Effect of salt stress on some chemicals
characteristics of callus for three cultivars of
potato plant (Solanum tuberosum L.)
1

Majid A. Ibrahim, 1Awatif N. Jerry, 2Amani I. Khalil

1

Department of Horticulture and Landscape Design, College of Agriculture, University of
Basra, Iraq; 2 Al Barjesiah Research Station, Ministry of Agriculture
Basra, Iraq. Corresponding author: M. A. Ibrahim, majidalbassiri@yahoo.com
Abstract. The callus of Lizita cultivar gave the highest significant value in its content of proteins, proline
and malondialdehyde (MDA) compared to the Arnova and Safari cultivars as it reached 16.23 mg g-1 dw,
3.05 µg g-1 dw and 2.04 nmol g-1 fw, respectively. Also the callus gave the highest significant value in its
content of ascorbic acid, total dissolved carbohydrates, proline and MDA when cultured on MS medium
supplemented with 80 mmol L-1 of NaCl as it reached 12.91 mg 100g-1 fw, 32.45 mg g-1 dw, 3.41 µg g-1
dw and 2.46 nmol g-1 fw, respectively. But it gave the lowest significant value in its content of total
proteins when cultured on MS medium supplemented with 80 mmol L-1 of NaCl, reached 12.57 mg g-1
dw. The interaction between Lizita cultivar and 80 mmol L-1 gave the highest significant value in total
dissolved carbohydrates; proline and MDA accumulation reached 33.18 mg g-1 dw, 4.15 µg g-1 dw and
3.17 nmol g-1 fw, respectively. While the Lizita cultivar and 0.0 mmol L-1 NaCl treatment gave the highest
significant value in total proteins content reached 18.21 mg g-1 dw. The callus of Lizita cultivar gave the
highest significant value in its content of proteins, proline and MDA compared to the Arnova cultivar
when cultured on MS medium supplemented with 100 mmol L-1 of NaCl, as it reached 12.6 mg g-1 dw,
5.04 µg g-1 dw and 4.61 nmol g-1 fw, respectively.
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Introduction. Salinity is one of the environmental and abiotic stresses that reduce the
availability of water in soil and change the ionic balance in plants (Rhoades et al 1992).
The agricultural land in Iraq, where potato crop is grown is affected by the problems of
salinity by 75% (Al-Zubaidi 1989). Some studies related to tissue culture have focused
on reducing the salinity problems affecting plant growth and improving their salinity
tolerance. This is done by selecting salinity-tolerant cells for use in producing tolerant
plants for salinity (Shah et al 2003). Forooghian & Esfarayeni (2013) found that the
callus of Agria cultivar was more tolerant to salinity compared to the other two cultivars
(Sante and Savalan) when they were cultured in MS medium supplemented with NaCl at
0, 50, 75 and 100 mmol. Also, the fresh and dry weight of callus decreased with
increased sodium chloride concentration. Salinity has an important role in stimulating
antioxidant enzymes that reduce damage caused by oxidation. Ascorbic acid is one of the
most important non-enzymatic antioxidants (Parida & Das 2005). Some studies noted the
increased concentration of ascorbic acid in callus tissue of potato with increased sodium
chloride when added in MS medium. They also explained that ascorbic acid works to
remove free radical damage in cells treated with high concentrations of sodium chloride
(Queiros et al 2007; Mohamed et al 2010). Carbohydrates play an important role in
adapting plant tissues to environmental stress. The starch turns into simple dissolved
sugars that regulate the osmotic cells and protect the cell membranes from damage
(Levitt 1980; Bray 1993). One of the studies was to multiplication of potato callus that
found increased total and non-reducing sugars with increasing the concentration of
sodium chloride to 50 mmol, while reducing sugars increased by NaCl concentration at 75
mmol (Silva et al 2001). The increased sodium chloride salt in the growth medium leads
to reduced protein content in plant tissues and increased proline formation (Helal &
Mengel 1979). Proline (amino acid) is the most organic compounds accumulation when
the plant is exposed to salt stress (Cherry 1994). This amino acid increases the acidity of
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the cells and removes free radicals, as well as the balance of the osmotic pressure of cells
(Hossain et al 2014). The fat oxidation of cell membranes is used as a test to estimate
the sensitivity of plant tissues to oxidative stress (Wang & Han 2009). Lipid peroxidation
is the oxidation of fat to the compound of malondialdehyde (MDA) when exposed to salt
stress (Gawel et al 2004). The aim of the study is to know the effect of salt stress on
some chemical characteristics of callus of three potato cultivar by in vitro culture
technique.
Material and Method. The study was carried out in the laboratory of Plant Tissue
Culture at the Faculty of Agriculture, University of Basra. Tubers of three certified Dutch
cultivars of potato plant (Lizita, Arnova and Safari) brought from the Horticulture Station
for Potato Seed Production Project. The tubers of three cultivars were washed with
running water to remove the dust and then left to dry. Then the tubers was incubated at
a temperature of 20-27°C in the dark for two weeks to break the rest phase and initiation
and vegetative growth of buds. The sprouts grew to a length of 2-3 cm. These sprouts
were excised from the tubers of the three cultivars and were placed in sterilization
solution (Raravan) at 10% for 10 minutes. Then these sprouts were kept in antibiotic
solution containing 100 mg L-1 Tetracycline and Rifampicin for 10 minutes. These
explants were rinsed with sterile distilled water for 3 times. These sprouts was then
sterilized with 20% commercial chlorax solution containing 1.05% sodium hypochlorite,
and a drop of Polysorbate 20 (Tween 20) for 15 minutes. These explants were rinsed in
sterile distilled water 3 times. Full strength MS (Murashige & Skoog 1962) basal medium
supplied with substances referred in Table 1 were used. The pH of the media was
adjusted to 5.7 with 0.1 N NaOH or HCl after adding 6% agar, and before autoclaving at
1.04 kg cm-2 for 15 minutes. All media were dispensed in culture tubes containing 15 mL
medium cultures. Buds after reaching a length of 5-7 cm were cut into several nodal
segments. Those nodal segments were cultured in the medium mentioned above. The
cultures were incubated at a temperature of 27±1°C and darkness conditions. The callus
was formed after four weeks from culture. 100 mg of callus was cultured on the same MS
medium components supplemented with sodium chloride with different concentrations (0,
80, 100, 120, 140 and 160 mmol L-1). The cultures were incubated at a temperature of
27±1°C in darkness. Callus grew in treatments at 0, 80 and 100 mmol L-1 after 4 weeks
from culture. But the callus did not grow in the treatments at 120, 140 and 160 mmol L-1
so it was excluded from the experiment.
Table 1
Organic compounds added to MS medium
Quantity (mg L-1)
30000
0.4
40
0.5
0.5
0.5
3.0
1.0

Substance
Sucrose
Thiamine-HCl
Adenine sulphates
Nicotinic acid
Biotin
Pyridoxine-HCl
NAA
BA

The studied chemical characteristics:
1. Ascorbic acid (mg 100 g-1 fresh weight): 1.0 gram of fresh weight of potato callus
for the purpose of estimating ascorbic acid according to the method described in
A.O.A.C (1975).
2. Total dissolved carbohydrates (mg g-1 dry weight): Carbohydrates are estimated
in Modification of Phenol Sulphuric Acid Colorimetric Method described by Dobois
et al (1956).
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3. Total proteins (mg g-1 dry weight): The percentage of nitrogen was estimated in
the Microkieldhal method according to the method described by Page et al (1982).
The percentage of protein was estimated according to the following equation:
Total proteins (%) = %Nitrogen X 6.25
4. Proline content (µg g-1 dry weight): Proline content is estimated according to the
method described by Troll & Lindsley (1955).
5. Lipid peroxidation (nmol MDA g-1 fresh weight): MDA is estimated according to the
method described by Hodges et al (1999).
Statistical design and analysis. Completely randomized design was used with ten
replicates. The data were subjected to the analysis of variance and mean values were
compared using revised LSD at 5% (Snedecor & Cochran 1986).
Abbreviations. BA: 6-benzyl adenine.
NAA: -naphthalene acetic acid.
MDA: Malondialdehyde.
Results and Discussion
Ascorbic acid (Vitamin C). The results shown in Table 2 indicate significant differences
between the treatments in ascorbic acid content of callus of three potato cultivars. The
Arnova cultivar was significantly superior on Lizita and Safari cultivars in the ascorbic acid
content of callus, reached (10.72, 9.79 and 9.12 mg 100 g-1 fw, respectively). The reason
for the difference between the potato cultivars in the ascorbic acid content in the callus is
due to the genetic variation between them. The same table shows that the concentration
of sodium chloride at 80 mmol L-1 was significantly different from the control treatment in
ascorbic acid content of callus (12.91 and 6.84 mg 100 g-1 fw, respectively). The reason
for the increase in the ascorbic acid content in callus is due to the salinity which has led
to the induction of antioxidants synthesis that have increased its content (Sairam & Tyagi
2004). Or the high content of ascorbic acid is due to its role as an antioxidant in reducing
damages of free radicals as well as its contribution to the bio-activities of cells (Shigeoka
et al 2002). The results of the study were agreed with the results of other studies
conducted on potato callus (Queiros et al 2007; Mohamed et al 2010). The interaction
treatment between Arnova cultivar and 80 mmol L-1 was significantly different on the
other treatments in ascorbic acid content reached 14.00 mg 100 g-1 fw. While the
interaction treatment between Lizita and 0 mmol NaCl gave the lowest content of
ascorbic acid in the callus, which was 6.08 mg 100 g-1 fw (Table 2). Figure 1 indicates no
significant differences between the callus of Lizita and Arnova in ascorbic acid content
when cultured on MS medium supplied with 100 mmol L-1 NaCl, reached 16.61 and 15.80
mg 100 g-1 fw, respectively.
Table 2
Effect of cultivar, concentration of sodium chloride and interaction between them on the
ascorbic acid (mg 100g-1 fw) of potato plant callus after four weeks of culture
Cultivar
Lizita
Arnova
Safari
Mean of NaCl
concentration
R-L.S.D P≥0.05

0
6.08
7.45
7.00

Concentrations of sodium chloride (mmol L-1)
80
Mean of cultivar
13.50
9.79
14.00
10.72
11.24
9.12

6.84

12.91

-

Cultivar
0.92

Concentration of NaCl
0.89

Interaction (Cultivar + NaCl)
1.68
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Ascorbic acid (mg/100g fw)

16.8
16.6

Lizita

16.4
16.2
16

Arnova

15.8
15.6
15.4
15.2
Cultivar name

Figure 1. Effect of 100 mmol L-1 NaCl on ascorbic acid content in callus of Lizita and
Arnova cultivars after four weeks from culture (RLSD 0.05 = Non-significant).
Total dissolved carbohydrates. The Table 3 shows no significant differences between
the three potato cultivars in total dissolved carbohydrates content of callus. But 80 mmol
L-1 NaCl was significantly different on control treatment in total dissolved carbohydrates
of callus reached 32.45 and 24.35 mg g-1 dw, respectively. The high concentration of
total dissolved carbohydrates is due to its degradation into reducing and non-reducing
sugars that work with proline to regulate the osmotic potential in the cells while exposed
to salt stress (George et al 2008). The results of the study were agreed with the results
of other studies conducted on callus (Al-Kaby et al 2010). The interaction treatments
between 80 mmol L-1 NaCl and the three potato cultivars were significantly different on
0.0 mmol L-1 NaCl and three cultivars in total dissolved carbohydrates of callus. The
interaction between Lizita cultivar and 80 mmol L-1 gave the highest value in total
dissolved carbohydrates content of callus reached 33.18 mg g-1 dw. While the interaction
between 0.0 mmol L-1 and Safari cultivar gave the lowest value reached 23.57 mg g-1 dw
(Table 3).
Table 3
Effect of cultivar, concentration of sodium chloride and interaction between them on the
total dissolved carbohydrates (mg g-1 dw) of potato plant callus after four weeks of
culture
Cultivar
Lizita
Arnova
Safari
Mean of NaCl
concentration
R-L.S.D P≥0.05

0
24.99
24.50
23.57

Concentrations of sodium chloride (mmol L-1)
80
Mean of cultivar
33.18
29.09
32.18
28.34
31.98
27.78

24.35

32.45

-

Cultivar
N.S.*

Concentration of NaCl
1.62

Interaction (Cultivar + NaCl)
2.85

N. S.* - Non-significant.

The results showed no significant differences between callus of Lizita and Arnova cultivars
in total dissolved carbohydrates when cultured on MS medium supplemented with 100
mmol L-1 NaCl (Figure 2).
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Total dissolved
carbohydrates (mg/g dw)

39

Lizita

38.5
38

Arnova

37.5
37
Cultivar name

Figure 2. Effect of 100 mmol L-1 NaCl on total dissolved carbohydrates content in callus of
Lizita and Arnova cultivars after four weeks from culture (RLSD 0.05 = Non-significant).
Protein content. Callus of Lizita cultivar was significantly superior on Arnova and Safari
cultivars in proteins content reached 16.23 mg g-1 dw (Table 4). But the callus of Safari
cultivar gave the lowest significant value in protein content (12.28 mg g-1 dw). The
significant differences between potato cultivars are due to genetic variation among them.
The 0.0 mmol L-1 NaCl treatment gave the highest significant value in proteins content
reached 16.40 mg g-1 dw. While the 80 mmol L-1 NaCl treatment gave the lowest
significant value in proteins content reached 12.57 mg g-1 dw (Table 4). The reasons for
the low protein content in the callus exposed to salt stress were due to the lack of
effective conversion of amino acids to proteins and inhibition of the activity of certain
enzymes in callus tissue (Bowler et al 1992; Soloman et al 1994; Mobaraky 2001). The
low protein content is also due to high levels of salinity leading to an increase in Reactive
Oxygen Species (ROS) production, which negatively affects protein synthesis (Makela et
al 2003). The interaction between Lizita cultivar and 0.0 mmol L-1 NaCl gave the highest
significant value in protein content of callus reached 18.21 mg g-1 dw. While the
interaction between Safari cultivar and 80 mmol L-1 of NaCl gave the lowest significant
value in protein content reached 10.31 mg g-1 dw (Table 4).
Table 4
Effect of cultivar, concentration of sodium chloride and interaction between them on the
total protein content (mg g-1 dw) of potato plant callus after four weeks of culture
Cultivar
Lizita
Arnova
Safari
Mean of NaCl
concentration
R-L.S.D P≥0.05

0
18.21
16.74
14.25

Concentrations of sodium chloride (mmol L-1)
80
Mean of cultivar
14.25
16.23
13.17
14.95
10.31
12.28

16.40

12.57

-

Cultivar
1.07

Concentration of NaCl
1.03

Interaction (Cultivar + NaCl)
1.83

Figure 3 indicates that the callus of Lizita cultivar is significantly superior on the callus of
Arnova cultivar in the total protein content when cultured on MS medium supplemented
with 100 mmol L-1 of NaCl (12.60 and 8.80 mg g-1 dw, respectively). The reason for this
may be due to the fact that Lizita cultivar is more tolerant to salt stress when compared
to the Arnova cultivar.
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Total proteins (mg/g dw)

14

Lizita

12
Arnova

10
8
6
4
2
0

Cultivar name

Figure 3. Effect of 100 mmol L-1 NaCl on total proteins content in callus of Lizita and
Arnova cultivars after four weeks from culture (RLSD 0.05≥1.73).
Proline content. Callus of Lizita cultivar was significantly different on the Arnova and
Safari cultivars in proline content, recording 3.05 µg g-1 dw (Table 5). While the Safari
cultivar gave the lowest value in proline content (2.19 µg g-1 dw). The genetic variation
between cultivars led to significant differences between them. The 80 mmol L-1 NaCl
treatment gave the highest significant value in proline content of callus reaching 3.41 µg
g-1 dw. But the control treatment gave the lowest value in proline content which reached
1.61 µg g-1 dw (Table 5). Increased proline accumulation with increased sodium chloride
concentrations is due to the deficiency of the activity of proline oxidase (Girija et al
2002). The increased accumulation of proline in the callus is for the purpose of increasing
tolerance to salt stress (Ahmed et al 2009). The results of the study are consistent with
many other researchers’ findings (Amini & Ehsanpour 2005; Cardenas et al 2006). The
callus of Lizita cultivar cultured on MS medium supplemented with 80 mmol L-1 NaCl,
gave the highest significant value in proline content (4.15 µg g-1 dw). But the callus of
Safari cultivar cultured on MS medium supplemented with 0.0 mmol L-1 of NaCl, gave the
lowest significant value in proline content reaching 1.38 µg g-1 dw (Table 5).
Table 5
Effect of cultivar, concentration of sodium chloride and interaction between them on the
total proline content (µg g-1 dw) of potato plant callus after four weeks of culture
Cultivar
Lizita
Arnova
Safari
Mean of NaCl
concentration
R-L.S.D P≥0.05

0
1.95
1.51
1.38

Concentrations of sodium chloride (mmol L-1)
80
Mean of cultivar
4.15
3.05
3.09
2.31
3.01
2.19

1.61

3.41

-

Cultivar
0.08

Concentration of NaCl
0.08

Interaction (Cultivar + NaCl)
0.14

The callus of Lizita cultivar was significantly different in proline accumulation compared to
Arnova cultivar, when cultured on MS medium supplemented with 100 mmol L-1 of NaCl
which recorded 5.04 and 4.19 µg g-1 dw, respectively (Figure 4). The reason for the
increased accumulation of proline in the Lizita cultivar is due to nitrogen compounds
involved in the synthesis of proline instead of proteins (Makela et al 2003).
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Proline (Microgram/g dw)

6

Lizita

5

Arnova

4
3
2
1
0
Cultivar name

Figure 4. Effect of 100 mmol L-1 NaCl on proline content in callus of Lizita and Arnova
cultivars after four weeks from culture (RLSD 0.05≥0.52).
Lipid peroxidation. Table 6 shows that callus of Lizita cultivar gave highest significant
value in MDA accumulation in comparison with Arnova and Safari cultivars, which
recorded 2.04, 1.99 and 0.85 nmol MDA g-1 fw, respectively. While the main effect of 80
mmol L-1 of NaCl gave the highest significant value in MDA accumulation reaching 2.46
nmol MDA g-1 fw. But the control treatment (0.0 mmol L-1 of NaCl) gave the lowest value
in MDA accumulation which reached 0.79 nmol MDA g-1 fw (Table 6).
Table 6
Effect of cultivar, concentration of sodium chloride and interaction between them on the
lipid peroxidation (nmol (MDA) g-1 fw) of potato plant callus after four weeks of culture
Cultivar
Lizita
Arnova
Safari
Mean of NaCl
concentration
R-L.S.D P≥0.05

0
0.90
0.87
0.60

Concentrations of sodium chloride (mmol L-1)
80
Mean of cultivar
3.17
2.04
3.11
1.99
1.09
0.85

0.79

2.46

-

Cultivar
0.03

Concentration of NaCl
0.03

Interaction (Cultivar + NaCl)
0.05

The reason for increased MDA accumulation with increased sodium chloride
concentrations was due to lower antioxidant synthesis and increased free radical
concentration which led to lipid peroxidation in cellular membranes (Esfandiari et al
2007). The results of the present study are agreed with the results of other studies
conducted on callus (Yasar 2003; Queiros et al 2007; Kusvuran et al 2013). The callus of
Lizita cultivar gave the highest significant value in MDA accumulation with 3.17 nmol
MDA g-1 fw, when cultured on MS medium supplemented with 80 mmol L-1 of NaCl. While
the callus of Safari cultivar cultured on MS medium supplemented with 0.0 mmol L-1 of
NaCl, gave the lowest value of MDA accumulation (0.60 nmol MDA g-1 fw). Figure 5 shows
that callus of Lizita cultivar gave the highest significant value of MDA accumulation when
cultured on MS medium supplemented with 100 mmol L-1 of NaCl, which reached 4.61
nmol MDA g-1 fw. While the callus of Arnova cultivar gave the lowest value of MDA
accumulation reaching 4.05 nmol MDA g-1 fw (Figure 5).
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MDA (nmol/g dw)

4.8

Lizita

4.6
4.4
4.2

Arnova

4
3.8
3.6
Cultivar name

Figure 5. Effect of 100 mmol L-1 NaCl on malondialdehyde (MDA) accumulation in callus
of Lizita and Arnova cultivars after four weeks from culture (RLSD 0.05≥0.42).
Conclusions. Potato cultivars differed significantly in their tolerance to salt stress. Lizita
was more tolerant to salt stress than Arnova and Safari cultivars. Ascorbic acid and total
soluble carbohydrates, proline and MDA increased their content in the callus when was
exposed to 80 mmol L-1 of sodium chloride. While the content of proteins decreased when
sodium chloride concentration increased to 80 mmol L-1 of NaCl. Lizita cultivar is more
tolerant to salt stress than Arnova cultivar when cultured on MS medium supplemented
with 100 mmol L-1 of sodium chloride.
References
Ahmed P., Jeleel C., Azooz M., Nabi G., 2009 Generation of (ROS) and non-enzymatic
antioxidants during abiotic stress in plants. Bot Res Int 2:11-20.
Al-Kaby H. K., Jassim A. M. Mohamed M. J., 2010 [Salt tolerance of two rice (Oryza
sativa L.) cultivars cultured in vitro]. J Basrah Res Sci 36(3):25-38. [In Arabic].
Al-Zubaidi A. H., 1989 [Salinity of soil. Theoretical and applied basics]. Ministry of Higher
Education and Scientific Research, Bait Al-Hakamah Press, University of Baghdad,
Iraq. [In Arabic].
Amini F., Ehsanpour A., 2005 Soluble proteins, proline, carbohydrates and Na+/K+
changes in two tomato (Lycopersicon esculentum Mill.) cultivars under in vitro salt
stress. Amer J Biochem Biotech 1(4):204-208.
Bowler C., Van Montagu M., Inze D., 1992 Superoxide dismutase and stress tolerance.
Ann Rev Plant Physiol Plant Mol Bio 43:83-116.
Bray E. A., 1993 Molecular responses to water deficit. Plant Physiol 103:1035-1040.
Cardenas A., Verda-Star M. L., Maiti R. K., Foroughbakhch P., Games H., Lozaano M. L.,
Gonzalez M. A., Diaz G. G., Hernandez J. L., Vallarta M. R., 2006 Variability in
accumulation of free proline on in vitro callus of four bean (Phaseolus vulgaris L.)
varieties exposed to salinity and induced moisture stress. Int J Exp Bot 75:103-108.
Cherry J. H., 1994 Biochemistry and cellular mechanisms of stress tolerance in plants.
Springer-Verlag, Berlin.
Dobois M. K., Crilles K. A., Hamilton J. K., Rebers D. A., Smith F., 1956 Colorimetric
method for determination of sugars and substance. Ann Chem 28:350-365.
Esfandiari E., Shekari F., Esfandiari M., 2007 The effect of salt stress on antioxidant
enzymes activity and lipid peroxidation on the wheat seedling. Not Bot Hort Agrobot
Cluj 35(1):48-56.
Forooghian S., Esfarayeni S., 2013 An evaluation of effect of salt stress on callus
induction in different potato cultivars. American-Eurasian J Agric & Environ Sci
13(8):1135-1140.
Gawel S., Wadas M., Niedworok E., Wardas P., 2004 Malondialdehyde (MDA) as a lipid
peroxidation marker. Wiad Lek 57(9-10):453-455.

AAB Bioflux, 2018, Volume 10, Issue 2.
http://www.aab.bioflux.com.ro

94

George E. F., Hall M. A., De Klerk G., 2008 Plant propagation by tissue culture. Vol. I.
The background, 3rd edition, Published by Springer, Dordrecht, The Netherlands.
Girija G., Smith B. N., Swamy P. M., 2002 Interactive effects of sodium chloride and
calcium chloride on the accumulation proline and glycine betaine in peanut (Arachis
hypogea L.). Environ Exp Bot 47:1-10.
Helal H. M., Mengal K., 1979 Nitrogen metabolism of young barley plant as affected by
NaCl-salinity and Potassium. Plant and Soil 51:457-462.
Hodges D. M., Delong J. M., Forney C. F., Prange R. K., 1999 Improving the thiobarbituric
acid reactive substance assay for estimating lipid peroxidation in plant tissues
containing anthocyanin and other interfering compounds. Planta 207:604-611.
Hossain M. A., Hogue M. A., Burritt D. J., Fujita M., 2014 Proline protects plants against
abiotic oxidative stress: biochemical and molecular mechanisms. In: Oxidative
damage to plants. Ahmed P. (ed), pp. 477-522, Elsevier, Atlanta.
Kusvuran S., Ellialtioglu S., Polat Z., 2013 Applications of salt and drought stress on the
antioxidative enzyme activities and malondialdehyde content in callus tissues of
pumpkin genotypes. J Food Agri Environ 11(2):496-500.
Levitt J., 1980 Response of plant to environmental stresses. Academic Press, New York,
pp. 385-488.
Makela P., Munns R., Colmer T. D., Poltonen P., 2003 Growth of tomato and an ABAdeficient mutant (stints) under saline conditions. Physiol Plant 117:58-63.
Mobaraky M., 2001 Effect of NaCl Stress on germination and seedling growth of tomato
(Lycopersicon esculentum Mill.). M.Sc. Thesis Botany Department, King Saud
University, Riyadh, Saudi Arabia.
Mohamed A. A., Matter M. A., Saker M., 2010 Effect of salt stress on some defense
mechanisms of transgenic and wild potato clones (Solanum tuberosum L.) grown in
vitro. Nature and Science 8(12):181-193.
Murashige T., Skoog F., 1962 A revised medium for rapid growth and bioassays with
tobacco tissue cultures. Physiol Plant 15:473-497.
Page A. L., Miller R. H., Keeney D. R., 1982 Methods of soil analysis. Part 2, 2nd edition,
Madison Sons, Wisconsin, USA, 1159 p.
Parida A. K., Das A. B., 2005 Salt tolerance and salinity effects on plants: a review.
Ecotoxicol Environ Saf 60:324-349.
Queiros F., Fidalgo F., Santos I., Salema R., 2007 In vitro selection of salt tolerant cell
lines in Solanum tuberosum L. Biol Plant 51:728-734.
Rhoades J. D., Kandiah A., Mashali A. M., 1992 The use of saline waters for crop
production. FAO Irrigation and Drainage Paper 48, Food and Agriculture
Organization of the United Nations, Rome.
Sairam R. K., Tyagi A., 2004 Physiology and molecular biology of salinity stress tolerance
in plants. Curr Sci 86(3):407-417.
Shah M. I., Jabeen M., Ilahi I., 2003 In vitro callus induction, its proliferation and
regeneration in seed explants of wheat (Triticum aestivum L.). Pak J Bot 35(2):209217.
Shigeoka S., Ishikawa T., Tamoi M., Miyagawa Y., Takeda T., Yabuta Y., Yoshimura K.,
2002 Regulation and function of ascorbate peroxidase isoenzymes. J Exp Bot
53(372):1305-1319.
Silva J. A. B., Otoni W. C., Martinez C. A., 2001 Microtuberization of Indian potato
species (Solanum spp.) as affected by salinity. Sci Hort 89:91-101.
Snedecor G. M., Cochran W. G., 1986 Statistical methods. 9th edition, The Iowa State
University, American Press, Iowa, U.S.A., 507 p.
Soloman A., Beer S., Waisel Y., Jones G., Paleg G., 1994 Effects of NaCl on the
carboxylating activity of Rubisco from Tamarix jardanis in the presence and absence
of proline-related compatible solutes. Physiol Plant 90:198-204.
Troll W., Lindsley J., 1955 A photometric method for determination of proline. J Biol
Chem 216:655-661.
Wang X., Han J., 2009 Changes of proline content, activity and active isoforms of
antioxidative enzymes in two alfalfa cultivars under salt stress. Agri Sci China
8(4):431-440.
AAB Bioflux, 2018, Volume 10, Issue 2.
http://www.aab.bioflux.com.ro

95

Yasar F., 2003 Investigation of some antioxidant enzyme activities in eggplant genotypes
grown under salt stress in vitro and in vivo. Ph.D. Thesis, Institute of Natural and
Applied Science, University of Yuzunc Yil. Turkey, 139 p.
*** A.O.A.C. (Association of Official Analytical Chemists), 1975 Official method of
analysis. 12th edition, A.O.A.C. Washington.

Received: 02 May 2018. Accepted: 06 June 2018. Published online: 12 June 2018.
Authors:
Majid Abdulhameed Ibrahim, University of Basra, College of Agriculture, Department of Horticulture and
Landscape Design, Iraq, Basra, Garmat Ali Campus, 0964319128, e-mail: majidalbassiri@yahoo.com
Awatif Neama Jerry, University of Basra, College of Agriculture, Department of Horticulture and Landscape
Design, Iraq, Basra, Garmat Ali Campus, 0964319128, e-mail: a_n_jerry@yahoo.com
Amani Ismail Khalil, Al Barjesiah Research Station, Iraq, Basra, Garmat Ali Campus, 0964319128, e-mail:
amani_ismail@yahoo.com
This is an open-access article distributed under the terms of the Creative Commons Attribution License, which
permits unrestricted use, distribution and reproduction in any medium, provided the original author and source
are credited.
How to cite this article:
Ibrahim M. A., Jerry A. N., Khalil A. I., 2018 Effect of salt stress on some chemicals characteristics of callus for
three cultivars of potato plant (Solanum tuberosum L.). AAB Bioflux 10(2):87-96.
AAB Bioflux, 2018, Volume 10, Issue 2.
http://www.aab.bioflux.com.ro

96

