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SUMMARY

Effect of NaCl on fresh mass, contents of sugars, free proline, protein, activity of
polyphenol oxidase (PPO) and peroxidase (POD) in explants of two cultivars (Hack and
Zan) of soybean were investigated. Explants were grown for one month in medium with
different NaCl concentrations (0, 50, 100, 150 and 200 mM). Fresh mass of explants in both
cultivars decreased continuously with an increase in salinity. Proline, reducing sugars,
soluble sugars and total sugars contents enhanced under salinity in both cultivars.
Oligosaccharide content in both cultivars increased up to 50 mM and declined at higher
salinities. Polysaccharide of Hack explants increased up to 100 mM and then diminished,
but in Zan explants, it reduced at 50 mM and increased at higher salinities. Protein content
in Hack improved by salinity but in Zan explants, protein content decreased up to 100
mM NaCl and then increased at higher salinities. PPO activity in two cultivars increased
up to 150 mM NaCl and then decreased. POD activity in both explants increased up to 200
mM NaCl. Fatty acid composition was modified by salinity. Saturated fatty acids content
in explants of both cultivars declined but unsaturated fatty acids content (linoleic and
arachidonic acid) improved under salinity. These results showed that cv. Hack exhibit a
better protection mechanism against salinity damage and more salt-tolerant by
maintaining and/or increasing fresh mass, osmolyte accumulation and activity of
antioxidant enzymes than cv. Zan.
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1. Introduction

Salinity is the major environmental
factor limiting plant growth and productivity.
The detrimental effects of high salinity on
plants can be observed at the whole-plant level
as the death of plants and/or decreases in

productivity (Parida, and Das, 2005). The use
of iv vitro cultures to study stress responses is
based on the fact that in vitro cultured cells
behave similarly to cells of intact plants
subjected to water deficit and salinity stress
condition (Al-Khayri and Al-Bahrany, 2004).
Moreover, species differing in drought
tolerance at the whole plant level also usually
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exhibit differences in drought tolerance in cell
cultures (Santos-Diaz and Ochoa-Alejo, 1994).
Undifferentiated cells and callus cultures
eliminate complications related to genetic and
morphological variability inherent to different
tissues of whole plant. Moreover, cell culture
systems eliminate the responses related to
water stress except those operative at the

cellular level (Al-Khayri and Al-Bahrany, 2004).

Exposure of cells to salt stress causes a set
of metabolic and developmental changes. The
identifications of specific characteristics related
to salt resistance such as compatible osmolytes
(e.g. proline and sugars) will provide potential
biological markers useful in the identification
and genetic manipulation of salt resistant plant
and plant cells (Niknam et al. 2004).

Several reports have suggested that lipids
might be involved in the protection against salt
stress (Huflejt et al. 1990; Khamutov et al. 1990;
Ritter and Yopp, 1993). One common effect of
salinity reported for salt sensitive and tolerant
species is the increasing degree of saturation of
membrane fatty acids and decreasing
membrane fluidity (Mansour et al. 2002;
Kerkeb et al. 2001), which was proposed to
regulate Na+ and Cl— permeability under salt
stress.

In order to look into osmotic stress
induced biochemical changes and to elucidate
adaptive mechanisms at cellular level, the
status of growth, sugars, free proline, protein,
fatty acids composition and activity of some
enzymes in explants of two cultivars of
soybean grown under salinity = were
investigated.

2. Materials and methods

Seeds of soybean (Glycine max L. cv. Hack
and cv. Zan) were provided from Agricultural
Research and Education Organization Seed

and Plant Improvement Institute. Seeds of
soybean were surface sterilized in 20% (v/v)
sodium hypochlorate solution containing a few
drops of tween 20 for 20 min, followed by 3
times washes with sterile distilled water. Calli
were produced from hypocotyl explants on MS
(Murashige and Skooge, 1962) medium
containing 0, 50, 100, 150 and 200 mM NaCl
and supplemented with 2 mg dm-3 2, 4-D (2, 4
Dichlorophenoxyacetic acid) and 0.5 mg dm-3
BA (Benzyladenine) under 16-h photoperiod
(with fluorescent lamps: irradiance of 46 pmol
m-1s-1) and day/night temperature of 25/20
°C. Explants were maintained in a growth
chamber for 30 d under mentioned condition.
Fresh mass of explants was recorded in 30-d-
old explants. Three replicates containing 4
explants each were taken for measurements.

Free proline was determined according to
Bates et al. (1973) using L-proline as a standard.
High-speed centrifuge (Beckman J2-21M, USA)
and UV-visible spectrophotometer (Shimadzu
UV- 160 Japan) with 10 mm matched quartz
cells were used for centrifugation of the
extracts and determination of the absorbance,
respectively.

For determination of sugar content, 0.5 g of
powder was extracted using 10 cm3 of ethanol-
distilled water (8:2 v/v), and supernatants
were collected after twice centrifugation at
1480 g. The residue from ethanol extraction
was subsequently used for polysaccharide
extraction by boiling water (Seyyednejad et al.
2001). Total Sugar contents were estimated by
the method of Dubois et al. (1956). Reducing
sugars were quantified according to Nelson
(1944). Oligosaccharide content was obtained
from difference between soluble and reducing
sugars contents.

For determination of protein content, fresh
explants (0.5 g) were homogenized in a chilled
(4°C) mortar using a 500 mM Tris-HCI buffer,
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pH 7.0. After centrifugation at 13000 g for 45
min at 4°C, the supernatant was filtered and
then transferred to Eppendorf tubes and the
samples kept on ice at 4°C. Enzyme extraction
was stored at -70°C for enzyme activity assay.
Total protein contents were measured by the
spectrophotometric method of Lowry at al.
(1951) using bovine serum albumin (BSA) as
the standard.

Peroxidase (POD) activity was measured
by the HxO,-dependent oxidation of benzidine
at 530 nm, in a reaction mixture containing 2
ml of 0.2 M acetate buffer (pH 4.8), 0.2 ml of
3% HxO3, 0.2 ml of 0.04 M benzidine and 0.1 ml
of extracted protein (Abeles and Biles, 1991).

Polyphenol oxidase (PPO) activity was
measured by the increase in absorbance at 420
nm. The reaction mixture containing of 2.5 ml
of 0.2 M phosphate buffer (pH 6.8), 0.2 ml of
0.02 M pyrogallol and 0.2 ml of protein extract
at 25°C (Raymond et al. 1993).

Extraction of total lipid was performed
following the methods of Folch et al. (1957) as
modified by Bligh and Dyer (1959). The fatty
acid methyl esters were prepared following the
Carreau and Dubacq (1987) and analyzed by
gas liquid chromatography. A Shimadzu GC-
16A equipped with a flame ionization detector
and 1.6 m x 3.2 mm i.d. glass column packet
with OV-1 was used. Operation temperatures
were 220°C for the oven and 230°C for both the
injector and detector block. Nitrogen was used
as carrier gas at a flow rate of 50 ml min-1.
Flow rates of hydrogen and air were 55 and
400 ml min-1, respectively. The peaks were
identified by comparison of the retention times
with authentic standards.

The data determined in triplicate were
analyzed by analysis of variance (ANOVA)
using SPSS (version 9.05). The significance of
differences was determined according to

Duncan’s multiple range test (DMRT). P values
< 0.05 are considered to be significant.

3. Results

In both cultivars of Hack and Zan
increasing of salinity caused a linear reduction
in growth as expressed in explants fresh mass
(Tab. 1). Moreover, biomass in explants of
Hack was higher than that of Zan at all
treatments.

In present study, steady increasing in free
proline content in cv. Zan was observed in
response to the increase in NaCl concentration.
In contrast, in cv. Hack increase of salinity up
to 50 mM increased free proline content
significantly, and then further increase of
salinity up to 200 mM NaCl decreased the
proline content. In general, in explants of cv.
Hack free proline content of explants under
salinity was higher than that of control (Tab. 1).
Moreover, proline content in explants of Hack
was higher than that of Zan at all treatments.

Effect of NaCl on various sugar contents
was presented in Tab.2. NaCl increased the
contents of reducing sugars, soluble sugars
and total sugar contents in both explants
comparing to that of control. Oligosaccharide
content in explants of both cultivars increased
up to 50 mM and then diminished at higher
salinities. Polysaccharide content of Hack
explants increased up to 100 mM and then
diminished at 150 and 200 mM NaCl. In
contrast, polysaccharide content in Zan
explants at 50 and 150 mM was lower than that
of control but at 100 and 200 mM NaCl was
higher than that of the control.

Protein content in Hack explants increased by
salinity. In contrast, Protein content in Zan explants
decreased up to 100 mM and then increased at
higher salinities (Tab. 1). Moreover, protein
content in explants of Hack was higher than
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that of Zan at all treatments.

Salinity increased significantly total POD
activity in explants of both cultivars comparing
to that of control (Tab. 1). The maximum POD
activity, in both explants was obtained at 150
and 200 mM NaCl], ca. 492 and 302% compared
with controls in Hack and Zan, respectively.
At all treatments, POD activity in Hack was
higher than that of Zan.

PPO activity in Hack explants increased up
to 150 mM NaCl and then decreased (Tab. 1).
In Zan explants, PPO activity increased up to
50 mM and then declined with an increasing
salinity. The maximum PPO activity, in both
explants was obtained at 150 and 50 mM Nadl,
ca. 390 and 113% compared with controls in
Hack and Zan, respectively.

The results of fatty acid analysis based on
calculations from the GLC data for eight major

fatty acids present in soybean explants and
seeds are summarized in Tab. 3. Palmitic acid
(Ci60) and myristic acid (Cis0) were found to
be the most abundant saturated fatty acids.
Palmitic acid, myristic acid and margaric acid
(C170) contents in explants of both cultivars
under saline conditions were lower than that
of the control explants. Lauric acid (C129), in cv.
Zan declined with increasing NaCl conditions,
whereas in cv. Hack, lauric acid improved by
salinity. Linoleic acid (Cis2) is the major
unsaturated fatty acid in explants of both
cultivars and increased with increasing of
salinity. The other fatty acids such as arachidic
acid (Cx), behenic acid (Cz) and arachidonic
acid  (Cao4)
modified.

contents were only slightly

Table 1. Fresh mass [g], contents of free proline [%(d.m.)], protein [%(f.m.)] and activity of polyphenol oxidase (PPO) and
peroxidase (POD) [unit g-1(f.m.)] in explants of Glycine max L. cvs. Hack and Zan under NaCl stress.

Cultivar NacCl Fresh mass Free Proline  Protein PPO POD
[mMM]  [g] [%%6(d.m.)] [%(f.m.)] [unit g-1 [unit g-1 (f.m.)]
(f.m)]
0 0.59 + 0.16a 0.25 +0.08¢c 0.33+0.03b 5.31+0.11b 18.25+0.22¢
50 0.53 +0.1ab 0.39 +0.09b 0.27+0.02b 6.02+0.32a 21.88 +0.32¢
Zan 100 0.47 +0.13bc  0.52 +0.14a 0.17 £ 0.05¢ 4.40+0.21c 39.60 +0.16b
150 0.43 +0.07bc  0.33+0.17b 0.20 +0.03c 5.54 +0.23b 33.24+0.19b
200 0.35+0.07¢c 0.54 +0.07a 0.53 + 0.04a 3.41+0.15¢c 55.20 + 0.33a
0 0.69 + 0.30a 0.35+0.16b 0.40 £ 0.01a 1.11 +£0.09c 12.32+0.12¢
50 0.59 + 0.08b 1.07 £0.09a 0.41 +0.06b 2.05+0.07b 60.27 +0.32a
Hack 100 0.52 +0.08b 0.66 + 0.08b 0.43 +0.03¢c 2.72 +0.06b 31.51 +0.22bc
150 0.42 +0.10c 0.62 +0.07b 0.46 +0.02¢ 4.34+0.16a 60.72 + 0.25a
200 0.34 + 0.06¢c 0.45+0.09ba 0.60+0.03a 3.22 +0.11ab 40.52 +0.21b

Values are means + SE of 4 determinations. Data were analyzed by Duncan’s multiple range test and means followed by identical
letters were not significantly different within the columns (P < 0.05)
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Table 2. Reducing sugar (RS), oligosaccharide (OS), polysaccharide (PS), soluble sugar and total sugars contents [%(d.m.)] in
explants of Glycine max L. cvs. Hack and Zan under NaCl stress.

Cultivar NaCI[mM] __ RS [%(d.m)] OS[%(dm)] _ PS[%(d.m)] SS[%(d.m)] TS [%(d.m.)]
0 0.43+0.05c  1.37 £0.16b 102+0070 1.80+0.14b  2.82+0.24b
50 058+0.15a  1.45+0.23a 0.78+0.19c  2.03+028a 2.81+0.37b

Zan 100 0.48+0.13c  1.43%0.62a 128+0.16a 1.91+0.21b 3.19:0.17a
150 0.56+0.0%b  1.27+0.10c 097+012b  1.82+0.30b  2.80+0.22b
200 0.57+0.17ab  1.34 £0.20b 1.28+007a 1.91+01lb  3.19+0.3%
0 0.37+0.08  1.00+0.39b 091+017c  1.37+0.18c  2.28+0.35¢
50 0.49+0.06c  1.45+0.35a 114+018bc 1.98+022a  3.08+0.28b

Hack 100 0.71+0.10a  0.96+0.3ab 273+018  1.67+0280  4.40+0.3la
150 0.81+0.0%  0.67 +0.02c 130+0.10b  1.48+0.19c  2.78+0.22b
200 057+007b  1.19+0.30b 147+011b  176+0.2lab 3.23+0.19

Values are means + SE of 4 determinations. Data were analyzed by Duncan’s multiple range test and means fol lowed by identical
letters were not significantly different within the columns (P < 0.05).

Table 3. Fatty acid composition (% total) in seeds and explants of Glycine max L. cvs. Hack and Zan under NaCl stress.

Cultivar  NaCl Ci12: 0 C14:0 Ci16:0 C17:0 C20:0 C22:0 C18:2 C20: 4
[mM]
0 10.59 44.27 46.02 4.21 3.18 1.99 12.99 1.29
50 2.64 36.54 45.38 242 2.92 1.48 13.54 1.43

Zan 100 4.48 43.62 20.62 3.04 2.35 1.59 14.63 1.89
150 7.30 39.19 17.72 2.20 2.57 1.63 14.34 1.80
200 5.89 39.85 32.31 3.26 1.47 1.70 15.60 1.75
Seed 17.27 32.33 29.98 1.05 2.18 1.34 7.91 3.50
0 5.95 32.20 55.25 5.79 1.73 231 5.60 2.70
50 12.42 22.36 54.96 4.19 0.98 1.42 6.05 2.10

Hack 100 6.76 27.98 46.14 1.84 131 0.69 6.46 291
150 12.66 30.79 37.53 1.78 231 1.26 7.27 1.52
200 8.64 29.78 39.64 1.99 2.17 1.50 8.05 1.73
Seed 8.89 26.96 27.79 9.17 1.60 0.78 15.89 3.50

4. Discussion

Salinity decreased fresh mass in both

cultivars (Tab. 1). Legume species vary widely
in response to salt stress, ranging from
extremely sensitive to tolerant species. Low
concentration of NaCl (10 mM) inhibits the
growth of salt sensitive soybean genotypes
(Lauchli and Wieneke, 1979). Grattan and
Maas (1988) observed that high concentration
of salinity (60, 80 and 120 mM NaCl) decreased
the growth of soybean.

Free proline content in both explants
promoted with increases in salinity comparing
to that of control (Tab. 1). Accumulation of

proline is frequently reported in many plants
or tissues in response to salinity stress
(Khatkar and Kuhad 2000, Jain et al. 2001,
Jaleel et al. 2007a, Jaleel et al. 2008). According
to our results, this accumulation is more
prominent in cv. Hack than that cv. Zan. Many
plants accumulate proline as an osmo-
regulator (Delaurey and Verma, 1993) or
osmo-protector (Csonka, 1989) under saline
condition.
Sugar contents [reducing sugar,
oligosaccharide (at low salinity), soluble sugar
and total sugar] in both cultivars, except
polysaccharide, promoted with an increase in
salinity, comparing to that of control (Tab. 2).

Carbohydrates (such as glucose, fructose, and
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fructans) and starch accumulate under salt
stress (Parida et al. 2002, Aghaleh, et al. 2009).
The major functions of sugars are
osmoprotection, osmotic adjustment, carbon
storage, and radical scavenging (Parida and
Das, 2005). Salt stress increased reducing
sugars and sucrose in two wheat cultivars
(Khatkar and Kuhad, 2000).

Protein content in Hack increased by
salinity but in Zan explants, protein content
decreased up to 100 mM NaCl and then
increased at higher salinities. These results are
in a good agreement with the results of
workers who found that a higher content of
soluble proteins has been observed in salt
tolerant than in salt sensitive cultivars of
sunflower (Ashraf and Tufail, 1995) and rice
(Lutts and Kinet, 1996). According to our
results, this increase is more prominent in cv.
Hack than that cv. Zan.

Peroxidase catalyzes H>O,-depended
oxidation of substrate. It seems that under salt
stress conditions, the product of the SOD
reaction, H»>O,;, was eliminated by higher
constitutive and induced levels of POD activity
with increasing salinity (Tab. 1). The
enhancement of POD activity by salinity has
also been observed in the rice leaves (Lee et al,
2001), callus cultures of Suaeda nudiflora
(Cherian and Reddy, 2003), apple rootstock
MM 106 (Molassiotis et al. 2006) and
Catharanthus roseus (Jaleel et al. 2007) (.Gossett
et al. (1994 and 1996) reported that the activity
of antioxidative enzymes (catalase, ascorbate
peroxidase and peroxidase) under salt stress
increased in the callus tissue of the salt-tolerant
cultivars of cotton and decreased or remained
unchanged in non-tolerant cultivars. They
believed that the increase in activity of the
enzymes in callus of the salt-tolerant cultivar
could be associated with its salt tolerance
character (Gossett et al. 1994).

In cv. Hack, PPO activity increased with an
increasing salinity, whereas in cv. Zan, it
activity promoted at 50 mM and reduced at
higher salinities (Tab. 1). These results are in a
good agreement with the results of Niknam et
al. (2006) who reported that salt-stress induced
PPO activity in calli and seedlings of Trigonella
aphanoneura and seedlings of T. foenum-graecum.

These results showed that treatment
with salinity alters membrane fatty acid
composition. In other hand, saturated fatty
acids in the soybean explants reduced with
increasing of salinity, whereas unsaturated
fatty acid composition enhanced by salinity
(Tab. 3). Elkahoui et al. (2004) reported that
salt treatment decreased palmitic acid level
and increased linolenic acid in Catharanthus
roseus cell suspensions. However, these results
are in discordance with those obtained with
halophytes such as Dunaliella salina and
Spartina patens (Peeler et al., 1989; Wu et al.,
1998). An increase in unsaturation and length
of fatty acid chain enhance membrane fluidity
and thickness, respectively, which might affect
membrane permeability to ions (Elkahoui et al.
2004).

In summary, explants growth was reduced
under salinity. Osmotic adjustment through
accumulation of proline, reducing sugar,
oligosaccharide (at low salinity) and soluble
sugar was positively related to an increasing of
NaCl concentration. This study also
demonstrated that salinity changes fatty acid
composition and PPO and POD activities in
two cultivars differently. In cv. Hack higher
fresh mass, free proline, protein, reducing
sugar, total sugars contents, and POD activity
in control and salt treated explants were
observed in comparison to that of cv. Zan.
Therefore, cv. Hack exhibit a better protection
mechanism against salinity damage and more

salt-tolerant than that of cv. Zan.
91



Mohammad Aghaleh and Vahid Niknam /] Phytol 1 (2009) 86-94

Acknowledgements

The financial support of this research was
provided by University College of Science,
University of Tehran. The author thanks
Agricultural  Research and  Education
Organization Seed and Plant Improvement
Institute for providing the seeds of two
cultivars of soybean and thanks Dr. Rashidi for

her helping.

References

Abeles, F. B., and Biles, C. L. 1991. Characterization
of peroxidase in lignifying peach fruit
endocarp. Plant Physiol. 95: 265-273.

Aghaleh, M., Niknam, V., Ebrahimzadeh, H.,
Razavi, K. 2009. Salt stress effects on
growth, pigments, proteins and lipid
peroxidation in Salicornia persica and S.
europaea. Biol Plant 53 (2):243-248.

Al-Khayri, J. M., and Al-Bahrany, A. M. 2004.
Growth, water content, proline accumulation
in drought-stressed callus of date palm. Biol.
Plant. 48 (1): 105-108.

Ashraf, M., and Tufail, M. 1995. Variation in
salinity tolerance in sunflower (Helianthus
annuus L.). J. Agron. Soil Sci. 174: 351-362.

Bates, L. S., Walderd, R. P., and Teare, 1. D.
1973. Rapid determination of free proline
for water stress studies. Plant and Soil. 39:
205-208.

Bligh. E. J., and Dyer, W. J. 1959. A rapid
method for total lipid extraction and
purification. J. Biochem. Physiol. 37: 911-
917.

Carreau, J. R, and Dubacq, J. P. 1987.
Adaptation of a macro-scale method to the
micro-scale for fatty acid methyl
transesterification of biological lipid
extracts. J. Chromatoge. 151: 384-390.

Cherian, S., and Reddy, M. P. 2003. Evaluation
of NaCl tolerance in the callus cultures of
Suaeda nudiflora Moq. Biol. Plant. 46:193-
198.

Csonka, L. N. 1989. Physiological and genetic
responses of bacteria to osmotic stress.
Microbio. Rev. 53: 121-147.

Delaurey, and A. J., Verma, D. P. S. 1993.
Proline biosynthesis and osmoregulation in
plants. Plant J. 4: 215-223.

Dubois, M., Gille, K. A., Hamilton, ]J.K., Rebers,
P.A., and Smith, F. 1956. Colorimetric
method for determination of sugars and
related substance. Anal. Chem. 28: 350-356.

Elkahoui, S, Smaoui, A, Mokhtar Zarrouk, M,
Ghrir, R., and Limam, F. 2004. Salt-induced
lipid changes in Catharanthus roseus
cultured cell suspensions. Phytochemistry
65; 1911-1917.

Folch, ]., Less, M., Loane, G. M. and Stanley, D.
1957. A simple method for the isolation
and purification of total lipids from animal
tissues. J. biol. Chem. 229: 46-509.

Gossett, D. R., Baries, S. W., Millhollon, E. P.,
and Lucas, M. C. 1996. Antioxidant
response to NaCl stress in a control and
NaCl tolerant cotton cell line grown in the
presence  of  paraquat, buthionine
sulfoximine, and exogenous glutathione.
Plant Physiol. 112: 803-809.

Gossett, D. R., Millhollon, E. P., Lucas, M. C,,
Bank, S. W., and Marny, M. 1994. The
effects of NaCl on antioxidant enzyme
activities in callus tissue of salt-tolerant
and  salt-sensitive = cotton  cultivars
(Gossypium hirsutum L.). Plant Cell Rep. 13:
498-503.

Grattan, S. R., and Mass, E. V. 1998. Effect of
salinity on phosphate accumulation and
injury in soybean: 1. Influence of
CaCl2/NaCl ratios. Plant Soil. 105:25-32.

92



Mohammad Aghaleh and Vahid Niknam /] Phytol 1 (2009) 86-94

Huflejt, M., Tremolieres, A., Pineau, B., Lang, J.,

Hatheway, J., and Packer, L. 1990. Changes
in membrane lipid composition during
saline growth of the freshwater
cyanobacterium Synechococcus 6311. Plant
Physiol. 94: 1512-1521.

Jain, M., Mathur, G., Koul, S., and Sain, N. B.
2001. Ameliorative effects of proline on salt
stress-induced lipid peroxidation in cell
lines of groundnut (Arachis hypogaea L.).
Plant Cell Rep. 20: 463-468. DOI

Jaleel, C. A., Gopi, R.,, Manivannan, P., and
Panneerselvam, R. 2007. Responses of
antioxidant defense system of Catharanthus
roseus (L) G. Don. to paclobutrazol
treatment under salinity. Acta Physiol
Plant , 29:205-209.

Jaleel, C. A., Kishorekumar, A., Manivannan,
P., Sankar, B.,, Gomathinayagam, M., and
Panneerselvam, R. 2008. Salt stress
mitigation by calcium chloride in
Phyllanthus amarus. Acta Bot. Croat. 67 (1);
53-62.

Jaleel, C.A., Gopi, R., Sankar, B.,Manivannan,
P.Kishorekumar, A., Sridharan, R., and
Panneerselvam, R., 2007a. Studies on
germination, seedling vigour, lipid
peroxidation and proline metabolism in
Catharanthus roseus seedlings under salt
stress. S. Afr. J. Bot. 73; 190-195.

Kerkeb, L., Donaire, J. P., Venema, K., and
Fodriguez-Rosales, M. P. 2001. Tolerance
to NaCl induces changes in plasma
membrane lipid composition, fluidity and

H+ ATPase activity of tomato calli. Physiol.

Plant. 113: 217-224.

Khamutov, G., Fry, I. V., Huflejt, M. E., and
Packer, L. 1990. Membrane lipid
composition, fluidity, and surface charge
changes in response to growth of the
freshwater cyanobacterium Synechococcus

6311 under high salinity. Arch. Biochem.
Biophys. 277: 263-267.

Khatkar, D., and Kuhad, M. S. 2000. Short-term
salinity induced changes in two wheat
cultivars at different growth stages. Biol.
Plant. 43: 629-632.

Lauchli, A., and Wieneke, J. 1979. Studies on
growth and distribution of Na+, K+ and
Cl- in soybean varieties differing in salt
tolerance. Z. Pflanze. Bond. 142: 3-13.

Lee, D. L., Kim, Y. S., and Lee, C. B. 2001. The
inductive responses of the antioxidant
enzymes by salt stress in the rice (Oryza
sativa L.). J. Plant Physiol. 158: 737-7345.

Lowry, O. H., Rosebrough, N. J., Farr, A. L,
and Randall, R. J. 1951. Protein
measurement with the Folin-phenol
reagent. J. boil. Chem. 193: 265- 275.

Lutts, S., Kinet, J. M., and Bouharmont, J. 1996.
Effects of salt stress on growth, mineral
nutrition and proline accumulation in
relation to osmotic adjustment in rice
(Oryza sativa L.) cultivars differing in
salinity tolerance. Plant Growth Regul. 19:
207-218.

Mansour, M. M. F.,, Salama, K. H. A., Al-
Mutawa, M. M., and Abou Hadid, A. F.
2002. Effect of NaCl and polyamines on
plasma membrane lipids of wheat roots.
Biol. Plant. 45: 235-239.

Molassiotis, A. N., Sotiropoulos, T., Tanou, G.,
Kofidis, G., Diamantidis, G. 1., and Therios,
I. 2006. Antioxidant and anatomical
responses in shoot culture of the apple
rootstock MM 106 treated with NaCl, KCJ,
manitol or sorbitol. Biol. Plant. 50 (3): 331-
338.

Murashige, T., and Skooge, F. 1962. A revised
medium for rapid growth and bioassay
with tobacco tissue cultures. Plant Physiol.
15: 473-497.

Nelson, N. 1944. A Photometric adaptation of

93



Mohammad Aghaleh and Vahid Niknam /] Phytol 1 (2009) 86-94

the Somogyi method for the determination
of glucose. J. Biol. Chem. 153:374-380.

Niknam, V., Bagherzadeh, M., Ebrahimzadeh,
H., and Sokansanj, A. 2004. Effect of NaCl
on biomass and contents of sugars, praline
and proteins in seedlings and leaf explants
of Nicotiana tobacum grown in vitro. Biol.
Plant. 48(4): 613-615.

Niknam, V. Razavi, N., Ebrahimzadeh, H.,
and Sharifizadeh, B. 2006. Effect of NaCl
on biomass, protein and proline contents,
and antioxidant enzymes in seedlings and
calli of two Trigonella spicies. Biol. Plant. 50
(4): 591-596.

Parida, A. K, and Das, A. B. 2005. Salt
tolerance and salinity effects on plants: - a
review. Eco. Environ. Safty 60: 324-349.

Parida, A. K., Das, A. B., and Das, P. 2002.
NaCl  stress causes changes in
photosynthetic pigments, proteins and
other metabolic components in the leaves
of a true mangrove, Bruguiera parviflora, in
hydroponic cultures. J. Plant Biol. 45:28-36.

Peeler, T. C., Stephenson, M. B., Einsparhr, K.
J., and Thompson, G. A. 1989. Lipid
characterization of an enriched plasma
membrane fraction of Dunaliella salina
grown in media of varying salinity. Plant
Physiology 89, 970-976.

Raymond, J., Rakanyathem, M., and Azanze, J.
L.1993. Purification and properties of
polyphenoloxidase from sun flower seeds.
Phytochem. 34: 927-931.

Ritter, D., and Yopp, J. H. 1993. Plasma
membrane lipid composition of the
halophilic ~cyanobacterium  Aphanothece
halophytica. Arch. Microbiol. 159: 435-439.

Santos-Dias, M. S., and Ochoa-Aleijo, N. 1994.
Effect of water stress on growth, osmotic
potential and solute accumulation in cell
cultures from chili pepper (a mesophyte)
and creosote bush (a xerophyte). Plant Sci.
96: 21-29.

Seyyednejad, M., Ebrahimzadeh, H., and
Talaie, A. 2001. Carbohydrate content in
olive Zard cv. and alternate bearing
pattern. Int. sugar J. 103: 84-87.

Wu, J., Seliskar, D. M., and Gallagher, J. L.,
1998. Stress tolerance in the marsh plant
Spartina patens: impact of NaCl on growth
and root plasma membrane lipid
composition. Physiologia Plantarum 102,
307-317.

94



