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Abstract: The relationship between compatible solutes and antioxidants are the strategies that plants have
developed to tolerate salt stress. Proline and enzymes are the main metabolites that accumulate in vary
species of higher plants in response to salt stress. In Vicia faba L. cv. Lara and Pisium sativum L. cv.
Perfection pre-treatment with vitamin Cs (Vitamin C) led to enhanced seedlings tolerance to saline stress
during germination , as greater growth of pretreated seedlings (vitamin C group) versus untreated ones
(S group), evaluated through such parameters as length, water and chlorophyll content. During the
germination period, a considerable increase was observed in proline levels in the seedlings subjected to
saline stress (S), whereas in the vitamin C group, the proline increment was not significantly. Starting
from the fourth day of germination, betaine levels in seedlings pretreated with vitamin c and then with
water and in vitamin C showed a significant increase versus C and S seedlings, possibly because such
a precursor promotes betaine biosynthesis. This could be responsible for the enhanced growth observed
in vitamin C versus S seedlings, as well as for preventing the decrease in chlorophyll content in the
vitamin C group. The accumulation of betaine seems to correlate with the greater tolerance of these
seedlings against saline stress. This study concluded that a relationship between antioxidant glutathione
and salt tolerance was observed in both plants, under the effect of vitamin c. 
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INTRODUCTION

Since higher plants are immobile, they can't escape
from environmental stresses. The ability of higher
plants to scavenge the toxic effects of active oxygen
seems to be very important determinant of their
tolerance to these stresses. Antioxidants are the first
line of defense against free radical damage. They are
critical for maintaining optimum health of plant cells.
There are several antioxidant enzymes, peptides and
metabolites involved in the scavenging of active
oxygen in plants, and their activation are known to
increase upon exposure to oxidative stress .[37]

Height salt concentration normally impair the
cellular electron transport within the different
subcellular compartments and lead to the generation of
reactive oxygen species (ROS) such as singlet oxygen,
superoxide, hydrogen peroxide and hydroxyl
radicals . Excess of ROS triggers phytotoxic[7 ,11]

reactions such as lipid peroxidation, protein degradation
and DNA mutation .[37 ,36]

Antioxidants, is designing chemicals, when added
in small quantities to a materials, react rapidly with the
free radical intermediates of an autooxidation chain and
stop it from progressing. An excellent example of this
type of inhibitor is the synthetic hindered phenol 2,6-
di-tert-butyl-4 methyl phenols often called BHT which

react with mol- of peroxy radical and converts them to
much less active products. It has been recognized for
some time that naturally occurring substances including
those found in higher plants, also have antioxidant
activity. Recently, there has been increasing interest in
oxygen-containing free radicals in biological systems
and their implied roles as causative agents in the
etiology of a variety of chronic disorders .[21 ]

Accordingly attention is being focused on the protective
b iochemical functions of naturally occurr ing
antioxidants in the cells of the organisms containing
them, and on the mechanisms of their action .[41]

It has also been reported that plants with high
levels of antioxidants, whether constitutive or induced
have a greater resistance to such oxidative damage .[23]

The primary components of this antioxidant system
include carotenoids, ascorbate, glutathione, vitamin E
(á-tocopherols) flavonoids, phenolic acids, other
phenols, alkaloids, polyamines, chlorophyll derivatives,
amino acids and amines and miscellaneous compounds.
A number of studies indicated that the degree of
oxidative cellular damage in plants exposed to a biotic
stress is controlled by the capacity of antioxidative
systems .[21]

Vitamin C is a universal reductant and antioxidant
of plants. It is found at concentration of 1-2 Mm in
legume  nodules   and  is positively correlated with[20]
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nodule effectiveness . It is an essential metabolite for[6]

the operation of the ASC- GSH pathways, but it also

has beneficial effects that do not require the presence

of APX. ASC can directly scavenge ROS and reduce

ferric Lb and Lb . It is also involved inIV[22]

hydroxylation of proline, regulation of the cell cycle

and numerous fundamental processes of plant growth

and development .[26]

Some reports concerning the exogenous application

of the vitamins to salinized plants and their role in

stimulation of their growth are scarce . These[27]

compounds were also scarcely tried to counteract some

of the adverse effects of salinity stress . Thus[32]

exogenous addition of such substances to the test

organism could lead to growth stimulation through the

activation of some enzymatic reactions .[18]

The goal of the present work was to determine the

influence of vitamin c pre-treatment on bean and pea

seeds subjected to saline stress during germination

through, growth criteria, compatible osmolytes and

adaptive mechanisms of the antioxidant (Glutathione).

MATERIALS AND METHODS

Seeds Culture and Treatments: Surface sterilized

seeds of broad been Vicia faba L. cv. Lara and pea

Pisium sativum L. cv. Perfection were placed in petri

d ishes with distilled water in a controlled

environmental chamber for 12 h in a glasshouse at the

Faculty of Science, King Saud University, KSA.

Soaked seeds were then distributed in plastic trays

(15x15cm) with three layers of filter paper moistened

with the solutions indicated to all treatments for 24 h,

as follows:

C 100 mL of water (C). 

C 100 mL of 150 mM NaCl (S). 

C 00 mL of 200 mg/L vitamin C (V).  

C 0 mL 150 mM NaCl + 50 mL 200 mg/L vitamin

C (SV). 

Each treatment consisted of 10 plastic trays each

containing 20 seeds. Samples were collected randomly

at 2, 4, 6, and 8 days and the length of seedlings were

measured. Relative water content was also measured

and expressed as a percentage according to the

following equation :

RWC ( % ) = ( FW –DW ) / FW x 100.

Recovery of Seedlings: At the end of the experiment

described above (day 8), seedlings were transferred to

15 cm plastic pots containing vermiculite, maintained

in the same environmental condition and watered daily

with a half nutrient solution  for 15 days.[13]

Analysis: Chlorophyll content: was determined, at 6
and 8 days after germination and in recovered plants .It
was extracted by homogenizing 0.5 g fresh weight of
green tissues (leaf plus stem) of the seedlings in 10 ml
of 95% ethanol. After centrifugation for 10 min. at
5000 rpm, the chlorophyll content was analyzed
spectrophotometrically on the ethanolic supernatant at
654 nm as described by Wintermans and De Mots .[40]

Proline: 0.5 g FW were homogenized in 5 ml of
3% sulphosalicylic acid .After centrifugation for 10
min. a t  5 0 0 0  rp m, proline  was estimated
spectrophotometrically at 520 nm using the ninhydrin
method . Purified proline was used for standardization.[3]

Betaine assay: 0.5 g FW were homogenized with
5ml of methanol and extracts were phase-separated
with chloroform and water as described previously .[29]

After evaporating the aqueous phase to dryness in an
air stream of distilled water and 0.3 ml of a slurry of
dowex -50 ion exchange resin in the H  form  were+ [16]

added .Betaine was determined according to the
periodide method .[39]

Glutathione determination: none-protein thiols were
extracted by homogenizing 0.3 gm FW in 1.5 ml of
0.1N HCl .After centrifugation at 15000 rpm for 30
min at 4°C, the supernatants were used for analysis.
Total glutathione was determined in the homogenates
by spectrophotometry at 412 nm . [31]

Index of halophytism (HIB) of broad bean and pea
by  vitamin C was obtained from the osmolytes
(proline and betaine) and antioxidant (ghtathione) data
according to the proposed equation as described by
Abd El- Fattah .[1]

HIB =  

b = betaine content of the plant.
g = glutathione content of the plant.
p = praline content of the plant.

The HIB values classified in classes (I-V) named
halophytism class.

Statistical Analysis: Figures in the text and tables
indicate mean values±SEM .Differences between
control and treated seeds were analyzed by one–way
ANOVA, taking  P< 0.05 a significant , according to
Tukey s multiple range test .

RESULTS AND DISCUSSIONS

Results:
Effect of Pre-treatment with Vitamin C: To
determine the growth of broad bean and pea seedlings
starting from the second day of the experiment, their
length  and  relative  water   content   (RWC)  were



Res. J. Agric. & Biol. Sci., 3(6): 714-722, 2007

716

Table 1: Effect of vitamin C treatment on relative water content (% ) of broad bean and pea. Values are the means ±SEM  of three replicated

measurements.

Treatments Time in days

---------------------------------------------------------------------------------------------------------------------------------------------------------------------

2  4  6  8

-------------------------------- ------------------------------- --------------------------------- --------------------------------------

P. vul. H. vul. P. vul. H. vul. P. vul. H. vul. P. vul. H. vul.

C 48±3 30±2 56±3 39±2 72±4 47±2 89±4 66±3

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

S 41±2*** 29±1 48±3** 35±2** 46±3*** 40±2* 42±2*** 58±2**

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

V 49±2 33±2* 58±2* 44±3** 80±3** 60±3*** 93±3* 78±2***

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

SV 46±2 30±2 54±2 38±2 70±3 46±3 78±3 65±3

100 mL of water (C). 

100 mL of 150 mM  NaCl (S). 

100 mL of 200 mg/L vitamin C (V). 

50 mL 150 mM  NaCl + 50 mL 200 mg/L vitamin C (SV). 

*=Significant at P< 0.5 **=Significant at P< 0.1 ***=Significant at P< 0.05 

Table 2: Effect of vitamin C treatment on the length (root plus shoot, cm .) during seedlings development of Vicia faba L. cv. Lara and Pisium

sativum L. cv. Perfection. Values are the means ± SEM  of three replicated measurements .

Treatments Time in days

----------------------------------------------------------------------------------------------------------------------------------------------------------------------

2  4  6  8

--------------------------------- -------------------------------- ----------------------------------- ---------------------------------------

Bean Pea Bean Pea Bean Pea Bean Pea

C 1.8±.2 2.3±.2 6.3±.3 8.4±.4 15.5±.5 21.7±.6 20.1±.4 28.6±.6

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

S .6±.1*** 1.8±.1 2.6±.1**** 6.1±.3 5.8±.2*** 11.6±.4** 5.8±.2*** 18.5±.4***

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

V 2.1±.1** 2.5±.2 6.8±.3 9.2±.4* 18.6±.6* 25.4±.5** 22.7±.6* 30.6±..4*

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

SV 1.4±.1** 2.1±.1 4.1±.2* 7.5±.4 11.2±.4** 18.5±.5* 14.6±.5** 25.4±.4*

100 mL of water (C). 

100 mL of 150 mM  NaCl (S). 

100 mL of 200 mg/L vitamin C (V). 

50 mL 150 mM  NaCl + 50 mL 200 mg/L vitamin C (SV). 

*=Significant at P< 0.5 **=Significant at P< 0.1 ***=Significant at P< 0.05 

measured. Relative water content was significantly
lower in the S groups from the second day as
compared with the C group. This decrease persisted up
to the eight day, Table (1). The decrease was more in
bean (44%) than in pea (15%) in S group compared
with the C group at eight day.

The length of S seedlings was significantly lower
than that of the control over the whole experiment in
bean, reaching a length 4-fold less at the eight day of
treatment (Table, 2). In pea the salinity was less effect
over the whole experiment i.e the less at the eighth day
of treatment reached to 36% (less than one fold). Stress
induced root necrosis (in bean) but secondary roots
failed to appear, and therefore root length was more
affected than shoot length under salt stress conditions.
The protective effect of vitamin C pre-treatment against
saline stress was shown by the greater length and
RWC of vitamin C versus S seedlings (Tables, 1, 2).
On the eight day, mean vitamin C length was more
than twice as much as S and was accompanied by the
appearance of secondary roots in the former seedlings
(bean). In pea vitamin C reached to nearest as C
group. Pre-treatment with vitamin C increases the
seedlings length and RWC than control, so it has

activation the growth measurements in the two plants
(Tables 1, 2). 

Total chlorophyll was determined in green tissues
in bean and pea. In S seedlings were lower than those
of C seedlings of both plants, Table (3). On the eight
day it was observed that the C seedlings had more than
three fold that of S in bean, while about 1.5 fold that
of pea. So bean more effective than pea. Seedlings pre-
treatment with vitamin C prevented the decrease in
chlorophyll caused by saline stress .Moreover seedlings
pre-treatment with vitamin C have higher total
chlorophyll contents than C seedlings in both plants.

Levels of Compatible Osmolytes: In the S groups,
proline levels were significantly increased starting from
the second day and peaking at the eighth day of the
experiment, with an increase of roughly 340% in bean
and about 278% in pea above the controls; while in
vitamin C seedlings, significantly smaller increaments
were observed (Table 4).

When betaine content was determined, it was
observed that control seedlings reached the maximal
betaine level (22.4 Um /g DW for bean and 8.2 Um /g
DW  for pea) on the fourth day after germination for
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Table 3: Effect of vitamin C treatments on the chlorophyll content (ìg/g DW ) during seedlings development of Vicia faba L. cv. Lara and

Pisium sativum L. cv. Perfection. Values are the means ±SEM  of three replicated measurements.

Treatments Time in days

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------

2  4  6  8

------------------------------------ ----------------------------------- --------------------------------- ------------------------------------

Bean Pea Bean Pea Bean Pea Bean Pea

C 100±8 60±3 420±15 260±8 840±20 420±8 950±23 660±19

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

S 40±6*** 46±4* 100±8*** 120±8*** 260±9*** 320±5* 280±8*** 480±15**

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

V 120±9* 80±6* 500±18* 290±13 1000±20 500±6* 1000±22 690±17

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

SV 75±7* 50±4 310±12* 200±10* 650±12* 400±7 920±10 600±13*

100 mL of water (C). 

100 mL of 150 mM  NaCl (S). 

100 mL of 200 mg/L vitamin C (V). 

50 mL 150 mM  NaCl + 50 mL 200 mg/L vitamin C (SV). 

*=Significant at P< 0.5 **=Significant at P< 0.1 ***=Significant at P< 0.05 

Table 4: Effect of vitamin C treatm ent on the proline content (ìg/g DW) during seedlings development of Vicia faba L. cv. Lara and Pisium

sativum L. cv. Perfection. Values are the means±SEM  of three replicated measurements.

Treatments  Time in days

 2  4  6  8

----------------------------------- -------------------------------- --------------------------------- ------------------------------------

Bean Pea Bean Pea Bean Pea Bean Pea

C 3.8±.2 1.8±.1 6.4±.3 3.5±.2 8.2±.3 4.2±.2 5.2±.2 4.2±.2

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

S 4.2±.2* 2.2±.1* 9.5±.4*** 4.2±.2* 19.5±.4*** 9.2±.3** 17.8±.4*** 9.6±.2***

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

V 3.6±.1 2±.1 5.2±.2* 3.7±.2 9.5±.3 4.8±.3 4.4±.1 4.5±.1

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

SV 4±.2 2±.1 6.8±.3 3.6±.2 13.6±.4** 6.8±.3* 8.3±.3** 8±.2**

100 mL of water (C). 

100 mL of 150 mM  NaCl (S). 

100 mL of 200 mg/L vitamin C (V). 

50 mL 150 mM  NaCl + 50 mL 200 mg/L vitamin C (SV). 

*=Significant at P< 0.5 **=Significant at P< 0.1 ***=Significant at P< 0.05 

Table 5: Effect of vitamin C treatment on the betaine levels (ìg /g DW) during seedlings development of Vicia faba L. cv. Lara and Pisium

sativum L. cv. Perfection. Values are the means ±SEM  of three replicated measurements.

Treatments Time in days

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------

2  4  6  8

-------------------------------- -------------------------------- ---------------------------------- ------------------------------------

Bean Pea Bean Pea Bean Pea Bean Pea

C 5.2±.2 1.1±.1 14.6±.4 3.6±.2 22.4±1 8.3±.3 14.8±.6 5.4±.2

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

S 5±.2 1.6±.1* 12.5±.8* 5.4±.3** 20.2±1 9.3±..3* 13.4±.4 8.5±.5**

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

V 8.2±.4** 3.2±.1** 25.4±1** 9.4±.3*** 43.6±2*** 16.8±1*** 33.5±1*** 13.6±.4***

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

SV 3.4±.2* 6.3±.2*** 18.7±1* 12.2±.5**8 38.5±1*** 22.1±.5*** 30±.6** 14.6±.5***

100 mL of water (C). 

100 mL of 150 mM  NaCl (S). 

100 mL of 200 mg/L vitamin C (V). 

50 mL 150 mM  NaCl + 50 mL 200 mg/L vitamin C (SV). 

*=Significant at P< 0.5 **=Significant at P< 0.1 ***=Significant at P< 0.05 

the two plants and thereafter, levels diminished .In
seedlings subjected to saline stress there was little
decrease in betaine content at bean seedlings, in
contrast, there was an obvious increase at pea seedlings
as compared to the control seedlings.

The seedlings pre-treated with vitamin C led to a
significant increase in betaine of both plants. The peak
betaine level (roughly 43.6 Um /g DW) in bean was

reached on day sex.
Reduced glutathione content was constitutively

lower in S group than in C group (Table 6).
Glutathione levels were diminished in vitamin C and C
groups in the experiment period as compared with
shocked group. However, at vitamin C, the glutathione
values showed about 100% increase compared with C
group.  
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Table 6: Effect of vitamin C treatment on the glutathione content (ìg/g DW) during seedlings development of Vicia faba L. cv. Lara and

Pisium sativum L. cv. Perfection. Values are the means±SEM  of three replicated measurements.

Treatments Time in days

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------

2  4  6  8

-------------------------------- --------------------------------- ----------------------------------- ----------------------------------

Bean Pea Bean Pea Bean Pea Bean Pea

C 10.6±.2 18.8±1 11.4±1 19.5±2 11.2±2 17.2±2 10.2±1 16.4±2

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

S 4.2±.2* 12.2±1* 9.5±.4*** 14.2±.2* 8.5±.4*** 9.2±.3** 6±.4*** 9.6±.2***

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

V 10.9±1 19.2±2 12±.2* 20.7±2 12.5±3 18±3 10.4±1 17.5±2

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

SV 16.5±2*** 27±3*** 18±3*** 36±.4*** 23±4** 36±5**** 28±5**** 38±7***

100 mL of water (C). 

100 mL of 150 mM  NaCl (S). 

100 mL of 200 mg/L vitamin C (V). 

50 mL 150 mM  NaCl + 50 mL 200 mg/L vitamin C (SV). 

*=Significant at P< 0.5 **=Significant at P< 0.1 ***=Significant at P< 0.05 

Table 7: Effect of vitam in C treatment on root length, shoot length and chlorophyll content after 8-days of seedlings development of bean

and pea. Values are the means ±SEM  of three replicated measurements.

Treatments Bean Pea

------------------------------------------------------------------------------ ---------------------------------------------------------------------------------

Rootlength Shoot length Chlorophyll a Chlorophyll b Rootlength Shoot length Chlorophyll a Chlorophyll b

C 10.6±.2 18.8±1 0.114±1 0.195±2 11.2±2 17.2±2 0.102±1 0.164±2

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

S 4.2±.2 12.2±1 0.95±.4 * 0.142±.2* 8.5±.4*** 9.2±.3** 0.6±.4*** 0.96±.2**** * **

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

V 10.9±1 19.2±2 0.12±.2* 20.7±2 12.5±3 18±3 0.104±1 0.175±2

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

SV 16.5±2 27±3 0.18±3*** 0.36±.4*** 23±4** 36±5**** 0.28±5**** 0.38±7****** ***

100 mL of water (C). 

100 mL of 150 mM  NaCl (S). 

100 mL of 200 mg/L vitamin C (V). 

50 mL 150 mM  NaCl + 50 mL 200 mg/L vitamin C (SV). 

*=Significant at P< 0.5 **=Significant at P< 0.1 ***=Significant at P< 0.05 

Table 8: Effect of vitamin C treatment on halophytism  index (H IB) and halophytism  class (HCB) of Vicia faba L. cv. Lara and Pisium sativum

L. cv. Perfection during seedlings development.

Treatments Time in days

----------------------------------------------------------------------------------------------------------------------------------------------------------------------

2 4 6 8

----------------------------------- ----------------------------------- --------------------------------------- -------------------------------------

Bean Pea Bean Pea Bean Pea Bean Pea

---------------- ---------------- --------------- ---------------- ---------------- ------------------ --------------- ----------------

HIB HIC HIB HIC HIB HIC HIB HIC HIB HIC HIB HIC HIB HIC HIB HIC

C 3.8 II 3.4 II 5.1 III 4.5 III 5.5 III 5.8 III 5.4 III 4.6 III

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

S 2.2 II 3 II 3.5 II 4.3 II 3 II 3.1 II 2.2 II 2.9 II

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

V 5 III 5.5 III 7.7 IV 7.1 IV 7.6 IV 7.9 IV 8.9 V 7.2 IV

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

SV 3.8 II 9.2 V 7 IV 10 V 8.1 V 10 V 10 V 8.3 V

100 mL of water (C). 

100 mL of 150 mM  NaCl (S). 

100 mL of 200 mg/L vitamin C (V). 

50 mL 150 mM  NaCl + 50 mL 200 mg/L vitamin C (SV). 

Plant Recovery: At the third day of recovery, at bean
both vitamin C and control plants had two pair of
leaves; while only on the fifth day did the second pair
appear in the S seedlings. On the sixth day of
recovery, it was observed that root length of vitamin C
plants was 38% greater than that of S group (Fig. 1).
Seedlings pre-treated with vitamin C and subjected to
saline stress (vitamin C) had a greater recovery in
chlorophyll levels (98% of the control) than those of

the S group which reached 44% of the control value
(Fig 1).

At pea the second leaf appear at second day in
control as well as of vitamin C and vitamin C groups.
At sixth day of recovery, it was observed that lateral
roots length of vitamin C plants was 50% greater than
that of S, while shoot length of vitamin C plants was
75% greater than that of S (Fig 1). Seedlings of H.
vulgare pre-treated with vitamin C and subjected to
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saline stress (vitamin C) had a greater recovery in
chlorophyll levels (95% of control) than those of the S
group, which reached 60% of control value.

Table (7) shows the effect of vitamin C on the
halophytism index (HIB) under salt stress. The HCB
was II in the two plants throughout experiment period
under salt stress. In contras, HIB and HCB increased
by vitamin C treatments in stress and unstress samples.
The highest HIB and HCB (Table, 7) values were
obtained at vitamin C group, Main while the lowest
values were attained at S group.

The relationship between plant growth (shoot and
root length) and HIB during seedlings development of
bean and pea by vitamin C treatment were illustrated
in Fig (2). It was cleared that a linear progressive
relation between the growth of bean and HIB
throughout the experiment period. While at pea the
relation not progressive in beging of the treatments
(Fig, 2), 2, 4 days. The linear relation starts at the day
6 of treatments.

Discussion: The large amount of literature on the effect
of salinity on diverse plant tissues and cells, the
function of compatible osmolytes in salt injury still
remains controversial. To our knowledge, there are no
previous reports on vitamin C pre-treatments during
germination in bean plants subjected to salt stress in
contrast that of pea.

Vitamin C has been proposed for a long time as a
biological antioxidant. It exists in rather high
concentrations in many cellular environments, such as
the stroma of chloroplasts where its level is 2.3 x 10 -3

M. Vitamin C has been demonstrated in many
qualitative studies to possess significant antioxidant
activity. For example l0  M vitamin C inhibited the3

photooxidation of a kampferol by illuminated spinach

2chloroplasts. Vitamin C reduces two equivalents of O -

2 2produce H O  and triketo derivative dehydroascorbic

2acid. Vitamin C also reacts with O  at a relatively fast1

rate . [22]

Pre-treatment of bean seeds with vitamin C led to
enhanced seedling tolerance to condition of saline
stress during germination , as evidenced by the greater
growth of vitamin C versus S seedlings evaluated
through such parameters as length, RWC and
chlorophyll content (Tables, 1, 2, 3). Pea is less
sensitive plant than bean, so its adverse saline effect is
less. Also pre-treatment with vitamin C increase the
tolerance of pea through the measure parameters.  

During the germination period of the two plants, a
considerable increase was observed in proline levels
(up to 340%) in seedlings of bean and (up to 278%) in
seedlings of pea subjected to sodium chloride
treatment. However, such an increase in a protective
osmolyte was insufficient to protect seedlings against
damage caused by salinity conditions. In seedlings of
both plants pre-treated with vitamin C and subjected to

saline stress (vitamin C group), the proline increment
was much smaller (about 60%). Hare et al.,  have[9]

contended that proline content increases when there is
an injury to plant tissue. Possibly in seedlings pre-
treated with vitamin C and subjected to saline stress,
where growth is greater and plant status better, damage
is less and therefore proline levels are hardly increased
with respected to the control seedlings. On the other
hand the inhibitory effect of betaine on proline
accumulation would provide an alternative explanation
for this finding, in agreement with the results obtained
by Gibon et al.,  and Larher et al.,  with rape leaf[8] [15]

discs . 
Previous reports have shown that bean a member

of the leguminosae family contains rich amount of
betaine and accumulate less quantity under saline
conditions. In contrast, pea a member of the graminae
is salt tolerant contains less amount of betaine and is
able to accumulate a greater quantity under conditions
of saline stress. 

Starting from the fourth day of germination, pre-
treatment with vitamin C led to a significant increase
in betaine levels in vitamin C and in vitamin C versus
C and S seedlings in the two plants. Such an increase
may be attributed to the fact that the addition of this
precursor (vitamin C) promotes betaine formation by
stimulating its biosynthesis . [12]

The protective role of betaine against saline stress
both in higher plants, in bacteria and animals is widely
recognized . The significant increase of this osmolyte[28]

in plant tissue from seeds pre-treated with vitamin C
would help to explain the increase in tolerance to
salinity. The accumulation recorded in seedlings
starting from the fourth day could be responsible for
the enhanced growth observed in vitamin C versus S
seedlings, as well as for preventing the decrease in
chlorophyll content in the vitamin C group.

Silvana et al.  reported that salt stress increased[34]

the accumulation in roots, stems and leaves of lipid
peroxidation products produced by interactions with
damaging active oxygen species. Additional ascorbic
acid partially inhibited this response but did not
significantly reduce sodium uptake or plasma
membrane leakiness.

The mechanisms by which plants defend
themselves against saline stress are indeed many fold;
many are still unclear and they may vary according to
the ontogenetic stage. Although bean is a betaine
accumulating plant, it is sensitive to stress induced by
sodium chloride. Meanwhile pea which is less sensitive
to saline stress accumulates fewer amounts of a betaine
as well as proline. Krishna , studies the effect of[14]

vitamin C on barley leaf cell ultrastructure and show
that vitamin C had no effect on the leaf cell
ultrastructure under normal conditions, but damage
induced by salt stress on nuclei and chloroplasts was
significantly reduced by vitamin C treatment. In
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another study, rice seeds soaked in water or 150 mM
NaCl in presence or absence of vitamin C were tested
for germination and seedlings growth. When the salt
solution was supplemented with vitamin C, the
inhibitory effect of salt on germination was reduced
considerably . The promotion of growth by vitamin C[14]

under salt stress conditions was associated with
enhanced levels of nucleic acids and soluble proteins .[2]

The results obtained in this work strongly suggest
that bean accumulate more betaine than pea thus was
attributed to the less sensitive of pea to salt stress, so
its low needs to osmolyte. 

Pre-treatment with vitamin C showed an increase
in osmolyte (proline and betaine) during germination,
because its biosynthetic precursor, vitamin C, could
activate BADH, thus enhancing the accumulation of
proline and betaine. The accumulation of these
osmolyte seems to correlate with greater tolerance
against stress. In a more general context, it could be
said that the formation of a compatible osmolytes such
proline and betaine, capable of stabilizing membranes
and proteins, is responsible for the increase in tolerance
against saline stress.

Adaptation to high NaCl levels involves an
increase in the antioxidant capacity of the cell to
detoxify reactive oxygen species . In concordance to[4]

Hernadez et al.,  the profile observed in glutathione[10]

(GSH) content could indicate that this antioxidant
soluble compound was involved in the salt tolerance.
The increase in glutathione content due to vitamin C
treatment enhanced salt tolerance of both plants, may
be totally or partly due to increased GSH synthesis
and/or decrease rates of degradation . [26]

The obtained result shows that the adaptation to
high NaCl (Vitamin C) involves an increase in the
antioxidant capacity (GSH) of the cell to detoxify
reactive oxygen species through both enzymatic and
non enzymatic reactions .[34]

To sum up, the present work demonstrates clearly
that adaptation to high NaCl (salt tolerance) involves
ant increase in betaine and antioxidant (glutathione). In
contrast salt stress produces increase in proline
content . Summing up, the adaptation to live in high[35]

salinity elucidate from the proposed index of
halophytism.

The obtained results showed a clear link between
the  proposed  HIB, HCB and the growth of the two

plants under salt stress. In S group all HCB equal (II),

meanwhile, it was III in control samples. In contrast,
the addition of vitamin C to growth medium raises the

HCB value with or without salt stress. In the vitamin
C group the highest HCB values (V). So, it may be

concluded that the addition of vitamin C to growth
medium. The relationship between the halophytism

index (HIB) and growth of the two plants were
estimated. It may be concludes that, the interaction

between osmolytes and antioxidant in HIB and HCB

by vitamin C treatments was useful in crop
improvement the tolerant to salt stress.

Once the mechanism of vitamin C action is better
understood, new opportunities for agricultural

biotechnology may become evident. Alongside
unraveling the vitamin C mode of action, other aspects

such as uptake, transport and stability of vitamin C as
well as the development of vitamin C analogues with

high activity, should continue to be explored. It is only
with this combined knowledge that unique mechanisms

of stress resistance can lead to implementations, with
predictable effects of vitamin C application in the field,

allowing for the full potential of vitamin C to be
harnessed in the future. 

REFERENCES

1. Abd Ullah, I., 1994. Plant indicators to habitat

conditions in Sharkia Province. Egypt. J. Bot., 34:
177-198. 

2. Anuradha, S. and S.S.R. Rao, 2001. Effect of
vitamin  Cs  on  salinity stress induced inhibition

of  seed  germination  and  seedling growth of
rice  (Oryza  sativa  L.).  Plant Growth Regul.,

33: 151-153. 
3. Bates, L.S., R.P. Waldren and I.D. Teare, 1973.

Rapid determination of free proline for water stress
studies . Plant Soil., 39: 205-207 .

4. Bellaire, B.A., J. Carmody, J. Braud, D.R. Gosset,
S.W. Banks, M. Cran Lucas, et al. 2000.

Involvement of abscisic acid-dependent and
independent pathways in the upregulation of

antioxidant enzyme activity during NaCl stress in
cotton callus tissue. Free Rad. Res., 33: 531-545.

5. Clouse, S.D. and J.M. Sasse, 1998. Vitamin Cs
:essential regulators of plant growth and

development. Annu Rev Plant Physiol Plant Mol
Biol, 49: 427-451.

6. Dalton, D.A., L. Langeberg and N. Treneman,
1993. Correlations between the ascorbate

glutathione pathway and effectiveness in legume
root nodules. Physiol. Plant, 87: 365-370.

7. Elstner, E.F., G.A. Wagner and W. Schutz, 1988.
Activated oxygen in green plants in relation to

stress situations. Curr. Topics Plant Biochem.
Physiol., 7: 159-187.

8. Gibon, I., M.A. Bessieres and F. Larher, 1997. Is
glycine betaine a non-compatible solute in higher

plants that do not accumulate it?. Plant Cell
environ., 20: 329-340. 

9. Hare, P.D., W.A. Cress and J. Van Staden, 1998.
Dissecting the role of osmolyte accumulation

during stress. Plant Cell Environ., 21: 535-553.
10. Hernadez, J.A., A. Jimenez, P. Mullineaux and F.

Sevilla, 2000. Tolerance of pea (Pisum sativum L.)



Res. J. Agric. & Biol. Sci., 3(6): 714-722, 2007

721

to long-term salt stress in associated with induction
of  antioxidant  defences. Plant Cell. Environm.,
23: 853-862.

11. Hernandez, J.A., E. Ohnos, F.J. Corpas, L. Sevilla
and L.A. del Rio, 1995. Salt-induced oxidative
stress  in chloroplasts of pea plants. Plant Sci.,
105: 151-167.

12. Hitz, W .D., J.A.R. Ladyman and A.D. Hanson,
1982. Betaine synthesis and accumulation in barley
during field water stress. Crop Sci., 22: 47-54. 

13. Hoagland, D.R. and D.I. Arnon, 1953. The water
culture method for growing plants with soil.
California Agric. Exp. Stat Univ. Calif Berkeley
Circ., 347.   

14. Krishna, P., 2003. Brassino steroid mediated stress
responses. J. Plant Growth Regul., 22: 289-297.

15. Larher, F., N. Rotival–Garnier, P. Lemesle, M.
Plasman and A. Bouchereau, 1996. The glycine
betaine inhibitory effect on the osmoinduced
proline  response of rape leaf discs. Plant Sci.,
113: 21-31. 

16. Lerma, C., P.J. Rich, W.J. Yang, A.D. Hanson and
D. Rhodes, 1991. Betaine deficiency in maize.
Plant Physiol., 95: 1113-1119.

17. Maas, E.V. and G.J. Hoffmann, 1977. Crop salt
tolerance-current assessment. Journal of the
Irrigation  and  Drainage   Division,   ASCE,
103: 115-134.   

18. Makled, M.M., 1995. Physiological studies on
some species of unicellular green algae with
special reference to protein production. M. Sc.
Thesis, Menoufia Univ., Menoufia, Egypt.

19. Marschner, H., 1995. Mineral nutrition of higher
plants. London Academic Press, pp: 889.

20. Matamoros, M.A., L.M. Baird, P.R. Escuredo,
D.A. Dalton, F.R. Minchin, I. Iturbe-Ormaetxe, M.
Rubio, J. Moran, A. Gordon and M. Becana, 1999.
Stress-induced legume root nodule senescence.
P hysio logica l b iochemical, and struc tura l
alterations. Plant Physiol., 121: 97-111.

21. McKersie, B.D., S.R. Bowtey, E. Harjanto and O.
Lepr ice ,  1996 . W ater- de fic it  to le rance
overexpressing superoxide dismutase. Plant
Physiology, 111: 1321-1326.

22. Moreau, S., A. Puppo and M.J. Davies, 1995. The
reactivity of ascorbate with different redox states
of leg hemoglobin. Phytochemistry, 39: 1281-1286.

23. Mullineaux, P.M. and G.P. Creissen, 1997.
Glutathione reductase regulation and role in
oxidative stress. In: Oxidative stress and the
molecular biology of antioxidant defenses
(Scandalios, J. G., ed.). Cold Spring Harbor.
Laboratory Press, NY.

24. Munns, R., S. Husain, A.R. Rivelli and R.A. Hare,
2002. Avenues for increasing salt tolerance of
crops and the role of physiologically based
selection traits. Plant and soil, 247: 93-105.

25. Mussig, C., S. Fischer and T. Altmann, 2002.
Vitamin C-regulated gene expression. Plant
Physiol., 129: 1241-1251.

26. Noctor, G. and C.H. Foyer, 1998. Ascorbate and
glutathione  of keeping active oxygen under
control. Ann. Rev. Plant Physiol. Plant Mol. Biol.,
49: 249-279.

27. Oertii, J.J., 1987. Exogenous application of
vitamins as regulators for growth and development
of plants, a review. Z. Pflanzenemahr Bodenk,
150: 375-391.

28. Rhodes, D. and A.D. Hanson, 1993. Quaternary
ammonium and tertiary sulfonium compounds in
higher  plants.  Ann  .Rev.  Plant  Physiol.,  44:
357-384. 

29. Rhodes, D., P.R. Rich, A.C. Myers, C.R. Reuter
and G.C. Jamieson, 1987. Determination of
betaines by fast atom bombardment mass
spectrometry :Identification of glycine betaine
deficient genotypes of Zea mays L. Plant Physiol.,
84: 781-788.                    

30. Sasse, J.M., 1997. Recent progress in vitamin C
research. Physiol. Plant, 100: 696-701.

31. Schupp, R. and H. Rennenberg, 1988. Diurnal
changes in the glutathione content of spruce
needles (Picea abies L.). Plant Sci., 57: 113-117.

32. Shaddad, M.A., A.F. Radi, A.M. Abdel-Rahaman
and A.A. Azooz, 1990. Response of seed of
Lupimis termis and Vicia faba to the interactive
effect of salinity and ascobic acid or pyridoxine

6(B ). Plant and Soil, 122: 177-183.
33. Shannon, M.C., 1998. Adaption of plants to

salinity, Adv. Agron., 60: 75-119.
34. Silvana, B.D., M.G. Susana, P.B. Maria and L.T.

Maria, 2003. Behaviour of antioxidant defense
system in the adaptive response to salt stress in
Helianthus annuus L. cells. Plant Growth
Regulation, 40: 81-88.

35. Smironff, N., 1993. The role of active oxygen in
the response of plants to water deficit and
desiccation. New Phytol., 125: 27-58.

36. Stewart, R.C. and J.D. Bewley, 1980. Lipid
peroxidation associated with accelerated ageing of
soybean axes. Plant Physiol., 65: 245-248.

37. Tanake, K., E. Tankeuchi, A. Kubo, T. Sakaki, K.
Haraguch and Y. Kawamura, 1994. Two
immunologically different isoenzyme of ascorbate
peroxidase from spinach leaves. Arch. Biochem.
Biophys., 286: 371-375.

38. Upreti, K.K. and G.S.R. Muti, 2004. Effect of
vitamin Cs on growth, nodulation, phytohormone
content and nitrogenase activity in French been
under  water stress. Biologia Plantarum, 48(3):
407-411.

39. Wall, J.S., D.D. Christianson, R.J. Dilmer and F.R.
Senti, 1960. Spectrophotometric determination of
betaines and other quaternary nitrogen compounds
as their periodides. Anal. Chem., 32: 870-874.



Res. J. Agric. & Biol. Sci., 3(6): 714-722, 2007

722

40. Wintermans, J.F. and A. De Mots, 1965.
Spectrophotometric characteristics of chlorophylls
a and b and their pheophytins in ethanol. Biochim.
Biophys. Acta, 109: 448-453. 

41. Zhu, D. and J.G. Scandalios, 1994. Differential
accumulation of manganese-superocide dismutase
transcripts in maize in response to abscisic acid
and high osmoticum . Plant Physiol., 106: 173-178.


