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Abstract Salicornia prostrata Pall. and Suaeda prostrata

Pall. subsp. prostrata occur together on saline soils in

Kızılırmak Delta in Samsun, Turkey. The effects of salinity

stress on photosynthetic pigments and proline were inves-

tigated in these two species in natural habitats. With the

increasing soil salinity, a decrease in chlorophyll (Chl) and

carotenoid contents was observed in both taxa. However, in

Salicornia prostrata, photosynthetic pigments levels were

lower than those in Suaeda prostrata. Proline contents

significantly increase with increase in salinity level in both

species, whereas Salicornia prostrata produced less proline

than Suaeda prostrata. Proline and Chl a contents were

significantly different betweesn examined species accord-

ing to soil salinity. Based on obtained data, we can con-

clude that at in situ conditions, Salicornia prostrata is more

salt tolerant compared with Suaeda prostrata.
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Introduction

Among environmental factors limiting plant productivity

and growth, soil salinity is a major adverse environmental

factor (Li et al. 2004; Munns 2005). An estimated

80,000,000 ha of cultivated land is adversely affected by

high salinity (Munns 2002; Askaril et al. 2006). Under salt

stress conditions, plants are exposed to osmotic stress by

limiting absorption of water from soil (Youssef 2009).

High salt stress can affect numerous physiological and

biochemical processes at both the cellular and the whole-

plant levels (Wenxue et al. 2003; Aghaleh et al. 2009).

Most halophytes have the ability to adapt to salinity by

adjusting the osmotic potential of their internal tissues,

which mechanism is well known (Aghaleh et al. 2009;

Flowers and Colmer 2008). Adaptation of halophytes to

salinity is related to the accumulation of osmoregulators

solutions that include sugars and free proline (Bohnert

et al. 1995). Accumulation of sugars and free proline pre-

vents the loss of water and ion toxicity (Ashraf and Foolad

2007). Within organisms, osmoregulation permits to take

up additional water from the environment by lowering

water potentials (Kumar et al. 2003). It has been reported

that one of the adaptations of plants to salinity and water

deficit is high proline levels (Kumar et al. 2000; Ramanjulu

and Sudhakar 2001). Matysi et al. (2002) also reported that

proline has protected plants against free radicals.

Reduction in photosynthesis activity under salt stress is

due to reduction of chlorophyll (Chl) and also reduction of

CO2 absorption (Francisco et al. 2002). Kato and Shimizu

(1985) reported that the loss of Chls in salinity is related to

photoinhibition or reactive oxygen species formation.

Plants grown under high salinity have a lower stomatal

conductance in order to conserve water (Mafakheri et al.

2010). Consequently, CO2 fixation is reduced and photo-

synthetic rate decreases. In Salicornia persica Akhani and

Salicornia europaea L., a decrease in photosynthetic pig-

ments induced by salt has been reported (Aghaleh et al.

2009).

Previous study on Salicornia and Suaeda species

involved some physiological responses to salinity (Aghaleh

et al. 2009, 2011; Youssef 2009; Zhang et al. 2010). But up
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to now, no investigation has considered the comparative

physiological responses of Salicornia prostrata and Suaeda

prostrata subsp. prostrata to salt stress in their natural

environment.

In this study, we first investigated the Chl, carotenoid,

and proline contents of Salicornia prostrata and Suaeda

prostrata subsp. prostrata as a response to soil salt gradi-

ent. We then examined the response to soil salt stress

between these species.

Materials and methods

The coastline of the Central Black Sea Region located in

the North of Turkey represents the study area (Figs. 1, 2).

This area belongs floristically to the Euxine Province,

which is a province of the Euro-Siberian phytogeographi-

cal region. The study area consists of alluvial sediment

soils carried by the Kızılırmak River. Soil is typically dark

grayish brown (vertisol) and soil depth is meanly 1 m

(Yakupoğlu et al. 2010). On average, soil texture is 48 %

clay, 33 % silt, and 19 % sand (Yalcin et al. 2014). The

mean annual temperature and annual rainfall are 13.9 �C
and 722.5 mm, respectively. The current climate in the

region is semihumid (Demir et al. 2009). In the Kızılırmak

Delta, numerous lagoons and wetlands exists formed by

successional dunes and forests. Nowadays, groundwater

drainage and soil salinity problems in Kızılırmak Delta are

present, raised by excessive irrigation water use, seepage

from canals, inefficient irrigation methods, and inadequate

or malfunctioning drainage systems (Arslan 2012).

Salicornia prostrata and Suaeda prostrata subsp. pros-

trata (Amaranthaceae) were selected as plant materials in

this study. Salicornia prostrata and Suaeda prostrata subsp.

prostrata have been distributed together on saline soils in

Kızılırmak Delta in Samsun, Turkey. Diagnosis of plant

species was given according to the Flora of Turkey (Ball

1966; Aellen 1966). Twenty-eight locations were

determined according to different soil salinities in August

2009 in the study area. In these localities, we pay attention to

the coexistence of both species. These locations have the

same soil and microclimatic properties. Soil samples were

collected as a profile from the root zone of each locality, and

transported to the laboratory in polyethylene bags. They

were air dried and sieved to pass through a 2 mmmesh prior

to analysis. Electrical conductivity (dSm-1) was determined

in soil–water extracts at 1:1 (w:v) using a Hanna 215 elec-

trical conductivity meter. Nine localities that had different

soil salinities were selected from 28 locations according to

the results of soil salinity analysis, which were 2.0, 3.9, 4.2,

9.3, 10.1, 10.7, 18.4, 23.5, and 26.2 dS/m, respectively.

Species were sampled in the same day from different local-

ities from August of 2009, 2010, and 2011. Thirty individ-

uals of both species were collected from nine localities,

transported to the laboratory, and stored at 4 �C.
Then, chlorophylls (Chl a and b) and carotenoids (mg

g-1) were extracted by 100 % acetone from fresh plant

samples and quantified spectrophotometrically. Super-

natants were used for the analysis of pigments. Absor-

bances were determined at 645, 652, 662, and 470 nm,

respectively, and the following equations were used for

calculations (Lichtenthaler and Wellburm 1983):

Total Chl: A652 � 27:8� 20=mg leaf weight;

Chl a : 11:75� A662 � 2:35� A645ð Þ
� 20=mg leaf weight;

Chl b : 18:61� A645 � 3:96� A662ð Þ
� 20=mg leaf weight;

Car: 1000� A470 � 2:27� Chl a� 81:4� Chl bð Þ=227½ �
� 20=mg leaf weight:

Fig. 1 Map indicating Kızılırmak Delta at Samsun, Turkey Fig. 2 Map of detailed localities in Kızılırmak Delta
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Free proline content (mmol g-1) was determined according

to the method from Bates et al. (1973). L-Proline was used

as a standard. Determination of absorbents was made using

a UV–visible spectrometer (Termo Hekios c), liquid phase

was read at a wave length of 520 nm a standard calibration

curve and calculate on a fresh mass.

All analyses were conducted as three replicates (n = 3).

Data were expressed as mean ± standard deviation and

submitted to analysis of variance using SPSS (version 10).

The significance of differences was determined according

to Tukey’s test. Comparisons with P values\0.01 and 0.05

were considered significantly different.

Results and discussion

A decrease in photosynthetic pigment content of Salicornia

prostrata and Suaeda prostrata subsp. prostrata was

observed along soil salinity gradient in this study (Fig. 3a–

d). In the case of Chl a, there was decrease in response to

higher salinity. The highest rate of Chl a was observed at

locality where salinity level was determined as EC 2.0 dS

m-1. The lowest rate of this value was determined in the

most higher salinity level (EC 26.2 dS m-1). Suaeda

prostrata subsp. prostrata produced more Chl except for

locality with EC 2.0 dS m-1 salinity level when compared

to Salicornia prostrata (Fig. 3a). Chl b and total Chl were

level declined by high salinity (Fig. 3b, c). The results

obtained in this study are in agreement with those studies

of Aghaleh et al. (2009) for S. persica and S. europaea L.

in which salt treatment decreased photosynthetic pigments.

Reduction in Chl content under salt stress could be attrib-

uted to the destruction of Chl pigments (Levitt 1980).

Beinsan et al. (2009) reported that the decrease in Chl

content was due to the increase in the activity of Chls

enzyme and instability of protein complexity of pigments.

Based on soil salinity stress, it was observed statistically

that Suaeda prostrata subsp. prostrata was divided into

more groups according to the contents of Chls a, b, and

total Chl (Fig. 3a–c) as a comparison to Salicornia pros-

trata. Among other pigments, increased soil salinity-based

stress-related Chl b decrease in Salicornia prostrata is

found to be the highest. Chl b is the most decreased pig-

ment in Salicornia prostrata related to increasing soil

salinity stress. The contents of chlorophylls (Chls a, b) and

carotenoids decreased more proportionally in Salicornia

prostrata than Suaeda prostrata subsp. prostrata, while no

significant difference in proline ratio was observed in both

species. The Chl content of the examined species was

significantly different (Table 1). These results indicated

that Suaeda prostrata subsp. prostrata was more sensitive

to soil salinity than Salicornia prostrata in terms of Chl

content. Salinity reduces net photosynthetic rate (Burman

et al. 2003). Nunes et al. (2008) reported that in saline

habits, soil salinity and arid climate greatly affected the

synthesis of pigment components of plants. Morsy et al.

Fig. 3 Chlorophyll a (a), chlorophyll b (b), total chlorophyll (c), and total carotenoid (d) contents of Salicornia prostrata and Suaeda prostrata

under NaCl stress. Mean ± SE of three replicates. Different letters indicate significant differences (P\ 0.01)
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(2008) concluded that Chls a, b, and carotenoids remark-

ably decreased in summer on desert plants. We noted that

Suaeda prostrata subsp. prostrata appears as small groups

in the study region, while Salicornia prostrata covers the

whole area.

Free proline content of both investigated species is

represented in Fig. 4. The free proline content significantly

increased along soil salinity gradient. Free proline content

was significantly higher in Suaeda prostrata subsp. pros-

trata than in Salicornia prostrata under salinity. Moghaieb

(2004) demonstrated that under salt stress, higher proline

accumulation occured in Suaeda maritima subsp. richii

(Fern.) Bassett & C.W. Crompton than of S. europaea.

Slama et al. (2007) reported that S. europaea is charac-

terized by apparently higher ratio of succulence; this is

considered as a mechanism through which certain halo-

phytes are adapted to high salinity. Youssef (2009)

observed that all halophytes collected during summer from

high salinity site tended to retain higher soluble protein,

sugar, and proline as well as higher levels of total organic

osmolytes, compared to those parameters of the other

groups of halophytes in low salinity site. However, he

stated that high succulence in salinity can be considered as

an adaptive response in halophytic plant species. Similarly,

in this study, Salicornia prostrata showed lower accumu-

lation of proline than the other investigated halophytic

species. Therefore, proline content of Suaeda prostrata

subsp. prostrata was also higher in all localities between

investigated species. These results suggest that Salicornia

prostrata is potentially more tolerant to salt damage.

It was concluded that the synthesis of proline copes with

increasing salinity stress in halophytic plants (Wang et al.

2007; Pagter et al. 2009; Siddiqui et al. 2009). Salicornia

prostrata had lower proline content than Suaeda prostrata

subsp. prostrata in our study. Unlike Salicornia prostrata

which spreads to quite large area even at increased soil

salinity rates, at same conditions, Suaeda prostrata subsp.

prostrata formed small clusters (Figs. 5, 6). These results

suggested that Suaeda prostrata subsp. prostrata has pro-

line synthesis mechanism in order to deal with salinity

stress. On the other hand, Salicornia prostrata may have

different mechanisms along with proline synthesis. For

instance, it may have different anatomical structures and

strategies. Ashraf (2004) also said that proline accumula-

tion not only occurred by soil salinity but also arose due to

drought in plant tissues.

Table 1 The percentage

change of traits examined in

plant samples by soil salinity

Salicornia prostrata Suaeda prostrata subsp. prostrata

Chl a (%) -21.18 -25.40

Chl b (%) -4.96 -25.17

Tot-Chl. (%) -12.94 -25.00

Tot-Car. (%) -20.56 -53.51

Proline (%) ?41.03 ?41.17

Fig. 4 Effects of different NaCl concentrations on proline content in

Salicornia prostrata and Suaeda prostrata subsp. prostrata.

Mean ± SE of three replicates. Different letters indicate significant

differences (P\ 0.01) Fig. 5 General appearance of Salicornia prostrata
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