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Abstract

Stevanovi¢ Daji¢ Z., Kresovi¢ M., Pecinar, I., A¢i¢ S., Obratov-Petkovi¢ D., Salamon I.: Distribution of
the halophytic grass Puccinellia limosa (Schur.) Holomb. on salt affected soils in Serbia in relation to
its main adaptive responses to salinity. Ekologia (Bratislava), Vol. 29, No. 3, p. 258-268, 2010.

A survey on the presence of the halophytic grass Puccinellia limosa in numerous plant communi-
ties distributed on salt affected soils in Serbia indicated a general preference of this halophyte for
moderately to highly salinized and very alkalinized soils, mainly of solonetz and sodic solonchak
type. Responses to the salinity in P. limosa were studied by soil-plant relations, estimated through
alterations in ions concentration, both in soil saturation extract and in root and shoot of plants
collected in their typical community, the ass. Puccinellietum limosae(Rapcs.) Wend.,foundin
the salt marsh situated in the middle Banat (Vojvodina, Serbia). Soil salt content gradually increased
during the vegetation season of the plant, reaching a maximum of 0.64%, corresponding to EC_of
25.1 mmhos/cm. Concentration of ions in root and shoot of P. limosa (umol/g DW) significantly
differed, whereas in the root the highest values had sodium (172.83 + 94.86), potassium (147.26
+ 25.65) and calcium (139.66 + 20.05), and in the shoot chlorides (186.68 + 57.51), potassium
(158.74 + 50.2) and sodium (130.09 + 58.84). The root/shoot ratio gradually increased during
the investigated period, and was correlated with Na/K of the root, suggesting a significance of salt
exclusion and control of transport of salts towards the shoot, operating at the root level. Statistical
processing of data showed that factors assigned as age of the plant, corresponding to increasing
soil salinity, and plant part (root and shoot), individually and mutually, had a significant effect on
salt accumulation and related ions allocation in P. limosa.
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Introduction

Although salinity and sodicity are common phenomena for arid and semiarid regions of
the world, salt-affected soils have been recorded in practically all the climatic regions, and
in a wide range of altitudes. According to FAO Land and Plant Nutrition Management
Service, the total world area under saline and soils is 397x10° and 434x10° ha, respectively,
and of the almost 1500x10° ha of dryland agriculture about 2% are salt-affected. In Serbia,
there was estimated that about of 10% of the total agricultural land is exposed to salinity
(Daji¢, 2001).

Halophytes are considered a native flora of saline habitats, able to successfully grow in
conditions of 2—6% salt (Strogonov, 1964), and capable to withstand even 20% salt in the
soil. Although numerous similar cellular mechanisms are present in both halophytes and
non-halophytes for growth in saline conditions (Binzel et al., 1989), the halophytic species
seem to be more efficient in the utilization of different salt tolerance mechanisms. Mecha-
nisms of salt tolerance are of two main types: those minimizing the entry of salt into the
plant (or at least their accumulation in photosynthetic tissues), and those minimizing the
concentration of salt in the cytoplasm (Dajic, 2006; Munns, 2002).

There are several ways of dealing with the problem of salinity, as indicated by Flowers,
Yeo (1995), including direct use of halophytes, which refers to the relatively cheap method
of domestication of salt-tolerant plants, compared with the modification of existing crops
to grow in the niche of halophytes. For extremely salt-affected soils, the use of halophytes is
recommended (O’Leary, 1994), since both soil reclamation and introduction of genetically
modified crops, possibly adapted to such conditions, are time consuming and expensive.
Many halophytes have a great potential for use in so called “saline agriculture’, as oil seeds,
food, fodder, fuel, fiber and other products. Halophytic grasses, including puccinellia, as
distributed within grazing saline meadows and pastures are used mainly as forages (Peng
et al., 2004; Robinson et al., 2004). Salt marshes in Europe are commonly grazed by sheep
and cattle (Andersen et al., 1990; Jensen, 1985), whereas puccinellia-based pastures in South
Australia are grazed by sheep (Edwards et al., 2002), and those of the Wadden Sea by livestock
and geese (Bos et al., 2005). At low to moderate levels of salinity, plants such as Puccinellia
ssp. have been reported to produce 4-10 t dry matter (DM) ha™' year™' (Warren et al., 1994).
In contrast to studies performed on salt tolerance in a range of species of the genus Puc-
cinellia Parl., such as P. maritima (e.g. Leendertse et al., 1996), P. distans and P. lemmoni
(Alshammary et al., 2004; Harivandi et al., 1982), P. peisonis (e.g. Stelzer, Lauchli, 1978), and
P, tenuiflora (e.g. Peng et al., 2004; Shi et al., 2002), there is limited information on P. limosa,
a species widespread on saline habitats of middle and south-east Europe. Therefore, a survey
on distribution of sub-Pannonian species — the P. limosa — within various saline habitats in
Serbia and the screening of basic responses of this halophyte to salinity was performed as
grounds for the future research on use and quality of P. limosa as a forage.
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Material and methods

A survey on distribution of the halophytic grass Puccinellia limosa on salt affected soils in Serbia was performed
according to the available literature data (period 1979-2002), and our own research conducted in the 2000-2003
period in the region of the middle Banat (Vojvodina, Serbia). All used data were in the form of phyto-sociological
tables according to the principles of Braun-Blanquet (1964). Soil and plant samples for evaluation of salt tolerance in
P, limosa were collected in 2003 from the salt marsh situated near the village of Melenci (middle Banat, Vojvodina,
Serbia) at the following geographic coordinates: 45°30’58.7” N, 20°18’16.2” E, and altitude 85.9m a. s. . Plant and
soil samples were taken in the community previously characterized as Puccinellietum limosae Rapcs. Wendt
(Daji¢, 1996).

Soil performances

Soil samples of the layer of 0—20 cm were taken from micro-sites characterized by maximal coverage of the Puccineliia
limosa, monthly, during the April-October period. The following parameters of soil salinity were measured: pH, EC,
(electrical conductivity of soil saturation extract), percentage of soil saturation, and concentration of ions in the soil satu-
ration extract. Concentration of sodium, potassium, calcium and magnesium was determined by AAS, ammonium and
nitrate ion by the distillation method, carbonates and bicarbonates by titration with 0.01 N H,SO,, chlorides and sulfates
volumetrically with 0.01 AgNO, and BaCl,, respectively, and phosphates using the colorimetric method. All values are
expressed in meq/l. Soil analyses were performed according to the protocols proposed by Rhoades, Miyamoto (1990).
Sodium adsorption ratio (SAR) and the total salt contents were calculated according to Kamphorst, Bolt (1976).

Plant analyses

Plant material was collected during the vegetation season (June—August). Ion concentrations in the root (after careful
washing out of salts by distilled water) and shoot were analyzed in three individual samples (plants) by dry ashing
and extraction with 0.01 N HCI, using the same methods as for the soil. Chlorides were extracted separately by hot
solution of 1% KNO, and were determined by titration with 0.01 N AgNO,. Ton concentration in plant material
was expressed in umol/g of dry weight. Root and shoot mass was weighted after drying at 60 C°. All analyses of
plant material were performed according to the protocols proposed by Jones, Case (1990).

Data processing

All data were statistically processed using STATISTICA 5.0 software. Comparisons of means were carried out by
the Duncan multiple range test, while alterations in ion content in root and shoot was conducted through unpaired
Student’s t-test and homogeneity of variances (F-test), where factors such as “plant age” and “plant part” (root and
shoot) were used as categorical variables. Analysis of variance was performed as one way ANOVA and two-way
MANOVA to estimate the effects of the single and common effects of analyzed factors, respectively.

Results

Distribution of Puccinellia limosa within different halophytic communities

Occurrence of the halophytic grass P. limosa was determined within the total of 21 plant
communities of 4 classes, 7 orders and 11 alliances (data not showed). Most of the analyzed
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communities belong to typical halophytic vegetation, of the classes Festuco-Puccinellietea
and Thero-Salicornetea, while the associations the Halo-Agrostietum albae and the Trifo-
lietum subterranei were grouped within the class of moderately wet to wet meadows the
Molinio-Arrhenetheretea and association Bolboschoenetum maritimi continentale into swamp
vegetation of the class Phragmitetea.

Most of communities with Puccinellia limosa are developed on moderately to high sa-
linized soils, such as solonchak and solonetz (Table 1), whereas communities such as the
ass., Halo-Agropyretum repentis and Halo-Agrostetum, were determined on slightly sali-
nized alluvium soil and slightly salinized solonetz meadow, respectively. Parameters, such
as maximal abundance and frequency, indicated a general preference of Puccinellia limosa
to sodic solonchak and to some lesser extent to the solonetz type of salt affected soils. The
relatively high amplitude in soil salinity of vegetation with P. limosa is related to the ecologi-
cal plasticity of the halophyte P, limosa, and its ability to adapt to a range of environmental
conditions, namely the soil salinity and moisture of the habitat.

Plant-soil relations

The main characteristics of soil under the vegetation of P. limosa, monitored during the
April-October period (Table 2), showed that among sodium salts the most presented were
sulfates, followed by chlorides. High sodium concentration and related SAR and pH values
are unfavorable, both for maintenance of the soil structure and for plant growth. According
to all examined features, soil was characterized as sodic-sulfate solonchak, very alkalinized
and highly salinized (Daji¢, 1996).

Regarding seasonal alterations in soil salt content measured during the vegetation season
of P. limosa (Table 2), a gradual increase in soil salinity was determined, ranging from 0.37
to 0.64% of the total salts. Low content of macro-nutrients, such as potassium, calcium and
magnesium, compared with the high sodium concentration in the soil, is known as a limiting
factor for development of plants other than halophytes (Dajic, 2006).

Seasonal dynamics of ion content in root and shoot of P, limosa (Table 3) showed that
the concentration of accumulated salts increased gradually with soil salinity. In the root, the
highest average concentration (umol/g DW) had sodium (172.83 + 94.86), calcium (139.66 +
20.05), followed by potassium (147.26 + 25.65) and chlorides (110.68 £ 60.33). In the shoot,
the highest values had chlorides (186.68 + 57.51), potassium (158.74 + 50.2) and sodium
(130.09 + 58.84). The distribution of ion content between two parts of the plant was signifi-
cantly different, especially in regards to chlorides, magnesium and potassium, and sodium
at the beginning and at the end of the growing season of the P. limosa, respectively.

Analysis of variance showed that both the vegetation stage (corresponding to increased
soil salinity) and the plant part, individually or mutually had a significant effect on the
accumulation of particular ions (Table 4), especially of magnesium and chlorides. The
effect of increased soil salinity during the vegetation season had a significant effect on
the accumulation of sodium, whereas the ratio of salt uptake within the root and shoot
differed highly for calcium and phosphates. For all investigated ions, both factors showed

261



Table 1. Distribution of Puccinellia limosa on salt affected soils Table 2.General properties of soil and

in Serbia. seasonal alterations of ions in the soil satu-
ration extract.
Community | Maximal |Frequency Soil type Reference Basic features of soil
abundance EC (mhos/cm) 18.9+9.7
1 2.2 1 sodic-chlorine Knezevi¢, 1980,
+
solonchak Kujundzi¢, 1980 pH 8.68 0.56
1 0y
2 1.1 I solonetz Vuckovié, 1985 Saturation (%) 40.1£25
3 1.2 v solonchak-like | Knezevi¢, 1981, SAR 102.58 + 13.24
solonetz and Parabuéski and Total 04+0.1
highly alkaline Pekanovi¢, 1980 salt content (%)
solonchak Ion concentrations (meq/l)
4 3.3 A sodic- chlorine Kujundzi¢, 1979 Na* 1362+ 47.7
solonchak -
5 11 v solonchak Vackovid, 1985 | |59 78.2%309
6 +2 Il slightly salinized | Vuckovic, 1985 cr 51.1£189
alluvial soil Cor 48+15
7 1.1 11 meadow solonetz | Vuckovié, 1985 HCO* 10.1 +4.1
8 + 111 hi;lghly salinized | Vuckovi¢, 1985 K* 17406
1.
SCLonC — Ca’* 25119
9 + 11 solonetz Vuckovié, 1985 =
10 4.5 v sodic solonchak | Parabu¢ski et Mg 12£05
al,, 1971 NH; 0.1 +0.05
11 +.1 111 solonetz Knezevi¢ et al., POy 0.7 +£0.08
2000 NO; 0.9 +0.04
12 4.5 \% solonetz, sodic Vuf:'kovm, 1985, Soil parameters | June July August
solonchak Daji¢, 1996, cur-
rent research EC (mhos/cm) | 14.6 17.9 25.1
13 1.2 1 solonetz Parabudski, 1979 pH 8.6 8.8 9.1
14 22 v solonchak Vuekovi¢, 1985 Total salts (%) | 0.37 0.55 0.64
15 + I solonetz-solon- Vuckovi¢, 1985 Na* 129.1 153.1 2182
chak : K* 18 2.1 2.7
16 2.2 v solonetz Vuckovi¢, 1985 Ca* 16 o4 63
17 33 v solonetz Knezevi¢ et al., "
2000 Mg 0.8 1.4 2.2
18 22 v solonchak Vuckovié, 1985 cr 504  [475 868
19 2.2 v solonetz Knezevié et al., SOr 80.1 85.1 130.3
2000 PO} 0.7 0.9 0.7
20 2.2 \% solonchak-like Knezevi¢ et al.,
solonetz 2002
21 1.2 11 solonetz Parabuéski, 1979

1. Agrosti-Caricetum distantis, 2. Artemisio-Festucetum pseudovinae
pannonicum, 3. Bolboschoenetum maritimi continentale, 4. Campho-
rosmetum annuae, 5. Halo-Crypsidetum aculeatae, 6. Halo-Agropyre-
tum repentis, 7. Halo-Agrostetum albae, 8. Halo-Atriplexetum hastatae,
9. Hordeetum hystricis, 10. Lepidio- Puccinellietum limosae, 11. Lepidio
crassifolio — Festucetum pseudovinae, 12. Puccinelietum limosae, 13.
Peucedano-asteretum punctati, 14. Pholiuro-plantaginetum tenuiflorae,
15. Plantagineto-festucetum pseudovinae, 16. Roriperetum kernerii,
17. Salicornieto- Suaedetum maritimae continentale, 18. Suaedetum
maritimae, 19. Suaedetum pannonicae, 20. Salsoletum sodae, 21.
Trifolietum subterranei
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high regression coefficients, of R=0.99 for factor “plant age”, and R= 0.98 for differences
in accumulated ions in two plant parts.

Alterations in Na/K content in the root and shoot showed that Na/K gradually increased
in the root, whereas in the shoot, it rapidly increased at the end of the growing season (Fig.1).
In the shoot, the Na/K ratio was significantly lower. The root/shoot ratio gradually increased
during the vegetation season (Fig. 2). Increase in root biomass seemed to be correlated with

Na/K ratio of the root (Fig. 3).

Table 3.Ion concentration (umol/g DW) in root and shoot of Puccinellia limosa (means and SD of N =3)

Month June July August

cf)(;lnc. Root Shoot Root Shoot Root Shoot
Na* 69.8 +24.2 78.9 £29.1 166.5 + 33.9 105.3 £ 36.9* 283.3£54.7 |206.2+15.1**
K+ 176.4 + 42.1 124.4 + 20.6* 1234+ 19.6 |223.8+41.1* | 142.1+354 128.2+27.4
Ca** 139.2 +43.5 58.9 + 13.7** 157.8 + 24.6 1142 £ 264 * 122.0 +39.9 79.4 + 14.6 **
Mg 64.9 +21.5 41.9 £ 13.8%* 83.2+17.3 66.3+£9.7% 142.9 +40.2 74.4 +28.9 **
Cl 37.7+15.6 112.9 + 33.4** 119.3+41.4 | 214.0+52.5* | 175.1+£30.1 |[233.8+49.9**
SO:' 219+35 23.6+1.4 22.2+3.6 156 +£9.8 29.6 £ 8.5 26.7+7.3
PO} 248 +2.4 37.8 £5.3* 256+ 114 36.6 + 4.1 ** 27.7 + 8.6 31.7+94

Note: Means followed with * and ** indicating significant differences between root and shoot ion concentrations

at p < 0.05, and p < 0.001, respectively

Discussion

Distribution of the plant community

Table 4. Analysis of variance (F- and p- levels) and summary
effects of factors (MANOVA) for alterations in ion content dur-
ing the vegetation season and plant part variables.

Puccinellietum limosae is supposed -~ Plant age (1) Plant part (2)
to be linked to the Pannonian plain, [ - F b F »
as it has been already recorded for [+ 3721413 | <0.0001 11.31965 |ns.
Hungary, as well (Bodrogkozy, 1965). [k 158265 | ns. 37378 | ns.
In addition to a previous statement Ca? 102400 ns. 73.89806 | < 0.0001
that this region is a center of distribu- Mg 760375 |<0.001 |7.45182 |<0.05
tion of the association Puccinellietum | cr 13.60433 [<0.001 |7.48198 |<0.05
limosae (Vuckovi¢, 1985), several |so* 3.25866 | n.s. 73412 |ns.
communities with other puccinellia | PO> .10298 37.03157 | <0.0001
species have been found on saline Summary Factor 1 | Factor2 | All effects (1x 2)
soils throughout the Europe, includ- | effects
ing those of P maritima on the salt Wilks lambda |.002199 |.019704 |.002192
marshes of Western Europe (e.g. Raos R 23.71259 |58.04368 |58.04368

p-level <0.0001 |<0.0001 |<0.0001
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Adam, 1981; Dalby, 1985; Vevle, 1985), and of the P. distans and P. convoluta on continen-
tal saline habitats of the Central and East Europe (e.g. Hada¢ et al., 1983; Papastergiadou,
Babalonas, 1996). Communities of the P. palustris (Beeftink, 1977; Ferari et al., 1985), and

—&— root
b4 ° —a&— shoot

Vi \ (I
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Fig. 1. Na/K ratio in root and shoot of the P. limosa.
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Fig. 2. Root/shoot ratio in P. limosa.
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Fig. 3. Correlation between root/shoot ratio and Na/K in the root of P. limosa.
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of arare P, fasciculata (Haeck et al., 1985) are locally distributed on the European inland
salines. In the Euro-Asian region different communities with the P. hauptiana, P. scleroides,
P, kulundensis and P. tenuissima were registered (Lamanova, 1990).

According to the survey on distribution of the halophytic grass P. limosa, and an analysis
of its abundance and frequency in a variety of communities of salt affected soils in Serbia, it
could be concluded that this species preferably occupies sodic solonchak and solonetz soils,
moderately to highly salinized and much alkalinized.

Halophyte P, limosa expresses a high ability for successful growth on soils containing
even 0.6% of the total salts. Salt tolerance in P, limosa is related to several adaptive mecha-
nisms, including the retention of salts in the root and salt exclusion, which is typical for
glyco-halophytes and halophytic grasses (Dajic, 2006; Munns et al., 1983). The strategy of
salt exclusion relies on the selective release of Na* into the xylem and its reabsorption from
the xylem stream. The net accumulation of sodium ions in the plant is dependent on the
balance between passive influx and active efflux. Re-absorption of sodium and other ions is
performed by proton pumps on xylem parenchyma cells of the mature root regions, prevent-
ing transport and salt excess in above ground plant parts (Jeschke, 1983). It is thought that
salt exclusion in the Puccinellia species could be also associated with a two-layer endoderm,
being a kind of the physical barrier for ion transport towards shoot (Crawford, 1989). Signifi-
cantly higher calcium content in the root, compared with the shoot in P. limosa, is related to
an adsorption of calcium ions on membranes of root cells leading to reduced penetration of
monovalent cations (Munns et al., 1983). A lower transport rate of calcium to the shoot was
also evidenced for other salt tolerant grasses in conditions of increased salinity (Cramer et al.,
1989). High calcium concentrations observed for the root may be explained by at least two
roles of Ca** in salt tolerance: 1) a pivotal participation in salt stress signaling that controls
ion homeostasis pathways (Yokoi et al., 2002), and 2) direct inhibitory effect on a Na* entry
(e.g. Lazof, Bernstein, 1999). High concentrations of chlorides and sodium in the shoot of
P, limosa are responsible for osmotic adjustment, as was found in other halophytes grown
at high salinity (Daji¢ et al., 1998). The main sites for chloride accumulation in halophytic
grasses are considered to be vacuoles of the leaf mesophylle and epidermis, together with
the cells of the leaf sheath (Huang, van Steveninck, 1989). Different Na/Cl ratio in root and
shoot, where much higher (CI) was found in the shoot of P. limosa, has been considered
a distinctive feature of the halophytic grasses (Waisel, 1972).

The stimulated root growth at increased salinity, and the higher salt content and higher
Na/K ratio of the root compared with the shoot in P. limosa, was also reported for other
halophytic grasses, such as Sporobulus virginicus (Marcum, Murdoch, 1992). The ability of
Puccinellia limosa to maintain a relatively high potassium concentration in the shoot until
the end of the vegetation season is an important feature of salt tolerance of this species.
A similar ability was found for alkali grass (P. distans), suggesting its ability to regulate the
uptake and distribution of ions by forming high concentration of (K*) in the shoot, and
a large (Na*) gradient between the root and the shoot (Peng et al., 2004). Alkali grass con-
sistently produced much higher root to shoot ratios at increasing salinity (Alshammary et
al., 2004), which was also showed for P, limosa in our study, indicating the importance of
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salt retention in the root and controlled salt movement to photosynthetic organs, which are
known to be more sensitive to salt stress (e.g. Blumwald et al., 2000).

Summarily, the main adaptive responses to salinity in the halophyte P, limosa are linked
to the mechanisms such as: salt exclusion, salt retaining in the root and related high root
capacity for calcium accumulation, followed by controlled transport rates of sodium to the
shoot, the maintaining of shoot K/Na ratio and significance of chlorides and, to alesser
extent, of sodium ions for shoot osmotic adjustment.

Many plants capable of growing at high salt concentrations represent a feed resource for
livestock. Even at high salinities, there are a range of halophytic grasses, including P, limosa,
that will produce between 0.5 and 5 t of edible DM year™' (Masters et al., 2007). One of the
primary determinants of livestock production in biosaline agriculture is the amount of ed-
ible biomass produced, and thus a study of salt tolerance in P. limosa should be extended
to evaluation of its forage value.

Translated by the authors
English corrected by D. Reichardt
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