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Abstract

Mung bean and tomato were in vitro selected from cotyledons on MS medium

for improved tolerance to NaCl. The growth responses; the Na, K, proline and

anthocyanin contents; and activities of phenylalanine ammonia lyase (PAL,

EC 4.3.1.5), tyrosine ammonia lyase (TAL, EC 4.3.1) and chalcone isomerase

(CI, EC 5.5.1.5) of the selected plants were characterised and compared with

those of the original plants in relation to treatment with NaCl. The treatments

significantly reduced fresh and dry weights of shoots and roots; the reduction

was least pronounced in selected plants. Meanwhile, Na content was signi-

ficantly increased; however, K was decreased, a trend that was obvious in

original plants but withdrawn following in vitro selection with a consequent

lowering in Na/K ratio. In addition, proline was greatly induced by NaCl; the

induction was most pronounced in selected plants. Moreover, NaCl signifi-

cantly increased anthocyanin and activities of PAL, TAL and CI in shoots and

roots of both species; the increase was lesser in the selected than in the origi-

nal plants. These findings indicated that selection of mung bean and tomato

resulted in a recovery of growth, overproduction of proline and K and with-

drawal of Na and secondary metabolism parameters relative to original plants

pointing out to an improved tolerance to NaCl following in vitro selection.

Introduction

Water stress is one of the most important environmental

factors that regulate plant growth and development and

limit plant production. Plants can respond and adapt to

water stress by altering their cellular metabolism and

invoking various defence mechanisms (Jiang & Zhang,

2002). Salinity is one of the most limiting components

directly related to the decrease in crop yield. Gorai &

Neffati (2007) confirmed that increases in salinity

decreased both the germination percentage and the

germination speed. The need for salt-tolerant crops

increased as the growing world population seeks to feed

itself. It has been shown that the expression of several

transgenes promotes a higher level of salt tolerance in

some species. Despite this promising result, the develop-

ment of a salt-tolerant cultivar by way of transgenesis

has still not been achieved (Cuartero et al., 2006).

Attempts to enhance tolerance have involved the use of

in vitro selection (Flowers, 2004; Pareek, 2005). Plant cell

and tissue culture has become a major tool in the study

of an increasing number of fundamental and applied

programmes in plant science (Pareek, 2005). In vitro

culture may offer potential for quick evaluation of germ-

plasm against salt stress (Cano et al., 1998). Micro-

propagation is one of the innovative methods of asexual

propagation that proved to be effective for in vitro propa-

gation of valuable plants (Rout, 2002; Faisal et al., 2005).

Mohan Jain (2001) reported that tissue culture gen-

erates a wide range of genetic variation in plant species.

Gulati & Jaiwal (1996) indicated that calli derived from

Vigna grew better under NaCl stress than those from cul-

tivated species. The tolerant callus lines of Cymbopogon

martinii that was obtained by exposure to increasing

concentration of NaCl (0–350 mM) grew better than the

wild-type lines in NaCl (Pattnaik & Debata, 1997).
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More attention has been paid to the role of proline as

a compatible osmolyte and osmoprotectant (Samaras

et al., 1995). A significant accumulation of proline was

found in several plant species following salinity expo-

sure (Eraslan et al., 2007; Wang et al., 2007; Ghars

et al., 2008). The accumulation of proline might func-

tion as osmolyte for intracellular osmotic adjustment

and might be playing a critical role in protecting

plants under salt stress (Silva-Ortega et al., 2008).

Yazici et al. (2007) suggested that salinity tolerance

might be closely related with the accumulation of os-

moprotectant proline under salinity conditions. How-

ever, Nandwal et al. (2007) confirmed that salinity

significantly enhanced Cl and Na/K ratio. Salt-tolerant

plants are able to maintain lower Na/K ratio than the

unselected plants (Chaudhary et al., 1996). A progressive

increase in leaf Na+ and Cl2 contents and Na+/K+ ratio

with increasing salinity level was observed in sunflower

(Di Caterina et al., 2007). Tolerance to stress could be

also mediated by secondary metabolites as defence re-

sponses (Nemat Alla & Younis, 1995; Dorey et al.,

1999). Secondary metabolism enzymes phenylalanine

ammonia lyase (PAL), tyrosine ammonia lyase (TAL)

and chalcone isomerase (CI) catalyse production of

these metabolites to act as a natural defence in re-

sponse to biotic and abiotic stress (Hoagland & Duke,

1981; Nemat Alla & Younis, 1995; Nemat Alla et al.,

2002). Such metabolites were increased by salinity

(Mehta et al., 1993; Nemat Alla et al., 2002).

The present work was aimed to improve plant tolerance

to NaCl through in vitro selection using the model spe-

cies mung bean and tomato, two of the economically

important crops in Egypt. Therefore, growth responses

and contents of Na, K, proline and anthocyanin as well

as activities of secondary metabolism enzymes were

investigated.

Materials and methods

Plant materials and growth conditions

For original plant study, mung bean (Vigna radiata L.

Wilczeck Kawmy-1) and tomato (Lycopersicon esculentum

Super Strain B) seeds were surface sterilised. Sterilisation

of mung bean seeds was carried out by immersing in

70% ethyl alcohol for a minute followed by 5 min in

0.1% (w/v) mercuric chloride solution, whereas steri-

lisation of tomato seeds was performed by immersing in

25% (v/v) commercial Clorox solution (5.25% sodium

hypochlorite) for 25 min. The sterilised seeds were thor-

oughly washed several times (mung bean seeds were

soaked in water for 4 h), germinated in sand : clay soil

(2:1, v/v) in plastic pots (30 cm diameter) and kept at

32�C with a 14-h photoperiod (580 lmol m22 s21) and

75% relative humidity. Water was applied daily for

3 days and substituted by Hoagland solution, thereafter.

At the two true leaves stage (7 days for mung bean and

21 days for tomato), the seedlings were thinned to five

per pot. Then, 50 mL of half-strength Hoagland solution

containing 0, 25, 50, 100 or 150 mM NaCl was applied

every 2 days. Each concentration was replicated with

four pots, and the experiment was repeated twice so that

each plant species was represented by 40 pots. After

21 days from treatments, plants were harvested once

and separated into shoots and roots.

In vitro selection

Mung bean seeds were rinsed in 70% (v/v) ethyl alco-

hol for 1 min, sterilised by 0.1% (w/v) mercuric chlo-

ride solution for 5 min, washed by sterile distilled

water several times, rinsed in sterile distilled water

for 4 h and germinated in dark at 25�C with 60%

humidity on hormone-free medium, MS basal medium

(MS salts + B5 vitamins) containing 3% (w/v) sucrose

and 0.8% (w/v) agar in 70 � 115 mm glass jars. Media

were adjusted to pH 5.8 and autoclaved. Cotyledons of

2-day-old germinated seeds were excised under aseptic

conditions and cultured on hormone-free medium, MS

basal medium. Each cotyledon was positioned with the

proximal surface and embedded in the medium. NaCl

was added to the medium to give the same concentra-

tions. Media were adjusted to pH 5.8, autoclaved and

the cultures were incubated at 25�C for 28 days in

16-h photoperiod (80 lmol m22 s21). Each concen-

tration was replicated with three jars and the experi-

ment was repeated twice so that each plant species

was represented by 30 jars.

Selection of tomato followed the procedures of Iler et al.

(1993). Seeds were surface sterilised by 25% (v/v) com-

mercial Clorox solution for 25 min, rinsed in sterile dis-

tilled water and germinated on MS basal medium in

70 � 115 mm glass jars. The jars were kept in the dark

at 25�C with 60% humidity for 3 days and then trans-

ferred to light (16-h photoperiod, 80 lmol m22 s21).

Cotyledons of 7-day-old seedlings were cultured on MS

solid medium (pH 5.8) containing 3% (w/v) sucrose,

0.8% (w/v) agar, 1.5 � 1025 M indole acetic acid (IAA)

and 1.8 � 1025 M kinetin. Each cotyledon was posi-

tioned with its adaxial surface facing upwards. The

media were adjusted to pH 5.8 and autoclaved. The cul-

tures (six jars from two independent experiments for

each concentration) were maintained in a growth cabi-

net (growth chamber Conviron, CMP 3244; controlled

environments, Winnipeg, Manitoba, Canada) at 25�C
with 16-h day and 600 lmol m22 s21 for 32 days.
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Root formation, plant acclimatisation and

greenhouse cultivation

Well-developed shoots were transferred to rooting

medium, MS basal medium supplemented with 5 �
1026 M IAA, containing the concentrations of NaCl.

Cultures were kept in a growth cabinet as previously

mentioned. The in vitro selected plantlets were washed

under running tap water and kept in Hoagland solu-

tion for 7 days until they formed a good rooting

system, then transplanted in plastic pots (25 cm in

diameter) containing a mixture of peat moss and sand

(2:1, v/v) covered with transparent polyethylene bags

and irrigated with Hoagland solution. The pots were

uncovered after 7 days, transferred to greenhouse and

treated exactly as the original plants (Hoagland solution

supplemented with the same concentrations of NaCl

was added every 2 days for 21 days). Each concentra-

tion was replicated with eight pots from two indepen-

dent experiments.

The plant material was rapidly dried in an oven at 80�C
for 48 h to constant weight using a desiccator. Fresh and

dry weights were calculated on plant number basis. Dried

plant materials were ground to fine powders and used for

the determination of Na, K and proline.

Determination of Na and K

The ground plant material (about 0.5 g) was digested

using sulphuric acid–peroxide method (Allen et al.,

1986). After cooling, the extract was made up to

a known volume. Na and K in the digest were deter-

mined using a flame photometer.

Determination of free proline

Proline was extracted in 0.5 g of the dried powder using

10 mL of 3% (w/v) aqueous sulphosalicylic acid (Bates,

1973). After centrifugation at 12 000 g for 20 min, 1 mL

of the supernatant was allowed to react with 2 mL of

acid ninhydrin reagent and 2 mL acetic acid for 1 h at

100�C. The reaction was terminated in an ice bath. The

reaction mixture was extracted with toluene, the chro-

mophore containing toluene was warmed to room tem-

perature and the absorbance at 520 nm was measured.

Determination of anthocyanin

Fresh tissue (about 5 g) was homogenised in 20 mL acidic

methanol (HCl, 1% v/v) for 5 min (Hoagland, 1980) fol-

lowed by centrifugation at 5000 g for 20 min. Anthocya-

nin was quantitated by the difference in absorbency at

525 and 585 nm (�5252585).

Enzyme extraction and determination

Plant fresh tissues were homogenised in Tris–HCl

(50 mM, pH 8.4) containing 15 mM b-mercaptoethanol

at 4�C. The homogenates were centrifuged at 16 000 g

for 20 min. Assays of PAL and TAL were run in reac-

tion mixtures containing 500 lmol of Tris–HCl (pH 8)

and either 6 lmol of L-phenylalanine (for PAL) or

5.5 lmol of L-tyrosine (for TAL) (Beaudoin-Eagan &

Thorpe, 1985). Activity of CI was measured by deter-

mining the decrease in the absorbency at 375 nm in

reaction mixture containing 500 lmol of Tris–HCl

buffer (pH 8) and 10 lg of chalcone (dissolved in 10 lL
of ethylene glycol monomethyl ether) (Hahlbrock et al.,

1970).

The experimental design was a randomised experi-

ment or a true experiment based on the random assign-

ment. It was a simple factorial combination for each

plant species involving five levels of NaCl for each of

the original plants, cultures and selected plantlets. All

values are means of at least six replications (±SD) from

two independent experiments. The full data were first

subjected to analysis of variance (ANOVA) followed

thereafter by least significant differences (LSD) method

at 5% level (Snedecor & Cochran, 1980).

Results

As shown in Fig. 1, NaCl generally reduced fresh and dry

weights of the original mung bean and tomato, either

shoots or roots. The magnitude of reduction increased

with increasing NaCl concentrations. The in vitro selected

plants (mung bean and tomato) showed the same

response to NaCl concentration. Although NaCl induced

significant reduction in growth parameters of the regen-

erated plantlets, the magnitude of reduction was greater

in the original plants. Fresh and dry weights of original

mung bean plants were reduced by 50 mM onwards in

shoots and by all concentrations in roots. Similarly, all

concentrations reduced shoot and root fresh weight of

the original tomato plants, while 50 mM onwards

reduced dry weight. The same trend was also detected in

the selected plants; however, the reduction was signifi-

cant in shoots and roots of mung bean by 100 and

150 mM and of tomato by 50 mM onwards.

Fig. 2 shows that in vitro selection of both species from

cotyledons on MS media supplemented with different

concentrations of NaCl resulted in good and healthy

plantlets, particularly using low concentrations of the

salt. These plantlets performed feasible rooting even

with the presence of NaCl. The greenhouse growing of

these plantlets in pots after adaptation and acclimatisa-

tion showed that they are slightly affected by NaCl.
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Contents of Na and K as well as their ratio in shoots and

roots of the original and the in vitro selected mung bean

and tomato are shown in Fig. 3. All concentrations sig-

nificantly increased Na in shoots and roots of the origi-

nal mung bean plants. Similarly, Na of the original

tomato was increased in shoots by concentrations over

25 mM and in roots by all concentrations. In the same

pattern, NaCl over 25 mM significantly increased Na in

shoots or roots of the selected mung bean. However, Na

was significantly increased in shoots of the selected

tomato by NaCl over 50 mM. Conversely, all NaCl con-

centrations significantly decreased K of the original

mung bean. In the in vitro selected mung bean, K in

shoots and roots was restored following in vitro selection

so that NaCl appeared with no significant effects. How-

ever, the in vitro selected tomato showed slight, if any,

changes in K. About 25 and 50 mM NaCl insignificantly

changed K in shoots and roots, respectively, of the

selected plants. However, higher concentrations (100

and 150 mM) decreased K in shoots of the regenerated

tomato. It is clear that Na/K ratio was high in the origi-

nal plants but decreased in the plantlets regenerated

from in vitro selection. These ratios increased with in-

creasing NaCl concentrations; the increase was great and

progressive in the original plants. Nevertheless, in vitro

selection delayed these increases.
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Figure 1 Effect of NaCl on fresh and dry weights of shoots ( ) and roots ( ) of original and in vitro selected mung bean (A) and tomato (B) from

cotyledons on MS media. Data are means (±SD) of at least six replications from two independent experiments. Vertical bars (solid for shoots and dot-

ted for roots) represent least significant differences values at 5% level.
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Proline content of shoots and roots of both species,

either original or in vitro selected plants, was significantly

increased by NaCl, the magnitude of increase augmented

with increasing NaCl concentrations (Fig. 4). The induc-

tion was most pronounced in the in vitro selected than

the respective original plants. Proline in shoots and roots

of original mung bean was increased by NaCl concen-

trations from 50 and 100 mM, respectively. In a similar

manner, 50 mM onwards resulted in increases of proline

in shoots and roots of the original tomato plants. Con-

centrations from 50 mM increased proline in shoots and

roots of the regenerated mung bean. Similarly, the accu-

mulation of proline in tomato shoots and roots by NaCl

increased following in vitro selection; all concentrations

led to great accumulations in roots, while 50 mM

onwards caused accumulations in shoots.

All concentrations of NaCl resulted in significant increa-

ses in anthocyanin contents of the originalmung bean and

tomato plants (Fig. 4). The contents in roots of both spe-

cies, although retracted by the highest concentration, re-

mained higher than control levels. To a lesser extent,

anthocyanin contents in both species of the in vitro

selected plants were significantly increased particularly

by higher concentrations; however, lower concentra-

tions had mostly no significant effects. The NaCl-induced

anthocyanin seemed to be decreased in both species

following in vitro selection; however, 50 mM onwards

caused significant increases. In spite of the decreased

anthocyanin induced in shoots by the highest concentra-

tion, contents remained significantly higher than those

of controls. In general, anthocyanin contents were higher

in the original than in the respective in vitro selected

plantlets.

In Fig. 5, there were gradual increases in the activi-

ties of PAL, TAL and CI in shoots and roots of the orig-

inal or the in vitro selected plants, the increases

augmented with increasing NaCl concentration. How-

ever, PAL activity decreased in shoots of both selected

mung bean and original tomato. Similarly, TAL activity

decreased in shoots of selected mung bean and in roots

of selected tomato. TAL activity of roots of selected and

original mung bean remained constantly from 100 to

150 mM NaCl. CI activity decreased in roots of selected

mung bean. The magnitude of increase in PAL activity

was greater in shoots than in roots of both species.

Moreover, the enzyme activity was higher in the origi-

nal than in the selected plants. Following in vitro selec-

tion, 25 mM NaCl had no significant effects on PAL

activity in shoots and roots of the selected mung bean

and tomato except for mung bean shoots. Moreover,

50 mM had a similar insignificant effect on the enzyme

activity of tomato shoots. The enzyme activity was sig-

nificantly enhanced in both tissues by the other high

concentrations. In general, TAL activity was more de-

tected in shoots than in roots. In addition, the enzyme

activity of the original mung bean and tomato shoots

and roots was significantly increased by all concen-

trations of NaCl. However, the enhanced activity was

retracted following in vitro selection. About 25 mM ap-

peared without effect on TAL activity of shoots and

roots of the selected mung bean and tomato. More-

over, 50 mM non-significantly affected the enzyme

activity in tomato shoots only. The activity of CI was

lowered following in vitro selection. The enzyme activ-

ity of the original mung bean and tomato was en-

hanced by all concentrations. Nevertheless, CI activity

in shoots or roots of the selected mung bean was sig-

nificantly enhanced by only 100 or 50 mM onwards,

respectively. On the other hand, NaCl over 25 and

Figure 2 In vitro selection of mung bean (A) and tomato (B). (I) Regen-

eration using cotyledons on MS media supplemented with NaCl. (II)

Rooting of the regenerated shoots on MS media supplemented with

NaCl. (III) Greenhouse growth of the regenerated plantlets transferred

to peat-moss after adaptation and acclimatisation in presence of NaCl.

1, 0 mM; 2, 25 mM; 3, 50 mM; 4, 100 mM; and 5, 150 mM NaCl.
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Figure 3 Effect of NaCl on Na, K and Na/K ratio of shoots ( ) and roots ( ) of original and in vitro selected mung bean (A) and tomato (B) from

cotyledons on MS media. Data are means (±SD) of at least six replications from two independent experiments. Vertical bars (solid for shoots and dot-

ted for roots) represent least significant differences values at 5% level.

In vitro selection for tolerance to NaCl N.M. Hassan et al.

324 Ann Appl Biol 152 (2008) 319–330 ª 2008 The Authors

Journal compilation ª 2008 Association of Applied Biologists



50 mM increased CI activity in shoots and roots of the

regenerated tomato, respectively.

Discussion

Plant cell and tissue culture has become amajor tool in the

study of an increasing number of fundamental and applied

programmes in plant science. Its increasing use to investi-

gate cell and developmental biology, biochemistry, phys-

iology, genetics and molecular biology is providing new

knowledge about fundamental characteristics of plants

(Flowers, 2004; Pareek, 2005). The present results

showed significant reductions in fresh and dry weights

of both the original and the in vitro selected mung bean
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Figure 4 Effect of NaCl on proline and anthocyanin contents of shoots ( ) and roots ( ) of original and in vitro selected mung bean (A) and

tomato (B) from cotyledons on MS media. Data are means (±SD) of at least six replications from two independent experiments. Vertical bars (solid for

shoots and dotted for roots) represent least significant differences values at 5% level.
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and tomato by salinity. NaCl significantly reduced fresh

and dry weights of both original and in vitro selected

plants. The salinity-induced growth reduction was ob-

served in many plant species (Nemat Alla et al., 2002;

Hassan et al., 2003; Younis et al., 2003; Agong et al.,

2004; Murillo-Amador et al., 2007; Ghars et al., 2008).

Figure 5 Effect of NaCl on phenylalanine ammonia lyase (PAL), tyrosine ammonia lyase (TAL) and chalcone isomerase (CI) activities of shoots ( ) and

roots ( ) of original and in vitro selected mung bean (A) and tomato (B) from cotyledons on MS media. Data are means (±SD) of at least six replications

from two independent experiments. Vertical bars (solid for shoots and dotted for roots) represent least significant differences values at 5% level.
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Murillo-Amador et al. (2006b) concluded that salt-tolerant

cowpea genotypes showed higher biomass than geno-

types classified as salt sensitive. Gorai & Neffati (2007)

confirmed that highest germination percentages of

Reaumuria vermiculata, a xerohalophytic perennial dwarf

shrub, were obtained under non-saline conditions and

increases in salinity inhibited seed germination. Salt

stress decreased both the germination percentage and

the germination speed. Seed germination decreased

with an increase in NaCl concentrations. Fresh weight

of Chenopodium quinoa was reduced by salinity in both

embryonic axes and cotyledons (Prado et al., 2000).

However, themagnitude of reduction decreased follow-

ing in vitro selection. Such mitigation of NaCl effect

might point to an improvement or development of toler-

ance in the selected plantlets to overcome, to some

extent, the effects of NaCl. NaCl-tolerant callus lines of

C. martinii were obtained by exposing the callus to

increasing concentrations of NaCl (0–350 mM) in the

MS medium (Pattnaik & Debata, 1997). The tolerant

lines grew better than the sensitive wild-type lines in

all concentrations of NaCl tested up to 300 mM. The

selected lines retained their salt tolerance after three to

four subcultures on salt-free medium.

Thedepressionof growthmaybe attributed to adecrease

in water absorption, meristematic activity, photosynthetic

capacity, chlorophyll content, stomatal conductance,

transpiration and cell enlargement; to an increase in res-

piration rate; and to changes in hormone imbalance,

nitrogen metabolism, oxidative stress, secondary metabo-

lism and excessive accumulation of toxic ions such as Na

and Cl in plant cells (Nemat Alla et al., 2002; Younis et al.,

2003; Agong et al., 2004; Murillo-Amador et al., 2006a,b,

2007; Eraslan et al., 2007; Nandwal et al., 2007; Yazici

et al., 2007; Tuna et al., 2008). Na may have direct toxic

effects through interference with enzyme structure and

function or interfere with function of K as a cofactor in

various reactions (Ayala & Oleary, 1995). Na and Cl in

shoots and roots in cowpea and kidney bean increased

in the presence of NaCl, while K decreased (Murillo-

Amador et al., 2006a,b, 2007). Tester & Davenport (2003)

confirmed that metabolic toxicity of Na is largely a result

of its ability to compete with K for binding sites essential

for cellular function. More than 50 enzymes are acti-

vated by K, and Na cannot substitute in this role (Bhandal

& Malik, 1988). Thus, high levels of Na or Na/K ratios

can disrupt various enzymatic processes in the cyto-

plasm. K was reduced in shoot and root of salt-treated

cowpea and kidney bean plants (Murillo-Amador et al.,

2007).

In the present results, therewas a retraction in the accu-

mulated Na in mung bean and tomato following in vitro

selection, while K was increased with a consequent low

in Na/K ratio. These findings are in accordance with

Chaudhary et al. (1996) who found that the salt-tolerant

plants are able to maintain lower Na/K ratio than the

unselected plants. Moreover, Ghars et al. (2008) con-

firmed that the better NaCl tolerance in Thellungiella halo-

phila was associated with a better K supply resulting

higher K/Na ratios. Therefore, the present result could

conclude that an improved tolerance to NaCl might be

developed in the regenerated plantlets following in vitro

selection. The decrease in K may be attributed to the

antagonism at the site of uptake at plasmalemma between

K and Na cations, which increased considerably as salin-

ity increased (Mozafer & Dertli, 1990). Di Caterina et al.

(2007) detected a progressive increase in leaf Na and Cl

contents and Na/K ratio with increasing salinity level

in sunflower. Na increased sharply in NaCl-sensitive C.

martinii callus, while K declined continuously with the

corresponding increase in external NaCl concentrations

but the NaCl-tolerant callus lines always maintained

higher Na and K levels than that of the sensitive lines

(Pattnaik & Debata, 1997). They concluded that the

degree of NaCl tolerance of the selected lines was in neg-

ative correlation with the K/Na ratio.

Under stress conditions imposed by salinity, the con-

tents of proline are expected to be greatly enhanced. Pro-

line was accumulated in roots and shoots of salt-stressed

plants (Pattnaik & Debata, 1997; Eraslan et al., 2007;

Wang et al., 2007; Yazici et al., 2007; Ghars et al.,

2008). Martinez et al. (1996) found a positive relation-

ship between proline accumulation and salt tolerance

in potato. In accordance, the increases of proline in the

present study were higher in the selected relative to

the original plants. Most attention has been concerned

with the role of proline as a compatible osmolyte and

osmoprotectant (Samaras et al., 1995). Accumulation of

proline is one of the most remarkable metabolic con-

sequences of salt stress in higher plants. The accumu-

lated proline mediates tolerance by serving as a source

of cytoplasmic osmoticum and protecting cytoplasmic

enzymes and cellular structures (Nemat Alla et al.,

2002; Hassan et al., 2004; Yazici et al., 2007; Silva-Ortega

et al., 2008). Proline affects the solubility of various pro-

teins and could protect them against denaturation. Pro-

line may act as non-toxic osmotic solute, preferentially

located in the cytoplasm and as enzyme protectant,

stabilising the structures of macromolecules and organ-

elles. The NaCl-selected callus lines of C. martinii accu-

mulated high level of proline under salt stress (Pattnaik

& Debata, 1997). It seems that osmoregulating substances

such as proline affect the conformation of enzymes,

thereby stabilising their active conformation and in this

way protect enzymes against conformational perturba-

tions caused by mineral ions. Therefore, the enhanced

N.M. Hassan et al. In vitro selection for tolerance to NaCl

Ann Appl Biol 152 (2008) 319–330 ª 2008 The Authors

Journal compilation ª 2008 Association of Applied Biologists

327



proline accumulation following in vitro selection might

aid in overcoming the effect of NaCl and hence, might

be considered as a signal for improving tolerance to NaCl.

The greater production of proline in the selected mung

bean and tomato might conclude that in vitro selection

regenerated plantlets capable of counterbalancing, to a

great extent, the deleterious effects of NaCl.

Secondary metabolites are a natural defence against

biotic and abiotic events and so may increase plant adap-

tation to stress conditions (Dorey et al., 1999). They are

produced in plant tissues under the control of the sec-

ondary metabolism enzymes PAL, TAL and CI (Hoagland

& Duke, 1981; Jez et al., 2000). In the present results,

anthocyanin and enzyme activities were increased by

NaCl. These increases were high in original but seemed

to be withdrawn in the in vitro selected plantlets. In ac-

cordance, salinity mostly increased the content of sec-

ondary metabolites (Mehta et al., 1993) as well as PAL

and TAL activities (Nemat Alla et al., 2002). Therefore,

the withdrawal of the accumulation of these compounds

in the selected plantlets relative to the original plants

might be considered as a retraction of the stress status.

Consequently, these regenerated plantlets could insist

the presence of NaCl, to some extent, and thereby over-

come its effects. These compounds might lead to growth

inhibition through decrease of protein synthesis as a

result of reduction of phenylalanine and tyrosine pool,

increasing levels of phenolic compounds that are

growth inhibitors and increasing ammonia to toxic

levels. Hoagland & Duke (1981) indicated that high

PAL activity might divert phenylalanine from protein

synthesis or other critical cellular processes.

In conclusion, the in vitro selected mung bean and

tomato plantlets seemed to overcome, to great extent,

the deleterious effect of NaCl relative to their respective

original plants. So, these plantlets developed some

resistance to NaCl following in vitro selection. Most of

the in vitro selected plantlets set fruits, and their seeds

have been checked for germination. However, their

progeny should be tested for resistance to NaCl, the

point that requires further investigation. The selected

plantlets seemed to overcome the effects of NaCl and

meanwhile contained relatively lesser amounts of Na

and higher amounts of K and proline and exhibited

more withdrawal of anthocyanin and secondary metab-

olism enzymes than the original plants. These findings

conclude a development of an improved tolerance to NaCl

following in vitro selection of mung bean and tomato.
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E., Ávila-Serrano N., Garcı́a-Hernández J.L., López-Aguilar
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