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Abstract

Ascorbic acid as an antioxidant agent has already been used for increasing of stress tolerance.
Callus was produced from stem segments of alfalfa (Medicago sativa L.) on MS medium
supplemented with 2,4 dichlorophenoxy acetic acid, naphthalene acetic acid and kinetin (2 mg/1
each).Calli were then transferred to the same medium containing 0, 30, 60, 90, 120 mM NaCl
and 0, 0.5, 1.0, 2.0 mM ascorbic acid. Addition of ascorbic acid to the medium improved seed
germination and also increased the activity of acid phosphates, chlorophyll content, and dry
mass. The Na* and K* content of stem-leaf and root was relatively increased with some
variations. The fresh weight of calli was also increased by ascorbic acid under salt stress

condition
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INTRODUCTION

Salinity induces a wide range of metabolic
perturbation in higher plant. Although plant in
nature have evolved several adaptation
mechanisms to cope with the presence of salt in
their environment, an understanding of these
mechanisms still remains incomplete, mainly
due to the complexity of salt stress, which
present an ionic component, and an osmotic
component on the other hand'. Moreover,
physiological characterization of salt affected
plants in natural environments remains difficult.
Salin soils are typically very patchy in their
salinityz, and 1ons other than Na and Cl could
contribute to the high electrical conductivity of
salt-affected lands’.

Medicago species are relatively salt tolerant®.
The production of activated oxygen species
(AOS) which can damage DNA, protein,
chlorophyll and membrane function is a by-
product of oxidative metabolism in
chloroplasts, mitochondria and peroxisomes.
AOS production is further enhanced in response
to various abiotic stress, such as drought, salt,
extreme temperature and herbicides. Numerous
studies have shown that the level of
antioxidative enzyme is increased when plants
are exposed to biotic or abiotic stresses™®.
Various plant tissues are known to accumulate
up to milimolar concentration of L-ascorbic
acid. It plays an important role as an antioxidant
and protects the plant during oxidative damage
by scavenging free radicals and active oxygen
species that are generated during salt stress
condition”®

In vitro tissue culture is a useful tool to study
the cellular mechanisms of the stress and its
application at the cellular level, independent of
regulatory mechanisms occurring at the whole
plant level. Salt resistant line has been selected
using  plant cell culture  techniques’.
Nevertheless, the phenomenon of physiological
adaptation to NaCl stress is not completely
understood. The present study was therefore
undertaken to investigate the effects of various
salt concentrations and exogenous ascorbic acid
on plant growth under in vitro condition.
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MATERIALS AND METHODS

Seeds of Medicago sativa cultivar (cv) Rehnany
were obtained from the Seed and Seedling
Production Center in Isfahan, Iran. Seeds were
surface sterilized for 1-2 min in 95% ethanol
(v\v) then treated in 20% sodium hypochlorite
for 20 min, followed by 3 washes with sterile
distilled water and were placed on MS medium
containing 0, 30, 60, 90, 120 mM NaCl and 0.5,
1, 2 mM exogenous ascorbic acid under aseptic
condition. Then for 2-10 days post germination,
and after 4 weeks, growth parameters (stem and
root length, number of lateral root and dry
weight and relative cholorophyl by chlorophyll
meter (Min-LTA, SRAD-502), acid
phosphatase according to method of Julie et
al.”® and Na', K' level in tissues were
determined using flame photometer (Perkin-
Elmer Coleman 51-ca).

For callus production, 50 stem segments from
in vitro grown plants on MS (Murashige and
Skooge, 1962)“, were cultured on MS medium
supplemented with NAA (naphthalene acetic
acid), 2,4-D (2,4 dichlorophenoxy acetic acid),
kinetin, (each at 2 mg/l) and 1 g/l yeast extract.
All cultures were kept in culture room at 25°C.
Calli were produced after 4-6 weeks, then were
sub-cultured at 2 weeks intervals. After 3
subcultures, 5 segments of callus (approx. size
8-10 mm) with 10 replications were transferred
to the same medium containing 0, 90, 120 mM
NaCl and 0.5, 1, 2 mM ascorbic acid. Fresh
weights of the calli were measured after 4
weeks. Approx. 1 gram callus per each
treatment with 3 replications was used for
ascorbic acid determination using the method of
Smirnoff'?. All data were analyzed according to
Duncan test at p<0.05.

RESULTS

The effects of salt and ascorbic acid on
germination of Medicago sativa seeds are as
shown in Figure 1. Result indicated that seed
germination decreased with increasing NaCl
concentration, but exogenous ascorbic acid in
the medium increased germination even at 90
and 120 mM salt.
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Fig 1: Effect of NaCl and ascorbic acid on seed
germination after 8 days (Bars are SE of

Growth parameters such as stem and root
length, number of root and dry weight were
affected by both NaCl and ascorbic acid (Fig. 2
a, b, ¢, d). These parameters were decreased as
concentration of salt was increased in the
medium, however, plant growth were improved
by adding exogenous ascorbic acid
significantly.

Addition of ascorbic acid to the culture medium
contaning NaCl improved growth of callus in
Medicago sativa cv. Rehnany significantly
(p<0.05) as shown in Figure 3.
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Fig 2: Effect of salt and ascorbic acid on a) stem length, b) root length, ¢) root number, d)
dry weight of Medicago sativa (Bars are SE of data).

When high concentration of NaCl were applied
to the medium, callus fresh weight were
decreased  dramatically. The exogenous
ascorbic acid increased fresh  weight
significantly (p<0.05) at concentration of
120mM NaCl. Similar response was observed
in chlorophyll content of stem and leaf (Fig 4).

Acid phosphatase activity was also measured in
leaf and stem from in vitro grown plants under
salt stress. Comparison between salt treated and
control shows that enzyme activity increased by
increasing of salt concentration. However, it
seems that enzyme activity was positively
affected by adding ascorbic acid but the
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20

1

90

NaCl (Mm)

fresh weight (Bars are SE of data).
The pattern of Na+ and K+ in stem-leaf and

roots of plants cultured in medium containing

Fig 3: Effect of NaCl and ascorbic acid on callus

salt and ascorbic acid is shown in Figure 6.
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Fig 5: Acid phosphatase activity in leaf and stem of
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Fig 8: Ascorbic acid content of stem-leaf
after 4 weeks (Bars are SE of data)

The amount of ascorbic acid in callus was
measured four weeks post culture using
spectrophotometer at 600 nm. The results are
shown in Figures 7 and 8. The level of ascorbic
acid content in cells after 4 weeks was
increased as the amount of this antioxidant was
increased in the medium. However, the highest
amount of ascorbic acid was observed when,
0.5 and 2.0mM ascorbic acid was added to the
medium.

DISCUSSION

Salinity is a major factor in reducing plant
growth and productivity. The effect of salt
stress on plant and corresponding callus
depends on four responses: dehydration of the
cells through the low water potential, nutritional
imbalance caused by the interference of saline
ions with essential nutrients in both uptake and
translocation processes, toxicity due to the high
accumulation of Na and Cl in the cytoplasm as
well as the production of activated oxygen
species during salt stress.

A common response to increasing the salt
concentration is decreasing of growth rate of
callus. It has been reported that under salt stress
condition the growth of sensitive callus of
Lycopersicon  esculentum is  decreased
dramatically. Moreover, when high
concentration of exogenous proline (10mM)
and NaCl were applied to the medium the dry
weight of Medicago sativa cv. Yazdi was
increased".

The exogenous ascorbic acid in the medium
increased germination, dry weight, and ascorbic
acid content in stem-leaf tissues as well as
callus. In fact exogenous ascorbic acid
increased level of ascorbic acid uptake by
different tissues as reported by Arrigoni er al.'*.
One of the remarkable roles of ascorbic acid in
seed germination and cell growth under salinity
is its anti-oxidant activity, rather than its
possible utility as an organic substrate for
respiratory energy metabolism. Several finding
indicate that salt-induced low growth of plant
and callus is associated with increasing of the
cell damaging active oxygen species (AOS).
The effect of additional ascorbic acid on plant
survival is associated with the partial inhibition
of a few interactions in AOS production'’. The
inhibitory effect of ascorbic acid on lipid
peroxidation is related to plant survival but its
actual mechanism(s) are not yet clear. One
possibility is that addition of ascorbic acid
would increase the leakage of essential
electrolytes following peroxidative damage to
plasma membrane'®'’. The amount of sodium
accumulation in stem-leaf decreased when 1.0
and 2.0mM ascorbic acid was added to the
medium. No significant effect of ascorbic acid
addition to the medium was found on potasium
level of stem-leaf.

We have found that ascorbic acid increased
number of roots in salt treated seedlings. In fact
the new roots and leaves produced by ascorbic
acid under salt stress condition might be due to
the cell division and differentiation of meristem
cells.

When ascorbic acid was added to the medium,
despite of the concentration levels, the activity
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of acid phosphatase was increased. It has been
well documented that salt and water stress
increase acid phsphatase activity.

Acid phosphatase is known to act under salt
stress by maintaining a certain level of
inorganic phosphate which can co-transported
with H along a gradient of proton motive
force. In contrast, a few reports indicating that
acid phosphatase activity is independent of
phosphate level'®. However, the relationship
between ascorbic acid and phosphate level and
acid phsphatase activity remind to be evaluated
in details in the future.

In conclusion, this report shows that Medicago
sativa plant treated with ascorbic acid
remarkably  increase the capacity of
germination, seedling survival by changes or
balancing Na/K level as well as intracellular
content of ascorbic acid. Results indicating that
the salt tolerance level was increased using
ascorbic acid.

ACKNOWLEDGEMENTS

Authors wish to thank all members of Graduate
Directorship of Isfahan University for their
support of this project

REFERENCES

1.Basu, S., Gangopadhyay, G., Mukherjec,
B., and Gupta, S. (1997) Plant
regeneration of salt adapted callus of induca
rice in salin condition . Plant Cell
Tiss.Org.Cult. 50:153-159.

2.Binzel, M. L., Pana-Hess, F., Bressan, R. A.
and Hasegawa, P. M. (1989) Mechanism
of adaptation to salinity in cultured
glycophyte cells. In: Cherry JH (ed)
Environmental stress in plant (pp.139-
153).Springer-Verlag, Berlin.

3.Cano, E. A., Prez-Alfocea, F., Moreno, V.,
Cara, M., and Bolarin, M. C. (1998)
Evalution of salt tolerance in cultivated
wild tomato species through shoot apex
culture. Plant Cell Tiss.Org.Cult. 53:19-26.

4 Hasegawa, P. M., Bressan, R. A., Zhu, J. K.
and Bohner, H. J. (2000) Plant cellular
and molecular response to high salinity.
Ann. Rev. Plant Physiol. 51:463-499.

68

5.Harinasut, P., Poonsopa, D.,
Roengmongkol, K. and Charensataporn,
K. (2003) Salinity effect on antioxidant
enzyme in mulberry cultivar. Science Asia.
29:109-113.

6.Mitova, V., Tal, M., Volokita, M. and
Gury, M. (2002) Salt stress induces up
regulation of an efficient chloroplast
antioxidant system in the salt-tolerant wild
tomato species Lycopersicon pennelii but
not in the cultivated species. Physiologia
Plantarum 115:393.

7. Hernandez, J. A., Ferrer, M. A, Jimenez,
A., Rosarelo, A. and Sevilla, F. (2001)
Antioxidant system and H,O, production in
the apoplast of pea leaves. Its relation with
salt-indused necrotic lesions in minor reins.
Plant Physiology 127:817-831.

8.Tabata, K., Oba, K., Suzuki, K. and Esaka,
M. (2001) Generation and properties of
acorbic acid-deficient transgenic tobacco
cells expressing antisense RNA for L-
galactono 1,4-lacton dehidrogenas . The
Plant Journal 27:139-148.

9.Ehsanpour, A. A., and Amini, F. (2003)
Effect of salt and drought stress on acid
phosphatase activites in alfalfa (Medicago
sativa L.) explants under in vitro culture.
Africa Journal of Biotechnology 2:133-135.

10.Julie, E. H., Richardson, A. E. and
Simpson, R. J. (1999) Phytase acid
phosphatase activities in extracts from roots
of temperate pasture grass and legume
seedlings. Aus. Plant Physiol. 26:801-809.

11.Murashige, T. and Skoog, F. (1962) A
revised medium for rapid growth and
bioassay with tobacco tissue cultures. Plant
Physiol. 15: 473-479.

12.Smirnoff, N. (2000) Ascorbic acid:
metabolism and function of a multi-facetted
molecule. Current Opinion in Plant Biology
3:229-235.

13.Ehsanpour, A. A. and Fatahian, N. (2003)
Effect of salt and prolin on Medicago sativa
callus. Plant Cell Tissue and Organ Culture
73:53-56.

14.Arrigoni, O. and Detullio, M. C. (2000)
The roll of ascorbic acid in cell
metabolism: between gene-directed
function and un predicatable chemical
reaction. Plant Physiol. 57:781-788.



15.Shalata, A. and Neumann, P. M. (2001)
Exogenous  ascorbic acid increases
resistance to salt stress reduces lipid
peroxidation. Journal of Experimental
Botany 52: 2207-2211.

16.Blokhina, O., Virolainen, E. and
Fagerstedt, K. V. (2003) Antioxidant
damage and oxygen deprivation stress.
Annals of Botany 91:179-197.

17.Bourgeois-Chillou, P. and Gurrier, G.
(1992) Salt responses in Lycopersicon
esculentum call and whole plants. J. Plant
Physiology 14:494-501.

18.Barret-Lennard, E. D., Robson, A. D. and
Greenway, H. (1982) Effect of phosphorus
deficiency and water defication phosphates
activity from wheat leaves. J. Exp. Bot. 33:
682-693.

69



