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Abstract

Background: Although borage (Borago officinalis L.) is a valuable medicinal plant, no
information is available on the responses of this plant to salinity. For this reason, it is
necessary to determine responses of this plant to salinity.

Objective: Since germination and early growth stage is one of the most critical phases of
plant life under salinity condition; this experiment was conducted to determine some
responses of borage to salinity at the seedling stage.

Methods: This experiment was laid out in a completely randomized design with three
replications and four salinity treatments, including distilled water (EC=0.0dS m™) and
three saline water conditions with EC of 5.0, 10.0 and 15.0 dSm™.

Results: With increasing EC, the content of free proline, soluble carbohydrates and
proteins were increased. Moreover, the activities of superoxide dismutase (SOD),
peroxidase (POD), catalase (CAT), and polyphenol oxidase (PPO) enzymes were
significantly increased. Although seedlings dry weight and emergence percentage were
declined with increasing EC, the seedlings had markedly growth/survival under salinity
conditions.

Conclusion: The survival and little reduction in emergence under salinity conditions
(12.5%) indicated that borage was a salt tolerant species at the early growth stage. This
tolerant is certainly due to the enhancement of antioxidant enzymes activities and
compatible solutes content.

Keywords: Antioxidant enzymes, Borago officinalis L., Osmotic adjustment, Salinity,
Seedling stage.

Abbreviates: Catalase (CAT), Dry Weight (DW), Fresh Weight (FW), Peroxidase (POD),
Polyphenol Oxidase (PPO), Reactive Oxygen Species (ROS), Superoxide Dismutase (SOD),

[ DOR: 20.1001.1.2717204.2009.8.29.23.4 ]

Water content (WC)
Volume 8, Supplement No. 5, Winter 2009 I


https://dor.isc.ac/dor/20.1001.1.2717204.2009.8.29.23.4
http://jmp.ir/article-1-530-fa.html

[ Downloaded from jmp.ir on 2026-05-21 ]

[ DOR: 20.1001.1.2717204.2009.8.29.23.4 ]

Biochemical and ...

Introduction

Salinity is considered as a major
environmental stress that can limit plant
growth. It is expected that salinization of
arable lands will result in 30 percent land loss
in next 25 years and 50 percent by the middle
of the 21 st century [1]. On the other hand,
rapid growth of human population has led to
rising demand for food and usage of saline
soils or water for crop production. Successful
plant production under salt stress conditions
requires an adequate understanding of how
salts affect soil characteristics and plant
performance [2].

The ability of plants to grow in high salt
concentrations is known as salt tolerance [3].
Evidence collected from various species
suggests that plant salinity tolerance varies
depending on many factors such as
environmental conditions, agronomical
practices, irrigation management, soil fertility,
cultivars, and growth stage. The early growth
stages is one of the most critical phases of
plant life which is greatly influenced by
salinity [4, 5]. For this reason, many plants are
extremely sensitive to salinity during the early
growth stages [6].

It has been reported that the content of
reactive oxygen species (ROS) was elevated
with increasing salinity, due to the imbalance
in the production and destruction of ROS [7].
ROS attack the most sensitive biological
macromolecules and membranes to impair
their functions [8]. Plants employ biochemical
and molecular mechanisms to cope with salt
stress such as induction of antioxidative
enzymes and synthesis of compatible solutes
[9].

One mechanism of ROS detoxification is
activation of enzymatic antioxidants (SOD,
CAT, POD, etc.) which exist in all the plants
[8, 10]. Hence, a strong correlation between
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the antioxidant defense system and salt
tolerance in many plants are reported [7].

Furthermore, a major effect of salinity
stress is the loss of intracellular water. Plants
accumulate many metabolites as “compatible
solutes” which prevent the water loss from the
cell and protect the cellular proteins [11]. The
accumulation of these osmolytes, facilitate the
osmotic adjustment [12]. This phenomenon is
an effective mechanism for salinity tolerance
in many plants (Ashraf and Orooj, 2006).
Carbohydrates and proline are two major
compatible solutes [9].

Borage (Borago officinalis L.) is an annual
herbaceous plant which is well suited for
cultivation in certain countries of the world
including Iran [14]. Recently, borage has been
the subject of increasing agricultural interest
because researches showed that seeds and
other parts of this plant have valuable fatty
acids, particularly gamma linolenic acids. This
compound has potential to  prevent
cardiovascular disease, cancer and infectious
diseases. So it was subjected that borage could
be a ‘power food’ of the future [15, 16].

Although borage is one of valuable
medicinal plants and its cultivation is
continuously being extended in the world, no
information is available on the responses of
this plant to salinity. Since early growth stages
is one of the most critical phases of plant life
[4, 5], the present study was carried out to
explore the effects of salinity on borage at
seedling stage.

Materials and Methods

This study was conducted in the Plant
Science Laboratory at Tarbiat Modares
University, Tehran, Iran from September to
November 2006. Seeds of Borago officinalis
L. were obtained from the Institute of
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Medicinal Plants Research of Iranian
Academic Centre for Education, Culture and
Research (ACECR), Tehran, Iran.

The experiment was laid out in a
completely randomized design with four salt
treatments and three replicates. The treatments
were distilled water (control) and three saline
water treatments with electrical conductivities
of 5.0, 10.0 and 15.0 dS m’. The treatment
solutions were made with saline water and
distilled water depending on target salinity.
Natural saline water was obtained from Hoz-e-
Soltan Lake in Qom, Iran. The major ions of
saline water were:128 g/l Na', 218.7 g/l CI',
1.23 g/l K7, 19.5 g/l Mg*", 0.086 g/l Ca*" and
48.8 g/ SO4”.

The seeds were selected for uniformity in
size, shape and color. The seeds surfaces were
sterilized with 0.5% sodium hypochlorite for 1
minute and rinsed thoroughly with distilled
water. Each replicate contained 1.0 L plastic
container in which 50 seeds were sown with
dry washed sand. Then, one concentration of
the treatment solutions was added to the
medium up to the soil field capacity (sufficient
water to initiate drainage).

The salinity levels were kept constant
throughout the experiment period by using
containers sealed with plastic bags to avoid
evapotranspiration. =~ The  growth  room
conditions were maintained at 24.5 + 0.5 °C,
relative humidity of 35 £ 5% and photoperiod
of 12 h.

Fifteen -day-old seedlings were used for
evaluation fresh and dry weight, soluble
protein, free proline, soluble carbohydrates
and antioxidant enzyme activities. The
emergence of seedlings was recorded at the
end of experiment and the emerged percentage
was calculated. Then, the seedlings were
harvested/washed with distilled water and the
surface moistures were wiped out. Seedling
growth (fresh and dry weight) was determined
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using ten seedlings from each salinity levels in
triplicate. The seedlings were oven dried at
70 °C for 72h (until there was no decrease in
weight). Water content (WC), as the
percentage of fresh weight, was calculated
using the following formula (Misra and
Dwivedi, 2004):

WC (%) =[(FW - DW) / FW] x 100

Free proline content was extracted from
the leaves and roots using 3% sulphosalicylic
acid and L-proline (Sigma) as a standard [17].
Water-soluble carbohydrates concentration in
the leaves and roots was measured by phenol-
sulfuric acid [18]. Protein content was
determined with method of Bradford using
bovine serum albumin as standard for the
calibration curve [19].

A sample of seedling tissue (0.5 g) was
homogenized in 5ml of 50mM Tris-HCI buffer
(pH 7.5). The homogenate was filtered and
then centrifuged at 4 °C for 20 min at 15000xg
[7]. The obtained supernatant was used for the
measurement of enzyme activity.

Total superoxide dismutase (SOD, EC
1.15.1.1) activity was determined by
measuring its ability to inhibit the
photochemical  reduction  of  nitroblue
tetrazolium chloride (NBT), as described by
Beauchamp and Fridovich (1971).

Catalase (CAT, EC 1.11.1.6) activity was
assayed in the extract by measuring the level
of decrease in absorption of 240nm (Kar and
Mishra, 1976) in the reaction mixture
containing 30uml of the enzyme extract,
50mM of Tris-buffer (pH 7.0) and 5 mM of
H,0..

Peroxidase (POX, EC 1.11.1.7) activity
was determined as described by Kar and
Mishra (1976). The reaction mixture contained
100mM of Tris-buffer (pH 7.0), SmM of H,0,,
and 10mM of pyrogallol. Some 12 uml of the
extract enzyme was added to the mixture to
initiate the reaction, measured
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spectrophotometrically at 425 nm.

Polyphenol oxidase (PPO, ECI1.14.18.1)
activity was assayed using the method of Kar
and Mishra (1976). The reaction mixture
contained 100mM of Tris—buffer (pH 7.6); and
10 mM of pyrogallol and the enzyme solution
was incubated at 25 °C for 5 minutes. The
absorbance of the purpurogallin form was
taken at 420 nm.

One-way analysis of variance was applied
to evaluate the salt-effect. The mean
differences were compared by “Duncan’s
multiple range test” at p< 0.05.

Results and Discussion

Seedlings emergence percentage of borage
was significantly different (p<0.05) among the
various treatments (Table 1). Although, the
salinity  reduced seedlings emergence
percentages, the reduction in seedling
emergence was quite small (12.5%). In
addition, with increasing EC from 5 to 15 dS
m™, no more reduction in seedling emergence
was observed (Fig. 1A).

At seedling emergence stage, salt tolerance is
usually determined based on the survival rates [3].
The results indicated that seedlings emergence was
about 80 percent in non-saline treatment, declined
to about 69% when EC increased up to 15 dS m™
(Fig.1A). Also, ECt (the solution electrical
conductivity at which germination starts to
decrease) for borage was 5 dS m™ which
amount of this reduction (12.5%) was little.
Several studies have shown different results
from other plants. Martin Aleméan et al. (1999)
reported EC; value of 4.9 dS m™ for Phoenix
canarien and 1.6 dS m™" for Sabal palmetto
[22].

Additionally, the electrical conductivity at
which germination declines by 50 percent
(ECso) was reported to be 21.2 dS m™ for
sorghum [23], 4.3 for salt-tolerant barley [24]
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and 10.4 dS m” for Salvadora persica [25]. In
this study, the decline in the seed germination
was 12.5% at EC of 15 dS m™' which could be
suggested that borage seed had high potential
of germination under saline conditions. Also,
according to salt tolerance classification
system of the Mass and Hoffman (1977), it can
be suggest that borage had a salt tolerance
potential at the seedlings emergence stage.

The fresh weight (FW) was significantly
(p<0.01) improved at EC of 5 and 10 dS m™,
but drastically reduced with increasing salinity
i.e EC of 15 dS m™. However, the difference
in terms of the seedlings FW was not
significant at EC of 0 and 15 dS m™ (Fig. 1B).
Therefore, after an initial increase in the FW
with increasing salinity, it declined at EC of 15
dS m™. With increasing salinity, dry weight
(DW) of seedlings was significantly reduced.
Of course, the growth performance of the
seedlings was satisfactory (Fig. 1C).

Water content (WC) of the seedlings
increased up to EC of 10 dS m™ and then
declined with further increment of salinity.
The highest percentage of WC was observed at
EC of 10 dS m™', whereas the lowest value was
observed at EC of 0 dS m™ (Fig. 1D).

Trends in WC of the seedling were similar
to those of their FW (Fig. 1B and D). In other
words, WC and FW increased with increasing
salinity up to EC of 10 dS m" and then
decreased at EC of 15 dS m™. Our findings
showed that increasing salinity caused an
increment in the soluble osmolytes (Fig. 1E
and F) and consequently caused a significant
increase in FW and WC of the seedlings at EC
of 5 and 10 dS m"' (Fig. 1D). This
phenomenon is an effective mechanism for
salinity tolerance in many plants to prevent the
water loss from the cell and protect the cellular
proteins [11, 12, 13].

However, in excess of salinity (EC of 15
dS m™), FW and WC of the seedlings were
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declined probably due to a reduction of ability
to adjust osmotically, or the high demand of
energy requirements for such adjustment [26].

Although, the seedlings DW significantly
decreased (p<0.01) with increasing salinity
(Fig.1 C), it was adequate well up to EC of 15
dS m™. This reduction in DW is probably due
to the usage of carbohydrate compounds to
synthesize specific osmolytes such as proline
[27]. In addition, other factors such as the
toxic effect of salt, unbalanced nutrient uptake
and nutrient deficiencies may also play a role
in reduction of dry weight [28]. It was
previously reported that salt stress also results
in a significant decrease in DW of leaves,
stem, and roots in plants [29, 30].

Increasing salinity of the growth medium
had a significant increasing effect (p<<0.01) on
free proline content of shoots and roots. It was
maximal at the highest salinity level, i.e. EC of
15 dS m™". The free proline content was higher
in the roots than the shoots at different salinity
levels (Fig. 1E).

The soluble carbohydrates content of the
roots and shoots were significantly increased
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(p<0.01) with increasing salinity. Unlike to
proline, the content of soluble carbohydrates in
the shoots was higher than the roots at
different salinity treatments (Fig. 1F).

The soluble protein content of the
seedlings was significantly (p<0.01) increased
with the enhancement of salinity levels (Table
1 and Fig. 2A). The protein content was 31.32
mg g{1 (FW) at salinity level of 0 dS m™ of but
it increased significantly up to 53.53 mg g '
(FW) at the EC of 15 dS m’".

To cope with salt stress, plants employ
different biochemical processes. One of the
vital processes is production of some
metabolites which called compatible solutes or
osmolytes. The accumulation of these
osmolytes facilitates osmotic adjustment [11,
12, 13].

Proline is a main osmolyte which
accumulate under saline conditions in many
plants including some medicinal plants such as
ajwain [13], anise and coriander [31]. Proline
can be utilized both as a carbon and/or
nitrogen source for rapid recovery from the
salinity stress [32]. Also, proline have a dual

Table 1: Analysis of variance for different parameters

Source of df

Mean squares

variation
Seedling Emergence Fw DW wC Shoot proline
Treatments 3 72.89% 3087.15%** 12.37%** 13.281%** 0.323%**
Error 8 16.00 67.37 0.136 0.227 0.002
Root proline Shoot Root Soluble SOD activity
carbohydrates carbohydrates protein
Treatments 3 3.90 *** 24599.82%** 3525.43%%* 374.04%** 2139.44%%**
Error 8 0.011 84.88 65.20 8.04 51.04
POX activity CAT activity PPO activity
Treatments 3 33789.42%** 731187.97%** 27.354%%*
Error 8 47.18 2477.65 0.468

*#%: significant at 0.001.

*: significant at 0.05

<4
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Fig. 1- Effect of salinity (EC) on seedling emergence (A), fresh weight production (B), dry weight production
(C), water content (D), free proline content (E) and soluble carbohydrate content (F) in B. officinalis seedlings.
Bars with different letters are significantly different at P<0.05. Each Bar represents a mean of three replicates +
standard error (SE).

role in improving salt stress tolerance as they
are able to act in a similar way to the
peroxidase enzymes and scavenge reactive
oxygen species [33].

The results indicated that the proline
concentration was much greater in the root
than in the shoot tissues which cause to
decrease in water potential in the root and
increase in water uptake. Therefore, the
enhancement of proline content in root is a
valuable strategy which can be a reason of the
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seedlings survival at saline condition. In other
words, this mechanism could cause to
increasing salt tolerant potential of borage at
early growth stage.

In saline conditions, carbohydrates are
other major compatible solutes [9] which
prevent the water loss from the cell and protect
the cellular proteins [11]. The carbohydrates
accumulation  facilitates  the osmotic
adjustment [12] and has an effective role in
salinity tolerance in borage seedlings under
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saline conditions. Also, the previous study
indicated that accumulation of carbohydrates
provides the carbon skeleton to synthesize
proline that is used for adaptive and/or
defensive responses against stress including
salinity [27].

The protein accumulation in borage
seedlings may be part of the protection
mechanism against salinity (Fig. 2A). In
addition, proteins accumulation under saline
conditions may provide a storage form of
nitrogen that is re-utilized when the stress is
over and may play a role in osmotic
adjustment [34]. It was previously reported
that a higher soluble proteins content has been
observed in salt tolerant than in salt sensitive
cultivars of barley [35].

The salinity caused significant (p<0.01)
increase in the antioxidant enzymes activities
(Table 1 and Fig.2). Activity of SOD was
significantly increased with increasing salinity
up to EC of 5 dS m™, but it remained constant
with further increasing salinity (Fig. 2B). The
activities of POD, CAT and PPO in the
seedlings  were  significantly  (p<0.01)
enhanced with increasing salinity. The highest
activity of these enzymes activities were
observed at the maximum level of salinity i.e.
EC of 15dS m™ (Fig. 2C, 2D and E).

An excessive ROS production occurs in
response to stress conditions such as salt stress
[11]. Under such condition, ROS production
overcomes the antioxidant system capacity,
and thus oxidative stress occurs. Afterwards,
the lipid metabolism of plant is interrupted as a
result of oxidative damage to membrane lipids
by ROS [7]. This could lead to the damage of
the components of electron transfer chain in
mitochondrial [36].

SOD converts superoxide radicals into
hydrogen peroxide and oxygen. Hydrogen
peroxide is eliminated by action of CAT and
different classes of peroxidases [37].
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Therefore, higher SOD, POD, CAT and PPO
activities in borage seedling under salinity
stress (Fig. 2) probably results from an
increased capacity for oxygen radical
scavenging and maintenance of cellular
membrane. These enzymes are considered to
be the main protective enzymes that play a key
role in the removal of ROS [8, 10].

Also, increase in SOD, CAT, POD and

PPO activities in different tissues under
increasing salinity have also been reported in a
number of plants [38]. In addition, many
researchers have reported that the antioxidant
enzymes have relatively higher activities in
tolerant cultivars than in the sensitive ones,
suggesting that higher antioxidant enzymes
activities have a role in imparting the tolerance
to these cultivars against environmental
hazards such as salinity [39].
On the other hand, a strong correlation
between the antioxidant defense system and
salt tolerance in many plants is reported [7].
Thus, increasing the antioxidant enzymes
activities had an important role in salt
tolerance potential of borage seedlings.

Although antioxidant activity has been
reported in the extract of borage seeds
(Wettasinghe and Shahidi, 1999), however, the
present research is the first report on
antioxidant activity of SOD, CAT, POD and
PPO enzymes in borage seedling.

Conclusion

This study indicated that borage had a salt
tolerance potential up to EC of 15 dS m™ at the
early growth stage. Also, this salt tolerant
potential was due to increase in the antioxidant
enzymes activities and the compatible solutes
content. However, this study is only a step
towards evaluation of salt tolerance and further
investigations are needed to determining of
phytochemical and production potential of

borage at saline conditions.


https://dor.isc.ac/dor/20.1001.1.2717204.2009.8.29.23.4
http://jmp.ir/article-1-530-fa.html

[ Downloaded from jmp.ir on 2026-05-21 ]

[ DOR: 20.1001.1.2717204.2009.8.29.23.4 ]

Biochemical and ... L ——

d c
20 b
10
o
a
b
100}
50 -
0
L Cc
1600 |- b

nh

111l

ECO ECI0
LEVEL OF SALINITY (ds/m)

SOLUBLE PROTEINS(mg/g FW)

SOD[Ug' (FW)]

3

s 8

CAT [2A. ¢ (FW)miri']

=]

- [ ]
[SEERT [~

PPO (A2 (FW)mini']

(=]

POX[8A,,.g (FW)miri
-8 EEEEE R
o
o © o L o
m o o) w >

Fig. 2- Effect of salinity (EC) on soluble proteins (A), and activities of SOD (B), POX (C), CAT (D) and PPO (E) in
B. officinalis seedlings. Bars with different letters are significantly different at p<0.05. Each Bar represents a mean of three
replicates * standard error (SE).

Acknowledgements Mehdi Homaee for reviewing the entire

To Professor Dr. Faezh Ghanati, for her manuscript.
technical help and research facilities, to Dr.

Journal of Medicinal Plans, Volume 8,
Supplement No. 5, Winter 2009


https://dor.isc.ac/dor/20.1001.1.2717204.2009.8.29.23.4
http://jmp.ir/article-1-530-fa.html

[ Downloaded from jmp.ir on 2026-05-21 ]

[ DOR: 20.1001.1.2717204.2009.8.29.23.4 ]

References

Naghdi Badi & Authors

1. Wang W, Vinocur B and Altman A. Plant
responses to drought, salinity and extreme
temperatures: towards genetic engineering for
stress tolerance. Planta. 2003; 218: 1 — 14.

2. Chartzoulakis K, Loupassaki M, Bertaki M
and Androulakis I. Effects of NaCl salinity on
growth, ion content and CO2 assimilation rate of
six olive cultivars. Sci. Horticulturae. 2002; 96:
235 —47.

3. Mass EV and Hoffman GJ. Crop salt
tolerance-Current assessment. Proceedings
American Society of Civil Engineers: J. of
Irrigation and Drainage Division. 1977: 103: 115
—-34.

4, Misra N and Dwivedi UN. Genotypic
difference in salinity tolerance of green gram
cultivars. Plant Sci. 2004; 166; 1135 —42.

5. Vicente O, Boscaiu M, Naranjo MA, Estrelles

E, Belles JM and Soriano P. Responses to salt
stress in the halophyte Plantago crassifolia
(Plantaginaceae). J. of Arid Environments 2004;
58:463 - 81.

6. Foolad MR, Hyman JR and Lin GY.
Relationships between cold-and salt-tolerance
during seed germination in tomato: analysis of
response and correlated response to selection.
Plant Breeding 1999; 118: 49 - 52.

7. Ghorbanli M, Ebrahimzadeh H and Sharifi M.
Effects of NaCl and Mycorrhizal Fungi on
Antioxidative Enzymes in Soybean. Biologia
Plantarum 2004; 48: 575 - 81.

8. Nayyar H and Gupta D. Differential sensitivity
of C3 and C4 plants to water deficit stress:
Association with oxidative stress and antioxidants.
Environmental and Experimental Botany 2006; 58:
106 — 13.

9. Parida AK and Das AB. Salt tolerance and
salinity effects on plants: a review. Ecotoxicology
and Environmental Safety. 2005; 60: 324-349.

10. Johnson SM, Doherty SJ and Croy RRD.
Biphasic superoxide generation in potato tubers: a

self amplifying response to stress. Plant
Physiology. 2003; 13: 1440-1449.

11. Mahajan S and Tuteja N. Cold, salinity and
drought stresses: An overview.  Archives of
Biochemistry and Biophysics. 2005; 444: 139—-158.
12. Delauney AJ and Verma DPS. Proline
biosynthesis and osmoregulation in plants. Plant J.
1993; 4: 215 -23.

13. Ashraf M and Orooj A. Salt stress effects on
growth, ion accumulation and seed oil
concentration in an arid zone traditional medicinal
plant ajwain (Trachyspermum ammi [L.] Sprague).
J. of Arid Environments 2006; 64: 209 — 20.

14. Naghdi Badi H, Soroshzadeh A. Rezazadeh
Sh, Sharifi M, Ghalavand A and Rezai A.
Evaluation of phytochemical and production
potential of borage (Borago officinalis L.) during
the growth cycle. J. of Med. Plants 2008; 7: 37 -
43.

15. Sayanova O, Smith MA, Lapinskas P, Stobart
AK, Dobson G, Christie, WW, Shewry PR and
Napier JA. Expression of a borage desaturase
cDNA containing an N-terminal cytochrome b5
domain results in the accumulation of high levels
of delta6-desaturated fatty acids in transgenic
tobacco. Plant Biol. 1997; 94: 4211 - 6.

16. Del Rio-Celestino M, Font R, De Haro A and
De Haro-Bail6 A. Distribution of fatty acids in
edible organs and seed fractions of borage (Borago
officinalis L.). J. of the Sci. of Food and Agr. 2008;
88:248 — 55.

17. Bates LS, Waldren RP and Teare ID. Rapid
determination of free proline for water-stress
studies. Plant and Soil. 1973; 39: 205 — 7.

18. Dubois M, Gilles KA, Hamilton JK, Rebers
PA and Smit F. Colorimetric method for
determination of sugars and related substances.
Analytical Chem. 1956; 28: 350 — 6.

19. Bradford MM. A rapid and sensitive method
for the estimation of microgram quantities of
protein utilizing the principle of protein-dye

¥


https://dor.isc.ac/dor/20.1001.1.2717204.2009.8.29.23.4
http://jmp.ir/article-1-530-fa.html

[ Downloaded from jmp.ir on 2026-05-21 ]

[ DOR: 20.1001.1.2717204.2009.8.29.23.4 ]

Biochemical and ...

binding. Analytical Biochem. 1976; 72: 248 — 54.
20. Beauchamp C and Fridovich I. Superoxide
dismutase: improved assays and an assay
applicable to acrylamide gels. Anal. Biochem.
1971; 44: 276 — 87.

21. Kar M and Mishra D. Catalase, proxidase,
polyphenol oxidase activities during rice leaf
senescence. Plant Physiol. 1976; 57: 315 - 9.

22. Martin Aleman N, De Ledén Herndndez AM
and Rodriguez Pérez JA. Effect of salinity on
germination of Phoenix canariensis and Sabal
palmetto (Arecaceae). Acta horticulturae. 1999;
486: 209 - 13.

23. Igartua E, Gracia MP

Characterization  and

and Lasa JM.
genetic  control  of
germination-emergence  responses of  grain
sorghum to salinity. Euphytica. 1994; 76: 185 - 93.
24. Mer RK, Prajith PK, Pandya DH and Pandey
AN. Effect of salts on germination of seeds and
growth of young plants of Hordeum vulgare,
Triticum aestivum, Cicer arietinum and Brassica
juncea. J. of Agron. and Crop Sci. 2000; 185: 209
-17.

25. Ramoliya PJ, Patel HM and Pandey AN.
Effect of salinization of soil on growth and macro-
and micro-nutrient accumulation in seedlings of
Salvadora  persica  (Salvadoraceae). Forest
Ecology and Management 2004; 202: 181 — 93.

26. Hare PD WA. Metabolic
implications of stress-induced
accumulation in plants. Plant Growth Regulation.
1997; 21: 79 — 102.

27. Prado FE, Boero C, Gallardo M and Gonzalez
JA. Effect of NaCl on germination, growth, and
soluble sugar content in Chenopodium quinoa
Willd. seeds. Bot. Bulletin of Acad. Sinica. 2000;
41:27 - 34.

28. Khan MA, Ungar IA and Showalter AM. The
effect of salinity on the growth, water status, and

and Cress
proline

ion content of a leaf succulent perennial halophyte,
Suaeda fruticosa (L.) Forssk. J. of Arid Environ.
2000; 45: 73 — 84.

29. AliDinar HM,

Journal of Medicinal Plans, Volume 8,
Supplement No. 5, Winter 2009

Ebert G and Ludders P.

Growth, chlorophyll content, photosynthesis and
water relations in guava (Psidium guajava L.)
under salinity and different nitrogen supply.
Gartenbauwissenschaft 1999; 64: 54 — 9.

30. Chartzoulakis K and Klapaki G. Response of
two green house pepper hybrids to NaCl salinity
during  different growth stages. Scientia
Horticulturae 2000; 86: 247 — 60.

31. Zidan MA and Elewa MA. Effect of salinity
on germination, seeding growth and some
metabolic changes in four plant species
(Umbelliferae). Indian J. Plant Physiol. 1995; 38:
57 -61.

32. Jain M, Mathur G, Koul S and Sarin NB.
Ameliorative effects of proline on salt stress-
induced lipid peroxidation in cell lines of
groundnut (Arachis hypogaea L.). Plant Cell
Reports. 2001; 20: 463 — 8.

33. Zhu JK. Plant salt tolerance. Trends in Plant
Sci. 2001; 6: 66 - 71.

34. Ashraf M PJC.
biochemical indicators of salinity tolerance in
plants. Plant Sci. 2004; 166: 3 — 16.

35. Hurkman W]J, Fornari CS and Tanaka CK. A

comparison of the effect of salt on polypeptide and

and Harris Potential

translatable mRNA in roots of a salt tolerant and
salt sensitive cultivar of barley. Plant Physiol.
1989; 90: 1444 — 56.

36. Rhoads DM, Umbach AL, Subbaiah CC and
Siedow JN. Mitochondrial reactive oxygen species.
Contribution to oxidative stress and interorganellar
signaling. Plant Physiol. 2006; 141: 357 — 66.

37. Bailly C. Active oxygen species and
antioxidants in seed biology. Seed Sci. Res. 2004;
14: 93 - 107.

38. Muthukumarasamy M, Gupta SD and
Pannerselvam R. Enhancement of peroxidase,
polyphenol oxidase and superoxide dismutase
activities by tridimefon in NaCl stressed Raphanus
sativus L. Biologia Plantarum. 2000; 43: 317 - 20.
39. Sairam RK, Veerabhadra Rao K and
Srivastava GC. Differential response of wheat
genotypes to long term salinity stress in relation to


https://dor.isc.ac/dor/20.1001.1.2717204.2009.8.29.23.4
http://jmp.ir/article-1-530-fa.html

[ Downloaded from jmp.ir on 2026-05-21 ]

[ DOR: 20.1001.1.2717204.2009.8.29.23.4 ]

— Naghdi Badi & Authors

oxidative stress, antioxidant activity and osmolyte and free radical-scavenging properties of ethanolic
concentration. Plant Sci. 2002; 163: 1037 - 46. extracts of defatted borage (Borago officinalis L.)
40. Wettasinghe M and Shahidi F. Antioxidant seeds. Food Chem. 1999; 67: 399 - 414.


https://dor.isc.ac/dor/20.1001.1.2717204.2009.8.29.23.4
http://jmp.ir/article-1-530-fa.html
http://www.tcpdf.org

