 0.04 1.157 £ 0.03 *** 1.042 +0.004 *
5 1.037 £0.02 1.285+ 0.035 *** 1.106 +0.02 *
7 1.188 + 0.02 1.321+ 0.02 *** 1.218 +0.017 ns

p>0,05= non-significant; p<0,05 * significant; p<0,01=** distinctly significant; p<0,001=*** very significant in comparison
with control group
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Fig. 3: A) Standard curve of BSA using Bradford assay; B) Variation of soluble protein contents of maize (Zea mays L.)
seedlings under salt stress condition, treated or untreated with SA, as compared with the control group (C = control
group; Sl=salt treatment; S2=salt +SA treatment)

Table 3
The level of the assimilatory pigments content of maize (Zea mays L.) seedling leaves under salt stress
condition, treated or untreated with Salicylic acid, as compared with the control group

Samples Chlorophyllian pigments (mg/g) Carotenoid pigments
Clorophyll a Clorophyll b Total chlorophyllian Clorophylla/b (mg/g)
pigments mg/g
C 2.03 0.97 3.0 21 0.323
S1 1.42 1.28 2.7 11 0.193
S2 1.78 1.03 281 1.72 0.281

> For the samples treated with a 150 mM NaCl

E 35 solution, we determined a significant decrease of the

2 ¥ chlorophyll a pigments quantity (Table 3), while

é 257 chlorophyll b registered an increase compared with the

2 27 control sample. A decrease in the proportion of

2 187 clorophyll a/b, indicates senescence, poor plant growth
8 19 or stress condition (Ryang, 2009).

£ 051 i_x—’_x—‘ . In the case of NaCl treatment, the total quantity of

< o chlorophyllian pigments was 2.7 mg/g leaves,

Chioropvia— Chlorophyllb Tl Carotenod comparatively much less than in control sample or in

pig,zeﬁts case of pre-treatment with 0.5 mM SA. Similar values

were recorded regarding carotenoid pigments. The

recorded values were 0.323 mg/g in the control sample;

Fig. 4 Assimilatory pigments content estimative mean value ~ 0.193mg/g in the case of NaCl treatment, respectively
and standard deviation under salt stress condition, treated 0.281 in case of pre-treatment with 0.5 mM SA.
or untreated with SA, as compared with the control group
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CONCLUSIONS

The analysis of the results obtained in this study
shows that salt induced stress inhibits the growth
parameters in 3, 5 and 7 days of germination in maize
(Zea mays L.) plantlets and determined an increase in
peroxidase activity, in comparison with the control
group.

Exogenous applications of 0.5 mM SA solution
induced an increase in growth parameters, in
comparison with the untreated samples. The peroxidase
activity in the roots of maize seedling was significantly
lower than in SA untreated plantlets.

The treatment with 0.5 mM SA significantly
increased the total soluble protein.

According to obtained results, there is a clear
correlation between the treatment applied and the
content of clorophyllian pigments in the leaves. The
content of chlorophyll a decreased in case of salt stress,
while the chlorophyll b increases compared with the
control sample. The SA treatment ameliorates the
chlorophyllian pigment contents.

The content of carotenoid pigments also decreases
because of exposure to salt stress; therefore the pre-
sowing treatment in SA solution increased these
pigment contents.

Salicylic acid application as a 24 hours pre-sowing
seed treatment enhanced salt tolerance in the studied
maize plants.
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