International Journal of Multidisciplinary Research and Growth Evaluation

www.allmultidisciplinaryjournal.com

International Journal of Multidisciplinary

Research and Growth Evaluation

International Journal of Multidisciplinary Research and Growth Evaluation

ISSN: 2582-7138
Received: 14-09-2021; Accepted: 03-10-2021
www.allmultidisciplinaryjournal.com

Volume 2; Issue 5; September-October 2021; Page No. 426-433

The role of ascorbic acid in the tolerance of Helianthus annuus L. to salinity stress in tissue cultures

and field

Shima Mohammed Sultan ¢, Sajida Aziz Abood 2

-2 Department of Biology, Science Coll, Mosul University of Mosul, Iraq

Corresponding Author: Shima Mohammed Sultan

Abstract

The current study involved callus induction from stem
segments of Helianthus annuus L. seedlings on the medium
MS supported by adding BA with a concentration of 1.0 mg.I
L and NAA with a concentration of 0.5 mg.I. Callus was used
to identify the effect of sodium chloride (150mM), ascorbic
acid (20 mg.I'Y) and the interaction between them on some
cell contents sunflower callus. The addition of sodium
chloride to the growth medium resulted in the increase in the
proline concentration, soluble saccharides, the activity of
catalase and peroxidase enzymes, a decrease in the
concentrations of proteins and nuclear acids in the callus.
From the other hand, the ascorbic acid and its interference

contents of the callus tissues compared to the salinity
treatment. The differentiation of the salinity treatment callus
failed while the callus of the ascorbic acid treatment was
superior in terms of its differentiation into vegetative
branches and forming the plantlets compared to the rest of the
treatments. Soaking the sunflower seeds in the solution of
ascorbic acid improved the indicators of the plant growth and
reduced the negative effects of sodium chloride and this is
evidenced by the increase in the plant height, the increase in
the fresh and dry weight, the leaf area, number of seeds.disc
!, the weight of 100 seeds, chlorophyll concentration in the
leaves and the content of oil and protein in the seeds.

with sodium chloride had a positive effects on increasing the
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Introduction

Helianthus annuus L. belongs to Asteraceae and it is planted for the purpose of producing oil from its seeds. It is considered the
third best vegetables oils in terms of consumption on the international level after the soy bean and peanut 4, Salinity is regarded
as one of the major problems that the farmers encounter all over the world which causes the saline stress, which is, in turn, has
primary impacts that are osmotic and ionic toxicity on the cells and secondary complex effects that include oxidative stress that
leads to the damage of the cell contents such as the membrane fats, proteins, nucleic acids and also result in a defect in
photosynthesis, and thus influence the growth and yield of crops 2. Ascorbic acid is regarded as an antioxidant that scavenge
the free radicals [ and it plays a major role in the plant cells by maintaining the osmosis potential and the ionic balance in the
cells. Moreover, it preserves cellular components including the proteins, fats and the nucleic acids from damage . Ascorbic
acid regulates the division and growth of the cells and improves the vegetative growth, which inturn is refleced in increasing
yield and improving its quality 1. The action of antioxidants is represented by overcoming the harmful effect of salinity stress
by creating an accumulation of the products of nutritional transformation such as the proline, amines, saccharides, ion and others
and all this results in increasing the osmotic potential of the cellular sap to resist the external salt stress. Proline plays an important
role in plant stress tolerance and protects the proteins, mitochondria, cell membranes and chloroplast from the harmful effects
of the stresses 1. The soluble sugars play an important role in regulating the osmosis of cells under the salinity stress conditions
71, Study [ found an increase in the quantity of proline in rice callus tissues by increasing the concentration of sodium chloride
to 200 mM in the culture media. The addition of sodium chloride with a concentration of 200mM to the media of peas callus
growth resulted in an increase of its content of proline and saccharides 1. Moreover, salinity had a negative impact on the plant
growth as it leads to a decrease in the concentrations of proteins, nucleic acids and lipids %1 The study of I confirmed an
increase in the activity of peroxidase and catalase enzymes when treating rice callus with sodium chloride with a concentration
of 200mM, and the addition of ascorbic acid to the saline media also increased the activity of these enzymes. Salinity is
considered the most problems that affecting seed germination and its development to whole plants, and the salt effect in this
process is due to limiting the uptake of water and nutrients [ or to the toxicty effect on the embryo due to the absorption of
sodium and chloride ions (%1,
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There are evidences indicate that the role of ascorbic acid in
regulating the transition from the vegetative stage to the
production stage, meaning that ascorbic acid is not only an
important antioxidant, but it appears to connect between
flowering time and senescence and the cells programmed
death, through a complicated network of signal transport (4],
The main goal of this research is increasing sunflower plants
resistance to salinity by using ascorbic acid as an antioxidant
by investigating some physiological and chemical changes
that shown in the indicators of the growth and differentiation
of callus by the effect of sodium chloride solution, ascorbic
acid and the interaction between them, and the extent of the
growth and development of the sunflower plants which are
grown from seeds soaked in those solutions.

Materials and Methods

Callus cultures induction from the stem segments

After the sterilizing the sunflower seeds and planting them to
form the seedlings, pieces of the stems of these seedlings
were cultured on MS medium [ supported by adding BA
with a concentration of 1.0 mg.I* and NAA with a
concentration of 0.5 mg.I"* and kept bottles in the growth
room at a temperature of 20+2 <C 161

Effects of sodium chloride in callus growth

From the initiated calli with an age of 21 days are transferred
to MS media to which the same combination of growth
regulators used for the initiation with the addition of sodium
chloride at a concentration of 150 Mm. Other media were
provided with ascorbic acid with a concentration of 20 mg.I°
!, in addition to the interference treatment between sodium
chloride and ascorbic acid as well as the control treatment.
After 21 days of culture the indicators of callus growth were
calculated.

Proline
The quantity of proline in the 21-day-old callus samples for
all the treatments were estimated 1171,

Protein

A test of [81 was used to estimate the amount of protein that
extracted from the seeds and the callus samples for all the
treatments.

Soluble saccharides
Soluble saccharides of callus tissues were extracted and
estimated for all the treatments in the age of 21 days .,

Nucleic acids

Cherry’s method ! was used for extracting and estimating
the concentration of the total nucleic acids in the callus
samples for the different treatments. DNA content was
determined by using the Diphenylamine reagent for the
different treatments (24,

Activity of the antioxidant enzymes
Catalase and peroxidase enzymes were extracted from the
callus tissues for the different treatments 22,

Catalase activity

The activity of catalase was estimated depending on
measuring the amount of increase of light absorption of the
reaction solution at the 240nm 21,
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Peroxidase activity
The activity of peroxidase measurement depended on
measuring the change in absorption at wavelength 420nm 24,

Callus regeneration

Callus differentiation into vegetative branches
Approximately 0.5 g of callus samples with an age of 30 days,
was transferred to MS media, which supplement with 1 mg.I-
Lof BA + 1 mg. I'* of NAA), sodium chloride (150 mM) and
ascorbic acid (20 mg. I'Y) and the interaction between them.
Then planting were transferred to the growing room under the
same conditions mentioned before.

Rooting the differentiated vegetative branches and
plantlets acclimatization.

After 30 days from the planting date, the branches formed
from the differentiated callus of the different treatments were
eradicated and each branch containing some leaves was
transferred to an MS medium with half of its composition
strength and without any growth regulators. The plantlets
were kept in the growth room. The plantlets were transferred
to plastic pots that contain a mixture of mixed soil and peat
moss with a ratio of 1:1. The pots were covered with plastic
perforated covers and left for 3 days in the growth room
condition. After removing the covers they were transferred to
the greenhouse.

Soaking sunflower seeds

A group of sunflower seeds were soaked in sodium chloride
solution with a concentration of 150mM and another group
of seeds was soaked in ascorbic acid with a concentration of
20 mg. I, while a third group of seeds was soaked in a
solution consisting of sodium chloride solution and ascorbic
acid with the same concentrations above in addition to the
control treatment in which its seeds were soaked in distilled
water only. After 24 hours of soaking, the soaked seeds in the
different solutions were planted in plastic pots consisting of
a mixture of mixed soil and peat moss with a ratio of 1:1.

The measurements

All the growth indicators of sunflower plants with an age of
90 days were taken except for the weight and number of seeds
after 120 days of planting for the different treatments and as
follows:

Plant height (cm): The plant height was measured from the
surface of the soil to the highest growing apex of the plant
using tape measure.

Fresh and dry weight (g): The fresh weight of the adult
plants was weighted by using a scale after cutting them into
small pieces. The plants were dried in an electrical oven at a
temperature degree ranged between 65-70 C° for 48 hours
until the weight is stabilized.

Leaf area (cm?): The leaf area for all the treatments were
calculated (25)

Number of seeds (seed.disc?): The number of seeds was
calculated for three plants and the mean after that was found.

The weight of 100 seeds (g): 100 seeds were taken randomly

for each treatment and they were weighted by using a
sensitive’ scale.
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Total chlorophyll in the leaves (mg.cm3): Lichtenthaler’s
[26] method was used in extracting the chlorophyll and
determining its quantity in sunflower leaves after a growth
period of 90 days.

Protein percentage in the seeds (%0): The percentage of the
protein in seeds was determined depending on estimating the
nitrogen percentage in the seeds of sunflower for the different
treatments [27,

Oil percentage in the seeds (%0): The oil was extracted from
of sunflower seeds for the different treatments (28],

Results

The effect of sodium chloride and ascorbic acid and
interaction between them in the callus tissue cellular
components

Data in table (1) demonstrates the increase of the
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concentration of proline and soluble saccharides in the callus
samples after 21 days of growth on MS medium which
supplemented with sodium chloride at concentration 150mM
and the values were 14.077 pg.g* and 0.999 pg.g*
respectively compared to the control treatment that had
values of 8.103 and 0.578 pg.g™* respectively. From the other
hand, adding sodium chloride to the callus growth media
resulted in a decrease in its content of protein, DNA and RNA
with values of 0.433 mg.g?, 25.1 pg.g?, 237. 5 pg.g*
respectively compared to the control treatment that had the
values of 1.865 mg.g?, 44.4 pg.g! and 441.0 pg.g*
respectively. The same table indicates that adding ascorbic
acid with a concentration of 20 mg.I* to the callus growth
medium which is provided with sodium chloride with a
concentration of 150Mm led to an increase in the content of
the callus of the previously mentioned cellular components
compared to the treatment of salinity only.

Table 1: The effect of sodiun chloride (150mM) and ascorbic acid (20 mg. 1Y) and the interaction between them in the callus cellular
contents of 21-day-old sunflower.

Treatments _ _ Concentratic_)ns
Protein (mg.g™) | Proline (ug.g?) | Soluble saccharides (ug.g™) | DNA (ug.g™?) | RNA (ug.g?h)
Control treatment 1.856 8.103 0.578 444 441.0
Ascorbic acid 2.552 9.998 0.976 55.6 605.5
NaCl 0.433 14.077 0.999 25.1 237.5
Ascorbic acid+NaCl 1.1001 16.993 1.987 29.1 "290.0

Catalase and peroxidase activity

The results showed an increase in the activity of catalase and
peroxidase enzymes extracted from the sunflower callus in
the age of 21 days when adding sodium chloride with a
concentration of 150mM to the growth media and the values

were 49.672 and 59.907 unit.cm respectively. This increase
in the activity of the two enzymes kept on when adding
ascorbic acid with a concentration of 20 mg.I to these saline
media to reach the values of 60.558 and 85.702 unit.cm
respectively compared to the other treatments (table 2).

Table 2: The activity of catalase and peroxidase enzymes extracted from the sunflower callus after 21 days of treatment with NaCl (150
mM) and ascorbic acid (20 mg.I"? and interaction between them.

Activity (unit.cm™®)
Treatments Catalase Peroxidase
Control treatment 10.221 12.84
Ascorbic acid 20.760 13.449
NaCl 49.672 59.907
Ascorbic acid +NaCl 60.558 85.702

Callus regeneration

Results showed that the failure of the differentiation of the
sunflower callus growing on MS media, which are provided
with sodium chloride with a concentration of 150mM in
addition to selected additions of growth regulators. It didn’t
show any response or behavior in this respect. Ascorbic acid
played a stimulating role for callus differentiation to
vegetative branches as their number was superior over the

ascorbic acid+ N

ascorbic aci

number of those differentiated from the callus of the control
treatment using the differentiation medium MS to which
BA(L mg.I'") and NAA(0.1 mg.l"Y) was added. The callus
growing on MS medium containing 150mM of sodium
chloride restored its capability to differentiate into vegetative
branches when ascorbic acid with a concentration of 20 mg/I°
! was added to that salt medium (Figure 1).

Control

Fig 1: Patterns of vegetative branches of sunflower callus for the different treatments after 50 days of cultivation on MS media supported by
adding (1mg.I"t of BA + 0.1 mg/I* of NAA).
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Rooting of the vegetative differentiated branches succeeded
for the different treatments after 20 days from transferring
them to MS media, which don’t contain growth regulators.
The treatment of ascorbic acid was characterized with more
and longer branches of roots compared to the control
treatment (Figure 2). Also, the process of acclimatization of
plantlets resulting from the tissue culture succeeded for all

ascorbicacid + NaCl
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the treatment that rooted after 30 days of acclimatization. The
treatment with ascorbic acid was superior over the other
treatments in forming and growth of the acclimatized plants
(Figure3« A. B. C) with the plants emerging from callus
differentiation treated with ascorbic acid with a concentration
of 20 mg.I! being distinguished in terms of their capability in
forming of sunflower heads(Figure 3, D).

ascorbic acid

Control

Fig 2: The variation between the characteristics of the roots emerging from the vegetative branches which differentiated from the sunflower
callus for the different treatments after 20 days of their growth on MS media lacking growth regulators.

Ascorbic acid+Nacl

Ascorbic acid

Control

Flower head

Fig 3: The effect of the interaction of ascorbic acid (20 mg.IY) and sodium chloride(150mM) in the growth of plantlets that resulting from
the differentiated from the sunflower callus after 30 days of their acclimatization.

The effect of sodium chloride and ascorbic acid and
interaction between them in the growth of sunflower
plants

Physiological effects

All the sunflower plant characteristics studied (plant height,
number of leaves, leaf area, the fresh and dry weights,
number of seeds.disc™ and the weight of 100 seeds.plant?),
were negatively affected by soaking the seeds in sodium
chloride solution for 24 hours compared to the control
treatment. From the other hand, the interaction that resulting
from soaking the seeds in sodium chloride and ascorbic acid
decreased that effect for all these indices after 90 days of

planting (table3). Data in figure (4) demonstrates the clear
differences in the plant growth with an age of 30 days
according to the treatment. The plants kept on growing
forming sunflower discs which differed by completing its
growth and forming these seeds with different treatments
(Figure 5, A, B, C, D). Moreover, results showed that the
emergence of a unique case in the sunflower plants growing
from seeds soaked in ascorbic acid and this case involved that
the plant had more than one flower heads and the number of
heads ranged between 3 to 6. plant?, compared to the other
treatments in which each plant yielded one disc only (Figure
5, E).

Table 3: Growth indicators of H. Annuus plants resulting from soaking the seeds for 24 hours in NaCl (150mM) and ascorbic acid (20mg.I%)
solution and the interaction between them.

Treatments Plant height | No. of leaves. | Leaf area |Fresh weight | Dry weight | No. of S_eeds Weight of 100
(cm) plant?! (cm?) (@) (@) (seed.disc?) | seed. plant?(g)
Control 182 22 175.554 378.638 75.728 250 12.245
Ascorbic acid 195 30 198.501 508.151 98.108 263 15.476
NaCl 67 12 98.795 142.712 35.678 95 8.330
Ascorbic acid +NaCl 150 16 140.152 201.757 53.810 181 11.251
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Ascorbic acid+NaCl NaCl
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Ascorbic acid

Fig 4: Soaking effect of sunflower seeds for 24 hours in NaCl ascorbic acid solution and the interaction between them i n the growth of the
plants after 30 days of planting.

Fig 5: The effects of treating sunflower seeds with NaCl, ascorbic acid and the interaction between ascorbic acid and NaCl on forming the
florets discs of the plant after 90 days of cultivation.
A- Control. B- Ascorbic acid (20 mg.I'Y). C- NaCl (150mM). D-Interaction of ascorbic acid and NaCl. E- A grown plant from seeds soaked
in ascorbic acid (20 mg.I%).

Chemical effects

Total chlorophyll in the leaves

The leaf content of chlorophyll differed according to the
different treatments after 90 days of planting. The highest
value of chlorophyll was recorded in the leaves of the plants
grown from seeds soaked in ascorbic acid as the value was
2.65 mg.g? compared to the rest of the treatments. The
interaction between the ascorbic acid and salt achieved an
increase in the leaves content of chlorophyll with a value of
1.12 mg.g* compared to the treatment with salt only, which
was 0.98 mg.g* (table 4).

The percentages of oil and protein in the seeds

Data in table (4) indicates that there is a positive effect of
soaking the seeds before planting them in ascorbic acid with
a concentration of 20 mg.I" in increasing the percentages of
oil and protein in the seeds of the plants growing from those
treated seeds. The percentages were 47% for oil and 25% for
protein and these percentages decreased significantly in the
seeds produced from seeds treated with sodium chloride
before planting them to be 30% for oil and 16% for protein
compared to the control treatment that had the values of 40%
and 21% respectively. The interaction between ascorbic acid
and salt had an effect on the percentages of oil and protein as
these percentages increased to be 35% for oil and 18% for
protein compared to the salt treatment.

Table 4: The effect of soaking sunflower seeds in the solution of

NaCl (150mM) and ascorbic acid (20 mg.I"t) and the interaction

between them in the chlorophyll concentration of the leaves and
the percentages of oil and protein in seeds.

Treatments Chlorophyll (mg.g* |Oil (%)|Protein (%)
Control 1.83 40 21
Ascorbic acid 2.65 47 25
NaCl 0.98 30 16
Ascorbicacid +NaCl 1.12 35 18
Discussion

Several studies demonstrated that the salinity stress results in
the accumulation of some metabolites such as soluble
saccharides, proline and other materials. The role of these

materials is connected to the osmotic balance to enhance the
plant ability for water uptake from the external medium in
addition to other functions to provide the energy and nitrogen
when the photosynthesis process declines due to the salinity
stress [2% 30 The increase in proline concentration in the
sunflower callus tissues as an effect of the treatment with
sodium chloride is due to a certain type of cell resistance to
the salinity stress by stimulating the construction of proline
synthesis from the glutamic acid and the decrease in
catabolism and decreasing its participation in protein
synthesis 4. One of the studies showed an increase in corn
callus content of proline when the concentration of sodium
chloride increased 2. Soluble unreduced saccharides are
considered to play an important role in cell osmosis
regulation under the salinity stress conditions [, The increase
of unreduced saccharides concentration in the sunflower
callus tissues was in agreement with what concluded in the
pea’s callus [°l. The decrease in protein concentration may be
due to the reduction caused by the salinity stress in terms of
the capability of the cells in involving the amino acids to
synthesize the protein B3 or due to the decrease in the
elements involved to synthesize the protein from the nitrogen
and phosphorus and the decrease in the concentration of
potassium that stimulates some enzymes to build the protein
in addition to the increase of ROS concentration that breaks
the peptide chains and thus causes protein decomposition 34,
The increase in the protein concentration in the sunflower
callus tissues when adding the ascorbic is due to the role of
this acid in stimulating Peptidylprolyl hydroxylase enzymes,
which are responsible for building Glycoproteins in the
cellular membranes, with a decrease in the activity of the
protease enzymes 3. Adding sodium chloride to the growth
media of the sunflower callus led to a decrease its content of
DNA and RNA and that was confirmed by a study conducted
by [3¢1 on the peas callus, as the researcher mentions that the
reason behind that is the high salinity, which decreased the
activity of three enzymes that participate in building the
thymine nucleotide, which is the most important nucleotides
in synthesizing the DNA. The increase in the quantities of
DNA and RNA in the tissues of sunflower callus when
adding ascorbic acid to the medium of growth might be due
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to the role played by this acid in decreasing the harmful
effects of ROS generated by adding sodium chloride to the
nucleic acid molecules, which represents an important feature
of enduring the salinity stress 7, The interaction between
sodium chloride and ascorbic acid caused a remarkable
increase in the activity of peroxidase and catalase compared
to the salinity treatment only and this is due to the role of
ascorbic acid in stimulating these two enzymes to get rid of
the toxicity of hydrogen peroxide and repress the free radicals
under stress conditions 38 1. This result was in conformity
with the results of [1when treating rice callus with ascorbic
acid and the addition of the ascorbic acid to the saline media
increased the activity of those enzymes too.

The failure of the differentiation of the sunflower callus
growing on media that include sodium chloride with a
concentration of 150mM might be due to the direct and
indirect impacts of sodium chloride salt at the molecular level
of the tissue of the cells cultures leading to a dysfunction in
the hormone balance and consequently to the decrease of the
average division and expansion M. These findings are in
conformity with what was concluded by [“Y that adding
sodium chloride to the media of rice callus growth caused a
decreased in the number of the differentiated branched of the
callus.

The results of the current study also showed the negative
effects of sodium chloride on the morphological and
physiological characteristics of sunflower during its different
stages of growth beginning from the seed to the adult plant.
Soaking the seeds of sunflower in sodium chloride caused a
reduction in the plant height, its fresh and dry weights with a
reduction in the leaf and the number of leaves. Soaking the
seeds in the salt solution led to changes in the growth,
morphology and roots physiology, which resulted in a lack of
water uptake and nutrients from the soil. The reduction of the
leaf area of the plant by salinity is due to the inhibition of
elongation process of the cell division or both of them 2,
These results are in conformity with the effect of sodium
chloride on the characteristics of the growth and development
of wheat seedlings 3. The decrease of chlorophyll in the leaf
content with the increase of salinity stress might be due to the
increase of salinity, which leads to the transfer and
accumulation of some minerals in the leaves and a decrease
in others such as ammonium ions that accumulate in the
leaves and break the chlorophyll by means of breaking down
of the plastids [*4 or the lack of magnesium ions uptake that
are components of chlorophyll synthesis and the iron ions that
assists in chlorophyll formation 31, or may be because of the
inhibition of the enzymes that contribute to building it!*®l, The
decrease of the vegetative growth and the long period
required to reach flowering stage of sunflower growing from
the seeds soaked in sodium chloride may be due to the lack
of the main elements because of the replacement and
competition of sodium and chloride ions and the increase of
osmotic potential of soil solution in addition to the decrease
in the level of the water available in the area of the roots will
lead to a decrease in photosynthesis, with which the levels of
transfer and accumulation of the dry material inside the seed
decrease and this will consequently affects the number and
weight of the seeds (1. Soaking the sunflower seeds in
ascorbic acid reduced the effect of salt on the plant growth as
this acid has several functions in the chloroplastids, has a
main role in scavenging ROS and the removal of hydrogen
peroxide [“71 It was mentioned byl*dl that the decrease of
ascorbic acid in Arabidopsis mutant plant caused the
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emergence of senescence signs faster than the wild types.
Ascorbic acid connects the time of flowering, aging and the
programmed death of the cells through a complicated signal
transferring network 1, Which is achieved by various plant
hormones. Ascorbic acid functions as an assisting agent to
create these hormones such as the gibberelline and salicylic
acid, which supports flowering and regulate the function of
ABA and ethylene ¥, The disruption of the physiological
processes resulting from stress effects on sunflower plants
contributed to the small size of the flower disc, and this was
reflected on the number of the seeds in the disc % The
number of seeds increased per disc by adding ascorbic acid
only or adding it with sodium chloride and this is due to the
role of this acid as an antioxidant, which causes an
improvement in the vegetative growth characteristics of
plant. I.e. increasing the materials produced in the leaves and
their movement to the disc and this will, eventually, leads to
the increase in the diameter of the disc and increasing the
number of the seeds in the disc compared to the treatment
using the salt. Soaking the seeds of sunflower in ascorbic acid
before planting them resulted in the branching of the end of
the stem with multiple flowers, which is similar to the wild
species, and making the plant more tolerant to salinity. The
study of B4 indicated that cultivated sunflower plants are less
tolerant than their wild ancestors and this is manifested by the
decreased biomass. These results might be interpreted as
ascorbic acid made changes in the plant cultivated on the
genetic level that made it more tolerant to salinity that it
became similar to its wild type. The decrease of protein
percentage in seeds when treating the plant with sodium
chloride can be attributed to a disorder in nitrogen
metabolism or to the inhibition in nitrate absorption 7, or to
a reduction in the periods of protein and oil accumulation
with the increase of salinity ®%1. It was mentioned by 4 that
the treatment with ascorbic acid prevents the degradation of
the protein and decreases the oil peroxide in the germinated
seeds of sunflower.
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