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ABSTRACT

In this study, the proline contents of ecophysiologically different plants were determined on a seasonal basis. The plant species
investigated were Cakile maritima, Medicago marina, Pancratium maritimum and Suaeda prostrata (psammophyte-from sand dunes);
Arthrocnemum fruticosum, Halimione portulacoides, Halocnemum strobilaceum, Limonium bellidifolium and Salicornia europaea
(halophytes-from saline habitats). The results showed that proline content in all taxa was highest in autumn and lowest in spring. The
accummulation in general was higher in halophytes (0.104 + 0.004 pmol g (fm.) to 55.138 + 6.138 umol g (f.m.)), as compared to
psammophytes (0.242 £ 0.118 pmol g (f.m.) to 38.307 + 1.455 pmol g (f.m.)). This can be attributed to both salinity and water stress in

the halophytes, and water stress alone in the psammophytes.
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INTRODUCTION

The plant diversity of coastal habitats consists of a rela-
tively small number of species that are able to survive
environmental stress of salinity and drought. In halophytes,
there is a large number of plant defence mechanisms inclu-
ding ion homeostasis, osmoregulation, antioxidant and hor-
monal systems helping plants to thrive well under saline
conditions (Sairam and Tyagi 2004; Flowers and Colmer
2008). Several studies have been undertaken to understand
if proline accumulation in plants would be a possible crite-
rion to identify the tolerance of plants to salt. Proline ac-
cumulation is said to be specific to species and also to vari-
eties, with the amount changing according to the stress
(Singh and Rai 1981; Ball et al. 1984; Pandey and Gana-
pathy 1985; Rhizopoulou et al. 1990; Venkatesan and Chel-
lappan 1998; Kavi Kishore et al. 2005; Noreen and Ashraf
2009). However, the importance of proline accumulation
among the diverse species of inland saline and coastal habi-
tats as an adaptation to the adverse environmental condi-
tions has not been investigated much (Cavalieri and Huang
1979; Tipirdamaz et al. 2006). Turkey possesses 8333 km
of coast extending from Georgia to Syria, with a rich plant
diversity. Until now, no work has been done on proline
accumulation in the naturally growing plant taxa along the
coast. In this paper we present the results covering a survey
of the major psammophytes (plants growing on sandy
habitats in nature) and halophytes (plants growing on saline
habitats in nature) of the Aegean coastal zone in Turkey.

MATERIALS AND METHODS

Whole plant samples of Cakile maritima Scop., Pancratium mari-
timum L., Suaeda prostrata Pall. and Medicago marina L. (psam-
mophyte-from sand dunes); Arthrocnemum fruticosum (L.) Moq.,
Halimione portulacoides Aellen., Halocnemum strobilaceum
(Pallas) Bieb., Limonium bellidifolium (Gouan) Dumort. and Sali-
cornia europaea L. (halophytes-from saline habitats) were col-
lected in the months of April, August and October (2003) from the
Aegean coast in Turkey. The collection time lasted 2 days in each

case and species selection was done on the basis of dominance in
the locality. The material was transported to the laboratory in a
freezer at -4°C. These were separated into aboveground and
belowground parts after brought to the laboratory and immediately
frozen with liquid nitrogen, again left in a -80°C freezer until use.
Proline levels were determined according to Bates ez al. (1973) on
a fresh weight basis. Leaf samples were homogenized in 3% (w/v)
sulfosalicylic acid solution and then centrifuged. The supernatant
was taken into a test tube to which glacial acetic acid and acid
ninhydrin solution were added. Tubes were incubated in a boiling
water bath for 1 h and then allowed to cool to room temperature.
After adding toluene, the mixture was vortexed and allowed to
separation of toluene and aqueous phase. The absorbance of tolu-
ene phase was measured at 520 nm in a spectrophotometer. The
concentration was calculated from a proline standard curve and
expressed as pumol/g FW. Samples were selected in random, 4
samples were separated as above- and belowground parts and ana-
lysed for each plant. The mean values obtained were compared by
Tukey’s test and analyzed using SPSS software.

RESULTS AND DISCUSSION

Proline is an important osmolyte involved in the control of
osmotic pressure in cells (Ashraf and Foolad 2007). Proline
accumulates normally in the cytosol in high concentrations
in response to drought or salinity stress in plants, thus
contributing in the stabilization of sub-cellular structures,
scavenging of free radicals, controlling of osmotic pressure
and buffering of cellular redox potential (Cha-um and Kird-
manee 2010). Proline is also known to act as a major reser-
voir of energy and nitrogen for utilization upon exposure to
salinity (Tawfik 2008). Moreover, its rapid breakdown upon
release of stress may provide sufficient reducing agents for
recovery from stress and repairing stress-induced damage.
Proline also induces expression of salt-stress-responsive
genes, which possess proline-responsive elements (e.g. PRE,
ACTCAT) in their promoters (Satoh et al. 2002; Oono ef al.
2003; Chinnusamy et al. 2005). Proline accumulation in
plants is mediated by both ABA-dependent and ABA-inde-
pendent signalling pathways (Zhu 2001, 2002).
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Table 1 Proline accumulation fluctuations of psammophytes relative to Spring (n = 4, + standard deviation of the mean).

Spring

Summer Autumn

Below ground Above ground

Below ground

Above ground Below ground Above ground

Cakile maritima 0.544+0.007 b 1430+0.218 a
Medicago marina 4178 £0.363 abd  3.197 £ 0.957 abc
Pancratium maritimum  2.064 + 0.009 cd 0.242 £ 0.118 cde

Suaeda prostrata 1.425+£0.275 cd 2.360 £ 0.116 be

2.548 £1.146 ab
15.714 £0.557 bed
2.155+0.007 ad
3.867 £0.573 adc

18.229£4.474 a
4.084 £0.190 ac
1.164 £0.411 ad
8.838 £ 0.577 abed

4.989 £0.823 ab 27.420+2.731 a
11.624 + 0.409 ad 7.553 £0.407 ac
6.118 £0.587 af 4.980 = 1.448 ae

30.703 £ 1.420 bedefg  38.307+ 1.455 ag

The same letter within a column indicates significant differences (P < 0.05) according to Tukey’s test.

Table 2 Proline accumulation fluctuations of halophytes relative to Spring (n = 4, + standard deviation of the mean).

Spring

Summer Autumn

Below ground Above ground

Below ground

Above ground Below ground Above ground

Arthrocnemum fruticosum — 2.260 + 0.495 b 1.154+0.003 a 7.931+1.742ab  5.227+1.087a 55.138 £6.138 ab  33.287+0.950 a

Halimione portulacoides ~ 0.234 +0.001 d 0.104 £ 0.004 ¢ 0.921+0.189adb  0.543+0.114acb 2.911+0.713abd 2.167 £0.263 abc

Halocnemum strobilaceum  4.599 +0.279 0.463 +0.003 ¢ 5.064 £ 1.092 bedf 4.167 £ 0.363 bede  42.765 +4.122 4.896 £ 0.769 abe
acdef abcdef

Limonium bellidifolium 5.334 +£2.451 0.988+0.177 fg  9.493 +1.391 3.351+0.122bcg  42.975 £3.689 41.047 £4.052
abcdegh acdefgh abcde bedefg

Salicornia europaea 3.323+0.305cde  0.632+0.001 thi 5473 +£0.443 cdhi 1.041 £0.139 13.693 +3.662 2.988+0.176

abefhi abcdfghi abfghi

The same letter within a column indicates significant differences (P < 0.05) according to Tukey’s test.

The variations of proline contents of halophytes and
psammophytes from the study area are presented in Tables
1 and 2

The proline concentration in all taxa was highest in
autumn and lowest in spring. The accumulation i in general
was higher in halophytes (0 104 + 0.004 pmol g" (fm.) to
55.138 + 6.138 umol g (fm)) as compared to psam-
mophytes (0.242 £ 0.118 umol g (f.m.) to 38.307 + 1.455
umol ¢! (f:m.)).

The values are higher for belowground than above-
ground parts in Arthrocnemum fruticosum, Halimione por-
tulacoides, Halocnemum strobilaceum, Salicornia europaea
and Limonium bellidifolium. In the case of the psam-
mophytes, the concentrations of proline are higher in the
belowground parts in Medicago marina, Pancratium mari-
timum but higher in the aboveground parts of Cakile mari-
tima and Suaeda prostrata.

Accumulation of proline under stress in many plant spe-
cies has been correlated with stress tolerance, and its con-
centration has been shown to be generally higher in stress-
tolerant than in stress-sensitive plants (Melony ez al. 2001;
Tani and Sasakawa 2006; Ashraf and Foolad 2007; Lee et al.
2008). For example, in salt-tolerant alfalfa plants proline
concentration in the root rapidly doubled under salt stress,
while in salt-sensitive genotypes, the response was slow
(Petrusa and Winicov 1997). Similarly, salt-tolerant eco-
types of Agrostis stolonifera accumulated higher concentra-
tion of proline in response to salinity than salt-sensitive
ecotypes (Ahmad ef al. 1981). Also a higher free proline
content in varieties of tolerant bean compared to other two
sensitive varieties showed that his amino-acid may be
highly involved in a plant adaptation mechanism to water
and salinity stress (Cardenas-Avila 2006). However, assess-
ment of proline accumulation and distribution during shoot
and leaf development in two Sorghum genotypes contras-
ting in salt tolerance suggested that proline accumulation
was a reaction to salt stress and not a plant response asso-
ciated with tolerance (de Lacerda et al. 2003). In halophytes,
high levels of proline are present in Tamarix tetragyna and
in several other species (Stewart and Lee 1974). Proline can
be used to determine plant genotypes and ecotypes (Claus-
sen 2005; Kant ef al. 2006; Ferreira and Lima-Costa 2006;
Megdiche ef al. 2007; Flowers and Colmer 2008). It is im-
portant to understand the physiological mechanism of
salinity, in order to conserve natural vegetation in saline
environments and to allow the adaptation of new plant spe-
cies to the areas.
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